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TEANSLATOR'S PREFACE.
In

this edition I

have incorporated a large mass of Dr. Hermann Muller's recent

observations, of which he sent

where

it

me

full notes

and

;

have also added further details

I

seemed necessary, taken from his own and other writings.

Many new

figures

from Dr. Hermann Miiller's other works have also been inserted here.

The systematic part of the book, which is arranged on Endlicher's system in the
German edition, has been re-arranged according to Bentham and Hooker's Genera
Plantarum.
I

may mention

one case out of

between equivalent words.

I

many

which

in

have throughout

I

have had

diflDiculty in

choosing

used, fertilisation in preference to the

ungainly word pollination^ to imply application of pollen to the stigma without
definite reference to the result of the act

:

that

translated Bestdubung and Befruchtung by the

guard against ambiguity in

all cases

is

to say,

same word.

I

have in ordinary cases

But

I

have taken pains to

where this rendering might lead to

it.

Mr. T. H. Corry, of Caius College, Assistant- Curator of the University Herbarium,
lias
I

read through the whole systematic part, giving

have been at pains to compile a

book

;

and so

far as lay in

my

power

I

list

me

constant assistance.

of all works relating to the subject of this

have added an Index of genera to the

list.

Charles Dai-win's preface, full of suggestion, full of kindly appreciative feeling,
of peculiar interest as one of the very last of his writings.

D'ARCY
Trinity Coli,kok,

ATpril, 1883.

AV.

THOMPSON.

is

;

PREFATORY NOTICE.
The

publication

Bcfrachtung der

of a

of

trauslation

Blumen,

&c.,

Hermann

without

will

service to every English botanist or entomologist

The book

in general biological problems.

mass of original observations on the

Muller's Die

doubt be

who

a

great

interested

is

contains an enormous

fertilisation of flowers,

and

on the part which insects play in the work, given with much
clearness and illustrated

by many excellent woodcuts.

references to everything

which has been written on the subject

and in

this

respect the English

value even the original

German

edition will greatly exceed in

edition of 1873, as Mliller has

completed the references up to the present time.

have done the latter work so

It includes

well, as

of all additions to our knowledge

No

one else could

he has kept a

on

full

account

Any young

this subject.

observer who, after reading the whole or part of the present work,
will look, for

instance, at the

flower

of

a Salvia, or

of

some

Papilionaceous or Fumariaceous plant, or at one of our common
Orchids, will be dehghted at the perfection of

by which

insects are forced, unconsciously

the adaptations

on their

part, to carry

pollen from the stamens of one plant to the stigma of another.

Design in nature has

for

a long time deej^ly interested

many men,

and though the subject must now be looked at from a somewhat
different point of

view to what was formerly the

thus rendered the less interesting.

case, it is

not

PREFATOEY NOTICE.

viii

Hermann
manner
from

Miiller has

by no means confined his attention to the

which pollen

in

by

carried

is

described by

him

;

and several curious

state to the other are noticed.

He

many

than any one else to the

or other animals

insects

plant to plant, for wind -fertilised flowers

have been carefully

transitions from the one

has also attended more closely

contrivances for self-fertilisation,

which sometimes co-exist with adaptations

for cross-fertilisation.

For instance, he has discovered the singular

fact that with certain

two kinds of plants are regularly produced, one bearing

species

inconspicuous flowers fitted for self-fertilisation, and the other kind

much more

with

The

conspicuous flowers fitted for cross-fertilisation.

flowers on the first-mentioned plants serve the

the curious

little

considerable

closed cleistogamic flowers

number

of plants, as described

same end

as

which are borne by a

and enumerated in the

present work.

There

which

is

another interesting feature in

it differs

from

all

the Befruchtung, by

other works on the same subject

;

for it

includes not only an account of the adaptation of flowers to insects,

but of different insects to differently constructed flowers for the
sake of obtaining their nectar and pollen.

Any

one who will carefully study the present work and then

make some

observe for himself, will be sure to
coveries

and as the references to

;

so complete,

he

will

all

interesting dis-

that has been observed are

be saved the disappointment of finding that

which he thought was new was an already well-known

may perhaps be permitted here
seem to me worthy of further

to

fact.

I

mention a few points which

investigation.

There are many

inconspicuous flowers which during the day are rarely or never visited

by

insects,

and the natural inference seems to be that they must

be invariably

self-fertilised

species of Trifolium

;

for instance, this ia the case

with some species of Galium,

Linum

such flowers are enumerated by
that

it

with some

and Fumaria which bear very small
catharticum, &c.

Miiller.

Now it

is

flowers,

Many

other

highly desirable

should be ascertained whether or not these flowers are

PREFATORY NOTICE.
visited at night

night, if

patience

by any of the innumerable individuals of the many

minute

species of

ix

A

moths.

lepidopterist

while

of the indomitable

endowed with only a small portion
by Muller, could

displayed

at

collecting

ascertain

this

The

fact.

question possesses a considerable degree of theoretical interest;
for if these inconspicuous flowers are

may be

it

protected

never visited by insects, why,

asked, do they expand, and

by the petals remaining

cleistogamic flowers?

It

why

closed,

is

not the pollen
in

as

the

of

case

smear

would perhaps be possible to

such small flowers with some viscid matter, and an examination

would probably reveal nocturnal

of the petals

the presence of their scales

;

but

it

lists

portional

number

itself attractive

to insects.

of the several kinds of insects which he

has seen visiting various flowers
interesting to learn

by moths by

would be necessary to prove

that the matter employed was not in

H. Muller gives long

visits

in

Germany

;

and

it

would be

whether the same insects and the same pro-

of insects belonging to the different orders, visit

the same plants in England as in Germany.

There are many other subjects which

it is

desirable that

some

one should investigate, for instance, by what steps heterostylism
(of

which an account

will

be found in the present work) originated

:

and with trimorphic heterostyled plants we meet with a more
extraordinary and complicated arrangement of the

reproductive

system than can be found in any other organic beings.
to

investigate

fertilisation

this

subject and

would have to be

and would soon be found

some

plants, the pistils

several

-tried

;

others,

but these are not

interesting.

in

;

many ways

difficult

For instance, there are

and stamens of which vary much in length,

and we may suspect that we here have the
heterostyHsm

In order

experiments in

but to make this out,

it

first

step towards

would be necessary to

test

the power of the pollen and of the stigma in the

several varieties.

which include two

There exist

also

some few plants the flowers

sets of stamens, differing in the

of

shape of the

anthers and in the colour of the pollen; and at present no one

PREFATORY NOTICE.

X

any functional

knows whether

this difference has

this is a point

which ought to be determined.

other plants, for instance, the
shorter stamens are more or

signification,

and

Again, there are

common Rhododendron,

in

which the

rudimentary, and

it

has been

less

asserted that seedlings raised from pollen taken from the short

from the full-sized stamens
of importance to

power of yielding

appearance

differ in

know whether they
seeds.

It

would

forms, one adapted for self-fertilisation

to,

self-fertilisation yield

a

full

Would a

complement

the other form

who

will
full

to

make any

the two

adapted

;

study Muller's work and

by

and vice-mrsd with

further suggestions.

then

observe for himself,

play to his imagination, but rigidly checking

will, if I

for

abundance to any young and ardent observer

testing each notion experimentally.

he

flower

if

?

would be superfluous

will occur in

giving

for cross-

of seed if fertilised

pollen from one adapted for cross-fertilisation

These

would be

which produce two

and the other

would not be perfect

forms were reciprocally crossed.

it

it

the reproductive organs have become in any degree

differentiated, so that their action

But

and

their fertility or

be interesting to learn

also

whether in the plants, already alluded

fertilisation,

;

differ in

and

may judge by my own

If

he

will act in this

it

by

manner,

experience, receive so

much

pleasure from his work, that he will ever afterwards feel grateful
to the author

and

translator of the Befruchtung der

Blumen.

CHARLES DARWIN.
Down, February

6,

1882.
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THE FERTILISATION OF FLOWERS
PART

I.

HISTORICAL INTRODUCTION.
It was not until the close of last century that the true purport
and significance of flowers began to be perceived.
Christian
Conrad Sprengel seems to have been the first to view the subject
in the light of adaptation, and to show how all' the colours, scents,
and singular forms of flowers have §ome useful purpose.
His
book struck out a new path in botanical science, and its title, The
Secret of Nature in the Form and Fertilisation of Flowers Discovered}
shows that the author was well aware of the importance of his
discoveries.

Setting out with the conception of a " wise author of

who has not created one hair without a definite purpose,"
Sprengel contrived, by reflecting on apparently insignificant facts,
to throw light on most important phenomena in the life of
nature

flowers.

The gradual

progress of his discovery, as he describes

it

worth recapitulating.
The inconspicuous hairs which cover the lower part of the petals
of the wood cranesbill {Geranium sihaticum, L.), and beneath which
drops of honey lie hid, led Sprengel in the year 1787 to the discovery that most flowers which contain nectar are so arranged that,
while insects can easily reach it, the rain is prevented from doing
so and he came to the conclusion " that the nectar of these flowers
is secreted for the sake of insects, and is protected from rain in
order that the insects may get it pure and unspoiled."
Starting
from this conception, he next summer studied the forget-me-not
in the introduction to his book, is

;

^
Das cnideckte Gchcimniss dcr
(Berlin: 1793).

Katur im Banc

unci in dcr Bcfruchhing dcr

B

Blumcn
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[part

i.

{3fyosotis palitstris, L.),

and speculated on the meaning of the yellow

mouth

of the corolla, which forms a pleasing con-

ring round the

trast to the azure-blue

of the limb

and he conceived the idea

;

way to the honey.
examination of other flowers he found that coloured dots and
lines and other figures occur especially at the entrance to the
nectaries, or point towards it, and he was accordingly confirmed in
that this might serve to guide insects on their

On

The next step was easy,
this idea of path-finders or Iwney-guidcs.
and Sprengel could scarcely remain long without perceiving that, as
the special colour of one part of the corolla serves to guide the
it has settled upon the flower, the bright colour of the

insect after

whole flower serves to attract the notice of insects while still at a
So far, Sprengel had looked upon flowers as contrived
simply for the use of insects, but the study of some species of

distance.

iris, in

many

the

summer

of 1789, led

him

to the further discovery that

flowers are absolutely incapable of being fertilised without

he concluded that the secretion of honey
in flowers, its protection against rain, and the bright colours of the
corolla are contrivances of use to the flower itself by bringing
about its fertilisation by insects. Thus were laid the foundations
of a theory of honey-containing flowers, which Sprengel enunciates
in the following propositions
(1) These flowers are fertilised by
some one species of insect, or by several species (2) the insects,
in approaching the honey, brush pollen from the anthers with
various hairy parts of their bodies and convey it to the stigma. The
the aid of insects

;

and

so

:

;

application of this theory to the various plants that

Sprengel's reach led to the production

book, which

is

marked throughout by a wealth

tion and acute reasoning.

In

it

came within

of the above-mentioned
of patient observa-

the following five features are

described in several hundred species of flowers, partly native and
partly cultivated, as proof of the correctness of the theory
:

(1)

A

honey-gland or nectary,

secretes honey;

(2)

i.e.

a part which elaborates and

a honey-receptacle, which receives and stores
(3) a contrivance to shelter

the honey secreted by the gland;

the honey from rain {Saftdecke); (4) contrivances to enable the
bright colour and exinsect to find the honey easily (Saftmal)
tension of the corolla, odour, and above all coloured spots near
;

the entrance to

the

honey-receptacles

impossibility of mechanical fertilisation,
tilisation,

;

spontaneous

(5)

the

self-fer-

by the wind, and in many cases the
by insects in nature. Sprengel
points in numerous honey-secreting flowers.

or of fertilisation

direct observation of fertilisation

discussed these five

(2mth-finders)
i.e.

!

PAUT

:
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most of their characters as contrivances
His theory, although the first effort in this
wide field, would have afforded a satisfactory key to the chief
puzzles of the floral world had it not contained a very serious flaw,
which Sprengel was not conscious of, and was therefore not in a
position to remove.
Since the conveyance of pollen to the stigma
is obviously of no benefit to the insect, the same question should
have arisen even from Sprengel's teleological standpoint, which
nowadays comes up prominently when we consider his hypothesis
from the standpoint of natural selection " What advantage can it
be to the plant that its pollen should be conveyed by insects to
the stigma ? "
For just as according to our modem views only
modifications which are of advantage to their possessor can be preserved by natural selection, so from the teleological standpoint
only beneficial arrangements could be ascribed to the all-wise
Creator.
If the conveyance of pollen to the stigma by insects is
of no greater advantage than the direct contact of the reproductive
organs in the flower, then the preference of the former uncertain
method to the latter seems unnecessary and capricious, and any
and succeeded

in explaining

for insect-fertilisation.

:

theory based thereon
It is

falls to

the ground.

remarkable in how

the pollen

is

many

cases Sprengel recognised that

carried of necessity to the stigmas of other flowers

the insect-visitors, without suspecting that therein
insect-visits to the plant.

In very

many

lies

by

the value of

plants Sprengel

had

observed that the two sets of sexual organs in the same flower are
to this phenomenon he gave the
name dichogamy. In his introduction (p. 43) he says expressly
" Since very many flowers are of one sex only, and probably as
many more are dichogamous, nature seems to intend that no flower
shall be fertilised by means of its own pollen," and as a proof of
this he adduces an experiment performed by him on Hcmerocallis
fulva, which showed him that this plant is not fertile to its own

not developed simultaneously

pollen.

;

So near was Sprengel

to the distinct recognition of the

fact that self-fertilisation leads to

worse results than cross-fertilisa-

the arrangements which favour insect-visits are
of value to the plant itself, simply because the insect- visitors effect
tion,

and that

all

cross-fertilisation

But

this omission

was

for several generations fatal to Sprengel's

work, which was otherwise well fitted to give a powerful impulse
to

further research.

at the time and subsequently,
weakness of his theory, and they set

For, both

botanists felt above all the

aside along with his defective ideas the rich store of his patient

B 2
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and acute

observations and

comprehensive

his

[part

and

i.

accurate

interpretations.

Instead of the correlation of living organisms, which Sprengel
had made the subject of observation and reflection with such

admirable

results,

classification

and

afterwards

anatomy

and

embryology occupied investigators so exclusively that no one ever
thought of continuing Sprengel's beautiful researches or of

His work remained forgotten until our
were fundamentally changed by the progress
of knowledge, and until the advantages of cross-fertiUsation, which
Sprengel only faintly realised, were recognised anew and more

testing their accuracy.

ideas of organic nature

through independent experiments.
of independent creation of species, prevalent in
Sprengel's time and so confidently stated in his book, was overthrown
by progress in the three departments of classification, embryology,

clearly

The idea

and paleontology

;

all

three led consistently to the conception that

the existing species of plants and animals must have originated
from simpler forms; and Darwin's Origin of Species proved the
point by demonstrating clearly and thoroughly how actual forces

were operating before our eyes to modify living forms.
But, even before this great revolution in our conception of
nature, one point which was needed to make Sprengel's theory
A few years after Sprengel's
efficient had been clearly perceived.
book appeared, Andrew Knight (392), after some experiments on
cross-fertilisation and self-fertilisation in the pea, laid down the
law that in no plant does self-fertilisation occur for an unUmited
number of generations. But his law received no further attention, and nobody conceived the idea of applying it in connection
with Sprengel's theory. A like fate overtook Herbert (334), who
summed up the result of his numerous experiments in this sentence
" I am inclined to think that I have derived advantage from impregnating the flower from which I wished to obtain seed with pollen
from another individual of the same variety, or at least from
:

another flower, rather than with

its

own

"

(p.

371).

C. F. Giirtner

(259) was led still more distinctly to the same result by experiments
on Fassifiora, Lobelia, and Fuchsia. Even when Darwin, in 1857
and 1858, published some new experiments on Fapilionaccoe (151),
which showed that the aid of insects or artificial imitation of their
action was necessary for complete fertility, and that crossing of
separate plants was actually to a great extent effected by insects, his
The charm
re-enunciation of Knight's law remained ineffectual.
that had kept Sprengel's theories inoperative was only broken when,

PART
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in the next year, Darwin produced his Origin of Species, and in it
emphasised Knight's law as a general law of nature, placing it on
broader and surer foundations and uniting it intimately with his
theory of natural selection. This theory showed for the first time

the

full

value of Sprengel's work, and caused his book, which had

been forgotten

for

seventy years, to play a prominent part in the

investigation of the prime causes which determine the forms of
flowers.

law that " no organic
being fertilises itself for a perpetuity of generations, but that a
cross with another individual is occasionally
perhaps at very long
intervals
indispensable," ^ Darwin showed that in all higher and
the great majority of lower animals the sexes are separate, and
that most hermaphrodite forms pair regularly that, in the experience of breeders of animals and cultivators of plants, breeding
in-and-in diminishes the strength and the productiveness of the
offspring, while crossing with another breed, or with another stock
that, according to the aboveof the same breed, increases both
mentioned experiments of several botanists, the application of
pollen to the pistil of the same flower is less efficient than pollen
from another individual that in very many plants the situation of
the reproductive organs, exposed to the weather and often liable to
injury, may be most simply explained if we admit the necessity of
occasional crossing; that, according to his own experiments on

As a foundation

for the hypothetic natural

—

—

;

;

;

Papilioiiacece, the exclusion of insect-visits in

or arrests productiveness

;

many cases

diminishes

Sprengel had shown in

that, as

many

and Darwin had confirmed, self-fertilisation is prevented in
many flowers by the relative positions of the reproductive organs
or by their ripening at different times
finally, that in no living
organism do the structure or situation of the reproductive organs
prevent occasional crossing with another individual of the same
species.
These statements, taken separately, were neither decisive
nor free from objection, but collectively they lent a high degree of
probability to Darwin's hypothesis and so, from its close connection with the question of the origin of species and the fundamental
importance that it therefore had for all botanical research, botanists
cases

;

;

could not help at once taking part for or against

it,

according to

whether they were impelled by the general weight of evidence or
deterred by the gaps in the chain.
The opposers justly maintained that though in the animal
kingdom the possibility of occasional pairing might be admitted in
^

Origin of Sprcies, clmp.

iv.

"On

tho Interciossiiifij of Individuals."

;
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the case of the relatively few hermaphrodites which generally
fertilise themselves, yet for the majority the common notion that
the flowers are fertilised with their
or

by the aid of

own

insects or the wind,

pollen, either spontaneously

was

as yet not disproved

(cf.

Treviranus, 742). They said justly that the observations quoted to
prove the disadvantages of breeding in-and-in or of fertilising a
its own pollen were qiiite insufficient, and they called
Finally, they pointed to the not
more extended experiments.
rare occurrence of flowers which inevitably fertilise themselves,
which even remain closed, and yet which are fully productive, as a

flower with
for

difficulty in the way of Darwin's hypothesis not yet removed. From
the nature of the case, complete proof seems impossible, either for or

against this law

;

for neither, if it is true,

can the necessity of

shown for all bi-sexual plants and animals
nor, if it is false, can any hermaphrodite which as a rule fertilises
itself be kept under observation for an unlimited number of
generations.
But, since the facts which come within the scope of
this law and by which its validity may be subjected to detailed

occasional crossing be

proof are inexhaustibly numerous, continued research will either
bring the probability of the law to the verge of certainty or
its

improbability continually more

conspicuous.

And

make

so

the

numerous
investigations of phenomena hitherto left unobserved, and so to be
highly valuable in furthering our knowledge, even if in the end its
truth could not be universally and absolutely affirmed.
Darwin opened these new lines of investigation with his own
Knight-Darwin law was admirably

fitted

to

lead

to

incomparable researches. A few years after the publication of his
Origin of Species, he showed by his wonderful book on orchids
that he had by no means affirmed the general truth of Knight's
law without having engaged in special researches himself. For he

showed in

this

work that

in almost all British orchids,

and in

all

down
such a way that

the foreign species within his reach, the flowers were adapted
to the most minute details for insect- visits, in

not

insect-visitors could

of other flowers.

fail

to carry the pollen to the stigmas

Only a few

species in which self-fertilisation
formed an exception, as yet unexplained,
to this general law
but since even in these cases the possibility
of occasional crossing was not excluded, they formed no valid

regularly took

place
;

argument against the Knight-Darwin

law.

This work, freed from the fundamental flaw of Sprengel's
theory and permeated by Darwin's acute reasoning and observation,

was a model

for the

study of the forms of flowers, and

it

gave

PART
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a powerful impetus to further research

Even Treviranus's well-founded

7

based upon Sprengel's

that in most
even our native species, the operation of insect-visitors was
only concluded indirectly from the structure of the flowers and
had not been directly observed, could not hinder this result of
Darwin's book on the contrary, it could only direct more general
attention to the insects that actually performed the work of
A paper published seven years later by Darwin (159),
fertilisation.
enumerating the insects observed to visit a large number of native
orchids, shows to how great an extent attention had been attracted

work.

objection

orchids,

;

to this point.

Another line of investigation which Darwin initiated in the
same masterly way, was the direct observation of differences
between the action of pollen from the same and from another
It has been already mentioned that Sprengel instituted
flower.
experiments on self-fertilisation in the case of Hemerocallis
fuha, and that he recognised that the flowers of this plant were
not fertile to their own pollen, and other instances of the same
kind, or at least of diminished fertility upon self- fertilisation,
had been accumulated by other botanists as has been already
explained.
Darwin collected these scattered facts and brought
them under Knight's law which for the first time revealed their
full significance, and at the same time he initiated a new method of
research which placed the produce resulting from self-fertilisation
alongside of the produce of cross-fertilisation in the struggle for
existence,

and

so permitted the result of persistent self-fertilisation

under natural conditions. In numerous plants
which were found to be fertile with their own pollen, he fertilised
some flowers with their own pollen and other flowers on the same
plant with pollen from a neighbouring plant growing under the
same conditions, excluding insects with great precautions; he
allowed the resulting seeds to germinate on damp sand in the same
vessel, and then planted them in pairs on opposite sides of the
sam.e pot
then, while all conceivable precautions were taken to
keep both sides under the same conditions, he watched the growth
of the plants to maturity.
The same experiment was repeated
with the seeds produced by these, and was continued from
to be ascertained

;

generation to generation.

In several cases (Ipomcca imrpurea, Mimulus lutcus), the plants
showed even in the first generation
a marked superiority over the others; they were larger in the
proportion of four to three or even three to two, they flowered
resulting from cross-fertilisation

:
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and they produced more capsules. In other cases such
was less marked or was imperceptible, but in no single
case was the advantage shown upon the other side.
So these researches also gave results on the whole favourable to
Knight's law but probability bordering on certainty could only be
attained when researches of this kind were undertaken on the
As far as
largest scale and carried on through many generations.
lay within one man's power Darwin had fulfilled this condition,
for he had prosecuted the above-mentioned research for eleven
The number of individual plants produced by crossing and
years.
also of those produced by self-fertilisation which he watched from
germination to maturity reached more than a thousand they beearlier,

superiority

;

;

longed to fifty-seven species, fifty-two genera, thirty large families,

and included natives

of the

most various

countries.

The

result of

this whole research may be summed up in the single sentence
" Whenever plants which are the offspring of self-fertilisation are

opposed in the struggle for existence to the offspring of crossthe latter have the advantage " whence it is clear
;

fertilisation,

all peculiarities which aid cross-fertilisation will be retained
and perfected by natural selection. But if the direct rivalry does

that

may suffice for the propagation of the
organism for an unlimited number of generations, producing healthy
and fertile offspring.

not occur, self-fertilisation

A

by Darwin with the same
namely the experimental study of dimorphic and trimorphic
plants, took away the last shadow of foundation from the old
belief that species differ radically from varieties, and threw some
light upon the obscure question of hybridisation.
Sprengel had
third line of research prosecuted

success,

" Some
remarked, in discussing Hottonia palustris (p« 103)
plants bear only flowers whose anthers are included within the tube
but whose style is exserted, and others bear only flowers whose
style is shorter and whose stamens are longer than the tube of the
:

corolla.

I

believe that this

disposition of nature,

Subsequently

though

this peculiar

I

is

not accidental but that

am

not able to suggest

phenomenon

was recognised

its

it

is

a

purpose."

of long-styled and short-

other species, and in
Lythrum salicaria three forms were found, long-styled, mid-styled,
and short-styled, without any further use being made of the facts.
Darwin subjected the peculiar sexual relations of these plants,

styled

plants

in

several

which he called dimorphic and trimorphic, to a closer considerahe also performed numerous experiments, crossing the plants
in various ways, and cultivating the produce of the various unions.

tion

;

—
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final result of

his usual care

statements

9

these researches, which were marked by all
and patience, may be summed up in the following

:

In dimorphic heterostyled plants (species of Frimula, Pulmonaria, Linum, etc.) two forms exist, in fairly equal numbers
and growing for the most part near together while in other
respects completely or almost completely alike, they differ from
one another in this particular, that in the flowers of the one
form the anthers stand distinctly above the stigma, while in the
other form the positions are reversed further, that in each form
;

;

the anthers stand at the

and

finally,

same

level as the

stigma in the other
is rough and
;

that in the long-styled form the stigma

I

1-10, Primula elatior. 1— f), long-styled flower; 6—10. short-stjied flower ; 2, 7, pollen-grains,
dry 3, 8, ditto, moist 4. 9, stigma 5, 10, stigTiiatic papilliB.
11—18, Pulmonaria officinalis. 11, loug-styled flower in section ; 12, pollen-grains of ditto, dry
13, ditto, moist; 14, short-styled flower; 15. pollen-grains of ditto, dry; 16, ditto, moist; 17, 18,
stigma and stigmatic papillae common to both forms.
;

;

;

;

furnished with long papillae and the pollen-grains are small, while

the stigmatic papillae are short and
and the stigma seems smooth and the pollen-grains are
In trimorphic heterostyled plants {Lythrum salico.ria) there
larger.
exist three forms, one with long-styled, one with mid-styled, and
one with short-styled flowers and in each form there are two
whorls of stamens whose anthers stand respectively at the same
height as the stigmas in the other two forms the tallest stamens
produce the largest pollen-grains, and the shortest produce the
in

the short-styled form

close-set

;

;

smallest.
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Insects which visit the different kinds of flowers by turns in the
same way, must, since the same parts of their bodies always touch
organs at the same height in the flower, effect cross-fertilisation
both in dimorphic and trimorphic plants in such a way that

the stigma in one form of flower always receives pollen from
anthers which stand at the same height in another form. Sucli

which is the mode commonly occurring in nature and in
which the size of the pollen-grain is always proportional to the
length of the style that its tube has to traverse, was called by
In dimorphic heterostyled plants there are
Darwin legitimate.
thus two ways in which legitimate fertilisation is possible, both

crossing,

occurring regularly in nature,

viz.,

the fertilisation of long-styled

and

flowers with the pollen of short-styled,

vice versa

;

similarly

there are in such cases two kinds of illegitimate fertilisation,

viz.,

long-styled flowers with the pollen of long- styled, and short-styled

with the pollen of
plants,

tion

In

short-styled.

on the other hand,

six

modes

are possible and occur regularly

twelve modes of illes^itimate

kinds of stigmas

is

trimorphic

heterostyled

of legitimate cross-fertilisain nature

crossinof,

and there are

;

since each

illegitimately fertilised if

it

of the

three

receives pollen

from either whorl of stamens in a flower of its own form or from
one whorl of stamens in each of the other two. Now Darwin
found, when he tried all the four modes of crossing in the
dimorphic plants and all the eighteen modes in the trimorphic
plants, and sowed the seeds from the resulting capsules and
again crossed the offspring in various ways, that only the

mate"
and

crossings resulted in full fertility,

fully fertile offspring;

" legiti-

and produced normal

while, on the other hand, illegitimate

of diminished fertility or even
complete barrenness, and produced offspring which had all the
characters of bastards produced by the union of distinct species.
crossings

The

led

to

all

degrees

result of these investigations

was particularly f\ivourable

to

proved that in heterostyled plants not only
the occasional crossing of separate flowers, but the regular crossing
Knight's law, since

it

of separate individuals

was absolutely

essential for the

At the same time

maintenance

broke down the sharp
boundary-line between Species and Variety which had fornu'rly
been supposed to be found in the more or less complete sterility of
hybrids produced by crossing distinct species and it showed, moreover, by the
complete resemblance between the offspring of
illegitimate unions in dimorphic and trimorphic plants and the
of the

species.

it

;

bustard offspring of distinct species, that in the latter sterility both

I
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not due to differences

in

the

general structure, but exclusively to a difference in the action
of the reproductive elements.

Attracted by Darwin's brilliant researches on heterostyled plants

many other investigators have since worked at the
same subject. Darwin has collected their results, controlling them
by his own observations and experiments and incorporating them
with the results of his later investigations. His book contains all
that we certainly know as yet concerning heterostyly, and treats also
as comprehensively of polygamous, diwcious, and cleistogamic
plants.
It restricts the name polygammcs to plants which- possess
male, female, and hermaphrodite flowers, and introduces the following new terms gyriodia'cioiis, for plants which have hermaphrodite and also purely female individuals
arulrodiceciotis, for plants
which consist of hermaphrodite and purely male individuals gynomonoecions, for plants which have hermaphrodite and purely female
flowers upon the same individual
aiuh'mnonoecions, for plants in
which one individual bears hermaphrodite and male flowers.
The most complete collection of all the known facts which
contribute to prove Knight's law is given by Darwin in his work
on the Variation of Animals and Plants under Domestication, in
which he suggests many new and fruitful lines of research but
the three methods of investigation which Darwin originally used
have been the chief aids in investigating the determining con(1861-1868),

:

;

;

;

;

Numerous

ditions of the forms of flowers.

observers,

among whom

Friedrich Hildebrand, Federico Delpino,my brother BYitz Miiller,and

Severin Axell deserve special mention, have pushed forward along
these

new paths that Darwin opened they have not only brought to
mass of new facts, all tending to elucidate floral mechanisms
;

light a

on the basis of the Knight-Darwin law, but they have also disclosed
many new general principles. These we may briefly review.
Hildebrand, in several laboriovis works, demonstrated that many
floral

contrivances which

Sprengel had investigated, but had

explained on the theory of self-fertilisation, were really adapted
for regular cross-fertilisation
and he explained on the same
;

and in most cases figured, many forms that Sprengel had
not examined. He extended the list of dimorphic and trimorphic
plants, and applied Darwin's experiments to Primula sinensis,
Pulmonaria officinalis, and several species of Oxalis ; he also
performed artificial self-fertilisation on these forms, and found that
it led in general to even greater sterility than the illegitimate
By his experiments on Corydalis cava, he showed that

principle,
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self-fertilisation,

plant,

is

which occurs spontaneously in

i.

flowers of this

completely inoperative, that even crossing of different

same individual gives a very poor

flowers on the

only the

crossing

A

tiveness.

of

plants

separate

powerful

removed by

was

all

[part

this

objection

the

to

discovery.

yield,

in

results

full

and that
produc-

Knight-Darwin

Finally, in

his

law

Geschlechter-

Vcrtheilung bei den Pflanzcn (1867), he has striven to show that
throughout Phanerogams cross-fertilisation of separate individuals
either takes place in all cases, or does so for the most part, or
least possible

and he has given the following

;

phanerogamic flowers according
they exclude self-fertilisation
:

at
of

completeness with which

to the

—

is

classification

A. Male and female organs in different flowers {dlclinism).
Cross-fertilisation ensured,

wind.
B.

and

effected

by

insects or

by

tlie

Ex. Cannabis.

Male and female organs in one and the same flower {monoclinism).
The organs of the two sexes not developed simultaneously [dichogamy).
(a) The male before the female.^
^x. Geranium pratense.
(b) The female before the male.^
Ex. Luzula pilosa.
Self -fertilisation usually prevented, and cross-fertilisation
effected by insects,

1.

2.

The organs

of both sexes developed simultaneously (Jiomogamy).
Flowers expanding {flores chasmogami, Axell).
I. Anthers distant from the stigma.

{a)

a.

Styles of different
species

lengths on different plants of
Hild.

{Heterostyly,

;

dimorphism and

the same

trimorphism,

Darwin).
Self-fertilisation

not altogether prevented,

biTt either

inoperative {Pulmonaria officinalis) or yielding
result
/3.

{Primula

quite
little

sinensis).

Styles of the same length in all the flowers

(

Homostyly).

* Reproductive organs changing their relative positions during
the flowering period.
Self-fertilisation

avoided, cross fertilisation effected

by

Ex. Anoda hastata.
** Reproductive organs remain unchanged in position during
insects.

the flowering period,
•j-

The

aid of insects necessary for fertilisation.

Self-fertilisation to a great extent impossible,

and

cross-

fertilisation necessary. 'Ex. Orchklaceoi. Self- fertilisation
^ Sprengel calls this species of dichogamy, male-female, or dichogamia androgyna
;
Hildebrand, prolandrmis ; Delpino, proterandrous.
2 Sprengel calls this species of dmhoganiy, female-male, or dichogamia gynandra ;
Delpino distinguishes two
Hildebrand, protogynoiis ; Delpino, proUrogyno^ts.
varieties, vi/., protcrogynia brachybiostigmatica, where the stigmas are short-lived
and wither before the anthers ripen and protcrogynia macrobiostigmatica, where
the stigmas remain capable of fecundation until the anthers are mature, and where
con8P<[\iently self-fertilisation remains ]>ossil>le.
;
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to a certain extent possible, but not necessary
fertilisation

more probable.

f f The aid of insects not

;

cross-

Ex. AsclepiadecB.

essential.

Self- fertilisation possible, but cross- fertilisation also effected

by
11.

insects.

Anthers lying close to the stigma self-fertilisation inevitable.
* No seed produced without cross fertilisation, which is effected
by insects. Ex. Corydalis cava.
** Seed is produce<l on self- fertilisation, but cross fertilisation by
;

insects is not excluded.
{b)

The

flowers never

Only

expand

Kuhn).
and all cross- fertilisation is
but the plants have other flowers which open
{flares cleistogami,

self- fertilisation

excluded

;

occurs,

and are liable to cross- fertilisation. Ex. Oxalia acetosella.

Althougli the statements contained here with reference to the

have turned out not to be
and although the divisions merge into one

possibility of cross- or self-fertilisation

universally

another

by

correct,

many

intermediate forms, as Hildebrand

allowed, yet Hildebrand's

scheme

is

himself

very well adapted to serve

as an artificial classification for the consideration of individual
cases.

Delpino described the structure of very many flowers belonging
most distant orders, showing them all to be adapted for
His descriptions are so clear and minute that
cross-fertilisation.

to the

he dispenses to a large extent with illustrations. In many cases
he has directly observed the fertilising agents, and he states at
He has shown
least the families or genera to which they belong.
that water as well as wind, and snails and honey-sucking birds as
well as insects, play a part in the conveyance of pollen.
He has

shown

in the most diverse instances how the form of the flower is
determined by the special fertilising agent, and in several families

{Marcgraviacece, Marantacece, Artcinisiaccce, &c.) he has made happy
use of the gradual stages in adaptation to special fertilising agents

mutual genetic relations of the members of
has also shown strong evidence that in many cases
the distributional area of a species is determined in the first
in order to trace the

the family.

He

by the presence of that animal which the flower has
become adapted to be cross-fertilised by. And finally, choosing the
various means of transport for the pollen as his basis of classification, and taking advantage ingeniously of the almost complete want
of direct observations on the cross-fertilisation of Cryptogams, he
evolved the following scheme of the whole vegetable kingdom, in
all of whose members he also is of opinion that cross-fertilisation
instance

is

either certain, or probable, or at least possible.

—
U
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Plants with Motile Reproductive Elements

I.

{Zootjamw).

Fucaceae, Characece, Protonemese (Mosses

and Liverworts), and

Proembryonatae (Ferns, Horse-tails, Rhizocarps, and Club-mosses),

whose antherozooids,

corresponding

spermatozooids

the

to

of

Nearly allied
animals, are endowed with spontaneous movement.
to these are the Diatoms and Conjugatse, in which the whole
individual

II.

is

motile.

Plants which require External Aid to bring their
Reproductive Elements together (Diamesogama;).
A. Plants

fertilised

by the agency of water

(hydropJiilce),

B. Plants fertilised by the wind (anemophilce).
C. Plants fertilised by the aid of small animals {zoidiophilcc).
A. Plants Fertilised

by the Agency

of Water.

Delpino subdivides this class into two
1. Plants adapted for fertilisation under water.
These require
for cross-fertilisation that the stigma or the pollen-grains, or both,
should be thin and filiform, and that the pollen should be abundant
and of like specific gravity to the water (Posidonia, Cymodocea,
:

Zostera, Ceratophyllum, Floridece).
2. Plants adapted for fertilisation at the surface of the water.
In these the pollen is specifically lighter than water, or is borne
upon a floating raft the peduncles of the female flowers elongate,
sometimes aided by their spiral form, to bring the flowers to the
surface of the water {Rtcjipia, ValUsneria).
;

B. Plants Fertilised by the Wind.

The

only positive character

easily scattered pollen

and

them

;

common

to these is their

the negative characters

smooth

common

to

are absence of bright-coloured floral envelopes, of perfume,

and of honey.

The Gymnospenns

are all wind-fertilised, and are characby the absence of a stigma.
2. The anemophilous Angiosperms have for the most part
enormously developed stigmas, which project in the form of long
their male flowers are very seldom
tails, brushes, laminae, or discs
immovable, but are generally easily shaken by the wind, either the
axis of the male inflorescence, or the peduncles of the male flowers.
1.

terised

;

—

—
PART

HISTORICAL INTKODUCTION.

I.]

15

and pendulous in some
and project all the pollen into the

or the filaments themselves, being long

cases the stamens are explosive,

;

The following five varieties may be distinguished among
air.
anemophilous Angiosperms
(a) Forms with catkins, in
which the axis of the male
Ex. Cory I as, Betula.
inflorescence is movable.
:

Forms with pendulous

(b)

flowers.

Ex. Negundo fraxinifolium,

liumex.
(c)

Forms with long stamens.

including almost

Graminecc,

all

This

is

the most

Cypcraccce,

common

Juiicacecc,

variety,

Can7iahis,

Humulas, Einpetrum, Mercurialis, Ricinus, Plantago, Littorella,
Myriophyllum, Hippuris, the anemophilous species of

Callitriche,

Thalidriun, &c.

Ex. Urtica, Parietaria, Moms.

{d)

Explosive forms.

(e)

Forms with immovable

geton, Triglocliin,

flowers.

Ex.

many Palms, Potamo-

Sparganium, Typha.

C.

Plants Fertilised by Animals.

These usually possess bright colours or perfumes, and supply
I'he following classification has been
to their fertilisers.

food

supplied to
I.

by

me by

Delpino, by letter

Ornithophil^. — These

birds,

which come

:

plants are adapted for fertilisation

in search either of

honey or of small

insects

They present several different types.
What is known concerning them is founded chiefly on the reports
of travellers who were ignorant- of the principles that should guide
Many of them possess large brilliantly-coloured
their investigation.
(Trochilida',

Nedarinia,

etc.).

flowers, very frequently scarlet, pouched in form, upright in position,
and secreting great abundance of honey.
II. ENTOMOPHiLiE.
Plants whose flowers are adapted for
fertilisation by insects.
To this group belong all our native flowers
which possess perfume or bright colours.
III. Malacophil^.
Plants whose flowers are adapted for
fertilisation by snails.
(These have as yet been observed by
Delpino only.) The flowers are crowded so closely together, that
the snails in creeping over them must come in contact both with
pollen and stigmas.
The plants are protected from the ravages of
their voracious guests, either by secreting an acrid fluid which kills
the snails {Alocasia odora), or by metamorphosis of the perianth
into a thick fleshy tissue, with whose destruction the snails are

—

—

content [BJiodca japonicci).

—
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In further subdividing entomophilous plants, Delpino omits all
those plants which can be fertilised equally well by insects of various
orders, and limits himself to forms which he considers to be adapted

As such he

for particular insects.
1.

Melittophilce

;

distinguishes

i

|

(Genista tinctoria).
Micromelittophiloe ;

smaller bees (and very

3.

plants adapted for fertilisation by the

many

other small insects).

These flowers

quite incomprehensible attractions for their visitors, far

more than

in

any other plants {Herminmm Honor chis).

Myiophilon

;

plants

adapted

for

fertilisation

by various

most part dull (yellowish,
wine-red, speckled) colours, their odour is for the most part disagreeable both to man and to bees, and they display either an exposed
surface of honey or else pollen only for their visitors {Euonymus).
4. Micromyiophilcc ; plants adapted for fertilisation by minute
Diptera.
The flower or the inflorescence forms a chamber with
a narrow entrance, often a temporary prison for the fertilising
agents honey is produced as a thin adhesive layer, or may be absent,
in which case the pollen is abundant (Aristolochia Clematitis, Arum).
5. Sapromyiophilce ; plants adapted for fertilisation by carrionflies and dung-flies.
The flowers have a putrid smell, but the
other characters of the group resemble those of the Myiophilae
Diptera.

|

|

plants adapted for fertilisation by (the larger)

These have diurnal flowers, with colours and scents attractive
to man also, partly with concealed honey (^Salvia ^ra^e7ls^s), partly
devoid of honey, and in that case with the pollen inclosed within
the flower and only becoming apparent on special treatment

possess

|

:

bees.

2.

j

Their flowers present

for the

;

(Stapelia, Rafflcsia).
6. Gantharo'philce ; plants adapted for fertilisation by beetles.
These are large diurnal flowers of striking colours, affording convenient shelter, and containing an exceedingly large supply of
pollen besides occasionally some easily accessible honey {Magnolia).
7. Fsych-ophilce ;
plants adapted for fertilisation by diurnal
Lepidoptera. These have brightly-coloured diurnal flowers, whose
honey is concealed at the base of a very narrow tube {Dianthus).
8. Sphingophilw ; plants adapted for fertilisation by Hawk-moths
(Sphingida?) and Noctuae.
These have light-coloured nocturnal
flowers, with a strong sweet scent, whose honey is concealed at

the base of a very long tube or spur

{Lonicera

Caprifolinm.y

Platanthera)}
^ Since
the above was written, Delpino has completed his work, Ultcriori oi^scrvazioni mlla dicogamia nel regno vcgctalc, and in it the contrivances by which

—
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My brother, Fritz Mliller, has made many interesting observations
on South Brazilian plants, in all the three lines of research which
Darwin instituted. His results have been contributed partly to
the Jenaisclie ZeitscJirift and Botanische Zeitung, partly to Darwin's
Variatio7i of Animals,

time in this book.

etc.,

He

and are partly published

that they are not only sterile to their

the pollen and stigma of the

one another.

for the

first

has found in the case of various orchids

own

same flower

pollen,

but even that

act as fatal poisons to

In various flowers (Chamissoa, Epidcndrum) he has

discovered special contrivances in the act of being evolved, and
in Posoqucria

especially

and Faramea he has given

clear proof

that certain peculiarities, advantageous under the given conditions,

have by no means attained their

full perfection.

The proof

of this

fact deserves special attention as a strong objection to the teleolo-

His comprehensive observations on Brazilian orchids
hoped, soon be imblished in a special work.
Severin Axell published in 1869 a book on the floral mechanisms
of Phanerogams. It contains a clear historical review of the growth
of our knowledge of the sexual relations of plants, and describes
some new investigations of floral mechanisms and some experiments
on the fertility of plants after self-fertilisation. It is remarkable
for divesting of a certain onesidedness the conception that had
gical theory.
will, it

may be

flowers are adapted for cross-fertilisation
He distingnishes

arranged.
1.

by

aniinjils are fully treated

and very clearly

:

Adaptations which

aflcct the senses of sight

and

.smell

in the fertilising

agents.
{a) Colour,
{b)
1'.

Scent.

Adaptations which

ali'ect

the sen.se of taste

:

the attractions of pollen, honey,

and other food-materials.
13.

Arrangements which direct the actions of the
them more effective.

fertilising agents,

and make

by heliotropj', the position and gi'ouping
of the flowers, enlargement of particular organs, etc,
development of certain parts convenient for alighting on or
(/') The
standing on.
(c) Arrangements for preserving the nectar for the use of the fertili.sing
agents.
[d) AiTangements for promoting the transfer of pollen from the anthers
to tlie body of the fertilising agent, and thence to the stigmas.
{c) Arrangements for ensuring the transport of pollen from one tiower to
another, or from one individual plant to another.
(/) Arrangements for regulating the number of visits of the fertilising
agents.
((/) Arrangements for adapting the flowers to particular fertilising agents
{a) Increase of conspicuonsiiess

Finally, Delpino gives a classification of flowers according to their different types,
which he distinguishes forty-seven, and he appends some remarks on the fertilising
igcnts of plnnts and their haldts.
of
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become here and there prevalent of the significance of crossand also for attempting to arrange all the floral
mechanisms of Phanerogams in a series, according to their natural
development from less perfect to more perfect forms.
The first impulse to the new investigation of flowers had been
given by Darwin's notion of a general law that no organised being
fertilises itself for an unlimited number of generations, or, as
Darwin put it, that nature abhors perpetual self-fertilisation. And
it was natural that those investigators who worked upon the lines
laid down by Darwin should look upon the contrivances that were
favourable to cross-fertilisation and unfavourable to self-fertilisation
as so many proofs of the truth of Darwin's conjectural law.
But

fertilisation;

they neglected to consider those flowers which

frequently or

such flowers forced themselves upon their notice, they were looked upon as isolated excepregularly fertilise themselves;

or,

if

and self-fertilisation was considered, in spite of them, as
throughout injurious to plants. For instance, Hildebrand in 1867
"In most plants self-fertilisation is avoided by special
says
contrivances or even rendered impossible, or if it does take
place it is at least injurious " and in 1869 he tries to prove
" the law of the avoidance of self- fertilisation," and to treat as
isolated exceptions Calceolaria innnata and Morina clegans, in
which he had found self-fertilisation to take place regularly when
tions,

:

;

insect-visits

fail.

Similarly,

the idea recurs in

many

in

Delpino's

writings

1869

until

places, quite definitely, that " nature in

general abhors self-fertilisation," ^ while Darwin had only spoken of
Now Axell justly showed that this
perpetual self- fertilisation.

conception entertained by Hildebrand and Delpino was unfounded,
for he l)rought forward in opposition to it the facts that in many
flowers self-fertilisation inevitably takes place in default of insectvisits,

and that he himself had proved by experiment in many

cases that such self-fertilisation results in the production of good

seed

;

further, that

many

aquatic plants, which under ordmary

circumstances expand their flowers at the surface of the water and
are cross-fertilised by the wind or by insects, remain closed and

submerged when the water

is

unusually high, and in such circum-

stances fertilise themselves and produce seeds wliich propagate the
species;

and

finally,

that

many

terrestrial plants,

with irregular

flowers which render self-fertilisation impossible, produce, instead

of these or along with these, other flowers of simple structure
^
For instance, in No.
consan^Miincc " (ISfJiO-

177,

]>.

55,

*'

J/antijiatia clic lia la natura ])rr

le.

iiozzu

;
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Kuhn) and produce seed
supposed that the existence of

{flores cleistogavii,

He

self- fertilisation.

cleistogamic flowers was due partly

Lamium

(e.g.

amplexicaulc) to

low temperature, whicli hindered the development of the ordinary
flowers, and partly to failure of the insects which under normal
circumstances effected cross-fertilisation.
By this explanation, Axell rectified the conception that was so
distinctly

writings,

uttered by Hildebrand

fertilisation

disadvantageous for

cross-fertilisation is better
is

infinitely better

Fig

and Delpino in

'2.

than

their earlier

advantageous and selfplants, by showing that though

that cross-fertilisation

viz.,

is

self-fertilisation,

than absence of

yet self-fertihsation

and consequent

fertilisation

—Cleistogamic and ordinary flowers of

Lamium

amplexicaule.

1-1, large ordinary flowor, not quite twice natural size.
1, entire flower; 2, oblique view of
mouth, showing anthers and stigma 3, upper part of corolla just before the flower opens 4, nectaiy
(n) and ovary (ov).
5—10, small cleistogamic flower (5-8, x 5 9, 10, x 24). 5, entire cleistogamic flower from the
outer side 6, corolla, opened by force, seen from the side 7, the same, opened less widely, seen
from below 8, corolla of a cleistogamic flower, unopened, from below 9, essential organs of a
cleistogfiraic flower imdergoing self-fertilisation, two stamens having been removed; 10, ovary nnd
nectary seen from the front and right.
;

;

;

;

;

;

;

and he also removed by his elucidation of cleistogamic
one great objection to the Knight-Darwin law, the
argument which was used against it by H. von Mohl.
Axell founds his attempt to classify all floral mechanisms of
sterility

;

—

flowers

Phanerogams in the natural order of their development upon two
laws which he lays down as axioms (1) Nature strives to increase
:

as

much

and

(2)

as possible the

number

of individuals in each species

she strives to attain the greatest possible results by the

simplest possible means.

If,

instead of abiding by the teleological

standpoint which personifies
objective conception of nature

Axell had risen to the
which Darwin founded, he might

nature,

c 2
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have stated these two laws somewhat as follows (1) every species
of animal and plant has, in otherwise similar circumstances, the
:

greater prospect of survival in the struggle for existence, the more
numerous the ofi'spring that it leaves (2) every individual may,
;

under otherwise similar conditions, be preserved the more easily
in the struggle

for existence, the

simpler

its

requirements are.

He

would not then have required to state these laws as axioms,
for they are seen to be immediate consequences of the theory of
Starting from these two laws, Axell saw in
natural selection.
every economy of material, space, or time, an improvement in the
mechanism of the flower. Accordingly he considers the arrangement in anemophilous flowers the most primitive and most
imperfect form amongst Phanerogams, since it necessitates an

immense waste

of pollen, which is avoided in cross-fertilisation
In both the anemophilous and the entomophilous
sections, Axell recognises a further advance in the transition from
dioecious to monoecious and monoclinic forms, since in this arrange-

by

insects.

ment there

is

not only increased economy of material

(floral

envelopes, pollen), but increasing certainty of sexual reproduction.

In the group of monoclinic entomophilous flowers, Axell considers
that a further advance is shown in passing from dichogamic to
herhogamic flowers (those in which self-fertilisation is hindered
by the relative positions of the parts), and from these to the
heterostylic (dimorphic and trimorphic), and finally from these
to the homostylic plants with irregular flowers and again to those
with regular flowers.

According to Axell, the forms which stand nearest to the diclinic
entomophilous flowers are the dichogamic,^ as in both of these
types two insect-visits are necessary for each act of fertilisation,

and many insect-visits which are paid successively to flowers in
the same stage of development remain useless to the plant.

Among homogamic

entomophilous flowers, the herkogamic, in

Axell's opinion, share with the dichogamic forms the disadvantage
of not being able to fertilise themselves in case of need

;

but they

stand one stage higher, since each act of fertilisation requires only

a single insect-visit.

which according
self-fertilisation,

This

is

also the

case in heterostylic forms,

to Axell stand yet a stage higher, since in

though very

difficult, is

not impossible.

them

Finally,

tlie quite unfounded supposition that the corolla begins to wither
secretion of honey ceases as soon as pollen is applied to the stigma to lead
hiiu into the equally erroneous conclusion tliat protcrandrous dichogamy only is
possible in entomophilous flowers
and this conclusion leads him to doubt the
accuracy of many ol>,servations whicli are opposed to his view.
^

and

Axoll allows

tlic

;

I

—
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which the possibiHty of

self-fertilisa-

unchecked, those with regular flowers stand, according to
Axell, on a higher grade that those with irregular flowers, since
they permit the visits of more various insects. Axell thus arrives
at the following order of development
tion

is

:

A. Flowers which are fertilised by the aid of an extraneous
medium of transport {flores chasmogami).
I.

Anemophilous forms

:

{a)

dioecious,

>

dichogamic (proterogynous),
Entomophilous forms
a. Self-fertilisation hindered by

{dC)

II.

{h)

monoecious,

(c)

homogamic.

:

1.

Diclinism

2.

Dichogamy j
Herkogamy

3.
h.

^

Two

insect- visits necessary for each

act of fertilisation.
.

.

.

.

\

Self-fertilisation not hindered. I
1.

Heterostyly.

2.

HomostylyJ

Only one

insect-visit

necessary for

each

act of fertihsation.

B. Flowers which fertilise themselves without the aid of an

extraneous
If

we review the

medium

of transport {Jlores cleistogami).

lines of research

above described, in order to

get a clear idea of which path leads us most surely to the condiit becomes plain that two
aims must be kept in view these are closely connected,
and sometimes within certain limits mutually depend upon one
another, but they cannot be confounded without danger; viz.
(1) the elucidation of floral mechanisms, and (2) the proof of the
Knight-Darwin law.
Sprengel kept in view as the sole aim of his researches the
explanation of the characters of flowers on certain presumptions
which were to be justified by the constant possibility of such explanations and his results were singularly fortunate so far as was

tions determining the forms of flowers,
different

;

;

and without knowledge
Darwin
remedied both flaws in Sprengel's theory, since he not only gave
complete expression by his theory of natural selection to the new
conceptions that had gradually grown up, but he also made the
definite statement, and took steps to prove it, that the effect of
cross-fertilisation is advantageous.
But he did not content himself
with the statement that cross-fertilisation leads to a more vigorous
oftspring than self-fertilisation, which would have sufficed provisionally to explain the contrivances in flowers, but he laid down

possible with his teleological conceptions,

or foreshadowing of the advantage of cross-fertilisation.

—
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being

fertilises itself

for
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general law " that no organic

a perpetuity of

but that
perhaps at very

generations,

a cross with another individual is occasionally

—indispensable."

—

And, in his exhaustive researches
on the floral contrivances of orchids, he bad always kept in view
as his chief aim the establishment of this law.^
Hildebrand and Delpino followed the same aim just as disAll three sought
tinctly, though they expressed it in other words.^
long intervals

to explain all the contrivances of flowers, presupposing the accuracy

of that general law.

If all floral

mechanisms without exception

had turned out to subserve the necessity of occasional cross-fertilisation, the establishment of that law, and with it the foundation of
our comprehension of flowers, would have attained thereby to the
highest measure of certainty but in point of fact, as on the one
hand more and more flowers were adduced in which cross-fertilisation is, under natural conditions, inevitable, on the other hand,
in at least equal proportion, more and more instances were revealed
of plants which regularly fertilise themselves and are fully proInasmuch as one cannot admit that the mere
ductive thereupon.
;

possibility of occasional cross-fertilisation is a sufficient proof of its
it must be acknowledged that the establishment of the
Knight-Darwin law is not advanced in the least by all the
The whole explanatory
researches on the mechanism of flowers.
theory of flowers, so long as it is based entirely upon this law, has

necessity,

this uncertainty at its foundation.

In order to avoid this uncertainty and to secure a firm basis
investigating the conditions determining the forms of flowers,

for

it is

above all necessary to leave aside the Knight-Darwin law, which
can neither be proved by investigating the forms of flowers nor is
necessary for their elucidation
and to confine ourselves to the
;

for this investigation and which
can be verified by experiment, that cross-fertilisation results in
off*spring which vanquish the offspring of self-fertilisation in the

proposition, wliich

is

sufficient

struggle for existence.
" In
volume * On the Origin of Species,' I have given only general reasons for
belief that it is an almost universal law of nature that organic beings re(|uire
ail occasional cross with another individual ; or, which is the same thing, that
no hermaphrodite fertilises itself for a perpetuity of generations.
Having been
^

my

my

blamed

for

propounding

this doctrine

without giving ample

facts, for

which

I

had not

in that work suHicient space, I wish to show tliat 1 have not spoken without having
gone into details." Dauwjn, On tlic Varunis Contrivances, etc., p. 1.
^ Hildebrand calls it the law of the avoidance and the disadvantage of continual
sclf-feriilLtation (" das Gesetz dor vormiedenen und unvortheilhaften stetigen Selbstl)efru('htung")
Delpino calls it the great law of dicfiogamij, or of intcrcrossivy (*' la
gran legge (lella dicogamia o delle uozxe incrociate ").
;
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much narrower than

It is obvious that this proposition is

Knight-Darwin
patible with all

For

law.

known

it

is

easily conceivable,

facts, that, in all

23

and

it is

the

com-

plants without exception,

the offspring of self-fertilisation, as soon as they come into competition with other individuals of

their

the above-mentioned proposition

many

is

which are the
and that therefore

species

offspring of cross-fertilisation, finally succumb,

thoroughly correct

;

but that

species which are regularly self-fertilised,

and in
which the struggle for existence between the offspring of selffertilisation and of cross-fertilisation never takes place, reproduce
by self-fertilisation for an unlimited number of generations, and
that therefore the Knight-Darwin law is false.
nevertheless

Whether the

offspring of

self-fertilisation finally

succumb

in

the struggle for existence to the offspring of cross-fertilisation in
the same species may probably be decided in the course of a few

generations for certain plants by the above-described experiments
contrived by Darwin. Whether, on the other hand, plants in which
such competition is avoided, owing to exclusive and continuous
self-fertihsation, finally

probably in

many

expressly

Variation,

(

become extinct

cases not be decided.
etc.,

for

At

want of crossing, can
least Darwin declares

chap, xvii.) that, in order to recognise

between plants produced by self-fertilisation and
those produced by cross-fertilisation, it is often absolutely necessary
to place both together in competition.
And, moreover, important
facts stand opposed to the Knight-Darwin law, which have mostly
been collected by Darwin in his Variation of Animals and Plants
with scrupulous care.
I may refer to the examples of plants
(mentioned in chap, xviii. of that work) which spread over
unlimited areas by asexual reproduction to the Brazilian cultivated plants, described by Fritz Mliller and discussed in the third
section of this book, which after they have been multiplied for
many generations exclusively by asexual means, have lost even the
power of sexual reproduction to the well-known facts that numerous
mosses reproduce over great part of their area of distribution by
exclusively asexual means, and that many are only known in the
sterile form
all facts which are not easily brought into accordance
the difference

;

;

:

with the supposition that occasional crossing

is

essential for lasting

conservation.

There

is

good foundation, therefore, for the demand that the

explanation of floral mechanisms shall rest only on the sufficient

and demonstrable assumption that cross-fertilisation yields more
vigorous offspring than self-fertilisation.
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we must, on the one hand, strive to hmit our
assumptions as much as possible, in order to keep a basis fully
demonstrable by experiment for our conclusions, we must, on the
^)ther hand, that these conclusions may rest firm, demand the
But

wliile

securest possible establishment of all accessible facts which can
influence the mutual relations between flowers

which

fertilise

Of the
and

and the agents

them.

various fertilising agents, wind and water are so simple

regular in their action that

it

stances of the case, and to recognise

is

easy to review the circum-

how

the comparatively simple

contrivances in anemophilous and hydrophilous plants are deter-

mined by the nature of the medium of transport. But the insects ^
which act as carriers of pollen are so various in size, form, length
of proboscis, food-material, mode of movement, colour-sense, &c.,
their abundance depends on so many conditions, and their visits to
particular flowers are so influenced by weather, the competition of
other insects, the attractions of other neighbouring flowers, &c.,
that the mere investigation of floral contrivances, and the mere

general establishment of the fact that certain flowers are actually
visited

and

fertilised

by

insects,

can nevej- lead to a perception of

the primitive conditions which determine any specific peculiarity
in a flower.
Only when it is accurately ascertained for many

and various flowers of the same neighbourhood by what insects and
how abundantly by each each species is visited, what in each case
each visitor comes in search of, how each acts in its visits, how the
dimensions of their bodies correspond to the dimensions of

tlie

flowers (for instance, the length of their proboscis to the length of

the tube and spur), what parts of their bodies come in contact witli
the pollen and the stigma, and so forth when further, for each of
these flowers, not only the form, arrangement, and order of deve;

lopment of the separate parts, but also the area of conspicuous
surfaces, the diameter of the entrance, the depth of the tube in
which the honey lies, in short every point which can affect the
insect-visitor, has been accurately ascertained
then only may we
hope, by comparing the characters of flowers and their insectvisitors, to attain to accurate knowledge instead of the mere
surmises concerning the conditions that primitively determine any

—

floral character.

It is plain that in
left
-

Snails undliinlK

l>art in lertiliising

such facts

all

previous investigations have

Even Delpino, who paid more

wide gaps.

may bo

left

out of

any native plants.

tlic <iiie.stioii,

attention than any

ns tlioy do not play an important

—
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previous observer to the insect-visitors, based his generalisations
upon far too few observations of insect-visits both his classifi;

entomophilous flowers^ and his general conclusions
concerning the fertilisers of whole families (Conipositce, Boragiiiece,
In no single case do the
&c.) require essential modification.
of

cation

made on anthophilous

observations hitherto

insects suffice either

between nearly allied species of flowers
the primitive conditions determining any specific

to explain the differences

or

settle

to

fioral character.

In order to attain to substantial knowledge concerning such
determining conditions, we must modify in two respects the modes
of investigation hitherto adopted, based upon the Knight-Darwin
law

:

Instead

(1)

considering

of

fertilisation in case of

which

those

flowers

insect-visitors is

opposed,

self-fertilisation is distinctly

which

in

distinctly

cross-

insured or in

we must

look upon

all

entomo2)hilous flowers without exception as requiring elucidation
to

the same degree

and in each species we must consider the

;

possible or inevitable occurrence of self-fertilisation in absence of
insects with as

much

care as the certainty or possibility of cross-

fertilisation in case of insect-visits.
(2)

Instead of confining ourselves to the investigation of

floral

most ascertaining in a general way by what
groups of insects a particular plant is visited and cross-fertilised,
we must consider the insect-visitors with as much care as the
flowers visited by them.
We must compile for each species of

mechanisms

or of at

flower a

as complete as possible of its visitors, in order to

list

by wide comparison

to a safe conclusion regarding

what

come
effect

and concealment of the
upon the fertilisation of
the plant.
We must also take note of the way in which the
insects are fitted to obtain their floral diet, and we must try to
trace the gradual evolution of such adaptations through all stages,
since many characters of flowers and of their visitors {e.g. length
of tube and length of proboscis) have been developed in reciprocal
adaptation, and can therefore only be understood when considered

peculiarities in colour, odour, the secretion

honey,

etc.,

have upon

insect-visits,

and

so

together.

This
book.
decide.

is

the path which I have sought to enter on in the present

How

far

I

To permit

omissions in

have succeeded in
of fair judgment, I

my work.
^

Sitjrra,

p.

my

task

is

for others to

must myself explain

15.

certain

—
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have been unable to pay equal attention to all groups of
I could neither determine by myself the
minute flies and gnats, ichneumon-flies and their allies, aphides
and species of Meligcthes and Thrips, nor could I get them reliably
determined by others; these, accordingly, along with most ants
and some saw-flies, are referred to only in general terms. Nocturnal Jepidoptera and microlepidoptera are left almost untouched
I

anthophilous insects.

another reason,

for

flowers in the

dim

viz.,

light.

the difficulty of observing

On

them upon

the other hand, I have paid close

flies, bees, wasps, and butterflies,
have determined their species with the aid of the entomoBut just on account of this
logists referred to in my preface.

attention to the beetles, the larger

and

I

simultaneous observation of so

many

the most frequented flowers

it

species that have fallen into

my

for

any

collector of a special

omissions in

my

richest

lists.

is

insect groups, in the case of

probably only the commonest

hands so that it will be easy
group to show the most extensive
I indeed hope that this may be done
;

on the largest scale.
In hastening to publish provisionally an account of my researches,
it was further impossible for me to follow out thoroughly in the
case of all the groups of anthophilous insects the modifications

which fit them for a floral diet, and to prove that such modifications have been evolved gradually.
In the case of bees, the most
important visitors of flowers, I have attempted to give such
proof in a special work. In the present book I must limit myself
to giving a general account of the adaptations of insects to the

flowers visited by them, so far only as seems essential for a right

understanding of the actions of insects upon flowers.

NOTES ON THE HISTORICAL INTRODUCTION.
L

Severin Axell gives in his work

(17),

published in 1869, a short review of

the development of our knowledge of the sexual relations of plants.
says

He

:

" Although we meet even in ancient Greek and Roman authors with dim
foreshado wings of the sexuality of some diclinic plants, it is only towards the
end of the seventeenth century that we tind the existence of two sexes in the
liigher plants clearly and generally acknowledged.
In 1682, Nehemias Grew

published his book The Anatomij of Plants, in which he maintained the
necessity for the pollen to act upon the pistil to form the fruit.
Rud. Jac.
Camerarius ' and Sebastian Vaillant strongly supported the new views, partly
-^

^

KpUtola de sexu plantarum (Tiibingen

-

JJificours

snr In structiire

dr.<i

Jfvuis,

:

etc.

1694).
(Piiris

:

1717).
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by experiment, partly by specifying the sexual organs in various forms of
while on the other hand Tournefort ^ and Pontedera tried to prove
that these views were untenable, chiefly from philosophical considerations.
The contest may be considered to have been settled in its main point by the

liowers

'^

;

masterly collection of proofs of the sexuality of plants given by Linnaeus
in 1735.3

had been shown that pollination is an essential condition f(^r the
it still remained to show how the pollen-grains are conveyed to the stigma and attempts were made to -elucidate this also, but with
less success.
It was of course seen that in diclinic plants some external agency
must convey the pollen-grains from the male to the female liowers, and the
whole effect was ascribed to the wind in hermaphrodite liowers, on the other
hand, it was supposed that the stigma is dusted with pollen from the same
flower without the cooperation of any external agency.
This had to take place
either by the anthers and stigma coming in contact, or by the pollen falling
down upon the stigma the former would have to take place either before the
to explain the
flower opened, or by movements of the reproductive organs *
latter, it was laid down as a general rule that those flowers whose stamens
overtop the style have an erect position, and that those in which the style
overtops the stamens are pendulous. ° Meanwhile, since it was observed that
many flowers contain honey and are visited by insects, the idea arose that these
must be of some use in fertilisation. It was, however, supposed that in their
visits they simply shake pollen from the anthers,^ and not that they carry
pollen from one flt)wer to another. The importance and in many cases the
necessity of the action of insects was not at all recognised,^ either in general
or in any single case, if we except the observation of the fertilisation of Ficus
carica by Chalcis Psenes {Ficus in Aman. Acad. i.).
After

it

production of seed,

;

;

:

;

This
Gottlieb

last

observation stood for a long time isolated, until in 1761 Joseph

Koelreuter

demonstrated the necessity of insects' aid in several
Cuctirbitacece, Iridece, Sumbucus, and Viscum.^
This
illustrious man remarked also, that in Malvacecc^ Epilohium, and Polemanium (Vorlcivf. Nachr. p. 34), self-fertilisation is prevented by maturation
of the reproductive organs at difterent times, and that in these plants the
other cases,

pistil of

younger

^

-

such as

an older flower is fertilised by the aid of insects with pollen from a
flower.^
In the case of most plants, however, he held to the old

Institutiones rci herbarice (Paris
1700).
Anthologia,, seu defloris naturd (Patav.
:

1720).
hotanica (Amsterdam
1735).
4 It was Vaillant who first observed this pheuomenon.
For the meaning which
was assigned to it, see Liimjeus, Dc nuptiis et scxu plantaiiim, 1 729, first printed in
"
Sponsalia Plantanwi," p. 46, in Ammiitates A eadcmiccc, i.
1829; and
^ Linnreus, loc. cit. and " De ceconomid Katurce" in Amoen. Acad. i.
^ " Sponcalia Plantamim " and '^ De nectariu flonim," Amoen. Acad. iv.
•^

"^

Fundamenta

:

:

See, for instance, the explanation of the act of fertilisation in Viola tricolor in
Planlarnm," -p. 37.

'^Spo'iualia

Vo7-ldufige NacJiricht xon einiqen das GeschlecM der Pflanzcn hctreffenden Versuchcn
tind Beoha-chtungcn (Leipzig
1761), and Fortsetzung der vorldvfigen Nachricht
(Leipzig: 1763).
^

:

^ After showing how well the organisation of these plants is fitted for crossing
" An id aliqnid in recessu haheat, quod Imjuscemodi flores
Koelreuter remarks
numquam proprio suo pulvere, sed semper eo aliarnm suai speciei impregnentnr
mcrito qna^ritnr.
Certe natnra nil facit frnstia."
:

THE FERTILISATION OF FLOWERS.

28

which, erroneous as

explanation of fertilisation,

it

[fart

was, was not contro-

verted until the appearance of Sprengel's book and, afterwards

thoroughly by F.

J.

i.

Schelver^ and August Henschel.^

The

still

more

researches of

showed clearly that in most plants pollination of the pistil
impossible or at least improbable without the cooperation of some external
agent.
The last two authors, since they did not ascribe the proper importance
these botanists
is

were led into the error of denying the sexuality of plants.
the other hand, Sprengel has not only rendered the negative service of

to insect- visits,

On

showing, as the others did, how the prevalent conception of the mode of
fertilisation is directly contrary to the actual relations, but also the positive
service of removing the last objection to the sexual theory by his theory of the
adaptation of flowers to fertilisation by insects.'
2. Even Sprengel notes several instances of incomplete adaptation
e.g. on
page 259, "Although the flowers {Lychnis dioica) being nocturnal are not
adapted for humble-bees, yet these make use of their nectar."
;

Perhaps F. G. Kurr has reviewed most thoroughly Sprengel's observahis book Untersuchungen iiber die Bedeutung der Nehtarien in den
Blumen, w^iich is replete with his own observations and ideas. But even
3.

tions in

this acute observer

*

lets

how

us clearly trace

of cross-fertilisation prevented

him from

his ignorance of the advantage

agreeing with Sprengel's explanations,

and how, along with Sprengel's theories, he rejected his correct observations
{e.g. in the case of Campanula) in order to cling to old errors.
Severin Axell, in his above-mentioned work,
botanists

who

rejected Sprengel's discoveries

;

cites the following later
" Treviranus,^ in upholding the

sexuality of plants against Henschel, denies altogether that the organs of the
two sexes mature at different times, and declares that the pollen and the stigma

always ripen simultaneously Schultz-Schultzenstein ^ attacks Sprengel, and
De Candolle ^ asserts
charges him with false statements
M. Conrad
Sprengel a cherch^ a developper ses id^es, plus fondees, je le crains, sur des
theories metaphysiques que sur la simple observation des faits
Mikan
criticises him for his description of the apparatus for fertilisation in the violet
;

;

'

:

;

'

;

even Robert Caspary
illas

says,

'

quod

non

censeo,

injuste dici potest, inter

omnes

modo insecta flores
nuUo alio modo
Robert Brown alone, in his

Sprengelii observationes, quas certissimas profert, quo

unam quidam esse, ex qua certe
fecundari quam auxiliis insectorum.'

fecundent, ne
flores

well-known paper (114) on the

concludi possit,

fertilisation oi AsclepiadacecB

and Orchidacea;,

confirmed the accuracy of Sprengel's statement that the aid of insects is
necessary for the fertilisation of these plants, although he, like Sprengel,
failed to notice that here cross-fertilisation occurs and not self-fertilisation."
Just as, according to these extracts, most botanists reviewed onesidedly
the weakness of Sprengel's theory, and threw overboard the good along witli
the defective ; bo, with equal onesidedness, Delpino and Severin Axell have

^

'

^

KrUik der Lehre von den Geschlechtem der Pflanzen (Heidelberg
Von der Sexudlitdt (Breslau 1820).

:

1812).

:

Cf.

Tredje

Severin Axell, "
1868.

Om

del

f&rgade hylleUt hetydeUe fir vdxten," Bot. Notiser

hiiftet,

pp. 138, 139.

<

Loc.

"

*

Die Lchrc rom. Oeschlechte der PJlanzen (Bremen 1822).
Die Foripfianzung nnd Erndhrunij der PJlanzen (1828).

7

Organof]ra]ihic vigeJale,

cit.

:

1.

p. .538 (Pnris

:

1827).

\
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up Sprengel's work too liigh, and have passed over in silence the flaw
which exphdns why it remained inoperative for so many generations. Delpino ^
says in regard to the neglect of Sprengel, and Severin Axell agrees witli
him " It is sad to witness this war of error against truth, especially when
the contest was begun by one who lived subsequently, and who, instead of
profiting by the truths discovered by his predecessor, only set to work foolishly
While fully acknowledging the justice of this opinion, I
to deny them."
think that, to be fair to both sides, we must add Sprengel's discovery is an
instructive example of how even work that is rich in acute observation and
happy interpretations may remain inoperative if the idea at its foundation is
raised

—

:

:

defective.
4. Darwin says in his paper on the fertilisation of Papilionaceous flowers
by bees (p. 461) "Andrew Knight many years ago propounded the doctrine
After pretty
that no plant self-fertilises itself for a perpetuity of genel-ations.
:

close investigation of the subject, I

am

strongly inclined to believe that this

a law of nature throughout the vegetable and animal kingdoms."

is

As Darwin

mentions, Kniglit had found by experiment in tlie case of the Pea
more numerous seeds and more vigorous off'spring are obtained by the
application of pollen from another flower than by self-fertilisation.

also

that

^

S%ill

opera "

La

distribtiziom del scusi,

etc.''

del Prof. F. ffildebrand, p. 10.

PART
The Insects which

Our

native

flowers are visited

divisions of insects
to the

number

;

II.

Visit Flowers.

by examples

of all the

main

but these divisions differ greatly in regard

of their anthophilous species, the extent to

which

these restrict themselves to flowers for their food, their relative

importance in
work.

And

of insects

is

fertilisation,

and their special adaptations

for the

though, as a general rule, the degree to which a group

adapted structurally for a

floral diet is

their importance as fertilisers, this does not hold

proportional to

good always.

In

the following sketch, our insect-groups are arranged according to
their progressive adaptations for obtaining food in flowers.

Orthoptera and Neuroptera.
These groups contain, at least among our native species, no
form which is habitually anthophilous, or which shows any trace
of adaptation for a floral diet.

Earwigs {Forficula auricularicty L.) often creep in the
daytime into flowers {Campanula, Papavcr, Tropmolnm, roses,
pinks, peonies, etc.), whose softer parts they feed upon at night.
Grasshoppers leap or fly on to various parts of plants, and so
occasionally on to the flowers, to feed.^
I have seen a small dragon-fly {Agrion) settle repeatedly on
flowers of Spiraea, apparently only to sun

itself.

have so often seen species of ITevierohms, Sialis lutaria, L.,
and Panorpa communis, L., upon flowers of Umbelliferae, and
I

*

Delpino once found a small green grasslioj^per on flowers of Ophrys aranifera

New

Darwiu states, on the authority of Mr, Swale, that in
Zealand several
(172).
species of grasshoppers have been observed to fertilise papilionaceous plants (152,
451 ). Tliis seems to me almost incredible. In South Brazil
brother Fritz Miillcr
J).
hius found a Pscxidomops, probably P. laticDrnis (Perty), common on flowers.

my

;
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watched them bending their heads down on to the honey-secreting
In
disc, that I could not doubt that they were feeding there.
the summer of 1855, I took Ascalaphus macaro7iius on flowers of

UmbelUfers in meadows at Laibach.
The case of Panorpa communis ^ is quite clear, for it even visits
flowers with more deeply -seated honey (EosaceaB, Compositee, e.g.
Eapatorium cannahmum), plunging its long beak-shaped head
One might be inclined to look upon this elongated
into the tubes.
head as specially adapted for the quest of honey, were it not that
the little wingless, closely-allied Boreus hicmalis, which never visits
flowers, but lives among moss,^ shows the same peculiarity.
It is also exceptional for Neuroptera to visit flowers.
They
are more abundant than the above-named Orthoptera, and
occasionally cross-fertilisation may be efiected by them
but
certainly no native flower has been modified by the agency of
;

either group.

Hemiptera.
In their importance as

anthophilous

a

;

Hemiptera stand

fertilisers,

than the preceding divisions,
{Hemiptera lieteroptera, Latr.),

for

in

several

one group,
forms are

the

higher

bugs

habitually

whether they possess corresponding adaptations

for

floral diet is still uncertain.

The

from their fondness for
and suck honey
from very various flowers. I have taken several undetermined
species of Capsidce and Antliocoridcc on flowers of Umbelliferse,
Oompositse, and Salix, seeking honey and dusted with pollen,
I found Tetyra nigrolineata abundantly on flowers of Daucus
Carota in Thuringia, and I have seen Pyrocoris aptera, in spring,
species of Anthocoris (so

flowers) are fitted

thrusting

its

dandelion;

by

called

their small size to creep into

proboscis (about four

and it seemed to
have seen no structural
pollen,

mm.

long) into florets of the

and body was dusted with
be a regular and efficient fertiliser. I
adaptations for floral visits in any of

the underside of

its

legs

these insects, unless the small size of Anthocoris be of this nature

found in many allied forms which never
No flower has been shown to be specially adapted
of field-bugs, and I know no species for whose

the long proboscis
visit flowers.

for the visits
fertilisatioiT

is

these insects are especially important.

The

structure

of their proboscis need not be considered.
^

Panorpa communis

is habituall.y

carnivorous.

have found Boreus hiemalis repeatedly among moss on the Liclitenaiicr
mountain, near Willchadessen, but only in the middle of >vinter.
-
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Coleoptera.
In contrast to the foregoing groups, Coleoptera
equivocal adaptations to a floral diet.

importance as
feed

families

fertilisers,

are

plants

native

such

to

food

greater

exclusively.

None

or

un-

widely different

still

exclusively

fertilised

afford

are of far greater
in

species

times on flowers, and a

at

themselves

confine

many

for

They

even

number
of

mainly

our

by

Coleoptera; but the large genus Mdujethes alone, the species of

which are small
importance as a

taken together.

many

and can creep into most flowers, is of more
agent than all the preceding groups
On the other hand, beetles do great harm to

fertilising

by nibbling

flowers

their reproductive organs.

In flowers where the honey

lies fully

exposed (UmheUiferw,

may be seen licking
and in flowers with exserted stamens and with the honey
concealed though accessible to short-lipped insects {Rosiflorce^
Cornus, Parnassia),

it

many

species of beetles

;

Compositce),

beetles

may

be

seen licking

up honey, devouring

pollen or even the whole anther, or nibbling at the

petals

and

In flowers which have conspicuous anthers but which
secrete no honey, or where the honey lies too deeply hidden,
stamens.

(^Ranunculacece,

anthers,

Plantago), the beetles feed

and other

soft parts of

the flower.

upon the

pollen, the

Besides these, floAvers

shelter from wind and rain {Cami)anula, Digitalis)
by beetles, which then feed upon the pollen and the soft
tissues. In warmer countries, according to Delpino (178, 1., p. 234),
several flowers of this kind, e.g. Magnolia, have become adapted
for fertilisation by beetles
{Cctonid) exclusively.
Lastly, we
sometimes find beetles upon flowers which seem to offer none
of the advantages above described, but only allure by means of

which

afford

are visited

bright colours;

their

and

thus,

for

instance, CryptoccpTialus

scriccus

Morcci are often attracted by the bright yellow flowers of

C.

Genista tindoria.

A

review of the

mode

of life of insects which visit flowers,
which they belong, shows continuous
gradations from those which never visit flowers to those which
seek them as a secondary matter, and finally to those which
entirely depend upon them.
This shows clearly that insects
which originally did not avail themselves of flowers gradually
became more and more habituated to a floral diet, and onlv

and of

the

families

to

,

PART

THE INSECTS WHICH

II.]

VISIT FLOWERS.

33

became correspondingly modified in structure when they had
learned to depend upon such a diet exclusively so that the view
(defended by Delpino), according to which certain flowers have
been predestined for certain insects, and vice versd, is untenable.^
:

In the larval state

have observed only one anthophilous
other beetles, which

I

to affect a floral diet

beetle {Helodes ardct)

;

on the parts of flowers, e.g. the Apple Gouger
{Anthonomus pomorum), abandon flowers on attaining to the
perfect state.
The larvae of beetles which are anthophilous
as

larvae

when

feed

mature,

Coccinella),

are

partly

carnivorous

{TelepJwnts,

Trichodes,

partly feeders on putrid animal matter (Bermestidce)

partly feeders on living or decaying vegetable matter {Buprestidcey
CcTcimhycidce,

Elatcridce,

Chrysomelidce,

Curculionidcey

Cistela,

Lagria, Mordellidm, Lamellicornia).

Of the carnivorous

larvae, most species of Coccinella and
remain carnivorous in the perfect state, but some
{Coccinella septempwictata, C. Hpunctata^ G. mutahilis, Telcpliorus
fuscus, T. melanurus, etc.) though they do not disdain flesh
altogether resort more or less to flowers, and TrichodiS in the

Telep)horus

perfect state restricts itself absolutely to a floral diet.

In the next group,

larvae

matter, Domestes retains

which feed upon putrefying animal

the same habit in

never visiting flowers, and Anthrenus and

its

perfect

state,

Attagenus sometimes

do the same but of these latter genera, the same species which
under favourable circumstances, e.g. in neglected zoological collec;

tions, feed

for

many

generations on animal matter, without ever

leaving the cases whose

circumstances

contents they are destroying, in other

may be found by hundreds upon

flowers, busily

feeding upon pollen and honey.

The most

perfect gradations are exhibited, however, by those
whose larvae feed upon vegetable matter, as the following
selection shows
I have taken no species of Bostrichidce on
families

:

flowers

;

of the Citrculionidce, only a tiny part of the family resort

(and then exceptionally) to flowers, whether of the same

plants

which they pass their earlier stages {Gymnetron campanuloe,
Larinus Jacece and senilis),^ or of other plants on which they
find freely accessible honey {e.g. Otiorhynclius picipes on Ccrnus,
species of Apion on Adoxa and Chrysosplenium) the Chrysomelidce,
in

;

^

2

Cf. tl)e discussion of Delpino's teleological conceptions in tlie fourth section.
have found larvae and pupai of Zaritnts senilis, F., at Miihlberg in Thuringia,

1

at the base of the capitula of Carlina acaulis, and the perfect insect
and now and then on the flowers of the same plant.

on the leaves

D
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besides showing the two stages exemplified in the Curculionidce}

mainly or
on honey (e.g.

possess species which in the perfect state are either

exclusively confined

Clythra

on the

or

scopolinct),

make

anthophilous species

The same holds good

parts

soft

But even

Cryptocephalus sericeus).

feeding

either

flowers,

to

the

of

the

in

flower

(e.g.

the

Chrysomelidce,

only a small part of the whole family.

Linna3an genera

for the Lamellicornia, the

Melolontha and Cetonia, whose anthophilous species in part feed

upon leaves of Umbellifers, occasionally resorting to
they feed on all the soft parts indiscriminately
horticola), and in part subsist on a floral diet,
{Hoplia philanthus,

Of the Ceramhycidce and
to

species

resort

Clytus

arietis,

Malachiidce,
entirely

whole

make

to

anthophilous
allies

of

it

the

chiefly

the

{Bhcigium,

greater

number

(Edemeridm,

Mordellidm,

in

species,

among

while

genera,

perfect

—that

to

state

fertilisation

compare

and families

non-anthophilous

predestination,

in

Coleojytera

worth

adaptive modifications.
of

incidentally

but

the

species

either

{Trichius fasciatus).

at least half of our native

only

ceneus),

among

{Phyllojpertha

depend

floral diet.

The importance
enough

some

Diacanthus

etc.,

on a

exclusively

Elateridoe,

flowers,

Finally,

exchisively.

or

Cetonia)

where

flowers,

forms,

in

To disprove the
certain

insects

is

with
order

their

to

teleological

are

not

closely

great

the

all

nearest

out

trace

hypothesis

fore-ordained

for

—

and specially organised thereto, it is enough,
since a gradual transition towards a floral diet has been shown
to exist in very various families, to show by one example how the
structural adaptations appear also in the most gradual manner.
We take, as an instance, the Ceramhycidce.
One of the chief groups into which, according to Westwood,"^
this family is divided, viz. the Lepturidce, comprehending our
native genera Bhamnusium, RJiagium, Toxotus, Pachyta, Strangalia,
Leptura, and Grammoptera, is exclusively restricted in the perfect

certain

state,

flowers

for

the great majority of

Rhamnusium

alone, to

my

its

species,

to

a

floral

diet;

never found on flowers,
species of Bhagiuin occur

knowledge,

is

but on willows and poplars; the
chiefly on fallen wood, but occasionally on flowers

;

the specie

1 Helodcs phellandrii. for example, lives as a larva in the hollow stems, and sometimes as a beetle on the ilowers ot riicllandrium aqitaticum- ; Cassida murnva lives
in the larval state on the leaves of Pulicaria dysentcriea, and sometimes as a beetle
on the Ilowers of the same plant. CriDceris 12punelata lives in the larval state on
Asparagtts, and in the perfect state sometimes feeds on the honey of Umbellifers.
* Introduction to tlve Modem Classification of Insects (1839-40).
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of Toxotus occur chiefly on flowers, rarely on shrubs; the four
remaining genera confine themselves to flowers. In proportion
to the extent to which these forms confine themselves to a floral

them which mark
from other Ceramhycidcc, and which fit them for
feeding on honey, whether superficially or more deeply placed, viz.
the elongation of the head forwards, a neck-like constriction
behind the eyes, and consequently the power to direct the
diet, are

the structural characters displayed in

off the Lepturidce

mouth

forwards, the prothorax elongated

and narrowed

anteriorly,

and, as I have found by a comparison of the mouth-organs, the

development of hairs upon the lobes of the maxilla.

Flu,

3.— Adaptations

in Beetles fov feeding

on

lioney.

\.—Leioinis nebidosus. L. never visiting flowers. Head bent downwards, no neck beliiud the
eyes, prothorax broad, lobes of the maxilla (lb) furnished with bristly hairs.
Head less
2 -Clytus arieiis, L., occasionally visiting the flowers of Umbellifer* and Rosacese.
bent downwards, less broad behind the eyes prothorax longer and narrower ; outer lobe of maxilla
{galea, 2b) set with longer liJiirs.
B.~Leptvra livida, F., exclusively anthophilous,— UuibeUiferse, Rosiflorse, Conipositae, Convolvulus, and others. Head elongated and diiectt d forwards, with a distinct neck behind the eyes ;
prothorax still narrower both lobes of the maxilla (galea and lacinia) with long hairs (3fe).
4:.—StrangaUa attenuata, L., exclusively anthophilous, and able to lick honey from the corolla of
Characters those of the prectding species, but the proSeabiosa arvemis (4 to 5 mm. in length).
thorax is still longer and still more narrowed anteriorly ; both lobes of the maxilla have long
;

;

hairs

(4i>).

All these modifications form so complete and gradual a series,

from those Ceramhycidcv which never visit flowers, and those -which
can only lick superficially placed honey, up to Strangalia attenuata,
which can reach the honey in Scabiosa arvensis at the base of
tubular florets 4 to 6 mm. long, that the little steps by which natural
selection has operated

The

may be

order of Coleoptera

is

clearly traced.

thus of special interest, as affording

tendency of insects towards floral diet, and the first
We see how, in the most diverse
corresponding modifications.
us the

first

families, accustomed to widely varying nourishment, single species
have become habituated, first partially, then exclusively, to a floral
diet, and that then, by natural selection, structural changes have
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developed to insure greater success in the search after food ^ and
we can distinguish how a dependence on flowers has sprung up at
different epochs of time, for in some beetles there has been time
;

attainment of adaptations, and then for their divergence
form genera and families; while others, which have acquired
the habit later, remain isolated anthophilous species among near
allies which never resort to flowers.^
for the

to

Diptera and Thysanoptera.
The Diptera stand on a higher grade than the Coleoptera in the
matter of adaptation to a floral diet, and are of far more importance
While only a small fraction out of all the
for fertilisation.
species of Coleoptera resort to flowers, probably the majority of the

Diptera do

so.

While, further, the mouth-organs of our native

commencing

adaptations, which extend at
and may be easily traced by intermediate
stages to their origin, in flies and gnats the mouth is so deeply
modified that it is exceedingly difficult to trace back its parts to
the primitive form of the original biting insect-mouth.^ For our
beetles

show only

most over small

farnilies,

present purpose it will suffice to discuss the structure of the
mouth-organs and the manner of using them in those Diptera which
are specially important as fertilisers of our native flowers, without
entering into questions of phylogeny.

The family of the Drone-flies, etc. (Syrpliidm), are alone of far
more importance as fertilisers than all our other Diptera put
Most of their numerous and often very common specie
together.
depend mainly or exclusively on a floral diet, and in this family ai
found the most perfect adaptations to a diet alternately of polle
and honey. Accordingly, to illustrate the mouth-organs of flies, 1
^ I have fnlly discussed the development of a dependence on flowers in beetles in
This treats of the first transition to a floral diet
a special work.
the progress
towards entire dependence on honey and pollen the attainment through practice
of a certain ease of action upon flowers, and its hereditary transmission
and
the similar behaviour of different beetles which have acquired equal degrees of structural
adaptation (H. Milller, *'Die. Enhvickelung der BlumenthdtigTceit der Imektcn,"
Konmoft, Bd. ix. pp. 258-272).
- The above refers only to our indigenous forms.
Tropical and sul)tro]Mcal beetk^s
show far more striking adaptations to a floral diet. For instance, in a Nemognatha
which my brother Fritz Miiller observed sucking flowers of Convolvulus at Itajahy
and sent to me, the maxillae are transformed into two sharp grooved bristles 12 mm.
long, which when opposed form a tube like the proboscis of a butterfly, but of course
not capable of being rolled up (cf H. Miiller, " Ein Kdfer mit SGhind.tcrUngsrmscW
Kormo^\ B(l. vi. pp. 302-1^04
Hagi*n, Proc. of the Boston Sac. of Nat. Hist. vol. xx.
;

;

;

;

pp. 429, 430, 1880; H. Miiller, A'owio,?, Bdi'x. p. 56).
' I have explained my view of the descent of Diptera from Phryganidcc in a
paper entitled "Avwendung der Darwin' schen Lchre auf Bbim/'n und blumenOemch^nde Jnsekten," Vcrh. der Naturh. Ver. filr pr. Rhcinl. u. IVestf. 1869.
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take the most specialised and most abundant of the Syrphidce,
and Rhingia.
In Eristalis the outstretched proboscis is seen to be composed of
three segments (Fig. 4, 4, 5, 6, and Fig. 5, 1)
(1) the memEristalis

:

branous basal piece (jj), which bears anteriorly two unpaired (A, i)
and two paired (Jc k) elongated chitinous pieces, and external to the
latter two palps (Z J)
(2) the membranous and very contractile
clearly separated on the lower surface
only
segment
middle
(/),
and (3) the extremity of the proboscis, supported beneath by a
stiff chitinous plate (c), and bearing at its apex two contiguous
;

;

Fig.

"•

.

5.
,

4.— Month-parts of

Eristalig (7

1.— Head of E. artmstorum with retracted proboscis, from the
2.— Ditto, from below.
3.— Ditto, with extended proboscis, from above.
4.— Extended proboscis of E. tenax, from the side.

:

1).

side.

—Ditto, from below.

6.— Ditto, from above,

c c', their inferior segment : d, groove on the
eye b b, antennae c c, end-flaps of proboscis
e, harder chitinous piece on the under side of the point of
h,
the proboscis /, contractile middle part of the proboscis g, contractile base of proboscis
upper lip (labrum), grooved underneath to receive the unpaired piece (i). which probably represents
k, maxilla
I, maxillary palp
m m. edges of the cavity on the under side
the two fused mandibles
of the head into which the whole proboscis is withdrawn n, occipital foramen.
a,

;

;

;

upper side of the point of the proboscis

;

;

;

;

;

;

;

;

flaps or lips

surface

each of two parts

a longitudinal groove.

(c c

and

Of the

c c'),

and on

its

upper

chitinous pieces at the

end of the first segment of the proboscis, only the superior unpaired one (h), which is prolonged under the membrane to the head,
can be looked upon as an upper lip {lahrum)) the lower one [i) seems
The upper lip
to be formed by coalescence of the two mandibles.
(k) forms, with its concave side, a groove directed downwards into
which the piece i can be completely withdrawn between the bases
of these pieces h and i, when drawn wide apart, the small opening
of the mouth can be seen.
The free ends of the two chitinous
;
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somewhat below the coalesced man-

and bear palps on their outer sides these are therefore, without doubt, to be looked upon as the maxilla) with their
palps, while the basal parts of the maxillae have coalesced with
the base of the lower lip {g) {labium), and are dimly visible below
The contractile piece (/) and the piece
the skin (4, /', Fig. 4).
supported by the chitinous plate (e), form together the free
superiorly-grooved anterior part of the lower lip; / and e

dibles {ii),

;

probably represent the

The

submentum and mentum.

flaps

probably not the palps but the modified paraglossae
borne on the ligula, though Burmeister prefers to consider them
are

{cc)

as labial palps.

now

Let us
(1)

when

consider

feeding on pollen

how
;

these

(2)

are

structures

when sucking honey

;

disposed,
(8)

when

at rest.
(1).

In feeding on pollen, the

proboscis,^

moving

it,

fly stretches

out

its

extensible

according to need, straight forwards, out-

wards, or upwards, grasps with the two flaps at

down

its

extremity a

by a rapid
and passes it backwards by the same motion
into the groove on the lower lip in this groove lies the upper lip,
which is grooved below, and, within that, the chitinous pieces which
are presumably formed by coalescence of the mandibles, and are now
prepared to seize the pollen.
As soon as the pollen is sent backwards by the terminal flaps, these chitinous pieces separate slightly
the parts which immediately surround the mouth-orifice, seize the
pollen now lying in the groove of the lower lip, and thrust it
backwards into the mouth. After a few seconds the first portion
is swallowed, and the same series of actions begins anew. When the
mass of
motion of the

little

pollen, rubs this

to single grains

flaps,

;

pollen-grains are united into long strings

by

elastic threads, as in

CEnothera, an action of the forelegs, alternating with the

just described,

is

movements

necessary in order to free the pollen-grains from

After the fly has torn away a little mass of pollen
from the anther, it brings up its forefeet to its mouth while standing on its mid and hindlegs; then taking the cord of elastic
threads between its forefeet, and rubbing them together as if
washing its hands, it tears the threads asunder, and frees proboscis
and legs from them. Sometimes, to clean the terminal flaps from
adhering pollen, it takes its proboscis in its forefeet, and rubs it

the threads.

* In EristalU tenax, which attains a length of 15 mm., the outstretched proboscis
7 to 8 mm. long in ^. arhnstormn, which is 10 mm. long, the proboscis is 4 to ^
mm. long.

is

;
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gently between them.

shown

in Fig.

5,
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remarkable peculiarity of the

makes them admirably adapted

for

flaps,

seizing the

pollen, for grinding it down, and for passing it backwards
the
apposed surfaces of the two flaps being closely set with parallel
;

ridges of chitin,

by which the pollen-grains are

shoved into the entrance of the groove

easily held fast,

and

((l).

Fig.
-Proboscis of Eriatalis tenax, more highly magnified.
1.— The greater part of the proboscis of Erisfalis tenax, L., with the flaps applied together, and
the mouth parts slightly separated seen from above. When the pieces h and t are depressed in the
groove d, the mouth parts are in the position for feeding on pollen.
2. — The end of the same proboscis with the flaps separated to show the chitinous ridges on their
;

inner sides.
Lettering as in the preceding figure.

This peculiarity

undoubtedly developed in connection with a
and it is only
found in those families of Diptera which visit flowers to obtain
both pollen and honey (Syrphidce, Muscidce, Stratiomyidce), and is
absent in those which avail themselves of honey only {Bomhyliidcc,
pollen diet, for

it is

is

obviously advantageous thereto

;

;
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and Conopidce), and in the gnats, which are

Emjpidce,

[part

ii.

also purely

suctorial.^
(2).

In sucking honey the SyrphidcB place the grooved upper lip
and the chitinous piece (i) together, to form a tube

Fig. 5),

(A, 1,

which

may

they

downwards and inclosed within the groove on
The terminal flaps may now be useful in two ways

inclined

is

the lower

lip.

either be laid close together (as in

1,

Fig. 5) while the

membranous middle

joint (/) of the lower lip is so far drawn in that
the suctorial apparatus inclosed within the groove of the lower lip

protrudes in front of the flaps and dips into the fluid to be sucked

;

or they spread out the flaps wide apart so that their rough inner
surfaces rest

upon the support, and the point

of the

suctorial

apparatus protrudes at the end of the groove on the lower

lip.

Flies with swollen cushion-shaped flaps (Syrphus halteatus, Fig. 7)
act usually in the latter way, those with long narrow flaps {Rhingia,

Both pollen-grains and fluid
which have been carried into the tube formed by the chitinous
pieces h and i, are aided in their passage to the mouth by means of
the sucking stomach in connection with it. The maxillae and their
palps seem to play no part either in sucking or in feeding on
pollen, and hence must be looked upon as useless appendages in
Fig. 6) adopt exclusively the former.

the Syrphidce.
(3). To guard the proboscis when at rest, the fly draws the
membranous basal piece g backwards and downwards, the upper lip,

mandible, and maxillae, with their palps fold upwards, the contractile middle piece (/) is closely drawn up, forming a few membranous

horny plate {e) and the
upwards and forwards, and the whole proboscis now lies
so deeply hidden in the deep cavity underneath the snout-like
prolongation of the head [m, 1, 2, Fig. 4), that at most the terminal
flaps protrude slightly (1, Fig. 4).
On examining the head now
from below (2, Fig. 4) one sees in the cavity only the flaps c c\
and beneath them the upper part of the chitinous plate (c), whose

folds at the lowest part of the proboscis, the
flaps

(c)

fold

lower part

lies

hidden in the folds of the contractile part of the

proboscis.

A further advance

on these adaptations,

fitting

completely for their threefold requirements,

more elongated proboscis there

is

them

still

conceivable,

more
if to

added a greater development of the snout-like prolongation of the head which covers it

a

still

is

^ I have never observed the Tabanidm to feed on pollen, though their end-flaps are
roughened with chitinous ridges but I have often found Tnhanua micans and T,
luridua on flowers* and I think it not unlikely that they sometimes feed on pollen.
;
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Such a

at rest.

the proboscis (11 to 12
(10 mm.), and

is
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where
whole body

state of things is found in Bhingia,

mm. long), exceeds

in length the

not surpassed by that of any indigenous

In anthophilous

insects, the

power

vances parallel to the structural adaptations for securing

Sprengel described

flies

as

stupid

insects,

fly.^

hidden honey ad-

to detect

When

it.

incapable of finding

out honey which lay concealed, that statement applied to the great
majority of short-tongued forms, but not at

all

to forms

with

long proboscides, such as the Syrphidce, Bombyliidce, Conopidw, and
JEmpidce.

Bhingia takes a foremost place in intellectual acuteness, as
of its proboscis, and there is, I think, no flower
which affords honey attainable by it, that it does not discover
and make use of.
For instance, the deeply-hidden nectaries
of the Iris are more frequently visited by Bhingia rostrata

in the length

Fm.

6.

— Proboscis of Rhingia

rogtrata,

Ti.

1.— Side view of head with retracted proboscis.
2.— Ditto, at the moment when the proboscis begins to unfold.
3.— Ditto, with fully extended proboscis.
4.— Head, with retracted proboscis seen from below, twice as much magnified as

in the three

first figures.

Lettering as in Fig.

2.

than even by humble-bees, though Sprengel (p. 74) considers
that no insects save bees can find them, and adds that this
goes without saying in the case of

flies,

which are so obviously

too stupid.

But even

in the Syrphidw, only a

few species have acquired so

highly specialised a proboscis as Eristalis: the great majority have

a proboscis formed on a similar plan, shown in Fig.
is

much

shorter,

its

extensible

middle joint

is

7.

The labium

wanting,

terminal flaps are swollen and cushion-shaped, and there
corresponding diminution in intellectual power.

Of

the
is

a

the families

of Diptera besides Syrphidce, the Muscidce, Stratiomyidce, Boiiibyliidoe,
Cono'pidce,
^

and Empidce are of some importance in the

Bomhylius

discolor, ^lik.,

major, L., approaches

it

fertilisation

aloneequalsit in the length of its proboscis

QO mm.)

;

Bombylivs

THE FERTILISATION OF FLOWERS.

42

[part

ii.

these forms the first two families both suck honey
and feed on pollen the last three suck honey only.
The pollen-eating Muscidm and Stra-

Of

of flowers.

;

tiomyidoe have

the same

shaped, swollen end-flaps,

soft,

cushion-

and the same

chitinous ridges thereon, as the Syrphidce

and in

spite of

some

;

structural difl'erences,

they use their mouth-organs in the same
way, and retract them when at rest into
a cavity below the head. The merely suctorial

species of Bomhylius,

Umjm, and

Conojos have end-flaps not provided with
horny ridges, but
soft cushions with
formed simply of strong chitinous plates,
which serve to transmit the suctorial
and the proboscis cannot be
apparatus
withdrawn into a cavity. So we may conclude that the power of withdrawing the
proboscis into a cavity below the head is
;

Fio.

7.

—Proboscis of Syrphu-s
balteatus,

De G.

Seen from below.
Lettering as in Fig.

of advantage only as a protection for the

2.

pollen-feeding apparatus, and has been
developed indirectly in relation to anthophilous habits, like the
snout-like or beak-like prolongation of the head in Syrphidoe.

Of the purely

suctorial

flies,

thin, straight proboscis directed

in that position

;

the species of Empis carry their

downwards, and use

it

preferably

accordingly they resort chiefly to erect flowers,

If the
which they can plunge their proboscis vertically.
is tubular, and so long as to require it, they thrust the
whole head down into the tube, an action which the small size
The chitinous piece formed by coalescence
of the head facilitates.
of the mandibles is produced into a sharp, lancet-shaped plate
(I used Empjis tesselatum for investigation), which, guided by the

into

flower

elliptical end-flaps, is

used for boring into juicy structures, such as

the inner wall of the spur in Orchis.

Any

considerable increase

in length in a downward-directed proboscis

is

clearly impossible

without the development of a joint.
In the habits of the Einpidce we see clearly the transition from
blood-sucking to honey-sucking. Sometimes in a single species
the females, which require more nourishment, are blood-suckers,
while the males suck honey only.^
In Paltostoma torrentium
(Blepharoceridce) two different kinds of females exist together, one
^

H.

Milller,

Nature,

vol. xxiv. p.

214

;

Kosmos,

vol. ix. pp. 415-417.
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blood-sucking, the other honey-sucking
alike and all feed on honey.i

is

bent,

when
up

is still

;

and then, in the

downwards,
and sometimes

latter case, the anterior

into the posterior like the blade into the

of a pocket-knife, so that the proboscis

all

carried

of considerable length, at the base,

again near the middle
part shuts

while the males are

;

In the Gonopidce, the proboscis, which

43

may

still

handle

be carried in

a vertical position.

The species of Bomhylius, on the other hand, carry their proboscis
is likewise too long to be carried downwards and unbent)
directed straight forwards, and permanently ready for action. They
(which

Fin.

8.

-Conopidoi and Bombyliidcc (Bee-^iea).

—A

CoRopid, Licus ferrugineu» (x 17).
2.— Head of ditto, with extended proboscis.
.3 —Proboscis folded like the blade in a pockct-knifo,
4.
A Boinbylid, Bombylius major (x 17).
1.

—

5.— Its proboscis, more highly magnified.

thus save time, sucking as they hover in the air over each flower without settling, and flying rapidly from one to another. In the length
of their proboscis they approach Rhingia, Bombylius major having

mm.

long, and B. discolor one of 11 to 12 mm. they
Rhingia in their powers of detecting concealed
honey. The species of Bomhylius, like those of Empis, are fitted
For the labium and the
also for boring into succulent tissues.
labrum inclosed by it form two grooves uniting into a tube in
which the maxillae, as two very fine bristles, and the mandibles,
united into one broad, strong, pointed bristle, move backwards and

a proboscis 10

;

also nearly rival

1

Fritz Miiller, Koamoa, vol.

viii.

pp. 37-42.

.
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The labrum itself is drawn out into a stiff, fine point.
Both the labrum and the united mandibles, held between the long,
narrow end-flaps (paraglossce), may easily be stuck into soft tissues.
I have often seen species of Bomhylius thrust their tongues into
honeyless flowers (e.g. B. canescens, Mik., into Hypericum perforatum),
and I imagine that here the boring apparatus was being brought

forwards.

into action.

While, so far aa I know, the species of Bomhylius and the
Conopidce restrict themselves to the juices of flowers, very

other anthophilous

flies

many

are in the habit at times of sucking all

kinds of other, often uncleanly,

Thus, species of Eristalis

fluids.

may

be seen feeding eagerly in gutters, ticatophaga and Lucilia
on dung, Sarcophaga on putrid flesh even Volucella bomhylans,
;

which is so abundant on flowers, I noticed in May, 1869, feeding
on a floating carcase, and returning repeatedly to it when driven
off.
Several flowers seem to have acquired an off'ensive smell in
relation to these habits of

Of the second main
forms, Tipula, Bibio,

etc.,

flies.

division of Diptera, the gnats, the larger

are of very second-rate importance in the

they occasionally lick fully exposed honey,
and so act now and then as carriers of pollen. No flower has
become specially adapted for them. Tiny species of midges, on
the other hand, e.g. Fsychoda phalcenoides, which hide in dark
fertilisation of flowers

;

corners in the daytime and fly actively in the evening, are the

the remarkable flowers of Aristolochia
maculatum, which afford dark hiding-places
for their visitors, and hold them in a temporary prison; others
play an important part in the fertilisation of Adoxa and
Chrysosplenium
The group of Thysanoptera {Thrips) are by their small size
(hardly 1 mm. long at most, and many times less in breadth) fitted
regular

fertilisers

Clematitis

and

of

Arum

far better

than even the Anthocoridcc among the Hemiptera or

Mcligethes

among the

beetles,

for

entering

all

sorts

of flowers.

Probably few flowers, if any, are altogether exempt from their
visits, and though they have seldom been detected in the conveyance of pollen, yet from their great abundance their value as
It must be almost impossible
fertilisers must not be overlooked.
to

when we try to isolate a plant
The Thysanoptera seek both
nets.^

exclude these tiny insects,

experimentally by means of
pollen

and honey.

They

seize

a single pollen-grain in their

^
Darwin, whose experiments were always marked by admirable precautions, always
kept in view the possibility of Thysanoptera entering through his nets.

the insects which
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mandibles, and convey it to the mouth
they obtain honey by
applying the mandibles and maxillae together so as to form a short,
;

Besides a

conical sucking-apparatus.
selves, according to

Fio.

\.—rhiips, seen from above (x
'2.— Its head,
3.

c,

they avail them-

9.—Thrip$

injure,

(lilack-fly).

30).

more highly magnified, front view.

— Mandible.

6.— Leg.

floral diet,

Westwood, of other plant-juices;^ they

coxa

4.— Maxilla.
;

f,

femnr

ti,

;

tibia

;

t,

tarsns,

o:i tlie

5.— Labium.
end of which is a sucking disc instead

of hooks.

for example, cucumbers and melons, and leave the leaves on which
they have settled dotted over with small dead spots. Thus they
agree with Diptera in availing themselves both of pollen and honey,

and in not

restricting themselves to a floral diet.

We may here

mention the young larvse of Meloe, called by Kirby ^ Pediand by Dufour TriunguUnus, which resemble the Thysanoptera
in the activity of their movements, and in their minute size which permits entry
into all flowers. Although they visit flowers only to attach themselves as parasites to bees, they feed for the time on pollen and honey, and getting thus
dusted with pollen they play a part similar to, but even more subordinate
culus Melittce^

than, that of the Thysanoptera.

Hymenoptera.
The

order of

Hymenoptera takes a

still

adaptations

for

Diptera in regard to

its

higher rank than the
a floral diet and its

its members,
dependent upon flowers. Reviewing the main divisions of this order, the Wood-borers (Sirex, L.) are
the only forms which I have never found upon flowers of the ants
several species, of the Saw-flies {Te7itJiredo), Ichneumons {Ichneumon,

importance in fertilisation;

for

the great majority of

in the perfect state, are entirely

;

^

Introduction

"^

Monograjykia

to the

Modern

Apvm

Classification of In3ccts,
pi. xiv. fig. 10.

AvgUcc,

ii.

p. 4.
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BracoTi), Chalcididse (Pteromahcs),

almost

all

and Ruby-tails

ii.

(Chrysis), many-

Wasps (DiplopUra) and Sand-wasps

the

of

species,

[part

(Fossores),

which I have had the opportunity of observing, and

of the bees all species without exception, rely almost exclusively

on a

floral diet.^

All these groups, excepting the last two, are only capable of
flat exposed surfaces, and even among the
Sand-wasps there are few species whose proboscis can reach some

sucking honey from

millimetres into a tubular flower;
flowers are

exempt from the visits

so that a large proportion of

of all

Hymenoptera except

bees.

which not only feed when in the. perfect state exclusively
on the produce of flowers, but nourish their young thereon also,
are in such intimate and lifelong relations with flowers, that they
show more adaptations for a floral diet, and are more important for
the fertilisation of our flowers, and have therefore led to more
adaptive modifications in these flowers, than all the foregoing orders
put together. A closer study of bees is therefore essential for

But

bees,

a right understanding of the

fertilisation of

many

of our flowers.

The Family of Bees.
The

various structural modifications in bees will be most easily

understood,

if

we

arrange

them

in the natural order of genetic

For the grounds of my views, I must refer the reader
to a special essay of mine on the subject of bees.^ If my conclusions
are correct, bees are descended from certain Sand- wasps, which,
like the species at present existing, pursued spiders, insects
and their larvae, disabled them with their sting, carried them
to their nests, and laid an egg beside each, thus supplying the

descent.

resulting larva with living food,

— while

the perfect insects fed

honey and pollen these were the founders of the new
race, who gave up the old manner of feeding the young to feed
them with a portion of their own food, disgorged from their
stomachs.
The race thus started differed at first from the others
entirely on

;

in nothing but this habit; but in the course of time, fiUing
an unoccupied place in the economy of nature, they increased
1 For a discussion of the genealogical relations of the families of Hymenoptera and
their gradual ac<iuirement of i)rofi(!iency in anthophilous habits, consult my recent
works, " IVie hat der Honighieiic ihre geidige Befdhigung crlang' ? " {EichMddter Bienenzeitung, 1875, 1876 and note in Nature, vol. xv. p. 178) and " Die ErUtmckelung der
Bhiinenthdtigkeit der Jnsekten," ii. and iii.
^ " Anwendung der DarwirCschen Lchrc auf Bieneiij^' Verh. der naturh. Vcr. fiir
pr. Uhcinl. u. IFcaffal. 1872, pp. 1-96.
;

;
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enormously, and at last formed the widely ramified family of bees
the still extending branches of this family, our recent bees, show
us in many ways gradations in their adaptations to a floral diet,
which help us to recognise to some extent the lines of their
evolution.

same level with the
In their almost hairless bodies,
the narrow first tarsal joint, scantily provided with hairs (Fig. 10, t'),
and their very slightly elongated mouth- parts, they completely

The

species of Frosopis stand just on the

primitive ancestral types of bees.

resemble the Sand- wasps, and only claim to be admitted to the
family of bees by their

Fig.
c,

coxa

;

manner

of feeding the young.

10.— liifiht hiudK'g of Frosopis variegata, ?.
tr,

Soeu froiL

They

fill

bcliiud.

trochanter /, femur ti, tibia t, tarsus t', first joint of tarsus.
(The tibia and tarsus are drawn too liaiiy).
;

;

;

:

their brood-chambers (which are lined with a hard

cement by
means of the broad tongue) with a mixture of disgorged honey
and pollen, which serves as food for the larvae on hatching. These
little

active insects,

which themselves have a peculiar odour, prefer

strongly scented flowers, Iieseda,Buta,Lepidium sativum, Matricaria,

where they alternately suck honey and eat pollen.
In spite of their smooth bodies, sticky pellen adheres frequently

Achillcea, etc.,

mouth and to the slightly
have feebly developed brushes on their tarsi
(Fig. 10, f), by which the bee can clean the whole upper surface
of its body after burrowing, but no other part of the body has
any development of hairs suited for collecting pollen.

to them, especially to the parts of the

hairy

legs

;

these
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Though the
than

floral diet

ance as

species of Prosopis are thus

many

fertilisers

no better

[part

ii

fitted for a

Sand-wasps, they are of far greater import-

on account of their more frequent

We

in procuring food for the young.

visits to flowers,

must consider minutely the

form and action of their mouth-organs, to understand the higher

Zr

ia.

^jI

n
Fig. 11.

'p)

—Mouth-parts of Prosopis.

1.— Head with completely folded mouth-parts.

Seen from below.

— Front part of head, after the mandibles have diverged and the labrum turned upwards.
26.— Mouth-parts in the same position more highly magnified.
3.— Mouth-parts, after elevation of the maxillae, maxillary and labial palps, and with the tongue
2.

;

partly extended
magnified as in 26.
4.— Ventral view of front region of head alter complete extension of the mouth-parts
;

and 2.
4 6.— The completely extended mouth-parts
mngnified as in 26 and 3.
Ihr, labrum
ma. mandibles c, cardo »t, stipes; la, lamina; pm, maxillary palp

;

magnified

as in 1

;

;

li,

ligula (tongue)

;

;

jia,

paraglossai

;

;

j>l,

labial

palp

;

;

»«<,

mentum

;

o, eye.

and more specialised forms of mouth in bees. When at rest (1,
Fig. 11), the maxilloe and labium in Prosoj[)is are withdrawn into a
cavity on the lower surface of the head, which they completely
fill.
They are retracted, not as in flies, by the contraction of a
membranous piece into transverse folds, but by the fol(hng up of
stiff chitinous pieces jointed together.
The two basal pieces or
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are hinged by two joints to

the sides of the cavity below the head, so that they can rotate

backwards and forwards. In the state of rest they are bent backwards the next segments [stipites) (st), and the mentum which is
;

are drawn back, so as
The laminae of the maxillae

placed between,
completely.

to cover
(la),

the cardines

with their palps

(p7n) and the labial palps (^?/), are also folded over, downwards
and backwards, and the mandibles (md) are laid over the bases of
these parts, and also cover the retracted tongue (li) and the downIn the state of rest, the
ward-folded upper lip {lb7\ 2, Fig. II).
mandibles alone are free to act, without any other part of the mouth
changing its place. When they are separated (2, Fig. II), the
upper lip, the tongue, the bases of the retracted maxillae, the
maxillary and labial palps, come into view.
When the bee wants to suck honey, it extends its maxillae and
maxillary and labial palps forwards, and spreads out its tongue
(3, Fig. II); then turning the cardines of the maxillai forward
(c c, 4, Fig. II) on their hinges, the maxillae and labium (mentum
and tongue) are advanced by twice the length of these cardines,
and the tongue may now be introduced into honey-receptacles if
not too deep or narrow.
The Sand-wasps possess in quite a similar manner the power oi'

of the mouth to bite, and extending
and so Frosopis can show no advance in fitness
for a floral diet beyond the ancestors of the bees.
The only
peculiarity which Prosopis has developed is the habit of lining its
brood-cavities with slime, which hardens into a thin shell; this
habit necessitates a short, broad tongue, and therefore prevents
the development of a long tongue fitted for obtaining deeplyfolding

them

up the lower parts

to suck,

seated honey.

Considerably higher in the scale than Frosopis, in regard to

such adaptations, are Sphecodes, and the closely
specialised genera, Halictus

and Andrena.

In

allied,

(li, 4, Fig. 12
I, Fig. 13) is moderately short, and
reach more deeply-placed honey, not so much by its
;

but

all three,
is

still

more

the tongue

enabled to

own

length as

by the increased length of the mentum and the cardines. Unlike
Frosopis, the tongue here is pointed, and more or less covered with
hairs and fine transverse lines at the tip; since it has become
more freed from the task of nest-building,^ it has grown narrower
and more elongated in many species of Andrena and Halictus, to
^

very

These geuera line their brood-cavities, which are generally subterranean, with
little slime.
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In a state of
be of greater service in honey-getting (1, Fig. 13).
rest, the lower parts of the mouth are even more securely hidden,
and the mandibles can move even more freely, in Sphecodes and
many species of Halictus than in Prosopis, for the upper lip (Ibr, 2,
Fig. 12) folds

and

down and completely

covers the laminse and maxillary

labial palps.

The three genera Sphecodes, Halictus, and Andrena have advanced
farther from the state of the ancestral bees in regard to the develop-

ment of their hairy coat than of their mouth-parts. Sphecodes has
made the first step in advance; Halictus and Andrena have
proceeded farther.

'?nd

Hrr

w^

Fxo. 12.— Sphecodes.

1.— Right hindleg of S gibbus, L. ?., hind view. Lettering as in Fig. 10.
2.— Head, with mandibles opened, but the lower moutli-parts folded and hidden by the latrum.
3.
Head, after removal of the mandibles and labriim, with unfolded and protruded mouth-parts.
4.
End of labium, more highly magnified.

—
—

Lettering of

2, 3, 4,

as in Fig. 11.

In Sphecodes the whole body is sparingly covered with hairs
which show the first traces of feathery branching the legs are
more thickly clothed with hairs, especially the outer side of the
;

tibiae

of the hindlegs

(ti, 1,

Fig. 12); the tarsi

(t',

1,

Fig. 12) are

about as narrow as in Prosopis, but the brushes on their inner side
are a little better developed.

young

in a

The

most primitive manner,

species of Sphecodes feed their

on the disgorged surplus of
advantage from the
hairy covering on their body and hindlegs, for the pollen which
sticks there in their visits to flowers they wipe off with their tarsal
brushes and use incidentally as food for themselves or their young.
their

own

food

;

yet they

viz.

certainly derive
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In the exceedingly numerous species of Halictus and AndreTia,
the hairy covering of

development of

the

hindlegs

tarsal brushes

has

so

increased,

and the

has become so perfect, that the

young on pollen collected by these hairs,
which was only a secondary matter in Sphecodes, is here exclusively
or mainly relied upon.^
The collecting hairs are spread over the
whole hindleg from the tibia to the coxa (2, Fig. 13) even the
practice of feeding the

;

last joint of

the thorax sometimes bears two large tufts of hairs,

Fig. 13.
1.

—Labium of Halictus quadricinctus, F.

Halictus and Andrena.

?.

mt,

mentum

;

li,

ligula (tongue)

;

pa, paraglossae

pi, labial palp.

2.— Right hindleg of the same bee.
3.— Metathorax and right hindleg of Andrena

pratensis, Nyl. 9
X right tuft of hair on metaLettering in 2 and 3 os in Fig. 10.
hairs from the body of an A. pratensis taken on a willow,
Numerous pollen-grains
adliere to their feathery brandies.

thorax.

4.— Single

under which considerable masses of pollen can be lodged (3, Fig. 13).
By a notable increase in breadth of the tarsi, the carrying-power
of the tarsal brushes
^

and

is

increased.

have occasionally observed species of Andrena and Halictus feeding on pollen,
have seen captive specimens disgorge drops of honey yellow with pollen grains.

I

I

E 2

THE FERTILISATION

52

01^

FLOWERS.

[part

ii.

In Andrena and Halictus, although the chief supplies of pollen
means of the hindlegs, yet in these and in all other
hairy bees the hairy covering of the body is undoubtedly of advan-

are obtained by

In many flowers this gets dusted without any direct effort
with a considerable quantity of pollen, which is then cleared off" by
means of the tarsal brushes. In almost all bees highly specialised
for a floral diet, we find the body more or less thickly clothed with
tage.

long feathery hairs.

The development

of the hairy covering

is

of the highest im-

For as the hairs easily take
up again as easily to viscid or rough stigmas.

portance for the fertilisation of flowers.

up

pollen, they give

it

exceed the limits of our space to discuss the adaptive
modifications present in all the groups of our indigenous bees.
It

would

I

can

far

only explain the further development of the pollen-coland of the lower parts of the mouth by a few

lecting apparatus

examples.

We have seen in Sjphecodes, Halictus, and Andrena, how the
development of pollen-collecting hairs has gradually reached an
extreme pitch on those parts of the body where the burden is
least endangered by the movements of flying and creeping; viz.
on the whole of the hindleg from the tarsus to the coxa, and on
In forms higher than Andrena and
the hind part of the thorax.
Halictns, this collecting apparatus has attained

still

greater per-

more and more restricted to those sections of
the hindleg to which the tarsal brushes can most readily apply
the pollen that they have collected, viz. the tarsus and tibia. In

fection, in getting

the highest forms, this localisation of the collecting-hairs has been
attained without diminishing the mass of pollen, by an increased

growth of hairs on the tibia and tarsus and a withdrawal of the
this we see most clearly in Dasypoda and
more distal hairs
Fanurgus.
In Dasypoda (1, Fig. 14), the collecting- hairs of the tibia and
tarsus have become so long that they can carry a much greater
load of pollen than the far more extensive collecting apparatus of
Andrena pratensis, Nyl. (3, Fig. 13) but the hairs on the femur,
trochanter, and coxa, are long and thick enougli to take a large
share in the work. In Fanurgus (2, Fig. 14), the collecting apparatus
A
consists solely of the long hairs upon the tibia and tarsus.
further advance is seen in Eucera and Anthophora, where an increase
:

;

in breadth of the pollen-collecting surfaces of the tibia

compensates

The

and tarsus

for the shortening of the collecting-hairs.

last step in the evolution of the collecting

apparatus on the
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new habit, which rendered

possible

a great economy of collecting-hairs, and a great saving of time in
emptying the collecting apparatus and preparing the larval food.

This was the practice of moistening the pollen with honey before
it in the collecting apparatus, so as to form one connected

placing

mass which could be easily removed from the collecting apparatus,
and at once used to feed the larvae.
Macropis
of pollen

(1,

tibia are clothed

In
pollen

Fig. 15)

is

in this

mixed with honey on

Bombm
is

its

way

able to carry large balls

though the tarsus and

hindlegs,

with comparatively short hairs

(3,

Fig. 15)

we have a

still

(2,

Fig. 15).

farther advance.

The

kept entirely to the outer side of the hindlegs, which

Fig.

14.— Tiocnlisation of collecting-hairs on the

tibia

and

tarsus.

1.— Right hindleg of Dasypoda hirtipeg, F. 9. seen from behind and within (x
2
The same leg of Panurgus Banhnanug, K. ? (x 7).
3. — The same leg of Anthophora (Saropoda) bimaculata, Pz. 9 (x 7).

—

7).

Lettering as in Fig. 10.

loads to a

still

greater economy, in collecting-hairs.

surface of the tibia of each hindleg

is

For the outer

perfectly smooth, and only

surrounded at the edge with a fence of long hairs, some erect, some
bent inwards, forming a kind of basket, in which the pollen-mass
can be heaped high over the brim. So that not only is there a
saving of collecting-hairs, and a saving of time in unloading the

which
even in Macropis got charged with pollen, here resume their free
collecting apparatus, but the tarsal brushes of the hindlegs,

use as brushes.
Apis, finally, stands on a higher level than

arrangement both of

its

collecting apparatus

and

Bomhus

its tarsal

in the

brushes.

;
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While

in

Bomhus the

collecting

basket

is

[part

walled in by

ii.

many

showing traces of the feathery
branching of the primitively undifferentiated hairy coat, in Apis
(5, 6, Fig. 15) these hairs have become simple smooth bristles with
no trace of feathery branching, and arranged in a few close-set rows.
The bristles of the tarsal brushes in Apis (t' 5, Fig. 15) are arranged
in regular rows, and much more uniformly than in Bomhus {f 3,
Fig. 15)
and the now functionless tibial spurs, inherited from the
Sand-wasps, which, with most other bees, they aid in making holes
in earth, rotten wood, etc., have disappeared from the hindlegs.
The collecting apparatus of the hindlegs, which culminates in
the hive-bee, is peculiar to one of the two main divisions of bees

irregular rows of stiff hairs,

still

;

Fig.
I.

2.

15.— Last grades of perfection of the pollen-collecting apparatus of the hindleg.

— Right hindleg of Macropis lahiata. Pz. $ Seen flrom behind and within.
—The same laden with pollen of Lysimachia vulgaris.
.

S.— Hight hindleg

of

Bombus

Scrimshirianua, K. ^
Seen from behind and within.
4.
Its tibia, seen from the outside (pollen-basket).
6.— Right hindleg of honey-bee {Apis mellifica, L. ^ ). Seen from behind and within.
6.--Its tibia, seen from the outside.
Lettering as in Fig. 10.
No. 1 naturally shows only a side view of the hairs on the outer surface of the tibia and tarsus of
Macropis.
.

—

in the other division a collecting apparatus is

formed by hairs on
In these forms, at least in

the ventral surface of the abdomen.

our native species,

we cannot

trace a gradual development of the

collecting apparatus as in the others

but it possesses the same
genera of the group {Heriades, Chelostovia,
Anthidium, Osmia, Ghalicodoma, Diphysis, Megachile) ; so that one

main

features in

example

will suffice for

The whole
is

;

all

all.

or nearly the whole ventral surface of the

covered with a brush of

stiff bristles

abdomen

inclined backwards, which
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vary in length, closeness, and colour in different species, but are
smooth, without trace of feathery branching.
This

always

abdominal collecting apparatus

differs also in its action

collecting apparatus on the legs of the other forms

the

tarsal

brushes (formed of smooth

pollen into the tufts of feathery hairs

;

stiff

;

from the

in the latter,

bristles)

sweep the

in the present case, the

collecting apparatus consists of a great brush of feathery hairs,

which themselves sweep up the pollen. More than nine-tenths of
by bees with abdominal brushes are such as are
adapted to dust the ventral surface of the bee with pollen {Echium,
Papilionaccoe, Conipositce, etc.) without any action of the tarsal
brushes.
Bees with abdominal brushes may be seen, for instance,
upon a composite flower, thrusting their tongues quickly into
the flowers visited

one

floret

after

another, and

at the

same time turning round

bodily so as to force the pollen which lies free on the surface of

Fio. lG.—Al)doininul collecting apparatus.

1.— Ab'lomen of 0)*mi'as7Jt«H/o(«a. K. Ventral view.
2.— Lateral view of the same, (x 7.)

the capitulum between the hairs of the brush.
full after visits to

a few capitula.

(x7.)

The brush

I have, for instance,

seen Megachile lagopoda, K., acting in this

is

quite

very often

manner on Onopordum
More

acanthium, and Osmia spinulosa, K., on Carduus acantJioides.

with abdominal brushes may be seen feeding on flowers
whose pollen gets applied to their backs
in such cases, the

rarely, bees

;

bee makes use of

its

brushes to sweep off the pollen

tarsal

from the parts where it has fallen into the abdominal brushes.
I have seen Anthidium manicatum acting in this manner on flowers
of Ballota nigra.

The

latter

mode

of getting pollen

is

adopted only exceptionally

by bees with abdominal brushes the plan of sweeping it up directly
is their usual method, and is quicker and more productive than
the method used by bees whose collecting ^apparatus is on their
legs.
There can be little doubt therefore that the bees with
;
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abdominal brushes have adapted themselves to the flowers which
were fitted to dust their ventral surfaces {Pajnlionacece, Cornpositce,
Echium, etc.), and the contrary view, that these flowers have
become adapted to the bees, is untenable, for the flowers are
visited and fertilised by other and far more numerous insects

;

more untenable is Delpino's idea (e.g. in regard to Heriades
trnncorum and Helianthns) of mutual predestination.
While a pollen-collecting apparatus, as we have seen, has been
developed in very different ways in the two main divisions of the
family, the adaptation of the mouth-parts for deeply-placed honey
still

has advanced similarly in both.
length of the cardines and of the

In both, a natural limit to the
mentum (by which, in Prosopis,

Sphecodes, Halictus, and Andrena, increased protrusibility of the
tongue was attained) has been fixed by the length of the head,
underneath which these parts must be withdrawn to give play to
the mandibles and access to more deeply-placed honey is got by
lengthening the tongue itself, and by extension of the membranous
and elastic parts between the mentum and the cardines.
In the higher forms of both groups, we find that the tongue,
which was at first much shorter than the mentum, and retractile
into it, is many times as long as the mentum
the transverse
markings (absent in Prosopis, slight in Sphecodcs, well-marked in
;

;

Halictus) are present as strongly-marked transverse rings over the

greater part of the vermiform tongue

the hairs of the tongue, which
have scarcely a definite arrangement in the lower forms, form whorls
upon each transverse ring, and can be erected or depressed forwards,
and the originally membranous and elastic parts between the
mentum and cardines are elongated and supported by chitinous
pieces, in such a way that when these fold together the mentum
is retracted between the stipites as far as the ends of the cardines,
and can be again protracted for the full length of the chitinous
;

pieces.

With these modifications of the lower lip, certain changes in
the maxillae are closely associated, and advance similarly in both
divisions of the family. As soon as the tongue has so far increased
can no longer be quite withdrawn into the anterior
it comes to be folded up downwards and
backwards, and both in the retracted and in the extended state it
is concealed between the laminae to avoid injury in nest-building
or in being introduced into honey-receptacles.
The laminae, once

in length that

it

hollow of the mentum,

devoted to the service of the tongue, elongate j?^w'i passu with the
tongue itself and correspondingly the labial palps and at first also
;
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the maxillary palps elongate also, in order to act still as organs
But the maxillary palps are soon outstripped by the
of touch.
laminae, the labial palps,

gradually abort

;

and the tongue, and becoming useless

the laminae and labial palps continue to advance

to the full extent of elongation of the tongue.

explained by the rise of a

new

This difference

is

function which the labial palps and

them

laminae assume, and which renders

quite indispensable and

renders the maxillary palps quite unnecessary.

For as the tongue

more and more

into a sheath closely

elongates, the laminae develop

surrounding the tongue, which not only protects it in retraction
and when being thrust into a tubular flower, but also comes to

Kin.

17.— Tip of Hive-bte's tongue.

1.— End of tongue, seen from above.
at

G

Higlily magnified.

The covering bearing the whorls of hairs (Q)

is

torn

away

to expose the capillary tube.

2.— The capillary tube with the covering removed, and opening into the spoon-shaped hollow.
Seen from below
3.— Side view of tlie same.
H, skin adhering to the ca])illary tube
W, its wall
C, capillary tube
G, ring, formed by
the expanded bases of the hairs
Q, whorls of hairs L, spoon-shaped hollow.
In 1 the hairy, concave upper side is seen in 2 the lower, convex, nearly naked side.
;

;

;

;

;

;

play the part of a suction-tube, in which the tongue, perhaps by a
progressive erection from before backwards of the whorls of hairs,

conveys the honey taken up at

its point back towards the mouth.
In this the labial palps are also concerned, for their two or three
proximal joints become flattened and help the laminae in closely
surrounding the tongue, while the last joint or the two last retain
their original function as organs of touch.
As soon as the proximal
joints of the labial palps have come in this manner to form part
of the suctorial apparatus, they naturally elongate pari passio with

the tongue and the laminae, and get transformed into long, thin^
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chitinous plates surrounding the tongue, while their terminal parts,

acting as tactile organs, retain their original form, their short-

still

and their free position.
The maxillary palps, originally sixhanded down as useless heirlooms, and show all stages
of abortion from six joints to none.

ness,

jointed, get

A

length of the tongue over that of the

final increase in the

got by making the proximal part of
the tongue coil twice round and be retracted into the hollow end
of the mentum so that the tongue, which in the retracted state

organs which insheathe

it is

;

reaches quite to the end of

sheath,

its

whole length of the sheath beyond
in the suctorial

mechanism

of bees,

may be protruded by about the

As subordinate adaptations
we have sharpening of the ends
it.

of the laminae to pierce succulent tissues,

a membranous lobe at the end of
specialised bees, the tongue

length by a chitinous ridge

is
;

and the development of

the tongue.

In

supported throughout

the less

whole
becomes

its

this in the higher forms

a capillary tube which opens out into the spoon- shaped hollow of
As soon as the terminal lobe reaches the

the terminal lobe.

little honey ascends the capillary tube to the tasteand the bee may judge at once whether to continue

honey, a
organs,

sucking or

To

not.^

follow out in detail the increasing complexity of the

mouth

would be a work of special entoprofitable as it would be comprehensive.

in bees, through all its stages,

mological

interest,

as

Having studied the first adaptations to a floral diet in Sphecodes,
Andrena and Halickos, we must pass over the manifold intermediate forms,^ and investigate the complex mechanism of the
mouth in the most specialised bees. I select for illustration the
mouth of those bees which of all insects play by far the most
important part in fertilising our indigenous flowers viz. humblebees (Bomhus) and the hive-bee (Apis).
;

When we
artificially

see the mouth-parts of these bees fully extended and

separated

(Fig.

18, 1

and

2),

it

seems at

first

sight

hardly possible that a suctorial apparatus so large and complex,
which many times exceeds the head in length, can be as completely received into a cavity below the head as
specialised bees

;

it is

in the least

yet this takes place by help of the four folding

Wolff, Das Riechorgan der Biene, 1874 ; Hermann Miiller, JFechselbeziehungcn,
In the German edition of this book, 1873, the lobe is said to be employed
probably in licking flat surfaces of honey.
Some of these intermediate forms are figured in my essay, "Anwendung der
Darwin'schen Lehre auf Bienen " ( Verhandl. des naturhist. Vereins filr pr. Rheinland und Westfalen, 1872).
*

p. 80.
'^
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actions
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When

the chitinous
labial palps,

is sucking honey which is only just within
movable joints of its suction-apparatus, cardines,

the bee

reach, all the

retractors

at

and tongue, are

mentum,

of the

the base

laminae,

fully extended, as in Fig. 18,

except

that the two proximal joints of the labial palps are closely applied

fnn

Fig. 18.

1.— Head of Bombiis agrorum, F. ? with completely extended and separated mouth-parts. Seen
from above (x 5)
2.— Mouth-parts of the Hive-bee, in the .'?amp position. Seen from below (x 12).
pV, the lower joints of the labial palps modified as a tongue-sheath
X piece covering the mouth,
which li'S between x and mt tepipharynx. West wood) y, subnientum ffulcrum. Kirby)
z z,
retractors, i.e. those chitinous pifces which unite the subnientum with the ends of th« cardines,
and as they revolve backwards rornd the ends of the cardines. retrfict the mentum and its
appendages. (Kirby calls z z the ciirdines, and c c lora.)
,

;

.

;

;

to the

tongue below, and the laminae to the

part of the tongue above.

But

at the point of the tongue are

the retractors

{z z,

hinder

wet with honey, the bee by rotating
back the mentum, and with it

Fig. 19) draws

the tongue, so far that the laminae

now

reach as far forward as the

n in Fig. 18) and now laminae and
palps together, lying close upon the tongue and overlapping

labial palps
labial

mentum and

as soon as the whorls of hairs

{i.e.

to the point

;
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at their edges, form a tube out of

tongue protrudes.

[part

uw

of the

these

move-

which only the part

But almost simultaneously with

ii.

ments, the bee draws back the basal part of its tongue into the
hollow end of the mentum, and so draws the tip of the tongue,
moist with honey, into the tube, where the honey is sucked
in

by an enlargement of the

stomach,^ whose action

is

foregut,

known

signified externally

as

the sucking

by a swelling of the

abdomen,^
Fig. 19 represents the head of a
position.

hollow of

humble-bee

in the suctorial

now the base of the tongue is drawn back into the
the mentum (as shown in Fig. 20), the tip (uvj) is

If

drawn, wet with honey, into the tube.

Fio. 19

—Head

of

Bomhus

Seen from the side ( x

hortoruvi,
7).

If the cardines

9 with proboscis
,

lialt

(c,

Fig. 19),

extended.

Lettering as in Figs. 11 and 18.

which are now directed vertically downwards, are rotated backtube (at pm in Fig. 19) will
be drawn back to the opening of the mouth (between the base
of the mandibles and upper lip), and by a sucking action of the
sides of the body [and (?) a simultaneous action of the erectile
hairs on the tongue ^], the honey is quickly carried into the
mouth.
wards, the base of the suctorial

1
In Apid(B and Vespidce the " sucking stomach " is simply a lateral fold of the
foregut
in CrahroiiidcB it is a vesicle attached by a short, naiTow duct, much as
in Diptera.
2 Cf. the remarks on Lamium album.
" I came to the above conclusion with n^gard to the action of the whorlcd hairs
In these, somefrom experiments nindo, on bees and liumble-bces under olilnrofonn.
times, if the tip of the tongue was dipped in syrup before compliite loss of consciousness, the suctorial movements took place so slowly that theii* separate stages could be
;
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apparatus

The

rotating the cardines

is

carried forward

retractors

(z z)

are

now
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(c)

its

forwards, the whole suction-

by twice the length of the
is

given to the

mentum

{mt)

appendages, to the labial palps, and to the tongue, while

the maxillae remain in their place, and their lamina3
only the

cardines.

rotated forwards in their turn, and a

further advance of twice their length

with
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mentum and

the hinder part of the tongue.

now

inclose

Finally, the

basal part of the tongue contained within the hollow part of the

mentum
its

now reaches
mouth in Bomhus

projected forth, and the tip of the tongue

is

farthest

extension (20 to 21

mm. from

the

hortorum), and dips again into the honey at the base of the flower.

may be
sometimes even
eight or ten times, the tip of the tongue being each time dipped
into the honey, then drawn back into the sheath, and the sheath
brought up to the mouth.
(2.) To reacli honey which lies less deeply, the bee need not
the tongue therefore remains constantly
rotate the retractors {z)
insheathed by the laminae and labial palps, and only the basis of
the tongue moves in and out of its cavity in the mentum, bringing
its tip in and out of the extremity of the suctorial tube.
(3.) When the bee flies from one flower to another, it carries the
In flowers which contain abundant honey, a humble-bee

seen to perform the act of sucking four or

five,

or

;

proboscis

^

extended, so as to introduce

into the tube of the flower

sheath, to protect

the

;

it

in the act of alighting

but the tongue

delicate

is

concealed within

whorls of hairs,

and

its

to let the

terminal joints of the labial palps perform their function of tactile
organs.

So in flying from flower to flower the base of the tongue

mentum, and the

contained within the hollow of the

retractors

is
(z)

may be directed downwards (Fig. 19), forwards (Fig. 18, 2), or backwards, according to
the depth of the flower which the bee has in view.
are directed backwards, while the cardines

What went on between the
clearly distinguished ; they were as described above.
chitinous plates of the laminae and labial palps was of course invisible, but when
progressive
a
erection
of
aside,
the whorls from the tip of
drawn
these parts were
The fact that the basal part
the tongue backwards, could sometimes be clearly seen.
of the tongue, which gets drawn into the hollow of the mentum, is free from whorls,
seemed to stand in accordance with this action. At the same time, special muscles
and therefore my explanation becomes
for the erection of the whorls are not present
In several Brazilian bees, my brother Fritz Miiller has found that
unsatisfactory.
the hairs of the tongue are transformed into stalked scales, which seem hardly fitted
In an undescribed azure-blue Euglossa,
to drive the honey mouthwards by erection.
the imbricated scales seem to form a tube round the tip of the tongue, so that here
suction may perhaps go on, without the tip of the tongue being withdrawn into
the sheath formed by the laminae and labial palps.
^
The whole suctorial apparatus is thus designated for shortness' sake.
;
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(4.) The mouth-organs must assume exactly the same position
when the bee bores into delicate tissues by means of the sharp

whether to secure the sap, as in the case
which secrete no free honey, or to reach deeplyplaced honey through the aperture, as, for example, Bomhns terrestris does in the case of meadow-clover and many other long-tubed

points of its laminae

;

of our orchids

flowers.
(5.) In collecting pollen, hive-bees and humble-bees use their
mouth-parts in two different ways to moisten it, according as it
is the fixed pollen of entomophilous, or the loose, easily scattered
In the former case {e.g. when
pollen of anemophilous flowers.
Apis mellijica collects pollen on Salix), the bee has its suctorial

apparatus completely folded down (as in Fig. 21), bringing the
mouth-opening, which lies between the base of the mandibles and
the labrum, close over the pollen. The bee ejects a little honey on
the pollen, and then takes it up by means of its tarsal brushes and
places it in the baskets on the tibiae of its hindlegs
it often
makes use of its mandibles to free the pollen, before moistening it
with honey. In the latter case, which I have observed in Plantago
lanceolaia and which will be fully described in my account of that
plant, the bee, hovering over the flower, ejects a little honey upon
;

the anthers from

suction-tube, which

is fully extended but
In this case, therefore, as when
alighting to suck upon a flower or when boring into soft tissues, the
base of the tongue is contained within the hollow of the mentum,
and the retractors are directed backwards. Since hive-bees and
humble-bees on entomophilous flowers suck honey with out-

its

completely sheathes the tongue.

proboscis and collect pollen with it folded up, and
on anemophilous flowers collect pollen only, it follows that they
can never suck honey and gather pollen simultaneously
they
must always do first one and then the other, and since the pollen
has to be moistened with honey, the act of sucking must always
be the first.
But all forms of bees which collect dry pollen among their
feathery collecting-hairs, may, so far as the structure of the flower
permits, gather pollen and suck honey at the same time, and they
perform the latter action in exactly the same way as hive-bees
and humble-bees do. Bees with abdominal collecting-apparatus
may with the greatest ease perform both acts together on flowers
which present their pollen from belo\Y.
(6.) Finally, to place the mouth-parts in a position of rest,
or to make use of the mandibles, the bee brings all the four

stretched

;
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folding

movements which

into play simultaneously.

into the hollow

tongue,

together

suction apparatus

its

It
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capable

is

of

draws back the base of the tongue

end of the mentum
with

63

20) folds the
laminae and labial palps,

(as in Fig.

inclosing

;

downwards and backwards (Fig. 20 shows this action beginning),
draws the retractors (z) backwards (half completed in Fig. 20),
and rotates the cardines c (which in the figure are still directed
obliquely forwards), backwards the whole apparatus is thus folded
together, and lodged in the cavity below the head, completely
;

filling it (Fig. 21, 1).

Fig.

20.— Sucking apparatus of

Bombm silvarum,

The outer wall of the hollow end of the mentum
lowest piece of the tongue, abc.
Letters as in Fig. 18,— except
in

:

a,

base of tongue

Is

;

L., half folded up.

Side view.

broken away to show the involution of the
b,

angle of fold

;

abc, part of tongue folded

mentum.

When

the hive-bees and humble-bees were declared to be the

most important of

all

insects in the fertilisation of

our native

flowers, this assertion applied only to the individuals concerned
i.e. the workers among the hive-bees,
and the females and workers among the humble-bees.
In all species which provide for their own young, the males are
of much less use in fertilising plants than the females, as they only
look after their own maintenance, and accordingly neither collect
Yet in all species in
pollen nor visit flowers very diligently.

in the care of the young,
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which a more or less thick coat of feathery hairs has become
developed upon the bodies of the females, it has become transmitted by inheritance to the males also,-^ so that they in their visits
to flowers collect pollen as well as the females.

It is otherwise
with the majority of those bees which have acquired the habit of
not gathering pollen themselves to feed their young, but of laying

their eggs in the nests of

Some

other bees already stored with food.

which have acquired the habit

of these "cuckoo-bees,"

in

comparatively recent times, as the parasitic humble-bees (Apathus
or Psithyrus), have almost the

parent-form

;

same development of hairs
it earlier, as Nomada,

others which acquired

as their
E'peolas^

ant
ant

Fig.

21.— Mouth-parts of a Hnmble-bee

1.— Head seen from below.
2 —Head, in side view, with proboscis bent

(5. hortorum,

slightly

§) in retracted condition.

downwards,

ant,

antenn*

^.

;

^,
,
other letters as

in Fig. 18.

Ccelioxys,

and

Stelis,

lost the hairy coat, while

have almost entirely

retaining in perfection the

suctorial

apparatus which furnishes

own food. Males and females of these ''cuckooflowers of their honey, like the males of the
plunder
thus
bees
of corresponding advantage to the flowers
being
without
hairy bees,
for only very little polleti adheres to their
in the carriage of pollen
them with

their

"

;

naked or almost naked chitinous

bodies.^

For a further account of this hereditary transmission, see my work No. 613.
cuckoo-bees in regard to
I have investij,'ated the actions of male bees and of
" Die Entwickelung der Blumenthaflowers, and embodied my results in my essays,
** Verschiedene
der Mtlunchen und
Blumenthatigkeit
tigkeit der Insekten," and
1

2

Weibchen"

{Kosrnos, ix. pp.

351-370, 415—432.

1882.)
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Lepidoptera.
be arranged in the order
of their importance as fertiHsers of our native flowers, the first
while the Lepidoptera take
place must decidedly be given to bees,
only the second or third place, before or after the Flies. But if,
as here, we base our arrangement on the degrees of adaptation to
If the chief divisions of insects are to

—

they undoubtedly take the first place, as the only order
which throughout, and not only in certain of its families, is fitted
flowers,

for obtaining honey.

In the perfect state, butterflies, so far as they take food at all,
which is not the case in all species, restrict themselves almost
entirely to honey and since they take no further thought for their
young than to lay their eggs sufficiently concealed upon the foodplant, their mouth-parts have been quite free to adapt themselves
This
to the easy winning of honey from the most various flowers.
adaptation is attained by an astonishing development of the
maxillary laminae, with suppression of the greater part of the
rest of the mouth-organs.
The upper lip, or labrum (/6?', 2,
Fig. 22), and mandibles (riid) are aborted.
The laminae of the
maxillae are transformed into two immensely long, hollow, rounded
filaments, provided with semicircular grooves on their inner surfaces, and so forming a tube when placed in close apposition
in
the state of rest this tube is spirally coiled, and concealed between
the labial palps. The maxillary palps, which are not visible in my
figure, and also the labium, are usually more or less abortive.
The
whole mechanism of the mouth, so complex and many-jointed in
bees, is thus here reduced to a long, thin, suctorial tube formed of
two apposed grooves and capable of being rolled up into small
space, and of a protective covering for this tube.
With this simple mechanism, Lepidoptera are able to probe
the most various flowers, whether flat or long and tubular, and
Peculiar stiff, sharp-pointed appendages
to secure their honey.
at the ends of the laminae (5, Fig. 22) enable them also to tear
open delicate succulent tissues, and make use of the sap in flowers
which secrete no free honey (cf. Cytisus Laburnum, Erythroea
Centaurium, Carum, etc.). At the Cape of Good Hope, Lepidoptera
do damage to plums and peaches by piercing their skins in this
manner.^ In Queensland also, the oranges are injured by a
nocturnal form, Ophideres fullonica, the powerful teeth on whose
;

;

1

Ann. and Mag. of N. E., Septemher, 1869.
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and described by M. Kunkel/ Francis Darwin,^

Reginald Bligh Read,^ and

W.

Breitenbach.^

My

brother Fritz

thinks that some of the appendages of the proboscis in

Miiller

may be

These, which differ
and form in different species, are usually
somewhat movable, and bear at their tips a delicate rod, re-

Lepidoptera

much

organs of touch or taste.

in number, size,

sembling the tactile rods or olfactory hairs of Crustacea, etc.
Among the forms in which these have been noted are Prepona
Laertes, Hesperocharis Erota, Colcenis Julia,

Apatura Hiibneri.

Fig. 22,— Adaptive modifications in Lepidoptera.

1.— Head of Polyommaiua Phlo&as, L., with proboscis half unrolled.
2.— Head of Vanessa lo, L., after both laminse of the maxilliB and the labial palps have been
cut away at their bases (x 7).
more highly magnified.
3. -Part of the lamina of Macroglossa fuci/ormis, L., seen from within
;

a, channel.

4 t_Transverse section of the

apposed laminae of the same

insect, equally magnified,

aa, tube

formed by apposition of tlie two channels.
5.
Point of lamina of Vanessa Atalanta, L,

—

Lettering in 2 as in Fig.

11.

In regard to their length, the maxillary laminae of our Lepidoptera show all degrees, from the proboscis of the Convolvulus
Hawk-moth, 80 mm. long, to a proboscis scarcely a millimetre
long.
Their mouth-organs may be almost entirely abortive and
only comparable to those of the Fhryganidct, pointing to these as
Comptea Rendus, August 30, 1875.
Q. J. Micros. Sci. vol. xv. N.S., pp. 385—390.
3 Proc. Lin7i. Soc. N. S. Wales, August, 1878.
* Archiv.
Breitenbach has since pubf. Mier. Atiat. Bd. xiv. pp. 308—317.
lished some further studies on the boring apparatus of Lepidoptera {ibid., Bd. xv.
Entomol. NachneUen, September 15, 1879, and February 15, 1880).
pp. 8—19
^

2

;
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In a former work i I have
the ancestors of the Lepidoptera.
sought to estabhsh the pedigree of Lepidoptera, which has been
foreshadowed by entomologists since last century the subject has
been much more thoroughly discussed by my friend Dr. A. Speyer,^
by Mr. R. MacLachlan,^ and by my brother Fritz Miiller.* Apart
from tiny midges (e.g. the fertilisers of Arum and Aiistolochia),
and from those insects, especially beetles and bees, which occasionally
:

or habitually take up their quarters for the night in flowers,
Lepidoptera seem to be the only insects which do not confine
their visits to flowers to the daylight
a large number of their
:

honey in the dusk
and evenings, free from the competition of
other insects.^ But in our climate, summer evenings on which
twilight-loving and nocturnal Lepidoptera fly abundantly are not
very numerous.
Though the swift and violent movements of these
species may be due to the shortness of the period suitable for their
species have acquired the habit of seeking their

summer

of

nights

flight, or to the pursuit of bats, this peculiarity is of very great
importance to the plants they visit for the more flowers will be
visited in a given time, the less time that is spent on each, and the
;

shorter the time that

This explains

is

spent in the flight from one to another.

how many

flowers have adapted themselves specially

by their light colours, visible in the dusk,
and by their time of opening, of secreting honey, or of emitting
their odour.
The Sphingidai perform their work as fertilisers
peculiarly rapidly, dropping their long proboscis into a flower
while hovering over it, and instantly hastening away on their
violent flight to another.
Accordingly most nocturnal flowers have
adapted themselves specially to these Lepidoptera, hiding their
honey in such deep tubes or spurs that it is only accessible to the
to nocturnal insects, both

Sphingidse.
^
Verh. des naturh. Vereiiis f. pr. Rheinland iind JFestfalenf 1869, " Correspondenzblatt," pp. 57 63.
^ Stettincr Entom. Zcittmg, 1869,
pp. 202—223.
^ J. Linn. Soc.,^ Zool., vol. xi. p. 100.

—

4
^

Kosmos, vol. iv. pp. 388—390.
In South Brazil, according to

pallida, Lep., seeks

my

brother Fritz Miiller, a social wasp, Apoica
sitting still in its nest by day.

honey only by night,

F 2
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In

this section I propose to discuss sucli questions as the following, in

number

regard to a
is

each visited

1

of native or

What

In what manner does
have

behave?

peculiarities of the flower

What

commonly

cultivated plants.

does the insect come in quest
it effect

of,

By what insects
and how does it

transference of the pollen?

special relation to

Wliat

the particular visitors

?

special peculiarities of the flower aid cross-fertilisation in case of insect-

visits?

In absence of

extent does

it

insects,

actually occur

can

self-fertilisation take place,

and

to

what

?

There are few instances in which I am in a position to answer all these
In some cases I have studied the structure of the flower but
have never had an opportunity of observing its insect- visitors in other cases
I have noted insect- visitors without studying closely the mechanism of the
questions.

;

flower.

In choosing my figures I have taken account of those already existing.
In many cases I have omitted to figure flowers w^hich happen to be well
illustrated in the works of Sprengel, Darwin, or Hildebrand (e.g. Aristolochia
Clematidis, Viola tricolor) in other cases I have selected a different species
And in most cases I have passed over witli
of the genus (e.g. Iris, Polygala).
a few words flowers which have been described elsewhere in great detail,
unless I had to correct or amplify the previous accounts.
Professor Schenck of Weilburg has checked my identifications of the greater
part of my bees, wasps, and sand-wasps (fossores)
Mr. Frederick Smith has
compared all my species of bees, wasps, and sand-wasps with the collection in
Dr. Speyer of
the British Museum (which includes Kirby's type-specimens)
Rhoden has placed my determinations of Lepidoptera beyond dispute, and
Herr Winnertz of Crefeld has identified those Diptera concerning which I
remained doubtful. Herr Borgstette, jun., of Teklenburg, has sent me numerous
insects collected upon flowers in his neighbourhood, along with accurate
records of the plant on which each specimen was obtained.
;

;

;

Contractions employed in the Lists of Insects.

lh.=licking honey;
on pollen cor. = corolla
;

s.
;

=8U eking

;

c.p.

ab.™ abundant.

= collecting

pollen

;

f.p.

= feeding
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Sid.

= Sauerland

Borgstette)

which the

;

(Warstein, Mtjhnethal, Briion)

Tekl.=^Teklenbiirg (Herr
In all cases in
not specially mentioned, the observation was made near

Th.=Thuringia (neighbourhood

locality is
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;

of Muhlberg).

Lippstadt.

Numbers

placed in brackets after the

names of

insects indicate the length

of the proboscis in millimetres.

^ =miile

;

?

= female

;

^

RANUNGULACE^E.

Ord.
1.

Clematis recta,

= worker.

L.

— The

flowers are destitute of honey.

When

they open, the stigmas are still immature, and are covered
up partly by the stiff hairs of the pistil, and still more efficiently
by the stamens which press closely upon them. The outermost of
these latter soon begin to bend outwards, and their narrow anthers
dehisce lengthwise, so that the broad connectives appear covered

on both sides with pollen.

At

this time, the flowers are well fitted

to supply pollen to insects, but the stigmas are unable to retain

The bending
outwards and dehiscence of the anthers now proceeds centripetally,
and before the innermost stamens have joined the rest the stigmas
Insects which come
lie fully developed in the middle of the flower.
at this period from other flowers and settle in the middle must
Bees almost always alight in the
accomplish cross-fertilisation.
middle of the flower, both because they can more conveniently
reach the stamens from the centre than from the edge, and also
because the anthers near the centre are least likely to have been
The pollen-eating flies which settle at random
already emptied.
on the flowers and creep about in them can produce self-fertilisation
In default of insect-visits, selfas easily as cross-fertilisation.
pollen with which the insect-visitors are coated.

fertilisation readily takes place, for the

outermost stigmas are often

touched by pollen at the bursting of the anthers, and frequently
part of the stigmas lie so that pollen may fall directly on them

from anthers above.
Since the flowers are destitute of honey, and

all attractions for

insects therefore cease with the dispersal of the pollen, their pro-

terandrous condition has not been able to perfect itself. They are
naturally only visited persistently by pollen-seeking insects, but

by these in considerable abundance, owing to the large stock of
pollen.

A. Hymenoptera— (a) Apidce: (1) Prosopis signata, Pz. (^, f.p. (2) Andrena
Gwynana, K. $ (3) A. albicans, K. ?
(4) Halictus sexnotatus, K. $
(7) Apis mellifica, L. ^
(6) Bombus terrestrip, L. 9
(5) Osmia rufa, L. 9
;

;

;

;

;

;

;

—

—
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(b) Sjohegidce : (8) Oxybelus uniglumis, L., f.p. ab.
(9) Gorytes mystaceus, L.,
hovering over the flowers, perhaps in order to plunder flies (c) Vespidce:
B. Diptera
(a) Syrphidoa : (11) Syrphus
(10) Odynerus parietum, L. ^ do.
pyrastri, L.
(13) Eristalis sepiilcralis, L.
(12) Helophilus floreiis, L.
(14) E. arbustorum, L. ; (15) Syritta pipiens, L.
(16) Xylota ignava, Pz.
(17) X. lenta, Mgn., all f.p.; {b) Muscidce : (18) Prosena siberita, F.
C. Coleoptera
(19) Trichius fasciatus, L., devouring the whole of the anthers.
;

;

—

,

;

;

;

;

;

—

In Clematis Balearica, Rich.

the outermost

L.),

cirrJiosa,

{C.

stamens are metamorphosed into spoon-shaped nectaries, which are
sucked by Bombus and Xylocopa ; in Clematis integrifolia, L., the
inner stamens secrete honey (567, p. 8).
2.

Thalictrum AQUILEGIFOLIUM,

plant play the part of petals

L.

— The

stamens in this

they are of a pale

:

lilac

colour,

thickened and club-shaped, and radiate outwards, forming considerable bundles, fifteen to

twenty

flower opens, the stigmas

are

mm.

in

When

diameter.

covered over and

the

shielded from

by the central stamens, which are crowded together and
have their anthers still closed.
In young flowers the insects
alight upon the anther-bearing points of the stiff filaments, and
climb with some difficulty around and over them in search of
pollen.
In older flowers the central stamens are directed more
outwards, so that now the insects can alight more conveniently
upon the stigmas. Thus cross-fertilisation is accomplished. In
default of insect-visits, self-fertilisation is provided for by part of
insects

the stigmas always standing in the

The

way

flowers are devoid of honey,

of falling pollen.

and are

visited only

by pollen-

seeking insects.
A. Hymenoptera
sexnotatus, K. $
(4)

Ehingia

,

c.p.

rostrata, L.

(7) E. sepulcralis, L.

asciatus, L.,

ApidcB
;

;

;

:

(1)

Apis

(3)

(5)

Prosopis signata, Vz.

mellifica, L.

^

,

Eristalis arbustorum, L.

(8) E. tenax, L., all f.p.

devouring the anthers bodily.

Atragene aljpina, L.

C.

See also

— The pendulous

^ ^

,

f.p.

;

B. Diptera

c.p.

;

(6)

E.

(2)

Halictus

SyrphidcB

nemorum,

L.

;

Coleoptera— (9) Trichius
No. 609, p. 125.

violet flowers only give

up

honey to insects which can force asunder the numerous
viz. bees and
stamens, which are set closely in several whorls,
humble-bees; and in point of fact only these insects have been

their

—

observed to fertiHse the plant (590, 609). The grooved inner surface
of the basal half of the filament secretes and lodges honey.

—

This plant, which is abundant
3. Thalictrum flavum, L.
on meadows by the Lippe, has likewise honeyless flowers. I found

—
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them

took the following

A. Diptera—
L.

;

(3)

(a)

E. tenax, L.

pipiens, L.,
opterji

by pollen-feeding

to be chiefly visited

1868, I

f.p.

Apid(K

{h)

;

(7)

:

flies,
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and on Jnly

1,

:—

Syrphidce: (1) Eristalis nemorum, L. ; (2) E. arbiistoruni,
(5) S}Titta
(4) E. sepiilcralis, L., all four f.p., very ah.
;

;

MuscidcB

Apis

Thalidrum minus,
niophilous ancestors.

:

(6)

Pollenia Vespillo, F., f p., ah.

inellifica, L.

L., is

The

^

,

c.p.

.,

B.

Hymen-

very ah.

an anemophilous descendant of ento-

flowers are proterogynous, and retain, as

traces of their former entomophilous condition,

—the non-simultane-

ous dehiscence of the anthers, slight cohesiveness of the pollen, and
perhaps also the conspicuous yellow colour of the anthers (590, I.).

Fio. 2'i.—Atragene alpina, L.

—Flower in side view, x
B. — Ditto, after removal of one sepal.
four large petals.
C. — One of

A.

§.

tlie

D.— One of the inner small petals, with a rudimentary anther-lobe
at one side (C and D seen from the inside).
E. stamen in side ^^ew.
F.— Ditto, seen obliquely from within.
G.— A carpel (C—G, x Al).
11, nectary ; «/i, honey -receptacle.

—

Hepatica

triloba, Gil.

and Syrpliidce

{Anemone

for its pollen (590,

hepatica, L.), is visited

by bees

I.).

—

(Anemone Pulsatilla, L.). The abunsought
by bees; honey is secreted by
dant pollen is much
rudimentary stamens reduced to short stalked knobs (590, I.).
Pulsatilla vernalis, L.
My specimens from the Stelvio were
slightly proterogynous
Ricca's, from Val Camonica, were very
Pulsatilla vulgaris, Mill.

—

;

markedly
(590, 609).

so.

The

nectaries

here

also

are

modified stamens

—
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Anemone nemorosa, L.—This plant also has flowers destitute

of honey, in which, however, the sepals, not the stamens, play the

part of petals in rendering the flower conspicuous.
When the
flowers open, the stigmas are still covered up and protected by the

stamens, but during the greater part of the period of flowering
both stigmas and anthers are mature at the same time, and exposed
to the touch of insects.
These alight sometimes in the centre of a
flower, sometimes on a sepal, touching, therefore, either stigmas or
anthers first, and they accomplish self-fertilisation as well as crossfertilisation.

The

inclined position of the flower brings

more

or

B.
Fig. 24.
A.

Pulsatilla vernalis, L.

—Some of the outermost stamens metamorphosed iuto nectaries

;

and some of the next in order

which retain

B.—Top
less of

their proper function, (x 7)
of style, with the stigma, more magnified.

the stigmas in the line of

self-fertilisation

if insects'

visits

which leads to
but experiment has yet to

of the pollen,

fall
fail

;

decide on the efficacy of this self-fertilisation.

On February 25, 1868, out of seven flowers in my room, which
had opened simultaneously, I fertilised two with pollen from other
On
flowers, two with their own, and I left three untouched.
February 29, in both of those which had received the pollen of
other flowers, all the anthers had fallen off and the ovaries were
in the two which had been fertilised with their
distinctly swollen
own pollen, most of the anthers had fallen off" and the ovaries were
swollen, but much less so than in the two former cases the three
remaining flowers, which had been untouched, still retained all
;

;

—
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The sepals were still
The experiment was not completed,

their anthers.

quite fresh in

all

73

seven flowers.

as the plants withered in the

irregularly-heated room.
A. Hymenoptera— (1) Halictus cylindricus, F. 9 c.p. (2) Andrena
K. 9, c.p. (3) A. albicans, K. ^, f.p.
(4) Osmia fusca, Christ.?,
in hundreds, c.p. and also s.
B. Diptera
c.p.
(5) Apis niellifica, L. ^
C. Coleoptera
(7) Sc. merdaria, F., both f.p.
((3) Scatopliaga stercoraria, L.
See also 590, i.
(8) Meligethes, f p.
(9) Mordella pumila, Gyll.
Visitors

,

:

fulvicrus,

;

;

;

,

;

;

—

;

Although
lens,

I

I

could not detect any honey, even by help of a

repeatedly observed

flower and thrusting

its

hive-bee flying from flower to

a

proboscis into one or

more

spots in the

Here the bees
base of the flower, between the sepals and carpels.
doubtless tapped the juice which the flowers did not of themselves
and which the bees were in want of to moisten the pollen
Once I saw a honey-bee
that they collected at the same time.
flowers
of
Cardamine
on
pratcnsis
and then fly off
honey
suck
first
to gather pollen on Anemone nemorosa.
Even in spots where Primula elatior was blooming abundantly,
hive-bees remained busily occupied upon the wood anemone.
Anemone alpina, L. This species is androdioecious. The male
flowers are distinctly smaller than the hermaphrodite, and the latter
are proterogynous. The plant is visited by numerous bees and flies,
though the flowers are devoid of honey (609).

furnish,

—

Anemone

narcissifolia,

L.,

is

proterandrous, the

stigmas not

being mature until the anthers have dehisced or have even been
emptied. The flowers are devoid of honey (609).

Adonis

proterogynous and devoid of honey.

vernalis, L., is

The

bees and also ants (590, I.).
Myosurus minimus, L., is proterandrous, according to Delpino.

visitors are chiefly

After the anthers wither, the apex of the ovary becomes lengthened
into a long cone

and develops

the flowers are fertilised by

According to

my own

its

stigmas.

Delpino thinks that

(No. 177, p. 57).
observations, the enormous elongation of
flies

the axis bearing the pistil has simply the object of self-fertilising

most of the numerous stigmas by means of the small number of
anthers, for insect-visitors are very few.
The anthers, which lie
close around the axis, let their pollen emerge very gradually by
two lateral slits, while the lengthening axis brings fresh stigmas in
contact with them.
As visitors of this plant, I have observed
chiefly minute insects, not more than 1 to 1^ mm. long ,viz. Diptera
of

the genera Sciara,

Chironoynus,

Scatopse,

Fhora,

Cccidomyia,

—

—
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and MicropKorus, besides small Pteromalidce and minute
small Haltica, some Anthomyice, and a single
Melanostoma mellina (570, vol. x. p. 129).
Oscinis,

Ichneumoiiidce, a

5.

Ranunculus

aquatilis, L.

—The

yellowish base of each

petal serves to guide insects towards the honey

on it stands an
and provided with a
which plays the parts of gland and

obliquely-placed

tubercle, truncate

honey-secreting

hollow,

;

above,

receptacle for the nectar.

The anthers, which are few in number, dehisce one after the
other when the flower opens, and cover themselves all round with
pollen the stigmas become developed at the same time, and often
come in contact spontaneously with the pollen on the anthers.
The flowers are frequented by a large number of insects,
;

which alight sometimes in the middle of the
sometimes on the edge, and so effect self-fertilisation as well

especially Diptera,
flower,

as cross-fertilisation.
A. Diptera— (a)
L.

;

(3)

Sijrphidm

nemorum,

E.

:

Eristalis tenax,

(1)

three abundant,

all

L.,

and

f.p.

Muscidse,

Muscidce

(b)

;

s.

mellifica, L.

and
^

Chrysomelidce
also No. 590,

When
aquaiilis

Helophilus floreus, L.

(4)

;

,

:

I.,

c.p.

:

L.

;

now

collecting

Chrysogaster viduata,

(5)

Scatoj)haga merdaria, F.,

(6)

E. arbustorum,

(2)

;

sucking,

on the legs and especially on the

pollen, plentifully dusted with pollen

of the feet

now

f.p.

which escaped me. B. Hymenoptera
and c.p. (8) Bombus terrestris, L. $

ah.,

s.

(9)

Helodes phellandrii,

,

;

L.,

;

s.

various small

Apidce
s.

soles

L., also

:

(7)

Apis

C. Coleoptera

devouring anthers and

petals.

See

pp. 48, 49.

the water is unusually high, the flowers of Ranunculus
remain submerged and do not open, but fertilise

themselves (17,

Ranunculus
R. aliMsiris,

p. 14,

L., is

nassifolius^ L.,

351, p. 17).

glacialis,

L.,

is

homogamous

slightly proterandrous

or slightly proterogynous

and R. pyrenceus,
is

;

R. po.r-

L., var. hupleurifolius, D.C., are

proterogynous with persistent stigmas.

shape of the nectaries

(Ricca)
;

In

all

these species the

very variable (609).

—

The flowers have scarcely
6. Ranunculus Flammula, L.
opened when the outermost anthers dehisce extrorsely, covering
their sides which are turned towards the petals with pollen, so
that insects which try to plunder the honey secreted by the little
scales at the base of the petals

with pollen.

The stigmas

must

of necessity dust themselves

are at this time concealed or almost

concealed by the inner stamens, and so are ensured against contact
with insects; they are, moreover, not yet fully developed. The
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Oldening of the anthers progresses slowly towards the centre of the
flowers,

and each stamen as

it

dehisces bends outwards and turns

These stigmas are fully developed
stamens join the others, and the flowers,
which before could only dust their visitors with pollen, can henceforth be fertilised either with their own or other pollen.
All
visitors which alight, bearing pollen, in the middle of the flower
its

pollen-covered side outwards.

before the innermost

effect cross-fertilisation

e

d^^

;

others,

which alight

first

on a petal and

J
Fio.

lo.—Ramincuhii Flammula, L.

—Flower just opening.
2 —Flower in wliich the stamens are fully
3 — Esf'ential organs of a flower in which the
1.

the stigma still immature.
stigmas are fully matuie, and the anthers are not

(levelo]ie(l,

yet withered.
a,

immature anthers

;

6,

anthers about to dehisce

;

c,

ditto, dehisced

;

d, ditto,

empty

;

e,

touch the anthers and then the stigmas, can accomplish either
fertilisation

numbers

or cross-fertilisation.

So

if insects

alight in

carpel.

self-

equal

two ways, cross-fertilisation must be the more
After numerous observations on this and the
following species of Ranunculus, I am able to state that the two
modes of alighting are equally common for small insects; but all
larger insects (which are about as long as the diameter of the
flower) come in contact with the stigmas and the anthers at the
in the

frequent result.

—

—
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same time, and therefore must dust the stigmas with pollen from
other flowers hence the cross-fertilisations are still more numerous
than the self-fertilisations. In default of insect-visits, the power
of self-fertilisation is retained, some of the outermost stigmas being
often touched by pollen from the innermost anthers.
Although the arrangement of the flower is quite like that of
;

the following species of Ranunculus, R.

by

visited

much

insects,

is

very sparingly

its

flowers are

smaller and less conspicuous.

Visitors

:

MuscidcB

:

(4)

Diptera

A.

Cheilosia,

(2)

Flammula

one reason at least being that

SyrpJiidce

{a)

Syritta pipiens, L.,

(1)

:

c.p.

and

s.

Melithreptus tseniatus, Mgn,, f.p. and s.
(b)
Scatophaga merdaria, F., f.p. ; (5) Anthomyia sp. B. Hymensp.

f.p.

;

(3)

;

Apidce : (6) Halictus cylindricus, F. $ c.p.
C. Lepidoptera
(8) Satyrus pamphilus, L., s.

optera

,

H. flavipes F. ?

(7)

;

—

c.p.

Banuncuhts montanus,

L.,

proterogynous with persistent

is

stigmas (609).

Ranunculus

7.

These

aceis, L., R. eepens, L., R. bulbosus, L.

species agree with B.

Flammula

and with each other in their

flowers,

—

in the structure of their

habitat, in the conspicuousness

of their flowers, and therefore also in the insects which visit them.

Mr. 'Thomas Whitelegge (No. 774) states that they are all someI have observed very many of the following
visitants in equal abundance and similarly engaged on all these
times gynodioecious.

species and I have even noticed the hive-bee, which in general
keeps strictly to one species of flower, pass from Ranunculus acris
to B. repens and B. hulbosus, or vice versa, without any distinction.
;

I accordingly catalogue the visitors of these three species together.

Diptera— (rt) Empidce: (1) Empis tesselata,
Mgn. (Tekl. B.) (c) Sijrphidve :
atum, L. (Sid.), s. and f.p. (4) Chr. festivum, L.,
A.

Dioctria atricapilla,

;

;

Mgn., 8.
(8) Ch.

;

(6)

P. clialybeata, Mgn., f.p.

;

F.,

s.

(3)
s.

;

(i) Asilidce:

;

(2)

Chrysotoxum arcuPipiza funebris,

(5)

Cliiysogaster Macquarti, Loew.

(7)

;

both s. and f.p.
(9) Cheilosia pubera, Zett.,
f.p., ab.
(10) Ch. albitarsis, Mgn., ab.,s. and f.p.
(11) Melanostoma mellina,
L., 8.
(12) Platycheirus albimanus, F. (Tekl. B), f.p. ; (13) Syrphiis ribesii,
vidiiata,

L.,

very

ab.,

;

;

;

;

L.

L.

;

(14)

;

Eristalis tenax, L.

(17) E.

st'pulcralis,

L.

;

;

(15)

E.

arbustonim, L.

;

(16)

(18) Melithreptus scriptus, L.

—

;

E.
(19)

nemorum,
M. pictiis,

M. taeniatus, Mgn. (21) Syritta pipiens, L., the last nine ab.,
Cyrtoneura coenilescens, Mcq., s.
{d) Muscidce : (22)
and t.p.
B. Coleoptera
(a) Nilidulidce: (24) Meligethes, very
(23) Anthomyia, sp.
(h) Dermestidce : (25) Byturus fumatus, F., f.p., ab.
ab., 8. and f.p.
(c)
Bup)re8tid(e : (26) Antbaxia nitidula, L. in copula on flowers of B. repens;
{d) Mordellidce : (27) Mordella aculeata, L.
(28) M. pusilhi, Dej.
(29) M.

Mgn.

both

;

(20)

;

s.

;

;

—

;

;

;

;

—
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pumila, Gyll.
Cistelidce
{g)

;

;

(e)

CEJemeridfe

Cei-amhyculm

:

:

murina,

Cistela

(31)

:

77

ffidemera viresceiis, L.,
devouring the petals and

(30)
L.,

(32) Strangalia nigra, L.,

do.

Chrysomelidce

(A)

;

ab.

(/)

;

stamens

;

(33)

:

Helodes aucta, F., devouring the petals, along with its larvae (May 24, 1870)
Cryptocephalus sericeus, L., devouring the anthers. C. Hymenoptera, (a)
Tenthredinidce : (35) Cephus spinipes, Pz., ab., s. and devouring the anthers
(37) Oxybelus
(6) Sphegidce :
(36) Cephus, small undetermined species
(r) Vespidce : (38) Odynerus spinipes, H. Sch. 9 (quinqueuniglumis, L.
(d) Apidce : (39) Prosopis hyalinata, Sm. $^ s. and f.p.
hisciatus, F.)
(40)
Halictus longulus, Sm. ?, s.
(42) H. villosulus,
(41) H. flavipes, F. $, c.p.
K. $ (43) H. sexsignatus, Schenck, $ s. (44) H. rubicundus, Chr. ? s. (45)
H. quadricinctus, F. ? c.p. (46) H. leucozonius, Sclir. $ laden with pollen,
sheltering itself from the rain in flowers of R. bulbosus (June 10, 1871)
(49) H. maculatus
(48) H. cylindricus, F. ? c.p.
(47) H. zonulus, Sm. <^ , s.
Sm. $ (J, 8. and c.p., ab. (50) H. nitidiusculus, K. $,8. (51) H. sexnotatus,
K. ?,c.p. and s. (52) Andrena fulvicrus, K. $ (J, s. and c.p., ab. (53) A.
do.
albicans, K. $ <^
(54) A. albicrus, K. (^ s.
(55) Panurgus calcaratus
Scop., s.
(57) Osmia
(56) Chelostoma florisomne, L. ^ (^, c.p." and s.
s.
D. Lepidoptera (59) Lycaena
rufa, L. (^ s.
(58) Apis mellifica, L. i^
icarus, Rott.
(60) Satyrus pamphilus, L. (61) Polyommatus Phloeas, L.; (62)
Euclidia glyphica, L., alls. See also No. 590, i., pp. 49 59 ; No. 609, p. 135.

—

(34)

;

;

;

;

;

;

;

,

;

,

,

;

;

,

;

;

,

;

;

;

;

;

;

,

,

;

;

;

;

,

—

,

;

;

;

If we compare the insect-visitors of these species of Ranunculus
with those of the typical Umbelliferae, we observe the following
remarkable differences.
(1) Since the honey lies less exposed,

those insects which are

least fitted for

sucking flowers are ab-

sent, viz. Neuroptcra, Ichncumonidce, Tipididce, etc.

Vespidce are only

met with

sparingly.

(2)

;

Of the

Sphegidce and
flies,

Syrphidcn

form the great majority they are fond of brilliant colours, and
are attracted by the bright yellow of the Eanunculus flowers.
;

(This love of colours

is

clearly expressed in their

result of sexual selection.)

(3) It is also

own

colours, the

owing to their bright

by the beetle Cryptocejjludus
and that Anthaxia nitidida resorts to them for pairing.
In these and in many other beetles, as in the humble-bees, it
seems as if the habit of feeding on flowers had called out the
colour-sense and the taste for bright colours, and that sexual
selection had then been guided by this taste.
(4) Bees occur
much more abundantly on flowers of Ranunculus than on the
Umbelliferse, because the former are richer in both honey and
pollen.
These flowers seem especially to meet the wants of the
genus Hcdictus, of which I have taken twelve species on them,

colour that the flowers are frequented
sericeus,

mostly in abundance.

Besides the least specialised bees (Prosopis,

Andrena) and the most specialised (Apis), intermediate
genera, such as Pamirgus and Chelostoma, which are absent from
Umbelliferfe, visit the flowers of Ranunculus.

Halictus,

—

——
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Ranunculus lanuginosus,

L., is

[part hi.

precisely similar in the

but
arrangement of its
flower-visiting
insects
occur,
it
is
fewer
growing in woods, where
in
spite
of
its
larger
of
species
number
frequented by a smaller
and more conspicuous flowers.
flowers to the three last-named species

Visitors

A. Diptera

:

how

see distinctly with a lens

the petals and the stamens)

Hymenoptera

C.

and

ab.

f.p.,

—

(a)

;

:

Muscidoe

(4)

Tenthred'midce
;

:

(b)

(3)

s.

;

SyrphiJca

{h)

Anthomyia,

f.p.,

gnawed the inner

(6)

:

Apidce

(5)

:

(7)

Andrena

:

very
could

surface of

Byturus fumatus, L..
Cephus pallipes, KL, very

Dermestidm

{h)

:

Meligetlies senens, F., ab. (I

these small beetles

along with other species

s.,

(1) Empis.livida, L.,

:

(c)

;

Coleoptera— («) Nitidulidce

B.

ab.

Empidcn

(a)

Cheilosia,

species of

(2)

:

f.p.,

ab.

ab., f.p.

cingulata, F.

$

Chelostoma florisomne, L. (^, s.
(9) Osmia fusca, Christ. $, c.p., and
at the same turning round in the flower and emptying all the nectaries
(10)
Bombus terrestris, L. $ s. See also No. 590, i., p. 51.
c.p.

;

(8)

;

;

,

9.

Ranunculus Ficaria,

and B.
insects

hulhosus,

but

for,

acris,

when fewer
which

B. repens,

flower-visiting

perhaps

is

partly

insects having at that time fewer kinds of

by the

At

flowers to choose from.

resembles E.

earlier

disadvantage

a

abroad,

are

compensated

L., also

blooms

it

the beginning of the flowering period,

many flowers with very few petals,
sometimes so few as two or three later on the number increases
to eight or even eleven, and they expand in the sunshine to a golden
star 20 to 25 mm. in diameter.
we

find as in B. auricomus,

:

Visitors: A. Diptera

{a)

Syrphidce

:

(1)

Brachypalpus valgus,

Pz., f.p.

;

MuscidcE : (2) Sepsis, ab. ; (3) Anthomyia radicum, L., very ab. ; (4)
B. Hymenoptera Apidce : (5) Apis mellifica, L.,
Scatophaga merdaria, F.
^ s. and f.p., ab. ; (6) Andrena Gwynana, K. 9 c.p. ; (7) A. albicans, K.
(b)

»

,

A. parvula, K. ?, s. (9) Hal ictus cylindricus, F. ?, s.
(12) H. nitidius(11) H. lucidus, Schenck, ?, s.
(10) H. albipes, F. ?, s.
C. Coleoptera
(13) Meligetlies, ab., s., f.p., and gnawing the
culus, K. $ s.
(14) Thrips, very ab. See also No. 590, i., pp. 51, 52.
petals. D. Thysanoptera

9

(^, c.p.

and

s.

;

(8)

;

;

;

;

—

,

—

10.

Ranunculus auricomus,

L.

— The flowers

of this species

exhibit in their petals a great variety of forms of nectary, which
are very remarkable and help us to explain the various nectaries
of diff'erent E,anunculacea3.

The

corolla is

of the petals are

seldom regular, but as a

more

or less stunted

or

some or even all
even absent, and the

rule,

with their bright yellow limb, take the place of petals
The honey-glands at the base of the petals
In the most perfect
are subject to the following modifications.
petals (1 and 2, Fig. 26) the inner side of the triangular claw has
sepals,

partly or completely.

—
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and these borders fuse
which secretes honey.
Some perfectly formed petals occur, however, in which the honey
is secreted not by this hollow, but by two smaller pits which stand
to the right and left, on the broader thickened margins (3, Fig. 26).
In very stunted petals (5 to 7 mm. long, and 3 to 4 mm. broad,)
there is developed upon the inner side of the base a smaller
lamina, which is fused with the larger for the space of 2 to 3 mm.,
and has a free portion 1 to 3 mm. long. Between the two laminae,
two honey-canals, separated by a fold^ are deeply sunk (7, 8,
Fig. 26).
Such petals have a striking resemblance to those of
usually a thickened border on either side

below, and at their junction form a

:

little pit

Fiu. 20.

1—8.— Petals

of Ranunculus auricomua.

Eranthis hiemalis.

9.

—Petal of Eranthis hiemalia.

Between these three

vaiieties

often unsymmetrical, intermediate forms, (4,

sometimes no honey
After completion of

secreted

is

5, 6,

we

n, nectary.

find various,

Fig. 26) in which

(4, 5).

my

manuBcript I found (April 5 and 20, 1872) the
JR. auricomus : A. Hymenoptera
(a) Apidce :
(1) Andrena parvula, K. $ c.p.
(2) A. fulvescens, Sm. (^ s.
(3) Halictus cylindricus, F. $, c.p.; {b) Form'icidce : (4) an undetermined sp,, licking lioney.
B. Diptera
{a) Syrphidm : (5) Pipizella virens, F., f.p. ; (6) Cheilosia ver-

—

following insects in flowers of
,

,

;

;

(6) Muscidce : (7) Anthomyia radicum, Mgn. $ ^ very
but so wild that I could not see what it was doing (8) Scatophaga merdaria, F., s. and f.p.
C. Thysanoptera— (9) Thrips, ab.
Ants and Thrips
were observed in the flowers by Sprengel. See also No. 590, i., p. 52.

nalis, Fallen, f.p.

;

,

ab.,

;

Caltha palustris,

11.

L.

— The

honey

is

secreted

by two

shallow depressions on the sides of each carpel, bounded by a slight

abundant that the drops secreted by the adjacent
two neighbouring carpels often flow together into a large
drop filling up the cleft between.
Anthers and stigmas ripen

fold.

It is so

sides of

—

—

—
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simultaneously, but cross-fertilisation

is

favoured by

[part hi.
tlie fact that,

as in JRammculus, the anthers open outwards, and the outermost
Self-fertilisation as in
are the first to dehisce.

Ranu'n cuius

The very

possible.

still

is

con-

spicuous golden-yellow flowers, which expand

more than 40 mm., are visited
sunny weather by very numerous insects, of
comparatively few species owing to the early

to a diameter of
in

time of year.
Diptera

A.

F.

gentata,

Sfta^zSSf L^

{a) Stratiomyidce

(b)

;

Syrphidce

stigma ;n, nectary,
bearing a drop of honey.

Cheilosia

sp.,

f.p.

;

^^^^^ podagrica, F., f.p.
(4) Rhingia rostrata, L.,
f'P'
(^) Eristahs intricarius, L. (these handsome flies
they
displayed clearly their taste for bright colours
(^)

St,

Odontomyia'ar-

(!)

:

(2)

:

;

5

;

hovered over the yellow flowers as the males of Eristalis
hover over the females, then suddenly settled to suck honey or feed on
pollen, and again flew ofi" abruptly to another flower to repeat the same
actions)
(c) Musc'idce : (6) Scatophaga merdaria, F., f.p.
(7) Anthomyia,
very ab., f.p. B. Coleoptera NitkluUdcB : (8) Meligethes, very ab., s. and f.p.
C. Hymenoptera Apidm : (9) Andrena albicans, K. (J s
(10) Osmia rufa,
;

;

,

Bombus

;

$, making the circuit of each flower,
and licking the drops of honey from every carpel (12) Apis mellifica, L. $
in hundreds, collecting pollen, and only sucking honey to aid in storing the
pollen.
See also No. 590, i., p. 52 No. 609, pp. 135, 136.
L.

(^,

s.

;

(11)

L.

terrestris,

;

;

Trollius europceus, L., is homogamous.
The stigmas are overtopped by the anthers and are dusted regularly with their pollen,
which is probably outstripped in its action by pollen brought from

other flowers (609).
12.

Eranthis hiemalis,

Salisb.

—

This,

the

earliest

the Ranunculacese here considered, exhibits regularly in

the same conversion into
species

little

of Ranunculus,

its

of

all

petals

pockets for honey that our earliest

R. auricomus, displays occasionally.

Its

calyx has completely assumed the function of rendering the flower
conspicuous, as do the sepals of R. auricotmis to a modified extent.

In other respects the arrangement of

its

flower agrees with those

last described.

On

February 26, 1871,

E. hiemalis in

my

I

saw the following

A. Diptera— MMsr'iV/ff?

.•

(1)

proboscis into the nectaries

and

f.p.,

on flowers of

Pollenia rudis, F., stroking petals, anthers, and

Horaetimes stigmas, with the end-flaps of

about the anthers.

insects

garden, during bright sunshine.

B.

;

(2)

its

proboscis, but finally thrusting its

Musca domestica,

Hymenoptera— i4^irfcp

.•

L., ditto

(4)

Apis

;

(3)

Sepsis,

mellifica, L.

in great numbers, sufficient to fertilise all the flowers.

busy

^

,

s.
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In many seasons with less favourable weather I have found
have immediately in front of my window,
and can easily watch) not visited by insects at all, and yet bearing
fruit, but more sparingly than when insect- visits have taken place.
E. hiemalis (which I

The reason
culus

of the smaller

and Caltha,

extent

when

for

:

number

of seeds

is

that, as in

Banun-

can only take place to a limited
in my room, one flower with its own,

self-fertilisation

I fertilised

and another with extraneous pollen, both produced seeds in equal
abundance.

The

species

of

Ilellehorns

Hildebrand (351).
Nigella arvensis, L.
are

— The

proterogynous, according to

are

proterandrous flowers

provided with nectaries covered by movable

They have been

by bees.

fertilised

Nigella damascena, L.,

is

visited

fully described

by

Prosopis signaia, Nyl. ^ (Apidge) (590,

form broad

blue

and are
by Sprengel.^

Ceratiiia callosa, F. (^,and

i).

—The

five sepals of

expansions,

which help

Aquilegia vulgaris,

13.

flower

L.

of this plant
lids,

the pendulous
to

render

it

Each of the five petals is hollowed out from its
insertion upwards to form a hollow spur 15 to 22 mm. long, whose
cup-shaped mouth is wide enough to admit the head of a humblebee, and whose narrow tubular part curves inwards and downwards
conspicuous.

at

its

which

upper end. In this curved part
secreted by a fleshy thickening

is

the spur.

Owing

is

contained the honey,

in the

extreme point of

to its curvature the point of the spur is only

mm.

above the insertion of the petal. To reach the honey
hang on to the flowers below, grasping
the base of the spur with their forelegs, and holding on with their
10 to 17

in a legitimate way, the bees

mid and hindlegs

to the column formed of the stamens and
which projects perpendicularly or obliquely downwards
from the centre of the flow^er the head, meanwhile, is introduced
into the aperture of the spur, whose outer wall its upper surface
touches, and the end of the proboscis follows the curvature of the
spur.
Since bees very easily bend the end of their proboscis
dow^n wards, but scarcely bend it voluntarily in the opposite direction,
the position just described is the only one suitable for them to
reach the honey.
This position entails that in younger flowers
the hinder and lower surface of the bee's body touch the anthers,
which closely surround the carpels and which are covered on their
carpels,

;

^

See

N. data.

aL«5o

Kerner, No. 386, p. 101, fcr an account of the pits in N. sativa and
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with pollen
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while in older flowers the same

in contact with the carpels which have elongated

parts

and spread

more widely apart. Cross-fertilisation is the inevitable
Thus the Columbine is admirably adapted for fertilisation
by humble-bees
but to reach the honey they must have a

their stigmas
result.

:

mm.

proboscis at least 10 to 17

stick their heads fully into the

the passage by about 5
insects that I

L. $ (with a

mm.

long,

even supposing that they

mouth

of the spur and so shorten

This fully explains the actions of the

have observed on

proboscis

19

to

21

this

flower.

mm.

Bomhus

hortorwri,

long), is the only insect

that I have found very abundant on it; B. agrorum, F. $ (witli a
proboscis 12 to 15 mm. long) is found much more rarely, sucking

the flowers in the regular way and accomplishing cross- fertilisation.
I saw B. terrestris, L. $ (with a proboscis 7 to 9 mm. long), fly on to
the upper surface of a flower, and lick over the base of the sepals,
and on finding nothing there, creep to the lower surface, and thrust its

head into the spur.
and again licked

Then

it

again crawled on to the upper surface,

fruitlessly the base of the sepals;

biting a hole in the spur at the curved part,

it

and

finally,

introduced

its

Without further consideration
secure
the
to
honey
of
the other petals and of other
it proceeded
same
manner.
The
numerous
the
other individuals of
flowers in
which
I
before
L.
and
afterwards
observed thus
terrestris,
B.
9
perforating the spur, had probably first learned by trial how the
honey might be won.
I have often seen B. terrestris bite through the spurs of still
unopened flowers, and so forestall all legitimate visitors. The

proboscis and plundered the honey.

>

hive-bee also, as Sprengel noticed, bites through the spur at the
bend and steals the honey it often takes advantage of the holes
made by B. terrestris.
I have seen smaller bees, Ralictus Smeathmanelhis, K. $ and
H. leucozonius, Schr. ? collecting pollen on these flowers, which they
would naturally fertilise by doing so.
On a double garden-variety of the Columbine, in which several spurs are placed one within another, I noticed a hive-bee
thrusting its head in the regular manner into the inner spur and
I could see, through the transparent flower, the tongue stretched
:

,

,

;

its fullest extent without reaching the honey.
In default of insect-visits, self-fertilisation nuist easily take
place, owing to the position of the parts of the flower.
Aquilegia atrata, Koch, is also proterandrous, and visited by
humble-bees (609, p. 137).

out to

—
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14. Dp:lphiniUx\i

marked

elatum,

L.

—This

83

common garden

plant

is

by the unusual function of the two wliorls of the
perianth from most other plants, and in part even from other
off

species of larkspur

while it agrees with the latter in the early
development of the stamens and in the peculiar movements of
the stamens and stigmas.
;

Delphinium elalum, L.

Fio. 28.

- Young flower after removal of the calyx, seen from before.
2.— The petals in their natural position, seen obliquely from before and
3. — Young flower after removal of the right half of the calyx.
1.

.

below.

4.— Older flower after removal of the calyx, seen from before.
5.— The same flower as 3, after th« right half of the corolla also has been removed.
a a, the two upper petals, which are prolonged backwards into two spurs, which

secrete and

a*, th.-ir bases ; b b,
contiiin honey, and which in front form an entrance for the bee's proboscis
tl.e two inferior petals, whose closely approximated surfaces bound the entrance for the bee's
proboscis below— on their upper surfaces, each has a tuft of yellow hairs to serve as a path-finder,
while their peduncles (b', 2 stand so far apart that in the first stage the anthers, in the second the
stigmas, appear between them (at b*, 2) in the path of the insecfs proboscis ; c, anthers whichhave
dehisced, placed in the way of the insects proboscis d, anthers which have not yet dehisced, bent
downwards, covering the female organs e, base of the stamens and carpels, which have been
;

;

;

removed /, withered stamens beat downwards g, ovaries h, stigmas which have placed themselves
in the same spot that the dehiscent anthers occupied in the first stage; i. left half of the upper
I, left inferioi
sepal, prolonged backwards into a long sheath for the spur (i')
Ic, left lateral sepal
;

;

;

;

sepal.
3 and 5, natural size

;

1, 2,

and

4,

;

enlarged.

The five large, blue, expanded sepals make the flowers visible
from far off to humble-bees, and serve the purpose of a corolla.
The hollow spur of the uppermost sepal neither secretes nor
contains honey.
Its peculiar rough and crumpled wall serves
rather as a cover for the organs which secrete and conceal the
honey, which without it would be exposed to the rain and also
;

G 2
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humble-bees to suck the honey by the way that alone

leads to fertilisation.

The two upper petals serve a very

different purpose.

hollow pointed end of the spur (a^

which

3, 5),

is

In each the

directed back-

wards and is inclosed in the hollow sepaline spur, secretes honey
and becomes so full of it that part rises into the wide, half-conical ^
When
part of the spur which is open on the inner side {a', 5).
both petals lie close to one another, they form together a hollow
cone, which splits at the end into two points filled with honey,
and guides the insect's proboscis, if long enough, safely to the
honey, while by its length it prohibits the access of insects with
The anterior portions of the same petals
shorter tongues.
produce the upper part of this hollow cone further forwards, and
serve to give the bee's proboscis a convenient entrance and more
certain path to the honey.

Since these anterior portions of the

upper petals separate easily on slight pressure from within, the
whole head of a humble-bee may be thrust in between them,
whereby the distance to the honey is shortened by 6 to 7 mm. The
length of the hollow cone from its entrance to the anterior end of
the honey-bearing prolongation is about 20 mm., and to the apex of
the latter 26 to 28 mm. so that, when the whole bee's head is
thrust into the aperture, a proboscis 13 to 14 mm. long is needed
to reach the honey, and one 19 to 22 mm. long to suck it all up.
Hence, of all our native bees, AntliopJiora pilipcs, F., and Bomhiis
;

can alone exhaust the honey.

Jiortortc7n, L.,

The two lower

petals are of service in several ways.

anterior surfaces point

the entrance to the honey, that
finders

;

Their

by bundles of upright yellow hairs towards

and as they stand

is

to say, they serve as path-

close together

and bound

below, they leave the bee no choice but to thrust

its

this entrance

proboscis into

viz., the interval between the two pairs of
Those parts of them immediately behind the entrance to
the tube stand, on the other hand, so widely apart (b*, 2) that they
leave free space for the stamens and for the carpels (after the
stamens have withered and bent back) to erect themselves in that
part of the hollow cone lying close behind the entrance, where they
inevitably come in contact with the under surface of tlie body and
head of the bee.
With sufficient insect visits, which this handsome plant never fails
to receive, cross-fertilisation is completely insured by the proterandrous dichogamy, and by the movements of stamens and carpels

the only proper place,
petals.

'

i,r.

foniiinif tlie longitudinal luilf soction of

i\

i-onc
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so completely in relation to the

The stamens
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movements

of the bee's

in the unripe condition are bent down,

when

they dehisce they stand upright in the path of the bee's head,
and when they are withered they sink completely down.
The
carpels erect themselves after the withering of the last of the stamens,

and their stigmas then stand in the way of the bee's head.

Of

cannot take place in absence of insects.

fertilisation

Self-

the two

native bees whose proboscides are of sufficient length to suck the

honey of

this flower thoroughly,

Anthophora

period of flight and has disappeared

hoHorum

pilipes has finished its

when D. elatum

flowers.

B.

therefore remains as the only indigenous bee fitted for

sucking up the honey of Uelphinium, and
great abundance on the flower.

Many

it

is

in fact found in

of our other species of bees

are well fitted for sucking a portion of the honey, but I have never

seen any of them, or any other species of insect, sucking on D. elatum.
At Strassburg, i>. elatum is whiX^di dX^o hy AntJwplwra persouata,
111.

? (590,

I.).

Dclphiuium Staphysagria, L., described and figured by Hildebrand (356, p. 473) agrees in most points of its floral arrangement
with D. elatum^ and is. likewise fertilised by humble-bees.
15.

Delphinium Consolida,

flower from D. elatum chiefly

L., differs in the arrangement of its
by the coalescence of the four petals

into a single piece, which leads to the following modifications. The
two upper petals unite by means of their backward directed processes
into a single spur, the pointed end of which secretes and contains
the honey their expanded portions, which are turned forward, also
coalesce lengthwise with one another, and therefore cannot be thrust
apart on the entrance of the bee's head
but in conjunction
with the lower petals they form a sheath which is well adapted to
receive the bee's head, and is only open below\
Here in the first
stage of flowering it presents the anthers, and in the second the
stigmas, for contact wdth the under surface of the bee's head. The
lower petals, which thus form the side w^alls of the sheath or tube,
unite with the uppei- ones, but not with one another, and yield
laterally when the bee's head is thrust in.
Path-finders and
a lower boundary of the entrance to the spur are wanting
;

;

here.

Since the cycle of development and movement of stamens and
anthers agrees with that in D. elatum, cross-fertilisation is in like

manner insured on the occurrence
if

they

fail

of insect-visits

to occur, self-fertilisation is impossible.

;

and

similarly,

;
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In July, 1868, I assured myself of the actual certainty of crossby direct observation.
I saw, in Thuringia, upon a
field covered with wild larkspur in flower, numerous examples of
Bomhns hortorum, L. $ and ? sucking at the flowers of this species
with such diligence that certainly no flower in its second period
can have escaped being fertilised.
Since the length of the spur is about 15 mm. from its insertion, to
which must be added the wide entrance, 7 mm. long, a proboscis
fully 15 mm. long is needed to suck the honey in the normal way.
Besides Bovibus hortorum, L. (17 to 21), B. agrorum, F. (10 to
15), B. fragrans, K. (15) and B. senilis, Sm. (14 to 15), some
species of Anthophora, viz., A. cestivalis Pz. (15), A. retusa, L. (16
to 17), and A. 2nli2Jcs, F, (19 to 21), are all fitted for sucking the
honey; but all must do so with greater loss of time, through
having to force the head deep into the entrance to the spur,
except A. pilipes, whose season is over when Delphinium comes
into flower.
Bomhus hortorum seems thus to be the only species
which is well adapted for the flower
but the diligence of
this one species compensates the plant for the exclusion of
all other insects.
I have noticed Satyrus and species of Hespcria
sucking at the flowers, and sinking their thin proboscides into
the spur, but apparently they did not touch the anthers or

fertilisation

,

;

stigmas.

Dr. Ogle gives in the Popular Science Review (631) a description
of a species of larkspur which differs from those here described in

that the honey secreted by the upper petals

spur of the

which species of Delphinium

is

contained in the

I unfortunately cannot determine

posterior sepal.
is

referred to as " the blue larkspur

of our gardens."

Delphinium Ajacis,
points with D.

L., described

Consolida,

and

is

by Sprengel, agrees in most

likewise fertilised by humble-

bees.
10. ACONITUM Napellus, L.— This plant is distributed throughout the Alps, especially about the Sennerei. It has distinctly j^roterandrous flowers, which are visited by humble-bees, as Sprengel long

ago observed. The two posterior sepals cohere to form a helmetshaped structure, which shelters the anthers and nectaries the
;

two lateral sepals give foothold to the mid and hindlegs of
humble-bees all four play, in addition, the part of petals, making
the flower conspicuous by their blue colour.
Of the four petals,
the two anterior help to close in the essential organs laterally
;
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the two posterior are transformed into long-stalked nectaries, only

and,

The well-marked prohumble-bees visit the flower,

conveniently to humble-bees.

accessible

terandry insures cross-fertilisation
as a

if

prevents self-fertilisation in

rule,

absence of insects

(609).

17.

AcoNiTUM Lycoctonum,
most

L.

—The

structure of the flower

A. Na2')ellus, but the
helmet and the nectaries are so exceedingly long that only an insect
whose proboscis is very exceptionally long can reach the honey.
In point of fact, in the plains (in a wood at Thule, near Paderborn)
is

I

for the

have found

(proboscis, 21

part similar to

visited

it

that

by Bomhus hortcnmm,

exclusively

mm. ), whose

proboscis

of

is

the longest

L.

?

among lowland

Fio. 29.—Acovitiivi Napelhis, L.

A.— Flower

in first (male) stage.

The

antliers

have become erect, have

deliisced,

and are coated

with white pollen.

B.— The same flower in side view,
C.— Ditto, in longitudinal section.

a,

a hole bitten by

Bomhus

mastrucatus.

D.— Essential organs in the first (male) stage, a', anther bent bcckwards and not yet dchifced ;
becoming erect a^, ditto, eTec\, dehisced, and covered with pollen
a\ ditto, empty,
and bending backwards a?, ditto, empty, and bent quite backv/ards,
0-. ditto,

;

;

;

E.— Essential

A—

organs in the second (female) stage.
C, nat. size; D, E, x 2.

humble-bees, and on the Alps exclusively by B. opulentus, Gerst.
(22 mm.), whose proboscis is the longest among Alpine species.
B. ojmle^itus has not as yet been observed upon any other flower,
either

by

Prof. Gerstacker,

myself (609).

who

discovered and described

it,

or by

:
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Acunitum septentrionale, KoelL, has likewise proterandrous flowers,
figured by Axell (17).
Pceonia Moutan, Sims., according to Delpino, is regularly fertilised

by

Cetoniae,

which

lick the fleshy disk

around the

carpels.^

KEVIEW OF THE RANUNCULACE^.
While the Umbelliferse form a numerous family where

sum

a certain

of ada^ptations insuring cross-fertilisation has

been inherited
from ancestral forms and descends through all branches of the
family, in Ranunculacece, on the other hand, we have a family
whose separate divisions have developed for themselves quite
distinct advantageous modifications.
We see conspicuousness
insured in Ranuncidus by the petals by the sepals in Erantliis,
Hellehorus, Anemone, Galtha ; by both together in Aquilegia and
Delphinium ; by the stamens in Thalidrum. Honey is wanting
in Clematis, Thalictrum, and A^iemone : it is secreted by the sepals
in certain Pceonies ; by the petals in Banuncuhts, Eranthis, Hellehorus, Nigella, Aquilegia, Delphinium, Aconitum ; by the filaments in
Atragene ; by the anthers in Pulsatilla ; by the carpels in Caltha
it is sometimes easily accessible, at other times more or less
;

deeply hidden. Such a variety of different adaptations is explained
by supposing many different ways of attaining perfection to have
been available for the plants when their flowers had not yet been

modified so far as to insure cross-fertilisation.

An

easily accessible situation of the

flowers carried with
at the

honey in simple, regular

the advantage of abundant insect-visits

it

same time the objection that the

visitors crept

;

but

about the

flowers in various ways, often accomplishing only self-fertilisation,
often leaving the flower

still

unfertilised.

Honey more

deeply

brought the disadvantage that a great multitude of
insects were shut out
but this advantage, that the bees with long
proboscides had to move in a particular way to reach the honey,
and so stamens and pistils could in a simple manner be arranged
so as to render cross-fertilisation inevitable.
We find self-fertilisation possible
in all regular Ranunculaceous flowers Avith
easily accessible honey
but prohibited by well-marked proterandry in all those with deeply situated honey, whether regular, as
placed,

;

;

^

Lists of visitors to the following additional species are given in

my

Weitcre

pt. i. Clematis Vitalba, f j. , Thalictruin minus, L. , Hepatica triloba,
Gil., Pulsatilla vulgaris, Mill., Anemone silvestns, L., A. ranunculoides, L., Adonis

Beohachtungen,
vcrnalis, L.,

:

Myosurus minimus,

L., Actcea spicata, L.
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Delphinium and Aconitum ; and

so

we

conclude that in the Ranunculaceae the certainty of crosshas been more effectually attained by flowers being

fertilisation

specially adapted for a

few species of bees, than by attracting a
We must however beware

great multitude of different guests.

of taking this as a general conclusion; for in Umbelliferae the

still

by the massing together
cross-fertilisation,
through proterandrous
insures
flowers,
of many
permit
loss
far
as
to
even
so
of the power of selfdichogamy,

more open

situation of the honey, aided

fertilisation.

Only those Ranunculaceae seem to me to be adorned with
colours which are cross-fertilised by bees, e.g. Hepatica
triloba,
which is fertilised by pollen -collecting bees, or the
species of Aqiiilegia, Aconitum, and Deljjhiniuvi, which seem
adapted for humble-bees by the whole structure of their flowers.
The easy transition in Hepaticas from blue to pink, and even to
white, may be most easily explained as a case of reversion {vide

blue

also 609).

Ord.

CALYCANTHACEjE.

Chimonanthus fragrans, Lind., has, according to Hildebrand, proIn the first stage, the still immature stamens
are bent away from the stigmas, which receive pollen from other
flowers
in the second stage, the ripe stamens arch over the stigmas and prevent access to them (356, p. 491). Delpino saw the
flowers visited by an Osmia at Florence (177, p. 59).
Calycanthus Jloridns, L., according to Delpino, is markedly proterogynous with short-lived stigmas
it is devoid of honey, and
is probably fertilised by Cetonice (177, p. 58).
terogynous flowers.

;

;

Ord.

MAGNOLIACE^.

Illicium rcligiostcm has in the middle of the flower, according
to

Delpino,

little

papillae,

very rich in

honey and resembling

stigmatic papillae, which probably serve as bait for a Cetonia (567).
Magnolia Yulan, Desf., is proterogynous. According to Delpino,

bees

fly

into the upright flowers,

able to creep

up the smooth

and in the

first

period are neither

petals, nor to rise in flight

from the

short pistil which stands erect in the centre of the flower.

They

remain prisoners until in the second period the petals spread out,
and the bees then fly away, dusted with pollen, to another flower
(178, 360, p. 593).

90
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stictica)

resort to the

—Rose-beetles

[part hi.

(Cetonia aurata and

scarce opened flowers.

They

find shelter

beneath the three inner petals, which form a vault over the stigmas,
warmth which is so considerable that it is sensible to the touch,
and honey lying on and between the stigmas. They remain in this

and then, laden
In the first period only
stigmas, and in the second only anthers, are mature, so self-fertilisation is impossible, and the beetles, flying from flower to flower,

pleasant refuge, until the sepals or petals

with pollen, they

fly

away

fall off,

to other flowers.

accomplish cross-fertilisation regularly (178, 360,
Ord.

p. 594).

anonAC E^.

Asimina

triloba, Dunab., is proterogynous with short-lived
In the middle of the bell-shaped, pendulous flower
rises a hemispherical mass of stamens, from the midst of which
The three inner petals, which secrete
some stigmas protrude.
honey at their base, lie in the first period close upon the stamens
they compel the flies which visit the flower to touch the already
mature stigmas on their way to the honey. Cross-fertilisation is
effected if the flies come bringing pollen from an older flower.
Delpino counted seven species of Diptera visiting the plant

stigmas.

;

(178, p.

231; 360,

p. 672).

Ord.
18.

BERBERIDEjE.

Berberis vulgaris, L.

flowers as hanging

down

—Sprengel describes and

vertically.

figures the

This, however, is seldom the

most are horizontal or inclined obliquely downwards. They
by their position from the weather, but the
three inner sepals and the six petals, which as well as the sepals
case

;

are not fully protected

are curled inwards at their points, protect the stamens together

The three inner
with the honey-glands and honey from rain.
sepals make the flower conspicuous by their yellow colour, and
the petals completely embrace the stamens so long as the latter
The honey-glands are two thick, oval, fleshy,
are undisturbed.
orange bodies, lying quite close together on the inner side and
near the base of each petal. The filaments are so much expanded
as to touch each other at the base before being irritated they are
bent so far back that each is in contact with the part of a petal
;

below the honey-glands, and also with the adjacent halves of the
There is thus no room for the honey to
two honey-glands.
accumulate between petals and stamens, but it must flow into

TART
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the angles between stamens and ovary, which are always found to

be quite

Every

of honey.

full

proboscis into one of these angles

insect- visitor

must thrust

and in doing

so

;

it

its

causes the

two stamens which the base of its proboscis touches to spring
inwards towards the pistil, and to dust with pollen one side of its
head, which is thus shut in between two anthers and the stigma.

The stigma

is represented by the papillose and viscid edge of a
which surmounts the ovary and occupies the middle of the
flower one side of the insect's head, opposite to that touched by
the stamen, comes in contact with the stigma.
The insect usually
flies away at once after the first drop of honey on being struck by
the stamen, and as it thrusts its head or proboscis into the flower
in many different ways as the different positions of the flower

disc

;

Fir,.

—Flower seen from .ibove.

30.— Berberig

vulgaris, L.

the three inner, larper sepals, whieh by their size and colour play
the part of a corolla 6, outer, b\ inner petals, c, nectaries d, filaments ; e, stigma,
2.— Position of the stamen after springing inwards.
S.~ Petal with its two tliick fleshy, orange nectaries.
4 7.— Stamens in various stape.s of dehiscence, erection, and rotation of the anther-valves. 4,
.stamen with the anther-valves still closed 5, the valve of the right anther-lobe has opened, and is
beginning to move upwards, with the pollen attached to it; (5, both valves have nearly completed
their movement of rotation, the pollen masses are directed towards the right and left 7, both valves
have tui-ned in such a way that the pollen-masses face the centre of the flower, and touch one
another with their adjacent edges 7b, ditto, inner a.spect.
1.

o,

;

;

;

—

;

;

;

require,

the

now under now

left, its

must

over the stigma,

head must soon be dusted

fertilise

accomplish self-fertilisation
proboscis

now

to the right,

now

to

round with pollen, and it
every succeeding flower that it visits. It can only

first to

if

in the

all

same flower

the right and then to the

left,

or

it

plunges

first

its

over and

then under the stigma. In the case of the hive-bee I have
distinctly observed that it seldom proceeds in this manner.
It
never makes a circuit of the flower, for it flies away and seeks

—

;
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another as soon as
touched, and

same

it

struck by the stamens whose bases

it is

plants

it

usually causes the greater

the

has

it

rarely thrusts its proboscis a second time into the

When

flower.

[part hi.

upon the

forelegs

its

number

flower,

of the stamens to close in

it

upon

pistil.

I

have often seen humble-bees, on the other hand, thrust their

proboscides again and again into the same flower.
It is clear

from the above that Sprengel

in error

is

when he

explains the flower of the barberry as adapted for self-fertilisation

proved most unequivocally by a closer examination of
of the anthers upon irritation.

and

this is

the

movement

Before the flower opens the anthers stand on a level with the
they are closely applied to the stigma in the bud, but in

stigma

;

the opening flower they are bent as far backwards as the sur-

As soon

as the petals begin to diverge,

the anthers dehisce, the lid flying

up and remaining attached only

rounding petals allow.
to the

The

extreme end of the connective, which

anther-lid carries with

it

almost

here at

is

its

broadest.

the pollen, and after rising

all

to its full height it turns that side which bears the pollen inwards
towards the middle of the flower. If the stamens are now touched
at their bases and made to move inwards, the masses of pollen do
not come on a level with the stigma, but stand above it so that
even those parts of the masses of pollen which do not touch the
;

insect,

excluding some

little

contact with the stigma

:

drawn back and rubbed against the masses

in being

come

scattered particles, do not

in

the insect's head or proboscis, however,
of pollen

come

gets dusted with pollen just in those parts which will

in

contact with the stigma in other flowers.
If insect-visits altogether fail, then, as the flowers wither, the
masses of pollen come of themselves into contact with the stigma
through the bending inwards of the anthers. I have observed this
in

Visitors

H. pendulua, L,

E.

nemorum,

floral is,

R. D.

domestica, L.

Apis

$

L.
;

;

(15)

Helophilns

Rhiiigia rostrata, L., ab.

M.

corvina, F.

;

(9)

(4)

;

;

floreus, L.,

{h)

Muscidiv

O. cognata, Mgii.

—

Hymenoptera

B.

very ab.

E. arbiistorum, L.

(a)

:

;

;

;

(5)

Onesia

(7)

(10)

Apufre

,

Musca
:

(12)

;

;

;

;

K.

albicans, K.

(1)

^ ab. (13) Bonibus ierrestris, L. $ (14) B. pratorum,
Andrena Tiimnierana, K. $ (16) A. helvola, L. ^ (17) A.

mellifica, L.

fulvicrus,

:

Eristalis tenax, L., ab.

0, sepulcralis, Mgn.

(11)

;

(a) Syrphidce

(3)

;

(6)

;

(8)

room, but I cannot say what results follow

such a late period.

A. Diptera

:

(2)

L.

my

specimens kept in

self-fertilisation at

9

(^
;

,

ab.

;

(18) A.

fulva, Schrk.

(20) A. Smithella, K.

9

;

9> moderately

ab.

;

(19)

(21) Halictua rubieundus, Chr.

A.

?

—
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Vespidoi

{h)

tera— («)

Vespa

(22)

:

Dermestidce

:

liolsatica, F.

Coccinella 14punctata, L.

Andrena fulva were

(23) V. rufa, L.

;

L.

;

All were sucking honey

;

pellio,

^

.

C. Coleop-

Coccimllidce

{h)

:

(25)

Bonibus pratorum and
See also 590, i., and 609.

also collecting pollen.

NYMPHjEACE^.

Ord.
19.

^

Atta<,'enus

(24)

93

NuPHAR LUTEUM,

Smith.

—The

Sprengel clearly

sepals, as

showed, have, by their iucreased size and the yellow colour of their
upper surface, taken on the function of a corolla the under side
:

Sprengel found only small beetles of
the genus Meligethes in the flowers I have seen besides Mcligethcs
of the petals secretes honey.

:

and other small beetles creeping about the flowers and
they effected self- fertilisation and
flying from one to another
cross-fertilisation indifferently.
I was only able to catch Onesia
Jioralis, R.D. {Muscidcc), and Donacia dentata, Hoppe {Chrysomelidcc)
both were richly dusted with pollen.
Nymphcca alha, L., and Victoria regia, Lind., are, in Delpino's
opinion, fertilised by Cetonicc and Glaphyridce.
See also No. 775.
various

flies

;

;

PAPAVERACEyE.

Ord.

—

20. Papaver Rhceas, L.
The numerous anthers stand close
round the stigma, and dehisce before the opening of the flower.
They cover themselves with pollen, part of which reaches the
lower part of the stigmatic lobes, while the higher central parts
of the stigmatic lobes protrude free from pollen.
Its flowers
contain no honey, and are therefore visited solely by pollen-seeking
insects, which find the broad stigmatic surface the most convenient
place on which to alight.
They necessarily accomplish crossfertilisation if they have come from another flower, and this
cross-fertilisation probably prevails in its action over the selffertilisation which has already taken place.

Hymenoptera— Jj9/WfB ;

Visitors: A.
ah.

(2)

;

K. ?

cus,

fulvicrus,

H.
;

(5)

K. 9

— Syrphidoi

ah

$

,

;

(3)

H. maculatus, Sm. $
;

all

(1)

Halictus sexnotatiis, K. 9,very

H. longulus, Smith, ?

(4) H. cylindriK. ? , ah. (7) A.
collecting pollen, and dusted thickly with it.
B. Diptera

flavipes, F.

;

(6)

Andrena

;

dorsata,

;

Cheilosia, f.p.
C. Coleoptera
Nitidulidce : (9) Meligethes,
D. Orthoptera (10) Forficula auricularia, L., hoth larvse and
perfect insects hiding in the hase of the flower.
See also No. 590, i.

very

ah.,

:

(8)

f.p.

—

Whether, in default of

insect-visits,

the self-fertilisation which

inevitably takes place leads to development has

by experiment.

Probably

it

does

so,

still

to

be decided

as Hildebrand has found that
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Argemone
all

ocJiroleuca,

bear seed when

Glaucmm

fertilised

Papaver Argemone, L.

and Fapaver argemonoides

luteitm,

with their

—The

[part in.

own

flower

pollen (358).
exactly the

same

has

structure as P. Phceas, the only difference being that a smaller
is exposed to self -fertilisation.
In Papaver duhmni, L., the stigma stands some millimeters
above the level of the anthers, so that self-fertilisation can only
take place in a down-turned position of the flower. Perhaps the
fact that this species is much rarer than the others (in Westphalia,

part of the stigmatic lobes

is due to the impossibility of self-fertilisation.
Papaver alpinum, L., is homogamous, and (when cultivated)
The flowers are devoid of honey, and
is sterile to its own poUen.
are visited by pollen-feeding Diptera (609).
Papaver hyhridum, L., has cleistogamic flowers, at least when
under cultivation (369).

at least)

Chelidonium majus,

21.

L.

— In

sunny weather the anthers

dehisce laterally as the flower opens, and the stigma
at the

developed

is

same time. Since the stigma somewhat overtops the anthers,

insects alighting in the middle of the flower touch the stigma first

and accomplish cross-fertilisation, while those which alight on a
and crawl inwards may accomplish either cross- or selffertilisation.
In dull weather the flowers remain closed longer,
and the stamens dehisce within the as yet unopened flower, causing
petal

self-fertilisation.

The

flowers contain no honey, and are visited

by pollen-seeking

and

fertilised only

insects.

Visitors
A. Hymenoptera— ^|)ir/fe ; (1) Bombus pratorum, L. ^
(2) B.
(^H three alighted on the centre of
agrorum, F. ^ (3) B. Rajellus, III. 9
the flower and swept pollen in great haste with the tarsal brushes of the fore
and midlegs out of the anthers into the baskets on their ^hindlegs, and hardly
spent two to three seconds on the flower before passing to another they effect
cross-fertilisation regularly)
(5) H. zonulus,
(4) Halictus cylindricus, F. $
(these
Sm, 9 (6) H. sexnotatus, K. $
(7) H. sexstrigatus, Schenck, ?
small bees alight on the anthers and spend a much longer time on each flower,
They only come in contact with the stigmas
passing round upon the anthers.
:

;

—

;

;

;

;

;

accidentally,

B. Diptera
(10)

—

;

and may

— («)

Syritta

L., all feeding

effect self-fertilisation

Syrphidce

pipiens,

L.

;

:

(8)

Syrphus

and

cross-fertilisation inditterently).

balteatus, Deg.

(11) Ascia podagrica, F.

;

;

(12)

(9)

S.

ribesii, L.

Rhingia

;

rostrata,

on the pollen, and moving round the flower in the same way as
See also No. 590, i.
{h) EmpidiB : (13) Empislivida, L.

the species of Halictus

Eschscholtzia

;

Californica, Chmss., furnishes an illustration of

varying capacity for

self-fertilisation.

My brother Fritz Muller found

THE MECHANISMS OF FLOWERS.

PART in.]

95

and Darwin found it fruitful
Plants which Fritz
from England byseed
sent
in
South
Brazil
from
raised
Miiller
their own pollen,
with
fertilised
yielded
some
seeds
when
Darwin
but far fewer than in England. Hildebrand found this species not

this species unfruitful in

in England,

when

South

fertilised

Brazil,

with

its

absolutely barren, but very nearly

own pollen.

so,

when

fertilised

with

its

own

pollen (358).

FUMARIAGEuK

Ord.

—

L.
In the bud, the two inner petals
two pockets developed upon their inner
surface, and these pockets close up before the development of the
stigma. On pressure from above, their edges separate and dust the
The stigmatic papillae do not
object pressing them with pollen.
attain their full development until some time after the opening
of the flower, and after the pistil has grown up above the level

Hypecomn procumbens,

receive all the pollen in

of the pollen-sacs, so that in each flower insects
tirst

with the stigma and then with the pollen.

come

in contact

Cross-fertilisation

insured (in case of insect- visits) first by proterandry, and secondly
by the projecting situation of the stigma (358).
Hypecoum grandAjiortcm. Hildebrand found that the flowers
of this species were very nearly though not absolutely barren

is

—

when

fertilised

flower of the

22.

with their

same plant

own

pollen or with pollen from another

(358).

DiCLYTRA SPECTABiLis, D.'C— The heart-shaped pendulous

honey in the two pouches at the base of the outer
Each of these two petals incloses three
stamens which follow the contour of its wall and then together
form a channel leading from the middle of the flower to the honey.
The exserted ends of the six stamens project straight downwards,
lying close together around the pistil, and being themselves surrounded by the hood-like ends of the, two inner petals, which

flowers contain

semi-cordate

petals.

cohere at the points.

Between the hood-shaped end of the inner petal and the curled
end of the outer one, there remains on the right and left a canal
leading to the honey.

hanging from the flower thrusts its
two canals, the lower surface of its
abdomen presses both the hood and the flexible stamens towards
the opposite side and the stigma, which is at the end of a stiff
style and therefore escapes being pushed aside, is rubbed by the
If a bee

proboscis into one of the

;
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hairs

on the lower surface of the bee's body.

away the hood returns

to its former position

When

[part hi.

the bee

and again

flies

incloses the

stamens and pistil. At each visit this action is performed twice,
once on the right and once on the left, since there are two honeysacs and two canals leading to them.
Thus in young flowers the
pollen adhering to the stigma is brushed off on to the hairy body
of the bee, and in older flowers, which have been already robbed
of their own pollen, pollen from other flowers is brought and
applied to the stigma.
Hildebrand saw humble-bees acting in the
manner described. Since the proboscides of our humble-bees vary
from 7 to 21 mm., and the canals leading to the honey in Didytra
are 18 to 20

mm.

long, the action of the different visitors deserves

closer examination.

have only seen Bomhus hortorum,L. 9 (20 to 21),?iiiidAntho2)hora
both in fair abundance, sucking this flower in
the normal way they sucked each flower twice, once on each side.
Bomhus terrestris, L. 9 whose proboscis is only 7 to 9 mm. long,
climbs on to the upper part of the flower and bites a hole into
one of the honey-sacs it tries to introduce its proboscis through
I

pilipes, F. 9 (19 to 20),
:

,

;

the hole

it

has made, and

several times,

and at

both the pouches.^

if it

does not at once succeed,

1 hsive seen

Bombus pratormn,

it

bites

honey out of

last succeeds in stealing the
1j.

$ (11 to 12),

Osmia mfa,
L. ? (9), Megachile centuncularis, L. 6 (6 to 7), and Ajns mellifica,
L. $ (6), often make use of the holes which humble-bees have
bitten, and which few flowers are free from.

and B.

Bajelkcs,

The

me

111.

(12 to 13), act in the same way.

action of the hive-bee "on flowers of Diclytra convinced

of the advantage that flowers derive from having convenient

landing-places for insects.

made by Bomhus

If the bee tried to steal

honey by means

found no such resting-place,
but catching hold of the edge with some of its legs, it groped about
with the others on the smooth surface, and so stood insecure and
of holes

wasted

much

terrestris, it

time.

—

The flower has been thoroughly described
and figured by Hildebrand (358). It resembles D. spectahilis, but
the space for the lateral bending of the hood is smaller and the
passage to the honey shorter.
In Diclytra ciccullaria, D.C, the outer petals are provided with
long spurs and the honey is secreted by two long processes of the
middle stamens lodged in these spurs (358).
Diclytra exiinia, D.C.

*

In North America, Diclytra Canadensis

8hort-lipi)ed bee Bombits Virginicus, Oliv. (736).

is

bitten in

tlic

same way by the

ART
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CoRYDALis CAVA, Schweigg. and Kort.

23.

The

97
flower

is

figured and described by Hildebrand (351, 358).
In contrast to the pendulous flowers of Diclyira and Adlumia,
which are symmetrical about two planes perpendicular to one
another, and permit a double motion of the hood, to right and left,
we have in Corydalis cava horizontal flowers symmetrical about
one perpendicular plane, and whose hood can only be thrust by
The two outer petals,
insects in one direction, viz. downwards.

which are here superior and

inferior,

have ceased to be symmetrical,

the upper one being produced into a long spur, curved downwards

and reaching some 12 mm. backwards over the flowerIn this spur is lodged a common prolongation of the upper
stamens, which secretes honey and extends as far as the curved part
at the end,

stalk.

of the spur.

The two inner petals stand at the sides, and are fused with the
upper petal at their bases they are symmetrical, and unite at the
apex to form a hood. -A bee, to reach the honey stored at the end
of the spur, must stand on the lower petal or on the hood, and
thrust its proboscis between the hood and the upper petal
in
doing this, it presses down the hood, and rubs the under surface
of its head on the stigma, which, being placed on a stiff pistil, does
not bend downwards, and has been covered with pollen before the
opening of the flower. The hood, on withdrawal of the pressure,
springs back into its former place, and covers the pistil and stamens
;

;

as before.

young

heads
from
previously visited flowers.
As the bees habitually go from below
upwards on each plant, they bring pollen to the lower and older
flowers of one plant from the upper and younger flowers of
another, and thus regularly induce crossing of separate stocks.
This is very noteworthy, since Hildebrand has shown by many
experiments that the flowers of G. cava are absolutely barren to
their own pollen, very slightly fertile to pollen from another flower
of the same plant, and only thoroughly fertile when impregnated
with pollen from a different plant.
Since the spur of C. cava is 12 mm. long, and is at the very
most filled with honey to the extent of 4 or 5 mm., it is quite
impossible for the hive-bee with its proboscis of 6 mm. to reach
the honey in the legitimate way.
Bomhus terrestris, L. 9 might
succeed better with its proboscis of 7 to 9 mm., occasionally even
10 mm. but even this species soon gives up thrusting its proboscis
So, in

with pollen

;

flowers, bees dust the lower part of their

in older ones they supply the stigma with pollen

,

;

H

,
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between the hood and the upper
a hole in the spur

and through

at, or

a

little

It

petal.

in front

[part hi.

more usually

of, its

bites

place of bending,

this hole thrusts its proboscis to the extremity of the

have been bitten
through in this way by B. terrestris, ?, and through the holes I
saw not only the hive-bee, but also Andrena albicans, K. ?
A. nitida, Fourc. ^ SijJiecodes gibbus, L., and Nomada Fabriciana,
The only bee which I have seen sucking
L. ? obtain the honey.
the honey of C.cava legitimately is Anthophora pilipes, F. 9 and c^,
with its proboscis of 19 to 21 mm. But this species visited the
I found the great majority of flowers to

spur.

,

,

flowers of Corydalis in such

numbers and

should suffice for the fertilisation of
other

insects

legitimately

all.

sucking the

Bombylius major, L. (10) and B.

discolor,

so diligently that it

have only seen two
honey of C. cava, viz.
I

Mgn.

(11 to 12), which,

hovering over the flowers, thrust in their long proboscides, without

The hive-bee must

also be
have often seen it
creeping in between the hood and upper lip with the fore-part of
its body in order to collect pollen, which it swept off the stigma
with the tarsal brushes of its middle legs, and placed in the pollen-

however, accomplishing
included

among the

baskets on
flowers

24.

its

fertilisation.

fertilisers of C.

hindlegs.

and makes

its

way

An

cava.

I

ant, Lasirts niger,

to the

honey (590,

L.

^

,

Corydalis solida, Sm., resembles the former

the mechanism of

enters the

1.).

species in

and has a spur sometimes as long,
sometimes very slightly shorter. In the spot where I have observed
it (Stromberg Hill), it grows together with C. cava, but in smaller
numbers, and always with red flowers {C. cava being white or red).
In this locality its honey is sucked legitimately, as in C. cava, by
Anthophora pilipes, F., Bovibyliits major, L., and B. discolor, Mgn.;
the honey is stolen by means of a hole by B. terrestris, L. ? and
Apis inellifica, L. ^, and the plant is also visited and fertilised
by the last-named for the sake of its pollen.
Corydalis nobilis, Pers, and G. cap7ioidcs, Whlnb., have, according
to Hildebrand, a similar arrangement to that of C. cava (358).
Corydalis ochroleuca, K., is marked off from C. cava by the fact
that the hood, when once bent down, does not rise again, while the
stamens and pistil fly upwards and become concealed in a hollow
of the upper petal. Hence each flower can only be visited by bees
its flowers,

,

once in such a way as to influence these organs. This single visit
dusts the under side of the bee with the pollen which has been

heaped up on the stigma, and also brings other pollen to the
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comes from another flower.
if the bee
Hildebrand's
experiments prove that the flowers of C. ochrolcuca are fertile both
with their own pollen and with that from another flower of the
stigma

same

plant.

25. CoRYDALis LUTEA, D.C., resembles C. ochroleuca in the
mechanism of its flower. I saw it repeatedly visited and sucked
in the legitimate way by Bomhus agrorum, F. ? whose proboscis
measures 12 to 15 mm. Other bees which I have seen visiting: the
flower are enumerated in my Weitere Beohachtungeriy pt. i. p. 54.
,

26.

FuMARiA OFFICINALIS,

L.

—The

mechanism of the flower

resembles that of Corydalis cava ; but the flowers are

much

smaller,

and instead of the long spur, a short rounded pouch is present
in which a short process from the upper stamen is lodged and
secretes honey. Hildebrand found the flowers to be fertile to their
own pollen but he doubts whether self-fertilisation often occurs
under natural conditions, and places full reliance on the agency
;

of insects.
I

most

have often watched F.

officinalis,

and have convinced myself
by insects. I have

clearly that it is very sparingly visited

only occasionally observed the hive-bee sucking at this flower,

and I have very frequently watched in vain even in calm sunny
weather for a single insect visitor.
It is obviously advantageous to a plant for its flowers to be
adapted for fertilisation not by one or a few, but by many species
of insects.
In Fumaria officinalis, whose flowers might be visited
by most kinds of bees on account of the shallow situation of the
honey, this advantage which it has over C. cava is outweighed
by several disadvantages. For C. cava blooms in early spring at a
time and in places where few flowers compete with it in attracting
insects (its chief rivals on Stromberg Hill are Primula elatior and
P'ldmonaria officinalis)
while Fumaria officinalis blooms in the
middle of summer when many flowers at tlie same time are trying
;

And further, while
with its handsome spikes of flowers is very conspicuous
in comparison with its neighbours, and displays a rich booty of
honey and pollen to its guests, the small flowers of Fumaria

to divert the attention of honey-seeking bees.
G. cava

officinalis are

promise of

very inconspicuous in comparison, and give but a poor

spoil.

Hence we

see that

many

species of bees that are on the

the honey of
by one out of the

although

Corydalis cava can only be reached legitimately

wing during

its

H

flowering
2
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period, yet

so regularly fertilised

by that one, that

it

has quite

while Fumaria

officinalis, though
might be fertihsed by very many kinds of bees that are abundant

lost
it

it is

[part hi.

the power of self-fertilisation

while

it

flowers,

;

so little visited that it is forced as a rule to

is

I have repeatedly noticed how very
seldom Fumaria officinalis is visited by insects, and have observed
that notwithstanding almost every flower has borne fruit.
I have
also found that during continued rainy weather which keeps every
bee away, F. officinalis is still fully fruitful, and I cannot therefore
doubt that it makes the fullest use of its power of self- fertilisation.
The same holds good with regard to Fumaria capreolata, L.,
and F. 'parviflora, Lam., which on the whole agree, according to
Hildebrand, with F. officinalis in their mechanism of fertilisation,
but have lost the elasticity of the hood, probably through long

reproduce by

self-fertilisation.

disuse.

In Fumaria

spicata, L.,

on the other hand, the structure of the

flower resembles, according to Hildebrand, that of Corydalis hUecc

and

C.

ochroleuca.

The column,

after once

emerging from the

hood, springs up, owing to the tension of the upper stamens, and
buries itself in a depression in the upper petal.
also fertile to its

Fumaria

own

This species

is

pollen.

var. pallidiflorct, has this remarkable
mentioned by Moggridge, that its flowers, which
are at first almost white, assume a conspicuous pink or even
carmine tint after fertilisation. A similar change of colour occurs
in Lantana, Wcigelia rosea, Rihes aureum, R. sanguineum, and
many other flowers which are fertilised by the more intelligent
insects (bees or Lepidoptera).
The insects are attracted from a
distance by the bright colours of the older flowers, and they learn
to distinguish very quickly between these and the less conspicuous
younger flowers which alone contain treasure for them while the
less intelligent insects, useless in these cases for the work of
fertilisation, betake themselves chiefly to the more showy flowers

capreolata,

peculiarity, first

;

(74, 309, 530, 575, 590,

I.).

Ord. ceugifehjf.
27.

Nasturtium silvestre, R.

Br.

— At the base of the

flower,

green fleshy gland,

between every two stamens, there
which secretes a drop of honey. The anthers of the four longer
stamens are on a level with the stigma, the other two lie somewhat
deeper; all remain turned towards the middle of the flower. In
is

visible a
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sunny weather, when the flowers open, the anthers spread apart a
Insects
little, and dehisce on the side turned towards the stigma.
which make for the honey must thrust their heads into the flower
between the stamen and stigma, and bring one side of the head in
contact with one or two anthers, and the other with the stigma.
If
they move round the flower licking up all the honey-drops, as a
rule the same side of the head remains turned to the stigma
throughout.
In subsequent flowers the opposite side of the head
may touch the stigma, and lead to cross-fertilisation. It may
happen, and perhaps does so happen frequently, that the insect
plunges its head several times into the same flower, and so leads to
self-fertilisation.
In rainy weather the flowers only partially
expand, and the anthers of the longer stamens remain in immediate
contact with the stigma, and accomplish self-fertilisation.

P
Fig. 2,\.— 'Sasiuri%um silvestre, R. Br.

Flower from above. In the centre is the stipina conceah'ng the ovary ; around it are seen four
two smaller (n') honej^-drops. a, the longer stismens; a', shorter ditto. In all the
stamens, the pollen-covered face of the antlier is visible, turned towards the stigma.

larger (?0 and

Visitors
L.,

9

,

8.

;

(2)

c.p.,

culus,

phulre

:

:

;

ab.

K. ?
(7)

,

;

(4)

Andrena Schrankella, K. $

B. Diptera

s.

— (a)

Syritta pipiens, L.,

Clirysogaster

Bombylidoi

—

A. Hymenoptera (a) Sphegidce : (1) Crabro Wesmoeli, v. d.
Tiphia minuta, v. d. L., s.
{b) ApuJcB : (3) Apis mellifica, L.

:

s.

Macquarti, Loew.,
(11)

Anthrax

Empidce :
and f.p.
s.

;

(10)

hottentotta, L.,

(6)
;

(8)

,

c.p.

;

Empis

(5)

Syrphus

Eristalis

Halictiis nitidius-

livida, L.,
sp.,

s.

s.

arbustorum,

{b) Syr-

;

and

f.p,

L.,

s.

;

;

(9)
(c)

s.

—

Nasturtium officinale, R. Br. There is a remarkable difference
between the flowers of this species and those of N. silvestre. At
the inner side of the base of each short stamen are two green
fleshy honey -glands, placed close together.
The shorter anthers
have their dehiscent sides turned towards the stigma, which stands
high above them the taller, which stand at first on a level with
the stigma, but are afterwards overtopped by it, have their
;

dehiscent sides turned towards the shorter stamens, so that the

head or proboscis of an insect passing down towards the nectary,

———

—

:
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must touch simultaneously the stigma and the pollen-covered faces
of three anthers, one short and two long.
If, in continued bad
weather, the flowers do not open

by the longer anthers,
28.
Br.).

fully, self-fertilisation is effected

as in N. silvestre (590,

i.,

609).

Armoracia amphibia, Koch. {Nasturtium amphihium, R.

— The

structure of the flower resembles that of Nasturtium

silvestre.

Visitors A. Hymenoptera
Teiithrediiikke
(1) TeiUhredo notha, Kl., very
abundant, passing from flower to flower and dipping its proboscis down to
;

:

suck,
(2)

—head and thorax richly dusted wi^h

Empis

livida, L.,

pipiens, L.,

s.

;

(5)

s.

;

(&) Syrph'idce :

(3)

B. Diptera

pollen.

Rhingia

Eristalis arbustorum, L.,

—

rostrata, L,,

s.

(a)
;

Empidce
(4)

:

Syritta

s.

Arabis alpina, L., is homogamous (609).
Arabis hellidifolia, Jacq., is proterogynous,

with

long-lived

fitigmas (609).
29.

—The arrangement of the

Arabis hirsuta, R. Br.
from that of Nasturtium

flowers

two glands
lying internal to the base of the shorter stamens secrete honey, and
that in most flowers the lonojer stamens arch over the sti^^ma, and
shed their pollen on it, if it is not removed by insect visitors.
Flowers also occur in which the anthers of the longer stamens stand
on the same level as the stigma, and shed their pollen in immediate
differs

contact with

silvestre

in that only

it.

A. Hymenoptera {a) Sphegidm ; (1) Ammophila sabulosa, L., s.
Apis mellifica, L. $,s.; (3) Halictus sexnotatus, K. $ c.p.
B. Lepidoptera Bombyces : (5) Euprepia
(4) Andrena albicrus, K. (^ s.
Jacobaeee, L., s.
C. Diptera
SyrpJddce : Syritta pipiens, L., s.
Visitors

(b)

Apidce

:

:

;

(2)

,

;

,

—

30. Cardamine pratensis, L.
This species difFers greatly from
the preceding forms in the situation of its honey, in the position of
its

anthers, in the conspicuousness of

the number of

its visitors.

Two

its flowers,

and hence

also in

large honey-glands surround the

bases of the two shorter stamens as green fleshy cushions which are

most marked at the outside and secrete their honey at that point
two smaller honey-glands occupy the position of the two aborted
smaller stamens,^

i.e.

they are placed antero-posteriorly, between the

^ Eichler's view of the floral symmetry and number of the parts in Cruciferfe is
different from that advanced here by the author, and is now more generally adopted.
lie regards the num])or two as the basis of the lloral whorls, and looks upon the four
petals and the four inner stamens as due to tlie chorisis respcictively of two antero-

posterior petals and stamens.
On this view the whorls alternate regularly with each
other, and the flower is symmetrical.
(Eichler, Bluthcndiagramme, vol. ii.)

—
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The honey

pairs of long stamens.

secreted by these four glands

accumulates in the pouched bases of the sepals.
this case serves to hold the

honey it

103

is

Since the calyx in

more persistent than

in

most

other Crucifers, and the sepals are unusually large, in relation to the
great size of the honey-glands

;

those which receive the honey from

the larger glands are broader and more swollen at the base than
the two others, so that one

may

tell

by looking at the calyx from

below where in the flowers the shorter stamens are placed. On
tearing off the sepals, a honey-gland is seen between the claws of
each pair of adjacent petals.
In the young bud all the six anthers are turned towards the
pistil, which projects above them.
Before the flower opens, the

Fig. 32.

Cardamine pratennis,

L.

1.— Flower, from above.

2.— Ditto,

in side view, after removal of the two anterior petals.
oi-gans and nectaries (n), enlarged.

3.— Essential

make a
each one towards the small

four inner stamens elongate and overtop the stigma, and

quarter of a revolution outwards,

stamen nearest to it so that now an insect, in trying to reach the
honey of one of the larger glands, must rub its head or proboscis
against the pollen-bearing surface of one of the taller anthers.
In cold, rainy weather flowers are often found in which the
revolution is incomplete, or does not take place at all, and in such
:

cases the pollen of the

stigma.

The

longer stamens

falls

of

itself

upon the

shorter stamens always remain with the side at which

they dehisce turned inwards towards the stigma, so that the pollen
is

rubbed

ofl"

by the head

or

proboscis

of any

insect

which

is

—

—
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making

[paut

iir.

likelihood of cross-fertilisation the

With reference to the
same remarks hold good as in

the case of NashLrtium

In

the smaller

for

honey-glands.

silvestre.

many

the shorter

flowers

anthers stand lower than the stigma, in others on a level with

In the two

or even higher.

last

cases

may

they

aid

in

it

self-

fertilisation.

Cardamine prate nsis surpasses

all

the other Crucifers which grow

wild near Lippstadt in the conspicuousness of

abundance of

its

flowers

its

and the

number

honey, and consequently in the

of its

insect visitors.
A. Hymenoptera Apidce : (1) Halictiis cylindricus, F. 9 c.p. ; (2) Andrena dorsata, K. $, s.; (3) A.'parvula, K. 9 c^? c.p. and s.
(4) A. Gwynana,
K. $ c.p., (once it flew straight from the Cardamine to a short-styled flower
of Primula elatior and gathered pollen there also)
(5) Nomada lateralis,
.

;

,

;

Pz,

?
L. $

,

8.

N. lineola, Pz.

(6)

;

(^

,

s.

(7)

;

Osmia

rufa, L.

(J

,

s.

;

Bombus terrestris,

(8)

—

Apis mellifica, L. ^ very ab., c.p. and s. B. Diptera (a) Bombylidce :
(10) Bombylius major, L., once, hovering over the flower and sucking,
it passed straight from the
Cardamine to Primula elatior ; (11) B.
discolor, Mgn., s.
(b) Empidce : (12) Empis opaca, F., s.
(c) Syrphidce : (13)
Rhingia rostrata, L,, f p.
(14) Helophilus penduliis, L., s. ; {d) Muscidai : (15)
Anthomyia sp., f.p. C. Lepidoptera (16) Rhodocera rhamni, L. (17) Pieris
brassicse, L.
D. Coleop(18) P. napi, L.
(19) Anthocharis cardamines, L.
,

s.;

(9)

,

—

;

;

;

—

tera

(a)

Nitidulidce.

Omalium

florale,

See also 590,

;

;

;

:

(20)

Meligethes,

Pk., very ab.

ab.,

l.h.

E. Thysanoptera

;

{h)

— (22)

Staphylinidm
Thrips,

s.

:

(21)

and

f.p.

i.

Cardamine clienopodifolia, Pers., has cleistogamic flowers whicli
burrow into the earth (296).
Cardamine impatiens, L., is visited by Andrena albicans,
K. ? (590, I.).
Barharea vulgaris, R. Br. Each of the two shorter stamens has
on either side of its base a small, green, fleshy honey-gland a somewhat larger honey-gland is placed between each pair of longer

—

;

stamens, externally to their bases, in the position of the two short

stamens that have disappeared. On each of the six glands a colourless drop of fluid may be seen in fine weather.
The anthers are
placed as if the glands between the longer stamens were absent.
The taller stamens, which overtop the stigma, make a quai'ter of a
revolution towards the neighbouring short stamens this movement
begins with the dehiscence of the anthers immediately after the flower
expands, and is just finished when the anther is completely covered
on one side with pollen. The two shorter anthers, which are on a
level with the stigma, remain turned towards it even after dehis;

cence, so

that the

position

of the

anthers

is

the

sanie

as

in

—

—
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Nasturtium
>i'dvestre

though the number of glands

officinale,

(590,

as in N.

is

i.).

—

Draba verna,

31.

(jccur in

105

L.
Four small, green, fleshy honey-glands
each flower, each being situated between the bases of a

short stamen and the long one next

it

;

so that the base of each

stamen stands between two honey-glands. Anthers and
stigma ripen together. The longer stamens reach to a level with
the stigma, and stand close around it they dehisce on those sides
which are turned towards the stigma, and always dust it with
pollen the shorter stamens also turn their poll(3n-covered surfaces
towards the stigma, but stand below it. Honey-seeking insects
must thrust their proboscides between the stigma and one of the
shorter stamens into the base of the flower, and so dust themselves
with pollen, especially from the shorter stamens, and carry it
elsewhere.
Cross-fertilisation is chiefly eff'ected with pollen from
short

:

;

the shorter stamens, while the four longer ones regularly effect

self-

Hildebrand has found by experiment that the latter
is j)roductive.
We may understand the extensive use that this
plant makes of self-fertilisation if we consider how small and
inconspicuous the flowers are, how small a supply of pollen or
lioney they can yield, and how few insects they are for these reasons
visited by.
I have only observed three species of bees on Draba
fertilisation.

verna, viz

:

Apis melliticca,
(March 28, 18G9)

(1)

9

5.

,

L.
;

^

c.p.

,

(April 10, 1868)

Halictus

(3)

sp.

?

,

s.

;

(2)

(March

Andrena parvula, K.
28, 1869).

Draba aizoides, L., is proterogynous with persistent stigmas
Draha Wahlenhergii, Hartm., is homogamous (609).
32.

CocHLEARiA OFFICINALIS,

L.

— Near Niederalma,

following insects on flowers of this plant (July 12, 1869)
A. T>i^titYdi—SyrphiclcE
L.

—

;

:

(1)

Eristalis tenax, L.

;

(4)

(2)

Melanostoma mellina, L., ab., all three hoth s. and
Cetonia aurata, L., gnawing the parts of the flower.

(3)

I

(609).

saw the

:

Helophilus floreus,
B. Coleoptera
c.p.

Kernera saxaiilis, Rich., is homogamous. The four longer
stamens bend laterally almost to a right angle, so that their anthers
come to he quite close to those of the shorter stamens (609).
Thlaspi arvcnse,

L., is

homogamous.

concerned in cross-fertilisation
self-fertilisation (590,

ii.).

;

The

shorter stamens are

the longer, in case of need, eflect
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Fringlca antiscorhutica, Hook., grows on the tempestuous shore.s
of Kerguelen's Island,

where winged insects cannot

exist,

every flight they run the risk of being drowned.

because at

Under

these

circumstances the plant has become modified for fertilisation by
the wind, acquiring exserted anthers and long filiform stigmatic
It

papillae.

still

retains traces of its descent from entomophilous

on the great part of the island it is devoid ot
abundantly in sheltered places with petals. On
the same raceme some flowers may possess only a single petal,
others two, three, or four and the petals, though usually of a
pale greenish colour, are occasionally adorned with purple (216,
ancestors

for while

;

petals, it occurs

;

Fig.

A.

B.— Ditto,

33.
flower,

ZZ.—Kernera

saxatilis, Rich.

—"Flower, viewed from above.
from the

side, after

removal of two petals (x

7).

k,

short stamens.

Teesdalia nudicaulis, R. Br.— The structure of this
whose longest petals are only two mm. long, differs

remarkably from our other native Crucifers.
During the period of flowering, the flowers are aggregated into
a flat surface, whose outermost petals are larger than the others, as

But in Teesdalia, as flowering progresses,
in the case of Umbellifers.
the axis lengthens and draws out the flat surface into a raceme,
So
so that each flower comes to stand at the edge in its turn.
it

is

not only certain flowers that stand from the beginning at

the edge, which have the corolla specially developed on the outer
side (as in many Umhelliferce and Composite), and thus become

but all the flowers
have their outer petals specially developed, and thus acquire a
zygomorphic symmetry.
Each flower has a superior (s), an inferior {s), and two lateral
sepals (s^), which help to render the flower conspicuous by white
tips and a white median ridge; but conspicuousness is chiefly
symmetrical about a single axis (zygomorphic)

;
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attained

lo:

through the white colour of the petals, of which the

flower has two superolateral ones

(^?),

and two anterolateral (p'),
In addition, there
3) to the two lateral and

twice or three times as long as the former.
are petal-like appendages

shorter stamens

(a),

The

and

(^, 4, x, 2,

others,

still

larger, to the

four longer

appendages of these four inner
stamens closely surround the ovary, which is flattened anteroposteriorly, sharp-edged on each side, bent slightly forwards, and
divided symmetrically by a partition wall.
The centre of the base of each petal has a small pouch, and
iust above this each staminal protuberance is provided with a
similar structure between the two lies a little drop of honey, and
concealed beneath this is a small, greenish, fleshy honey-gland.
Both the petals and the longer stamens can be torn away without
injuring or removing the glands which seem therefore to belong
ones

(ci,

a^).

petal-like

;

;

to the base of the flower (receptacle).

Fig.
1.
2.

34— Teesdalia

nudicaulix, K. Br.

— Flower, from above.
— Anterior half of flower.

3.— One of the longer stamens, with a nectary, seen from without.
—One of the two shorter stamens, from without.
appendages of filaments n. nectary.

4

X, y, foliar

;

Before the flower opens, the six anthers are
the

stigm:^.,

the four longer ones overtopping

standing on a level with

it.

it

all

turned towards

slightly,

the others

After the flower has expanded, aU

stamens twist through a quarter of a revolution each of the
its anther towards the adjacent shorter one ;
while each of the two shorter ones turns towards the outside
of the flower.
Now the anthers dehisce, and at the same time
the stigma becomes mature. Insects in reaching the two outer
honey-drops cannot avoid touching with their head or proboscis
the pollen-covered sides of the two neighbouring anthers; while
those that suck the inner drops only come in contact with the
six

;

longer ones turns

pollen of a single anther.

Owing

to the small size of the flower,

the insect must touch the stigma at the same time with another

—

—
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part of
this
its

proboscis or head.

its

must regularly lead

As we have seen

in other cases,

to cross-fertilisation if the insect thrusts

head only once into the

flower,

but

may

equally well produce

does so more than once.

self-fertilisation if it

[part hi.

insects self- fertilisation is always accomplished

In absence of
by means of the

longer stamens.

On

April 27 and 28, 1872, I and

my

weather

Hermann saw

son

following insects visit a luxuriant patch of

the

Teesdalia in sunny

:

A. Hymenoptera

nemorum,

Apidce

:

L., three

(1)

Sphecodes ephippia,

B. Coleoptera

successively.

inflorescences

—

specimens, apparently sucking

E. H., one specimen, do,

;

(4)

L.,

sucking on thirteen

Chrysomelidce

(a)

;

(3)

:

(2)

Haltica

Plectroscelis dentipes,

Cassida nebulosa, L., two specimens flew on to

the inflorescence without making use of the flowers

;

(b)

CurcuUonidce

:

(5)

Ceutorhynchus pumilio, Gylh., two specimens, s. (c) Elateridce : (6) Limonius
parvulus, Pz. (r/) Hydrophilidoi : (7) Cercyon anale, Pk. (these last two beetles
also settled on the flowers, but I could not see that they made use of them in any
;

;

—

(a) Syrphidce : (8) Melithreptus sp. ;
C. Diptera
both f.p.
(&) MuscidoE : (10) Sepsis putris, L., ab., s.
Muscidse and gnats, 1 to 4 mm. long.

way).
F.,

;

Biscutella
visited

by

laevigata,

L.,

is

homogamous.

I

Ascia podagrica,
Also many minute

(9)

have found

it

thirty-six species of insects, mostly Diptera (609).

—

This plant, by elongation and close approxiMesperis tristis, L.
mation of the sepals and the claws of the petals, excludes all
By the time of exinsects except Lepidoptera from its honey.
panding and emitting its perfume it has become adapted for
cross-fertilisation by crepuscular and nocturnal forms (570, vol. xii.).

34.

Hesperis

matronalis, L.

— Honey

is

secreted

by two

very large, green, fleshy glands surrounding the base of the shorter
stamens, and especially developed on their inner sides it collects
;

on each

side of the flower

the three stamens of that

The

taller

pistil

and the bases of

side.

anthers stand at the entrance of the flower, and only

project beyond
little

between the

it

when

The shorter stand a
when they dehisce their tips

they have withered.

deeper within the flower, and

closely surround the stigma,

which

is

afterwards protruded beyond

pistil.
All the anthers
the flower by the lengthening
with
pollen.
If insectstigma
dehisce inwards, and cover the

of the

take place at the proper time, cross-fertilisation is also
regularly by the honey-seeking species, for they touch
effected
visits

:

—

—

—
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stigma and stamens with opposite sides of the proboscis, and, at

by pollen-seeking forms.

least sometimes,
Visitors
f.p.

(&)

;

A. Diptera

:

Syrphidce

nemorum,

(2)

:

(a) Stratiomyidce

:

Nemotelus pantherinus, L.

(1)

Chrysogaster aenea, Mgn. (Tekl.
tenax, L., both

B.),

f.p.

;

(3) Eris-

Volucella pellucens, L.
B. Hymenoptera
(Tekl. B.)
Apidce : (7)
(6) Rhingia rostrata, s., very ab.
Halictus leucopus, K. 9 5 (8) Andrena albicans, K. 9
(9) Apis mellifica, L.

talis

L.

(4) E.

;

f.p.

;

(5)

;

5

t^

L.,

C. Lepidoptera

all

three

8.

(12) P. rapae, L.,

,

;

c.p.

s.

—(10)

Pieris brassicae, L.,

s.

(11) P. napi,

;

D. Coleoptera— (13) Anthocomus faseiatus, L.

See

also, 590, II.

35.

Alliaria

officinalis,

Andrzj.

{Sisymhrium

Alliaria,

—The

honey-glands agree in character and situation with
those of Gardamine pratensis. But while in C. pratensis the honey
is secreted towards the outside, and collects in the pouched sepals,
Scop).

in A. offimialis

exudes inwards from the glands at the base of

it

the short stamens, and forms four drops in the base of the flower.

These each lie between a short stamen and the adjacent long
one, and finally fill the lower part of the space between the
I have
stamens and pistil, to which parts they adhere firmly,
never observed secretion on the part of those glands which occupy
the position of the two aborted short stamens they seem to be
functionless ancestral structures.
The sepals, which persist as
receptacles for the honey in C. pratensis, are in A. officinalis only
useful in the bud, as a protection for the parts within, and by
contributing by their white colour to the conspicuousness of the
inflorescence
when the flower expands they cease to be of use
and easily drop off.
All the anthers dehisce inwards the inner ones surround the
stigma so closely that they always effect self-fertilisation, and
this, as I have proved, leads to the production of good seed.
Cross-fertilisation must, as in the foregoing species, be effected
very frequently by honey-seeking insects, and at times by pollenseeking species and it probably then outstrips self-fertilisation in
;

;

;

;

its action.

Visitors A. Hymenoptera
Apidce : (1) Apis mellifica, L, ^ s. B. Diptera— (a) Syrphidce : (^) Syrphus decorus, Mgn. (Tekl. B.)
(3) Rhingia
(a) Nitidulidce :
rostrata, L., s. (6) MiiscidcB : (4) Anthomyia, s. C. Coleoptera
,

:

;

—

;

(5)

Meligethes, ab.

minute
36.

species.

;

(6)

Epuraea

See also 590,

Sisymbrium

;

{h)

CurculionidcB

:

(7)

Ceutorhynchus, a

11.

officinale,

Scop.

— The

structure

flower agrees fairly with that of the foregoing species.

of

the

Each

of

—

—
no
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the two shorter stamens has on either side of its base a honeyeach of the four honey-drops secreted by these lies in the
;

gland

space bounded by one of the shorter stamens, the adjacent long
The anthers ripen along with the stigma,
one, and the pistil.

which their pollen-covered sides face the taller anthers overtop
the stigma and arch inwards, the shorter stand on a level
In default of insectwith it, and curve slightly outwards.
visits pollen regularly falls upon the stigma from the four long
;

stamens.

The

and

flowers are very small,

for that reason insect-visits are

The honey, however, seems to be particularly liked by cerOn June 27, 1868, on a waste patch where
tain insects.
officinale

scarce.

>S^.

and Capsella hcrsa-pastoris were growing abundantly with several
other plants, I noticed Fieris napi, L., and P. raipce, L., flying about
The
in great numbers, and sucking the flowers of this plant only.
point of the insect's proboscis is thrust in between the stigma and
the anthers. I also saw several specimens of Andrena dorsata,
K. ? in quest of pollen they were probably as likely or more
likely to effect self-fertilisation than cross-fertilisation.
,

:

A. Hymenoptera Apidce : (1) Andrena dorsata, K., c.p. and
rapse
Lepidoptera Rhojpalocera : (2) Tieris napi, L., s.
(.3) P.

Visitors
B.

f.p.

L.,

:

;

See also 590,

s.

11.

—

The only difference
37. Capsella bursa-pastoris, D.C.
be noted between this and the foregoing is that the long
stamens stand on a level with the stigma, and effect self-fertilisaSpecimens which I kept in a room and protected
tion regularly.
from insects were fully productive.
to

Visitors
(2)

F.,

:

Syrphus
8.

;

(5)

Diptera

—

Melithreptus

the last three

Syrphidcc

(a)

balteatus, Deg., do.

s.

and

;

scriptiis, L.

f.p.

;

(Jb)

:

;

(1)

Eristalis

nemorum,

Syritta pipiens, L,

(3)
(6)

Muscidoi

M.
:

toeniatiis,

(8)

Mgn.

Antliomyia,

(4)

;

;

s.

(7)

L,,

s.

and

f.p.

;

Ascia podagrica

M. pictus, Mgn.,

See also 590,

11.

—

The flowers are inconspicuous,
38. Lepidium sativum, L.
but their strong scent is perceptible even to us several paces off*.
Owing doubtless to this, they are more abundantly visited than
any other Crucifer which I have observed, partly for their honey,
The honey is secreted by four green,
partly for their pollen.
fleshy glands, situated between the long and short stamens, and
opposite to the petals the two long stamens on each side face
the broad surface of the silicula, and arise close together between
;

the two lateral petals.

The anthers

dehisce introrsely, and the

;
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stamens undergo no twisting, but in sunny weather they bend
backwards as far as the nearly upright sepals permit them. As

same holds

to the likelihood of cross- or self-fertilisation, the

Nasturtium

in the case of

When

silvestre.

flowers do not fully open, or

when they

as

weather the
up again without

in rainy

close

being visited by insects, self-fertilisation occurs.
Visitors
{h)

A. Diptera

:

Syrphidce

cralis,

L.

(5)

;

—

Bonibylidce

(a)

;

(2) Eristalis arbiistorimi, L.

:

Helophilus

floreus,

L.

;

(3) E.

;

Syritla pipieus, L., very ab.

(6)

;

Argyromoeba sinuata, Fallen
nemorum, L. (4) E. sepul-

(1)

;

;

(7)

Melithreptus ta^niatus, Mgn.
(8) Ascia podagrica, F., very ab. ; (9) Pipiza
chalybeata, Mgn., all these Syrphida3 now s,, now f.p. ; (c) Miiscidce : (10)
(a) IchneumotndcB : stragglers ; {b)
B. Hymenoptera
Siphona cristata, F.
;

—

SpheyidcB
(13)

:

Oxybelus

(11)

bellus, Dlb., ab.

Cenionus unicolor, F.

Chrys'idie

:

(15) Hedycliruiii liicidulum, F.

munis, Nyl.

^ ?

very

,

ab.,

;

(14) Cerceris

;

and

s.

f.p.

;

(12) 0.

uuiglumis,

variabilis, Schrk.,

$\

(d)

Ajnda'

:

L., very ab.
very ab.
(c)

;

;

com-

(16) Prosopis

(17) P. armillata, Nyl.

(J

?

,

do.

;

(18)

Halictus nitidiuseulus, K. ?, s. ; (19) H. lucidulus, Schck. $ s. ; (20) Andrena
C. Coleoptera— (a) Dermcstidm : (22)
parvula, K. $
(21) A. pilipes, F.^^, s.
,

;

Antlirenus pimpinellic, F.
(24)

Anthocomus

Ilutchinsia alpina,

39.

(/;)
;

Malacodermata : (23) Dasytes flavipes, F.
Malachius bipustulatus, F., gnawing the

(25)

D. Lepidoptera

anthers and petals.

stigmas.

;

fasciatus, F.

E,.

and

It is visited

— (26)

Br.,

is

Sesia tipuliformis, L.,

frequent.

proterogynous with persistent

cross-fertilised

Brassica oleracea, L.

s.,

—Two

by Diptera

(609).

honey-glands

lie

on the

inner side of the bases of the two short stamens, and two others
occuj)y the position of the aborted pair,

The honey-drops

i.e.

are antero-posterior.

by the two former distribute themselves
each between a short stamen, the two adjacent long ones, and the
pistil, and are easily visible on looking straight downwards into
an open flower; the drops from the other pair of glands lie
outside between the two adjacent long stamens, and these drops
increase until they sometimes reach the sepals.
The two shorter
anthers stand sometimes on a level with the stigma, usually
secreted

iiowever they are not

pollen-covered

sides

so high

face

the

;

they curve outwards, but their
The long
of the flower.

centre

stamens perform a quarter- or half-revolution without increasing
from the centre of the flower, so that the pollencovered sides of their anthers are either turned towards the
neighbouring short stamen, or else directly outwards. An insect
in sucking the honey at the base of a short stamen touches with
their distance

its head or proboscis the stigma, and with the other
stamen and usually a long one at the same time the

one side of
a short

:

—

—
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other two drops of honey can be reached without touching the
no aid in fertilisation. In default

stigma, and seem to afford

of insect-visits the upper part of each of the long anthers bends
so far as to touch the stigma, thus effecting self-fertilisation.

back

This

self-fertilisation is

probably

efficient

:

at least B. Q-apa, L.,

was found byHildebrand to produce seed when self-fertilised (351).
In sunny weather I have always found the honey very evident.
Sachs,^ who says " the dark -green nectaries lying between the
them,"

stamens of Brassica retain their secretion within
probably examined the flowers in dull weather.
Visitors

A. Coleoptera

:

Kitidulidce

Meligethes, very ah., feeding on

(1)

:

has

the petals and on pollen, B. Hymenoptera Ap'tdce : (2) Andrena nigrocenea,
K. § , s. ; (3) A. Gwynana, K. $ , s. and f.p. ; (4) A. fulvicrus, K. $ , c.p.
(7) Apis mellifica,
(6) Halictus cylindricus, K. $
(5) A. nana, K. $ s, and f.p.

;

,

L. 5

s.

,

and

f.p.

(I

did not see the hive-bee preserve any definite order in
frequently a bee after visiting a second flower

visiting flowers of this plant

returned to the

;

;

;

C. Thysanoptera

first).

40. SiNAPis ARVENSis, L.

When

in Brassica.

—

(8)

— The

Thrips, ab.

honey-glands are placed as

the calyx expands, the glands are visible and

and insects can reach them without
touching the essential organs of the flower. The close aggregation
of the flowers however renders it more convenient for the insect
accessible from the outside,

to thrust its proboscis

down between the stamens, and

in point

of fact I have never seen an insect visitor obtain the honey from

The

the outside.

twisting of the stamens and the likelihood of
are

cross -fertilisation

as

in

Cardamine pratensis ; as the flowers

wither, however, the anthers turn their pollen-covered sides up-

wards, and finally their tips bend downwards, so that they effect
their pollen has not already

self-fertilisation if

Visitors

torum, L.
optera

—

:

A. Di^tera—SyrphidcB :
Khingia rostrata, L.,

(3)

;

(a)

ab.,

C,

Eristalis aenens, Pz.

all these

both

c.p.

;

(6)

both 8. and c.p.
Coleoptera— (8)

s.

;

(2) E. arbiis-

and f.p. B. Hymenand several small sp.

:
(4) Cephus spinipes, Pz.,
Halictus leucozonius,
{h) Apidce
and f.p.
(5)
Andrena nana, K. (^, s.; (7) Apis mellifica, L. ^, very
(I found it collecting pollen on Sinajns on Oct. 2, 18G9).
D. Lepidoptera— (9)
Coccinella 7punctata, L., l.h.

Tenthrcdinidce

in great abundance,

Schrk. 9,

(1)

been removed.

l.h.

Euclidia glyphica, L.,

s.

:

;

See also 590,

11.

A

variety of Sinapis arvensis bears cleistogamic flowers at St.
Croix, where the temperature is 25° C. (762).
1

Lehrhuch dcr Botanik,

2iul od., p. 110.
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L., has
four honey-glands
41. Raphanus raphanistrum,
arranged as in S. awe^isis, but all the anthers remain turned
towards the stigma, the shorter ones standing on a level with it, so

that the chance of self-fertilisation

is

increased.

have seen the honey-bee, which usually confines
one species of plant, visit flowers of R. raphanistrum and
I

itself to

>S^.

arvensis

indiscriminately.

Subularia aquatica, L.
flowers remain closed

—When the water

and submerged, and

is

unusually high, the

fertilise

themselves (17,

350.

REVIEW OF THE CRUCIFER/E.

With

great uniformity in the general structure of the flower,

show such

Crucifers

variability in the

number and

position of

the honey-glands and in the situation of the anthers in relation
to these and to the stigma, that scarcely two of the species that we
have discussed agree fully in these points.
The number of honey-glands may be two, four, or six they
are placed on or between, the bases of the stamens and in the
former case, either on their inner side, their outer side, or round
about them
intermediate positions are sometimes assumed by
abortive and functionless glands.
The honey when secreted either
remains in drops upon the glands or fills spaces between the
stamens and pistil or accumulates in sepaline pouches.
All or certain of the anthers are placed so that honey-seeking
insects must touch them with one side and the stigma with the
other but their situation is not always the most favourable for
this result, and the more they diverge from the position most
favourable to cross-fertilisation, the more chance do they give of
;

:

;

;

self-fertilisation.

This

In

is

all

explained by the following circumstances.

the Cruciferae which

we have

considered, the position of

the anthers in relation to the honey-glands and the stigma renders

but not by any means inevitable, on the
but it does not in any w^ay favour
more than self-fertilisation if the insect comes to

cross-fertilisation likely,
visit of

a honey-seeking insect

cross-fertilisation

feed on or gather pollen.

of insect-visitors

is

find chiefly flies

cially Sphegidm),

The abundance

not great in the species

(especially

specialised forms),

;

and in

Syrphida^), bees

less

Goleoptcra,

as well as the diversity

we have

considered

;

we

(especially the less

degree other Hymenoptera (espeHesperis tristis is

and Lepidoptera.

1
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alone adapted for nocturnal insects, and Pringlea has

aneniophilous in the absence of insects suitable for

On

plants remain altogether unvisited.
tion

is

useful

if

number

on account of their less
accessible honey
and not rarely

their insect-visitors, botli

conspicuous flowers and their less

that

become

its fertilisation.

the whole, Crucifers are far behind Umbellifers in the

and variety of

iii.

;

The

possibility of self-fertilisa-

not necessary for the preservation of

we have considered

in

;

many we

find

takes place to a very considerable extent

experimental evidence that

it is

and

;

all

the Crucifers

that self-fertilisation

we have
Under these

in several

productive of seed.

would be better for the plant to forego attaining
most favourable position possible for dusting
honey-seeking insects with pollen, if by doing so, while retaining
circumstances

it

in its anthers the

the chance of cross-fertilisation
insure self-fertilisation

if

if insects

did come,

it

could fully

they did not.

Hildebrand that the

It is impossible, therefore, to consider with

twisting of the stamens in Crucifers

is

"

a remarkable expression

of repugnance to self-fertilisation" (351, p. 48); it rather refers
Axell rightly explains, to the dusting of insects with the

solely, as

pollen on their

way

honey

to the

But even

(17, p. 19).

Axell's

statement needed correction and completion, since he only acknowledged two distinct cases in the arrangement of the honey-glands

and the twisting of the stamens, and referred all Cruciferse to
one or other of these two types; and further, he did not take the
position of the anthers into account as an aid to self- fertilisation.
The way in which conspicuousness is attained throughout the
Umbelliferge by association of many flowers in one surface, and by
asymmetrical development of florets for the common good, is
exemplified only in isolated genera of Crucifera) (Teesdalia, R. Br.,
Iheris,

L.)

;

and, in

Teesdalia at least,

cross-fertilisation that self-fertilisation

Ord.
Capparis, L., Cleome,

L.,

it

does not so far insure

may be

dispensed with.

CAPPAEIDEM
and Polanisia, Rafin., are proterandrous,

according to Delpino (172, 352).

Ord.
42.

Reseda odorata,

L.

RESEDACEJU.

—The receptacle

is

raised

up between

the petals and stamens in the upper half of the flower into a
perpendicular quadrangular plate, velvety on its anterior surface,

—
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yellowish during the time of flowering and orange-red

It serves as a guide towards the honey, which is
and lodged upon the smooth green posterior surface.
The expanded claws of the upper and middle petals He close
the hinder surface of this plate and surround its upper and

afterwards.

secreted

to

Reseda odorata, L.

Fio. 35.

1.— Flower before the nnthers have dehisced, seen from the
2. —Ditto after some of the anthers have dehisced.
3.
4.

front.

—Young fruit in side view.
—Left superior petal.

5.— Left lateral ditto.
—Left inferior ditto.

6.

b, petal
c, expanded claws of the superior and lateral petals, which surround the
shield-shaped swelling of the disc (h)
d, anther bent downwards, not yet dehisced
e, anther
dehiscing and rising up /, anther dehisced and erect ; g, pistil h, shield-shaped swelling of the
disc ; t, nectary and honey.

a, sepal

;

;

;

;

;

;

lateral

honey

visitors (flies).

white,

lobes, thus profrom rain and from useless
The laminae of i:hese petals, which are split into

borders with

tecting the

radiating,

their

anteriorly directed

effectually both

club-shaped

strips,

assist

the

red

anthers in
I

2
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It is also rendered perceptible at
making the flower conspicuous.
a distance by its powerful scent.
There is no true expansion of the flower, since its parts lie open
even in the bud the commencement of the flowering-period is
marked rather by the honey-glands beginning to secrete, and by
some of the anthers (1, Fig. 35), which had been bent down under
the pistil, dehiscing and rising up towards the honey-secreting plate,
while the three or four carpels at the same time develop stigmatic
:

papillae at their apices.

Since the

considerably from the middle of the
forms the most convenient landing-place for

pistil projects

horizontal flower,

it

honey-seeking insects, and

is hence very readily covered with
In default of insect-visits self-fertilisation takes place, as the stigmas lie immediately underneath the
Plants which were kei:)t protected from insects
erect anthers.
yielded capsules filled with good seed.

pollen from other flowers.

The

window of
coming and

my

their heads

sometimes

fluttering,

way about the

usually lively

licking

by species of Frosopis. In
some pots of mignonette in flower in the open
Specimens of Frosopis kept constantly
room.

flowers are especially visited

July, 1867, I had

between the

an un-

five or six together, in

They sometimes plunged

flowers.

shield-like plate

and the upper

petals,

up the honey with outstretched tongue, and sometimes

still unopened anthers and devoured the
In subsequent years I have repeatedly observed these
actions on F. odorata and F. liiteola, L., both cultivated and wild.
Altogether I have noted the following insects as visitors of our

gnawed through the
pollen.

species of Feseda, including F. odorata.
A. Hymenoptera
ab.

(2)

;

Ap'idce

(«)

N. ?

(^

$

;

(5) P.

annularis,

Prosopis communis,

P. signata, Pz.

?

ab.

(^,

Nyl. $ ^, very
;

P. pictipes

(4)

Apis mellifica, L. ^ ab., s. and c.p.
{h) Sphe(8) H. Smeathmanellus, K. $ c.p.
Sclirk. ? (J s. and f.p.
B. Diptera Syrphidce :
C. Thysanoptera
(11) Thrips, very ab.
(6)

;

,

;

gidcE

:

(9) Cerceris variabilis,

43.

Reseda luteola,
Apidm:

Hymenoptera

communis, Nyl. $ ^

Andrena
44.

very

nigrooBnea, K.

Reseda lutea,

Hymenoptera
labiata,

,

F.,

ab.

—
;

L.

$

,

s.

C.
,

f.p.

;

(3)

See also 590,

L. (Thuringia)

Sphegidm

^

and

a.

(3)

L.

:

Prosopis armillata, Nyl.

(1)

ab.,

(a)

Odynerus parietum,

;

,

—

(10) Syritta pipiens, L., f.p.

(4)

(1)

:

(3)

;

Sm. $
Halictus zonulus, Sm, $ c.p.

Nyl.
(7)

—

P. armillata,

:

(1)

variabilis,
all

sucking.

Apis

9

^b-

c^>

mellifica, L.

^

,

s.

?

(2)

and

P.

c.p.

;

11.

:

Cerceris arenaria, L.,
Schrk.,

very ab.

;

(6)

scarce

;

(2)

Vespidce

:

C
(4)

—
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Ord. CISTINEjE.

Helianthemum vulgare,

45.

(Sauerland).

L.

— The

flower

has three sepals, five petals which spread out to face the sun, and

many more than 100 stamens whose

anthers mature simultaneously

The stigma

with the large capitate stigma.

slightly overtops the

anthers, which at first stand close around the centre of the flower,

but move outwards when touched, dusting the insect that touches
them with pollen. The result of this irritability of the stamens is
that the flower

most conveniently approached from the outside,

is

from the corolla, by the first visitor, and at least as conveniently
from the centre by subsequent visitors. If an insect which has
been dusted with pollen in the first flower alights in the middle of
the next, it always effects cross-fertilisation.
In default of insectie.

visits, self-fertilisation

flowers.

pollen

is

results in the closed

The flower contains no honey,
some compensation.

Visitors:

A.

Diptera

Syrphidce

and slightly nodding
which the excess of

Helopliilus

(1)

:

for

pendulus,

L.

;

(2)

ribesii, L.
Syrphus pyrastri, L.
(3) S.
(4) Melithreptus scriptus, L,
B. Hymenoptera
(5) M. toeniatus, Mgn.
(6) Ascia podagrica, F., all f.p.
Apiche : (7) Apis mellifica, L. ^ ab. (8) Boiiibus muscorum, L. 9 (9) Halictus
villosiiliis, K. 5
Ceram(10) Andreiiafulvicrus, K. $ all c.p. C. Coleoptera
;

;

;

;

,

;

;

,

;

hjcidoi

:

On

(11) Strangalia nigra, L.,

devouring the anthers.

the Alps I have found H. vulgare visited by fifty-three

species of insects

;

the small-flowered H. alpcstre by fourteen.

They

were mostly Diptera, Apidoi, and Coleoptera, but in part also
Lcpidoptcra (609).

Most North American species of Helianthemum produce, in
much more numerous cleistogamic
ones.
The same occurs in the case of H. Kahiricttm and H. Lippii

addition to the ordinary flowers,

inEgyiDt(53i).

The
close

flowers of

after a

H. guttatum only open in the morning and

few hours,

fertilising

has not meanwhile taken place.
losum, Thib.,

H.

themselves

The same

is

if cross-fertilisation

the case in H.

Icdifolium, L., Cistus hirsutus, L.,

and

vil-

C. villosus,

L. (12).

Lechca, L., also bears cleistogamic flowers (399).

Ord. VIOLARIE.E.

—

46. Viola tricolor, L.
The peculiar arrangement of Viola
was in substance elucidated by Sprengel. Hildebrand subsequently
drew attention to the lip-like valve of the stigmatic cavity, by
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^Ynch had been
have observed (No. 570) that this lip,
which insures cross-fertilisation, is only developed in the largecross-fertilisation is assisted in Viola tricolor,

overlooked by Sprengel.
flowered variegated

is

variety

of V. tricolor, while

whitish-yellow variety,

flowered,

stigma

I

devoid of a lip and

is

V.

in

small-

the

the orifice of the

arvensis,

curved inwards

form the

in this

;

flower fertilises itself spontaneously very soon after opening.

In

all

our violets the spurs of the lower anthers act as honey-

and the hollow spur of the lower petal which contains
them forms a receptacle for the honey. To reach the honey in
Viola tricolor^ the insect must thrust its proboscis into the flower
close under the globular head of the stigma.
This lies in the
anterior part of a groove, fringed with hairs, on the inferior petal.
The anthers, which together form a cone, shed their pollen into
this groove, either of themselves or when the pistil is shaken by

glands,

the insertion of the bee's proboscis.

The

down

proboscis, passing

becomes dusted with pollen; as it is
drawn back it presses up the lip-like valve so that no pollen can
enter the hollow stigmatic chamber; but as it enters the next
flower it leaves some pollen on the upper surface of the valve, and

this groove to the

spur,

thus cross-fertilisation

is effected.

have observed very numerous bees visiting a handsome,
large-flowered variety which is not uncommon on sandy soil at
Lippstadt, growing along with V, arvensis. Apis mellifica, L. 9,
always sucks in a reversed position with its head downwards
it often alights in the usual position
and then turns round
Humble-bees usually suck hanging back downwards to the
flowers, which are bent down by their weight.
Bomhus terrcstris
(7 to 9) and B. lapidarius (12 to 14) usually turn round, so as to
I

;

introduce their proboscis in the same

way

the

as

honey-bee.

B. hortorum (18 to 21) and AntJwpJiora pilipcs (19 to 21) grasp the
flower from behind with their forefeet, and insert their tongues

from below in an opposite direction to the honey-bee (590, II.).
Andrcna albicans, K. S made efforts to suck honey, thrusting
,

its

proboscis repeatedly into the

have been

fruitless, as

same

The attempt must

flower.

the proboscis of this bee

only 2 to

is

long, while the pollen-collecting groove described above

long,

and the spur extends

for

another 3

mm.

;

is

2^}

3

mm.
mm.

in this case, the

repeated insertion of the proboscis into the same flower must have
led to self-fertilisation.

I repeatedly noticed a

common

small

fly,

Byritta pi2ncns, L., eating pollen in the groove and on the anthers
of

V. tricolor;

as

it

often

touched the stigma also with

its

—
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Delpino

self-fertilisation.

Darwin found

saw V. tricolor visited by Anthopliora pilipes.

it

by Bomhus sp. and Bhingia rostrata.
I have found V. tricolor, var. arvensis, to be very sparingly
visited, cliiefly by bees and humble-bees, more rarely by Bhingia
and by butterflies (590, II.).
visited

Viola calcarata,

greatly surpasses V. tricolor in

L.,

the

size

It is
and the lengtli of its spur (13 to 25 mm.).
chiefly by Macroglossa stellafertilised only by Lepidoptera,
I have seen this
tarmii (25 to 28 mm.), our quickest worker.
insect visit 194 flowers on different plants in 6} minutes, and I
could see it cross-fertilise them by means of the tip of its proboscis

of its flower

dusted with white pollen (609).
Viola cormita, according to Mr. W. E. Hart (308), is adapted
for fertilisation by nocturnal Lepidoptera by its long spur and by
emitting its perfume most powerfully by night. He found it visited
by humble-bees, by Hipparchia Janira, and by Cucullia umlratica.
Viola arcnaria, D.C., is visited by butterflies (609).
Viola hijlora, L., is adapted for fertilisation by Diptera (609).

47.

Viola odorata,

bears the stigma

L.

—Here

the end of the

which

pistil

not globular and close to the lower petal, but

is

stands at a short distance from the latter and

is

bent downwards

When

a honey-seeking insect thrusts its head or
proboscis beneath the stigma it pushes up the pistil and opens
the conical ring of anthers; the pollen is thus shed upon the
into a hook.

inserted organ.

Thus

in every flower the insect touches first the

stigma and then causes shedding of the pollen.
Sprengel's experiments led him to the conclusion that

if

insects

are excluded the flowers bear no seed.
A. Hymenoptera Apidce : (1) Apis mellifica, L. ^ very ab.,
Sprengel described and figured (title-page xi.) it comes downwards and
inserts its proboscis into the flower from above)
(2) Antliophora pilipes,
the following species do likewise
F. ^ sucks, clinging to the lower petal,
Visitors

,

:

(as

8.

(3)

(6)

Bombus hortorum,
Osmia

rufa,

Vanessa

48.

L.

L.^^,

Bomhylidce

B. Diptera
(8)

;

—

,

urticse, L.,

?

very

;

(9)

Viola silvatica,

mm. long

;

lapidarius, L.

ab., also enters

(7)

:

s.

(4) B.

;

$

;

(

111.

?

;

the flower from above as a rule.

Bombylius discolor, Mgn.,
Rhodocera rhamni, L., s.

Fries.

B. Rajellus,

(5)

V. silvestris,

s.

C.

Lepidoptera—

Lam.).— The spur

is

the honey-secreting appendages to the inferior anthers
As in V. tricolor, the cavity
which project into it are 5 mm. long.

7

;

—

'
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Fio. 36.

Viola calcarata, L.

A.— Front

view of flower, from Piz Umbrail, nat. size.
B.-Ditto, lateral view (July 16, 1875).
Front view of flower, from Albula, nat. size.
C.
D —Lip of ditto, with its spur (August 2. 1876),
E —Front view of the moutli in A x 3^).
F.— Section of A, after removal of the grenter part of the corolla ( x 3A).
h', pollen-collecting hairs
a. anthers
c. append.iges of the conueiitivcs
h', hairs which in
Bpecies of Viola fertilised by bees aid the beo in clinging to the flower, here preserved as a functionI. lip on the under side of the entrance to the cavity of the
less hereditary character
fc, stigma
stigma {at); ed, homy receptacle Ji, filaments ov, ovary.

—

(

;

;

;

;

;

;

;

——
—

TAUT

—

—

;;
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is protected by a lip-sliaped valve
but the pollen
shed directly upon the insect's proboscis or head, as in V. odorata.

of the stigma
is

;

A. Hymenoptera Apidcc : (1) Bombus agrorum, F., $ s. B.
Visitors
Biptera— J?om6?/Zi</re ; (2) Bombylius discolor, Mgn. s. C. Lepidoptera
,

:

(3)

Anthocharis cardamines,

(6) P.

rapaj, L.,

s.

Viola canina,

49.

L.,

s.

(4)

;

Pieris brassicae, L.

Rliodocera rhamni, L.,

(7)

;

L.

;

P. napi, L.,

(5)

s.

;

s.

:

A. Hymenoptera Apidce : (1) Bombus lapidarius, L. $,s.
Osmia nifa, L. ^J s. (3) 0. fusca, Chr. ? s. B. BiipteTeL—Bombylidcn :
Bombylius major, L., s. C. Lepidoptera Rhopalocera : (5) Pieris rapa?,

Visitors:
(2)
(4)
L.,

,

s.

;

(6) P. napi, L.,

,

;

s.

Cleistogamic flowers have been observed in
V. mirabilis, L.,

by Dillenius

;

many

in V. pinnata, L.,

Violarieoe

and

:

in

montana,

V.

by Linnaeus; in V. elatior, Fr, V. ptcmila, var. lancifolia, Thor.
and V. canina, L., by Daniel Midler in lonidium,
Vent., by Bernouilli.
I can add V. bicolor'^ to this list.
In the
summer of 1859, I gathered some plants of this species at
Eamsbeck Waterfall, and placed them in a plate with water under
the shadow of a bush in my garden, to let the flowers expand the
plants, which I watched daily, grew well, and though no flowers
opened I obtained plenty of capsules with good seed. Cleistogamic
flowers have been seen by Mr. T. H. Corry in V. silvatica, Fries.,
and in V, stagnina, Kit. they are rare in the latter. Bennett has
L.,

V. odorata, L.,

;

;

;

observed cleistogamic flowers in Viola cucuUata, Ait., V. silvatica,
V. florihunda,

and

V, sagittata, Ait. (79).

EVOLUTION OF COLOUR IN VIOLETS.
Various facts show that the flowers of the Violet were originally
yellow.

The
which
bees

;

is

most short-spurred of our Violas is V. hiflora,
by Diptera, and only exceptionally by short-lipped

smallest,
visited

its

flowers

are

yellow.

The

smallest-flowered

flowered V. tricolor, var. alpestris, shows

from yellow flowers to blue

;

many

all

^

V. hicolor, Pursh.,

is

a

form of V.

large-

stages in the passage

plants have flowers which are

yellow throughout, in others the flowers are yellow

American Flora.

form of

The

V, tricolor (var. arvensis) has whitish-yellow flowers.

tricolor,

var.

arvensis.

when they

—Asa

Gray, North
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open, but change gradually to blue, and in others the change to
blue occurs immediately after opening, or even before.

The most specialised form, V. calcarata, is almost always blue,
but occasionally it reverts to the ancestral yellow colour (609).
Oed.
50.

POLYGALEJ^.

PoLYGALA COMOSA, Schk.

—The

structure

of

the flower

which agrees in all essential points with that of
P. comosa, here figured, was first explained by Hildebrand (352).
The two lateral sepals (alee), which are large and coloured,
of P. vulgaris,

The

render the flower conspicuous.

inferior petal (p") is furnished

Fig. ^7.—Pohjgala oJJiosa, Schk.

—Flower in side view (the flower should naturally be horizontal V

», sepa'
p. jietal s', one of
the two lateral sepals which play the part of a corolla ; p', anterior petal, provided with digitate
appendages, to which the insect clings.
2.— Flower, from below.
3.— Anterior petal, with the essential organs inclosed in it, from above, a, anthers s, stigma,
which applies sticky matter to tlie insect's proboscis passing over it ; I, spoon-shaped end of the
sty'e, which receives the pollen issuing from the anthers.
4.— Pistil, from above.
.5.
Ditto, seen obliquely from above.
6.
Ditto, in side view.
7.— Anterior petal of a flower Just about to expand, split to show the anther inclosed by it.
8.
The united anthers.
9.— An anther deliisced. po, pollen-grains.
I.

;

;

;

—

—
—

apex with finger-like processes, which support the bee when
On the upper surface of this petal is a pouch with two
alights.

at its
it

valves, inclosing the essential organs

;

in

it

lies

the spoon-shaped

style with its concavity upwards, and in this the anthers on both
close behind its hollow extremity
sides lie and shed their pollen
;

the style bears a viscid stigmatic lobe, bent sharj^ly downwards.
An insect which tries to reach the honey secreted in the base
of the

flower

must, while clinging to the

fimbriate

processes

l

|

j

II

—

PART

;
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between the two valves of
the pouch, and thus come in contact both with the pollen and with
the proboscis being thus rendered adhesive
the viscid stigma
of the lower petal, thrust its proboscis

;

carries

some pollen with

it

out of the flower, and

manner

out of the next flower in a similar

when

leaves

it

it is drawn
some of this

by the stigmatic hook or adherent to the
goes on regularly. In default
of insect-visits the stigmatic lobe curves over upon the pollen
accumulated in the " spoon," and is thus self-fertilised.
On the Alps P. comosa is visited by Lepidoptera, but in Low
Germany chiefly by bees (590, II. 609).
Polygala alpcsiris, Rchb., is visited by butterflies (609).
either caught

pollen

Thus

papillae

cross-fertilisation

;

51.

POLYGALA VULGARIS,

Visitors: A.

frequent
optera
590,

—

;

(2) B.

(4)

Hymenoptera
lapidarius, L.

Apidce:

^

s.

,

Polyommatus Eurydice,

;

(1)

(.3)

Bombua

Apis

^

W.

s.

Rott. (Chryseis,

$,s., very

terrestris, L.

mellifica, L.
V.),

,

B. LepidSee also No.

s.

II.

Polygala Chamailmxus, L.
the

:—

L.

end of the

style,

—The

beside

pollen

which

is

is

the

stored in a cup at
sticky

stigma-disc

(360).

The mechanism

of fertilisation shows a certain resemblance to

that of Papilionaceoe.
inferior part of

In both, the stamens and style

lie

in the

a tvibular horizontal flower, at the end of which

they bend upwards, and bear the anthers and stigma.

Those parts
by a
carina formed of coherent petals, and emerge, or at least permit
the stigma and pollen to emerge, when the carina is pressed down,
as it is by every insect which obtains the honey in the legitimate
manner.
In Polygala Chamcehuxus, as in Lotus and several other Papilionaceoe, it is not the anthers themselves that emerge when the
carina is depressed, but only part of the pollen which escapes
and after repeated depressions the stigma also emerges, and
lying in the anterior part of the flower are in both sheltered

cross-fertilisation

is

interesting flower

is

thus insured.
given in

my

A

full

description

of

this

book Die Alpenhumcn.

Polygala niyrtifolia, L., has also, according to Delpino, a floral
arrangement comparable to that of Papilionacese. The two upper
petals represent the vexillum
the lower one represents the carina,
and like it surrounds the reproductive organs and allows them to
;

—

:
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protrude on being pressed down by the weight of an insect
serrate processes on the lower petal supply the place of alse.
The

stamens cohere, forming a tube incomplete superiorly, where a
split admits the insect's proboscis to the nectaries

longitudinal

'^""^"^^A

^cli

]j3

Fig. 38.

A.— Flower, from the side, natural
B.— Ditto, front view (x 2J).
C.

D

Pohjgala Chamcehuxxis, L.

size.

— Flower, after removal of the two alar
— Ditto,

M^'^'^i^l

sepals.

from above.

E.— Ditto, from below (x B).
F.—The two petals of the left

side, separated from the inferior petal to which they naiiirally
cohere ; inner view x 2J). p'^, superior petal p^, lateral ditto, to which the filaments adhere.
Bud in section after removal of the calyx (x 5^).
G.
H. Full-s^own flower in section ( X 5^).
J.— Base of flower, from the front, after removal of the superior sepal (x 7). «', superior, »',
p^, lateral ditto, completely ui.ited with p^, superior
lateral, «^ inferior sepals ; p'. inferior petal
Tlie anterior part of the inferior j^etal senses as a carina, and rotates by means of a hinge,
ditto.
b, cup at end of style
e, entrance of the flower ; k1, adhesive matter
X, upon the posterior part
on the stigma.

—
—

(

;

;

;

;

The

flowers have the same
and
Phaseohcs, and are
want of symmetry as tliose of Lathy rus
violacea
fertilised in the same way by Xylocopa
(178, 360).

surrounding the base of the column.

Polygala has cleistogamic flowers, according to

Kuhn

(399).
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SILENE^.

—

52. DiANTHUS DELTOIDES, L.
The stamens and petals spring
from an annular ridge of the receptacle encircling the stalk of the
ovary.
This ridge bears on its inner border a yellow fleshy cushion
which secretes honey.
The pistil, the stamens, and the claws of the petals, which are
grooved to inclose the five inner stamens, are all closely surrounded
by the tube of the calyx, which is 12 to 14 mm. long, and a
little

over

2

mm.

A

wide.

Fig.

very narrow passage

39.— Dian<7tu«

is

thus

left,

delioideg, L.

1.— Flower in first .stage, viewed from above. Five anthers, covered with pollen, protrude from
the flower; two that have not yet dehisced are visible in the mouth of the tube.
2.— Pistil at close of the first stage, after all the ten anthers have dehisced. The two styles are
still twisted together.
3. - Ditto, with the base of the petals and stamens, more magnified,
a, nectarj', surrounding the
base of the ovaiy as a fleshy ridge b, filaments c, petals.
4.
Flower in second stage, after removal of the petals. Most of the anthers have fallen off.
$t. stigma.
5.— Pistil in second stage. The two styles have separated, but each retains its spiral twist, so
that stigmatic papillae are turned towards all sides.
;

;

—

12 to 14

mm.

long, leading to the honey,

the base of the stamens and the ovary.
first

state

anthers,

of the

that the

flower,

honey

so
is

much

which

is lodged between
This passage is, in the

blocked by the

five

inner

only accessible to the proboscis of

The flowers are thus specially adapted for butterbut their protruding anthers are taken advantage of by
pollen-seeking insects which act as subsidiar}^ fertilisers.
Flowering begins by the petals, hitherto erect and involute,
spreading out horizontally; they are rose-red, with slightly indented purple transverse lines near the base, and spreckled
externally to these transverse lines with small white spots, each
Lepidoptera.

flies;
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of the corolla forms

circumference, indented by five

and with its white centre surrounded by a purple
which are scattered white spots (Fig. 39, 1). As soon
as the flower has expanded and thus made itself attractive to the

deep

incisions,

ring, outside

eminently colour-loving butterflies, the stamens, with their anthers
coated all round with pollen, elongate and protrude one after
another in rather quick succession from the narrow tube, so that
every butterfly which inserts its proboscis must dust at least its
head with pollen. The five inner stamens still remain in the tube,
rendering it too narrow for anything save the butterfly's proboscis.
.

As the outer stamens

wither, the five inner ones protrude in succes-

but the two styles still lie twisted together within the tube
Only after the stamens have withered, and
(Fig. 39, 2 and 3).
have for the most part lost their anthers, do the styles elongate
and allow the stigmas to emerge from the flower the stigmas now
spread apart, still retaining their spiral twist, so that from whichever side a butterfly comes to suck honey it cannot fail to touch
some part of the stigmatic papilla? with its head.
Pollen-seeking insects, if they only resort to young flowers
whose anthers still have pollen, cannot act as fertilisers but they
may do so if they alight, as flies often do, upon older flowers with
mature stigmas, in which case they fly away again disappointed.
Self-fertilisation is completely prevented by the well-marked
sion

;

;

;

dichogamy.
As normal

Dianthus deltoides, I have only observed
Janira, L., but these I have noted
Satyrus
and
Pieris ra'poe,
viz., Ekingia rostrata, L., MeliSyrphidce,
Several
repeatedly.
threptus scrijptus, L., M. pittas, Mgn., and HelopJdlus pendulus, L.,
I once noticed Ekingia
resort to the flower for the sake of pollen.
rostrata make a vain attempt to reach the honey it plunged its
proboscis with a great effort into four flowers successively, but
as its proboscis is only II mm. long it never reached the honey;
in a short time it resigned the attempt, and betook itself to eating
fertilisers of

L.,

;

pollen.

53.

L., has the same floral mechIn Thuriugia I have observed
flowers, consisting almost solely of

Dianthus carthusianorum,

anism as the preceding
numerous visitors upon

species.
its

Lepidoptera.
Rhopalocera: (1) Colias hyule, L,, frequent; (2) Rliodocera rhamni,
(A)
very ah.
Polyommatus Phloeas, L.
(4) HeHpci'ia, tre(iuent
(.3)

(a)
L.,

;

;

;

—

THE MECHANISMS OF FLOWERS.

PART III]
Sphinges

:

Noctucc

(c)

(5)
:

(6) Zygama carniolica, Scop.
;
gamma, L., ab. The only other insect that I have
was a small Halictus, c.p. (Sept. 1871). See also No.

Macroglossa stellatanim, L.

(7)

;

—

Plusia

found on the flowers
590,

127

II.

54. DiANTHUS CHINENSIS, L.— I have seen flowers in my
garden repeatedly visited by Noctuse
(1) Plusia gamma, L.
(2) Agrotis fronvha, L. and (3) Brotolamia meticulosa, L.
Species of Dianthus which I have observed on the Alps
•

:

;

and

{D. sicperhus, L., D. silvestris, Wulf.,

the three

like

by diurnal Lepidoptera

visited

As

in

I),

atroruhens, All.), are,

preceding species, distinctly proterandrous, and
(609).

the proterandrous Alsinese, gynodicecism seems to be

widespread in the genus Dianthus.

Fig. 40.

1.— Flower

It

occurs

in D.

superbus,

Gypsophila paniculata, L.

in first (male) stage,

2

Ditto in second (female) stage.

D. carthusianorum, and D. deltoides^ and the last of these shows
all

gradations between hermaphrodite, gynomonoecious, and gyno-

dioecious flowers (607).

—

Gypsophila paniculata, L. Although the corolla, when
expanded, is barely 4 to 5 mm. in diameter, the many
hundreds of flowers borne at once by a single plant, and the
55.

fully

abundant and
insects.

honey and

easily accessible

The power

The honey

pollen, attract

of self-fertilisation has been entirely

numerous
lost.

between the ovary and a green fleshy ring at
the base of the ten stamens
the cup at the bottom of which
it lies is 2J mm. deep, and about the
same in width at the
entrance.
The honey is therefore accessible to short-lipped
insects.
First the five outer stamens, which alternate with the
lies

;

;
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and afterwards the inner five, ripen and protrude from
They wither, curving
the flower with an inclination outwards.
and
then
downwards,
the
two
and
short styles, hitherto
outwards
and
protrude
elongate
from
the
inwards,
flower, diverging
bent
petals,

.

from one another.
Visitors

Diptera— (a) Tahanidm

A.

:

(6) Si/rphidce

:

Eristalis seneus, L.

(2)

torum, L., all three
(6) Ascia podagrica,

M.

ab.,

F.

and f.p.
Syrplms

s.

(3)

;

(5)

(7)

;

(1)

:

;

E.

Chrysops

coecutiens,

nemorum,

L.

Syritta pipiens,

Deg.

balteatus,

;

(4)

;

L.,

s.

;

E. arbus-

very ab.
Melithreptus

L.,

(8)

;

Mgn., all s. or f.p.
(c) Muscidce : (10) Pyrellia
Onesia floralis, Eob. Desv.
(12) Sarcophaga camaria,
(14) Antliomyia sp.
L.
(15) Sepsis.
(13) Lucilia sil varum, Mgn., all s.
(«) Evaniidce : (16) Foenua jaciilator, F. ; (6) Formiciclce :
B. Hymenoptera

pictus, Mgii.

cadaverina,

;

L.

(9)
;

tseniatns,

;

(11)

;

;

;

;

—

(17) several species
(19)

;

(c)

Odynerus simplex,

Sphegidce
F.

;

:

(18)

Oxybelus unigliimis, L.

(20) 0. parietum, L.,

—

all

;

(d) Vespidce

the Hymenoptera

:

s.

Gyj^sophila repens, L., when flowering on sunny slopes of the
Alps where insects are plentiful, is so distinctly proterandrous
In less favourable
that spontaneous self-fertilisation is impossible.
localities it fertilises itself

Sa2)07iaria

ocymoides,

when not
L.,

is

visited

distinctly

by

insects (609).

proterandrous,

and

is

frequented by butterflies. It clothes sunny gravelly slopes in
I saw it
the sub-alpine region with its handsome red flowers.

by thirty-three species of Lepidoptera, twenty-eight of
which were butterflies, besides some humble-bees and Bombylidm.
Saponaria vaccaria, L., is also fertilised by butterflies (590, II.).

visited

56.

Saponaria officinalis,

L.

—This

species

is

adapted

for

nocturnal Lepidoptera, as the foregoing species of Saponaria and

DiantJms are for the diurnal forms. The bright colour and elegant
markings which attract butterflies are absent the flowers are of
one colour, and their scent is strongest in the evening. As in the
other species, the honey lies hidden in the base of a long narrow
The calyx-tube is 18 to 21 mm. long, but the claws of the
tube.
The flowers are markedly
petals stand a few millimetres higher.
First, the five outer stamens protrude a few milliproterandrous.
metres from the flower, and dehisce immediately over its entrance
afterwards they spread apart and leave the entrance free. The five
inner stamens now follow the same course, turning, as the others
Tlie
did, the pollen-covered surface of their anthers upwards.
are
only
slightly
within
the tube, and
styles are still inclosed
separated at their apices. When the inner stamens have withered,
the two styles grow up out of the flower, and spread apart, turning
:
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their papillar inner surfaces upwards.

The honey

is

129
secreted as in

omitted to watch the flowers in their season, and can
only mention Sphinx ligustri, L., as a fertiliser; it visited the
flowers of this plant in my garden one evening during slight rain,
and sucked them with the usual rapidity of the hawk-moths. I
DiantJms.

I

have also found Halictus morio, F. 9, collecting pollen on the
flowers (July 13, 1869).

and secretes

this

the

equally conspicuous, but stand someowing probably to
on sparingly branched stalks
circumstance, the power of self-fertilisation has not been

species.

what

is

inhabits

It

proterandrous, and

is visited by numerous
same localities as Gypsophila repens,
and conceals its honey in the same way as that

Silene rupestris, L.,
insects.

Its flowers are

isolated

;

entirely lost (609).

Alps to a height of
low tufts closely studded with pink or

Silene acaulis, L., ascends in the higher

over 10,000

Its

feet.

carmine flowers attract so

many

butterflies that as a rule the plant

has been able to dispense with the

Most

power of

self-fertilisation.

and only rarely
hermaphrodite and proterandrous. The latter in case of need fertilise themselves.
I have observed eighteen species of butterflies
tufts are exclusively staminate or pistillate,

on this flower (609).

As

Silene acaulis

is

adapted for diurnal Lepidoptera, so

S. inflata,

Sm., and S. nutaris, L., are adapted for the nocturnal forms.

I

found both on the Alps, visited in the evening by Noctuidse, and
Silene nutans, L., is markedly
in the daytime by humble-bees.
proterandrous.

According to Kerner, each flower opens upon
which the outer stamens, the inner

successive nights, on

three

stamens, and the stigmas are exserted respectively.

According to

Ricca (665), the flowers are sometimes diclinous by incomplete
Silene
development of the stamens, that is to say, gynodicecious.
inflata. L., is trioecious

Lychnis

flos-Jovis,

and polygamous,
L.,

is

like S. acaulis.

distinctly proterandrous

;

X. rubra,

and polygamous.
Both have bright red
flowers, and are greatly frequented by butterflies on the Alps (609).
Lychnis Viscarict, L., is also adapted for cross-fertilisation by
Weigel,

is

trioecious

butterflies (590,

ii.).

Lychnis alpina, L.

— The proterandrous

flowers are figured

57.

the

Lychnis flos-cuculi,

and

'

described by Axell (17).
L.

— In

regard to the position of

honey, the flowers of this plant are intermediate

between

K
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those of

it

Cerastmm^ and GypsopMla paniculata, where

Stellaria,

the honey

exposed, and Dianthus and Bai^onaria, where

is fully

The

only accessible to Lepidoptera.

is

the

at

lie

insect-visitors include

and some long-tongued

bees, Lepidoptera,

which

part

[.in

base

The

flies.

nectaries,

cohere into a fleshy

The calyx tube

ring surrounding the ovary.

mm.

stamens,

the

of

mm.

6 to 7

is

long,

which stand erect and support
the claws of the petals. The honey is thus accessible to insects
which have a proboscis 9 to 10 mm. long; or which, with a proboscis at least 6 mm. long, have strength enough to push apart
the claws of the petals, above the level of the calyx-tube or,
finally, to insects small enough to creep down the tube.

and bears teeth 3

long,

;

The

flowers are distinctly proterandrous.

First, the five outer

anthers dehisce, while standing in the entrance of the flower and

having their pollen-covered sides turned towards one another. The
tube, though it permits a butterfly's proboscis to pass easily down,

much

is so

obstructed by the anthers that the proboscis cannot

fail

These stamens then elongate, and bend
the intervals between the petals, while the inner

to be dusted with pollen.

outwards to lie in
whorls take their place in the entrance of the flower. When these
wither, the five styles grow up, and the stigmatic papillae, which
clothe the whole of their inner surfaces, attain their full develop-

ment.

The

ends

make 1\

and their
an insect cannot fail to

styles reach to the entrance of the flower,

to 2 spiral turns, so that

touch some part of the stigmatic surfaces with
thrusting it down into the flower.

proboscis

its

in

The flowers are chiefly visited for the sake or their honey I
have only seen the hive-bee collecting pollen, and two species
of Syrphidse feeding on it.
;

Visitors

A. Hymenoptera

:

(2) B. lapidariiis, L.
terrestris, L.

nifa, L.

9

(9)

^
;

(7 to 9)
(7)

several flowers.
(15)

;

(11)

? ^
;

(5)

Apis

;

Macroglossa fuciformis, L.

;

s.

:

(3)

(1)

Bombiis RajeUiis,

B. agrorum, F.

mellifica, L.

both ab.

(9) P. rapse, L.,

(11 to 12),

;

^

(6),

ab.,

;

(15)

Ino

L.

statices,

9 (12

to 15)

andc.p.

s.

(10) Lycaena Icarus,
(12)

111.

? (12

Andrena nitida, K. 9 (3 to 4), tliey sought
B. Lepidoptera— (a) Rhopalocera : (8)

iSuclidia glyphica, L., very ab.

L.

Apidrn

(10 to 14)

;

to 13)

;

(6)

(4)

;

B.

Osmia

in vain for honey in
Pieris brassicse, L.

Rott.
;

(c)

;

{h)

Sphinges:

Noctuce

:

(13)

C. Di-ptera—Si/rphidcp.: (14) Rliingiarostrata,

Volucella plumata,

L.,

f.p.

;

(16)

Syrplms

pyrastri,

L., f.p.

have observed the stamens of L. flos-cuculi dusted with
butterflies' scales, and a Pie^Hs rapce which I caught upon the
flower had a number of its pollen-grains among the hairs and
I

scales

on the forepart of

its

head.

—
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Lychnis vespertina, Sibth.

58.

of the flower has
is

—

{L.dioica, /3,L.).

131

— The structure
Honey

been thoroughly explained by Sprengel.

secreted by the lower, fleshy part of the (developed or abortive)

and lies at a depth of 20 to 25 mm. in fertile or pistillate
and of 15 to 18 mm. in barren or staminate ones. Both
kinds of flowers are much constricted near their upper end by the
calyx, and can only be forced open a little at the very brim by an
insect's head
a thin proboscis at least 15 to 20 mm. long is needed
to reach the honey.
The pure white flowers, which have no
guiding marks, expand in the evening, though they are not
completely shut by day. These characters taken together exclude
diurnal insects except such as come seeking pollen, and make the
flowers so much. the more attractive to crepuscular and nocturnal
Lepidoptera. According to Delpino ( 1 78, p. 161), the anthers ripen
two by two, a fact which I have not observed. A further remark of
Delpino's, that the flowers stand horizontally, and let the stamens
emerge at their highest part, does not at all hold good of the
specimens in my neighbourhood, which have an almost perpenovary,

flowers,

;

dicular position, as Sprengel figures them.
I

have repeatedly seen Sphinx

fertilising

ijorcelim, L., visiting

and

cross-

the flower.

Lychnis Githago, L., is, like Dianfhns, adapted for ferby butterflies, and resembles Dianthiis in regard to its

59.

tilisation

nectaries, the position of its honey, its proterandrous

and the order of development of
Visitors

:

A. Lepidoptera

Pieris bras?icae, L.,

saw it insert
No, 590, II.

I

The

its

its

anthers (702,

Rliopalocera:

(1)

dichogamy,

p. 254).

Hesperiasilvanus, Esp.,s.

;

(2)

Rhingia rostrata, L.,
See also
proboscis repeatedly, seeking in vain for honey.

s.,

very

ab.

species of Silcnc

B. Diptera

SyrpMdce

and Lychnis have a

:

(3)

relation, according to

Dr. Buchanan White, to species of Dianthcecia [Noctuidce) like that

which

exists

between Yucca and the Yucca-moth.

Dianthcecia fertilise Silcnc and Lychnis, and thereby
for their larvae,

plants.

But

The species of
make provision

which feed exclusively on the unripe seeds of these
and Lychnis have many other insect-fertilisers

Silene

besides (773).

Ord.
60.
S.

CARYOPHYLLE^;

Cerastium arvense, L.— The

h.

ALSINEM

flowers

resemble those of

Holostcain the position of their nectaries, in the order of develop-

ment

of the

two stamina! whorls and the stigmas, and hence

K

2

also

—

——

—
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and

in the likelihood of cross-fertilisation in case of insect-visits,

of self-fertilisation

in

and are

spicuous,
Visitors

visited to

A. Diptera

:

(2)

Empis

(4)

Leptis strigosa, Mgn,,

opoca, F.

arbustonim, L.
s,

;

s.

;

Syrphidce

(d)

E. sepulcralis, L.

(7)

;

{a) Stratiomyidce

Stratiomys sp.,
both very ab., s.

(1)

:

(3) E. rustica, Fallen,

;

Melanostoma mellina, L., s.
Mgn., s. B. Hymenoptera

;

(e)

;

(5) Eristalis

:

ab.,

3fuscidce

:

s.

;

r.

;

L.,

Syrphus,

(10)

(6)

Empidce:

(c)

Leptidce

nemorum,

(8) Syritta pipiens,

Mgn.,

manicatus,

Platycbeirus

(9)

They are equally conabout the same extent.
absence.

their

L.

all

(6)

;

four ab.,

sp.,

s.

;

Anthomyia
Andrena argentata, Sm. ? s.
(12) Sepsis

;

:

E.

(13)

(11)

eetiva,

Apidce : (14)
(15)
A. albicans, K. $ s. (16) Halictus, $ (the size of H. nitidiusculus) s. C. Coleoptera Staphylinidce : (17) Omalium florale, Pk.
D. Thysanoptera (18)
Thrips, frequent in the base of the flower.
E. Lepidoptera
(19) Polyom,

,

;

;

:

—

matus Phloeas,

L.,

See also No. 590,

s.

—Flower in

The outer whorls of anthers are covered with

first stage.

pollen, the inner are not

the styles are curled inwards.
end of the third stage. The outer anthers are in part fallen
the inner are still sparingly coated with pollen ; the stigmas are mature.

grown

yet full

and No. 609.

Cerastium arvense, L.

Fig. 41.
1_

11.,

;

2— Flower at the

withered

;

off,

and

in part

Cerastium triviale, Link, has smaller

61.

insect-visitors

;

accordingly

It produces seed

G. arvense.

less

it is

by

flowers and fewer
markedly proterandrous than

self-fertilisation in

the absence of

insects (Axell, 17).
Visitors
(b)

Diptera

:

Empidce

:

(2)

—

(a)

Syrphidce

Empis livida,

L.,

:

(!)

Cerastium semidecandrum,

62.

Syritta pipiens,

still less

s.

and

f.p.

;

L.,

has

still

smaller flowers

than the preceding species it is
distinctly proterandrous, and fertilises itself regularly in

is still less frequently visited

and

L.,

s.

;

absence of insects.

As

in Stellaria media, the inner honeyless stamens are usually

abortive, but remains of their filaments, sometimes attaining half

When the
the length of the outer stamens, frequently remain.
the
middle
flower,
and the
of
the
occupy
they
anthers dehisce,
stigmas

and

still lie

close together,

easily receive pollen.

stigmas

though their

tips are

bent outwards

Later, the anthers pass outwards, the

lengthen slightly and spread out, turning their inner

j

—
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which are covered with long

surfaces,

papillae,
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An

upwards.

insect

young flower dusts itself with pollen, and also applies
pollen from the same or from another flower to the tips of the
visiting a

stigmas ; in an older flower it is likely to dust the outspread
in the absence of insects
stigmas with pollen from another flower
the stigmas as they curve outwards come in contact with the
anthers still covered with pollen.
;

Visitors

1870)

10,

A. Diptera

:

{a)

MuHcuke

(&)

;

:

Si/rjjhidoi

(2)

Rhingia

(1)

:

Pollenia vespillo, F.

rostrata,
(3)

;

L.,

P. rudis,

s.

F.,

(May
both

and inserting the proboscis three to five times in each flower (April 17, 1871).
I saw (April 3, 1871)
B. Hyraenoptera Apklw : (4) Apis mellifica, L. ^,
the honey-bee in great numbers flying over a bare field of C. semidecandrum,
s.

—

sucking the tiny flowers by dipping
Ccrastiu7ii viscosuvi, L.,

proboscis once into

its

eacli.

has cleistogamic flowers (40).

—

Malachium aquaticum, Fries. The flowers of this plant
more conspicuous than those of Cerastium triviale and C. semidecandrttm, but less so than those of C. arvense and Stellaria
Holostea ; in the same intermediate position stands the amount of
its insect-visits and its floral arrangement, which favours both crossand self-fertilisation. The flower is proterandrous, and in absence
of insects the ends of its outspread stigmas come in contact with
63.

are

the pollen-covered anthers.
to five, the latter

The

styles vary in

number being most

here probably resembles the

common

frequent,

number from three
so that Malaclimm

ancestors of Cerastium and

Stellaria,
Visitors

:

A. Diptera

arbustorum, L.

;

—

(a) Syrphidce: (1)

(3) Syritta pipiens,

L.

;

Helophilus lineatua, F.
Ascia podagrica, F.,

;

(4)

(2) Eristalis

all ab.,

s.

;

Antliomyia sp., b. B. Coleoptera Nitidulidoi : (6) Meligethes, ab., l.h.
D. Hymenoptera
C. Thysanoptera
(7) Thrips, very freq.
Apidce : (8) Prosopis communis, Nyl. $ s.
(9) Pr. hyalinata, Sm. ? s,
(10) Halictus sexnotatus, K. (^, s.
(b)

Muscidce

:

(5)

:

—

,

64.

Stellaria graminea,

L.

,

;

;

— The nectaries surround the bases

of the five outer stamens as green, fleshy swellings.

merge one

The

flowers

In
stamens curve in towards the middle
of the flower, and their anthers dehisce widely, covering themselves all round with pollen
the inner stamens are meanwhile
exhibit three stages, which, however,

the

first

into another.

period, the five outer

;

bent outwards, and their anthers are still closed. The styles are
not yet fully developed, and are curved inwards with their papillar
surfaces

directed

downwards.

The

five

inner stamens dehisce

before the other five have withered, but

still

remain bent farther

outwards; this marks the second stage.

As

these inner stamens

134
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and spread outwards

turning their papillar surfaces upwards, and curving their ends,
also papillar,

which

is

outwards and downwards (third

not too small, whether

flower or on one

come

in

contact

it

stage).

Every insect

alights in the middle of the

of the petals, must, to reach the nectaries,
with pollen in younger flowers or with the

Fig. 42.—Stellanagraminea,'I..

1.— Flowev
2.— Flower

in first stage.
in last stage.

The

five outer anthers are covered with pollen, and are bent inwards.
All the antht-rs are eijipty and shrivelled. The styles are spread out

above the stamens, and are recurved, turning their jxipillar surface upwards.
a^, inner wliorl
o'. outer whorl of anthers
n, nectary.
;

;

In default of insect-visits, the
stigmas as they continue to curve outwards come in contact with
stigmatic papillae in older ones.

the pollen-covered anthers.

Insect-visits are scarce, as the incon-

spicuousness of the flowers would lead us to expect.

I

have only

once found Volucella homhylans, L. {Syiyhidm), sucking honey on
the flowers.

—
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—

Stellaria Holostea, L. The arrangement of the flower
S. graminca ; but the flowers are larger and

resembles that of

more conspicuous, the nectaries are yellow, confined

to the outer

above with a honey-secreting
pit, and yielding more abundant honey.
The three stages are more
clearly marked off than in S. graminca.
In the first stage the outer
side of the outer stamens, provided

stamens, in the second the inner ones, stand close round the centre

more

of the flower, turning their pollen-covered surfaces

upwards,

— the other

or less

being in each case bent out of the way.
In the first period the stigmas are bent inwards (as in 1, Fig. 42),
in the second they stand erect but with their papillar sides turned
inwards towards each other, in the third they are spread out (as in
2,

five

Fig. 42), while the anthers

have mostly

remain as

fallen otf or

withered scales attached to the corolla.

my

In flowers which I kept in

room however,

self-fertilisation

often took place, for the ends of the stigmas, as they spread out-

came

wards, often

in contact with the

inner anthers

ing their pollen, and moreover pollen often

fell

still

bear-

upon other parts of

the stigmat?.

—

Visitors
A. Diptera (a) Empidie : (1) Empis tesselata, F. (2) E. opaca,
both frequent, s. (b) Syrphidce : (3) Rhingia rostrata, L,, ab., 8. and f.p,,
standing on a petal and applying the proboscis now to the base of the flower,
:

F.,

now

;

;

to the anthers

;

Eristalis arbustorun), L.,

(4)

and

s.

f.p.

;

(5)

Platycheinis

(7) HydroHymenoptera (a) Apidcv : (8) Apis niellifica, L ^
ab. and persistent, s. (May 27, 1871)
Nomada flavogiittata, K. 9
(9)
(10) N. ruficornis, L. ?
(11) Andrena cineraria, L. $
(12) A. parvuhi, K. 9,
the last four s.
(13) Halictus cylindricus, F. $ f.p.
(6) Tenthredinidtti
C. Coleoptera
(a) Nitidulidce : (15) Meli(14) Cephus pallipes, Kl., s.
gethes, ab., s.
{h)
(Edemeridtc : (16) (Edemera virescens, L. (Tekl. B.)
D. Lepidoptera Rhopalocera : (17) Pieris napi, L., s. E. Thysanoptera—

peltatu8,Mgn., do.

taea dentipes, F.,

;

s.

(6)

Syrphus

ribesii, L., do., ab.

;

{c)

Muscidce

—

B.

:

.

;

,

;

;

;

•

,

;

;

—

;

(18) Thrips, ab.

See also No. 590,

11.

—

The flowers are less conspicuous
66. Stellaria media, Vill.
than the two preceding species, and, since they appear at all times
of the year except in severe frost, they are for a great period
they therefore depend largely on' selfAccordingly they differ considerably in their arrange-

shut out from insect- visits
fertilisation.

ment from the former

;

species.

Of

the ten stamens, there are

almost always some, usually five to seven, abortive
whole, I think that the
colder the time of year.

;

and, on -the

number of abortive stamens is greater the
The five inner stamens are always reduced,

and often disappear completely

;

the five outer ones, which bear the

—
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honey-glands on the outer side of their bases, only show signs of
when the inner series are all abortive at most, two of
them disappear, but the corresponding glands always remain.

abortion

;

In sunny weather

much honey

so

is

secreted that the five

drops are easily seen by the naked eye. The stamens, especially
when their number has been reduced to three, come to maturity in
slow succession. Immediately after the flower opens, the first
anther begins to dehisce, and the stigmas still stand erect with their
papillar sides turned inwards but their tips are already slightly
While the second and third stamens dehisce, the
outspread.
;

fully, and turn the whole of their papillar surfaces
So from the beginning cross-fertilisation and self- ferti-

stigmas expand

upwards.

in
lisation, in the event of insect-visits, are both equally likely
absence of insects the stigmas regularly fertilise themselves by
coming in contact with the anthers. This self-fertilisation is
undoubtedly efficient, for S. media produces abundant seed in
;

winter

when no

insects are about,

and in long-continued rainy

weather.

media has the greatest chance of

Stellaria

cross-fertilisation in

early spring, for before that time no insects are on the wing, and

many more

afterwards

attractive flowers

compete with

My own

it.

observations confirm this.
A. Hymenoptera Apidce : (1) Andrena Gwynana, K. ? s. and c.p. (April
(4) A.
(3) A. dorsata, K. $ s. (do.)
(2) A. albicans, K. ^, s. (do.)
parvula, K. (^ s. (April 21, 1869)
(6) Osmia
(5) A. albicrus, K. (^ s. (do.)
,

11, 1869)

,

rufa,

L.

,

;

;

s.

(^,

pipiens, L.,

(April

(May

s.

17,

B.

1869).

27, 1870)

;

;

Diptera— (a) Syrphidce

Muscidce

(b)

;

,

;

:

(8)

:

Syritta

(7)

Chlorops circumdata, Mgn.,

(March 9, 1872) (9) Musca corvina, F., do. (10) M. domestica,
Thysanoptera (11) Thrips, dusted with pollen, creeping in and
out of the flower (April 30, 1868). See also No. 590, 11.
diligently

L., do.

s.

Stellaria

cerastoides,

L.,

homogamous and

is

It fertilises itself in case of

Diptera.
67.

;

;

—

C.

Arenaria (Mcehringia) trinervia,

the expanded flower, on

stamen,

we

is

visited

by

need (609).
L.

—At

the base of

the outer side of the base of each outer

see a rather large drop of honey.

at the bases of these stamens,

which

The

fleshy swellings

act as honey-glands, are so

strongly developed and extend so far on either side, that they
coalesce,

and the

five together

form a ring round the ovary

;

from

this ring the five inner stamens (which alternate with the others,

and stand opposite to the

When

petals)

seem

to spring.

the flower opens, the stigmas are already separated and

turn their rough papillar surface upwards, while the anthers remain
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In the second stage, the anthers of the outer and longer
in the third stage those of the inner and shorter
stamens, the stigmas still remaining fresh. The flowers are thus
proterogynous with long-lived stigmas. Cross-fertilisation is likely
to occur not only in the first stage, but also in the later stages, since
an insect on alighting will probably touch the stigmas before the
closed.

stamens dehisce

;

stamens.

In several cases I have found the outer stamens so

much

aborted as to be scarcely half the length of the inner series, and
bearing tiny shrunken anthers devoid of pollen.
the time between the ripening of the stigmas

Here apparently
and that of the

stamens was lengthened, and hence the chance of cross-fertilisation
In default of insect-visits, self-fertilisation is attained by
the stamens (both outer and inner) bending inwards, still covered
with pollen, and coming in close contact with the stigmas.

increased.

I found a small beetle, Olihris affinis,

honey on this flower.
Arenaria {Moehringia) muscosa,

Sturm, one of the Fhalacridce,

licking

L.,

is

fertilised

by Syrphidce

(609).

Honkeneja (Ammodenia) peploides, Ehrh.,

is

polygamous (Warm-

ing, 762).

Sagina nodosa, E. Meyer,
by Anth7'ax (609).

The following
hlumen:

proterandrous (17, 38) and visited

additional species

—Arenaria

Bartling;

is

hijlora, L.;

Cherleria

are

discussed

in

my

Alpen-

Alsine recurva, Whlnb.; A. vernay
L.

sedoides,

;

Cerastmm

alpinum, L.,

C.

latifolmm, L.

REVIEW OF THE ALSINE^E.
The foregoing

Alsinese are all

more or

less

dichogamous, and are

mostly proterandrous in various degrees, Arenaria Trinervia being
proterogynous.

Dichogamy

is

the more marked the more con-

spicuous the flowers, and the more abundant the visits of insects.
Self-fertilisation is totally

forms, and
are,

is

excluded in none of the above-mentioned

the better insured, the more inconspicuous the flowers

and the more scanty the

insect-visits either

from that cause or

on account of the unfavourable time of year. The insect- visitors are
very various, on account of the accessible position of the honey, but

and the less specialised bees.
Most of the above remarks hold good also for the

consist chiefly of flies

species

which
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I have observed on the Alps.
L.,

and MceJiringia muscosa,

[part hi.

Alsineverna, Jsicq.,Cherleria sedoides,

I

are so markedly proterandrous, that

L.,

j

spontaneous

can only rarely and exceptionally take

self-fertilisation

Arenaria

place in them.

hiflora, L.,

and Cerastmm

\

also ripen their anthers before their stigmas, but, in default of
insect-visits, fertilise themselves.

it

stands alone

As bees

among

!

.

homogamous,

I found Stellaria cerastoides, L., to be

respect

^

latifoliwn, L.,

in

which

the higher Alpine Alsineae.

:

^

are scarce in the higher regions of the Alps, Diptera

;

take their place as cross-fertilisers of the Alsineae more than in the

j

lower grounds, and were alone observed on several of the above-

mentioned species (609).
Dr. T.

Ludwig

'

|

has recently

of Greiz

made

the interesting

]

discovery that most

if

not

of the

all

distinctly

proterandrous

and that the plants with small and
purely pistillate flowers are chiefly in bloom at the beginning of the
flowering-period of the large -flowered hermaphrodite plants.
So
Alsineae are also gynodioecious

these

subsidiary pistillate

;

make up

plants

for

j

^

i

^

the preponder-

j

ance of the staminate condition in the hermaphrodite flowers at

CARYOPHYLLEyE;

Ord.

Polycarpon tetra^phyllum,

L.,

c.

POLYCARFE.E.

1

\

has cleistogamic flowers (Batalin,

40).

REVIEW OF THE CARYOPHYLLEJi:.

The
in

Caryopliyllece exhibit an interesting series of gradations
the concealment of their honey, while the anthers remain

throughout fully exposed a comparison of their insect-visitors will
thus show what effect differences in the situation of the

'(

I

;

j

i

honey produce.

The

flowers of Alsiiiece, and

Gypsophila jpaniculata, which

all

the short and wide flowers of

expose their honey

freely,

are

and by a few beetles and other shortwhen visited by bees, it is either by the least
lipped insects
specialised forms (Frosopis, Halictus, Andrena) or by the most
Lychnifi flos-cucuH, whose
specialised and most diligent (Apvi).
honey is hidden 9 to 10 mm. deep, and beyond the reach of shortlipped insects, is almost exclusively visited by highly specialised
chiefly frequented
;

by

flies

\

;

I
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bees and by Lepidoptera, one drone-fly, Rhingia, coming also to
share the honey.
The benefit which results from and has brought

about the lengthening of the tube in Lychnis Jlos-cuculi lies in the
by excluding short-lipped insects from the honey, a larger

fact that,

number

tempted to come, and
more diligent in their visits and in
their work as cross-fertilisers.
That the exserted anthers can be
robbed by pollen-eating flies and pollen-collecting bees is scarcely
a disadvantage for the pollen is seldom completely removed, and
of insects with long proboscides are

these, requiring

more

food, are

;

these pollen-seeking insects act as subordinate fertilisers.

When

the passage to the honey

is still

further lengthened and

narrowed, as in the species of Dianthus, Saponaria, and Lychnis,

even bees are excluded and Lej^idoptera only can gain access. For
be advantageous we must suppose that the visits of
Lepidoptera are the better insured by exclusion of other insects.

this result to

Exposure of the anthers
flos-cuculi.

more

is

As the honey

as little injurious here as in Lychnis

gets

more deeply concealed, and access

strictly limited to butterflies,

we

find pari passit

among the

Caryoyhyllcoi increasing development of sweet scents, bright red
colours,

fine

markings round the entrance of the

indentations at the circumference.
so attractive to us,

seem

to

and

flower,

All these characters, which are

have been produced by the similar

tastes of butterflies.

Ord.
68.

HYFERIGACEjE.

Hypericum perforatum,

L.

—The

flowers,

from their

size

numerous plants being usually
associated together, are very conspicuous, and attract many insects
seeking both honey and pollen they however contain no honey,
The
and possess no contrivances to insure cross-fertilisation.
large production of pollen, and the capability for self-fertilisation compensate in part for these disadvantages.
The numerous
and bright colour, and

from,

;

stamens, usually over eighty in number, radiate from the bottom

which are united at the base the
upwards and dehisce in rather quick

of the flower in three groups,

anthers

are

centrifugal

directed
succession,

covering

;

themselves with pollen.

The

three stjdes also radiate outwards, so that their terminal stigmas,

developed simultaneously with the anthers, come
on a level with the anthers in the intervals between
the groups of stamens.
Since these staminal bundles usually
touch one another, and sometimes interlock slightly at their

which

are

to stand

——
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margins, the stigmas

come

into close relation or even immediate

Insects alight as a rule

contact with the pollen- covered anthers.

upon one of the

five

easiest course towards

stamens

they thus

;

On

outspread petals, and then find that the
the anthers

may

between two groups of

lies

come

frequently

a stigma, and

instance with

[part hi.

in

contact

the

in

first

thus cause cross-fertilisation.

the other hand, they often come in contact

first with some
and thus occasion self-fertilisation. Later on, the
petals and stamens draw together towards the axis of the flower,
thus bringing anthers and stigmas in contact with one another,
and insuring self-fertilisation.
Although the flowers have only pollen to offer, they attract
a good many honey-seeking insects, which fly away again after a
vain search for honey, and after sometimes even boring into the
I have noticed the following
tissue at the base of the flower.
insects on the flowers of H. jperforatu^n

of the anthers

:

K. $

,

c.p.

^
(5)

;

,

—

Apidcc : (1) Bombus agrorum, F. ^ c.p.
(2) B.
Saropoda bimaculata, Pz. 9 s- (4) Andrena dorsata,
A. coitana, K. $ c.p.
(6) Nomada lineola, Pz. 9,8.; (7) N.

A. Hymenoptera
terrestris, L.

—

c.p.

;

(a)

,

(3)

,

,

;

;

;

Tenthredinida :
{h)
? s
(8) Prosopis armillata, Nyl., f.p.
B. Diptera
(«) Bombylidce :
(9) Tenthredo sp., vainly seeking honey.
(11) Bombylius
(10) Argyromoeba sinuata, Fallen, vainly seeking honey
canescens, Mik., s.
(b) Empidcn : (12) Empis livida, L., s., the two last

lateralis,

Pz.

,

;

;

—
;

;

obviously bored into the base of the flowers

nemorum, L. (14) E. arbustorum,
L.
(17) Syrphus balteatus, Deg.
;

L.

;

(c)

;

Syrphidcc

(15) E. tenax, L.

;

:

(13) Eristalis

(16) E. sepulcralis,

(18) S. ribesii, L,, all six species very ab.
Helophilus pendulus, L.
(20) H. trivittatus, F.
(21) Melanostonia
mellina, L.
(22) Melithreptus scriptus, L.
(23) M. pictus, Mgn.
(24) Ascia
podagrica, L., all these Syrphidse were diligently collecting pollen.
C. Lepidoptera Rhopalocera : (25) Hesperia silvanns, Esp.
(26) Satyrus Janira, L.
both thrust their proboscides to the base of the flower, but were obviously
groping about for honey and unable to pierce the nectariferous tissue. D. Coleoptera
Chrysomelidce : (27) Cryptocephalus sericeus, L., devouring both
stamens and pollen. See also No. 590, 11.
;

;

(19)

;

;

;

;

;

;

;

Hypericum tetrapterum, L., is visited by pollen-collecting bees
and pollen-feeding flies (590, ii.).
Hypericum hirsutum, L. The structure of the flowers for the most
part resembles that of H. perforatum, but they are smaller and
have far fewer stamens, only seven to nine in each bundle. The
plants bear fewer flowers, and stand more isolated, which greatly
in fact, I have never
restricts the number of insect- visitors
succeeded in observing //. hirsutum visited by any insect. The
bundles of stamens, on account of the small number they contain,
are separated by wider intervals, in which the styles pass outwards

—

;

—
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contact with the anthers in

But when the

flowers close up, on fading,

without the stigmas ever coming

an expanded

flower.

self-fertilisation

141

always takes place, and seems to result in

full

productiveness.

Hypericum

quadrangulum, L., is intermediate between H.
IT. hirsutum in regard to the size of its flowers
and the number of their stamens. Each flower contains between
fifty and sixty stamens, in bundles consisting of from sixteen
In the expanded flower, I have never seen the
to twenty-two.
stigmas in immediate contact with the anthers ; though such

perforatum and

when the parts
The want of symmetry

contact regularly occurs ultimately,

of the flower

draw towards the

in the petals

is

noteworthy

;

it

centre.

occurs also in other species of Hypericum, but

Each petal

not so strongly marked.

Fig. 43.

is

more expanded on one

Hypericum hirsutum,

Flower, seen obliquely from above,

a, a, a,

L.

the three stigmas.

than on the other, and the broader side bears notches from
apex to about the middle, a black gland lying in each notch.
The broad and glandular side is sometimes on the right and
sometimes on the left, but is on the same side in all the petals
of one flower.
The flowers are visited by flies, which feed on the

side
its

pollen (590,

II.).

Hypericum humifusum,

L., has smaller flowers and fewer
each group) than any of our other
The anthers only come in contact with the stigmas as

stamens (three to
species.

five

in

the flower closes up.
I
have observed no insects on this species, or on H,
quadrangulum.
In all the above-mentioned species, the grouping of the
stamens in three bundles and the position of the styles between
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them

increase the chance of cross-fertilisation

in spite of the great

number

;

[part

rendering

it

iir.

likely

of anthers, that an insect on alighting

touch a stigma first, though self-fertilisation is also very
In all, self-fertilisation occurs in default of insectprobable.
visits, and is without doubt the usual mode of reproduction in
the less conspicuous forms.

will

Cratoxylon formosum has dimorphic flowers (167, 213).

Ord.

by

their

;

j

•:]

\

MARCGKAVJACEM

In this order bracts secrete honey and
conspicuous

I

bright

the most various forms (spurs, spathes,

make

They have

colours.

etc.),

the

flower

accordingly

'

and are of as much

j

importance to the plant as petals usually are. Delpino bases a
new subdivision of the order upon the modifications of the bracts.

\

|

The

flowers are proterandrous.

j

In Marcgravia

neijentlioides

there occurs beneath a wreath of

pendulous flowers a group of honey-secreting cups. They attract
insects, which in turn attract insectivorous birds, and these, while
feeding on the insects sitting upon the nectar-cups, touch and
cross-fertilise the flowers

An
with

figures,

vol. v.,

was

|

|

\

;'

(56).

interesting paper on Marcgraviace£e and their Nectaries,

fine

Kosmos,

above

j

Ludwig Wittmack

contributed by

\

to J

1879 (784.)

|

1

Ord. MALVACJSJE.

Malva

silvestrts,

L.,

species often occur together,

]

and M. rotundifolia,
and flower side by side

L.

—These

for

months

In the struggle for existence, 31. rotundifolia has the
advantage in being content with poorer soil, in the appearance of
its flowers from one to several weeks earlier, and in the possibility
of regular self-fertilisation M. silvestris, on the other hand, in
its
more vigorous growth, and much greater attractions for
These advantages seem to balance one another, for,
insects.
about Lippstadt at least, both species grow together in equal
abundance.
In both species, a pyramidal group of anthers occupies the
middle of the young flower, and surrounds the stigmas which are
at a time.

;

still

unripe and folded together

exserted and radiate outwards.

between the bases of the

petals,

;

later on,

Honey

is

the stigmas
secreted

and protected by

become

in five pits

hairs,

and

insects

;

;

\

|

|

i

I

;

\

—
\RT

—
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off pollen from the anthers in young flowers
s. oking it must wipe
and apply it to the stigmas in older ones. In Malva silvestris,
which attracts insects by the larger size and brighter colour of
its flowers, and receives very numerous visits, the ends of the
filaments, before the stigmas are mature, curl outwards so far

that spontaneous self-fertilisation

much

whose;

fertilises

larly

is

default

in

itself

remain extended
following

of insect-visits,

for

its

anthers

(Fig. 44, 5).

of insects which

lists

summers upon the two

ing four

rotundifolia^

such a position as to be touched by the

in

papillate sides of the curling stigmas.

The

M.

impossible.

smaller and paler flowers attract few insects, regu-

I have observed durshow how great is the

forms,

between them.

difference in this respect

Fig. 44.

\— A.— Malva

S,

essential orc;,ans from a biul; 2, ditto, in the first stage of the flower
4, ditto, in tlie second stage.
ditto, between the first and second stages
5.— Malva rotundifolia in the act of self-fertilisation.
silve»tris.

1,

;

69.

Malva

silvestris, L.

:

—

A. Hymenoptera (a) Apidce : (1) Apis mellifica, L. ^, s., very
Bombiis lapidariiis, L. $ ab, (3) B. hortorum, L $ (4) B. silvarum^
L, 5
(6) Cilissa hsemarrlioidalis, F, $ (^ , freq.
(5) B. agrorum, F. §
(8) A. Gwynana, K. ^
(9) A. fiilvicriis, K. $
(7) Andrena parvula, K. ^
(10) Halictiis maculatus, Sm. ?
(11) H. albipes, F. ?
(12) H. morio, F. ?
(13) H. Smeatlimanellus, K. ?
(14) H. zonulus, Sm. $
(15) Nomada late
ralis, Pz. $
(16) Osmia eenea, L. ^
(17) Megacliile Williiglibiella, K. ^.
(18) M. ligniseca, K. ^
(19) Coelioxys simplex, Nyl. $ $
(20) Chelostoma
campanularum, L. $
all these twenty species though always dusted with
pollen, never collected it, but came for honey only
(21) Ch, nigricorne, Nyl.
$ ? very ab., both s. and cp., this is tbe only species which I have seen
collecting the pollen
(22) Prosopis hyalinata, Sm. $
(23) P. communis,
Visitors

ab.

;

:

(2)

,

;

;

;

;

;

;

;

;

-,

;

;

;

;

,

;

—

;

5

;

;

Nyl.

Schenck, $
(25) P. pictipes, Nyl. $
(26) P. dilatata, K. ^
all sucking
{h) Ichneumonidce : (27) various species,
I am unable to say whether they succeeded in reaching the honey.
B. Diptera
(a) Stratiomyidce : (28) Sargus cuprarius, L. (seemed to derive no advantage

$ 5

,

freq.

;

(24)

,

—

P.

signata,

;

;

;

—

——

—
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from the

though attracted by them

flowers,

rostrata, L.,

s.,

C. Lepidoptera

ab.

— (30)

(31) Haltica fuscicomis, L., in the flowers.

Malva

70.

Visitors

:

rotundifolia,

The

Syrphidce

(&)

(29)

:

Rhingia

D. Coleoptera

s.

See also No. 590,

11.

:

;

;

;

See also No. 590,

all sucking.

^,

L.

;

Pieris rapae, L.,

[part hi.

Hymenoptera Apidm : (1) Apis mellifica, L. ^ (2) Bombus
(4) Halictus morio,
(3) Anthophora quadrimaculata, F. ^

agronmi, F. ^
F.

—

11.

following observation shows that even

Malva

silvestris is

In the afternoon,
when the flowers begin to close, I have very often seen hive-bees
clambering up the outside of the calyx of closed but still fresh
flowers thrusting the proboscis past the sepals, they emptied the
not perfectly adapted to

its

conditions of

life.

;

Sometimes

nectaries from outside.

I

have even seen bees,

after

sucking several closed flowers in this manner, perform the same
operation on the next open flower.

have not

silvestris

71.

Thus the flowers of Malva
honey from plunder.

sufficiently secured their

Malva Alcea,

L.

— The

flowers standing on longer stalks,

to a diameter of 40 mm.,
more conspicuous than those of M. silvestris.
Selffertilisation is obviated by the same arrangement as in M. silvestris,
and insect-visits are probably at least equally numerous. I have

and

expanding

are

rosy

their

petals

still

only once, in scarcely favourable weather, observed a few specimens
in flower (July 13, 1868).

Hymenoptera
itself

with

Apidce

pollen

cylindricus, F. $

,

(2)

;

:

(1)

Apis

See also No. 590,

s.

mellifica,

L.

haemorrhoidalis,

Cilissa

^

,

F.

very

$

,

ab.,
s

;

s.,

covering

(3)

Halictus

11.

—

72. Malva moschata, L.
The flowers are as distinctly proterandrous as those of the three foregoing species. According to a
sketch which I made in 1867, the ends of the filaments curve down-

wards on the withering of the anthers; the stigmas spread out
above them, apparently obviating self-fertilisation. However, at
that time I did not pay particular attention to cases where selffertilisation occurs in default of insect-visits.
Visitors
A. Hymenoptera
lostoma nigricorne, L. 9) «.
:

Diptera Bomhjlidm
tera

:

(5)

:

(4)

Apulw ; (1) Apis mellifica, L. ^ s. (2) CheAndrena Coitana, K. (^, s. (Sid.). B.
Systoechus sulfureus, Mikan s. (Sid.). C. Lepidop,

;

;

(3)

Hesperia silvanus, Esp.,

s.

Delpino mentions Xylocopa viola^ea as a visitor of the Malvacece
Dr. Ogle says (631) that in many Malvaceae anthers

(172).

—
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and stigmas ripe a together, aud self- fertilisation takes place
he says that in these forms no nectaries are present,
since the aid of insects is not required.
Unfortunately he does
not name the species to which he refers.
Anoda hastata, Cav. Hildebrand figures and describes the
proterandrous flowers.
In the first stage the ripe anthers are
erect and the stigmas are folded down, while in the second the
stigmas project above the anthers (351).
Gossypium herbaceum., L., has floral and extra-floral nectaries.
It is visited by Ruby-throated Humming-birds, and by numerous
regularly

;

—

insects (730).

Ahutilon, Giirtn.

—My

many experiments on
results
(1)

brother

MuUer has performed

Fritz

this plant at

Itajahy, with the following

:

Ahctilon growing there,

All the species of

with

tlieir

(2)

pollen,
tlieir

own

and

when

hybrids, are baiTcn (with perhaps one exception)

their

fertilised

pollen.

In those species which are unproductive with their own
the pollen of their near relations (the parent-plants

offspring) is less efficient than pollen

or

from more distantly

related or unconnected plants.
(3)

gives

The

application

a greater yield

of

pollen from several different species

seed than pollen from a single other

of

species only.
(4)

The simultaneous

application

of pollen

always produces seedlings of two kinds

of two

species

not as in the experiments of Koelreuter and Giirtner on other plants, where the
simultaneous application of two species of pollen always produced
:

seedlings of one kind only.

Among

is more or
between nearly related individuals between
parent-plants and their offspring, between offspring of the same
parents, or even between plants which have only one parent in
common.
By considering from a common point of view the diminution
of fertility in too close interbreeding and in the production of
hybrids, Fritz Midler arrives at the following law
Every plant,
to produce vigorous and prolific offspring, requires a certain degree
of difference between the male and female principles which
coalesce
and when this amount of difference is too great or

(5)

less

complete

hybrids of the genus Ahutilon, there

—

sterility

:

—

;

too

small,

i.e.

when the

parent-plants are too distantly or too

closely related, the productiveness falls

off.

Further, the greater

L
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the

for

when

—

paribus

cceteris

—of

much more

crossed with

distant

\mfertile to pollen from

less

relatives.

Thus

own

pollen,

closely related indivi-

form hybrids with other
species. (Compare Ahdilon, Lobelia, Fassiflora, Oncidium) (558).
The natural fertilisers of Ahutilon at Itajahy are hummingbirds, which perform their work so diligently that, as we have
seen, the power of reproduction on self-fertilisation has been
duals, will in general be specially likely to

dispensed with.

Pavonia

has

Cav.,

hastata,

cleistogamic

flowers

without

nectaries (318).

Goethea coccinea, according to Delpino,
long-lived

The

stigmas.

flower conspicuous

;

tetraphyllous

the honey

is

is

proterogynous with
renders

involucre

the

secreted in five glands at the

calyx, and is sheltered by the corolla.
Delpino supposes bees or humming-birds to be the fertilisers

base of the urceolate

(177,350-

Ord. STERCULIACEJ::.
Melochia parvifolia, H. B. and K. (Caracas),

is,

according to

Ernst, dimorphic and heterostyled (225).

Ord. TILIACEuE.
73. TiLIA

flower

of

EUROPiEA,

the

lime

:

L.— Sprengel
its

has

proterandrous

fully

described

condition,

which

the

he

overlooked, was noted by Hildebrand (356).
The honey is secreted and lodged in the hollow sepals, and
is

short proboscides.
The sepals and
by the stamens, which are numerous and

accessible to insects with

petals are overtopped

curved outwards

i

|

that plant proving

species in which individuals are quite sterile to their

and more or

is

|

productiveness in a certain plant the greater

full

chance will there be
fruitful

iir.

of difference between the sexual principles that

amount

requisite

[part

and insects can only alight on the anthers, or
on the stigmas, or in the space between them. The possibility
of self-fertilisation is almost excluded by the stamens remaining
bent outwards to the last, while the pistil occupies the axis of
;

the flower; only rarely

is a flower met with in which an anther
has become curved inwards to touch the stigma. The lime, which
rarely produces seed in England, attracts great numbers of insects

(

—
PART

THE MECHANISMS OF FLOWERS.

III.]

147

of various orders, by the number and strong scent of
and the accessible position of their honey.
A. Hymeiioptera— (^-f) ApifJo'.:
flower are

;

Apis

(1)

niellilica, L.

resort of thousands of bees in fine weather,

^

(h'mes

s.

,

flowers

its

when

in

—I

found none with
pollen in their baskets, but all seemed to come for honey)
(2) Bombus
agrorum, F. $
ab., s.
Prosopis, ab.
{h) Sphegidcn :
Oxybehis
(3)
(4)
tlie

;

,

;

;

uniglumis, L., ab., licking honey.

nemorum,
L.

;

(9)

L.

Helopliilus

pellucens, L.

;

F.

;

cornicina,

bovinus, L.,

B.

E. arbustorum, L.

(6)

;

{h)

floreiis, L., all

Miiscidcv

Musca

(13)

:

(11)

;

very

Diptera— (a) Syrphidcn

:

(7) E.

(8)

sepulcralis,

now

ab.,

s.

now

Sarcophaga carnaria,

dcmiestica,

L.,

s.

;

L.

f.p.

;

L.,

E. tenax,

(10) Volucella

;

s.

Talanidce

(e)

(5) Eristalis

:

(12) Lncilia

;

(14) Tabanu:*

s.

Oku. LlNEJi:.

—

The five filaments are adherent
74. LiNUM CATHARTICUM, L.
by their expanded bases to a fleshy ring in the base of the flower,
which secretes five honey-drops from as many flat inconspicuous
glands on its outer side, opposite to the stamens these honey:

drops enlarge

till

they reach the underlying sepals.

ring the petals are attached, a

To

this fleshy

above the honey-glands, and
Tlie lower halves of the petals

little

alternating with the stamens.

are in contact with one another, but narrowing suddenly at the

base they leave a round opening between each pair, immediately

above the honey-gland.

The

1

five anthers become mature at the same time as the
and stand on a level with them. They cover themselves
all round with pollen, but for a short time after the opening
uf the flower they stand at some distance from the stigmas, so
that self-fertilisation cannot take place.
An insect coming from
another flower and plunging its proboscis into the middle betw^een
stigmas and anthers wall effect cross-fertilisation, but if it inserts

stigmas,

its

proboscis into the

flower

outside the anthers these will be

pressed against the stigmas and self- fertilisation will result.
If insect-visits

do not occur,

for

every one

takes place by

self-fertilisation

the bending inwards of the stamens.

seems

It

of the small, white, solitary

to

flowers,

be

efficient

which

close

evening and receive very few insect-visits, produces a
capsule full of good seeds.
In spite of the great abundance of the plant, I have only
in the

once seen two insects at work upon
(1)

its

Systocchus
sulphurous, Mik. (Bombylida})
"

flowers
;

(2)

;

viz.

:

Erapis livida,

(Thur.).

L 2

L.,

s.

—

—
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LiNUM usiTATissiMUM, L.— This

flower

[part hi.

resembles

\

the

and to the simultaneous
preceding oue in regard
and stigmas hence also
anthers
of
positions
ripening and relative
of insect-visits, and
case
in
cross-fertilisation
in the hkeiihood of
to its honey,

;

in the constancy of self-fertilisation if they fail.
Hildebrand has shown by direct experiment that self-fertilisation
is efficient.

The

flowers are

more conspicuous and therefore more

by

humble-bee on them
A.

I

;

cathartimm.

of L.

insects than those

have noted

:

; (1) Apis mellifica, L. ^
B. Lepidoptera— iV^ocfao? ; (3)

Hymenoptera— ^i^i^/cB

cylindricus, F. $, c.p.

See also No. 590,

visited

.

Sprengel observed a

,

ab.,

s.

Pliisia

;

(2)

Halictas

gamma,

L.,

s.

11.

Linum

Fig. 45.

1.— Young flower, from above the authers
2.— Ditto, viewed obliquely from above.
;

calharticum, L.

are uot yet

iii

contact witli the stigmas.

and arc in
— A slightly older flower, from above; the live anthers are covered with
contact with the stiymas.
— Flower after removal of the calyx, to show the inseiiion of the petals and the position of the
ncctarleH.
— Essential organs removed from the flower, in the position of self-fertilisation.
— Sepal from the Inside, with a drop of honey.
3.

i>olIcii,

4.

5.

0.

a.

anther

;

it.

stigma

;

n, nectary

The dimorphic

;

a',

coherent filaments.

species of

Linitvi

have been the subject of

several important researches.

dimorphism in L. grmidiand L. Jlavwniy L., and made
experiments on the two first. In Liniim grandiflorum the shortstyled flowers gave, on self-fertilisation, more seed than the longstyled, which remained almost barren.
Both proved to be far
Dai'win, as early as 1863, recorded

JloTnim,

Desf.,

Z. perenne,

L.,

PART
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As a nile the pollenwhen on the stigma of a

legitimately fertilised.

grain failed to develop

pollen-tube

its

own kind (157).
In Limom perenne illegitimate pollination of the long-styled
form was quite unproductive, and in the short-styled form very
nearly so; in both forms, legitimate pollination led to full fertility
in three cases out of four.
Hildebrand found that in this species
short-styled flowers were quite infertile with their own pollen,
with that from another flower on the same plant, or from any other
short-styled flower; but invariably fertile to pollen from a longliower of its

styled flower (339, 340).
In Limtm Lewisii, Pursh. [L. Sibiricum, D.C.), according to

Planchon, each plant bears flowers of three kinds, one long-styled,

one short-styled, and one with styles and stamens of equal length

;

though not in the same sense that
Lythrum Salicaria is so. Dr. Friedrich Alefeld enumerates twentynine dimorphic species of Linum, all natives of Europe, Asia, or
North Africa while all the species from North and South America
and from the Cape are monomorphic (i). (Cf. Darwin, 167.)
liadiola linoidcs, D.C. {R. milicgrana, Sm,), is visited by minute

that

is

to say,

it is trimo'iyliic,

;

Diptera (590, II.).
Erythroxylon is dimorphic.

Ord.

Cam area,

St. Hil.,

MALPIGHIACEjE.

and Jamisia, A.

de
Aspicarpa

Juss., according to Adr.

Jussieu, have cleistogamic as well as normal flowers;

ureus, Eich., occurs with only cleistogamic flowers (531);

chmidia, H. B. and K., also

is

placed

among

Gaudi-

cleistogamic forms by

Kiihn (399).
In BuncJiosia gmidichandiana the glands on the exterior of the
calyx seem not to be protective in function.
They are visited by
various bees {Tctrapcdia and Epicharis), which in feeding on

them

dust the under surface of their bodies with pollen, with which they
cross-fertilise other flow^ers (360).

Ord.

GEFANIACEJS.

Tribe Geraniece.
76. Geranium palustre, L.— The structure of this flower was
thoroughly described and figured by Sprengel, who, however,
observed no insect-visitors.
In sunshine the flowers expand their

—

THE FERTILISATION OF FLOWERS.

150

[part hi.

purple petals to a diameter of 30 to 40 mm., and turn towards the
sun, so that, being brightly illuminated, they are visible at a great
distance.

The darker

lines

which converge

and the pale-

to the centre,

coloured claws of the yjetals, serve to direct insects towards the
honey, which is secreted by five glands at the bases of the outer

stamens, and protected from rain by hairs at the bases of the
Insect-visits
it is accessible to very short-lipped insects.
petals
has become
self-fertilisation
of
power
are so frequent that the
;

completely

Each flower passes through three well-marked

lost.

which first the five outer stamens, next the five inner
stamens, and thirdly, when these have withered, the five stigmas,
become in turn ripe and stand up prominently in the middle of
the flower. Each whorl of stamens bends outwards as its anthers
stao-es. in

wither.

Near Lippstadt

plant

this

to a single

confined

is

locality,

have only once watched it, for about half an hour, in a light
east wind and changeable sky (August 21, 1871). I was convinced
in this short time of the great number of insects which frequent
the plant. Whenever the sun shone out, I found the flowers visited
by numerous flies and bees, especially species of Halidus.

and

I

A. Hymenoptera
F.

$

(3)

;

H.

Apldai

flavipes,

F.

$

(1)

:

(4)

;

Halictns cylindricus, F.

H. longalus, Sm. $

;

^

(2)

;

H.

(5)

H.

albipes,

nitidiusculus*,

K. $ (^ (6) H. zonulus, Sm. ^ (7) Andrena dorsata, K. ^ (8) A. fulvicriis,
(a) SyrphkJoi : (10)
K. ^
B. Diptera
(9) Prosopis communis, Nyl, $
Rhingia roslrata, L.
(12) Eristalis tenax, L.
(11) Melithreptus scriptus, L.
{h) Muscida' :
(13) Helopliilus pendulus, L.
(14) Platyclieirus peltatus, Mgn.
;

;

;

—

.

;

;

;

;

;

;

(15)

small

—

sucking.

all

species

of

Anthomyia.

Lepidoptera— (16)

C.

Pieris rapa?, L.,

—

77. Geranium PRATENSE,L.
This is generally the most conspicuous and most abundantly visited plant in the meadows where it

grows, just as G. 2Mlnstre

is

in the marshes.

It agrees in structure

most part with the former species, and like it has lost
the power of self-fertilisation.
Hildebrand gives (351, p. 19)
a drawing and short description of its markedly proterandrous
flowers.
He has shown that, at the time when the anthers dehisce
and are bent over the stigmas, these latter as a rule are incapable

for the

they become capable of fertilisation when the
have diverged away from them, and finally lose this
capability on the falling off of the petals (342.)

of fertilisation;

anthers

Visitors: A.
(2)

Hymenoptera— .4 jji(/nj

Ohinia rufa, L. 9,8.

(May

(1)

;

27, 1868)

;

Apis

mellifica, L.

^ very
»

ab.,

(3) Clielo.^Uuna nigriconie, L.

s.

9?

;

«•

—

I'ME
(Thur.)
(Sid.),
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(4) Stelis aterrima, Pz.

;

? (Thur.),

s.

;

6

?

(Tliiir.),

s.

Andrena Coitana, K.

(5)

;

Halictus cylindricus, F.

(6)

^

151

;

(7)

<^

H. albipes, F. ^

•

H. leucozonius, K. $ (9) H. longulus, Sm. ^ (10) H. maculatus, Sin. ^
(Thur.),— all sucking; (11) H. lucidulus, Schenck, ^, c.p.
(12) Prosopis
s.
B. Diptera Sijrphidce: (13) Melithreptus pictus, Mgn., f.p.
]) yalinata, Sm. (^
See also No. 590, 11.
(8)

-,

;

;

,

78.

Geranium pyrenaicum,

L.^-The

flowers

are

proter-

androus, and regularly fertilise themselves in default of insectvisits.
Before the bud expands,
ends bent slightly outwards.

As soon

all

the filaments have their thin

as the flower opens, the five outer

stamens, whicli

alternate with the petals and whicli bear at their base the honeyglands, rise

up

so

that

their

anthers overtop the divisions

of'

Fig. AQ.—Gei-aniumj^yrenaicum, L.
1-4.

—Positions of the reiirodiictive organs at successive stages.

the stigma, which are

still

that side where dehiscence

and each anther turns
about to take place outwards and

closely united,
is

upwards this whole surface becomes covered with pollen. At the
same time the thin ends of the five inner stamens curve downwards, so that their anthers which are still closed are out of the
way of insects, and do not hinder them from dusting themselves
with pollen. A day later these five inner stamens rise up and
dehisce, so that now the stigmas are surrounded by a circle of ten
anthers, all dusted on their outer sides with pollen.
After a day or two more, the stigmas at last begin to separate
from one another, and when they do so, they lie on a level with
the anthers. If the pollen has not in the meanwhile been removed,
:

an insect-visitor

may now

accomplish

self- fertilisation as

easily as

—
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cross-fertilisation,

but

extent, the pollen

is

if

have taken place to a

insect-visits

sufficient

wholly removed before the stigmas separate,

cross-fertilisation is the inevitable result

and

[part hi.

of further

insect-

If insects do not visit the flower at all, self- fertilisation
visits.
always takes place, as the edges, at least, of the recurving stigmas
come in contact with the pollen, as I have repeatedly seen in the

case of specimens flowering in my room.
The fertiHsation of the plant is therefore provided for under

all

possible conditions.

had a

I have not

by

fertilised

insects

;

direct opportunity of observing this plant

but in sunny weather

Herr Borgstette,

its

fairly

also for living

A.
of

its

must

:

Andrena fulvago, Christ. 9 ^vitli pollen
A. Gwynana, K. $ (^ (3) A. parvula,
Halictus cylindricns, F. ? (6) H. maculatus,

Hymenoptera— («) Apidai

Geranium on

insect- visitors

whom I am indebted
me the following insects

to

numerous,
examples of the plant, sent
him
on its flowers at Teklenburg
caught by

be

for

(1)

:

collecting-hairs

5

(2)

;

;

A. dorsata, K. $
(5)
H. Smeatlimanellus, K. $ (8) Spliecodes gibbus, L. $ (9) Osniia
{h)
fiisca, Christ, (bicolor, Schrank), $
(10) Chelostoma nigricorne, L. $
Vespida : (12) Odynerus
(c)
Sphegidce : (11) Ammophila sabnlosa, L.
B. Diptera (a) SyrpMdcp.: (13) Helo(Hoplopus) quinqiiefasciatus, F.

K. $

(4)

;

Sm. $

;

;

;

(7)

;

;

;

;

;

—

philus fioreus,

Mgn.

tseniatus,
S.

ribesii, L.

rostrata, L.
fera,

L.

L.

;

;

;

;

(16)

Chrysotoxum bicinctum, L.
(15) Melithreptus
M. pictiis, Mgn. (17) Syrphus balteatiis, Deg. (18)

(14)

;

(19) S. pyrastri,

L.

;

(20) Ascia podagrica, F.

(22) Pelecotoniatricincta,

;

(24)

Mgn.

Scatophaga stercoraria, L.

Byturus funiatus, L.
(b) Cistelidce
Malacodermaia : (27) Malachius senens, L.
(25)

;

On

;

;

:

Miiscidce

{h)

;

C.

Coleoptera
(26)

:

—

Cistela

;

(23)
(a)

(21)

Rhingia

Echinomyia
Dermestidoi

niiuina,

L.

;

:

(c)

the Alps I found G. pyrenaicum abundantly visited by

and incapable of spontaneous self-fertilisation (609). The
stamens bent far outwards before their anthers withered, and the
stigmas did not expand until all the anthers or at least the outer
five had fallen off.

insects,

79. Geranium sanguineum, L., in spite of its flowers being
much more conspicuous, agrees fully in the manner of its fertilisa-

tion with G. pyrenaicum
to

;

its

insure cross-fertilisation

compensate
Visitors

H.

:

for its

A.

conspicuousness seems therefore not
in

more shady

Hymenoptera— (a)

sexnotatus,

any greater degree but only to

habitat.
A^yida;

:

(1)

Halictus maculatus, Sni. $

;

K. 9 (both usually alight on a petal, and go round
the flower, licking one nectary after another— their sides rub against, the
anthers in yonng flowers and the stigmas in old ones,— sometimes they alight

(2)

—

PART
ill

THE MECHANISMS OF FLOWERS.

III.]

tlie

middle of the flower)

— Sijrphidm

:

(4)

;

(h) Spherjida'

:

(3)

Oxybelus

B. Diptera

lihingia rostrata, L., settles sometimes in the middle of the

sometimes on a petal, and sucks all the
See also No. 590, ii., and No. 609.

ilower,

sp., s.
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five

drops of honey in

succession.

Geranium molle,

80.

L.

—When

the

flower

opens,

the

divisions of the stigma lie close together so that their papillar

The anthers are all closed and distant from the
middle of the flower; the thin ends of their filaments are bent
outwards, the inner row of stamens which stand opposite to the
petals being bent farther outwards than the others which alternate
sides are hidden.

with the petals.

Now

the outer stamens begin, one after the other, to bend

inwards, so as to

there

the

;

lie

the flower

first five

is

over the apex of the stigma, and to dehisce

thus for a time male only.

stamens have

begin to separate

;

all

But even

before

dehisced, the divisions of the stigma

so that the five anthers

which lay over their

3
Fio. 47.

Geranium

molle, L.

— — Reproductive

organs in successive stages.
In 2, the inner whorl of stamens has been
removed, a', outer stamens, alternating with the petals, and provided at the base with nectaries a^,
inner whorl, opposite the petals, bent further out than the outer whorl when the flower opens
1

5.

;

;

et,

stigma.

come

between them, and let some part
upon the stigmatic papillaB.
While the divisions of the stigma are expanding still more
widely, the inner anthers, which hitherto were closed, begin to
curve inwards and to dehisce.
When all the anthers have shed

apices

to lie in the angles

of their pollen fall

their pollen, they lie partly in

the angles, partly over the ends

and only a little above them so that
-insects which alight in the middle of the flower touch anthers and
stigmas at the same time, and can accomplish self-fertilisation as
of the outspread stigmas,

;

well as cross-fertilisation.

The
less

likelihood

of self-fertilisation

is

thus greater in these

conspicuous and therefore less visited flowers than in either

of the two preceding species, since anthers and stigmas come into
immediate contact with one another early in the flowering period.
The probability of cross-fertilisation is in consequence so much the

—
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since even with

abundant

(M^^

FLOWEliS.

[part

iii.

insect-visits the iiossibiUty of self-

fertihsation remains throughout.
A. Diptera— («) SyrpJddoi : (1) Ascia podagrica, F.,
Rhingia rostnita, L., s. (3) Helopliilus pendulus, L., freq., s.

Visitors
(2)

:

;

l)ipiens,

L

,

s.

oi^tcva— A pidie

;

:

{b)
(6)

Muscidw

Scatopliaga merdaria, F.,

(5)

:

Halictiis sp.,

s.

(7)

;

very ab.

s.,

B.

s.

;

(4) Syritta

;

Andrena Gwynana, K. $

Hymens.

,

(8)

;

Apis mellitica, L. ^ (I saw the hive-bee once (June 10, 1871), in a sj^ot
where G. molle and G.pusillum were growing together, dip its tongue into
some flowers of G. molle., but abandon it immediately for Glechoma.
mention tliis apparently trivial circumstance because it shows (1) that
G. molle with its larger and darker flowers is preferred by an insect which has
to choose between it and G. pusillujn, and (2) that even G. molle has not
See also No. 590, 11.
sufticient attractions to win the services of the hive-bees.

—

81.

Geranium pusillum,

L.

—Although

on

superficial

exa-

mination very easily confused with G. molle, G. pusillum differs
considerably from that species in the structure of its flower.

Only the five stamens which alternate with the petals bear
anthers, and these stamens are provided at their base with honey

Fig. 48.

Essential organs of a flower which

glands.

When

is

Geranium pusillum, L,

just opening, seen from above,

st,

The

a, antlior.

all

erect and

five divisions of the

stigma are

the flower opens, the stamens are

closely applied to the pistil.

stigma;

spread out for half their length, their papillar surfaces are turned

upwards, and the anthers, which are

still

closed, lie a little

the stigmas in the angles between them.
as yet female only,

and can only be

by pollen from older flowers.
Soon after this, the anthers

fertilised

The

below

flower therefore

dehisce, covering themselves on

both sides with viscid pollen-grains, and the stigmas spread
further apart, so that the anthers

is

through insect-agency

come

to lie in the angles

still

between

them and dust the papilhe on their edges with pollen. The flower
is now as much male as female.
It can be fertilised more easily
with other pollen than with its own in case of insect-visits, but
liJis already begun to fertilise itself.

it

At length the divisions of the stigma are fully outspread
while the ends of the filaments bend towards the middle of the

;

j

j

;:
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iiower, so that the

anthers,

pressed together, and

lie
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dusted with pollen, are closely
they must therefore be

still

over the stigmas

;

touched before the stigmas by an insect alighting in the middle of
the flower.
In this stage the flowers are adapted for dusting the

with pollen for the fertilisation of other

bellies of insect-visitors

flowers

;

but their own stigmas are more easily reached by their

own

than by other pollen.

The anthers now

easily fall

off,

and one often

finds the older

flowers without anthers, but with five fully outspread stigmas.

These flowers are therefore again female only, but their stigmas
have already come in contact with their own pollen, though they
may still be fruitful with that from younger flowers.
If we compare the flowers of G. pusiUitm with those of its
near ally G. molle, with which it grows in company, and blooms at
the same time, we see that the former are smaller and paler, and
In each case,
are accordingly more rarely visited by insects.
however, the regular occurrence of self- fertilisation compensates
for the great uncertainty of cross-fertilisation
and further, the
very early development of the stigmas enables the rare insect visits
to be made full use of when they do occur.
Finally, the more
rapid development of the flower permits the number of anthers to
be reduced to one-half.
In spite of frequent watching, I have only noticed the flowers
of G. pusillum to be visited by one insect, a small gnat, Ascia
'podagrica, F., but by that on several occasions.
It settled in the
middle of the flower and sucked honey from it. See also No.
;

590,

II.

REVIEW OF THE PRECEDING SPECIES OF GERANIUM.
If
spots,

we exclude G. sangnmeum, which grows in more shady
and arrange the other species according to the size and

conspicuousness of their

(4)

flowers,

and G. pratense

(1) G. palustre

G. pnsHluvi.

We

we

get a series

(2) G. pg7r7iaicit7n

;

lisation

in

accordinoj

case
to

of insect-visits

the

increasinor

default of insect-visits.
self-fertilisation

For

;

and

so

likelihood
(I)

follows

(3) G. niollc

;

if

we arrange

chance of

cross-ferti-

get practically the same series

these species according to the decreasing

as

also

of

if

we take them

self-fertilisation

in G. pratense

and

in

G. palustre,

never takes place in the ordinary flowers,^ while

^ I say "in the ordinary flowers," because it is possible, and even probable, that
homogamic flowers occur, as Axell has shown in the case of G. silvaticum.
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cross-fertilisation is thoroughly insured through the separation of
the sexual products both in time and space (2) in G. pijrenaimm,
self-fertilisation never takes place in the earlier period, but it takes
place regularly though not abundantly towards the end of the
;

flowering period

if insect-visits

insured, as in the

but

—

cross-fertilisation is

species, if insect-visits occur early,

two preceding

they are delayed

if

do not occur,

the second stage they result more easily

till

than in the other two species in self-fertilisation also; (3) in
G. molle, even if insect-visits occur early and abundantly, selffertihsation is not excluded and it takes place to a greater extent
than in the former species long before the flowering period ends, if
;

insect- visits

excluded,

do not occur,

—though

cross-fertilisation is

self-fertilisation is at

no time

favoured in case of insect-visits, by

the position of the reproductive organs in both stages of the
flower
(4) in G. piisillum, self-fertilisation takes place abundantly
;

in every case before

take place

end of flowering, but

the

anthers, receives pollen from

when

take place, and
applied to

if

in time, the stigma, Avhich is developed

pollen

the stigma

it

is

insect-visits

before

the

outside before self-fertilisation can

the same flower

of

is

afterwards

probably rendered useless by the

"prepotency" of the other: if insect- visits are delayed till a later
from outside is brought only to a stigma
already laden with pollen of its own flower, we may still suppose
period, so that pollen

that the former outstrips the latter.

Thus

in these

Geraniums we see

insect-visits diminishes

plant

makes amends by an increasing

for the

how, as the number of

likelihood of self-fertilisation

diminished chance of cross-fertilisation.

Geranium

dissectum, L.

—The

to that of G. pusilhcm, but the
it

clearly

with the conspicuousness of the flower, the

opens,

the

stigmas

already

manner

of fertilisation

is

similar

flower has ten anthers.

stand

widely

When

outspread,

and

the anthers which stand close around them are still closed and
dehisce gradually one after another, dusting the stigmas with
pollen.

I

have seen

No. 590,

II.

p. 217).

it

visited

by

flies

and by Andrcrm

(vide

82. Geranium robertianum, L.— When the flower opens,
the five stigmas are folded close together ; the five outer stamens
stand close round them, in the middle of the flower, and their
anthers, which project a little above the stigmas, dehisce, covering

—

—
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their upper surfaces with pollen.

inner stamens are

five

bent outwards as far as possible, so as to
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upon the

lie

petals

still

and

be out of the way of insects which alight on the flower. Before
the period of the outer stamens is over, the stigmas separate and
expand, so that their papillar surfaces which were hidden before
are

now fully exposed in the middle of the flower.
As the outer stamens wither, the five inner ones

up

rise

to

which lengthens meanwhile, so that its five
stigmas stand a little way above the circle of pollen-covered
surround the

style,

anthers.

Honey

is

secreted, as in all our Geraniums,

the base of each outer stamen, and

is

by the outer side of

collected in a slight hollow at

may

be reached by means of a proboscis
which the insect must thrust its head
into the narrow part of the flower.
I have seen Bhingia rostraia

the base of each sepal
at least 7

mm.

:

it

long, without

in great abundance, sucking

another with

up the

which

its proboscis,

is

five

honey-drops one after

11 to 12

mm.

long

;

it

stood

on one petal, then on another, and in older flowers its proboscis
touched first the stigmas and then the ripe anthers, in younger ones
the ripe anthers only. It effected cross-fertilisation regularly, but
at times, in drawing out its proboscis, it must also have effected
self-fertilisation.
I have quite as often found this fly busy eating
pollen.
I have noted, in all, the following visitors

first

:

A. Diptera

—
Dptera —

optera

No. 590,

(2)

Sijrpliuhv,

:

(3) Pieris napi, L.,

s.

ami

f.p.,

sucking and biting

tlie

petals.

Rhiii^ia rostratu, L.,

(1)

Dasytes llavipes,

F.,

very

ab.,

s.

May

(Stroiuberg,

B. Cole-

ab.

C. Lepid-

See also

15, 1868).

II.

by the early developby the position of the

Cross-fertilisation is here insured, at first

ment

of the outer stamens, and afterwards

mature stigmas above the
is

I

the foregoing series, because I
self-fertilisation

Geraniujii

but self-fertilisation
have not included this species in
have not yet made sure whether

level of the anthers

not absolutely excluded.

;

does result in default of insect-visits.

silvaticiim,

Low Germany and

L.,

is

not only widely distributed in

in Britain, but occurs also in the Alps,

where

it

extends to far above the limit of trees and is one of the most
abundantly visited plants. I have found upon its flowers
Coleoptera, 8 Diptera, 21 Hymenoptera, 24 (ApidsB, 17) Lepid:

;

;

optcra, 21

:

in

all,

74

;

species.

This plant is historically interesting, since it suggested to
Sprengel the first idea of his theory.
It is also remarkable for
being gijnodioecioits, and for exhibiting transitions both towards

—
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liomogamy and towards dioecisni (609). (List of visitors in Low
Germany, 590 II. p. 218.
Geranium phceitni, L., is proterandrous. The two whorls of
stamens develop in succession, and the stigmas do not expand
bent outwards. The flowers are
and by the hive- bee
humble-bees
honey by

until the stamens liave again
visited

for

their

(229, 665).

Geranmin
flowers

macrorhixon,,

are female only.

L.,

is

proterandrous, and the earlier

The same

true

is

of

several species

of Pelargonium (356, p. 479).
83.

Erodium

and stored as in

CICUTATIIUM,
all

L'Herit.

—The

our other Geraniums

;

honey

^

Fi(3.

49.

is

secreted

the five outer anthers

y5

Erodium cicutarlum, L'Herit.

1.— Flower, seen from above and in front.
2.— One of the two superior petals, magnified half as much again, showing the hairs at its base
which protect the nectar. The three dark lines converging towards the base form a "path-finder "
common to all the petals the elliptic sjiot is a " path-finder " peculiar to the two upper petals.
8.
The reproductive organs, a, anthers 8^ stigma; n, nectary; fe, droji of honey; Ji, the five
fllaraents of the inner whorl of stamens, whose anthers are aborted
4.— Centre of the flower, after removal of the pistil. A, point of attachment of the pistil u,
nectaries, with their honey-drops protected by the two rows of hairs.
5.—Coecinella septempunctata, un awkward visitor of this flower.
;

—

;

;

only are

fertile,

as

iti

G. pusillum.

As

in other

Geraniums the

flowers turn towards the sun, rendering themselves conspicuous, in
spite of their short stalks,

among

all

the other flowers of the bare,

sunny slopes where they chiefly grovr.
While in the species of Geranium, the flowers though
obliquely are quite regular, here there

is

set

a distinct difference

—

—
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between the uj^per and lower petals, the (two, rarely three) upper
ones bearing " path-finders " in the form of fine black lines, the
(three, rarely two) lower ones being elongated to form convenient
alighting-places.

The

flow^ers are distinctly

proterandrous, so that cross-fertilisa-

tion never fails if insect-visits take place in time

take place, then the flower
I

is

:

if

they do not

regularly self-fertilised.

have only noted the following

visitors

:

Hymenoptera

A.

Ajndce : (1) Apis mellitica, L. 5, s. and c p., ab.
B. Colefound hive-bees and humble-bees collecting pollen).
(2) Coccinella septempunctata, L., licking honey.

(Sprengel
optera

—

The awkward way

which

in

While seated on a

without notice.

which is not fitted to
was too amusing to pass by

this beetle,

feed on flowers, obtained the honey,

petal, it applied its

mouth

to

one of the nectaries at the base thereof; while so doing, the petal
usually broke

off,

or fell with its

and the beetle was

own

way round the

to the ground.

left

clinging to the next petal,

In the former case

it

kept on

and frequently pulled off all five petals,
one after another but when it fell it was always at once on its
legs again, running to another stalk of the same plant to climb up
anew. 1 saw one beetle fall four times to the ground without
growing wiser by experience.
Ludwig has published more comprehensive researches on the
mechanism of fertilisation in Erodium (433, 434, 438).
its

flower,

;

Tribe Pelargonke.

Some

general remarks

on the structure

Tropccolum are given by Delpino
f

majus,

L.,

of the

the

flower

in

in

7'.

was thoroughly described by Sprengel, who noted

its

(172);

structure

proterandrous condition
Tribe Oxalidece.

Hildebrand has investigated

all

the species of Oxahis in the

Botanic Gardens of Berlin and Bonn, in the Royal Herbarium of
Berlin, the

A.

Munich Herbarium, and the

Braun, and Selmeyer.

species,

He

collections of Treviranus,

distinguishes

twenty trimorphic

whose different forms were in many cases looked upon as
fifty-one species possess two forms,

distinct species previously;

and thirty have one only. Our three native species, 0. acctosella, L
arc shown to be mono0. stricta, L., and 0. cornimlata, L
morphic (348).

,

,
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Experiments on artificial pollination and the growth of tlie
which Hildebrand afterwards instituted with two
trimorphic sj^ecies, 0. Valdiviana and 0. Regnelli, Miquel, led to
results similar to those of Darwin in the case of Ly thrum Salicaria.
resulting seeds,

They showed

(1) that

productiveness

is

greatest, or exists only,

both parent-plants influence
the form of the offspring
(3) that pollen-grains from stamens of
equal length are of the same size, and diminish from the tallest to
after legitimate fertilisation

;

(2) that

;

the shortest anthers.

Hildebrand gives a figure of the trimophic flowers of Oxalis
H. v. Mohl has described the cleistogamic

gracilis, Jacq. (348).

flowers of 0. acetosella (531).

Tribe Balsaminece.

closed stigmas,

still

—

In younger flowers the anthers lie
and dust their pollen upon the backs

Impaticns Bcdsamina, Tilo.

upon the

of insects (bees) which dip their proboscides into the spur
flowers,

when

;

in older

the crown of anthers has withered, the outspread

stigmas come in contact with the same parts of the bee.

Mohl has described cleistogamic flowers in Impatiens
American species (531).
On cleistogamy in Impatiens fulva, Nutt, see M. A. Lochc
H.

V.

Noli-mG-tangere, L., and in North

(417); on cleistogamy in both species, see Bennett (72, 79).
Impatiens parviflora, D.C., accordii^g to Bennett, never produces
cleistogamic flowers, but according to Henslow it is liable to
spontaneous self- fertilisation.

North American

species of Impatiens are visited by

humming-

birds (164).

Ord.
84.

RuTA GRAVEOLENS,

RUTACEM
L.

— The

most prominent features of

the flower have been described by Sprengel.

A

fleshy disc situated beneath the ovary

eight to ten glands

upon the bases

secretes

honey

in

of the stamens, sometimes in

larger glands between these, besides producing small drops over its
whole surface the honey lies quite exposed and freely accessible.
:

The

strong scent and the greenish-yellow colour of the flowers
seem able to attract only Hymenoptera and Diptera, the latter in
very great numbers.
The stamens, when the flower opens, lie

two in each of the petals, which are hood-shaped and spread out
According to Sprengel, two stamens on opposite

horizontally.

sides of the flower rise

up simultaneously, bending inwards

so that

i

—
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now covered with

their anthers

come

pollen

161

to lie above the ovary

bend back again,
and two others take their place. The stigma only ripens after all
the stamens have withered, so that all possibility of self-fertilisation
in the middle of the flower

is

;

as they wither they

excluded.

My own

observations, made upon plants flowering in my room,
from Sprengel's in several points. In all the flowers which
I examined, the stamens rose up not in pairs but singly, and
each was joined by its successor a short time before it withered
and fell back so that when two were erect at the same time, one
of them was at the close the other at the commencement of its
period.
After all the stamens have bent back the stigma ripens,
but before it withers the stamens rise up again and if, through
lack of insect- visitors, they still retain a stock of pollen, they shed
some of it upon the stigma. So Treviranus' assertion that the
approach of the stamens to the stigma takes place for the purpose
of self- fertilisation is not quite groundless
but such self-fertilisation takes place only when the flowering time is passing away
without insect-visits having taken place.
The whole arrangement of the flower greatly resembles that of
Farnassia. In both we have fully exposed honey and successive
development of the stamens and then of the stigma in both the
conveyance of pollen is insured by the centre of the flower, where
an insect is most likely to alight, being occupied successively by a
pollen- covered anther and a mature stigma both are visited by
many Diptera and Hymenoptera. But while the white flowers of
Farnassia are visited by beetles, the yellowish flowers of Futa are
differ

;

;

;

;

;

altogether avoided by them.

:

(2)

Mgn.

Helophilus

sucking,

(a)

Straiiomyidce

Syrplius ribesii, L., ab.

tlireptiis pictus,

(7)

Diptera

A.

Visitors:
Stjrj)hid(B

;

Ascia podagrica, F.

(5)

L.

floreus,

(1) Sargus cuprarius, L.

:

(3) S. nitidicollis,

;

;

(8)

;

but sometimes also eating pollen

very

L.,

similarly

;

;

(4)

;

(b)

Meli-

Eristalis sepulcralis, L.

(6)

Syritta pipiens,

Mgn.
ab.,

—

all

Muscidce

(c)

;

mainly
:

(9)

Mgn. (10) L. cornicina, F. (11) Sarcophaga carnaria, L.
(14) Calliphora erythro(12) S. hoemarrhoa, Mgn.
(13) S. albiceps, Mgn.
cepliala, Mgn.
(17) Antliomyia
(16) Sepsis
(15) Pollenia rudis, Mgn.
radicum, L., very ab.
(19) A. pratensis, Mgn., (the
(18) A. obelisca, Mgn.
B. Hymenlast three species were determined for me by Herr Winnertz).
optera— (a) Evaniadm : (20) Foenus affectator, F.
(21) F. jaculator, F.
Lucilia silvarum,

;

;

;

;

;

;

;

;

;

;

;

;

Ichneumonidce

{h)
L.

;

Dlb.

{d) Sphegidcc
;

(26)

punctum,

:
:

(22) various species

^

;

tigulus, L.

;

(29) Tiphia minuta,

(27)
v. d.

Chrysidm

(c)

(24) Crabro elongatulus,

Trypoxylon

F.

;

v. d. L.

$

;

(23) Chrysis ignita,
(25) Oxybelus bellus,
:

Khopalum clavipes,
L.

(^

;

(e)

Vespidcc

L.
:

;

Agenia
Odynerus

(28)

(30)

"SI
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K. $ (32) Prosopir?
purietum, L. 9
(/) Ajmhe : (31) Halictus sexnotatus,
(33) Apis mellifica, L. ^ —all the Hymeiioptera
Mnuata, Schenk, ? fre<i.
only sucking. See also No. 590, 11.
;

;

,

;

Didamnus, L., is visited by humble-bees, whose ventral surfaces
come in contact with the reproductive organs of the flower. In
the

second

among

stage the style lies hidden

first
it

is

bent outwards with

the stamens, in the

mature stigma (178, 360,

its

p. 658).

Sm.,

Correa,

according

proterandrous,

is

Delpino (178,

to

p. 170).

CELASTRINE.E.

Ord.
85.

EuoNYMUS EUROPiEA,

L.

fleshy disc surrounding the style,
it

—The

honey is secreted by a
and Hes in so thin a laj^er that

The

can only be attractive to short-lipped insects.

dull yellow

colour of the flowers moreover excludes those insects which are

Like other flowers of the same
by Diptera and Hymenoptera, and
the flies run irregularly over the flowers,

enticed only by bright colours.
colour, these are visited only

especially

by the former

;

now here now there, with

attacking the honey-covered surface,

outspread

'

end-flaps

'

and

(Idbellce),

their

in consequence touching anthers

and stigmas now with one part of their bodies, now with another.
In such circumstances the flowers could only attain regular crossfertilisation by separation of the sexual organs, either in time or
space.
Both separations have in fact taken place, and selffertilisation, which had become unnecessary owing to the abundant
insect-visits, has finally become impossible.
The four anthers stand at a distance from the stigma upon
stiff filaments, and dehisce directly outwards, while the stigma is
still immature and its lobes remain tightly closed.
These only
separate several days later, and again close up after fertilisation.

Thus

self-fertilisation cannot take place without the aid of insects
and with their aid only if the earlier days of flowering have passed
by without the flower being visited (cf. Delpino, 177).
;

E. ettropma

Visitors

:

is

polygamous according

A. Diptera— (a)

philus floreus, L.

;

(3)

SijrpJiiflce

Syrphiis

j^ramma

citrofaxciata,

L.

(^nllipliora vomitoria,

(ft)

;

(7)

Dog.

all

Scatoj>haga Htercoraria, L.

;

ribesii, L.

sucking;
L.

;

(8)

:

;

(1)
(4)

(b)

to

Darwin

(167).

Eristalis tenax,

L.

Syritta pipiens, L.

Muscido'

:

(6)

;

;

(2)

(5)

Helo-

Xantho-

Musca domestica,

Sarcophaga carnaria,

(10) Lucilia coinicina, F.

;

(r)

L.,

very ab.

B'ibionula-

:

;

(11;

,^

•

—
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Bibio liortulanus, L., all sucking

(12)

;

Formicidce

:

(13)

RHAMNEjE,

Ord.

Palmrits aculeatus, Lam.,

The stamens

to Delpino.

probably

flies

Fig.

distinctly proterandrous, according

is

at first erect or inclined slightly

are

inwards, but bend backwards
fertilisers are

numerous small midges. B. Hymentlieir webs about these
I saw a species of Vespa alight and
Spiders weave

Formica sp.
flowers to catcli the numerous flies.
capture a Sarcophaga carnaria.
optera

163

when the stigmas

develop.

The

of moderate or large size (177).

bQ.—Bhamnu8 Frangula,

L.

1.— Yonng flower, from above.
2.— Ditto, after removal of the anterior half of the calyx
3.— Older flower, from above.
s,

86.

sepal

;

p, j)etal

;

a,

anther;

Rhamnus Frangula,

spherical,

fleshy

disc,

which

L.

st,

stigma

— The

secretes

;

ov, ovarj-

;

71.

nectary.

receptacle forms a hemiand contains the honey.

produced at its margin into five triangular w^hite calycine
which are directed obliquely outwards in the flow^ering
period.
Between these sepaline lobes, there occur on the margin
close below
of the receptacle five small white bi-lobed petals
It is

lobes,

;

them, and half surrounded by them are
inclined inwards, and dehisce introrsely.

five

stamens, which are

M

2
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From the base of the flower rises the ovary ; whose short style
terminated by a bi-lobed stigma below the level of the stamens.

When

the anthers dehisce, the stigmatic lobes are

still

and

small,

probably incapable of fertilisation, but when the stamens wither,
they are four times as large as at the commencement of flowering

The

(Fig. 50).

flowers are thus proterandrous.

An

insect sucking

honey must touch the stamens with one side of its head or
proboscis, and the stigma with the other; in this case selffertilisation cannot occur, though the stigma and anthers ripen
at the same time, but cross-fertilisation proceeds regularly.
sometimes even those sucking
Pollen-collecting insects and
honey, if they thrust their heads several times into the same
tlie

flower, effect self-fertilisation as well as cross-fertilisation.

The honey on account

open situation

of its

is

accessible to

very various insects, but the flowers are so inconspicuous that they
are very

little

Self-fertilisation

visited.

as the stamens

on withering

may

can take place

if

needed,

now

shed their pollen on the

mature stigmas.
Hymenoptera

Visitors: A.
c.p.

Bombus agrorum,

(2)

;

Vespidce

(4)

:

B. Diptera

—

it is

its

Apidce

parts

:

(3)

;

,

8.

(1) Apis mellifica, L. ^
Macropis labiata, Pz. ^

,

,

and

s.

s.

Eumenes pomiformis,

(5)

;

lanceolatus, Pursh., is dimorphic, according to

not heterostyled in the

numerous

s.

,

;

(b)

L.,

s.

,

Rhamnus jmmilus,
of

$ ^

Vespa silvestris, Scop, ab
(6) Culex pipiens, L. (^ s.

Rhamnus
but

— (a)

F.

is

L.

—

reduced in this species, but the plant

The

insects.

Darwin,

(Darwin, 167).
The size of the flower and the number
strict sense

flower

is

is

visited

by

generally tetramerous, and the

petals exhibit all stages of abortion to

complete disappearance

(609).

Bhamnus

catharticus, L., is dioecious,

with tAvo sub-forms of each

sex (167).

Ord. SAPIN^DAGEjE.
Serjania cuspidata, St. Hil.
type,

and,

like

Faullinia,

—The
L.,

flower resembles the labiate

and

Cardiospermum,

L.,

is

proterandrous.

Many
and are
87.

species of Acer, according to Delpino, are proterandrous

fertilised

by

flies

(178, 360).

JEscuLUS HiPPOCASTANUM, L.— The arrangement of the
by Sprengel. My oym notes and

flower was thoroughly described

—
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before

I

became

work, differ in one point from his
agree with that of Hildebrand. While Sprengel

acquainted with
account, and

Sprengel's

declares that in the younger flowers insect-visitors

only with the stamens because the style

come

in contact

as yet low down, I

is

found just the opposite condition, as the annexed figures show.
Although I neglected to compare microscopically stigmas of younger
and older flowers, I can hardly doubt that Hildebrand is right
in stating the hermaphrodite flowers of the horse-chestnut to be
proterogynous.
According to Dr. Ogle (632), there occur usually
in the lower part of each inflorescence flowers whose anthers fall
off without dehiscing although their loculi are full of pollen, and
which thus play the part of purely female flowers.
The chief fertilisers are humble-bees therefore the dimensions
;

of the flower are just such as to suit these insects.

3.

a,

style

^nculus Hippocastanum.

Fig. 51.

1.— Section of male flower.
2.— Hermaphrodite flower in

The

(female) stage, seen obliquely from the front.

first

—Section of ditto, in second (male) stape.
anther

;

n, nectary

;

ov,

ovary

;

ov'

rudimentary ovary

;

»,

sepal

;

p, petal.

and stamens protrude so far from the flower (in a curve concave
superiorly), that a bee on alighting just touches stigma or anthers
with the hinder part of his body.

The

legs

fit

into the interspaces

between the petals, so that the insect finds itself at once in the
most convenient position for sucking, and immediately thrusts
its proboscis in the direction n (1, 3, Fig. 51) into the honey-

Such a position also permits the
away very readily, and thus the whole time occupied

holding base of the flower.
insect to fly

reduced to a minimum alighting, thrusting in the proboscis,
and flying away again is the work of a few seconds.
Other bees, whose dimensions do not correspond so well to
those of the flowers, have to spend more time over the operation.
The humble-bee is also favourably placed for carrying off pollen
on the tarsal brushes of the middle and hindlegs. The quick

is

:

—

—

—
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action of the insects

themselves:

to

for

much importance

of as

is

hermaphrodite flowers get

fertilised in

iit.

to the plant as

more

quicker they work, the

the

[part

young

the same time, with pollen

from male flowers or older hermaphrodite flowers
changeable weather is an important consideration.

;

and

this in

have only seen the following humble-bees visiting the horse-chestnut
terrestris, L.
(2) B. lapidarius, L., both species s. and c.p.,
thougli I have heard bees humming all day long about the trees in flower in a
neighbouring garden. My notes for visitors to this plant refer only to a single
afternoon (May 14, 1867). The other visitors noticed were
(3) Apis melliiica,
s.
L. ^ , 8. and c.p., very ab.
(5) Osmia rufa,
(4) Eucera longicornis, L. (^
:

I

(1)

Bombus

;

:

L. (J,

s.

;

(6)

—

,

;

Halictus rubicundus, Christ., $,

c.p.

;

(7)

;

Andrena

sp.

In JEsculus Pavia (ruhicunda), D.C., according to Hildebrand,
the hermaphrodite flowers are pro terogy nous, as in ^sciclus
Hippocastanum ; but the first flowers of each inflorescence are male
only, to supply pollen for the opening proterogynous flowers (351).
all

Oed.

ANACARDIACEJE.

Fig. 52.

1.—Male

Bhus Cotinus,

L.

ditto.

3.— Female

2.—Hermaphrodite

flower.

Rhus Cotinus,

ditto.

n, nectary.

Bhus Cotinus shows all
between staminate, hermaphrodite, and
pistillate flowers the first of these are largest, most expanded, and
most conspicuous the last are least so.
Hence most insectvisitors come to these flowers in the most advantageous order.
88.

L. (the Wig-tree).

possible transitional stages
:

;

Ribes alpinum, Salix, Bryonia, Asparagus.)
In both staminate and pistillate flowers of R. Cotinus traces of
the aborted organs remain visible.
The flowers secrete abundant honey on the orange-red fleshy
disc surrounding the ovaries,
and display it conspicuously.
(Cf.

They

are visited

proboscides.

by numerous

Cross-fertilisation

insects, chiefly
is

forms with short

usually effected

even in the

PART

—
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—
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hermaphrodite flowers owiug to the wide separation of the stamens
Like all other flowers of a dull yellow colour they are
pistil.
almost completely avoided by Coleoptera.

and

Visitors

;

A. Diptera

H. pendulus, L.

(2)

Muscidce

;

(3)

Syrphidce

(a)

:

(!)

Helophilus

floreus, L.,

Syritta pipiens, L., very ab., all three

Calliphora erytlirocepliala, Mgn.

s.

very ab.

;

and

;

f.p.

Sarcophaga carnaria,
L.
(6) Lucilia cornicina, F., s., also several undetermined flies and gnats.
B. Coleoptera Dermestidce : (7) Anthrenus pimpinellae, F., licking honey.
C. Hymenoptera— (o) Tenthredinidce : (8) Tenthredo marginella, Kl.
(b)
Sphegidw : (9) Oxybelus nniglumis, L.
(r)
(10) Gorytes campestris, L.
(b)

:

(4)

;

(5)

;

;

;

Vespidce:

(11)

;

Eumenes pomiformis, Spin.;

Odynerns sinuatus, F.
the last six all licking honey

(12)

;

H. Sch. (quinquefaseiatus, F.),
(d) Apidm : (14) Andrena albicans, K. 9
c.p.
(15) Halictus sexstrigatiis,
Schenck, $; (16) H. sexnotatus, K. 9; (1") Apis mellifiea, L. $, the last
(13) 0. spinipes,

,

;

;

three sucking honey.

89. Rhus typhina, L.-— I have had little opportunity of
watching the flowers of this plant at the proper season. They are
very conspicuous, and secrete abundant and easily accessible honey,
and the possibility of self-fertilisation is excluded by dioecism. 1

have as yet only observed the following
A. Hymenoptera

Apidce

Prosopis communis, Nyl. ?
licking honey.

fertilised

by

flies

mellifiea,

B. Neuroptera

many

—

species of

L.
(4)

:

(2)
^ very ab., s.
Panorpa communis, L.

Rhus

,

;

are proterandrous

(177).

CORIARIEu^.

Ord.
Coriaria myrtifolia, L.,

Hildebrand, and the

Apis

(1)

(J, s.

According to Delpino,

and

:

visitors

first

is

markedly proterandrous, according
male only (356).

to

flowers are

Ord.

LEGUMINOSjE.
Tribe Lotece,

90.

Lotus corniculatus,

Lotus corniculatus

is

L.

—The

described briefly

structure of the flower of

by Delpino

(172, p. 25).

He

an example of a papilionaceous flower furnished with
a piston-apparatus, and he subsequently compared it fully with
Goronilla Emerus (178, pp. 39-44).
I have devoted especial
attention to the fertilisation of these plants, and I shall discuss

gives

it

as

their structure fully.

—
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The anthers dehisce

in the bud, whilst both carina

[part

and

alse are

covered by the vexillum, and before any of the petals have

still

full size.
At an earlier period the five outer
with
the petals, and the five inner
alternate
which
stamens,
developed,
so that the anthers form two
stamens are unequally
other
round
the
the style but when they are
whorls, one behind
stamens
all
ten
are
of equal length, and their
ready to dehisce

nearly attained their

;

Fig. 53.

1.— Front view of
2.— Oblique view.

Lotus corniculatus, L.

flower.

3.— Side view, after removal of the vexillum.
4.— Flower, seen from above, after removal of the vexillum.
5.— Side view, after removal of the ala3, more magnified.
6.— From the riglit side, after careful removal of tiie right half of the carina.
7.— Flower viewed from above, after removal of the vexillum and alae.
8.— The essentinl organs inclosed in the front half of the carina, as shown in 6, more

magnified.

9. — Hide view of the essential organs from a bud. iinmediatelj' after the pollen has been shed.
comparlKon of 8 and O.shows how mucli longer and thicker the outer stamens become during the
Interval between the shedding of the pollen and the opening of the flower.
10.— The saine organs seen from above, to show how the outer, terminally-tliickened stamens
spring apart when freed from the pressure of the carina
11.— The nine synadelphous stamens of a fully developed flower spread out.
a, entrances to the honey
c, the carinal depresb. the upward curvature of the free stamens
Rions, Into which fit the two depressions of the nliu (c')
d, the live inner stamens, which remain
short; e, the five outer, which grow long and club-shaped /, stigma e-g, apex of carina, full of
pullen g, oriflce througli which the pollen is expelled.

A

;

;

:

;

;

;

anthers reach to the base of the conical apex of the carina.

ends of the filaments are

still

very

much

alike,

but the

The

five outer
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show a slight, club-shaped thickening, which afterwards becomes
much more apparent the five inner, including the superior solitary
stamen, remain unthickened throughout. The anthers, while yet
;

fully twice as

broad as the ends of the filaments, dehisce in the base
it with pollen, and when they have

of the cone, completely filling

discharged their contents they shrivel

now grow

All the petals

size.

up

to a fourth of their former

to their full size,

and the

five

outer stamens elongate and the ends of their filaments thicken, so

growth of the carina, they still reach
formed by its apex, and completely fill its lower
and wider portion notwithstanding that the five inner stamens
have remained behind. When the flower has reached maturity, the
essential organs occupy the relative positions shown in 8, Fig. 53.
The five inner stamens {d) are useless after shedding their pollen,
and, far outstripped in development by the other organs, they lie
shrivelled up in the lower and wider part of the carina.
The five
outer (e), which have still an important part to play, have continued
to grow, and lie with their thickened ends tightly closing in the
that, in spite of the continual
to the hollow cone

base of the hollow cone

now

the apex of the carina

the stigma (/), and at the apex (near g)
the entire space between the thickened

is

filled

a narrow opening;

filaments and the orifice

is filled

the piston-mechanism

complete.

downward pressure

with pollen.

Somewhat below

lies

is

to

with compressed pollen, and thus

On

the application of a slight

the carina, the thickened filaments are

forced further into the apical cone of the carina,

amount

certain

When

and squeeze a

of pollen through the orifice in a narrow ribbon.

the pressure ceases, the thickened filaments, thus squeezed

together, tend to spring apart,
restore the

whole carina to

its

and

so raise

carina itself assists in this action.

pressed

still

up the

former position

;

apical cone

and

the elasticity of the

If the carina

be drawn or

further down, the end of the style protrudes, covered

with pollen, from the
again into the carina

orifice.

When

the pressure ceases

it

returns

but the edges of the orifice, which readily
yield to a pressure from within and allow the stigma and pollen to
pass out without hindrance, spring together and scrape off almost
the whole of the pollen from the stigma as it returns within
;

the carina.

As soon as the piston-mechanism has become so far complete, the
vexillum rises up perpendicularly so as to direct its broad, dark
yellow surface straight to the front, and both the

alse

arch their

two hemispheres inclosing the carina, so as to strike
the eye equally well from before, from behind, or from either side.
surfaces into
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The

[part hi.

stamens secretes honey
the base of the ovary
surrounding
which
lies
surface,
openings on either
small
two
and is only to be reached through
the flower is now
and
stamen,
side of the base of the superior
It only remains to
ready to receive insect- visitors (1, 2, Fig. 53).
fleshy thickened base of the coalesced

on the inner

explain

how

downward pressure

the

important service

is

of the carina

rendered by the

is

This

effected.

They form a platform

alse.

for the insects, and are so combined with the carina that it is bent
downwards along with them. Each ala has at the base of its limb a
deep depression (3, c'), which fits into a corresponding hollow on the
upper surface of the base of the carina (5, c), and close behind this

spot the upper edges of the alae cohere together.
and, whilst clasping the alse with its

mid and

head and forelegs under the vexillum

If a

bee comes,

hindlegs, thrusts

its

to insert its proboscis into

either of the honey- passages, the alae and with them the carina
bend downwards, and a quantity of pollen oozes through the tip
of the carina and becomes attached to the hairy ventral surface of
the bee.
If the bee forces its way further into the flower and thus
presses the alse and carina down still more, the stigma protrudes
from the apex of the carina and rubs against the ventral surface
of the insect.

The insect's belly is covered with innumerable pollen-grains
from the same and from previously visited flowers, and crossfertilisation takes place

to

doubt, though

that

the

pollen

it

is

without

fail.

hard to

brought

from

And

prove
other

it

by

is

scarcely possible

observation,

direct

flowers

is

prepotent in

its action.

Delpino considers that the stigma does not become capable of
have been slightly rubbed, by which
the stigmatic surface is made sticky. If this view is correct, crossfertilisation must take place regularly, in the course of repeated
visits, since the stigma must be cleared of its own pollen before its
papilla3 become exposed to friction.
In either case it is very much
to be desired for the sake of a clear understanding of the mechanism
fertilisation until its papillae

this flower, that experiments should be instituted to show
whether Lotus does or does not produce seed when protected from

of

insects.

The

process of squeezing out a

pressing the carina
carina

is

pressed

may be

down

only a

collecting pollen press the alae

get

all

little

ribbon of pollen by de-

repeated eight to twelve times,

if

the

way each time. But bees when
and carina down as far as possible to

little

the pollen that they can, so that the supply

is

exliausted

—
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Bees, and especially those with abdominal

collecting-brushes, are the chief fertilisers of the plant.
Visitors

brushes
Pz.

?

A. Hymenoptera

:

Osmia

(1)

:

seiTatulee, Pz.
(6)
(8)

very

(Sid., Thur.),

^

9

—

Apidce

(a)

interrupta, Schenck,
freq.

;

(3)

(L. Sid.), freq.

M. pyrina, Lep. 9

'(^, freq.

;

(L. Sid.

;

0. senea, h. ^ ^ (L.), freq.
(4) Diphysis
(5) Megachile Willughbiella, K. ? (L. Sid.) ;
;

,

M. circumcincta, K. $

(7)

;

Bees with abdominal collectingThur.)
(2) 0. aurulenta,

:

?

(^

(L. Sid.), ab.

;

A. punctatum, Latr. ^ (^ (Thur), ab.
(Thur.), freq.
The females of all these species

Antliidium manicatum, L. ?

(10) A. strigatuni, Latr.

(L.)

(9)

;

;

^ 3
collect pollen and suck honey at the same time
(Z>)
Bees with femoral and
tibial collecting-baskets
(11) Bombus agrorum, F. ? ^ s., more rarely c.p.
(12) B. terrestris, L. $ do.
(13) Apis mellifica, L. 9, very ab., do.
(14)
Eucera longicornis, L. ? (?> very ab., only s. (15) Rhophites canus, Eversm.
$ ^ (Thur.), s. (16) Andrena labialis, K. $ s. (17) A. xanthura, K. $ c.p.
(18) A. convexiuscula, K. ? s. and c.p.
(19) Halictus rubicundus, Chr. $ s.
and c.p. (20) H. flavipes, K. 9, s. (c) Cuckoo-bees (21) Nomada ruficornis,
L. 9, 8.; (22) Coelioxys, sp. ^, s.
B. Diptera
(a) Conopidce : (23) Conops
flavipes, L. (4
thrusting its tongue beneath the
5), s. only observed once,
vexillum (6) Syrphidce : (24) Melanostoma mellina, L., b.p. C. Lepidoptera
^(a) JiJiojmlocera : (25) Lycaina Icarus, Rott., s. (26) Hesperia tages, L. s.
(27) H. alveolus, H. s. ; (b) Sphinges : (28) Sesia empifomiis, E. (Thur.), s.
(c)
Bombyces : (30) Porthesia
(29) Zygsena lonicerse, Esp. (Thur.), s.
auriflua, S. V. (sucking vainly for honey)
{d)
Noctuce : (31) Euclidia
glyphica, L., s.
Lepidoptera and Conops thrust their tongues beneath the
vexillum without perceptibly depressing the carina they were therefore quite
;

,

;

;

;

;

;

,

;

,

,

;

;

;

,

;

:

;

—

—

—

;

;

;

;

;

;

;

useless for fertilisation.

Twenty-seven additional
3 Diptera) are recorded in

visitors

my

(19

Apidae,

5

Weitere Beobachtuiigen,

Altogether, I have observed

upon Lotus

Lepidoptera
ii.

p.

246.

:

Apitlae.

Lepidoptera.

Diptera.

Total.

In

Low Germany

17

25

1

48

On

the Alps

41

12

3

56

That

In

On

is

to say, in each

Low Germany

the Alps

hundred species of

visitors there are

Apidae.

Lepidoptera.

Diptera.

Total.

39-5

58-1

2-3

99-9

73-2

21-4

5-3

99-9

—
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Anthyllis vulneraria, L.—Anthyllis vulneraria belongs

91.

group of papilionaceous flowers with piston-mechanism, but
differs so strikingly from Lotus in many points that it deserves a

to the
it

special description.

The very long claws of the petals
9 to 10 mm. long, somewhat swollen
with

From

soft hairs (1 a. Fig. 54).

by a calyx,
and covered

are surrounded
in the middle

this the vexillum projects to a

distance of 6 to 7 mm., inclined obliquely upwards a groove on the
lower part of its blade (7 ^0 receives the alse, and two rounded lobes
;

at its base (7 d, d) clasp round

them

inferiorly, so that the alse are

completely embraced by the vexillum.

Anthyllis vulneraria, L.

Fig. 54.

1.— Flower from below.
2.— l>itto, from the side, after removal of the calyx.
3.— Ditto, from above the vexillum also has been removed,
4.— Anterior half of the carina seen obliquely from the left side and above,
5. — Anterior half of carina and the right ala.
6.— Lower side of left ala the claw is cut short.
7.— Vexillum from below (1—7 X 3i).
8.— Apex of carina, after removal of its left half (x 7).
c, upper (outer) surface of vexillum
o. calyx
ft, under side of vexillum
b', its groove
;

:

d, lobes
(?, deep narrow groove
of vexillum which grasp the ala; and carina
e, inner, /, outer, sides of ala
on the outside of the vexillum, visible inside as a sharp ridge, h i, hollow in the upper surface of
the carina (fc), into which the ridge h fits I, sharp process or tooth of the carina, which fits into a
hollow h\ behind the ridge ft; tn, carinal orifice, at which the poUt-n emerges m\ anterior infolding
of the upper border of the ala n, column o, entrance to the honey p, thickened ends of the
filaments
( t, claws of the aire.
r, pollen
», stigma
q, empty withered anthers
;

;

;

;

;

;

;

;

;

;

;

;

An
flower

;

;

;

;

insect which tries to reach the honey at the base of the
must grasp the sides of the alae and thrust its proboscis (at

least 9 to 10

mm.

long) under the vexillum.

The alae surround the carina, and are so connected with it that
when the alae are depressed the carina is forced down with them.
This connection
(3, g) exists

is

formed in three ways

:

(1),

a deep narrow groove

at the base of each ala, appearing on the inner side as
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(5, 6,

h)

which

fits
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into a groove on the carina (4, 5,

i)

;

borne by the carina behind
this groove, and catches in the space (5, 6, h') behind the ridge on
(2),

a sharp triangular tooth

the inner surface of the ala

(4, 5, /) is

;

and

(3),

the upper borders of the

are folded inwards for a short space (3, 5, 6, m'),

they cohere together above the carina.

and at

alse

this fold

Close in front of the spot

where the upper borders of the alae are thus firmly applied to each
other, the apex of the carina emerges when the alse are pressed down.
The upper margins of the carina are coherent except at the apex,
where they leave a longitudinal slit, and when the carina (along
with the alse) is depressed, there emerges from this slit a ribbonshaped mass of pollen, pressed forwards by the thickened ends of
the ten stamens (8, |i).
When the pressure is removed the alas and carina return to their
former position when they are again pressed down another portion
;

After the greater part of the pollen has
been squeezed out in this way, the stigma (8 s) emerges at the same
slit; it has lain imbedded in pollen in the carina but emerges free
from it, for its papillae are not yet adhesive and the pollen-grains are
scraped off by the edges of the slit.
If the stigma is rubbed with slight pressure over a glass plate a
line of moisture marks its course ; if it be now brought in contact
with pollen, the pollen adheres to it so firmly that it is not easily
removed. Doubtless the same effect is produced by insect- visits
of pollen

is

pressed out.

;

the flower gives

and

up pollen

to the ventral hairs of its first visitors

after its pollen is spent, the

coining in contact with the insect get ruptured

contents

fluid

;

;

superficial cells of the stigma

and exude their

pollen from other flowers, with which the insect

is

now adheres to the stigma and the act of crossfertilisation is complete.
Whether in absence of insects the flower
is fertilised by its own pollen has still to be decided by a simple exalready dusted,

periment.

I

observed the following bees fertilising this plant near

Muhlberg in Thuringia, July 11th

to 14th,

1868

:—

(3)
(1) Boinbus silvanim, L. ^ (10^), s.
(2) B. liortorum, L. $ (21), s.
muscorum, F. ? (13—14), s. (4) Osmia aurulenta, Pz. ? (8—9), c.p., (all
very frequent). I also saw Lycaena alsiis, W. V. $ and a Capsus vainly
attempting to suck the honey. I have seen it visited on the Alps by 12
species of bees, and 10 of Lepidoptera (609).
;

;

B.

;

,

Dorycnium (Bonjeania) hirsutum,

Ser.

— According

to Delpino,

the flower has a piston-action, and the ends of the filaments are

thickened (179,
1

p. 45).

These numbers

m

brackets indicate the length of the insect's proboscis.

.
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Tribe

[part lu

Trifolice.

—

This plant also lias flowers with a
92. Ononis spinosa, L.
piston-mechanism, which however differ materially both from Lotus
and Anthyllis. They are devoid of honey, and, like almost all the
honeyless Papilionacese, monadelphous, for the separation of the
is only useful in giving access to the

superior stamen in other forms

honey.

The

alae,

which serve as

in

most other Papilionacese

for

bees to alight on, and as levers to depress the carina, embrace the
upper part of the carina (3, Fig. 55) and are united to it by two
projections directed downwards and forwards (5 d), which fit into
deep grooves in the two halves of the carina. Two lobes at the
base of the upper borders of the alse (3, 6, e) directed backwards,
but not pouched, lie over the staminal colunm without touching it,

Fio. 55.- Ononis >'Xiinosa,
organs from a bud.
—Ditto, from a flower ( x 7).
H.— Flower, from the side, after removal of calyx and vexillum.
4. —Some stamens, more magnified, to show the diiTerence between the outer and inner filaments.
5.
Left ala, from the inside,
fi. — Ditto, from the outside.
a, outer, b, inner stamen ;c, pollen, seen through the carina; d, alar processes pointing downwards and forwards e, lobe of the upper border of the ala, pointing backwards.
1

— Essential

2.

—

;

and can give little help in keeping the parts in their proper places.
The two alae never cohere with one another.
The upper borders of the carina cohere at first, leaving a small
opening at the tip, and the pollen is squeezed out as in Lotus. But
sooner or later after repeated depressions this suture ruptures, and

now

if

the carina be depressed the anthers themselves emerge. If the

carina was not thrust

when

down

too far they return within the carina

but if the carina was pressed violently
down, as it frequently is by bees, the anthers remain along with the
stigma partly r)r wholly exposed.
the pressure

is

relieved

;
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must, therefore, take young flowers, to see the squeezing

Thus the

out of the pollen.

flowers of Ononis afford a stage inter-

mediate between Lotus with its piston-mechanism, and Melilotus in
which the reproductive organs simply emerge from the carina.
In regard to the formation of the ''piston," Ononis stands
between Lotus and Anthyllis. In Lotus the five outer filaments,
which alternate with the petals, are thickened at their ends to
express the pollen

thickened alike

whorl

;

in

;

much more

in Anthyllis the ends of the filaments are all

Ononis they are

so than the inner.

thickened, but the outer

all

While the outer stamens thus

perform the function of a piston to a greater extent than the inner,
the inner (1 b) produce pollen in much larger amount than the outer
This is an interesting step towards separation of the two
(1 a).
whorls of stamens for two distinct purposes.

Though the flowers of Ononis possess no honey they are visited
by numerous bees, but in the number of their visitors they are far
behind Lotus, which has abundant honey. It is curious that not only
female bees but males also often visit several flowers in succession
and perform all the actions of sucking. They have obviously no
outward token of the lack of honey, but must discover it by
experience.
The females, after making sure that there is no honey,
take to collecting pollen the males, on the other hand, abandon the
flowers after a few vain attempts, though they may remain some
time about the plant in pursuit of the female. The visitors are exclusively bees, and mainly forms with abdominal collecting-brushes.
;

A. Bees with abdominal collecting-brushes
(Thiir.), ab.
(4)

;

Latr.

9

c^

9

(ft)
;

Bombus

9
;

,

;

(7)

$

ab.
(8) A. punctatum,
Apis mellifica, L. i^ (10)
Anthophoraquadrimaculata, Pz. 9 6i ^^' (Thur.)

;

tibial pollen-ba.skets

(11)

lapidarius, L.

Ononis repens,

;

Antliidiiim manicatum, L. ?

Bees with

Cilissa leporina, Pz.
(12)

Pz,

,

M. pyrina,

niaritima, K.

Osmia aurulenta,

(1)

:

0. scnea L. ? freq. ; (3) Megachile versicolor, Sm. $ (Haar)
Lep. $ ^ freq.
(5) M. circumcincta, K.
$ , ab. ; (6) M.

(2)

:

(J

,

;

(9)

;

;

^;

(13) B. terrestris, L.

L., is also

9'

visited exclusively

by bees (590,

Ti.

p. 254).

According to Bentham, most species of Ononis in southern
Europe are liable to abortion of the corolla in spring, and cleistogamic self-fertilisation then takes place (399, p. 67; 531, p. 312).
Farochcctiis, Ham., has cleistogamic flowers, according to Kuhn.
93.

Medicago SATIVA,

L.

—Although

the mechanism of this

flower has been several times the subject of careful study,

it is

by

—

THE FERTILISATION OF FLOWEKS.

176

no means

fully explained yet.

ledge of the

I

hope at

means by which the

produced and controlled.
scoparius and

least to

[part hi.

advance our know-

elastic tension of the parts is

Medicago sativa has, like Sarothamnus

Genista tindoria, explosive flowers.

As

in these

the staminal column before explosion is inclosed within
and when an
the carina, whose upper edges cohere together
latter,

;

down the carina the column not only emerges but
violently up and is unable to return to its former place.

insect presses

springs

As

in G. tinctoria,

the reproductive organs after explosion are

pressed against the vexillum and are not affected by further insect

But Medicago

visits.

both the

two plants by having
which restrains it localised in

sativa differs from these

and the

elastic tension

force

different parts of the flower.

Fia. 56.

1.— Young

Medicago

saliva, L.

dower from below,
2.
Ditto, from above, after removal of the vexillum and the upper half of the calyx.
3.— Inner view of right ala.
4.
Carina seen obliquely from above.
5.— Exploded flower seen obliquely from above the vexillum and upper half of the calyx have
been removed (x 8^).
o, calyx
b, vexillum
c, ala; d, its claw
e, invaginated process of ala, directed inwai-ds and
forwards /, its external opening
g, digitate process or lobe of ala, directed inwards and backwards h, carina t, invaginated pouches in the carina, which receive the alar processes, (e) k. the
coherent filaments; I, the ui)per free stamen m, entrances to the honey n, anthers o, stigma.

—

(virgin)

—

;

;

;

;

;

;

;

;

;

;

While in Sarothamnus

it

spring, in Genista tindoria the

the

ala3

;

is

the style only which acts as a

column tends

and carina together tend

;

to spring

to spring upwards,

downwards.

sativa the elastic tension resides almost exclusively in the

stamens.

and

In Medicago

upper

This can be shown clearly by dividing the upper from
the lower stamens, whereupon the upper part of the bundle curves
still more strongly upwards, and the lower part sinks down till it
stands almost horizontal.
In Medicago sativa it is not the coherent upper margins of the
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Sarothamnus and Genista, which prevent

carina, as in

tlie

column

from springing up in the young flower, though these margins are
coherent here also, but we may separate them completely from one
another without explosion taking place. The structures which
prevent

it

are two pairs of projections developed on the petals of

upon the column.
and consist of deep pouches in the
superior basal angles of the carina (i, 4, 5) which meet in the
middle line above the column. Into these fit still deeper pouched
processes of the alae (e, 2, 5), which both connect the alae firmly
with the carina, and also help to strengthen the hold upon the
the carina and

Two

alae,

which

lie

are directed forwards,

These anterior pouches of the

column.

alae

(e, 2,

further development of those shallow depressions by

the

alae

5) are

only a

means of which

are united to the carina in Trifolium and Melilotus.

Besides this anterior pouch, each ala possesses at the base of its
upper border a long finger-shaped process, which is directed backwards, and

is

a further development of that which we shall see

The two processes (^, 2, Fig. 56) curve
upwards and inwards so that their ends almost meet in the middle
line above the staminal column.
If in a young flower we cut through the claw of the carina, the
column springs upwards to some extent, carrying with it the carina
and alae. If in another unexploded flower we carefully cut through
one of the digitiform processes of the alae, the parts remain motionless; but on cutting the process of the other side explosion at
once follows. The pouched processes of the carina (^) are thus
not sufficient to hold the column down without the aid of the
appearing in Melilotus.

alae, nor are the latter sufficient after section
Explosion can therefore be effected equally well by

processes (g) of the

of the carina.

(e, 2), by separating the digitiform
by depressing the alae and carina.
If an insect inserts its proboscis in the middle line between the
anterior pouches and the digitiform processes, or if it stands upon
the alae and thrusts its head in the middle line under the vex-

separating the anterior pouches
processes

(g,

2),

or,

finally,

The stigma (p, 5) projects
beyond the anthers, and, therefore, is the first to strike the under
surface of the bee's body or proboscis an instant later the anthers
come in contact with an area close around the spot that the stigma
touched, dusting it with fresh pollen.
The first flower that the
insect visits is, of cour.^e, not cross-fertilised, but as the bee withillum, in either case explosion follows.

;

draws from the flower self-fertilisation inevitably occurs. Selffertilisation is undoubtedly efficient, for Hildebrand has shown that

—
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flowers which wither unexploded

seed by

when insects

[part hi.

are excluded produce

self-fertilisation.

In spite of their very accurate mechanism, I have observed by
watching insect- visitors that the flowers have two imperfections.
In the first place they continue to secrete honey after explosion,
and in the second, the young unexploded flowers very frequently
permit insects to obtain the honey without performing any service
in return.
It is plain that the continued secretion of

sion

is

detrimental to the plant

for it

;

honey

after explo-

leads the insects to visit

exploded flowers instead of restricting their visits to flowers that reI have seen hundreds of hive-bees sucking honey
quire their aid.
on exploded flowers, thrusting the proboscis laterally over one of
alse, and not coming in contact at all with the stigma or anthers,
which were pressed close up against the vexillum.
The other imperfection is also taken advantage of by the
The bee probably finds it
hive-bee, as Henslow has remarked.
unpleasant to have its proboscis struck by the exploding column
at each visit
for it prefers, even in the case of young flowers, to
insert its proboscis laterally close to one of the alse, so that no
explosion results.
Although bive-bees are by far the most

the

;

flower, I have never seen them effect
but I have often observed them from a short distance
acting in the manner just described.
Though I have frequently

numerous

visitors of this

explosion

;

watched

this plant, I

have never succeeded in seeing explosion
number of exploded flowers that

actually performed, though the

we meet with shows

that

must take place very frequently.
and it is doubtless

it

Butterflies visit the flowers in great numbers,

by them that explosion and

but they

cross -fertilisation are efl'ected;

are generally too wild to permit close observation of their move-

ments.

Once

I

had a good view of Hespcria thaitmas, Hufn., suck-

ing a young unexploded flower, but like the bees
proboscis from the side and did not cause explosion.

inserted

it

A fine

its

needle

inserted in the middle line of the flower causes explosion, and the
thin proboscis of a butterfly

is

undoubtedly

sufficient to

do the same.

A. Hymenoptera Apidce : (!) Apia mellifica, L. ^ »., very
Megachile pyrina, Lep., s.
B. Lepidoptera— (a) Rhopalocem:
,

brassicao, L.
urtica;,

L.

argiolus, L.

Fifteen

;

;

P.

(4)

(7)

;

rupa),

L.

;

(5)

Colias hyale, L.

(10)

;

P.

(8)

napi, L., all three ab.

Satynis hyperantlius, L.

Hepperia thaiimas, Hufn.

additional

viRitors

;

{h)

Noctuai

(eleven Ainda; three

rostratus) are recorded in No. 590,

11.

;

freq.
(3)

(6)

;

;

(9)

;

(2)

Piei-is

Vanes.'^a
Tijcaeiia

(11) Plusia ganuiia, L.

Lepidoptcray

and Benibex

—
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Medic AGO falcata,

L.

—Though on

of this species resembles that of
peculiarities

which

M.

facilitate explosion,

for bees to obtain the

179

the whole the flower

sativa,

possesses

it

and make

it

more

certain
diflicult

honey without releasing the column. For the

pouches directed forwards and the processes directed backwards on
the alse grasp the column less firmly, as may be seen in 2, Fig. 57,
so that a less pressure is followed by explosion but on the other
;

hand a thin proboscis can pass more
without bringing about explosion.

easily to the base of the flower

The

alse

leave less

room

for

a

proboscis to enter, as they are shorter and broader and rest on the

Fig. 57.
1.

— Ditto,

2.

after

removal of calyx and vexillum, from above.

3.— Leftala.
5.

Medicago falcata, L.

— Flower, viewed obliqiu'ly from above.
— Exploded

flower, after

4. -Carina.
removal of vexillum, seen obliquely from the right and above

;

the

column appears considerably foreshortened
b, vexillum
calyx
c, pathfinder
e, lamina of ala
d, claw of ala
/, invaginatcd process of
ala, directed forwards
h, coherent claws of carina; i, coherent
g, lobe of ala directed backwards
laminae of ditto
fcfc, carinal pouches, which receive the processes/; I. column ;
m, superior free
stamen nn, entrances to the honey; o, stigma, (x 7.)

a,

;

;

;

;

;

;

;

;

;

carina for a shorter space in their basal half.

very

many

Accordingly, of the

bees which I observed on flowers of M. falcata, I did not

on unexploded flowers without
saw many Lepidoptera sucking without
causing explosion. The flowers of M. sativa seem fitted rather for
fertilisation by Lepidoptera, and those of M. falcata rather for fertilisation by bees.
And my lists may lead us to conclude that the
flowers of 31. sativa offer special attractions for Lepidoptera, and
N 2
see one sucking or collecting pollen

releasing the column, but I

—

—

— —
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M. falcata, on the other hand,

those of

for bees

;

[part hi.

yet I

am

not able

to account for this difference in attractiveness.

Rehmberg, Thuringia, July, 1868

Visitors, at

:

(2) Bombus
A. Hymenoptera— i4/>irfce ; (1) Apis melUfica, L. t^ s., fVeq.
muscorura, F. ^ s. ; (3) Rhopliites canus, Ev. $ c? s. ; (4) Cilissa leporina,
fulvicrus,
s. and c.p. ; (5) Andrena denticulata, K. ? , s. ; (6) A.
Pz. ? (J
c.p.
(8) Nomada Solidaginis,
K. 9 s.
(7) Halictus quadricinctus, F. ?
(11) Osmia
(10) N. ferriiginata, K. ?, s.
Pz. ?, s. ; (9) N. varia,Pz. ?,8.
,

;

,

,

,

,

,

;

;

;

;

aurulenta, Pz.
tojchus
C.

$,

s.

Mik.,

sulfureus,

Lepidoptera

—

and

(a)

c.p.,
s.

;

Diptera— (a) Bombyliiddi

B.

ab.

Syrphidcn

(6)

Rhopalocera

s.

L.,

s.

;

(15) Lycsena,

Four additional

s.

Sys-

(12)

s.

ih)

;

Zygaena carniolica, Esp., ab.

(17)

;

:

Helophiliis trivittatus, F.

(13)

Hesperia,

(14)

:

Sphinges : (16) Sesia asiliformis, Rott.,
Euclidia glyphica,
(c) Noctuce : (18)
doptera) are recorded in No. 590, 11.

:

;

visitors {Lepi-

—

Medicago lupulina, L. The flowers of this species,
upper stamens seem to possess very little elasticity, are
exceedingly minute but yet attract many diligent visitors.
95.

wtiose

A. Hymenoptera

Apidce : (1) Apis mellifica, L. ^ s., very freq. (It is
honey-bee that it does not disdain even this flower's tiny
The whole inflorescence is pulled down by the weight of the
store of honey.
bee, which then sucks the flowers head downwards.
It sucks a few flowers, at
most four, on one inflorescence, and then flies away to another plant of the same
species ) ; (2) Andrena convexiuscula, K. $ s.
(3) A. xanthura, K. $ , c.p.
,

characteristic of the

,

(4)

Halictus flavipes,

Diptera

Conopidce

C. Lepidoptera

Darwin

:

K.
(6)

$,

Myopa

Rhopalocera

also

c.p.

:

(8)

;

(5)

buccata, L.,

much

s.

(7)

;

Thecla rubi, L. 9

saw M. htpulina

found the plants very
by a net.

;

;

Bombus agrorum,
5

M.

when

$

^

,

testacea,

B.

s.

L.,

s.

s-

visited abundantly

less fertile

F.

by bees.

He

protected from insects

—

96. Melilotus OFFlciNALis,Willd.
The mechanism of the flower
resembles that of Trifolium repens, with certain slight variations.
The calyx is much shorter (only 2 mm. long) and at the same

time wider, thus admitting insects with shorter tongues to the
honey, and also giving greater range of movement to the petals.

The

alse

and carina can rotate much farther downwards, since their

claws are not adherent to the staminal column as in T. repent.

Their return to their former place when relieved from pressure is
insured by two finger-like processes (/) which replace the pouches of
T. repens at the superior basal angle of the alse ; they grasp the
staminal column superiorly, and, when the carintB are drawn down,
they separate slightly but still remain closely applied to the

—
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staminal column ready to spring back and grasp it as firmly
before.
The stigma projects further beyond the anthers

as

Fio. 58.

— Melitotus officinalis,

WilUl.

— Flower, from the side.
2.— Ditto, from above, after removal of calyx and vexllluiu.
— Ditto, from the side, after dejiressicm of the alae and carina.
1.

3.

a, anthers
d, point of flexure of carina
e, de))ressions in the alee, whose inner surfaces are
connected witli the outer surfaces of the carinal petals by interdigitation of their cells /, digitate
I)roces8es of the superior basal angles of the alse g, column h h, entrances to the lioney gr, style
;

;

;

;

;

;

;

n, stigma.

than in

T.

rcpens,

so

that

self- fertilisation

is

rendered

even

more unlikely.
Hymenoptera (a) Apida; :
Andrena dorsata, K. $

Apis mellifica, L. 5 very freq.,
and c.p. (3) Heriades truncorum,
L. ? c.p.
(b) Sphegidce :
(4) Coelioxys quadridentata, L. ^^ s.
(5) Osmia sp.
s.
(c)
Tenthredinidce : (7) Tenthredo sp.,
(6) Ammopliila sabulosa, L. (J
Visitors

8.

and

c.p.

,

;

:

(2)

,

(1)

s.

;

,

;

,

;

;

;

vainly seeking honey.

97.

Melilotus vulgaris, Willd (M.

alba,

Thouill.).

—This

by the honey-bee, which I have found in
hundreds busy sucking honey and collecting pollen on the plant
also hjMacropis laliata, Pz., and by Empis livida, L.
species

98.

is

visited

Trifolium repens,

simpler than in Lotus, and

L.
is

—The

floral

mechanism

is

here

one of the simplest to be found

among Papilionacese. Stamens and pistil are inclosed in the carina
when the latter is pressed down they protrude, but they return
within it when the pressure is removed, and the pollen is thus
protected from the weather and from robbery. As in all other
Papilionaceous flowers which contain honey, the honey

is

secreted
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by the bases of the cohering stamens, it surrounds the base of
the ovary, and can only be reached through two apertures, one on

An

either side of the base of the superior free stamen.
to reach the honey,

insect,

must thrust its head in beneath the vexillum,
In climbing
doing this upon the two alge.

and must stand in
on to the alse and thrusting its head below the vexillum, it forces
up the latter and presses the alae and carina down and the reproductive organs, protruding from the carina, are forced up against
;

the ventral surface of the insect.

The organs

all

return to their

Fig. 59,—7}rifoliumrepen8, L.

1.— Flower, from below.
2.

3.

—Ditto, from above, after removal of calyx and vexillum.
— Inner view of right

c',

ala.

pouched swelling.

former place when the insect leaves the flower and cross-fertilisation takes place regularly, since the stigma projects slightly
beyond the anthers and therefore comes first in contact with the
;

ventral surface of the insect.

In

addition

possesses in

to

these

characters,

common with many

which

Trifolmm

repens

other Papilionaceous flowers, the

following are peculiar to itself: (1) the arrangements for excluding
certain short-lipped insects
(2) the conditions of rotation of the
;

alae

and carina

;

(3)

the provisions for bringing back the parts of

when pressure is removed.
which surrounds the claws of the petals
and limits the movements of the vexillum and alae, is only 3 mm.

the flower to their former place
(1)

The

calyx-tube,,

—

—
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long

that the

so

;

such as Aridrena and

specialised bees,

less
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Halidus, are not shut out from the honey.
(2) The alse cohere with the carina at one point on each side
2,

{c',

upwards and downwards
by the very thin and weak

Fig. 59), so that both rotate

3,

together; this rotation

claws of the

alae

facilitated

is

and carina, which adhere for the

gi-eater part of

their length to the stamina! tube, but are free anteriorly.

the

The long

of a long lever-arm in this action.

anterior end of the

vexillum has a similar action.
(3) The return of the parts to their original position

about chiefly by the vexillum and the

The

played by the calyx-tube.

alse,

is

brought

in addition to the part

strong, broad claw of the vexillum

other petals and

the

overlaps

Since

considerably beyond the carina, they play the part

alae project

reproductive organs, being

the

them above and at the sides by its elasticity it
forcibly to its own place after it has been moved, and forces

closely applied to

returns

;

organs within into their place also; the anterior part of
the staminal column is also kept in check by the alae, whose
the

superior basal lobes are modified into two vesicles {v) which lie close

together upon the upper part of the column.
Visitors

and c.p.
HaHctus

;

;

{b)

B. pratonim, L.

K. ^

y

Conopidce

optera

Apidw

A. Hymenoptera

Schenck, ?

tarsatus,

fulvicrus,
8.

:

(2)

Myopa

(8)

Rhopalocera

:

the bees that act in the

s.

,

;

s.

;

(5)

:

(3)

,

;

H. maculatus, Sm. $

buccata, L.,

s.

;

:

(9)

(10) Pieris brassicae, L.,

s.

,

c.p.

;

(6)

Andrena

(7) Vohicella bombylans, L.,
M. testacea, L., s. C. LepidOf these visitors it is only

manner described and effect

the other visitors only do so occasionally.

The

Apis meUifica, L. $ very ab., s.
Megachile Wilhighbiella, K. ^ (4)

(1)

Diptera— (a) Syrphidce

B.

s.
:

,

^

cross-fertilisation regularly

See also No. 590,

11.,

;

and No. 609.

Dutch Clover was

one of the first Papilionaceous
which the necessity of insect-visits for full productiveness was demonstrated.
Darwin found that when insects were
excluded by means of a fine net the plant was only one-tenth
as productive as when insects were freely admitted (152).
flowers in

Trifolium fragiferum,

—

L.
This species agrees generally
with T, repens ; but the flowers are
much smaller, the calyx-tube is only 2 mm. long, and the alse are bent
outwards. I have seen the hive-bee visiting its flowers abundantly.
99.

in the characters of its flower

Though the hive-bee

as a rule keeps very strictly to one species

of flower for a time, yet,

together,

it visits

where T. fragiferum and

T. repens

the flowers of both indiscriminately.

grow

THE FERTILISATION OF FLOWERS.

184

[part hi.

—

The honey lies at the base of a
L.
formed by cohesion of the nine inferior
stamens with each other and with the claws of the petals it is
secreted by the bases of the stamens, and accumulates in the tube
around the base of the ovary. But while in Trifolium repens, as in
Lotus and most other Papilionacese, only two small openings, one on
Trifolium pratense,

100.

tube, 9 to 10

mm.

long,

;

either side of the base of the superior stamen, give access to the

honey, and compel the bee to thrust its proboscis down to them
outside the staminal tube, in T. pratense the bee's proboscis, after

being thrust under the vexillum, passes at once into the staminal

Fig. &(i.— Trifolium j^ratense, L.
1.

2.
3.

—Flower, from below.
— Ditto, from above, after removal of the vexillum.
—Anterior part of flower, twice as much magnified

;

the edges of the carina have been forced

apart.

4.— Right ala. from within.
5.— Right half of the carina, from without. (The claws of 4 and
6. — The essential organs emerging from the depressed carina.

5

have been broken short

off.)

tube formed by coalescence of the nine filaments with the claws of the vexillum, ala',
c, vexillum
d, concave part of the inner side of the ala
e, lower border of ala, bent
outwards /, outward surface of ala g, pouched swelling on the base of the ala h, carina t, style
k, superior free stamen
I, stigma
m, anthers n, point of union between ahe and carina o, point
of flexure of the carina p, part of the upper border of the ala, bent outwai'ds
g, downward
extension of vexillum.
calyx
and carina
a,

;

b,

;

;

;

;

;

;

;

;

;

;

;

tube, to

The

which in

;

;

;

this case the claws of the petals are adherent.

down the tube in the middle line
would be impeded by the superior stamen which is
inclosed in the tube if this retained its normal position but its two
ends only are situated in the middle line, and the rest of the stamen
lies wholly to one side.
From the anterior end of tlie common tube come off the
insect's proboscis, passing

superiorly,

;

—
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The broad base

(1)
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of the vexillum,

continuous with the superior and lateral portions
of the tube, and even with part of its inferior aspect by means
of an expansion {q) just at the base of the free limb.
(2) The

which

is

base of the carina, which

is attached to the inferior part of the
though
edge of the tube in the interval left by the vexillum
not half so broad as the base of the vexillum, it is broad and strong
enough to return quickly to its place after being bent downwards.
(3) The two alse, whose flexible claws spring from the common
tube; the lamina of each bulges out at its base {g) more
:

distinctly than in T. repens, to cover over the top of the staminal

and the petals in their proper relative
tube, which is split superiorly to
admit the free tenth stamen, and which divides in the hollow of
the carina into stiff filaments which curve upwards and are slightly

column and help
positions.

(4)

to

keep

it

The staminal

thickened at their ends.
In the midst of the stamens

lies the style, curving upwards till
stigma slightly overtops the anthers.
If now a bee inserts its proboscis beneath the vexillum, while

its

on to the alae (which are coherent with the
and hind legs on a lower part of the
carina
the
and
alae are drawn downwards, and the
inflorescence,
anthers
are
thrust
and
stigmas
up against the under side of the
the
stigma,
standing
head
highest, receives the pollen
bee's
brought by the bee, and instantly afterwards the anthers dust the
selfbee with fresh pollen. Cross-fertilisation is thus insured
fertilisation may take place as the bee draws back its head, but is
probably neutralised and superseded by the immediately preceding
it

clings with its forelegs

carina) resting its middle

;

;

cross-fertilisation.

In order to reach the honey in this way, an insect must possess
a proboscis at least 9 to 10

mm.

long.

The

pollen

is

accessible to

which can press down the carina and it is clear that
bees when collecting pollen on the flower perform cross-fertilisation
as well as when sucking honey.
The red clover, like most flowers
whose honey lies more than 7 to 9 mm. deep, is liable to the attacks
of Bomhus terrestris and other insects which use the holes that B.

all insects

;

has made. The small flowers of clover become conspicuous
by aggregation into heads, and contain very abundant honey.
terrestris

A. Hymenoptera
(2)

B.

(4)

B. agrorum, F.

lapidarius,

: (!) Bombus silvarum, L. ? (proboscis 14 mm .)
i?
(3) B. Eajellus, 111.
? (10—13)
9 (10—14)
(6) B.
^ 9 (10—15) (5) B. senilis, Sm. 9 (14—15)

Apidce

L.

1

i?

!

!

!

!

—
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^ 9 (12-14)

confusus, Schenck,
fragrans, K.

(15)

?

!

(9)

B.

(7)

!

muscorum,

B. (Apathus) rupestris, F.

? (13—14)

F.

?

[part hi.

(14)

B.

(8)

!

(10) B. vestalis,

!

(12) B. Barbutellus, K. 9
(11) B. carripestris, Pz. ^ (10—12)
some also c.p. (13) (Bombus terrestris, L. [7—9]), bites througli
the tube and so reaches the honey with some delay,— it has, however, the
advantage of obtaining honey even from unexpanded flowers (14) (B. pratorum,
(15) Apis mellifica, L. ^ (6), usually
L. ^ [8]), behaves in the same way)
visits the red clover only for its honey, which its proboscis is not able to reach
in the legitimate manner, yet I have now and then seen hundreds of honey(16) Anthophora
bees on a patch of red clover, all busy collecting pollen
(18)
(17) Eucera longicornis, h. <^ ^ (10), s.
pilipes, F. ? (19—20), s.
(19) Andrena xanthura, K. $ (3), c.p.
Cilissa leporina, Pz. ? (3^), c.p.

Fourc. ? (12)
(12)

!

all

!

!

8.,

;

;

;

—

;

!

!

!

(20)

A. Schrankella, Nyl.

fasciata,

Wesm. ? ^ (3

— —
4),

?
all

from pollen

hairs remained free

I

A. fulvicrus, K. ? (3J)
(22) A.
three sought in vain for honey, their collecting-

(4)

;

(21)

;

;

K. $

(23) Colletes fodiens,

(2^), c.p.

(24)

!

(25) Anthidium manicatum, L. ^ <$ (9—10),
Halictus flavipes, K. 9 (2i), c.p.
(27) Osmia senea,
s.
(26) Megachile circumcincta, L. 9 (H)? s. and c.p.
!

!

!

L.

9 (9—10),

Diptera

—

SyrphidcB

and

s.

c.p.

Bomhyliidce

(a)

!

Diphysis serratulee, Pz.

(29)

:

(30) (Volucella

:

ferrugineus, L. [6

(28)

bombylans, L. [7

— — I have seen
7]),

— 8])

;

(c)

$ (7—8)

Mikan

(Systoechus sulfureus,

Conopidce

c.p.

— 7])

:

(31)

all these three flies thrusting their

B.

!

[6

(b)

;

(Sicus

tongues

beneath the vexillum, though their tongues are too short to reach the honey in
{a) Rhopalocera : (32) Pieris brassicse,
the legitimate way). C. Lepidoptera
L. (15); (33) P. rapse, L. (34) Vanessa urticse, L. (12) (35) Satyrus Megeera, L.
{b)
(38) H. thaumas, Hfn.
(37) Hesperia sylvanus, Esp.
(36) S. Janira, L.
;

;

NoctuxB

:

;

;

;

(39) Plusia

gamma,

L., all

;

s.

—

Trifolium hadmm, Schreb. The flower is
adapted for Lepidoptera. On the Alps I found
Apidse and eleven Lepidoptera (609).

Trifolmm

alpestre, L.

— The flower

is

visited

manner
by four

similarly arranged,

and was

in
it

like

seen to be visited by two species of Apidae and nine Lepidoptera
(

Weit. Beob.

II.).

Kuhn

describes cleistogamic flowers in Trifolium (399), and
T. polymorphum is cleistogamic according to Darwin (Forms of
Flowers,

2nd

ed.).

Trifolium alpinum, L., T.palhsceyis, Schreb., and T. nivale,^\Qh.
{T. pratense,

L.,

var.

nivale), are

described in

my

Alpenblumen

(No. 609).
101.

Trifolium arvense,

Visitors

:

Hymenoptera

A.

Bom^DUs Rajellus,

—

L.

(a)

—The tube

Apidce

:

(1)

is

Apis

mm.

hardly 2

L.

mellifica,

long.

^

;

(2)

9 ^ very freq. (3) B. lapidarius, L. ^ (4) Cilissa
leponna, Pz. 9
(5) Andrena xanthura, K. $
(6) Halictus zonulus, Sm. 9
Diphysis
(7) H. quadricinctus, F.
(9)
9 (8) Colletes maiginata, Sm. ^
serratula;, Pz. ^
(10) Osmia csementaria, Gerst. ^ (Thur.)
(11) Megachile
maritima, K. ^, all sucking only
(6) Sphegidce : (12) Psammophila affinis,
K. 9,8. B. Lepidoptera— (13) Hesperia thaumas, Hufn., s.
111.

,

;

;

;

;

;

;

;

;

;

;

—— —

—
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RUBENS, L. (Thuringia, Rehmberg near
shows certain adaptations for Lepidoptera as well as for bees I have found it visited by six species
of Bombus and Anthophora, and by seven species of Lepidoptera.

Trifolium

102.

Muhlberg).

— This

species

;

Trifolium filiforme, L

103.

Apidce : (1) Apis mellifica, L. ^
H. cylindricus, F. ^ c.p. Lejddoptera

Visitors
s.

;

(3)

:

,

,

104.

Trifolium medium, L.

9

)

s.
:

Halictus albipes, F.

(2)

;

(4)

Lyceena oegon,

^

s.v.s.

:

(1)
(2) Bombus agrorum,
sucking nonnally. Eleven additional visitors are recorded in No. 590, u.

Visitors: Apidcb
F.

:

105.

dorsata, K. 9> c.p.

Trifolium procumbens,

Visitors

K. 9)8-

Andrena

:

Apidce

:

Apis

(1)

:

L.

mellifica,

;

:

L.

^

,

s.

;

Halictus flavipes,

(2)

Five additional visitors are recorded in No. 590,

11.

—

Trifolium montanum, L. I have found this species
Low Germany by four Apidae, one Sphegidse, and four
Lepidoptera (590, li.)
on the Alps by eight Apidae and eight
106.

visited in

;

Lepidoptera (609).
Papilionaceae,

it

Lepidoptera, the

Besides the

adaptations to bees usual

shows an adaptation to
closely

folded

cross-fertilisation

vexillum bringing the

in

by

insect's

proboscis in contact with the stigma and anthers.

Genistece.

107.

LupiNUS LUTEUS,

L.

—The flowers of Lupinus

luteus, like

those of Ononis spinosa, are devoid of honey and are provided

with a piston apparatus

— The

;

they

present the

coherent with

following

peculi-

one

another at the anterior border, and each possesses a lateral fold near its base, fitting
into a depression in the carina.
They surround the carina as in
arities

:

alse

are

Lotus, but are flat instead of being strongly convex, and since the
sides of the vexillum are

bent backwards the flower

spicuous from the side than frorn the front.

The

is

more con-

division of labour

which began to be marked in Ononis between the two whorls of
stamens, one whorl producing the pollen, the other pressing it
forwards, is much more complete in Lupinus (1, 2, Fig. 61).
The
anthers of the five outer stamens are much larger than those of
the inner they dehisce within the bud, while the others are much
shorter and very far from maturity (1, Fig. 61) and then after
placing their pollen in the apex of the carina, they wither
;

;

—

—

—
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remain in the wide lower part of the carina
now begin to grow rapidly, and
squeeze the pollen in the point of the carina more by means of their
anthers, which remain spherical, than by the thickened ends of
their filaments; they thus do the work of a piston, except the
superior stamen (1), which remains inferior to the others in length
completely, and
(2,

The

Fig. 61).

five inner anthers

and thickness.

Lupinus

Fig. 61.

1.— Essential organs, from
2.— Ditto, from a flower.
2, 4, 6, 8, 10,

The

the live outer

spherical stigma

Laburnum, by a ring of
application of its
I

own

;

is

bud

;

luteus, L.

the outer anthers are dehiscing.

1, 3, 5, 7, 9,

the five inner stamens

surrounded at

stiff

erect hairs

Hymenoptera

The

^

,

Apidce

:

scarce, c.p.

x, stigma.

that of the

its base, like

which prevent or limit the

(1)
;

visitors

:

Apis mellifica, L. ^ ab., c.p.
Megachile circumcincta, K. ?
,

(3)

;

,

(2)

Bombus

c.p.

flower of Lupinus albus differs in certain points from the

preceding species
Lupinus,
varieties of

with a pin.
fertilised

108.

;

pollen.

have noticed only the following

lapidarius, L.

are

a

sp.

(cf.

Delp. 178, pp. 46, 47).

—Mr. Swale observed that in New Zealand cultivated

Lupinus were unfertile unless he released the stamens
In England, according to Darwin, the Lupines are

by humble-bees, not by hive-bees (152).

Genista tinctoria,

distinctly

L.

— In the young bud the ten stamens

seen to form two whorls

(1,

Fig. 62).

The

five

anthers of the outer whorl (2, 4, 6, 8, 10 in 1.. Fig. 62), overtop
those of tlie inner, and the four superior ones are the first to

—

I'
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In the bud, they are already on the point of dehiscing, while

ripen.

those of the inner whorl have attained scarcely a quarter of their
full size.

The ten stamens, and the

them, are

all

both their upper and lower margins.
of the outer whorl dehisce introrsely

remains lying above the

style,

Fio. 02.

1.— Essential organs from a young
2.

3.

which projects far beyond
whose two petals cohere along

style,

inclosed by the carina,

As the

four superior anthers

and then wither, their pollen

which courses along the lower edge of

Genista tinctoriu, L.

burl.

— Position of the parts inclosed in the carina of a young (virgin) flower.
— Inner view of right ala.
— Exploded flower.
— Young (virgin) flower, from above, after removal of calyx and vexillum.
— Ditto, after the carina has been cleft to near apex by pressure, from above.

4.
5.

6.

its

7.— Young flower, from above, after removal of vexillum and alae.
8.— Anterior half of a young flower, cleft so far that explosion must result
as

nmch

from above, twice

;

magnified.

column;
inner stamens

the four outer stamens, which remain short (2, 4, 8, 10, in Fig. 1); c, the five
e, tip
(1, 3, 5, 7, 9); d, the stamen of the outer whorl which remains below the style
of style /, stigma g, pollen h, lat-^ral fold of carina into which a fold (h') of the corresponding
ala fits
icl, non-coherent part of the upper borders of the carinal petals
m, ala n, carina, ends of
filaments q, empty, shrivelled anthers r, pollen s, stigma tt, claws of alae.
a,

6,

;

;

;

;

;

;

;

;

the carina, and

it

;

;

;

gets pushed forward into the apex of the

elongating carina by the inner stamens which

still

quickly extend

beyond the now empty outer stamens. The inferior stamen of
the outer whorl (6 in 1, Fig. 62), which lies immediately below the
style, remains closed when the other four dehisce, and it grows to the
same length as the five inner stamens and dehisces with them.
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If it dehisced along with the other four stamens of its own
whorl and then withered, its pollen would lie useless in the lower
part of the carina, a little in front of its middle point, and would
never be pressed forward but since it grows to the same length as
;

the inner stamens and dehisces simultaneously with them, its
pollen unites in great part with that of the two neighbouring

stamens

(5

and 7 in

1,

Fig. 62),

and

is

heaped with

it

above the

style.

of stamens and the inferior stamens of the
wither a short time before the vexillum
and
dehisce
whorl
outer
The position which the organs occupy at this time
expands.
within the carina may be easily seen by holding the carina up to

The inner whorl

the light, and

The

is

carina

represented in
still

forms

a

2,

Fig. 62.

much compressed

sheath,

closely

surrounding the style and the pollen of all the ten stamens which is
heaped above it. It is kept horizontal by the action of two equal
and opposite forces. The column of stamens with the contained
style possesses a tension upwards, so that if it

surrounding petals

it

springs

up close

be freed from the

to the perpendicular vexillum.

The claws of the alae and of the two petals which form the carina
possess a downward tension, and if the upward pressure of the style
is removed, they suddenly bend downwards and place the alae and
The alse are kept in connection
carina in a vertical position.
with the carina by means of a bulging protuberance at the base
and near the upper border of each (A', 3, 5, 6), which lies in the
angle between the upper border of the carina and another protuberance directed outwards and upwards from each half of the
carina near

The

its

base

(/i,

7).

opposite tensions balance one another so long as the upper

borders of the carina cohere together

(/i,

5)

and the pouched lobes of

the alse (m, 5) meet one another above the staminal column.

As

an insect places its feet upon the alse and
head beneath the vexillum, the pouched lobes of the al;B
slip down below the staminal column (m, 6)
at the same time the
union between the upper borders of the carina is ruptured from
behind forwards by the pressure of the essential organs in its posterior
part, and as soon as the splitting reaches the tip of the style the
two opposite forces are set free, and the staminal column springs
upwards while the alse and carina spring downwards. If we hold
the flower in one hand, and press down the tip of the carina with
a needle or a pencil-point, we see clearly the split spreading
forwards, and the pouched lobes of the alse separating, so that the
thrusts

soon, however, as
its

;

—
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flower passes from the young, closed state (Fig. 62, 5) to the halfif we press a little harder, the split
opened state (Fig. 62, 6)
passes forward beyond the tip of the style (Fig. 62, 8), and in the
same instant the column flies upwards to the vexillum, scattering
a cloud of pollen, and the alae and carina spring down into the
;

vertical position.

an insect performs the above operation while standing on the
and thrusting its head beneath the vexillum, the column is prevented from springing up to its full height it cannot scatter a cloud
of pollen into the air, but the ascending style forces its stigma and
instantly afterwards the mass of pollen against the under side of
the insect. If the insect has been dusted with pollen in a preIf

alae

;

viously visited flower, cross-fertilisation

stigma

is

own
Whether

dusted with

out of the flower.

its

thus effected

is

;

if not,

the

pollen as the insect creeps backwards

self-fertilisation occurs in absence of
a point that has still to be settled by experiment.
Specimens with young virgin flowers which I left standing in
water for over fourteen days withered without either exploding
or producing seed.

insects

is

Since the flowers contain no honey, and expend

all

their pollen in

a single explosion, after which the staminal column and style are
concealed by the vexillum which closes over them as in the bud,

they can only

attractions for pollen-collecting insects,

offer

female bees busy with the care of their young

viz.

and even these are
The flowers, however, are visited by
only permitted a single visit.
very various insects, which fly away after a vain attempt to obtain
pollen or honey. I observed the following visitors in sunny weather
in July, 1869, on a stretch of land covered with G. tinctoria near
Brilon and Warstein
;

:

—

(a) Apidw : (1) Megachile circumcincta, K. 9 very ab.,
M. centuncularis, L. $, very ab., c.p., the males occasionally seek
one specimen, c.p.
in vain for honey
(3) M. villosa, Schenck, $
(4) M.
versicolor, ?m. $ freq.
(6) Diphysis serratulse,
(5) M. Willughbiella, K. ^
the last three come in vain
Pz. $
(7) Anthidium punctatum, Latr. ^
ab., c.p.
search for honey
(9) Bombus terrestris,
(8) Apis mellifica, L. $
L. $ scarce, c.p.
(11) Andrena albicrus,
(10) CoUetes Davieseana, K. $ c.p.
both vainly seeking honey; (13) A.
K. (^
(12) A. fulvescens, Sm. $,
xanthura, K. ^
(15) Halictus rubicundus, Chr. ?
(14) A. fulvicrus, K. ?
the last four scarce, ^cp. (all, including the honey(16) H. albipes, F. $
seeking males, caused the flowers to explode, and effected cross-fertilisation), {b)
Vespidce: (17) Odynerus trifasciatus, F. ?. B. Diptera— («) Conojndce : (18)

A. Hymenoptera

c.p.

>

—

(2)

;

,

;

,

;

,

;

—

,

;

,

;

;

;

,

;

;

—

;

;

;

;

;

Sicus ferrugineus, L.

toxiim

bicinctum,

h

;

(19)

C.

Myopa

testacea, L.

;

(&)

Lepidoptera— E/ioj^aZocem

:
(20) ChrysoSatyrus Megsera,

SyrphidcB
;

(21)

—

—
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— the

flowers

obtained neither honey nor pollen, and did not cause the

last five

explode.

to

sericeus, L.

the flower.

;
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D.

Coleoptera

(23) Cr. vittatus, F.

Four additional

Chrijsomelidce

:

Cryptocephalus

(22)

(24) Cr. moreei, L., feeding

;

visitors are recorded in

No. 590,

on the

tissues of

il.

list is of special interest, as it shows that flower-loving
do not restrict themselves by hereditary instinct to those
flowers which are most useful to them, but that they search widely
for their food in flowers, and so very often seek in vain.
Of the pollen-collecting bees, those with abdominal collecting-

This

insects

brushes have the easiest work, since the explosion of the flower
they are also
forces the pollen directly on to the collecting-hairs
;

the most useful to the plant, as they

fly

from flower to flower with

least loss of time.

109.

Genista anglica,

L.

—In

this

species

the

opposed

tensions of the column on the one hand and the alse and carina on

Genista anglica, L.

Fig. 63.
1.
'2.

— Yoimg (virgin) flower,

—Ditto, from the front.

from the

3.— Inner view of riglit ala.
4.— Exploded flower the style is
5.
Exploded flower from the left
;

—

the other are

side.

less recurved than usujii.
;

a more normal specimen than

4.

much less marked. When the flower explodes, the
move only a short way downwards, and the whole

carina and ala?

column does not bend upwards, but only the style, whose tip curves
inwards also. The only visitors that I have noticed are bees with
tibial and femoral collecting-baskets.
But it would be premature
to conclude,

even

in

the case of G. tinctoria, that

flowers are chiefly plundered

and

fertilised

because

its

by bees with abdominal

brushes, they have been specially adapted only for those bees.
I

of

had a most favourable opportunity of watching the actions
on flowers of G. anglica one sunny morning,
It was the first sunshine after long-continued rain.
3, 1871.

the hive-bee

May

^
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and

so

;

all

the

flowers

humming from one

were

still
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The bees

unfertilised.

flew

flower to another, clung by their legs to the

and thrust their heads with outstretched proboscis beneath
abdomen hung down. While the head
and its proboscis were thus placed just as if they were sucking
honey from the base of the flower, the midlegs were in active
movement, scraping pollen into the baskets on the hindlegs. On
May 14, 1871, I again watched the hive-bee at work, when most
of the flowers had now exploded.
A single bee flew on to ten or
twenty plants, whose flowers had all been fertilised, without
stopping on any flower.
At last it found a young unfertilised
flower, on which it eagerly descended.
This long search and
occasional descent upon young unfertilised flowers was frequently
repeated but sometimes I saw a bee, after seeking in vain for
young flowers, settle on an old exploded one, and insert its proboscis as if the flower contained honey.
Sometimes also I saw a
hive-bee visit a young flower without causing it to explode.
Besides the hive-bee, I have only seen Aiidrena fulvicrus,
K. ^, A. 7iigro-aenea, K. ? and Halidus cylindricus, F. 9 collecting
pollen on this plant, all very frequently.
alse,

the vexillum while the

;

,

110.

Genista pilosa,

that of G. anglica.

who found the

It

L.

— The mechanism of

this flower is like

has been thoroughly described by Delpino,

plant sterile to

its

own

pollen (178, 360).

only seen the honey-bee collecting pollen on

I

have

it.

—

In the flowers of Cytisus La111. Cytisus Laburnum, L.
burnum, as in those of Melilotus and Trifolium, the reproductive
organs simply emerge from the carina and return within it. The
connection of the alse with the carina is not a firm one, being
formed simply by a shallow bulging depression in each ala (e, 1)

which
carina
'

fits
;

into

yet this

a corresponding depression on the side of the
is

quite sufficient, as a slight pressure sufllces to

depress the alse and carina.
it is

The

sufficient to bring the carina

elasticity of the carina is small

back to

its

original place after

repeated slight depressions, but not sufficient
pressed far down.

if

bees the essential organs protrude freely from the

The

the

carina be

Accordingly, after repeated visits of humbleslit.

by a peculiar kind of proterandrous dichogamy. Immediately before the bud expands, the stigma
lies in the apex of the carina surrounded by transparent, stiff, erect
hairs
these overtop the stigma, and in the young flower they
O
;

flowers are characterised

—

;
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it from immediate conGradually these hairs wither, so that
in older flowers the stigmatic papillae are freely exposed (5, Fig. 64),
and at the same time the style bends more and more inwards, so
that the stigma protrudes farther and farther from the carina.

bend over

its

papillar surface, protecting

tact with the insect-visitor.

Cross-fertilisation is thus insured

and

self-fertilisation

prevented

in case of insect-visits, while spontaneous self-fertilisation

is also

prevented in absence of insects.
The most remarkable peculiarity in the flowers of the Laburnum is that, like those of Orchis mascula, 0. morio, &c., they

The

only supply nectar inclosed in cellular tissue.
secretion of

honey and the ordinary means of access

'

Fig. 6i.
1.

Cytisus

ordinary

to the

honey

Laburnum, L,

—Basal part of an flower, seen from above, after removal of calyx and vexillum.
4.— stigmas of younger flowers.
—Stigma of an old flower.
old.

2, 3,
5.

c, fleshy eminence, anterior to insertion
aa, cut base of calyx
b, point of insertion of vexillum
of vexillum, which is probably probed by insects d, claw of ala; e, shallow pouched depression of
ala, which fits into a corresponding depression on the upper surface of the carina
/, carina
;

;

;

;

g, its cleft.

are here wanting, and the

stamens are monadelphous

front of the point of attachment of the vexillum

;

but in

a thick, fleshy

is

swelling, so rich in honey that if a fine glass tube be inserted in it
a column of clear fluid ascends the tube. The vexillum is marked
with dark lines pointing towards the base of the flower, which can
only be interpreted as pathfinders, and an insect's proboscis inserted

beneath the vexillum comes without fail to the nectary. I have
seen both bees and butterflies inserting their tongues into numerous
flowers in succession, spending some time on each
the bees had
;

empty, and were therefore not engaged in
collecting pollen.
It seems therefore impossible to doubt that the
swelling at the base of the vexillum is actually pierced by bees
and butterflies for the sake of its secretion.

their pollen-baskets

:

—

PART

—

;
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A. Hymenoptera Apidcc : (1) Bombiis lapidariiis, L. $ ^ sometimes s.,
sometimes c.p. (2) B. terrestris, L. ? s, (3) Andrena atriceps, K. $ (^ s.
(5) A. xanthiira, K. 9) c.p.
(6) Apis mellifica,
(4) A. albicans, K. ?, c.p.
B. Lepidoptera
Noctuce : (7) Plusia gamma, L., s., freqL. ^ c.p., very ab.
Q,o\QO])icvQ.—Nitidulidce :
Meligethes, creeping about within the
C.
(8)
,

,

;

,

;

;

;

;

,

flowers.

Cytisus sagittalis, Koch,

eight different species

In

upon

is

Cytisus canariensis, L.,

by bees only

visited

its

flowers (590,

and

have noted

I

;

II.).

G. albus, Link.,

according to

down slightly under pressure, and
move slightly downwards with it, and

Hildebrand, the carina bends
the anthers and style

first

then spring upwards so that the pollen flies out and part of
it is applied without fail to the stigma (No. 346).
It is, however,
hardly conceivable that such an action effected by insects should
lead only to self-fertilisation.

—

(Sarothamnus) scoparius, Koch. The flowers,
and devoid of honey.
Darwin noticed that the flowers do not explode spontaneously, and
112. Cytisus

like those of our species of Genista, are explosive

scarcely set a single capsule if protected from insects

when an insect visits the

flower, first the short

but that
stamens explode, dust;

it with pollen below, then the longer stamens, dusting it above,
and that finally the pollen applied to the under side of the insect
by the shorter stamens fertilises those stigmas which are not

ing

moment of
way in which

covered with pollen at the

explosion.

on the flower
on alighting,
grasps the alae with its mid and hindlegs, thrusting its forelegs and
head below the middle of the vexillum. The alse and with them
the carina are thus pressed forcibly down, and the united upper
margins of the carina split asunder from behind forwards. [The
alae are connected with the carina by means of a fold (/, 4&) which
catches in the angle between the upper edge of the carina and the
I have observed the

most

insects operate

closely in the case of the hive-bee.

sharp pouched protuberance at

its

The

bee,

side (/, 4, 4c, 6)].

As soon

as

the split has extended midway, the five shorter stamens spring out

they had dehisced in the bud, pressing their pollen against the
closed upper edge of the carina (5, Fig. 65), and now they force
part of their pollen against the under side of the bee.
is

not enough to drive the bee

away

;

at

most

it

The shock
pauses for a

moment, and then resumes work with increased diligence. The
split now quickly extends further, and it has scarcely reached the
place where the tip of the style lies than a second and much
o 2

—
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more

The

violent explosion occurs.

[part hi.

style lies until this second

explosion, along the lower part of the carina, and its flattened
terminal part lies in the apex of the carina above the longer

long since dehisced; when freed from
forming more than a complete spiral
inwards,
restraint it curls
as the split extends to the point where
soon
As
turn (7, Fig. 65).
anthers Avhich

have

Fig. 65.

Sarothavmu)!

ticopariiiis,

1.— Young (virgin) flowei, from the side.
2.— Ditto the vexillum is rather more erect, and shows
;

—Ditto, after removal of the vexillum, from above.
— Ditto, after removal of the alse also.
4b. — Left ala, from the inside, showing the concavity /,

Koch.

the pathfinder.

3.

4.

which

rests

upon the convexity /'

of the

carina.

4c.— The convex swelling of the carina, viewed from the front.
5.
Position of the essential organs in the young flower.
6 —Flower after explosion of the short stamens, from the side

—

;

the vexillum and

alie

have been

removed.
7.

—Position of the parts after complete explosion.

8.— Staminal

9.— End

tube, slit open Immediately to the right of the superior median stamen
of the style, from within.
portion which expels the pollen n, stigma.

pi, flattened

(I).

;

the end of the style
the bee with

its

lies,

the style springs up, striking the back of

stigmatic tip

;

almost in the same instant, the

away by the expanded end of
shed upon the bee's back, and at the same time the

greater part of the pollen carried

the style

is

long stamens, to which some pollen

still adheres, curl inwards and
from the flower. When, as often happens, tlie bee is so held
that the stigma cannot slip off at the side but remains pressed

issue
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some seconds motionless

as though
from the style,
and begins to gather pollen upon the anthers with its mouth
and legs.
The behaviour of humble-bees is on the whole similar to that
its

it

stunned, and then

of the hive-bee.

turns round, freeing

But while the hive-bee

to cause the flower to explode,

often

.itself

is

only strong enough

causing only the shorter

stamens to escape, humble-bees are able easily to force open any
become erect and they may be
seen not unfrequently to break open, though with considerable
effort, flowers in which the alae are still inclosed by the vexillum.
flower in which the vexillum has

;

stigma is always mature
and since the bee's back is always

Cross-fertilisation is insured, since the

in flowers capable of exploding,

touched by the stigma an instant before the fresh pollen is applied
And even the flower to which the bee pays its first
to it.
visit,

and whose stigma

is

not pollinated in the

first

instance, has

a fair chance of being fertilised subsequently, as the style curls

round so far as to bring the stigma again uppermost. A second
can therefore easily apply pollen to it from the same or from
I
another flower, and the flower is certain to be again visited.
have only occasionally seen hive-bees and humble-bees visit
exploded flowers, but the pollen that they leave is gleaned by the
smaller bees, flies, and beetles, which are not strong enough to
I have found females of Andrena
force open the young flowers.
fulvicrus, K., Halidus zonulus, Sm., and Osmia fusca, Chr., busily
Rhingia rostrata and the
collecting pollen on exploded flowers
beetles Meligethes and Anthobium are often to be seen feeding on
There is no doubt that many flowers
these remnants of pollen.
of Sarothanmus, which have been exploded by bees not yet dusted
The
with pollen, are fertilised by such supplementary visitors.
shorter stamens which apply their pollen to the under sides of bees
or of Rhingia, and the position of the stigma after explosion when
it also is liable to come in contact with the under surfaces of
insects, stand in close relation with this supplementary process of
visitor

;

fertilisation.

In the Broom as in Laburnum, the vexillum is marked in its
lower part by dark lines coursing towards the base of the flower.
If the flower contained honey, these lines could only be explained
as pathfinders, but here the flowers have neither any free honey
nor a nectariferous swelling such as exists in and round the inIn this case the dark lines
sertion of the vexillum in Laburnum.

may

either be a useless inheritance from ancestors

whose flowers

——
198
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may be

by leading

contained honey, or else they

of use to the plant

time to expect honey and accordingly to perform the actions necessary for exploding the flower.
When the explosion occurs, the bee finds its hopes of honey gone,

bees which

but
it

its

visit it for

labour

the

first

repaid by such an abundant store of pollen that

is

proceeds to visit other flowers merely to collect pollen.
A. Hymenoptera

Apis

^ very ab,
both ab. (4) B. agrorum,
F. ?
(5) B. hortorum, L. ?
(6) Andrena fulvicrus, K.
$ (7) Halictus
zonulus, Sm. ?
(8) Osmia fusca, Christ. $, all c.p. (those marked (!) forced
the flowers open). B. Diptera Syrphidcn : (9) Rhingia rostrata, L., f.p., ab.
NitiduUdce : (11)
C. Coleoptera
(a) Staphylinidce : (10) Anthobium, f.p.
(Jb)
Visitors

(2)

:

Bombus

lapidarius, L.

$

J

Apidce

(3)

;

(1)

B. terrestris, L. $

mellifica, L.
!

!

1

!

;

;

;

;

—

Meligethes,

;

f.p.

Ulex europceus,
Dr.

L.,

has explosive flowers, which, according to
essentially with those of Genista

Ogle's description, agree

tinctoria (633).

Amorpha fruticosa,
are abortive

alse

;

L.,

and A.

canescens, Nutt.

flowers, devoid of a platform for insects, are

which bees can

—The carina and

the stamens and style are exserted.

easily creep

from flower to flower.

proterogynous, with persistent stigmas.

The small

arranged in a spike, on

They

The

flowers are

are cross-fertilised,

according to Beal, by bees and wasps, which work
beginning at the bottom of the spike (41, 178, 590, II.).
Indigo/era.

—According

to

upwards

Hildebrand's figures and descrip-

and
downwards, while the reproductive organs remain erect

tion (346), the flowers are so far explosive that the carina
alse flap

self-fertilisation takes place as

described the flowers of

the flower withers.

/. speciosa

Henslow (323)

with reference to Hildebrand's

and maintained justly that their structure was only
on the supposition that it led to cross-fertilisation.
macrostachya, Vent., was seen by Delpino to be visited by

description,
intelligible
/.

Bomhus

Italicus (178).

—

1 1 3. CORONILLA Emerus, L.
Delpino has thoroughly described
in the case of this flower the piston-apparatus which we have
studied in Lotus corniculatus. As visitors he observed Bombus,

Anthophora
114.

regard to
it is

seen

pilipes,

Eucera longicomis, and Xylocopa

CoRONlLLA VARIA,
its

L.,

violacea.

resembles Lotus corniculatus in

piston-apparatus, but the flower contains no honey

nevertheless diadelphous (178, p. 45).
it visited abundantly by hive-bees.

In Thuringia I have

Mr. T. H. Farrer discovered that honey occurs on the fleshy
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found that bees obtained this

honey in the following manner they alighted on the flowers in
the usual way, and inserted their tongues as usual beneath the
vexillum
then, however, the proboscis came through the wide
interspace which is left between the unusually narrow claws of the
petals, and so reached the outer side of the calyx. The same holds
good of Goronilla monta7ia, Scop, C. glauca, L., and C. minima, L.
:

;

(244).

Fio. 66.-- Hippocrepis comoRa, L.

A.— Flower, from the side (x
B.— Ditto, from the front.

4).

C—Ditto, after removal of the vexillum and the upper part of the calyx, from above (x
C^ —Part of the claw of the vexillum, from below.
C2.— Ditto, from the side
D.— The same flower (C),
E.
F.
G.

7).

vp, process which closes the entrance to the honey.
after rem.oval of the alaj also.
;

— Inner view of right ala.
— Carina, from the side.

—Ditto, in section, more magnified.

anthers ca, calyx e, pouched depression in the ala, fitting into the corresponding depresin the carina ex, terminal orifice of carina ; /, vexillum /', its claw fa, fold of ala which
into the corresponding fold fa' of the carina j^, filament Jl, ala JV, claw of ala; o, superior
free stamen
ov, ovary po, pollen
s, carina
st, stigma ; v, coherent filaments.
a,

sion

;

;

e'

;

;

fits

;

;

;

;

;

;

;

;

—

115. HiPPOCREPis COMOSA, L.
This flower resembles that of
Lotus in the way in which the pollen is pumped out (178, 360),
but it is characterised by the peculiar way in which the honey is
concealed.

The claw

is so narrow and
and the stamens.

of the vexillum

that one can see between

it

so

much curved

On

(A)

the under side
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of its base

it

bears a flattened triangular process

exactly over the nectaries (h) and closes

fits

{vp.

[part

C^

C"^)

in.

which

them with considerable

A

bee visiting the flower can only obtain the honey by
using the vexillum as a long lever to raise up this lid and to do

firmness.

;

this it

must

insert its

head beneath the vexillum, and consequently

effect cross-fertilisation.

On
and

the Alps I observed various bees cross-fertilising the plant,

also

numerous Lepidoptera which

visited the flowers

but only

effected cross-fertilisation occasionally (609).

Lam.

Fio. 67 .—Onobrychis sativa.

1.— Flower, from below (x 3).
2.— Ditto, after removal of the vexillum and the upper half of the
3.— Rssential organs, from the side (x 7).

calyx, from above.

calyx
b, carina
c, ala
d. vexillum, pale red with darker lines (pathfnders)
e, claw of alu
h, entrance to honey
i, clefl- of carina, through which tlu
/. coherent filaments
g, free stamen
anthers and stigma emerge.
a,

;

;

;

;

;

;

;

—

Onobrychis sativa, Lam. ^The flower has the same
we have studied in the case of Melilotus and
Trifolium when the carina is depressed, the stigma and the anthers
(which dehisced in the bud) emerge, and when the pressure is
removed the carina springs up and again incloses these organs.
The arrangement in this case is still simpler than in the two
116.

simple structure as
:

above-named genera, since the carina performs by itself the functions which the ala^ formerly shared with it
for the alse are very
much reduced, only covering the claw of the carina, and serving
to prevent or to render difficult the removal of honey at either
;

—

—

;
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The carina alone forms the i)latfbrni for insects to alight on,
side.
and the lever by which its own downward rotation is effected its
own elasticity brings it back to its former position on removal of
:

the pressure.
Cross-fertilisation is insured, in case of

insect-visits,

by the

prominence of the stigma, which niust touch the under surface
In absence of
of an alighting insect in advance of the anthers.
insects, self-fertilisation cannot occur, especially as the style continually grows, so that in older flowers
of 1 to

mm. beyond

IJ-

massed in racemes, attract

mm.

only 2 to 3

long

carina with

place its head while thrusting
Both honey and pollen are thus
short-lipped bees.
In sunny weather the
legs.

its

rendered accessible to

the resort of so

are

the better fitted to serve as a

is

may

fulcrum against which the bee

flowers

protrudes for a distance

the broad vexillum ascends at a very small

;

angle from the horizontal, and

down the

it

The brightly coloured flowers,
numerous insects. The calyx-tube is

the carina.

afford to dispense with the

many

power of

insects that they can

well

self-fertilisation.

A. Hymenoptera Apichr : (1) Apis mellitica, L. $ (6), s. and
abundant as to make nine-tenths of all tlie visitors (2) Borabus senilis,
Sni. 9 (14—15)
(.3) B. silvarum, L.
? (12—14) (4) B. agrorum, F. $ (12—
(5).B. confusus, Schenck, ? (12—14)
15)
(6) B. terrestris, L. ? (7—9)
(7)
(8— lU) ; (9) B.
B. nuiscorum, F. ? ^ (10—14)
(8) B. pratorum, L. ? ^
Scrinishiranus, K. ^
all sometimes suck honey, sometimes collect pollen
(11) B. campestris, Pz. $
(10) B. (Apathus) rupestris, F. ? (12—14), s.
(10—12), s.
(13) Au(12) Eucera longicornis, h. $ ^ (10—12), s. and cp.
drena labialis, K. ^ $, s. and cp.
(14) A. nigroaenea, K. ^ (3)
(15)
Halictus albipes, F. $ (3), s. and cp.
(IG) H. flavipes, F. ? s. and cp.
(17)
and cp. (19)
s.
H. lugubris, K. $
(18) Megacliile circumcincta, K. ?
Osmia aurulenta, Pz. $ (8—9), s. and cp. (Thur.) (20) 0. spinulosa, K. $
(Thur.)
(22)
(21) Chalicodoma muraria, F. ? (10), s. and cp. (Thur.)
Coelioxys conoidea, 111. $ s.
B. Diptera Syrphidce : (23) Volucella plumata
Vi.sitors

cp,

:

80

;

;

;

;

;

;

;

;

:

—

;

;

;

;

;

;

,

;

;

,

;

;

;

;

;

,

L. (7

—

(27)

sp.

Lepidoptera

C.

8).

Lycaena

;

{h)

Sphinges

:

—

Euclidia glyphica, L.

Rhopalocera : (24) Pieris napi,
Zyga3na carniolica, Scop. (Thur.)

(a)

(26)

;

(28)

;

Plusia gamma,'vL., ab.,

apparently not effecting fertilisation.

See also No. 590,

—all

L.,
(c)

s.;

(25)

Noctuce

:

sucking, but

11.

Stylosanthes, Swartz, Arachis, L., Heterocarpcea, Phil., Lesperdeza,

Rich.,

and Chcqwianiiia, Torr. and

according to

Ervum
(590,

Gr.,

have cleistogamic

flow^ers

Kuhn.

lens, L., is visited

by the honey-bee and by Lepidoptera

11.).

Vicia hirsuta, Koch,
of the whole

is

mechanism

reduction in size (590,

11.).

remarkable

for the great simplification

of the flower, in relation

to its great

—

THE FERTILISATION OF FLOWERS.

202

[part hi.

—

The Vetches afford an instance of how
needed before drawing conclusions for a whole
genus from a single species. Delpino describes a brush of hairs
upon the style as a character of the genus Vicia, without mentioning what species he observed it in (178); but his description
In
applies only vaguely to V. sepium, and not at all to V. Gracca.
other peculiarities of structure the Vetches which I have examined
117. ViciA Cracca, L.

much

caution

is

show remarkable

diversity.

In F. Gracca the style is very short (about 1^ mm. long), and
for some distance below the stigma it is covered with long, slanting
Though the hairs are longer and closer on the
hairs (5, Fig. 68).
outer side than on the inner, they form a cylindrical brush rather

Fig. 68.

Vicia Cracca, L.

—Flower, from the side (x
— Ditto, after removal of calyx and vcxillum, from above, a
also.
3.— Ditto, after removal of the
— Inner view of
magnified.
—Style,
1.

3).

2.

little

more magnified.

alaa

left ala.

4.

6.

hij^lily

a', ft', correspondvng dea, b, anterior and posterior infoldings of the superior border of the ala
pressions in the carina c, process, a lobe of the superior border of the ala, directed backwards
and inwards; d. claw of ala; e, claw of carina; /, swollen point of the carina, containing the
pollen g, superior basal lobes of carina h, honey p, brush o, orifice for exit of style at, stigma.
;

;

.

;

;

;

;

;

than a basket (cestella) as Delpino describes them. The anthers,
which lie close round the brush of hairs, dehisce and shed their
pollen upon the hairs when the flower has scarcely attained half
its full size
and the stigma, which is overtopped all round but
especially on the outer side by hairs, is also covered with pollen.
The brush of hairs, thus covered above and all round with pollen, lies
in a pouch of the flattened tip of the carina (/, 2, 3), and emerges
;

when the carina is depressed from the narrow slit at its tip.
As in other Papilionaceae, the carina is depressed by means

of the

which are firmly connected with it and which serve as long
levers on which the insect alights.
Each ala is connected at two points with the margin of the
alae,

—
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its upper border, each ala has a small but
which fits into a concavity in the upper surface
of the carina {a\ 3) immediately behind the swelling which contains
the pollen.
Close behind this the side of each ala bulges inwards^
forming a depression, much broader and not less deep, which unites
so firmly with a broad but shallow concavity in the upper surface of

In the middle of

carina.

deep

fold («, 2, 4),

the carina

(1),

3) that it requires the greatest care to separate the

two without tearing.

This intimate union

is

due to the

fact that

the epidermis of the two petals over part of the surfaces of contact

composed of large hexagonal cells (j^ to yV mm. in diameter) of
which those on the one petal are strongly convex, and fit into corresponding concavities in the cells on the other. The same kind of
union thus connects individual cells as on a larger scale connects the
two petals.
The alae and carina return after each depression to their former
This is due (1) to their own elasticity (2) to the processes
place.
(c, 2, 4) which pass backwards and inwards from the superior basal
angles of the alse to lie upon the staminal column
(3) to the two
superior basal lobes of the carina {(/, g, 2, 3), which embrace the
staminal column, and leave only a narrow slit between them in the
middle line (4) to the broad base of the vexillum, which curves
round on each side so as to embrace completely the claws of the
alae and carina, while it in turn is embraced and held firmly in
position by the calyx.
By these four conditions all the parts of the
flower are caused to return accurately to their former places after
is

:

;

;

;

The flow^ers therefore preserve the same appearand are visited repeatedly by insects, so that their pollen is
carried away bit by bit, and the stigma at length rubbing on the
under side of the insect becomes viscid (cf. Lathyrus pratensis)
and covered with pollen brought from other flowers.

each insect-visit.
ance,

Though the parts of the flower close up firmly, their small size
makes it easy for most bees to reach the honey. The abundance of
honey and the aggregation of the flowers in handsome racemes
lead to plentiful insect-visits.
A. Hymenoptera

(a)

Apidce

:

(1)

Apis

mellifica, L.

t}

,

exceedingly abundant.

racemes, sucking for two to three seconds on eacli flower. When,
collecting pollen, it thrusts its head farther into the flower to depress the
(It passes

carina as

up

tlie

much

the pollen)

;

as possible

;

it

takes at least six to eight seconds to brush off
F. ? t? ; (3) B. hortorum, L. ^ ; (4) B.

Bombus agrorum,

(2)

^ (5) B. Scrimshiranus, K. (^ $ ^ (6) B. (Apathus) vestalis,
Various species
Eucera longicornis, L. ^ ^^
all only sucking.
with abdominal collecting-brushes, viz.
(9)
(8) Megachile versicolor, Sm. $
M. circumcincta, K. 9 ab. (10) M. maritima, K. $ (11) M. Willughbiella,
Eajellus,

Fourc.

^

111.

;

;

,

(7)

—

;

:

,

;

;

;
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K. 2 (1^) Dipliv.sis sernitulj**, Pz. ? (13) Osniia aJiinca, Latr. $ ^^oth s.
and c.p.
(b) Venpidoi : (14) Odynerus
also the males of 9, 12, 13, sucking
simplex, F. 9
Empidce : (15) Empis livida, L., ab., s. (It stands
B. Diptera
upon a neighbouring flower, and inserts its tongue beneath the vexillura without
5

5

y

;

<

'

;

'

•

— (16)

C. Lepidoptera
See also No. 590,

effecting fertilisation).

effecting fertilisation.

118. ViciA SEPIUM, L.

the oval stigma

it

—The

11.,

Pieris

rapoe,

L.,

s.,

without

.

\

and No. 609.

style is 2|

mm.

long; close beneath

bears on the outer and inner sides two brushes,

quite separate from each other, each about 1

mm. long.

1

I

The brush

j

Fig. C9.

1.— Flower, from the

— Vicia sepium,

L.

front.

— Ditto, from above, after removal of the calyx and vexillum.
—Ditto, after removal of the alse also.
— Ditto, from the side.
5.— style, with brush and stigma, from the side.
— Brush and stigma, from above.
—Essential organs of a bud.
2.

3.

4.

C.

7.

(Letters as in Fig. 68.)

on the inner side, which must go in advance when the style emerges
from the carina, is formed of a single row of stiff hairs, slanting
upwards in the middle line. The brush on the outside consists of
a single row of hairs at its lower end only, and farther upwards it
broadens out until immediately below the stigma it more than half
surrounds the style its hairs, which in the lower part are stiff and
slanting upwards, diverge more and more, until close beneath the
stigma the truncated end of the brash forms a sliallow saucershaped liollow (2^ 5, 6). In the bud the two brushes lie, surrounded
by all the anthers (p, 7), in an expanded part of the apex of the
;

carina (/,

8, 4).

The anthers dehisce when the

petals are nearly

—
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and surround the brushes with pollen they themselves
withdrawn from the expanded part of the carina by contraction
As soon as this has taken place, the blade of the
of the filaments.
vexillum, which is adorned with dark lines, becomes erect, and its
sides bend backwards the alse arch outwards, forming a convenient
platform for bees, and the flower, which had begun to secrete honey
full-grown,

;

are

;

abundantly in the later stages of the bud,
ready

is

now

in every respect

for its visitors.

Though the mechanism

of the

flower resembles that

of

V.

Cracca except in regard to the brushes on the style, its larger size
and some apparently slight differences in structure, cause a great
difference in the
optera,

number

which in V.

of visitors, and exclude

Cracca suck

flies

and Lepid-

the honey without benefiting

the flower.

The
(1)

following conditions produce this result

The

are notably thicker and stronger, so that
to

push apart the vexillum and
(2)

:

flowers are not only considerably larger, but the petals

alse

much more

force is

needed

than in V. Cracca.

The calyx-tube sun-ounds the claws

of

the petals for a

greater distance.

In V. Cracca as well as in V. sepium the entrance between
alse is firmly closed by two grooves on the upper
surface of the vexillum where the claw joins the blade, which
project on the lower surface as two ridges fitting tightly to the alse.
In V. Cracca these are thin-walled, and even an Empis can insert
but in V. sepium they are much
its proboscis beneath the vexillum
(8)

vexillum and

;

thickened.
(4)

for

The

alse

in V. sepium form a relatively

much

shorter lever

depressing the carina than in V. Cracca.

Owing to all these circumstances, it is only the most powerful
viz., Bombus and Anthophora, which can possess themselves of

bees,

the honey in a legitimate way.

This is an advantage, in so far as

it

completely excludes

flies

and

Lepidoptera, which in V. Cracca oiien steal the honey without being
of

any use

to the plant

;

but

it

brings with

probably quite neutralises the advantage.

it

a disadvantage which

For Bomlms

terrestris,

honey legitimately, regularly bites a
hole in the side of the flower through calyx and corolla, and so
inserts its proboscis.
In many cases it is hard to find a flower
which has not been robbed in this manner, and often even unopened
buds are robbed. The difficulty of depressing the carina so far as
is needful in collecting pollen, prevents those bees which suck
finding

it difficult

to reach the

—
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honey legitimately on V. sepimn from collecting pollen also on its
and thus diminishes the number of their visits.
The stigma of V. sepium resembles that of Lathyrus pratensis
in the way in which, when it is rubbed on a piece of glass, first its
own pollen is rubbed off, and then its papillae are injured and exude
flowers,

a sticky

The
111.

?

;

fluid.

visitors are all bees, viz.

pilipes, F.

:

—

(1)

B. lapidariiis, L. $ ^

(3)

—

;

Bombus agrorum,

sucking normally

F.

B. silvarum, L.

(4)

$ ?
$
;

;

(2)

(5)

Bombus terrestris,

B. Rajellus,

Antliopliora

L. $ biting a
Apis mellifica,. L..^,
both make use of the holes made by B. terrestris. Both species have tongues
long enough (Osmia rufa 8 mm., Apis 6 mm.), but are not strong enough to
reach the honey in the legitimate way. See also No. 590, 11.

$

,

(^

all

hole and stealing the honey

;

(7)

Vicia angustifolia, Roth.
to those in

and Lepidoptera (590,
119. Vicia

Fab a,

those of V. sepium.

(6)

;

visitors are

,

(8)

— The brushes on the

The

V, sepium.

;

Osniia rufa, L. $

style are similar

humble-bees, Saropoda,

il.).

—

L.
The brushes on the style are similar to
In spite of the much greater size of the flower,

its honey and pollen are more accessible than those of V. sepium,
though to reach the honey a longer proboscis is needed. The vexillum and alse fit much less firmly together, and the carina is much
more easily depressed. The thickened processes which in V. sepium
project from the under side of the vexillum are here wanting; the claw
of the vexillum (13 to 16 mm. long) is only loosely embraced by the
calyx-tube, and for a distance of only 6 to 7 mm. above, and 8 to 10
mm. below. The vexillum is therefore easily pvished upwards, and
those humble-bees which have a proboscis long enough to reach
the honey in V. Faha, can do so more easily in that flower than in
V. se])iu7n.
The two depressions by which the alse and carina are
united in V. Gracca and V. se^num occur also in the Bean, but in the
latter the interlocking of the individual cells is less marked than in
the others, so that the alse and carina may be easily separated without tearing. The two posterior processes of the aloe, whose use is to
keep the alse and carina in their proper place in relation to the
staminal column, are here much reduced and easily slip down from
the upper surface of the carina.
The alse and carina are easily
depressed, all the more that the alse project far beyond the carina,
forming a powerful lever acted on by the weight of the bee. Thus
to reach the honey is here a matter of little difliculty, and is
possible even for the smaller bees.

both
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Owing

to the small elasticity of the alse and carina in the beanthey fail to return to their former place if they are
thrust far down, but leave the end of the style with its stigma and
brushes and even the empty anthers exposed.
iiower,

Visitors
(2)

darius, L.

way,

ab.

$
;

Sm. $ (14--15)

(12

(6)

in the tube

Hymenoptera— ^;?ir?«

A.

:

B. senilis,

;

— 14)

(5)

;

B.

Apis

(7

?

mellifica, L,

tlirough the lioles bitten

by B.

(1)

;

L.

liortorum, L.

9),

^

(6),
;

—

;

?

(4)

(21)

;

B. lapi-

$ (14), all sucking in the normal
sucking honey through holes bitten

—

terrestris

fertilisation as well as those bees

Bombus

B. confusus, Schenck, $ (14)

sil varum,

B. terrestris, L.
(7)

(3)

;

sometimes

c.p.,

sometimes sucking

in the former case

it effects

which suck in the normal manner

;

cross-

(8)

An-

drena convexiuscula, K. $ c.p. ; (9) A. labialis, K. ^ seeking in vain for honey
it creeps so far into the flower that
(10) Osmia ruta, L. $ sucking normally,
,

,

;

—

,

whole head is hidden under the basal part of the vexillum. B. Coleoptera
-Malacodermata : (11) Malachius bipustulatus, F., feeds upon the stamens
after they have been laid bare by repeated visits of humble-bees.

its

-

fertility of the bean reduced to a third when
excluded
by a net but if the flowers were shaken
were
insects
they produced good and well-filled pods though still protected from

Darwin found the

;

insects (152).

Vicia amphicarpa, Dorthes., has, besides

its

ordinary flowers, cleis-

togamic flowers without petals on subterranean shoots (399, 531).
120.

Lathyrus pratensis,

L.

—This plant

aflbrds us another

which when the carina is
the
tip
of
the
only
emerges,
and sweeps part of the
depressed
style
pollen out of the apex of the carina by means of a brush, applying
it to the under side of the bee, afterwards returning within the
carina when the pressure is removed.
The style, which ascends vertically from the end of the
horizontal ovary, curving slightly inwards, expands immediately
below the oval stigma into an elliptic lamina. This lamina is
covered, not only on the edges, as Delpino says (178), but on the
whole surface turned towards the base of the flower, with hairs
pointing obliquely upwards it lies in the conical apex of the carina,
which points directly upwards (5, Fig. 70), and its hairy surface,

example of a papilionaceous

flower, in

;

turned towards the base of the flower, faces also the free edges of

Between

and the margins of the carina is
which is separated by a deep
fold (a) from the margin, and has its only entrance at the apex of
the cone (??i, 4, 5, 6).
In the bud, this pouch contains all the
anthers, which only dehisce immediately before or during the

the tip of the carina.

a deep pouch on each side

it

(j?, 5, 6),
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The pouch bec(^mes quite filled with
and the anthers withdraw into its lower part. The hairy
surface of the style and the stigma are thus covered with pollen in
the opening flower, and each time that the carina is depressed they
emerge at its apex sweeping a little pollen out. vSince the hairs of
the style do not pass into the lateral pouches, these would remain
full of pollen, were it not that when the carina is depressed, the
expansion of the flower.
pollen,

Vm. 70.- Lathijr us
1.
2.

3.

2>yaten8is, L.

— Flower, slightly enlarged, from the side.
— Ditto, from above, after removal of the calyx and vexillum
— Inner view of

(

x

3^).

left ala.

4.— Flower, from above, after removal of vexillum and aliE.
6.— Bud about to expand the calyx, vexillum, and alaj Lave been removed.
;

6.

— Fore-part of ditto, from above.

7.— Style, from above.
8.— Ditto, from within.
o, slight concavity in the ala, which fits into the much deeper depression (a) in the caiina
h. infolded process of the margin of the ala, pointing forwards and downwards, and fitting into the
narrowest part of the depression in the carina c. transverse depression in the ala, into which the
ridge (o) of the vexillum fits d, posterior alar process e, claw of ala /, incurved marjiin of ala
edges of the carina h, superior stamen t, the coherent filaments fc Zr, the entrances to the honey
ff g,
I, claw of carina
m. point where the stigma emerges when the carina is depressed n. foliaceous
expansion developed at the linfe of junction of the two carinal petals o. ridge on the inferior surface of the vexillum, corresponding to a groove on its superior surface: p, bulge in the carina,
beneath which are the anthers and style, it is separated by a deep fold from the upper margin of
the carina on each side.
:

;

;

;

;

;

;

;

;

:

;

;

;

—

empty anthers and the ends

of the filaments pass into

and push the
whence it is

pollen out of the pouches into the apex of the cone,

swept out by the

style.

It requires considerable force to depress

its hairs has at the same time to be
apex of the carina.
It stands in close relation to this arrangement that the union
uf the two halves of the carina is strengthened bv an anterior

the carina, since the style with
forced through the

slit

at the
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and that the alse and carina are
another and with the staminal
cokimn. The union between the alae and carina is formed in the
The two folds or grooves, which in the erect
following way
extremity of the carina separate the two pouches from the free
margins, are continued along the whole horizontal part of the carina
near its upper border, and where the erect part joins the horizontal
(at a', 4, 5, 6) they each form a broad, rounded pit in which a fold
{n,

4),

connected very firmly with one
:

of the ala (a,

—

1, 2,

3) lies

further towards the base of the flower

;

they form a deep, narrow depression on each side of the

cleft of

the

which a process directed downwards and forwards
from the upper margin of the ala (h\ 2, 3) fits firmly. This interlocking is rendered more secure by the presence of numerous blunt
projections on the marginal process of the ala (h), and in the fullgrown flower it is difficult to separate the ala from the carina
carina (h\

4), in

without tearing.

The union

of the alse and carina with the staminal column is
Medicago saliva, by two long, pouched processes of the
(directed backwards) which lie upon the column (d, 2, 3), meet-

effected, as in
alse

ing one another in the middle

line.

When

the

alse

and carina are

depressed, these processes clasp the sides of the column, and as

soon as the pressure

is

removed they return

to their former place

down firmly on the
from obtaining the honey
which is secreted abundantly in the ordinary position and is
reached by two unusually large openings. The vexillum, at the
junction of its claw and lamina, bears tw^o deep, narrow depressions which
project below as two sharp ridges converging
anteriorly {o, 1), and these fit firmly into two depressions in the
alse (c, 2, 3).
Though the stigma is at first surrounded by the
on

its

alse,

upper surface.

The vexillum

preventing useless insects,

pollen of its

own

flower, it is

closes

e.g. flies,

probable that in case of insect-

For this pollen with which
rubbed
off" if
we draw the
stigma is
is
stigma over a glass plate but immediately afterwards the stigmatic papillse get rubbed away and leave a line of clear sticky
fluid on the glass.
Owing to the force which the mechanism
of the flower renders necessary, the stigma must be rubbed hard
on the under side of the bee, and thus without doubt, as Delpino
supposes, its own pollen is rubbed off", its surface is rendered
sticky by breaking down of the papillse, and new pollen is made

visits,

cross-fertilisation

ensured.

is

covered,

the

easily

;

•

to

adhere to

Whether

it.

in

absence

of -insects

the stigma finally becomes

p
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viscid

and capable of fecundation spontaneously, and

fertilised, is still

The
(1)

(3)

[part hi.
is

thus

self-

undetermined.

visitors are exclusively bees.

Eucera longicornis, L.

^

,

versicolor,

Sm. $

,

s.

and

c.p.

ab.

s.,

Diphysis serratulae, Pz. ?,8;

(4)

s., freq.
(2) Bombus agrorum, F. ?
Megacbile maritima, K. c^,8. (5) M.
,

;

;

;

(Brilon, 10 July, 1869.)

—

I saw this plant visited very
121. Lathykus tuberosus, L.
abundantly by the honey-bee in July 1868, in Thuringia. In sucking, the bee inserted its proboscis at one side, above one of the alse.
As it clung to one of the alse and thrust its proboscis in laterally
between the vexillum and carina, it pressed the carina so far down
In some cases the pollen did
that the style and pollen emerged.
not come in contact with the bee, in others the stigma and the
hairs of the style touched the bee on its side.
When collecting pollen, the bee clung to both alse, thrusting its
head and forelegs beneath the vexillum in the middle line. The
stigma emerging from the carina came directly in contact with the
under side of the bee, and cross-fertilisation was effected regularly.
Besides the honey-bee I only saw two butterflies, a yellow Hesperia,
and Fieris rapce, L., sucking honey on the flowers.

122.

(July

Lathyrus

12,

collecting

—

I saw this plant in Sauerland
by hive-bees, both sucking and
and by numerous Lepidoptera, which however

silvestris, L.

1869) visited also
pollen,

did not effect fertilisation {Bhodocera rhamni, L., Pieris rapoe, L.,

Vanessa

fo, L.,

V. urticce, L., Plusia

gamma,

L.).

Delpino mentions as the chief fertiliser of this plant Xylocopa
violacea, which does not occur in Westphalia, and justly emphasizes
the slanting position of the style-brush as an adaptation renderingit

easier for the bees to depress the carina (178).

Francis Darwin observed that bees rob L. silvestris of its honey
by biting through the vexillum close above the calyx, and almost
always just above the left honey-passage, which is commonly the
larger,
a proof of capability to profit by experience. The unsymmetrical development of the passages leading to the honey in
L. silvestris is in relation to the twisting of the style, and thus
unsymmetrical development of the fruit seems related to both of

—

these facts (169).
123. Lathyrus montanus, Bemh. {Orohics tuherosus, L.).— In
Sauerland (July 1869) I saw this plant visited hj Eitcera lorigicomis,

|

|
I
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and

s.

,

silvamis, Esp.

c.p

;

Bomhus pratorum,

catum, L. ?,

L., is visited

repeatedly found

A

flower.

s.

,

;

and Eesperia

by Anthidium mani-

s.

Lathyrus vernus, Bernh.
Bomhus hortorwn,

125.

?

s.

Lathyrus odoratus,

124.

L.

211

list

{Ordbus vernus, L.).
L.

$, sucking

>

—I

have

honey on

of eleven other visitors, exclusively bees,

is

this

given in

No. 590, XL, p. 257.
Lathyrus grandijiorus

is very rarely visited by bees in England.
shaken they prove more fertile (152).
Delpino mentions the genera Apis, Bonibics, Eucera, Anthophora,

If the flowers are

and Xylocopa, as the chief
Lathyrus (178).
126.

flower

PisuM SATIVUM,

agi-ees

but

pratensis,
in

most

in
it

has so

almost complete

The

style

of the various species

fertilisers

L. (the Pea).

essential

many

—The

points

mechanism

of

of this

with that of Lathyrus

peculiarities that

we must

discuss

it

detail.

ascends almost perpendicularly to the horizontal

ovary, but its tip curves inwards so far that the stigma points

almost horizontally towards the base of the flower
is

not swollen at the end, but

The

(st. 7).

facing the base of the flower for over one-third of its length

wards from the stigma
of

style

covered with long hairs on the side

is

(7, 8, fig. 71).

The

down-

style follows the line

union of the two halves of the carina, so the carina also

curved inwards in the shape of a sickle, and

its

conical tip,

is

which

brush upon the style, points towards the base of the
In this species also, as in L. pratensis, there is
71).
present in the bud on each side of the tip of the carina {a, 1, 4) a
pouch, within which are the anthers but the pouches are shallower
and the folds separating them from the free margin are less

incloses the

flower (1,

fig.

;

^

j

marked, and the space in which the anthers
the whole conical.

,.

The apex

lie

in the

bud

is

on

of the carina leaves, of course, an

I

opening for the passage of the style

.

.

^

,fli

Igj

shortly before the

carina with

that at the

bud expands

;

(0, 4, 5).

they

fill

The anthers dehisce

the conical point of the

pollen and withdraw into the base of the cone, so

commencement

of the flowering-period the stigma and

the style-brush are covered with pollen, part of which

out at the apical

The edges

orifice

of the orifice

is

swept

each time that the carina is depressed.
yield to a pressure from within, but close
p 2

—
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up

again, so

that wliile

the

stigma

within the carina, great part of the pollen
outside.

The ends

FLOVVEHS.

[part hi.

and style-brush return
is swept off and remains

of the filaments, lying in the base

j

of the

slightly swollen even in the bud
but after the anthers have dehisced they enlarge more
(9), and so press the pollen forward more effectively than in the
They press the pollen in the base of
case of Laihyrus 2'>ratensis.

conical point of the carina, are
(7, fig. 71),

Fig. 71.
1

2.

Pisum sativum,

L.

— Flower, after removal of
— Inner view of
—Anterior view of vexillum.

left ala.

left ala.

3.

4.— Carina, from above, enlarged.
5.— Ditto, inclosed by the alse.
6.— Basal half of left ala outer view.
7.— Essential organs from a bud (x 3i).
;

8.— Anterior part of .style, from within (x
9.
One stamen of the flower.

—

7).

(For letters, see the text.)

the cone forward to

its

apex, so that the style-brush on returning

within the carina becomes covered again with pollen, and so

new

portion

carina.

of pollen

Thus the flower

is

8

forced out at each depression of the

of the

Pea combines the brush-mechanisa

with the piston-mechanism.

The

force

needed to depress the carina

is

both absolutely anc

relatively greater than in Laihyrus pratensis, since the style-brusl

\

; ;

THE MECHANISMS OF FLOWERS.

PART III]

213

curved more inwards, and the swollen ends of the filaments move
On this account the union of the
friction in the cone.
two carinal petals is strengthened by a still more marked out-

is

with

growth (J), 1, 4), and the alse and carina are connected with each
other and with the staminal column still more firmly. Each ala
has at the base of its limb, close below its upper margin, a
depression or invagination pointing forwards and downwards
(c',
2, 5, 6), which is very firmly attached to a corresponding
depression on the upper surface of the carinal petal (c, 1, 4)
not only are the two pouches closely applied to one another
throughout their whole extent, but over a great part of the surfaces
in contact large hexagonal cells of the one petal project into hollows
in corresponding cells on the other, so that it is scarcely possible
Moreto separate the petals from one another without tearing.
over, the anterior part of the ala is kept in a definite position
relatively to the carina by a fold or groove (d', 2, 5) in its upper
margin which fits into that groove (d) upon the carina which
This second union of alse
separates the pouch (a) from the edge.
and carina is strengthened by two deep and narrow depressions of
the vexillum, which appear on its under side as hard, sharp ridges,
converging anteriorly (d'\ 1, 3), and are received into the anterior
alar grooves

The
column

(d').

position of the alse
is

and carina relatively

to the staminal

maintained very firmly and accurately.

petal possesses a lobe at its base

(e,

4, 5),

Each

carinal

directed upwards and

upon the upper surface of the column and
line.
These two carinal lobes which
embrace the column are pressed down and kept in their place by
two processes of the alse {e\ 5, 6), directed inwards and backwards
the alar processes are themselves made secure by the vexillum,
on whose broad, strong base two rounded swellings occur {h\ 3)
which rest upon two narrow surfaces of the alse (b, 5, 6) passing

inwards, which lies

extends almost to the middle

horizontally backwards from the alar processes

This firm union of the parts of the flower
plant in three ways.

search of honey,

In the

first

(e').

is

of service to the

an insect in
and thrusting its head

place, it obliges

when standing on the

alse

beneath the vexillum, to use so much force in separating the alse
and vexillum that the brush and piston mechanism is set in action.
Secondly, it ensures the perfect return of all the parts to their
original position when the pressure is removed, and so. causes the
flower to retain
visits

that

its

its

youthful appearance and to receive the repeated

whole construction

is

designed

for.

Thirdly,

it
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all insects
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from the honey which are not strong enough

to perform the actions necessary for fertilisation.

Along with these obvious advantages, the firm

closure of the

it makes the
such bees as are able to reach the honey and
cross-fertilisation, and deters them from the plant when

flowers has the very important consequence that

work

difficult

to effect

even

for

other more convenient flowers are at hand.

In

its original

home

the Pea no doubt adapted itself to some strong and at the same

time diligent and skilful species of bee, which could easily depress
the carina, and was plentiful enough in ordinary weather to act as

the regular fertilising-agent.

Under such

conditions the advan-

tages of firm closure would outweigh the disadvantages.

In our
and it
would be much better for it under these altered conditions to have
its flowers less firmly shut.
I have often watched beds of peas
in bloom in my garden in sunny weather and have only occasionally
seen a visitor, while beans, blooming at the same time in alternate
beds, were abundantly visited by humble-bees.
climate, the

Pea

The only
summers are

(1)

fails to

find bees adapted for its flower,

which I have seen on the flowers in the course of four
Eucera longicornis, L. (2) Megachile pyrina, Lep
the ^
of both species, s.
the $ s. and c.p.; both freq., but not abundant (3) Two
specimens of Halictus sexnotatus, K. $
they collected pollen with difficulty,
holding the edges of the carina apart anteriorly with their legs.
insects

:

;

;

,

;

;

Though most

—

flowers remain unvisited

—

;

by

insects,

they

all

pro-

The self-fertilisation which the structure of the
flower necessitates must therefore be quite efficient; and this
indeed has been shown experimentally by Dr. Ogle, who found the
Pea as productive when insects were excluded as when left
duce good

fruit.

unprotected (633).
Tribe Fkaseolece.

Amphicarpcea, according to Torrey and Asa Gray
Flora,

I.,

p. 291), has fertile cleistogamic flowers,

and

(iV.

Ainer.

also flowers

which open, but are for the most barren. Both kinds of flowers
Darwin found that subterranean pods of
are above ground.
Amphicarpcea monoica which he received from Meehan, contained
each a single seed, while the ordinary aerial pods, which he cultivated himself, contained from one to three small seeds these latter
averaged only yV of the weight of the subterranean seeds (167,
;

2nd Ed.).
The genera Neurocarpum, Desv., Martiusia,

Schult., Glycine, L.,

I,
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Galactia, P. Br.,

and

Kuhn

and Voandzeia, Pet. Th., are stated by H.
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v.

Mohl

to possess cleistogamic flowers.

Glycine chinensis, Curt., is visited by bees only (590 II.).
Centrosema virginiana and Clitoria mariana both have their
flowers inverted (j2(^).

In Erythrina

crista-galli,

according to Delpino, the flower

is

and the carina forms
a sheath covering the column and expanded below into a large
honey-receptacle.
Since the stigma somewhat overtops the
anthers, the visitors, probably humming-birds, touch first the
stigma then the anthers, and so effect cross-fertilisation.
In
F. velutina the flower is not inverted
the alae and carina are
reduced to minute rudiments, and the column lies fully exposed
beneath the vexillum. The visitors, probably bees, must make their
way between the column and the vexillum to reach the honey,
which is secreted as in other Papilionacese, and so they come in
contact with the stigma and anthers (178, 360).
Belt (56) saw a
species of Erytlirina fertilised by humming-birds, which came in
Trelease
search of small insects that sucked honey in the flowers.
saw Erythrina herhacea visited abundantly by ruby-throated
humming-birds, and believes that the flower is adapted for crossfertilisation by their agency (731).
Darwin states on the authority of MacArthur's observations
that, in New South Wales, Erythrina does not produce good fruit
unless the flowers are shaken (152).
inverted, the alae are almost entirely aborted,

;

Phaseolus.

—The species of

Phaseolus are distinguished from

the other Papilionaceae which have brush-hairs on the style by

the helicoid twisting of the style and of the tip of the carina

which incloses it; but here, as in the rest, when the carina is
pressed down, the tip of the style issues with its stigma and pollenbrush, and these return within the carina when the pressure is
removed. The twisting is towards the right in some species and
towards the left in others, according to Delpino, and shows all
stages from a

mere sickle-shaped curvature

(P. angulosus, etc.) to

a

helix of four to five coils (P. Caracalla), (172, 178).

The mechanism of the flower and the mode of fertilisation in the
Eunner (P. coccineus, Lam.) have been thoroughly described
by Mr. T. H. Farrer (240). The hive-bee and other small bees
which are unable to press the carina down, obtain the honey by
Scarlet

taking

advantage of holes which a humble-bee (I suppose B.
through the calyx. More powerful bees, with

terrestris, L.) bites

^
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sufficiently long proboscides, alight

the proboscis

down

on the

into the flower bring

left ala,
its

base

[I'AHT

II.

and in forcing

in

contact with

the stigma.

and the carina (which is united to them)
are further depressed, there emerges from the tubular apex of the
carina, .which is coiled nearly into two complete whorls, the
similarly coiled style; and it emerges in such a way that its
stigma points downwards and towards the left, and its pollencovered hairs come in contact with the base of the insect's

Now, when the

alse

In this manner
insured and self-fertilisation prevented in

proboscis, dusting
fertilisation

it

with fresh pollen.

I'ltj.

1,
2.

o,

is

cross-

case

of

72.— Phaxeolus vulgaris, L.

— Flower, viewed obliquely from above and in front.
—
enlarged.
Pistil,

calyx

;

b,

vexillnm

the

e

e, alse

;

d,

apex of carina

;

e,

ovary

;

/, style

;

g, its

brush

;

h, stigina.

in absence of insects self-fertilisation cannot occur,
stigma protrudes from the carina while the pollen is

insect- visits

since

;

;

inclosed within

it.

mode of fertilisation in the Kidney Bean (Phctscolus
was described ten years earlier by Darwin (51), who
showed by experiment that insect-visits are essential for the
fertilisation of this plant.
Plants covered with a fine net remained
completely barren, unless the action of bees was artificially
imitated.
When Darwin repeated the experiment on a larger
scale a few flowers on some specimens bore fruit; small insects
(Thrips) had presumably gained access to these.
The

similar

vulgaris, L.)

^
Dr. Ogle (No. 633) also gives a thorough description of the floral mechanism
in P. vulgaris (French bean) and P. coccinca (Scarlet Runner). Of the flowers which
Dr. Ogle protected from bees by means of a gauze net, no single one bore fruit.
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Darwin had

also

shown that

cross-fertilisation
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by insect-agency

Mr. Coe planted four
rows of Negro Dwarf Kidney Beans between some rows of white
and brown Kidney Beans; near by were some Scarlet Runners.
takes place to a large extent in Phaseolus.

He let the black Kidney Beans run to seed, and over | of the
beans produced showed all gradations from light brown to black,
and some were mottled with white. Of the plants reared from
these seeds every one differed from the rest in stature, leaves,
colour

and

size of flower,

time of flowering and of ripening

fruit,

form and colour of the pods and the beans produced by them
were of all shades between black and light-brown, some darkpurple, some slightly mottled, and of various shapes and sizes
size,

;

(151,152).
In P. rmdtijiorus the carina, with the inclosed style, are so bent
that when the carina is depressed the style emerges pointing

downwards and towards the
cross- fertilisation

if

it

left,

enters

so that a bee can only accomplish

the flower to the

left of

the

coil.

Francis Darwin has pointed out that the tenth, free, stamen bears

an appendage which prevents the bee from taking any other way
towards the honey (169).
In regard

to Treviranus' opinion that aelf-fertilisation is the general rule in

Papilionacea),

it

is

needless to discuss his arguments, since the only objection

which he made to Darwin's experiments, viz. that the nets sheltered the plant
from movements of the air (742) was experimentally refuted by Darwin. For
the flowers in which Darwin imitated the action of the bees, though they grew
beneath tlie net, were completely fertile.

RETROSPECT OF PAPILIONACEJi.

The
bees,

agree

Papilionacese which

and in
in

we have

the following points regarding

function of the parts of the flower

The

studied are

all fertilised

by

spite of their manifold peculiarities of detail they all

flowers stand

more

the

arrangement and

:

or less horizontal

;

except Sarothamnus

they expose the stigma and pollen to contact only with the
ventral surface of the bee, since the reproductive organs occupy the

of the flower and are only curved upwards at the
In the bud the reproductive organs are inclosed by the
two inferior petals, these by the two lateral, and these again by the

inferior

side

extremity.

superior petal.

The two

inferior

petals

cohere

to

form a

''carina,"

which

THE
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incloses the reproductive organs

from pollen-feeding

\

[part

iir.

and protects tiiem from rain and
lateral petals (alse) have

The two

insects.

a threefold function, serving

(1)

as a platform for bees to alight

on ; (2) as a lever to depress the carina (3) to keep the carina in
its place as regards the reproductive organs, and to bring it back to
;

its

place after depression

if

lepeated insect-visits are necessary for

In order to serve as levers for depressing the carina,
the alse must be united firmly therewith. This is either accomplished by certain areas of the alar laminae bulging out and being
received in hollows of the carina, or by interdigitation of processes
on the contiguous surfaces of both and such union is the firmer
the more frequently the carina has to be depressed and again
fertilisation.

;

brought back to

its

original

position

in order to ensure cross-

fertilisation.

The carina

mainly kept in its proper place and brought back
by basal lobes of the alse which embrace
the column; sometimes they form swollen pouches [Trifoliuni),
sometimes they are produced into long processes (Melilotus,
is

to it after depression

Medicago,

etc.).

The vexillum, with
chief agent

in

its

large, erect, coloured surface, is the

rendering the flower conspicuous;

it

also serves

which a bee may place its head
while it pushes the carina with its feet resting upon the alae.
The stigma and pollen must be applied to the ventral surface

as a fixed point or fulcrum against

of

the

bee

if

cross-fertilisation

is

to

result.

The necessary

arrangement is attained by the filaments cohering to form a
cylinder round the pistil.
In all Papilionacese which contain
honey, the honey is secreted on the inner sides of the bases of the
filaments, and it accumulates in the space between the stamens
and pistil. Since the reproductive organs have to come in contact
with the under side of the bee, it is clear that access to the honey
must only be permitted above the reproductive organs. We find,
accordingly, that in all Papilionacese which contain honey the
coherent filaments leave a passage superiorly. One stamen here
is separate from the rest and leaves two entrances to the honey
free on either side of its base, either by curving upwards at its
base, or by the neighbouring filaments curving outwards there,
or in both modes combined.
The arrangement and action of the various parts of the flower
in which all the Papilionacese (except Onobrychis) agree, cause the
bees to act and move in a perfectly definite Avay, such as to ensure
the stigma and pollen coming in contact with their under surfaces.

:
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Four

different

types of

structure

may be

manner
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distinguished in

which the pollen is
These distinctions were first drawn by
applied to the bee.
Delpino (172, 178, 360), and transitions are not wanting from one
according to the

Papilionacese,

to

in

another
Papilionaceae in which the stamens and stigma emerge from

1.

the carina and again return within

it.

They admit repeated

visits.

{Melilotus, Trifoliuniy Onohrychis, Gytisios),

Papilionacese

2.

whose

essential

organs are confined under

tension and explode (Medicago, Genista, Sarothamnus).

only one

insect's

visit

is

effective,

In these

sometimes under

certain

conditions two (Sarothamnus).

Papilionacese with a piston-mechanism, which squeezes the

3.

pollen in small quantities out of the apex of the carina,

only permits but requires numerous insect-visits.

and not

{Lotus, Anthyllis,

Ononis, Lupinus).
4. Papilionacese with a brush of hairs upon the style which
sweeps the pollen in small portions out of the apex of the carina.
They for the most part require repeated insect-visits. {Lathyrus,

Pisuni, Vicia, Phaseolus).

In

all

these groups, the stigma and the pollen are applied to

the under side of the bee.

The

pollen can therefore as a rule be

and most conveniently by bees with abdominal
brushes and so we find Lotus, Ononis, and Genista tinctoria visited
In Sarothamnus both the upper and
especially by these forms.
lower surfaces of the bee are dusted with pollen and come in
contact with the stigma.
In those Papilionacese whose reproductive organs either simply
emerge or spring out with an explosion, cross-fertilisation is ensured
by the stigma projecting beyond the anthers, and coming first in contact with the bee.
In those forms in which the pollen is squeezed
or swept out bit by bit, the stigma is at first coated with its own
pollen, which has probably no action upon the stigma and is
rubbed away by the first visitors and the stigma only becomes
adhesive and so capable of fertilisation after its papillse have been
exposed to friction.
In absence of insects, self-fertilisation seems
to take place on a large scale in very few Papilionacese {Pisuni)

collected quickest
;

;

;

in

several

faha)

;

and

occurs to

it

in

Sarothamnus).

a small extent {Trifolium repens,

many it never
In cases where

occurs

{Phaseolus,

Vicia

Onobrychis,

self-fertilisation is impossible in

the ordinary flowers, cleistogamic flowers which regularly fertilise

themselves probably compensate.
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Though almost
many Papilionacese

[part hi.

exclusively adapted for fertilisaiion by bees,

allow their honey to be stolen by Lepidoptera
and long-tongued flies (e.g. Onohrychis, Lotus, Medicago falcata).
In others (e.g. Vicia sepium) the petals close up so firmly that only
those bees which are in the habit of burrowing with all their
strength, can force an entrance.
Such forms as these exclude all
visitors which would rob the flower of its honey without giving
any return but this advantage is more or less cancelled by the
;

great diminution in the

number

of serviceable visitors.

its honey
by adhesion of the nine coherent filaments with the claws of the
petals to form a long tube; the same end is attained in Vicia faha
by the length of the claws of the petals and of the calyx-tube.
Both plants are the more visited on this account by the hardworking humble-bees but on the other hand they are liable to be
often plundered by robber-bees which bite through the tube.

Trifolium •pratense excludes short-lipped bees from

;

The
seems

great variety of arrangements in the various Papilionacese

to

be partly due to the manner in which every advantageous

modification brings some disadvantage in
it

is

its strain

;

for in this

way

possible to have various combinations existing together, all

perfectly adapted to the given conditions of

life

C^SALPINIACE^ AND MIMOSACE^.
In these two families the essential organs are freely exposed.
petals or the stamens, or both together, attract insects.
In
Mimosacem the flowers are regular and united in capitula. In
Acacia Julihrizzin the central flower of the capitulum is transformed into a great nectary. In Amherstia nohilis the carina is
abortive, and the alae assume the function of rendering the flower
conspicuous the honey-receptacle is hollowed out into a long tube,
which, together with the brilliant colour of the flowers, suggests
humming-birds as the fertilisers (178, 360).
Fritz Miiller found Cassia wAiltijuga (Cxsalpiniacece) abundantly
visited by bees {Xylocopa, Centris) in South Brazil.
The pedicles
were covered with larva3 of Mcmhracidoi, which secreted drops of
honey at the posterior end of the abdomen, and this honey was
sought by Trigonia cacafogo (590, III.).
Cassia (?) is visited bv humming-birds {Mimus) in Chili (Darwin,
No. 164).

The

;

—

—
mechanisms of flowers.

thp:
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rosacea.

Ord.

Tribe Prunece.

Prunus communis, Huds.,

a, {P. spinosa, L,), Blackthorn,
opens the style stands some millimetres
above the stamens, whose anthers are still closed, and which are
bent down towards the centre of the flower. The stigma is already

127.

Sloe.

— When the flower

mature, and projects even from the half-open flower

come

insects, in

;

In due course the petals
spread out into a plane, and even further; the stamens become
erect and incline outwards the anthers dehisce, beginning with the

alighting,

in contact with

first

it.

;

outermost

the

;

stamens immediately around

may

visitors

now

therefore

and overtops the shorter
is still fresh, and insect-

elongates,

also

style

it

stigma

its

:

The

lead to self-fertilisation.

flowers

turn towards the sun, and in default of insect-visits self-fertilisation

may

take place by pollen falling on the stigma.
The numerous white flowers are very conspicuous on the black,
their abundant honey attracts numerous insects,
still leafless twigs
particularly flies and Andrence, all the more that the plant flowers
early (April and beginning of May) in advance of most competitors.
;

Visitors

and
(4)

:

c.p., ab.

A. Hymenoptera

H.

(2)

;

A. parvula, K. $

K. 9
K. 9
c.p.

c?) c.p.

s,

and c.p.

(5)

;

8.

;

(9)

Diptera

^

succincta, Pz.

5,8. and

—

c.p.

Empidce

(a)

:

Eristalis arbiistorum, L.

and

s.

,

(14)

;

(17)
;

(19)

Halictus cylindricus, F. $

(1)

Andrena

(3)

A. fasciata,

,

s.

and

c.p.

;

Osmia

Tenihredinidce

(6)

;

:

;

A. fulva, Schrank, 9

(7)

;

;

ditto

,

A. Gwynana, K. $
(11) A. Schrankella, Nyl. ?,
,

(?

Nomada
L,

and

$

s.

,

Apidw

(a)

albipes, F.

:

(12)

Wesm. ^,s.
s-

»

c.p.

and
(10)

;

c.p.

A.

;

(6)

;

K. ?

,

c.p.

,

s.
;

A. albicans,

(8) A.^fulvicrus,

rosse, Pz.

A. atriceps, K. ?

$

,

a.

(?,

s.

and

;

(13)

s.
(15) Apis mellifica,
Dolerus gonager, Kl., s.
B.

rufa, L. c?,
(16)

dorsata,

;

Empis rustica, Fall., s.
E. nemorum, L.
(20)

;

{h)

Sijrphidce

:

(18)

E. intricarius, L., all

;

MuscidcB : (21) Scatopliaga stercoraria, L.
(22) S.
sucking
(23) Chlorops, s. ; (24) Sepsis, s. ab.
(25)
Species of Anthomyia, s.
(d) Bihionidcv : (26) Bibio Marci, L., l.h.
C.
Coleoptera Nitidididce : (27) Meligethes, l.li. D. Lepidoptera Rhnpalocera :

tliree

s.

merdaria,

c.p.

F.,

;

(c)

;

botli

;

;

;

(28)

Vanessa
128.

lo, L.,

s.

Prunus Padus,

the whole in

its

L.,

Bird Cherry.

—This

species agrees on

proterogynous arrangement with F. spinosa, but

the stamens remain throughout curved inwards, so that in the

second stage insect visits

may

than in the preceding species.
self-fertilisation

takes place

lead to self-fertilisation

In absence of
regularly

— since

insects,

more readily
spontaneous

the inner stamens

—

—

—

—

—

—

;
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dehisce while

come

[part hi.

bent down below the stigma, whose edge they
when they afterwards rise up.

still

in contact with

Visitors

:

EmpidcB

A. Diptera

(1)

:

Empis

livida, L.

s.

E. nistica,

(2)

;

Also numerous small gnats, licking lioney.
B. Hymenoptera
Apidce : (3) Andrena parvula, K. $, s.
C. Coleoptera
Nitidulidce : (4)
Meligethes, l.h. See also No. 590, 11.
Fallen,

s.

Prunus domestica,

129.

L., P.

avium,

L.,

and P. Cerasus, L.

—Anthers and stigmas ripen simultaneously, and spread apart

out

of the flower; the stigmas overtop the inner stamens but stand

on a level with the outer ones. Cross-fertilisation is favoured by
the likelihood of insects touching the stigma and anthers with
different parts of their bodies while sucking the honey secreted by
the receptacular tube. Insects collecting or feeding on pollen must
lead to self-fertilisation and cross-fertilisation indiscriminately.
In
flowers obliquely placed, pollen may readily fall from the taller
anthers upon the stigma.
Visitors
ab.

L.

(2)

;

$

,

Latr.

K. $
L.,

8.,

:

all tliree

9
cJ

,

(?

)

c.p

ab.

doptera

Hymenoptera

A.

Bombus

;

s-

and
(10)

;

(3)

:

s.

;

very ab.

;

B.

Ehopalocera

:

(12)

napi, L., all three sucking.

;

(11)

L.

$

s.

Syrphidce

c.p.
:

(9)

L.

(4)

;

ab.

s.,

and

;

(13)

;

;

P.

9

very

cornuta,

0.

(6)

(8)

s.,

?

B. hortorum,

A. albicans,

Rhingia rostrata,
C.

s.

rapa3, L.

;

Lepi-

(14)

P.

11.

Spircece.

—

The flowers
The stamens at

130. Spiraea ulmaria, L.

,

$

E. arbustorum, L.,

See also No. 590,

a great quantity of pollen.

^

$
,

Pieris brassicse, L.

Tribe

mellifica,

terrestris, L.

Diptera
L.

Eristalis tenax,

Apis

(1)

B.

(5) Osmia rufa,
0) Andrena fulva, Schr.

sucking

;

Apidce

lapidarius, L. $

contain no honey but
first

arch over towards

the middle of the flower, so as to cover the stigmas completely

they gradually become erect and incline outwards in centripetal
and the anthers then dehisce, covering themselves all
round with pollen. When the stamens have risen up, the centre

succession,

becomes the most convenient place both for small
and for larger insects traversing the inflorescence
Cross-fertilisation is thus readily performed, but
step upon.

of the flower

insects to settle on,
to

self- fertilisation is also

The crowded

very liable to occur.

inflorescences not only attract

numerous

insects

but also lead to great economy of time in the process of fertilisation.
In the absence of insects, self-fertilisation almo.st always takes
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place,

and

may

cross-fertilisation

of one flower

coming

also occur
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by the outer stamens

to stand over the stigmas of the next.

^v/4
Fro.

75.— Spircea vlmaria,

1.— Young

flower.
ditto.

2.— Older

—

A. Hymenoptera
Andrena Coitana, K. $

Visitors:
c.p.

;

(2)

Chrysklce:

(6)

(4)

Clirysis

Apidce

(a)

,

c.p.

L.

ignita,

(3)

;

;

:

(1)

Apis

raellifica, L.

Prosopis communis, Nyl.

(5)

Elampus

auratiis,

^
9

Wesm.

ab.,

,

f.p,

,

;

;

(6)

Hedychrum lucidulum,

F.
(I have never seen Chrysidce eating pollen, and so
suppose that these species were attracted by the flowers without finding anything useful in them).
B. Diptera
(a) Syrphidce : (7) Eristalis horticola,
I

—

'

Deg. (Sid.)

;

(8) E.

arbustorum, L.

(11) E. sepulcralis, L.,

—

all

;

(9)

nemorum, L. (10) E. tenax, L.
numbers (12) Volucella

E.

;

;

eating pollen, in great

;

bombylans, L.
(13) Helophilus floreus, L.
(14) Syritta pipiens, L., all f.p.
(i) Muscidce: (15) Anthomyia sp.
C. Coleoptera— (or) Nitidulidce : (16) Cy;

;

;

chramus luteus, F.
(c)
(6) Dermestidce : (17) Anthrenus pimpinellse, F.
Lamellicorma : (18) Trichius fasciatus, L.
both
(19) Cetonia aurata, L.,
feeding on the tissues of the flower
{d) MordelUdcR : (20) Mordella aculcata,
L.
(e)
Cerambycidce : (21) Pachyta 8-maculata, F. (Sid.)
(22) Strangalia
attenuata, L.,
both feeding on the anthers.
;

;

—

;

;

;

;

—

—

131. Spir^a FiLiPENDULA, L.
The flowers secrete no honey,
and are, therefore, visited only by pollen-seeking insects, which,
owing to the position of the parts, usually alight on the stigmas and

The petals are bent backwards and
downwards when the flower is fully expanded, and they are attached
by such narrow claws that they dip down under the weight of a
small bee or fly, and are, therefore, unsuitable for a standing-place.
The stamens before dehiscing are bent far outwards, and in the
perform cross-fertilisation.

.

centre of the flower nine to twelve broad bifid styles spread out into

—

———
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[part hi.

a horizontal plane, forming a disc round whose edge the stigmas,
directed outwards and upwards, stand.

may

fertilisation

In absence of

insects, self-

readily take place, since the innermost stamens

often remain directed inwards until dehiscence has taken place.
Visitors
(2)

torum, L.

;

pipiens, L.

—

(4) E.

,

nemorum,

L.

:

(1)

Halictus zonulus, Sm., $

Diptera

B.

c.p.

Sijrphidoe

(5) Helophiliis

;

devouring

Spir^a Aruncus,

tlie

L.

:

L.

floreus,

c.p.

,

;

Eristalis arbus-

(3)

LamelUcorma

C, Coleoptera

all eating pollen.

fasciatus, L., rapidly

132.

Apkhe

Hymenoptera

A.

:

H. sexnotatus, K., 9

(6) Syritta

;

Trichius

(7)

:

anthers.

—The flowers of

this species also are

devoid of honey.
Visitors

my

(in

I]

garden at Lippstadt)

(!) Prosopis signata, Pz.
f.p.

Vespidce

(c)

;

Diptera

—

:

(3)

Syrphidce

(«)

,

Species of Anthomyia,

ab.

;

Dermestidce

A.

Hymenoptera

—

Apidce

(a)

:

:

f.p.

(7)

pimpinellse, F., very ab.

;

(4) Syritta pipiens, L., f.p.,

:

(5)

(6)

:

(b) Sphegidce : (2) Oxybeliis bellus, Dlb.,
9 ,^ f.p.
Odynerus sinuatiis, F., seeking vainly for honey. B.

;

C. Coleoptera

very ab.

{a) Nitidulidce

Anthreniis Scropliul arise,

(9)

A. claviger,

L.,

;

:

(b)

(6)

Muscidce

:

Meligethes,

not rare

(8)

;

A.

L., scarce,

Spir^a salicifolia, L,, S. ulmifolia, L., S. sorbifolia,
These commonly cultivated species secure very numerous

133.

L.

—

by their densely crowded inflorescences and their
abundant pollen and honey. The distinctly proterogynous condition of the flowers favours cross-fertilisation to a great extent, but
self-fertilisation is also provided for in case of continuous wet
insect-visits

weather.

An

annular, orange-coloured disk in the base of the

receptacular tube, internal to the insertion of the stamens, secretes

abundant honey in the form of small drops.

In

aS^.

salicifolia, this

disk has ten notches.

Already before the flower opens, the broad stigmas are provided
with papillae and overtop the incurved stamens. When the flower
expands, the stamens gradually rise up, and, one by one, beginning
with the outermost, their anthers dehisce, coating themselves all
round with pollen. The stigmas still remain fresh, and thus, though
at first only cross-fertilisation
also

may
The

have grouped the
A.

Diptera

Empid(e

on

self-fertilisation

same localities and in
by the same insects, and

three species grow with us in the

nearly equal abundance.
I

possible, later

is

take place.

:

(2)

—

They

are visited

visitors in a single

(a)

Stratiomyid(P

Empis

opaca, F.,

:

ab.

(1)
;

list.

Stratiomys riparia, Mgii.,
E. tesselata, F., very ab.

(3)

s.

;

;

(4)

(/>)

E.

\

|
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punctata, F.,
(())

all

three sucking

Pipiza funebri-s, Mgn.

L.,f.p.

;

;

(7)

(9) S. excisus, Zett.

podagrica, F.,

s.

;

Fig.

2.— Older

;

Scop.

;

(10)

L.

:

(5)

s.,

;

;

;

;

sorbifolia, L.

ditto,

nectary

;

st,

whose anthers
stigma

;

a,

(a) have in part dehisced.
dehisced anther.

Mgn.

(17) E. sepulcralis, L.

;

;

(15) Eristalis arbustorum, L.

(18) E. tenax, L.

freq.

;

(22)

;

(16)

(19) E. pertinax,

;

both s. and f.p., very ab.
(21) Helophilus
Xylota ignava, Pz. (23) X. segnis, Pz. (24) X.

(20) E. intricarius, L., all

floreus, L.,

Chrysotoxum festivum, L.
(8) Syrphus ribesii,

Melithreptus strigatus, Stgeg.
(11) Ascia
Mgn., do. ; (13) Rhingia rostrata, L., s.,

74.— Spircea

(14) Volucella plumata,

nemorum,

Syrphidfn

—Young flower.

11,

E.

(c)

Chrysogaster viduata, L.

(12) A. lanceolata,

;

1.

very ab.

;

225

;

;

;

Q
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lenta, Pz.

(25) Syritta pipiens, L.,

;

Pliysocephala rufipes, F.,
cidce

Gymnosoma

(28)

:

s.

magnicornis,

;

and

rotundata, L.

(Tekl. B.)

Zett.

s.

Conopidce

(d)

Echinomyia

(29)

;

;

polystigma, Rondani,

s.

L.,

s.

(26)

:

Mus-

(e)

;

fera, L.

Sarcophaga camaria,

(31)

;

very ab.

f.p.,

Myopa

(27)

[part hi.

(30) E.

;

(32)

;

S.

Onesia cognata, Mgn. (34) 0. floralis, R. D. (both
identified by Herr Winnertz) ; (35) Mesembrina meridiana, L.
(36) Lucilia
cornicina, F., s.
(38) Musca corvina, F. ; (39)
(37) L. silvarum, Mgn., s.
Cytoneura simplex, Loew. (identified by Herr Winnertz) ; (40) species of
Anthomyia (/) BihionidcB : (41) Bibio hortulanus, L., Lb. {g) TipuUdce :
(42) Pacbyrrhina pratensis, L., do. ; (h) Chironomidce : (43) Ceratopogon,
B. Hymenoptera (a) Tenthredinidce : (44) Tentbredo bicincta,
very ab., s.
{h) Ichneumonidce : (45) Various ; (c) Formicidce : (46) Many small
L,, l.h.
ants lick the honey, and also capture the numerous small midges which are
(d)
Chrysidce : (47) Hedychrum lucidulum, F. $
(e)
attracted by it
albiceps, Mgn., do.

;

(33)

;

;

;

;

;

;

—

;

;

;

Sphegidce

:

Oxybelus uniglumis,
Crabro lapidarius, Pz. ^,

very

L.,

(48)

ab.,

s.

(49) 0. bellus, Dlb.,

;

s. ;
do.; (50)
(51) Psen atratus, Pz., s. ; (52)
Passaloecus monilicoTnie, Dlb. 2 s. ; (53) Cerceris arenaria, L., not rare ; (54)
Ammophila sabulosa, L. (55) Pompilus neglectus, Wesm., s. ; (/) Vespidce :
,

;

Odynerus quinquefasciatus, F.
(g) Apidce : (57) Halictus sexstrigatus,
s.
(58) H. sexnotatus, K. $ c.p.
(59) H. flavipes, K. 9
(60)
Andrena albicrus, K. $ (J, c.p. and s., ab. (61) A. fucata, Sm. $, s. and
(56)

;

Schenck, $

,

,

;

;

;

;

c.p.

(62) A. Schrankella, Nyl. c^,

;

s.

A. fulvicrus, K.

(63)

;

s.

(^,

(64) A.

;

and c.p., ab. (65) A. dorsata, K. $, s. and c.p., very ab.
(67) A. nigroaenea, K. ^^ s.
(68) A.
(66) A. albicans, K. $ s. and c.p., ab.
Trimmerana, K. ? s. (69) Osmia rufa, L. $ c.p. (70) Bombus terrestris,
L. ? c.p. and s.
(71) B. senilis, Sm. $ c.p.
(72) B. Scrimshiranus, K. ^
c.p. and s.
C. Coleoptera
c.p.
(a) Dermestida
(73) Apis mellifica, L. ^
(75) A. pimpinelloc, F.
(74) Anthrenus scrophularise, L.
(76) A. museorum, L. (77) Attagenus pellio, L. (78) Byturus liimatus, L., all five very
{h) Nitidulidm : (79) Meligethes, ab.
(c) Elateridce : (80) Lacon
ab., l.h.

parvula, K. ?,

s.

;

;

,

,

,

,

;

,

;

,

;

;

;

—

,

;

;

;

;

;

;

;

;

murinus, L. (81) Cardiophorus cinereus, Hbst., l.h. (d) Lamellicornia : (82)
Trichius fasciatus, L. ; (83) Phyllopertha horticola, L., both feeding on the
tissues of the flower; (e) Malacodermata : (84) Malachius bipustulatus, F.,
devouring the anthers (85) Dasytes flavipes, L. (/) Mordellidce : (86) Anaspis frontalis, L., ab. ; (87) A. maculata, Fourc, both l.h.
{g) Ceramlnjcida'
(88) Clytus arietis, L., l.h.
(89) Strangalia nigra, L.
(90) Str. attenuata, L.,
freq.
(91) S. armata, Hbst.
(92) Leptura livida, F, very ab.
(93) Gram;

;

;

;

;

;

;

;

moptera

;

ruficornis,

F.,

all

l.h.

;

;

(A)

Cistelidce

:

(94) Cistehi

murina,

L., ab.,

—

feeding on the anthers and other tissues.

D. Neuroptera (95) Panorpa
communis, L., l.h, (96) Agrion, flew not infrequently on to flowers of Spiraea
but apparently only to sun itself (June 4, 1870). E. Lepidoptera (97) Tor;

—

plumbagana, Tr. (98) Adela
Dr. Speyer).
See also No. 590, 11.

trix

;

sulzella,

W.

V., ab.,

s.

(both identified by

Tribe Ruhece.
134.

RuBUS Id^us,L. (Raspberry) .—In the Raspberry and Black-

I

berry honey

abundantly secreted by a fleshy ring or disk upon
the border of the receptacular tube, internal to the attachment of
the stamens.
In the Raspberry the small narrow petals remain
is

—
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and even inclined towards one another above, and the

stamens, which dehisce either on the side towards, or on that away
from, the centre, have no room to spread out, but remain closely
packed between the styles and petals so that an insect may easily
insert its proboscis, but scarcely its whole head, between the styles
and stamens to reach the honey-secreting ring. The accessibility of
the honey is thus greatly reduced, but at the same time, since
part of the stigmas come in contact with the anthers, self-fertilisation
In the event of insect-visits cross-fertilisation is easily
is insured.
;

•j

'

accomplished

for the

;

insect often alights in the centre of the

and in bending the head down
between stigmas and stamens the former may easily be dusted with
pollen from another flower. The much less conspicuous flowers and
less accessible honey cause insect-visits to be fewer and less varied
than in the case of the bramble and self-fertilisation is very
flower, touching the stigmas first,

;

I

I

frequently

made use

of.

—

A. Hymenoptera (a) ApidcB
very
(1) Apis mellifica, L. ^
and c.p. (2) Boiiibiis agrorum, F. $, s., ab. (3) B. pratorum, L.
$ (^ s. and c.p., freq. (4) B. hortorum, L. 9 c.p. (5) B. senilis, Sm. ? s.
(6) B. silvarum, L. ? s.
(7) Andrena nigroaenea, K. (^ s.
(8) A. albicrus,
K. (^, 8. (9) Halictus sexnotatus, K. $ (10) H. lucidus, Schenck, ^ (11)
H. nitidiusciiliis, K. 9? 9,11 three sucking; {h) Sphegidce : (12) Gorytes
Visitors

ab.,

both

:

s.

,

:

;

,

;

>

;

,

,

;

,

;

;

;

;

mystaceus, L.

;

(c)

Tenthredinidce

:

(13)

;

;

Tenthredo

B. Diptera

rustica, L.

Syrphidce: (14) Rhingia rostrata, L., s. and f.p.
(15) Volucella pellucens, L.
(Sid.), s. and f.p.
(a) Dermestidcc : (16) Byturus fumatus, L.,
C. Coleoptera
;

—

devouring the anthers and licking honey

;

(b)

Ceramhycida

(17)

:

Pachyta

8-maculata, F., licking honey and feeding on the tissues of the flower, ab.
in Sid.

—

RuBUS FRUTicosus, L. (Blackberry, Bramble). The flowers
bramble have advantages in several respects over those of
the Raspberry the large petals, spreading out flat, are very conspicuous and the stamens also spreading outwards leave the honeysecreting ring easily accessible. These two characters induce much
more numerous and varied insect-visits than the Raspberry obtains.
The outermost anthers are the first to dehisce, and the stigmas
ripen at the same time
and most flowers have been cross135.

of the

;

;

;

fertilised before

the inner anthers are mature.

Insects

may

alight

with equal convenience either in the centre or at the circumference
of the flower, and therefore come in contact either with the stigmas

Only the innermost stamens rise up
they have dehisced, to come in contact with the outermost

or with the ripe stamens.
after

stigmas.

Q 2
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Visitors
A. Hymenoptera (a) ApidcB : (1) Apis mellifica, L. ^ c.p. and
very ab.
(4) B.
(3) B. terrestris, L. $
(2) Bombus agrorum, F. $
hortorum, L. ^
(7)
(6) B. Scrimshiranus, K. ^
(5) B. pratorum, L. ^ <^
B. silvarum, L. $ a^l these humble-bees sometimes suck, sometimes collect
pollen, while the following parasitic humble-bees of course only suck
(8) B.
(Apathus) vestalis, Fourc. $ (9) B. campestris, Pz. $ (10) Macropis labiata,
Pz. (^ ; (11) Andrena Gwynana, K. $ (12) A. albicrus, K. ^ (13) A. thoracica,
K. ? (14) Halictus zonulus, Sm. ? (15) H. lucidulus, Schenck, ? (16) H.
:

s.,

,

;

;

;

;

;

;

>

;

;

;

;

;

;

;

;

H. sexnotatus, K. $ (18) H. cylindricus, F. 9 (^
(10)— (18) all sucking (19) H. leucozonius, K. $ c.p. (20) H. albipes, F. ?,
c.p.
(22) Nomada ruficornis, L. ^
(23)
(21) Coelioxys umbrina, Sm. ? ^
N. lineola, Pz. ^ (24) N. lateralis, Pz. ?
(25) N. Fabriciana, L. 9
(26)
Diphysis serratuloe, Pz. $ (27) Osmia fusca, Christ. $ (28) Stelis breviuscula,
Nyl. ^ (29) Prosopis excisa, Schenck, ^
(30) P. variegata, F. ^ ; (31) P.
communis, Nyl. $ all sucking (&) Sphegidw : (32) Crabro patellatus, v. d.
L. 9 (^
(33) Oxybelus uniglumis, L. ^ ^ (34) Ammophila sabulosa, L. $ (^
(35) A. (Miscus) campestris, Jur. ^ (36) Cerceris nasuta, Dlb. ^ all sucking.
B. Diptera (a) Stratiomyidce : (37) Sargus cuprarius, L,, s. ; (38) Chrysomyia
formosa, Scop, s.; (6) Empidce : (39) Empis livida, L., ab.
(40) E. tesselata,
Ascia podagrica, F. ; (42) Syritta
F., both sucking
(c) Syrphidce : (41)
K.

villosulus,

$

(17)

;

;

,

;

;

;

;

;

;

;

;

;

;

;

;

,

;

;

;

,

;

—

;

;

pipiens, L.,
L., ab.

ab.

;

(43) Eristalis tenax, L., ab.

Chrysotoxum arcuatum,

(44)

;

(436)

;

L. (Sid.)

;

Helopliilus

pendulus,

(45) Volucella pellucens, L.

Rhingia rostrata, L., all sometimes sucking, somtimes collecting
Tipulidce : (48)
: (47) Physocephala rufipes, F.. s. ; (e)
Tipula oleracea, L., s. C. Coleoptera (a) Dermestidce : (49) Byturus fumatus,
{h) Elateridce : (50) Diacanthus
L., s. and feeding on the tissues of the flower
seneus, L.
(51) Limonius cylindricus, Payk., both feeding on the softer
{d) Malacotissues
(c) Lamellicornia : (52) Trichius fasciatus, L., do.
dermata : (53) Telephorus rusticus, L., (54) Malachius bipustulatus, F., do.
(Sid.)

(46)

;

pollen

;

(d)

Conopidce

—

;

;

;

;

;

(e)

(Edemeridce

Cerambycidce

:

:

(55)

(Edemera

(56) Clytus arietis, L.

8-maculata, F. (Sid., ab.)
(61) S. nigra, L.

;

;

and licking honey

virescens, L., do.,
;

Leptura

(57)

livida, F.

(59) Strangalia armata, Hbst.

(62) S. melanura, L., all

D. Lepidoptera

Pieris crataegi, L.

(65)

sucking.

Ruhus
Its

;

saxatilis, L., is

arrangements for

The

(66)

fertilising

Rhopalocera

P. napi,

Twenty-six additional

;

(60) S. atra,

F.

;

sometimes licking honey, sometimes

feeding on pollen, anthers, and other parts of the flower
Meligethes, ab.

;

(/)
(58) Pachyta
;

L.

visitors are

;

:

(64)

;

(g)

Nitidulidm

:

(63)

Argynnis Paphia, L.

(67) Hesperia paniscus,
enumerated in No. 590. 11.

F.,

all

proterogynous, with long-lived stigmas.

cross-fertilisation

resemble those of Cotoneaster.

agents are chiefly bees (609,

fig.

85).

Tribe Potentillece.

Dryas

octopetala,

L.,

is

androdioecioiis.

Its

flowers are usually feebly proterogynous, after the

urbanum, L.

;

hermaphrodite

manner

of

Geum

but sometimes the stigmas are covered over by the
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anthers have
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III.]

and such flowers therefore are

dehisced,

essentially proterandrous

(609).

186.

Geum

rivale, L.

— The honey exudes in numerous minute

drops from the base of the receptacular tube, and

is

sought by humble-bees while most of the flowers are

diligently

still

in the

honey from many
different flowers, sucks honey in Geum rivale also from the -outside
in yet unopened flowers, thrusting in its proboscis between the
Even after the flower is expanded, B. terrestris
sepals and petals.
often, and other species of Bombus occasionally, obtain the honey
in this way but for the most part humble-bees hang suspended
to the flower, which they grasp with their mid and hindlegs,
The outer
putting their forelegs and head inside the flower.
portion of the honey they seem to reach more easily from the
This liabihty of the honey to be reached from the outoutside.
side is a serious imperfection in the flower, which thus gets deprived
of its honey without receiving cross-fertilisation in return.
The flowers are proterogynous, and in young flowers the ripe
stigmas project far beyond the still closed anthers.
Crossfertilisation is thus insured if at this time a bee inserts its head
Later, the stamens elongate till their
in the legitimate manner.
anthers stand on a level with the outermost stigmas in dehiscence,
"When the
the anthers cover themselves all round with pollen.

Bomhus

bud.

terrestris,

L.

9,

which

steals

;

;

flower closes, the anthers are brought in contact with the outer-

most stigmas, and self-fertilisation results, unless the pollen has
been removed by bees. Since the plant grows sheltered in woods,
it is visited by numerous bees even in unfavourable weather.
According to Mr. T. Whitelegge, G. rivale is occasionally andromonoecious (774).
A. Hym.eno'pteTa— A pidce : (1) Bombus terrestris, L, $ (2) B.
$ (3) B. confusiis, Schenck, $ (4) B. hypnorum, L. ? (5)
B. pratorum, L. ? $
(6) B. Scrimshiraniis, L.
9^5 0) ^- hortorum, L.
? ^ very ab. (8) B. agrorum, F. $ (9) B. fragrans, K. $ very scarce
(10) B. senilis, Smith, $; (11) B. silvariim, L. $, ab., all sucking (B. silvarum, $ and B. pratorum, $ also collected pollen, hanging back downwards
to the flower)
(12) Apis mellifica, L. ^ sucking the flowers from outside,
ab.
seeking vainly for honey. B. Diptera
(13) Andrena helvola, L. $
Visitors

:

>

lapidarius, L.

;

;

;

;

,

;

>

;

,

;

,

,

;

,

;

Syrphidce

:

Nitidulidce

Geum

(14)
:

Rhingia rostrata,

L.,

very

ab.,

s.

and f p.

C. Coleoptera

(15) Meligethes, ab.

reptans, L.,

androdioecious

;

that

and G, montanum,
is

to

say,

L., are

proterogynous and

besides the ordinary individuals

—
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with hermaphrodite proterogynous flowers, other plants occur in
all of whose flowers the pistil is suppressed while the stamens

remain (609).
137.

Geum urban um,

L.

—The flowers are much

smaller than

those of G. rivale, and appear at a season (July, August) and in
spots where many more conspicuous flowers compete with them.

and

receive few insect-visits,

They accordingly

rely for the

most

part on self-fertilisation.

Honey

is

secreted

by a green,

annular ridge at the

fleshy,

base of the receptacular tube, internal to the insertion of the
stamens. When the flower opens all the stamens are bent inwards,
so that their anthers lie close upon the outer carpels, while the
inner styles with ripe stigmas project in the centre of the flower.
The outermost stamens now bend outwards and the anthers dehisce,

when the innermost
stamens dehisce in their turn, some of their pollen almost always
comes upon the outer stigmas. If the flower is visited early by
insects, its feebly-marked proterogynous dichogamy may insure

turning their pollen-covered surfaces upwards;

cross-fertilisation

;

if

the visits are deferred

till later,

crossing

may

be effected by an insect which alights, dusted with pollen,
But self-fertilisation must take place
in the centre of the flower.
very often, both spontaneously and by the agency of insects which
still

alight at the edge of the flower.
A. Diptera SyrpMdcR : (1)
I have only observed the following visitors
Melithreptus scriptus, L,, s. and f.p. B. Coleoptera—Der/?! es^zWce ; (2) Byturus
:

fumatus,

L., f.p.

—

The honey is secreted
138. Fragaria vesca, L. (Strawberry).
by a narrow, fleshy ring at the base of the receptacular tube,
The petals
sheltered between tbe stamens and the outer carpels.
spread out into a level disk, forming a convenient alighting-place

An

insect standing on a petal must, to reach the
head between the stamens, and bring it in contact
If both stigmas and anthers ripened together
with the stigmas.
self-fertilisation would thus be occasioned directly by the insects,
but as a matter of fact the stamens come to maturity much later
than the stigmas. Cross-fertilisation is also favoured by the shape
and manner of dehiscence of the anthers for these are expanded
into flat disks, so that the intervening spaces are so much narrowed
that even Halictus and the smaller flies cannot reach the nectary
with their heads, without rubbing against some of the anthers. Tiie

for insects.

honey, thrust

its

;

—
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anthers dehisce at their edges, and are only covered with pollen
In absence of insects, I have noticed, in the case of

at these parts.

plants blooming in

my

room, that some pollen

length upon

falls at

the stigmas, in consequence of the oblique (light-seeking) position
of the flower.

(2)

:

Diptera

A.

Visitors:

phidce

meiitliastri, L.,

s.

(c)

Muscidce

(a)

Dermestidce

:

Empidm:

(a)

Rhingia

(5)

;

(7)

:

—

sepulcralis, L.,

Eristalis

Anthomyia

r.

(1)

Empis

(3)

Syrphus,

;

rostrata, L.,
sp.

(8)

;

s.

;

Musca

Anthrenus pimpinellae,

(9)

(6)

livida,
s.

L.,
(4)

;

?,.

(b)

;

Syritta pipiens, L.,

;

s.,

ab.

;

B. Coleoptera

corvina, F.

F., l.h.

Si/i'-

Melithreptus

(10) A.

scrophiilariae,

Malacodermata : (12)
Dasytes flavipes, F.
(13) Malachius bipustulatus, F., both species licking
honey, and also devouring the anthers {d) MordellidcR : (14) Mordella aculeata, L., l.h.
{e) Cerambycida' : (15) Gramnioptera ruficornis, Pz., not rare,
l.h., and also devouring the antliers.
C. Thysanoptera
(16) Thrips, ab., s.
D. Hymenoptera (a) Apidce : (17) Frosopis communis, Nyl. $
(18) Halictus lucidulus, Schenck, ? s.
(19) H. sexstrigatus, Schenck, 9
(20) Andrena dorsata, K. ? c.p.
(21) Nomada sexfasciatus, Pz. ^
(22) N. ruficornis, L. ? s.
(23) N. signata, Jur. ^ s.
(24) Apis mellifica, L. ^ c.p.
(b) Sphegidw : (25) Oxybelus uniglumis, L., l.h.
See also No. 590, 11, and
L.,

l.h.;

Nitidulidce

(b)

(11) Meligethes,

:

ab.

;

(c)

;

;

;

—

—

;

,

,

,

;

;

;

;

,

;

,

;

;

No. 609.

In the United States, cultivated species of Fragaria incline to
dioecism.

POTENTILLA VERNA,

139.

L.

—The annular ridge

on the inner

wall of the receptacular tube, which surrounds the base of the

stamens and is marked by its dark, sometimes reddish -yellow,
colour, and bright polished appearance, secretes honey not in drops
The anthers get
but in a very evident smooth adherent layer.
covered on both sides with pollen, and ripen simultaneously with
Insect-visitors alight sometimes in the middle of the
sometimes on the petals in the latter case they dust themselves with pollen, but are not likely to come in contact at all with
the stigmas, as the honey-secreting ring lies farther outwards than
if they alight in the middle of the next
in the preceding species

the stigmas.

flower,

;

;

flower,

in

cross-fertilisation is accomplished.

must

Self-fertilisation

In dull weather the flowers

any case be a frequent occurrence.
and at night they shut completely, bringing the

close partially,

anthers in contact with the stigmas.
(from April 21

Visitors

Halictus leucopus, K.
sexstrigatus,

albicans, K.
c?,

s.

;

(8)

Schenck, ?

^

c^, c.p.

$
,

and

,

and

c.p.
s.,

May

to

s.

(4)

;

ab.

A. argentata, Smith

;

c.p.

24):
;

(2)

A.

Hymenoptera— ^^wf/ce

H.

flavipes,

H. cylindricus, F. ?
(6)

(= A.

K.
,

c.p.

A. albicrus, K. <?, s.
Schenck), (^,

gracilis,

?

,

;

(7)

;

s.

;

c.p.

(5)

;

;

(3)

(1)

H.

Andrena

A. nana, K.
(9)

A. fulvi-

j

—

—
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K. (^, s.
(10) A. parvula, K. 9,8.; (11) A. dorsata, K. $, c.p.
(12)
A. chrysosceles, Nyl. ? s.
(14) Osmia
(13) Nomada ruficornis, L. (^
fusca, Christ, (bicolor, Schrank), 9 s. and c.p.
(15) Apis mellifica, L. ^ s.
(b) SyrB. Diptera
(a) Stratiomyidce : (16) Odontomyia argentata, F., s.
phidce : (17) Syritta pipiens, L., s.
(19) Rhingia rostrata,
(18) Syrphus, s.
(c)
L., e.
(21) Ch. modesta, Egg., s.
(20) Cheilosia prsecox, Zett., ab., s.
MuscidcB : (22) Pollenia vespillo, F.
(23) Onesia cognata, Mgn.
(24) O.
Nitidulidm : (25) Meligethes,
floralis, R. D.,
all three sucking. C. Coleoptera
licking honey, ab.
See also No. 590, it.
crus,

;

;

,

;

;

,

,

;

—

;

;

;

;

;

;

;

;

—

Fio. 75.

Potentilla minima, Haller/Z.

—Flower, from atove x
B. — Ditto, in longitudinal section.
the anther has dehisced laterally (x
C. — Upper end of a stamen

A.

7).

(

;

35).

d, stamen
e, yellow fleshy ring on which the stamens are inc, corolla
b, calyx
and which secretes honey /, internal orange-coloured part of the ring, which becomes
covered with a layer of honey g, ring of hairs which protect the honey h, orange spot at the base
of each petal (jiathfinder) i, carpel.
(Heuthal, Beminahaus, August 8, 1877.)

epicalyx

o,

;

;

;

serted,

;

;

;

;

Potentilla

as

an

minima, Haller

Jil.

— The

annexed figure

may

serve

illustration of a simple, open, regular flower, cross-fertilised

by a miscellaneous

lot of short-lipped insects,

which has already

acquired, besides a nectary, a honey-receptacle, a contrivance to
shelter the honey,

Potentilla reptans,
that of P. verna, and the

140.
bles

and guides or pathfinders to point towards
L.

—The

floral

fertilising

are chiefly the less specialised bees.

it.

mechanism resem-

agents in like manner

——

PART
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A.

—

Apidm

Hymenoptera

hyalinata, Sni.

?

:

Prosopis

(1)

Nyl.

armillata,

Halictus maculatiis, Sm. ?

(3)

;

c.p.

,

233
$

H.

(4)

;

Pr.

(2)

;

leiicozonius,

H. sexstrigatus, Schenck, $ c.p. and s. ; (6) Andrena
A. nana, K. c? s.
(8) Sphecodes gibbus, L. (^ s.
(9)
Nomada xanthosticta, K. (^ s. (10) N. succincta, Pz. (^ s, (6) SphegidcB :
B. Diptera
Syrphidce : (12) Syrphns
(11) Ammophila sabulosa, L. ^
arcuatus, Fallen, f.p.
See also No. 590, 11.
Schrank, ?
K.

c.p.

,

albicrus,

^

(5)

;

,

(7)

;

,

,

;

,

,

;

;

;

.

141.

PoTENTiLLA ANSERINA, L.

— The

floral

mechanism resembles

that of P. verna.

Hymenoptera (a) Apidce
(1) Halictus flavipes, K. 9, c.p.
H. sexstrigatus, Schenck, 9, c.p.
{b) Sphegida' : (3) Oxybelus uniglumis,
See also No. 590, 11., and No. 609.
(4) 0. bellus, Dlb.

Visitors:
(2)

L

;

:

;

PoTENTiLLA FRUTICOSA,

142.

failed to discover distinct

L.

—In

have

this flower also I

drops of honey, but the smooth shining

ring or disk at the base of the receptacular tube, surrounding the
so much visited by insects, including even the honeycan scarcely doubt that a thin layer of honey covers the
epidermis in this part. The stigmas ripen simultaneously with the

stigmas,

is

bee, that I

which dehisce

as they happen to
on a petal, touch stigmas or
stamens first, and thus cross-fertilisation and self-fertilisation seem
equally probable.
In absence of insects, some of the stamens curve
inwards as they wither, and come, still dusted with pollen, in contact with the stigmas.
In sunny weather the conspicuous flowers
anthers,

Insects,

laterally.

alight in the centre of a flower or

numerous

attract very

insects.

A. Hymenoptera

—

(a) ApidcE : (1) Apis mellifica, L.
^ , ab.
middle of the flower, and turning round passes its
tongue over the whole honey-bearing ring which surrounds the bases of the

Visitors

:

(the bee alights in the

stamens,

?

,

—

effects cross-fertilisation regularly)

it

honey

also licking

;

(h)

Sj^hegidce

often four at once in a flower

honey.

B.

Tabanidce

Diptera

sepulcralis,

L.

H. floreus, L.

— (11)

(a)

0.

Stratiomyidce :

Chrysops coecutiens, L.
(8) E. arbustorum, L.

(6)

:

(4)

;

;

;

unigiumis,

^
(9)

Halictus zonulus, Sm.
bellus, Dlb.,

Syrphidce

(c)

;

very ab.

both licking

L., scarce,

Sargus cuprarius,

(5)

(11) Melithreptus teeniatus,

;

(2)

;

Oxybelus

(3)

:

:

L., ab.
(7)

Helophilus pendulus, L.

Mgn.

;

;

(b)

Eristalis
;

(12) Syritta pipiens,

(10)

L.

sometimes f.p. (f/) Conopidce : (13) Sicus
ferrugineus, L.; {e) Muscidcc: (14) Sarcophaga carnaria, L., ab. ; (15) Lucilia
silvarum, Mgn.
(17) Anthomyia, very ab.
(16) L. Cornicina, F., both ab.
(18) Scatophaga merdaria, F., ab.
(19) Sepsis, very freq. (12)— (18) only l.h.
(b) MalacoC. Coleoptera— (a) NitiduUdce : (20) Meligethes, very ab., f.p.
dermata (21) Dasytes flavipes, L., licking honey and devouring the anthers.
(7)

all

ab,,

sometimes

l.h.,

;

;

;

;

;

;

:

143.
is

—

POTENTILLA ToRMENTiLLA, Nestl. The floral mechanism
but the secretion of honey is more evident. The

as in P. verna,

—

—

;

i
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i

flattened anthers dehisce edgewise as in Fragaria, and only their

thin edges remain coated with pollen.
Visitors: A.

and

c.p.

(2)

;

Apidm

Hymenoptera

A. parvula, K. $

toeclius sulfureus, F.,

s.

(Ski.)

c.p.

,

Andrena

(1)

:

B. Diptera

/Syrphidce

{h)

;

i

:

denticulata, K.

?

(^, s.

Bomhyliidoi : (3) SysChrysotoxum.bicinctum, L.,

(4)

'

(a)

j

|

freq. (Sid.)

Egger

.?),

;

(5)

f.p.

Melithreptus scriptus,

See also No. 590,

Potentilla

11.,

L,, f.p.

(6)

Cheilosia sp. (pictipennis,

and No. 609.

— The

Lodd.

atrosanguinea,

;

according

flowers,

Delpino, are proterandrous, with short-lived stigmas
stage the anthers are unripe and radiate outwards

to]

in the first

:

|

in the second,

;

they stand erect on a level with the stigmas.
Andrena andj
Halictus were observed to visit the flower (178, 360).
Potentilla

enumerated

in

argentea, L.

my

— Twenty

ii.

;

Potentilla Salisburgensis,
L.,

species of insect-visitors are

Weitere Beohachtitngen,

Haenke (=

P. aiorea, var.

yS),

P. aurea,

P. grandiflora, L., P. caulescens, L. (vide Pie Alpenblnmen, pp.

218—222).
Sihhaldia procumbens, L.

—The

honey

lies fully

exposed, and

the tiny, greenish -yellow flowers are abundantly visited by small,
short-lipped insects {Muscidce, Ants, Iclineicmonidce)
Stigmas and
.

anthers ripen simultaneously, but stand too far apart for spontaneous
self-fertilisation to take place (609, fig. 87).
Tribe Poteriece.

Alchemilla vulgaris,

144.

tute of a corolla.

A

Fig.

2.

—The

tiny flowers are desti-

*

//J

2

i

1.

L.

yellow fleshy ring on the inner wall of the

76.—Alchemilla

vulgaris, L.

— Flower with perfect stamens and short style, from above.
— Ditto, viewed obliquely, from above.

3.— Ditto, with three perfect and one abortive stamen, and perfect style.
style still more developed, and all the stamens abortive.
c', abortive stjuuen
d, stigma
e, stamen
e, nectary.
b, calyx
a, epicalyx

4.— Ditto, with
;

;

;

;

;

receptacular tube, which surrounds the style and, later on, th(
ovary, secretes a thin layer of honey and gives a greenish-yellow^

appearance, at a

little

distance, to the

whole inflorescence.

Owin^

\
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to the small supply of honey, insects with long proboscides do not
visit

the flower or do so sparingly, and beetles and other insects

which

by bright colours are also absent.
by partial separation of the sexes.
which both male and female organs are

only attracted

are

Cross-fertilisation is favoured

Flowers seldom occur in

In the great majority of flowers either the
stamens are fully developed and the pistil remains so short as
equally developed.

scarcely to project above the honey-secreting ring (Fig. 76, 1, 2),
and exserted (Fig. 76, 4), and the anthers

or the style is long

sometimes, however, flowers occur (Fig. 76,
3) in which one or two stamens are developed in addition to the
pistil, the others being suppressed.
completely aborted

I

:

have never observed a case of self-fertilisation.
I have found Alchemilla vulgaris,

At Lippstadt

by
on the

L., visited

one of the SyrphidiE, Xanthogramma citrofasciata, Deg.

;

Alps by three butterflies and six flies {Alpcnhl. pp. 223, 224).
Alchemilla aljpina, L., A. Jissa, Glinth., and A. pentaphylla, L.,
are frequented by short-lipped insects, and do not differ materially
in their arrangements for fertilisation from A. vulgaris.
They
show all transition-stages between hermaphrodite and purely female
flowers

and in A.

;

at

Jissa,

among

least,

many

very

flowers

bearing seed I found none with more than one stamen, so that

more than one stamen seem

flowers with

to

have

lost their

female

functions (609).

—

145. Agrimonia Eupatohia, L.
The two styles, which project
from the centre of the flower, are united at their base to a fleshy
ring, on which I have not observed honey.
The five to seven
stamens, which are inserted at the edge of this disk, bend slightly
inwards their anthers, which dehisce laterally, stand on a level
with the stigmas, and come in contact with them before withering
;

by bending
must, in

farther inwards.

still

many

cases,

fertilisation only results

of the flower.

Since

self- fertilisation is

when the

all

and

Insect-visits are scanty,

induce mainly

self-fertilisation,

for cross-

insects alight well in the centre

the flowers are found to produce seed,

doubtless quite efficient.

Eug. Warming gives a thorough description of the development
of the flower (762).
Visitors

A. Diptera— (0) Syrpmdce : (1) Syritta pipiens, L. ; (2) Ascia
(4) M. dispar, Loew. ; (5) M.
(3) Melithreptus scriptus, L.

:

podagrica, F.
pictus, Mgii.

;

;

;

(6)

M.

tceniatns,

Eristalis tenax, L., all f.p.

only

;

Mgn.
(9)

;

(7)

Rhingia

Melanostoma

raellina, L.

rostrata, L., do.

;

{h)

;

(8)

Muscidce

:

—
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(10)

:

Anthomyia

species,

$

146.

,

sp.,

B.

f.p.

Hymenoptera— ^;?ic?cB

;

(11)

[part hi.

Halictus, small

c.p.

!

PoTERiUM Sanguisorba,

L.,

is

anemophilous, with red

and anthers hanging out of the flower on long
thin filaments.
On June 27, 1869, I saw a wasp, Odynerus
parietum, L. ? settle on the flower, attracted probably by the
red colour but after a short and vain search it flew away again.
penicillate stigmas,

,

;

147.

Sanguisorba officinalis, L.— The flowers are devoid
upon the calyx. The

of petals, whose function devolves entirely

Fia. 77.

Sanguisorba

officinalis, L.

A

—Flower, viewed from above.
B.— Ditto, from the side.
C.

D.

calyx, in its lowest

^

— Ditto, in longitudinal section
—A sepal, from the inside, (x

part,

7.)

surrounds the ovary

;

its

middle portion,

constituting a fleshy ring around the base of the style, secretes

uppermost part spreads out into four dark purple
Anthers (a) and stigmas (st) are developed simulThe divided stigma resembles that of an anemophilous
taneously.
is
doubtless a character inherited from an anemophilous
flower, and
Poterium (609).
resembling
ancestor
honey

;

and

its

sepaline lobes.

Tribe Roseoe.
148.

Rosa canina,

L.

— The

upper border of the calyx-tube
is provided with a thic!

internal to the attachment of the stamens,
fleshy ring,

which closely surrounds the
The flowers seem either

only protrude.
'

i

The lowest and middle part

styles, letting

to secrete

the stigmas

no honey at

really belong to the receptaculnr tube.

all

:

\

I

'

|

'

—

PART

—

—

—
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at least, I have never found drops

it;

The flowers, which attract
by their large petals and their strong scent, compensate the
numerous insect-visitors for the want of honey by the abundance of
The ring surrounding
pollen which the numerous stamens supply.
of honey, in spite of repeated searching.

notice

the style

of material importance

is

for since the stamens,

;

when the

and the petals remain directed
more or less upwards, the ring and the stigmas within it form the
thus insects coming
only convenient alighting-place for insects
dusted with pollen from another flower are brought into contact
flower opens, are inclined outwards

:

with the stigmas

And

first.

this is the only character present to

and anthers come to maturity

cross-fertUisation, for stigmas

promote
together.

In long-continued dull or rainy weather, insect-visits may cease
but the flowers, turning towards the sun, all

almost completely

;

stand more or less obliquely, so that part of the pollen faUs

upon

the stigmas.
Apis mellifica, L. ^ c.p. (3) AnA. fucata, Sni. 9 c.p. (4) Halictus
c.p.
(5) Megachile circumcincta, K. 9 c-p. ; (6) Prosopis
communis, Nyl. $ ^ f.p., ab. B. Diptera Syrphidce : (7) Helophiliis floreus,
{a) NiMulida : (9)
L.
C. Coleoptera
(8) Syritta pipiens, L., ab., both f.p.
Meligethes, ab.
{h) Dermestidcn : (10) Anthrenus pimpinellae, F.
(11) A.
(r)
Malacodermata : (12) Anthocomiis
scropliularia), L., both ab., f.p.;
fasciatus, L.
{d) Lamellicomia : (13) Cetonia aurata, L.
(14) Phyllopertlia
liorticola, L. (both often bite large boles in tlie petals, and often even devour
the stigmas and all the anthers)
(e) Mordellidcc : (15) Mordella aculeata, L.
(16) Anaspis frontalis, L.
(/) Ceramhycidoi : (17) Rhagium inquisitor, F.
(18) Strangalia armata, Hbst.
(19) S. nigra, L., devouring the anthers and
other delicate tissues {g) Chrysomelidce : (20) Lupenis flavipes.
Visitors

:

A. Hymenoptera

drena albicans, K. $
nitidus, Schenck, ? ,

<^

»

c.p.

Apidce

and

f.p.

;

:

(1)

,

(3)

»

;

;

>

;

,

;

;

;

;

;

;

;

;

;

;

;

Rosa centifolia,

149.

L.

spicuous flowers, this species

though

for

longer

list

I

have observed

it

more

consequence of

more

its

largely visited

more conby insects

rarely than B. caniTia, I have a

of its insect-visitors.

A. Hymenoptera
very ab.

— In

is still

(a)

Apidce:

(1)

Andrena

albicans, K.

$

c?? c.p.

and

f.p.,

A. dorsata, K. 9, c.p.,
ab.
(6) H.
(4) Halictus zonulus, Sm. 9
(5) H- sexstrigatus, Schenck, 9
sexnotatus, K. 9
all three c.p.
(^) ^I(7) Megachile circumcincta, K. 9
centuncularis, L. 9 both c.p., ab.
(1^)
(9) Prosopis propinqua, Nyl. 9 o
P. communis, Nyl.
9 ^ both very ab., f.p. (&) Chrysidce : (12) Chrysis ignita,
;

(2)

A. pilipes, F. •$

do., scarcer;

(^,

;

5

;

'>

,

;

,

;

;

;

5

L.

(3)

fl3)

Chr. cyanea, L.

Dii^tem—Syrphidce
Scop.

;

(17)

E.

:

;

;

(15)

nemorum,

B.
(e) Sphegidce : (14) Crabro patellatus, v. d. L.
Brachypalpus valgus, Pz.
(16) Eristalis seneus.
;

L.

;

(18)

Chrysogaster viduata, L.

;

(19)

Syritta

j

—

:
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pipiens, L., all

Dermestidce

b)

—

(21)

(a) NitiduUdcB

Coleoptera

C,

f.p.
:

:

(20)

[part

Meligethe.s,

iij.

ab.

;

Anthrenus pimpinellse, F. (22) A. scrophulariae, L.
Er., scarce (c) Malacodermata : (24) Dasytes sp., scarce
;

A. claviger,
{d) Lamellicornia : (26) Cetonia aurata,
Antliocomus fasciatiis, L., ab.
L. ; (27) Phyllopertha horticola, L.
(28) Melolontlia vulgaris, L., all three
(e) Mordellidw : (29) Mordella
devouring the soft tissues indiscriminately
aculeata, L.
(30) Anaspis ruficollis, F.
(/) Cistelidce : (31) Cistela murina,

ab.

(23)

;

;

;

(25)

;

;

;

;

;

L.

Cerambycidce

(g)

;

(32) Strangalia atra, F.

:

Grammoptera ruficornis, F., very freq.
on the soft tissues, especially the anthers.

These

two

last

;

(33)

L.,

(34)

;

feeding

all

M

not only afford a

lists

S. attenuata, L.

(35) Clytus arietis,

;

increasing conspicuousness leads to

new example

more numerous

of

how

insect-visits

;

but they also disprove Delpino's theory, that the proper fertilisers
of Roses are Cetonice^\ and Glaphyridce and that therefore the
geographical distribution of Roses is limited by the range of these
beetles.^

Rosa rubiginosa,
(590,

L.,

produces an obvious secretion of honey

II.).

Tribe Fomece.

Pyrus Malus,

150.

— The

L.

The

stigmas overtop the stamens

five

flowers and easily
and cross-fertilisation is
insured by the proterogynous condition, and also by the prominent
position of the stigmas.
In the absence of insects, self-fertilisation
results for most flowers are directed sideways, towards the light, so
that pollen can fall of itself upon the stigmas. Here and there
flowers occur in which the stigmas are in immediate contact with

and

them.

ripen before

accessible

honey

attract

conspicuous

many

insects,

;

the anthers.
Visitors: A.

Hymenoptera

B. agrorum, F. $

;

—

Apidce

(a)

(3) B. lapidarius, L.

:

(1)

Bombus

terrestris, L.

$ (4) B. hortorum, L. ?
Anthophora pilipes, F. 9
;

,

9;
all

(2)

four

very ab.
(7) An(5) Apis mellifica, L. ^
(6)
drena albicans, K. (^ 9 ^^ seven s. and c.p. (8) Halictus sexnotatus, K. $ s.
(9) Osmia rufa, L. (^, s. (the bees almost always alight in the middle of the
flowers, and so usually perform cross-fertilisation even in older flowers, since
(b)
the stigmas are the first to touch the pollen-covered belly of the insect),
FormicidcE: (10) various species, ab., s. B. Diptera {a) Bombyliidce : (11)
Bombylius major, L., s. (ft) Empidce : (12) Empis livida, L., s. (c) Syrphidce
(13) Rhingia rostrata, L., veryfreq., usually s. but also f.p.; (14) Syrphus
(e)
{d) Muscidcc : (15) Onesia floralis, R. D., s.
pyrastri, L., s. and f.p,
Bibionidce : (16) Dilophus vulgaris, Mgn., very ab., s.
;

;

>

;

*

Alcuni App.

Cetonie."

p.

18,

,

;

;

;

;

le

;

;

" Le peonie

e

le

rose dehhono arrestarsi dove si'arrestano

\

j

:
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—

Pyrus communis, L. The stamens are here longer than
when the flower opens they are curled inwards and

the styles, but

immature, while the stigmas are ripe and project. Cross-fertilisation is insured only if insects come soon after the opening of the
In absence of insects, self-fertilisation takes place as in
flower.
Pyrus Makes. I have often observed by experiment how easily
pollen from a ripe stamen adheres to the stigmas of a flower, long

own

before- its
Visitors

'

j

anthers are ripe.

A. Diptera

:

1

E. arbustorum, L.

—

Syrphidce

(a)

very

ab.

;

(2)

intricarius,

L.

;

(5)

(1) Eristalis tenax, L.,

:

nemorum,

E.

(3)

;

ab.

L.,

(4) E.

;

Ascia podagrica, F., both ab. ; (7) Melanostoma mellina,
(b) MuscidcB : (8) Anthomyia radicum,
L., all the Syrphidce both s. and f.p.
R. D. $ 9, very ab.
(10) P. rudis, F.
(9) Pollenia Vespillo, F.
(11) Miisca
corvina, F. (12) M. domestica, L. ; (13) Liicilia cornicina, F. ; (14) Calliphora
Syritta pipiens, L.

(6)

;

;

;

;

;

;

Mgn. (15) Sepsis sp., all s. (16) Scatopbaga merdaria, F.,
and f.p. B. Hymenoptera (a) Apidce : (17) Apis mellifica, L. ^ very
ab., s. and c.p.
(18) Bombus terrestris, L. $ s., scarce, and fl^'ing away after
visiting a few iiowers
(19) Andrena albicans, K. 2 6 ^.p. and s., ab.
(20)
A. Gwynana, K. 9
(21) A. parvula, K. ?
(22) A. Collinsonana, K. ?, all
both s. and c.p. (23) Halictus rubicimdus, Chr. $ c.p. and s. (6) Fomiicidai
erytlirocepbala,

;

;

—

8.

,

>

;

^

;

;

,

;

Lasius niger, L. ?,

(24)

scarce

;

Nematiis

(26)

Meligethes, ab.

(27)

Coccinellidce

:

seneiis, F., all

152.

;

;

l.h.

;

(c)

capra3a),
{h)

;

L., freq.,

Curcv lioiiid(e

:

s.

(25)

:

—

Rliynchites aequatus, L.

(28)

Coccinella 14-punctata, L.

(29)

;

Dolerus gonager, Kl.^
C. Coleoptera
(a) NitiduUdoi

[Tenthredinidoi

;

{d)

D. Thysanoptera

four licking honey.

Pykus Aucuparia,

Gsert.

Phalacridon

— (31)

—When

:

;

(c)

(30) Olibrus

Thrips, ab.

the flower opens, the

immature, the outer ones standing erect, the inner
ones bent inwards so that their anthers are placed below the

stamens are
stigmas.
flower.

still

The stigmas are ripe, and project in the centre of the
The anthers, which open inwards, cover themselves all
In

round with pollen.

innermost anthers

cold, dull weather, the

remain bent down below the stigmas even after dehiscence the
outer ones stand above the stigmas, incurved towards them thus,
;

;

On

in absence of insects, self-fertilisation takes place readily.

other hand, in

warm

the

and

stigmas,

sunshine, the stamens are inclined

the honey-secreting ring

is

dipping

down

opposite

sides

to

the

between,

visible

protected with hairs issuing from the base of the style.

the

away from
Insects, in

honey, touch stamens and stigmas with
The small flowers are rendered
heads.

of their

conspicuous by aggregation, and the rich supply of honey attracts
very numerous insects.
Visitors
c.p.,
,

:

very ab.

A. Hymenoptera
;

(2)

Andrena

—

(«) Ap'idoe

albicriis,

;

K. ^

Apis

(1)

$

;

(3)

mellifica, L.

^

A. albicans, K.

s. and
$ very

,

,

'
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ab.

A. dorsata, K. $

(4)

;

Smithella, K.

$

c.p.

,

;

three sucking and collecting pollen

all

,

(^

(5) A.
A. convexiuscula, K. $
H. zonulus, Sm. ? all sucking and

A. atriceps, K.

(6)

[part hi.

9

;

;

,

;

\

—

B. Diptera (a) Empidw :
{b) Syrphidce :
both s., ab.
(19) E. nemoruni,
(17) Helophilus floreus, L.
(18) Eristalis arbustorum, L.
L,
(20) E. horticola, Mgn.
(21) Rhingia rostrata, L., all five s. and f.p.,ab.
(c) Muscuf(e : (22) Echinomyia fera, L.
(23) Onesia floralis, R. D. ; (24)
Scatophaga stercoraria, L.
(25) S. merdaria^ F., the last three ab., s.
(26)
niger, L.

^

Myrniica

(14)

;

Empis

(15)

livida, L.

;

sp.,

^

,

all three

s.,

ab.

(16) E. rustica, Fallen,

;

;

j

•

^

\

i

^

;

;

;

'

;

(7)

Halictus rubicundus, Chr. $
(9)
collecting pollen ; (10) Nomada ruficornis, L. ^ ^ ; (11) N. signata, Jur. ?,
both sucking; (b) Formicidoi : (12) Formica congerens, N. ^ (13) Lasius
(8)

!

;

;

;

;

;

Sepsis,

ab.

Conopidoa

(d)

;

Dilophus vulgaris,
Coleoptera

C.

hundreds

F., ab.,

;

Pk.

parvulus, Pz.

(37) L.

(39)

(35)

Melolontha vulgaris,

Malacodermata

arietis, L.,

153.

;

both devouring

(41) Anaspis

F.

I

{k)

;

;

(34)

s.

Attagenus
Dolopius

Limonius cylindricus,

the tissues of the flower

(^)

Crat^gus Oxyacantha,

L.

;

—The

:

F.,

(45)

;

(42)

;

Cerambycidce

;

(e)

and devouring the anthers

Gylh.

;

in

(38) Cetonia aurata, L.

:

Adimonia sanguinea,

(46)

:

both

(g) Tenebrionidoi :
(h) Curculionidce : (43) Apion sp.

Germ., both

Chrysomelidce

all

(36)

;

(32)

;

(28)

:

and midges.

flies

Meligethes,

hundreds

in

l.h.,

rufilabris,

— only once

maculicornis,
s.

By turns,

(30)

;

Lamellicornia

(d)

;

L.,

Bibionidce

(e)

;

(33) Agriotes aterrimus, L.

:

(40) Malachius seneus, F,,

:

(/) Moi'dellidce :
Microzoum tibiale,
Phyllobius

Epursea

Corymbites holosericeus, L.

marginatus, L.
;

testacea, L.

several undetermined

(29)

:

(31)

:

Elateridm

(c)

;

— besides

s.,

Nitidulidm

(a)

Dermestidce

{b)

;

scarce

pellio,

—

Myopa

(27)

:

(44)

;

Clytus

s.

flowers resemble those

Pyrus Aucitparia in regard to their proterogyny, the manner of
dehiscence and the bending inwards .of their stamens, and hence
also in the great likelihood of cross-fertilisation.
The outer stamens
begin to dehisce one or two days after the opening of the flower.
Dung-flies and flesh-flies are attracted in special abundance by
the odour of the flowers.
In absence of insects, many flowers
fertilise themselves.
The young shoots sometimes exude a sweet
sap, which is sought by insects.
On May 9, 1868, on bushes that
were just beginning to flower, I saw Anthoj)hora pilipes, F. S,
Bomhus terrestris, L. $ an Andrena, and Odyncncs parietum, L. 9,
all feeding on this sap.
of

,

Visitors

:

A. Diptera

Empis livida,

(2)

Herr Winnertz)
L.,

L.

8.,
;

very ab.

(9)

;

L.,
;

—

(6)

(6) Eristalis

E. arbustorum, L.

—all the

(a)

Empidm

very ab.
Syrphidw

s.,

;

species of Eristalis

:
(1) Tachydromia connexa, Mgn., ab.
Microphorus velutinus, Macq. (identified by
(4) Pipiza notata, Mgn.
(5) Rhingia rostrata,

:

;

tenax, L.
(10)
s.

;

(3)

;

and

;

E. sepulcralis, L.
f.p.

;

(17)

Onesia

floralis,

R. D.,

s.

;

;

(11)

;

(8)

E.

nemorum,

E. pertinax, Scop.,

except E. mti-icarius very ab.

all

Helophilus floreus, L. (13) H. pendulus,
MuscidcB : (15) Echinomyia fera, L.
{(•)
;

E. intricarius, L.

(7)

;

(12)

both ab. (14) Xylota segnis, L.
(16) Sarcophaga camaria, L., s. ;
(18) O. sepulcralis, Mgn., s.
(19) Graphomyia
L.,

;

;

;

!

j

<
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maculata, Scop.

;

(26)

more

Bibioaidm :

(d)

;

B. Coleoptera

vulgaris, L., very ab.
;

Mesembrina meridiana, L.

(20)

Aricia serva, Mgn.

L., l.h.

)

Cyrtoneura

(21)

;

(23) Bibio Marci, L.,

—

(a)

Anthreniis scrophularice,

L.,

Dermestidcc

very ab.

sp.

(22)

;

Dilophus
Attagenus pellio,

8.

(25)

:

;

(24)

A. pimpinellse,

(27)

;

241

F.,

A. claviger, Er., scarce, all three l.h.
{h) Nitidulidce
(c) Buprestidoi : (30) Anthaxia nitidula, L.
(29) jMeligethes, l.h., very ab.
{d) Malacoderniata : (31) Malachius (elegans, 01. ?), feeding on the anthers

still

ab.

(28)

;

;

:

;

;

;

Telephorus testaceus, L.
(e) (Edemeridun :
(33) Asclera ccerulea, L.
(35) Mordella abdominalis,
(/) Mordellidw : (34) Anaspis frontalis, L., l.h.
F., l.h.
(g) Ceramhycidie : (36) Clytus mysticus, L., l.h. ; (37) Gramnioptera
ruficornis, F., ab., l.h.
{h) Chri/somelidce : (38) Clythra cyanea, F., gnawing
Apidm : (39) Andrena Schrankella, Nyl. (^ s.
the petals.
C. Hymenoptera
s.
(41) A. fiilvicrus, K. ? ^J
(40) A. helvola, L. ? s.
(42) A. uitida, K.
$ (^ very freq., s. and c.p. ; (43) A. varians, Rossi, $ (44) A. Trimmerana,
K. ? c^ (45) A. atriceps, K. ? (^ (46) A. Gwynana, K. $ ; (47) A. fulva, K. $
(49) A. dorsata, K. $
(50) A. chryso(48) A. albicans, K. $ (^, very ab.
sceles, K. $
(51) A. parvula, F. ?
(52) A. connectens, K. $ the last ten
both s. and c.p.
(53) Halictus cylindricus, K. ? s.
(54) Nomada ruficornis,
L. ? (^ s.
(55) N. signata, Jur. ?
(57)
(56) Eucera longicornis, L. (J s.
Apis mellifica, L. ^ s. and c.p., ab.
(32)

;

;

;

;

;

,

;

,

,

;

,

;

;

;

;

\

;

;

;

,

;

,

;

,

•

;

;

;

;

,

;

;

,

154.

COTON EASTER VULGARIS,

often grows on the

same rocks

to

Lindl.

— This plant

which a wasp

Fig IS.— Cotoneaster vulgaris, Lind
A.
B.
C.

in the

Alps

{Folistcs gallica)

.

— Flower, in slightly oblique side view.

—Ditto, from above.
— Ditto, in longitudinal section.

(x 7.
(From Roscgthal, Pontresina, June
«, nectary,

las

attached

its

stalked,

open

nest.

IS, 1879.)

The hemispherical calyx

of

with honey, which the petals arch over and protect, excluding a great many insects.
I have found the flowers
/isited solely by the above-mentioned wasp, whose head just fits
nto the flower.
Cross-fertilisation is insured by proterogyny in

fithe

flower

is filled

;

ibsence of insects, self-fertilisation occurs (609).
:

R
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[part hi.

Anielanchier vulgaris, Moench. (Aronia rotundifolia, Pers.).
This plant is imperfectly proterandrous. Of the three whorls of

stamens, the outermost dehisce, while the others are still bent inwards and shelter the immature stigmas. The inner anthers and

the stigmas are ripe together (609).

REVIEW OF THE ROSACEiE.
honey-yielding Rosacese the honey is secreted and
by an annular region {disk) of the inner wall of the receptacular tube, sometimes closely surrounding the pistil, somethis ridge shows all transitions
times shifted farther outwards
between abundant and evident drops of honey, a thin sweet
layer invisible to us but eagerly licked by insects, and, lastly,

In

all

carried

:

absolute barrenness.

The abundance

of insect-visits depends here, as elsewhere, on

the conspicuousness of the flowers and the amount of spoil they
furnish

;

and, similarly, the variety of insects which frequent the

flowers "depends on the accessibility of the spoil.

For instance,

the small, yellow, honej^less flowers of Agrimonia Eupatoria are
sparingly visited
collecting bees

;

by a few pollen-feeding Syrphidce and

pollen-

while the equally honeyless roses attract a very

numerous company of insects, which come for the sake of the
The effects of
and the delicate tissues of the flower.
conspicuousness are well illustrated by the Raspberry and the
Blackberry. The effect of diminished accessibility of the honey
in restricting the variety of insect-visitors is shown in the case
of Genm rivale ; the flowers of which remain half-closed, and,
though yielding abundant honey, are only visited by specially
long-tongued bees and flies [Bomhus and Bhingia)
the Raspberry and Blackberry may be contrasted to illustrate this point

pollen

:

also.

In RosaceaB whose honey lies concealed and which are fertilised
by a motley crowd of short-lipped insects, the flowers are for the
most part greenish-yellow, yellow, or white in colour; in Comarum
jjalusire, Potentilla atrosanguiiiea, and Savguisorha officinalis they are
dark-red or purple, probably owing to the influence of carrionfeeding

flies.

In Rosacese whose honey lies more deeply placed, which art
mainly fertilised by long-tongued bees, we find in part red coloursl

j

1
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(Amygdalus

Geum

genus

Cydonia japonica).

In this relation the
which is fertilised by
exhibits a red colour in which the influence of the

Fersica,
is

bees {G. rivale)
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interesting

primitive yellow

is still

;

for that species

evident.

Rosacese visited for the sake of their pollen have white flowers

when

their chief visitors are small, short-lipped insects (Spircca

S. Aruncus) but show a tendency to red when frequented
mainly by bees or Syrphidce (Rosa). In the whole order of Rosacese
no species seems to have acquired a violet or blue flower, nor to have
become adapted exclusively for fertilisation by Lepidoptera.

Ulmaria,

;

Orp.

SAXIFRAGACEJ':.

Tribe Saxifrageiv.

Dr. A. Engler^ has investigated thirty-eight species of Saxifraya
and found them to be all proterandrous with movement of the
stamens singly in succession towards the middle of the flower.
On the other hand, he found Bergenia (Saxifraya crassifolia, L.),
Mitella, L., ffeuchera, L., and Driimmondia, DC. (= Mitella 'pentiindra, Hook.) to be proterogynous without movement of the
stamens (221).
On species of Saxifraya flowering in the open air
he observed beetles [HaUiea, small Staphylinece) flies, and especially
,

He

])ees.

doubts Sprengel's interpretation of the so-called honey-

though present in some Saxifrages they
In plants whose honey varies between
fully exposed and hidden situations, such a fluctuation of the
guiding marks is very natural, and rather strengthens Sprengel's
guides (Saftmal), for

absent in others.

are

theory.

my

Alpenhlumen I have tried to prove that those species of
which have dotted petals show all transitions from mere
adornment by which insects are attracted to ornamentation which
In

l^axifraya

serves also as a

'*

pathfinder."

The proterandrous
L.,

are figured

flowers of S.

by Axell

a/izo'ides, L.,

and

S. oppositifolia,

(17).

Saxifraya sarmcntosa, L.

fil.,

has asymmetrical flowers (Todd,

722).

Of the numerous Alpine
and figured

thirteen.

All

species of Saxifraya, I have

show,

more

or

less

peculiarity that the anthers ripen one after another
^

"Monogvapliie der Gattinig Saxifraga,^'

p. 26.

examined

distinctly,
;

at the

Breslau, 1872.

R 2

the

same
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time they bend in towards the centre of the flower, but after
move outwards. This peculiarity was known

dehiscing they again
to Treviranus, but

On

(742).

was explained by him

the contrary

insect-visitors to

come

it

as aiding self-fertilisation

aids cross-fertilisation,

In most of the species of Saxifraga which
{S.

rotundifolia, L.,

=

L.

S. aspera, var.

S. stellaris, L.,

(B,

by causing the

in contact with the pollen-dusted anthers.

>S^.

S. aizo'ides, L., S.

I

have investigated

DC,

aspera,

Aizoon, Jacq.,

S.

bryoules,

>S^.

ccesia, L,,

Fig. 70.—Saxifraga Seguieri, Spreng.

A.— Flower, in

first

and sepals are

(female) stage, seen obliquely from above.

The stigmas are mature.

Antlicrs,

from their full size.
B.— Flower, at commencement of second (male)

petals,

still far

The stigmas are shrivelled at the tip,
stage.
the anthers are all still closed, {a! dehisced while the drawing was being made.)
Flower, at the beginning of the second half of the second (male) stage. The five outer
anthers are already empty of the five inner, a} has dehisced, and a' is in the act of dehiscing.
The stigmas are entirely shrivelled up.
D. A still older flower. Of the five inner anthers three are still covered with pollen, one is

C—

;

—

still closed.

E.— Section

of flower in second stage,

(x

7.)

stigma only ripens after
Engler thought that this was the case

S. exarata, Vill., S. stenopetala, Gaud.), the

the anthers have withered.
in all the species, but
L.,

>S^.

cppositifolia, L.,

and

also S. tridactylites,

a lowland species, are only feebly proterandrous in certain

and in others are feebly proterogynous and three species,
and S. Seguieri, Spr., I have
found to be everywhere distinctly proterogynous, only the first of the
three being able in case of need to fertilise itself.
As in dioecious entomophilous plants the male flowers are

localities,

S. androsacea, L., S. rmcscoides, Wulf.,

;

.
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usually larger and more conspicuous than the female, so in the

three distinctly proterogynous species of

Saxifraga, the flowers
while in their male stage are more than twice as large as they were

at

while in their female stage.

first

probable that
flowers

first,

many

As Sprengel

supposed,

insects are thus induced to visit the

and then, having dusted themselves with

proceed to the female flowers and

fertilise

it

is

male

pollen, to

The annexed

them.

may serve to show this distinction between the flowers in
male and female stages.
The honey is quite visible in the above-named species of
Saxifraga^ except S. oppositifolia.
Very various short-lipped
insects, but especially flies, serve therefore as fertilising agents.
To the selective influence of flies, therefore, the development of
figure

their

spots

—

white, dull-yellow, white with yellow or purple
mainly ascribed. In particular, the prettily dotted
rotundifolia and S. icmhrosa, L., seem to be due to the
of certain elegant and prettily coloured Syiyhidcc by which
especially visited and cross-fertilised {S. rotundifolia by
clunipes and Pelecccera sccevoides ; S. umhrosa by Ascia

the ordinary colours

—must be

petals of

>S'.

influence

they are

Sphegina

podagrica).
aizo'idcs, L., with its large golden flowers dotted with
the most conspicuous form, and attracts most insect-visitors.

Saxifraga
orange,

is

have found it to be visited by 1 26 species of insects (Coleoptera,
8; Diptera, 85; Hymenoptera, 20; Lepidoptera, 13). (609.)
The honey is most deeply placed in S. oppositifolia ; the flowers

I

and persistently visited by butterand are arrayed in carmine or purple, the favourite colour
most of these insects.^

of this species are diligently
flies

of

155.

Chrysosplenium alternifolium,

L.

—The

a great superficial likeness to the apical flowers
are visited

by a very similar

flowers have

of Adoxa,

and

set of tiny insects.

From the middle of the flower the two styles stretch, diverging
and bending outwards sHghtly, capped at the apex by the smooth,
capitate stigmas, and surrounded at the base by a broad, fleshy,
At
yellowish disk, secreting numerous minute drops of honey.
the edge of this disk the calyx, which coalesces below with the
expands horizontally into four broad rounded sepals, bright
and slightly recurved. There is no trace of petals. Between each pair of sepals, and also facing each one, there stands on
the edge of the disk a stamen, erect, and reaching as high as the
ovary,

yellow,

^

609, Figs. 26-38

;

in connection with S. umhrosa, see 604.

—

—
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which stand opposite the sepals,
All the stamens
dehisce on both sides, and flap open so widely that they are covered
almost all round and also above with pollen. The stigmas are
susceptible of fertilisation during the whole time of flowering.
A
number of such flowers, from Ave to upwards of a dozen, are closely
packed in an almost level cyme, and, together with the broad green
bracts that lie nearly in the same plane, form a conspicuous expanse
styles.

First the four outer ones,

ripen one after the other, and then the other four.

with a golden-yellow centre.

Numerous minute insects of different orders are attracted.
Most of them touch a stigma with one part of their body, and with
another one or more of the anthers and so cross-fertilisation is
promoted.
But self-fertilisation is not unfrequently induced by the
;

In default of

tiny guests that creep irregularly about the flower.

insect- visits, self-fertilisation can only take place in a perpendicular or nearly perpendicular position of the flowers

forty-six

;

fur only

upon the stigmas. On April 13, 1872,
insects upon flowers growing in the shade.

can pollen

fall

then

I collected

—

A. Diptera (a) Muscidte : (1) Five specimens of Sciomyza cinerella,
Fallen; (6) Shnulidm : (2) Simulia sp., three sj)ecimens (c) Cecidomyidce :
{d) Mycetophilidce : (4) Five specimens
(e) Chironomido' :
(3) Six specimens
B. Hymenoptera
(a) Formi(5) Three specimens, besides minute species.
cid(B :
eight specimens
(6) Lasius niger, L.
(7) Myrmica ruginodis,
^
^- ? (t)) two specimens
three specimens
(/>)
(8) M. Isevinodis, N. ^
Cynipidce : (9) Eucoila, Westw. (Cothonaspis, Hart.), one specimen. C. Coleoptera {a) Phalacridce : (10) Olibrus eeneus, F. one specimen {b) Lathridu :
(11) Corticaria gibbosa, Hbst., two specimens; (c) Curculionidce : (12) Apion
varipes, Germ., four specimens (13) A. onopordi, K., three specimens
all the
visitors were licking honey.
;

;

;

,

;

?

;

;

;

;

;

Also, I found small snails (young Sucmieoe)

upon many

either creeping about, or devouring the stigmas or anthers.

slimy matter
recognised

:

left

upon the

flowers,

In the

flowers, pollen-grains could as a rule be

in several cases I could distinctly see that pollen

was

placed upon a stigma by help of the snails.

Now

under some changed conditions, insect-visits altogether
would obviously be of advantage to the plant to have
cross- fertilisation promoted by the snails, at least on the supposition
that by new modifications the ravages of the snails should le
obviated.
This example may explain the origin of such a floral
arrangement as Delpino observed in Alocasia odora and Bhodea
japonica.
And so the doubt which I formerly published concerning
if,

failed, it

the truth of Delpino's theory

is

now removed.
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proterogynous with per-

sistent stigmas (yS).

156.

1868)

Bergenia (Saxifraga) crassifolia, L.
and Bomhus liortorum, L. ?,

hive-bees

honey on

this plant,

—

I

saw (April

4,

greedily sucking

and found pollen on the stigmas of several

flowers whose anthers were not yet open.

157.

Parnassia palustris,

L.

— Sprengel

described very fully

the structure of this plant, but remained in doubt not only as to

Fig. ^<).—Varna»*iaj>ahi»lr{!i, L.

— Flower,

from alxive, after removal of three sepals and four i^etals. The flower had just
opened. One stamen luis risen up and pla<^ed its anther on the centre of the pistil, whose stigmas
are not j'et mature
the anther is on the point of dehiscing, and will cover its upper surface with
A.

st'eu

;

pollen.

B.— Es-setitial

organs of a flower, in which four stamens have shed their pollen
covered with pollen, upon the pistil. The stigmas are not yet developed.
Essential organs of a flower in the second (female) condition. (A— C, x SJ.)
T).
A staminode, more magnified.

;

the

fifth lies,

C—

—

fertilise IS, but even whether it was diurnal or nocturnal.
Hildebrand has observed Hdophilusflorcus, L., upon its flowers.
The anthers before maturity lie close upon the conical ovary,
which rises up in the middle of the flower and overtops them
they ripen slowly one after the other, each in turn elongating till
it brings its anther immediately over the end of the pistil, and
then dehiscing on the upper surface. It afterwards bends outwards
and is succeeded by another, and finally, when all the anthers have
its

;

moved away, the stigma becomes developed.
The curious nectaries stand immediately opposite to the petals,
alternating with the stamens.
Each consists of a short, broad

dehisced and

peduncle, broadening above

into

a fleshy disk, which

secretes

—

—

;
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inner side, leaving

its

it

fully exposed. Above it gives off seven to eighteen yellow, knobbed,
glandular bodies, which surround the upper portion of the ovary
and are probably of service in making the nectaries more obvious

which alight in the middle of the flower.
These yellow knobs placed at the ends of the hairs look so
exceedingly like drops of fluid that it needs special examination

to flies

An

to convince one that they are perfectly dry.

observation of

my son Hermann's proves that even flies are deceived by this
appearance he observed from a very short distance a specimen
;

of Eristalis ncrnorum trying to lick these bodies for a long time,
it flew away on his coming closer.
have thus in Parnassia pahostris a very well-marked
example of a deceptive flower, which deludes the foolish flies by
displaying a multitude of conspicuous but sham drops of honey
and which, after thus alluring them, affords them indeed some
easily accessible honey, which repays their trouble but is quite
The
incommensurate "with the apparently bountiful display.
smaller flies generally travel round the flower, to reach all the
the larger ones rest in the middle of the flower for this
nectaries
purpose, and so dust their under sides with pollen in younger
flowers and accomplish cross-fertilisation on passing to older ones.

until at last

We

;

Visitors
(2)

:

ribesii, L.,

ab.

s.

pyrastri, L. ab.
(9)

8.

;

(5)

;

s.

Melithreptus

Mgn.,

: (1)
Eristalis nemoruin, L., s. ab.
Helophilus floreus, L., s. ab. (4) Syrphiis
balteatus, Deg., very ab., s.,' sometimes f.p.
(6) S.

A. Diptera

E. arbustonim, L.,

;

S.

s.

oleracea, L.

B.

Ichmumonidfc

(14)

;

:

scriptiis, L.,

;

;

(3)

;

Melanostoma mellina, L., s.
M. menthastri, L., s. (11) M. tajniatns,

S. excisiis, Zett,

(7)

(12) Syritta

caraaria, L.,

(a) Syrphidce

ab.

s.

s.

(10)

;

pipiens, L.,

PoUenia

Hymenoptera

Many

s.

(8)

;

;

ab.

vespillo,
(a)

;

s.

;

F.,

(6)

Muscidce

s.

(c)

;

Tenthredinidce

:

:

(13)

Tij)uUdce
(16)

:

Sarcophaga
Tipula

(15)

Tentliredo

sp.,

s.

;

Sphegidw : (18) Pompilus
viaticus, L.
C. Coleoptera— (20) Coccinella
(19) Gorytes campestris, L.
7-punctata, L.
A list of Alpine
(21) C. 14-pimctata, L., both very ab., 1 h.
visitors (including 43 Diptera) is given in No. 609.
{}))

:

(17)

small species,

s.

;

(c)

;

;

Tribe Hydrangece.
Philadclphits cormiarius, L.,

is

proterogynous.

When

the flower

opens the stigmas are already ripe, but the stamens still immature.
In weather favourable for insect-visits, it is easy to find flowers
whose anthers are still closed but whose stigmas are sprinkled
with pollen. The numerous anthers stand, both before and after
dehiscence, close round the stigma,
higher,

some lower

last

cover themselves

;

all

;

some on a

the outermost dehisce
all

level with
first,

round with pollen.

it,

some

the innermost

Honey

is

secreted

——
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by a white, fleshy disk on the upper surface of the ovary. Insectvisitors, collecting or feeding on pollen or thrusting their heads
down between the stamens towards the honey, can thus lead to
only in young flowers, but in old ones cross-

cross-fertilisation

and

fertilisation

In absence of
the stigmas

self-fertilisation are alike possible.

may

insects, self-fertilisation

stand partly in the line of

easily take

place, for

But the honey, only

of the pollen.

fall

hidden by the stamens, is accessible to so many insects, and the
white colour and strong scent are such powerful attractions, that in
fine weather insect-visits can seldom fail.
Tribe
158.

RiBES ALPINUM,

L.

Ribesiece.

—This species

presents

its

honey in a

shallower depression than "any of our other species of Ribes, so

Fxo. Sl.—Ribet alpinum, L.
1.

2.
3.

— Female flower, from above.
— Ditto, in section.
—^Male Hower, in section,

a',

that

it

rudimentary anthers

rudimentary stigma

st',

n, ncijtary,

;

and
Although

to very various insects,

easily accessible

is

;

sequently visited by the most manifold forms.

is

con-

I only

had an opportunity of watching a few plants in a hedge, I saw

upon

their flowers the following

A. Hyinenoptera
ab.

;

(2)

:

A. Gwynana, K. ^,s.

Schenck, 9

$,8.

Apidce

»

B.

merdaria, F.

Upon

s-

5

(5)

Diptera
;

(6)

:

Aiidrena albicans, K. $ c? s. and f.p., very
(3) A. nana, K. (J s.
(4) Halictus nitidus,

(1)
;

,

,

;

H- nitidiusculus, K. $ c.p.
(6) Spliecodes gibbus, L.
3Iuscid(e : (7) Scatophaga stercoraria, L.
(a)
S.
(8)

Syi-phidce

,

;

;

:

(9)

Syritta pipiens, L., all three ab.,

s.

abundance of insect-visits, which insures crossdepends the dioecism, evolved from a previous
hermaphroditism and still showing traces thereof, which would
of necessity be fatal in default of insect-visits.
The male flowers
are of scarcely larger size, but their greenish-yellow colour is
more conspicuous than the green female flowers.
The calyx
this

fertilisation,

almost alone plays the part of signal to the insects.

—
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and anthers are both

stigma

The anthers open on the
inner side, and are brought so close to the stigma by the convergence of the petals that an insect's head, when pushed into the
flower, must touch with one side the pollen-dusted face of one or
two anthers, and with the other, at the same time
alike ripe at the opening of the flowers.

or a

the slightly protruding stigma.

little before,

Since the bell-shaped calyx, whose floor secretes
honey, is 5 mm. deep, and the red tips of the
sepals

and the small white petals make the pendu-

lous flowers only slightly conspicuous, insect-visits

are not plentiful
FiG.

82.—Ribes nigrum,

.^'
«
^ ^
Lateral
view of flower.
,

have only seen the honey-

I

:

boo sucking at this spccies. It put its head only
once into each flower, and touched the stigma
now
o
'

^

on the upper side, now on the lower, sweeping
away pollen each time on the opposite side and so regularly accomplishing cross-fertilisation. As compensation for the paucity of
insect-visits, self-fertilisation

takes place regularly in

flowers, pollen falling of itself out of the anthers

unvisited

upon the recurved

margin of the stigma.

RiBES RUBRUAi, L., is likewise homogamic, but has much
more widely open, and more conspicuous flowers than
B. nigrtim, and more easily accessible honey. So it is more
abundantly visited by insects, and is cross-fertilised after the same
manner as B. nigrum but is self-fertilised less easily the flowers
are turned sideways, and self-fertilisation only takes place when
pollen falls upon the stigma from the anthers above it.
I have
seen the following insects upon the flowers
160.

flatter,

;

:

Hymenoptera—"(a) Apidce
(2)

9

,

A. Smithella, K.
s.

and

161.

c.p., ab.

;

(h)

^

,

s.

;

:

Andrena

(3)

fulva, Schrank,

A. nana, K. ^,

Tenthredinidce

:

(5)

s.

Nematus

;

(4)

9

s. and c.p., freq.
Apis melHfica, L.,
>

;

hortensis, Htg.,

—

RiBES

the flower opens

:

Grossularia, L. The anthers dehisce when
the styles have not as yet attained their full

length, nor have the stigmas developed their papillae.
flowers mostly

s.

Since the

hang down perpendicularly and the stamens stand

around, and on a level with, the stigmas, self-fertilisation can as a
rule not take place, even in default of insect-visits.

proterandry, points to

more numerous

This, like the

than the former
species receives
and these really take place, induced by the large
recurved sepals, the large, perpendicular, downward-pointing petals,
and the easily accessible honey.
;

insect-visits

—

—
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Visitors: A.

Hymeuoptera

B. pi-atorum, L.

(2)

$

Apidte

(in Stroinberg),

:

(1)

251

Boijibus terrestris, L. $ freq.
(3) B. Scrinisliiranus, K. $

very ab.

,

;

;

;

Andrena nitida, K. ^ all sucking
(7) A. Gwynana, K. (^ ?
(8) A. fulva, Schrank,
(6) A. albicans, K. ^^
9 the last three both s. and f.p. (9) Halictus rubicundus, Chr. 9 s. B.
Diptera (a) Muscidm : (10) Scatophaga stercoraria, L., s.
(11) Calliphora
rythrocephala, Mgn., s.
{b) Syrphidce: (12) Erlstalis aeneus, L., s. and f.p.
The insect- visitors cause cross-fertilisation in the
(13) Syritta pipiens, L., do.
same way as in R. nigrum. See also No. 590, i.
Apis

(4)

mellifica, L.

^
$

,

very ab.

(5)

;

,

;

;

;

,

,

;

;

i

;

;

—

The calyx-tube is 3 mm. deep the
form a tube more than 5 mm. deep. As a rule, therethe honey is obtained and the flowers fertilised by bees only,

Eibes sanguineum, Pursh.

;

erect petals
fore,

especially the hive-bee.

—

Bihes aureum, Pursh.
The calyx-tube is 10 to 11 mm. deep,
and the erect petals add 3 mm. more to its depth. The honey is
only accessible to very long-tongued bees, and the flowers have been
found by Delpino in Italy and by me in Lippstadt to be visited
only hj Anthophora piliijes, ? whose proboscis is the longest among
our native bees (20 mm.). In the two last species the flowers
persist a long time after the reproductive organs are withered, aud
even become more conspicuous, since the petals in R. sanguineum
change from white to pink, and those of R. aureum from bright
yellow to carmine.
By this peculiarity, not only is the power of
attracting insects increased, but the more intelligent fertilising
agents are told at the first glance which flowers contain no more
treasure for them, the result being that they visit and fertilise more
flowers in the same time (590, I.). The same kind of colour-change
occurs in several species of Fuchsia and Lantana, in Diervilla
Weigelict) rosea, Melampyruyn pratense, L., Fumaria capreolata, var.
(
pallidijlora, Jord., and others (575).
,

Ribes

petra;.tini,

terogynous

homogamic

(665);

Wulf.,

is,

according to

according

my own

to

Ricca,

slightly

observations

proit

is

(609).

Ord.

CRASSULACEJi:.
is proterandrous, and has hangDelpino supposes humming-birds

Bryophylliim calycinuw, Salisb.,
ing,

to

tubular flowers, rich in honey.

be the
162.

fertilisers,

Sedum

despite the pale greenish colour (177).

acre,

L.

rendered conspicuous on

— Although
the

bare

the

spots

plant

where

is

it

small,

it

is

grows by

its
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The flowers secrete
yellow flowers, and dense tufted habit.
honey from five yellowish scales at the base of the flower, lying
The honey is accessible to
between the anthers and carpels.
insects with very short tongues, and the flowers are visited by
numerous species of different orders. Cross-fertilisation for the
most part takes place. For when the flowers open, and their
petals spread fully out into a five-rayed star, the five stamens
which alternate with the petals and which stand erect round the
middle of the flower now dehisce while the five others which are
inclined outwards with the petals remain closed
the stigmas are
still quite immature.
As the first five stamens wither, the others
rise up towards the centre and open
very soon, even before this
])right

;

:

;

Fig.

,

83.— Sedum

—Flower, in
stage,
sepals p, petals
inner anthers, opposite the petals n, nectaries
Apex
in
—
of a style,
stage.

J.

first

s,

;

;

2.

;

;

acre, L.

a^, outer anthers,
ov, ovaries.

alternating with the petals

:

first

8.—Ditto,

in second stage, after all the anthers

have dehisced.

second ring of stamens withers, the stigmas ripen.

which in sunny weather never

insect-visits

wholly, or in great part,
of being fertilised.

If,

fail,

By

sufficient

the pollen

is

removed before the stigmas are capable
however, in dull, windy weather, insect-

the anthers remain stored with pollen until the
ripening of the stigmas, and self-fertilisation becomes possible.

visits are lacking,
full

Since the flowers are small compared with the insects, the latter
touch both stamens and stigmas whether they alight in the centre
of the flower or creep inwards from the edge.
Visitors

:

A.

Hymenoptera— (a)

Cilissa tricincta, K.

9

;

(3)

Andrena

Apidce

:

(1)

cingulata, K.

Bombus
9

;

(4)

Kajellus, K.

^

;

A. parvula, K. 9

(2)
(^,
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(5) Spliecodes gibbiis, L. 9 freq. ; (6) Nomada ferruginata, K. $ ; (7)
(9) Pr. brevicornis,
Prosopis armillata, Nyl. 9 ab.
(8) Pr. variegata, F. ^
Nyl. ^ ; (10) Megacliile circumcincta, K. $ all sucking (1 1) M. centunciilaris,
{b) Sphegidw : (12) Ammophila sabulosa, L.
(13) Oxybelus
L. 9, c.p.
,

ill).

;

,

;

;

,

;

;

;

—

iiiiiglumis, L., ab.,

both sucking.

B. Diptera

tcnax, L.,

Muscidm

Pyrellia penea, Zett,

163.

f.p.

{b)

;

Sedum reflexum,

flowers, is in like

saw upon

I
(2)

(15)

:

its

manner

flowers

:

L.,

given in No. 590,

Sedum album,

L.

Syrphidoe

(14)

:

Eristalis

s.

with a similar arrangement of

by

visited

its

insects of various orders.

K. ^ (Apido'), sucking
both sucking and eating pollen, A further

(1) Megacliile maritiraa,

Eristalis tenax, L. (Syiphid^),

list is

(a)

;

i.

— This

species

is

so decidedly proterandrous,

that spontaneous self-fertilisation as a rule can scarcely result even
in default of insect-visits.

I have found the plant visited abun-

dantly by insects, both on the granite of Luisenberg in the Fichtelgebirge (590,
164.
first

I.)

and in the subalpine region of the Alps

Sedum Telephium,

L.

—The

stamens dehisce

(690).
introrsely,

the five alternating with the petals, and then the inner series,

and at once cover themselves

Fifj.
1.

all

round with pollen.

S4.— Sedum

The

stigmatic

Telephiiivi, L.

—Flower, from above.

2.— Ditto,

after

removal of the

pistil, to

show

tlie five

nectaries.

develop upon the pointed ends of the styles, after the last
stamens have withered. Since the petals and stamens are spread
out as widely as the adjacent flowers permit, self-fertilisation does

papillae

not take place in default of insect-visits, even
are

still

when

the anthers

stored with pollen at the ripening of the stigmas.

The honey-glands

are at the points of long scales hidden under

the ovaries, at the bases of the petals.

Insects which creep oyer

—
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the closely packed flowers, to suck honey or gather pollen, come at

once in contact with the stamens or stigmas of

many

flowers, and,

as a rule accomplish cross-fertilisation by help of the proterandrous

condition

:

old flowers alone,

which retain some pollen upon their

stamens when the stigmas are ripe, are liable to self-fertilisation.
In spite of the smaller flowers and more hidden honey, this
species can dispense with the possibility of self-fertilisation, since
the close association of many flowers insures insect-visits and consequent distribution of pollen more completely than is the case
Although I only once watched the flowers of
in Sedum acre.
Sedum Telephium (August 16, 1869) in sunny weather I saw the
following insects visit

it

:

A. Hymenoptera— (a) Apidce ; (1) Bombus (Apathus) campestris, Pz. ^
B. sil varum, L. $ ^ freq.
(3) B. agrorum, F. ^ these three sucking
B. lapidarius, L. ^ c.p.
s.
(b) Tenthre(5) Halictus zonulus, Sm. ?

;

(2)

,

(4)

,

;

,

;

,

;

Allantus notha, Kl.
Echinomyia magnicornis, Zett., s.

dinidcB

:

(6)

Sedum atratum,

L.,

is,

(Tekl.

B.

B.).

;

Diptera— MmsciWab

;

(7)

according to Ricca, proterogynous with

stigmas (665).
I have found it, however, on the
Alps to be likewise proterogynous, but liable to regular and even
short-lived

early spontaneous self-fertilisation,
as the plant is

but

little visited

Sedicrn repens, Schleich.

by

which

— This species

the Alps, and in the absence of insects

but

its

flowers are rather conspicuous

need for self-fertilisation
atratum (609).

so that the

case of S.

THE COLOUR AND

SIZE OF

is

probably indispensable,

insects (609).

it

also is proterogynous

on

likewise fertilises itself;

and more
is less

visited

by

insects,

urgent than in the

THE FLOWER IN CRASSULACE^.

The colour of the flower in Crassulacese depends closely upon
the adaptation of the flower to a narrow or wide circle of visitors.
In the species of Sedum, whose honey

is still quite visible and
most short-lipped insects, the flowers are greenishyellow, yellow, or white
in Sempervivum Funkii, Braun., S.
montanum, L., S. arach7ioideum, L., and S. tectorum, L., whose
honey lies hidden, and which I have seen visited on the Alps by a
miscellaneous company of bees, Lepidoptera, and long-tongued flies,
the flowers are purple; in Sempervivum Wulfenii, Hopp., whose
honey is still more concealed, the flowers, which are chiefly visited

accessible to the

;

:
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by humble-bees, are sulphur-yellow, and only remain purple at the
I say only reinain purple at the base, because this colouring
base.
is now useless, and seems only explicable as a remnant inherited

from purple-flowered ancestors. The sulphur-yellow colour of
Sempervivicm Wulfenii seems not to stand on the same rank as the
yellow colour of some Sedums; but rather to have been developed
from a purple colour by the selective influence of humble-bees.
In connection with the size of the flower, we see in many

number of the parts increased or decreased
Sedum from 5 to 7, in Sempervivum arachnoideum
S. montanum to 9
12, in S, Funlcii to 10
13, in S.

Crassulacese the

increased in
to 9

—

11, in

fcdorum to
Bulliarda,

11

DC,

—

—

13,

Wulfenii to

in S.

13

— 16;

—

decreased in

to 4, in Tillcca, L., to 3 (609).

DROSERACEjE.

Ord.

Drosera, L., occurs with cleistogamic flowers (169).

Ord.
Callitrickc veima, L.

Axell (17).

—The

proterogynous flowers are figured by

Axell considers them to be anemophilous

upon the submerged

looks

HALORAGEuE.

flowers as hydrophilous,

;

Ludwig

and the others

entomophilous (435).
Myriophylhtm spicatum is anemophilous, and M. verticillatum is
partly anemophilous and partly hydrophilous, according to Ludwig

as

(435).

COMBRETACEM.

Ord.
Comhretitm, L.,

is

South Brazil (Fritz
that

it is

very diligently visited by humming-birds in

Miiller, 359).

also frequented

Ord.
Heeria,

by

My brother

informs

me

by

letter

butterflies {Callidryas).

MELASTOMACEM.

Schlecht., has

two kinds

of

stamens, one serving,

apparently, to attract the fertilising-agents, and the other supplying

the pollen for cross-fertilisation (606).

Ord.

LYTHRARIEjE:

—

165. Lythrum Salicarta, L.
This plant has acquired, through
Darwin's numerous and laborious experiments (158), so important

—
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a place in the question of the origin of species, that its fertilisation
by insects in tlie wild state also deserves our special attention. I
shall recapitulate first the peculiarities of its flower,

next the results

of Darwin's experiments, and finally the insect-visitors that I have

observed.

The

flowers,

which are

set in close whorls

on a long spike, are

almost regular, usually hexamerous but sometimes pentamerous,

both forms occumng on the same spike they have lost something
of their regularity by standing not quite horizontally but directed
slightly upwards.
Of the five or six petals which are inserted on
;

the edge of the cylindrical calyx-tube, 5 to 7

lower (outer) are usually a

FiQ. 85.

1.— Long-styled flower from above,
2.— Mid-styled flower, ditto.
3.

after

mm.

long, the three

longer than the two or three

little

Lythrum

Salicaria, L.

removal of one-third of the calyx,

corolla,

and stamens.

—Short-styled flower, ditto,
a,
b,

long anthers or stigma; the stigma in Fig. 1, the anthers in 2 and 3 are coated with
green pollen.
mid-sized ditto the stigma in Fig. 2, the anthers in 1 and 3 are coated with yellow
;

pollen.

short ditto ; the stigma in Fig. 3, the anthers in 1 and 2 are coated with yellow pollen.
d, honey.
4.— Mid-styled flower, viewed obliquely from above and from the right side.
c,

upper ones; the former are 7 to 11 mm. long, the latter 6 to 10 mm.
the flower is fully expanded, as, owing to the crowded
arrangement, it seldom is, the upper petals stand vertically while
the lower project obhquely forward and the latter form, therefore,
a rudimentary platform for insects.
The irregularity in position of
the stamens and pistil is of more importance they all occupy the

When

;

;

inferior (outer) part of the tube, so that insects

cannot reach the
base of the flower between them, but only above them and their
ends are bent upwards, so that the ventral surface of the insect
;

must come in contact both with anthers and stigma. Honey is
secreted by the fleshy base of the flower, and surrounds the short

—
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the space between

it and the sides of the
by the crimson spikes
of flowers, and are guided on their way to the honey by the dark
red colour of the inner surface of the calyx and by the dark lines

stalk of the ovary

and

fills

Insects are attracted from a distance

tube.

These insects are caused to perform

in the middle of each petal.

by the trimorphism of the

regular cross-fertilisation

flowers,

which

forms the most remarkable feature of the plant.
In each flower the reproductive organs, which consist of one

and two whorls of stamens, of
lengths

;

pistil

five or six each, are of three different

the shortest are inclosed in the calyx- tube, the intermediate

ones project 3 to 4 mm., and the longest 6 to 8
either the style or one or other whorl of stamens

mm. beyond it, and
may be the longest.

All the flowers on any one plant are of the same kind, and the three

forms are designated by Darwin, the Long-styled, Mid -styled, and
Short-styled.

Both pollen-grains and stigmatic

papillae

according to the length of the organs which bear them.

when dry, and swell
The poUen-grains of the

differ

All the

pollen-grains are elliptical

into a spherical form

when moistened.

longest stamens are

green, those from the middle-sized and shortest stamens are yellow.

The

pollen-grains vary in size also according to the length of the

stamen that they come from, and there is even a slight difference
in size between pollen-grains from stamens of the same length but
belonging to flowers of different kinds.
these differences

The

following table exhibits

:

Size of dry pollen-grains

Form

of flower.

Long-styled
Long-styled
Mid-styled
Mid-styled
Short-styled
Short-styled

Relative length of
stamens.

in„if-

Length.

Breadth.

4-4^
3^-4
6-7
3i-4
6—8
4—5

Long

.

.

.

7^-8^
7-7i
9—10

Short

.

.

.

6—7

Long

.

.

.

10—11

Intermediate
Short
.

.

.

Intermediate

mm.

7—8

Diameter of
Colour of
moist
pollen-grains pollen-grains.
in 5^5 mtn.

7-7i

6— 6^
9—10
6

H—ioh
7-7h

Yellow.
Yellow.
Green.
Yellow.

1

Green.
Yellow.

So the longest stamens have the largest pollen -grains, and the
shortest the smallest.

The pollen-grains of the long stamens differ more from those of
the middle-sized and short stamens than these from each other.
The stigmatic papillae in the long-styled forms are considerably
longer and have their free ends farther apart than those in the
mid-styled and short-styled forms, which in this respect also do not
s

—
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In all these forms the stigmatic
papillae consist of long cells, whose ends are cut off as round or
In the long-styled flowers these
elliptical knobs by a narrow neck.
cells are */^° mm. long, and as the part below the constriction is
about twice as thick as the knob above, these knobs stand at a
In
distance from each other equal at least to their own diameter.
^-^
the
mm.,
in
are
only
and
papillae
the mid-styled form these
short-styled %%^^ mm. long and in both, the knobs stand very near
together, since the part of the cell below the constriction is little
so

dififer

much from each

other.

|

|

j

(

j

;

thicker than that above.

Now

it

was Darwin's great service

to prove

by a long series of patient experiments, that in
reproductive organs,

when

beyond question,

Ly thrum

Salicaria

of different length, behave to one another

same genus

like different species of the

in regard both to direct

productiveness and the character of the offspring; and that con-

sequently mutual barrenness, which was once thought conclusive
is worthless as such, and the last
was raised between species and varieties is broken

proof of difference of species,
barrier that

down.

Now

of the eighteen possible

ways of

fertilisation,

—applying

the six different kinds of pollen to the three kinds of stigmas,
those

only are fully productive in which a stigma receives

six

pollen from a stamen of equal height.

The

probability that the

large pollen-grains from the long stamens are only suited to the
long, widely separate papillae

other cases)
adaptation,
intelligible

is

it is

styles (and so forth in the

But such an

such a differentiation of the sexual parts, is only
if it can be shown that under natural conditions insect-

fertilisation causes

and

on the long

thus fully confirmed by experiment.

the distribution of pollen to the proper stigmas;

clearly proved

The honey

of

by observation that

Lythrum

this is so.

Salicaria, inclosed at the base of a tube

mm. long, is accessible (1) to insects which have a proboscis
mm. long and (2), since the entrance to the tube is 2| to
mm. wide, to insects whose head is small enough to be thrust

5 to 7

5 to 7

3

;

partly or entirely into the tube

creep

down

;

and

(3) to insects

small enough to

to the base of the flower.

Almost every

insect, whose body along with its proboscis is at
12 to 15 mm. long, must in sucking the honey touch the
shortest organs with its proboscis, or, if this is less than 5 to 7 mm.
long, with the under side of its head the next series with a part of

least

;

its

ventral surface 4 to 5

with another part of

its

mm.

further back, and the third series

ventral surface the

same distance behind

f
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the three kinds of stigmas will tend in time to

receive pollen from stamens of their

own

length.

If the middle-

and longest organs were also inclosed within the tube, the
proboscis or head of the insect in passing down would come in
contact with all, one after the other, and cross-fertilisation could not
sized

be nearly so well restricted to its proper lines. In point of fact, the
insect alighting on the middle-sized and longest organs never has
occasion to touch these with its proboscis or the fore-part of its

come in contact with the
the posterior part of the ventral surface
which has been in contact with the longest organs, ever brought
ventral surface, the parts that are to

shortest organs

nor

;

is

forward during the process of sucking to touch the intermediate
ones.
So that, as a rule, " legitimate crossing " only is performed.

In the action just described, which leads regularly to legitimate
and middle-sized bees and the larger flies

crossing, only the larger

take part.
melanura, Nyl, ^ and ? wherever Lythrum
honey and gathering pollen, and almost confining
itself to this one plant. (Since its proboscis is only 3
4 mm. long, it must thrust
a great part of its head, which is 2 3 mm. broad, into the tube it then touches
the shortest reproductive organs with the under surface of its head, the next
with the ventral surface of its thorax, and the longest with the ventral surface
I

have observed

:

(1) Cilissa

»

Salicaria grows, both sucking

—

—

of

its

must

abdomen

;

:

so that its dimensions suit the flower, just as well as the flower

it.
I have only
found one exception to this exclusiveness, for I once found a male of Cilissa
melanura sucking honey on Thrincia hirta, D.C.)
(2) Saropoda rotundata, Pz.
? (^, frequently (body without proboscis 10 11 mm., proboscis 9 mm. long)
13 mm., proboscis 6 mm,
(3) Apis mellifica, L. ^ (body without proboscis 11
long)
9 mm. ); (5)
(4) Bombus terrestris, L, ^ (body 12—16 mm., proboscis 7
B. agrorum, F. $ (body 10
13 mm., proboscis 9 11 mm.)
(6) B. silvarum,
L. $ (body 10
12 mm., proboscis 10 12 mm.). All the humble-bees were
frequent, and, like Nos. 2 and 3, sucking honey only
(7) Megacliile centuncularis, L. (^ (body 10 mm., proboscis 6
7 mm.), also sucking honey.
The
last six species, as the annexed measurements show, have all tongues long
enough to reach the honey by thrusting in the tongue alone they all therefore
touched the shortest organs with their tongues, the next series with the lower
surface of the head, and the longest with a part of the ventral surface of the
body 4 5 mm. further back. The hive-bee must, in full-sized flowers, have
thrust the extremity of its head 1 mm. deep into the calyx-tube.
Besides these bees, which deserve to be placed in the first rank as legitimate
fertilisers, the Loosestrife is visited by a number of long-tongued flies, especially
Rhingia rostrata. This fly, standing on one or more of the petals, after gently
rubbing its forefeet together, and brushing its tongue and head with them,

suit

for the insect to confine its visits so exclusively to

it,

—

;

—

—

—

—

;

;

—
—

—

;

;

;

—

f^tretches its

proboscis out to a length of 11

the flower, letting

withdrawing

it

it

remain there from

from the tube,

it

— 12 mm., and thrusts

six to ten seconds.

it

down

Immediately

into
after

usually manipulates one of the anthers with
S 2

its

—

—

:
;
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a short time (one to two seconds) in order to add to the liquid
non-nitrogenous food some solid nitrogenous matter in the shape of pollenIn inserting its proboscis into the tube, the conical prolongation of
grains.
the head comes in contact with the middle-sized reproductive organs, while the

labellffi for

proboscis itself touches the shortest the longest organs come at times in contact
with the ventral surface of the fly, but very often fail to do so ; and so this fly,
as a rule, only performs two-thirds of the legitimate work of fertilisation.
;

other Syrphidse, Helophilus pendulus, L., and H. trivittatus, F. (proboscis
upon the longest reproductive organs, and fertilise all
Q
three kinds of flowers legitimately ; so also does Volucella plumata, L., whose

Two

7 nim, long), alight

proboscis

is

7

— 8 mm. long.

Several smaller Syrphidse, whose proboscis

too

is

short to reach the honey, viz. Syritta pipiens, L. (proboscis 3 mm.), Syrphus
balteatus, Deg. (2 mm.), and Melithreptus taeniatus, Mgn., feed on the pollen,

but they are as likely to
to carry to the stigmas
perform illegitimate as legitimate fertilisation. The same holds good of Halictus
cylindricus, F. ? which has likewise too short a proboscis to reach the honey,
and only collects pollen on this flower and also of some very small insects,

which they may chance

;

,

;

Nanophyes lythri, F., Meligethes, and Thrips, which creep down into the tube,
and of a species of Capsus which runs about indiscriminately on the leaves and
on the flowers of the plant.
butterflies also, Rhodocera rhamni, L., and Pieris rapse, L., are to be
seen rather abundantly on the flowers of the Loosestrife. The butterfly, sitting
upon one flower, thrusts its proboscis (15 mm. long) into the next it thus
touches the shortest organs regularly with its proboscis, but seldom the middlesized ones, and the longest scarcely ever, but the middle-sized and longest
organs of the flower on which it is seated come in contact with the ventral

also

Two

;

surface of

its

body.

those insect- visitors which regularly accomplish crossforms are marked with (!) those which as a rule only
and
effect one or two forms of crossing are printed without special mark
those which only occasionally fertilise the plant, and perform illegitimate

In the following

list,

fertilisation in its three

;

;

as often as legitimate fertilisation, are placed in parentheses.

(2)

(4)
(7)
(9)

L.,

A. Hymenoptera Apidce
Saropoda rotundata, Pz.

(!) Cilissa

:

^ ^

melanura, Nyl.

not rare

Apis

(^

?

and

s.

!

c.p., ab.

mellifica, L.

;

^ s.
s.
s.
B. terrestris, L. IJ s.
(5) B. agrorum, F. ^
(6) B. sil varum, L. ^
Megachile centuncularis, L. (^ s.
(8) (Halictus minutissimus, K. $ s.)
(H. cylindricus, F. $ c.p.). B. Diptera Syrphidce : (10) Rhingia rostrata,
s.
8. and c.p.
(11) Helophilus pendulus, L.
(12) H. trivittatus, F. s.
!

(3)

;

!

;

!

!

;

!

;

;

,

;

,

!

;

(13) Volucella

plumata, L.

balteatus, Deg., f.p.)

— Rhopalocera:
D. Coleoptera —
(20)

s.,

\

;

(a)

is

;

;

(Syrphus
C. Lepidoptera
(15)

(16) (Melithreptus tseniatus, Mgn., f.p.).
Rhodocera rhamni, L., s., ab. (18) Pieris rapae, L., s., ab.
Curculionidce : (19) (Nanophyes lythri, F.)
(b) Nitidulidce
;

:

E.

Thysanoptera— (21)

(Thrips).

F.

Hemiptera— (22)

11.

Graefferi, Ten.,

thymifolia, L.,

1

;

(14) (Syritta pipiens, L., f.p.)

;

See also No. 590,

Lythrum

s.

(17)

(Meligethes).

(Capsus).

!

is,

like L. Salicaria, trimorphic

;

L.

dimorphic, and L. hyssopifolia, L., homomorphic

(Darwin, No, 154).
Besides Lythrum, Nescea, Commers., and Lagerstrcemia,

L.,

have
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Femphis, Forst., has dimorphic species (Kuhii,
No. 399, Darwin, No. 167, 2nd ed.). Koehne mentions twenty-one
heterostylic and 340 homostylic species of Lythrum ; according to
him, L. thymifolia is not heterostylic (394).
Femphis acidula,
Forst., and some species of Rotala^ L., and Nescea are clearly
lieterostylic and dimorphic.
trimorphic species

Ammannia
Cuphea

;

has cleistogamic flowers (394).

latifolia, L.,

silenoidcs,

Lindl., according

to

Nees, C. Jloribunda, Lehm., and C. Melvilla
Treviranus,

themselves before the

fertilise

flower opens (742).

ONAGRARIE.E.

Obd.

Epilobium angustifolium,

166.

L.

—The

markedly proter-

who noticed
The bright crimson racemes, a foot
The honey is secreted by the green,

androus flower was thoroughly discussed by Sprengel,

humble-bees as

its fertilisers.

long, are very conspicuous.

upper surface of the ovary, and is easily accessible to insects
and yet well sheltered from rain. The expanded lower ends of the
filaments form a hollow cone, which incloses the base of the style
and the surrounding honey where the style issues at the apex of
fleshy,

;

this cone, hairs

upon the

style prevent the entrance of raindrops,

gain access between the filaments.
In young flowers the stamens, covered above with pollen, project

Avhile insects easily

forwards as an alighting-place for insects, while the style

still

is

and bent downwards, with its stigmas folded together in older
flowers, the empty stamens are bent downwards, and the style,
greatly increased in length, projects forwards with its four stigmas
outspread and recurved.
Alighting, sucking, and pollen-collecting
short

;

made

are thus all

insured,

and

easy, cross-fertilisation in case of insects-visits is

suflicient insect- visits are
size,

rendered impossible. In fine weather,
always insured by the conspicuous colour,

self-fertilisation

and grouping of the

Visitors

:

and by the abundance and
and honey.

flowers,

accessible position of the pollen

A. Hynienoptera— (a) Apidce

:

(1)

Apis

mellifica, L.

^

,

s.,

very

W

'^*
Boriibus lapidarius, L. $ ^ ; (3) B. pratorum, L. ^ ^ S
terrestris, L. ? ^ (^
all ab., s.
(5) B. confusus, Schenck, ?
(6) B. agrorum,
F- ? ? (? very ab., s. ; (7) B. (Apathus) campestris, Pz. ^ s.
(8) Sphecodes

ab.

;

(2)

'>

,

;

;

»

,

;

Nomada

Roberjeotiana, Pz. $, s. ; (10) N. Jacobaeae,
Pz. (^, s.
(h) Sp'hegid(B: (11) Cerceris nasuta, Latr.
(12) Crabro alatus, Pz. ;
(c) Tenthredimdce : (14) Tenthredo scrophularise,
(13) Ammoplnla sabulosa, L.
L., all sucking.
B. Diptera— (a) Empidce : (15) Empis rustica, Fallen,-

gibbus, L.

?,

s.

;

(9)

;

;

;

^

Fide Bentham and Hooker, Genera Plantarit/m,

i.

p. 776.

THE EERTILISATION OF FLOWEES.

262

(16) E, livida, L.,

both sucking, abundant;
:
(18) Ino statices,

D. LeiMo^t<iTA— Sphinges

(17)
L.,

s.

PART

III.

Syrplius ribesii, L.,

f.p.

See also No. 590,

and

11.,

No. 609.

Epilohium Fleischeri, Hochst. {£!. denticulatum, Ulender), is
by numerous humble-bees. It is sometimes homogamic,
sometimes proterandrous, sometimes proterogynous, and the short
Crossstyle always occupies the same position below the stamens.
fertilisation is generally insured, but self-fertihsation is not quite

visited

excluded (No. 609,

fig.

82).

Insect-visitors of E. Dodoncei,

and E. montanuin, L.

(E. collinum,

Vill.,

E.

origanifoliuiii,

Lam.,

GmeL), are enumerated in Die

AlpenUuraen.

—

In regard to the
167. Epilobium parviflorum, Schreber.
power of attracting insects and the possibility of self-fertilisation,
two species of the same genus could scarcely stand in greater

Fig.

^Q.—Epilobium parvifiorum, Schreber,

Flower, in side view, the greater part of the calyx and ovary and the two anterior petals haviagi
been removed.
at, Btiguia
a}, longer stamens
a^, shorter ditto.
;

;

contrast to each other than Epilohimn parviflorum and E. angustifulium

;

for the solitary, pale -red flowers of the

easily overlooked

honey

former species are
even by the practised eye, and generally expose

no purpose, receiving insect-visits only exceptionally.
a regular occurrence.
The honey is secreted by the upper surface of the ovary and
lodged round the base of the style it is sheltered from rain not
80 much by the stamens as by a ring of hairs projecting inwardf
from the petals. Stamens and stigmas ripen together. The fouif

their

Accordingly

to

self-fertilisation is

;
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shorter stamens are set apart for cross-fertilisation, as they stand
below the stigmas and are touched without fail by honey-seeking
The stigmas, standing in the centre of the narrow flower,
insects.
must be touched first by an insect-visitor. The four longer stamens
are concerned in self-fertilisation, and stand close round the stigmas,
which are provided with long stigmatic papillse on their outer as
well as on their inner sides.
We must suppose that in case of
insect-visits the pollen brought from without predominates in its
action over the pollen belonging to the flower. In spite of frequent
watching, I have only observed Fieris rapce and a Meligethes sucking
honey on this plant.

168.

Epilobium origanifolium, Lam.

comparable in

many

small, tubular,

—This Alpine species

respects to E. parviflorum.

and inconspicuous

;

the style

is

The

unbranched, and

The

stigmatic papillse form a uniform covering for its upper end.

stigma

is

fully ripe

maturity a

is

flowers are

on the opening of the flower, the stamens reach

little later.

fertilisation regularly,

The upper whorl

of stamens performs self-

while the lower whorl provides for occasional

Argynnis Pales was observed sucking several flowers.
Epilobium hirsutum, L. The flowers of this species, whose
rosy corolla expands to a diameter of 25 to .30 mm., are, taken

crossing.

—

Fia. 87.— E2)ilobium hirsiituvi, L.

more conspicuous than those of E. angustifolium ; but
rendered the more conspicuous of the two by the
I have had no opportunity
aggregation of more numerous flowers.

singly, still

the latter

is

of watching E. hirsiUum in the right places at the right time

from the arrangement of
appearance,

it

is

its flowers,

probable

that

;

but

as well as from its less striking
its

insect-visitors

are

not so

—

—
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For while in the latter
dichogamy and the change in position of the reproductive organs have quite excluded self-fertilisation,
as those of E. angustifolium.

numerous

species distinct proterandrous

remains possible in E. hirsutuin. The stigmas here ripen
cross-fertilisation is insured in
simultaneously with the anthers
case of insect -visits by the more prominent position of the stigmas

it

:

but in absence of insects the stigmas curl backwards, and come in
contact with the pollen of the longer stamens.
Epilohium alpinum, L., produces seed by self-fertilisation in
the absence of insects (Axell, No. 17).

A review of

the foregoing species of EpiloMurn brings us to the

result that a comparison

of the Geraniums, Polygonums,
and confirms the view that no general
deduction for a whole genus can be drawn from the floral mechanism
of a single species, but that each new species must be investigated
When Delpino (175 a) characterised the genus Epilobium
afresh.
as dichogamic and fertilised exclusively by bees, this description
may perhaps have been true of some particular species that I am

same

Alsinece, etc., leads us to,

unacquainted with; but

it

certainly cannot be sustained for the

whole genus.

(Enothera biennis,

169.

L.

— The structure of this

way

was
most

flower

minutely explained by Sprengel. The flower opens and
strongly odorous in the evening, and seems to have adapted

is

itself in

and nocturnal Lepidoptera. But not only
is the pollen exposed to bees and flies, as in the nocturnal flowers
hitherto described, but the honey also is accessible to long-tongued
bees.
The colour of the flower is not white, as most nocturnal
flowers are, but bright yellow, and the flower remains open or
partially open during the day
so that it is probably more correct
to look upon the flower as adapted simultaneously for bees and
this

to crepuscular

;

nocturnal Lepidoptera.
Visitors
A. Lepidoptera Sphinges : (1) Macroglossa stellatarum, L.,
towards evening, sucking without settling on the flower. This species was
probably observed by Sprengel also (No. 702, p. 221). B. H}Tnenoptera Apida; :
:

Bombus

9 (3) B. silvarum, L. ? (4) B. agrorura, F. $
Apis mellifica, L. ^ a. and c.p. (6) Colletes Davieseana,
K. 9 c.p. ; (7) Panurgus calcaratus, Scop. ? ^ dusting itself with the pollen.
C^^JiiptieT&^Syrphidce : (8) Eristalis tenax, L.
(9) E. arbustorum, L. ; (10)
E. nemorum, L. all three feeding on pollen, very abundant.

(2)

all three

lapidarlus, L,

sucking

;

;

;

(5)

,

)

;

,

;

;

(Enothera sintuita, Mx.

— Trelease

Ruby-throated Humming-birds (731).

saw

this flower visited

by

—
;;
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Cavanillesii, Spach.), in the

central province of Chili, produces cleistogamic flowers in spring.^
is visited in New Zealand byNectarinidge {Anthornis
and in North America by Ruby-throated Hummingbirds (Potts, No. 65 2A, and Trelease, No. 731).
Lopezia coronata, Andr. The floral mechanism of this plant is
In each flower there
described and figured by Hildebrand (346).
is present one perfect stamen; a second, standing immediately
below, is reduced to a spathulate leaf, whose two halves fold
upwards, and in the first stage, projecting horizontally from the

Fuchsia, L.,

melannra)

;

—

anther of the perfect stamen.

flower, inclose the

an

The

stalk of the

downwards, the filament of
elastic
tension
an
upwards
so when an insect alights
stamen
the
on the projecting spoon-shaped blade, as the only convenient spot
from which to reach two drops of honey that seem to rest upon a
knee-shaped bend in the upper petals, the leaf springs downwards,
and the stamen is set free and flies upwards, dusting the lower
surface of the insect with pollen. When the stamen has thus served
and the
its purpose, it gradually curves upwards out of the flower
style which was hitherto undeveloped grows gradually out of the
flower in a horizontal direction, so as to form another alightingSelf-fertilisation is rendered impossible by this marked
place.
proterandry.
I have frequently seem the whole process performed
in my room by the house-fly {Musca domesiica, L.), and by the
spathulate leaf has

elastic tension

;

;

common gnat

{Culex pipiens, L.)

;

and

also at

an open window by

the hive-bee.

What seem

be drops of honey on the two* upper petals are
which deceive the flies as well as us.
Lopezia coronata is therefore a deceptive flower like Parnassia
but like the latter, also, it possesses real nectaries in addition,
two yellow pits at the base of the two stamens, the functional and
to

in reality dry, shining bodies

the abortive (Delpino, No. 178).

Lopezia racemosa, Cav., seems, from Ogle's description

(No.

with L. coronata.
Lopezia miniata, D.C, is likewise markedly proterandrous
but its stamen is not irritable, and does not lie inclosed by the

63

1

),

to agree fully in the structure of its flower

spoon-shaped staminode, but stands above

170.

the

CiRC^A LUTETIAN A,

same Avay as

Vej^onica
1

L.

— This

it

(Hildebrand, No. 356).

plant

Chammdrys,

is

fertilised

L., in spite of

Philippi, Bot. Zeit. 1870, pp. 104-106.

much

in

the small

—
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stamens and the single style

project,

diverging from one another, from the middle of the erect corolla;
they form the platform on which an insect must stand to reach

the honey, which
of the style and
flower.

secreted by a fleshy ring surrounding the base

lodged in great abundance in the base of the

Since the style stands a

and projects a

little

on

is

it, it

at the end.

little

further forward,

and

alighting-place,
insect settles

knob

is

is

that

it

lower than the two stamens
forms the most convenient

most usually

touches with

As

it

its

stretches forward,

Fia. 88.

selected.

When

an

ventral surface the stigmatic

and grasps with

its

Circcea lutetiana, L.

Flower viewed obliquely from above.
ovary.
the two sepals.
the two bilobed petals, alternating with the sepals.
d, the two anthers.
e, stigma.
a,

b,

e,

forefeet the bases of the

supports,

it

two stamens, which are the only available

involuntarily draws the stamens (which are very thin

moved) inwards and downwards,
under surface of its body with pollen.
Though this is apparently the simplest course which an insect
can take, and that which most surely leads to cross-fertilisation, it
is not the only one.
The insect not unfrequently alights upon
at their base,

and therefore

easily

so that the anthers dust the

one of the stamens, and as this bends downwards it grasps the base
of the same stamen and of the style with its forefeet.
If the style
now brings its stigma in contact with the ventral surface of the
insect, as is usually, but not always, the case, it touches the side
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opposite to that which the anther touches at the same time
so cross-fertilisation

may

result if the insect has

;

and

come from another

flower.

In absence of insects, the flowers mostly wither without selftaking place, as I have observed in specimens in my
room. I have found a few flowers in which the stigma, instead of
being directed obliquely downwards between the two stamens, was
fertilisation

in contact

with one of them from the beginning.

The only visitors that I have seen are small flies which behaved in the
manner described. I have collecteil (a) Syrphidcb : (1) Baccha elongata, F.
Melanostoma mellina, L.
(b) Muscidce : (4)
(2) Ascia podagrica, F.
(3)
Anthomyia sp., with yellow abdomen. Several other small Muscidse and
;

;

;

Syrphidae escaped me.

On a bunch

of Circsea lutetiana which I kept in a glass of water in

found a great number of house-flies
and fertilising the flowers.
I

Oed.

Cajophora

lateritia

In the

Delpino.

first

(5)

:

Musca domestica,

L.,

my room,

sucking honey

LOASBM

distinctly proterandrous, according

is

period the anthers, which

to

in five bundles

lie

in the hollow and outspread petals, rise up one by one, bend
inwards towards the middle of the flower, and pass back into their
old position after giving

up

bundles there alternate

five

their pollen to insects.

With

groups each containing

five

these five

metamor-

phosed stamens in each of these latter groups the three outermost
staminodes cohere and form in their expanded base a honey-receptacle, while the two inner ones incline as stiff rods towards the
middle of the flower, and their bases, expanded and fringed with
;

hairs, give shelter to

the pistil grows

In the
stamens

;

first

After the anthers have
its

This

The
is

all

withered,

stigma.

period the insects cling to the central

in the second, to the

staminodes.
(177).

the honey.

up and unfolds

fertilisers

stiff

seem to be

tuft

of

metamorphosed protective
bees, according to Delpino

in direct contradiction to Treviranus' view, that the

flowers of Cajophora are self-fertilising (742).

Ord.

PASSIFLOREM

was thoroughly described by Sprengel,
which the anthers in
and stigma in the second, came in contact with the

Passijlora cmrulea, L.,

who recognised
the

first

stage,

it

as a proterandrous form in

;
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back of the insect-visitor. Delpino has observed humble-bees and
Xylocopa violacea accomplishing cross-fertilisation in this manner.
(172).

In Passiflora racemosa, Brot. (P. princeps, Lodd.), the tube is
haii'S into three chambers, the lowest of which

divided by rings of

From the size of the flowers, and their rich
Delpino imagines that humming-birds are the
and he supposes that the triple fence serves to keep

contains the honey.
store

of honey,

fertihsers

away

My
that

;

less intelligent visitors (178).

brother Fritz Miiller has observed in his garden at Itajahy
Passiflorse are fertilised exclusively or chiefly by hum-

some

ming-birds

;

but he

proof of the
species

convinced that abundance of honey

is

flower

being visited by humming-birds,

in his garden,

which

contains no honey and

is

is

is

^^for

no
one

very diligently visited by them,

odourless, while another smaller white

abundance of honey
and a pleasant scent, is never visited by humming-birds. The
numerous coronse, projecting ledges, etc., seem to him to be of
service in detaining small insects in the lowest chamber (which
often contains no honey) and keeping them caged for the humming-birds, rather than in making access to the chamber difficult
for unprofitable visitors of low intelligence.
species flowering in Itajahy, in spite of great

Ord.
17].

Bryonia

CUCUPBITACjEuE.

dioica, L.

— The

lower part of the calyx and

both in the male flowers and in the female flowers (which
are only half as large) is adherent to a hemispherical cup-shaped
In the male flower
disk, whose naked, fleshy floor secretes honey.
five irregularly formed fleshy stamens arise on the edge of this cup,
and are so expanded and inclined inwards that they completely
corolla,

Four of the anthers cohere, to form two pairs
Thus the honey-holding cup has
sides.
three narrow lateral entrances each placed between two stamens
and fringed with long hairs; and also an entrance from above in the
roof in the cup.

the

fifth is free

on both

midst of the upper ends of the stamens. The anthers form narrow
ridges on the broad stamens, and the long, narrow slits by
which they dehisce are so bent that the greater part of each
faces one of the lateral openings, while the uppermost portion
looks directly upwards.

middle of the flower
all

may

A

houey-seeking insect alighting in the
its proboscis down in the midst of

thrust

the stamens, or approaching from

tlie

side

it

may

reach the

—
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in either case

gets

it

the former case on the lower surface of

body, in the latter on both sides of

its

head.

The

pollen seems

by the sticky contents of the

to be rendered adherent

colourless

which border the narrow strips of pollen they must
come in contact with the head or ventral surface of the insect just
spheres

4)

(Jc,

;

as the pollen itself does.

In the female flowers the

up from the middle

pistil rises

of

the cup, and splits into three divergent branches, broad at the
ends, lobed,

and

the pollen that

These touch the head
an insect-visitor with their papillae and retain
be brought. As the male flowers are twice

set with projecting points.

or ventral surface of

may

Bryonia dioica, L.

Fig. 69.

3.

4

flower.
The arrows point to the lateral entrances.
Male flower, in longitudinal section, magnified, n, nectary.
Ditto, more magnified, from above.

2.— Anthers of the male

1,

—

—

a,

filament

;

p, pollen

as large as the female,

;

k,

colourless spherules.

they are generally the

first

to be noticed

and

visited.

To push the head between

approximated parts of a
bees, which
acquire the habit in constructing the chambers for their young.
The honey is easily accessible to the thin proboscis of a butterfly,
and the pollen of the male flowers is available to flies and beetles
but the latter can have no part in the process of fertilisation since
they confine their visits to male flowers.
Visitors

:

A.

rubricata, Sm.),

seems

and
j

closely

among wasps and

a characteristic action

flower is

Hymenoptera— («) Apidce
by

far the

most abundant

to restrict itself exchisively to this

c.p.

;

(3)

A. fnlvicrns, K.

^

,

s.

;

:

plant

(4)

(1)

Andrena

florea, F,

visitor of this plant,
;

(2)

s.

and

A. nigroaenea, K.,

$

^^

c.p.

(A.
;

freq.,

it
s.

Halictus sexstrigatus, Schenck, 9

—
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c.p.

only

9,8.;

;

(7)

L., freq.,

8.

(5) H. sexnotatus, K. ? ,
Apis mellifica, L. ^ c.p.
,

;

(9)

pomifonnis, L.

Ammophila

^

— Maktcodermata
doptera

The
visited,

Apis

;

(11)

:

(12)

Rhopalocei-a

c.p.

only

Coelioxys simplex, Nyl.

(6)

;

;

(6)

Sjjhegidce

sabiilosa, L., freq.,

s.

;

:

(c)

(8)

Gorytes mystaceiis,

VespidcB

Pieris napi, L.,

s.

Eumenes

,

;

f.p.

See also No. 590,

C. Lepi-

ii.

South Brazil are
very abundantly all day long by

flowers of a species of Trianosperma in

according to Fritz Miiller,
and species of Melipona, although they are scentless,

mellifica

greenish, quite inconspicuous,

and

to a great extent

J

B. Coleoptera

(10)

:

Odynerus parietum, L, $, both sucking.
Dasytes sp., only on the male flowers,
(13)

:

;

[part hi.

'

;

I

hidden by

j

foliage (597).

I

UMBELLIFERjE.

Ord.

\

The general phenomena of pollination in Umbelliferse have
been already so clearly and thoroughly described by Sprengel, that
I may confine myself to a short account of the most important
peculiarities.

The main

features of the flowers are

:

firstly,

the

open situation of the honey, making it accessible to even the most
short-lipped insects and secondly, the union of many flowers in
one head, making them not only more conspicuous, but also permitting them to be more quickly searched and fertilised.
Comics
shares both of these characters with the TJmbelliferse, but in a
;

much

less perfect form.

In most XJmbellifers the honey is rendered even more accessible
than in Comics, by the secreting disk being more convex and
The
cushion-shaped, and by the stamens spreading further apart.
close association of

many

is more perfectly attained
more numerous flowers uniting

flowers

Umbelliferse than in Camus, far

in

in

one close-set surface, so that a visitor quickly traverses the whole
and the florets are differentiated in the service of the community,
those in the centre being condensed, and those towards the edges
more expanded, rendering the whole more conspicuous.
;

As a further advantage comes proterandrous dichogamy, often
developed to such a degree that all the florets of one whole inflorescence only protrude their styles and develop stigmas after
the shedding of the pollen so that in the first period of flowering
:

a whole community dusts with pollen the insects that visit it, and
in the second, exposes its stigmas to be dusted in return.
So crossfertilisation of separate inflorescences

impossibility of self-fertilisation

is still

always takes place, and the
further assured.

Hence

it

happens that in many Umbellifers (e.g. Myrrhis) towards the end
of the season only male flowers are produced, which furnish pollen

j

:

i

\
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for the last of the

androgynous

flowers,

now
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in their second or

female stage.
Hydrocotyle

americana

(Henslow, 330).
Hydrocotyle vulgaris, L.
fertilise

(590,

themselves.

is

visited

in

Kew

by minute

flies

— The exceedingly inconspicuous flowers

have not yet seen them visited by insects

I

I.).

172.

Eryngium campestre,

L. (Thuringia).

— As

in all other

Umbellifers, the upper surface of the ovary secretes and lodges the

Fig. 90

—Eryngium campestre, L.

1.— Flower, in first (male) stape.
2.— Ditto, in second (female) stage,
3.— Ditto, after removal of sepals, jietals, and
4.— Petal, seen from within.

styles.

n, nectaries.

(Letters as in Fig. 91).

honey but the honey-gland here does not form, as usual, a swollen
cushion covering the whole surface of the ovary, but a hollow
:

rounded disk five-sided in outline, and surrounded by a ten-lobed
rough wall of tiny (accumbent) bristles. The five equal-sized

and upright, with nearly the whole of their upper
they stand about 3 mm. high, and are
overtopped by the stiff, bristle-like sepals which alternate with
them the equally stiff and bristle-like bracts protrude still further.
So the honey is accessible only to insects which have a proboscis at

petals stand stiff

halves folded inwards

:

:

—

——
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least 3 mm. long, or are strong enough to push apart the floral
organs which protect it. Accordingly, in connection with the fully
developed proterandry, cross-fertilisation alone, as in all other
Umbellifers, can take place. Eryngium shares only slightly in that

|

i

;

which Umbellifers in general possess from having
massed together in one surface, for the bristle-like
bracts render it difficult for the insects to go creeping about
the umbel. This disadvantage is somewhat atoned for by the
richer secretion and better protection of the honey. Hence, in spite
of the prickly flowers, insect- visits are by no means scarce, but in
sunny weather we see the^ plant abundantly visited by wasps and
I have observed as
flies, bees coming in much smaller numbers.
i
visitors and fertilisers
special advantage

<

their flowers

1

j

'

i

j

j

!

:

A.

Hymenoptera

(2) C. labiata, F., ab.

—

;

Sphegidce

(a)

Philantlius triangulum, F.

(5)

femorata, F.

;

AmmopMla

(6)

;

(4)

Priocnemis bipunctatus, F. $

(8)

;

(1) Cerceris albofasciata, Dlb.,

:

G. nasuta, Kl., ab.

(3)

scarce

;

C. variabiHs, Scbr., not rare

;

sabiilosa, L., ab.
;

Vespidce

(b)

:

;

(9)

'j

j

Odyuerus

i

(10) Polistes gallica, L., and var. diadema, very ab., almost
always to be found in sunny weather; (c) Chrysidce : (11) Chrysis sp., all
sucking
{d) Apidce : (12) Nomada Roberjeotiana, Pz. $
(13) Andrena
Rosso, Pz. 9
(15) H. longulus, Sm. ^
(14) Halictus cylindricus, F. $
(16)
Apis mellifica, L. ^ all only sucking. B. Diptera (a) Syrphidce : (17)
Eristalis tenax, L.
(19) E. nemorum, L.
(18) E. arbustorum, L.
(20) Helo-

parietum, L. ?

;

;

;

;

;

;

—

;

;

;

philus floreus, L.

all four

;

abundant

Sarcopliaga carnaria, L.

(22)

Antliomyia,

all

;

(23)

;

(6)

;

Muscidm

Ecliinomyia

:

(21) Lucilia Caesar, L.

fera,

L.

(24)

;

species

;

of

sucking.

—

In Astrantict major, the special
173. AsTRANTiA MAJOR, L.
advantages which most of the other forms develop so fully, and
resemble each other so much in, are very little developed.

The umbels

simple, their florets form no close-packed
remain rolled up in the middle of the flower,
and while they thus protect the honey from rain, they make it
less accessible and the flowers less conspicuous.
Although the last
objection is to some extent removed by the bright white bracts,
insect-visits are less abundant than to most other forms of this
order.
I have noted the following in my garden at Lippstadt

are

surface, the petals

:

A.

Hymenoptera— ^^iWrc

slgnata, Pz.
(a)

$;

Syrphxdoi

:

.•

(1)

Andrena

albicrus,

K.

^

;

(2)

Prosopis

Nyl. $^ all three sucking. B. Diptera
Eristalis arbustorum, L., f p. and l.h.
{h) Muscidce : (5)

(3) Pr. armillata,
(4)

Lucilia cornicina, F.,

;

Miltogramma punctata, Mgn.

C. Coleoptera
Antlirenus pimpinellae, F. On the Alps I have found the
plant visited by seven species of Coleoptera, three Diptera, two Hymenoptera,
and one butterfly (609).

Dermestidm

:

(7)

l.h.

;

(6)

\

Tiphia

(7)

]

;

fAllT
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Every inBorescence bears, besides the proterandrous, androgynous
numerous male flowers which mostly develop later, and

flowers,

of obvious

are

service

fertilising the last of

Astrantia minor,

The plant bears
of

in

this

marked

case of proterandry in

the androgynous flowers.
L., is

both andromonoecious and androdioecious.

as a rule only one umbel, which usually consists

male flowers surrounded by hermaphrodite flowers the weaker
an umbel consisting only of male flowers.
;

plants usually bear

Fio. 9\.— Astrantia major, L.

1.— Male

flower begiuniiig to expand.
One stamen has risen up, but its anther has not yet
dehibced the other four are still bent down within the flower.
2.— Male flower at the middle of its flowering-period. All five stamens ere erect; two anthers
have dehisced and are coated with ])ollen.
3.
Hermaphrodite flower beginning to expand. Two anthers are erect, but still closed the others
are still bent down within the flower. The styles protrude, but their stigmas are not yet developed.
4.
Hermaphrodite flower in its second (female) stage. All the stamens have disappeared the
styles have elongated, and their stigmas are mature.
ov, ovary
s, sepal
a, anthers, still bent down within the flower
a', ditto, erect
p, petal
a", ditto, dehisced; st, stigma, immature; st ditto, mature.
;

—
—

;

;

;

;

;

;

,

In regard to the distribution of the sexes, the condition in
is almost the same as in Veratrum allnmi, with

Astrantia minor

minor no plants occur bearing
Veratrum alhitm exhibits the passage from proterandrous androgyny through andromonoecism to
androdioecism Astrantia minor, with similarly proterandrous hermaphrodite flowers, shows only the passage from andromonoecism

this exception, that in Astraiitia

only hermaphrodite flowers.

;

to androdioecism (609).
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Sanicula europcca, L., is andromonoecious. Each umbel contains
one to three proterandrous hermaphrodite flowers, surrounded by
Both kinds
ten to twenty male flowers which develop later.
major
Astrantia
in
structure
i.).
resemble those of
(590,

CoNlUM MACULATUM,

174.
illustrate

L.

—The

adjoining figures serve to

a peculiarity of the Umbsllifers not well displayed in the

other figures, namely the very slow and gradual development of

the flowers, at
Fig.

first

wholly male, and later wholly female.
a flower beginning to expand, but

1 represents

below

its full size.

pollen

;

a^

is

The anther

a^

has dehisced and

on the point of dehiscence

Fig.

;

is

still far

covered with

the other three are not

92.~Conium maciilatum, L.

at the commencement of its first (male) stage.
Ditto, in the middle of its male stage.
Ditto, in its second (female) stage.

1.— Flower
2.
•S.

yet ripe; a^
is still

more advanced than a'^ and a^, the most backward,
no trace of styles is yet to be seen. Eacli

is

ctirled

—
—

;

inwards

:

anther stands at a distance of two-fifths of the circumference from the

The second

shows a slightly older and fullmale period. The anther a^ is
empty and withered a^ is half shrivelled and has still a slight
(lusting of pollen
a^ has just dehisced and is fully coated with
pollen; a* is on the point of dehiscing,
it opened while the
drawing was being made a^ is still closed. The styles are still
sliort and bent inwards with undeveloped stigmas.
Lastly, the
third figure shows a flower in its second stage
the anthers
have fallen off; the styles have raised themselves erect; a
stigmatic knob has been developed on the end of each style.
Even this notoriously poisonous plant receives abundance of
preceding one.

figure

sized flower, in the middle of its
;

;

—

;

:

insect-visitors

who

greedily lick

up

its

honey.

—

—
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Visitors
Jfitscidoi

—

A. Diptera (a) StratiomyldcE : (1) Sargus cuprarius, L.
(6)
Calliphora vomitoria, L.
(3) Lucilia cornicina, F.
(4) Scato-

:

(2)

:

Meligethes, ab.

L.

Sepsis

(5)

;

Dermestidce

(b)

;

vittatns, L.

B. Coleoptera— (a) Nitidulidce : (6)
Anthrenus pimpinellae, F. {c) Lamelli;

Hymenoptera— (a)

C.

(10) Several

;

;

sj).

(7)

:

Trichius fasciatus, L.

(8)

Nematus

;

;

pliaga stercoraria,

cornia:

275

Tenthredlnidce

:

(9)

undetermined species of Tenthredo

;

(6)

Ichneumonidm : (11) Various species; (c) Sphegidce : (12) Ponipilus trivialis,
(r/) Apidce: (13) Andrena lepida, Schenck, ^.
Kl. $
See also No. 590, i.
;

BuPLEURUM FALCATUM,

175.

Visitors

and

f.p.

A

:

Diptera— (a) Syrphidce

th red i aidce

by

L.,and var. diadema,

s.

Ha] ictus interruptus, Pz. ^,

(8)

F.,

annulata, Macq.,

(3) Pipizella

s.

Vespidw

(6)

;

s.

;

Polistes gallica,

(6)

:

(7)

:

s.
s.

Hymenoptera— (a) Ten-

B.

s.

Various species,
See also No. 590, I.

Carum (Petroselinum)

17(5.

Syritta pipiens, L., very ab.,

(1)
;

Ichneumonida'

(r)

;

:

s.

flies

Hffsgg.,

(4)

(5)

:

L.,

Anthrax flava,
Hylotoma rosarum,

Bombyl'idcB:

(b)

arbustorum,

(2) Eristalis

;

—

I have found
and Hymenoptera.

(Tluiringia).

L.

the dull-yellow flowers visited only

sativum, L.

a.

— The

(d)

;

Apidce

:

visitors are

chiefly flies.
A, Diptera
L.

(3)

;

(a) SyrpJiidce

Deg.

citrofasciata,

simplex,
V).

—

Ap'ida'

Carum

177.

Visitors

:

(9)

:

carui, L.

Pipizella virens, F.

;

Mgn.

(15) Syritta pipiens, L.

Ecliinomyia
carnaria, L.,

TipuUda".

Bruchus, freq.

;

:

(1) Stratiomys longicomis, F.

(3)

Muscidce

{c)

;

Chrysotoxum festivum,
L.

Pyropliaena

(6)

;

:

(16)

;

(9)

;

Gymnosoma

(2)
(4)

;

(7)

Deg.

;

(12)

H. pendulus, L.

(14)

;

sp., s.

;

;

Melithreptus

(11) E. horticola,

very ab.

L.

rotundata, L.

;

;

(17)

Zophomyia tremula, Scop.
(19) Sarcophaga
Mgn. {d) Bibionida' (20) Bibio hortulanus, F.
B. Coleoptera— («) CurcuUomdce
(22)
(21) Tipula, l.h.
(b) Malacodermaia : (24) An(23) Pliyllobius oblongus, L.

fera,

and

Syrphidai

(13) Helopliilus floreus, L.,

;

;

(8)

;

Platycheirus peltatus, Mgn.

(8)

;

E. sepulcralis,

Xanthogramnia

:

(10) Eristalis arbustorum, L.

;

£. [Gueus, Scop.

s.

(b)

;

(2)

;

(5)

;

Lucilia cornicina,

(6)

Melanostoma mellina,

(5)

Syrplius ribesii, L.,

thocomus

:

A. Diptera— (a) Stratiomyidce

Clirysomyia formosa, Scop.

tseniatus,

Syritta pipiens, L.

F.
(7) Cyrtoneura
Sarcophaga carnaria, L
Sphecodes gibbus, L. (^,s. See also No. 590, i.

Muscidai

{b)

;

Eristalis arbustorum, L.

(4)

;

Loew (determined by Kerr Winnertz)

Hymenoptera

(e)

(1)

:

Helopliilus floreus, L.

L.

(18)

;

;

albiceps,

:

;

;

:

;

;

fasciatus, L.

(25) Telephorus rusticus, L.

;

—

;

(c)

Chrysomelidai

:

(26)

Hylotoma femoralis, Kl. (28) H. rosarum, F. (29) H. coerulescens, F. (30) H.
enodis, L.
(33) Ten(31) Selandria serva, L.
(32) Athalia spinarum, F.
thredo tricincta, F.
(35) Dolerus eglanteriae, F.
(34) T. bifasciata, L., etc.
Crioceris

12punctata, L.

C.

Hymenoptera

F.

(^

Cimbex sericea, L.
Numerous species
;

;

(43)

Cr.

;

;

;

(38)

;

;

;

Gorytes campestris, L.

(27)

:

;

;

;

(36)

Tenthredinidce

(a)

(37)

;

(c)

$

;

Cephus

Sphegidai

:

(39)

Cemonus

(41) Crabro lapidarius,

vagalnmdus, Pz.

9

;

L.

troglodytes,

{d)

Apidcv

:

;

(b)

Ichneumonidce

unicolor, F., freq.

Pz.
(44)

$

;

;

:

(40)

(42) Cr. pterotus,

Prosopis brevicornis,

T 2

——

;;

THE FERTILISATION OF FLOWERS.

276

[part hi.

s.,
(46) Halictus maciilatus, Smith, $
P- communis, Nyl. <$
(49) An(48) H. albipes, F. $ c.p.
H. sexnotatus, K. ? , c.p.
(51) A. parvula,K.,
drena nigroanea, K. 9,8.; (50) A. albicans, K. ? (^, s.
(53) A. nana, K. ^ s., and A. minutula,
8. and c.p.
(52) A. fulvicrus, K. ? s.
E. Neuroptera— (55)
K. 9, s. D. Lepidoptera— riwe/c/ce: (54) Adela, s.
See also No. 590, i., and No. 609,
Sialis lutaria, L.

Nyl.

S

freci.

;

(*la)

;

,

;

(47)

,

;

;

;

,

;

SlUM LATIFOLIUM,

178.

Empidm

A. Diptera— (a)
jeneus, Deg.

L.

(5)

;

Syrphidce

(c)

;

E. arbustorum, L.

Helophilus

floreus, L.

Mgn.

Lucilia silvarum,

;

L.

:

(1)

Empis

(3)

Syrphus

sp.

(6)

;

Muscidce

(9)

:

(11) L. Csesar, L.

DoUchopidce

ribesii, L.

E. seneus, Scop.

(6)

;

{d)

;

:

:

,

;

;

Dolicliopus

(2)

Mesembrina meridiana,
(12) L. cornicina, F.

;

nemorum,

Syritta pipiens, L.

(7)

;

:

Eristalis

(4)

L.,

s.

(13)

;

(8)

;

(10)

;

Musoa

Cyrtoneura simplex, Loew
(18) Tetenocera
(17) Ocyptera brassicaria, F.
(16) Calliphora vomitoria, F.
ferruginea, Fallen (19) Sepsis sp.
(e) Stratiomyidce : (20) Stratiomys riparia,
Mgn. B. Coleoptera— (rt) Mordellidce : (21) Mordellafasciata, F. {h) Malacodermata : (22) Telephorus melanurus, L.
(c) Lamellicornia : (23) Trichiu;*

corvina, F.

Wied., freq.

(14) Aricia incana,

;

;

(15)

;

;

;

;

;

;

;

fasciatus, L.

Hymenoptera

C.

—

Tenthredinldce

(a)

(24) Selandria serva, F.

:

;

Tenthredo notha, Kl. {h) Ichneumonidce : (27)
Numerous species (c) Sphegidce : (28) Crabro dives, H. Sell. ^ (29) C.
lapidarius, Pz. (J $
freq.; (30) C. pterotus, F. ^; (31) C. vagus, L. ^.
D. Hemiptera (32) A small species oi Anthocorkla.
Athalia

(25)

L.

rosse,

;

(26)

;

;

;

,

—

179. ^GOPODiUM" PoDAGRARiA, L.— The
common weed are the resort of very numerous
orders.

have found upon them

I

A. Diptera— (a) Stratiomyidce

:

(1)

of

flowers

this

insects of various

:

Stratiomys Cliamaeleon, Deg.

;

(2)

Sargus

Chrysomyia formosa, Scop. (h) Bomhylidce : (4) Anthrax
flava, Mgn. (Thur.)
(c) EmpidcB : (5) Empis livida, L.
(6) E. punctata, F.
(d) Therevidce : (7) Thereva anilis, L.
(e) DoUchopidce : (8) Gymnopternus
chaerophylli, Mgn. (/) Syrphidce : (9) Pipizella virens, F.
(10) Clirysogaster
viduata, F.
(11) Ch. ccemeteriorum, L.
(12) Ch. chalybfeata, Mgn.
(13)
Syrphus pyrastri, L.
(15) S. nitidicoUis, Mgn.
(16)
(14) S. ribesii, L.
Melithreptus tainiatus, Mgn.
(18)
(17) Volucella pellucens, L. (Tekl. B.)
Eristalis arbustorum, L.
(20) Helopliilus floreus, L.,
(19) E. nemorum, L.
ab.
(21) Syritta pipiens, L., freq.
(g) Muscidce : (22) Echinomyia fera, L.
(23) Zophomyia tremula. Scop.
(25) Lucilia
(24) Sarcophaga albicans, Mgn.
cornicina, F.
(26) L. silvarum, Mgn., etc.
(28) Aricia^
(27) Musca corvina, F.
obscurata, Mgn.
(29) Species of Anthomyia
(30) Scatophaga stercoraria, L.

cuprarius, L.

;

(3)

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

(31)

S.

;

(34) P.

ramus luteuB, F.
(c)

;

;

merdaria, F.

histrio, F.

;

;

;

crocata, L.

(Tekl. B.)

Lamellicornia

:

Sepsis,

(32)

(37)

;

{b)

B.

ab.

;

(h)

Tipulidoi

:

(33)

Pachyrrhina

Coleoptera— (a) Nitidulichv : (35) Cych
: (36) Anthrenus pimpinella?, F.

Dermestidce

Phyllopertha horticola, L. (38) Cetonia aurata, L.
(d) Elateridce : (40) Agriotes aterrimus, L.
(41)

(39) Trichius fasciatus, L.

;

;

;j

;

Lacou murinus, L.
(e) Malacodermata : (43) Tele^
(42) Athous niger, L.
phorua fuscus, L. (44) Malachius bipustulatus, F.
(45) Dasytes flavipes, F.
(46) Trichodes apiarius, L.
(/) Cistelidce : (47) Cistela murina, L.
(^)|
;

;

;

;

;

;

;

——

—

,
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Anaspis rufilabris, Gylh.
.]rordellid(e
(49) A. frontalis, L.
(48)
(50)
{h) Curculionidce : (52)
Mordella fasciata, F.
(51) M. aculeata, L., very ab.
Ceramhycidce : (53) Pacliyta octomaciilata,
Spermopliagus cardui, Schli.
(/)
F. (Tekl. B.)
(55) Grammoptera ruficornis, Pz.
(54) Leptura livida, F.
:

;

;

;

;

;

;

;

Hymenoptera

(1

H. rosanim, F.
serva, F., ab.

(Thur.)

F.

;

T. atra, Kl.

(64)

;

Numerous

(67)

:

(74) Cr. vagus, L.

freq.

$,

?

;

iorytescampestris, L.

Pompilus

(83)

Evaniadce

(c)

;

(Thur.)

Sphegidcn

(e)

;

$

;

$ ^, not rare
$ (Tekl.

$

B.)

L.

d.

v.

;

^
?

P.

(84)

;

;

(76) 0. bellicosus, 01.

$

^

,

(79)

;

not rare

(81)

;

Hoplisus laticinctus. Lap. ^ (Thur.)

(82)

;

niger, F.

Hedychnun

(70)

Cr. lapidarius, Pz.

(73)

01.

(b)

;

Foenus affectator,

Crabro sexcinctus,

(80) Cerceris variabilis, Schr.

;

:

sericea, L.

0. uniglumis, L., very freq.

(78)

-,

(68)

:

{d) Chrysul(c

;

(71)

:

H. Sch. ^ (Thur.)
(75) Oxybelus bipunctatus,

Fhilanthus triangulum, F.
<

species

0. bellus, Dlb.

(77)

;

(57)

;

;

Cimbex

(66)

;

(72) Or. ceplialotes,

;

Kl.

;

(65) T. sp.

;

jaculator, F.

lucidulum, F. (^,freq.
(Thur.)

femoralis,

H. ustulata, L. (59) H. vulcraris, Kl.
(60) Selandria
(62) T. flavicornis, L.
(61) Tenthredo bifasciata, L.
(63) T.
(58)

;

(69) F.

;

Hylotoma

(56)

:

;

;

iiotha, Kl., ab.
I chneumonida'

Tenthredinidce

{a)

spissus, Schi.

?

;

(85)

;

P.

^ (Thur.); (86) Myrmosa melanocephala, F. $ (/) VesOdynerus quinquefasciatus, F. $
(88) 0. elegans, F. ^
(g)
Apidce : (89) Prosopis communis, Nyl. ^
(90) P. clypearis, Schenck, ^
(Thur.)
(92) H. cylindricus, F. ?
(91) Halictus albipes, F. $
(93) H.
minutus, K. $
(94) Andrena parvula, K. ^ $
(95) A. albicrus, K. $
(96)
A. helvola, li. ^ $ c.p. and s.
(97) A. fulvago, Christ. ?, c.p.
(98) A.
proxima, K. $ b. and c.p.
(99) A. albicans, K., s.
(100) A. pilipes, F. $
c.p.
s.
(102) A. fucata, Sm. ? s.
(101) A. dorbdta, K. ?
(103) Apis
D. Neuroptera (104) Panorpa communis, L.
mellifica, L. 9 c.p.
neglectus, Wesni.

pida;

:

;

(87)

;

;

;

;

;

;

\

;

,

,

;

;

;

,

;

,

;

PiMPiNELLA MAGNA,

tunity of observing

this

following insect-visitors in
Ajndcp

(1)

:

I

In the

—

have had very little opporand I have only noticed the
Germany.

L.

subalpine

Low

region

magna,

may

I

species,

Andrena parvula, K. $,

pinkish flowers (P.

circumstance

;

—

5

180.

;

;

s.

and

c.p.

of the Alps

;

(2)

it

A. Rosse, Pz. ^,

s.

usually bears only

Koch = P. rubra, Hoppe), which
to the more intense action of

/3 rosea,

be attributed
I have found the pink variety on the Alps

light in this region.

visited

by

six species of beetles,

seven

flies,

two Hymenoptera, and

one butterfly (609).
181.

PiMPINELLA SAXIFRAGA,

L.

:

Visitors
A. Diptera— (o) Tahanidoi : (1) Tabanus micans, Mgn.
Chrysops coecutiens, L,
(&) Asilidce: (3) Isopogon brevirostris, Mgn.;
:

;

;

Sijrphidai: (4)

Syrphus

Mgn.
(5) S. pyrastri, L.
(7) Conops 4-fasciata, Deg.

nitidicollis,

;

;

(6)

(2)
(c)

Eristalis

(e) TipuUdcc :
Mgn.
(d) Conopidce :
alacodermata : (9) TelePachyrrhina crocata, L. B. Coleoptera (a)
{h) Ceramhycidce :
phorus melanurus, F.
(10) Dasytes flavipes, F. (Thur.)
(Sid.); (c) Chrysomelidce : (12) Clythra
11) Pachyta octomaculata, F., ab.

]iorticola,

;

;

M

(8)

;

;

—

—

:
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C. Hymeiioptera

scopolina, L. (Thiir.).

rosarum, F.

(14)

;

notha, Kl.,ab.

Selandria serva, L.

—

(17) T. bifasciata, L., etc.

;

Tenthred'mUce

(a)

(15)

;

Tenthredo

L.

;

II]

Hylotoma

(13)

:

bicincta, L.

Cimbex sericea,

(18)

;

PART

;

{h)

(16)

T.

Ichneu-

Numerous species (c) Apidce : (20) Sphecodes gibbus, L., s.
D. NeuroAndrena parvula, K., s. and c.p. (22) A. fulvescens, Sm. ?
ptera (23) Panorpa communis, L.
monidfe

(19)

:

;

;

(21)

.

;

—

182.

Myrrhis odorata,

Scop.

— The

accompanying

figures

them towards the end
The flowers last
1871.

represent flowers of this species as I saw
of

their

flowering

June

period,

13,

developed are male only, their anthers and petals fall off without
their developing styles or stigmas upon their stunted ovaries.

These male

flowers, as in cases described above, furnish pollen

for the

of the hermaphrodite flowers

last

or female stage.

— Male flower, at

2.

— Ditto,

3

—Hermaphrodite
ovary

ov,

;

in their second

Myirhis odorata, Scop.

Fig. 93.
1.

when

have had no opportunity of observing the

I

ilie

end of

its fiowerhig-period.

withered.
flower in its l.nst stage.
n, nectary j), petal ; a, anther
;

;

a',

ditto,

not

j-et deliisced.

Myrrhis odorata, which, in the neighbourhood of
Herr Borgstette
sent me the following list of species which he collected on the
flowers of this plant at Teklenburg
fertilisation of

Lippstadt, occurs wild only in an isolated patch.

:

A. Diptera— (a) Bomhylidce

Empis

tesselata, F.

;

{c)

:

Syrphidce

(1)
:

Bombylius major, L.
Xylota femorata, L.

(b)

;

Empida-

:

(2)

B. Coleoptera—

(3)

Galeruca calmariensis, L. C. Hymenoptera— (a) Ichneu(b) Apidie : (6) Halietus maculatus, Sm.
I
have since added twenty-seven species to this list (590, i.).

Chryeomelidw

monidce

:

183.

(5)

:

(4)

Several species

;

ClIiEROPHYLLUM HIRSUTUM, L. .—

Visitors: A.

Diptera— >S?/rp/iw/^c

f.ptera- (a) Elateridoi

:

(2)

;

(1)

Eristalis pertinax, Scop.

Agriotes gallicus, Lap. (Tluu\)

;

{b)

B. Cole-

CEdemeridre

—

—

PART
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(3)

(Edeinera flavescens, L. (Tliur.).

(4)

Hylotoma

enodis, L., ab.

bifasciata, L. (Thur.)

Pompilus pectinipes,

(Thur.)

:

elongata, F.

(7)

;

Syritta pipiens, L.

optera

—

(«)

livida, L.

L.

(15)

;

Tenthredinidcti
rustica, L.

;

:

(19)

;

(13)

,

s.

;

(5)

:

:

rosse, L.

;

(b)

Chrysis

(11)

:

Chrysoiiiyia formosa, Scop.

(1)

;

(3)

;

Helophiliis floreus, L.

(8)

;

Gymnosoma

Meligethes

8-iiiacuhita,

:

;

L.

(10)

;

rotundata, L.

Dermestkhe

(6)
;

:

(12)

Cerambycidce

(c)

F. (Tekl.

(16) Tentliredo flavicornis, L.

B.).

C.

:

(9)

;

B. Cole-

Anthrenus

(14)

Leptura

Hymenoptera— (a)

(17) T. notha, Kl. ; (18) T.
Several undetermined species of Tenthredo
(6) Sphegidte :
;

;

c^

;

(21)

Odynerus parietum, L.^
and c.p. See also No. 590, i.

Vespid(v

:

Chrysogaster coemeteriorum,
Melithreptus scriptus, L.
(6) Baccha

A. pimpinellai, F.

Pachyta

Athalia

Chrysidoe

:

Tenthredo

;

L.

Stratiomyidm

(11)

:

(9)

(6)

:

;

(Thur.)

nemorum,

Crabro cribrarius, L. 9

[•20)

$

(a)

Musndm

{b)

Nitidulidw

scrophuhiria),

iv

—

Eristalis
;

;

(c)

Tenthredinidce

(a)

Crabro subterraneus, F. ^^ (Thur.)
(14) Myrmosa melanostoma, F.

(12)

Cheilosia scutellata, Fallen

(2)

Melan(3stoma mellina, L.

(4)

:

L.

d.

—

Sphecodes ephippia, L.

(15)

A. Diptera

:

Syrphidce
;

:

v.

T. sp.

(8)

;

(Thur.);

F.

CHiEROPHYLLUM TEMULUM,

Visitors

L.

Ajndca

(e)

;

184.

{b)

affectator,

(Thur.); {d) Sphegidce

ignita, L.

Hymenoptera

C.

H. segmentaria, Pz. (Thur.)

(5)

(7) T. notlia, Kl.

;

Evaniadce: (10) Fcenus
(13)

;
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(22)

Entomognathus
;{d) Apidce

:

(23)

brevis, v. d. L.

? (c)
Andrena Collinsoniana,
;

—

Anthriscus silvestris, Hoffm. The accompanying
show some of the special adaptations which all typical
These features are
Umbelliferse share.
(1) the fully exposed
185.

figures

:

Anthriscus

Fig. 94.

silvestris, Hofl'm.

The styles
in first (male) stage,
a, anthers not yet dehisced; a', ditto, dehisced.
are not yet visible.
2.— Flower in second (female) stage. The stamens have fallen off, the styles liave aiipeared, and
their stigmas are mature.
ov, ovary n, nectary st, stigma.
2), inner, p', outer petals
1.— Flower

;

;

;

honey, due to the cushion-shaped swelHng of
it,
to the absence at first of styles,
to the widely outstretched position of the petals, and to the
situation of the

the disk

which secretes
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peculiar

nature

which, before dehiscence,

anthers

the

of

[part hi.
are

bent backwards outside the flower, and afterwards, erecting
themselves slightly, stand pointing obliquely outwards, and
easily fall off altogether at the coming of an insect
(2) the
;

complete proterandry, so fully developed that every trace of
anthers has disappeared when the stigmas arrive at maturity
(3) the loss of regularity in the separate flowers for the good of
the community, the outer petals developing at the cost of the
;

inner ones.

As

we

in the forms just mentioned,

find visiting Anthriscns

a very miscellaneous company of insects, chiefly with
short proboscides, to lick up the flat layer of honey from the
silvestris

disk
a few humble-bees and Muscidse to feed on pollen, and a
few bees to collect it. As they pass quickly over the surface of
the umbels, and frequently fly from one to another, they easily
dust their body and legs with pollen upon young flowers, and
accomplish numerous cross-fertilisations in a short time.
I have repeatedly found
hive-bees collecting pollen on
Anthriscus sihestris; they ran over the umbels with the utmost
;

my

speed, so quickly that I could not follow with

pollen-gathering, and they stripped off

many

eye the act of

anthers completely.

In spite of their industry, which is so often very useful to other
they are of little or no use to Anthriscus silvestris;
for they take away the pollen, but never or only rarely go to
umbels in the second stage, and so seldom or never effect
flowers,

cross-fertilisation.

Diptera— (a) Stratiomyuhn : (1) Nemotehis paiitlierinus, L.
Stratiomys Cliamseleon, Deg.
(h) Emjmlce : (3) Empis punctata, F.

Visitors: A.
(2)

;

(4) E. stercorea, L.

;

Syrpliidce

(c)

Melithreptiis scriptuB, L.

(7)

(10) Eristalis arbnstorum, L.

L.

(13) Syritta pipiens,

;

;

:

(8)

;

pictns,

Mgn.

Mnscidcv

:

(14)

(9)

;

(11) E. pertinax, Scop.

L..; {d)

S. ribesii, L.

;

Ascia podagrica, F.

;

Syrplius corollae, F.

(5)

M.

;

;

;

(6)

;

(12) Helopliihis floreiis,

Ecliinomyia

fera, L.

;

(15)

Zophomyia tremula, Scop. (16) Sarcophaga sp. (17) Lucilia sericata, Mgn.
(18) Mnsca corvina, F.
(20) Scatopliaga
(19) Graphomyia niaculata, Scop.
;

;

;

;

;

merdaria, F.
L.

{e)

;

;

(21) S. stercoraria, L., ab.

Bihionida;

:

;

(22) Sepsis sp.

Bibio liortulaniis, F.

(24)

;

;

(23) Psila fimetaria,

Tijmlida'

(/)

:

Pacliyr-

(25)

rhina crocata, L.
B. Coleoptera— (a) JSitiduUdo- : (27)
(26) P. pratensis, L.
Epuraja sp.
Elaterida> : (29) Synaptiis liliformis, F.
(28) Meligetlies
(/>)
;

;

;

;

30) Lacon nmrinus, L., froq.

Mnlacodeniiata

;

(31)

Athous

nigcr, L.

;

(32)

Corymbites

qnerciis,

(33) Telephonis fuscus, L.
(34) T. nisticus, F.
MalacLius a)neus, L. (37) M. bipustulatiis, F. ; {d)
CiateUdo' : (38) C.'istela mnrina, L.
{e) AfordeWda- : (39) Mordella fasciata,
P.
(40) M. pnmila, Gyll.
{/) Curcvlionidtr : (41) Brnchus, freq.
((f) Ceramhyrid,p: (42) (.'lytus arietis, L,
(43) Pacliyta collaris, L. (Thnr
(44) P.
111.

;

{<-)

(35) T. lividus, L.

;

:

;

;

(36)

;

;

;

;

;

;

l'

;

— — ——

——
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octoniaculata, F. (Tlmr.)
C.

ruficorni.s, F.

Kl. (Thur.)

(48)

;

T. rapa}, Kl.

(46) G.

;

;

Selaiidria serva, F.

Nematus

B.)

Hymenoptera {a) Tenthredinidai : (47) Hylotoma femoralis,
Macrophya iieglecta, Kl. (49) Tentliredo notlia, Kl. (50)
F.

aiinulata,

(51) T.

;

Granimoptera lurida, F. (Tekl.

(45)

;
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(55) Atlialia rosa), L.

;

;

(52) T.

;

rustica, L.

(54)

;

Dolerus cenchris, Htg.

(56)

;

(53) T. sp.

;

(57)

;

(b) Ichmumomdce : (59)
N. myosotidis, F.
(d) Sphegidce : (61)
Formicidcn : (60) Various species
d. L. $
(62) Cr. cephalotes, H. Sch. ^ (Thur.)
(63)

Lep.

vittatus,

(58)

;

(c)
Various species
Crabro sexcinctus, v.
Hoplisus laticinctus, Lep.
;

;

;

;

;

Pompilus neglectus, Wesm. 9
(e) Vespidce : (66) Odynerus elegans, H. Sell.
(Tlmr.)
(65) P. viaticus, L. $
$ (Tekl. B.) (/) Apidcu : (67) Halictus Smeathmanellus, K. $ (68) Andrena
parvula, K., b. and c.p.
(70) A. fucata, Sm. ?
(69) A.-Collinsoniana, K. $
c.p.
D. Neuroptera (72) Sialis lutaria, L.
(73)
(71) Apis mellifica, L. ^
Hemerobius sp. See also No. 590, i.
(Thur.)

$

(64)

;

;

;

;

;

;

;

Visitors

E.

;

Anthriscus Cerefolium, Hoffm.

186.

A. Diptera

:

nemorum,

L.

—

Syrphidce

(a)

Syritta pipiens,

(3)

;

;

—

,

Eristalis arbustorum,

(1)

:

L.

:

Muscidw

{b)

;

L.

(2)

;

Gymnosoma

(4)

:

L.
(5) Exorista vulgaris, Fallen
(6) Sarcophaga lisemarrhoa,
Meigen (determined by Kerr Winnertz.) (7) S. dissiniilis, Mgn. (do.)
(8)
Cyrtoneura simplex, Loew. (do.) (9) Antlioniyia radicum, L. (do.) (10) Sepsis

rotundata,

;

;

;

;

;

;

sp., l.h.

dididoi

;

:

(c)

seneus, F.

very

ab.,

(a)

Niti{b)

;

;

Mordellidos

(19)

Numerous species

(21)

Oxybelus uniglumis,

(23)

P. spissus, Schi.

Nyl. 9

ruficornis,
;

;

:

C.

F., l.h.

Formicidcr

(6)

L.,

ab.

;

A. Diptera

CerambycidcR

:

Hynienoptera— (a) Ichneumomdce

:

frontalis,

(22)

—

(a)

;

:

;

(3)
(5)

E. arbustorum, L.

(c)

;

Sphegidce

;

^

L.

:

;

(25) P.

c.p.

,

:

Stratiomyidce

Empidce : (2) Empis livida, L.
Antherix ibis, L.
{d)
SyrphidcB
(h)

(c)

Pompilus pectinipes, v. d.
Prosopis communis, Nyl. ^

Apidai : (24)
Apis mellifica, L. ^

L.

l.h.;

(20) Several species

:

(d)

(26)

'>

Anaspis

(17)

:

CEnanthe fistulora,

nemorum,

—

the flowers

;

Granimoptera

Visitors

B. Coleoptera

pairing on

Anthrenus pimpinella?, F. (14) A. scrophulariae, L,, both
Malacodermata : (15) Anthocomus fasciatus, L. (16) IVIalachius
(d)

;

187.

also

l.h.,

(13)

(18)

iirmillata,

Bibio hortulanus, F.

(11)

:

Meligethes,

(12)

Dermestidoi
ab., l.h.

Bibionidm

(c)

;

:

:

(1)

Stratiomys Chamaeleon, Deg.

E. rustica, Fallen
Syritta pipiens,

Leptidoi

(c)

;

L.

(6)

;

:

;

(4)

Eristalis

Various
LamelUcornia : (10) Trichius
fasciatus, L.
C. Hymenoptera
Apidcc : (11) Macropis labiata, Pz. (^, s.
See also No. 590, i.
(12) Heriades truncorum, L. $ s.
(13) Prosopis sp.
L.

;

(7)

species of Lucilia, all sucking.

;

(8)

E. sepulcralis, L.

;

(9)

Coleoptera

B.

;

,

CEnanthe Phellandrium, Lam.

188.

Visitors

Syrphidce
(c)

;

:

:

A. Diptera

(2)

Muscidce

:

—

(a)

Stratiomyidce

Syritta pipiens. L.
(4)

;

(3)

Lucilia cornicina,

:

(1)

:

Odontomyia

viridula, F.

Eristalis arbustorum, L.,

F.

;

(5)

Aricia vagans,

Cyrtoneura curvipes, Macq. (determined by Herr Winnertz)

;

all

;

(b)

and others
Fallen

sucking

;

;

;

(6)

(d)

—

—

—

—

—

::
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Mycetophilifhe

:

Coleoptera

B.

Sciara Tlioiuae, L.

(7)

—

[part in.
Chrysomelidce

(a)

Helodes Pliellandrii, L., devouring wliole umbels down to tlie peduncle
(c)
Ceramhycidoi : (9) Leptura livida, L., ab., licking the fleshy disk
(6)
(a) Tenthredinidoe
C. Hymenoptera
Elateridce : (10) Adrastus pallens, Er.
(6) Ichneumonidce : (13) various
(12) Tenthredo sp.
(11) Athalia rosae, L.
species; (c) Sphegidce : (14) Tiphia ruficornis, K.
(15) Oxybelus bipunctatus,
{d) Apidoe : (18)
01. $
(17) P. trivialis, Kl. 9
(16) Pompilus viaticus, L.
^- Lepidoptera
Prosopis variegata, F. ^
(19) Sphecodes gibbus, It. S
(8)

;

;

;

;

;

;

;

;

\

(20)

Vanessa C-album, L.

SiLAUS PRATENSis, Bess.

189.

—

can only mention the follow-

I

ing as fertilisers of this species, which I have had few opportunities
of observing

:

Hymenoptera
Pompilus

(2)

—

(a) Tenthrediiiidce

\iaticus, L.

(^

l.h.

,

Angelica silvestris,

190.

Visitors

Ap'idce

L.

A. Diptera— (a) Syrphidce

:

pbilus floreus, L.

:

(b)

;

Sphegidce

Halictus longulus, Sm.

(3)

^

,

:

s.

:

:

(1)

Eristalis pertinax, Scop.

(3)

;

Tenthredo notha, Kl.

(1)

:

(r)

;

Syritta pipiens, L.
(4)

;

(2)

;

Helo-

Pipizella virens, F.

;

(6)

Tachina proepotens, Mgn. (determined by Herr Winnertz)
(6)
Echinomyia fera, L. (7) Mesembrina meridiana, L. (8) Scatophaga stercoraria,
L.
B.
(9) S. merdaria, F.
(11) Sarcophaga sp.
(10) Luciiia silvarum, L.
Coleoptera (a) Dermestidce : (12) Anthrenus pimpinellse, F.
(b) Lamellicoimia : (13) Trichius fasciatus, L., I.li.
(c) Malacodermata : (14) Telephorus
Muscidoi

(5)

:

;

;

;

;

;

;

;

;

melanurus, L.

{d)

;

14-punctata, L.,
(a)

Tenthredinidce

Ichneumo7iidce.
{d)

s.

Sphegidce

:

:

triangulum, F.

;

Cocdnellidie
(e)

Coccinella 7-punctata, L.,

(15)

:

Nitidulidce

(17) Meligethes, ab.

:

s.

;

(16)

C.

Hymenoptera—

C.

(18) Athalia rosae, L.
(19) Species of Tenthredo; {h)
Various species (c) Evaniadce : (21) Foenus attectator, F.
(22) Crabro lapidarius, Pz. ^ ? (Thur.), ab.
(23) Philanthus
:

;

(20)

;

;

;

VespidcB : (24) Odynerus sinuatus, F. $
(25) 0. debiliVespa rufa, L. f^ s.
(/) Apidce : (27) Species of Prosopis, 8.
(28) Andrena pilipes, F. $
s.
D. Lepidoptera— (29) Argynnis
Paphia, L. (Willebadessen) (s. 1) E. Neuroptera— (30) Panorpa communis, L.,
l.h.
See also No. 590, i., and No, 609.
tatus, Sauss.

;

{e)

;

;

(26)

,

;

,

;

191. Peucedanum Cervaria, Lap.—On the slope of the
Rehmberg, near Muhlberg in Thuringia, a locality rich in rare
plants, I found on the last sunny days in August, 1869, the following
insects, many of them rare, upon this still rarer UmbeUifer :—
A. Diptera— («) Bombylidce
Pliasia

crassipennis,

rotundata,
sc()])olina,

optera— (a)
(8)

very

L.,

L.

;

F.,

(b)

Chrysidcu.

:

9

;

(11)

(7)
;

(9)

(1)

Anthrax maura,

Ph.

analis,

:

L.

Cr. cribrarius, L.

;

(4)

Chiv/somelidw

9

c^

Tachytes unicolor, Pz. 9

;

,

F.
ab.

:

Midler.

(6) Strangaliabifasciatjx,

Hedychrum lucidulum,

Muscidce

(b)

;

scarce

F.,

Coleoptera— (a)

B.

ab.

:

(3)

;

Ceramhycidce

Crabro vagus, L. ?

latUH, V. d. L.

ab.

^ ^
;

;

(10)

(b)

:

(2)

Gymnosonia
(5)

Clythra

C.

Hymen-

Sphegidce

Nysson macu-

(12) T. pectinipes, v. d.

L
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(14) Psammopliila viatica, L. (^
(13) Ammopliila sabuloBa, L.
$
(15)
Pompilus viaticus, L. ^ (16) Priocnemis bipunctatus, F. $ (17) Pr. obtusi;

;

;

;

ventris, Schiodte,

^ ^

;

?

Ceropales maculata, F. $
(19) C.
very ab., all licking honey;

(18)

;

variegata,

F.,

8.

diadema

var.

{d)

;

Ap'idce

(23) Halictus leucozonius, Schrk.

;

^.

,

Megacliile lagopoda, Pz.

9

>

<^ $
Andrena minutula, K. ?

(25)

',

remarkable

It is a

and

L.,

H. quadricinctus, F. ^

:

Prosopis

and

c.p.

freq.,

c.p.

(24)

;

(26)

;

once, sucking.

Umbellifer

fact that this scarce

do not think that this

I

,

Vespidce

(c)

(22)

:

s.

,

is

due

visited

is

common

a choice collection of rare insects, while the most
are absent.

variegata, F.

;

(20) Tipliia femorata, F.,

Polistes gallica,

(28)

;

by

visitants

to a special taste of its

honey, but I suppose that the same conditions necessary for the
plant's existence are also favourable to special insects.

Peucedanum (Anethum) graveolens,

192.

L.

— The

dirty-

yellow flowers of this plant are, like those of Bupleurum, visited

by Diptera and Hymenoptera, but far more plentifully and
by a greater variety of forms, owing, doubtless, to the strong
odour of the flowers. No species of beetle occurs among the very

numerous

visitors.

— (a)

Stratiomyida' : (1) Chrysomyia formosa, Scop.,
Anthrax nuiura, L. (Thur.)
Syrph'idie : (3)
{(')
Cheilosia scutellata, Fallen
(4) Syrpbus pyrastri, L,, sucking, as also were tlie
following (5) Eristalis arbustorum, L. (6) E. nemorum, L. (7) E. sepulcralis,
Visitors:

s.

(/>)

;

A. Diptera

BoDihijUda;

(2)

:

;

;

:

L.

(8)

;

;

E. tenax, L.

(9)

;

;

Syritta pipiens, L.

{d)

;

Muscidce

(10)

:

Gymnosoma

Musca corvina, F. (1.3)
Cyrtoneura simplex, Loew,, and curvipes, Macq.,the last two identified by Herr
Winnertz; (14) Sepsis, ab.; {e) T'qmlida' : (15) Tipula sp. B. Hymenoptera:

rotundata, L., ab.

(a) Tenthredinidoi

:

Numerous

;

F.

(Thur.)

species
;

(11) Lucilia cornicina, F.

;

(16) Several species of
{<)

Evaniado'

{d) Forinicidce

:

:

(18)

freq.

;

Tenthredo

Foenus

(e)

(12)

;

;

;

Ichneumonidce

{b)

affectator, F.

Chrysid<x

lum, F. $ (^, freq.
(21) Chrysis ignita, L. ?
(/) SpheyidiE: (23) Crabro sexcinctus, v. d. L.
;

;

:

(20)

:

Hedyclirum lucidu-

(22) Chr. bidentata, L.

^

(17)

(19) F. jaculator,

;

(Tliur.)

(24) Cr.

;

$

;

vexil-

9 (Thur.) (25) Cr. podagricus, H. Sch. $ (Thur.) (26) Cr. dentiH. Sch. (27) Cr. Wesmseli, v. d. L. ^ (28) Oxybelus uniglumis, L.,
ab.
(30) Cemonus unicolor, F. 9
(29) Tripoxylon clavicerum, v. d. L. $
(31) Tacytes pectinipes, L. ? (Thur.)
(32) Psen atratus, Pz. ? ^ (Thur.)
(33) Pompilus cinctellus, v. d. L. ?
(34) P. neglectus, Wesm. $ (Thur.,
July 14, 1870 !) (35) Tiphia femorata, F. ^ (36) Myrmosa melanocephala,
i^.
(Thur., July 14, 1870 !)
(38)
{g) Vespida : (37) Odynerus parietum, L.

latus, Pz.

;

crus,

;

;

;

;

;

;

;

;

;

;

;

;

;

( ).

L.

debilitatus, Sauss.

(Thur.)

;

;

(39)

Apidce

{h)

:

Eumenes pomiformis,

^

;

(40)

(41) Prosopis sinuata, Schenck,

communis, %1. ? (^ (Tekl.
44) Sphecodes gibbus, L. ^^ ?
A. dorsata, K. 9 c.p.

Pr.

,

>

L.

B.)

;

(43) Pr.

ab.

;

(45)

Polistes gallica,

^ ?

armillata, Nyl.

(Thur.)

;

(42)

(Tekl. B.)

c^

Andrena parvula, K. ?

,

c.p.

;

;

(46)

—
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Peucedanum (Pastinaca) sativum,

193.

Visitors

Muscidce

:

:

species

;

rata, F.

and

:—
;

;

;

Several species of Tenthredo

(c)

Sphegidce

(14)

;

v. d. L.

(^

;

—

(9)

:

(11)

Tenthre-

(a)

Numerous

Tiphia femo-

9 (d) Vespidce : (13) Polistes gallica,
Odynerus parietum, L. ^
See also No. 590, i.

(12) Mutilla europsea, L.

diadema

Ichneumonidce

{h)

;

Crabro sexcinctus,

(10)

:

Hymenoptera

B.

Sarcopliaga carnaria, L.

(7)

;

;

L.,

.

Bupleurum
and Anethzcm, are visited only by Diptera and Hymenoptera, not
by Beetles.
So the

dull yellow flowers of this plant, like those of

Heracleum Sphondylium,

194.

Visitors: A.
B.)

Diptera— (a) BombyUdce :
:
(2) Empis livida, L.

Empidoi

(b)

;

hardi, Wied., ab.

(Sid.)

Syrphidce

{d)

;

L.

:

Anthrax

(1)

Dioctria Kein-

(3)

:

Chrysotoxum

(4)

:

flava, Hff. (Sid. Tekl.

Asilidce

(c)

;

bicinctum, L.

(7) P. annuMacq. ; (8) Chrysogaster viduata, L.
Cheilosia scutellata, Fall.
(9)
(12) S. pyrastri, L.
(10) Syrphus glaucius, L.
(11) S. ribesii, L.
(13)
Melitlireptus menthastri, L.
(15) Eristalis tenax,
(14) Ascia podagrica, F.
L.
(16) E. nemorum, L.
(18) E. sepulcralis, L.
(17) E. arbustorum, L.

(Sid.)

Ch. festivum, L. (Tekl. B.)

(5)

;

Pipizella virens, F.

(6)

;

lata,

;

;

;

;

•

;

;

;

;

;

;

;

(19)

E. seneus, Scop.

(22)

Helophilus

pipiens, L.

;

;

(20) E. pertinax, Scop.

floreus, L., ab.

Conopidce

(<?)

:

;

(25)

;

(21) E. horticola,

;

Mgn.

(Sid.)

;

(24) Syritta
(23) Xylota florum, L. (Sid.)
Zodion cinereum, F. (Sid.)
(/) Miiscido' :
;

;

Echinomyia grossa, L. (Haar)
(28) E. magnicornis,
(27) E. fera, L.
(29) Nemora^a sp.
(31) Tachina eru(30) Exorista vulgaris, Fallen
carum. Bond.
(33) S. hsemarrhoa, Mgn.
(32) Sarcophaga carnaria, L., ab.
(34) Onesia sepulcralis, Mgn.
(36) Grapho(35) 0. floralis, Rob. Desv.
myia maculata, Scop. (37) Lucilia sericata, Mgn.
(38) L. Caesar, L.
(39)
L. silvarum, Mgn.
(40) L. cornicina, F.
(41) Pyrellia senea, Zett.
(42)
Musca corvina, F.
(43) Calliphora vomitoria, L.
(44) C. erythrocephala,
Mgn.
(45) Scatophaga merdaria, F., ab.
(46) Sepsis cynipsea, L., ab.
(g)
TahanidoR : (47) Tabanus rusticus, L.
{h) MycetojyhiUdce : (48) Platyura
(26)

;

;

Zett.

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

sp.

Tipulidoi

(i)

;

lldcK:

(50)

Demiestidcc

(49)

:

Thalycra
:

(52)

Pachyrrhina

sericea,

Er.

histrio, F.

(Siebengebirge)

Anthrenus pimpinellae,

philanthus, Sulz., very freq.

F.

(c)

;

B.

Coleoptera
(51)

;

{a)

Nitidv-

Meligethes, ab.

Lamellicornia

:

(53)

;

{h)

Hoplia

Trichodes fasciatus, L., ab.
(55)
(d) ElateHdce : (56) Agriotes
ustulatus, Schaller (Thur.)
(58) C. hsema(57) Corymbites holosericeus, L.
todes, F. (Siebengeb., July 8, 1871)
{e) Malacodermata : (59) Telephorus
inelanurus, F., very freq.
(62) Tri(60) T. fuscus, L.
(61) T. lividus, L.
Cetonia aurata,

L.,

very

(Sid.)

ab., (Sid.

(54)

;

;

Siebengeb.)

;

;

;

;

;

(liodes
nierida-

:

(64)

;

;

(/) MordeUido' : (63) Mordella fasciata, L.
Q^.demera virescens, L.
Ceramhycida' : (65)
(//)

apiarius, L.

;

;

;

(Ede-

(</)

Rliagium

inquisitor, F. (Sid.)
(66) Pachyta 8-maculata, F, ab. (Sid. Siebengeb.)
(67)
Strangalia nielanura, L., very ab. (Sid.)
(68) S. nigra, L,
(?) Chrys^omelidir :
;

;

;

(09)

Cryptocephaliis sericeup, L.

;

(A-)

CoccincUido'

S

'!

;

;

(8)

;

var.

L. (Thuringia)

—

silvarum, Mgn.
dinidce

[part hi.

A. Diptera (a) Bomhylidce : (1) Anthrax flava, Hffsgg., l.h.
(3) Syritta pipiens, L.
(c)
(2) Chrysotoxiim bicinctum, L.
(5) Onesia sepulcralis, Mgn.
(6) Lucilia
(4) Dexia rustica, F.
:

Syrphidm:

{h)

—

;

:

(70)

Exochonnis auritus,

!

\

—

lAUT

C

Scriba.
ab.
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T.

(72)

;

T. animlata, F.

Tenthredinidw

(a)

rare

(73) T.

;

(76) Selandria serva, F.,

;

Hylotoma rosarum,

(78)

—

KL, not

notlia,

F.

H.

(79)

;

Tenthredo

(71)

:

tricincta, F.

very

285

freq.

Athalia

(77)

;

coerulescens, F.

H.

(80)

;

bifasciata, L.,

(74) T. sp.

;

(75)

;

rosse, L.

;

iistulata, L.

;

H. vulgaris, Kl.
(83) Cimbex sericea, L., not rare
(82) H. femoralis, Kl.
(c) Sphegklce : (85) Crabro
(Sid.)
{b) Ichneumonidw : (84) Numerous species

(81)

;

;

;

;

lapidarius, Pz.

9 ^,

freq.

Oxybelus uniglumis,

(88)

Cr. vagus, L.

(86)

;

ab.

L.,

(^

Cr. cribrarius, L.

(87)

;

Pliilantlius triangulum,

(89)

;

$

F.

Gorytes canipestris, L. $ (^, not rare
(91) Dinetus pictus, F. $
Miniesa bicolor, Sli, (Thur.)
(93) M. unicolor, v. d. L. (Tliur.)
F. (Thur.)

^

Vespida;

{d)

(99)

:

^

(95) P. pectinipes, v. d. L.

;

Ceropales maculata,

(97)

;

not rare

F.,

Odynerus parietum,
(102) Vespa rufa,
$

L., ab.

(92)

Pom-

Prioenemis exaltatus,
Tiphia femorata, F., ab.

;

0. sinuatus, F.

(100)

;

;

(96)

;

(98)

;

^^

(90)

;

(94)

;

$
;

(^, ab,

;

;

pilus viaticus, L.

$

(101)

;

L. 9
(103) V. holsatica, F. ^
(104)
Apidce : (105) Prosopis arraillata, Nyl. 9
(106) Halictus cylindricus, F. 9 covered with pollen on the M'hole hairy ventral surftice
(108) H. flavipes, F. 9
(107) H. leucopus, K. ^
(109) Andrena
0. trifasciatus, F.

;

;

V. vulgaris, L. ^

;

(e)

;

;

5

;

;

nana, K. 9>s.

K.39, not rare

;

Sm.

(110) A. fucata,

;

95^^^.,

and

s.

(112) A. RoScU, Pz.

c.p.

(111) A.

;

coitana,

9, frec^. (113) Sphecodes gibbus,
L. (^,8.; (114) Noinada ferruginata, K. 9)8-; (H^) Megachile centuncularis, L. 9) c.p.
(116) Bonibus terrestri.s, L. 9) c.p.
(117) Apis melliiica,
D. Hemiptera
See also No. 590, i., and
(118) Several bugs.
^, s. and c.p.
(Sid.)

;

;

;

;

—

No. 609.

Daucus Caruta,

195.

Visitors
ab.

(Thur.)

Syrphidoi

(c)

;

:

{b)

;

rotundata, L.

;

M.

(10)

;

sepulcralis, L.

;

taeniatus,

Syrphus

(8)

;

{d)

flava,

Hff.

Pipiza funebris, F.

(5)

;

Mgn.

;

pyrastri,

Ascia poda-

(11)

;

arbustorum, L.
Muscidce : (16)

(13) E.
;

Anthrax

(3)

Cheilosia soror, Zett.

(7)

;

(15) Syritta pipiens, L.

;

Strationiys Chamseleon, Deg.,

(1)

:

Bombylidce :
Pipizella annulata, Macq.

(4)

(12) Eristalis

;

philus floreus, L.

Helo-

(14)

;

Gymnosoma

Sarcophaga albiceps, Mgn. (Thur.) (18) Species of Lucilia
B. Ooleoptera— (o) Dermestidce : (20) Anthrenus piniLamellicornia : (21) Trichius fasciatus, L.
(c) ElateridcE :

(17)

;

;

Species of Sepsis.

(19)

F.

pinellse,

(b)

;

;

A. ustulatus, Schaller (Thur.)
(24)
Malacodermata : (25) Dasytes pallipes, Pz.

Agriotes sputator, L. (Thur.)

(22)

A. gallicus. Lap.
(Thur.)

;

(e)

hijcidce

;

(38) 0.
;

(30)

:

(6)

lucidulum, F.

$

(28)

:

(rf)

;

Mordella

(26)

9 (Thur.),

ab.

bipunctatus, 01.

(41) P. neglectus,

:

;

(Thur.)

Cerceris

;

variabilis,

;

;

(33)

Athalia

Various

(35)

(d) Sphegidce

(39)

Wesm. ^

Pompilus

Schr. 9

;

(e)

;

:

(36)

$

;

Schenck

(42) P. intermedins,

(44) Ceropales maculata, F.

:

(48)

Hedychrum

(40) P.

;

Vespidce

(a)

H. femoralis, Kl.
L.
(34) Tenthredo

Oxybelus uniglumis,

niger, F.

$

;

Cerani-

(g)

Hymenoptera

;

(46) Mutilla europaea, L.

aculeata, L.
;

(31)

rosae,

(37)

:

(Thur.)
C.

;

M.

(27)

ChrysidcB

(c)

;

;

Sch.

cardui,

(Thur.).

enemis obtusiventris, Schi. (Thur)
femorata, F., freq.

F.

fasciata,

Miiller

F.

serva,

;

ustulata, L.

bifasciata,

fchneumomdce

(^

(23)

;

Spermophagus

Hylotoma

(32) Selandria

;

notha, Kl.

;

:

(29) Strangalia

:

Tenthredinidce

(Thur.)

(Thur.)

Mordellidce

Curcnlwnidce

(/)

ab.

Stratiomyidcn

(«)

Melithreptus scriptus, L.

(9)

;

grica, F.

L.

—

Mgn., ab.

riparia,

Chrysogaster viduata, L.

(6)

L.

A. Diptera

:

S.

(2)

;

:—

L.

;

;

L.,

viaticus,

(43) Prio-

(45)

Tiphia

(Thur., July 14, 1870)

;

Odynerus sinuatus, F.

(47)

9

;

—

:
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(/) Apida :
^ ; (51) Sphecodes gibbiis, L. 9

(49) Prosopis variegata, F.

ruptus, Pz. ? (Thur.)

H.

(54)

;

;

(Thur.)

^

;

(50) P. sinuata,

(52) Halictus albipea, F.

K.

i'ulvicornis,

<$

^

;

H.

(53)

A

Schenck,
inter-

Andrena parvula, K.;

(55)

;

[part

Nomada lateralis, Pz. $ (Thur.). D. Lepidop(b) Tineina : (59) NemoHesperia lineola, 0., s.
E. Hemiptera— (60) Tetyra nigrolineata, L. (Thur.), ab.
tois, Hbn., sp., s.
See also No. 590, i.
F. Neuroptera
(61) Hemerobius.
(56) A. nana, K. ? s.
tera— (a) Bhopalocera :
,

(57)

;

(58)

;

—

Dauciis (Orlaya) grandiflora, Hoffm.

J

— This

species has three

different kinds of flowers, all differing in form and degree of
conspicuousness
(1) In the centre of the umbellule the florets
have small incurved petals (2) at the edge of
and
only,
male
are
:

;

the umbellule the florets are asexual, and the outermost petal is
greatly enlarged
(3) at the margin of the whole umbel are
;

female

florets,

which the outer petals attain a gigantic

in

(590,
Caucalis daucoides, L.,

size

I.).

(Hemiptera) (590,

Visitors

A. Dij)tera

:

by

Tetyra nigrolineata, L.

—

(1)

Gymnosoma

L.

:

rotundata, L., freq.

Hymenop-

B.

Tenthredo notha, Kl. (Tekl. B.)
{h) Sphegidcp :
(4) Oxybelus bellicosus, 01.
(5) 0. uniglumis, L.,
Ceropales maculata, F. (^ 9 ab.
(c) Vespidoi : (7) Odynerus pari-

tera— (a) Tenthredinidce
(3) Crabro vagus, L. 9
;

visited

Caucalis (Torilis) Antheiscus,

196.

ab.

is

i.).

(6)

:

(2)

;

;

;

,

etura, L.

;

Apidce

{d)

:

(8)

Prosopis variegata, F.

See also No. 590,

Pieris rapae, L,

;

C.

(^.

Lepidoptera

—

(9)

i.^

REVIEW OF THE UMBELLIFER^.

A
most

survey of the Umbelliferse and their insect-guests proves
definitely that in flowers

otherwise constituted alike the

vary in abundance and variety in proportion to the conspicuousness of the flowers. For our comparison we must naturally
visitors

choose flowers that have been observed to
If

we

select

a

number,

e.g.

much

jEgo^wdivniy

the same extent.

Caritm, Fimpinclla

Saxifraga, Heracleum,

Torilis, Anthriscns silvestris, Daucus, and
temulum, and arrange them in the order of conspicuousness, this arrangement will not differ materially from the
following, in which they are placed according to the number of
CJicerophyllnnfi

*

The following additional

slellatum, L.

species are discussed in

C/uBrophyllum Villarsii, Koch.

;

hirmtum, Lam.

;

Mcum

;

;

Bvplcuniin rotttndifoUum., L,

—Btipleunim
;

Mutellina, Gartn.
given in my Weitcre Beohachtungcn, pt.

visitors to the following are

Cynopitim, L.

my Alpenhlumen

Gaya simplex,, Gaud. Loserpitium
Peuccdanum OstrtUhmm, L. Lists of
;

;

i.

;

JUthiisa

Thysudinum palustre, Hoffm.

1^'

y^
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Heracleum (118); 2.
4. Daucus Carota
Choerophyllum temulum (23) and

different species of their insect-guests:

jEgopodium (104)
(61)

;

4.

Carum

3.

;

Anthriscus

carui (55)

;

6.

287

1.

silvestris (73)

;

Pimpinella Saxifraga (23) 7. Torilis (9).
Those insects which are most specialised for obtaining honeyare the least frequent visitors of Umbelliferse.
On most Umbel;

hfers butterflies are

never seen, and on the others only rarely.

In cases where I saw them on several flowers one after another
sinking their proboscides on to the fleshy disk, I have set

down

as sucking; but the point

them

may

be reserved whether they
really can suck up honey off the flat surface, or were tearing the
disk with the sharp appendages of the proboscis and sucking the
juice set free, or whether they were only looking for honey
unsuccessfully.

We

on Umbellifers, on the one hand, the least specialised
{Prosopis, Sj)hccode^, Halidus, Andrena) licking
the flat layer of honey or gathering pollen, and, on the other
hand, the most diligent forms {Apis, Bomhus) collecting pollen,
or more rarely sucking honey.
The odour of Umbellifers is shown to be of marked influence
on bees' visits, as the strong-smelling umbels of Anethum graveohns
are visited with special preference by the equally strong-smelling
find

genera of bees

species of Prosopis.

are short-lipped
in

immense

The

flies,

variety.

assemblage of insects,
I

great majority of the visitors of Umbellifers

beetles, wasps,

and other short-lipped

insects

As a peculiarity which influences this
I must mention the yellowish colour, for

have never found the flowers of Bupleurum, Silaus, or Pastinaca
by beetles. These seem to be mainly attracted to flowers

visited

by bright colours.
Rare Umbellifers, confined to particular

localities,

have rare

insects as their visitors.

Ord.

Hedera,
fertilised

by

L.,

is

proteranderous, according to Delpino, and

flies (177).

by wasps (590,

I

have seen

it

visited also

is

by beetles and

I.).

Obd.
197.

ARALIACE^.

cornAC em.

COENUS SANGUINEA, L.— The

fleshy ring

surrounding

the base of the style secretes honey, which, lying open on the flat

—

;
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much more

surface, is

easily licked

lipped insects, or by the end-flaps

the long proboscis of bees.

[part hi

up by the tongues

have never seen bees upon the

I

flowers of C. sanguinea, although they

may

sake of pollen or even honey

occasionally frequent

but I have noticed

them

for the

many

other insects licking the honey on these flowers.

developed

Since the anthers are

of short-

of Diptera, than by

{labellce)

;

same time

the

at

the

as

stigma, and since they open inwards and stand on a level with
at a little distance, the insect, alighting on the flower and
bending its head down to the fleshy disk, generally touches the
stigma with one side of its head or body and one or two anthers
with the other and so passing from flower to flower, and touching
the stigma now with one side of its head now with the other,

it

;

Fio. 9J.
1.

Cornus

— Flower,

2.— Ditto,

it

iiinea,

I_.

from above.

in side view.

produces cross-fertilisation, especially as in

its

movements

it

touches anthers and stigmas with its legs or the underside of its
body. Only the smaller insects {Nitidulidm, Byiurus, small Diptera)

which creep about in-egularly in the flowers can occasion selfIn default of insect-visits, pollination, and even
cross-pollination, may here and there occur by the stigma accidentally touching an anther of a neighbouring flower.

fertilisation also.

Visitors

gethes

;

:

A. Coleoptera

Dermestidoi

(6)

marginatus, L.
picipes, F.
(9)

;

(e)

(5)

;

—

;

Athous

;

(10)

Nitidulidoi : (1) Thalycra sericea, Er.; (2) Meli
Byturus fumatus, F. (c) Elateridce : (4) Dolopiuel^j

(a)

(3)

Ceramh/cidai

Str. atteniiata, L.

Malacodermata

:

niger, L.
:

(7)

;

(d)

Strangalia atra, F.

Grammoptera

Telephorus

CurcuUonidai

hirida, F.

;

;

:

(6)

Otiorhynchiis

(8) Sir. arniata,

Hbst.

(11) Gr. laevis, F.

—

;

(/)

Empidce .\
{h) (14) a small midge in very great numbers.
(13) Empis livida, L.
C
Hymenoptera— /SpAe^iVo; ; (15) Pompilus sp. all the visitors were lickingSiJI
honey on the fleshy disk. See also No. 590, 11.
:

(12)

pelliicidii.s,

F.

;

;

B. Diptera

(a)

—
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Oed.

Adoxa Moschatellina,

198.

honey limits or prevents the
the

289

L.

—The

flat, exposed layer of
long-tongued insects, while

visits of

greenish-yellow colour of the flowers must cause

them

to

remain unnoticed by most flower-haunting Coleoptera.
As in
other flowers of a similar colour and displaying their honey in a
similar way, the

visitors

are

exclusively

or

almost exclusively

and Hymenoptera, which in this case are specially
The honey is secreted by a
attracted by the musky smell.
flesliy ring surrounding the bases of the stamens.
The stamens

Diptera

Fio.

9(5.

Adoxa

— Apical flower, from above (x 3J).
2.— Ditto, Irom below.
— Lateral flower, not yet mature, unfolded

Monchatelliva, L.

1.

3.

artificially;

the style

is still

bent down; viewed

from the front.

— Ditto, from behind.
5.— Lobe of the corolla, with two (divided) stamens (x
— Stigma of the apical flower, from the side (x
4.

6.

2>^,

7).

7).

anther, not yet dehisced a', ditto, after dehiscence s, sepal p, petals of the ai)ical flower
superior, p^, inferior, p^, lateral, petals of a lateral flower ; st, stigma ; ov, ovary ; n, nectary.

a,

are each

:

;

two halves, and their pollen-covered surfaces
upwards in the terminal flowers, and outwards in the

split into

are directed
lateral

:

;

flowers.

Insects

crawling

over the

bring their feet and proboscides in contact

small inflorescence

now with

anthers

now

with stigma, and effect cross-fertilisation as in the case of the

Guelder-rose and Elder

(cf.

Ricca, No. 665).

After my M.S. was finished I found a patch of Adoxa visited rather
abundantly by small insects one sunny afternoon (April 7, 1872). I caught
fifty-two examples of the following species.
A. Diptera (a) Muscidce : (1)
Borborus niger, Mgn., 2 specimens
{h) Mycetophilidcv : (2) Various species

—

;

U

—

—
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1^—4 mm.
mens

;

specimens;

11

long.,

Cec'ulomyidcR

(of)

:

SimuUdce

(c)

Simulia

(3)

:

various species, 10 specimens.

(4)

[part hi.

B.

sp.,

]

14 speci-

Hymenoptera

specimen; (6) seven other species,
Pezomachus, Grav., two species, 2 specolumbinum, Grm., 3
CurcuUonidce :
C. Coleoptera
cimens.
(8) Apion
specimens. Many of these small guests scrambled over the inflorescence, others
flew from flower to flower ; all licked the thin layer of honey, and none were
Pteromalini

(a)

9 specimens

;

:

Eulophus,

(5)

Ichneumonidce

(&)

1

cJ,

(7)

:

feeding on the pollen.

—

Sambucus nigra, L.
The relative positions

199.
flowers.

-I

have never found honey in the

of the essential organs are as in

stamens diverge still more
and the corymb
here so large and conspicuous that enlargement of the marginal

the following species, save that the

Many

widely.
is

flowers

flowers are aggregated together,

The

unnecessary.

is

much less visited by
and I have never found
would be premature to

flowers are

insects than those of the Guelder-rose,

pollen-collecting

bees upon

Fig. 97.
1.
2.

It

— Savibucus nigra,

L.

—Flower, from the front.
—Ditto, obliquely from the front and side.

3.— Ditto,

from this

conclude

them.

obliquely from behind,

the

that

strong

(x 3J

scent

)

the

of

flowers

is^

have frequently found bees, and even the
hive-bee, visiting Euta graveolens, in regard to which Delpino
advanced the same opinion.
Fertilisation is eff'ected in the

distasteful to bees, for I

same way
is

as in the

previous species

freely, pollen falling directly
Visitors:

SyrphidcR
L.

but as

;

less perfectly insured, self-fertilisation

;

(5)

:

A. Diptera— («)

(2)

E.

upon the stigma

Stratiomyid(c

Eristalis arbustorum, L.

horticola,

Mgn.

Coleoptera— Z^nwg/Z/cwnm

;

(Sid.)
(7)

;

:

(3)

(1)

E.

cross-fertilisatioDi

much

takes place
in

many

Sargus cuprarius, L.

nemorum,

L.

;

morel

flowers.

(4)

|

;

(6 ii

E. tenax

ft!

Volucella pellucens, L., all f.p. Bl,
Cetonia aurata, L. (Sid.); (8) Trichiu'j
;

(6)

both of these beetles feed on the petals and other parts of th
flower, and are therefore more destructive than useful.
See also No. 590, ni.

fasciatus, L.,

Samhucns

EMus, L.— The

hive-bees, bumble-bees,
in

|

I

Low Germany by

flowers are visited on the Alps b
and Syrphidte {Volucella) (609, p. 'Sd'2)^

Diptera (590,

in.).
}

i

I

—
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200. Viburnum Opulus, L.— The flowers are aggregated in a
corymb, whose marginal flowers have the petals greatly enlarged
at the expense of the essential organs. They thus attain conspicuousness, useless to themselves, but of the highest importance to the
community, as Sprengel correctly explained (702, p. 159). When
flat

the flowers expand (Fig. 98, 2) the anthers have already begun to
dehisce, and the stigmas are already so far developed that if pollen

be applied to

them

it

adheres easily and in large amount.

afterwards the anthers become covered

Shortly

round with pollen, and
protrude, diverging, from the flower, while the stigmas remain in
the base of the flower close above the ovary, whose upper surface
The honey is fully exposed, and forms a flat,
secretes honey.
adherent layer, so that it is only attractive to flies and other

Fiu. 98.

all

Viburntun Opulus, L.

1.— Marginal flower, from above, showing rudimentary pistil and stamens (x 2 J).
2.— Fertile flower, soon after expansion (x 4tj).
3.— Ditto, after removal of the anterior part of the corolla and stamens (x 4g).

short-lipped
collecting

insects

;

bees; the

the pollen attracts both flies and pollenwhite colour of the flowers makes them

some of which
The most frequent visitors and the
also those which get iriost benefit
which by turns suck honey and feed
attractive to beetles,

contains

a very

small

corymb

amount

of

are very destructive visitors.

most efficient fertilisers are
from the flowers, viz. flies,
on pollen. As each flower
honey, the insects

rapidly

and

they repeatedly eff^ect fertilisation,
which is usually cross-fertilisation, since in each flower anthers
and stigmas generally come in contact with diff'erent parts of the

traverse

the

;

insect's feet or proboscis.

not impossible,

stigma comes to

for,
lie

In absence of

insects, self-fertihsation is

in spite of the divergence of the stamens, the
in

many

flowers immediately below an anther.

U 2
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Visitors

E.

floreus, L.

myia
C.

A.

:

nemorum,

Diptera— (a) Syrpliidm

:

(1)

Eristalis arbustoriiin, L.

E. sepulcralis, L.

;

(4)

E. tenax, L.

(3)

;

B.

L.

(5)

Phyllopertha horticola,

L.,

(9)

:

Meligethes, ab.

;

(6)

;

ml
(2)

]

Helophilus^

;

Coleoptera— (a) NitiduHdce

See also No. 590,

;

L., all ab., s. and f.p.
(6) Ifuscidce : (7)
Rymeno^teTR—Apidce: (8) Halictus sexnotatus,

H. pendulus,

(6)

;

fera,

L.

[part

Echino-..^

K.,

LamelUcornia

:

c.p.'j

{\Q)\

feeding on the petals and otber parts of the flower,

i

iii.

j

—

Symphoricarpos racemosus, Michx. The flowers of the!
Snowberry seem to be specially adapted for wasps, like those ofj
The corolla is pendulous, bell-shaped, and of a
ScropJiularia.
201.

reddish colour, 7 to 8

mm.

long and 5

mm.

wide, cleft nearly to

A

wasp's head (5 mm. broad, 2 to 2^
the middle
accommodated in it, and in point
conveniently
mm. thick) can be
where
they
are abundant, are the most
places
in
wasps,
of fact,
into five lobes.

numerous visitors of this plant.
The
wasp hangs below the flower, thrusting
in its head and licking the honey which
is secreted very abundantly by the lleshj

-.

•

(m

The
honey collects in the base of the flowei
and on the inner wall of its dilated lowe:
portion it is prevented from flowing ou
by long clo?e hairs upon the five lobes
swelling at the base of the style.

,
^
^„
„
Fig. 99.— Symphoricarpos
racemosus, Michx. (2^.)

;

.

.

^lie

l-DmoriiilSn''''"*''''''^''

corolla

extending

inwards

to

th.

centre of the flower, and protected fron
rain both by these hairs

and by the obliquely pendulous

positioi

of the flower.

In
the

the

mouth

lowest
of the

part of

the hairy lining,

flower, are

the

five

viz.

that neares

anthers, which

dehisc

and converge towards the centre of the flower; th
filaments are attached to the corolla near its middle.
Immediatel

introrsely

above the

hairs, in the

middle of the flower, stands the

stignif

which ripens at the same time as the anthers. As the wasp thrusij
its head wholly into the flower, it comes at once in contact wit
all five anthers and then touches with one side the stigma
but oj
its way to the stigma little or no pollen remains attached to it, partlj
because the pollen is very slightly adhesive, and partly because an
grains that do attach themselves are brushed off before thejj_1
reach the stigma by the hairs lining the corolla.
It is only wh
being withdrawn moistened with honey that the insect'shead acqui
a plentiful coating of pollen to be carried to the stigma of the ne
;

flower.

Thus, in

cf|,se

of wasps' visits, cross-fertilisation

is

insureq

—
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absence of insects, self-fertilisation cannot well occur owing to

in

the relative positions of anthers and stigma.
Visitors

:

and

;

(3)

diadema

var.

—

(a) Vespidm : (1) Vespa
V. saxonica, F.
(4) V. rufa, L.

Hymenoptera

media, Dcf^eer

;

;

in Tliuringia these five species

;

where wasps are much

liolsatica,

(5)

make

F.

;

V.

(2)

Polistes gallica, L.

nine-tenths of all the

abundant and Polistes does
(6) Odynerus sp., bit holes in the
not occur, the honey-bee preponderates
{h) Apida : (7) Apis mellifica, L. $ ab.
corolla and introduced its head
(8)
Bombus agrorum, F. ^ (9) B. pratorum, L. C^ (10) B. muscorum, F. i^ all
(12) Megachile centun(11) Eucera longicornis, L, $
three species scarce
(c) Sphegidce
cularis, K. (^,alls.
(13) Halictus sexnotatus, K. 9, s. and c.p.
visitors

;

in Lippstadt,

less

;

,

;

;

;

;

;

(14)

Ammophila

Lmncea

sabulosa, L.,

horealis,

;

,

;

;

Gron.

s.

See also No. 590, in.

—The position of the flower

shelters the

and hairs on the interior of the corolla exclude
many small insects. Five purple lines on the interior of the
corolla and a patch of orange colour on its inferior side, near the
Cross-fertilisation is favoured by the
base, act as honey-guides.
position of the stigma in advance of the anthers (609, Fig. 158).
honey from

rain,

Fig. 100.

1.— Flower, from the side,
2.— Ditto, from the front.

Lonicera Caprifolium, L.
^^at. size.

The

—

figure should

be horizontal.

Lonicera Caprifolium, L. The flowers are adapted for
by long-tongued crepuscular and nocturnal
Lepidoptera.
They bloom at the season when hawk-moths are
202.

fertilisation exclusively
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most abundant (May, June), they expand and exhale their
perfume most strongly in the evening, and they conceal their
honey in so long and narrow a tube that Lepidoptera alone of our
The tube, whose inferior fleshy
native insects are able to reach it.
part secretes honey along its middle line, is about 80 mm. long,
and for the greater part of its length only 1 to 2 mm. wide, and
further narrowed by the style

still

among our

;

native bees measure 21

while the longest proboscides

mm. {Bomlus

hortorum and

11 to 12 mm.
becomes filled
tube
(Rhingia, Bovibylius discolor). Certainly the
with
a proboscis
to past the middle with honey so that even insects
of
honey
is only
this
depth
15 mm. long can reach part of it but
to
have
ceased
seek
attained in the evening, when bees and flies

among our

Antho2ohora xnlipes), and

flies

only

;

I

their food.

have never seen bees or

flies

sucking on this honey-

and it is all the more plentifully visited by hawk-moths on
the warm, calm evenings of May and June. I caught on a single
plant on May 27 and 29, 1868 :—
suckle

;

Lepidoptera

mens

—

(a)

Sphmgidce

:

(1)

Sphinx convolvuli, L.

(37—42), 6 specimens

(65

— 80),

2 speci-

(28—33),
D.
(20
5 specimens
24), 17 specimens
(5)
(4) Deilephila elpenor, L.
porcellus, L. (20), 1 specimen
(6), Smerintlius tiliae, L. (23), 1 specimen
{b) Noctuce : (7) Dianthoecia capsincola, S. V. (23
25), 2 specimens
(8)
Cucullia umbratica, L. ^ (18 22), 2 specimens
(9) Plusia gamma, L. (15),
(c) Bomhyces : (10) Dasychira pudibunda, L. (0), 1 specimen.
1 specimen
;

(2)

S. ligustri, L.

(3) S. pinastri, L.

;

—

;

;

;

—

—

;

;

;

;

and Dasychira pudibunda which have com
were doubtless attracted by the smell
only, without having anything to gain from the plant; Plusia
gamma might sip a little honey from untouched flowers, and the
four preceding species might drink deeply, but only the first three
could drain the honey. I examined the specimens I had collected
Smerinthus

tilice

pletely aborted proboscides

not only with reference to the length of their tongues but

alsc

with reference to the extent to which they were dusted with
In all (except the two last short-lipped species), at least
pollen.
the hairs upon the palps which cover the base of the probosci
were richly covered with pollen; and in several of the largei
species the hairs and scales on the whole of the under side of the
body from the head to the middle of the abdomen, including the
proboscis, antennae, legs, and wings, were thickly dusted.
The
most richly coated were individuals of the first three Sphingidse
which had flown violently away, while Lianthoecia, CuciUlia, anc
Plusia were the least so. The pollen-grains are rounded tetrahedra
'047 mm. in diameter; thoy adhere to the hairs and scales of th
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stigma by their sticky surface, and

by the aid of small, sharjj processes with which they are thickly
covered.

The visits of the above-named Lepidoptera result, in spite of
the simultaneous development of anthers and stigma, regularly in
consequence of the position of the stigma in
The stamens project about 15 to 18 mm.
and the style about 25 mm. beyond the mouth of the flower both
are slightly curved upwards at their ends, and the pollen-covered
Lepidoptera, whether
faces of the anthers are turned upwards.
they alight, or suck the honey while poised in the air, must
touch first the stigma and then the anthers with their ventral
cross-fertilisation, in

advance of the anthers.

;

surfaces.

On warm, calm

evenings, insect-visits are so abundant that on

the following day all the flowers are found to have
entirely

removed.

On

the

had their pollen

other hand, on days following cool,

windy evenings, the flowers display abundant pollen, which
gathered by bees and

On

is

then

flies.

such days I have found the honey-bee and

Halichis

K. ?, busy collecting, and several Syrphidse, Xylota
segnis, L., Rhingia rostrata, L., and Syrphus ccJirostoma, Zett., busy
feeding on the pollen which remained upon the anthers.
These
secondary visitors occasionally effect fertilisation, but they must
perform self-fertilisation as readily as cross-fertilisation, and at any
rate the flower has not been adapted for them.
Lonicera coerulea, L. The yellowish-w^hite flowers are adapted
for humble-bees, by which they are chiefly visited and fertilised.
The tube is over 10 mm. long and pendulous.
The stigma stands
but in
well in advance of the anthers, favouring cross-fertilisation
the absence of insects, pollen may easily fall on the stigma and
sexnotatus,

—

;

effect self- fertilisation (609).

Lonicera Peridymemtm, L.

— The general structure of the flower

is visited and ferThe tube, however, is only
by the same hawk-moths.
25 mm, long, so that the honey as soon as it has collected

resembles that of L. Caprifolium, and the plant
tilised

22 to
to the

depth of a few millimetres

is

accessible to

many

of our bees.

On

July 17, 1867, I saw Bomhusliortorum, L. ? (21 mm.), sucking
honey from some flowers of L. Fericlymenum. The bee wasted
considerable time in obtaining a convenient position for sucking,

and

it crawled from the broad upper lip to the mouth of the tube
without touching the stigma and anthers; and the amount of

honey

it

obtained must have been small, for after visiting a few
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Fig. 101.

Lonicera carulea, L.

A.— Pair

—

of pendulous flowers
Flower in section (x 4).

B.
(Bergun, June

Fia. 102.

[part ih.

9,

(x

3).

1879.)

Lonicera Perichjmennm, L.

2.— A Hawk-iJioth (S2)hinx Ligustri) sucking one of the flowers.
8.—Corolla, Blit down the middle line superiorly, and laid open.
4.— Stinma.
6.— Section of ovary.
6.— Ovary and calyx.

n,

nectary.

——
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flew away, though the jilants were in full bloom.

it

therefore, are only accidental visitors,

Bees,

which have had no influence

in developing the special characters of the flower.^

—

Honey is secreted and lodged in
L.
pouch at the base of the tube, which is 6 to 7 mm. long.
Stigma and anthers are matured simultaneously, and protrude from
203.

LONICERA TATARICA,

the shallow

the flower in close proximity with one another, the stigma being
slightly

An

overtopped by the anthers.

insect-visitor inserts its

head between the anthers and stigma, and so dusts one side with
pollen while the other comes in contact with the stigma.
The
flowers stand unsymmetrically in pairs, causing the insect's

head to

enter in various positions and so favouring cross-fertilisation.

the stigma

is

thrust aside,

When

opposite side usually comes in contact

its

with those anthers which are not touched by the insect's head, and
it

thus becomes dusted simultaneously with the pollen of

own

its

Flowers are frequently found in which the stigma is in
close contact with one or two anthers, and self-fertilisation doubtless
flower.

often takes place in absence of insects.
Visitors

:

A. Hymenoptera

Megacliile centuncularis, L.
to reach the lioney.
f.p.,

c^

Apklcn
,

s.

;

B. Diptera

(3)

:

Apis

(1)

Andrena

Syrphida'

:

(4)

mellifica, L.

albicans,

Ehingia

^
K. $
,

,

s.,

ab.

tries in

rostrata, L.,

s,

;

(2)

vain

and

very ab.

Lonicera

nigra., L.

not on the under

—This species
which

lip,

is

is adapted for bees, which alight
bent backwards out of the way, but

on the style and stamens.
The
The flowers are homogamous.
stigma stands below the anthers, and in absence of insects
self- fertilisation

must occur

(609, Fig. 159).

Lonicera Xylosteum, L.— Honey

is secreted and lodged
but the tube is only 3 to 4 mm. long. The anthers
and stigma are matured simultaneously and project far beyond the
mouth of the flower the former are divergent and stand at a distance from the stigma.
Humble-bees thrust their heads sometimes to one side sometimes to the other, sometimes above sometimes below the anthers, and in the course of repeated visits they
dust their heads (or head and thorax) all round with pollen.
In

204.

as in L. tatarica,

;

each flower one side of the bee's head touches the stigma and the
other the anthers, so that cross-fertilisation proceeds regularly.

I

have never found flowers in which the anthers stood in immediate
^

See No. 590, in. p. 75, for a case of atavism in this species.
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with the stigma

contact

fertihsation

may

but in the absence of

;

many

result in

flowers

by pollen

[pArrr in.

insects, self-

falling

upon the

stigma.
Visitors
(2)

:

A. Hymenoptera

Bombus muscoriim,

Empidce :
and f.p.

(4)

Empis

Apidce

F. ^,s.

opaca, F.,

;

s.,

:

(1)

Apis

mellifica, L.

^, veryab.,

s.

;

—

B. pratorum, L. ^ s.
B. Diptera
(a)
ab. ; (h) Syrphidce : (5) Rhingia rostrata, L.,
(3)

,

s.

The

chief fertilisers are humble-bees, since they never insert

and anthers
with opposite sides of the head while flies and the honey-bee
never touch the stigma at all in man}^ flowers.
their tongues into a flower without touching stigma
;

Lonicera alpigena, L.

humble-bees, and also

— This

still

Fio. 103.

A

species

fertilised

is

more frequently by wasps.

by bees and
It resembles

Lonicei'a alpigeiia, L.

pair of recently expanded flowers ( x 4). The flower on the rii-ht
(Bergiin, June 8, 1879.)

hand has an

a<lditional stanien.

other wasp-fertilised flowers (Scrophidaria, Sy7Jiphoricarpos, Upipactis paluslris) in having

an expanded pouch-like honey-receptacle

containing an unu.sually large supply of honey, and

enough

to

admit a wasp's head

easily.

The

in colour, like that of Scrophidaria (609).

flower

is

it is

just wide

reddish-brown
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Wcigelia (Diervilla) rosea, L.

— The

and undergoes a change of colour
aureum (590, III.).

flower

is

299

adapted

for

bees,

after fertilisation like Bibes

REVIEW OF THE CAPRIFOLIACEiE.
The small group

of Caprifoliacem

remarkable

is

for the great

variety of visitors to which nearly related plants have adapted

themselves,

by

in the length of the tube.
with a tube about 30 mm. long, permits
only a few Lepidoptera to reach the honey; L. Periclymcnum L.,
in which the tube is only 20 mm. long, admits also a few specially
long-tongued bees L. cmrnlca, L., with a pendulous corolla and a
tube over 10 mm. long, is adapted for humble-bees in Z. tatarica,
chiefly

Lonicera Cafrifolium,

differences

L.,

,

;

;

and L. Xylosteum, L., the length of the tube falls to 7 to 3 mm.
and certain long-tongued flies, in addition to a larger company
of bees, visit and fertilise the flowers the short, wide honeyreceptacles of Syinphoricarpos and Lonicera alpigena, L., are easily
accessible even to wasps, which are attracted in great numbers by
Linna:a is furnished with an infundithe large supply of honey
buliform corolla, but apparently attracts, for the most part, flies in
Viburnum the honey is freely exposed, but only as a flat, adherent
layer, and the plant is visited chiefly by short-lipped insects, e.g.
flies and beetles
Sambucus attracts a similar set of insects, which
are less varied and fewer in number owing to the absence of
In
honey; Adoxa attracts only minute honey-seeking insects.
case of insect-visits, cross-fertilisation is insured in all, but in very
various ways self-fertilisation in the absence of insects is rendered
possible in those species which are least visited.
In the least
L.,

;

;

;

;

;

specialised

and most generally accessible Caprifoliacese {Adoxa,

Samhitcus, &c.) the flowers are white or greenish
fertilised

;

in those species

by wasps they are reddish (Symphoricarpos) or reddish-

brown {Lonicera alpigena, L.) in several species of Lonicera fertilised by bees {e.g. L. tatai^ica) they are bright red, in L. cosrulea
they are yellowish -white, but they are pale in those species which
;

have the longest tubes and are adapted
{L. Periclymenum, L. Caprifoliuni),

for crepuscular

Lepidoptera

—
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Ord. RUBIACEjE.
205.

Galium Mollugo, L.—A fleshy disk

and surrounding the base of the
small
disk.

lying

upon the ovary

style secretes honey,

but in such

amount that it remains adhering in a very thin layer to the
In young flowers (Fig. 104, 1) the anthers stand erect and are

round with pollen, while the two stigmas as yet lie
Afterwards the stamens spread out horizontally,
close together.
and finally their ends curve downwards between the petals outside
the flower, while at the same time the two styles diverge (Fig. 104, 2).
The stigmatic papillae seem to be as well developed in the first
period as in the second, and are not unfrequently covered with

covered

all

pollen while the stigmas

still

stand close together.

The movement

Fig. \0A.— Galium Mollugo, L.
flower, with stamens and styles erect.
2.— Older ditto. The stamens are bent out of the flower,
3'
Centre of the flower, from above, more magnified.
h, fleshy disk above the ovary.
a, two stigmas

l,_Young

and the

styles have separated.

;

of the stamens seems therefore not to be accompanied by dichogamy,
but to be the sole contrivance to prevent self-fertilisation and, in

case of insect-visits, to insure cross-fertilisation.

The

thin layer of honey can scarcely tempt long-tongued insects

to repeated visits.

The

colour of the flowers,

—yellowish -white

in

the bud and in the young flower, becoming purer white afterwards,

—seems

to

attracted

by bright

e.g. beetles, which are only
In this relation a comparison of the
insect-visitors of G. Mollugo and G. verum is instructive.
In this and the following species of Galium the pollen is conveyed to the stigma chiefly by the feet and, in a less degree, by

repel all those insects,
colours.

the proboscides of insects creeping over the inflorescence.
Visitors
A. Diptera (a) Stratiomyidcp : (1) Odontomyia viridiila, F., l.h.,
(b) BomhyWhe : (2) Anthrax flava, Hffs. (Tliur.), do.
not rare
(3) Systoechus sulfureus, Mik. (Thur., Sid.), s., probably boring into the nectary (c)
:

;

;

;

Syrphidce

:

(4)

Syritta pipiens, L., ab.,

s.

and

f.p.

;

(5)

Syrphiis

ribesii, L.,

f.

—
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:
(6) Musca corvina, F.
(7) Scatophaga
Pachyrrhina crocata, L., s. B. Hymenoptera
— Sphegidce : (9) Ammophila sabulosa, L. $, once only, I could not see
whether it gained anything from the flowers. See also No. 590, iii.

and

f.p.,

not rare

merdaria, F.,

s.

Galium

(e)

;

Muscidiv

(d)

;

Tipulidce

Poll.

silvestre,

the mechanism of

:

;

(8)

—

—This

flower;

its

G. Mollugo in

species resembles

frequented on the Alps by

is

it

Syrphidse and by numerous Lepidoptera (No. 609, Fig. 156).

Galium verum,

206.

L.

—The

marked

structure of the flower agrees

Different individuals

closely with that of G. Mollugo.

show a very

difference in the size of their flowers (Fig. 105, 1

since the flowers are rendered conspicuous merely

most

insect-visitors so seriously as it does in

4)

;

but

number of
The apparently

diminish

not

a diminution in their size does

—

by aggregation,
the

cases.

unimportant circumstance that the flowers are bright yellow, and

Fig. IOj.

1.— Young
pollen

;

— Galium veriint,

flower, of a small-flowered plant

the stigma

is

plant.

The

and covered with

erect,

shrivelled anthers are bent out of the flower; the

of a large-flowered plant; older than

4,— Ditto, from the

L.

The anthers are

7).

not yet mature.

2.— Older flower, of the .--ame
stigmas are mature and divergent.

3.— Flower,

(x

but j'ounger than 2 (x

1,

7).

side.

not yellowish-white

in G. Mollugo,

as

leads to the plant being

by Coleoptera in addition to the other orders.
G. verum is very scarce near Lippstadt, and I have only
watched its flowers once or twice in Thuringia and in Sauerland, so
I have not obtained a long list of insect-visitors.

visited

A. Diptera (a) Conopidce : (1) Conops flavipes, L. (Sid.)
(b) Muscidm
Ulidia erythrophthalma, Mgn., ah., l.h. (Th.). B. Coleoptera— (a) Lamelli;

(2)

cornia

:

L.

Cetonia anrata,

(3)

Lap. (Th.)
(Th.).

;

(c)'

C.

:

(5)

;

{h)

Mordella

Elateridce

:

:

(7)

Agriotes gallicus,

(4)

fasciata, F. (Th.)

Hy meiioi^teva— TenthredinidcE

See also No. 590,

Galium

L., ab. (Th.)

Mordellidce

;

Tenthredo

(6)

M.

rapse,

aculeata,

K.

(Sid.).

iii.

horeale, L.

— This species agrees with G.

silvestre in

regard

to the position of its honey, its imperfect proterandry, the relative

positions of stamens
<^)f

and

pistil,

and therefore

cross-fertilisation in case of insect-visits,

self- fertilisation in

also in the probability

and the

absence of insects (590, 609).

possibility of

—
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Galium horeale, L., palustre, L., and uliginosum, L., are all stated
by Axell to be proterandrous (17).
Galmm tricorne, With. Honey is abundant, but the small
isolated flowers are very inconspicuous and very little visited.
They cannot dispense with the power of self-fertilisation, which
takes place regularly, as the stamens do not curve outwards till

—

they wither (590,

III.).^

—

Honey
207. AsPERULA CYNANCHICA, L.
Galmm, by a fleshy ring surrounding the base

is

secreted,

as

of the style, but

in
it

smooth adherent layer but filling up the base of the
tube the latter is 2 ram. long. Anthers and stigmas mature simultaneously.
The two stigmas stand close together in the middle of
exists not as a
;

Aisperula cijnanchica, L.

ViQ. 106.
1.

2.

—Flower, with smooth white

4.

petals,

from above (x

—Ditto, after removal of half of the corolla.

3.— Ditto, with rough

— Ditto,

ov,

ovary

;

petals,

from above.
n, nectary

;

st,

marked with red

stigma

;

a,

7).

lines.

anther.

the tube the anthers converge towards one another in the throat of
;

the corolla.

by

In case of

insect-visits, cross-fertilisation is

thi^ condition only, that in

favoured

consequence of the convergence of

the anthers the proboscis of an insect- visitor

is

less readily

dusted

with pollen in entering a flower than in being drawn out, and also
that the proboscis usually comes in contact with pollen on one side

only and rubs the stigma with the opposite side

(of.

Myosotis),

In absence of insects, self-fertilisation occurs by part of the pollen
falling on the stigma. On sunny slopes in Thuringia (Miihlberg, near
Erfurt) I found this species bearing two diff'erent forms of flowers.

Many
*

plants had smooth, white,

The following additional

aavatile, L.

:

O. silvalicwn, L.

species of

somewhat obtuse
Galium

petals (Fig. 106,

are discussed in No. 590, in.

:

G.

——

1,
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rough on the upper
and with another red
of the ellipse, and were produced at

other plants, the petals were

oii

marked with a red

line traversing the long axis

elliptic line,

the end into a slightly recurved point.
Visitors

July
8.

8,

:

A. Hymenoptera

1872),

B. Diptera

s.

(Thur., July 14, 18G8).

optera) are

Apidce

:

(1)

Bmnhjlidoi

:

Bombus muscorum,
(2)

F.

^ (Thur.,

Systoechus sulfureus, Mik.,

Additional visitors (four beetles, six

flies,

two Lepid-

enumerated in No. 590, in.

Fig. 107.

Asperiila taurimu L.

A.— Uermaphrodite

flower, from tlie side.
13.— Pistil of the same flower, with nectary.
C.— Hermaphrodite flower, with the lobe of the corolla revolute, the stigmas more exserted, and
their papillse obvious.
D.— A flower, whose stigmas overtop the black sliri veiled anthers on which a few pollen-grains
still lio.

E.— Half-withered flower, in which the
F —Abortive pistil of a mnle flower.
G.

styles project still further.

— Male flower, with three teeth, from the side,

(Churwalden,

May

(x

7.)

31, 1879.)

—

Asperida iaurimt, L. This plant is adapted for nocturnal
its white colour, and by its long, narrow tube,

Lepidoptera by
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The plant is andromonoecious, and the herma9 to 11 mm. long.
phrodite flowers are markedly proterandrous (609).
Asperula azurea is adapted for diurnal Lepidoptera (590, III).

—

Asperula odorata, L. In the structure of the flower and the
length of the tube this species closely resembles A. cynanchica.
The hive-bee is a frequent visitor. Additional visitors (four beetles,
four

flies,

one moth) are enumerated in No. 590,

SherciTclia arvensis, L., is gynodioecious (590,

Manettia, Mut.,

is

III.

III.,

605).

very diligently visited by humming-birds in

South Brazil

(360).
Caffea arahica, L., according to Bernouilli,^ produces in Guatemala, at the beginning of the season, small pistillate fertile flowers.

Prof.

Ernst was unable to discover these small flowers at Caracas

(224).

Brazilian species of Borreria, Hedyotis, and Manettia are dimorphic (Fritz Mliller, 353); Hedyotis had already been shown to be
dimorphic by Treviranus (742).

and Cinchona are dimorphic according to

Mitchella, Knoxia,

Darwin

(154, 167).
Ophiorrliiza,

Nertera,

Chasalia,

according to

Kuhn

and

Luculia are

dimorphic

(399).

Other heterostyled Rubiaceae are. mentioned by Darwin in his
Forms of Floioers, where he also discusses the passage from
heterostyly to dioecism in this order.

Faramea, Aubl.

—My brother Fritz

Miiller (554) gives an account
is of interest in several

of a dimorphic species of this genus, which
respects.

(1)

It affords the only

known

instance of a striking dif-

ference in the character of the surface of the two kinds of pollen-

The smaller

grains.

pollen-grains,

which are produced in the

long- styled flowers (whose anthers are inclosed in the tube), are

smooth

;

the larger pollen-grains of the exserted anthers of the

short-styled flowers are covered with short, rather close points,

which prevent their being dispersed by a puff of wind. The pollen
of the long-styled flowers, lying low down in the corolla, is in no
danger of being blown away. (2) In the short-styled form the
stamens twist round upon their axes, so as to turn their pollencovered faces outwards. The short stamens (of the long-styled
flowers) do not rotate but dehisce on their inner sides and in both
;

cases the pollen is thus placed in the best position for adhering to

an

insect's

when

proboscis

inserted in the flower.

very remarkable fact that this faculty of rotation
^

Bot. Zeitimg, 1869, p. 17.

is

But

it

is

a

by no means
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many

of the long stamens do not twist properly, and
waste their pollen.
Fosoqueria (Martha) fragrans, Roxb.,^ has been described by my

perfect, for

to a great extent

brother Fritz Miiller (549).^

It affords a

of adaptation to Sphingidse.

The white

most remarkable example

colour of the flowers, their
strong perfume, the long, narrow tube 11 to 14 cm. long, all point
it

The abundant honey

out as such.

at the base of the tube can

only be reached by the tongues of Sphingidse
insects,

e.g.^

been seen to

The

rusHca,

S.

visit

whose proboscis

is

;

15

and only these
long, have

mm.

the flower (F. Miiller, Oct. 1873).

five exserted

obliquely

L.,

anthers are united into an oval knob directed

downwards and containing the

loosely coherent pollen

which escaped from the anthers before the expansion of the flower.
The filament of the inferior stamen possesses a very great elastic
tension acting upwards, those of the superior and lateral stamens
have a similar tension outwards.
The insect's proboscis has only
one available point at which to enter the flower, and when in doing
so it touches one of the superior stamens at a certain spot the
tension of the filaments is released. The inferior stamen springs
up with such violence that it hurls the loosely coherent pollen
against the insect's proboscis at an angle of 50° with the tube of
the corolla, and with an initial velocity of about 3 mm. per
second at the same time it closes the entrance of the tube.
The
superior and lateral stamens spring at the same time to the sides,
the empty anthers of a superior and a lateral stamen remaining
coherent on either side.
About twelve hours afterwards the
inferior stamen extends itself again and leaves the entrance to the
honey open once more.
If a hawk-moth, after exploding a flower
in the male stage, comes to one in the stage under consideration,
it is repaid for its startling reception in the former case by a rich
supply of honey and in thrusting its pollen-dusted proboscis down
to the base of the flower it brings it in contact with the stigma
which stands in the middle of the tube.
My brother, in his paper on Faramea (554), refers again to
Fosoqueria, and points out that most of the flowers (whose only
fertilisers are abroad in the evening) open towards evening, but
that a considerable number open at various hours of the day,
sometimes even in early morning, and that these are exploded
This is
by diurnal insects which cannot eff'ect fertilisation.
;

;

Griffilhia fragrans, W. A.
" Your brother's paper on 3Iartha
Darwiti wrote to me
most wonderful ever written."
^

-

:

is, 1

think, one of the
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modification imperfectly

another interesting case of an adaptive
attained.

more dimorphic (heterostyled) genera

Tlie Rubiacese include

Darwin {i6y) discusses many of these
than any other order.
cases, enumerating seventeen dimorphic genera, in addition to which
Chasalia, Commers., Ophim^rhiza, L., and Luculia, Sweet, are menDarwin discusses the probable transition
tioned by Kuhn (399).
from heterostylism to dioecism in Rubiacese. Mitchella, L,, which is
normally heterostyled, is in some places dioecious (Meehan, 465).
Asperula scoparia, Hook., and A. pusilla, Hook., two Tasmanian
species, were stated by Treviranus (742) to be dimorphic, but
according to Darwin the former at any rate

is dioecious.

Our own

Asperula taurina, L., and Galium cncciatitm, With., are botli
andromonoecious, and Sherardia arvensis, L., is gynodioecious (605).

Ord. VALERIAN'E.E.

Delpino in his work on the Artemisiacese rightly

insists that the

calyx in Compositse could only become transformed into a pappus

had assumed the usual functions of a
and he considers the Valerianeae to be offshoots of the Compositae, which have in part retained this hereditary development of
a pappus, and in part have acquired other means of dissemination
of the seeds by the wind.

after the involucral bracts

calyx

;

208.

The

Valeriana officinalis,

florets, in spite

aggregation.

L.,^

is

distinctly proterandrous.

by
and half

of their small size, are rendered conspicuous

In each

floret

the tube

is

4 to 5

mm.

long,

is a small pouch with a green, fleshy
which secretes and lodges the honey; this is accessible to
numerous insects with moderately short proboscides, especially as
the tube widens above to a diameter of 2 mm.
Insect-visits are
numerous and various, and the well-marked dichogamy ensures
cross-fertilisation in case of insect-visits.
In the first period the
anthers, covered all round with pollen, in the second the three outspread stigmas, project freely from the flower, and are touched by
the feet and under surfaces of insects creeping over the inflorescence
and by the heads of insects sucking honey from the florets in the
I
second period the anthers are bent away outside the floret.
have never seen florets which fertilised themselves stigmas which

a millimetre from the base
floor,

;

;

'

Comimre

Spiciip;!'!,

No. 702, pp. 63-65.

.ART

;
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in contact with the anthers of neighbouring flowers are, on the

uncommon.

other hand, not

A. Hymenoptera

Apidce : (!) Apis melHfica, L. ^, ah.
(2)
^ s. (3) a small Halictus, ? (^ s. B. Diptera (a)
Tahanidce : (4) Tabanus luridus, Pz.
(6) Empidce : (5) Empis livida, L.
(6)
E. rustica, F., both species very ab., s.
(c) Syrphidoi : (7) Eristalis nemonim,
L.
(8) E. arbustorum, L.
(10) E. horticola, Mgn.
(9) E. sepulcralis, L.
Visitors

:

Bombus pratorum,

L.

,

;

,

;

;

;

;

;

;

(Ski.)

;

four species ab.,

all

philiis floreus, L.

sotoxum festivum,
Onesia

floralis,

E. D.

;

bombylans, L.

;

;

s.
;

(e)

;

Muscidce

:

Sarcopliaga carnaria, L.

(17)

(19) Lucilia cornicina, F.

(21) Calliphora erythrocephala,

Mgn.

(22) C.

;

;

vomitoria, L,, all ab.,

No. 590, III. I have found it visited on the Alps
species of Coleoptera, and fifteen Lepidoptera (609).

Valeriana

dioica,

L.^

— Honey

;

(18)

(20) Miisca domestica, L.

also

209.

;

;

L.,

Sicus ferriigineus, L.,

(11) Volucella

(12) HeloH. pendulus, L. (14) Syritta pipiens, L. (15) Cbryall sometimes s., sometimes f.p
{d) Conopidce : (16)

(13)

;

;

f.p.

is

by one

s.

;

See

beetle, sixteen

secreted as

in the

ensured not by dichogamy,
The male flowers, being notably larger than the

previous species, but cross-fertilisation

but by dioecism.

is

by the insect, as I have
Sprengel insisted rightly that in this order
alone could the insect-visits be useful to the plant.
In the male
florets the tube is 2\ to ^\ mm. long, widening above
in the
female it is only 1 mm. long, so that in both the honey is accessible
female, are almost always visited first

repeatedly observed.

;

The capitulum is much
but the flowering period is

with very short proboscides.

to insects
less

conspicuous than in V.

officiiialis,

exposed to much less competition. Insectthan in the previous case, but still fairly
numerous.
In this plant there are four kinds of individuals, with
four different kinds of flowers
(1) male flowers without any rudiment of a pistil, and with large corollas (2) male flowers with
a rudimentary pistil, and a somewhat smaller corolla (3) female
flowers with evident traces of anthers, and with still smaller corollas
(4) female flowers with scarcely visible traces of anthers, and with
so early that the plant is

visitors are less various

:

;

;

the smallest corollas of all (No. 584, p. 131).
A. Hymenoptera Apidce : (1) Apis melHfica, L. ^ s very ab. ;
albicans, K. $, freq.
B. Diptera— (a) Syrphidm : (3) Eristalis
arbustorum, L., s.
(&) TipuUdm : (5) Tipula,
(4) Ehingia rostrata, L., f.p.
sp., s.
C. Lepidoptera
Ehojyalocera : (6) Pierisnapi, L.,8. D. Coleoptera
Nitidididce : (7) Meligethes, very ab.
Visitors

(2)

:

,

,

Andrena

;

;

Valeriana montana, L.,
distinctly proterandrous,
^

is

gynodioecious,

some plants having

hermaphrodite flowers with a large

Compare Sprengel,

N'o. 702,

pp. 65-67.

X

2

corolla,

—

;
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The latter
others having only female flowers with a small corolla.
retain their stamens in an apparently almost perfect form, but their
anthers do not contain a single grain of pollen (609).
In this species also there
Valeriana tripteris, L., is dioecious.
are large-flowered and small-flowered plants, but the larger flowers
are not hermaphrodite as in V. montana, but male only; they

^

retain a style, but stigmatic papillae are not developed (609).
These four species of Valeriana form an interesting series

|

j

:

1

V. officinalis, with one kind of individual only, and proterandrous
hermaphrodite flowers; V, montana, with large-flowered and small-

flowered individuals, the

j

«

in the latter being abortive

anthers

j

V. tripteris, in a similar condition, but with the pistil in the largeV. dioica, also
finally,
flowered individuals rudimentary also

j

;

dioecious,

but exhibiting four different kinds of individuals (609).

Valeriana cordifolia,

j

proterogynous, according to

L., is distinctly

\

Ricca (665).
Centranthus ruber, D.C., and Fedia cornucopice, are distinctly
proterandrous, according to Delpino (17^)I have found this plant visited
Valerianella olitoria, Much.
by four Coleoptera, eighteen Diptera, one Hemiptera, eleven Apidae,

\

I

t

—

and two Lepidoptera (590,

\

\

III).

i

^1

Ord.

Morina

elegans.

—The

DIPSACE.E.

^

k
stigma

is

developed at the same time

i

as the anthers, but overtops them, so that insect-visitors touch first

j

the stigma and then the anthers, and usually effect cross-fertilisation,

i

In the absence of insects the stigma curls inwards so as to touch
the anthers and lead to self-fertilisation (356).
210. DiPSACUS SILVESTRIS, L.

—The tube

j

is

9 to 11

mm.

long;

markedly proterandrous the style divides into two
branches, whose inner surfaces are closely covered with stigmatic
papillae, but one of which is always partly, and sometimes entirely,
aborted.
The bracts stand up from the convex head as stiff, sharp
spines they distinctly overtop the anthers and stigmas and prevent them from being touched by the ventral surface of a bee
creeping over the inflorescence.
The anthers and stigmas are only
touched by the bee's head as it is inserted in the flower and in
this process one stigma is in the way of the other, and the whole
stigmatic surface of one is much more thoroughly rubbed by the
bee's head when the other is absent.
We seem to have here in

the flower

is

\

;

i

1

;

;

i

—
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the abortion of one stigma an adaptive modification in progress

and not yet perfected.
(1)

ab.,

Bombus

rupestris, L.

$ (12—14)

;

(2)

B. lapidarius, L.

October 2) ; (3) B. agrorum, F. ^
See also No. 590, iii.

(c^ as late as

species sucking.

211. ScABiosA (Knautia) arvensis, L.

^^ ^ $ (8—14),
$ (12—15), all three

—

In fine weather the
owing to their great conspicuousness and their easilyaccessible honey and pollen, are visited by very miscellaneous
insects in great numbers. Cross-fertilisation is ensured by markedly
proterandrous dichogamy, and in the unlikely event of insect-visits
flowers,

not taking place,

self- fertilisation is

Fig. 108.

very unlikely to occur.

Scabiosa arvensis, L.

1.— Hermaphrodite flower in first (male) stage, after removal of one lobe of the corolla (x 3J
2.— Ditto, in second (female) stage.
3.
Female flower, after removal of one lobe of the corolla.
a, stigma
b, anther still within the flower
c, ditto, dehiscing
d, ditto, empty and shrivelling

—

;

;

e,

;

abortive anther.

may be hemiand become gradually larger
from the centre to the margin by an increasing development of the
outer lobe of the corolla.
While in the central florets the tube is
only 4 to 6 mm. long, and the lobes of the corolla, which are all
About

fifty flowers

unite in a capitulum which

spherical or only slightly convex,

similar, only 3 to 4

mm.

long, in the marginal florets the tube

is

7 to 9 mm. long, the external lobe of the corolla 6 to 11 mm., each
of the two lateral lobes 4 to 7 mm., and the internal lobe only 3 to
4

mm.

long.

In spite of the length of the tube the honey is easily accessible
for
to a very large number of insects of the most various orders
;

;
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the tube widens out superiorly, and the more so the longer it is, so
that many short-lipped insects can reach the honey by creeping a
greater or less distance

down the

tube.

the upper surface of the ovary, and

The honey

secreted

is

by

lodged in the base of the
tube; in spite of the funnel-shaped widening of the tube, it is
The pollen also is
sheltered from rain by hairs lining the tube.
easily accessible, for the stamens, which are at first curled up in
is

the bud, straighten themselves after the flowers open and protrude
4 to 5 mm. beyond the tube, with the pollen-covered faces of the
anthers directed upwards.

Thus the flower

to insects whether in quest of

honey

offers great attractions

and

or of pollen,

all

the more

that the close aggregation of the flowers prevents waste of time in

Honey-seeking insects are induced
same capitulum by the gradual
and by the length of time during which

passing from one to another.
to

make

repeated visits to the

development of the florets
pollen-seeking insects are led likewise to
they secrete honey
repeat their visits, because the anthers in each flower do not
develop simultaneously but one by one (Fig. 108, 1, h, c, d).
The style elongates after all the stamens have fully developed
its immature stigma stood previously in the mouth of the flower,
but now protrudes 4 to 5 mm. from the corolla and becomes
mature (a, 2). The empty anthers, if they have not been removed
;

by the

insects, as frequently

happens, are retracted to the mouth

shrivelling up (d, 2).
In each
capitulum the florets open and the anthers develop in succession
from the circumference towards the centre but the styles only

of the flower

by the filaments

;

begin to elongate and the stigmas to develop after all the stamens
on the capitulum have completed their development, and then
almost simultaneously throughout the capitulum. Since here the
whole capitulum is at first male, and later, if insect-visits have
taCken place, wholly female, cross-fertilisation takes place regularly
between separate capitula in case of insect-visits and since all the
stigmas on a capitulum develop simultaneously, while the anthers
succeed each other very gradually, cross-fertilisation en masse may
be effected by a single insect's visit, and the possibility of crossfertilisation is extended over a long period of time.
So even a
period of fine weather very short in comparison with the whole
;

flowering period of the plant

may

suffice for

complete

fertilisation

of the flowers.

Besides plants with hermaphrodite flowers, others occur whose

more or less aborted anthers which do not dehisce
and which contain small and often very deformed pollen-grains.
flowers all possess

FART
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If these female plants flowered earlier
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than the hermaphrodites,

that their stigmas were

mature cotemporaneously with the
anthers of the first hermaphrodites, then their origin might be
explained on the principle of economy, as a saving of the first
stamens which have no stigmas to fertilise. If the female capitula
were less conspicuous than the others, the same explanation might
be applied in this case as I have put forward in describing Thymus
and Glechoma. But here neither the one fact nor the other is true
but the female heads are just as conspicuous as the others and
so

;

develop cotemporaneously with them.

I

can only account

for

their existence by the very great difference between the duration

of the stigmas in the

hermaphrodite capitula and the length of

time that the anthers are covered with pollen.
It is of special importance for Scahiosa arvensls that the anthers
on the same head should develop gradually throughout several
days, and that the stigmas should ripen all on the same day, almost
For owing to the first character there is never a
simultaneously.

lack of pollen, and owing to the second, as soon as a few sunny

hours occur and bring out the insects, in a very short time

all

the

stigmas on a capitulum are fertilised with pollen from another.

Both characters together are therefore of use to the plant in the
changeable and often continuously rainy weather of our summers.
But when a spell of sunny weather appears the number of hermaphrodite flowers in the male condition must always be much
greater than in the female condition

;

the pollen of

many heads

must be wasted, and it must be an advantage to the plant if in
some cases the stamens are aborted and the stigmas come so much

As every character of advantage for the
maintenance of the species, which appears accidentally as an
abnormality, can and must be retained by natural selection, so in
the quicker to maturity.

Scahiosa arvensis, abortion of the stamens, occurring accidentally

must have been perpetuated and

in certain plants,

The power

of self-fertilisation

phrodite plants

is

intensified.

not quite lost in the herma-

for in capitula allowed to flower in the

;

house and

untouched, many of the stigmas as they grow up may be seen
But as
to come in contact with anthers still dusted with pollen.
a rule insect-visits are so numerous that self-fertilisation can
left

only

come

Visitors
s.,

into action in long-continued

:

A.

more rarely

tris,

h. 2

Apis mellifica, L. ^ (6), ab.,
(3) B. terres^ 9 (17—21)
L. ^ (10—12)
(5) B. pratorum, L.

Hymenoptera— (a) Apidce
(2) Bombus hortorum,

c.p.

6 (7—9)

;

;

(4)

B. lapidariiis,

bad weather.

:

L.

(1)
^^

;

;

—
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6 (8—11)

^ ^
(8)

B. Rajellus,

(6)

;

^

B. hypnoruiii, L.

111.

^

(10)

B. agrorum, F.

(7)

;

$ ^ (12—14)

B. silvaruin, L.

(9)

;

[part hi.

? (12—15)

;

(10) B. rupestris,

;

9 (12—14) (11) B. vestalis, Foiirc. ? (12) (12) B. campestris, Pz. $ ^
(10—12) (13) B. Barbutellus, K. ^ ^ (12) all these humble-bees only s.
it confines itself almost
(14) Andrena Hattorfiana, F. ^ $ (6—7), s. and c.p.
exclusively to this flower, and I have only once taken a male on Jasione
(15) Andrena
montana, and again, a female on Dianthus Carthusianorum, s.
Gwynana, K. $ (2^), c.p. (16) Halictus albipes, F. $ (17) H. leucozonius,
(19) H. sexnotatus, K. ?
Schk. (J (4)
(18) H. cylindricus, F. ? ^ (3—4)
the species of Halictus sometimes s., sometimes c.p.
(20) Nomada Fabri(4)

L.

;

;

;

;

;

:

;

;

;

;

;

;

;

K

Jacobaese, Pz. ? ; (23) N.
N. lineola, Pz. ^ ^ (6)
(22)
armata, Schajff. $
(25) M. maiitima, K.
(34) Megachile Willughbiella, K. ^
freq.
(28)
(26) M. circumcincta, K. 9 c?
(27) M. centuncularis, L. ,$
(^ $
Diphysis serratulee, Pz. $ ^, very ab., like all the species of ISTomada and
Megachile, only sucking
(30) 0. senea,
(29) Osmia fulviventris, Pz. ? c.p.
ciana, L.

?

(21)

;

;

;

;

,

;

;

;

,

;

L.

(J

s.

,

(31) Coelioxys quadridentata, L.

;

Heriades truncorum, L.

(33)

four species,
affinis,

s.

K. ?

Sphegidce

(b)

;

(5)

Odynerus parietum, L.
tesselata, F. (3, 4)

nemorum,

L.

$

L.

E.

(44)

;

(3),

(c)

;

ConopidiB

Echinomyia

Bembex
L.

ab.,

Diptera

"s.

L.
;

;

C

;

Nyl.

and

Vespidce

(c)

Empidce

(a)

$

111.

;

the last

,

Psammophila

(36)

;

;

(^

(38)

:

Empis

(39)

:

;

;

Rhingia

(45)

(47)

—

s.

conoidea,

(b) SyrphidcB :
both very ab., s.
arbustorum, L. (4, 5)
(43) E.

E.

f.p.

L.,

;

ab.,

s.

;

ribesii, L.

;

(3, 4),

Muscidoi

{d)

12)

(11,

V. pellucens,

(48)

Syrphus

(49)

;

L.

rostrata,

V. plumata, L.

Sicus ferrugineus,

(50)

:

(7, 8)

;

all

(4),

J— 3),

(42)

;

(32)

;

rostrata, L. (7)

^

B.

s.

intricarius,

bombylans, L.
these Syrphidae

L. (Sid.), all

8)

(7,

(46) Volucella

f.p.

(35)

viatica,

ab.

,

Stelis breviuscula,

^34)

;

(40) E. livida, L. (2

;

tenax,

Eristalis

(41)

:

Ps.

(37)

;

^

$

(5"

:

(51)

Ocyptera cylindrica, F.
(53) Micropalpus
fulgens, Mgn., all three s.
(a) Rhopalocera : (54) Colias
C. Lepidoptera
hyale, L. (Th.), ab.
(55) Vanessa urticae, L. (12)
(56) Satyrus Janira, L.
(57) S. Medea, S. V. (Sid.)
(59) Hesperia
(58) Papilio Machaon, L. (18)
lineola, 0.
{b) Sphingidce : (60) Zygsena lonicerse, Esp. (Th.), ab.
(61) Ino
tesselata,

F.

;

(52)

;

—

;

;

;

;

;

;

statices, L.

;

glyphica, L.

;

(c)
;

Noctuce

(d)

Tineina

on one capitulum.
(6)

Phalacridce

:

:

Mamestra

(62)
:

(64)

$ (Th.)
Adelasp., veryab., sometimes

D. Coleoptera
(66)

serena, S. V.

{a) Nitidulidce

Olibrus bicolor, F.,

f.p.

(c)

;

:

(63) Euclidia

;

as

many as four

(65) Meligethes, ab., f.p.

Lamellicornia

philanthus, Sulz. (Sid.), feeding on the organs of the flower

:

(67)

(68)

;

Trichius

very ab., feeding on the tissues and also pairing on the flowers
Cerambycidce : (69) Toxotus meridianus, L., (Siebengeb.)
(70) Pachyta

fasciatus, L.,
{d)

;

Hoplia

;

;

octomaculata, F. (Sid.)

Hbst.

(Siebengeb.)

Leptura

livida, F.

;

:

;

(71) Strangaliaatra, F., (Siebengeb.)

(73)

Str.

these Cerambycidce feed

and those with small heads,
Chrysomelidie
flower

:

(76)

attenuata, L.

especially

Str.

Cryptocephalus sericeus,

;

(74)

Str.

;

(72) Str. armata,

melanura, L.

(75)

;

on pollen and on the anthers,
(e)
attenuata, also suck honey
L., feeding on the parts of the
;

—
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Altogether, I have observed

In

Low Germany

On

the Alps

That

is

...

On

...

the Alps

Diptera.

Other Insects

45

19

17

20

101

10

22

9

4

45

hundred species of

212.

visitors

Total.

we have

:-

Lepidoptera.

Diptera.

other Insects.

44-6

18-8

16-8

19-7

100

22*2

48-9

200

8-9

100

(Vide No. 609, pp. 399, 400

sists

:

Lepidoptera.

to say, in each

Low Germany

arvensis, L.

ApidsB.

Apidis.

In

upon Scabiosa

313

:

Scabiosa succisa, L.

No. 590,

ill.,

Total.

pp. 76, 77.)

—The hemispherical capitulum con-

of fifty to eighty florets, nearly equal in size,

which develop

in

Fio. 109.— Scabiosa succisa, L.

1.— Flower, before deliiscence of the anthers
2.— Ditto, after the anthers have dehisced.
3.— Ditto, in female stage.

(after

removal of the epicalyx).

Honey is secreted by a small, fleshy ring above
the ovary, surrounding the base of the style, and collects in the
centripetal order.

The tube is 3 to 4 mm. long,
and above the smooth honej^-containing portion it is lined with

narrow, smooth base of the tube.

—

—

:; ;
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The honey

hairs to exclude rain.

is

[part hi.

accessible to short-lipped

j

tube widens superiorly to a diameter of
2 mm. at the mouth, and the four (rarely five) rounded lobes of the
corolla, of which the external is the largest, are easily thrust apart..
insects, especially as the

On

i

'

!

the damp, unproductive spots where Scahiosa succisa chiefly

\

grows,

blue, hemispherical heads, about 20

its

mm.

in diameter,

j

among

and in sunny weather
they
are
visited
by very numerous
September,
until the middle of
insects, and are regularly cross-fertilised owing to their proterandrous dichogamy. When the flower opens the stamens which
were bent inwards in the bud straighten themselves one by one
then, while as yet the style scarcely extends beyond the mouth of
are

the most conspicuous flowers

the corolla (Fig. 109,

2),

;

the anthers dehisce in succession

;

only

the stamens are completely withered, and the anthers,

when

if insect-

have taken place, are shaken off (Fig. 109, 3), does the style
and the stio^ma, a little later, becomes viscid.
Self-fertilisation can therefore only occur exceptionally, if at this
time an anther, still dusted with pollen, comes by accident in contact
with the stigma. In plants flowering in my room I have observed
this to take place not unfrequently, but never in the open air.
visits

attain its full length,

A. Hymenoptera Apldce : (1) Apis mellifica, L, ^ s. and c.p.,
Bombiis silvarum, L. ^ ^ ^ (as late as Oct. 7)
(3) B. lapidariiis, L.,
^ (^ (4) B. agrorum, F. ^ ^ (both as late as Oct. 15, 1871) (5) B. senilis,
Smith, ^ ^; (6) B. terrestris, L. ^ ^^ (7) B. pratoriim, L. ^
(8) B. vestali^^,
Fourc. $ (^ B. rupestris, L. ^ (Oct. 15, 1871), all very ab., s.
(10) Andrena
Cetii, Schrank. $ c.p^
(11) A. convexiuscula, K. ^
(12) Halictusriibiciindus,
Christ. 9, c.p.
(13) H. leucozoniiis, Schrank. ^
(14) H. cylindriciis, F. (^,
all freq.
B Diptera (a) Bomhylidce : (15) Exoprosopa capucina, F., ab. in
July {h) SyrphidcB : (16) Helophilus penduliis, L., ab., also pairing on the
Visitors

ab.

,

:

(2)

;

;

;

;

;

;

;

;

,

;

;

;

;

;

(18) E. nemorum, L.
November) all ab., s. and f.p.
(20) E.
intricarius, L., scarcer
(21) Syrphus pyrastri, L., s. and f.p.
(22) Rhingia
rostrata, L., 8.
{c) EnipuJce : (23) Empis livida, L., s., very ab.
(d) Muscidai :
(24) Species of Lncilia
C. Lepidoptera
(a)
(25) Musca cornicina, F.
Rhopalocera : (26) Pieris rapaj, L., ab. (27) Satyrus Janira, L.
(28) Polyommatus PhloDas, L., very ab,
(c)
(6) Noctum : (29) Plusia gamma, L., ab.
Cramhina : (30) Botys purpuralis, L., all a.
D. Qoleo^teTd—Chrysomelidcc

flowers (Sept.
(19) E.

4,

1870)

tenax, L.

(17) Eristalis arbustorimi, L.

;

(beginning

;

of

;

;

;

;

;

—

;

;

;

;

(31) Cryptocephalus sericeus,
No. 590, III.

;

L.,

feeding on the organs of the flower.

See also

This species, also, has been shown to include female as well as
hermaphrodite plants in England by Darwin (167), in France by
Lecoq,^ and in Germany by Magnus (449).
S. atrojntiyurea, L., also, is
'

gynodicecious (167).

G^ographir hofani(iur,

^^IJT, \\.

—
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ScABiosA Columbaria,

213.

part resembles

aS^.

L.

—This
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species for the most

arvensis in the structure of its flower, but besides

the five lobed corolla

it

presents the following noteworthy differ-

the florets increase in size from the centre to
circumference of a capitulum, but in aS^. Columbaria this

In

ences.

the

S. arvensis

gradual increase

much

is

less

marked, though in the marginal

the lobes of the corolla are largo and conspicuous.

florets

Thus

in

one specimen, which I examined closely, the tube in the marginal

was 6 mm. long and 2 to 2j mm. wide at the mouth the
tlie corolla was 7 to 8 mm. long, the lateral were

flowers

;

external lobe of
6

mm., the internal 2 to 3

mm.

In the

florets of

long and 2

mm. wide

at the

imme-

the disk,

diately contiguous to these marginal florets, tl^e tube

mm.

was 5

mouth, and the lobes of the corolla

were respectively 3, 2, Ih mm. long; finally, in the central florets
of the capitulum the tube was still 4 mm. long and 1^ mm. wide

mouth, and the lobes of the corolla were

at the

1 to 2

mm.

long.

In consequence of the smaller size of the central florets and the
shght increase of size from the centre towards the margin, many

more

find

florets

S. arvensis.

room on equal space

So, although the capitula in

smaller than in

aS^.

in S. Colitmharia than in

>S'.

Columbaria are distinctly

arvensis, they contain half as

many

florets

again

(seventy to eighty).
I

have never found plants with abortive stamens in

>S^.

Colum-

laria.

This species only occurs near Lippstadt, in one locality and in
small

amount,

have had

so I

opportunity of watching

little

its

insect-visitors.

A. Hymenoptera
lapidarins, L.
L.

;

and

(4)
f.p.

(^

,

very

ApuliE
freq.,

E. nemoriim, L.
;

(six flies,

(6)

Conopidcc

:

;

(1)

Apis

mellifica, L.

—

(a)

Sicus ferniginens, L.,

eight bees, and twenty-eight Lepidoptera)

Scabiosa hicida, VilL,

is

visited

by

^

,

Syrphidce.

Helophilus trivittatus,

(5)

(6)

:

B. Diptera

s.

s.

is

s.,
:

ab,

(.3)

;

(2)

Bombiis

Eristalis tenax,

F., all three species ab.,

A

list

given in No. 609,

butterflies

s.,

of Alpine visitors
p.

400.

and Syrphidse

(609).

Ord.

composite.

The numerical preponderance which

this family has attained

and genera,^ and the extreme abundance of many of the
are due to the concurrence of several characters, most of

in species

species,
^

are

In Dr. Ludwig Pfeiffer's Spnonymra Botanica over 10,000 genera of Phanerogams
enumerated of these, over 1,000 belong to the Compcsitne.
;

;
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or in some degree combined, we have become
with
in other families, but never in such happy comacquainted
The following points deserve
bination as in the Compositae.

which, singly,

the close association of many flowers (2) the
as well as its plentiful secretion and
honey,
accessibility of the
possession of a pollen-mechanism,
the
its security from rain
(3)
special

mention

:

(1)

;

;

which renders

cross-fertilisation certain in

the event of insect-

visits.
1.

The

association of

for the following reasons
(a)

The

many flowers in

one head

is

advantageous,

:

flowers are rendered

much more

conspicuous, and are

Conspicuousness is in most
accordingly more visited by insects.
further
either
the florets being directed
still
by
increased
cases

outwards {Cynaroidece), or by the limb of the corolla developing
directed outwards, both of which phenomena
become more marked towards the margin of the capitulum
or by the marginal florets becoming large coloured radiating
laminae, at the expense of the stamens or of both stamens and
or, finally, by the innermost bracts performing
pistil (Asteroidece)
into a long lobe

;

this function {Carlina).

numerous flowers with much less loss
and so the chance
of being fertilised is increased for every flower in the same ratio.
The fl^orets of the disk usually constitute a flat surface over which
the insect crawls, and from which the reproductive organs protrude
far enough to permit simultaneous fertilisation of many florets.
(b)

Insects can fertilise

of time than

(c)

As the

when the

flowers are separate;

involucre of the whole capitulum plays the part

of a calyx in protecting the flowers, the calyces of the separate
florets

for

a

can be dispensed with entirely, or they

may be

adapted

new and important purpose by being transformed

into

by the wind, or
into barbs furnished with recurved hooks (Bidens), which aid the
transport of the seeds by animals.
2. The free accessibility of the honey is a character which
most Compositae share with Umbellifera3 and, accordingly, the two
structures which aid the dispersion of the seeds

;

orders rival one another in the variety of their insect-visitors (vide

Cirsium arvensis). But while in Umbelliferae the honey lies fully
exposed to the rain upon the fleshy disk which secretes it, iu
Compositae it is secreted by a ring surrounding the style at the
base of a narrow tubular corolla, and as it accumulates it rises up
into the wider part of the corolla where it is accessible to the most
short-lipped insects, and where the anthers shelter it from rain,

hi
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Thus, while the
short-lipped

for

accessible to

flat

layer of

insects,

honey in Umbelliferae

is

the honey of Compositse
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only suitable
is

not only

them but may be sucked by Lepidoptera and bees

also.
3.

The pollen-mechanism agrees essentially with that of
The anthers cohere to form a hollow cylinder, and

Lobeliacese.

dehisce introrsely, filling the cylinder with pollen, before the flower
opens.

The two stigmas

lie

at

closely applied together in

first

the lower part of the anther-tube, and as the style grows they

brush the pollen out of the tube by means of the hairs on their
outer surface.
So in the first period the pollen is exposed to
in sect- visitors, and in the second the stigmas separate and expose
their papillar surfaces.

The arrangement of the hairs and of the stigmatic papillae
shows some diversity in Composites. The former sometimes, as in
Lobeliacea^ sweep the pollen before them, forming a simple ring

round the style at the base of the stigmas

{e.g.

Centaurea, Cirsium),

or aggregated in a tuft at the extremity of the stigmas (e.g.
Achillea, Chrysanthemum)
sometimes they are spread over more
;

or less of the surface of the style,

tangled

among them

(e.g.

and the pollen remains en-

Leontodon).

The

stigmatic

papillae

sometimes wholly or partially cover the inner surfaces of the
stigmas, and sometimes are restricted to broader or narrower
This sweeping mechanism, which is
areas at the margin.
apparently inherited from Lobeliaceae, is perfected in many
Compositae by a peculiar irritability of the filaments, which
contract when touched by an insect's proboscis and draw the
anther-tube downwards, squeezing the pollen out at the upper
end exactly at the proper time for it to be carried to other
flowers.

Cross-fertilisation in case of insect-visits is thoroughly ensured
for
it

the separate florets in the same way as in Lobeliacese, and
rendered in many cases very probable, and in others in-

is

For in all cases in
which the development of the hermaphrodite flowers progresses
so slowly from the margin of the capitulum towards its centre
that one or more rows of florets in the female stage are always
surrounded by several rows in the male, the crossing of separate
capitula must at least be effected by all insects which alight at the
margin (Bellis, Chrysanthemum, etc.) but in many Cynareae the
florets open
centripetally in such quick succession that the
capitulum is for a time male only, and afterwards for some time
evitable, for the inflorescence as a whole.

;
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female only, and in this case
of

crossing

separate

Compositae in which the

and female

must lead

all insect-visitors

capitula

(Cardans).
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Lastly,

in

florets are all unisexual, either

florets are confined to separate capitula or

to the

the

few

the male

the outer

florets in all the capitula are female and the inner male (Calendula,
In the former case the crossing of separate
Silphium, etc.).
capitula is obviously inevitable, and in the latter (since the outer
florets develop first) it is probable, and more so than in the
case described where centripetal development proceeds slowly in
a capitulum of hermaphrodite florets.

In absence of insects

self-fertilisation is often

rendered possible

in the hermaphrodite flowers by the stigmas curving backwards
their papillae come in contact with the pollen.

The

irritability

of the

in

filanients

Cichoriurn, Hieracium, etc.,

till

Centaurea, Onopordirm,

was observed more than a hundred

Severin Axell gives a
years ago by Koelreuter (396, Pt. III).
r^sum^ of more recent observations on this point by Morren, Cohn,

and others

linger,

(17).

Sprengel recognised the significance of the enlarged marginal
florets,

the closing of the capitulum during rain,

style or stigmas,

and the

Hildebrand made the

tlie

brushes on the

distinct proterandry (702, pp. 365-384).
floral

mechanism

of Compositse, especially

the distribution of the brushes and the stigmatic papillae, the subject of a very elaborate paper containing

many

magnified figures

of styles (357).
In the same year (1869) Delpino gave a full
account of the adaptive modifications of Compositse (178), and
•

appended some notes on the bees seen by him visiting Compositse.
In a more recent work (180) he tries to prove the genetic
connection of Compositse with Campanulacese and Lobeliacese, and
to trace the gradual passage from entomophilous Senecionidce to
distinctly anemophilous Arteniisiacem.
I am unacquainted with
most of the forms which Delpino treats of, and am therefore
unable to

criticise his conclusions, so I confine

myself to a general

reference to his interesting research.

Tribe Eupatoridcece,

My brother Fritz Muller tells me by letter that at Itajahy,
Adeiwstemma, growing at the borders of woods, is the haunt of
Zygaiiida: and Glaucopidce.
214.
five,

EUPATORIUM. CANNABINUM,

sometimes only four

florets,

in

—

The capitulum contains
each of which the tube is

L.

—
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By
24 mm. long, and the wider throat 2 mm. long in addition.
themselves the capitula are small and insignificant, but very many
(usually several hundred) are closely aggregated in an inflorescence.

The red-bordered

bracts, the reddisli

coroUse of the florets, and

the white projecting stigmas give this inflorescence a reddish-white

appearance.

In this plant the divisions of the style are quite as

Fig. 110.

Eupatorium cannabinum, L.

1.— A capitulum of four florets, in their first (male) stage.
2.— A single floret, in second (female) stage.
From a to 6 each branch of the style bears a strip of stigmatic
c it is clothed

papillae

on each edge

from

ft

to

with hairs.

long as the whole corolla (5 mm.).

They

are furnished with rows

of stigmatic papillae along their edges, only for the first quarter
for the remaining three-quarters
In the first period
round with hairs.
the lower stigmatic part of the branches of the style remains still
inclosed in the anther-cylinder (Fig. 110, 1) the ends, furnished with

of their length (a,

h,

Fig. 110, 2)

they are thickly clothed

;

all

;

—

—
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and diverge so widely that insect-visitors
all round, and carry off upon their
hairy or scaly coats the pollen that had been entangled in the
hairs, project

come

beyond

it,

in contact with

them

lower

Afterwards, the

hairs of the styles.

stigmatic portions

emerge from the anther-cylinder and from the throat of the
corolla (Fig. 110, 2), and they too diverge so widely that an insect
Crossin obtaining its honey must come in contact with them.
fertilisation is thus ensured, if insect-visits have taken place to a
sufficient extent to clear all the pollen from the hairs of the style
But if these
before the stigmas in the same floret are exposed.
hairs still bear pollen when the stigma becomes exposed, an insectvisitor

may

effect

no insects

If

visit

self-fertilisation as easily as cross-fertilisation.

the flower at

style

and even

fertilisation

all,

cross-

outspread branches of the

fertilisation are still possible, for the

sometimes come in contact with the stigmas of neighbouring

florets.

Visitors

:

Hymenoptera

A.

Bombus (Apathus)

Eristalis arbustorum, L.
species, ab., f.p.

F.

;

;

(b)

;

:

(^,

Apis

(1)

:

L.

mellifica,

Diptera

B.

s.

nemorum,

E.

(4)

MuscidcR

Lucilia albiceps,

(8)

ApidcB

Fourc.

vestalis,

;

(5)

—

(a)

L.

$

,

s.

Syrphidce

;

(2)

:

(3)

E. tenax, L., all three

Ecliinomyia fera, L.
(7) Dexia canina,
Rhopalocera : (9) Pieris
C. Lepidoptera

(6)

Mgn.

;

(11) Lycsena, sp.
(12) Vanessa lo, L., ab.
(10) Thecla quercus, L.
Argynnis Paphia, L., ab. (14) Satyrus Galatea, L. (15) S. Medusa, S.
V. (16) S. Egeria, L. (17) Hesperia lineola, O. I saw all these butterflies
together sucking the flowers of Eupatorium on a sunny slope near Willebadessen
(August, 1871) they took no heed of other neighbouring flowers. D. Neuroptera
(18) Panorpa communis, L. This list is very remarkable on account
of the preponderance of butterflies.
See also No. 590, iii.
rapa?, L.

;

;

(13)

;

;

;

;

;

;

:

—

Tribe Asteroideoe.

—

SOLIDAGO VIRGA-AUREA, L. In the florets of the disk
is identical with that of Chrysocoma (cf. Hildebrand, 357).
But while in Chrysocoma numerous capitula unite to form one
215.

the style

and can therefore dispense with ligulate marginal florets,
an elongated
axis and the disk of each capitulum (4 to 5 mm. in diameter) is
rendered conspicuous by five to seven golden-yellow marginal
florets which increase the whole diameter of the capitulum to 14 or
even 19 mm. The marginal florets have acquired their excessive
development of corolla at the expense of their stamens, which are
quite absent the branches of the style have almost entirely lost
their useless sweeping-hairs, and bear stigmatic papillae along the
whole length of both borders of their inner surfaces.
surface,

in S. virga-aurea the capitula are distributed over
;

;

PART

Visitors

:

A. Hymenoptera

rupestris, L.

s.

Andrena

(5)

—Syrphidce
f.p.,

;

in

my

:

S

s.

,

Apidce

:

denticulata, K.

visitors (six bees,

Apis

(1)

9

and

c.p.

,

^J

s.

c?

,

s,

^

s.,

,

ab.

;

(2)

B. terrestris, L.

(4)

;

(Tekl. Borgst.).

E.

(7)

;

321

mellifica, L.

B. campestris, L.

(3)

;

Eristalis arbustorum, L.

(6)

C. Lepidoptera

ab.

Alpine

—
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Bombus
(^,

—

—

——

nemorum,

L.,

B. Diptera
both species

Rhopalocera : (8) Tliecla ilicis, Esp., s. A list of
twenty-two flies, twenty-seven Lepidoptera) is given

Alpeiihlumen (No. 609).

SOLIDAGO CANADENSIS,

216.

Visitors

nemorum,

Diptera

:

L.

;

(3)

Syrphida.

{a)

L.
(1)

:

:

Eristalis

arbustorum, L.
(2) E.
f.p., ab.
(6) Muscidce :
;

Syritta pipiens, L., all three species

(4) Sarcophaga carnaria,
No. 590, III.

L.,

f.p.

217. Bellis perennis, L.
in length unite to

form a

flat,

Numerous small

(5)

;

;

See also

Muscidse.

—Numerous

tiny florets 1 to 2

mm.

yellow disk 6

mm.

The

in diameter.

white outer lobes (5 mm. long) of the marofinal florets bring the
diameter of the whole capitulum up to 16 mm. The marginal
florets have no stamens, and their styles have lost their sweepinghairs

the two branches of the style are furnished with stigmatic

;

on their edges

papillae

On

for their

whole length

(cf.

Hildebrand, 357).

the other hand, in the florets of the disk the style

short,

is

broadly oval, and closely covered with sweeping-hairs on the outer
surface from the broadest part to the tip

;

these hairs both sweep the

pollen out of the anther-cylinder as the style elongates, and after-

The branches of the
with a short strip of
stigmatic papillae on each border below the broadest part.
After
fertilisation the branches of the style are again drawn within the
wards hold

it

until

it is

removed by

insects.

style in the disk-florets are only furnished

corolla, so that the placing of

stigma

is

more pollen on the already

fertilised

avoided.

—

c.p.,
A. Hymenoptera (a) Apidce : (1) Apis mellifica, L. f^
Andrena parvula, K. $ c.p. (3) Halictus minutissimus, K. $ c.p.,
freq.
(6) Nomada
(4) H. cylindricus, F. ? s.
(5) Sphecodes gibbus, L. $ s.
lineola, Pz. ^ 8.
(8) Osmia rufa, L. $ s. and
(7) N. fiavoguttata, K. (^ s.
B.
c.p,
(b) Formicidce :
Myrmica Isevinodis, Nyl., tried to suck.
(9)
Diptera (a) Empidce : (10) Empis livida, L., s., very ab. (11) E. opaca, F.,

Visitors

freq.

:

(2)

;

,

>

,

;

,

,

;

,

;

,

;

;

,

;

;

—

;

SyrpMdce:

arbustorum, L.
(14)
(13) E. sepulcralis, L.
E. tenax, L.
(16) Rhingia rostrata, L., all five species
(15) E. pertinax, Scop.
f.p., very ab.
(18) Melithreptus
(17) Syritta pipiens, L., f.p. and s., ab.
scriptus, L., f.p.
Scatophaga stercoraria, L.
(c) Muscidce : (19)
(20) Sc.
merdaria, F., both species f.p., ab.
(22)
(21) Lucilia comicina, F., f.p., freq.
s.

;

ih)

(12) Eristalis

;

;

;

;

;

;

;

;

;

;

Musca

corvina, F., do.

All these

flies

had

their tongues, legs,

especially of the thorax, thickly coated with pollen.
locera

:

(23)

Satyrus pamphilus, L.,

s.

;

(24)

and under

Rhopa-

C. Lepidoptera

Polyommatus

dorilis,

surface,

Hufn.,

Y

-s.

—

—

,
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(6) (Edemeridce : (26)
D. Coleoptera— (a) Nitldulidce : (25) Meligethes, f.p.
(Edemera virescens, L. (c) Ceramhycidce : (27) Leptura livida, L., f.p. See
;

;

No. 590,

also

218.

my

III.

Aster chinensis,

garden

:

A. Diptera— 5yrp^2WoB
both species s. and f.p., ab.
L.,

C.

8.

L.

—

(1)

;

have noticed on the flowers in

Eristalis

nemorum,

L.

(2)

:

B. Lepidoptera —i^AopaZocem

Hymenoptera— ^i?i£/cp

—

—I

(4)

:

;

E. arbustorum, L.,
(3)

Vanessa

Ccelioxys simplex, Nyl. $

,

urticae,

s.

have found this plant on the Alps visited
by two beetles, two flies, two bees, and thirty-six Lepidoptera (609).
Aster alpinus, L.

219.

I

Aster amellus,

L. (Haarhausen, in Thuringia).

—I found

the flowers (Sept. 13, 1871) visited by Eristalis arbustorum,
considerable numbers to feed on the pollen.

Erigeron aljnnus, L.

— The ligulate marginal

florets are

L., in

female

between them and the hermaphrodite florets of the disk is a
zone of female florets which secrete no honey, and in which the
teeth and the wide throat of the corolla is not developed in these
two classes of female florets the style is devoid of sweeping-hairs.
In Erigeron tcniflorus, L., the intermediate zone of tubular female
only

;

;

absent (609).

florets is

CONYZA SQUARROSA,

220.

Hymenoptera

L.

:

: (1) Halictus quadricinctus, F. $ ^J
and 8. (2) H. fiavipes, F. ^ (3) H. morio, F. ^
(4) H. leucopiis, K. ^
(5) H. longulus, Sm. ^
(7) H. cylindricus, F.
(6) H. leucozonius, Schr. ^
(8) H. maculatus, Sm. ? (^
(9) H. albipes, F. (^ all in great abundance,
(J
the ^ 8., the $ s. and c.p. (10) Nomada Solidaginis, Pz. 9 s.
(b) Sphegidce :

Visitors

c.p.

:

(a)

;

Apidce

;

;

;

;

;

;

,

;

,

;

(11) Cerceris labiata, F.

221.

Chrysocoma Linos YRIS,

— All the

;

9.
L. (Thuringia, near Haarhauseu).

the capitulum are alike those at the edge are
merely slightly curved outwards. Radiating marginal florets are
useless and therefore absent, for the same reason as in the case of
Tanacetum. The golden-yellow surface formed by the conjunction
of

many

florets in

capitula

is

;

conspicuous enough to attract insects from a

When near at hand, capitula in the first
(male) stage (Fig. Ill, 1) are more conspicuous than those in the
second (female) stage for in the former the teeth of the corolla,
which are 3 mm. long, are widely outspread, but afterwards they
considerable distance.

;

become more and more

erect.

capitula in the proper order.

So insects are induced

to visit the

—
FART
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The tube
into

—

of each floret

which the honey

easily

accessible.

flowers

is

mm.

3 J to 4 J

is

rises is 1|-

mm.

The branches

long, the wider throat

honey is
numerous

long, so that the

The simultaneous

here rendered possible in a

Tanacetiun.
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of

fertilisation

way

different

of the style are IJ

mm.

from that in
and they

long,

bear on their outer borders a row of stigmatic papillae

up

{n, 2)

above their middle above this point they broaden, and
are covered with hairs both on their outer surface and on their

to a point

;

Chrysocoma Linosyris, L.

Fig. 111.
1.

2.

—Flower, in tlrst (male) stage.
— Ditto, in second (female) stage.

n, stigmatic papillae

;

p, pollen

;

b,

brush of hairs

;

a,

anthers

;

ov, ovary.

Even

in the second (female) stage, their tips remain in
and they only curve asunder in the middle.
Insects
creeping over the capitulum, bend down the ends of the styles
with the under surfaces of their bodies, and so brush over the

edges.

contact,

stigmas of

many

florets simultaneously.

A. Hymenoptera
<^,verylreq.
all

s.

;

B. Diptera

storum, L.

;

(7)

Apidce

:

(1)

Halictus flavipes, F.

H. cyhndricus, F. c^,ab.

(3)

—

E.

(a)

Syrphidon

nemornm,

L.,

:

(5)

all

;

(4)

H.

^

Syritta pipiens, L.

three species

;

(2)

H. albipes, F.
K. (^,freq.,

nitidiusciilus,

s.

;

and

(6)
f.p.,

Eristalis arbu-

very ab.

Y 2

;

(&)

—
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MuscidcB
(9)

,

(8)

:

Ocyptera

Polyommatus
gamma, L.,

Plusia

cyliiidrica, F.,

dorilis,Hfn.
all

three

;

(10)

C.

s.

[part hi.

Lepidoptera— (a) Rliopalocera :
W. V. (6) Noctua: (11)

Lycaena alsus,

;

s.

Tribe Inuloidece.

Gnaphalium luteo album,

222.

L., as

a rule only comes into

On the wet, sandy places
bloom at Lippstadt in September.
plant, especially
conspicuous
most
the
far
is
by
it
grows,
where it
numbers. One sunny day
it grows associated in considerable
following insects upon its
the
noticed
I
1869)
29,
(Sept.
noon
at
as

capitula

:

Visitors

A. Hymenoptera— (a) Apidce

:

:

(1)

Spliecodes gibbus, L.

^ 2

(2) Halictus sexsignatus, Schenck,
several varieties including eplnppia, L., s.
viaticus, L., s.
PompiUis
:
(4) Ceropales maculata
Sphegidce
(b)
(3)
s.
c^ ?
L.
scriptus,
Melithreptus
:
Syrphidce
(6) Melano(a)
(5)
Diptera—
B.
F., s.
stoma mellina, L., both f.p. (b) Muscidm : (7) Liicilia, freq. (8) Pollenia
;

,

;

;

;

;

;

rudis, F., both f.p.

Gnaphalium uliginosum,
this plant I

L.

— On the

inconspicuous capitula of

once caught Sphecodcs e'phipina,

L.,

s.

—

Pulicaria dysenterica, Gartn. The disk of the capitumore than 600 florets. Each floret has a tube about
4 mm. long, narrow below and wider above, terminating in five
I could not discover that the honey rose up
triangular teeth.
223.

lum

consists of

into the wider part of the tube, but even without its doing so
is

accessible to moderately short-lipped insects.

In these

it

florets

of the disk no part of the style, except its two stigmatic branches,

The stigmas spread apart
protrudes from the anther- cylinder.
horizontally, close above the corolla, in the same spot where the
pollen lay in the
fertilised

first

stage, so that here also

many

simultaneously by an insect- visitor.

florets

can be

The branches

of

the style are covered over their whole inner surfaces with stigmatic j:apill8e, and on the upper third of their outer surfaces with
hairs which point obliquely upwards.

Along the edges of the

triangular valves which form the upper end of the anther-cylinder

stand unicellular hairs, which are
the sweeping-hairs on the style

much longer and thicker than
and which serve to hold the

pollen that has been swept out of the anther-cylinder.

The

disk

surrounded by nearly 100 marginal florets, each of which has
an outer golden-yellow lobe 5 to 7 mm. long; in these the tube is
2 to 3 mm. long, and from it a style protrudes identical with that in

is

—— —

——

PART

:

,
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the florets of the disk, possessing even the sweeping-hairs that are
here useless from the absence of stamens.

$

;

all

freq.,

(4)
s.

H.

s.

Apidce : (1) Heriades truncorum, L. $ (^,
HaHctus longiihis, Sm. ^ (3) H. maculatus, Sm.
(6) H. nitidus, Schenck, ^
(5) H. cyhndricus, F. $

Hyinenoptera

Visitors: A.

very

and

c.p.

albipes, F.

B. Diptera

(2)

;

^

;

;

;

Syrphidce

L., botli species, f.p.,

:

very ab.

(7)

(9)

;

EristaUs arbustorum, L.

optera— (10) Polyommatus dorihs, Hfn.

Lycaena

(8)

;

Melithreptus scriptus,

E. sepulcralis

L., f.p.

C. Lepid-

Hesperia
D. Coleoptera Chri/somelidce : (13) Cassida murraea, L.,
whose larva feeds on the leaves of this plant, often creeps about the flowers and

thaumas, Hfn.,

;

(11)

sp.

;

(12)

s.

effects cross-fertilisation.

Tribe Helianthoidece.

my brother Fritz Miiller tells me, is visited almost
by Lepidoptera, especially Hesperidae, at Itajahy. In
North America it is visited by ruby-throated humming-birds also
Zinnia,

exclusively

(731).

224.

Helianthus multiflorus, L.— Delpino found Helian-

thus fertilised chiefly by Heriades truncorum,
flowers in their first (male) stage with its

L., which tapped the
abdomen, and dexterously

swept up the pollen that exuded from the anther-cylinder with its
abdominal collecting-hairs
hence he concluded that the insect
and the plant had been sjpecially created for one another. The
various relations of insects to flowers, as they are described in this
book, prove such a conception to be untenable.
I have observed as visitors of H. multiflorus
;

—

A.

Hymenoptera

Apidce

Halictus zonulus, Sm. $
(4) Syrphiis pyrastri, L. ;

,

s.

:

(1)

Megachile

B. Diptera

centunculaiis,

Syrphidce

(5) S. ribesii, L., all

three

:

f.p.

F.,

c.p.

;

(2)

Eristalis tenax, L.

(3)

and

;

s.

Tribe Anthemidece.
225.

Achillea Millefolium,

instance of

the advantage of

L.

— This plant

many

In the
2

mm.

many

florets of

flowers

above into a throat

wide, ending in five triangular teeth.
{h,

cross-

the disk, the corolla consists of a tube scarcely

long, passing

annular ridge

a very marked

and for simultaneous
by a single insect-visitor.

together, both for attracting insects
fertilisation of

is

small flowers being united

1

mm.

Honey

long and equally
is

secreted by an

Fig. 112, 2) surrounding the base of the style,

—

;
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and

rises

up

into the throat

When

lipped insects.

so is accessible to the

iit.

most short-

the flower opens, the two divisions of the

style are closely appressed

anther-cylinder which

and

[pakt

and project into the lower part of the
with pollen (Fig. 112, 2). They are

is filled

Fig. 112.

1—5.

Achillea Millefolium, L.

—A

1.
capituluin, from above, n, stigmas of female flowers b, stigmas of florets of the disk in
their second stage c. antlier-cylinders of disk-florets in their first stage d, bud about to open.
Numerous younger buds are hiddtn in the centre of the capitulum.
2.
Floret of the disk, just expanding; in section, e, ovary: /, nectary, surrour.ding the base
of the style ; g, style h tube of corolla; t, filaments; Tc, two divisions of the style I, tip of style,
with its brush of hairs ; m, anther-cylinder ; «, throat of corolla ; o, valves, closing the anthercylinder.
3.— A disk-floret, slightly more advanced, with its bract; the pollen is issuing from the anthercylinder.
4.— Older disk-floret. The stigmas are separate and exserted ; the anthers have been withdrawn
Into the corolla by coniraction of tlie filaments.
6.— Tip of style of a disk-floret in its first (male) stage, h', stigmatic papillae ; I, sweeping-hairs
p, pollen-grains.
;

;

;

—

;

;

6—8. Chrymnthemum leucanthemutn, L.
6.— Disk-floret, In first (male) stage.
7.— Ditto, In second (female) stnge.
8.— Tij) of one stigmatic branch, seen from the inner

side

(x

furnished at the tip with divergent hairs
elongates the pollen

is

60).

(5), so

that as the style

pressed out at the upper end of the anther-

whose terminal valves (o, 2) separate. Finally the two
branches of the style emerge, spread apart, turning their stigmatic

cylinder,

I

TART
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inner surfaces upwards, and bend their hairy tips so far backwards
and inwards that some of the pollen which remains adhering to
them is removed from the chance of contact with insects (Fig.
While the pollen is being forced up the anther-cylinder
112, 4).
when the
projects slightly beyond the corolla (Fig. 112, 3)
stigmas are exposed, the anther-cylinder lies more deeply in the
throat of the corolla, having been drawn down by the contracting
The stigmas thus come to lie immediately above the
filaments.
The result
corolla, in the same spot where the pollen was before.
is that as the under-sides of insect-visitors sweep over the capitulum they come in contact with many florets and effect many
In this species, twenty or
cross-fertilisations at the same time.
more florets (which, however, do not develop simultaneously, but
centripetally) are united in a disk about 3 mm. in diameter
but
since five florets at the margin have each an external lobe over
3 mm. long and rather more than 3 mm. broad, the diameter of
;

;

the disk

is

increased to 9 or 10

mm.

The marginal

florets

have

attained this enormous development of the corolla at the expense

which are quite absent they possess a style howwhich divides into two branches, covered on their upper
surfaces with stigmatic papillae but destitute of hairs.
In spite of
the enlargement of the corolla in the marginal florets, the capitula,
when they stand alone, are not very conspicuous but very many
capitula, often more than one hundred, are united in a corymbose
inflorescence, which is not only very conspicuous but permits still
more extensive cross-fertilisation to be effected at once by an
of the stamens,

;

ever,

;

insect-visitor.

226.

Achillea Ptarmica,

L., is

distinguished from A. Mille-

folium by the much greater size of its separate capitula, which are,
however, associated in much less numbers in an inflorescence. About
eighty to over one hundred florets, each scarcely 2^ mm. long, are
united in a disk 6 to 7

mm.

in diameter, at

twelve marginal florets stand.

Each

whose edge eight

to

of these latter possess an

mm. long and not quite so broad, whereby the
diameter of the attractive surface of each capitulum is increased to
15 or even 18 mm. In other points the flowers agree with those of
outer lobe 4 to 6

A. Millefolium. Both plants grow in equal abundance in the same
localities, they flower at the same time, and are visited to the same
extent by the same insects.
In both, but especially in A. Millefolium, the strong odour of the plants is probably a great additional
attraction
for species of Prosopis, which are especially fond of
;

—

—

;;;
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found in great numbers on both

stronGf-smellinor flowers, are often

on A. Millefolium.
of insects, which I have observed on the
flowers of these two species, shows how successfully the attractive
contrivances described and the easily accessible pollen and honey
efiect their purpose

plants, particularly

The

following

list

:

A, Hymenoptera (a) Apidce : (1) Prosopis variegata, F. $ (^ very ab. ;
P. pictipes, Nyl. $ <$, both species s., and gathering pollen with their
mouths (3) Sphecodes gibbiis, L., all varieties, including ephippia, L., $ (^ s.,
ab.
(5) H. maculatus, Sm., c.p.
(4) Halictus cylindricus, F. $ (^ c.p. and s.
c.p.
c.p.
(7) H. morio, F. $
(8) H. villosulus,
(6) H. leucozonius, K. $
K. 9 c.p.; (9) H. rubicundus, Chr. (^, s. (10) H. quadricinctus, F. ^ s.
(12) A. pilipes, F. ^,8.
(11) Andrena fulvicrus, K. $ ,^, c.p. and s., ab.
(14) A. chrysosceles, K. ^
(15) A.
(13) A. dorsata, K. $ ,^, c.p. and s., ab.
fuscipes, K. ^; (16) A. nana, K. ^,8.
(17) A. argentata, Sm. c^, s.
(18) A.
albicans, K. ^, 8.
(20) A. nigripes, K. 9,8.;
(19) A. lepida, Schenck, ^, s.
(21) A. denticulata, K. (^, s.
(22) Colletes fodiens, K. ^ ^ c.p., f.p. and s.,
,

(2)

,

;

,

;

,

;

,

;

;

,

;

J

;

;

;

;

;

;

;

;

;

,

;

very ab.
Pz.

?

,

8.

N. ruficornis,

(25)

;

Heriades truncorum, L. 9

(27)

Nyl.

(^

c.p.

(6)

;

,

8.

;

(29)

Osmia

iSphegidce

pictus, F.

;

Nomada

(24)

and
>

s.

c.p.

(28)

;

;

(30)

zonata,

Nyl. 9

s.

?

;

Chelostoma nigricorne,
0. leucomelaena, K. 9

>

;

;

0. uniglumis, L., Dlb., all three ab.

(36)

;

c?? freq.

ab.

F.,

>

;

9

^

;

(37) Philan-

(48)

not rare

;

,

Ceropales maculata, F., freq.

;

(c)

;

Dinetus

(41)

;

(43) Pompilus trivialis, Kl.
plumbeus, Dhlb. 9 ^ (46) P.

L.

(45) P.

;

;

(38) Cerceris arenaria, L. (v. d. L.),

;

C. variabilis, Schrk., very ab.

(40)

(47) P. viaticus, L.

c?;

c.p.

c??

ab.

(26) Stelis breviuscula,

;

spinulosa, K. 9

P. chalybreatus, Schiodte,

9

s.

Ammophila sabulosa,

(42)

;

,

more

still

^

Crabro alatus, Pz., Lep. 9 c^ ab.
(32) Cr. subterLindenius albilabris, F., freq. (34) Oxybelus bellus, Dlb.

thus triangulum, F. 9
(39) C. labiata,

6

(31)

:

raneus, F. 9 ; (33)
(35) 0. trispinosus, F.

^-

K. ^
L. ?

(23) C. Davieseana,

;

^

(44)

;

rufipes,

Vespidce

:

Odynerus sinuatus, F. 9
(51) Pterocheilus
(50) 0. parietum, L. ^
phaleraius, Latr. 9
(d) Chrysidce : (52) Hedychrum lucidulum, Latr., Dhlb.
9 (?, freq. (e) Tenthredinidce : (53) Tenthredo notha, KL, s., very freq. (54)
Tenthredo scrophularise, L.
B.
(55) Several undetermined sp. of Tenthredo.
Diptera (a) Stratiomyidce : (56) Odontomyia viridula, F., ab.
(&) Tahanidce :
(c) BombylidcB: (58) Exoprosopa capucina,
(57) Tabanus rusticus, L., freq.
F., freq.
{d) Empidce : (59) Empis livida, L., ab.
(e) Syrphidce : (60) Melithreptus scriptus, L.
(62) Volucella bombylans, L.
(61) M. taeniatus, Mgn.
(49)

;

;

;

;

;

;

—

;

;

;

;

;

;

V. pellucens, L. (Almethal) (64) Eristalis sepulcralis, L.
(65) E. tenax,
arbustorum, L.
(67) E. nemorum, L., all four ab., both s. and f.p.,
usually covered below with pollen
(68) Syritta pipiens, L., s. and f p., ab.
(63)

L.

;

;

;

(66) E.

;

;

;

(69)

Eumerus sabulonum.

(71)

Phy80C(^phala vittata, F., both freq.,

Fall.;

(/)

Conopidce
s.

;

(g)

:

(70)

Conops

Muscidce

:

(72)

flavipes, L.

;

Gymnosoma

Ocyptera cylindrica, F.
(74) Echinomyia ferox, Pz.,
freq.
C. Lepidoptera— (a)
(75) E. tesselata, F.
(76) Gonia capitata, Fallen.
Rhopalocera : (77) Pieris napi, L. (78) Hesperia silvanus, Esp. (79) Satyrus
pamphilus, L.
(80) Polyommatus Phlceas, L.
(81) Lycaena iEgon, S. V.
(6)
Crambina : (82) Botys purpuralis, L., all s. D. Coleoptera (a) BuprestidcB :
(83) Anthaxia nitidula, L. (Thur.)
{b) Cerambycidce : (84) Leptura testacea,

rotundata, Pz.

;

;

(73)

;

;

;

;

;

;

;

—

;

—

;
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;

(85) L. livida, F.,

both

f.p.

;

(c)

Coccinellidoe

(86)

:
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Exochomus

aiiritus,

Cryptocephalus sericeus, L., feeding on
the tissues of the flower. Forty-three additional visitors (Including fifteen
beetles) are enumerated in No. 590, iii.
See also No. 609.
Scriba, ab.

227.

{d)

;

Chn/somelidte

(87)

:

Anthemis arvensis,

L.

—The

structure of the flower

is

Chrysanthemum leucanthemum and Matricaria
Ghamomilla ; in regard to conspicuousness and amount of insectvisits it stands between the other two.
Each capitulum forms
similar to that of

mm.

a white circle 21 to 27
disk 5 to 7

mm.

in diameter, with a central yellow

Since the plant does not possess

in diameter.

the strong odour of M. Ghamomilla

—

visited

it is

by numerous

bees.

An^
drena Schrankella, Nyl. $ c.p. and s. (3) A. nigroaenea, K. $ c.p. and s.
c.p. and s.
(4) A. fulvicrus, K. ^
(5) A. nana, K. 9)8-; (6) A. minutula,
K. (^; (7) Halictus lucidulus, Schenck, $; (8) H. nitidiusculus, K. $; (9)
Colletes Davieseana, K. $ (J, c.p. and s., ab.
(6) Sphegidm : (10) Cerceris
variabilis, Schrk. ^
(11) Crabro cribrarius, L., Dlb. $; (12) Cr. alatus, Pz.
^ 9 (c) Tenthredmidoi : (13) Tenthredo notha, Kl. B. Diptera (a) Stratiomyidoi : (14) Nemotelus pantherinus, L., veryab.
(6) Syrphidce : (15) Eristalis arbustorum, L.
(16) E. nemorum, L.
(17) E. tenax, L.
(18) E.
sepulcralis, L., all four f.p., ab.
(c) Muscidce : (20)
(19) Syritta pipiens, L.
Echinomyia tesselata, F. (21) Scatophaga stercoraria, L. (22) Sc. merdaria,
F., all three f.p.
(a) Elateridm : (23) Athous niger, L.
C. Coleoptera
(6)
Curculionidce : (24) Bruchus sp.
(c) Cerambycidce : (25) Leptura livida, L.
Visitors

:

A. Hymenoptera

(a)

Apidce

,

:

(1)

Apis

mellifica, L.

s.

(2)

;

,

;

>

,

;

;

;

—

;

;

;

;

;

;

;

;

;

—

;

;

228.

1870)

Anthemis tinctoria,
Hymenoptera

Visitors: A.
(2)

c.p.

(Thuringia,

1868 and

July,

—

(a)

Apidce:

(!)

Colletes marginata, L.

(^,

s.

;

Halictus maculatus, Sm. $ c.p. ; (3) Heriades truncorum, L. $ s. and
B. I)iptera
(a) Syrphidce : (5)
(6) Ichneumonidce : (4) Various sp.
;
,

,

—

Eristalis arbustorum, L.

Mgn.,

all

three

Gymnosoma

f.p.

;

;

Mordella

(a)

(6)

;

;

(7)

Melithreptus tseniatus,

:
(8) Myopa sp., s. ; (c) Muscidce : (9)
Ulidia erythrophthalma, Mgn,, in hundreds.
{h) Mordellidce :
(11) Agriotes gallicus, Lap.

(10)

Elateridce

fasciata, F.

Syritta pipiens, L.

Conopidce

(6)

rotundata, L.

D. Coleoptera
(12)

L.

:—

:

;

Delpino mentions as a visitor of this plant Lomatia

Beelzebub, F. (Diptera, Bombylida}).

(No.

178, p.

121.)

The

flowers are

described and additional visitors are enumerated in No. 590.

229.

Chrysanthemum leucanthemum,

L.

(Fig.

112, 6

—

8).

which the corolla is scarcely 3 mm.
disk 12 to 15 mm. in diameter;
twenty-five florets with abortive
white external lobe, 14 to 18 mm.
long, 3 to 6 mm. broad, so that the yellow disk is surrounded by a
white border as broad as or broader than itself, and the whole attracIn the
tive surface now has a diameter of 40 or more millimetres.

Four

hundred florets, in
long, unite to form a yellow
at its edge are twenty to
stamens, each of which has a
to five

—

;
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which the honey rises, is scarcely
accessible to the most shortIn the first stage (Fig. 112, 6), the pollen, and in
lipped insects.
the second (Fig. 112, 7), the stigmas, stand immediately above the
corolla insects moving over the capitulum must cross-fertilise many
The branches of the style end in a thick
florets simultaneously.
tuft of divergent hairs (I, 8), which sweep the pollen out of the
florets of the disk, the throat, into

1

mm.

deep, so that the honey

is

;

anther-cylinder

The inner

6) as the style elongates.

(jf,

surface of

each division of the style bears two broad rows (k\ 8) of stigmatic
these stigmatic papillae
papillae, separated by a narrow interval
;

extend over the outer edges, and are there regularly dusted with
pollen if the pollen which has got heaped above the anthercylinder by the protruding style is not removed by insects.
Selffertilisation is as inevitable in
is

when

absence of insects as cross-fertilisation

The

their visits occur.

stigmatic surfaces in the marginal

florets are just as in the florets of

the disk

;

but the now functionless

sweeping-hairs are distinctly shorter in the marginal
A. Hymenoptera
Sphecodes gibbus, L. $ (J

Visitors
(2)

{a)

:

,

Apidce

Prosopis communis,

including epliippia, L.

all varieties,

Sm. $ 6^

(1)

:

florets.

;

N. $

;

Ha-

(3)

c.p. and s., freq.
(4) H. leucozonius, Schr. 9 c.p.
^,8.; (6) H. cylindricus, F. $ (^, c.p. and s., very ab. (7)
H. villosulus, K. $ (^ c.p. and s. (8) H. rubicundus, Chr. $ c.p. (9) Andrena xanthura, K. $, s.
(10) A. nigrosenea, K. 9, c.p.; (11) CoUetes
Davieseana, K. ^ ^ c.p. and s., very ab.
(12) Bombus terrestris, L. ^, s.,
once.
(Here also Delpino's distinction between Compositse adapted for Halictus and those adapted for bees with abdominal brushes falls to the ground,
for though the flat disk of Chrysanthemum leucanthemum must, according to
Delpino, be fertilised mainly or exclusively by bees with abdominal brushes, I
found no such bees on it, but many specimens of Halictus, Andrena, and
Colletes).
(6) Sphegidce : (13) Cerceris variabilis, Schrk.
(14) Crabro cephalotes, Shuck.
freq.
Oxybelus
(15) Cr. cribrarius, L., Dlb. ^
(16)
?

lictus maculatus,

H.

(5)

,

;

;

albipes, F.

;

,

,

;

;

;

,

;

;

,

;

uniglumis,

Various

Dlb., ab.

L.,

(17)

;

0. trispinosus, F.

;

;

Ichneumonidce

(c)

(18)

:

Tenthredo (AUantus) notha, Kl., s. (20)
T. scrophularice, L.
(21) Several undetermined sp. of Tenthredo
(22) Cimbex sericea, L. B. Diptera— (a) Empldce : (23) Empis rustica, F., s. {b) Stratiomyidce : (24) Nemotelus pantherinus, L,, exceedingly abundant, sucking
(25) Odontomyia viridula, F., very ab., s.
(c) Bomhylidce : (26) Systoechus
sulfureus, Mikan, s. (Sid.)
(d) Syrphidce : (27) Pipiza lugubris, 'f.
(28)
sp.

;

(c?)

Tenthredinidce

:

(19)

;

;

;

;

;

;

;

Cheilosia fraterna,

Mgn.

threptus tacniatus, Mgn.,
pipiens, L.,
(35) E.

s.

ConopidoB

Muscida
s.

;

:

:

(42)

f.p.

;

(33) Eristalis

;

nemorum,

species very ab.,
(«)

(29)

;

L.

f.p.

;

;

Syrphus

arbustorum, L.

Helophilus

;

;

;

;

;

(30)

Meli-

(32) Syritta

(34) E. horticola, Deg. (Sid.)

;

;

;

(37) E. eeneus. Scop., all five

floreus, L., f.p.

Conops flavipes, L., s.
Echinomyia tesselata, F.

(40)

(44) Lucilia comicina, F.

f.p.

(31) Volucella pellucens, L. (Sid.)

(36) E. sepulcralis, L.

(38)

Mgn.,

nitidicollis,

;

(39)

H. pendulus, L.

(41) Sicus ferrugineus, L.,

s.

;

;

(/)

(43) Pollenia Vespillo, F., f.p.

and

(45) L. silvarum,

Mgn.

;

(46) Pyrellia aenea,

——

—
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Scatophaga stercoraria, L., s. (49) Macs.
C. Lepidoptera
(a) Khopalocera
(51) Melitaea Athalia, Esp.
(52) Hesperia alveolus, H.
(53) Satyrus Janira,
L.
(ft)
Sphinges : (54) Ino statices, L., freq.
(c)
Noctuce : (55) Anarta
myrtilli, L., all s.
D. Coleoptera (a) Nitidulidce : (56) Meligethes, very ab.
Zett.

;

(47)

corvina, F.

quartia proetica, Zett.

(48)

;

Sepsis

(50)

;

;

sp.,

;

;

;

;

—

Dermestidce

(b)

Athous

niger,

Trichius

:

L.

;

fasciatiis,

;

Anthrenus pimpinellae,

(57)
{d)

Lamellicornia

L.,

ab.

Malachius a3neus, L.

;

(61)

Tr,

:

(59)

F.,

f.p.

(c)

Elateridce

:

(58)

Cetonia aurata, L. (Sid.)

;

(60)

Malacodermata

:

(62)

L.

nobilis,

;

(e)

;

Dasytes fiavipes, F. ; (64) Trichodes apiarius, L.
(66) M. fasciata, F.
(/) Mordellidce : (65) Mordella aculeata, L., ab.
(g)
Ceramhycidce : (67) Strangalia attenuata, L.
(68) St. armata, Hbst. ; (69) St.
;

(63)

;

;

;

;

atra, F.

;

(70)

St. melaniira, L., ab.

Pachyta octomaculata, F.
No. 609.

;

(71)

Leptiira livida, F., very freq.

See also No. 596,

Siebengeblrge).

(Sid.

Altogether I have observed on C. leucanthemum
Other
Apidse.

Hymenoptera.

In

Low Germany

On

the Alps

...

Lepidoptera.

;

(72)

iii.,

and

—

^^P*^-

S^'

Hemiptera.

Total.

14

11

8

30

21

—

84

5

2

84

20

6

1

68

In each 100 insect- visitors there are therefore
other
ApidiB.

Hymenoptera

Low Germany

In

On

the Alps

230.

...

Lepidoptera.

Diptera

Coleo-

Hemi-

ptera.

ptera.

—

16-6

131

9-5

35-7

25-0

7-4

2-9

50-0

29-4

8-8

Chrysanthemum inodorum,

L.

— The only

1-4

Total.

99-9

99-9

visitors that I

have noticed are Hedychrum lucidulum, Dhlb. ^ (Chrysidse), and
Ulidia erythrophthalma,

231.

Mgn.

(Muscidss).

Chrysanthemum corymbosum,

L.

— (Thuringia) :—

Hymenoptera Sphegidm : (1) Cerceris variabilis, Schrk. $.
Diptera— ilfws«c?aj ; (2) Ulidia erythrophthalma, Mgn. C. Hemiptera

Visitors: A.
B.

Capsus
Hemiptera,

(3)

590,111.

sp.,

fiv6

s.

Additional visitors (nine Coleoptera, four Diptera, one

Hymenoptera, three Lepidoptera) are enumerated in No.

—

—

:
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Chrysanthemum Parthenium,

232.

Visitors: Lepidoptera

and Focniis (No. 590,

:

Sphinges: Sesia tipuliformis,

L.,

s.,

also Halictus

iii.).

Matricaria Chamomilla,

233.

Pers

[part hi.

L.

—The

general structure of

the flower agrees with that of C. leucanthemum, but the receptacle
of the capitulum is always more convex in this plant.
the centripetal development of the florets proceeds, the

As

receptacle

rises

up

a cylinder, rounded off above.

into

Those

which have ceased blooming always occupy the outer rim

florets

around the cylinder, those that are still in the bud occupy its
rounded apex, those that are in full bloom occupy the space between
on which insects alight. The result of this peculiarity is that insects
always come at once to the right spot for obtaining their booty and
for fertilising the flowers.

In regard to couspicuousness, M. Chamomilla is far inferior to
leucanthemum ; for each capitulum forms a white circle 18 to
24 mm. in diameter against 40 mm. or more in C. leucanthemum,
with a yellow central disk C to 8 mm. in diameter against 12 to 15 mm.
Accordingly its insect-visitors are far less numerous
in the other.
and less varied. The strong odour which the capitula emit seems
C.

disagreeable to most bees

;

only the species of Prosopis, which are

themselves strong-smelling, are fond of the plant, as they are also

The odour seems pleasant, on the other
they are found abundantly on the capitula, and

of Btcta graveolens, etc.

hand, to

flies

;

constitute the chief fertilisers of the plant.
Visitors
ab.

;

8.

Prosopis signata, Pz.

(1)

(^

9

>

—

;

stalis arbustoruni, L.

very

:

;

L., ab.

ab.,

Hymenoptera— (a) JpidcB

A.

;

Spliecodes gibbiis, L. ^ S {b) SpJieguice : (3) Oxybelus unigliimis,
B. Diptera
(a) Stratiomyidce : (4) Nemoteliis pantherinus, L., very
Eiiipis livida, L., ab., s. ; {c) Syiphidce : (6) Eri{!>) EjRpidcR : (5)

(2)

;

(7) E.

nemorum,

L.

;

(8) E. sepulcralis, L., all three

Syritta pipiens, L., very ab., f p. {d) Muscidcv : (10) Sarcophaga carnaria, L., ab. (11) S. haimarrboa, Mgn. ; (12) Polleiiia Vespillo,
F., all three f.p.
(13) Lucilia cornicina, F. ; (14) Spilogaster nigrita. Fallen.
ab., f.p.

;

(9)

;

;

;

Coleoptera— («) NUidulidce : (15) Meligethes,
(16) Leptura livida, L.
(17) Strangalia attenuata,
also No. 590, III.
C.

;

234.

united
florets

;

both not

(b)

Tanacetum vulgare, L.— Several hundred
in a

flat discoid

would be of no

Cerambycidcn

ab.
L.,

rare.

See

florets

are

capitulum, to which radiating marginal
use, since

numerous capitula stand close
The union of capitula

together almost forming a single surface.

—
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not only of advantage to

is

conspicaousness and thereby attracting
more insects, but also, as in Achillea, because the insects easily
pass without interruption over the whole surface and crossfertilise very many florets with their feet in the shortest possible
this plant by increasing

its

It is of especial

time.

pollen-feeding

letting

flies,

advantage to pollen-collecting bees and
them perform their work in the quickest

and most convenient manner; and this advantage to the insects
upon the plant itself, since these pollen-seeking insects
naturally prefer those flowers which offer them such perceptible
advantages. The honey is generally accessible, since the throat of

reacts

the corolla

is

mm.

only 1

The

deep.

It bears at its
first

condition of the style aids in

many

florets by a single visitor.
apex a capitate tuft of divergent hairs, and in the

the simultaneous fertilisation of
stage of the flower

cylinder, raising

it

it

presses the pollen out of the anther-

just so high that

it

can be swept off the surface

by the insects afterwards in the second stage, it
spreads out its two branches, set with stigmatic papillae on their
inner surfaces, in the same place that the pollen occupied before.
of the capitulum

;

A. Hymenoptera

—

: (1) Apis mellifica, L.
^ s. (2)
very ab.
(3) C. Davieseana, K. (^ ? s.
and c.p., still more ab.
(4) Halictus maculatus, Sm. (^ ? , s. and c.p. very ab.
(6) A. denticulata, K. $, c.p. ; (7) Sphecodes
(5) Andrena fulvicrus, K. (J, s.
gibbiis, L. (^ 9 several varieties, including epliippia, L., s., and receiving some
{b) Sphegidce : (8) Dinetus pictus, F. ^ ^
freq.
pollen upon their hairs
(c)
Vespidoi : (11) Odynerus
(10) Crabro sp.
(9) Mellinus arvensis, L.
(a) Stratiomyidce : (12) Odontomyia viridula,
B. Diptera
parietum, L. ^
{h) Sijrphidce : (13) Eristalis arbustorum, L.
F., ab.
(14) E. nemorum, L.

Visitors

:

Colletes iodiens, K.

?

(^

and

s.

,

(a)

Apidce

c.p.,

,

;

,

;

;

;

;

)

,

;

—

.

;

;

;

(15)

;

;

;

Syrphus

ribesii, L., all

three f p., ab.

;

(16)

Syritta pipiens, L.,

s.

and

f.p.,

(c) Muscidce : (18) Sar(17) Melithreptus taeniatus, Mgn., f.p.
cophaga carnaria, L. C. Lepidoptera (a) Rhopalocera : (19) Polyommatus
Phlceas, L. (as late as Oct. 19)
(20) P. dorilis, Hfn.
(21) Vanessa Atalanta,
L. (as late as Sept. 27)
(1)) Noctuce : (22) Hadena d;dyma, Esp. (^, s., by day

very freq.

;

;

;

;

;

;

(c)

Cramhina

:

(23)

Coccinella bipunctata, L.

Several species of bugs.

See also No. 590,

235.

D. Coleo^teTa—Coccinellidce : (24)
(26)
E. Hemiptera
(25) C. quinquepunctata, L.
F. Neuroptera
(27) Panorpa communis, L., freq.

Botyspurpuralis, L.,all
;

s.

—

—

iii.

L., is anemophilous, but Herr
mellina (Syrphidse).
Melanostoma
visited by

Artemisia Dracunculus,

Borgstette has seen

it

Tribe Senecionidece.
236.

—

TussiLAGO Farfara, L. In centre of each capitulum are
male florets, around which stand about three hundred

thirty to forty

—

—

—
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[part

iii.

dull weather the capitulum closes up,
expands to a golden-yellow disk 20 to 25 mm. in
The central florets have an ovary with an abortive ovule
diameter.
around the base of the style is a yellow, fleshy nectary, which is
visible through the base of the white tube of the corolla, which is

female

At night and in

florets.

but in sunshine

it

;

mm.

The honey rises into the dark-yellow, conical throat,
more than 1 mm. long from this throat the antherThe branches of the style remain coherent
cylinder protrudes.
almost to the tip, and are covered above and on their outer sides
4

long.

which

is

;

with short sweeping-hairs. The marginal florets have a perfect
ovule, a tube 3 mm. long, devoid of honey, and a narrow linear
outer lobe 6 to 8 mm. long. The style projects 2 to 3 mm. beyond
the tube of the corolla, and divides into two branches not half a
millimetre long, furnished on their inner surfaces with stigmatic

and on

papillae

their

outer

and

surfaces

at

their

sweeping-hairs which are no longer of use to them.
of labour has here taken place

:

tips

Thus

the marginal florets

with

division

make

the

capitulum conspicuous and produce seed, while the central florets
The stigmas in the marginal
secrete honey and produce pollen.
florets are distinctly

developed before the pollen emerges at the

top of the anther-cylinder
cross-fertilisation

;

so that if sufficient insect-visits occur,

of separate

capitula

absence of insects self-fertilisation
Visitors
(1)

Apis

K. 9

,

do.

;

1869, Stromberg

(April 11,

mellifica, L.
(3)

is

^

,

in hundreds,

A. Gwynana, K.

9

,

s.

always takes place.

In

obviously impossible.

Hill):

Hymenoptera

A.

Apidce:

and c.p. (2) Andrena fulvicrus,
and c.p., freq. (4) A. parvula, K.

s.

;

;

Halictus nitidus, Schenck, 9 c.p. B. Diptera {a) BovihylidcE
C.
(6) Bombylius major, L., s. ; (&) Syrphidce : (7) Eristalis tenax, L., f.p.
Coleoptera Nitidulidce : (8) Meligethes, f.p., freq.
list of Alpine visitors

$

,

do.

;

(5)

?

A

(twenty-one

Alpenblumen

flies,

three bees,

one ant,

two Lepidoptera)

is

given in

my

(609).

Petasites albus, Gartn., is dioecious, and, as is usual in dioecious

male capitula are the more conspicuous. In the female
In the centre are some whose
only function is to produce honey, but which possess functionless
stamens and pistil and around these stand a much larger number
of female florets, which produce no honey and possess no stamens.
The male capitula may consist of florets of one kind only these
secrete honey and possess a style, whose branches sweep out the
pollen from the anther-cylinder by means of hairs in the ordinary
way but are not provided with stigmatic papillae. But the male
cajjitula, as often as not, contain some small functionless florets
plants, the

capitula there are two kinds of florets.

;

;

——
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male capitulum as

in the

the sexual florets in the female, and they resemble the latter in
the complete absence of a nectary and of stamens, in the possession
of a style, and

numbers and

They

very narrow tubular corolla.

in the

obviously degenerate

female

are

which occupy in reduced

florets,

in a functionless condition the place that in the primi-

hermaphrodite or gynomoncecious capitulum was occupied by
functional female florets (609).
Homogyne alpina, Cass., is gynomoncecious.
The marginal
female florets secrete no honey and have lost all traces of stamens,
and their corolla is reduced to a short and narrow tube with a
more or less insignificant remnant of a ligulate limb. I have
seen the plant visited by five Diptera, one humble-bee, and
twenty-eight Lepidoptera (609).
tively

Arnica Montana,

237.

Visitors
ab.

c.p.,

;

—

Hymenoptera

A.

:

Apidce

Bombus pratorum,

(2)

:—

L. (Sid.)

L.

??

,

mellitica, L.
$ s, and
Andrena Gwynana, K. ? c.p.

Apis

(1)

:

s.

(3)

;

,

,

Anthrax hottentotta, L. (b) Empidce : (5)
Empis tesselata, F., s., ab. (c) Syrphidm : (6) Eristalis horticola, Mgn. (7)
E. arbustorum, L.
(8) E. nemorum, L., all three very ab., s.
(9) Syrphus
ribesii, L., ab.
(10) S. umbellatarum, Mgn.
(11) Volucella bombylans,
L., freq.
{d) Conopidce: (13) Sicus
(12) V. pellucens, L., all s. and f.p.
ferriigineus, L., s.
Rhopalocera : (14) Argynnis Aglaia, L.
C. Lepidoptera
Diptera

B.

Bomhylidce

(a)

(4)

:

;

;

;

;

;

;

;

;

Vanessa

(15)

urtica?, L.

Lamellicornia

:

(16)

;

Vanessa

lo, L., all

(17) Trichius fasciatus, L.

{h)

;

three

D.

s.

Coleoptera

Chrysomelidce

:

—

(a,

Crypto-

(18)

cephalus sericeus, L.

The

On

structure of the flower

the Alps I have found

four humble-bees,

238.

tube

by three

my

Alpenhlumen.

beetles, seven

flies,

and thirty-four Lepidoptera.

Senecio jACOBiEA, L.

sisting of a

described in

is

visited

it

21-

to 3

mm.

— Sixty

to eighty florets, each con-

long and a throat equally long, are

mm.

united into a disk 7 to 10

in diameter

;

twelve to fifteen

The

radiating marginal florets increase this diameter threefold.

has the same characters as in Tanacetum.

style

Visitors
c.p.

and

c.p.

(6)

(2)

;

:

A. Hymenoptera

Bombus
s.

;

(4)

—

(a)

lapidarius, L.

B.

campestris, Pz. c^,

A. denticulata, K. $

,

c.p.

;

(7)

^ (9) H. maculatus, Sm. ^;
Xomada varia, Pz. ?, very freq.

F.

9

:

;

(14)

Apidce

^ ^,

N. ferruginata, K.

?,

c.p.
s.

;

:

(1)

Apis

mellifica, L.

and s. (3)
(5) Andrena
;

^

,

s.

B. pratorum, L.

fulvicrus,

and

^

^

K. ?, c.p.
H. albipes,

Halictus cylindricus, F. ^ (8)
(10) H. nitidus, Schenck, (^,all s. ; (11)
(12) N. zonata, Pz. 9 ; (13) N. fulva, Pz.
;
;

all

s.

;

(15)

Osmia

spinulosa,

K.

?,

c.p.

;

1
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1

(16) Heriades truncorum, L. $ c? s. and c.p. (6) TenthredinidcB :
Tarpa cephalotes, F. (Thur.) B. Diptera— (a) Stratiomyidw : (18) Odontomyia viridiila, F., s. and f.p., very ab. {h) SyrphiJm : (19) Eristalis tenax, L.

(Thuringia)

,

^

;

i

(17)

;

;

|

(20)

E.

nemorum,

E. seneus, Scop.

L.

MuscidcB

(29)

:

;

(22) E. sepulcralis, L.

;

-

(23)

(24) Syritta pipiens, L. ; (25) Ascia podagrica, F., all very
(26) Cheilosia soror, Zett. ; (27) Ch. praecox, Zett.
;

;

both 8. and f.p.
(Teklenburg, Borgst.),

ab.,

(d)

(21) E. arbustorum, L.

;

freq.

;

Emjndce

(c)

Lucilia sp.

:

(28)

Pollenia

(30)

;

Empis
riidis,

livida, L.,

F.

;

very

a.b.,

s.

j

i

;

(31) Aricia incana,

\

(33) 0. sepulcralis, Mgn.
Onesia floralis, K. D.
(34) Oliviera
C. Lepi(e) Mycetophilidai : (35) Sciara Thomse, L.
very freq.
(37) Satynis
doptera— (a) Rhopalocera : (36) Polyommatus Phlceas, L.
hyperanthus, L.
(6) Sphinges : (38) Sesia asiliformis, Rott. (Tliiir.), all s.
D. Coleoptera (39) (Edemera virescens, L., f.p. E. Hemiptera (40) Capsus

Wiedem.

(32)

;

;

;

lateralis, Pz,,

[

i

;

;

j

I

;

—

:

sp.

See also No. 590,

239.

iii.

;

Senecio vulgaris,

form a capitulum.

{

L.

— Sixty

In each the tube

to eighty florets unite to
is

3|^

to 4

j

mm. long, the
1 J mm. long

i

whose base the honey rises, is only 1 to
But since the
the honey is therefore very easily accessible.
capitula have no marginal florets with long outer lobes, and are
Bcarcely 4 mm. in diameter, they are very inconspicuous and are
very sparingly visited by insects.
In the course of fifteen years I have only seen the plant
visited by one drone-fly, Syritta pipiens, s. and c.p. freq., and by
Dr. Buddeberg found two bees, llalidus
Pyrocoris aptera, L., s.
morio, F. ?, c.p., and Heriades truncorum, L. c?, s.
throat, to

,

j

!

]

;

On

the other hand, self-fertilisation takes place regularly.

'

The

1

by the hairs at the tip of the style, remain
partly on the edge of the stigmas and partly fall upon their inner

pollen-grains, swept out

surfaces

when they

is effectual, for

weather,

when

separate.

the plant
it is

is

j

j

It is certain that this self-fertilisation

fully productive

even

in periods of

;

bad

i

assuredly not visited by insects.

«

Tribe Cynaroidece.

—

EcHiNOPS SPH^ROCEPHALUS, L. The corolla is 5 to 6 mm.
long and almost filled up by the style it is cleft nearly to the
base into five linear lobes, and the honey is therefore accessible
to very short-lipped insects.
The stigmas are not only surrounded
by a ring of long hairs at their base, but are covered with short
240.

;

hairs on the whole of their outer surfaces.

As the

style

'.

:

\

emerges

from the anther-cylinder it sweeps the greater part of the pollen
before it but remains dusted with a small part.
After emerging,
its two branches (stigmas) remain still for some time folded together,
so that the insect-visitors may remove the pollen adhering to their

1

;

\

;

i
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finally they separate and display their inner sursmooth, but capable of fecundation) to the touch
are
(which
faces

outer surfaces

;

—

L.

Hymenoptera (a) Apidce
(3) B. mnscorum, F.

^

cannot occur.

Self- fertilisation

of visitors.

:

Bombus

(1)

i}

;

^

;

(4)

lapidarius, L. t^
(2) B. silvarum,
Halictus quadricinctus, F. ^ ^ ; (5)

H. rubicundus, Chr. (^, all s. ; (b) Vespidcc
diadema, ab., s. See also No. 590, iii.

;

:

(6)

Polistes gallica, L.,

and

var.

Fig. 113.— Echinops sphatocejihalus, L.
1.

2.
8.

a,

— Flower, at close of the first (male) stage.
— Ditto, in second (female) stage.
— Section of style and corolla-tube nround
filaments

Echinops Ritro,

;

6,

anthers

L.,

;

c,

brush on style

;

it.

d,

stigma

was found by Delpino

;

e,

to

nectaiy.

be visited by a

sand-wasp, Scolia hicincta (178).
241.

Carlina acaulis,

L.

—In

this plant the involucral bracts

play a more important part than usual.

The outer ones

are

armed

with such strong spines that, in connection with the spiny leaves, they

form a strong safeguard against any attempt to devour the plant.
The inner ones help to make the flower conspicuous by day, and
at night and in rainy weather close in over the flower to protect it
from wet and cqld (609).
The opening and closing of the capitulum in Carlina and other
z
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Cynareae

brought about, according to Rathay/ by
sclerenchyma in the involucral

is

of fluid in a layer of

Low Germany

in

Visitors

:

loss

and gain

bracts.

Rymeno^teTa—ApidcB

A.

[part in.

Bombus

(1)

:

B. confusus, Schenck, ^ ; (3) B. silvarum, L. ^ ; (4)
B. agrorum, F. ^
(5) ^' muscorum, F. ^ ; (6) B. terrestris, L. ^ ; (7.)
B. rupestris, L. (^ , all very freq., s., sometimes spending the night in the thistleheads ; various males of Halictus, the most frequent being (8) H. cylindricus,

^

lapidarius, L.

(2)

;

>

and

F. (J,

Larinus

H. quadricinctus, F. c^. B. Co\eoj>teTa,—CurcuHonid(E:
For Alpine visitors, see No. 609.

(9)

(10)

senilis, F.

Carlina vulgaris,

242.

L. (Thuringia,

beginning of September 1869)

end of August and

:

A. Hymenoptera~(rt) Apiclce : (1) Bombus lapidarius, L. ^ ; (2)
(3) Halictus cylindricus, F. ^, very freq. ; (4) H. quadri(^
cinctus, F. (J
(5) Megachile circuracincta, K. 9 ; (6) M. lagopoda, K. ^
(only once !)
(8) C. acuminata, Nyl. 9 ;
(7) Ccelioxys quadridentata, L. ?
Visitors

:

B. terrestris, L.

;

,

;

;

;

Sphegidm:

(b)

590,

9?

Arctium (Lappa) minus, D.C.

243.
is

Ceropales maculata, F.

(9)

all

See also No.

sucking.

III.

mm.

3

becomes

— The throat of the

long, with erect, triangular teeth

branches of the

style,

which are

corolla

long

more than half way up.

with honey often

filled

mm.

only 1

little

over 1

mm. long,

it

;

The

are covered

over the whole inner surface with colourless stigmatic papillae, and

on the violet outer surface with short, sharp hairs, directed obliquely
upwards these hairs are continued a short distance below the
bifurcation of the style and terminate in a ring of longer hairs
(cf Hild. 357, p. 45, pi. v., fig. 32).
The style emerges from the
anther-cylinder as far as a point 1 to 2 mm. below the ring of
longer hairs, and spreads its two stigmatic branches widely apart.
Self-fertilisation can scarcely occur.
;

Visitors

:

(1)

See also No. 590,

244.

L.

(2)

;

5

B-

J

Plusia

^

,

s.

;

(2) Halictus longulus,

Sm. 9

:

^'

,

,

;

(5)

Megachile centuncularis, L. 9

gamma,

L.,

s.,

,

;

>

p.

B.

;

Lepidoptera— iV^oc^Mcc ;

(6)

ab.

Carduus crispus, L.— The expanded throat of the corolla
mm. long, and the linear, very slightly divergent segments

2^ to 3
*

->

A. Hymenoptera— ^^iW^e ; (1) Apis mellifica, L. ^ very ab.. s. and
Bombus agrorum, F. ^ ^^ s. (3) B. campestris, Pz. ^ s. (4) B. silvarum,

245.
is

L.

iii.

Arctium (Lappa) tomentosum. Lam.

Visitors
c.p.

Bombus agrorum,

SUzungsber. der Akad. dcr WissenscJiaft, Berlin, vol.

lxx.\iii.

May, 1881.
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About thirty-five to seventy-eight florets
are 4 to 5J mm. long.
unite in a capituhim, which inferiorly is scarcely 10 mm. in
The tubes

diameter.

more and more

of the florets point outwards

the nearer they stand to the edge, and the whole capitulum

mm.

seen from above appears as a red surface 25 to 30

when seen from the

It is also conspicuous

when

in diameter.

Otherwise the
; but
limited by the greater depth of the
side.

structure of the flowers agrees with that of Cnicus arvensis

the

list

of insect-visitors

is

throat of the corolla.
Visitors
(2)

:

^ ^,

Halictus cylindrieus, F.
aterrima, Pz.

ApidcB : (1) Bombus agrorum, F. ^ (^
both ab. (the males as late as October 2)

A. Hymenoptera

B. lapidarius, L.

^

C. Lepidoptera

s.

i

(^

s,,
,

s.

;

— (7) Pieris

(4)

Osmia

Syiyhidm

B. Diptera

iiapi, L.,

s.

fulviventris, Pz,
:

(0) Eristalis

(8) P. rapa3, L.

;

246. CAiiDUUS ACANTH0IDE8, L.

?

>

c.p.

tenax, L.,

;

s.

;

(3)

;

Stelis

(5)

and

s.

,

f.p.,

ab.

See also No. 590, in.

—The capitulum

is

even more

conspicuous than in C. crispus, since the narrow segments of the
corolla are 7 to 8

more

mm.

The honey

long (instead of 4 to 5^).

is

than in
Moreover

easily accessible, for the throat of the corolla is wider

and only 2 mm. long (instead of 2^ to 3).
grows associated in
much greater numbers than C. crispus (at Lippstadt). These three
circumstances account for the very much greater number and
variety of insect- visitors in the case of C. acanthoides, whose flower
has otherwise the same structure as that of C. crispus.
C. crisjms
C.

acanthoidcs (at Milhlberg, in Thuringia)

— («)

Bombus lapidarius, L. ^ (2) B. sil va^ (4) B. pratoriim, L. ^ (5) Dasypoda
hirtipes,
(7) Halictus inter(6) Cilissa tricincta, K. (leporina, Pz.), $
ruptus, Pz. ^
(8) H. nitidiusculus, K. (^ ?
(9) H. albipes, F. c^, ab.
(10)
H. quadricinctus, F. (^9, very ab. (11) H. rubicundus, Chr. ^ $, freq.
(14) H. quadrinotatus,
(12) H. longulus, Sm. $ ?
(13) H. cylindrieus, F. $
K. ^, scarce; (15) H. maculatus, Sm. $ $; (16) H. minutus, K. <^ (17)
H. lucidulus, Schenck, 9 (18) H. Smeathmanellus, K. ?, all (1—18) s., only;
H, quadricinctus, $ c.p. also (19) H. leucozonius, K. (^ ? s. and c.p. (20)
Osmia spinulosa, K. ?, very ab., s. and c.p. (21) O. aenea, L. (J, s. (22) 0.
and c.p. (24;
s.
aurulenta, Pz. $ s. and c.p.
(23) 0. fulviventris, F. $
Megacliile lagopoda, K. 9 (^ s. and c.p. ; (25) M. centuncularis, L. c? s.
(26)
M. versicolor, Sm. $ s. (27) Chelostoma campanularum, L. $ c^, s. and c.p.
(29) Stelis pbaeoptera, K. 9,
(28) Heriades truncorum, L. ? c^, s. and c. p.
A. Hymenoptera

rum, L.

^ $
F. $

(3) B.

;

Apidce

musconim,

:

(1)

F.

;

;

;

;

;

;

;

;

;

;

;

;

;

;

,

,

;

;

;

;

,

,

;

;

,

,

,

;

;

;

;

(32)
(30) St. aterrima, Pz. ^ $, freq. ; (31) St. breviuscula, Nyl. ?
Prosopis punctulatissima, Sm. $
By far the most important visitors are the.
bees with abdominal collecting-brushes.
I have found Osmia spinulosa on
Carduus acanthoides in the same abundance, and working with the same dili-

not rare

;

;

.

gence,

as

Megachile on Onopordon.

Schrk. $,s.

B.

(b)

Diptera— (a) Syrphidce:

Vespidce

:

(33)

Cerceris variabilis,

(34) Eristalis arbustorum, L.,

Z 2

s.
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Conopidce

(b)

both

(35) Conops scutellatua, Mgn.
Lepidoptera— (a) Ehopalocera :

Argyniiis Aglaia, L.
(40) Plusia

gamma,

holosericeus, L.
.lionid(E

:

;

;

{b)

Sphinges

L., all

(6)

Lamellicornia

See also No. 590,

247.

(39)

(37) Pieris

;.

(42)

:

:

(44)

;

L.

;

(38)

Noctu(B

(c)

(41)

:

Tricliius fasciatus,

ChrysonielidiB

(d)

L.

brassicse,

Zygaena carniolica, Scop.

D. Colcoptera— (a) Elaterid(B

8.

(43) Larinus Jace«, F.

ceus, L.

:

Pliysocephala rufipes, F.,

(36)

;

:

C.

s.

[part hi.

:

Corymbites
Curcu-

(c)

;

Cryptocephalus

seri-

iii.

Carduus nutans,

L.

:

A. Hymenoptera— 4i?i6?0B ; (1) Bombus hortorum, L. ^ (2) B.
Visitors
(4) Halictus cylindricus, F. ^
pratorum, L. i? (^
(3) B. vestalis, Fourc. ^
Sphinges : (6) Zygsena loniLepidoptera,—
B.
all
s.
K.
(5) H. malachurus,
$
See also No. 590, iii.
cerae, Esp.
;

:

;

;

;

,

Carduus

defloratus, L.

—

I
this species visited

fifty-four

were Lepidoptera, mostly

which

species of insects, of

by 103

have seen

I

butterflies (609).

248.

Cnicus (Cirsium) arvensis,

L.

— Somewhat

over

a

united in one capitulum. The tube of each
hundred
floret is 8 to 12 mm. long, the wider throat 1 to 1|^ mm. long,
and the five linear, slightly divergent segments are 4 to 5 mm.
The capitulum is scarcely 8 mm. in diameter in its lower
long.
florets are

when

bracteate portion, but

20

mm.

more

or

seen from above

it

forms a red surface

Since the honey rises up into the

in diameter.

throats of the florets,

numerous

by the conspicuous

capitula, are able to enjoy

need only be

to

1

li

mm.

insects of various orders, attracted

throat of a floret, so that the rich store of honey

only to bees and Lepidoptera, but also to wasps,

which seek

it

diligently.

A

it.

proboscis

long to reach to the bottom of the

In the

first

is

accessible not

flies,

and

beetles,

stage of the flower, a large

quantity of pollen emerges at the upper end of the anthercylinder, pressed

up by the lengthening style. Owing to their
and to the possession of sharp processes over

slight

stickiness

their

whole surface

to one another

and

(Fig. 114, 2, 3) the pollen-grains
to the hairs

style itself protrudes 2 to
its

end

thickly

it

2\

upon the

mm. from

insect.

adhere easily

Gradually the

the anther-cylinder.

divides into two branches nearly 2

mm.

long,

At

which are

on their outer surface with small, sharp hairs
Immediately below the division of the style,
this hairy surface ends in a ring of longer hairs (/>).
On emerging
from the anther-cylinder the tip of the style is thickly covered all
round with pollen if sufficient insect-visits occur, (and in fine
covered

(Fig. 114,

5,

c).

;

—
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weather they never fail) the pollen is in a short time all removed.
But if insects do not visit the flower until the stigmatic edges of
the branches of the style have already bent outwards, then selffertilisation is possible, since in this case

the hairs of the style

remain covered with pollen. If insects do not visit the flower
at all, some of the pollen-grains, which hang in little clumps
still

Cnicus orvensU, L.

Fio. 114.

1.— Flower, in first stajrc
2.— PoUcn-grain x 400).

;

pollen issuing from the anther-cylinrler.

(

3.

— Ditto, in optical section.

— Flower,

in second stage.
Tlie pollen lias been removed by insects and only a few grains
remain upon the style the style projects far beyond the anther-cylinder, and its sligmatic branches
are closely applied tofjether.
4.

;

5.— Upper part of
branches

X

;

stj-le with it.s ring of long liairs (bb), and lower part of its two stigmatic
the latter are covered outside with short liairs, and on the edges with stigmatic papillae

88).
a, anther-cylinder;

to -the hairs,

b,

ring of long hairs

may

easily fall

;

c,

short hairs; d, stigmatic papiree;

of themselves

e,

pollen.

upon the stigmatic

this can scarcely
In fine weather, and in the open
most abundantly
the
of
one
is
visited of all our native plants
As the following list shows, very
few insects resort to it for the sake of its pollen, but very many for
its honey
papillse.

air,

ever take place, for Cnicus arvensis

:

:
,
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[part in.

Visitors A. Hymenoptera— (a) Apidm ; (1) Apis mellifica, L. $ in great
abundance, some e.p., mostly sucking (2) Bombus lapidarius, L. ? s. (3)
B. hortorum, L. ^ s.
(4) Dasypoda hirtipes, F. ? (^, c.p. and s., the t$
numerous (5) Cilissa leporina, Pz. ^, s., I'req. (6) Andrena fulvicrus, K. $
(9) A. nana, K.
(8) A. Gwynana, K. ? (^, freq.
(7) A. dorsata, K. ? (J, ab.
pilipes, F. ^
(11) A. vitrea, Sm. (= nitens, Scbenck), (^,Cassel
^ (10)
(13) H. longulus, Sm. ^ (14) H. tarsatus, Scheuck,
(12) Halictus flavipes, F. $
(17) H. maculatus,
$ (15) H. nitidiusculus, K. ^ (16) H. minutus, K. $
Sm. ? (18) H. cylindricus, F.? c^, very ab. (19) H. albipes, F. ^
(20)
H. rubicundus, Chr. ,^ all the species of Andrena and Halictus and all the
following bees only suck honey
(21) Nomada Solidaginis, Pz. ^ c^ > (22) N.
Roberjeotiana, Fz. 2 6
(23) N. lineola, Pz. ^ ^, ab.
(24) N. nigrita,
Schenck, ^ (25) N. Jacobseae, Pz. $ c^, ab.
(26) Epeolus variegatus, L. $ ,^,
:

,

,

;

,

;

;

;

;

;

A

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

>

;

;

;

scarce; (27) Sphecodes gibbus, L. 9 c?? several varieties, including ephippia,
(28) Prosopis communis, Nyl. $, ab. ; (29) P. confusa, Nyl. (hyalinata,
;

'L.

Sm.),? ^
(30) P. sinuata, Schenck, ^
(31) P. variegata, F. ? (^, ab.
(32)
Heriades truncorum, L. $ (b) Sphegidce : (33) Crabro cribrarius, L. ?
(34)
Cr. alatus, Pz. 2 6j ^^^7 ^t).
(35) Lindenius albilabris, F. ^ ^
(36) Oxybelus
;

;

;

;

;

;

;

trispinosus, F.

?

not rare

,

(^

?

;

;

(39)

0. uniglumis, L. ?

(37)

C. nasuta, Kl.

^ ^,

,

(^

ab.

ab.

(38)

;

Cerceris arenaria, L.

(40) C. variabilis, Schr.

;

?

^

Philanthus triangulum, F. ? (^ freq.
(42) Bembex rostrata,
L. ? (43) Dinetus pictus, F. $ ,^
(44) Ammophila sabulosa, L.
(45) Salius
sanguinolentus, F., all s.
(c) Chrysidoe : (46) Hedychrum lucidulum, Latr. ?

very ab.

(41)

;

,

;

;

;

;

;

s.

{d)

;

Ichneumonidoe

notha, Kl.

Odontomyia

L.,

s.,

(d)

Syrphidce

freq.

Bombijlidce

Syrphus

(53)

:

Eristalis sepulcralis, L.

arbustorum, L.

;

cephala rufipes, F.,

Mu8cid(B

(56)

;

:

(e)

;

;

;

;

E. seneus. Scop.
L., all ab.,

(62)

:

(/) Empidce

s.

(57)

;

;

Conops
(64)

:

E. tenax, L.

(65)

flavipes, L.

Empis

Mgn.

;

;

(70) L. cornicina, F., ab.,

s.

;

(71)

Musca

;

livida,

;

Oliviera lateralis, F.,

;

(58)

(60) E. intricarius, L.

;

cata,

Tenthredo

(48)

Tahanidce

(6)

Ocyptera brassicaria, F.
(66) O. cylindrica,
(67) Sarcophaga carnaria, L., s.
(68) Onesia floralis, R. D.
:

:

B.

sp., s.

s.;

Gonopidce

freq.

s.,

Tenthredinidce

(e)

;

;

sp.

nemorum,

(59) E.

Syritta pipiens, L., ab.

sp.

Diptera— (a) Stratiomyidoi
: (51) Tabanus rusticus,
(Thuringia)
(52) Anthrax flava, Mgn.
(54) Melithreptus tseniatus, Mgn.
(55)

viridula, F., not rare,
(c)

;

Various

undetermined

(49) Several

;

(50)

,

(47)

:

F.,

(63)
L.,

both

E.

(61)

;

Physos.

{g)

;

freq.,

s.

;

(69) Lucilia seri-

corvina, F.,

s.,

ab.

;

(72)

Platystoma seminationis, F. C. Lepidoptera—
(a) Rhopalocera : (74) Vanessa urticse, L.
(75) Pieris brassicse, L., freq.
(76) Rhodocera rhamni, L.
(77) Hesperia silvanus, Esp.
(78) Satyrus Janira,
L.
{b) Sphinges : (80) Zygsena carniolica. Scop. (Thu(79) Thecla rubi, L.
ringia), all 8.
D. Coleoptera— (a) Elateridcc : (81) Agriotes gallicus. Lap.
(Thur.); (82) A. ustulatus, Schaller (Thur.)
(b) Lamellicornia : (83) Tris.

;

(73)

;

;

;

;

;

;

;

;

chius fasciatus,

L.

Mordella fasciata, L.
(85) M.
aculeata, L., both freq.
(d) Malacodermata : (86) Telephorus melanurus, F.,
very abundant, thrusting their heads into the tube, and also pairing upon the
flowers
(e) Curculionida. : (87) Bruchus, sp.
(88) Larinus Jace«, L. (Thur.).
Bee also No. 590, in., for additional visitors in Low Germany. A list of
Alpine visitors (four Coleoptera, six Diptera, seven bees, one Sphegidse, and
;

(c) Mordellidce

:

(84)

;

;

;

foiirt»'f.n

;

Lopidoptera)

is

given in

my

Alpcnhlumen (No. 609).
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Cnicus (Cirsium) oleraceus, L.

249.

Visitors

Bombus,

,

A.

:

Hymenoptera— ^2.»i(/a! ;
Lepidoptera— iVoc^M«j

B.

s.

;

Apis

(1)

mellifica,

L.

Euclidia glyphica,

(3)

L.,

^

,

s.

s.

;

(2)

See also

No. 609.

have not investigated the flowers

I

closely.

—

The chief difference be250. Cnicus lanceolatus, Scop.
tween the flowers of this species and of C. arvensis is that here the
honey is much less accessible. For not only are the narrow tubes
of the florets, and accordingly the involucre also, much longer
(16 to 18 mm.), which lias no etfect on the accessibility of the
honey but the throat, in whose base the honey collects, is also
much longer (4 to 6 mm. against 1 to 1^ in C. arvensis). From
this cause the variety of insect- visitors is greatly limited
but the
;

;

more

flowers are all the

diligently visited

by long-proboscised

bees,

especially humble-bees.
Visitors

Bombus

^

9

A. Hymenoptera

:

terrestris, L.

^

^

;

as Oct. 9, 1869

(as late

—

(3)

Apuf(e

(a)

!),

all

four

ab.,

s. ;

Megacliile maritima, K. $, c.p. ; (b) Vespidoe
var. diadema, freq. (s. ?).
B. Diptera Sijrphidce
(6)

E. arbustorum, L.

(10) E.

;

late as Oct. 13, 1874).
ab.,

s.

C.

Hesperia

(12)

;

nemorum,

Lepidoptera

sp., s.

Apis

(!)

:

B. agrorum, F.

^
(5)
:
:

S

;

mellifica,
(4)

(2)

;

B. campestris, Pz. (^,

(8) Eristalis

Rhopalocera
in.,

^

(7) Polistes gallica, L.,

L., all three f.p.

See also No. 590,

L,

B. lapidariiis, L.

:

and

tenax, L.
s.,

very

;

s.

;

and
(9)

ab. (as

(11) Pieris brassicae, L.,

and No. 609.

251. Cnicus eriophorus, Scop., is visited very abundantly in
Thuringia by Megachile lagopoda, K. 9 ^, &. and c.p. On the Alps
I have found it visited by humble-bees and by various Fritillaries

[Argynnis) (609).

Cnicus ochroleucus,

252.

and

also visited

is

All., has yellowish-white flowers,
on the Alps by humble-bees and Lepidoptera

(609).

Cnicus palustris, Scop., stands, in regard to the acof its honey and the variety of its insect- visitors,
between C. lanceolatus and C. arvensis. The throat is 2J mm.
253.

cessibility

long (in C. arvensis 1 to 1^, in C. lanceolatus 4 to 6) in all other
points the flowers of these three species are alike in structure.
;

Visitors
freq.,8.
s.

;

(4)

;

B.

A. Hymenoptera

:

(2)

Bombus

vestalis,

Coitana, K. $

,

s.

;

—

(a)

lapidarius, h.

Apidce

^

^

,

:

c.p.

Apis
and s.

(1)

;

mellifica,
(3)

L.

^

,

very

B. pratorum, L. ^,

Fourc. ? s.
(5) B. Rajelliis, 111. ^, s. ; (6) Andrena
A. Gwynana, K. <^ , s. ; (8) Halictiis cylindricus, F. 9 ^
,

(7)

;

:
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and

very

8.,

freq.

;

(9)

(10) Liiidenius albilabris, F.
L.,

8.

and

Fallen,
(a)

f.p.

f.p.

;

{h)

gamma,

Agriotes

(b)

;

Sphegidce

\

(11) Eristalis tenax,

Volucella bombylans, L., do.; (13) Syrplms tricinctua,
0. Lepidoptera—
Conopidce : (14) Sicus ferriigineua, L., 8.

:

(15) Pieris brassicse, L.

(18) Hesperius silvanus, Esp.
Pliisia

s.

(?,
:

;

(12)

;

Ithopalocera

Megachile centuncularis, F.
B. Diptera— (a) Syrphidm

[part hi.

;

L., all rather fieq.,

(6)

See also No. 590,

melanura, L. (Sid.), ab.

(16) P. rapse, L.

;

Cerambycidoi

iii.,

(17) P. napi, L.

Noctuoe

{b)

;

D. Coleoptera— (a)

s.

(Sid.).;

Schaller

ustulatus,

;

Satyrus Janira, L.

(19)

Elateridce
(22)

:

:

-,

;

(20)

(21)
Strangalia

by humble-bees and by Lepi-

All., is visited

—

numerous and various

(609).

;

Cnicus heterophyllus.

15 mm., the throat 8

mm.

Bomhus mesomelas,

long.

All.

— Several

hundred

I

Onopordum Acanthium,

somewhat swollen

is

throat,

10 to 12

which

\

\

have seen the flower visited by

j

is

L.

!

— In

mm.

each

long,

3 to 4

up

the honey

floret

to the cylindrical

mm.

long,

mm.

accessibility of the honey, since the latter rises

up

into the throat

;

due only to the development of the involucre, which gives
effectual protection to the buds by completely surrounding them
in the form of a deep cup
the long tubes also serve to increase
the conspicuousness of the flower, as they bend more and more
outwards the nearer they are to the margin.
The branches of

it is

;

the style are 3 to 4 mm. long; they seem never to diverge in
Onopordiim, but remain closely appressed. They bear on their
outer edges rows of stigmatic papillae, which in the second (female)
stage of the flower turn more outwards and expose themselves to
the touch of insect-visitors.

One millimetre below its division
two branches, the style bears a rinci: of short hairs, whicli
pomt obliquely upwards and are long enough to sweep the aninto

wido, S to

10

mm.

;

j

and which

long; these

segments do not diverge, but are continued straight upwards from
the throat of the corolla.
The length of the tube of the corolla
in this plant, and in most other Cynarese, has no influence on the

mm.

,

is

divides above into five linear segments, 6 to 8

tlier-cylinder (J

j

j

florets

The tube

(18 to 20) (609).

the tube, which

\

j|

unite to form a capitulum (I have counted 259).

255.

i

(167).

Cnicus acaulis,

rises in

j

and No. 609.

doptera (590, 609).
The tube of the corolla is 8 to
Cnicus spinosissimus, Scop.
The insect-visitors are very
9 mm., the throat 4 to 5 mm. long.

254.

,.

:

Cnicus yalustris and C. arvensis are gynodioecious according to

Darwin

;

i

long) clear of pollen.

;

;

\

;

\

|

j

;

|

|

j

—
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Although in the first stage this cylinder, coated above with pollen,
and in the second the tip of the style, with its two rows of stigmatic
papillae, projects 5 to 7 ram. above the segments of the corolla,
many florets are fertilised simultaneously by the bees which
visit the flowers, particularly by those with abdominal collecting
brushes, which diligently sweep up the pollen upon the surface of
the capitulum.

On

southern

the

Muhlberg

of

slopes

and Wandersleber

Schlossberg in Thuringia, where I observed Onopordum, the two

handsomest thistles, Onop ordiomAcanthium and Cirsium erio2)Jiorum,
were fertilised chiefly by the handsomest of the tailor-bees, Megachile
lagopoda, K.
The females fly boisterously on to a thistle-head
and brush hurriedly over it, holding the abdomen sometimes so
high that one can see from far off the red, hairy coat of its under
side, or the blue pollen adhering to it.
The mid and hindlegs
are actively occupied meanwhile in a backward scratching movement, and the head is sunk among the florets. As a rule the
female turns once round upon the capitulum in brushing off its
pollen.
On leaving one capitulum it flies at once to another,
until, being laden with sufficient pollen, it flies off to its nest.
The males also sit occasionally sucking honey upon these thistleheads, but they are much more occupied in pursuing the females.
Delpino's generalisation, based on insufficient observations, that
Compositse whose florets are packed closely together to form a level
surface are fertilised by bees with abdominal collecting-brushes,
while those whose essential organs are long and widely separate
are fertilised by Halicius, is shown to be incorrect by this and by

many more
Visitors

(in

lagopoda, K. ?
Pz.

,^, c.p.

9

my

of

observations.

Tlmringia)
(^

and

c.p.

,

s.

;

and

(3)

A. Hymenoptera

:

in

s.,

0. spinulosa, K. $, c.p.

(5) Stelis aterrima, Pz. ?
$, s.
Halictus qiiadristrigatus, Latr. ?
;

,

Bombus
F.

—

lapidarins, L.,

— (a)

extreme abundance

$

,

s.

;

s.

j^,
s.

;

(10) B.

;

Apidce:

(4)

:

(1)

Osmia

(2)

;

Megachile

fulviventris,

Coelioxys conoidea,

Andrena Schrankella, N. 9
Saropoda bimaculata, Pz. ? s.

(6)

(8)

,

terrestris, L.

$, s. ; (6) Sphegidm: (12) Psammophila
(«) Rhopalocera : (13) Vanessa urticae, L.,

affinis,
s.

;

$, s.
K. 9,

(14)

;

s.

111.

;

(7)

;

(9)

(11) B. rupestris,

B. Lepidoptera

Satyrus Galathea,

L.,

s.

;

—

Sphinges: (15) Macroglossa stellatarum, L., s. C. Coleoptera (16) CocciD. Hemiptera
nella mutabilis, Scriba, trying vainly to reach the honey.
See also No. 590, iii., and No. 609.
17) Capsns, two species, s.
(/>)

2.56.

Serratula tinctoria,

Visitors

ApidcR
(2)

:

(1)

(at

Muhlberg

in

Bombus agrorum,

Colias hyale, L.,

s.,

ab.

L.

:

Thuringia, Sept.
F. 9(^,8.,ab.

B.

1871):

A.

Hymenoptera—

Lepidoptera— 7?^o/>a/o(?em

.•

—
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In this species there exist female and hermaphrodite plants
with a close series of intermediate forms. The seeds of the female
flowers are larger than those of the hermaphrodite.^
257.

Centaurea Jacea,

from sixty to over a hundred

L.

—The capitulum contains as a rule

florets

;

<

j

in these the tubular part of

'

t

!

i

ViG. U'>.

1—4.

—

Ceniavrra Jacea, L.

1.
Upper part of tin- (lower, in first stage (x T).
2.— Ditto, in second stage.
3.— Section of anther-cylinder, before the pollen has been shed.
4.— End of style, removed from the anther-cylinder, and dive.sted

of pollen, to

show the

fine

Iinirs.

5.— Centaurea Cyanu», L. End of style, more magnified.
a, anther-cylinder
6, valvnlar appendages of the anthers, which at first close the top of the
anther-cylinder c, pollen d. style c, ring of sweeping-hairs /, division of the style g, stigmatic
surface h, hairs (teeth) upon the filaments, to guard the honey.
;

;

;

;

;

;

;

the corolla

3 to 4w

mm.

is

The capitulum
'

mm. long, the expanded bell-shaped part
and the long, linear segments about 5 mm. long.
only 8 to 10 mm. in diameter on a level with the

7 to 10

long,
is

Rir J, Smith, Trnnff. Linn. Sac.

xiii.

p. 600, ([uoted

by Darwin, No.

167.
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florets, but since these bend over at their upper
ends more and more the nearer they stand to the edge and diverge
outwards around the capitulum, a capitulum in full bloom forms a

tubular parts of the

red circular area 20 to 30

mm.

in diameter.

When

a floret opens,

has the position represented in Fig. 115, 3 its two stigmatic
divisions are closely appressed and inclosed in the upper part of
its style

;

the cylinder formed by the coherent anthers a ring of hairs (Fig. 115,
;

3, 4, e),

directed obliquely upwards and touching the inner wall of

all round, has swept all the pollen into this
upper part of the cylinder, so that the branches of the style are
closely packed round with pollen.
If the flowers in this stage are
left untouched for a day or two in a room, the terminal valves of
the anther-cylinder separate, and a little pollen appears between
them at the top. But if one now touches the filaments with a needle

the anther-cylinder

or a sharp pencil (as in a natural condition the insect's proboscis
'

'

does), a great quantity of pollen is in a short

and the anther-cylinder
contracting
above.

,

'

is

time seen to emerge,

seen to be drawn

down

filaments that the branches of the

Since their whole outer surface

is

so far

style

by the

protrude

covered with small hairs

directed obliquely upwards, they remain, after

emerging from the

anther-cylinder, so thickly coated with pollen, that they are not

recognisable as branches of the style until the pollen has been

brushed away.
Gradually the style grows up

still

further beyond the anther-

cylinder (Fig. 115, 2) the edges (set with stigmatic papillae) of the
inner surfaces of the two branches of the style bend outwards
;

([/,

2)

;

and the ends of these branches

also

gape asunder,

so that

here also stigmatic papillae are exposed to the touch of insectvisitors.

Spontaneous
and

stances not occur,

by

insects,

if,

at

the

self-fertilisation

can under these circum-

self-fertilisation

can only be brought about

time when the stigmatic papillae become

exposed, the outer surfaces of the branches of the style or the ring
of hairs are still

dusted with pollen

;

on the other hand,

occur, cross-fertilisation

is

the expanded portion of the corolla

is

insect-visits

fully insured.

if suflicient

Although

longer than in most of our

other native Compositse, and many short-lipped insects (sand-wasps
and the majority of flies) are therefore excluded from the honey,
yet, in consequence of the great amount of its honey, it is one
of the most frequented forms.
Various species of bees come in
numbers and pay lengthy visits to its capitula, and in creeping
between the anther-cylinders and styles protruding from the florets,
they bring not only their under-sides, but the greater part of their

—

:
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hairy bodies in contact at one time with pollen and

with stiormatic surfaces.

The

j
;.

at another

...

J

following insects effect fertilisation

•

:

/

Hymenoptera— (a) Apidoi : (1) Apis mellifica,
9^,8.; (3) B. agrorum, F. t^ s.

A.

bus silvarum, L.
s.

;

,

B. rupestris, F.,

(5)

Pz. (^,

8.

;

all

$

c^,

8.

(6)

;

L.

^

,

ab.,

s.

;

Bom-

(2)

B. pratoriim, L.

(4)

;

B. lapidarius, L. t^,a.

;

^,-

B. campestris,

(7)

(8);!
the hiinible-bees dust chiefly their head, belly, and legs
(9) Dasypoda hirtipes, F. (^,s.,!
$ (^, very ab.
;

Saropoda bimaculata, Pz.

;

Andrena pilipes, F. $, c.p. (11) Halictus maculatus, Sm., ? (^,
(13) H. rubic.p. and 8.; (12) H, quadricinctus, F. ? (^, c.p. and s., ab.
(15)]
(14) H. leucozonius, K. ? (^,c.p. and s.
cundus, Chr. ? $, c.p. and s.
H. interruptus, Pz. (^, s. (16) H. cylindricus, F. 9 (^, c.p. and s., very ab.
(18) H. albipes, F. c^, s.
(19)
(17) H. nitidiusculus, K. (??,»• and c.p.
(21) H. minutus, K. (J,
H. longulus, Sm. ? S (20) H. zonulus, Sm. c^, s.
(23) H. Smeathmanellus, K. $ both s.
8.
(22) H. lucidulus, Schenck, $
and c.p. (24) Nomada succincta, Pz. c^, s. (25) Osmia spinulosa, K. $,
cp. (Thur.)
(27) M. lagopoda, K.
(26) Megachile centuncularis, L. $ c^, s.
c.p. (Thur.)
(28) Anthidium strigatum, Latr. $
{b)l
$ c.p. (Thur.)
B. Diptera— (a) Empidce : (30)'-'
VespidcE: (29) Polistes gallica, F. (Thur.).
Empis rustica, F., s. {h) Syrphidce : (31) Helophilus pendulus, L., s. (32)

'

freq.

(10)

;

;

;

;

;

;

;

;

;

;

i

;

\

,

;

;

.

;

;

;

;

,

j

,

;

;

<

;

;

sometimes c.p., sometimes trying to thrust its rather thick
(r) Conopidce
proboscis into the narrow florets
(33) Rhingia rostrata, L. s.
C. Lepidoptera
(35) Conops flavipes, L., s.
(34) Physocephala vittata, F., s.
(a) Rhopalocera : (36) Pieris brassicse, L.
(37) P. napi, L.
(38) Colias
hyale, L.
(40) Lyca^na sp.
(41) Satyrua
(39) Polyommatus Phloeas, L.
Galathea, L.
(43) S. Janira, L.
(44) S. pamphilus, L.
(42) S. Megsera, L.
(6) Sphinges : (46) Zygaena lonicerae, Esp.
(45) Hesperia thaumas, Hfn.
Eristalis tenax, L.,

,

;

;

;

—

;

;

;

;

.

;

;

;

(47) Z.

also

carniolica, Scop.

No. 590,

I

III,,

(Thur.)

;

;

(c)

Noctuce

:

(48) Plusia

gamma,

L.

See

and No, 609.

became aware

i

i

i

;

;

;

j

in August, 1881, that the capitula of Centaurea

Jacea tend to vary along two lines from the commonest and apparently most primitive form which I have just described.

The

result

on the one hand, very conspicuous male capitula 50 to 55 mm.
in diameter, and on the other hand less conspicuous female capitula
30 to 35 mm. in diameter. In both of these extreme forms the
marginal florets have the corolla greatly enlarged, but the reproductive organs functionless.
In the male capitula, the florets of
the disk possess a style as well as anthers, but its stigmas never
separate, but coalesce in their lower part.
In the female capitula,
the anthers of the disk-florets are brownish, shrunken, and devoid
is,

of pollen.

These extreme forms are connected by an unbroken series of
As the primitive form
began to vary in one direction, the marginal florets became gradually
transition -stages with the primitive form.

I

;

(
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longer and more radiating, and their reproductive organs diminished
first the anthers and then the pistil became function-

pari passu, and

Thereupon the marginal

less.

florets increased still

more

in size,

the pistils of the disk -florets became functionless, and the male
capitula were complete.

Varying in the opposite direction, the corolla in some of the
florets got smaller, and gradually the anthers became
brown and devoid of pollen the same changes proceeded step by
marginal

;

step towards the centre of the flower, until

now we

find the whole
and measuring only
15 to 18 mm. in diameter.
When this state was reached, the corollse
of the marginal florets began again to increase in size and to radiate
outwards, their anthers vanished completely, and their stigmas ceased

capitulum consisting only of female

florets,

to unfold.

The

capitula on the same plant are always much of the same
In any locality where capitula of the primitive form occur
along with female capitula, Centaurea Jacea may be said to be
form.

gynodioecious.

But

of changes the

since in the outset of the last described series

outer

florets

conspicuousness of the head

my

become purely female, before the
visibly diminished, it is clear that

is

explanation of the origin of gynodicecism suggested in the

of Thymus and Glechoma cannot hold in this instance.
seems much more likely here that the reduced size of the
corolla in the female flowers is the result of a tendency to
This is
abortion, spreading from the stamens to the corolla.

cases
It

Darwin's
chap vii.
258.

explanation
;

of

cases

all

of

gynodicecism (No.

167,

611).

Centaurea Scabiosa,

L., agrees in

the whole structure

honey
For while the tubular parts of the

of its flower with the previous species, but differs only in its

being more easily accessible.

than in the previous species (11 to 12 mm.),
with honey, is
shorter (3^ to 4 mm.), and while in the primitive form of G. Jacea
the marginal florets and the disk-florets were alike, I have always
found in C. Scahiosa the marginal florets devoid of stamens and
style, devoid of a wide superior portion (or throat), but notably

disk-florets are longer

the expanded part above, which becomes filled

mm. long), with their tubes entirely directed outwards and dividing into five linear segments, differing little from one
another and about 2 mm. longer than those of the disk-florets.
The less variety of visitors that I have observed is simply due
to the fact that I have only watched this species on a few occasions
larger (16 to 22

;
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G. Jacea in

most of ray

(in Thuringia), while

have met with

I

excursions in summer.
Visitors (in Thuringia)

9

,

ab.

8.,

(7)

B.

(2)

;

corum, F.

Bombus

and

(?, c.p.

t?

s.

confusus, Schenck,

cinctus, F.

$

(J,

very

chile ligniseca, K.<^

;

;

S

ab., all

(12)

(5)

$

s.

;

Osmia
L.

;

$

rupestris, F.

B.

Apis meUifica, L.
$ (4) B. mus-

(6)

;

$

;

B.

%.

,

s.

;

;

$

B. silvarum, L.
(9)

Halictus quadri-

H. maculatus, Sm. 9j

(10)

senea, L.c?,

$

(1)

;

B. terrestris, L.

(3)

B. agrorum, F.

(8)

;

Anthidium manicatum,

(14)

Hymenoptera— ^;?i^ce

A.

:

lapidarius, L.

c.p.

;

(13) O. spinulosa,

Diptera— (a)

Mega-

(11)

K. 9

Sijrphidce

,

c.p.

1

;

j
:

(15)

'

C. Lepi(h) Muscidce : (16) Trypeta cormita, F.
neniorum, L.
(18) Melitaea Athalia,
doptera— (a) Rhopalocera : (17) Satyriis Janira, L.
D. Coleoptera—C/< r^^so{h) Sphinges : (19) Zygsena carniolica, Scop.
Esp.
E. Hemiptera— (21) Capsus sp., s.
melidcv : (20) Cryptocephalus sericeus, L.
See also No. 590, in. Thirty-eight Alpine visitors (two Coleoptera, two Diptera,
twelve Apidae, twenty-two Lepidoptera) are given in my Alpenhlumen.
Eristalis

-.

;

,

;

,

;

,^

J

]

(No. 609).

.

Centaurea Cyanus,

259.

L. (Fig. 115, 5).

— In

this

species

the marginal florets serve only to attract insects, but they do
so in a more effectual way than in C. Scahiosa, for they are large
and infundibuliform and radiate outwards, extending the blue
also,

surface of the capitulum from 20 to 50

making

it

accessible, for

mm.

in diameter, and

The honey

more easily
above the narrow tubular part of the floret, which is

also conspicuous in side view.

\

1

j

i

,

(

is

|

j

5 to 6

mm.

long, the wider part

only 3

is

mm.

long to the place

In this species the simultaneous fertilisation of numerous florets goes on to a very slight
extent for the florets of the disk are not numerous, and their antherI have never seen the
cylinders project at wide intervals.

where

it

divides into linear segments.

;

;

i

;

stamens more distinctly shown in any other
Composite. In flowers which I had allowed to develop in my room
until the superior valvular appendages of the anthers had
separated of themselves, the filaments contracted when I touched
them so much that the anther-cylinder was drawn down to an
extent of 2 to 3 mm. very quickly, and then more slowly to an extent of 5 to 6 mm.
in a few seconds a mass of pollen emerged
from the superior orifice of the anther-cylinder, and then gradually
the style protruded 3 to 4 mm. above the same orifice.
In the

irritability of the

;

natural condition, I never succeeded in obtaining such distinct
action on touching the filaments, doubtless because the filaments

had almost always been touched by insects before they had reached

amount

the full

Visitors:

und

c.p.

;

(2)

of tension.

A. Hymenoptera

Bombus

;

j

;

!

!

\

!

\

!

i

i

j

I

— (a)

Apidw

silvarum, L. 9

>

s.

;

:

(3)

Apis mellifica, L. ^
Megachile maritima, K.

(1)

,

ab.,
(?,

s.

s.

;

1

i

—

—
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(b) Sphegului

Diptera

(4)

:

— (a)

Psammophila affinis, K.,
:
(5) Empis livida,

Empickv

Eristalis arbustorum, L., f.p.

Noctuce

:

—

gamma,

Plusia

(8)

(7)

;

L.,

s.

s.

(proboscis

L.,

s.,

ab.

Rhingia rostrata,
See also No 590,

;

L.,

5
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mm.

s.

long).

Syrphidce

(b)

B.

:

(6)

C. Lepidoptera

iii.

Tribe Mutisiacere.

—

The long, tubular florets of this
Chuqiiiraga insignis, R. Br.
Composite, which grows on the summits of the Andes (Pichincha),
;ire visited, according to Professor Jameson, by a humming-bird
(Delpino, No. 185.)

[preotrochilus Pichinchcv).

The cleistogamic

Anandria were known

flowers of

to Linnaeus

(H. von Mohl, No. 531).
Tribe

Cickoo'iacecB.

—

Intybus, L. The capitula are closed in
expand in sunshine to form bhie disks 30 mm.
and upwards in diameter. Each floret has a tube 3 mm. long and
a limb 13 mm. long, and this immense development of the limb

CiCHORiUM

260.

lainy weather, but

compensates

number

for the small

The structure

of the

much more
two spiral turns self-fertilisation in
thus much more easily effected.

making one

urved, each

absence of insects
Visitors

Andrena
usciilus,

K.

1

).

;

—

(8)

Osmia

nine bees

is

:

:

c.p.;

Rho2)alocera

Malacodermata

:

Apis

(1)

mellifica, L.

<^

spiniilosa,

Conopidcc

:

;

(11) Sicus

(12) Colias byale, L.,

L.,

;

,

s.,

ab.

;

(2)

Nitidi-

(4)
;

;

s.

(10) Eristalis tenax, L.,

ferrugineus, L.,

C.

s.

D. Coleoptera

(Tliur.).

(13) Malacliius bipiistulatus, F., f.p., ab.

radiata,

$

^

(6) H. loiiguliis, Sm. ?
(7) H.
K. 9,8. and c.p. (Thur.), not rare.

Syritta pipiens, L.

(9)

{b)

given in No. 590,

Hyoseris

:

Halictiis quadricinctiis, F.

H. rubicuiidus, Chr.
;

and

s.

;

Apidcc
(.3)

;

(a) Syrphicke

species

Lepidoptera
"1"

,

^ (5)
^ all s.
,

Diptera

to

A. Hymenoptera
K. $ c.p.

:

fulvicnis,

albipes, F.

liutli

is

with that in Leontodmi and

branches of the style are

Jlieraciuvi, except that the
(

of florets in each capitulum.

florets agi'ees

An

additional

list

iii.

is

visited

by Megachilc

centiincv.laris

(Delpino, No. 178, p. 125).

Lapsana communis,

—

The capitulum consists of eight
L.
and expands to a yellow disk 8 to 10 mm. in
diameter.
In each floret the tube is 1^ to 2 J mm. long, and the
limb 4 to 6 mm. long.
The capitula are solitary and comparatively
small
they are therefore not very conspicuous, and insect-visits
261.

to seventeen florets,

;

arc very few.
regularly,

and

In absence of insects,
it is

self-fertilisation takes place

doubtless effective, since the capitula are without

—

;
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The anther-cylinder protrudes

fertile.

[part
2 to 3

iji.

mm.

from the tube, and the style li to 2 mm. beyond the anther-cylinder.
The outer surface of the projecting portion of the style is covered
The stigmatic branches are
with pointed hairs at wide intervals.

and are closely set with papillae on their inner
surfaces they separate widely, and bring their papillae regularly
in contact with the pollen if insect- visitors have not removed it
only i

mm.

long,

!

i

;

\

;

j

|

from the

hairs.

Visitors

rum,

L.

No. 590,

:

(3)

;

i

Biptersi—SyrphidcB

(1)

:

Eristalis arbustorum, L.

E. sepulcralis, L., all three species

f.p.,

;

(2)

not abundant.

nemo-

|

See also

J

E.

III.

j

—The

capitulum

composed of^
forty-four to seventy-five florets, which increase in size from the cen-.'i
tre towards the circumference; it expands in sunshine to form a yellow
disk 24 to 36 mm. in diameter, in dull weather it closes up till its
diameter is scarcely 7 mm. In each floret the tube is 4 to 6 mm. long,.
and the limb 8 to 12 mm. long. The stem is branched, and nearly
three feet high it bears numerous capitula, so that the whole plant
is very conspicuous.
The honey rises into the upper and wider part
of the tube, and is therefore accessible to very short-lipped insects.
The anther-cylinder projects 5 mm. beyond the tube, and the style
2^ to 3 J mm. beyond the anther-cylinder so that most insect-visitors
creep rather among than over the styles, and convey the pollen
rather with the hairs on their sides than with those on their under
262. PiCRis HIERACIOIDES, L.

is

'

'

\

;

\

>

;

j

I

'

surfaces; but bees with' abdominal collecting apparatus are also

found upon the flowers.

|

•

The sweeping-hairs and the
as in the other Cichoriaceae

stigmatic papillae are distributed

(cf.

Figs.

116, 117).

The

stigmatic

branches usually spread apart as in other cases, but in several

in-

stances I have seen the left bent over towards the right, and the
right towards the

left,

so close together that the stigmatic papillae

of the one were brushed by the pollen-holding hairs of the other.
A. Hymenoptera (a) Apidce : (1) Pannrgus calcaratus, Scop.
and s., ab. (2) Rhopliites (Dnfourea) vulgaris, Schenck, ?, ab., (J,
Bcarce, s. and c.p. (Thur. Wald)
(4) H. leuco(3) Halictus zonuhis, Sm. $
zonius, Schr. $
(5) H. sexnotatus, K. ? (^
(6) H. maculatus, Sm. 9
(7)
H. cylindricus, F., $ (8) H. qnadricinctus, F. ^ (9) H. nibiciindus, Chr.
S\ (10) H. nitidiusculus, K. ^ (11) H. albipes, F. $\ (12) H. longulus,
Sm. 9 (J; (13) H. minutus, K. ^ $
(14) H. Smeathmanelhis. K. 9,mo.st
of these species in great numbers, the ^ s., the 9 c.p. and s.
(15) Heriades
Visitors

9

:

(J, c.p.

;

;

;

;

;

;

;

;

;

j

;

;

truncorum, L. 9 c.p. (16) Osmia spinulosa, K. 9 c.p. (Thur.) {h) SphegidcR :
(17) Crabro sexcinctus, v. d. L. 9.
B. Diptera— (a) Empidce : (18) Erapis
,

;

,

;

J

—— ——— — —
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livida, L.,

very

storum, L.
ab.

(23)

;

toeniatus,

ab.,

s.

;

Syrphidm

(b)

;

nemorum,

(21) E.

;

L.

(19) Eristalis tenax, L.

:

(27) Pieris brassicse, L.

:

;

very

(25)

;

M.

C. Lepi-

s.

both species
See also No. 590, iii.

(28) P. rapae, L.,

L., all three species

263. Crepis biennis, L.

and

f.p.

;

Satyrus Janira,

(20) E. arbu-

;

scriptus, L.

;

(29)

353

(22) E. sepulcralis, L., all four species

;

Syrphus balteatus, Deg.
(24) Melithreptus
Mgn. (26) Chrysogaster viduata, L., all both

iXo^iQVii—Rhopalocera

very ab.

;,

s.

:

A. Hymenoptera Apidm : (1) Apis mellitica, L., ^ s.
Visitors
(2)
Panurgus calcaratus, Scop., 9 S c.p., s., very ab. (3) P. Banksianus, K. $ (^
c.p., s., scarcer
(4) Dasypoda hirtipes, F. ^ ab., even in the evening
(5)
Rhophites (Dufourea) vulgaris, Schenck, 9 6 very freq. (Thur., Wald.)
(6)
Andrena dorsata, K. $, c.p. (7) A. denticulata, K. $ (^, c.p. and s. (Tekl.,
Thur.)
c.p. (Thur.)
Borgst.
(8) A. fulvago, Chr. 9
(9) A. fulvescens, Sm.
(10) A. parvula, K. (^, s.
(11) Halictus longulus, Sm. $
9, c.p. (Thur.)
(13) H. leucozonius, Schr. 9 ^, freq.
(12) H. maculatus, Sm. $
(14) H.
cylindricus, F. $ (^, ab.
(15) H. albipes, F. ?
(16) H. lugubris, K. ^
(17)
H. fiavipes, K. $ (18) H. nitidus, Schenck, 9 (19) H. rubicundus, Chr. $
the $ of Halictus s., the 9 c.p. and s.
(20) H. quadricinctus, F. (J ab.
(21)
Osmia spinulosa, K. 9 s. and c.p., very ab. (Thur.)
(22) Chelostoma campanularum, K. 9 ^ s- ^^^^ c.p., very ab.
(23) Heriades truncorum, L. 9 c?
B. Diptera Syrphidce : (24) Eristalis tenax, L.
s. and c.p., very ab.
(25) E.
nemorum, L.
(26) E. arbustorum, L.
(27) E. sepulcralis, L.
(28) Syritta
pipiens, L., all five species s. and f.p., very ab. ; (29) Syrphus sp., f.p.
(30)
Cheilosia chrysocoma, Mgn., f.p. C. Coleoptera Nitidulidce : (31) Meligethes,
ab.
See also No. 590, iii.
,

:

>

;

;

,

;

;

j

;

;

;

,

;

;

;

;

;

;

;

;

;

;

;

;

',

,

;

;

>

;

5

;

;

;

;

;

;

tectorum, L.

264. Crepis
Visitors

A. Hymenoptera

:

Schenck, 9 6i ^-P- ^^^
(3) A. fulvicrus, K. 9 ,

s.

—

(2)

;

c.p.

;

:

AjndcB

(a)

Andrena

(4)

(1)

:

Rhophites (Dufourea) vulgaris,

denticulata, K.

9

c?

(Tekl., Borgst.)

;

H. rubiOsmia spinulosa, K.

Halictus villosulus, K. 9

,

c.p.

;

(5)

(7)
(6) H. quadricinctus, F. (^, ab.
(?, 8.
(&) Sphegidce : (9)
(8) Heriades truncorum, L. ^ s.
9 cp., ab. (Thur.)
B. Diptera Syrphidce : (10) Cheilosia chrysoPompilus viaticus, L. ^ a.
coma, Mgn., f.p. (Teklenburg, Herr Borgstette). See also No. 590, iii.

cundus, Chr.

;

;

,

,

;

;

,

265. Crepis virens, Yill.
Visitors

and

c.p.

s.,

:

A. HjmenoipteTa—Apidce
(2) P. Banksianus, 9

ab.

;

vulgaris, Schenck,

Andrena

:

9 6^

denticulata, K.

c.p.

9

,

and
c.p.

s.,

ab.

(Thur.

;

:

(1)

^

,

;

(4)

Panurgus

scarcer

;

(3)

Dasypoda

Tekl., Borgst.)

calcaratus, Scop.

9 ^
Rhophites (Dufourea)
hirtipes, F.
(6)

;

^

,

s.

,

(5)

;

A. dorsata, K.

^

,

Halictus villosulus, K. 9 c.p.
(8) H. cylindricus, F. 9 c.p. ; (9) H.
minutus, K. 9 c.p. B. Diptera— (a) Syrphidca : (10) Eristalis tenax, L., f.p.
(11) Melithreptus scriptus, L., f.p.
(12) M. teeniatus, Mgn., f.p. ; (13) Syr-

s.

;

(7)

,

,

;

,

;

phus balteatus, Deg.
f.p.

;

;

(16) Cheilosia

Sicus ferrugineus, L.,
F.

See also No. 590,

(14) S. ribesii, L.

;

(15)

S.

arcuatus. Fallen, all three

chrysocoma, Mgn., f.p. (Tekl. B.)
(&) Conopidce : (17)
s.
C. Coleo-pieia—MordelUda! : (18) Mordella fasciata,
;

iii.

.

^

A A

.
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UMBELLATUM,

266. IIiERACiUM

3 to 5

mm. and an
,

L.

outer limb 8 to 16

—The
mm.

florets

[part hi.

i

have a tube

j

long, both increasing in

j

length gradually from the centre to the periphery of the capitulum.
The whole capitulum, when fully expanded, forms a yellow disk

\

j

about 25

mm.

Honey

is

in diameter.

j

secreted

by a ring round the base of the

rises several millimetres in

the tube

;

a proboscis 2 to 3

style,

and

i

mm.

long

!

I

Fig. 116.

1—3
1.
2.

all

— nieracium umbellatum,

— Floret,

in

second stage (x

—The stigmas,

still

L.

7).

more revolute, so that

8.— The portion a—b,

of 1 x 60).
Floret in the act of self-fertilisntion (x 7).
4. H. piloselln, L.
c, pollen-grains
e, Btigmntic papillae; d, sweeping hiirs
/, anther-cylinder;
stylo; {, tube of corolla fc, limb of corolla l', pappus m, ovary.

has not

(

;

h,

self-fertilisation takes place if the pollen

been removed from the hairs.

suffices to

;

reach

it.

;

^

;

g,

stamens;

;

Not only the two branches

of the style (which

2^ mm. long) protrude from the anther-cylinder, but also
about 3J mm. of the style below its bifurcation pollen remains
adljering to the sharp, bristly hairs (3, d) with which the whole of
the projecting part of the style is clothed. After emerging from
the anther-cylinder, the two branches of the style, which are

are

;

———

—
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,
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over their inner surface with stigmatic papillae, spread

all

and gradually bend so far backwards that part of their
stigmatic surface comes in contact with the hairs (Fig. 116, 2).
So if
the pollen has not been removed by insects, self-fertilisation takes
If insect-visitors come in proper time self-fertilisation is
place.
not impossible, but the chances are immensely in favour of crossfertilisation, and of cross-fertilisation with pollen from other capitula,
as the insect on alighting comes at once in contact with the upper
apart,

surface of the stigmas.
Visitors

A. Hymenoptera

:

Bombus

Apidce

(a)

:

(1)

Apis

mt'llifica, L.

i^

aiid

s.

,

Dasypoda hirtipes, F. ? s.
and c.p. (4) Panurgus calcaratus, Scop. $ (^ s. and c.p., very ab. (5) Halictus
leucozonius, Schr. 9 c?) s. and c.p.
(6) H. villosulus, K. $ <^, s. and c.p.
(8) M. Willughbiella, K. c^ s.
(9) Coelioxys
(7) Megachile argentata, F. 9 sconoidea, III. $ s.
(10) C. simplex, Nyl. $ 8.
(6) ChrymJcE : (11) Hedyab.

c.p.,

(2)

;

lapidaiiiis, L.

^

s.

,

(3)

;

,

,

;

;

;

»

,

»

;

B. Diptera

chnini luciduluni, Latr. ^.
(as late as Oct. 13)

;

(13)

8.

;

f.p. and s., very
Occemyia atra, F., s.

(16)

napi, L., ab.
(20)

(18)

;

Hesperia

ab.

(a)

;

(b)

;

Syrphidce
;

;

:

(12) Eristalis tenax, L.

Syrpluis balteatus, Deg.,

(14)

Conopidce

Sicus ferrngineus,

(15)

:

Rhopalocera : (17) Pieris
(19) Vanessa urticae, L., not rare

C. Lepidopiera

Satyrus Megaera, L.
See also No. 590,
;

sp., all s.

HiERAClUM PILOSELLA,

267.

—

E. arbustorum, L.

all three species

L.,

;

,

5

L.

;

iii.

—Forty-two

to sixty-four florets

unite to form a capitulum, and increase in size from

its

centre to

its

In each the tube is 3 to 6 mm. long, and the limb 4
In sunny weather the capitulum expands to form
to 8 mm. long.
a yellow surface 20 mm. in diameter, but in dull weather it closes up.
On the bare slopes where the plant grows abundantly, its capitula are

circumference.

conspicuous enough to attract numerous insects in spite of the small
size of

the plant.

But on the whole,
less various,

insect-visits are less abundant, though not
than in the previous species, and accordingly, while

the flowers are in other respects similar, self-fertilisation

is

better

provided for by the greater involution of the stigmas (Fig. 116,
Visitors
c.p.

and

8.,

:

A. Hymenoptera

ab.

;

(2)

Andrena

Halictus leucozonins,

Schenck, $

,

all c.p.,

Sclir.

{a)

: (1) Panurgus calcaratn.s, Scop.
$ ^
Sm. $ (3) A. fulvago, Chr. $ (4)
H, villosulus, K. $
(6) H. nitidus,

Apidce

,

fulvescens,

$

;

4).

(5)

;

;

;

the two Andrenae also

s.

;

(7)

Ceratina coerulea, Villa,

^

Diphysis serratulse, Pz. $ s., scarce (9) Nomada Fabriciana, L.
? s. (&) Tenthredinidce : (10) Cephus, a small sp. B. Diptera (a) Bomhylidce :
(11) Bombylius canescens, Mik. (Sid.), s,
(&) Syrphidce : (12) Helophilus
floreus, L., f.p.
(a) Rhopalocera : (13) Pieris brassicae, L.
C. Lepidoptera
D. Cole(14) Lycaena argiolus, L.
(6) Noctuce : (15) Euclidia Mi, L., all s.
scarce

s.,

,

;

(8)

,

;

;

;

;

;

optera

(ri)

CerambycidcB

:

(16)

Leptura

livida, L.

;

(b)

ChrysomelidcB

A A 2

:

(17)

————

—

:
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j

See also No. 590, iii.,
Alpine visitors (four
bees, twenty-seven Lepidoptera) is given in my Alpen-

Cryptocephalus Morsei,

L., ab.

>)eetles, five flies, five

(18) C. sericeiis, L., ab.

;

j

A list of

Low Germany.

for a further list of visitors in

blumen

[part hi.

j

\

(690).

"}

268.

HiERACIUM VULGATUM,

Visitors

A. Hymenoptera

:

B. terrestris, L.
(5)

?

s.

and

$ ^,

See also No. 590,

269.

c.p.

,

and

c.p.

ab.

s.,

'

Bombus
s.

(4)

;

Rajellus,

;

111.

?

,

s.

Andrena Coitana, K.
s.

;

(2)

;

(^

s. ;

,

Halictus

(7)

Panurgus calcaratus, Scop. ?

Ehopalocera

:

(9)

c^,

Lycoena icarus, Rott.,

s.

,

;

K. $

Borgst.)

(Tekl.,

Sphecodes gibbus, L. $

;

fulvescens,
(4)

(Dufourea)

Sm. $

,

c.p.

;

vulgaris,

Halictus

(3)

H. cylindricus, F. $

c.p.

,

(5)

;

A. Hymenoptera

lapidarius, L. ^ ,
urgus calcaratus, Scop. ?

L.:

—

I

i

1

s.

;

Apidce

,

(3)

,

,

;

,

?

,

;

;

,

;

,

;

,

;

;

j

;

;

,

'.

;

;

;

;

|

i

;

\

'

;

,

;

,

;

,

;

—

;

;

E. sepulcralis, L.,

f.p.

Sicus ferrugineus, L.,
iii.

;

s.

(26) Pipiza funebris,
(c)

;

;

;

;

Muscidce

:

(28)

Mgn., f.p. (b) Conopidce: (27)
Demoticus plebeius, Fallen, s.
;

and No. 609.

Leontodon autumnalis,

—

L.
The capitulum consists of
expands in sunshine to a diameter of 20 to
30 nun., and closes up in rainy weather till its diameter is scarcely 5
mm. In each floret the tube is 2 J to 5 mm. long, and the limb 7
to 12 mm. long.
The honey rises up into the wider part of the
tube.
The anther-cylinder projects 4 to 5 mm. from the tube, the
style 3 to 4 mm. beyond the anther-cylinder.
The style is covered
on its outer surface with pointed sweeping-hairs, and is closely set
271.

\

s.

,

(^

Bombus

See also No. 590,

.

'.

1
Rhophites

:
c.p.
(!) Apis mellifica, L. ^
(2)
Dasypoda hirtipes, F. ^ c.p., ab. (4) Pans. and c.p., ab.
s.
(5) P. Banksianus, K. ? ^
c^
and c.p., scarcer (6) Colletes Davieseana, K. $ c? c.p. and s., ab. (7) Rhophites (Dufourea) vulgaris, Schenck, $ c.p. and s.
(8) Andrena xanthura,
K. 9,8.; (9) A. denticulata, K. ? (^, c.p. and s. (Tekl., Borgst. Thnr.) (10)
A. fulvescens, Sm. $ c.p. (Thur.)
(11) A. fulvago, Chr. ? c.p. (Thur.)
(12)
Halictus villosulus, K. $
c.p.
c.p.
(13) H. malachurus, K. $
(14) H.
lugubris, K. ^ (15) H. flavipes, F. ^
(16) H. leucozonius, Schr. $ (^, c.p. and
8.
(18) H. rubicundus, Chr. $ c.p. (19)
(17) H. cylindricus, F. $ ^ c.p. and s.
H. sexstrigatus, Schenck, ^, c.p. (20) H. brevicornis, Schenck, ^, s. (21)
Sphecodes gibbus, h. ^ ^ (22) Diphysis serratuljB, Pz. ^ s. B. Diptera
(a) Syrphidce : (23) Eristalis arbustorum, L.
(24) E. nemorum, L.
(25)
:

-

:-

(1)

Hypochceris radicata,

Visitors

%

iii.

Hymenoptera Apidce
Schenck, ? c.p. and s.
(2) Andrena

270.

,

(8)

:

nitidiusculus,

\

(1)

:

Hypochceris glabra, L.

Visitors

:

A. denticiilata, K. $^

(6)

;

B. Lepidoptera

ab.

s.,

Apidce

B. silvarum, L, ?

(3)

;

A. fiilvescens, Sm. ?

cylindricus, F.
c.p.

,

L.

forty to seventy florets

;

it

j

j

I

—
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with stigmatic papillae on the inner surface of its branches, which
the most part do not become entirely separated (Fig. 117, 2).

for

Here, as in Picris hieracioidcs, insect- visitors come in contact with
the pollen and stigmas more with their sides than with their under
Simultaneous fertilisation of numerous florets takes place
surfaces.

\^^\^

Fig. 117.

Leontodon auiumnalig, L.

1.—Floret, in second (female) stage, after removal of ovary and pappus ( x 7).
2.— End of the style in preceding figure (x 35). a, hairs b, stigmatic papillae
;

;

c,

pollen-grains.

most Cichoriacese, to a less extent than in those Seneciand Asteroidese in which the out-pressed pollen and afterwards the stigmas lie in one plane.
In this species, on the other
hand, the florets are able at one and the same time to receive
pollen from insects upon their stigmas, and to contribute their
here, as in

onidae

own

to the insect in turn.

— ——

;
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If sufficient insects visit the flower in time to

[part hi.

,

remove the pollen

from the sweeping-hairs before the stigmatic surfaces appear, crossIf insect-visitors only come when
fertilisation is alone possible.
the branches of the style have begun to separate, then the possibility
of self-fertilisation by insect agency is not excluded. Even in absence
of insects, self-fertilisation seems to be not impossible, since when
the stigmas separate their edges curve outwards, and their papillaj

may

in contact with pollen

come

easily

upon the

still

'

;

'

!

hairs.

Visitors A. Hymenoptera— (a) Apidce : (1) Apis mellifica, L. f^ s. (2) Bombus lapidarius, L. ^ s. (3) Dasypoda hirtipes, F. $ scrambling very rapidly
over the capituliim, sucking a few florets, and then flying away to another (the
enormously long hairs of the hindlegs carry huge balls of yellow pollen) ; (4)
J
'
Panurgus calcaratus, Scop., s. and c.p. (5) Andrena fulvicrus, K. ? c.p. (6)
Halictus leucozonius, Schr. 5 s. and c.p. (7) H. leucopus, K. ? (8) H. longulus,
Sm. $ both species c.p. and s.
(10) H.
(9) H. Smeathmanellus, K. (^
morio, F. ^ (11) H. maculatus, Sm. ^
(12) H. cylindricus, F. ^, 9—12 s. ;
(14) Prosopis armillata, Nyl. ^,s. ;^
(13) Diphysis serratulse, Pz. 2 6^ scarce, s.
B. Diptera
{a) Syrphid(B: (16)
(b) Sphegidce : (15) Pompilus viaticus, L., s.
Syrphus pyrastri, L., ab. (17) S. balteatus, Deg. (18) S. nitidicollis, Mgn. i
(21) Eristalis i
(20) Volucella bombylans, L.
(19) Melithreptus taeniatus, Mgn.
sepulcralis, L., ab.
(22) E. arbustorum, L., very ab. (as late as Oct. 13)
(23)
(b) Conopidce : (24) Sicus ferrugineus, L., s. 1
E. tenax, L., ab., all both f.p. and s.
{d) Mitscidw : (26) Sarco(c) Bombylidce : (25) Systoechus sulfureus, F., s.
phaga carnaria, L., s. only. C. Lepidoptera— (a) Rhopalocera : (27) Colias
,

:

;

|

'

,

,

\

.

,

;

?

;

,

;

;

:

;

;

«

;

;

;

,

;

;

;

;

;

;

;

\

;

;

j

hyale, L. (Thur.)

s.

See also No. 590,

iii.

272.

;

(&)

:

(28) Plusia

:

gamma,

L. (as late as Oct. 14),

s.

,

^

Leontodon

Visitors

Noctum

hastilis, L. (Koch)

A. Hymenoptera

B. pratorum, L.

—

Apidce

(a)

and

:

(1)

:

\

Bombus

Andrena

Barbutellus, K. $

,

and
c.p., dusting itself very thickly with pollen (Mohnethal)
(4) A. Coitana, K.
? (J 8. and c.p. (Sauerland) (5) Halictus villosulus, K. 9 c.p., ab. (6) H.
leucozonius, Schr. $ c.p.
(7) H. cylindricus, F. 9 c.p., ab.
(8) H. albipes
F. 9 (obovatus, K.), c.p.; (9) H. Smeathmanellus, K. ?, c.p.; (b) Tenthredinidce : (10) Tenthredo sp., s.
B. Diptera— (a) Bomhilid(B : (11) Systoechus sulfureus, Mikan, s. (Sid.); (6) Syiyhidce : (12) Cheilosia sp.
(13)
Melithreptus toeniatus, Meig., f.p. and s. (its stomach was quite full of a yellow
mass of honey mixed with pollen) (14) Volucella pellucens, L., s., freq. (Sid.)
(15) Sericomyia lappona, L., s. (Sid.)
(16) Eristalis horticola, Deg., f.p. and
8. (Sid.), ab.
(17) E. arbustorum, L., f.p. and s., very ab.
(c) Conopidce: (18)
Sicus ferrugineus, L., s. C. Leipidoj^teret— Rhopalocera : (19) Hesperia silvanus,

s.

;

(2)

$

,

s.

c.p.

(3)

;

fulvescens,

Sm. $

,

,

;

,

,

;

^

s.

;

,

\

;

;

)

;

|

|

\

j

;

;

;

;

Esp.,

i

'

8.

273.

Leontodon (Thrincia) hirtus,

L.

:

A. Hymenoptera— ^^^w/cb ; (1) Bombus confusus, Schenck, ^, s.
;
Panurgus calcaratus, Scop. 9 ^ c.p. and p., ab. (3) Rhophites vulgaris-,

Visitors
(2)

I

;

;

,

;

—
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Sclienck, $

K. ?

lata,

,

and s.
and c.p.

c.p.
s.

,

Sin.

(4)

;

Cilissa nielanura, Nyl.

Thur.)

(Sid.,

(Thur.)

;
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9 (5) Andreiia denticuA. fulvicrus, K. ? c.p. ; (7) A.

(6)

;

,

A. fulvago,

(Thur.)
(9)
Halictus villosulus, K. 9 c.p.
c.p. and s.,
(10) H. leucozonius, Schr. $ ^
very ab. (Thiiringer Wald, August 30, 1869)
(11) H. cylindricus, F. $ (^, c.p.
ands. (12) H. maculatus, Sm. c^, s. (13) H. Smeathinanellus, K. $ c.p. ; (14)
iiilvescens,

?

,

c.p.

5

(8)

;

Clir.

?

,

c.p.

;

,

;

;

H.

F.

flavijDes,

,$

,

s.

;

Syrphus balteatus,

iraninia, L.,

s.

H. lugubris, K. ^ a. B. B'npteTa—SyrjMdce : (16)
s. and f.p.
(17) E. tenax, L., do., both species ab.
Deg., do.
C. Lepidoptera— iVoc^ace ; (19)
Plusia

(15)

Eristalis arbustorum, L.,
(18)

,

;

;

,

;

(as late as Oct. 14).

Taraxacum

;

See also No. 590,

iii.

— The

capitulum consists of
on a receptacle only 5 to 7
mm. in diameter. -In each floret the tube is 3 to 7 mm. long and
the limb 7 to 15 mm. long, and in sunny weather the capitulum
expands to form a bright yellow surface 30 to over 50 mm. in
diameter. At night and in dull weather the capitulum closes up
so completely that only the green involucral bracts and the dark
outer surfaces of the limbs of the outermost florets remain visible.
The honey rises into the upper part of the tube (which is nearly
filled by the style), and is therefore accessible to insects with very
short proboscides.
From each tube an anther-cylinder 2J- to 5
mm. long protrudes, and the style grows to a height of 3 to 5 mm.
above the anther-cylinder. The projecting portion of the style is
clothed with pointed hairs over its whole outer surface, which
retain entangled among them the pollen that they have swept out
of the anther-cylinder.
The two branches of the style, which are
closely covered over their whole inner surfaces with stigmatic
papillae, are IJ to over 2 mm. long; they bend outwards and
curve so far back that the tip of each makes 1-| spiral turns, and
accordingly, if insect-visits have not taken place and the sweepinghairs are still covered with pollen, self-fertilisation must take place
274.

about 100 to over 200

officinale, L.
florets inserted

to a great extent.

Thus

in the Dandelion

we have a plant which, by the

great

and the great abundance and acof its pollen and honey, attracts an immense variety of
sunny spring weather but which has fully retained, or

conspicuousness of
cessibility

insects in

its

flowers

;

has again acquired, the possibility of
begins to bloom so early that as a rule
insect-visits,

while

its

latest

flowers

self-fertilisation,

its

are

first

since

it

flowers receive no

also liable to

be

left

unvisited.
A. Hymenoptera (a) Apidce : (1) Apis mellifica, L. ^ s. and c.p.,
Bombus sil varum, L. $ (.3) B. terrestris, L. $ (4) B. muscorum,
B. lapidarius, L. v ; (6) B. confusus, Schenck, $ ; (7) B. Barbutellus,

Visitors

very ab.
F.

$

;

;

(5)

:

(2)

,

;

;

—

—

—
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all s.
(9) Andrena cingulata, K. ^
(10;
A. pratensis, Nyl. $ (12) A. nitida, K. <^ ^ (13)
very ab.
(14) A. fulva, Schr. $
(15) A. Gwynana,
^- 9 6i ^^^y ^^' (16) A. helvola, L. 9 (J, not rare (17) A. mixta, Schenck,
9 (var. of the former) (18) A. varians, Rossi, 9 not rare (19) A. atriceps,
K. 9 (J
(21) A. Trimmerana, K. 9
(20) A. nigrosenea, K. 9
(22)
Smithella, K. ^ ^ ah.
(23) A. fulvicrus, K. ^ ^ very ab.
(24) A. fasciata,
Wesm. 9 ^ (25) A. albicrus, K. 9 ^^ ; (26) A. parvula, K. 9 (^, very ab.
(27) A. argentata, Sm. (gracilis, Schenck), c^, ab. ; (28) A. dorsata, K. 9 ^, ab.
(29) A. fulvescens, Sm. 9
(30) A. connectens, K. 9
(31) A. convexiuscula.
K. 9 all Andrena? 9 c.p. and s., the ^ s. ; (32) Halictus rubicundus, Chr. 9
(34) H. sexnotatus, K. 9 ab.
(33) H. zonulus, Sm. 9
(35) H. sexsignatus,
Schenck, 9 ab. (as late as Oct. 13) (36) H. maculatus, Sm. 9 (37) H. albipes,

K. ?

(8) B.

;

Fourc. ?

vestalis,

A. cineraria, L. ^ ^
A. albicans, K. ? c?

,

;

;

(11)

;

;

,

;

;

;

;

'i

,

;

;

;

;

,

A

;

,

;

;

;

;

;

5

;

J

;

,

;

j

;

;

;

H. cylindricus, F. 9 ab. (39) H. flavipes, F. 9 (40) H.
morio, F. 9
(41) H. leucopns, K. 9 ; (42) H. longulus, Sm. 9
(43) H. nitidiusculus, K. 9 ab. (44) H. villosulus, K. 9 (45) H. Incidulus, Schenck, 9
(46) H. nitidus, Schenck, 9 l (4V) H. minutissimus, K. 9 all c.p. and s.
(48)
Sphecodes gibbus, L. 9 s.
(49) Nomada ruficornis, L. 9 (^ very ab.
(50)
N. varia, Pz. 9 (?> ab.
(51) N. Lathburiana, K. 9; (52) N. flavoguttata,
K. ^ (53) N. lineola, Pz. 9 (54) N. alternata, K. 9 (55) N. succincta, Pz.
9 cT; (56) N. signata, Jur. 9 (^, all s. (57) Osmia rufa, L. (^, s. (58) 0.
fusca, Chr. (bicolor, Schr.) 9 s. and c.p.
(b) FormicidcB : (59) Formica congerens, Nyl. ^
(n) Tenthredinidce : (60) Cephns, a small sp., ab.
ab., s. ;
B. Diptera
(a) Empidce : (61) Empis livida, L., ab.
(62) E. punctata, F., ab.
F.

9

ab.

,

(38)

;

,

;

;

;

;

5

;

;

;

>

>

;

;

>

;

;

;

;

;

;

>

;

;

,

—

;

(63) E. opaca, F., all three

E. arbustorum, L.

(66) E.

;

(68) E. pertinax, Scop.

and

f.p.,

ab.

A. podagrica, F.,ab.,
L.,

f.p.

Fallen,

f.p.

;

(b)

Syrphidce

nemorum,

L.

:

;

rostrata, L.

(74)

Syrphus

coraria, L.

;

;

;

(65)

(67) E. tenax, L. (as late as Oct, 13)

;

;

(70) E.

intricarius, L., all

(72) Ascia lanceolata, Mgn.,

;

nitidicoUis, Mgn.,

f.p.

;

s.

;

;

s.

(73)

(75) S. pyrastri,

Melithreptus tseniatus, Mgn., f.p.
(77) Cheilosia vernalis,
Ch. chloris, Mgn. f.p.
(c) Muscidce : (79) Scatophaga ster(80) Sc. merdaria, F., both species s. and f.p., ab.
(81) Onesia

(76)

;

f.p.

;

(64) Eristalis ceneiis, Scop.

(69) E. sepnlcralis, L.

:

Rhingia

(71)

;

s.

;

(78)

,

;

;

R. D., freq. C. Lepidoptera

Rhopalocera: (82) Vanessa iirticge,L.,ab.
(83) V. lo, L., ab.
(84) Rhodocera rhamni, L.
(85) Pieris brassica?, L.
(86)
P. napi, L.
(87) Satyrus Mega^ra, L.
(88) Hesperia alveolus, Hb., all s.
D. Coleoptera {a) Nitidulidce : (89) Meligethes, ab.
{b) BuprestidcB : (90)

floralis,

;

;

;

;

;

;

;

Anthaxia nitidula, L.

Malacodermata

Malachius bipustulatus, F., f.p.;
(d) CoccinellidcB : (92) Coccinella septempunctata, L., tries in vain to reach the
honey. E. Hemiptera (93) Pyrocoris aptera, L., s., ab. See also No. 590, iii.,
for a further list of visitors in Low Germany ; and No. 609 for a list of Alpine
;

(c)

:

(91)

;

visitors.

Altogether I have observed upon the Dandelion

In

Low Germany

jOn the Alps

Apidee

Lepidoptera.

Diptera.

other Insects

67

7

25

16

26

35

26

12

i
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In each 100 visitors there are therefore
Apidse

Diptera.

Other Insects

In

Low Germany

58-2

6-1

217

13 9

On

the Alps

25-5

35-7

26-5

12-2

SONCHUS OLERACEUS,

275.

Visitors

:

A. Diptera

S. arcuatus, Fall.

;

Si/rphidce

:

Visitors

:

:

:

Syrphus

(1)

A. Hymenoptera

;

balteatus, Deg., f.p.

all three species

(4) Pieris brassicae, L.,

SONCHUS ARVENSIS,

276.

L.

Eristalis arbustonim, L.

(3)

Rhopalocera

B. Lepidoptera

ab., it

Lepidoptera.

L.

Apidcc

s.

and

;

(2)
f.p.

s.

:

:

Apis mellifica, L. ^

(1)

dusts itself over and over with pollen

;

Bombiissp.,

(2)

Scop. ? cJ s. and c.p., very ab. ;
Halictus quadricinctus, F. ? c.p.

,

s.

s.
;

and c.p., very
(3) Panni^us

P. Banksianus,

K. ? (^
H. rubicimdus, Chr. ?
c.p. and s.
c.p.
(7) H. flavipes, F. ?
(8) H. liigubris, K. (^ s.
(9) Nomada
varia, Pz. ?, s.
(10) Megachile centuncularis, L. ?, c.p. and s.
(11) Osmia
Bpinulosa, K. ? c.p. and s. (Thur.) B. Diptera
(a) Syrphidce : (12) Eristalis
tenax, L.
(13) E. arbustorum, L., both species s. and f p., ab.
(14) Cheilosia
C. Lepidoptera Rhopapp., f.p.
(6) Conopidm: (15) Siciis fermgineus, L., s.
locera: (16) Hesperia sp. , s.
D. Coleoptera— (a) Curculionidce : (17) Spermophagus cardui, Schh., very numerous
{h) Malacodermata : (18) Malachius
calcaratus,

scarcer

;

(4)

,

(5)

,

,

;

;

(6)

,

;

;

;

;

—

,

;

;

;

;

sp., f.p.

1

^ The following additional Composites are discussed in my Alpenhlwnicn
(609)
Achilloea atrata, L., A. macrophylla, I^., A. moschafa, Wlf., A. nana, L., Adenostyles alhifrons, Rchb,, A. alpina, Bl. et Fing., A. Jiyhrida, D.C, Aronicum Clusii,
All., Aster alpinus, L., Bellidiastrum Michelii, Cass., Carduus Personata, Jacq.,
Centaurea Mureti, Jord., C. nervosa, "Willd,, C. phrygia, L., Chrysanthemum alpinum,
L., C. coronopifoUum, Vill., Cnicus heterophyllus. All., C. spinosissimus. Scop.,
Crepis aurea, Cass,, Gnaphalium dioicum, L., G, Leontopodium, Scop., Eieracium
:

albidum, L., H. aurantiacum, L., ff. Auricula, L., H. glanduUferum, Vill., H.
staticifolium, Vill., B. villosum, L., Hypochceris uniflora, Vill., Lactuca perennis,
L., Lappa major, Gartn., Mulgedium alpinum, Cass., Saussurca alpina, D.C,
Senecio abrotanifolius, L., >S'. camiolicus, Willd., S. cordatus, Koch., >S'. Doronicum,
L , S. nebrodensis, L,
in addition to these, the following are treated in my Weitere Beohachtungen, pt.
III.
Bidens cernua, L., Inula hritannica, L., /. Selenium, L., 1. hirta, L., Petasites
officinalis, Monch., Prenanthes muralis, L., P. purpurea, L., Senecio silvaticus, L.,
S. viscosus, L., Silybum, Marianum, L., Sonchus a^per, Vill.
Besides all these, Hildebrand in his Gcschlechtsverhdltnisse bei den Compositen (557)
treats of the following
Agathea, Arctotis, Cacalia, Calendula, Cryptostemma,
Dahlia, Doronicum, Gazania, Jurinea alata, Liatris, Melampodium divaricatum,
Senecio populifolius. Silphium doronicifolium, Telekia, Vernonia, Xeranthemum.
:

:
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REVIEW OF COMPOSITE.

A

review of the Composites which I have more particularly
described shows that the special characters of the family for the
most part secure such abundant insect-visits that the power of

may

and to a great extent it
though in this respect all gradations are
found between such conspicuous and abundantly-visited forms as
Taraxacum, Cnicus arvensis, and Achillcea, and those which, like
Senecio vulgaris, are only visited exceptionally, and regularly

self-fertilisation

be dispensed with

;

has been dispensed with,

fertilise

themselves.

Species in this last condition explain how it could be of
advantage to one offshoot of the Senecionidse with still less
conspicuous flowers, viz. the Artemisiaceae, to adapt themselves
for wind-fertilisation, and to renounce entirely the insect-visits

whose occurrence had become so rare. ])elpino has shown in a
masterly way in his work on the Artemisiacese, the small steps by
which this change took place.
A comparison of species in the same genus (e.g. Senecio Jacohcea
and S. vulgaris, Carduus cHspus and G. acanthoides, Cnicus arvensis,
C.palustris, and C. nutans), or of closely allied genera, shows clearly
that in the Compositae, as in other cases, the abundance of insectvisitors increases with the conspicuousness of the flowers, and the
variety of insects with the accessibility of the honey.
in

a few forms with

solitary,

It is only

inconspicuous capitula, devoid of

ligulate marginal florets {GnaphaliuDi uliginosum, Senecio vulgaris),

that insect-visits, and consequently cross-fertilisation, are rare.

we compare

If

in regard to the variety of insect- visitors, not

isolated genera {Salix, Scabiosa, Jasione), but

the Compositse,

them

we

whole

families, with

find that the Umbelliferse alone

rank with

indeed they in some cases surpass in this respect the most
But corresponding to the different confavoured Composites.
;

honey in these two orders, there is this remarkable
and fertilised mainly
by those insects which are least specialised for floral nutriment,
while most Compositoe are to a greater extent or even principally,
To make this
visited by the most specialised orders of insects.
distinction quite evident, I have arranged in the following table
ten of the commonest forms of each order with their visitors,
choosing plants with whose insect-visitors I was best acquainted.
ditions of the

distinction, that the Umbelliferae are visited

I

i

—
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Common Composites AND Umbellifers.
Percentages.

1
p.

i

OQ

t§

i

»

^

1
s

•9

1
s

s

1

s

1

g

Si

o

<u

S

i

<

S

7-6

626

79
69
69

3G-4
34-5

22-6
27-3
24 1
38-9
J2-5
6-8

Ci

S

Composite.

Taraxacum

officinale

Cirsinni arvense

Achillea Millefolium
Clirysaiitheinum leucanthemum

..

Centaurea Jacea
Cardans acnnthoides
Senecio Jacoba^a
Picris hieracioides

...

Tanacetum vulgare
Eupatorium cannabinum

93
88
87
72
48
44
10
29
27
IS

58
32

21
24

30

21

12

28
6
3
18

7
7
6

5
13
4
3
3
5
9

28
32
16
16

7

i

25
30
27

1

1

1

'

^^

72-7

75

40

7

7

8

10-3
18-5

2

6

1

50

49
31
26
19
21
15
20

66
S5
42
32

9

16-6

587

1

5
3
i

652
111

25 9

7-4

28-4
34-5
37-5
2

113
7-6

45
31

3-4
29-6
6-5

25-9
83-3
1

UmBELLIFERjE
Hera'-leum Spliondylinm
i^lgopndium Podiigraria
Anthriseus silvestris
Daucus Carota
Carum Carni
Aiietlnun gravcolens
Siumlatifolium
Angelicd silvestris
Cliaerophyllum teuiulum
Pimpinella Saxifraga

118
104
73
61
65
46

13
15
5

8
9
6

2
1

32
80

2

1

23
23

11
10
8

1

8

11.
14-4
6\^

3-3
1-8

24
25
12
16

3 3

811

16-4
13

38-2

6 6

13

47-4
62-9
57-5
52 5
43-6

35-6

181

4-3

12

12

41-5
32 6

326

54 3
37 5
53 3

62 5
36 6
43 5
34-8

52-2
62-2

1

This table shows clearly
1.

:

That many Umbel li ferae are not visited at

and the others

to a small extent only

;

all

by Lepidoptera,

while the Composites are

some cases {Eupatorium)
depend mainly upon them. Of the ten Umbelliferse, three only
are shown to be visited by Lepidoptera, which in no case exceed
3'5 per cent, of the insect-visitors
and I can testify that even
these few species are not regular but only exceptional guests.
Of
the ten Compositse, all are visited by some Lepidoptera (7 to 50
regularly visited by Lepidoptera, and in

;

among their regular visitors. Euiiatorium
have found to be visited by very numerous Lepidoptera be-

per cent.), and these are
I

longing to nine species.

but
2. Bees are among the visitors of almost all Umbelliferse
they only amount to a small number of species (under 16 per cent.),
They belong
and to a still smaller percentage of individuals.
almost entirely to those genera which are either the least or the
On the other
most adapted for obtaining honey (cf. p. 287).
;

hand, the flowers of Compositae, richer in honey and in pollen,
more species of bees of the most various genera so

attract far

that in these ten Compositse of

;

my

table, bees

form 11 to 72 per

1
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cent, of the whole

number

of species,

and a

still

[part hi.

larger proportion

of the individual visitors, and owing to their diligence they are of

even greater importance in the work of

fertilisation

than this

percentage directly indicates.
Diptera, and short-lipped insects of other orders (especially

3.

Hymenoptera and

Coleoptera), form a considerable percentage of

both families, but more so in the case of
In the ten Composites the
number of Dipterous visitors varies from 6 to 45, in the ten UmSimilarly, the percentage of
bellifers from 31 to 62, per cent.
the species of visitors in

Umbelliferae than of Compositae.

of other orders varies in these Composites
from 2 to 37, in the Umbellifers from 37 to 57, per cent. Diptera
and short-lipped insects of other orders taken together make in
the Compositse 14 to 76, in the Umbelliferae 83 to 100 per cent.
In the face of this evidence, it is unnecessary to discuss
Delpino's statement (178, 180) that the Compositse are fertilised
almost exclusively by bees.

short-lipped visitors

Obd.

The

STYLIDIE^.

plants of this order, according to Delpino (who examined

only dried specimens), are markedly proterandrous and are evidently
fertilised

by

insects (178).

Ord.

GOOBENOYIEM

In the plants of this order the style ends in a collecting-cup,
which receives the pollen while still in the bud and then closes up,
leaving only a narrow opening for the most part covered by hairs.
At the same time it bends down to stand in the mouth of the
almost horizontal flower, so that in sect- visitors come in contact
with the hairs and dust themselves with a little of the powdery

As

up in the cup they keep forcing
and finally emerge by it themselves,
and then receive the pollen of younger flowers from insect-visitors
pollen.

the stigmatic lobes grow

fresh pollen into the narrow

(178,

slit,

The structure of the stigma in the different
360, 550){Goodenia, Sccevola, Velleia, Calogyne, Dampiera, Lesche-

genera

very variable, as Bentham shows in an interesting
In Leschenaultia formosa, R. Br., the insect's proboscis
comes in contact with the lower lip of the pollen-cup, thus opening
it and dusting itself with pollen
in the next flower it places this

naultia)

paper

is

(84).

;

pollen on the stigmatic surface which lies outside the pollen-cup

(Dnrwin, No. 162).
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CAMPANULACEuE.

Ord.

Tribe Lobeliece.

Siphocampylus

hicolo7%

G. Don.

— The

a hollow cylinder which becomes
anterior opening bends

In the

first

downwards

stage the style, with

five

filled

anthers cohere to form

w^ith pollen,

into the
its

mouth

and whose

of the flower.

two stigmatic lobes

closely

applied to one another, extends to the base of the anther-cylinder,

but gradually grows up through it, brushing the pollen before it
out of the cylinder by means of a ring of hairs placed behind the
stigmas.

When

the stigmas issue at the anterior opening of the

cylinder the two lobes separate and expose their papillar surfaces
to contact with insect-visitors in the

the flower.

So

insects

come

upper part of the mouth

of

in contact in younger flowers with

pollen at the anterior opening of the anther-cylinder, and in older
flowers with the stigmas,

and regularly

fertilise older flowers

with

the pollen of younger (Hildebrand, Nos. 346 and 351).
Other species of Siphocampylus are believed by Delpino to be
fertilised

by honey-sucking birds

Isotoma axillaris, R. Br.

(178).

— The mechanism

is for

the most part

but there is a lancet-like appendage to each of the lower
anthers which extends downwards into the upper part of the
flower, and which causes shedding of the pollen when touched by
an insect (Hildebrand, No. 356).
similar,

—

Lobelia Eri7ms, L. (?) (Common Blue Lobelia).
The flower,
which has been thoroughly described by Mr. T. H. Farrer, agrees
in all essential points with Siphocampylus hicolor, and is visited by

bees (240).

Delpino saw Lobelia LJrinus visited by Ralictus (178).
Hildebrand observed in the same species that the style is frequently not
able to force its way through the closed end of the anther-tube,
and that in such a case the stiojmatic lobes unfold within the
anther-tube and are self-fertilised (360).
Lobelia syphilitica, L., is abundantly visited by Bombus italicus
and B. terrestris (Delpino, 172, 176).

—

Delpino suggested that this plant is
by humming-birds (172, 176), and Trel ease afterwards saw
the flowers visited by the Euby-throated Humming-bird (727, 751).
Lleterotoma differs from Siphocampyhos in having all the lobes of
the corolla bent-downwards, in the lower portion of the corolla being
Lobelia fulgens, Willd.

fertilised

;

THE
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produced into a long spur, aud in the stamens only cohering
short distance below the anthers (360),

for a

Tribe Cyphiece.

The stigma

is

crowned with a

tuft of hairs

and only reaches

to

the base of the anthers, which are closely aggregated together
and contain the pollen in a single large mass between them. The
anthers stand on the lower side of the horizontal flowers, and
separate when the insect-visitor enters, so that the ventral surface
of the insect comes in contact with the pollen and with the stigma.

Bees are probably the

fertilising

agents (178, 360).

Tribe Campanulece.

The

structure of the flower in our species of

Campanula has

Delpino
been admirably described and explained by Sprengel.
this
and
several
upon
other
genera
remarks
of
makes general
Cetonice
as
the
fertilisers
names
of
and
Campanula
Campanuleo),

Medium, and Apis and Halictus as fertilisers of the other species of
Campanula ; and he gives in addition to his own observations a full
account of the erroneous views of Wahlbom, Cassini,
Thouars, Alph, de Candolle, Treviranus, Gartner, and

Du

Petit-

Vaucher

concerning the fertilisation of Campanula (178, 360).
In Campanula the honey is secreted and borne by a yellow,
fleshy,
it

is

epigynous disk

{n),

surrounding the base of the style

covered by the bases of the five stamens which expand in

triangular laminae {sd).

the bases of the

Hairs close over the interspaces between

stamens, and protect the honey rather from

unbidden guests than, as Sprengel supposes, from rain, which
sufficiently guarded against in most species by the pendulous

is

position of the flowers.

In the bud, and often
stigmas

lie

surface

is

for

a time in the open flower, the three

closely applied together, forming a cylinder

thickly covered witli long, erect hairs

;

whose outer

in the

bud the

anthers are placed close around this cylindrical brush {grh), so
that they form a hollow cylinder inclosing the style, and as they

dehisce introrsely they shed their pollen

When

upon the

hairs of the

taken place the stamens wither and withdraw into the base of the flower.
Now the flower opens and displays in the first stage of its development a cylindrical brush
standing in the centre and covered thickly all round with pollen,
brush.

this has

PART
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rubbed off by the hairy bodies of insect-visitors until it is
meanwhile the hairs of the brush gradually shrivel. In
the second stage the three divisions of the style separate and curve
which

is

exhausted

;

backwards, exposing their inner surfaces covered with stigmatic
papillae (st) to
insect-visits,

be touched by insect-visitors.

cross-fertilisation, and,

as

In case of sufficient
every case of marked

in

jiroterandry, fertilisation of older flowers with the pollen of younger,
is

inevitable.

In Campanula,

when

insects

have not visited the flower to
bend further backwards

a sufficient extent, the stigmas usually

Fig.

A.— Section of young bud.
B.— Essential organs of a bud

about to open.

C- Essential organs of a flower,
D.— Ditto,

sd,

lis.— Campanula pusilla, L.

in first (male) stage.

(x 4.)
filauients, fringed with hairs,
grb', ditto, after its hairs have slurivelled up.
in

second (female) stage,

expanded bases of the

the style

;

which guard the honey

;

grb,

brush upon

The papillose end of the stigma
comes in immediate contact with the pollen still adhering
to the upper end of the styles, or pollen falls of itself upon the
papillae of the recurved portion.
It is clear from its wide, bellshaped corolla, that Campanula is specially adapted for humblebees, but the flowers in the various species are visited by many
other insects, chiefly bees.
Many insects find shelter from rain
and also spend the night within the flowers and some confine their
visits mainly (Cilissa Jicemorrkoidalis, species of Chelostoma) or
almost exclusively {Halictoides dentiventris) to species of Campanula.
until self-fertilisation is effected.

either

;

—

————

—

———

,
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Campanula rotundifolia,

277.

Visitors

A. Hymenoptera

:

Bombus pratorum,
F.

rhoidalis,

L.

^ 6i

Apidce

s-

:

:

Apis

(1)

B. lapidarius, L.

$ s. (3)
and c.p.
,

L.

;

5

L.

mellifica,
?

c.p.

;

^

s.

,

(2)

;

Cilissa hgemar-

(4)

Andrena Coitana, K.

(5)

;

[part hi.

(Sid.),

(J

ab.

;

(6)

A. Gwynana, K. <^ (7) Halictus Smeathmanellus, K. ^
(8) Halictoides
dentiventris, Nyl. ^ ? the (J abundant, sometimes passing the night within
the flowers
(10) Ch. Cam(9) Chelostoma nigricorne, Nyl. ? <^ s. and c.p.
panularum, L., do. B. Diptera (a) Bomhylidm : (11) Systcechus sulfureus,
Mik., s. (Sid.) {h) Empidce : (12) Rhamphomyia plumipes, Fallen, ab. G. Lepidoptera (13) Ino statices, L,, s. (Sid.). P. Coleoptera (a) Staphylinidce : (14)
Anthobium {h) Curculionidm : (15) Gymnetron Campanuloe, L. ; (16) OtioOn the Alps also this species is chiefly visited by bees
rhynchus ovatus.
See also No. 590, in.
(609).
;

;

,

,

;

;

;

—

—

;

Campanula Trachelium,

278.

Visitors

A. Hymenoptera

:

Cilissa haemarrhoidalis, F.

one flower

abundant

(3)

;

(4)

;

shelter during

$

c?,

Ap'idxB
s.

and

:

L.:

Apis

(1)

^

the

c.p.,

Andrena Coitana, K. ?
A. Gwynana, K. ^ ^,

—

(^

,

ab.

mellifica, L.,

very

ab.,

here also the
;

^

,

ab.

s.,

$

is

(2)

much the more
^ taking

A. fulvicrus, K.

(5)

I
;

sometimes three in

,

Halictus cylindricus, F. $ c.p. ; (7) Halictoides
dentiventris, Nyl. ^ ^, ^ very ab.
(8) Prosopis hyalinata, Sm. ^ $, ab.
Chelostoma Campanularum, L.
B. Diptera Syrphidce : (10) Chryso(9)
rain

(6)

;

,

;

chlamys

ruficornis,

Coleoptera

C.

f.p.

phagidce

:

279.

F.

(Lippstadt, Sid.),

(a) Nitidulidce

Antherophagus,

(13)

;

ep.

f.p.

;

(11)

Syrphus

(12) Meligethes,

:

See also No. 590,

Campanula rapunculoides,

L.

balteatus, Deg.,

very ab.

;

Crypto-

(b)

iii.

:

Hymenoptera Apidce : (1) Apis mellifica, L. ^ s. (2)
Bombus lapidarius, L. ^ s. and c.p. (3) Cilissa hsemarrhoidalis, F. ? (^ (4)
Andrena Gwynana, K. ^^ 9 (5) Halictus maculatus, Sm. ^ (6) H. albipes,
K. $ (7) Chelostoma nigricorne, Nyl. <^ $ (8) Ch. Campanularum, K. (^ $
B. T>v^tQTdi—Syrp1iid(E :
(9) Prosopis hyalinata, Sm. ^J $ the last three ab.
Visitors

:

A.

,

,

;

;

;

;

;

;

;

;

,

(10) Rhingia rostrata, L.,

with pollen.

280.

s.,

it

from the flower with

issues

its

back covered

See also No. 590, in.

Campanula bononiensis,

L. (Wandersleber Gleiche in

Thuringia).
A. Hymenoptera— J.2?w?cb ; (1) Chelostoma florisomne, L. $ ^^
Ch. nigricorne, Nyl. ^ ^ (3) Ch. Campanularum, K. ? (^ ab.
Halictus flavipes, F. ?. B. Coleo^teTSL—Nitldulidw: (5) Meligethes,
(4)
freq.
See alHo No. 590, in.
Visitors

freq.

;

281.

;

(2)

,

;

Campanula patula,

Visitors
c.p.

:

(2)

:

Hymenoptera—^jjiW^b

L.
;

Cliolostoma nigricorne, Nyl.

;

:

(1)
(^

?

Andrena Gwynana, K. 9 s. and
s. and c.p.
See also No. 590, in.
,

,

i
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Campanula

282.

Visitors

:

—

persicifolia, L.

Hymenoptera—^/)ic/oG

A.

B. Ortlioptera

No. 590,

:

(2)

;

(1)

36W

:

Prosopis hyalinata, Sin.

Forficula auricularia, L., hiding in the flowers.

^

^

.

See also

III.

Campanula canescens, Wall., and C. colorata, Wall., two East
Indian species, have cleistogamic flowers (531).^
The cleistogamic flowers, which
Specularia perfoliata, Dec.

—

were known to Linnaeus, are described by H. von Mohl (531).
When tbe flower expands the pollen adheres to
Trachclium.
the hairs of the stigma, which in the bud grows up between the
anthers these hairs then wither and readily give up the pollen to
Afterwards the stigma unfolds and its papillae
an insect-visitor.
Delpino observed a cabbage-white butterfly (Pieris)
develop.
sucking, and a bee {Halictus) collecting pollen, on the flowers

—

;

(178, 360).

—

Phyteuma. The structure of the flower of Phytcuma resembles
on the whole that of Campanula, but the pollen, as in Compositae,
is pushed up out of a tube by the growing style, and comes to lie
outside the flower exactly iu the spot where the stigmas afterThe tube is formed by the long strap-shaped lobes
wards unfold.
of the corolla which cohere for a time and afterwards separate.
This arrangement allows of diminution in size and aggregation of the
flowers without interfering with the certainty of cross-fertilisation.
I have found the blue Alpine species of Phyteuma (P. hemisphmricwm,
Miclielii,

L.,

All.,

Jmmile, Schleich., orhiculare, L., ScheucJizeri,
Hallcri, AH.) to be visited for the

All,,

most part by

For instance, on P. Miclielii I
numerous bees and butterflies.
observed seventeen Apidce (including twelve humble-bees), fortytwo Lepidoptera, eight Diptera, one beetle (No. 609, pp. 406-413).
Phyteuma paucifiorum, L. was found by Ricca to be visited by
,

humble-bees on the Alps at a height of nearly 10,000
283.

Jasione MONTANA, L.

—The

feet (665).

structure of the flower was

described thoroughly and accurately by Sprengel.

The

flower, to

even than Phyteuma, has two advantages over
Campanula, for (1) it attracts much more numerous and more
varied insects for the sake of its honey and pollen, and (2) it

a greater extent

allows the larger visitors to fertilise a greater

number

of stigmas

while in Campanula

simultaneously with pollen from other flow^ers,
the fertilisation of each flower requires a separate
^

visit.

species of Campanula are discussed in my Alpenhlitmcn
Hfenk., C. Scheuchzeri, Vilh, C. barbata, L., and C. thyrsoidea, L.

The following additional

a. imsilla,

B B

—
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The visits of a more miscellaneous lot of insects are attained
by the honey being very easily accessible, though protected from
rain.
It is secreted, as in Campanula, by the upper surface of the
ovary, where it lies fully exposed and surrounded by the flat limb
of the calyx.
The corolla is cleft to its base into narrow linear
lobes, and permits the most short-lipped insects to have free access
to the honey
the stamens, by cohering at the base of the anthers
;

Fig. 119.

Phyteuma

A.— Young bud, after removal of
B.— Flower, in first (male) stage.

—

Michelii, L.

the corolla and of one stamen.

C.
Ditto, in second (female) stage.
(Franzenshoh, Julj' 20, 1874).

(X

7.)

round the style, shelter the honey from rain, though
not from insects, which can insert their heads or tongues between
the filaments which are quite thin and widely separate to their bases.

to form a ring

Drops of rain are excluded from the base of the flower partly by
the shrivelled anthers which point obliquely upwards, and partly
by the filaments.
That the larger insects fertilise numerous
flowers at each visit with pollen from other flowers is effected by
three other characters conjointly.
In the first place, the flowers

i

,

\

I

i

I

j
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are so small and so closely aggregated that the larger insects come
in contact with many at once in their visits; secondly, the
styles
•

'longate until they overtop the lobes of the corolla;

here as in

Campamda

the style bearing
(Fig. 120,8),

first

and

thirdly,

the flowers are markedly proterandrous,
a cylindrical brush covered with pollen

and afterwards, when both pollen and hairs have

Fig. 120.— Jasiojie montana, L.

1.— Essential organs, from a young bud. The still closed anthers have been separated slightly/
to show the style with its brush lying between them.
2.— Essential organs, of an older bud. The anthers have shed their pollen upon the style, and
have shrivelled up into narrow lobes which remain coherent at their base.
3.

— Flower, in

4.— Ditto,

first (male) stage.
in second (female) stage, after removal of the calj-x

disappeared, displaying a two-lobed stigma.
flowers

is

fully

compensated

for

and

corolla.

The small

by the union of a

large

size of

the

number

in

Sprengel states the number of florets in a capitulum
to be about seventy; in the specimens that I have examined,
I have found the number to be considerably over 100, even
a capitulum.

reaching 180.

B B 2

—

|

THE FERTILISATION OF FLOWERS.

372

[part

iir.

rendered especially conspicuous by growing chiefly
on dry, sandy soil, where it is usually one of the most prominent
flowers, and where many bees and sand- wasps which visit it have
Jasionc

'
I

'

is

|

j

their nests.

two such spots, behind the Tannenbaum at Lippstadt, and
Heath, I found the following insects visiting the^
Lippstadt
on the

On

and August, 1868 and 1869

flowers in July

—

A. Hymenoptera
B. silvaruin, L. ^

? ^, very

ab.,

$

F. (^, once

(9)

s.

Bombiis hortorum, L. $ $ s.
(2)
s.
(4) Sarapoda bimaculata, Pz.

(a)

ApuJce

(3)

B, rupestris, L. $

;

and

:

(1)

,

Dasypoda

,

;

'

;

F.

^, freq. (6) Cilissa
(8) Andrena Hattorfiana,
(7) Eliopliites halictiila, Nyl. ^ s.
A. dorsata, K. $ (^, ab.
(10) A. pubescens, K. ^ (= fus-^

s.

leporiua, Pz.
;

,

:

c.p.

(5)

;

liirtipes,

i

,

;

';

;

;

;

(12) A. helvola, L. ?
(13) A. fulvi-i
cipes, K.), 8.
(11) A. fulvago, Chr. ?
cms, K. ? ;-(14) A. argentata, Sm. ^ (1^) ^- pilipes, F. ^ (16) A. Coitana^
K. d> $ (17) CoUetes marginata, L. S; (18) Halictns fasciatus, Nyl. ? (19)
H. flavipes, F. ^ (20) H. leucozonius, Scbr. $ (21) H. albipes, F. ? (22)^
H. cylindricus, F. $ (^ (23) H. villosulus, K. $ (24) H. lucidulus, Schenck, $ ;|
;

;

;

;

;

;

;

;

;

(25) Spliecodes gibbus, L.

^

the

the $

s.,

(27)*Nomada

and

s.

varia, Pz.

;

^

;

(30)

$ ^ freq., s. and c.p. ;i
N. Robeijeotiana, Pz. ^ ^ (29) N.!
N. lineola, Pz. ^ (31) N. Jacobsese, Pz.
(32) N.!

^

^

gachile maritima, K.

(^

^

;

;

;

Anthidium strigatum,

(38)

,

(28)

;

(34) Coelioxys qitadridentata, L.

;

(35) C. conoidea, 111. (punctata, Lep.

Epeolus variegatus, L.

in the last three genera]

;

(26) Ceratina ceeriilea, Vill.

N. Fabriciana, L.

(33)

;

(var. rufescens, Fourc.)

$

c.p.

ruficornis, L.

Schenck,

nigrita,

;

;

;

$

fi'^q-

?

Latr.

^

(36) C. simplex,

;

the

;

(39)

;

M.

(41)

;

?)

Nyl. 9

(^, ab.

$

(^,

s.

;.

(37)

;

cuckoo-bees of course only suck ;3
Diphysis serratulse, Pz. $ (40) Me;

argentata, F.

$

(^

,

and

s.

ab.

c.p.,

(42)

;

j

Chelostoma campanularum, L. $ (43) Prosopis variegata, F. $ (^ very ab. ;j
ab.
(46) P. hyalinata,';
(44) P. dilatata, K. ^^
(45) P. communis, Nyl. ? (^
Sm. ? ab. (47) P. pictipes, Nyl. $ scarce {b) Sphegidce, s. (48) Ammo-'^
phila sabulosa, L. ^, freq.; (49) Psammophila affinis, K. ^ $ very freq.;'
(52) Ceropales niaculata^,
(50) Pompilus rufipes, L. ^
(51) P. viaticus, L. ^
,

;

,

;

,

,

;

;

;

;

,

;

;

(54) C. labiata, F. ^ ; (55^
9 (^ ab.
Mellinus sabulosus, F., freq. (57) Miscus campestrifi^
Latr. 9
(58) Philanthus triangulum, F.
(59) Tachytes pectinipes, L. ; (60)|
Lindenius albilabris, F. (61) Oxybelus uniglumis, L., ab.
(62) 0. bellicosua,]
(65)i
01.
(63) 0. mandibularis, Dhlb.
(64) Crabro alatus, Pz. <^ ^ very ab.
(c) Chi-y^l
Or. patellatus, v. d. L. ?
(66) Cr. pterotus, F. ? (^ both not rare

F., freq.

(53)

;

C. nasuta, Kl.

Cerceris arenaria, L.

^

,

;

(56)

;

;

;

;

;

;

;

,

;

Hedychrum lucidulum,

sidcE

:

(68)

Exoprosopa capucina, F., not rare

{(57)

;

,

;

Latr.,

s.

(6)

;

;

B. Diptera

Empidai

— (a)

(69)

:

Bomhylidm
Empis livida, L.,i

:^,

very ab. (c) SyrphidcE (70) Melithreptus scriptus, L. (71) M. menthastri, L. j:
(74) Eristalig^
(72) Volucella bombylans, L.
(73) Helophilus pendulus, L.
:

;

;

;

;

tenax, L.

;

L.

MelanoBtoma mellina,

;

(78)

(75) E. eeneus, Scop.

Babulonura, Fall.

;

(76) E.

L.

;

(79)

(81) Pipizella, sp.

;

(83) Physocepliala rutipes, F., freq.

;

Ocyptera

;

braflBicaria, F,

;

(86)

nomyia tesselata, F., very ab.
ab.
The Syrphidce both s. and
;

{d)

arbustorum, L.

(77) Syritta pipiens,:

;

Syrphus pyrastri, L. (80) Eumervuji
Conopidw : (82) Sicus ferrugineus, L.;;

(84)

;

Ph. vittata, F.

;

{e)

MuscUhv

0. cylindrica, F., both very freq.
(88) E. ferox, Pz.
c.p.,

;

the others only

(89)
s.

;

(85)!

:

(87) Echi-;

Oliviera lateralis, Pz.,,
C. Lepidoptera,

s.

;

(a)
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Ehopalocera : (90) Polyommatus Phlooas, L., s., ab.; (91) P. Dorilis, Hfii., freq.;
(92) Lycasna aegon, W. V. ^ (93) Satyrus Janira, L., ab.
(94) S. pampliiliis, L.
D. Cole(95) Hesperia thaiimas, Hfn.
(6) Sphingidce : (96) Ino statices, L.
optera
(a) CEdemeridce : (97) (Edemera virescens, L.
(&) Cerambycidie : (98)
;

;

;

;

—

;

ChrysomeUdce : (99) Cryptocephalus sericeus,
of nineteen additional visitors is given in No. 590, iii.

fvt'ptura livida, L., freq., l.h.

L.

A list

;

(c)

Jasione montana stands in the front rank of our native plants

number and variety of its insect-visitors it is only
matched by some Umbelliferse and Compositse, which share with it
the advantages of fully-exposed honey, and the union of numerous
flowers with freely-projecting reproductive stigmas and anthers in a
in regard to the

;

conspicuous inflorescence.

In all such plants, cross-fertilisation is
completely insured, and accordingly the possibility of self- fertilisation has been lost.

Ord.
284.

VACCINIACE^.

Vaccinium Myrtillus,

L.

species are slightly proterandrous,
their

mode

In V.

285, V. uliginosum, L.— Both
and resemble Erica teiralix in

;

of fertilisation.

3Iyrtillus,

according to Sprengel, honey

is

secreted and

borne by the white annular ridge or disk which rests upon the
ovary and surrounds the style I have never found this disk moist,
;

<ven when the wide part of the corolla is quite wet with honey
it is moreover not so smooth as honey-glands usually are.
On the
other hand, I have very frequently found in both species a drop of
;

honey at the outer side of the base of each stamen
base of the corolla immediately above

much

its

;

insertion

thicker and fleshier than the upper portion, I at

and
is

as the

all

first

round

did not

it secreted the honey.
But I have since convinced
myself that Sprengel was right, and that the drops of honey secreted

doubt that

by the epigynous disk pass between the filaments to the wall of
the corolla.

So far, both species agree with one another but in other respects
each has certain advantages over the other.
V. Myrtillus secretes
more honey, w^hich is lodged in a much more globular corolla the
opening is narrowed so that only insects with a proboscis long
:

;

enough

from the exterior to the base of the corolla can

to reach

obtain the honey.

bushes bearing

On

the other hand, V. uliginosum forms taller
flowers, which are red on

much more numerous

the side turned towards the light and therefore
spicuous while the

mouth

of the corolla

is

3

mm.

much more

con-

wide, permitting

;
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the smaller insects to insert their heads or the whole forepart of
F. Myrtilkts has thus adapted itself exclusively for the
long-proboscised bees (hive-bees, humble-bees), which are con-

the body.

spicuous for their

skill

'

and diligence; they know that within

the inconspicuous corolla they will find a rich store of honey, and
seek it so assiduously that hundreds of the flowers are visited and
V. uliginosum has adapted itself by
fertilised by a single insect.

:•

']

j

more conspicuous flowers and more accessible honey to much
frequently and less
less
is much
it
more various insects
assiduously visited by the long-tongued bees than F. Myrtillus,
for the greater part of the honey is carried away by the short-

-

its

;

lipped insects.

;

\

•

j

Fi(i. 121.

1.

—Flower of

2.— Flower of

The

Vaccinium Myrtillus, slightly magnified, from the side.
V. uliginosum, after removal of half the corolla (x 7).

difference in size of the

mouths

of the corolla causes also*

another difference, illustrated in Fig. 121.

stigma projects a

little

beyond the

In

F. Myrtillus thew

corolla, and, as

visitor inserts only its proboscis into the flower, the

every insect*]

stigma

is

certain

j

by the insect's head before the latter receives thft^;
pollen shed upon it.
In F. uliginosum, if the stigma occupied thdj
same position, the smaller bees {Halictus and small Andreuce and"'
Nomadce) might enter the flower without ever touching the stigma ;
whereas, placed as it is, immediately within the entrance, it must

to be touched

i

be touched by even the smallest insects entering the flower. I
have verified by direct observation this marked distinction between
the insect-visitors of the two species.

\

—

—

AUT

I

Visitors

Myrtillus,
Apis

(1)

:

K. $

?

;

They

sucking only.

all

,

L.

375^

:—
Bombus agrorum, F. $
9 (5) B. Scrimshiraniis,
head downwards, from the corolla. All

^ very

mellifica, L.

(3) B. lapidarius, L.

;

,
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284. V.

;ib.

—

,

ab.,

s.

(2)

;

terrestris, L.

(4) B.

liimg,

;

the humble-bees that I observed were females, for the workers scarcely occur

in flower (middle of April .to beginning of May). (6) AnK. (J, I once found this species, whose proboscis is only 3^
long, endeavouring vainly to reach the honey.

when the plant

is

(Irena nigroaenea,

mm.

—

I found all the following insects upon
on one sunny afternoon (May 19, 1870)

285. V. ULIGINOSUM, L.
this plant

:

A. Hymenoptera

—

(a)

Apkhe

(1)

:

Apis

mellifica, L.

B. hortorum, L. ^
\k agrorum, F. 9 > (6) B. confusus, Schenck,
iMjurc. ?
freq. ; (8) B. (A.) campestris, Pz. ?

1

L.

crrestris,

?

,

freq.

(3)

;

^

,

ab.

Bombus

(2)

;

B. pratorum, L, $ ; (5)
(7) B. (Apathus) vestalis,

(4)

;

9

5

B. sil varum, L. $
(10)
? (J (11) A. pilipes, F. <^ (12) A. fulva, Schrank,
(14) A. atriceps, K. ^
(15) Halictus rubi(13) A. Gwynana, K. 9
9
undus, Chr. ? ;' (16) H. flavipes, F. ?
(18) H.
(17) H. sexnotatus, K. $
viindricus, F. ?
(19) H. sexstrigatus, Schenck, ?; (20) Colletes cunicularia,
L. ?
(22) N. ferruginata, K. ?
(23) Osmia
(21) Nomada ruficornis, L. $
B. Diptera
rufa, L. $
all sucking
(6) Vespidce : (24) Vespa rufa, L., s.
,

Andrena

nigroaenea, K.

(9)

;

;

;

;

;

;

;

.

;

;

'

;

;

;

;

,

;

very ab.
(26) E. horticola, Mgn.,
Rhingia rostrata, L., not unfreq. all
tour sucking.
Rhopalocera : (29) Lycaena argiolus, L.
C. Lepidoptera
(30)
Tliecla rubi, L., both sucking.
See also No. 590, in.
Sijvphida',

s(

arce

;

:

(25)

Eristalis arbustorum,

(27) E. intricarius, L., do.

L.,

;

(28)

;

;

;

—

Vaccinium oxy coccus, L. The structure of the flower was carefully described by Sprengel.
It is adapted for bees, but is very
sparingly visited.

The

flowers last a very long time, according to

Sprengel, eighteen days, and Sprengel was probably justified in

considering this fact to be explained by the scanty insect-visits
(590,

III.).

—

Vaccinium Vitis-idwa, L. The mouth of the corolla is still
wider than in V. loliyinosum, and the flower is more nearly erect.
The plant is fertilised by hive-bees and humble-bees (589, 609).

Ord.

ERICACEjE.

Tribe Arbutece,
Arctostaphylos

Uva-ursi,

Spr.

flower resembles that of Erica
fertilised chiefly

{Arbutus

tetralvjc in

by humble-bees (609).

uva-ursi,

structure,

and

L.).
is

— The

likewise
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Tribe

Epigoea

is

[part hi.

AtidroTYiedecd.

tetramorphic, possessing four kinds of flowers, which
style, partly in

the length of the

differ partly in

the condition of

the stigma and anthers (Asa Gray, No. 285).

,'

Tribe Ericece.

Erica tetralix,

286.

7

mm.

mm. wide

long, 4

L.

— The

pendulous, urceolate flower

in the middle, and 2

Fig.

112.— Erica

;

;

;

;

mouth.

The base

of the ovary

extending to

is

at the

;

e,

their orifices

;

/, their

;

is

ring which secretes honey.
flower,

mm. wide

tetralix, L,

Flower, after removal of half the calyx and corolla.
a, sepal
b, corolla
c, its recurved limb
d, anthers, partly displaced
appendages g, nectaries ; h, ovary i, style k, stigma.
;

|

surrounded by a dark, glandular

The style {i)
the mouth of the

stands in the axis of the
corolla; it bears at the

end a blackish, moist, sticky stigma (k), which protrudes slightly
from the mouth of the flower, so that an insect, hanging beneath
the flower and thrusting its proboscis towards the honey at the
base, must bring the forepart of its head in contact with the
stigma and be smeared with the sticky secretion. The eight
anthers lie in a circle close around the style, a little way above the
stigma (in the inverted position of the flower) each possesses two
;

long, sharp, divergent processes,

which reach

to the sides of the

— —

PART

—
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immediately after touching the
some of these appendages, whereupon a shower of dry, dusty pollen is shed from the
holes in the anthers on to the forepart of the insect's head.
corolla.

stigma, brings

In absence of

insect,

proboscis in contact with

its

insects, self-fertilisation

may

take place, as part of

upon the edge of the stigma and remains
Humble-bees are the chief fertilising agents.
was described by Dr. Ogle in No. 633.

the pollen always falls

adherent there.
This species

A. Hymenoptera

Apiihe

:

silvarum,

Bombus

(1)

$ t^ (10—14)
Rajellus, 111. ^ (10—11)
(5) B.
to the corolla back downwards

B.

L.

;

;

;

(3)

terrestris, L.

(6)

5

is

,

;

;

$ (7—9),

Nomada

all

Solidaginis,

insect once, apparently trying in vain to reach the

L.

Sm. 9 5 c? (14—15) (2)
F. $ ^ (10—15)
(4) B.

senilis,

B. agrorum,

honey

;

very
Pz.
(7)

ab.,

hanging

$,l saw
Apis

this

mellifica,

scarcely able to reach the base of the flower legitimately, as

mm.

its

very abundant visitor of Erica tetralix,
On Oct. 15, 1871,
l)ut usually bites through the corolla, about midway.
I omitted to observe whether
1 saw numerous honey-bees sucking normally.
if so they would
lliese late flowers were a little smaller than those of summer
exactly suit the honey-bee. B. Diptera Syrphidce : (8) Volucella bombylans,
proboscis

is

only 6

long.

It is a

;

L. (7—8), ab.,
scarce,

s.

s.

;

(9)

V. plumata, L.

C. Lepidoptera

Erica cinerea,
of its flower

L.,

with E.

Erica carnea, L.

Noctuce

:

freq.,

s.

;

(10)

(11) Plusia

V. hoemarrhoidalis, Zett,

gamma,

L.,

s.

the fine-leaved heath, agrees in the structure
tetralix,

—

according to Dr. Ogle (633).
is adapted by the colour and

This species

size of its flowers to butterflies,

which alone

{e.g.

V. cardui) visit

abundance, and effect cross-fertilisation. The sepals and
it
petals vary from bright pink to crimson, and the peduncles are
The flower narrows so much towards
still more intensely coloured.
its mouth that the entrance is blocked by the anthers, and just
admits the thin proboscis of a butterfly, which cannot avoid touching
in

the stigma and then the anthers, and so performing crossI have seen Bombus terrestris making great but

first

fertilisation.

ineffectual efforts to insert its

inverted position of the flower
flies,

and causes them delay.

is

proboscis

into

the flower.

somewhat inconvenient

We may suppose

The

for butter-

that the ancestors

more plentiful and butterflies less so, and that the flowers were first adapted for bees,
as almost all other inverted, bell-shaped flowers are; and that
they acquired their present colour and form under the influence
of Lepidoptera, which preponderate so conspicuously in the Alps

of Erica carnea grew where bees were

(609).

287.

Calluna vulgaris,

L.

— The

bell-shaped corolla

is

2 to
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3
is

mm.

long,

and

cleft

into four lobes to near its base.

secreted by eight blackish

[part hi.

Honey

glands in the base of the flower,

the stamens, and is easily accessible to shortthe plant loses in attractiveness by the small

alternating with

What

lipped insects.

Fig. 123.— Erica carnea, L.

A.—Bud for next year,

—
C—

B.

inclosed in the calyx (x 7).
Ditto, after removal of two sepals.
Ditto, after removal of the whole calyx and half the corolla

Three of the eight stamens
x 7).
D. - Pol 'en -tetrads from a bud, greatly magnified. (Bergiin, September 5, 1878.)
E.— Flower, in side view (x 7). The flowers usually do not hang vertically, but only inclined

have been drawn out

I

(

J

i

downwiirds.

1

F.— Ditto, after removal
G.— Mouth of flower.

H.— E»sential

or;.'an8,

and

of half of the stamens

in their natural position

;

corolla.

the stamens have sprung slightly outwards on

removal of the corolla.

J —Anthers

;

I

inner, outer,

(E, F, G, Lenz,

June

1

;

H,

and

lateral view.

J, Bergiin,

June

^j
2,

1879).

:i

makes up by the red colour and large size
by association of the flowers in long, almost
uninterrupted groups.
Calluna vulgaris is visited by at least as
many insects as Erica tetralix, and by a greater variety owing to

size

of

its

corolla, it

of the sepal 9, and

I

I'ART

THE MECHANISMS OF FLOWERS.

III.

379

While in the flowers of Erica
which hang vertically, great regularity prevails in the
arrangement of the parts, the style occupying the axis of the
flower, and the anthers forming a circle symmetrically round it with
their orifices directed downwards, in the flowers of Calluna, which
are almost horizontal, insects are liable to be dusted with pollen
from above, as the style and stamens curve upwards and permit the
insect to reach the honey only by way of the lower half of the
the accessible position of the honey.

tetralix,

flower.

The larger bees, such as hive-bees and humble-bees, clinging
with forelegs and midlegs to the outer side of the flower, weigh
then, hanging on below, they
it down into the vertical position
suck the honey and dust themselves with pollen, which would be
sprinkled on them just as well and just in the same manner if the
;

Fig. 124.— C'aHurta vulgaris, L.

1.— O'.tl flower, seen from almost straight in front.
2.— Younger flower, after removal of half of tlie calyx and
3.

a,

—A stamen.
sepal

;

b,

corolla.

,

corolla

j..

;

c,

appendages of anthers

;

d,

nectaries

;

e,

.^

anther-orifice

^
;

/,

c,

.

filament

9, style.

and stamens were central as in E. tetralix. But the smaller
bees and flies thrust head or proboscis from the front into the
flower, and the upward curvature of the style and stamens causes
the insect to enter by the low^er half of the flower, and so to get
dusted with pollen from above.
As the bud opens, the anthers dehisce, and their appendages,
which are set with squarrose hairs, diverge so far outwards that
they cannot fail to be touched by the proboscis of any insect-visitor,
style

and then, as the shock is communicated to the anthers, the pollen
The style, which even in the bud overtops the
is shaken out.
stamens, grows very markedly after the flower opens, as the flower
itself does (cf. 1 and 2, Fig. 124). As a rule, it attains its full length
only after the anthers have completely shed their pollen, at which
time also the four-lobed stigma reaches its full development but
;

—
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when

the stigma, even

the flower

pollen-grains to adhere to

it,

first

and

opens,

is

[part hi.

capable of causing

not rarely found dusted with

is

Thus cross-fertilisation is insured rather
by the position of the stigma in advance of the anthers than,
Selfas Severin Axell supposes, by proterandrous dichogamy.
pollen at that period.

fertilisation does

not occur.

;

—

A. Hymenoptera (a) Apidm : (1) Apis mellifica, L. ^ very ab., sucking
only (2) Bombus terrestris, L. ? ^ (^, s. (as late as Oct. 14) (3) Dipliysis
s.,
with pollen of
s.
serratulse, Pz. ?
(4) Saropoda bimaculata, Pz. $
Calluna among its collecting-hairs (5) Andrena fulvicrus, K. $ s.
(6) A.
s.
fuscipes, K. ? (^
(9) A.
(8) A. parvula, K. $
(7) A. dorsata, K. ?
,

;

;

,

,

;

,

;

,

Sm. $
^ s.

simillima,

holsatica, F.

Curt.

(12)

;

,

;

(^,

;

;

;

tbe last three

B. Diptera

s.

and

SyrphidcE

Melithreptus scriptus, L.

;

:

{h) Vespidce : (10) Vespa
Chrysotoxum octomaculatum,

c.p.

(11)

;

(13) Syritta pipiens,

L.

(14) Seri-

;

comyia borealis, Fallen (Thuringia) (15) Cheilosia scutellata, Fallen (16)
Syrphus sp., all sucking. C. Thysanoptera (17) Numerous species of Thrips.
See also No. 590, iii.
;

;

—

Treviranus' general assertion (742) that Ericaceae fertilise themno further contradiction after

selves before the flower opens needs

the foregoing examples.

Tribe Bhodoreoe.
Loiseleuria (Azalea) procumhens, L.

the Alps are

still

— While the higher passes of

covered with snow under the hot June sun, the

projecting hillocks are carpeted with the red or crimson flowers of
Loiseleuria.
Numerous flies, humble-bees, and Lepidoptera fly
from one tuft to another over the snow in search of honey, and as the

flowers are proterogynous, cross-fertilisation takes place regularly
(609).'

—

—

Kalmia. The striking peculiarity of this genus, viz. that
the anthers are held fast in pouches of the corolla, until an insectvisitor touches the elastic, outwardly-bent filaments, setting them
free

and

letting

them return

to their erect position,

in the caseof iiT. latifolia, L., {K.polifolia,

— was described

Wngnham.jby

Sprengel,

but was explained by him as a contrivance for self-fertilisation.
Dr. Hasskarl seems even to suppose that this beautiful mechanism
simply serves for spontaneous self-fertilisation for he says nothing
about the action of insects, and declares that the stamens release
;

themselves spontaneously and effect self-fertilisation
In

DU

Alpenblumen the
Empetrum nigrum (fig. 67).
*

figure of this flower has

(3

1

3).

been accidentally assigned to

—

PAUT
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Delpino and Hildebrand on the contrary, point out rightly that
the floral

mechanism of Kalmia leads

to cross-fertilisation in case

they both maintain, in opposition to Hasskarl, that
in K. latifolia the anthers cannot spontaneously release themselves
from their pouches. According to Delpino, the filaments are sticky
of insect-visits

;

at the base in this species, so that

has inserted
it

its

head into the

they cling to an insect which

flower,

and are pulled up by

it

when

leaves (178, 360).

The fertilisation of ^. angustifolia and K. latifolia by the hive-bee
and other Hyraenoptera, had been observed and described two years

Fig. 125.

Loiseleuria prociimbens, L.

A.— Young flower, viewed obliquely from above. The stigma is mature, the anthers still closed.
B.— Ditto, in section.
C— A slightly older flower, in section. The stigma is mature, the anthers have dehisced.
D.— Still older flower, from above. The stigma is withered, the anthers are still covered with
pollen.
(I'luela,

Alpenrosc, June

before by Professor

22, 23, 1879).

W.

turning round upon

J. Beal.
it,

The

insect alights on the style,

outer sides of the filaments to obtain the honey which
there abundantly.

and

applies its proboscis successively to the

In doing

so, it sets

free the

is

secreted

stamens with

its

and generally receives the charge of pollen upon its body.
If insects are excluded from the plant by means of a net, the
flowers wither and fall off without the stamens being set free.

legs,

;
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Only here and there are anthers found
pouches (Professor W.

[part hi.

have escaped from their
and J. T. Rothrock, No.

to

J. Beal, No. 41,

676).

Rhododendron ferrugineum, L., was found by Ricca to be
proterandrous, and visited by humble-bees at a height of over
7,000 feet (665). The position of the honey causes an insectvisitor to pass towards it by way of the upper half of the horizontal
flower, and as the stamens and style curve upwards, they come in
In the first stage
contact with the ventral surface of the insect.
the style

shorter than the stamens and the stigma

is

the anthers dehisce apically by

when the

pollen has usually been

to its full

all

is

of two orifices.

immature
Afterwards

carried away, the style elongates

length and the stigma attains

the latter

is

still

tallest anthers,

its full development
but
and almost touched by the
absence of insects it must frequently come

unknown

;

slightly overtopped

and in

in contact with the pollen.
is

means

Whether such

self-fertilisation is effective

(609).

Rhododendron Rhodorce, Don. [Rhodora canadensis,
mechanism is described by Hildebrand (367).

L.)

— The

floral

Tribe Pyroleoe.

Pyrola nniflora,

L.,

and P. rotundifolia, L.

—These species are

probably cross-fertilised by short-lipped insects, which may be seen
applying their mouths to the moist stigma and the orifices of the
anthers.

I have directly observed cross-fertilisation performed in

way in the case of Pyrola minor, L. (No. 609, figs. 149, 150).
Eugene Warming found flowers of different forms and sizes on

this

P. minor.

He

observed a plentiful secretion of honey in the case

of P. secunda (762).

Ord.
Epacris.

EPAGRIBEM

— Delpino found one species
Ord.

to

be proterogynous (178).

PLVMBAGINEJE.

Some

Brazilian species of Plitmhago and Statice are dimorphic,
according to Fritz Miiller (550).

Armeria, according to Treviranus, is self-fertilising.
As the
anthers dehisce, the filaments curve inwards, bringing the anthers
immediately above the depressed centre of the stigma on which
they shed their pollen (742).

It

;
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FRIMULACE^.

Prinmda have been the subject of a series of
Darwin first led the way. In his paper

interesting researches since
"

On

the two forms or

and on

dimorphic condition in the

their remarkable sexual relations'' (No.

Primula,
he showed

species of

154),

that in P. veris the stigma in the long-styled form possesses papillae

three times as long as those of the short-styled form

;

and that the

pollen-grains of the long stamens are half as large again as those
of the short

;

that the same holds good of P. Auricida and P. sinensis

that these Primulas are very unproductive in absence of insects,^
])ut fully

productive

liave access to

when

artificially fertilised or

them; and that

when

insects

in artificial fertilisation legitimate"

crossings gave a yield half as great again as illegitimate.

Hildebrand repeated Darwin's experiments on P, sinensis, and
He performed the additional
experiment of fertilising flowers of each kind with their own pollen,
and found that this was the least productive of all ways. Also
Hildebrand sowed the seeds which resulted from the various modes
of fertilisation, and showed that the union of two long-styled
flowers produced mainly long-styled plants, and the union of two
short-styled flowers produced mainly short-styled plants while
legitimate crossing of the two kinds of flowers produced offspring
consisting of both forms in tolerably equal numbers (No. 340,

obtained almost identical results.

;

1864).

Treviranus had already (No. 742, 1863), added P. farinosa, P.
and P. minima to Darwin's list of dimorphic species. Mr.

villosa,

John

(No. 692, 1864) enumerated altogether thirty-six
Primula as dimorphic, and six as homomorphic, and
showed that P. mollis was homomorphic and regularly self-fertilised,
P. scotica homomorphic, but rarely self-fertilised, though fruitful to its own pollen, P. verticillata homomorphic, and usually
Scott

species of

when fertilised with its own pollen.
Axell figures the homomorphic and proterandrous flowers of
P. stricta, and states that they fertilise themselves (17).

unproductive

Ricca describes P. longiflora, AIL, as homomorphic and proter^ Darwin found that, in absence of insects, the long-styled form of P. sinensis
was twenty-four times as productive as the short-styled. Hildebrand found both

absolutely barren.
2 i.e. the fertilisation of either form with pollen from the other form.
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[part

m.

an Jrous, the style being long and exserted, and the anthers standing
in the mouth of the long tube (665).
Darwin compared the productiveness of legitimate and illegitimate crossings in Primula

P.

veris,

elatioo% Jacq.,

]

j

i

*

P. vulgaris, P.

Hildebrand in P. sinensis and P. Auricula ; Scott in P.
sikkiniensis, P. cortusioides, P. invoktcrata, and P.farinosa (167).
According to Darwin, the common Oxlip is a natural hybrid
between the primrose and cowslip, while the Bardfield Oxlip

^

si7iensis ;

j

(P. elatior, Jacq.) is

288.

a good (heterostyled) species (161, 167).

Primula elatior,

Jacq.

— Honey

*

secreted by the base

is

1

In the short-styled flowers the tube is 15 to 17 mm.
the stigma j
long, and begins to widen at a height of 12 to 13 mm.
stands in the middle of the tube and the anthers in the wide J
In the long-styled form the tube is 12 to 14 mm. long,
entrance.
of the ovary.

j

;

i

and begins
of the

to

widen out

tube,

of the

the base

at

mm.

in the middle

I

expanded portion stand the

;

at a height of 4 to 5

;

anthers, and the stigma stands at or a little above the

mouth

of,

Humble-bees can insert their heads (5 mm. long)
wholly into the tube, and so require a proboscis at least 12 mm.
long to extract the honey from the longest flowers, and one at
the tube.

least 7

the bee,

mm.
if it

s

As in Pulmonaria/i
the ordinary manner and not by

long to do so in the shortest.
gains the honey in

*

must touch the organs which

biting a hole through the tube,

stand in the

<

mouth

of the flower with its head, and those in the

middle of the tube with

its

maxillae; and

so,

flower, it effects legitimate cross-fertilisation.

passing from flower to
Pollen-collecting bees

are only able to secure their pollen in the short-styled flowers;

they learn to recognise the long-styled plants at a distance and
and then never perform cross-fertilisation but very

to avoid them,

;

j

-J

j

J

!

i

often self-fertilisation.
Visitors

:

A. Hymenoptera

sucking normally,

s.

Apidce

and c.p.,veryab.

;

:

(1)

Bombus

—
—

liortoruin, L.

$ ^ (18—21),

—

B. silvarum, L. $ (12
14), sucking
14), do. ; (4) B. confusus, Sclienck, $

(2)

normally (3) B. lapidarius, L. $ (12
(12—14), do. (5) B. terrestris, L. (7 9), makes a hole in the corolla-tube, a
little above tlie calyx, sometimes biting it with its mandibles, sometimes
piercing it with its maxillae, and so reaching the honey with its tongue (I have
sometimes seen this bee, before boring the flower, make several attempts to
reach the honey in the legitimate way, this observation is of interest, as
proving that the bee is not guided by instinct to the plant adapted for it, but
tliat it makes experiments, and gets its honey where and how it can) (6) Osmia
rufii, L.
^ (7—8) (7) Apis mellifica, L. ^ I saw both of these species
thrust their tongues into several flowers, and then abandon the plant
(8)
;

;

—

;

;

,

;

;

I

'

!

i

;

I

1

i

—
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—

Anthopliora pilipes, F. ^ ^ (19 21), sucking normally and c.p., very ab.
(9)
Andrena Gwynana, K. $ (2§), c.p. on the short-styled form, ab. It holds the
anthers in the mouth of the flower with its forefeet, bites the pollen loose with
its mandibles and sweeps it with the tarsal brushes of the midlegs into the
;

collecting-hairs of the hindlegs.

It visits the long-styled

away immediately
momentary visit.

without performing

not, however,

;

also,

but

flies

have never seen a pollen-collecting humble-bee alight on
it seems to recognise them at some distance and to avoid
Bombylidce : (10) Bombylius discolor, Mgn. (11 12),
B. Diptera
(11) B. major, L. (10), much less freq., probably in niost cases imable
I

a long-styled flower

;

—

them.
?.,

ab.

to

reach the honey.

ab.,

form

cross- fertilisation in the

;

C. Coleoptera

Fig.

12(3.

Staphylinidce

:

(12)

See also No. 590,

creeping about in the flowers.

1

rinuda

Omalium

florale, Pk.,

iii.

integiifolia, L,

A.— Short-styled, B.— Long-styled
C.

— Short- styled,

E.—Stigmiitic
F. G.

T).

—

plant (nat. size).
Long-styled flower in section (nat.

size).

papillae of short-styled flower.
lonK-styled flower.

— Ditto of

H.— Stigma of shovt-styled flowt^r, L— Ditto of long-styled flower (x 7).
K.— Moistened pollen of short-styled flower, L.— Ditto of long-styled flower.

Primula

officinalis,

Jacq.

(P.

veris,

L.),

the Cowslip.

structure of the flower resembles that of P. elatior

include humble-bees and Anthophora pilipes (509,

The handsome red Alpine
villosa, Jacq.,

farinosa, L., viscosa,

— The

the visitors

III.).

Primula
All, minima, L.,

species,

;

integrifolia, L.,

longiflora, AH.,

c c
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are

adapted for Lepidoptera by their colour and by the narrowing

all

of the

[part hi.

mouth

AH

of the tube.
these species, with the exception of P. longiflora, are hetero-

styled (609).

on the Alps and in North
wide distribution to the mild
On the Alps, where it is
climate succeeding the Glacial period.
visited by Lepidoptera in great numbers (I have noted forty-eight
species), the entrance of the flower is distinctly narrower than in
North Germany, where Lepidoptera are less plentiful and where
the plant has probably to depend on the visits of bees (609).
Primula longiflora is homostylic, and adapted by its long narrow
tube for Lepidoptera. The tube is 16 to 24 mm. long, and the
honey is, therefore, accessible only to Macroglossa stellatarum (25 to
28) and to Deilephila euphorbim (25 mm.) among all the Alpine

PHmida

occurs both

farinosa

Germany, and probably owes

this

Lepidoptera.

289.

Honey

HOTTONIA PALUSTRIS,

is

secreted

by the ovary.

L.

—The

flowers

are

dimorphic.

In both kinds of flowers, the tube

Fig. 127.— Hottnnia pnlustris,
1.

—Lon^-styled flower.

2.— Its stij.nuatic papilla?.
S.— Sbort-stylefl flower
4.

— Its

stij^inAtiti papillae,

on the same scale as

2.

4 to 5 mm. long, the organs of one sex standing in its entrance
and those of the other projecting 8 to 4 mm. beyond. In the
(hiinp state the pollen-grains of the long-styled form (which in

is

legitimate crossing have to traverse a style 4 to 5

spherules 'Oil to 014

mm.

in

mm.

long) are

diameter; those of the short-styled

—

—
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fertilisation traverse a style

long) are spherules *018 to '023

The stigma

387

mm.

mm.

7 to 9

in diameter.

which has to receive the
seen with a simple lens to be rough
papillae are very much larger than those on the

in the long-styled form,

may be

larger pollen-grains,

and velvety its
stigma in the short-styled form, which appears
;

a lens (cf Fig. 127,

smooth under

fairly

1, 2).

Insects in sucking the honey touch organs of equal height with

the same parts

and

of their bodies,

so

legitimate cross-

effect

have no need to
thrust their heads into the flower in the short-styled form, and
hence do not come in contact with its stigma they come in contact
with the stigma in long-styled flowers, into which they have to
thrust their heads to reach the pollen.
In visiting several longstyled flowers consecutively they must as a rule bring about
Probably the much greater productiveness
illegitimate crossing.
of illegitimate crossings in the case of long-styled than in shortstyled flowers (vide next table) is due to the fact that the former
kind of illegitimate crossings occur freqiiently in nature while the
latter do not, and that the former alone, therefore, are of use in
fertilisation regularly.

Pollen-seeking

insects

;

reproducing the plant.
Visitors

thrusting
L.

(3)

;

Syrph'ida;

:

its

E.
:

A. Hymenoptera Sphegidoe
head into the tube. B. Diptera

Mgn.

leucoptera,
(5)

;

;

(4)

(7)

s.,

—

(a)

E. pennipes,

Eristalis arbustorum, L.

Ehingia rostrata, L.,
enumerated in No. 590, in.

f.p.

(1)

:

ab.

;

(6)

E.

Pompilus
Empidce :
L.,

all

nemorum,

viaticus,
(2)

three
L.,

L.,

s.,

Empis livida,
ab.,

both

s.

freq..

(&)

;

s.

or

Five additional visitors (Diptera) are

Sprengel was aware of the dimorphism of this plant, and
suspected that it had some unknown purpose. Hottonia palustris
occurs with cleistogamic flowers (167).

Mr. John Scott performed on Hottonia palustris the same
experiments that Darwin had first instituted on Primula, and
obtained

likewise

crossings are the

the result that legitimate

most productive

or

heteromorphic

(692).

In the summer of 1867, I repeated Scott's experiments o^n
specimens which I kept in a large vessel of water in my room, with
the following results

:

c c

'Z

—

.

,
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Flowers, by the
Flowers which pollHn of which
were arfifli-ially
the flowers
fertilised.
were fertilised.

"5

Long-styled

...

Short-styled

...

2a.

Short-styled

...

Long-styled

...

b.

—

e.

it

Long-styled

...

Long-styled

Short-styled

...

Short-styled

b.

4a.
b.

C.

<o.

1323
17 6

94-8
89 3

1323

8(51

615

6
10

632
495

10' 3
49 5

861
632

104

07J

34-7
27-8

040
043

764
532

58-7

118

151

13S

17 9

076
063
117
129

skparate Plants.
69-4
90-3
17-8
19-8

764
632
lis
233

33 7

Crossings betwken Flowers of the same Plant.

Long-styled

...

Short-styled

...

Long-styled
Short-styled

D.— Stigma
Long-styled

g

Crossings,

11
7
7
12

,

^^a

14
20
14

B.- Illegitimate Crossings of
3a.

y.

? c 2

§1

A.— Leoiiimate
la*
b*

[part hi.

...

An

unfortunate accident spoilt the results.

15
17

I

134

I

5

I

9
0-3

I

1

I

I

Fertilised with Pollen of the same Flower.

Long-styled

..

...

...

226
199

11
16

20 5
12

(3S very
small.)
Fa.

Short-styled

Short-styled

*

...

13
17

a, b, c, indicate different

68
128

5-2
7-5

68

9-6

0141

individual plants.

Although these observations are in some places defective, they
well on the whole Darwin's law that in heterostyled
plants legitimate crossings are the most fruitful.
Also the preceding table shows clearly that self-fertilisation
and the crossing of flowers on the same plant are much less
productive even than illegitimate crossings of flowers on different
plants.
And of very special interest is the fact, brought out by my
experiments, that in Hottonia pahcstris illegitimate crossing between
different plants of the long-styled form is just as productive as the
illustrate

legitimate crossings are.^
I have shown above that this kind of illegitimate crossing is to
a great extent performed by pollen-feeding flies. If we suppose
that the superior effect of legitimate crossing in other dimorphic

and trimorphic plants

results

from their being exclusively or almost

exchisively fertilised legitimately in a state of nature, and that

other ways of fertilisation from long disuse

may and do become

This result is arrived at by comparing 16 and 2b in the foregoing table if, on
the other hand, a.s Darwin rightly insists (No. 167, chap, i.), we add the number of
seeds from all the capsules produeed by the two modes of fertilisation, we obtain as
the mean number in the long-styled" capsules, after legitimate fertilisation, 91*4,
after illegitimate, 77 "5, or in the proportion of 100 to 85.
"'

;

;
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inoperative, we can easily comprehend how in Hottonia palustris
application of pollen from a long-styled flower to a long-styled

stigma on another plant has retained its full efficiency.^
Androsace Vitaliana, K.S., is dimorphic (Treviranus, No. 742
Darwin, No. 167).
The Alpine species of Androsace (A. septentrionalis, L., A.
Chamcejasme, Host., A. ohtusifolia,
visited chiefly

small bees
figs.

by Diptera, but

to

All., etc.) are homoganiic, and
some extent by Lepidoptera and

in absence of insects they are self-fertilised (No. 609,

;

140, 141).

Species of Gortusa

fertilise

themselves, according to Treviranus,

bending back towards the anthers (742).
by
Dio7iysia, Fenzl., is dimorphic according to Kuhn (399).
The Alpine species of Soldanella are adapted for bees by the
pendulous or inclined bell-shaped flower, the lilac or violet colour,
the position of the anthers close around the style, and the more
or less complete protection of the honey from small insects by
means of the anthers and appendages of the corolla (609,- figs.
the style

146-148).

Lysimachia vulgaris,

290.

this plant occur near Lippstadt

conspicuous form which

shady hollows, a

less

is

L.
:

— The

(a)

following varieties

of

on sunny embankments, a

never or only rarely

self-fertilised

conspicuous form which

;

fertilises

(?;)

in

itself

(c) transition forms in spots intermediate in character,
banks of ditches exposed to the sun. In the form (a)
on
the
e.ff.
the petals are dark-yellow, red at the base, recurved, expanding
widely, about 12 mm. long and 6 mm. broad on an average, and
the filaments are red near the end; the style projects several
millimetres beyond the tallest anthers, so that in case of insectvisits, cross-fertilisation takes place regularly, but in absence of
In (b) the petals are
insects, self-fertilisation cannot easily occur.
light-yellow and of one colour throughout, 10 mm. long and 5 mm.
broad on an average, not spreading out so widely, but for the most

regularly

;

•

upwards the filaments
same length as the two

part diverging obliquely

the style

is

of the

stamens, so that in
occurs,

(c)

absence

;

of insects

The intermediate forms

difler

are greenish -ye How;
inferior

and longer

self-fertilisation

from

(h)

always

either (1) by the

is directly opposed to other cases, such as that of
in which the long-styled form is quite unproductive with
pollen from another long-styled flower, although from the position of the anthers it
is regularly conveyed to the stigma (No. 167, chap. vi.).
1

This reasoning, however,

Linum grandijiorum,

^

—
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[part

iir.

red colour of the filaments, or (2) by the larger size of the petals,
or (3) in both characters together, or in addition (4) by a slight
red colouring in the base of the corolla, or still further (5) by a
All such
slight extension of the style beyond the longer stamens.
intermediate stages between the extreme forms occur in the same

and not unfrequently even on the same plant.
These forms of Lysimachia' vulgaris form another illustration

localities,

of the law, exemplified in so
of advantage to the plant
of cross-fertilisation

many

when

only, it

previous cases, that while

it

is

sure of insect-visits to be capable

above

is

all

important that, where

insect- visits are rare, the plant shall be capable of reproducing
itself

by

self-fertilisation.

have not discovered honey in any of the forms of this plant.
The flowers are visited regularly and persistently by pollen- seeking
insects, and sometimes by honey-seeking insects which fly away
after a few vain attempts to find honey.
I

A. Hymeuoptera

{a) Apidoi : (1) Macropis labiata, Pz. $({, rather ab.,
on the sunshine- loving form of the plant.
I found the
females as a rule only on flowers of this plant, diligently sweeping the flowers
and piling large masses of moistened pollen on their hind legs. I am still
unable to decide where they got the material to moisten the pollen with. I
should suppose that they bored into the succulent tissue of the flower, were it
not that the mandibles are blunt and fringed at the end perhaps the sharp
points at the end of the short blunt tongue do this work, which usually belongs
to the mandibles.
(2) Halictus zonulus, Sm. $ scarce
(3) Andrena denticulata, K. $ scarce
scarce (the last
(&) Vespidce : (4) Odynerus parietum, L. $
three had obviously visited the flower in tlie vain hope of honey).
B. Diptera
Syrphidw : (5) Syritta pipiens, L., f.p. on the self-fertilised shade-loving
form (6) Syrphus balteatus, Deg., f.p.

especially the females,

:

,

,

;

,

;

—

;

Lysimachia nummidaria, L., is almost always sterile (Darwin,
No. 158), perhaps because all the examples in the same neighbourhood come from the same stock (cf. Eug. Warming, No. 762).
Lysimuchia thyrsiflora, L., is proterogynous (762).
Gentunculus minimus,
to Ascherson (10)

;

it

L.,

is

regularly self-fertilised, according

could hardly be otherwise, to judge from the

inconspicuousness of the flowers.
Anagallis ai^ensis, L., and
18

of

opinion

that

A.

two forms of a single
dependent ("divorzio di
una pianta dimorpha;" No. 172,
without proof.

—

A. ccerulea, Schreb. Delpina
and arvensis were originally
dimorphic species, which became indue forme reunite originariamente sovra
ccerulea

p.

45)

;

but as yet this view

is

——
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The flowers of both species are adapted for insects in a simple
and effective way, so that cross-fertilisation in case of insect-visits
and self-fertilisation in absence of insects are equally well insured.
During the sunuiest hours of the day, from about 9 A.M. to 3 p.m.,
.the petals (scarlet in A. cu^vensis, blue in A. ccBrulea), which cohere
only by a ring at the base, spread out almost to a vertical plane,
which has a diameter of 10 to 12 mm. in A. arveiisis and rather
less 'm.A. cceridea; the five stamens protrude from the centre of the
flower, and the style projects between the stamens and curves
downwards, so that an insect alighting on the lower part of the
corolla and going towards the anthers comes first in contact with
the stigma.
Stigma and anthers ripen simultaneously; the pollen,

Via. 128.

AnagalUs arvemiK, L.
1.— Fully expanded.
± Half closed.
i,~

'2.

—

3, 4.

A, ccerulea,

Scliieli.»

.S.— Fully expanded.
—In section, (x 3J.)

4

st,

stiinna.

which coats the anthers all round, is all that the flowers offer to
unless perhaps the delicate red, jointed, knobbed
hairs which clothe the filaments are manipulated by flies with their
labellse, as I have observed in the case of the hairs upon the
filaments of Verhascum}
In either case it is to the stamens that
insects come, and if they alight on the interior part of the flower as
the most convenient place for them,. the downward curvature of the
insect-visitors,

stigma suffices to insure cross-fertilisation.

About

3

P.M.

the

and petals begin to close up, so that the coloured surface
formed by the corolla is reduced to less than a fourth of its former
sepals

^

According to Delpina, ^wa^aZZis' and also Ferittsci^-m are adapted for pollencollecting biees, wliicli cling to the staminal hair.s
but as to AnagalUs direct
observation is yet wanting (Xo. 178, 11. p. 29ii).

.

;
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and 2). The plant, therefore, no longer attracts
but by the closure of the flower the stigma is drawn
inwards and brought in contact with the three inferior anthers so

size

(cf.

Fig. 128, 1

j

insects,

\

'j

;

that

self- fertilisation results, unless insects have been attracted
during the warm hours of the day and have removed the pdllen
from the anthers, at the same time cross-fertilising the stigma.
I have not yet observed insects visiting either species.

j

\

]

Trientalis europxa, L.,

(590,

proterogynous and devoid of honey

is

III.).

EBENACEjE.

Obd.
Diospyros virginiana,

according to Asa Gray,

L.,

is

probably

androdioecious (167, 2nd ed.).

OLEACEjE.

Ord.

Jasminum

Species of

are self-fertilised, according to Treviranus

back tow^ards the anthers. Kuhn mentions
Jasminitm as containing dimorphic species (399).
Forsythia is heterostyled (Darwin, No. 167), but not invariably
(742), the style curving

so (590,

291.

III.).

Syringa vulgaris,

and occupies 2

to 4

mm.

L.

— Honey

of the tube,

is

which

secreted by the ovary,

j

is

8 to 10

mm.

long

;

I
Fio. 129.— Syringa vulgaris, L»

1.— Flower, from the side, after removal of
2.— Ditto, from above.
8.— Mouth of the flower, immediately after
4.— Ditto, somewhat later.
«,

it

is

sepal

;

p, petal

;

ji,

fliameut

;

a,

anther

;

half the corolla.
its

expansion.

po, pollen

;

ov,

ovary

;

»f,

stigma.

sheltered from rain by the two stamens, which to a great
fill up the mouth of the tube, and the length of the
tube

extent

—
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the more diligently

sought therefore by insects whose proboscis is sufficiently long.
An insect in inserting its proboscis brings it in contact first with
the anthers, which stand in the month of the tube, and then with
the stigma, which

it

may

is

down

lower

stigma and anthers are matured
be thrust into the flower,
enters no pollen sticks to it, and
:

If a smooth, dry needle

simultaneously.

readily be seen that as

it

withdrawn pollen only adheres to it for 2 to 4 mm. at the
The same thing doubtless
end, where it is moist with honey.
takes place in the case of honey-sucking insects, which must

as

it is

therefore perform cross-fertilisation regularly

;

while pollen-feeding

must often
upon the stigma and lead to self-

insects can scarcely ever effect cross-fertilisation, but

cause the loosened pollen to

fall

In absence of

fertilisation.

always occurs

insects, self- fertilisation

ultimately.

According to Batalin

two cultivated

(^S), there are

varieties

one proterandrous, the other proterogynous. I have only once
seen the proterandrous variety ; all the plants on which I made my
observations were homogamic.

Sprengel never observed insects on this plant.
Visitors
A. Hymenoptera— (a) Apidce : (1) Bombus lapidarius, L. i^ $
B. hortorum, L. ? ^
(10—14), ab.
(3)
(2) B. terrestris, L. ^ ? (7—9)
(To judge
all sucking.
(18—21), very ab.
(4) Apis mellifica, L. ^ (6), ab.
from the length of its proboscis, the honey-bee can obtain only part of the
honey)
(6) Anthophora pilipes, F.
(5) Eucera longicornis, L. ^ (10—12)
$ ^ (19—21), ab. (7) Osmia rufa,.L. 9 (7—9), ab., the three last sucking
:

:

;

;

;

;

;

;

;

Halictus alblpes, F. $
(6) Vespidm : (9) Odynerus sp. ; the two last seek
B. Diptera— (a) Bombylida : (10) Bombylius major, L.
in vain for honey.
(b) Syrphidce : (11) Rhingia rostrata, L. (11—12), very ab., s. and f.p.
(10), s.
(8)

;

;

;

(12)

Xylota

pipiens, L.

(4—5),

f.p.

segnis,

(3), f.p.

C.

L.,

;

(14) Eristalis sepulcralis, L., f.p.

Lepidoptera— (a) Rhopalocera

(17) P. Podalirius, L.

;

both ab. (Stromberg)

(19) Pieris cardamines, L. (11)

(22) P. rapae, L.; all three ab.
freq.

(Stromberg)

;

(24)

Syringa Jpersica,
292.

in vain for honey

after seeking

f.p.,

;

;

(13)

Syritla

(15) E. arbustorum, L.

;

Machaon, L. (18)
Vanessa urticse, L. (12), ab.

(16) Papilio

(18)

(20) P. brassicse, L.

(h)

(15)

;

(21) P. napi, L.

Sphinges: (23) Macroglossa fuciformis,

M. stellatarum,

L., is

;

:

;

L.,

L., do.

gynomonoecious (605).

LiGUSTRUM VULGARE, L.— Honey

is

secreted

by the ovary,

and lies at the base of the tube, which is scarcely 3 mm. long
and expands above into a four-lobed, rarely five-lobed, limb. The
more or less distinctly bilobed stigma is situated at the mouth of
the tube. The two (rarely three) stamens are matured simul-

—
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taneously with the stigma, and project from the tube

[pakt hi.

;

the anthers

but so widely, that the whole of their inner
The two anthers stand sometimes
faces are covered with pollen.
wide apart (Fig. 130, 4), at other times they bend inwards over
in the former case, an insect's proboscis in
the stigma (1, 2)
dehisce

laterally,

;

first touches with one side an anther, and
immediately afterwards the stigma with the opposite side, and so
passing from flower to flower leads to cross- fertilisation in the
latter case self-fertilisation and cross-fertilisation may result inInsect-visits are very scarce by day
diff'erently.
perhaps the

entering the flower

;

;

Fk;. 130.
J.

2.

3,

white,

Liguistruin vulyarc, L.

— Flower, seen obliquely from nbove.
— Dit.to,

not so far advanced, seen directly from above.
side, after removal of half the corolla (x

4.— Flowers, seen from the

3^).

sweet-scented flowers attract nocturnal Lepidoptera

in

greater numbers.

Flowers whose anthers are inclined inwards
above the stigma always fertilise themselves in absence of insects.
A.
B.

Hymenoptera— ^j9ic?ce

T>v^tem—SyrpUdoe

list

:

of visitors (four beetles,

No. 590,

;

(1)

L.,

s.

(June 27, 1869).

nemorum, L., s. (June 21, 1868). A further
two flies, two bees, seven Lepidoptera) is given in

III.

APOCYNACE^E.

Ord.
293.

Heriades triincorum,

(2) Eristalis

ViNCA MINOR, L.— The

correctly described

structure of the flower was
by Sprengel, but incorrectly explained, since

he overlooked here, as elsewhere, the advantage of cross-fertilisaSprengel had found Thrips, but no other insect, in the
flower, and he supposed that in creeping in and out of the flower

tion.

it

transferred pollen to the stigma of the

this

way alone

fertilisation

was

same

flower,

and that

in

effected.

Darwin (153) gave the

first correct account of the mechanhe recognised that a long thin proboscis in
passing into the flower gets smeared with adhesive
matter, and

ism of Vinca,

for

i

—
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being drawn out carries with

it pollen, which in the next
attached to the stigmatic edge of the disk which
terminates the style.
And in the case of Vinca major, which
111

flower

is left

Darwin had never seen visited by insects in England nor bearing
he obtained good seed by repeatedly passing a fine bristle
down among the stamens in six flowers on two plants, and thus
effecting both cross- and self-fertilisation.
Another English observer (i22A) was led by Darwin's account to perform the same
experiment on Vinca rosea, L. he obtained good seed, though hie
had before found the plant always unproductive. A third English
observer (636A) maintained that he had got good seed from
^itica rosea when left to itself.
But Darwin showed that this last
Iruit,

;

/

Fig. 131.

Vinca minor, L.

Flower, after reuioval of the anterior part vf the corolla.
a, ovary
bb, two yellow lioney-glands at the base of the ovary
c, style
d, point where the
filaments separate from the corolla, marked externally by depressions; d,' e, filament with its
inward bend e, f, anther, dehiscing introrsely g, tliickening of the style h, disk-shaped end of
(lie style, surrounded with viscid matter and functioning as a stigma on two sides of its lower
'1
'
k, hairs upon the stigma-disk which receive the pollen as it issues from the anthers.
;

;

;

'

;

;

;

;

was faulty, as the plant stood in a greenhouse with open
windows, by which moths might enter (153, p. 831).
result

Delpino, unaware

of

these

observations,

account, agreeing with Darwin's, of the
of Vinca; his description

gave later a

mechanism

was taken from V.

full

of the flower

rosea, in

which the

lower border of the stig:matic disk extends downwards in the form

an inverted cup (173, pp. 15-17). Hildebrand afterwards gave
figures of the flowers, which illustrated Delpino's account (352).
of

None

of the foregoing observers

seem

to

have seen any insects

except Thrips on any species of Vinca, which

is

remarkable, as

season (beginning of April until May) is most
conspicuous and rich in honey, and in my experience is in sunny
weather visited abundantly by insects. The tube of the corolla is
F.

minor in

11

mm.

its

long in V. minor, but insects can easily insert their heads

—
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into the

[part

iir.

upper part until the wa}^ is barred immediately above the
the two yellow nectaries lying beside the ovary

anthers by hairs

;

axe distant only 8

mm. from

this point.

i

Apidce : (1) Bombus hortorum, L. $ (21)
$ (12—14) (3) B. agrorum, F. $ (12-15) all three
very ab. (4) B. terrestris, L. ? (7— 9), less ab.
(5) B. vestalis, Fourc. $ (12),
scarce
(7) Osmia rufa,
(6) Anthophora pilipes, F. ^ ^ (19—21), very ab.
B. Diipte.m—Bombylidce: (8) Bombylius major, L. (10)
L. ^ (7—8).
(9) B.
discolor, Mik. (11
12), very ab., the latter species (April 18, 1869) as early as
All the visitors sucking normally. C. Thysanoptera (10) Thrips,
7.45 A.M.
Visitors

(2)

:

Hymenoptera

A.

B. lapidarins, L.

;

;

;

;

;

;

—

—

ab.

See also No. 590,

iii.

ViNCA MAJOR, L. — I have once seen Bombus agrorum,
sucked numerous
—
$(12 15 mm.), visiting this plant;
294.

F.

flowers,

it

head completely into the mouth of the tube.
Taberncemontana echinata, AubL, is barren when fertilised with
pollen of the same flower or of other flowers on the same plant, and
is productive only when fertilised with pollen from another plant
thrusting

its

(Fritz Mtiller, No. 359).

Apocynum

androsoemifolium, L.,

is fertilised

by

butterflies, and|

pollen to the insect's tongue (Ludwig, No. 432).
Apocynum hypericifolium, Ait., has the same arrangemeul

cements

its

(Ludwig, No. 443).

Nerium Oleander, L., and N. odorum, Ait., are adapted for long*
tongued Lepidoptera (443).
j
In Bhynchodia {Bhynchospermum) jasminoides, according t<i
Hildebrand, as in Vinca, the insect's proboscis is smeared withi
adhesive matter as it enters, and cemented to the pollen as it m
withdrawn (No. 356, p. 509).

Ord.
295.

ASGLEPIADEuE.

AscLEPiAS CoRNUTi, Dec. {A.

dece rival the Orchids, if

in their complexity

and

syriaca, L.).

—The

Asclepia^'

not in the variety of their forms, at

leastl

in their perfect adaptation to insect-visitH

Hildebrand has so thoroughly described the way in which AJ,
is fertilised by insects (347), that I have scarcely any*i
thing new to add to his description yet it may be well that li
should illustrate the complex mechanism by figures, and catalogue!
ors.

CorniUi

;

the insects that effect fertilisation.

The two

ovaries

(q,

14) are surrounded by a fleshy colimni

(m, 14, 2, 3, 4) and covered

by a

thick, fleshy disk

(??,

14), and|

—
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Fig. 132.

1.— Flower,
2.

— Ditto,

:

after

from

397

A»cley}ia^ Cornuti, Dec.

removal of sepals and petals, viewed from above (x

3J).

tlie side.

-I'iito, after reiuovjil of the cnculli (x 7).
Ditto, after removal of one anther
5.— The anther removed from Fig. 4, outer view.
6.
Ditto, inner view.
7.— cucullus, from the side (x 3 J).
8.— Ditto, in section.
9.— Pollinia, immediately after extraction, outer view (x 7).
Ditto, when the twisting of the retinacula is half completed.
11.— Ditto, twisting complete.
8.

4—

—

A

10—
12. -

13.

Corpusonlum and retinacula more magnified, outer view.

— Ditto, inner view.

after removal of sepals, petals, and cuculli.
its conical process; e, upper membranous process of anther; d, otitside of
anther wing; /, ^lit between two adjacent anther-wings; g, corpusculum
pollinium k, k, empty loculi of anther I, connective ; m, column ;.n, place of

14.— Section of flower,
a. cucullus
anther-locnlus

;

b,
e,

;

h, retinaculum
t,
attachment of a cucullus
;

;

;

o,

stigmetic chamber

;

;

p, fleshy stigma-disk

;

q,

ovary.

—
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they are only capable of fecundation at five stigmatic spots closed
beneath the lower border of the disk (o, 14, 4). The column, which]
really xjonsists of the united staminal filaments, bears at its upperl
end five anthers. The anthers lie close around the stigma-disk ;
each of them lodges two flattened polleti-masses

two pouches
externally by

(k,

6),

slight

process of the anther

and on each

(i,

4, 9, 10,

11) in^

which are open internally, and are indicatedl
swellings (d, d, 3, 4, 5).
A thin membranousi
(c,

upon the top

14) rests

5,

of the stigma-disk,;

produced into a triangular mem-S
or anther-wing) (e, 3, 5, 14), which standsi

side the anther is

branous expansion (ala

out perpendicular to the column close to the corresponding process
of the adjacent anther.
Between the two adjacent processes!

i

of each pair of anthers, there
is

is left

distinctly wider at its lower

end

we may

call

elongated space which
for

about the middle of

At the upper end

slit,

slit

which

i

The slit leads into an
the stigmatic chamber (o, 4, 14) ;j

its vertical

of the

only a very narrow

(/, 3, 4).

i

height the stigma

is

exposed,

i

visible from, the outside, is a bright,

black body (corinisciditin) of regular shape

{g,

1 to 14),

which

seen on closer examination to be a thin, hard, horny lamina.

isi

Itsi

bent forward for its whole length so that their edges lie;
and in the middle of its lower border is a wedgeshaped slit. To this corpusculum the two adjacent pollinia of twoi
neighbouring anthers are attached by bands {retinacida) ^ which
lie hidden beneath the anthers (h, 4, 9, 13).
The upper end of the column carries, besides the five anthers,]
sides are

close together,

i

•

organs (cuculli), which secrete a largei
they stand opposite to the anthers, and from
each an incurved pointed process proceeds, the upper extremity ofj

five

hollow, fleshy, foliar

quantity of honey

which

;

upon the top of the stigma-disk, and lying on theS
membranous process of the anthers (c) keeps the whole,;!

rests

superior

firmly in place.

This singular apparatus acts in the following way
Insects (bees, wasps,

flies)

:

which creep about the umbels in

search of honey, attracted by the sweet scent of the flowers, slipi

upon the smooth parts
inferior part of

a

slit,

in

the insect tries to draw

of the flower until a foot enters the widal

which

at last it gets a firm hold.

its foot

out in order to proceed

When

-

further,..

the diverging claws are caught by the apposed edges of the antherwings, and guided upwards in the slit, so that one or other of the

two claws

is brought without fail into the notch in the lower^
border of the corpusculum and there held fast. If the insect now^
^

ThpRp structures

mv

not

in

anv sense homoloorous with the reUnaeula of Orchids^,

—
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draws its foot forcibly out, it brings with it the corpusculum {g) and
the two pollinia (i) attached to it by their retinacula (Ji).
The
polHnia stand wide apart when they are extracted (9)
but the
retinacula twist inwards as they dry (cf. 9, 10, 11) bringino- the
poUinia so close together that they may easily be introduced into
;

another

slit.

the pollinia
this

As the
sli23s

moves on over the umbel,

insect

into the lower part of a

time as the leg

drawn up the

is

slit

foot bearing

its

of another flower

;

and

pollinia are left in the stig-

matic chamber opposite to the stigma, since the slit is too narrow to
admit of their further passage upwards and the insect, freeing its
;

by a violent pull snaps the retinacula and so extricates itself.
The pollinia are left behind in the stigmatic chamber, while the
corpusculum and its broken retinacula are carried off still firmly
foot

The

attached to the insect's foot.
the retinacula attached to

insect continues its visits,

now

its feet

and

get fixed in corpuscula as

may

the claws did before, and an insect's foot after repeated visits

sometimes be seen bearing many corpuscula with their retinacula,
often dichotomously arranged.
Delpino saw A. Cornuti in Florence fertilised in the manner

which I have described by Scolia hortorum, 8. hicinda, Apis mellifica,
and Bomhus italicus (172, 352).
I have observed many bees, wasps, ants, and flies, on the flowers
of A. Cornuti in Thuringia.
Dr. Hildebrand sent me a still larger
number of insects with corpuscula on their claws, which he had
caught on this plant at Freiburg in the first hot days of July,
1870.

The

following

comprises the insects observed by Delpino,

list

Hildebrand, and myself
(Fl.

=

:

Florence, Delpino

Thuringia, H. Muller

;

!

=

F.

;

=

Freiburg, Hildebrmid

!

\

;

(Fl.,

B.

;

Th.)

!

!

;

(V)

!

(12) Sc. bicincta

!

phila sabulosa, L. $

!

!

(17)

(13) Sc. quadripunctata,

;

(F.)

9

;

!

L.

!

"(Th.)

;

(20) E.

;

(10)

(Fl.)

(F.)

I

(14)

;

;

Ammo-

Psammophila affinis, K. $ (F.) {c) Vespidce :
and var. diadema (Th.) (d) FormicidcE :
they got caught in the slits and were not able to set
!

!

Various species (Th.);
free.
I have never seen an ant tear
:

?

(15)

(F., Th.),

themselves

r)iptera-(a) Syrphidce

F

;

(Th.),

;

(Fl.)

(16) Polistes gallica, L.

(2)

(F.)

!

;

;

!

;

hypnorum,

^ (F.) (5) Halictus Scabioste, 111. ? (F.) (6) H. cylindricus, F. ^
H. qiiadriciiictus, F. ?! (F.) (8) Several small species of Halictus
which I never saw caught in the slits ; (9) Coelioxys sp. $ ^ (F.)
Stelis aterrima, Pz. $
(F.)
(b) Sphegida : (11) Scolia hortorum, L.
L.

=

with corpuscula on their claws).

A. Hymenoptera— (a) Apidce : (1) Apis mellifica, L. ^
Bombus italicus, L. (Fl.) (3) B. terrestris, L. ^ ^ (F.) (4)
!

Th.

;

its

(18) Eristalis tenax, L.

nemorum,

L.

!

(Th.)

;

(21)

!

;

;

leg off in order to escape.

(F.,Th.)

;

(19) E.

Melithreptus

B.

arbustorum,

scriptiis,

L. (Th.)

;

—

—

—
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1

i

(22)

-M.

Mgn.

taeniatus,

(Th.)

;

both of these obtained the honey without
Ocyptera brassicaria, F. (F.) yf
: (23)

j

getting caught in the

(h)

slits,

MuscidcB

In several flowers which I dissected, the corpuscula and''
still in their places, though pollinia, which must have'^
come from other flowers, had been inserted into the stigmatic chambers.
^r
(24) Lucilia (Th.)

pollen masses were

4

The

Bedbachtungen,

observed in

iii.

my

Bombus muscorum,

L.

conoidea,

ab.

111.,

?

61.

p.

list

is

garden in July.

Empidce

A. Diptera

taken from my Weitere*
The insects were for the most partj

additional

following

(?

!

:

Empis

J

livida, L,,

agrorum, F.)
C. Lepidoptera

(B.

^

s.
,

B. Hyraenoptera

!

s.

!

ab.,

Noctuidce

:

Wiirzburg

Hypena

;

Apidce

:

I

Coelioxys

!

proboscidalia

not extracting the pollinia Plusia gamma, L., do., in the evening
D. Neuroptera
Sphingidce : Sesia formiciformis, Esp. ^ {teste Speyer), do.
Panorpa communis, L., s. and extracting the pollinia.
L.,

8.,

;

;

\

:

i

J

Asclepias curassavica, L., according to Fritz Miiller's observations

sometimes visited by wasps, but infinitely more
frequently by a great variety of butterflies, on whose legs the
corpuscula and pollinia of this plant may often be found. One
in

South

Brazil, is

;

j

;

j

Fig. 133.
Butterfly's foot, bearing eleven corpuscula

(7c)

and eight pollinia

(*t)

of Asclepias curassavica, L.

J

on one leg no less than eleven corEight
.only of the twenty-two pollinia
Asclepias.
this
of
puscula
employed
in the fertilisation of
others
had
been
the
remained,

'

butterfly, like a Vanessa, bore

other flowers.
Asclepias temiifolia (?) was seen by Hildebrand to be fertilised
by a cabbage- white butterfly (361).
Gomphocarpus (^Asclepias) fritticosa, R. Br. The structure of
the flower and the way in which insects visit it have been described
by Sprengel (No. 702, pp. 139-150) he fell into the error of
considering the upper surface of the stigma-disk to be the stigma.
Araujia albens, Brot. (Physianthus, Mart.), is fertilised by
humble-bees, to whose tongues the corpuscula become attached,

—

i

'-

;

'

:

j

j

i
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Vincctoximm officinale, L., is fertilised by the proboscides of small
Sfapdia hirsuta, L., and S. grandijiora, Mass., by Musca
vomitoria and Sarcophaga carnaria, which are attracted by the
putrid odour of the flowers.
As a rule, in those Asclepiadese in
which fertiUsation is effected by an insect's proboscis {Araujia,
Cynanclmm, Vincetoximm, Stapelia, Boucerosia), the five nectaries
alternate with the stamens
in those in which fertilisation is
effected by the legs of insects (Asclepias, Gomphocarpus, Centroflies,

;

Hoya), the reverse holds in Stephanotis, which is fertilised
by the proboscides of nocturnal Lepidoptera, the base of the tube

stemma,

;

of the corolla forms a large honey-receptacle (172, 352).
In Ceropejia elegans, Wall., the flower forms a temporary prison

Small
which

flies
is

very

much

like that of Aristolochia

Clematitis, L.

{Gymnopa opaca) creep through the tube

of the flower,

for its visitors,

expanded portion which surrounds

at first erect, into the

the reproductive organs; in this expanded portion, or cage, whose

surrounded by

stiff

hairs pointing inwards, they are

imprisoned for a whole day.

On

the second day these hairs wither,

entrance

is

the flower bends over, the
to their proboscides,

creep out with the pollinia attached

flies

and seek new

introduce the pollinia into the

new pollinia attached to their
Cynanchum Vincctoxicum,

slits

flowers, in

whose cages they

leading to the stigma, and get

proboscides (178, 360).
The flower agrees in most

R. Br.

—

points with that of Asclepias Cormiti.

The

dirty-white flowers of Cyiianchum, devoid of the pleasant

perfume of Asclepias, are adapted for fertilisation by carrion-loving
flies, which convey the exceedingly minute pollinia, not with their
claws, but with the bristles on their proboscides.
Further, while
in Asclepias Cornuti the foliar appendages of the anthers form five
fleshy cups filled with honey alternating with the corpuscula, here
the same appendages of the anthers form high vaulted fleshy bodies
coherent into a ring; and alternating with them are five deep
nectariferous pits immediately below the five corpuscula.
Into
these pits, insects thrust their proboscides, to suck the nectar.

When
do

Muscidije (in

this, it is

which the proboscis

almost inevitable that

drawn back, one or other of
which

is

its

slit, it

glides

set

with erect

the proboscis

bristles)
is

being

caught in the slit,
wirier below thnn above

bristles gets

placed over the nectary and

after entering the

is

when
is

upwards between the

;

lateral anther-

wings of the two neighbouring anthers, straight into the inferior
wedge-shaped notch of the corpusculum, and is there held fast.
When the fly now gives a slight pull backwards in order to free
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held fast thus by a bristle, it tears away the corpuscutwo pollinia; and the pollinia and the processes which
carry them, both of which were hitherto kept moist beneath the
anthers, are now brought for the first time into the open air, and
begin to be dried up. In consequence of this, the processes, which
previously stood out in opposite directions, now bend so that the

!

its proboscis,

lum and

j

its

;<

^

']

;

|

pollinia
its

come

close together, face to face.

proboscis into another nectary on the

If the fly

same

now

inserts

flower, it will

\

be in

\

a slightly difierent position with regard to the slit in the case of
each different nectary, and for this reason alone the same bristle

\

a considerable time before

;

the processes are so far dried that both pollinia of the same
corpusculum can be inserted into the slit along with the bristle

j

has mean-

j

will not

Besides,

be caught.

that they are attached

is

it

that, as a rule, the

to, so

fly

while flown away to another plant. Here, if a proboscis-bristle
bearing pollinia (which has- now become closely approximated) gets
again caught in the slit, one (or both) of the pollinia slides into
the stigmatic chamber which

lies

behind the

and remains

slit,

away from the process that attached it to the
So crossing of separate flowers, and for the most
Other visitors besides
part of separate plants, is regularly effected.
sticking in

it,

torn

corpusculum.

carrion-loving

flies

more corpuscula

(e.g.

^vipis, Folistes), occasionally attach one or

to the tips of their proboscides, but can scarcely

ever effect cross-fertilisation (609).
Hoya globulosa. Mr. Worthington Smith has recently given a

—

minute description of the

fertilisation of this flower (699).

that the corpuscular processes (retinacula) are elastic

!

He states
When in

the flower they are like an extended spring, but the instant the

withdrawn the spring closes, and the two pollinia quickly
each other and hold tightly on to the insect's foot. The flower

pollinia are

cross

is distinctly

proterandrous,

j

j

|

i

j

I

:

j

I

j

\

!

-i

j

:

i

\

i

Darwin describes a very remarkable instance

of

Hoya

carnosa

j

bearing cleistogamic flowers in cultivation (167).
Stapelia also has cleistogamic flowers, according to
Periploca grceca, L.

by Delpino

—The mode

of fertilisation

j

Kuhn

(399).

;

(172, 352).

ij

Ord.

GENTIANEM

%

—

Gentiana lutea, L. The honey is freely exposed, and I have
found the plant visited by twenty-seven species of mostly shortlipped insects.

The

not impossible (570,

'

has been described

flower

is

vol. xv.

;

homogamous, and
609).

self-fertilisation is

;

—
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Gentiana punctata,
G.

humble-bees (570,

is

proterogynous

—

corolla is

25 to 30

it

vol. xv.

;

609,

figs.

;

G. acaulis, L.,

and

All three are adapted for
128-130).

Gentiana Pneumonanthe, L. (Sprengel, No. 702, pp.
Honey is secreted by the base of the ovary.
The

296.

150-152).

and

L.,

asclepiadea, L., are proterandrous.

403

mm.

long,

and 8

to

10

closes in dull weather, so that the

mm.

wide at the mouth,
honey is protected from

The tube suddenly narrows below its middle, and the
stamens, which from this point downwards are attached to the
humble-bee can therefore creep
corolla, lie close to the ovary.
rain.^

A

down

as far as the middle of the tube

Gentiana

Fig. 134.

A.— Flower,
B.

honey,

slightly magnified.

—Base of the ovary,

it

must

n,

«,

sepal

;

;

but in order to reach the

lutea, L.

p, petal.

annular swelling which secretes honey

insert its proboscis

;

Ji,

filament.

between two stamens and the

mm. long is
In creeping into a young flower, the bee comes in
contact with the anthers, which closely surround the still unripe
corolla,

and

for this

purpose a proboscis 12 to 14

necessary.

stigmas and display the pollen on their outer surfaces

;

in creeping

an older flower it touches, with the same part that in a young
flower got dusted with pollen, the papillar side of the two stigmas,
which now stand above the anthers and are recurved so that their
into

^ Sprengel thought that the honey was sheltered from rain by the closeness of
the filaments to the ovary but if one lets a few drops of water fall into an open
flower, they reach the honey easily.
Here, as in many other cases, the structure
which Sprengel believed to be designed to shelter the honey from rain has rather
the object of excluding short-lipped and useless insects.
;

D D
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So if
papillar inner surfaces are exposed to contact with the bee.
bees visit the flower, cross-fertiUsation seems to be insured; in

j

absence of insects, self-fertilisation seems to be rendered impossible
by the well-marked proterandry, and by the position of the anthers
I have only noticed humble-bees
in regard to the ripe stigmas.

—

']

,'

Bombus agrorum, F. 9 (12 15) (2) B.
both very frequent, sucking honey only.
Gentiana ciliata, L., is proterandrous, and adapted for humbleHoney is secreted by yellow fleshy areas of the base of the
bees.

visiting the plant: viz. (1)
senilis,

Sm. 9 (14

—

^

;

15),

j

}

|

between each pair of stamens (No. 609, fig. 132).
Gentiana havarica, L., and G. verna, L., are adapted for crossThe most important visitor seems to
fertilisation by Lepidoptera.
corolla

]

j

j

be Macroglossa stellatarum (No. 570, vol. xv. No. 609, fig. 131).
The flower resembles the two preceding species
G. nivalis, L.
;

—

in structure, but

case of need

is less

conspicuous and

it fertilises itself

by

insects

;

L.

,

in

j

I

(S/o, 609).

Gentiana Amarella,

297.

less visited

—Honey

secreted

is

by

five

green fleshy spots at the base of the corolla, alternating with the

j

stamens

;

it is

sheltered from rain by the closing of the flower dur-

protected from

by

ing dull weather, and is
developed on the interior of the corolla at the junction of

The plant grows among

flies

long, erect hairs
its

.j

tube

\

and accordingly the
conspicuous from
mainly
out
to
be
corolla
spread
lobes of the erect

and limb.

1

grass,

j

'

above.

The tube is 16 to 18 mm. long, but as it is
mouth a humble-bee can insert the whole of

6

mm. wide

at the

j

its

head and reach!!
Unlike G. Pnm-\

the honey with a proboscis 10 to 12 mm. long.
monanthe, the flowers are homogamous. When the flower opens^
the anthers dehisce, after turning their dehiscent sides, which in the J

young bud were turned outwards, upwards so as to be touched the
The two terminal lobes of the
more certainly by the bee's head.
style are already expanded and provided with stigmatic papillae.

1

In case of insect-visits, self-fertilisation is not impossible; but-j
since the stigma stands above the anthers, the insect as a rulej
comes in contact with it first, and effects cross-fertilisation. After,;
the pollen is shed the anthers again come to lie in a line wdth the^
I have not^
filaments and place themselves close round the style.
observed whether self-fertilisation occurs in absence of insects.

I:

—

have seen Bomlms siharum,. L. 9 (12 14), visiting the plants
and sucking numerous flowers (Sept. 30, 1869).
Gentiana tenella, Rottb. (G. glacialis, Thom.), G. nana, Wulf.,!

i

—

)
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and G. oUusifolia, Willd. are adapted for fertiliby humble-bees and Lepidoptera in the same way as
Amarella, L. (No. 570, vol. xv. No. 609, figs. 133-135).

G. campestris, L.,

,

sation
G.

;

Fio 135.

A.— An

Gentiana campestris, L.

The calyx and nearly half of the

corolla have been removed.
Essential organs from a flower in the act of opening. The stigma is mature, the antht
B.
are still closed
but they dBliisced while I was drawing them (B').
Upper part of the pistil and of two opposite stamens, in their natural position from a
somewhat older flower.
D.— Stigma, whose branches have closed up after being dusted with pollen (x 7). (Madulein

—
C—

June

old flower.
;

:

20, 1S79.

E.- A flower viewed directly from above (natural size).
V.
Upper part of the pistil and of two stamens in their natural position
flower (x 7).
(Albula, August 20, 1878),

—

G.

oUusifolia

is

proterandrons, G. tenella and

G.

:

from

still

older

nana homo-

gamous, G. campestris sometimes homogamous, sometimes slightly
proterogynous.

REVIEW OF THE GENUS GENTIANA.

A

comparison of the very numerous Alpine Gentians suggests

the following theory of their evolution.

The genus Gentiana splits into two main divisions, in one of
which honey is secreted by the base of the ovary, in the other by
the base of the corolla.

We have an offshoot of the first main division in G. lutea,
which stands on a much lower grade than the other species and
nearer to the primitive form.
The ancestors of the genus undoubtedly had, like G.

lutea,,

fully

open flowers with almost

free

I

THE FERTILISATION OF FLOWERS.

406
petals,

and offered their

insect-visitors either
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honey lying

fully

exposed in the angle between ovary and corolla, or pollen only.
In either case the most various insects were admitted, and they

performed

cross-fertilisation (as in G. lutea) casually

so that the

power of spontaneous

and

irregularly,

self-fertilisation could

no more

be dispensed with than in G. lutea.
In both main divisions, as the nectaries became more perfect,
bees and especially humble-bees proved themselves the most

and in relation to their visits the camUnbidden guests were
panulate form of flower was evolved.
excluded from the honey in the first division by the development
of deep honey-passages, cross-fertilisation in case of bees' visits
being insured by the position of the anthers in a ring close round

efficient cross-fertilisers

the

style

j

s,

1

\

|

]

;

Gmlanthe

(sub-genus

J

asclepiadea,

punctata,

cruciata,

acaulis).

Later, as Lepidoptera

species

;

inir^urea,

Pneumonanthe,

pannonica,

Froelichii, frigida,

made their influence felt, the

corolla

and narrower, the folds which narrow it
became more perfect, and the bilobed stigma became developed
into a disk closing the mouth of the tube.
Thus resulted the

'

i

\

\

'\

;

in CcelantJie got longer

Alpine sub-genus Cyclostigma, adapted

for

]

long-tongued Lepidop-

tera (species havarica, verna, cestiva, imhricata, pumila, utriculosa,
nivalis).

In the second

division, hairs

on the

corolla afforded imperfect

j

protection against unbidden guests, and narrowing of the corolla

i

made

more certain that both stigma and anthers should be
touched by the bee (sub-genus Crossopetalum ; species ciliata, L. ).
it

j

j

And

finally, in

also

came

to

a special offshoot of this division, as Lepidoptera here

have a decided influence as

cross-fertilisers,

|

the fringe

j

mouth

became more developed,
excluding all visitors except humble-bees and Lepidoptera from the
honey, and the corolla became so narrow that Lepidoptera as well
as humble-bees must perform cross-fertilisation in inserting their

of hairs at the

of the

corolla

proboscides (sub-genus Endotricha

Amarella, ohtusifolia,

tenella,

;

nana).

instructive transition-stages in this process are preserved

I

^

[

among

But after the blue colour was once
was retained throughout the changes by which

the species of Ccelanthe.'^
it

j

species campestris, germanica, m

The primitive yellow colour, retained in G. hiteUy was gradually
exchanged for blue by the influence of the humble-bees, and

firmly established

!

Ccelanthe passed into Cyclostigma (609).
*
C. punctata has only blue spots on the pale-yellow ground of the corolla ; and in
C. purpurea, the outside of the corolla is bluish-purple, but the inside is still yellow.

;

^i

1

j

'•
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Erythr^a Centaurium, L.— I,

298.

like Sprengel, have
any honey in this flower, though I have seen it
repeatedly visited by Lepidoptera, and though the spiral twisting
of the stamens (like the twisting of the stigma in several Sileoiece
fertilised by Lepidoptera) seems to be an adaptation to insure their
being touched by the thin proboscis of these insects.
Probably
failed

to find

the insect pierces

some

soft tissue

with the sharp points at the tip

of its proboscis.
Visitors
Lepidoptera— (a) Sphinges : On July 10, 1868, in Thuringia, I
saw Macroglossa stellatarum, L., sucking first on Dianthus Carthusianorum
and then on E. Centaurium (6) Noctuce : On Sept. 1, 1871, at Lippstadt, my
8on Hermann saw (2) Plusia gamma, L., and (3) Agrotis pronuba, L., freq.
sucking persistently on flowers of this plant. An additional list, including five
Lepidoptera, three bees, and one Empis, is given in No. 590, iii.
:

;

Mr, A. S. Wilson found this plant heterostyled and with
dimorphic pollen-grains (780).
Zimnanthemum (Kuhn, No. 399) and Villarsia (=Limnanthemum

Humholdtianum, Fritz MuUer, No. 550) are dimorphic (Darwin,
No. 167,

p. 116).

MenTjanthcs trifoliata, L., is well known to be dimorphic.
In
a small marsh near Lippstadt, sometimes flooded by the Lippe,

which probably brought the seeds, I have found the long-styled
form only and I have never observed ripe fruit there.
;

Ord.

TOLEMONIAGEJE.

Cohma pendidi^ora is fertilised by Sphingidse
by humble-bees (52).

(226), C. scandens,

Cav.,

Collomia grandijlora (Dough), Lindl., has cleistogamic flow^ers
(423, 424, 685).

299.

Phlox paniculata,

L.

— Sprengel

recognised the

terandrous condition of this flower, and found
butterflies.

I

have seen Conops

Jlavipes,

L.,

it

coeruleum, L.,

is

by

sucking honey, and

Eristalis tenax, L., very frequently eating pollen

Polemonmm

pro-

to be visited

on the

likewise proterandrous.

flowers.

Sprengel

overlooked the dichogamous condition in this plant, but Axell (17)
figures the proterandrous flowers.-^
The honey is secreted in this species and in Phlox panicidata by
the lower fleshy part of the ovary.
^

pp.

See also
8, 9.

my

Alpenhlumcn, pp. 1b1-2$Q,

fig.

97,

and Weitere Beobachtungen,
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Troviranus

supposed that Folemoniacece

fertilise

[part hi.

themselves

before the flowers open (742).
Gilia pitlchella, Dough, and G. {Leptosi^ohon) 7n.icrantha, Steud.,
are believed by Darwin (167) to be heterostyled.
Professor Asa Gray considers Fhlox suhulata, L., to be hetero-

but Darwin (167) shows that the great variability of the
He says,
stigmas and pollen-grains makes this a perplexing case.
Possibly this species was once heterostyled, but is now becoming

styled,

been rendered more
12L)

sub-dioecious, the short-styled plants having

{Forms of Flowers,

feminine in nature."

Oed.

p.

BORAGINE^.

Tribe Cordiece.
Cordia, L.,

is

heterostyled, but the stamens are of almost the

same length and the pollen-grains are of the same

size in the

flowers of both forms (Darwin, 167).

Tribe Boragece.

—A

white, annular ridge at
300. Symphytum officinale, L.
the base of the ovary secretes honey, which is lodged in the upper
The whole corolla is 14 mm., its
part of the inverted corolla.

upper narrower portion 8 mm., long. The long, trihedral invaginations of the corolla, which pass from the boundary between the
wide and narrow parts into the wide part of the bell, closing in the
spaces between the stamens, were thought by Sprengel to guard
the nectar from rain but as in the preceding species, this service
Their use is
is performed by the inverted position of the corolla.
probably to cause an insect to thrust its proboscis between the
closely approximated anthers, and not into the wide intervals between the stamens.
The sharp teeth which these appendages of
the corolla bear aid in this object they certainly do not act as
"pathfinders," as Sprengel thought, for to an insect inserting its
head into the flower from below, they appear not bright and
shining, as Sprengel describes them, but as dark points, guarding
This view is confirmed
all but the legitimate access to the honey.
by a comparison of the lengths of the proboscides of insects which
reach the honey of this flower in the normal way, and of those
which do so by biting a hole in the narrow part of the corolla. To
reach the honey by passing between the anthers an insect requires
a proboscis at least 11 mm. long to reach it by passing between
;

;

;

—
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the filaments from the interior of the corolla would require

mm.

Now

a

have found the following
insects always sucking normally on this flower Rhingia rnstrata,
L. (11—12); Bomhus silvaricm, L. ? 5 (11
14); B. agrorum,
B. Bajellus, 111. ? $ (11—13)
Anthophora
F.
? (13—15)
the
following,
the
on
pilipes, F. ? (20
other
hand, only
21)
reach the honey from outside by boring a hole in the narrow
small workers of
B. terrestris, L. ? (7
part of the corolla
9)
pratorum,
and
B.
L.
It is
B. lapidarius, L. (9
(8
?
9).
10)
plain from these measurements that, had the path between the
filaments remained unguarded, the three last-named insects might
all have made use of it, without resorting to the slower process of
piercing the corolla, and there can be .no doubt that they are
proboscis only 8

long.

I

:

—

;

;

—

;

—

:

—

;

—

;

deterred by the sharp teeth of the corolline appendages.

The

anthers, which, as in Borago,

combine

cone, dehisce before the flower opens

;

to

form an inverted

the pollen remains partly

within the anthers, partly in the apex of the cone, until a humble-

bee or Bhingia thrusts

its

proboscis between the anthers and lets

is 002 mm. long, about
shaped like two spheres joined together
and flattened at the junction on being moistened with water, each
pollen-grain swells into a sphere of 0'02 mm. diameter. The pollen
as it falls out resolves itself for the most part into single grains, only
a few of which remain adhering in groups a considerable amount

the pollen

fall

0013 mm.

Each pollen-grain

out.

broad, and

is

;

;

remains attached to the anther-walls until the flower withers.
The stigma ripens as soon as the flower opens, and hangs down
an insect-visitor therefore touches the
beyond the anther-cone
;

stigma before

it

displaces the anthers and dusts itself with pollen.
insects, self-fertilisation

In absence of

A. Hymenoptera

probably takes place.

Anthophora

pilipes, F. ?
(2)
? ^!; (4) B. Kajellus, 111.
(7) B. lapidarius, L.
(6) B. pratorum, L. $
$ C^
(5) B. terrestris, L. $
the
tube
part
of
narrow
the
through
gnaw
three
last
(8) Eucera longithe
9
cornis, L. $ creeps bodily into the flower
(9) Halictus sexnotatus, K. $
(10) Apis mellifica, L. ^ both suck through the holes made by humble-bees.
Only those insects
B. T>\^tQTai—Syrphid(E: (11) Bhingia rostrata, L., s.
marked with (!) suck normally and effect cross-fertilisation. C. Coleoptera—

Visitors

:

Bombus agromm,
!

F. ?

!

;

(3)

Ap'idoB

:

(1)

B. silvarum,

;

;

;

;

!

L.

;

,

;

;

,

,

!

Nitidulidce

301.

:

(12) Meligethes.

BoKAGO

See also No. 590, in.

OFFICINALIS, L.

—The mechanism

of this flower

was minutely described by Sprengel, with great but not absolute
accuracy.
Honey is secreted by the pale-yellow, fleshy base of the
ovary, and is lodged in a short tube formed by the bases of the
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stamens

;
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protected from rain by the inverted position of the

it is

The anthers meet

to form a cone each dehisces on its inner
from apex to base, letting the smooth pulverulent
pollen run into the apex of the cone.
The style with still immature stigmas is inclosed within the cone of anthers.
An insect, to
reach the honey, must hang suspended below the flower, and thrust its
proboscis between two stamens two anthers are thus slightly displaced, the point of the cone opens, and a little pollen falls out.
flower.

;

surface, slowly

;

Fig. lB6.—Borago officinalis, L.
1.
2.

—Flower, from below the stamens have been cut away.
— A stamen in natural position, viewed from the side.

a,

;

its

pouch

cess of ditto

b, cut end of
in the corolla
orifice of the anther.
; /,
;

stamen

;

c,

ovary;

d, fleshily

thickened filament

;

e,

pro-

pollen in each anther ripens very gradually from the apex
towards the base, and hence the little shower of pollen may be
The style only grows out beyond the cone
emitted repeatedly.
of anthers and develops its stigma, after the anthers have been
Even after repeated insect-visits a peremptied of their pollen.
manent displacement of the anthers cannot take place, for the

The

short, broad
stiff

form and fleshy nature of the filaments (d, 2), their
(c, 2),^ and the invaginated processes of

external appendages

the corolla that surround the base of the anther-cone, insure the
I have
return of each anther to its place after every disturbance.
neglected to

observe

self-fertilisation

may

whether

finally,

in

absence

of

insects,

take place.

^ Sprengel thought that these appendages were for the purpose of sheltering the
honey, but the inverted position of the iiower renders this unnecessary. Delpino
(No. 178, pp. 172-174) takes the view that I have adopted.
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(1)
8.

and

— —

Apis
c.p.

;

mellifica, L.

^

,

veryab.,

Megachile centuncularis, L.

(5)

802.

Anchusa

— Honey

and

s.

Halictus zonulas, Sni. $

(3)

,^

s.

c.p.
;

;

(4)

Bombus pratorum,

(2)

H. sexnotatus, K. $

See also No. 590,

s.

,

,
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officinalis, L. (Sprengel,

,

L. $,

s.,

ab.

;

iii.

PL

iii.,

10, 11, 16, 17).

secreted by the green fleshy base of the ovary and

is

accumulates in the lower part of the corolla, which forms a tube
7 mm. long. The corolla is smooth within, but its entrance is
guarded from rain and from unbidden guests (flies) by five closely

At its upper end the
approximated, hairy, invaginated processes.
tube expands into a limb 10 mm. in diameter, at first concave and
then flat and deep-blue and further, the flowers,
which are conspicuous in themselves, are rendered more so by
The invaginated appendages, which are indicated
aggregation.
on the outside of the corolla by transverse slits, serve by their
The anthers, which dehisce inwhite colour as honey-guides.
trorsely, and the stigma which overtops them, are matured simultaneously. Cross-fertilisation is insured, in case of insect-visits, by
violet in colour,

;

the position of the stigma

must

in absence of insects, self-fertilisation

;

finally occur, for the corolla in falling off brings the anthers

in contact with the stigma.

Eug.

Warming has found A.

with

heterostyled,

officinalis

and short-styled flowers (762).
are plentiful, and in fine weather cross-fertilisation
On September 13, 1871, I observed the following
this plant on the Wandersleber Schlossberg in

transition-forms between the longInsect-visits

always occurs.
insects visiting

Thuringia

:

A. Hymenoptera Apidce :
Bombus pratorum, L. ^ s. and
,

L.

$

;

(5)

sucking.
also

B. lapidarius.
B. Lepidoptera

No. 590,

III.,

It.

$

^

Apis

(1)
c.p.
\

NoctucB

;

(6)
:

(3)

B.
(7)

mellifica, L.

^

B. agrorum, F.

,

muscorum, F. ^
Plusia

gamma,

and

s.

$

(J
;

L.,

;

(4)

c.p., ab.

;

(2)

B. silvarum,

the last four only

very

ab.,

s.

See

and No. 609.

—

The same parts of the flower as
303. Lycopsis arvensis, L.
Anchusa serve to secrete, contain, shelter, and point out the
honey.
The flowers are doubtless visited and fertilised in like
manner, chiefly by bees, and to some extent also by Lepidoptera.
I have only observed (September 8, 1871, in Thuringia) Hesperia
thau7nas, Hufn., once sucking honey on this plant.
in

—

Pulmonaria an g^isti/olia, L. (P. azurea, Besser).^ This plant is
and the two forms of flowers, besides differences in the
reproductive organs, show an unusual number of other minor
dimorphic

1

;

Darwin (No.

distinct species.

167) has taken P. angustifolia, L.,

and P. azurea, Besser,

to be
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In the short-styled flowers, the calyx is longer and
is longer and has a much larger and more conspicuous limb the ovary is smaller the nectaries larger and more
rich in honey than in the long-styled flower.
In the Alps humblebees and Rhingia and Bomhylius act as cross-fertilising agents
for this species, as they do for P. officinalis in the Lowlands (609).
Hildebrand denies that this plant is heterostyled it is possible
that he made his observations on cultivated examples, and that
differences.

narrower, the corolla
;

;

:

Flo. i37.—Pulmonaria angustifolia

—Long-styled flower.
—Ditto, in section.
C— Ditto, ov, ovary n, nectary;

,

L

.

A.
B.

;

D.— Short-styled flower.
E.— Ditto, in section (x
F.— Ditto ( X
G.— Limb of
protecting hairs

there

is

gr, style

(x

4§).

IJ).

4§).

the corolla of a short-styled flower, 'cut
(

X

off"

close above the anthers, to

show the

4|).

in them, as

Darwin has shown

in the case of

Primula

a return to the homostylic condition (609).
Darwia found the long-styled though not the short-styled

sinensis,

flowers of this species absolutely barren

when

illegitimately fer-

he gives several reasons for considering that this dimorphic
plant is in a transition-stage, tending to become dioecious (167).

tilised

;

304.

morphic.

PuLMONARiA OFFICINALIS,
Honey is secreted by the

L.

— This

species also

di-

is

white, basal part of the ovary,

lodged in the lower portion of the tubular corolla, and sheltered

from rain by a ring of hairs placed in the tube at the place where
widens out. In the short-styled flowers, the anthers stand at
the mouth of the corolla (whose tube is 10 to 12 mm. long); the
stigma stands half-way up the tube, on a style 5 to 6 mm. long in
the long-styled flowers these positions are reversed, the style being
10 mm. long, and the anthers, being attached by very short filaments to the corolla, 5 mm. from the base of the flower. Since the
corolla widens slightly at its mouth, insects with a proboscis 8 mm.
it

:

i

—
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long are able to reach the honey. Bees touch the longer reproductive organs with their lieads or with tlie base of their proboscides,
and the shorter with the maxillae, which serve to sheath the pro-

thus they regularly perform legitimate cross-fertilisation.'
The flowers are very conspicuous and very rich in honey, and
appear at a season when they have few rivals they are therefore

boscis

'

;

;

and have become sterile when
fertilised with their own pollen or with pollen from another flower
Hildebrand (342) found by experiment that
of the same form.
of either form with its own pollen, or
a
flower
when he fertilised
another
similar
flower, it was completely sterile
from
with pollen
with
pollen
from
fertilised
a flower of the other form, it
but when
in
the
wild
state.
He found on investigating
as
productive
was as
wild plants in fruit, that in some cases the oldest flowers on the
plant, and almost constantly the terminal flowers of each shoot, bore
no seed the former fact he explains by the absence of the proper
insects early in the season, the latter by imperfect nourishment of
very

much

visited

by

insects,

;

;

the terminal parts of the shoots.

Darwin's experiments (No. 164,
result different from Hildebrand's.

103) on this plant led to a
found that illegitimately

p.

He

long-styled plants were highly

fertilised

fertile,

producing three

much seed as Hildebrand's wild specimens bore and that
even when self-fertilised, a few seeds were produced. Hildebrand

times as

;

endeavoured to explain this great discordance by the

fact that the

plants which he experimented on were kept in pots in the house,

while Darwin's were grown out of doors.
A. Hymenoptera Apidcs : (1) Anthophora pilipes, F. ^ ^
ab., s. and c.p., sucking now on Primula elatior, now on Corydalis, now on Pulmonaria, without restricting itself long to the same species
(2) Bombus hortorum, L. 9 (21), very ab., s., and keeping to the same species
Visitors

(19

:

— 21), very

;

of flower

;

(3) B. lapidarius,

L.

? (12—14),

s.

;

(4)

B. senilis, Sra.

? (14— 15),s.

;

B. agrorum, F. ? (12—15), ab., s. ; (6) B. silvarum, L. $ (12—14), s. ; (7)
B. Rajellus, 111. $ (12—13), s. ; (8) B. terrestris, L. ? (7—9), s. ; (9) B. pra(5)

torum, L. $ (11

—

12),

s.,

distinctly prefers Pulmonaria, leaving the flowers of

Primula elutior untouched (10) Osmia fusca, Christ, (bioolor, Schrank) $ ^
This species feeds itself and its young almost entirely on
(8), c.p. and s., ab.
I have never found its nests (which
the honey and pollen of Pulmonaria.
are made in snail-shells, those of Htlix nemoralis at Lippstadt) except where
Pulmonaria was growing plentifully. (11) 0. pilicornis, Sm. (^ $ s, and c.p. I
was the first to find this bee on the continent of Europe. I have found it exclusively on flowers of Pulmonaria, at Rixbeck near Lippstadt it occurs singly
among numerous examples of the foregoing species, with which it agrees in the
manner of tending its young. (12) 0. rufa, L. ^ (7 8), s. In most of these
bees I have directly observed pollen upon the maxillae.
B. Diptera
(o)
;

,

;

—

—

—

—

—
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Bomhylidce : (13) Andrena Gwynana, K. $ c.p.
(14) Antliophora retusa,
K. $ c.p. and s.
c.p.
(15) Halictus cylindricus, F. $
(16) Bombylius
discolor, Mgn. (11
12), hovers over the flower and inserts its proboscis without settling, ab., but only in warm sunshine
(17) B. major, L. (10), do.
{b) Syrphidce : (18) Rhingia rostrata, L. (11
12), very ab., s., but only towards
the end of the flowering period (May 18, 1870). C. Lepidoptera Rhopalocera
Staphylinidce : (20) Omalium
(19) Rhodocera rhamni, L., s., ab. D. Coleoptera
florale, Pk., ab., creeping about in the flowers.
,

,

;

,

;

;

—

;

—

305.

;

Myosotis silvatica (Hoffm.) Lehm.

—As

soon as the

flower opens, the anthers, which are attached to the corolla above

the level of the stigma and are inclined slightly inwards, dehisce

Fig. 138.
1.
2.
3.

—Flower, from above.
—Ditto, in section (x
—Pollen grains.

a, light-blue
e,

stigma

;

Myosotis silvatica, Hoffm.

7).

limb of corolla

;

b,

white radiating bands

;

c,

yellow centre of the corolla

;

d,

stamen

;

/, nectary.

and become covered on their inner surfaces with
two
attached spheres, and measures "005 mm. by '003 mm. The stigma
ripens simultaneously with the anthers.
In sunny weather numerous flies frequent the flowers, which are rendered conspicuous by
colour and by aggregation.
The fly thrusts its proboscis rapidly
into the flower, spending at most two to three seconds upon it,
and probably, therefore, sucking honey in each case, not gathering
longitudinally,

small, white pollen-grains; each of the latter is shaped like

pollen.

The honey

is

secreted

by the

fleshy base of the ovary,

lodged in the lower part of the tube of the corolla, which
3

mm.

long.

An

insect

must dip

its

proboscis

and
is

is

2 to

down between

the stigma and anthers, and touch them with opposite sides of the

——

—
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inserted on any side of the

stigma, the part of the proboscis dusted with pollen in one flower
will very probably

Since

flies

self-fertilisation

I always

pollen.
fertile

in contact with the stigma in the next.
self-

must frequently result. In absence of insects,
always occurs by pollen falling directly upon the

also

fertilisation

stigma.

come

often dip their proboscis repeatedly into one flower,

In plants which I kept in my room, guarded from insects,
found the stigma in the older flowers thickly covered with
Axell found on experiment that the plant is completely

when

self-fertilised (17).

Delpino describes Myosotis as dichogamous and exclusively
fertilised

M.

by

bees.

silvatica in

A. Hymenoptera

my

garden

Apidoe

(1)

:

Syrphidce

(4)

Syritta pipiens, L., very ab.

(2)

Scatophaga nierdaria, F.
O. sepulcralis,

(9)

(12)
list

by the following

visited

Anclrena albicans, K. 9

Eristalis arbustorum, L., ab.

{(i)

:

is

Mgn.

;

;

(7)

;

(5)

;

Rliingia rostrata, L.
;

Pollenia vespillo, F.

;

Colobata cothurnata, Pz.

all acting in

;

of nineteen additional visitors

is

the

:

B. Diptera

s-

E. sepulcralis, L., ab.

(3)

Species of Echinomyia

(10)

j

insects

(8)

;

{b)

Onesia

Muscidce

R. D.

;

;

manner described above.

given in No. 590,

;

(6)

corvina, F.

floralis,

Musca

(11)

:

A

iii.

—

Myosotis alpestris, Schmidt.
I have observed this plant visited
on the Alps by thirty-three Lepidoptera, nineteen Diptera, and
one bee a strikingly different list from the preceding one (609).

—

306.

Myosotis intermedia, Link.

this plant differ

from those of M.

ap.

Schl.— The flowers of
and

silvatica in their smaller size,

Fig. 159.— Myosotis intermedia. Link.

1.— Longitudinal section (x
2. —Anther viewed from the

in

7).

side to

two points which make

show the broad prolongation

cross-fertilisation still

of the connective.

more sure

:

(I)

The

stigma stands on a level with the anthers, so that an insect's
proboscis is more certain than in M. silvatica to touch anthers and
stigma with opposite sides, unless it be repeatedly inserted as is not

—

— ———

—
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The connective terminates above

in a broad
but stands immediately
above the anther since the latter is inclined towards the centre of
the flower this arrangement hinders the proboscis from coming in
contact with the anther while being inserted.
The same character
is present but much less marked in M. silvatica.
Self-fertilisation always occurs in absence of insects.
(2)

expansion, which

is

slightly curved outwards,

;

The invaginated processes of the corolla which surround the
mouth of the tube in all species of Myosotis serve to shelter the
honey from

rain, and by their yellow colour serve as "paththey also cause insects to insert their tongues in the
centre of the flower and so to come more directly in contact with

finders "

;

the stigma.
Visitors

Andrena

A. Hymenoptera

Bomhylidce

Ajndce

: (1) Apis mellifica, L.
$ ab., s. (2)
A. albicans, K. $ s. B. Diptera (a)
Borabylius major, L. s.
{h) SyrphidcB :
(4)
(5) Chrysogaster
See also No. 590, iii.

:

Wesm. ^

fasciata,
:

,

s.

s.

Myosotis palustris,

Visitors

:

Rhopalocera

A. Lepidoptera

Empidce

:

(2)

Empis

:

(1)

3

is

mm.

long.

Lycaena icarus, Rott.,

opaca, F., very ab.,

Myosotis hispida, Schlecht.

308.

No. 590,

M.

Rth., agrees in all points with

intermedia, except in the length of its tube, which

Diptera

;

,

;

viduata, L.,

307.

,

(3)

;

B.

s.

s.

—The

flower

is

described in

III.

Visitors
(Tekl. B.).

A.

:

Hymenoptera

B. Diptera

Myosotis versicolor,

Apidce

Muscidce

Lehm.

:

(2)

:

(1)

Halictus zonulus, Sm.

Anthomyia

sp.,

?

,

a.

s.

—When the flower opens, the

corolla

and imperfectly developed the anthers
and stigma are however ripe, and the latter protrudes a little from

is

colourless or pale yellow,

;

the flower. If insect-visits now occur, cross-fertilisation results;
afterwards the corolla in elongating rubs the anthers against the

knobbed stigma and the flower is self-fertilised.
I have observed bees and flies visiting the flower (570, vol. x.)
Uchinospermum Lappula, Lehm. The mechanism of fertilisation
resembles that of Myosotis silvatica, but the honey is not so acces-

—

sible, as

the limb of the corolla does not spread out flat, but remains
The corolla is white while in the bud, pale red while

bell-shaped.

just emerging beyond the calyx, and afterwards bright blue.

flower

is

visited

by Diptera, ApidsB, and Sphegidre (590,

Oniphalodes verna, Mcench.

—The

tube

is

3

mm.

ill.

long,

;

The
609).

and the

—
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bright blue limb of the corolla expands to a diameter of 15 to 18

mm.

The connective has no terminal aj^pendage

;

otherwise the

flower resembles that of Myosotis, and self-fertilisation

is

likewise a

regular occurrence.
Visitors

Osmia

309.

Hymenoptera

:

riifa,

L.

^^

,

Apid(je

:

LiTHOSPERMUM ARVENSE,

a small amount of honey, which
latter

forms a tube 4 to 5
its

Bombus

terrestris,

L.

9

,

s.

;

(2)

The

mm.

L.

— The smooth ovary secretes

lies in

long,

the base of the corolla

and only

1

mm.

;

wide in

the
its

stamens are inserted upon the corolla
middle, and their anthers dehisce inwards longitudinally

lowest part.

below

(1)

s.

five short

Fig. lid.—Lithospermum arvense, L.

.—Tip of style, from a bud (x
2.— Position of essential organs
1

st, stigina.
36).
in the flower.

the opening of the flower.
The
which is 2 mm. long, ends in two smooth, rounded lobes, and
bears immediately below these an annular ridge covered with stigmatic papillsB this stands on a level with the anthers, completely
filling up the narrow passage to the base of the flower.
The upper
ends of the stamens curve slightly outwards, thus guiding an insect's
proboscis to the centre of the flower and causing it to pass between
the anthers and stigma.
If in the young flower an insect thrusts in

and

let their pollen escape, before

style,

;

its

proboscis, already dusted with pollen, cross-fertilisation takes

and the proboscis gets dusted at the same time with fresh
But as the pollen issues more and more from the anthers,
cross-fertilisation is soon rendered more diflicult, and ultimately
self-fertilisation becomes unavoidable.
E E
place,

pollen.

—
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The regular occurrence of self-fertilisation is accounted for by
the small, solitary, white flowers, and the scantiness of insect-visits
that this want of conspicuousness leads

have observed Pieris
flowers

;

to.

I,

and P.

hrassicoe, L.,

like Sprengel also,

rapoe, L., visiting

after once resorting to the plant they

Bees and Syrphidse also visit the plant (590,
Lithospermum canescens, Lehm. The

came

the

frequently.

ill.).

—

flowers

either

are

heterostyled or are very variable (167).
Batscliia (Lithospermu^n) longiflorum, Pursh., has cleistogamic

flowers (167).

—

810. ECHIUM VULGARE, L.
The flowers "of this plant are
very conspicuous, and are peculiar in causing insects of very

Eckium

Fig. 141.
1.
2.
fc,

vulgai-e,

L

—Older flower, from the side. The flower should be represented horizontal.
—Transverse section through the base of a flower, niore magnified.
sepal

;

bl,

corolla

;

st,

stamen

;

g, style

;

n,

stigma

;

h,

entrance to the honey.

various sizes to perform cross-fertilisation, both

honey and

in reaching the

in carrying off the pollen.

The honey, which

attracts

base of the ovary, and

most

lies in

visitors, is secreted

by the

fleshy

the base of the five-toothed, funnel-

shaped corolla. The narrow end of the tube is inclined obliquely
upwards, and the expanded bases of the five stamens adhere
When the stamens
to its inner wall for a distance of 4 mm.
become free from the expanded corolla, the latter suddenly widens
out, and its superior wall extends obliquely upwards for about
12 mm. farther; the sides, slightly diverging, extend for 9 mm.;
and the inferior wall extends for 6 mm., lying horizontally and
curving slightly downwards near the mouth. The corolla is large

—
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enough for large humble-bees to insert easily the head and part of
the thorax, and smaller humble-bees more than half of their body;
while

still

The insect
downward curva-

smaller bees can enter the tube bodily.

passes straight on to the base of the flower, the

ture of whose terminal portion corresponds to that of the insect's

To
moment

proboscis.

of a

;

alight on the flower

and suck the honey

is

the

work

so completely is the shape of the flower adapted,

many

not for one only, but for

But none

species of bees.

of the

various visitors can reach the honey without getting dusted ven-

with pollen in young flowers, or leaving some of that pollen
upon the stigma in older flowers.
From the point where the
filaments become free from the corolla, they pass on horizontally
near the inferior wall of the corolla and the four lowest stamens
project some 7 mm. beyond the corolla, forming a convenient
rdighting-place for insects.
The uppermost stamen, on leaving its
attachment to the corolla, also bends downwards, and in so doing
trally

;

it

divides the entrance to the honey-containing part of the tube

into

the

two passages

mouth

it

;

then proceeds horizontally, but only so far as
The free ends of all the stamens curve

of the corolla.

upwards; and the anthers, which dehisce as the flower
no bee, therefore,
can alight without dusting its ventral surface with pollen. Large
humble-bees bring their thorax, smaller ones their abdomen, in
contact with the long stamens, while the smallest bees, which fly
right into the flower, must at least come in contact ventrally with
the short fifth stamen. The style lies in the midst of the stamens,
and divides terminally into two short branches, which bear the
slightly

opens, turn their pollen-covered sides upwards

When

stigmas at their ends.
reaches the

branches

mouth

lie close

capable of fertilisation.
it

projects 10

and

its distal end is straight, its two
and their stigmas are apparently in-

its

stigmas,

;

In course of time the style lengthens

mm. beyond

gently upwards at

bearing ripe

the flower opens, the style scarcely

of the corolla

together,

;

the

mouth

of the corolla;

it

till

curves

and its two branches, now
The stigmas now lie above
and no bee, large or small, can

outer end,
separate.

in front of all the anthers,

enter the flower without bringing

its

ventral surface in contact

with them.

from the position of the stigmas that crossbe performed, even if pollen remains upon the
anthers when the stigmas are mature.
Echium attracts very numerous and various insects, as the
folio wing long list shows:
E E 2
It

is

evident

fertilisation will
_

J

—

—
;
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A. Hymenoptera (a) Apidce : (1) Apis mellifica, L. ^ , very ab., s. ; (2)
sil varum, L. $ $
s. and sometimes also c.p.
(3) B. lapidarius, L.
$ ^ (J (4) B. agrorum, F. ? ^ (5) B. hortorum, L. ? ^ ^ (6) B. terrestris,
(7) B. muscorum, F. ^
(8) B. pratorum, L. ^
(9) B. Rajellus, 111.
X"- ? (?
^ (10) B. hypnorum, L. ^; (11) B. (Apathus) rupestris, F. 9 (12) B. vestalis, Fourc. $
(13) B. campestris, Pz. $ (^
(14) B. Barbutellus, K. $ all
these thirteen species of humble-bees are more or less abundant, especially the
first five, all only suck, except B. sil varum
(15) Anthophora quadrimaculata,
F. $ (^ (Thur.), s. and c.p., ab.
(16) A. furcata, Pz. $ ^ (Thur.), s. and c.p.
(17) Saropoda bimaculata, Pz. $ ^ very ab., s.
(18) Melecta luctuosa, Scop.
(19) Eucera longicornis, L. ^; (20) Andrena fulvicrus, K. ^
$ (Thur.)
(21) A. albicrus, K. ^; (22) A. labialis, K. ^; (23) Halictus nitidus,
Schenck, ? (24) H. albipes, F. ^ (25) H. cylindricus, F. ? ^^
(26) H.
sexnotatus, K. $ Nos. 18—25 all s. ; (27) H. nitidiusculus, K. $, c.p. ;. (28)

Bombus

,

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

,

;

;

;

;

;

;

Nomada

sexfasciata,

Pz.

9

^5.

>

Ceratina coerulea, Vill. $

(29)

;

,

s.

(30)

;

Megachile Willughbiella, K. c^, s.
(31) M. circumcincta, K. $, s. and c.p.
(32) Diphysis serrat;ul8e, Pz. 2 6^ s- ^^^ c.p., very ab.
(33) Osmia fusca,
Christ, (bicolor, Schrank) 9 s. and c.p.
(34) 0, aenea, L. 9 c^ s. and c.p.
(35)
O. coementaria, Gerst. 9 c^ c.p. and s., very abundant in Thuringia and Saner;

;

;

?

>

;

;

?

its nests in the cavities of stones, and feeding the young exclusively
on honey and pollen of Echium (36) 0. adunca, Latr. $ ,^, very ab., also
feeding its young exclusively on honey and pollen of Echium
(37) 0. leucomeloena, K. $ c.p.
(39) Coelioxys quadridentata,
(38) 0. rufa, L. 9 s.

land, building

;

;

,

L.

(=

,

;

conica, L.)

9

c?>

ab.

s.,

;

(40) C. conoidea, 111. (punctata, Lep.),

;

$,

s.

;

simplex, Nyl. ?
s.
(42) C. umbrina, Sm. ? , s.
(43) Chelostoma
nigricorne, Nyl. c? $ , s.
(44) Stelis phceoptera, K. 9,8.; (45) St. breviuscula,
N. (^, s. (46) Prosopis liyalinata, Sm. ? s. (b) Sphegidce : (47) Crabro
(41) C.

,

;

,

;

,

;

patellatus, v. d. L.
affinis,

K. 9

?

9

(^

three

all

Ammophila

(48)

;

s.

(c)

;

Vespidce

:

;

(49) Psammophila
Odynerus parietum, L. (^ s.

sabulosa, L. 9
(50)

>

,

;

ChrysidcR: (51) Cleptes semiaurata, F., s. ; all the short-lipped Hymenoptera creep bodily into the flower to reach the honey. B. Diptera {a) Syrphidw :
{d)

(52)

Ehingia

pyrastri,

L.,

rostrata, L.,
f.p.

;

s.

(55) S.

;

(53)

Helophilus

arcuatus, Fall.,

trivittatus, F., f.p.

f.p.

;

(56)

;

(54)

Syrphus.

Melanostoma ambigua,

(b) Conopidce : (57) Physocephala vittata, F., s.
C. Lepidoptera
Rhojmlocera : (58) Satyrus Janira, L.
(59) Pieris brassica), L.
(60).
Lycoena sp.
(61) Hesperia sylvanus, Esp.
(62) Colias hyale, L. (Thur.)
{b) Sphinges : (64) Zygaena lonicera;, Esp. (Thur.)
(63) Melita3a cinxia, L,
(c) Noctucu : (66) PI usia gamma, L., ab., all
(65) Macroglossa stellatarum, L.
sucking.
D. Coleoptera (67) ffidemera virescens, L., crept far into the flower,
and seemed to reach the honey. A further list of visitors in Low Germany is
given in No. 590, iii. A list of Alpine visitors (seventeen bees, five Lepido-

Fall., f.p.

;

(a)

;

;

;

;

;

;

;

;

—

ptera)

is

given in No. 609,

A review of this
flowers of

Echium

p. 262.

long

list

of insects,

many

of which frequent the

in great numbers, shows that the great majority

come seeking honey, and only use the stamens as a landing-place.
The females of bees with abdominal collecting-brushes, without
any special effort, sweep up pollen with their abdominal brushes,
filling them after a few visits.
The flower is thus so convenient

;
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of these bees {Osmia adu7ica and 0. cccmen-

both for their own food and for that
make frequent use of the pollen,
while bees with tibial or femoral collecting-baskets seldom gather
it, and all other insects come solely for the sake of honey.
Thq
l^ower of self-fertilisation has been completely lost.
This plant is gynodioecious.
The female flowers differ from the
hermaphrodite in having a much smaller corolla and shorter pistil
their stamens are short, and the anthers contain no sound pollengrains (Darwin, 167).
taria) resort to it exclusively,

of their larvse.

Syrphidce also

Cerinthe glabra, Mill.
for

humble-bees.

((7.

al2mia, Kit.).

— This

Fio.

Ii2.— Cerinthe glabra,

A.— Flower that hns receutly
B.— Ditto, in .section ( x 4).

is

adapted

Mill.

expanded.

C— Older, fully expanded flower (x

7).

sepal; co, corolla; n, nectary; ov ovary; gr, style;
(Falo Alp, July 2S, 1877).

s.

to

flower

Only humble-bees or other large bees can cling

fi,

filament.

recurved teeth of the corolla, and hanging beneath the
suck the honey from its base. In doing this the insect
brings its head in contact with the stigma, and then, touching

the

flower,
first

the anthers with

its

proboscis,

it

dusts

its

head with new

I have only found humble-bees {Bonibus alticola, $ 9

),

pollen,

but those in
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great numbers, on this flower {AlpenUumen, p. 264

by mistake

(7.

(S90,

and

named

there

major).

and is
humble-bees
by the honey-bee as well as by

somewhat

Cerinthe minor, L., has a
visited

;

[part hi.

fertilised

different structure,

III.).

According to Kuhn, Eintrichium, Amsinckia, Lithospermum,
Pulmonaria, Arnehia, and Hockinia, contain dimorphic species
Darwin considers that Amsinckia and Amelia are not
(399).
dimorphic, but merely show extreme variability in the length of
their stamens

and

style (167).

Mertensia, Roth.,

is

I

dimorphic according to Darwin (167).

REVIEW OF THE BORAGINEiE.

The

Borao^inese have inherited from

common

ancestors a short

tube w^hich, to a certain degree, conceals their honey.
The lower forms (Asperugo, Echinospermum, Omphalodes,
Myosotis) are visited and cross-fertilised by
2)liidce),

flies

(especially Syr-

and Lepidoptera, and are adorned with

bees,

red, violet,

blue colours through the selective taste of their guests.
in the course of individual development,

the evolution of their colours
of Myosotis

;

— white,

yellow, bluish, violet in

blue in Pulmonaria, Echium,

seem

and

Many species,

to recapitulate to us

rosy, blue in several species

M.

versicolor

;

and

red, violet,

Here, white and yellow seem

etc.

have been the primitive colours and, at least in many cases,
and blue seem to have been preceded by red an assumption which is strengthened by the fact that many blue and violet
species (Myosotis, Anchusa, Symphytum) give us white and roseto

;

—

violet

red varieties, apparently by reversion to more primitive characters.
Starting from these simpler forms, we meet with many advancing adaptations for fertilisation by bees. Pulmonaria, simply

by the length of

its

tube, protects its

honey from the great majority

of insects, excepting humble-bees, and insures cross-fertilisation, in
it, by the distinct heterostylic
honey for bees still more effectually
by the narrow entrance to its tube and according to Warming, it
shows locally a tendency (never completely attained) to become
Echium, without excluding other guests, has so
heterostyled.
adapted the form of its flowers for the convenience of bees, that
many species visit it in great numbers and it insures crossfertilisation by proterandry and by the prominent position of the

the event of humble-bees visiting
condition.

Anchusa reserves

its

;

;

—
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flowers of Borago, and the position

which cannot hang, as bees
and insert their proboscides into the narrow
opening. Symphytum and Cerinthe, finally, besides offering the
same difficulties as Borago, have a tube which requires so long a
proboscis to reach its base, that only humble-bees and other bees
of their anthers, exclude

all

insects

can, below the flower

with a proboscis equally long can reach the honey.

CONVOLVULACEM

Ord.
311.

Convolvulus arvensis,

L.

— Sprengel

has described the

chief characters of this flower very clearly, contrasting

them with

those of C. sepium.

The funnel-shaped corolla is yellow at the base internally,
elsewhere either white or red, and marked in the latter case with

Fig. 143.

Convolvulus arvensis, L.

1.— Transverse section, through tlie base of the flower (x
2.— Essential organs, from an expanded flower (x 3i).
a, style;

five radiating

b,

filament;

e,

entrance to nectary; d, corolla;

white streaks.

of closing, both in the evening

7).

e,

calyx.

These "pathfinders," and the habit
and in rainy weather, mark out the

The orange-red
flower as adapted for the visits of diurnal insects.
under surface of the ovary secretes honey, which is lodged in the
lowest, narrowest part of the corolla, and sheltered by the broad
bases of the stamens, which leave five narrow openings leading to
it.
The stamens arising thus with broad bases from the corolla,
adhere to it for a short distance, and then curve inwards, coming
the filaments, where they are in
close together around the style
;

contact with one another, are closely beset with small, stiff projections, which prevent an insect from thrusting its proboscis

—

;
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The

between them.

narrow

five

insect

must make

its

way

between the stamens, near

slits

means

their base, are thus the only

of access to the honey, and the

into the funnel

the stamens, and then insert

[part hi.

between the

and

corolla

proboscis into one of the

its

slits.

Since the stamens dehisce extrorsely, an insect acting in this way,
it be too small, must be dusted with pollen
and the two
branches of the stigma, standing well above the anthers, and

unless

;

stretching outwards over them, are touched before the anthers by

In absence of insects, self-fertilisation can easily occur
hangs down, or if the corolla withers and falls off,
the pollen readily falls upon the stigma, and even in erect and
fresh flowers, one of the stamens is not unfrequently seen, still
covered with pollen, in contact with the stigmatic papillae. The
flowers have a peculiar aromatic smell, which seems the only reason
for their being visited so much more plentifully than the larger
the insect.

for if the flower

flowers of G. senium.
A. Hymenoptera Apidce : (1) Apis mellifica, L. ^ very ab., s.
Visitors
and c.p., to suck, it creeps down into the base of the flower, dusting its head
and back with pollen, which parts come first in contact with the stigma in each
:

,

—

flower

(2)

;

Halictus morio, F.

^

,

touching neither stigma nor anthers

s.,

(3)

;

H. longulus, Sm. $ (5) H. nitidiusculus, K. $ all
they usually alight on the stigma and then proceed to the anthers,
three c.p.
thus effecting cross-fertilisation
(6) Chelostoma campanularum, K. ^ s., like
No. 2. B. Diptera (a) Empidce : (7) Empis livida, L., very ab., s., thrusting
H.

villosulus,

K. ?

;

(4)

,

;

;

;

,

—

its

(8)

proboscis into each of the five nectaries one after another

Helophilus

floreus, L.,

s.

and

f.p.

;

takes shelter from rain in the flowers
S. balteatus,

four f.p.,

Deg.

(12)

;

(9)
;

Syrphus

(10)

Melithreptus scriptus, L.

—the large honey-sucking

;

Syrphidce

(b)

and
Mgn.

Eristalis arbustorum, L.,

;

(13)

nitidicollis,

M.

s.

;

taeniatus,

(11)

Mgn.,

in the same
of Nos. 3
5

flies effect cross-fertilisation

—

:

f.p.,

all

way

do so after the manner
(c)
abundant in the passages leading to the honey. C. Coleoptera (a) Nitidididce : (15) Meligethes, do. {h) (Edemeridce : (16) (Edemera
Ceranibycidce : (17) Leptura livida, L., feeding on
virescens, L,, f.p.
(c)
Eighteen
D. Hemiptera (18) Nabis, s.
pollen, and on the anthers.
additional visitors are enumerated in No. 590, in.
as No. 1, the smaller pollen-feeding flies

MuscidcB

:

;

(14) Sepsis,

—

;

;

—

—

The flowers
Galystegia sepium, R. Br. {Convohuhts sepiwm, L.).
In spite of their large
are scentless and without " pathfinders."
and conspicuous white colour, they are only scantily visited
They remain open in rain. On dark evenings (beby insects.
tween 8 and 10) I have found all the flowers closed, but all open
In other respects the flowers are similar
on moonlight nights.
size

to those of Convolvulus arvensis.

I have never observed crepus-

cular or nocturnal insects on the flowers, but several of

my

have caught numbers of Sphinx convohuli upon them

pupils
in

the
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In the daytime I have sometimes seen Halidus cylindL. S, and E^iipis and
ricics, K. 6, and Megachile centuncularis,
all
creeping
into the base of the
numbers,
special
in
Rhingia
flower, and inserting their proboscides through the slits between
evening.

Rhingia rostrata, L., applies its labellse frethe filaments.
quently to the anthers, stigma, and inner wall of the corolla,
Mcligdhes, Thrips, and
apparently picking up scattered pollen.
minute Podurce also frequent the flowers during the day.
Delpino mentions Sphinx convolvuli as a fertiliser of C. sepiuni
he tells me by letter that one of his friends catches
this insect in numbers, standing by a hedge overgrown with the
plant, holding thumb and forefinger over a flower and closing its
(172, 352);

when the insect has entered
In England, where Sphiiix convolvuli is rare, C. sepium seldom
produces seed in Scotland, where S. convolvuli seems not to occur,
In the north of Ireland,
C. sepium is rarely found wild (jji)H.
Corry,
sepium
is far commoner than
C.
according to Mr. T.
convolvuli
is
Sphinx
comparatively
frequent.
and
G. arvensiSf
orifice

!

;

Cuscuta Epithymum, L., is homogamous. Honey is secreted
by the lower part of the ovary, and is sheltered by scale-like
appendages of the corolla. The flowers are visited by Sphegidce,
and in absence of insects fertilise themselves (590, ill.).
Cuscuta^ according to Kuhn, has cleistogamic flowers (399).
Ipomcea pestigridis, L., has cleistogamic flowers, which were

known

to Dillenius.

Calonyction, Chois.

—The flowers are
Ord.

312.

sterile to their

own

pollen.

SOLANACE^.

SoLANUM TUBEROSUM,

L.

—The

peduncles stand almost

and the five-pointed rotate
limb of the corolla becomes nearly vertical. Five anthers meeting
to form a cone project from the flower and surround the style,
which protrudes beyond them and curves more or less downwards
at its stigmatic end.
All the stamens bend very slightly downwards, and the lower anthers project somewhat in advance of the
others.
The anthers begin to dehisce at their apex, and when
touched allow a little pollen to fall out in some which I examined a large quantity of pollen-grains (from '013 to "021 mm.
in diameter) remained in a shrivelled condition.
Since the flower secretes no honey and affords little pollen, it
is very scantily visited by insects.
In spite of repeated watching.
horizontal at the time of flowering,

;
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have only occasionally seen two common Syrphidae, Eristalis
and Syritta pipiens, L., feeding on the pollen. Darwin
observed the flower visited by humble-bees.
The stigma, from its position, must be touched by an insectIn many flowers the end of the style
visitor before the anthers.
curves backwards so much as to stand beneath the anthers, in the
I

tenax, L.,

line of fall of the pollen, so that self-fertilisation

occur.

Treviranus was therefore

described the genus

backwards
313.

to

Solanum

meet the anthers

may

in

such cases

not wholly wrong

when he

as fertilised

by the

style curving

(742).

Solanum Dulcamaka,

L.,

is

likewise devoid of honey,

by
I
examining the greenish spots which
glitter like drops of fluid in the middle of the violet corolla, and
Here
afterwards stroking the tips of the anthers with its labellae.
and
Parnassia
the
fly
as
delude
Lopezia
to
do
Dulcamara
seems
B.
by
pollenalso
visited
is
Dulcamara
(590, III., pp. 20-22).
and
have seen Bhingia

insects as S. tuberosum.

is at least as scantily visited

rostrata, L,,

>S^.

collecting Bomli,

and pollen-feeding Syrphidse

(609).

314. Solanum nigrum, L.— The flowers are devoid of honey,
but I have repeatedly seen two common Syrphidas, Melithreptus
Both
scriphcs, L., and Byritta pipiens, L., feeding on the pollen.
stroked the outer side of the anthers with their labellae from the
apex downwards as far as the middle of the corolla. Sprengel

observed bees and humble-bees upon the flowers.
further account of the flower in No. 590, III.

Fia.
1.

144.— Lj/cium barbarum,

L.

—Flower, viewed from the front.

2.— Ditto,
a,

I have given a

in section.

protecting huirs

;

st,

stigma.

rulyare, Dun.).— Honey is
ovary, and accumulates in
naked
secreted in large quantity by the
mm. long. The corolla
10
to
the base of the tube, which is 7

315.

Lycium barbarum,

L. {L.

—
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widens out above, and is smooth within, except that a ring of close
woolly hairs surrounds it at the base of the funnel-shaped, expanded portion on a level with this ring, five similar rings of hairs
surround the five stamens, and effectually exclude rain.
The
corolla divides above into five violet lobes, which spread out to
a diameter of ] 6 to 22 mm. The funnel-shaped mouth is lightcoloured, and marked with dark-violet lines (pathfinders) coursing
;

Stigma and anthers ripen totowards the base of the flower.
The style is sometimes
gether, and stand at the same height.
bent upwards above the anthers, as in the figure, but as a rule it
immediate contact with them. Insect-visits, therefore, may
and in absence of
lead equally well to cross- and self-fertilisation
insects self-fertilisation in most cases takes place.
is

in

;

Visitors

Hymenoptera

:

Bombus agrorum,
See also No. 590,

I

F.

?

,

s.

Apidce
;

(3)

:

(1)

Apis melHfica, L. ^ s., ab. ; (2)
s., both very frequent.
,

B. lapidarius, L. $

,

11 1.

Atropa Belladonna, L., is likewise adapted for humble-bees.
have seen it visited by nine species of bees and by Thrips

(590,111.).

Ma7idragora mrnalis, Bert., is proterogynous, according to
Hildebrand (351).
lochroma tubulosum, Benth., is proterogynous with persistent
The deep-blue, pendulous flowers are tubular, widening
stigmas.
out at the mouth, and are supposed by Delpino to be fertilised by
humming-birds (i77)«
Scopolia

carniolica,

Jacq.

(aS^.

atropoides,

Schult),

is

protero-

gynous (351).

Hyoscyamus

316.

niger,

L.— Cross-fertiHsation

is

insured,

by the prominent position of the stigma.
Sprengel found the plant visited by humble-bees, and the dimensions of the flower seem well suited to these insects.
I have seen
or at least favoured,

only Halictus cylindricus, F. ?

Browallia

mouth

is

elata,

L.

— The

blocked by the

,

collecting pollen on the flower.
corolla

is

hypocrateriform, and

much expanded

its

filaments of the two

superior stamens, which are inserted in the throat of the corolla

these leave only two very narrow openings through which a thin
proboscis

may

pass.

The

proboscis entering in this

the anthers (the inferior pair of which
also the stigma

way touches

and
which stands between the two pairs of anthers the
is

inclosed in the tube),

;

stigma smears the entering proboscis with viscid matter in the
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and receives pollen from it in the old. Delpino
brown colour of the broad superior stamens is a
device to guide insects that have alighted on the flower towards the
pollen.
His view that the flower is fertilised by Sphingidae and
Bombylidie is opposed to this, for these insects seek honey only.
Species of Anthophora, which Delpino thinks may possibly be also

young

liowcr,

considers that the

fertilisers,

are

scarcely

likewise

Browallia (178, 360).
My brother Fritz Miiller
10, 1860, that

he finds

tells

fitted

to

reach the

pollen of

me, in a letter dated November
genus Franziscea (Brunfelsia)

in the allied

Fig. 145.

Flower of Fransiseea, from
o,

authors;

The

at,

stigma

;

ffi\

Itajjihy.
style.

dotteil line indicates tlie

Half of the corolla aud two stamens have been removed.

patk whicli the

insect's proboscis

must take

a structure similar to that described by Delpino

to reach

tlie

honey.

for Browallia,

A

handsome species of Franziscea, occurs at Itajahy. In this there
are two lateral entrances to the tube, but between them the
throat of the corolla is blocked, not by a valve formed by the
stamens (yalrola staminalc, Delpino), but by the style which bends
forward to apply

itself to

the anterior wall of the corolla.

—

The two stamens are inclosed by the
and spring up when an insect settles on the latter the
stigma is at first shorter than the stamens, but after they have
burst free it lengthens and projects beyond them, so as to be now
the first part touched by an insect- visitor (346).
Schizanthus, Rz. and P.

lower

lip,

:

PART

THE MECHANISMS OF FLOWERS.

in.l

429

SCROPHULARINE.E.

Ord.

—

The long yellow racemes are
317. Verbascum nigrum, L.
very striking, and the flowers are made still more conspicuous by
the orange-red anthers and violet hairs upon the filaments. The
plant

is

visited

by very various species of insects.
honey without success, and had come to

1 sought repeatedly for

the conclusion that the flower contained none. On July 28, 1871,
however, towards evening, T saw a small moth, Ephcstia elutella,

busy sucking very assiduously on the flowers of a plant of
Standing on a petal, it thrust its
in my room.
proboscis down between two stamens^ into the short tube, and
Hiibn.,^

species

this

it to various parts of the inner wall of the corolla.
After
spending a considerable time on one flower, it rolled up its proboscis
and flew off to another. It continued these operations for some

applied

certainly found honey
and the next
morning I found in many flowers, but not in all, minute drops
The
of honey adhering to the smooth inner surface of the tube.

minutes, and therefore

;

flowers afford a large quantity of orange-red pollen, accessible to
all insects

;

and

I observed that in the case of

Syrphus haltcatus

the violet clavate hairs form a third attraction.

The

position of the parts of the flower

in case of insect-visits not inevitable

makes

cross-fertilisation

but exceedingly

likely,

while

The short tube
which takes up an almost

in absence of insects self-fertilisation easily occurs.

widens out into a

flat,

vertical position

the inferior lobe

:

five-lobed limb,
is

the longest, and the two

superior are shorter than the lateral lobes, so that an insect settles

most conveniently upon the inferior. The stamens project almost
horizontally, but curve slightly upwards from the tube, and diverge
slightly from one another they alternate with the petals, and again
the superior is the shortest and the two inferior longer than the
lateral.
The anthers, which stand close together, dehisce along
;

their

outer edge,

covering themselves almost completely with

The style is shorter than the inferior stamens,
and bent down slightly below them. An insect standing on the
inferior petal generally touches the knobbed stigma first, on its way

orange-red pollen.

Named for me by my friend Dr. Speyer, of Rhoden.
Just between each pair of stamens, the central part of the corolla bears a
chestnut-brown spot. Sprengel (702, p. 122) considered these spots to be honeyguides, though he could find no honey in the flowers
My discovery of honey
confirms his view.
^

2

—— —— —
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and thus cross-fertilisation is favoured, though stigma
and anthers ripen together. In absence of insects, self-fertilisation
to the anthers

;

stigma frequently stands in the line of

possible, as the

is

fall

of

the pollen.
Visitors

A. Hymenoptera

:

B. terrestris, L. $
signata, Pz.
lidce

Deg.,
(9)

(6)

:

$

,

,

f.p.

and

s.
;

s.

Hiibn.,

Thysanoptera

;

,

,

c.p.

B. Diptera

f.p.

F.
;

^

—

s.

,

;

(2)

Prosopis

(4)

Bonihy-

(a)

Syrphus balteatus,

(7)

:

Microlepidoptera

NitidulidcB

F. Neuroptera

(12) Thrips, ab.

$

Eristalis arbustornm, L., do.

(8)

:

C. Lepidoptera

D. Coleoptera

s.

pilipes, F.

Syrphidce

(b)

;

and licking the staminal hairs

f.p.

Bombus agrorum,

(1)

:

Andrena

(3)

Systoechus siilfureus, Mik.,

Syritta pipiens, L., do.

elutella,

;

communis, Nyl. ?

P.

(5)

Apidce

c.p.

(11)

:

;

(13)

j

Ephestia

(10)

:

Meligethes, ab.

i-E.

Panorpa communis,

L.,

licking various parts of the flower.

318.

Veebascum PHCENICEUM,

—The structure of the flower

L.

agrees with that of the preceding species, but I have hitherto failed,

any honey I have never seen any
saw Andrena fulva, Schrank,
insect sucking on
flowers and then immedifour
three
or
into
$ insert its proboscis
doubtless failed to
having
flew
away,
then
it
ately withdraw it
as Sprengel also did, to discover
this flower.

;

I once

,

;

find anything.
Visitors

:

A. Hymenoptera

Bombus muscorum,

L. ^

,

c.p.

Apidce
;

(3)

:

(1)

Andrena

Apis

mellifica, L.

dorsata,

K. $

,

c.p.

;

$

c.p.

,

(4)

;

(2)

A. fulva,

—

Schrank, ? vainly seeking honey (5) Halictus sexnotatus, K. 9 c.p.,
could see clearly how this bee loosened the pollen with its mandibles, and
swept it with the tarsal brushes on its fore and midlegs into the collecting
B. Diptera.— Syrphidce : (6) Rhingia rostrata, L., very
hairs on its hindlegs,
ab., f.p.,
I have often seen a specimen of this fly on almost every flower, eating
,

j

;

—

pollen,

and

319.

also licking the staminal hairs.

Verbascum Thapsus,

:—

L.

A. Hymenoptera (a) Apidce : (1) Apis mellifica, L. ^ (2) BomVisitors
bus Scrimshiranus, K. 9 (3) B. hortorum, L.v t^ (4) Halictus smeathmanellus,
K. 9 all c.p. (5) H. cylindricus, F. $ (6) Andrena parvula, K. ^ both of
these seemed to be sucking
(&) Sphegidw : (7) Polistes gallica, F. $ (Thur.),
seemed also to be sucking. B. Diptera Syrphidce : (8) Helophilus floreus, L.
:

;

;

;

,

,

;

;

;

;

(9)

Syritta pipiens, L.

;

(10)

Ascia podagrica,

Verbascum Lychnitis, L.

by

species

of ffalichts

Coleoptera (590,

—I saw

F., all three f.p.

this species in Thuringia, visited

collecting

pollen,

and by Diptera

and

ill.).

Darwin, in Forms of

Flovjers,

shows that

V,

Thapsns and
and that,

V. Lychnitis readily produce hybrids in a state of nature

;

since these hybrids are absolutely barren and the self-fertilised
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plants

fairly

fertile,

in

this

case

insects-visits
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by promoting

hybridisation do harm.

According to Delpino, the Verbascums are adapted for pollenon the stamens, clear
the pollen off the anthers and fly rapidly to another flower.
I
collecting bees, which, clinging to the hairs

agree with

this view,

and look upon

it

as

But from

explanation of the hairy stamens.

the most plausible

my own

observations

and Syrphidce
are very frequently the fertilisers of this genus.
Delpino goes too
far in saying that the flowers of Verbascam are adapted solely for
bees (esclusivamente wclittofili), and that the visits of all other insects
are accidental and without significance (178, li., pp. 296-298).
Each of the two anthers is modified, as
Calceolaria pi7inata, L.
in Salvia pratensis, into a lever, of which one arm bears a pollenless anther-lobe and stands in the mouth of the corolla. When this
arm is touched by an insect, it causes the other, the pollen-bearing
it is

clear that the small pollen-feeding bees (Prosopis)

—

shed

lobe, to

its

pollen.

Self-fertilisation

may

take place in the

falling off of the corolla (352).

—

The flowers which I have
320. LiNARiA VULGARIS, Mill.
examined do not agree in all points with Sprengel's description.
Honey is secreted by the base of the ovary, which is especially
As a rule the honey
prominent anteriorly, opposite the lower lip.
does not, as Sprengel thought, leave the tip of the spur empty,

down

flowing

bottom

for

which cannot reach the
but it glides in a smooth, narrow
hairs, which passes from the nectary

at intervals in large drops

the air contained there

groove, bordered by short,

stiff

;

between the two anterior stamens, and thence to the tip of the spur,
which it fills to a depth of 5 or 6 mm. or even more. In several
hundred flowers which I examined, I found two which corresponded
in this point with Sprengel's description, so it seems probable that
he based his account upon an abnormal specimen.
The adjacent sides of the two inferior stamens are closely beset
with pointed processes at their base, which protect the honey from

when such succeed, as ants frequently do, in
the flower. The hairs bordering the groove protect the
like manner from insects, and also help to keep it in its

short-lipped insects,

entering

honey in
course

;

the length of the spur would be of no advantage unless

the honey were strictly confined to

The length

it.

of the spur (10 to 13

mm.) excludes

short-lipped

bees from the honey, and flies and beetles are prevented from
entering the flower by the tumid lower lip, which completely

—
THE FERTILISATION OF FLOWERS.

432

closes the tube

adapted

;

by

tli3se characters

The

proboscised bees.

the flower becomes exclusively

most diligent of

those

for

[part hi.

fertilising-agents, the

palate of the lower lip

is

long-

of a bright orange

"pathfinder"; guided by this, the bee presses
and creeps so far into the tube as to be able to
thrust its head into the wide part of the spur and then reach the
In doing this, the back of the bee comes in contact with
honey.
the anthers and stigma these are matured simultaneously, and the
stigma lies between the shorter and longer pairs of stamens, so that
the bee can bring about both cross- and self-fertilisation. Probably,
if pollen from another and from the same flower are applied to the
stigma, the former outstrips the latter.
In absence of insects, selfcolour, forming a

down the lower

lip,

;

The

fertilisation is possible.

Visitors:

To

suck,

it

Hymenoptera

{a)

visitors consist exclusively of bees.

Apidce

:

(1)

Apis

mellifica, L.

creeps almost entirely into tke flower and thrusts

its

?, very ab.
head into the

—

wide entrance of the spur, which it empties down to a depth of 2 3 mm. It
creeps out again with its back covered with pollen, and proceeds more frequently to flowers at the same height on neighbouring plants than to higher
In other cases I have seen the honey-bee bite a hole in
flowers on the same.
the spur, and empty it, as Sprengel describes, Sprengel has correctly described
its

behaviour while collecting pollen

corolla

:

from the upper, and thrusts

" It slightly separates the loAver lip of the
its

Bombus

head

so far in as to reach the anthers

sucking normally. It
then thrusts its proboscis
9 mm.) almost to the tip of the spur, and emerges with the upper surface
(7
Sometimes it
of its head, pro- and meso-thorax thickly covered with pollen.
sweeps off part of this pollen with the brushes on its fore and midlegs, and
Sprengel's idea that the large humble-bees do not
places it on the hindlegs.
enter the mouth of the flower is accordingly erroneous.
(3) Bombus hortorum,

and obtain

their pollen."

inserts its head, thorax,

(2)

and

terrestris, L.

$

,

forelegs, into the flower,

—

L. 9 $ and ^
I have very frequently seen this bee empty the flowers of their
honey, which it can do more quickly owing to the length of its proboscis
21 mm.) than the preceding species. Even the males sometimes swept the
(17
pollen off their heads w^ith their forelegs, and always had a number of pollengrains on all their tarsal brushes
9), s. ;
(4) Megachile maritima, K. ^ (8
(6) 0. leucomela?na, K.
(5) Osmia oenea, L. $ (9—10), repeatedly, s. and c.p.
.

—

—

;

;

(7) Anthidium manicatum, L. ^ ^ (9—10), al'.,
Andrena Gwynana, L. 9 (2^), c.p. (b) Formicidcv :

(parvula, Duf.), $ (2^), c.p.

both s. and ( $ ) c.p.
(9) Various species,

;

(8)

ab.,

;

Delpino observed Linaria vulgaris

by Bomhus

;

s.

fertilised

by the hive-bee and

itcdicus (172).

Linaria alpina, Mill, is likewise adapted for humble-bees, but is
by Lepidoptera also (609).
Linaria minor, Desf., is very rarely visited by insects, and

visited

fertilises itself regularly (590, ill).

,
;;
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Linaria Cymbalaria, Mill,

is

chiefly

visited

433

by bees

(590, in.).

Cleistogamic flowers occur in Linaria according to Michalet (524)

and

Kuhn
321.

(399).

Antirrhinum majus,

vulgaris (1) in the
largest

much

L.

— This plant

greater size of

humble-bees can enter bodily,

differs

(2)

by

its

from Linaria
which our

into

its flowers,

more firmly closed
its nectaries and

entrance, which excludes the smaller bees, (3) in

honey receptacles.
The honey is secreted, as Sprengel suggested, by the smooth,
green, fleshy base of the ovary, whose upper part is paler in colour
and covered with fine hairs but it does not flow, as Sprengel
thought, down into the short spur which is hairy within, and for
that reason unfitted to be a honey-receptacle, but it remains adherent to the nectary and to the base of the anterior stamens. The
short wide spur permits the insect's proboscis to reach the honey
from below above and in front it is protected by a thick fringe of
stiff, knobbed hairs on the angles of the anterior stamens.
The flowers are fertilised chiefly by humble-bees, of which I
have observed the following species (1) Bomhus hortoruni, L.
;

—

;

:

(2) B.
(5)

t'errestris,

L.

(3)

;

B. agrm-nni, F.

;

(4)

B. silvarum, L.

The females and workers, and

B. lajndarins, L.

in late

summer

the males also, creep bodily into the flower, and creep out backwards

dusted on their backs with pollen. From time to time they brush
the adhering pollen from their thorax with the tarsal brushes

off

and midlegs, and from the abdomen with the tarsal brushes
Not only the females and workers, but the males
also, perform this action, which seems, therefore, to be done more for
cleanliness than to collect the pollen, though the females and workers
naturally make use of it, placing it in the pollen-baskets on their
I have also seen Anthidiuni manicaiuni, L. ? Mcgachile
hindlegs.
fa^ciata, Sm. S and Osmia rufa, L. $, creep into the flower and
emerge with their backs covered over with pollen. Smaller bees
only exceptionally creep into still fresh flowers, and are useless to
the plant I have only once seen Megachile centuncularis, L. $
succeed in entering on the other hand I have repeatedly seen
small species of Halictus {II. zonulus, Sm. ? H. morio, F. ? //.
Smeathmanellus, K. ?) flying from flower to flower until they
reached an old flower, which in withering had opened slightly and
permitted them to enter. This showed clearly how far the fast
of the fore

of the hindlegs.

,

,

:

;

,

closure of the

mouth

could enter from the

is

first,

useful to the

,

plant;

they would use up

if

the small bees

much

of the honey,

F F
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and the flowers would be

diligently visited

less

[part hi.

by the humble-

bees.

Dr. Ogle

found that Antirrhinmii produced no seed when

protected from insects by a tent of gauze (632).

Maurandia,

Ort., Chelone,

and Peiitstemon, L'Her.,

L.,

are, ac-

cording to Delpino, proterandrous, the style coming to occupy the

In the two

place of the stamens.

last

genera, the stamens are

broad, fleshy, and hollowed out at the base to secrete and lodge the

by Bomhis, Anthidium, and Apis.
The position of the fifth stamen in Ptntstemon and
(178, 360).
its frequent partial or complete abortion has been discussed by
Dr. Ogle (632).
A very thorough account of the floral mechanism
of Pentstemon is given by Errera (230).
honey.

Pentstemon

is fertilised

SCROPHULARIA NODOSA,

322.

sonales the anthers

in

lie

two

L.

— In

pairs,

most Lamiales and Per-

one behind the other, and

..^'^,

Scrophularia nodosa, L.

Fig. 116.

I.— Flower, in first stage, from
2.— Ditto, from below (x 3^).
3.

—Older flower, fertilising

front

tlie

itself,

(x

7).

viewed from the

side.

corolla c, stamen
c', fifth metamorphosed stamen
e, style
d, ovary
drop of honey.
4— 7.— Fifth stamen in various stages of reversion towards its original form (x 12).

a, calyx
nectary

;

t,

;

b,

;

;

;

;

;

/,

stiyma

h,

black membranous lobe

;

k,

anther-lobe.

touch an insect-visitor on the dorsal surface
sure cross-fertilisation,
the style can scarcely

must
lie

;

the stigma then, to in-

also touch the insect

on the back, and
elsewhere than between the two pairs of

The

stamens, along the upper part of the corolla.

comes in the way, and accordingly disappears
reappearing permanently, for

out by natural selection.

I

;

^

it

superior stamen

has no chance of

directly injurious, and is weeded
have only once found a flower of

it is

Cf. Dr. Ogle,

No. 632,

p. 51.

;
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Lamium album
the

with

stamens

five

;

436

the upper lip was absent, and
the other four, was well

stamen, which stood behind

fifth

formed, but shorter than

tlie others.

In Scrophularia, on the other hand, the anthers come in contact
with the ventral surface of the insect. The fifth stamen is thus
whether it be j)resent or absent is of no
useless, but not injurious
importance, and it is therefore beyond the influence of natural
;

selection. Accordingly, the small black scale-like appendage on the
upper wall of the corolla in Scrophularia (c, 1, 2, 3), Avhich represents the fifth stamen, shows not unfrequently more or less complete reversion to its primitive form (4-7, Fig. 146).
The more

completely

it

approaches

the pollen-grains which

its

it

typical form, the

bears

;

more

perfect also are

thus in the anther

k, 4,

not half of

the pollen-grains attained the normal size (|i^ nim. in diameter)
most of them were much smaller (f^J- mm.) and shrunken ; in the

anther

k, 7,

only a few pollen-grains

fell

short of the normal size.

In exceptional cases the anther even dehisces, and lets part of

its

pollen escape.

The
ally

5

The wide globular corolla is about
by wasps.
and in its base, near the superior side, two
drops of honey may be seen, which are secreted by the

mm.

large

flowers of Scrophularia axe remarkable for being speci-

visited

in diameter,

yellowish base of the ovary.

numbers

;

clinging with

all

Wasps

visit

the flowers in great

six legs to the outside of the

with the abdomen applied to

it

flower,

below, they easily insert their

heads between the upper and lateral lobes of the corolla and reach
In young flowers they
little loss of time.^

the honey with very

touch the stigma, and in old flowers the anthers with the underof the head and of the pro- and meso-thorax, and thus

side

younger flowers with the pollen of old, as
Severin Axell's doubts regarding the possibility
of proterogynous dichogamy in entomophilous flowers may be
easily refuted by observing Scrophularia in flower in the open air.
For, as Sprengel showed and as I have repeatedly observed, flowers
aie constantly to be seen whose stigmas are covered with pollen,
but whose anthers are still unripe and hidden within the corolla,
regularly

fertilise

Sprengel showed.

Sprengel is wrong in saying that fertilisation can only be effected
by insects.
The stigma, when supplied with pollen by insects,
bends down over the lower lip and withers, while the anthers ripen
and project beyond the lower border of the corolla but in absence
of insects, as I have frequently seen in plants flowering in my
;

1

Sco Spreugel (702), Title-page,

fig.

xxv.

F F 2

—

;
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room, the stigma remains fresh and outstretched, while the anthers
dehisce immediately above, letting part of their pollen fall upon it.

my room

I have likewise observed on plants in

that such self-fertili-

sation regularly produces capsules filled with well-formed seeds.

In long-continued cold and wet weather, when neither wasps nor
bees are about,

the capsules of ScropMolaria are well

all

In sunny weather

cross-fertilisation

except V. Crahro, are frequent

According to Mr. A.

S.

never

fails, for all

filled.

our wasps,

visitors.

Wilson, wasps on Scrophularia begin at

the top of the inflorescence and proceed downwards

;

so that here

the crossing of separate plants is insured just as it is in proterandrous plants with elongated inflorescences {e.g. Labiatse), where the

from below upwards {77^).

fertilising-agents (bees) proceed

Hymenoptera {a) Vespidce : (1) Vespa vulgaris, L. (2) V. rufa, L. (3)
V. germanica, F.
(4) V. media, Deg.
(5) V. liolsatica, F., all s., very ab
(b) Apidce : (6) Bombiis agrorum, F. $ ^
s., scarce
(7) Halictiis sexnotatus,
K. $ 8. and c.p. ; (8) H. zonulas, Sm. (^ s. (9) H. flavipes, F. (J s. See
;

;

;

;

,

,

;

,

also No. 590,

,

;

III.

Scrophularia aqiiatica, L.

—The

floral

mechanism and the

insect-

nodosa (590, ill.).
Scrophularia occurs with cleistogamic flowers (Kuhn, No. 399).
The most thorough account of the fertilisation of Scrophularia is

visitors are similar to those of

given by Mr.

W.

Trelease,

>S^.

who

also gives a

literature (737).

Collinsia bicolor, Bth.,

stamens and style

lie

and

C. verna,

Nutt.

resume of the special

—In these flowers the

near the lower side of the flower

;

the

fifth

stamen, modified into a honey-gland, and the honey-receptacle,

which
upper

consists of a

The

wall.

pouch near the base of the

corolla, are

even to the production of alae, vexillum, and
No. 178). In absence of insects, the flowers
themselves, and are fertile to their own pollen (360).
type,

(Delpino,

Mimulus luteus,
touch

first

on the

flower imitates very closely the Papilionaceous

L. {M. guttatus, D.C.)

carina.
fertilise

— Bees entering the flower

the inferior lobes of the stigma, which cover up the

Immediately afterwards the stigmatic lobes fold up and
expose the anthers to be touched by the bee, which thus becomes
dusted with fresh pollen (Batalin, No. 38).
anthers.

The

case of

M.

Tillingii is quite similar (Behrens,

No. 49).

Glossostigma elatinoides, according to Cheeseman, has a similarly
irritable

stigma (132).

Mimulus

(Diplacus) glutinos2ts, Wendl.,

Nutt.), behaves in the

var.

^

(D. puniccus,

same manner (Hildebrand, No.

352).

—
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Vandellia, L., has cleistogamic flowers (399).

823.

DiGiTALlTis

PURPUREA, L.

— Honey

is

secreted

by an

annular ridge surrounding the base of the ovary (a, 1, 2, Fig. 147).
This ridge is not covered thickly with short hairs as Sprengel
described it, but is perfectly smooth the ovary only becomes hairy
*

'

;

ahovG the ridge.

The anthers and stigma lie pointing downwards near the upper
The longer stamens are ripe before the shorter
The dimensions of the flower
ones, and these before the stigma.
wall of the corolla.

Fio. 117.

Digitalis purinirea, L.

1.— Young flower

after removal of the right half of the calyx and corolla.
The taller anthersare on the point of dehiscing. Thi.s figure should be turned round horizontally in the direction of

the arrow.
2.
Tip of style of the same flower, enlarged.
3.
A somewhat older flower. The taller anthers are now empty, the shorter pair are dehiscing
and are covered with iiollen. Viewed from below, after removal of the lower half of the calyx and

—
—

corolla.

4.— Tip
5.

of style of the

same

flower.

— Kmjity anthers and stigma of an old flower, from below.

suggest that

it

is

insects are large

their backs

adapted for humble-bees,

enough

to touch the

when creeping

humble-bees are the only

into the tube

fertilisers of

When

;

and, as a matter of fact,

Sprengel, on

? creeping into
bees frequent the plant abundantly, all the four
terrestris,

anthers are emptied of their pollen before the
{h, 1,

no other native

the Foxglove.

the title-page of his work, represents B.
this flower.

for

stigma and anthers with

,

stigmatic lobes

Fig. 147) separate.

remain covered with
spread apart; and then

In absence of humble-bees, the anthers
pollen until the stigmatic lobes have

when the

corolla falls off this pollen

is

—

;
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brought in contact with the stigma, or some may even have fallen
on the stigma previously. The flowers almost always bear seed,
even in long-continued rainy weather, and therefore it is probable
that self-fertilisation is effective; Hildebrand's experiments are no
evidence of the contrary, for he only showed that the stigma before
opening is incapable of fertilisation (342). The large, widely-open
flowers, naturally receive many unbidden and useless guests. If the
is thus at a disadvantage in comparison with Antirrliiniini,
has at least the advantage of letting its fertilising agents do their

plant
it

work more quickly,
Visitors

:

B. hortoriim,. L. $

K.

— {a)$

visiting

more

A, Hymenoptera
;

(3)

(Sid.), ab., c.p.

Nitidulidce

phagus pallens,

:

;

flowers in a given time.

Apidce
B. agrorum, F. $

(1)

:

,

all

s.

terrestris,
;

(4)

Halictus cylindricus, F. ^^ab.,

(5)

Meligetlies, very ab.

(6)

Bombus

three ab.,

01., scarce

;

(c)

;

{h)

Malacodermata

^

(8) Dasytes.

;

(2)

coitana,

B. Coleoptera

c.p.

Cryptophagidce
:

L.

Andrena
:

(7)

Anthero-

The

last five

are quite useless visitors.

Digitalis lutea, L.,

is

fertilised

by Bomhus hortorum,

which

L.,

can only insert its head into the corolla (609).
Digitalis amhigua, Murr. {D. grandiflora, Lam.), is fertilised by
humble-bees, which creep bodily into the corolla. The flower is
proterandrous, and bees begin at the base of the raceme and pro-

ceed upwards (590,
324.

III.

;

609).

Veeonica Cham^dkys, L.— Honey

is

by a

secreted

yellowish fleshy disk below the ovary, and lies in the base of the

tube sheltered from rain by hairs on the corolla. The flowers are
rendered conspicuous by their bright blue colour, and by association in racemes
dark blue radiating lines and a central white spot
on the limb of the corolla guide insects towards the honey. The
;

anthers and stigma ripen together
the style points obliquely
downwards in front of the anterior (inferior) petal, the two stamens
diverge on either side, and stand opposite to the lateral petals
fertilisation can therefore only be effected by the aid of insects.
The anterior petal forms the most convenient landing-place, and
the stigma is usually touched before the anthers by the ventral
surface of the insect.
The insect next tries to cling to the entrance of the short tube with its forelegs, and in doing so it
;

catches

its

bases of the stamens quite
draws the stamens inwards beneath it, and dusts

hold of the thin, flexible

unintentionally

it

ventral surface with pollen.

base
for it

is

:

The thinning

of the style at its

another adaptation towards this plan of cross-fertilisation,

insures that the stigma shall

be touched by the ventral

—
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surface of the insect, and allows of the style being so slightly in-

clined that

presence does not interfere with the insect

its

An

alighting.

times draws the stamen opposite to this petal against

with far

when

insect alighting on one of the lateral petals some-

The

less certainty.

its

body, but

chief visitors are Syrphidce.

Visitors: A. Dii^tavQ.—Syrphidce: (1) Rliingia rostrata, L., s., freq.
(2)
Melanostoina mellina, L.
I
(3) Ascia podagrica, F., both very abundant.
repeatedly saw both effecting cross-fertilisation in the manner described.
B.
;

;

Hymenoptera

Apuhc

:

(4)

Apis

mellifica, L.

^

,

c.p.

;

(5)

Andrena Gwynana,

A. fulvicrus, K. ? (7) Halictus longulus, Sm. 9 the last three
Cistclidcn : (8) Cistela rufipes, F., devouring
C. Coleoptera
s. and c.p.
the anthers.
See also No. 590, iii., and No. 609.

K. $
both

;

(6)

,

;

Fia. 148.— FfroHfca ChamcedryB,

1.— Flower, viewed from the

h

front.

2.— Small fly (Ascia podagrica, Sj rpliida') hovering in front of the flower, attracted by its colour.
Hower fjt the moment when the fly, alighting on the inferior petal, gmsj»s the bases of the
3.
ninmenis, and strikes the anthcis together ngninst the under surface of its botly.
4.— Centre of the flower, twice as much enlarged.

—

6.

—Pistil and nectary.

6.- Calyx, with

pistil and nectary.
in lonyitudinal section.
protecting hairs gr, style.

7.— Tube
8d,

;

Veronica urticifolia,
V. Cha7nccdrys,
is

and

is

L.,

has a similar

by

quite exposed without any contrivance to

are rose-pink,

which

is

mechanism to that of
The honey
shelter it. The flowers

floral

likewise fertilised

Syrpliidce.

probably a more primitive colour than

blue both in Veronica and in Myosotis (589, 609).
Veronica montana, L., is more conspicuous and more abundantly
visited

by

825.

insects than F. Chamcedrys (590, 609).

Veronica Beccabunga,

Chamcedrys in regard to

its

L.

nectaries

—This species agrees with
and

also in the

V.

means adopted

—
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and pointing out the honey.

It differs

[part hi.

from

it

only

in certain apparently trivial points, viz. in the development and
position of the style

and stamens
the

greatly influence

differences

:

—yet
mode

these apparently trifling
of fertilisation

and the

possibility of self-fertilisation in the absence of insects.

When

the flower opens, the stigma

is

already well-developed

;

and capable of holding fast pollen
The anthers still remain closed. The stamens and
applied to it.
style project forwards in a straight line from the flower and afford a

it is provided with long papillae,

standing-place for insects.

In cold, windy, or rainy weather the

flowers only open partially,

and the anthers remain in contact with

the stigma, leading to regular self-fertilisation.

warm

In

sunshine

the petals expand widely, coming to lie almost in one plane the
stamens are caused thereby to diverge more and more, and the
;

anthers are thus removed to a distance from the stigma before

Fig. 149.

Veronica Beecabunga. L.

1.— Flower, viewed obliquely from above, so that the upper petal is foreshortened (x
2.— Corolla, after removal of the stamens, viewed from the front (x 3).
3.

—Flower, after removal of corolla and stamens, seen from the side (x

a,

calyx;

6,

corolla;

c,

stamen;

d,

ovary;

e,

style;/, stigma;

nectary (green);

g,

3).

7).

h,

protectinj

hairs.

dehiscing.

Insects

The most abundant

frequent the plant in considerable numbers.
visitor is a small species

of Syrphidse, Syritta

hovering backwards and forwards in its jerky fliglit
before the flowers, it suddenly alights on one
sometimes it
settles on the projecting style and stamens, which bend beneath its

pipiens, L.

;

;

weight, and creeps forward a step or two in order to tlirnst

mm.

mm.)

its

sometimes it alights
on the anterior or on one of the lateral petals, and pulls down one of
the stamens with its forefeet until it can reach the pollen with its
proboscis. It thus brings various parts of its body in contact with the
anthers and stigma, and performs sometimes cross-fertilisation, sometimes self-fertilisation. Most usually cross-fertilisation results, for the
nsect alighting on the projecting style and stamens usually touches
the stigma with the ventral surface of its body, already dusted with
pollen.
A smaller species of Syrphidre, Ascia podagrica, F., visits

proboscis (3

long) into the tube (1

;

—
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the flowers very abundantly and in a similar way.

come

visitors

A. Diptem
F.

;

—

stercoraria, L.,

Apidce

(a)

Eristalis

(3)

:

s.

Apis

(5)

St/rphidce

(1)

:

sepulcralis, L.,

Syritta pipiens, L.

and

s.

f.p.

;

(b)

;

mellitica, L.

^

,

s.

i

Schenck, ?

(G)
,

Veronica officinalis,

s.

Ascia podagrica,

(2)

MuscuUe

aiul f.p., also several small Muscida).

(7) Halictus sexstrigatus,

326.

All other

as stragglers.

(4)

:

Andrena parvula, K. 5,
and c.p.

L.

—The flowers

Scatophaga

Hymenoptera

B.

s.

and

c.p.

;

do not open so

warm

sunshine as do those of V. Chamxdrys. In
fully expanded flowers the upper and lower petals only diverge at
widely even in

an angle of 70^ to 80°, and the two lateral petals at 90° to 100°.
The two stamens, which are very thin at the base, project from the
flower at an angle of 30° to 40° from one another, and from the
style which stands below them.
Insect-visitors touch the stamens
and stigma with various parts of their bodies, and lead to crossand self-fertilisation indiscriminately. In flowers kept in the house
and protected from insects, the stamens bend inwards and downwards as they begin to wither until they touch each other and the
stigma, producing self-fertilisation.
The thinning at the base of
the stamens, which in V. Gliamoodrys was shown to assist insects to
perform cross-fertilisation, is here seen to aid self -fertilisation only.
A.
(2)

Diptera— (a) Emyidm

Helopliilus Horeiis, L.,

— ApidcL'

s.

;

:

(!)

Enipis livida, L.,

s.,

(3) Syritta pipiens, L., ab.,

ab.
s.

;

B.

(b)

Syrpliidie

:

Hymenoptera

:
(4) Halictus albipes, F., c.p. ; (5) Bombus (Apathus) vestalis,
Fourc. ? s. ; (6) B. Barbutellus, K. $ s., this large bee seemed dissatisfied
with the small amount of honey, for after visiting a few flowers it went off to
,

,

Glechoma hederacea.

—

See also No, 609.

—

Veronica spicata,

L. (Thuringia).
V. spicaia shows a
tendency to vary between proterandrous and proterogynous dichogamy.
On many plants, the style protrudes

327.

remarkable

before the flower

is

fully

opened

{b,

4),

and curves downwards

stigma before the anthers dehisce (b, 5). On other
plants, when the flower opens, the style is much shorter than
the stamens (b, 1, 2), and only reaches its full length aiid

and ripens

its

ripens

its

stigma when the anthers have been emptied of their

pollen

(b, 3).

On

plants of both sorts, flowers not unfrequently occur whoso

reach their full development, but remain concealed in
and on some plants this is the case throughout all the
flowers.
These aborted styles are often double (J), 8). Honey is
secreted by the fleshy base of the ovary (h, 6, 7)
it lies in the

styles' never

the tube

;

;

—
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corolla, which is about 2 to 3 mm. long, and is sheltered
from rain by a ring of long stiff hairs at the mouth of the tube.
In case of insect-visits, cross-fertilisation is insured by the proterandrous or proterogynous condition, and by the situation of the
stigma which projects beyond the anthers. I have never observed

tube of the

Veronica spicata, L.

Fio. 150.
1.

— Flower, shortly before deliisoence of the anthers

is still

(a),

The stigma

viewed from the front

(5)

immature, and stands far below the anthers.
o,

superior

])etal

;

ss,

lateral, u, inferior, petals.
expanded, from the side.

2.— Ditto, somewhat more
3.— Ditto, from the side. The anthers have withered the stigma is mature, and stands below
and in front of the anthers (x 3^).
4.
Young flower, from another individual. The style already protrudes from the flower, and
the stigma is so far developed that pollen readily adheres to it. The anthers are still closed and
;

—

concealed within the tube.
i.s

5.— Another somewhat older flower, from the same individual,
fully ripe, the anthers are in the act of dehiscing (x 3i).
fi.— Ovary and nectary (Ji) from the side.
7.— Nectary, after removal of the ovaiy, from above.
8.— An ovary, with two imperfect styles (x 7).

self-fertilisation,

falling

though

it

may now and

viewed from the front. The stigma

then take place by pollen

on the stigma.

—

Hymenoptera (a) Ap\dcE : (1) Apis mellifica, L. ^ c.p., or s.
Visitors
even thrusts its proboscis into the lowest, oldest flowers whose corolla)
{h)
Sphegidce :
communis, Nyl. $ ^J s.
have fallen off
(2) Prosopis
:

,

;

it

,

;

(3)

Psammophila

C. nasuta, Kl.

viatica, L. (^,

s.

;

(4)

;

Cerceris labiata, F. ?

(^, ab.,

s.

;

(5)

a.

Near Bozen according
by species of

to Gerstiicker,

JCylocopa (X. violacea,

L.,

F".

spicatais visited chiefly

X.

cyanescens,

Brulk^.,

X.

valfja, Gerst.).

828.

Veronica HEDERiEFOLiA,

L.

—The

small,

solitary,

pale

flowers are less conspicuous than those of any other species described
here they are very seldom visited by insects, but ahnost without
;

exception bear good seed, and the species

is

one of the commonest of

—
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self-fertilisation

protected from insects.

Wlien the flower opens, the anthers are seen to have already dehisced, and to have their pollen-covered surfaces applied to the
stigma.

I

have myself observed that when insects are excluded

the i^lant regularly bears good seed.

The honey is secreted and sheltered as in V. Chamccdrys ; the
stamens are however not thinned at their bases. Even in case of
insect-visits, cross-fertilisation is not rendered more probable than
but when it does occur, its action probably has
self- fertilisation
;

the mastery.

have only seen this flower visited by insects occasionally in
sunny days of spring later in the season, the competition
of other flowers causes it to be neglected.
I

the

first

;

Hymenoptera

Apidce : (1) Andrena parvula, K. ? , s.
(2) HaK. $ (3) H. leucopus, K. $ (4) H. albipes, F. ? all
three rather abundant, sucking on a small slope where few other plants were
Visitors

:

lictus nitidiusculus,

;

,

;

;

in flower (April 11, 1869).

Veronica agrestis,

L.,

V. Chamccdrys, but in

condition (590,

329.

possesses the

same

floral

mechanism

as

an imperfect or rather in a retrograde

III.).

Veronica serpyllifolia,

more conspicuous than those of

L.

—The

flowers are rendered

V. hcderccfolia^

by dark

violet lines

Fig. \bl.~VeronicaserinjlUfoUa, L.

—Flower, front view.
2.— Diagram of ditto
a, stigma
6, stamcu
c, petal
1

;

;

;

d, sepal.

on the superior and lateral petals. They are doubtless more
visited by insects, and more frequently cross-fertilised
and accord;

ingly self-fertilisation does not take place at so earlj a stage.
In many flowers, the anthers are at first closed, while the stigma
is

fully ripe;

in this

condition, insect-visits

naturally

lead at

once to cross-fertilisation. In most flowers, on the other hand,
the stigma and anthers ripen together; the anthers stand more
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at the sides of the stigma, turning their

pollen-covered faces towards

it; in

many

cases

they stand so

close that the pollen in being forced out is directly applied to

the stigma.

On

plants which I kept in

erythrocephala,
flowers.

Mgn.

my

room, I have seen

honey and

(Muscidse), sucking

Callijphora

fertilising the

It thrust its proboscis several times into each,

where anthers and stigma had ripened together,
cross- and self-fertilisation indifferently.

fore

V. saxatilis, Sep. (V. fruticans, Jsicq.).

—The

of fertilisation

is

The

visitors

and thereperformed

small, but brightly

coloured flowers of this plant are fairly conspicuous,

abundant honey.

it

and secrete

are numerous, and the mechanism

the same as that of V. Chamcedrys.

V. hellidioides, L., has no trace of the special adaptations for

V. Chamcedrys shows.

cross-fertilisation that

and

Insect-visitors are

can only take place if they happen to
touch the stigma and anthers with different parts of their bodies.
scarce,

cross-fertilisation

L.

aVpina,

V.
insects,

— The

tiny flowers are very rarely visited

and in dull weather they remain closed and

by

fertilise

themselves.-^

REVIEW OF THE GENUS VERONICA.
In this genus, as in Polygonum, Geranium, and others, the certainty of cross-fertilisation in case of insect-visits, and the abandon-

ment

of the power of self-fertilisation even in absence of insects,
run parallel with the conspicuousness of the flowers and the consequent certainty of their being visited. The chief species that
we have discussed may be arranged in the following order of
conspicuousness, taking into account the appearance of the whole
inflorescence
(4)

:

—

(1)

V. Beccahunga,

V. syicata, (2) V. Cliamccdrys, (3) V. officinaliSy
(o)

V. scrpyllifolia,

case of insect-visits, cross-fertilisation
in the
all

first,

and extremely probable

the rest self-fertilisation

is

is

(6)

V. hedercefolia.

In

rendered absolutely certain

in the second of these,

just as likely.

In absence of

but in

insects,

on the other hand, self-fertilisation never or very rarely takes place
in the third it occurs regularly, but only
in the first and second
;

when

the flower withers; in the fourth,

it

regularly takes place in

^ Lists of visitors to the following additional species of Veronica are given in my
Wciterc Jicohachtnngcn, Vt. ill.: V. AmuinUis, L., V. triphyllos, L., V. arvcnsis, L.
and the following are discussed and iigured in my Alpcnbhimcn : V. alpina, L.,
V. apftylla, L., V. hellidioides, L., V, adxalilis, Sep.
;
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in the fifth

occurs in

it

and in the sixth in all, at the very outset. The
honey is secreted and guarded in much the same manner in all six
species, and so the likelihood of insect-visits can only depend upon

many

flowers,

the conspicuousness of the flowers.

Wulfenia carinthiacay Jacq.,

is

proterogynous

(Hildebrand,

No. 351)Bartsia alplna, L.,
bees.

is

proterogynous, and

Ehinanthus major (Fig. 156).

is

—

Fio.

H.

152.— Odontites

(b, 6),

aerotina,

while the upper part

Rchb.

3^).

— Flower, with the stigma lying between the anthers.^
— Flower, whose style jirojects far beyond the anthers.

4.— Flower, in which tlie style lies to one side.
5.—The two stamens of the left half of the flower, seen from the
fi.

by humble-

Self-fertilisation is impossible (609).

smooth, and swollen anteriorly

I.— Bud, with exserted stigma (x
2.

fertilised

relative positions as in

Odontites serotina, Rchb. (0. nchra, Pers., Euphrasia
Honey is secreted by the lower parts of the ovary,

330.

Odontites, L.).

which

is

The stigma and anthers have the same

— Ovary.

(X

inside

7).

base of the corolla; b, nectary; e, upper hairy part of the ovary; d, style; e, hairs which
the anthers /, hairs which prevent pollen from being scattered at the sides g, sharp teeth
which prevent the bee from thrusting its proboscis between the bases of the filaments k, path
taken by the bee's proboscis.
(The flowers 2 and 4 should slant more forwanls tlmn they are here figured.)

a,
iniite

;

;

;

lodged in the base of the corolla, whose tube is 4 to
and smooth within; the broad stamens, which almost
block the entrance of the tube, guard it from rain, and two to four

is

hairy

5

mm.

:

it is

long,

purple spots at the base of the lower lip serve as guides towards

The stamens almost touch each other below, where they

it.

are

covered on their inner sides with sharp points close under the
anthers they are smooth and lie more widely apart.
bee, after
;

A

alighting on the three-lobed under-lip, which affords a convenient

landing-place, can only thrust its proboscis into the flower close
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below the anthers,
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in the position h, 2,

and in doing so it cannot fail
some of the anthers. The
four anthers are held together posteriorly by matted hairs (e, 5),
and anteriorly dehisce from the apex inwards (5, Fig. 152) by a
wide fissure so that a single touch on the part of the bee is communicated to all the anthers, and causes them all to shed a part of

down ward -pointing ends

to touch the

of

;

Hairs directed downwards at the edges

their dry, dusty pollen.

of the anthers (/, 5) prevent the pollen being scattered at the sides,
so that great part falls on the bee's proboscis, and is carried to the

stigma of another flower.
The development of the flower of Odontites serotina varies in a
peculiar manner, and seems to depend upon the more or less

sunny nature of the

spot.

stigma usually projects

The

style bearing the fully-developed

out of the bud shortly before

it expands
and the flower can therefore be cross-fertilised when
In shady places, for instance among corn, the
it is scarcely open.
style lags behind while the corolla and stamens continue to grow,
so that the stigma stands between the taller anthers and gets self-

(1,

far

Fig. 152),

From

fertilised (2, Fig. 152).

the great productiveness of

capsules in shady places where insect-visits are rare,

clude that such self-fertilisation

efficient.

is

grow along with the

style continues to

overtops the anthers to the last

;

the
con-

In sunny spots the
and stamens, and

corolla

may

it

all

we may

either lie above the latter

In this case, the
stigma can only receive pollen by the aid of insects, and from other
Although this difference seems
(either older or younger) flowers.
(3,

Fig. 152) or project at the side (4, Fig. 152).

in

general to depend upon the sunny or shady character of the

spot, other

unknown

conditions (perhaps heredity)

must co-operate

;

have sometimes observed in the same spot, and even on the
same plant, flowers which fertilised themselves, and others incapable

for I

of doing

An
upper
in

so.

imperfection in the flowers deserves special mention.

lip,

great part protrude beyond

sometimes

The

as the figure shows, projects so slightly that the anthers
it

and are unprotected.

This

is

the case to such a degree that bees thrust their tongues

into the flower above the stamens,

and thus suck honey and shake

out the pollen without
I have only seen bees visiting this plant.

leading to fertilisation.

(1)

iiHiially

Apis mellifica, L. ^ very ab., tlirusting
below the stamens, but sometimes above
,

its probosci.s

tliem,

—

it

into the flower

inserts its proboscis

even into young imexpanded flowers, with long exserted styles
lapidarius, L.

? ^

,

8.

;

(3)

B. Bilvarum, L.

9 ^

>

s.

;

(2)

Bombiis

;
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Odontites

lutea, Rchb. (Rehmberg, near Miililberg,
secreted by the smooth lower half of the
Tliuringia).
hairy
above
it lies in the base of the corollawhich
is
ovary,
tube, which is 2} mm. long, and is smooth within, but provided with
The stamens stand apart, but from
reflexed hairs at its mouth.
the small size of the flower they are all easily touched at the same
time by an insect there is no provision of hairs to prevent scattering of the pollen the slits by which the anther-lobes dehisce are
narrower than in Euphrasia officinalis. The style often protrudes
331.

— Honey

is

;

;

;

from the bud
proterogynous

(3,
;

under the lower

Fig. 153),

and Hildebrand describes the flower as
it is bent backwards in the bud,

in other cases
lip,

and emergijs together with the stamens on
The stigma comes to maturity at the

the opening of the flower.

Fig. \bZ.— Odontites lutea, Rchb.

1.— Flower, from the side (x
2.— Ditto, from the frout.
3.
4.

same time
it

as the anthers,

therefore,

is,

—Bud, from
—Anther.

3J

.

tlic side.

and stands below and in front of them
first by insect-visitors.
In ab-

usually touched

sence of insects, some pollen generally

falls

upon the stigma.

have only once (August 28, 1869) seen a bee, Bomhus
L. ^ sucking honey on the flower.

I

imcscorum,

,

Euphrasia minima, Schleich.,

is

sparingly visited by insects, and

in their absence it fertilises itself regularly.

in structure the small-flowered

form of E.

The

flower resembles

officinalis (i.e.

E. gracilis,

Jord.) (609).

—

Honey is secreted
332. Euphrasia officinalis (L.), Schk.
and sheltered as in Odontites scrotina. The tube of the corolla is
4 to 6 mm. long, but widens considerably at the outer end so that
;

—
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an insect with a proboscis less than 4 mm. long can reach the
honey by thrusting its head into the wide part of the tube.
The upper lip forms a vaulted roof over the stamens it shelters
the honey at the base of the tube from rain, and prevents an insect's proboscis from being thrust in above the stamens, as
was
;

The three-lobed under-lip forms a
convenient landing-place for the smaller visitors, and affords foothold for the forelegs of larger ones.
An orange spot on the under
lip, another at the entrance of the tube, and dark violet
lines converging towards the mouth on both upper and lower lips, serve as
possible in Odontites serotina.

Fig. 154.

Euphrasia

officinalis,

L.

1.— Flower of the small-flowered form, seen from the front (x 7).
2.— The two stamens of the right half of the flower, from the outer
3.— Ditto, more magnified, from the inner side.
4.

a,

side.

— Flower of the large-flowered fonn, just after opening,
stigma

;

b,

upper

lialf

the upper half of the lower

pathfinders.

As

of the upper anther c,
d, lower half of the lower anther
;

;

from the side (x 3J).
lower half of the upper anther connected with

in

;

e,

style.

Odontites serotina, the pollen

is

smooth and

on the head or proboscis of the visitor; but the
details of the process by which the pollen is scattered are unlike
those of the former species.
While in Odontites serotina the
anthers are only held together posteriorly by matted hairs, in E.
officinalis the lower anther-lobe of the upper stamen on each side
coheres with the upper anther-lobe of the lower; and the two
superior anthers further cohere firmly together. Another peculipowdery, and

falls

arity is directly connected with this.

While

in

Odontites serotina

;
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the anther-lobes end alike in short points, in E. officinalis the
upper lobe of each anther is blunt, but the lower is provided with
all

a thin,

stiff

spine

(3,

Of these four spines it is almost
come in contact with insects

Fig. 154).

exclusively the two lower ones that

not only are they much longer than the upper ones, but the
stamens whicli bear them are inclined at an angle of about 60°
from the upper pair, and their anthers bend downwards so much
for

that the spines stand well
Fig.

In Odontites

154).

down

in

scrotinct

the

mouth

of the flower

(1,

the pointed anther-lobes must

themselves be touched for the pollen to be shaken out, and the
broad filaments, placed close together and set with sharp points on

In E. officinalis, on the other hand,
one of the long spines on the lower anthers be

their inner side, insure this.
sufficient if

it is

touched, and accordingly the filaments curve widely apart, standing
close to the wall of the corolla

so that

;

and they are smooth and narrow,

head into the tube without hindrance.
touches the lower anther-spines, and shakes the whole

an insect can insert

its

In doing so it
system of anthers, causing the pollen to fall out.
Rows of hairs
on the upper anther-lobes prevent the pollen from being scattered

and insure its falling on the head of the insect.
In the points described hitherto all my specimens of E. officinalis
agree with one another.
But in regard to the size and conspicuat the sides,

ousness of the flowers, and the possibility of self-fertilisation, I

—

have found two different forms of this plant one large-flowered,
which never fertilises itself, and one small-flowered, which in
absence of insects fertilises itself regularly. Intermediate forms
may probably occur, but were not present among my specimens.
In the large-flowered form (4, Fig. 154), probably E. montane,
stigma protrudes from the flower before the anthers are
and even after the anthers are ripe it is the first part to be
touched by insect-visitors, and is, therefore, regularly cross-fertilised
Jord., the
ripe,

;

in absence of insects,

it is

incapable of

self- fertilisation.

In the small-flowered form, probably E. gracilis, Jord. (1,
154), when the flower opens, the stigma stands so far above
and behind the anthers that it escapes being touched by insects
.the style gradually elongates and carries the stigma downwards
and forwards into a position where it will be touched before the
Fig.

;

anthers by an insect's head, and where, in absence of insects,
pollen can

Thus

fall

from the upper anthers upon

it.

in case of insect-visits cross-fertilisation

forms, but in absence of insects self-fertilisation

is
is

insured in both

only possible in

the small-flowered plants.

G G

—
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Delpino (178) seems to liave examined the large-flowered form
and Axell (17) the small-flowered; for the former describes
E. officinalis as proterogynous, and the latter as proterandrous.
only,

Ap'idce: (1) Bombus agrorum, F. ^; (2) B.
Apis mellifica, L. ^ (4) JSTomada lateralis, Pz. $ all s.
{a) Bomhylidce : (5) Systoechus sulfureus, Mik. (Sid.)
B. Diptera
(6) Syrphidce : (6) Syrphus sp.
Additional
(7) Melithreptus tseniatus, Mgn., all s.
lists of visitors to the large-flowered form are given in No. 590, iii., and
No. 609.

Hymenoptera

Visitors: A.

pratoruni, L.

^

;

(3)

,

;

;

;

Euphrasia

salishurgensis,

Funck.

the small-flowered form of U.
for cross-fertilisation

The

species.

in size

and their arrangements
resemble the large-flowered form of that

corolla continues

stamens after the

— The flowers resemble

officinalis,

style

grow, carrying forward the

to

has stopped growing, and in absence of

insects self-fertilisation takes place in the end.

The

visitors are

bees and Lepidoptera (609).
333. Pedicularis silvatica,

L.— In

Melampyrum, the opposite pairs
and all four unite
edges close together,

thus and

—

this plant, as in

of anthers

lie

Ehinan-

with their

to form a quadrangular
which is inclosed in the hooded upper
lip.
The mechanism by which pollen is shed upon the insectvisitor is here more complex and more rich in adaptations than
ever, and more diflicult to understand in its details without direct
observation of its action,
Sprengel (702) and Hildebrand (346),

pollen-receptacle

neither

of

(3,

whom

Fig. 155)

observed insects in the act of fertilising

the

have very naturally overlooked many of its most interesting
adaptations.
Dr. Ogle (632), who watched the flowers in the open
air and saw them visited by humble-bees, gives an accurate
account of the process of cross-fertilisation but many adaptations
have escaped even his notice, and some he has interpreted
wrongly. It is therefore still worth while to describe the whole
flower,

;

structure of the flower minutely.

Honey
lies at

is

secreted by the green, fleshy base of the ovary, and

the bottom of the tube, Avhich

is

10 to 14

mm.

long, laterally

compressed, and so narrow that a humble-bee can only insert the
of 10 to 14 mm. the tube
which both in form and in direction is
simply a continuation of the tube, slightly wider and open in
front, and an under lip, whose base (3 to 5 mm. long) is applied
to tlio upper lip so as to close up the lower 3 to 5 mm. of the

forepart of its head.

divides into an upper

At the height

lip,

i
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mouth of the flower. The hooded end of the upper lip incloses
the stamens, and the end of the style with the stigma
protrudes
obliquely downwards from it; the free portion of the under
lip
with

its three lobes serves as a standing-place for
insects, and is
set very obliquely, so that the right lobe stands
2 to 8 mm. higher

Fia. 155.— Pedicularis silvatica, L.

1.— Corolla, from the front.
2.— Flower, from behind.

3.—Upper part of the corolla, from the left side. The left half of the corolla has been cut
away, and the anthers have been pushed asunder.
4.— Transverse section of the corolla at c, 1, 2. (1—3, x 3J 4, x 7.)
a, point of insertion of the anterior stamens
ft, point of origin of the lower lip
ft c, lower part
of the month of the flower, closed by the apposition of the lower lip d, revolute edge of the upper
lip, set with teeth
e, widest part of the mouth into which the bee inserts its head and proboscis ;
h, ridge upon the side of
/, the hood which surrounds the anthers
g, pendulous tip of the hood
the corolla, meeting the revolute border at e fc, shorter. I, longer stamens.
;

;

;

;

;

;

;

;

down

If the

under

lip is pulled

as the place of its attachment, the

mouth

of the flower

than the

left (1, Fig. 155).

form a

fissure

length

is

is

mm. long, which in the greater part of its
mm. broad, but which 3 mm. below its upper
suddenly to a breadth of 4 mm. (f, ^, 1) it then

8 to 10

only 1 to 2

end widens out

as far

seen to

;

G G 2
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again narrows suddenly, and a little more than 1 mm. from its
upper end two sharp processes of the hood {g, 1, 2) almost meet
in the middle and divide the entrance into a very small upper and
Through the upper opening protrudes the
a long lower part.
style, which springing from the bilocular ovary lies close to the
posterior wall of the corolla, and curves sharply downwards near
its anterior end to bear the capitate stigma; the long, lower
opening admits the bee's head. So long as this slit is only 1 to 2
mm. broad, viz., from the insertion of the under lip to the wider
part above, its edges are very markedly rolled outwards, and that
part of the inner wall of the corolla which is brought by this
evolution of the edge to form the margin of the narrow slit is
closely set with sharp points

(rZ,

1, 2, 4),

while the wider portion

There is also on each side of the upper
lip a reddish thickened band (Ji, 2), which begins on a level with
the wide part of the slit at the upper end of the evoluted edges
(e), and forming a sharp angle with the ridge runs backwards and
downwards to disappear on a level with the base of the under lip.
What have all these characters, the compressed base of the
under lip, the oblique position of its three-lobed lamina, the
evoluted edge of the narrow entrance, its rough edges, the sudden
enlargement with its smooth edges, the red stripes at the sides
of the upper lip, to do with fertilisation by humble-bees?
Are
they accidents to be neglected, as is done by Hildebrand in his
figures in the Botanische Zeitung (18G6, pi. iv.) and by Dr. Ogle
in the Popular Science Review (Jan. 1870) ?
Careful observation
of an insect visiting the flower makes me think otherwise.
The
bee comes flying along with outstretched proboscis, and avoiding
(e,

1)

has smooth edges.

the toothed

edges of the

slit,

thrusts

its

alighting into the widest part of the opening

proboscis at once
(e,

1)

;

in

the upper part

of its head then touches the stigma, which stands scarcely 2 mm.
above the wide part of the opening, and the oblique position
of the lower lip causes the bee's head also to be placed obliquely;
its forefeet grasp the basal part of the lower lip, its middle pair
of feet grasp the tube of the flower on a level with the lower lip,
and the hindfeet rest upon leaves or other flowers below. Standing
in this position, the bee applies its head, which is 2J to 3 mm.
thick and 5 mm. broad, to the (4 mm.) wide part of the entrance,
with just so much obliquity as gives it the best chance of entering.
And now the edges of the slit, rolled outwards and thereby stifl'ened
(r/, 1, 2), and the bands on the upper lip (A,
2), play their parfc.
Joining above at a sharp angle, they bound, on each side of the

;

III]
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upper lip, a triangular surface, whicli does not bend, but gets
pushed outwards by the bee's head. But the points -svhere the
evolute edges and the thickened bands meet are on each side of
the wide part of the opening, and as they separate more and more
from one another, the superior angle (c, g, e, 1) of the small part
of the entrance above this will be very greatly enlarged, for the
sides bounding it are very short, and are forced apart as much
as the long sides of the lower opening.

The small

processes

(fj,

1, 2)

which before nearly met, and which held together the two halves
of the poUen-receptacle, are forced apart; the anthers, which have
a tension outwards in consequence of the peculiar curvature of
their filaments (Jc, I, S)} are freed from the force that held them
together below, while they remain fastened together above they
therefore flap apart, and let a little pollen fall on the bee's head,
exactly on the spot which came in contact with the stigma scarce
a second before. The pollen is saved from being scattered at the
sides by vertical hairs on the longer stamens (/, 3),^ which cover
the space between the upper and lower anthers on each side, and
project slightly beyond the lower edges.
Bomhus hortonmi, L. ? (20 to 21 mm.), needs to thrust its head
a very little way down after inserting it into the wide entrance
but the shorter a bee's proboscis is the more must it force its
head down in the upper lip, and if there is not space enough ahove
the platform of the lower lip, the latter can be pressed down
8 to 4 mm., as far as &, 2 so that bees with a proboscis only
10 mm. long may reach the honey. When the bee flies away, the
lower lip springs back into its former position, and the whole
mouth of the flower resumes its original state.
The flower is in this way adapted for all our native species
of Bomhus and Anthophora, except B. Uri-estris and small workers
of a few other species but the length of the tube excludes all
smaller bees, which if the tube were shorter might carry off the
honey without touching the stigma the hooded upper lip guards
the pollen from flies and other insects
but the tube is liable
to be bitten through and robbed of its honey by some humblebees.^
Such robbery does little or no harm, for bees still visit
;

;

;

;

;

^

I

have never noticed the anthers adhering at all to the inner surface of the
Ogle describes. Such an adhesion, if it exists, must be very slight

corolla, as Dr.

indeed.
2 According to Dr. Ogle (No.
632, p. 46), the lower anthers are held together by
To act in this way the
the pressure of these hairs upon the wall of the corolla.
hairs would have to be directed obliquely outwards. They are not so, but lie parallel
to the median vertical plane of the flower.
^ Dr. Ogle is mistaken in thinking (No. 632, p. 180) that the wide calyx is sufficient to protect Pedicidaris silvatica from robbery on the part of short-tongued bees.
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flowers which have been bitten through

self-fertilisation

has been completely

lost.

—

Hymenoptera Apidce (1) Anthophora retusa, L. <^ (16 17)
Bombiis hortorum, L. ? (20—21)
(3) B. agrornm, F. (12—15)
(4) B.
lapidarius, L. $ (12—14)
(5) B. silvarum, L. 9 ( 12—14)
(6) B. Scrimshiranus, L. $ (10), all sucking normally, very ab.,
B. Scrimshiraniis, L. ^
(9), bites through the corolla close above the calyx, and so reaches the honey
(7) B. terrestris, L. $ (7
9), very ab., only reaching the honey by biting,
once I saw it gnawing the upper lip, above the anthers,
Visitors

:

:

(2)

;

;

;

;

;

—

;

—

Pedicularis rostrata, L,, P. verticillata, L., P. htherosa, L., were

seen by Ricca to be visited by humble bees (665).
On the Alps,
I have observed in addition to these three species, P. palustris, L.,

and P.foliosa, L. (609). In
and the lower part of the
corolla-tube is bent at right angles within the calyx the honey
is thus guarded from Bomhtts mastrucatus, which tries in vain to
reach it, and which frequently bites through the tubes of P. tuberosa
and P. foliosa, etc.
The six species of Pedicularis which grow in Nova Zembla are
all fertilised, in Delpino's opinion, by Bomhus terrestris, and so also
is P. Kanei, which is found in lat. 79°, on the west coast of Greenland (172, 352).
If this is really the case, all these species must
have a shorter tube than P. silvatica.
P. recutita, L., P. asplenifolia, Floerke,

P. verticillata, the calyx

is

swollen,

;

334.

Rhinanthus

crista-galli, L.

— In

this plant, as in the

shed on the insect's head, but
the details of the mechanism are very different. Each anther lies so
close to its opposite neighbour, and they dehisce so widely on their

foregoing, the dry smooth pollen

opposed
in

faces, that

by matted

are provided

on

stiff

is

both together form one pollen-reservoir, closed
which the contiguous edges of the anthers
Fig. 156).
These pollen-reservoirs are borne

hairs with
(1,

2,

which the anterior pair are close together at
and are beset with sharp points on their inner sides (1)

filaments, of

their bases,

so that a bee cannot insert its proboscis there

higher up, for the
space of a few millimetres below the anthers, they are smooth and
wide enough apart to admit the point of a bee's proboscis easily.

As

;

soon, however, as the bee pushes its proboscis farther in,

it

and tears asunder the two halves of the
pollen-reservoir.
The pollen falls out on to the bee's proboscis,
and is prevented from being scattered at the sides by the fringe of
forces the filaments apart,

hairs on the lower edge of the anthers.

This pollen-mechanism

is
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helmetboth above and at

species, for the

shaped, laterally compressed upper lip covers

it

slit, which is slightly
admit the bee's proboscis.
Honey is not secreted b}' the ovary itself, but by a development of
the receptacle, which is prolonged downwards and forwards into a
long, fleshy lobe, turned up at the edges (n, 4).
As in Euphrasia
officinalis, so also in this plant, two different forms exist,^ one inconspicuous and regularly self-fertilising, the other more conspicuous

the sides, and at

first

leaves only a narrow

more dilated just below the anthers

Fio.

1.— Anthers, from
—Ditto, with

156.—Rhinanthus

to

erista-galli, L.

the front.

tlie stjie,

from the

side.
'J.
anther, fi'om the inner side.
:i.—
4.
Ovary, with the base of the stjie, nectary (n),

An

and base of the corolla
—
— Flower, of the variety minor, after removal of the right half of the calyx, from the side,
beginning
of
flowering
period, from the front.
part
of
ditto,
at
the
the
— Upper
— Ditto, at the end of the flowering period.
variety
minor.
Style
of
the
—
(co).

.5.

(i

7.
8.

9.— Style

of the variety major.

(1—3, X 7

;

4—9, X Sf)

and incapable of
described the

Delpino,

self-fertilisation.

mechanism

who has thoroughly

of this flower, has only

form (major) under examination
for he
accurate account (752) of the occurrence of
merely a product of the imagination.^

calls

;

B. minor, Ehrh.

—In

base contains the honey,
^

them
-

had the larger

Vaucher's

fairly

self-fertilisation^

the small-flowered form, the tube, whose
is

7 to 8

mm.

long, so that the

honey

is

Linnpeiis distinguished these as varieties (o and )8). Later authors have advanced
to the rank of epeciea, R. major, Ehrh., and R. minor, Ehrh.
No. 178, p. 133, "Ora tutto cio non e che im parto della imaginazione."
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accessible to

all

which, that of B.
corolla

is

mm. by
of the

a

slit

our humble-bees, the shortest proboscis among
terrestris, is

6 to 7

mm,

7 to 9

mm.

long.

The mouth

of the

long, which, however, is reduced to 4

the position of the upper

slit is

[part hi.

lip.

The remaining

posterior part

blocked by the stamens in the manner already described,

so that the bee can only insert its proboscis

beneath the anthers.

The stigma curves down so far over the anthers (6, Fig. 156)
that an insect's proboscis must touch it before entering further and
being dusted with pollen.
for the corolla is

In general, however, bees'

;

and

therefore inconspicuous.

is

tion always takes place

;

visits are

almost inclosed in the vesicular calyx,

scarce

for

In absence of

the

mouth

insects, self-fertilisa-

of the corolla gradually

opens more widely, the under lip bending downw^ards, and the sides
of the upper lip spreading further apart (7, Fig. 156) at the
same time the style elongates and curves downwards and inwards
;

(7, 8), so

that the stigma comes to stand under the anthers, or

even between them if they have separated in withering.
ii. major, Ehrh.
In the large-flowered form, the tube is about
2 mm. longer than in the small-flowered but this small difference
suffices to exclude many of our humble-bees from the honey, or to

—

;

cause

them

to bite a hole in order to gain access to

it.

Sprengel

observed these holes, bvit they are not made, as he said,
large humble-bee, for

whom

the natural entrance

is

by

" a

too small," for

humble-bees insert only their proboscis into the flower but by
those with the shortest proboscides, namely, as I have repeatedly
observed, by B. terrestris, L. ? and ^ and B. pratorum, L. f^
whose proboscides measure respectively 7 to 9 mm. and 8 mm.
The size of the parts projecting beyond the calyx, viz. the
upper and lower lips, differs more than the length of the tubes in
the two varieties or sub-species. The upper lip is in M. minor 7
to 8 mm., in R. major 10 to II mm. long. The flowers of ^. major
are therefore more conspicuous, and their conspicuousness is increased by the pale colour of the bracts and by the violet colour
of the tip of the upper lip, which is usually white in B. minor.
As both species grow together in the same spots and flower at the
same time, they give a good opportunity of proving that the largeflowered form is really much more plentifully visited than the
In point of fact, insect-visits are so plentiful in the case of
other.
B. major, that it has been able to dispense with the power of selffertilisation, and the style, instead of bending downwards, projects
all

;

,

more and more from the mouth of the flower.
We have thus in Bhinanthus major and minor two forms
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engaged in the struggle for existence ^ the one excels in conspicuousness and the abundance of its insect-visitors, the other in its
power of self-fertilisation. The former seems to have the advantage, for both in Westphalia and, according to Ascherson's Flora, in
Brandenburg it is much more plentiful than the smaller form it
is also more plentiful both in England and Ireland according to
;

;

Mr. T. H. Corry.

The

following

Bombus

list

includes the visitors to both forms

:

K. 9 (12) (2) B. Rajellus, 111. $
? ^ (19—21) (4) B. silvarum, L. ? i? (10—
14)
(6) B. Scrimshiranus, K. ^ (10)
(5) B. senilis, Sm. ^ ^ (14—15)
(7)
B. hypnorum, L. t? (10
12), all only sucking normally
(8) B. terrestris, L.
$ ^ (7 9), (9) B. pratorura, L. ^ (8), both sucking normally on R. minor,
but obtaining the honey of R. major by biting a hole in the spur.
(1)

(12—13)

;

(3)

(ApathufA)

Barbutellus,

;

B. hortorum, L.

;

;

;

;

—

;

—

Several of the above-named humble-bees were caught carrying Rhinanthus pollen in their collecting-baskets,
?

—

viz.

B.

terrestris,

numbers (in the Hoppekethal, July 11, 18G9),
and B. 2)ratorum, ^
Sprengel mentions the

^, and in especial

B. hy2)7iorum,

^

,

.

honey-bee as a frequent
proboscis (6

mm.

long)

is

visitor,

at

but I have never observed

it

;

its

any rate too short to reach the honey

manner.
have seen one of the Noctuidse, Euclidia glyphica, L.,
repeatedly sucking the honey of this flower but the tongues of
Lepidoptera are so thin that they can reach the honey without
pushing the anthers apart, and Lepidoptera therefore are quite

in the legitimate

I

;

useless to the plant.

In Bhinanthus Alectorolophus,

Poll.,'^

we have an intermediate
The corolla is produced

stage between B. crista-galli and B. alpinus.

under the projecting stigma,
and above the entrance made use of by bees this process of the
This
corolla bears a small opening, bounded by two blue lobes.
small opening permits Lepidoptera to insert their thin tongues, which
touch first the stigma and then the anthers and as a matter of
fact this species is visited and cross-fertilised both by Lepidoptera
and by humble-bees (570, 609).
In Bhinanthus alpinus, Brng., the lower or bees' entrance is
closed, its edges coming close together without uniting, and only
the small upper opening remains and this species is therefore
into a beak-like prolongation close

;

;

;

^

2

Compare Malva roUtndifolia and M. silvcstris, p. 142.
Included by Nyman, Conspectus Florae Europcem, under R. major.
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but it is much visited by humbleopen the flower to steal the pollen, and sometimes,
but less frequently, the honey (5 70, 609).
Tozzia alpina, L.
The bright yellow flowers are visited by
numerous flies.
Stigma and anthers ripen simultaneously. At
first the stigma stands far in front of the antliers, but afterwards
the growth of the corolla carries forward the stamens until the
anthers lie well in front of the stigma (609).
adapted solely for Lepidoptera
bees,

who

;

force

—

Rhinnnthiis Alectorolophus, Poll.

—Flower, in longitudinal section, after removal of calyx.
B.— Upper part of a flower, from which
right half of the corolla has been removed.
C. — Ditto, viewed from
front.
D. — Ditto, after removal of the lower lip. (x
A.

tlie

tlie

tlie

3J.)

hth, aperture for humble-bee's proboscis
n, nectary
ov, ovary
st. stigma.
(St. Gertrud, July 22, 1875).

335.

fth, aperture for butterfly's tongue.

Melampyrum pratense,

the pollen

foregoing

;

;

;

;

is

shed in Melampyrum

L.
is

— The

contrivance by which

again different from

for here all the four anthers lie close together

all

the

and form

is opened by touching the pointed
appendage borne by each anther-lobe. The flower exhibits several
other remarkable peculiarities. Honey is secreted by the base of
the ovary, which expands opposite the under lip into a white, round,
fleshy body, on each side of which runs a honey-secreting groove.
The abundant honey fills 2 to 3 mm. of the tube, which is 14
it is protected from rain
to 15 mm. long, and stands horizontally
by a ring of hairs, pointing forwards and placed immediately in
front of it.
In order to suck the honey in the normal way, and
without thrusting its head into the tube, an insect must have a

a single pollen-reservoir, which

;

proboscis 14 to 15

mm.

long

humble-bees are excluded.

;

so that the greater

But

number

at its anterior end,

of our

for

4

to
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easily;

is

so wide that a humble-bee's

a proboscis 10 to 11

only B. tcrrestris and

mm.
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head enters it
suffices, and

long therefore

small workers of some other species are

excluded.

In

its

narrower part the tube

is

three-sided, the lower wall

bending sharply inwards then
rising almost perpendicularly, and holding the style in their upper
All three sides widen out gradually for a space of 8 to 10
angle.
mm. from the base of the tube, then, on a sudden, more rapidly,
the sides rising up into a hood for the pollen-reservoir, and the
floor increasing from 3 mm. to 5 mm. in breadth.
In this wide
part of the tube the lower part of the side walls is doubled down
upon the floor by a re-entrant fold {a, 2, 3), so that the breadth
of the entrance is reduced to scarcely 3 mm.
and this is further
reduced in height to 1 to 2 mm. by two dark-yellow pouches in the
under lip {^pathfinders, h, 3), and by a fold close behind the free
edge of the hood-like upper lip if, however, the folds in the side
walls and in the upper lip are opened out by a bee thrusting in its
head, there is plenty of room in the broad part of the tube for the
bee's head, which is about 5 mm. broad, and 3 mm. high.
So by
this peculiar conformation of the mouth, weak, short-lipped insects
are e.xcluded, and at the same time humble-bees are permitted
to insert their heads.
There are yet other peculiarities in the
mouth of the flower which complete this result. The filaments
which, in the narrow part of the tube, are thin and adhere to the
corolla, become free from it in the wide part, and rise obliquely
upwards as stiff, broad rods beset with teeth on their inner sides,
towards the hooded upper lip, which incloses the stamens. The
two anterior stamens lie, in their ascending portions, so close
behind the entrance of the flower that they block it for a further
space of ^ mm. on either side.
So in looking from the front into
the movith of the flower we see an opening only 2 mm. broad and
scarcely so high, bounded on the right and left by the prickly
margins of the filaments, above by the soft tufts of hairs on the
upper lip, and by the weak hairs projecting downwards from the
pollen-receptacle {d, 3).
The bee in inserting the delicate tip of
therefore, in this
its proboscis carefully avoids any rough contact
flower, it directs it neither to the right or left, where it would
meet the sharp points upon the stamens, but upwards where it
rubs against the soft hairs of the upper lip and the pollenThis course is essential for
receptacle in passing into the tube.
standing horizontal, the sides

first

;

;

;

cross-fertilisation.

—
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The

style traverses the upper angle of the tube in its whole
and bends down with it over the pollen-receptacle, so that
its stigmatic end hangs down in the upper part of the mouth of
the flower between the tufts on the upper lip, and is thus inThe four
evitably touched by the bee's proboscis as it enters.

length,

Mclampyrum

Fig. 158.

inatense, L.

1.— Flower, from the side (x 3),
2.
Ditto, from above.
3.— Ditto, from the front (x 7).
4.— The pollen-receptacle formed by the anthers, viewed from behind.
5.— Ditto, after it lins opened, from before.
6.— The two antliers of the riuht lialf of the flower, seen from the left.
7.— Relative positions of pollen -receptacle and stigma.

—

a,

side-fold in the forepart of the corolla

receptacle

pairs

;

e,

teeth

upon the filaments

;

/,

;

6,

pathfinder

;

e,

stigma

d, liairs of the

pollen

appendages of the anthers.

of anther-lobes, which

have

and are in firm
by their upper
and posterior edges, but admit of some motion at their lower
and anterior edges, which are fringed with hairs. Each antherlobe is prolonged downwards into a stiff", sharp process, so that
connection with the

stiff

stiff

walls

filaments, cohere closely

four pairs of these sharp

processes point

downwards

;

of these

—

—
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the hindmost are the longest, as they might easily escape being
touched if of the same length with the others. The bee's proboscis, entering the flower in

the

way

described above, comes in

contact immediately afterwards with the sharp processes of the

anthers

;

the anther-lobes at once separate slightly at their lower

and anterior edges, and the

fine,

dusty pollen

is

shed upon the

insect's proboscis.

In spite of those manifold adaptations, the plant, from growing
shady spots, is, as a rule, sparingly visited by bees but in their
absence self-fertilisation takes place regularly. As in Rhiiianthns
minor, the end of the style curves more and more downwards, and
at last inwards, so that the stigma comes to lie below the pollenreceptacle (5, Fig. 158), which in the old flower opens of itself.
In flowers whose colour has changed to reddish the stigma is
always found in this position.
in

;

—

Apidce : (1) Bombus agronim, F. i^ $ (10 15),
weight bends down tlie flowers to which it hangs. It
first inserts the tip of its proboscis into the upper part of the flower, then
thrusts tlie whole proboscis and its head into the tube. After visiting a flower,
which takes only a few seconds, it nlmost always flies away to a neighbouring
plant.
(18—20), sucking normally, just as the former
(2) B. hortorum, L. ^
species (Siebengebirge, July 8, 1871)
(3) B. terrestris, L. 9 (7
9), bites
through the corolla close above the calyx, so that one mandible makes a hole
on each side of the sharp edge of the corolla, and through one of these two holes
the bee inserts its proboscis
(4) B. pratorum, h. ^ ^ (8
9), acts similarly
(Siebengebirge, July 8, 1871)
(5) Apis mellifica, L. ^ (6), do., very ab.
(6)
Megachile circumcincta, K. 9 (H)? sucking normally, only one specimen.
B. Diptera Stratiomi/idcc : (7) Oxycera pulchella, Mgn., I saw this species on
the flowers at Warstein,
it probably could not reach either the honey or
the pollen. See also No. 590, in.
Visitors

:

Hymenoptera

sucking normally.

!

Its

!

—

;

—

;

;

;

•

—

Melampyrum

arvense, L., is visited by various insects, but only
by very long-tongued humble-bees (590, ill.).
Melami^yritni nemorosiom, L.
The honey is stolen by various
humble-bees, but the flower is fertilised only by Bomhus hwtoritm,
fertilised

—

L. ^ (590,

III.).

—

Melamjpyrum silvaticum., L. The flower
mechanism is much simplified (590, ill.).

The

is

of small size

and

its

above described in which dry pollen is shed on
Odontites littea, 0. serotina, Euphrasia officinalis, Mclamjiyruni, BhinantJms, and Fcdicularis, show remarkable
gradations in the way in which the anthers are protected and the
six forms

the insect-visitor,

viz.
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pollen lodged, and in the

mechanism

[part hi.

and

for scattering the pollen

for guiding the insect's proboscis.
a.

The

protection

of

In

the anthers.

Odontites

the

lutea

anthers protrude from the flower, as in Veronica; in Odontites
serotina they are only slightly covered

are entirely covered by

it

by the upper

in ^. officinalis

;

are completely inclosed in the hood of the upper
h.

The

pollen-receptacles.

and in Euphrasia

lip,

while they

in the three others

they

lip.

In the two species of Odontites

each anther-lobe forms a separate
receptacle opening at the apex in 0. lutea all the anthers are
separate in 0. serotina they are connected posteriorly by matted
In Melampyrum,
hairs; in E. officinalis their edges cohere.
officinalis

;

;

Ehinanthus, and Pediciolaris, their edges are closely united so as to
form a single, more or less distinctly four-chambered receptacle.
In 0. lutea and 0. serotina
c. The shedding of the pollen.
in
the anthers must be touched in order to shed their pollen
0. lutea each must be touched separately, but in 0. serotina
one touch is communicated to all. In E. officinalis the lower
anthers, in Melampyrum all of them, bear sharp appendages which
point downwards, and which, when touched, cause the pollen to
In Ehinanthus, the pollen-receptacle is opened by
fall out.
pushing apart the filaments. In Pedicularis, the edges of the
;

hood which incloses the pollen-receptacle are separated by a
complex system of levers, and the pollen-receptacle then opens.
In all, except 0. lutea, hairs directed downwards (either from the
edges of the anthers or from the filaments) prevent the pollen
being scattered at the sides.
In 0. lutea and E. officinalis
d. The path of the bee's proboscis.
the path is only marked out by the entrance of the tube but in
0. lutea the bee's proboscis cannot fail to come in contact with one
or other of the anthers, and in E. officinalis with their appendages.
In the other four species sharp points on the filaments or on the
;

edges of the upper lip cause the bee to insert the tip of its
proboscis just in such a position that it may first touch the stigma

and then dust itself with pollen.
In regard to all four characters Odontites
and Pedicularis silvatica highest.
Cross-fertilisation in case of insect-visits

lutea stands lowest,

is

insured in

all

the

six species by the stigma being touched in all or most flowers
by the same part of the insect which is immediately afterwards
dusted with pollen. In three species out of the six, two forms of

flowers occur, of

which one

is

sparingly visited by insects and in

;
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and the other is abundantly
by insects and is incapable of self-fertilisation. In Eitphrasia
officinalis and Rhinanthus crista-galli it is the small-flowered form,
in Odontites serotina it is the plants inhabiting shady places, which
receive so few insect-visits that self-fertilisation becomes necessary
in Melampyrum and Odontites lutea self-fertilisation occurs in
absence of insects, but in all flowers without distinction; in
Pedicularis silvatica alone, the conspicuousness of the flowers and
their absence fertilises itself regularly,
visited

the perfection of the pollen-apparatus insures cross-fertilisation so
well that self-fertilisation never takes place.

The

by a pollenremarkable also for the gradations in the
nectaries.
Usually part of an organ already

section of the Scrophularineae characterised

distributing

mechanism

development of

its

is

present secretes honey, especially the lower part of the outer wall of

the ovary, which sometimes secretes

its honey all round {Tozzia),
sometimes mainly or solely in front {Euphrasia and Odontites).
With the growth of this new function the secreting tissue
thickens and forms a protuberance scarcely noticeable in Euphrasia
"minima, but evident in E. salishurgensis and Pedicularis aspleniit becomes a strongly marked swelling in P. verticillata,
folia, Fl.
L., and F. recutita, L., which in P. palustris, L., is more sharply
marked off from the ovary, and in Rhinanthus becomes a cup
extending forwards from the base of the ovary, which contains
the nectar, and is most perfectly developed in B. aljnnus.
We
thus have a complete series of transitions, from secretion of honey
by an organ whose proper function is quite different, to the
development of a special nectary.
;

REVIEW OF THE SCROPHULARINEJ£.

The Scrophularineaj described above may be arranged in four
groups according to their pollen-distributing mechanism and the
which fertilise them.
Verhascum and Veronica have open flowers, with short tubes
and freely exposed reproductive organs which insect-visitors may
come in contact with at any part, though they as a rule touch the
stigma before the anthers. Only in some Vero7iicas, especially in
F. Chamwdrys, the filaments by spreading apart and thinning away
insects
1.

THE FERTILISATION OF FLOWERS.

464

base form a delicate pollen-distributing apparatus.

at the

fertilisers are flies
2.

[part hi.

and

The

bees.

Scrophularia has short, round, brownish

flowers,

with

a

widely open mouth and easily visible honey. The stigma ripens
before the anthers, and both come in contact inferiorly with the

Wasps

insects.

are the chief fertilisers.

Antirrhinum, and Linaria have long and wide
and closed in the other two. The insectvisitor creeps entirely or almost entirely into the tube, and touches
anthers and stigma with its back. The fertilising-agents are large
3.

Digitalis,

tubes, open in Digitalis

bees.

Euphrasia, Odontites, Bhinanthus, Melampyrum, and Pedicithave narrow tubes which divide into an upper lip protecting
the anthers, and a lower lip serving as a platform for insects to
They dust their in sect- visitors with smooth, powdery
alight on.
The forms with shorter tubes are fertilised by bees and
pollen.
flies, those with longer tubes almost exclusively by humble-bees.
On the Alps we have in addition Tozzia, fertilised by flies,
Bhinanthus Aledorolophus by humble-bees and Lepidoptera, and
B. alpi7ius by Lepidoptera (609).
In almost all the Scrophularinese that we have considered,
cross-fertilisation is effected by the stigma being touched before
the stamens or pollen-apparatus by insect-visitors but in some
cases dichogamy also occurs. In default of insect-visits, self-fertiUand only in a few are insectsation takes place in most forms
visits, and consequently cross-fertilisation, so far insured that selffertilisation is never required and has become impossible.
4.

laris

;

;

This family affords another instance of the association of certain
In the section charac-

colours with fertilisation by certain insects.

by loose dry pollen, the lowest forms {Tozzia, Odontites
and Euphrasia minima) are all yellow, while in the highest
{Melan.pyrum, Fedicularis) red and purple colours appear. The
uncommon colour of Scrophtdaria must be referred to the peculiar
The colours of the genus Veronica,
taste of its visitors, the wasps.
which is fertilised by flies, remain to be explained. Most species
have light or dark blue flowers those of V. urticifolia, and F.
terised
lutea,

;

peregri7ia, L., are pink.

Veronica
larinea)

:

is

In spite of

its

apparently simple flower,

by no means a primitive form among the Scrophu-

the

symmetrical

flower,

the

specially

differentiated

and petals to four, and of the
stamens to two, are all characters widely removed from the
primitive type. The short-tubed species of Veroiiica must be
nectary, the reduction of the sepals

;;
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looked upon as the more primitive, from which the long- tubed type
of V. spicata has been evolved by the agency of bees and sandwasps.
Two different hypotheses suggest themselves for the origin
of the genus

Veronica.

In the

may be due

first place,

the reduction of the

development of the delicate
pollen-shedding mechanism adapted for Syrphidae, which we
found to be best developed in V. Chamwdrys and V. urticifolia
just as in Salvia two stamens have certainly become aborted
owing to the development of the special lever-apparatus in the
According to this view, the oldest Veronicas are those
others.
which are adapted for Syrphidae, the others, with short tube and
flat limb, being developed from them by degeneration of the
and several species {e.g., V. Bcccahunga and
pollen-mechanism
But it is conV. a/phylla) do seem to show such a degeneration.
stamens to two

to the

;

ceivable that the ancestors of Veronica suffered reduction in the

number

of their stamens simply in consequence of gradual dimi-

Lycopus among Labiates, several Saginse
Ranunculus, Chasalea,
and the small-flowered form of Stellaria media, L. and that the
pollen-mechanism was subsequently developed in one section of
the genus. In this case we must ascribe to a miscellaneous lot of
Syrphidae and small bees the blue colour of the simpler Veronicas
which are not provided with any special adaptations for Syrphidas
for the Muscidae and other Diptera, which also visit and fertilise
these simpler Veronicas, show no signs of favouring the production
I see as yet no grounds
of a blue colour in any other instance.
nution in

among

size,

as in

Alsinete, small-flowered species of

;

for preferring either of these

Ord.
Utricularia, L.

hypotheses to the other.

LENTIBULARIE^.

—Buchenau

has investigated

structure and development of the flower.^

thoroughly the
Hildebrand has ex-

plained the mechanism of fertihsation (356). An insect, thrusting
its proboscis beneath the upper lip to reach the honey contained in
first touches with its back one of the stigmatic lobes,' which
beyond the anthers and have their papillar surfaces directed
downwards immediately afterwards it comes in contact with the
The stigma is irritable,
anthers and gets dusted with fresh pollen.
folding upwards at once on being touched, so that pollen cannot be
applied to the stigma of the same flower as the insect draws back.

the spur,
project

;

1

Botan. Zeitung, 1865, p. 63.

H H
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Pinguicula alpina, L.

— The structure of the flower

the stigma, instead of folding up by

upwards by the retreating
its

way

its

own

[part hi.
is

but
pushed

similar,

irritability, is

A fly, forcing

insect (Hildebrand, 356).

into the pale yellow flower, rubs against the stigma with

with pollen from another flower. It now tries
to move upwards, as far as possible, to free itself from certain stiff
hairs directed obliquely backwards on the inferior wall of the
corolla, and in doing so it dusts its back with fresh pollen (589,
Some flies, which are large enough to get caught
609).
p. 334

its

back and dusts

it

;

enough

firmly but not strong

and

to

make

their escape, are held fast

perish.

Pinguicula lusitanica,

L., is self- fertilising

Pinguicula vulgaris, L.

—Axell

(Henslow).

gives a figure and description

of the flower, which agree with Hildebrand's account (17).
species is adapted for bees (609).

GESNERACEM

Ord.

The

flowers are

markedly proterandrous (172,

Ord.
Bignonia, L.

—The

178, 632).

BIGNONIAGEM

flowers are proterandrous.

the stigma are touched

This

first

by an

insect-visitor,

The

lobes of

and therefore get

dusted with pollen from a previously-visited flower they then
close up immediately, before pollen from their ow^n flower can
;

reach them (178).
Martynia,L. (Pedalinese), has a similar arrangement (172, 352).
My brother Fritz Muller fertilised a species of Bignonia (Cijjo
alho of the Brazilians) in South Brazil as follows
(1)

stock

;

:

—

Twenty-nine flowers on two stocks with pollen of their own
all fell off in

a short time.

Thirty flowers on the same two stocks with pollen from
only two flowers developed fully, but
others growing near by
(2)

;

most remained longer upon the stem than in the previous case,
and ma.ny showed a commencing enlargement of the ovary.
(3) Five flowers on one stock with pollen from another growing
at a distance

Tccoma

;

all five

were

fruitful (551).

capensis, Lind., is

visited

and

honey-suckers and by small bees (233).

fertilised in

Natal by

—
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ACANTHACEu^.

— The

insect entering the tube of the

honey at the base first touches, the stigma with
back, and then the anthers, which are provided inferiorly with
to reach the

pointed processes (352).
Cryphiacanth'iis harladensiSy Nees. (Ruellia clandestina, L.).

The

known

cleistogamic flowers were

Uirinihemum,

L.,

to Dillenius (531).

Dccdalacanthus,

Anders.,

^chmanthera, Nees., and Hucllia,

Nees.,^

L.,

Dij^teracanthus,

also possess cleis-

togamic flowers (167).
Meyenia ercda, Benth. The mechanism of the flower of this
West African shrub has been described by Mr. Irwin Lynch (444).

—

The

The

flowers stand nearly horizontal.

style lies in a groove

on the dorsal side of the tubular curvqd corolla.
which stands at the mouth of the tube, is two-lipped
which is alone receptive, is rolled into a tube.

The
;

its

stigma,

upper

lip,

The anthers stand midway in the corolla tube, and are furnished
with hairs which catch the pollen as it is being shed. The broad
lower lip of the stigma projects downwards, obstructing the entrance

;

it first

acts as a lever to bring the

the back of an insect entering the flower

;

upper lip down upon
but afterwards, as the

back dusted with fresh pollen, the lower
stigma protects the upper one from contact.
Strohilanfhes {Goldfiissia) a7iisopJiylla, Nees.
This flower was
carefully described and beautifully figured by Charles Morren in
1839 (541 a). Morren saw that insects were needed to effect fertilisation, but he thought only of self-fertilisation, and accordingly he

insect emerges with its
lip of the

—

misinterpreted the

The

mechanism

of the flower.

flowers stand nearly horizontal.

bears stigmatic papillae on

The

tip of the style only

it is curved
an insect in entering the flower comes at once in
contact with the stigma.
When the stigma is touched (or even if it
be breathed upon) it at once becomes straightened out and generally curves at the same time to the right, and it becomes closely

upwards

its

lower (anterior) surface

;

so that

appressed to the inferior wall of the corolla.

The

insect passes

further into the flower, and becomes dusted with fresh pollen

:

this

carried out of the flower without coming in contact with the
stigma.
According to Morren the irritability of the style is never
manifested until after dehiscence of the anthers.
is

^

Beiitliam and

Hooker place

this

genus under Rucllia.

H H
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Morren supposed that the pollen fell of itself from the anthers,
and either came directly, or was carried by small insects, to the
hairs upon the inferior wall of the corolla in the neighbourhood of
the stigma; and that thus, when by any cause the style was
irritated, the stigma curved over and applied itself to the pollen.
Acanthus mollis, L., and A. spinosus, L. The four unilocular
anthers lie close together and hold between them the loose pollen.
The inferior filaments pass below and in front of the anthers, and
are suddenly bent back towards them immediately below their
attachment. The bee-visitors {Bomhits italicus and B. terrestris)
have to pass between these inferior filaments, and in doing so force
both them and their anthers apart, and cause the pollen to fall out.
The proterandrous condition lasts for several days, and then the
end of the style, which was straight before, bends downwards and

—

forwards, so that the lobes of the stigma

come

in contact with the

bee (172, 178, 360).

I

—

Aphelandra pectinata, Willd. (A. cristata, H. B. and Kth). The
two lobes of the corolla which form the upper lip are rolled round
the anthers
the two lateral lobes are approximated, forming
folding doors which close the entrance of the tube.
When these
doors are opened they cause the lobes of the upper lip also to
separate, and the anthers are set free and shed their pollen on the
visitor.
The fertilising-agents are probably humming-birds (178).
Bhinacantlmts communis, Nees., is markedly proterandrous. In
the first stage, the two anthers are bent down into the entrance of
the flower, and the still immature stigma is bent upwards in the
second stage the anthers are bent apart to the sides, and the ripe
;

;

stigma

is

placed exactly in the path of the insect's proboscis.

visitors are

Ord.

SELAGINEjE {GLOBULARIACEuE).

Glohularia vulgaris, L.,

is

proterandrous; G. cordifolia, L., and

G. nudicaulis, L., are proterogynous with persistent stigmas.
flowers of all three are light-blue
butterflies.

The

probably Lepidoptera (177).

This

is

and adapted

the only instance in the

The

for fertilisation

by

German and Swiss

a blue colour being produced by the selective agency of
Lepidoptera (609).

flora of

PART

THE MECHANISMS OF FLOWERS.

III.]

VERBENACE^.

Ord.

^.

^giphila data, Sw., and

^.

spicuously heterostyled.
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mollis,

ohdurata

"

H. B. and Kth., are conprobably was once hetero-

styled, and has since been rendered dioecious by the pistil in the
one form and the stamens in the other having become functionless
and reduced in size" (Darwin, 167, p. 124).
Verbena officinalis, L., is adapted for fertilisation by bees (590,
III.,

and 609).

The

flowers of a

Lantana

Mttller, yellow on the

Some

first

in

South Brazil

are,

according to Fritz

day, orange on the second, and purple

and orange flowers,
So this change of
some
colour increases the conspicuousness of the plant, and at the same
on the

third.

butterflies visit the yellow

exclusively the yellow, none the purple.

time saves

many

—

useless visits (560).

Ocimum, L. In this genus the Labiate type of flower is reversed,
the stamens and style lying upon the under lip, while the upper
side of the tube lodges the honey, which is protected by hairs on
Therefore the stamens first curve upwards,
the superior stamens.
the style downwards, and afterwards in the contrary direction;
which is the reverse of what occurs in Teucrium, for instance. The
fertilisers are bees of the genera Anthidium, Apis, JBombus, and
Halictus (178, 360).

Ord.

LABIATjE.

—

The reproductive organs lie
Plectranthus fruticosus, L'H^r.
below the entrance into the honey-receptacle, which is a spur-like
development of the base of the corolla. In the first stage the
style lies with unripe stigmas between the stamens
in the
second the stamens have spread apart, and the style with
outspread stigmas stands alone in the way of insect- visitors (360).
;

336.

Lavandula vera (L.), D. C.
many insects, especially

—The

spikes of small blue

by their strong scent,
and supply abundant honey. The tube is 6 mm. long, and the
nectary resembles that of Thymus in size and position.
The
stamens, which lie in the inferior side of the tube, overtop
the stigmas, but the well-marked proterandry insures crossflowers attract

bees,

fertilisation.

(1)

freq.

;

Anthophora quadrimaculata,
(3)

0. rufa, L. ^

,

s.

;

(4)

Pz. $ <^, ab.
(2) Osniia senea, L. ^,
Megachile pyrina, Lep. (fasciata, Sm.), ^
;

,

—

;
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freq.

(5)

;

M.

K.

Williiglibiella,

^

;

(6)

M. centuncularis,

L.

^

;

[part hi.
(7)

Antliidiiim

manicatiim, L. $ (^ ab. ; (8) Crocisa scutellaris, Pz. ^ (^ ab.
(9) Coelioxys
conoidea, 111. $, freq. ; (10) C. urabrina, Sm. $
(11) Chelostoma nigricorne,
Nyl. ^, all only sucking. See also No. 590, in.
,

,

;

;

—

Mentha

arvensis, L. The base of the ovary, which
is several times as large as the ovary itself,
(n, 4, Fig. 159).
The corolla forms a bell, which in the pistillate
flowers is about 2 mm., in the hermaphrodite about 3 mm. long,
and in both is fully half as wide at the mouth as it is long. The
honey is accessible to very short-lipped insects, and it is completely
sheltered from rain by hairs which extend from the sides of the
337.

secretes the honey,

The

bell to its centre.

3.

make themselves

perceptible at a

Fio. 150.

—

Mentha arvensis.
1.— Female flower.
2.— Hermaphrodite flower, in
1

flowers

4.

first

(male) stage.

— Ditto, in second (female) stage.

4.— Ovary and nectary.
5.— M. aquatica. Female
Figs. 1

flower, seen obliquely

from the front, to show the rndimentary stamens.-

and 5 should be horizontal.

distance by their scent, and their close whorled arrangement renders

them conspicuous

to the eye, still more in the case of the largeflowered hermaphrodite than the smaller female plants. I have

by direct observation in the case of Mentha the opinion
which I shall recur in describing Nepeta and Thymus, that
insects visit the more conspicuous flowers before those that are
less so
in the case of Nepeta and Thymus I have neglected to
verified

to

;

study this point
Visitors
(h)

ab.
(c)

(8)

:

Syiyhidm

sufficiently.

A. Diptera— (a) Straliomyulcc
:

(2)

:

(1)

Odontomyia

Eristalis sepulcralis, L., very ab.

(4) Melithreptns scriptus, L.
MuscidcR: (6) Onesia floralis,
;

Lucilia silvarum,

Mgn.

;

(9)

;

K

(5)

D.

M.
;

taeniatus,

(7)

;

(3)

viridula,

F.

Mgn., both not

rare,

s.

O. sepuleralis, Mgn., both ab.

L. cornicina, F.

;

;

Syritta pipiens, L.,

(10) Pyrellia cadaverina, L.

;

;

—
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;
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Mgn., the last four species not rare. B. Lepidoptera RhoSatyrus Janira, L. All these insects sucked honey only,
expected to see the Syrphidao at least eating pollen.

(11) L. albiceps,

pulocera

though

:

I

(12)

Mentha aquatica,

—

While in Mentha
and large-flowered hermaphrodite
flowers occur in nearly equal numbers, in M. aquatica the former
are much rarer than the latter.
In the hermaphrodite flowers the
tube is 4 to 5 mm. long, and about 2 mm. wide at the mouth
338.

L. {M. hirsiota, Sm.).

arvensis small-flowered female

;

otherwise the flower resembles that of

owing

M.

Although,

arvensis.

honey is slightly less
more numerous,

to the greater length of the tube, the

accessible than in 31. arvensu, insect-visits are

owing

to the taller stalks

and the

denser heads of flowers.

larger,

—

Visitors: A. Hymenoptera (a) ApidcB : (1) Halictus cylindricus, F. ^ (2)
H. niaculatus, Sm. ^ both ab. (3) H. longulus, Sm. ^ (4) H. nitidiusculus,
K. ^, all s. (b) Ichneumoindce : (5) Various sp., some creeping bodily into
,

;

;

;

;

the ilowers.
livida,

L.,

podagrica, F.,

s.

E. ajneus, Scop.

times

f.p.

H.

;

Diptera

B.

both

ab.,
;

;

s.

—

Einpiclce

(a)

(8)

;

(6)

:

Empis

E. tesselata, F., do.

(10) Eristalis

nemorum,

;

Fallen

Syrph'idce

:

;

(9)

(7)

E.

Ascia

arbustorum, L. (12)
sometimes s., some(15) Helophilus pendulus, L., ab.
L.

(11) E.

;

(13) E. sepulcralis, L., all four

(14) Syritta pipiens, L., ab.

rustica,
{h)

;

very

;

ab.,

Syrphus pyrastri, L., ab. (18) Melanostoma
mellina, L., ab., these also both s. and f.p.
(c) Muscidoi : (19) Onesia floralis,
R. D.
(20) 0. sepulcralis,- Mgn.
(21) Sarcophaga carnaria, L.
(22) Musca
corvina, F., all four very ab.
{d) Tabanklcr. : (23) Chrysops coecutiens, L., s.
(IG)

trivittatus,

F.

;

(17)

;

;

;

;

;

;

Delpino considers Mentha and Coleus, Lour., degraded forms of
178, p. 143; 360, p. 656); he, however,
gives no reason for thinking them to be such, and not rather less
specialised forms, differing less from the common ancestors of
the Labiate type (No.

the Labiates.

The

flower of Coleics {Blumei, Benth.

in No. 560,

339.

?) is

figured and described

III.

Lycopus europ^us, L.— The

corolla forms a bell 3 to 4
mouth, but scarcely 1 mm. wide at
by the yellow fleshy base of the
ovary it is accessible to very short-lipped insects, and is sheltered
from rain by long hairs which project from the sides of the bell
towards its centre.
Some purple spots on the under lip serve

mm.

long, 2J mm. wide at the
the base. Honey is secreted
;

as guides.

The flowers are markedly -proterandrous. When the two
anthers which project from the tube come to maturity, the two
stigmas still lie folded together (Fig. 160, 1). When the stigmas

——

;
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separate, the anthers are already withered

[part hi.

and bent downwards.

The wide space between the anthers and stigmas seems

sufficient
to prevent self-fertilisation even without the help of proterandry.

In spite of the small, inconspicuous flowers, insect-visitors are

numerous and varied.
While in Salvia the abortion of two stamens may be explained
by the development of the lever-mechanism which they would
have interfered with, in Lycopus their disappearance is due simply
to the small size of the flower

and though only two are present,
the small size of the flower causes every insect to come in contact
with them. The same explanation holds good for Veronica, whose

Fig. 160.
1.
2.

3.

a,

Lycopus

euroiiceus, L.

— Flower, in
(male) stage, from below.
—Ditto, in second (female) stage, from the side. This figure should be horizontal.
— Ditto, in
stage, after removal of the under
from below.
first

first

lip,

abortive stamens

a3, ditto,

withered

at',

;

nectary a', perfect anthers, before deliiscence
stigma, still immature ; at^, ditto, ripe.

;

n,

;

flowers are the smallest

are

;

among

scidce

:

(4)

Hymenoptera

freq.

s.,

scriptus, L.,

a^, ditto,

dehiscing

Scrophularinese as those of Lycopus

Labiates.

Visitors: A.

diadema,

among

;

s.

and

f.p.

;

(3)

Vespidce

:

(1) Polistes

—

(a)

Diptera

B.

(Thur.).

Syritta pipiens, L., very ab.,

Lucilia silvarum,

Mgn.

;

(5)

and

galHca, L.,

Syrphidm

:

(2)

s.

and

L. cornicina, F., both

var.

Melithreptiis
f.p.
s.,

;

(b)

freq.

Mu;

(6)

Sarsophaga albiceps, Mgn., ab., s. (7) Pollenia Vespillo, F., s. Also many small
gnats 1^ mm. long. C. Hemiptera (8) Some undetermined species of bugs.
D. Lepidoptera (9) Adela sp., s. E. Thysanoptcra (10) Thrips, very ab.
;

—

340.

—

Thymus Serpyllum (L.),

—

Fr.

— Our two species of Thymus

have, like Nepeta, stocks of two kinds, one with large hermaphrodite, the other with small pistillate flowers.

Hildebrand (351) has sought to ascribe the origin of the smallflowered female plants to the proterandrous condition of the

ART
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hermaphrodite ones

;

his theory rests, if I understand it rightly,

Since no stigmas are mature

upon the two following arguments.
at the time

when
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in the first flowers of a proterandrous plant the

stamens dehisce, these stamens are of no use to the plant, and since
all economy of useless organs is advantageous to the plant, the
stamens of the

by Natural

first

flowers of proterandrous plants can be abolished

This reasoning

Selection.

applies only to the

first

is

undeniably correct, but it
and not to

flowers of proterandrous plants,

Fig. 161.

I— S.— Thymus
1.

Serpyllum, Fr.

—Hermaphrodite flower, in first"(male) stage.
in second (female)
— Female flower.

2.— Ditto,
3.

stage'.

4— 6.— T.
4.— Female
5.

vulgaris, L.

flower.

— Pistil of hermaphrodite flower in first stage.

6.— Ditto,

in second stage,

ov, ovary; n, nectary,

(x

7.)

Thymus which bloom all summer beside the
hermaphrodite ones. This in my opinion is only to be explained in
the way that I have suggested in the case of Nepeta (p. 484). The
variability in size, which my theory presupposes, is present in our
two species of Thymus, as in Nepeta, to such a degree that, while
the largest hermaphrodite flowers (Fig. 161, 1, 2) are several times as
large as the smallest female (Fig. 161, 3), the smallest hermaphrodite
and the largest female flowers are nearly equal in size. The flowers

the female stocks of

;
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on the same

stock,

on the contrary, are

all

much

[part

of the

same

iir.

size,

my

explanation requires, but the hermaphrodite flowers enlarge
in passing from the first (male) to the second (female) stage.
The
as

certainty of cross-fertilisation, which
is

in a high degree a character of

is also

necessary for

Thymus;

my theor}',

honey

for the

is

ex-

ceedingly abundant and has an aromatic taste, the base of the

ovary by which the honey is secreted {n, 5, 6) w. many times as
itself, the aggregation of the flowers and their

large as the ovary

strong scent reveal

many with

little

them

and permit insects to visit
and from the reproductive organs

to insects

loss of time,

many

protruding beyond the corolla

flowers

may

be

fertilised at

The tube is
once as the insect clambers over the inflorescence.
smooth at the base where the honey lies, and lined with hairs above
to exclude rain; it is only a few millimetres long [2\ to 4 mm. in
honey is accessible to a great variety of
was impossible in all the flowers that I
have examined, for the style, which in the first stage is short and
overtopped by the anthers (Fig. 161, 1, 5), elongates and grows
out beyond the anthers before its tw^o divisions with the stigmatic
T. Serpyllum), so that the
Self-fertilisation

insects.

papillseat their tips spiead apart.^

Darwin found the female form very much more productive than
the hermaphrodite, both in T. Ser2Jyllum and T. vulgaris.
While Darwin in England, Hildebrand in the Rhine Provinces,
according to his Flora, in Brandenburg, and I in
Westphalia and Thuringia, have only observed the two forms, female
and hermaphrodite, of this plant, Delpino, near Florence, has
found the plant trimorphic he states that it consists there of
hermaphrodites with both stamens and pistil equally developed

Ascherson,

:

of others with greatly developed stamens

stage of abortion, or even absent

;

and

and the

every
with greatly

pistil in

finally, others

pistil and more or less aborted stamens (No. 173, p. 7).
In England also there seems to be a passage towards purely male
flowers, for, according to Dr. Ogle (No. 632, p. 54), in many of the
hermaphrodite flowers the stigma never reaches maturity. Without accurate information concerning the size of the flowers, the

developed

time of their development, the frequency of insect-visits, and the
relative distribution of the two forms, all attempts at explanation

must be

unsatisfactory.

Visitors
c.p., ab.

;

:

(2)

Compare
Thymus, No.
^

A. Hymenoptera— (a) Ajndce
Boinbus pratorum, L. $ do.
,

my accmmt
167, p. 300.

of Nepcta

;

:

GkcJioma,

Apis mellifica, L. ^ s. and
Saropoda bimaculata, Pz. ? (J

(1)

(3)

,

>

p. 484,

aud Darwin's account of

—

—

PART
;

Andreiia

K. $

iiigrocxniea,

,

Lindenius

(10)

;

s.,

albilabris, F.,

tcDclius siilfureus, Mik.,
ab.,

8.

cella

;

s.

{h)

;

(13) E. sepulcralis, L.,

bombylans,

fernigineus, L.,

L.,
s.

s.

;

{c)

Coelioxys sp.

c^,

s.

;

(b)

;

B.

Diptera— (a) Bomhylidfe
:

(9)

(12) Eristalis

Conopido'

Conops

(16)

:

testacea,

L.,

s.

;

:

arbustorum,

(14) Syritta pipiens, L., s.,ab.

;

^

Sphegidcr,

,

Cerceris variabilis, Sclir. $ ^^
: (11) Sys-

ab.

SyrpUdoB
s.

Myopa

(18)

;

s.
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Megacliile circumciiicta, K.

(5)

;

(7)

;

,

(8)

s.

,

Nomada germanica, Pz. $ s.
Ammophila sabulosa, L. ^ ^

(())

s.
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(4)

ill).

—

:

s.

flavipes, L.,

Muscidm

(d)

;

s.
:

;

very
Volu-

L.,

(15)

;

(17) Sicus

(19) Lucilia

(21) Gymuosoma rotundata, L.
(20) Ecliinomyia tesselata, F.
Ocyptera brassicaria, F., ab. (23) Sarcophaga carnaria, L., very ab.
(24)
(a) RhopaloC. Lepidoptera
S. albiceps, Mgn., very ab., all only sucking.
(26) S. Janira, L.
(27) Argynnis Aglaia,
eera : (25) Satyrus panipliilus, L.
{h) Sphinges : (29) Sesia enipiformis, Esp
L.
(28) Lyca^na icanis, Rott.
See also No. 590, iii., and
all sucking.
(Almetlial)
(30) S. tipuliformis, L.,

cornicina, F.

;

;

(22)

;

;

;

—

;

;

;

;

—

;

No. 609.

I have observed altogether on T. Scrpyllum

ApidSB.

Lepidoptera.

Diptera.

17

20

30

25

65

30

In the Lowlands

In the Alps...

'

...

In every 100 insect-visitors there

341.

garden

A. Hymenoptera

72

2

122

-

5

are, therefore:

Other Insects.

23-6

27-7

41-6

6-9

99-9

20-5

53 2

24-6

1-6

99-9

...

Thymus vulgaris,

my

Total.

Diptera.

In the Alps

visitors in

Other Insects

Lepidoptera.

Apidae.

In th3 Lowlands

—

L.

—

I

Total.

have observed the following

:

—

(a) ApidcB : (1) Apis mellifica, L. ^ s.
(2) Halictus,
and c.p. (6) SpJiegidce : (3) Ammophila sabulosa, L. 9 c? s.
B. Diptera
(a) Empidcc
(6) Syrphidce : (5) Syritta
(4) Empis livida, L., s.
pipiens, L., s. and f.p., ab.
(c) Muscidce : (6) Sarcophaga albiceps, Mgn., s.,

small species,

s.

,

;

1

;

—

:

;

;

ab.

C. Lepidoptera

342.

Sphinges

:

(7)

Origanum vulgare,

Sesia tipuliformis, L.,

L.

s.

— This plant agrees with Thymus

in consisting of large-flowered proterandrous hermaphrodite,

and
mechanism of
perfume and in the

small-flowered female individuals, and in the whole

the flowers

;

and

if it is inferior to

Thymus

in

—

—

—

—
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taste of its honey,

[part hi.

has a compensating advantage in

it

large

its

more closely together on higher stalks. The
the
power of self-fertilisation. Though the flower
lost
plant has
is larger than that of Thymus, the tube is short enough (in the
hermaphrodite flowers 4 to 5 mm., in the pistillate 3 to 4 mm.,
flowers crowded

My
my having had much less opportunity

long) to permit a great variety of insects to reach the honey.
shorter

list

of visitors

due to

is

of watching the plant.
Visitors

Apis

Hymenoptera

A.

:

mellifica, L.

^

,

freq.

;

Apidce

(3)

(1)

:

Bombus

terrestris,

Halictus cylindricus, F.

^

(4)

;

L. $

H.

(2)

;

albipes,

^ both species very ab. (5) H. nitidiis, Schenck, ^ all sucking. B.
Diptera (a) Empidce : (6) Empis livida, L.
(7) E. rustica, Fallen, both very
ab., s.
(9) Eristalis arbu(6) Syrphidm : (8) Ascia podagrica, F., f.p., ab.
storum, L., s. and f.p., ab.
(11) Helophilus pen(10) E. nemoriim, L., do.
F.

,

,

;

;

;

;

;

;

dulus, L.,s.

Rondani

;

(c)

(14)

;

Conopidce

M.

siberita,

F.,
L.,

all

ab.,
s.

;

(12) Sicus ferrugineus, L.

(19)

Mgn.,

;

(13)

sucking

all three

;

Myopa polystigma,
{d)

Muscidce

:

(15)

both very ab. ; (17) Prosena
Ehopalocera : (18) Satyrus
C. Lepidoptera
three s.
See also No. 590, in., and
S. hyperanthus, L., s.

Ocyptera brassicaria, F.
Janira,

:

variegata,
;

(16) 0. cylindrica, F.,

No. 609.

Sakireia

167

;

productive than the hermaphrodite (Darwin, No.

for list of visitors see

No. 590,

III.).

Calamintha Clinopodium, Spenner

343.

The

gynodioecious, and the female flowers

Jiortensis, L., is

much more

are

(C.

vulgare, L.).

nectaries and honey-receptacle are formed on the ordinary

Labiate type.

corolla- tube is 10 to

a space of 3

filled for

The

The

mm. with

13

mm.

long,

and

is

often

honey.

inferior division of the

style forms

a broad, lanceolate

bent downwards and bears no distinct stigmatic
the upper is much narrower and shorter, and of very
papillse
There is still more striking variability in the
varying size.
development of the stamens, some or all of them being partially
or completely aborted in many flowers. This is remarkable because
lamina, which

is

;

shows us how Natural Selection could have operated, and must
have operated if, together with the proterandrous condition, there
came into existence small-flowered plants which were visited as a
it

rule after the others.
Visitors: Lepidoptera— /J/io^^a/orera
(2)

;

(1) Pierisbrassicae, L. (15),

Satyrus hyperanthus, L.,— both species

Calamintlia Nepeta, Sav.,

and

butterflies (609, 734).

is

s.

notrare

See also No. 609.

gynodioecious, and visited by bees

;

—

—
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Calamintha Acinos,

Visitors
ab.

L.

A. Hymenoptera Ap'idu', :
B. Diptera —Bomhylidcd :

:

(Thiir.).

477

:

(1)

Apis

(2)

mellifica, L.

^

,

s.

Systoechua sulfureus,

and

c.p.,

Mik.,

s.

(Tlmr.).

Calamintha alpiim, Lam.

— Both

large-flowered

and

small-

flowered plants occur, the flowers of both being hermaphrodite

and proterandrous, but only the small flowers being capable of
spontaneous

self-fertilisation.

The plant

visited

is

by Syrphidse and by a great number of

bees and Lepidoptera (584, 609).
Horminum pyrenaicum, L. The dark-blue colour, the odour,

—

and the very abundant honey attract numerous insects, while the
marked proterandry renders self-fertilisation impossible (No. 609,
125).

iig.

845.

MoNARDA DIDYMA,

gamma, L.
Monarda ciliata

L.

—I have seen

this plant visited

by

Plusia

(?)

is

adapted for

fertilisation

by Sphingidas

(228).

Rosmarinus,

L.,

according to Delpino,

is

proterandrous, and the

stigma comes to take the place of the anthers (178).

—

The remarkable mechanism of
and the way in which it is fertilised by humble-bees,
was so thoroughly explained and figured by Sprengel ^ that
Hildebrand, in his work on Salvia (345), has described nothing
new, except the proterandrous condition, which Sprengel had
346. Salvia pratensis, L.

this flower,

overlooked.

Honey

by the yellow, fleshy base of the ovary. The
the under lip forms a convenient platform
and the erect, helmet-shaped upper lip incloses the

is

secreted

corolla is horizontal
for insects,

anthers.
still

lip,

In the

;

first stage,

the style, with

its

stigmatic branches

folded together, protrudes almost horizontally from the upper
in the second

stigmas.

it

points

The entrance

downwards with divergent and recurved
is guarded by two lamellae

to the tube

which converge and coalesce with one another anteriorly these
lamellae are attached to the inferior limbs of the enormously long
connectives of the two stamens, and are produced by metamorphosis of the inferior anther-lobes
the other and much
longer limb of each of the two connectives rises up under cover of
;

;
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and there bears the other, pollen-producing antherthe connectives are easily movable about their
fulcrums on the short, outwardly- directed filaments, the two
laminae are rotated backwards and upwards, the anther-lobes
(hitherto concealed within the upper lip and coated on their lower
surfaces with pollen) forwards and downwards, when a bee's head
lobe.

lip,

Since

The movement of the laminae leaves the path to
that of the longer limbs of the connectives brings
the anther-lobes down upon the bee's back. When the bee withdraws, its head, the connectives with their laminae resume their
former position. In old flowers the bee first touches the papillar
enters the tube.

the honey

free,

Fig.

1.— Flower, from the
2.

162.— Salvia

pratensis, L.

right side.

—Stamens, seen obliquely (x

2).

o, filament
b, upper arm of the connective
c, lower arm of ditto
d, superior anther-lobes
inferior ditto, transformed into a lamina closing up the tube
/, point of cohesion of the two
inferior aiither-lobes g, style in first stage g', stjle iu second staye. The dotted line b'd' indicates
:

;

;

;

e,

;

;

;

the position of the anthers

when

rotated forwards.

sides of the recurved branches of the

The
of

now downward-pointing

style.

superior pair of anthers in this and in all the other species

Salvia

is

present in the form of small and quite useless

rudiments, easily intelligible as an inheritance from didynamous
ancestors.

Humble-bees

were

stated

to

be the

fertilising

agents by

Sprengel and Hildebrand, but the species were not determined.
The plant does not occur at Lippstadt, and I only possess in my

garden a single plant, of a pink variety, found by my father at
Miihlberg, Erfurt, so I have had little opportunity of observing its
insect-visitors.

As normal

visitors whit;h

proceed in the manner

—
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and

described above,

(1)

Bombns

I

have

:

silvarum, L. $ and ^

manicatiim, L. 9 (very freq.)
all Slicking normally.

Among

cross-fertilisation regularly,

effect

only noted the following

479

;

useless visitors Sprengel

;

Osmia

(2)

rufa, L.

Megachile pyrina, Lep.

(4)

mentions

(p.

$

;

(3)

Anthidium

(fasciata,

Sm.),

(J,

61) cabbage-white butterflies,

wliich insert their proboscis in the small space between the lower anther-lobes

and obtain the honey without effecting fertilisation. I have
L., acting in the same way, I have also seen small bees in
abundance (Prosopis communis, Nyl. ^ $ Halictns sexstriatus, Schck. 9 H.
nitidus, Schck. $ H. nitidiusculus, K. $ H. morio, F. 9 ) creeping into the
flowers and reaching the honey without causing more than a slight and ineffectual
movement of the levers. The position of the anthers quite prevents flies from
stealing the pollen of this flower, and I have never observed a bee sweeping
the anthers with its tarsal brushes.
Delpino (No. 567, pp. 9, 10) unjustly
questions my statement " that in Salvia the anthers are more or less protected
from insects, which are restricted mainly or exclusively to the honey." A
further list of visitors in Low Germany (twelve Apidae, two Bombylidse) is
given in No. 590, iii. On the Alps I have seen the flowers visited by the
hive-bee, by six humble-bees, eleven Lepidoptera, and Rhingia (609).
and the

corolla,

seen Plusia

gamma,

,

•>

,

>

This species is gynodioecious. In addition to the large-flowered
hermaphrodite plants, small-flowered female plants occur, in whose
flowers the

now

functionless lever-apparatus shows all degrees of

abortion.

This species
because

it

is

remarkable above

all

other cases of gynodicecism,

shows us the gradual abortion of

flower in four distinct stages

:

(1)

The

all

first

the stamens of a

of the five stamens,

which must have been placed in the median line of the corolla
superiorly, and is still present, more or less altered, in many Scrophularinese (Scrophularia, Pentstemon), bad already disappeared in
the common ancestors of the Labiates.
(2) The two upper stamens
of the remaining four were reduced to tiny stalked knobs in the
ancestors of the genus Salvia.
(3) The inferior anther-lobes of
the two remaining stamens produce pollen to a greater or less
extent in S. officinalis, S, porj^hp^antha, and
triangidaris, but in
S. pratensis they are transformed into two hollow laminae which
coalesce anteriorly.
(4) In the small -flowered female form of
pratensis, the superior anther-lobes also have become useless, and
subject to degeneration in common with the whole of the lever>S'.

>Si.

apparatus (570, vol. xvi. 609).
Salvia Sclarea, L,, _S. cetliiopica,
;

S. argentea, L., S, mrgata,
S.pendula, Vahl., and >Sf. rubra, Spr., have the same mechanism according to Hildebrand as, S...prate7i,sis.._ In. S. .nutaiis, L.
(Hild. figs. 4-7), on the other hand, the rotation of the connectives
Ait.,

—
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and therefore the anther-lobes emerge much less from
but the flowers form pendulous racemes and are
therefore inverted, and accordingly the insects settle on the upper
lip and are dusted with pollen ventrally by the slightly protruding
In
splendens (345, figs. 8 and 9) the inferior antheranthers.
lobes form simple lamellae (not bent inwards anteriorly), which
coalesce with one another for almost their entire length.
All
these species agree in other respects in their floral mechanisms,
and are all alike proterandrous.
On the other hand, S. Grahami, Benth. (345, figs. 10-12), has
is

less,

the upper lip

;

aS^.

homogamous

flowers with a short style scarcely overtopping the an-

in 8. lanceolata (345, figs. 13-14), which is also homogamous,
the inferior stigmatic lobe lies between the anthers, and exposed to

thers

;

In

self-fertilisation.
is

>S'.

hirsuta (345,

figs.

15-17), the inferior stigma

very broad, and recurved backwards so as to press against both

anthers and regularly to effect self-fertilisation, which, according
to Hildebrand's experiments,

347.

is

Salvia officinalis,

fully productive.

L.

the mechanism of this species

— Sprengel

also,

noting

described and figured
its

proterandrous con-

and he saw it visited by bees but Hildebrand's description
is
much more thorough. The chief points in which this
(345)

dition,

;

Fig. 163.

Salvia

officinalis,

L.

Flower, after removal of the riyht half of the calyx and corolla.
a—g, as in Fig. 162 h, nectary ; i, ovary ; k, abortive anther I, hairs to guard the honey.
;

;

species differs from S. pratensis are as follows

:

the two arms of

each connective are much shorter, and the lower one is not
metamorphosed into a lamella, blocking the entrance of the flower,
but is formed like the upper, thougli smaller it usually bears an
anther-lobe filled with pollen, but always much smaller, and containing only a quarter, or at most half as much as the upper
lobe
sometimes it is altogether abortive.
In correspondence

I

;

;

with the shortness of the upper arm of the connective, the upper
lip is also short, but broad enough to protect the wide entrance of
the flower from rain. Both anther-lobes of both stamens stand in
the

mouth

of the flower, the superior slightly above

and in front

I

,
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and the two connectives

one moves with the other.

A bee

lie
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so close together that

in entering first thrusts its

head

against the two inferior anther-lobes, and thus causing the connec-

immediately afterwards struck on the back
by the two superior anther-lobes. The pollen thus placed on the
bee's head and back is rubbed off in older flowers upon the two
stigmas, which are divergent and much bent downwards.
Dr. Ogle gives a very detailed description of this species of
Salvia (6^ i ), and rightly lays stress upon the following additional
points as special adaptations: (1) the convexity of the upper lip,
which causes the growing style to take such a direction that afterwards its outspread stigmas must come in contact with the bee's
back (2) the bulging of the upper wall of the anterior part of the
tube, which gives the inferior anther-lobes free play when the
connectives rotate
(3) the shortness and stiffness of the filaments,
which give a steady fulcrum for the connectives (4) the divergence
of the filaments, which leaves a free entrance for the bee.
Besides the hive-bee, which Sprengel and Hildebrand also saw,
have
observed Bomhiis siharum, L. 9, Anfhophora cestivalis^
I
Pz. ? Anthidium manicahim, L. 9 Osmia rufa, L. ? as regular
Of useless guests,
all were sucking honey exclusively.
fertilisers
Hildebrand observed a butterfly, which could easily reach the
I
honey with its proboscis without dusting itself with pollen.
have seen a small species of bee with abdominal collectingbrushes, Chelustoma campanularum^ $ cJ repeatedly creeping in and
out of the flowers without being dusted with pollen; and Herr
Borgstette sent me, from Teklenburg, Frosopis comviunis, Nyl. 9
which he had caught on the flowers. A further list of visitors is
given in No. 590, III.
According to Delpino, the anthers of
officinalis, like those
tives to rotate, it is

;

;

;

,

,

,

;

,

>S^.

of Sideritis, are provided with sticky glands (178).
Salvia porphyrantlm resembles S. officinalis in the arrangement
of

its

connectives, and in the inferior anther-lobes being filled

wdth pollen, though with a smaller quantity than that present in
the superior lobes,^
Salvia glutinosa, L., according to Dr. Ogle (631), differs from
S. officinalis in that the inferior anther-lobes are quite barren and
are

withdrawn within the tube, and that the

inferior,

not the

superior, side of the anterior part of the tube bulges out.
fertilised

by

humble-bees

large

bees whose proboscis
^

is

;

It is

small humble-bees, and hive-

too short to reach the honey legitimately,

According to Mr. T. H. Corry.
I

I
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bite a hole in the superior side of the tube immediately over the

nectary and steal the honey.

Dr. Ogle found 90 per cent, of the
have always found the flowers bitten
through and robbed of their honey by an Alpine robber-bee, Bomhus

and

flowers bitten through,

I

mastrucatus, Gerst. ? (609).
Salvia nilotica, Vahl. (345,

which the flowers

differ

figs.

inferior anther-lobes lie freely side

can be caused to revolve separately.

by

24, 25).

from those of

—The

main point in
that the two

S. officinalis is

by side, and the connectives
Hildebrand saw them visited

bees.

26-30; 172), has immovable conan upper lip which folds back when touched by an
insect- visitor, and exposes the two superior anther-lobes to contact
with it. The style, which would hinder this movement if in its
usual place, is lower down.
Hildebrand saw this species also
visited by bees.
According to Delpino, the anthers, like those of
Sideritis and of S. officinalis, are provided with sticky glands (178,
S. verticillata is visited by numerous species of bees and
p. 145).
humble-bees (590, ill. 609).
In S. 2^atens, Gov. (172, 345, fig. 31), the anthers project partly
or entirely beyond the upper lip.
The connectives are versatile,
and the lower anther-lobes are metamorphosed into lamellae the
style is so fixed between the upper arms of the connectives that
when the connectives revolve it is carried forwards and downwards
with them, and its stigma, which projects beyond the anthers, is
thus brought first in contact with the insect's back. Ogle's account
S.

verticillata, L. (345, figs.

nectives, but

;

;

(631) agrees with Hildebrand's.
self-fertilisation

and

But while Hildebrand

cross-fertilisation as alike possible.

that cross-fertilisation

When

considers

Ogle shows

an insect-visitor strikes
back is touched by the anthers
and a little farther back by the stigma, and the space between tho
two points is increased by the lower stigma being very short in
comparison with the upper. As the insect passes further in,
anthers and stigma rub along its back, but no pollen from the
anthers reaches the stigma of the same flower. As the insect
draws back anthers and stigma return to their places below the
upper lip in the next flower the stigma comes in contact with
a part of its back already dusted with pollen.
In several flowers
Dr. Ogle found the style shorter than the anthers; in such
flowers insects might lead to self-fertilisation as well as crossfertilisation.
Ogle states the very surprising fact that the honey
in S. pate7is is not secreted by the base of the ovary as is usually

the lower

arm

;

is

insured.

of the connective,

its

lART
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the case in Labiates, but by a thick tuft of glandular hairs on
the corolla, immediately above a constriction which completely
shuts off the lower part of the tube that usually serves as a honeyreceptacle.

In

S.

austriaca,

Jacq.

32-35), the

(345, figs.

stand far apart and project beyond the upper

lip.

anther-lobes
If the lower

arms of the two connectives are thrust inwards the upper arms
converge, and the anther-lobes (moving downwards and forwards)

mouth

strike against each other in front of the
S.

triaiigidaris,

Thunb.

(345,

figs.

of the flower.

36-39),

immovable

has

connectives, almost straight, and lying parallel to the long axis of

the flower they have a fully-formed anther-lobe at each end. The
two anterior anther-lobes project from the mouth of the flower, and
are the first to touch the insect's back
the two posterior, which
stand ill the entrance, touch its sides immediately afterwards.
;

;

In the second stage the stigma stands in front of the anterior
is touched first of all by the insect.

anther-lobes, and

—

>S'.
The mechanism of this
tubiflora, Sm. (345, figs. 40, 41).
flower resembles that of the last-named species in all important

points, except that the inferior

arm

of each connective bears, in-

stead of an anther-lobe, an elongated lamina which lies in contact

with the upper

lip.

348. Salvia silvestris, L., agrees on the whole in its floral
mechanism and in its proterandrous condition with S.'pratensis, but
its

flowers are so

suffices to

Thuringia

:

(1)

ing the top of

K. $

mm.

smaller that a proboscis only 4

long

I observed as its natural fertilisers in

Apis mellifica, L. ^ (G), sucking honey, and dusthead with pollen and afterwards applying it to

its

stigma in older flowers;

the

(3)

much

reach the honey.

(2)

a

wasp, Psa7R7no2)hila

(4), in abundance, sucking honey;

and as useless

affinis,

visitors,

Pi&ins rapce, and (4) P. napi.

Salvia cleistogama, de Bary and Paul,

when

transplanted to

Halle from Africa, bore only cleistogamic flowers for five years

Ascherson considered that the plant afforded ail
example of continuous self-fertilisation but he himself afterwards
observed ordinary open flowers (11).
Scarlet species of Salvia in South Brazil are visited very abundantly by humming-birds (Fritz Miiller, No. 359); so likewise are
species of Salvia in the Cordilleras (Darwin, No. 164, p. 371).
Salvia splendens, Sellow (distinct from the plant described
under this name by Hildebrand). According to Mr. W. Trelease
(Aschersou, 10).

;

—

I

I

2

—
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very abundantly visited by humming-birds, and is
in the following characters the small under lip,

is

adapted

—

them
for

and the bright

:

a standing-place, the very large amount of honey,

and

scarlet colour of the calyx

corolla (735).

349. Nepeta glechoma, Benth. {Glechoma hederacea, L.).
In the small-flowered female form, the tube is 6J to 8 mm. long,
widening in the anterior half to a diameter of only 1^ to 2|- mm.
laterally, and rather less antero-posteriorly
in the large-flowered
hermaphrodite plants the tube is 9 to 16, usually 14 to 16 mm.
:

long,

and, for the greater part of the

mm.

broad, being slightly less in the antero-posterior diameter.

anterior

half,

2J to

4>^

The honey in the small female flowers is accessible to all our
humble-bees, while the large, hermaphrodite flowers, by widening
honey

anteriorly to admit the bee's head, render their
all

except

The

JS. terrestris,

accessible to

L.

existence of plants bearing only small female flowers in

also in Origanum, Thymus, Mentha, and others, is not
be explained merely by the necessity of insuring cross-fertilisation
for in all these genera cross-fertilisation is completely provided for by the hermaphrodite forms alone. But the following

I^epeta

and

to

;

view of the small-flowered female plants is intelligible
Of the flowers of the same species growing together, the most
conspicuous are first visited by insects, and if the flowers on some
plants are smaller than on others, perhaps owing to scanty nourishment, they will generally be visited last. If the plant is so much
visited by insects that cross-fertilisation is fully insured by means
of proterandrous dichogamy, and self-fertilisation is thus rendered
quite needless, then the stamens of the last-visited small-flowered
plants are useless, and Natural Selection will tend to make
:

them disappear because the
advantageous

for

loss

of useless organs

is

manifestly

every organism.

This explanation rests upon the hypotheses,

(1)

that the flowers

of those species in which small-flowered female plants occur together

with large-flowered hermaphrodite plants are plentifully visited
insects and are markedly proterandrous
(2) that variation

by
in

;

size of

flowers on

the flowers has always taken
a single plant, but

place,

not

among

the

between the flowers on different

individuals.

Both hypotheses are well founded.
For (1) the flowers of
Thymus, Origanum, and Mentha are plentifully visited
by insects and are markedly proterandrous, while proterandry lias
Nepeta,

—

—
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been quite wrongly ascribed to many other Labiates. The styles
in these four genera are still applied closely together after the
anthers have dehisced, and though when the styles separate the
anthers may be still coated with pollen, self-fertilisation is prevented by the style projecting far beyond the anthers. In species
where cross-fertilisation is less perfectly insured, and which produce seed frequently by self-fertilisation, the smaller hermaphrodite
flowers can never become transformed into purely female flowers,
since their anthers are always of real service, and cannot be
removed by natural selection. And (2) it cannot be doubted that,
in Ne^peta, Thymus, Origanum, and Mentha, the size of the flowers
has been subject to great variations, since the same condition
occurs even now, at least in Nepeta and Thymus.
While flowers
of the same age on a single plant differ little in size, we find on
different plants all intermediate grades in size, between the smallest
female and the largest hermaphrodite flowers and the largest female
flowers are quite as large as the smallest hermaphrodite.
;

Darwin ^ adduces

several weighty objections to this view,

and

my own

observations on Centaurea Jacea also militate against

Darwin

prefers to ascribe the gynodioecious condition to increased

it.

He supposes that either some individuals tended to produce more seed, and consequently less and less pollen, until finally
or else that the stamens of certain
their stamens disappeared
individuals began to show a tendency to abort, and that these
individuals consequently produced more seed.
fertility.

;

Visitors

:

A. Hymenoptera

Apidce

:

(1)

Bombus

agrorlim, F. ^ ? (10

B. confusus, Schenck, $ (12—14) ; (3) B. lapidarius, L. ^ (10—12) ;
(4) B. liortorum, L. ^ $ (18—21) ; (5) B. pratorum, L. $ (11—12) ; (6) B.
15)

;

(2)

Rajellus,

111.

? (12—13)

Barbutellus, K. ? (12)
rupestris, F. $ (11
14)

—

(7)

;

;

;

B. silvarum, L. $ (12—14)

(A)

;

(8)

B. (Apathus)

Fourc. ? (12) ; (10) B. (A.)
most of these species very ab., sticking both female
B.

(9)

vestalis,

and hermaphrodite flowers in the normal way

;

(11) B. terrestris, L.

$

(7

—

9),

always bores through the corolla of the hermaphrodite flowers, and sometimes
of the small female flowers, though its proboscis is long enough to suck the
sometimes it must at least attempt to suck the hermaphrodite
latter normally
flowers normally, for once (May 7, 1871) I saw a specimen sucking female
flowers with pollen of Nepeta on its head
(12) Apis mellifica, L. ^ sucking
the female flowers normally once (May 3, 1871) I saw it insert its head into
several hermaphrodite flowers, but afterwards take to piercing the corolla with
;

—

,

;

;

—

(14) Osmia
21), very ab.
(13) Anthophora pilipes, F. $ (^ (19
? (9—10) scarce (15) 0. rufa, L. ? (J (7—9), sucking both kinds
of flowers normally
(17) Nomada varia, Pz. $
(16) 0. fusca, Christ. $ (8)

its

maxillae

;

senea, L.

;

;

;

^

Forms of Flowers,

p. 304, etc.

;
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—

normal way

suckiijg the female flowers in tlie

6),

K. $

(18)

;

[part hi.

Andrena

fulvi-

A. fulva, K. $ (3), trying in vain to reach the
honey (20) A. albicans, K. c^, do. (21) Halictus lucidulus, Schenck. $,do.
B. Diptera— (a) Bomhylidce : (22) Bombylius discolor, Mgn. (12)
(23) B.
crus,

c.p.

(3i),

;

(19)

;

;

;

both species snck, but only occasionally effect fertilisation
ih) Syrphidm : (24) Ehingia rostrata, L. (11— 12), s.
(25) Eristalis intricarius,
L., f.p.
C. Lepidoptera
(a) Rliopalocera : (26) Pieris brassicae, L. (15)
(/>)
Sphinges : (27) Macroglossa fuciformis, L. (Stromberg)
(28) M. stellatarum,
L.
all three species suck, but rarely effect fertilisation.

major, L. (10), ab.

;

;

;

—

;

;

;

350.

—

Scutellaria galericulata,

visit this flower

L.
I have seen no insects
except a butterfly, Bhodocera rhamni, L.

Melittis melissophyllum,

351.

L.,

visited

is

by Bomhus

Iwrtorum, L.
352. Stack YS silvatica, L.— The tube is 10 to 11 mm. long.
The very thick, fleshy base of the ovary secretes honey, which

mm.

of the tube, and is sheltered from rain by a ring of
which stand almost perpendicular to the wall of the
The vaulted upper lip is rather small, but, owing to the

2 to 3

fills

stiff hairs

corolla.

almost horizontal position of the flower, it completely covers the
anthers and stigmas the under lip is very large and trilobed, and
;

The

serves as a platform for the bees.

flowers, as Sprengel per-

the young flower the
anthers are found to have dehisced on their inferior aspect while
the end of the style lies behind them, with its stigmatic branches
ceived, are

distinctly

proterandrous

;

in

very slightly divergent in old flowers the end of the style is
curved dow^n below the anthers and its stigmatic divisions are
widely separated. If insect-visits occur, the fertilisation of old
;

with pollen from young is thus rendered inevitable in
absence of insects, self-fertilisation is frequent, as may be easily
demonstrated on plants kept in the house, for the stigmas gradually

flowers

;

bend down between, and come
lower surfaces are
the flower

is

long

;

honey against most
Visitors
(9

—

Pz.

10), as

9

The

visitors for

whose
which

A.

and the tube

long enough to secure the

is

flies.

Hymenoptera— J7;^Wft;

;

(1)

abundant as on Ballota nigra

(9—10), do.

$

(Thur.)

:

in contact with, the anthers,

covered with pollen.

especially suited are bees with a proboscis not less

mm.

than 8

still

(Tliur., Sid.)

Bombus agrorum,

;

(3)

;

Anthidium manicatum, L. 9 ^^
Anthophora quadrimaculata,

(2)

A. furcata, Pz.

$ (11— 12), less

<^

freq.

$ (10—15), ab. (5) B. pratorum, L..
5 ^ (8—10) (()) B. hortorum, L. $ (17—18), all sucking normally. B.
T>v^iem—Syrphidai: (7) Rhingia rostrata, L. (11—12), s. (8) Xylota sil varum,
;

(4)

F.

i^

;

;

;

L. (Warstein), trying vainly to reach the honey.

——
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— The

flowers differ

Stachys palustris,

L.

(178, 702).

from those of the foregoing species in the following points the
tube is only 8 to 9 mm. long, the outer (lateral) pair of stamens
are of equal length with the inner (median), the anthers of the
:

lateral pair lie, when the flower opens, in front of the median pair,
and have already dehisced while the latter are still closed in
course of time they bend outwards and are detached by the median
Finally, the end of the style,
ones which now come to maturity.
whose stigmatic branches now diverge, curves down between the
median anthers and the stigmas, if insect-visits have failed,
come in contact with the pollen even more frequently than
;

;

in S. silvatica.
A. Hyraenoptera ApidcB : (1) Bombus silvarum, L. ^ (10)
agrorum, F. ^ (10—12)
(3) B. terrestris, L. ^, (7—9); all three
sucking normally, not excepting B. terrestris, whose proboscis is too short for
Stachys Hilvatica ! B. Diptera Si/iyhidrr : (4) Rhingia rostrata, L., s., now
C.
and then effecting fertilisation (5) Melithreptns tceniatus, Mgn., f.p.
Lepidoptera— (a) Rhopalocera : (6) Pieris brassicae, L. (15) (7) P. rapse, L.
Visitors

(2)

:

;

B.

;

;

;

;

(/>)

Noctmv.

:

(8)

Plusia

gamma,

L., all three ab.,

s.

Stachys germanica, L., according to

Mr.

T.

Whitelegge,

is

gynodicecious {774)-

—

Stachys Betonica, Benth. The corolla-tube
smooth internally in its lower honey-containing

354.
long,

The part

lined above with erect hairs.

is

7

part,

mm.
but

of the corolla within the

is narrow and directed obliquely upwards
beyond the calyx
becomes almost horizontal, remaining of the same width (about
2 mm.), and it divides into a trilobed under lip, and a flattened
upper lip almost vertical towards its extremity. There is no need
here for a wide entrance to receive the bee's head, on account of

calyx

;

it

the shortness of the tube.

The curvature

of the tube corresponds

to the natural curvature of the bee's proboscis.

The

flowers are distinctly proterandrous, but the possibility of

spontaneous self-fertilisation

is

not excluded.

Shortly after the

row of white beads on thfeir
upper surface,^ dehisce, while the stigmas lie between and slightly
behind the shorter anthers. Although the style has not nearly

flower opens, the anthers, which bear a

attained
as

its full

much and

length, yet

its

stigmatic divisions diverge almost

are almost as well provided with papillae at this

stage as they are subsequently, and pollen placed on the papillae
^
In Sideritis romana, L., according to Delpino, these white beads apply a sticky
substance to the insect's probosci'S (178, pp. 144-146).

—

—
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adheres readily to them. As the anthers dehisce more widely and
permit the pollen to escape, the style elongates and extends beyond the shorter anthers, often bringing the stigmas in contact
with the pollen finally it protrudes far beyond the anthers, and
;

is always touched before the anthers by an insectprobably the pollen brought from another flower and thus

in this position
visitor

;

Fig. I6i.—Stach!j8 Betonica, Bentli.
1.

—Flower, in

first

(male) stage, from the side

2.— Forepart of ditto ( x 7).
3.— Flower in second (female) stage (x
4.
5.

—Forepart of ditto (x
—Ovary and nectary (x

applied outstrips in
previous stage

A. Hymenoptera
B.

Eristalis liorticola,
s.,

7).
7).

action that which

the stigma

Apidce

:

(1)

is

is

making

freq.

:

so often applied in the

its

Bombus agrorum,

way

past the anthers.

F. ^ $ (10

—

15), ab.,

(2)

s.

;

(Thur. July 12, 1868).

and four Lepidoptera) are enumerated in No.
Sideritis

2^).

Volucella bombylans, L. (7—8), c.p. (Sid.)
(3)
Mgn. (Sid.), c.p. C. Lepidoptera SpJmHjes : (4) Zyga3na

'DiipteT'd—SyrpJiiche

lonicerae, Esp.,

its

when

(x

2i).

romana^ L.

— The

within the tubular flower

;

Additional visitors

590,

reproductive organs are

the style

is

(five

bees

iii.

very short

;

inclosed

the longer

stamens are of the usual form each of the shorter stamens bears
a semicircular connective which has at one end a perfect, and at
the other a rudimentary, anther-lobe.
The two connectives form
together a complete circle, through which an insect must thrust its
;

—
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proboscis to reach the honey; adhesive matter secreted by the

outer surface of the perfect anther-lobe (which
the centre of the ring)

is

is

turned towards

thus apphed to the proboscis and pollen

then cemented to it. In the flower next visited, the hollow
cup-shaped stigma scrapes off the adherent pollen from the

is

proboscis (178, 360).

Marrubium,
anthers.

An

its visitors

L.,

like Sicleritis,

has adhesive glands upon

account of the structure of

are given in

my

its

flower and a

Weitere Bcohctchtungen,

Physosteyia, Benth., according to Delpino,

is

III.

its

list

of

pp. 50, 51.

proterandrous, and

the stigma comes to occupy the place of the anthers.

In P. virgini-

ana, teeth at the edges of the valves of the outer pair of anthers
aid the complete removal of the pollen

355.

Prunella vulgaris,

L.

by insects (178, 360).

— This species, like so many other

Labiates, includes two forms, one with large hermaphrodite, the

Fig. 165.

Prunella vulgaris, L.

1.— Hermaphrodite flower, from the
2.— Upper part of a long stamen.
3.

other with

front.

—Tapper part of a short ditto.

smaller female flowers in

which only rudimentary
In Prunella vulgaris

functionless remains of the stamens persist.

is much rarer than the hermaphrodite.
In the small-flowered form the tube is only 4 to 5 mm. long
the style projects beyond and above the upper lip, and its two
stigmas diverge widely.
I have found not only the stigmatic

the female form

papillae,

but the whole inner surface of the entrance of the flower

in this form, thickly covered with pollen, proving that insect-visits

were plentiful

in both forms of the flower.

—

—

;

THE FERTILISATION OF FLOWERS.

490

[part hi.

In the large-flowered form the tube is 7 to 8 mm. long the
longer stamens divide above into two very divergent branches, of
;

which one, slightly shorter than the other, is turned towards the
middle line of the flower and bears the two anther-lobes the other
;

branch

is

turned outwards, and

cave surface of the upper

pointed end rests upon the conand insures the anthers (which dehisce

lip,

its

being in the position on either side of the stigmas where
they are most certain to be touched by a bee-visitor. Dr. Ogle
explains these processes of the filaments in a similar way (632).
inferiorly)

The

shorter stamens also divide into two branches
which are much shorter, but serve tlie same purpose.

Owing

(Fig. 165),

to the position of the anthers, the dorsal surface of the

bee comes

first

stigma, and

is

in contact with the stigmatic papillae of the inferior

new pollen. In the event
thus fully insured.
I have

afterwards dusted with

of insect-visits cross-fertilisation

is

never observed spontaneous self-fertilisation in absence of insects
any of the plants which I have kept in my room. According
to Axell, however, this plant produces seed by self-fertilisation
when insects are excluded (17).
in

Visitors

Bombus

:

A.

Hymenoptera

Apidce

(1)

:

Apis

mellifica,

—

L.

^

(6)

;

(2)

silvarum, L. ^ (10) (3) B. lapidarius, L, ^ (8
10)
(4) B. pratorum,
L. ^ (8)
(5) B. terrestris, L. ^ (7—8)
(6) Megacliile Willughbiella, K. <$
the females
(7) Anthophora fnrcata, Pz. ^ (11—12), all sucking normally
;

;

;

;

;

sometimes have pollen in their baskets (8) Cilissa hsemarrhoidalis, Pz. ^
tried in vain to suck the large-flowered form,
it dusted itself with pollen on
the large flowers, and so in passing to the small ones, which it can suck easily, it
effected cross-fertilisation. B. Lepidoptera
Rhopalocera : (9) Lycaena argiolus,
L.
(10) Hesperia silvanus, Esp.
(11) Melittea Athalia, Esj)., all three sucking
See
their thin tongues enter the flower without touching the essential organs.
also No. 590, III., for a further list of visitors in Low Germany. A list of Alpine
visitors (one fly, five humble-bees, ten Lepidoptera) is given in No. 609.
;

;

—

,

;

—

Prunella grandiflora, Jacq. The four anthers lie parallel with
one another on the same level, and the two outer stamens are bent
downwards by a special mechanism as soon as a bee thrusts its

down into the flower. The unusually wide corolla-tube
shows two shallow invaginations on each side. One pair are placed
about the middle of the corolla, in its anterior (inferior) half, and
are prolonged directly into the outer stamens which then pass
backwards and course upwards close beneath the upper lip. At
one point they are grasped by the posterior invaginations, and are
thus divided into two parts, and form levers of which the upper
arm is four times as long as the lower, the fulcrum being furnished
by the posterior invaginations of the corolla. The bee, in inserting

proboscis

—
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proboscis through the narrow passage between the lower ends

of the outer filaments, cannot avoid touching the lower

and shorter
and the long arms at once bend down, bringing
the antliers in contact with the bee's back. The median pair of
stamens only become free a little below the hood of the upper lip,
and their anthers are only touched by large humble-bees. The
arms of the levers

flower

is

The

;

distinctly proterandrous.
fertilisers are

almost exclusively humble-bees (609).

—

356. Galeopsis Tetrahit, L.
The tissue below the ovary
expands into a nectary which surrounds the two anterior divisions

Fig.
1

—

3.

1(5(5.

Galeopsis Tetrahit.

1.— Flower, from the front.
2.— Its essential organs, from the
3.— Ovary and nectary (x 7).
4—6.
4.

of the ovary.

7).

—Position of the reproductive organs when the flower expands.
—
when withers,

Ditto,
(i.— Ovary

5.

front (x

G. ochroleuca.
it

and nectary.

The honey

is

lodged in the lower, smooth portion of

the tube, which ascends obliquely and

is of very variable length in
In the cases which I examined it varied from 11
For a space of 4 to 6 mm. at its upper part, this tube
to 17 mm.
is wide enough to admit the whole head of a small humble-bee, or
at least the front half of that of a large one so that large humblebees with a proboscis not less than 14 to 15 mm. long, and small
ones with a proboscis 12 mm. long, can reach the base of the tube in
the largest varieties of G. Tetrahit. The corolla divides above into a

different plants.

;

vaulted upper lip which covers the anthers, and a trilobed under lip
which serves as a landing-place the under lip bears guiding-marks,
and is modified to facilitate the introduction of the bee's head.
;

—

—
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The guiding-marks or pathfinders consist of a yellow spot interwoven with a net of red lines at the base of the middle lobe of
the under lip.
The entry of the bee's head is aided by two convex
pouches at the base of the lateral lobes of the under lip, which rise
up on either side of the base of the middle lobe, and cause the
shape of the entrance to conform to the inferior curvature of the
bee's head.
The anthers dehisce shortly before the corolla expands,
and have their pollen-covered surfaces turned downwards like all
The two divisions of the style
the other Labiatse described here.
lie at first above and behind the anthers
the upper and shorter
one, which continues the direction of the style, bears very feebly
developed stigmatic papillae, while those upon the longer division,
which is bent downwards, are very conspicuous. A bee sucking
honey in a young flower touches with its dorsal surface, first the
anthers, and immediately afterwards (pushing up the anthers) the
;

Usually the small part of the
back which comes in contact with the stigma lies just between
the spots that have been dusted with pollen in the same flower,
and thus cross-fertilisation is carried on.
Gradually the end of the style curves downwards, and its
lower division projects between the upper anthers, so that, if the
pollen has not already been carried away, self-fertilisation ultimately occurs.
papillar tip of the lower stigma.
bee's

Visitors
(2)

:

A. Hymenoptera

B. silvarum, L.

sucking normally

;

? (12—14)

Apidce
;

(4) B. terrestris, L.

bitten in the lower part of the tube
B. Diptera
III.,

Syrphidce

:

(6)

:

(1)

Bombusagrorum,

B. Scrimsliiranus, K.

(3)

;

$
(5)

,

^

F.

$ (12

— 15)

(10), all

;

three

reaching the honey through holes
Andrena Coitana, K. $ (Tekl. B.).

Melanostoma mellina,

L., f.p.

See also No. 590,

and No. 609.
357. Galeopsis

ochroleuca, Lam.

(Fig. 166).

has the same position as in G. Tetrahit, but

—The

nectary

embraces the lower
part of the two posterior divisions also of the ovary, and (while
the flower is in full bloom) it distinctly overtops the two anterior.
The tube is 18 to 20 mm. long, and wide enough in its upper 6 or
7 mm. to admit any humble-bee's head, so that a proboscis 11 to
14 mm. long suffices to reach the honey. The corolla is yellowishwhite, with yellow guiding-marks at the base of the under lip, and
in other respects it agrees with that of G. Tetrahit.
In the relative positions of the essential organs, this species
differs from G. Tetrahit, for the stigmas extend forwards beyond
the longer stamens. The lower stigma is in consequence of this
touched before the anthers by the bee, and in course of time its
it

—
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round under the superior lobes of the taller anthers;
and self-fertilisation
in their absence are insured here also, but not in the same way as
tip curls

so that cross-fertilisation in case of insect-visits

in G. Tetraliit.

—

I have frequently observed Bomhus agrorum, F. ? (12
15),
sucking the honey and fertilising the flower. Some other visitors
are enumerated in No. 590, III.
The tube is 18 to 22 mm. long, and
Galeopsis versicolor, Curt.

—

wide enough for a space of 6 to 8 mm. at its upper end to admit
a humble-bee's head. A bee, if it thrusts its whole head, 5 to 6
mm. long, into the tube, requires a proboscis 12 to 16 mm. long
to exhaust the honey, and one at least 10 mm. long even to taste
it, as the honey does not fill more than 2 or 3 mm. of the tube.
Of all our humble-bees, only B. Jwrtornin, L. (19 21), and the
females of B. agroram, F. (15),^. senilis, Sm. (15), and B. fragrans,
K. (15), can drain or nearly drain G. versicolor of its honey.
Otherwise the flower resembles that of G. Tetrahit, save that the
guiding-marks are much more conspicuous for while the flower is
mainly yellowish-white, the under lip is dark violet anteriorly, and
yellow at its base. I have not yet observed bees visiting the
Axell (17) found that when insects were excluded the
flower.
plant produced seed by self-fertilisation.

—

;

—

The tube is 11 to 16 mm.
mm. so that in the shortest examples
a bee with a proboscis only 6 mm. long can drain all the honey
if it forces its way for a distance of 5 mm. into the tube.
In
358.

long,

and

Galeopsis Ladanum, L.
its

wide part 5 to 6

;

the relative positions of stigma and anthers this species exactly

In regard to the nectary and the way
is guided towards the entrance of the
I have seen the
tube, the flower agrees with that of G. Tetrahit.
resembles G. ochrolcuca.

in which the bee's proboscis

following bees effecting fertilisation
(1)

B.

Bombus agrornm,

sil varum,

normally.

359.

L.

—

F.

$ (12 14)
See also No. 590,

$ (12—15)
in.,

Lamium album,

Jacobsese, Pz.

$

$ (8—10)

(6),

all

;

(3)

sucking

—

The base of the ovary expands
which secretes honey and invests the

two anterior divisions of the ovary

The base

B. lapidarius, L.

(2)

and No. 609.

L.

anteriorly into a fleshy lobe,

;

Nomada

(4)

;

:

for half their height (Fig. 167,

3|^ mm., is
narrow and serves to contain the honey it points obliquely upwards
from the stem, and is closed above by a ring of hairs. Immediately

3, a).

of the corolla-tube, for a space of 3 to
;

—
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above

this, the tube suddenly widens, forming a pouch anteriorly,
and its direction changes, becoming parallel to the stem.
Very many short-lipped insects, especially flies and small bees,
which are too small to effect cross-fertilisation, are thus excluded
;

for

Lammm album,
mm.

10 to 20

large bees.

The

long,

The

many

like so
is

of our native flowers with tubes

specially adapted for

humble-bees and other

following characters of the corolla exemplify this.

which

mm.

followed by the
which serves as
a landing-place, two erect lateral lobes (c, 1) which admit the bee's
head between them and are continued directly upwards from the
side-w^alls of the tube, and the horizontal vaulted upper lip (g, 1)
which serves to shelter the anthers (/, 1) and the stigmas {g, 1)
immediately below it. The small appendages of the lateral lobes
erect part of the tube,

is

7

long,

division of the tube into a bilobed lower lip

Laminm

Fig. 167.

(c,

;

rudiments of the primitive five-lobed

lies

in the

straight line with the style

same

other, a little shorter, bends
its

is

corolla.

may

take place, but

plentifully visited

;

while the

at right angles, so

below the anthers (4, Fig. 167).
by dichogamy, but by

therefore induced, not

the position of the stigma.

We

downwards almost

stigmatic tip projects

Cross-fertilisation

tion

;

of the divisions of the style which lies above or between the

anthers
that

fj-

;

;

1) are funetionless

One

is

1)

1.— Flower, from the side.
2.— Ditto, after removal of the calyx.
3.— Ovary and nectary (x 7).
4.— Tip of the style ( x 7).
a, nectary
c, side-lobes which receive the bee's head between them;
b, under lip
funetionless appendages e, upper lip /, anthers g, lower division of the style.
;

d,

alhuni,

(h,

by

it

In absence of insects,
is

self-fertilisa-

doubtless rare, for the flowers are

bees.

can estimate by direct observation how perfect the
adaptation of this flower is to bees' visits. The bee alights on
the under lip, and in doing so thrusts its head between the broad
lateral lobes of the mouth, clings with its forefeet to the base

—

—
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under lip, and with its mid and hindfeet to the two lobes
then, if its proboscis is not less then 10 mm.
(jf the under lip
reach the base of the flower. While sucking,
once
at
long, it can
the case of small workers the base of the
in
and
thorax,
the
abdomen also, fills up the space between the upper and lower lips,
and the vaulted upper lip fits the bee's back, which is pressed
These
against the stigma and the open face of the anthers.
organs are often rubbed also by the bee's head as it enters the
In either case, the lower stigma gets touched before the
flower.
anthers, and as the bees fly diligently from flower to flower, crossof the

;

fertilisation

The

proceeds regularly.

how much this plant is visited
One fine spring morning (May
was watching Bomhus agrorum feeding on

following observation shows

by humble-bees

in fine weather.

17, 1868), while

Lamium

I

album, I observed that by the expansion and contraction

abdomen each

separate act of sucking could be
and that it was possible to tell, when a bee began
to suck, whether the flower was already exhausted of its honey.
I found that between 9 and 10 A.M. a bee of the species Bomhus
(igrorioni abandoned four to five flowers on an average after a
single taste before it found a flower on which it performed the act
By
of sucking several (four to six or even eight to ten) times.
that early hour of the day four-fifths of all the flowers of this
plant had been emptied of their honey.

of the

bee's

distinguished

—

Hymenoptera Apidce : (1) Bombus agrorum, F. ^ 9 (10 15)
$ ? (18—21) (3) B. silvarum, L. ? (12—14) (4) B.
Sm. $ (14—15)
(5) B. lapidarius, i^ ? (10—14)
(6) B. Scrim-

Visitors
(2)

;

:

B. hortorum, L.

senilis,

;

;

;

shiranus, K.

9 9

;

;

creeping far into

tlie

flower

(7) B. Eajellus,

111. ?
(12—13)
(8) B. pratorum, L. $ (11
12), all sucking normally, and sometimes
brushing pollen off their backs into the pollen-baskets ; (9) B. terrestris, L.
$ (7 9), bites through the tube close above the calyx in open flowers and in
nearly mature buds (10) Apis mellifica, L. ^ (6), only reaches the honey
through holes bitten by B. terrestris ; (11) Anthophora pilipes, F. $ (^
(12) Eucera longicornis, L. ^ (10—12)
(13) Melecta armata, Pz. $ (12|),
the last three sucking normally
(14) Andrena nitida, K. $ (3^), s.,
through the holes bitten by B. terrestris
(16)
(15) Andrena albicans, K. ^
Halictus Icevigatus, K. $
they seemed
I saw these last two collecting pollen
as likely to effect self-fertilisation as cross- fertilisation. B. Diptera
Syiyhidm :
(17) Rhingia rostrata, L., creeps a little way into the flower and inserts its
tongue, without touching either stigma or anthers.
See also No. 590, iii.,
and No. 609.

(10),

—

;

;

—

;

;

;

;

;

;

.

;

Leonurus Cardiaca, L., is visited by the
humble-bees (590, iii. 609).
;

hive-bee

and by
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16

Lamium amplexicaiole, L. (see Fig. 2, p. 19). The tube is 14 to
mm. long, narrow for the lower 10 to 11 mm., and above that wide

admit a humble-bee's head. I have never seen the
by insects, though they are no doubt cross-fertilised
by humble-bees but I have often found, immediately after the
opening of the flower, the tip of the lower stigma standing not
above but below and between the anthers, and dusted with pollen,
Besides these normal selfno doubt, from the same flower.

enough

to

flowers visited

;

—

fertilising flowers, the plant

reproduces

itself

by means

of cleis-

togamic flowers. These have been described minutely by Walz
(759) and Hildebrand (351).
360.
long,

above

;

—

Lamium Galeobdolon,

smooth in

Crantz.
The tube is 8 mm.
honey-holding part, but lined with hairs
expanded, and the hive-bee can reach the

its low^er,

the entrance

is

base of the flower though

proboscis

its

is

only 6

mm. long. The two

branches of the style are beset with very short,

do not increase in

size,

flat papillae

and they diverge almost to their

which
extent

full

soon after the flower opens. Cross-fertilisation is favoured not by
dichogamy but by the position of the parts. At first the tip of the
lower division of the style lies somewhat above the lower surface
of the anthers, and hence if the bee's back presses lightly against
if the bee is large and
the anthers it escapes being touched
anthers,
the
stigma
the
at least comes in
presses forcibly against
of
the
and
is
contact with a different part
bee,
more likely to receive pollen from another flower than its own.
Afterwards the tip
of the lower stigma comes to project below the anthers, and is
now regularly touched first by the bees. I have observed,
on plants kept in the house, that, in the absence of insects,
pollen usually falls in the course of time upon the lower
;

stigma.

The

visitors are exclusively bees.

Bombus

? (21), ab. (2) B. silvariim, L. 9 (12—14)
? (12—13) (4) B. agronim, F. ? (13—15), very freq.
12), ab., all sucking normally, and sometimes
(5) B. pratoriim, L. ^ 9 (8
brushing the pollen from their backs into tlieir pollen-baskets (6) B. terrestrifi, L. $ (7
9), boring holes to snck. though its proboscis is long enough to
usually
reach the lioney in a legitimate manner
(7) Apis mellifica, L. $
takes advantage of the holes bored by B. terrestris,— once I found it sucking
See also No.
in the normal way, with its back thickly covered with pollen.
590, III., and No. 609.
(1)

(.3)

B. Eajellufl,

hortoriim, L.

111.

—

;

;

:

;

;

—

,

;

361.
its

Lamtum maculatum,

flower with L. nlhmn

;

but

L.,
its

agrees in the main features of

tube

is

1.5

to

17

mm.

Ioug:,

^^

—
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that supposing that a bee thrusts
part, a proboscis

10 to 12

mm.

its

long

497

head 5 mm. into the wide upper
is needed to reach the honey.

Hymenoptera-^^e<7«; (1) Bombus hortorum, L. ^ $ (18—
sucking normally (2) B. agronim, F. $ (12—15), do. ; (3)
B. terrestris, L. $ (7—9), bores through the corolla close above its bend, either
piercing it with its maxillae or biting a hole with its mandibles
(4) B. Rajellus,
III. ^ (10—11), steals the honey through holes bitten by B. terrestris.
B.
Visitors: A.

21),

very

ab.,

;

;

Di^taTn—SyrphuIo}:
to reach the honey.

(5) Rhingia rostratu, L. (11— 12),
See also No. 590, iii.

f.p.,

after trying in vain

—

Lamium purpureum,

L.
The tube is only 10 to 11 mm.
upper 4 to 5 mm. it is wide enough to admit the
The hive-bee, though its prohead of a small humble-bee.
boscis is only 6 mm. long, is thus enabled to suck the honey.
Sprengel calls the plant proterandrous
but in all the flowers
which I have examined the stigmas and anthers developed
simultaneously, though at first the angle between the two stigmas
was less than it afterwards became, and the lower stigma stood at
first above or between the anthers, but afterwards bent down
below them. To decide whether the stigma is already capable of

8G2.

long,

and

for the

;

when the flower opens, I set a plant of L. piirimreum
a pot (April 26, 1871), and removed all the flowers and capsules
Next morning five flowers had just opened
already present on it.
in each I bent back the upper lip and the four anthers, and cut the
fertilisation

in

upon the two stigmas (the lower of which
some pollen of its own flower) pollen from
opened flowers of another plant, and I then marked my
with a spot of ink upon the calyx. The rest of the flowers

latter off

I then placed

;

received in this process
freshly

flowers

my room,

untouched and protected from insects. All the
On May 21 the twenty nutlets of
the five flowers which I had fertilised on April 27 had all fallen
On June 8 I collected
out, and I succeeded in finding them all.
on the surface of the pot seventy-eight nutlets which had fallen
from the self-fertilised flowers. Lamium purpureum is, therefore, certainly homogamous, and in default of insect-visits fertilises
I

kept in

flowers were perfectly fertile.

itself regularly.
Visitors
A. Hymenoptera Apidce : (1) Apis mellifica, L. ^ (6)
(2)
Anthophora pihpes, F. ? ^ (19—21) (3) Bombus hortorum, L. ? (21) (4)
B. pratorum, L. ? (11|) (5) B. agrorum, F. $ (12—15) (6) Melecta armata,
Pz. $ (12i), all sucking in the normal way, and sometimes brushing off the
pollen from their heads into their collecting-baskets (7) Halictus sexnotatus,
these three
K. $ (4) (8) H. cylindricus, K. ? (3)
(9) H. leucopus, K. $
try in vain to reach the honey, and abandon the plant after a few attempts. B.
Diptera Bombylidce : (10) Bombylius major, L. (10), s. See also No. 590, in.
:

;

;

;

;

;

;

;

;

;

K K
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Lamium

363.

Visitors
21), ab.
(4)

—

—

Apis

K. 9

(3),

;

Hymenoptera

Apidcn

Bombiis pratorum,

mellifica, L.

(6), all

^

L.

:

Anthophora

(1)

:

(lli)

$

pilipes,

(3) B. Rajellus,

;

sucking normally

;

(5)

$ ^J (19
$ (12—13)

F.

11].

;

Halictus cylindricus,

trying in vain to reach the honey.

Ballota nigra,

364.

long

:

(2)

;

incisum, Willd.

[part hi.

above,

L.

widens so

it

the anterior part of
the flower with

its

its

— The

little

corolla-tube

head, and

only 7

mm.

can just reach the base of

which

proboscis,

is

that a hive-bee can only insert

is

6

mm.

long.

Two

milli-

metres from its base the tube is blocked by a ring of stiff
hairs, which permit the bee's proboscis to pass easily.
They
would suffice to exclude rain-drops, and are described by Sprengel

Fig. 168.

1.— Essential organs of a j'oting
2.
Ditto, of an older flower.
3.
Ovary (or) and nectary (n).

—
—

as serving that purpose

flower and

its

Ballota nigra, L.

flower,

viewed obliquely from the front (x

but as

;

tiie

7).

horizontal position of the

vaulted upper lip are sufficient protection against

use seems to be to exclude flies. Since flies proceed irregularly for the most part in visiting flowers, those species
rain, their true

whose proboscis

is

long enough to reach the honey of Ballota

many

(Ehingia, Uristalis, etc.) might rob

without

them

flowers of their honey

but the ring of hairs is sufficient to
prevent the expanded end of a fly's proboscis from entering.
The under lip is marked with white guiding-lines which point
fertilising

;

towards the mouth of the tube

;

its

the clefts between

firm

for the forelegs

foothold

lateral

broad central lobe serves as a

and the lateral lobes afford
and midlegs of the bee, and the
lobes with the groove between them, bounded by two

landing-place,

it

longitudinal ridges, guide the bee's proboscis.

—
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by the feebly-marked proteranpositions of stigma and

Cross-fertilisation is favoured

by the

drous dichogamy, and

At

anthers.

relative

the divisions of the style

first,

499

lie

close together

behind the anthers (1, Fig. 168) afterwards, when the pollen is
removed, they diverge more and bend down in front of and below
In sunny weather bees' visits are so
the anthers (2, Fig. 1G8).
plentiful that all the pollen is removed before the stigmas diverge
;

During rainy weather, and

and bend downwards.

in plants kept
from the anthers
remains adhering to the long woolly hairs which cover the under
surface of the upper lip, and the inferior stigma curving downwards among these hairs becomes covered with the pollen of its
in the house, great part of the pollen as it escapes

own

flower.

Visitors

Bombus

:

A. Hymenoptera

Rajellus,

Apidce

? (12—13),

111.

(10—12),
B. miiscorum, F. ? (13—14), s.

:

Apis

(1)

andc.p.

s.

B.

;

(3)

niellifica, L.

^

,

s.

(6)

;

B. silvarum, L. (10—12),

hypnorum,

(2)
s.

;

^ (10—11), s. (6)
(7) B. (Apathus) nipestris, F. ? (11—14),
8.
(8) Antliopliora quadriniaculata, Pz. $ ^ (9
10), s. and c.p., very ab.
(9) A. furcata, Pz. ^ $ s. and c.p., scarcer (Tlmr.)
(10) Osmia aurulenta, Pz.
? (8— 9),s. (Tluir., Sid.) (11) O. senea, L. $ (9— 10), s. (12) 0. fulviventris,
Pz. 9, s. (Thur.)
(13) Anthidium manicatum, L. $ (?» wherever Ballota
grows, very ab. in sunny weather, the females diligently collect pollen and
suck honey, while the males buzz about and occasionally descend to suck honey
on a flower; (14) Megachile pyrina, Lep. (fasciata, Sm.) 9,8. B. Lepidoptera
(a) Rhopalocera : (15) Argynnis Paphia, L.
(16) Vanessa urticae, L. (12)
(4)

B. lapidarins, L.

i?

s.

;

(5)

;

L.

;

—

;

^

;

;

;

;

;

—

(17)

;

V. cardui,L.

;

(18) Pieris brassicoe, L. (15)

;

(19) P.rapae, L.

;

(20) Colias

Lepidoptera
were sucking ; the specimens I caught had their tongues dusted with pollen
and were probably effecting fertilisation. See also No. 590, in.
hyale, L.

;

{h)

Sphinges

:

In Prostanthera,

(21)

Macroglossa stellatarum, L.

Labill.,

;

all these

long two- or three-toothed appendages

connectives come in contact with the insect and cause

of the

shedding of the pollen (178, 360).
365.

When

Teucrium Scorodonia,

L.,

is

markedly proterandrous.^

the flower opens, the stamens protrude from

it,

lying close

and continuing in a line with it,
or bending slightly forwards.
The two divisions of the style are
already separate but stand behind the stamens so that they escape
being touched by the head of a bee visiting the flower the
anthers, which dehisce inferiorly by a longitudinal slit, shed their

to the superior wall of the tube,

;

^ The pvoteraudiT of Teucrium and the movements of its reproductive organs
have been described' by Delpino, No. 178, Hildebrand, No. 360, pi. x,, and Ogle,
No. 632.

K K
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Gradually the filaments bend backwards
(2, 1, Fig. 169) out of the bee's way, while the two stigmas spread
more and more apart, bending slightly forwards into the place

pollen on the bee's head.

where the anthers were before.
sation rarely takes place, for

In absence of insects, self-fertilithe stamens as a rule do not touch

the stigmas; yet in a good

many

flowers the anthers

come

in

contact with the stigmas in bending backwards, and dust them
with pollen.
Honey is secreted by the tissue below the ovary, as in all the

Labiates that I have examined (cf Fig. 168,
that the corolla- tube (which
to a depth of 4

mm.

The

Fig. 169.

is

9 to 10

3),

mm.

and so plentifully

long)

is

often filled

flowers are rendered conspicuous

by

Teucrium Scorodonia, L.

—Flower, in
(male) stage (x 3
2.— Ditto, at
beginning of the second (female) stage.
— Ditto, at the end of the second stage.

1.

first

J).

tlie

3.

aggregation, and in spite of their dull colour they are so abundantly
visited

by

insects as to be able to dispense with the

power of

self-

fertilisation.

A. Hymenoptera Apidtc : (1) Boiiibus pratoriim, L. ^ ^ (8
very ab.
(2) B. af^Torum, F. ^ $ (10—15), do.
(3) B. hypnorum,
L. ^ (10), 8.
10), s.
(5) Saro(4) Anthophora quadrimaculata, Pz. 9 (9
poda bimaculata, Pz. $ ^ (9), very ab., s. B. Diptera Syrphidce : (6) Eristalis neniorum, L., f.p., and thus only able to effect fertilisation occasionally.
It is noteworthy that the honey-bee (whose proboscis is 6 mm. long), was not
observed on this abundantly nectariferous flower. It would be just able to
Visitors

11^),

:

8.,

;

;

—

;

taste the honey.

See also No. 590,

;

iii.

According to Dr. Buchanan White, Teuc7'iu7ii Scorodonia
by many nocturnal Lepidoptera (773).

visited

is

—
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Teucrium Chamcedrys,

proterandrous

L., is

T. Scorodonia.
is

The

visitors

requisite to reach the

Teucrium Botrys,
(590,

L.,

movements

the

of

but feebler than, those of
are bees, and a proboscis 7 to 10 mm.

the reproductive organs are similar

long

;
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is

to,

honey

(609).

visited

by species of Anthidium

III).

—

The tube is 9 mm. long, and is
366. Ajuga reptans, L.
expanded for 2\ mm. at the base the lower expanded part is
white, and full of honey, which is secreted by a thick, yellow,
fleshy gland below the ovary on the side turned towards the under
The upper lip is absent, but the protruding anthers of each
lip.
When
flower are sheltered by the bract of the flower above.
the flower opens, the two stigmas diverge to their full extent
Cross-fertilisation is
and their papillae are already mature.
favoured not by dichogamy but by the position of the organs.
For in young flowers the lower division of the style, provided at
its tip with stigmatic papillae, rests upon the shorter stamens
which lie close together, and is protected by them from contact
with the bee visitors, at least in the case of the smaller bees which
do not force the stamens much apart while all the anthers turn
their pollen-covered faces forwards and downwards so as to touch
Afterwards the inferior stamens separate, the
all insect-visitors.
style loses their support, and its lower division, with the stigmatic
tip turned downwards and forwards, projects between the anthers,
and is touched before them by the bee.
In absence of insects, the pollen remains adhering to the
lower surface of the anthers in large masses, which readily come
in contact with the stigma and effect self-fertilisation.
;

;

A. Hymenoptera

Apidcp : (1) Apis mellifica, L. ^ (6), thrusts
head into the tube; (2) Bombiis lapidarius, L. 9
(12—14) (3) B. agrorum, F. ? (12—15) (4) B. confusus, Schenck, ? (12—14^;
(7) B. silvarum,
(6) B. pratorum, L. ^ (8)
(5) B. muscorum, F. ? (13—14)
L. ? (12—14)
(9) Anthophora pilipes, F.
(8) B. hortonim, L. ? ^ (18—21)
(11) O. senea, L. $ (9—10)
? ^ (19—21) (10) Osmia nifa, L. ^ (7—8)
(12) 0. fusca, Christ. (=bicolor, Schrk,), all sucking normally and dusting
their heads with pollen
(14) A. labialis,
(13) Andrena nitida, Fourc. $ (3J)
K. ^ (15) Halictus zonulus, Sm. $ (4) these three are unable to reach the
honey, and abandon the plant after visiting a few flowers. B. Diptera Syrphidm : (16) Rhingia rostrata, L. (11 12), usually s. and f.p. on the same flower,
while sucking it dusts its head with pollen. C. Lepidoptera— (a) Rliopalocera :
(19) P. rapse, L.
(20) Rho(17) Pieris brassicse, L. (15)
(18) P. napi, L.
docera rhamni, L. (15—16)
(22) Hesperia
(21) Papilio Podalirius, L.
Visitors

tlie

:

greater part of

its

;

;

;

;

;

;

;

;

;

:

;

;

;

—

;

;

;

;

;
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alveolus,

H

sucking.

See also No. 590,

;

{h)

Sphinges

(23)

:

11

[pakt hi.

Macroglossa fuciformis, L. (Stromberg),

all

1.

Ajuga pyramMcilis, L., is said by Ricca to be homogamous
I have found it slightly proterandrous, and visited by
humble-bees (609).
Ajuga geneveiisis, L. The flowers are larger than those of A.
pyramidalis, and the nectary is very large. The plant is visited
by humble-bees and by Lepidoptera. A proboscis 7 to 8 mm. long
is requisite to reach the honey (609).
(665)

;

—

REVIEW OF THE LABIATE.
Delpino mentions the following

six points as characteristic of

the flower in Labiatse (178).

The

(1)

horizontal

position of the axis

Division of the corolla into upper and lower

of the
lips.

flower.
(3)

(2)

Union of

two petals in the upper lip, three in the lower. (4) Position of
anthers and stigma below the vaulted upper lip, which shelters
them. (5) Position of the nectary at the base of the flower below
the lower lip, whose anterior part forms a platform for insects.
(6) Well-marked dichogamy (" deciso asincronismo 7iello svihcppo
degli organi sessiiali") (Delpino, No. 178, p. 128; Hildebrand,
No. 360).

Bat

this

summary

typical to which

modifications

For

(1)

it

if it

is

only correct

directly applies
is

to hold

good

the axis of the flower

horizontal, but, as

a rule,

is

is

if
;

we

it

call

only those Labiates

requires most important

for the majority of Labiates.

never or hardly ever truly

rather bent into the

curve most

convenient for long-tongued bees (Lamium, Galeobdolon, Galeopsis, Betonica, etc.).
(2) The upper lip is entirely absent in

many

cases (Ajuga, Teucrium), bracts belonging to the flowers

above taking its place in sheltering the stamens from rain. (3)
The under lip is by no means always formed of three petals, but
in Lamium, for instance, consists of one only the two lateral
petals have here assumed a special function, forming two erect
lobes which receive the bee's head between them.
(4) The
Ajuga
and
only
in
corolla
not
the
beyond
project
stamens
Teucrium, where the upper lip is absent, but also in Thymus,
Lycopus, Mentha, etc., and the stigma also projects beyond the
;

corolla in Salvia.

(5) Tiie fifth

statement

is

correct for the great

—
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etc.,
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being ex-

Dichogamy has been shown above to be far
Ajuga, Lamium, Galeopsis, and others are homo(6)

from universal
gamous, and even in the majority of the others dichogamy is
not so complete as to prevent self-fertilisation. Self-fertilisation
seems to be rendered impossible only in the species, of Nepeta,
Thymus, Mentha, and Salvia described above.
In regard to the insects which the Labiatse have adapted
themselves to, the forms which I have described show a remarkable series of gradations, the visitors being more and more
:

restricted as the length of the corolla-tube increases.

The short-tubed

flowers of Mentha and Lycopus are visited
by flies and also by insects of various other orders. In
Thymus and Origanum, in addition to flies, bees come more and
more to the front, though insects of other orders take a certain share
in Betonica bees and flies are of about equal importance as fertilisers; in StacJiys palustins and S. silvatica bees are very much
the most important visitors, and in Lavendula, Salvia, Galeobdolon,
Lamium, Galeopsis, Ballota, Teucrium, and Ajuga bees perform
almost all the work of fertilisation, though Lepidoptera and
chiefly

;

long-tongued

flies

are not excluded^

PLANTAGINEjE.

Ord.
367.

Plantago lanckolata,

three forms of this species

L.

— Delpino

(567) distinguishes

:

" One form," he says, " with a strong and very tall scape, and very broad,
white anthers which quiver in the wind, grows in meadows and is exclusively
anemophilous, for I have never seen it visited by insects. The second form
grows on the hills, and has a much shorter scape it also is essentially anemo;

philous

;

I once

saw a species of Halictus on a

but the structure of the flower

is so

spike, trying to gather pollen

;

unfitted for pollen-collecting, that great

part of the pollen fell to the ground without benefiting either the plant or the
insect.
Finally, the third form is dwarfish and confined to the mountains ;

has the shortest spikes and filaments ; on meadows in the Apennines at
Chiavari I have seen bees in numbers flying from one flower to another of this
variety, collecting the pollen and performing cross-fertilisation.
it

"This therefore

is

a form of Plantago

philous and entomophilous conditions, and
well

by the wind and by

bees.

which hangs between the anemois

capable of being fertilised equally

If the filaments

became

stiff

and coloured and

the pollen-grains adhesive while

we

the anthers lost their peculiar quiverings
should have before us the passage from anemophilous to entomophilous

characters, the evolution of an entomophilous from an anemophilous species.
" This hypothetical transition has actually occurred.
Plantago media is a

—

;
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the filaments have become pink, the
anthers are motionless, the pollen-grains have become more aggregated, and it

form that has become entomophilous
is visited

regularly

by Bombus

;

terrestris, as I

have observed at the same spot

(Chiavari) in the Apennines."

I have transcribed this passage in order to induce botanists in

many

places as possible to observe the forms of this species
with reference to its adaption for insect-visits.
In the neighbourhood of Lippstadt I have caught pollencollecting bees and pollen-feeding flies both on plants with tall
as

Fig. 170.

Plantago lanceolata, L.

(female) stage. The petals
Ditto, after removal of the calyx.

-Flower, in

first

—
— An anther from this flower.
4.— Flower, in second (male) stage.
—The two inferior coherent sepals.
—A lateral sepal.

2.

and stamens are

still

within the bud.

3.

5.

6.

scapes and long spikes and on those with short scapes and spikes

and in neither form have

found the least trace of adaptation to
is not minute enough to permit
a correlation of his plants with those of other localities, and it is

insect-visits.

I

Delpino's account

quite possible that the varieties which he has observed do not

occur at Lippstadt.
It is just possible that

Delpino has been led into imagining

adaptations which have no real existence by the success which the
honey-bee attains in gathering pollen, chiefly owing to its plan of

smearing the pollen with honey.

The two extreme forms

of P.

—
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lanceolata
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which I have gathered at Lippstadt, and on which as

well as on the intermediate forms I have observed pollen-collecting
insects, are

:

(1)

a short form with short spike from the sunny-

calcareous slopes of the Rixbecker Hill

;

(2)

a

long-spiked

tall,

form from the rich alluvial meadows of the Lippe.
(1) In the most stunted specimens from the hill the scape
is scarcely four inches long, the spike is spherical, about 5 mm. in
diameter, and the individual flowers are convex anteriorly, and
flat or slightly concave on the side turned towards the axis
of the
four sepals the two inferior are coherent almost to the tips (Fig.
;

170,

5).

While the lobes of the

corolla are

still erect,

contiguous

and covered by the sepals (1), and while the stamens are
still inclosed in the bud, with their anthers not nearly ripe and their
filaments scarcely beginning to develop (3), already the stigma is
fully mature, and protrudes for more than 1 mm. beyond the bud
As the stigma becomes withered and brown,
(Fig. 170, 1, 2).
the filaments begin to grow rapidly, and the other parts of the
(Fig. 170, 2),

more slowly. At length the lobes of the corolla fold back,
and the stamens with the now ripe anthers protrude 5 to 6 mm.
from the flower, which is itself now 3 (in the female period only 2)
flower

mm.
and

long (Fig. 170,
flexible

The

4).

enough

filaments are quite straight, but thin

swayed backwards and forwards by the

to be

slightest breeze, scattering a cloud of dry pollen.
this pollen is collected

smooth, "016 to "020

by the honey-bee.

mm.

in diameter

a diameter of '021 to '026
(2)

The

tall

mm. when

The

when

Nevertheless,

pollen-grains are

dry,

and swelling to

moistened.

form from the manured alluvial meadows has

a scape a foot to eighteen inches long, a spike 15 to 30

and stamens projecting 6

mm. from

mm.

long,

In the complete proterogynous dichogamy, in the cohesion of the two lower
sepals, in short in all other characters, it agrees perfectly with the
dwarf form from the Rixbecker Hill. I have observed pollenseeking insects indifferently on both extreme and intermediate
to 7

the flower.

forms.
A. Hymenoptera

Apidce

:

(1)

Apis

mellifica, L.

^

,

the following account of the honey-bee's actions in the

very

ab., c.p.

summer

I wrote

of 1868,

and

accuracy in the three following summers " The honeybee flies buzzing to a spike, and while it hovers in the air it spits a little honey
on the exserted anthers. Then, still hovering and buzzing, it brushes pollen with
assured myself of

its

the tarsal brushes of

:

its forefeet off

the anther, the tone of

its

hum

becoming

suddenly higher in the same instant one sees a cloud of pollen rise from the
shaken anthers. After placing the pollen on its hindlegs the bee repeats the
operation on the same or other spikes, or if it is tired it alights on the spike
;
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and creeps upwards.

Since the scattered pollen in part reaches the stigmas of
we have here anemophilous flowers fertilised
Bonibus pratorum, L. ^ , c.p. ; (3) Small sp. of Halictus, busy

the same or neighbouring plants,
also

by insects.''

(2)

about the anthers.
ab., f.p.

;

(5)

B. Bii^teTSiSyrphidce : (4) Melanostoma niellina, L., very
Syrphus ribesii, L., f.p., freq. (6) Volucella pellucens, L., f.p.
have examined bees caught on P. laneeolata I have always found
;

Whenever I
numerous pollen-grains among the

Darwin found

feathered hairs.

See also No. 590,

P. laneeolata to be gynodioecious

in

111.

England

(167).

—

Plantago alpina, L.
The stigma does not wither until after
the ripening of the anthers, so that the plant retains the power
The limb of the corolla, and sometimes the
of self- fertilisation.
borders

of the sepals, are red,

favouring insect-visits.

The

which

perhaps an adaptation

is

tendency

towards

homogamy

is

probably also brought about by insect-visits, as the insects come
only for the sake of pollen, and therefore seek only flowers with
ripe anthers (No. 609, fig. 139).
368. Plantago media,
any trace of adaptation to

L.—While

I

insect-visits

have been unable to find
in the various forms of

F. laneeolata, specimens of F. media which I have
to

show such

examined seem
and

traces in the reddish colouring of the filaments

the pleasant perfume of the plant.

Nevertheless, in

all

the forms

of this species the filaments are so long, thin, and freely motile,

the anthers so broad, and the pollen-grains so smooth and dry,
that wind-fertilisation
therefore,

can be effected very readily.

truly intermediate

is

P. media,

between the anemophilous and

entomophilous conditions.
In the neighbourhood of Lippstadt P. media exhibits variability
such as Delpino describes in the case of P. laneeolata. It seems
remarkable that the form A, which I have observed on dry sunny
road-sides, is adapted in a less degree for insect-visits than the
form B, which grows in more shady spots but I must add that
a form agreeing essentially with B, but much taller, grows on the
sunny slopes of the canal-enbankment at Lippstadt, and is much
;

visited

by

insects there.

A has a scape 8 to 12 inches in length, and a spike
about 40 mm. long, increasing during the flowering period to
70 or 80 mm. The filaments, which are bent down slightly by the
weight of the anthers, are white, and protrude for 7 to 9 mm. from
The form

the flower

;

the lobes of the corolla are acute and outspread

;

the

—
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B

on the other
stigmas protrude far beyond the flower. The form
hand has a scape about 6 inches long, and shorter reddish filaments

which do not bend under the weight of the anthers

;

the lobes of

the corolla are rounded, and do not spread apart but only point
obliquely upwards, and the stigmas protrude little from the flower.

The

pollen in both forms

in the second form

(JB),

is

powdery, but is slightly more adhesive
be seen by the filaments in this

may

as

form being usually covered thickly with pollen-grains.

Plantago media, L.

Fig. 171.

— — A form of P.

media from dry sunny slopes on Rixbocker Hill, near Lippstadt.
1, bud
2, developing flower
3, fully developed flower
4, corolla
5, pi.stil.
a, anther
8, sepal
st, stigma.
p, petal
B 6— 8.— Another form of P. media, growing in damp shady spots on the same hill, often within
a few paces of the other.
6, fully developed flower
7, corolla
8, pistil.
A. 1

5.
;

;

;

;

;

;

;

;

;

The form growing on the slopes of the canal-embankment,
from which I have chiefly compiled my list of insect-visitors, has
a scape 10 to 14 inches long, a spike 35 to 90 mm. long, and
stamens which project only 4*5 to 7mm. beyond the flower; in the
form and development of the corolla and style and in the nature
of the pollen it agrees well with the form B from the Rixbecker
Hill.

—

.
:
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All the specimens of P. media that I have examined were less
markedly proterogynous than P. lanceolata, for the stigmas are
always still fresh after the anthers have shed their pollen but
various forms of P. media differ greatly in this respect, as may be
seen by comparing 3 and 4, Fig. 171.
The foregoing remarks are simply intended to call the attention
of botanists to forms of P. media intermediate between the
anemophilous and entomophilous conditions, and so to lead to more
thorough investigation I do not by any means suppose that they
;

;

exhaust the subject.
Visitors: A.
ab.

(2)

;

Hymenoptera

Ajndm":

Eucera longicornis, L.

^

,

Bombus

(1)

terrestris,

L. 9,

c.p.,

seeking vainly for honey (attracted by the

(3) Halictus albipes, F. ^
?)
(4) H. cylindricus, F. $ , both freq.
Andrena, $ (moderate size), do. ; (6) Megachile circumcincta, K. $
B. Diptera— (a) SyrphidcB : (7) Melanostoma mellina, L., I once saw this fly
hovering for a long time over many flowers, until it came to P. mediae on
which it settled at once, and began to stroke the anthers with its labellse (f.p.) ;
(8) Ascia podagrica, F., f.p.; (9) Syrphus balteatus, Deg., f.p.; (10) Eristalis
(b) Muscidce
arbustoriim, L., very ab., f.p.
(11) Rhingia rostrata, L., f.p.

scent

;

;

;

(5)

;

;

(12) Spilogaster

Wied., very
C. Coleoptera

semicinerea,

ab., f.p.

;

(c) StratiomyidcB

:

(13)

—

Chrysomyia formosa, Scop.
(a) N'ltidulidce : (14) Meligethes,
freq.
(16) Malachius
(&) Malacodermata : (15) Anthocomns fasciatus, L.
seneus, L., both freq., gnawing the anthers
(c) Ceramhycidce : (17) Strangalia
nigra, L., do.
See also No. 590, iii., and No. 609.
;

;

;

Ludwig has found

Some
to

Kuhn

P.

media to be gynodioecious in Germany.

species of Plantago have cleistogamic flowers according
(399).

Ludwig has

discussed

in

several

papers the occurrence of

cleistogamy, gynodioecism, and heteranthery

{i.e.

the existence of

different forms bearing anthers of different lengths)

(425, 429,

430,431)Ord.
Pisonia

liirtella

stigmas in the

is

NYCTAGINEJE.

proterogynous, according to Delpino.

first stage,

The

and the anthers in the second, protrude

some millimetres beyond the tubular corolla (177).
Oxyhaplius and Nyctaginea have cleistogamic flowers (Asa Gray,
No. 167).
Neca theifera, Oer. The diclinous flowers have been described
by Warming (762) and Oersted.^
Mirahilis Jalapa, L., is eagerly visited by Sphinx cmivolvuli

—

(590,

11.).
^

Bot. Zcit. xxvii. pp. 217-222, 1869.
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Illecebrum

ILLECEBRACEJi:.

verticillatum,

flowers (351).

Herniaria glabra, L.

509

L.,

has

submerged

cleistogamic

— The flowers are very inconspicuous,
—

and

are visited by minute insects (590, il.).
Scleranthus perennis, L.
The small inconspicuous flowers have

no petals the sepals, which are white at the edges, take the place
of a corolla
the honey, which is secreted in the lower half of
;

;

the

calyx,

accessible

is

to

short-lipped

insects.

Anthers and

stigmas ripen together, and the widely outspread position of the

stamens favours cross-fertilisation.
I have found
Hedychmm
coriaceum, Dhlb. {Chrysidw), sucking honey in the flowers.
Ord.

AMAEANTACEJS.

Chamissoa affords an example of the passage from a dimorphic
to a diclinous condition (555).

Ord.

CHENOFODIAGEjE.

Ghenopodium ambrosioides is figured by Hildebrand as an
example of a self-fertilised plant (351).
Ghenopodium album, L., is anemophilous, but is visited by
pollen-eating Syrphidse {Melanostoma mellina, L.) (590, II.).
Ghenopodium bonus- Henricus is proterogynous according to

Warming

(762).

Ord.
369.

POLYGONAGE^.

Polygonum fagopyrum,

L.

—The flowers are

made

con-

spicuous by their white or red perianth, by aggregation, and by

Eight rounded yellow glands at the base of the
stamens secrete honey, which lies at the bottom of the shallow
outspread perianth
it is accessible to short-lipped insects, and

their perfume.

;

attracts great

numbers

of insects of different orders.

Three stamens, with their pollen-covered sides turned outwards,
stand close round the styles in the middle of the flower five, with
their pollen-covered sides directed inwards, stand round the circumference. The eight nectaries lie at the bottom of the flower
between the inner and outer stamens, so that insects must come
between these to reach the honey, and hence get dusted with
;

—
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pollen on both sides.

stands alone in

This species

is

[part hi.

dimorphic, and in this respect

The anthers stand

genus.

in the one form
on a level with the stigmas in the other, and there is the usual
difference in the size of the pollen-grains.
In long-styled flowers
(Fig. 172, 1), most visitors touch the anthers with their heads, and
the stigmas with the sides or ventral surfaces of thorax and abdomen. The converse takes place in the short-styled forms, so that
it

its

legitimate fertilisation for the most part takes place, though neither

own

illegitimate crossing nor fertilisation of a flower with its

pollen

are quite prevented.

The smaller

visitors,

mate

lead to self-fertilisation and legiti-

or illegitimate crossing indifferently.

Polygonum t'agopyrum, L.

Fig. 172.
1.

Andrena nana, which creep about

e.g.

may

irregularly in the flower,

—Long-styled,

2.— Short-styled

flower, after

removal of two segments of the

periiinth.

Occasionally flowers occur on long-styled plants, in which the
style is so

much

shorter than usual that the stigmas

lie

between

the three inner stamens and get dusted by their pollen.
Self-fertilisation is

probably inoperative under ordinary circum-

stances in the Buckwheat, but under altered conditions, if insectvisits decreased, it

might

easily

come

into play

Darwin, 167,

(cf.

p. 11.S).

The

following

insects

were almost

Buckwheat, one sunny day,

all collected

in a large field

me

by

on

near Salzkotten (June

21, 1868).

—

A. Hymenoptera
c.p.,

$ ^

making
8.

,

;

(3)

(a)

Apidce

:

(1)

Apis

mellifica, L.

fully nine-tenths of all the visitors

Andrena

fulvicrus,

K.

^ ^

,

ab.,

s.

;

and

^

,

very

Bombus

(2)

c.p.

;

(4)

ab.,

and

s.

lapidarius, L.

A. dorsata, K.

A. varians, Rossi, 9
(8)
A. albicrus, K. 9
(11) A.
(10) A. nana, K. ?
(9) A. Gwynana, K. ?
bicolor, F. (aestiva, Sm.), (^
12, sucking
(12) Spliecodes gibbus, L., Nos. 4
only (6) Sphegidce : (13) Pompilus trivialis, Kl. (14) Cerceris labiata, F. 9

9

;

(5)

A. pilipes, F. $

;

(6)

A. helvola, L. $

;

(7)

;

;

;

—

;

;

(15) C. nasnta, Dlb. (C. quinquefasciata, Ross.),

;

;

;

^,

all

s.

;

(c)

Tentliredinidce

:

;
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(16) Athalia

spinarum,

F.,

B. DiipteTai—{a) Sijrphidce

s.

(18) E. pertinax, Scop,

(19) E.

nemorum,

:

(l^J)
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Eristalis tenax,

arbustorum, L.
all ab., s. or f.p.
(22) E. intricarius, L.
(21) E. sepulcralis, L.
(23) Helophilus floreus, L. ; (24) Syritta pipiens, L.
(25) Chrysotoxiim festivum, L.
(26) Melithreptus scriptus, L.
(27) M. tceniatus, Mgn.
(28) Syrphus pyrastri, L.
(b)
(29) Pipiza funebris, Mgn.
(30) Cheilosia scutellata, Fallen
L.

;

;

L.

;

(20) E.

;

;

;

;

;

;

;

;

;

MuscidcR

:

;

(31) Pollenia Vespillo, F.

;

(32)

;

Musca

corvina, F.

;

(33)

Lucilia

cornicina, F.
(c) Stratiomyidcc : (35) Odon(34) Sarcophaga camaria, L.
tomia viridula, F. (36) Stratiomys Chania3leon, Deg., ab. ; (37) Str. riparia,
Mgn. most of these flies sucking, the Syrphidse also eating pollen. C. Lepidoptera (38) Vanessa nrticae, L.
(39) Pieris brassicte, L. ; (40) P. napi, L.
;

;

;

;

—

(41)

;

Polyommatus
370.

PhloDas, L., all

;

s.

Polygonum Bistorta,

flowers are

—

As in P. fagopyrum, the
L.
made conspicuous by aggregation and by their coloured

Fig. llZ.—I'olygonum Bistorta, L.
1.

— Flower, in

2.— Ditto,

first

(male) stage.

in second (female) stage.

perianth; eight red swellings at the base of the stamens secrete

honey, which lies freely open at the bottom of the flower.
The
power of self- fertilisation has been lost; but while in F.fagcjiyrum
crossing has been insured by the development of long-styled and
short-styled stocks, in F. Bistorta the same end has been gained by

complete proterandrous dichogamy. In the first stage, the anthers
protrude freely from the flower, which never expands very widely
afterwards, when the anthers are withered and mostly fallen off,
the ends of the styles with their stigmas protrude.

On

the

meadows

at Brilon, I

saw the flowers plentifully

visited

but I was busy with other observations and can name
only the following easily recognised forms Bhingia rostrata, L.,

by

flies,

:
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Volucella homhylans, L.,

and

ByrjihiLs rihesii,

L.

[part hi.

All three settled

upon the spikes, thrusting their tongues into one flower
another, and so dusting their ventral surfaces with pollen.

after

my

garden I have often seen Sarcophaga carnaria trying to
and generally failing in the
attempt. Syritta pipie7is, L., always failed in the same attempt;
if the flower happened to be in the second stage, it flew away
after a few failures, but stayed to eat pollen if the flower was in its
first or male stage.
I have often seen Andrena albicans, L. ?, climbing up the
spikes.
Now and then I have watched an individual first failing
continually on several spikes to insert its proboscis into the flowers,
and then gradually acquiring the knack, and ending by performing
In

insert its proboscis into the flowers,

the operation regularly.

The honey-bee
never

the plant in considerable numbers, and

visits

fails to insert its

proboscis successfully.

Visitors in Low Germany
A. Hymenoptera Apidce : (1) Apis mellifica,
B. Diptera
(a) SyrphidcB : (3) Volucella
^ (2) Andrena albicans, li. $
bombylans, L. (4) SjTphus ribesii, L. (5) Syritta pipiens, L. (6) Rhingia
rostrata, L.
{h) Muscidce : (7) Sarcophaga carnaria, L.
See also No. 590, 11.
A list of Alpine visitors (one beetle, ten flies, five Hymenoptera, twenty-one
Lepidoptera, and Panorpa communis) is given in No. 609.
:

L.

.

;

;

;

;

;

Polygonum vimparum, L., is remarkable for the polymorphism
In Sweden, Axell found it occurring in two forms,
some plants being hermaphrodite and proterandrous, others female
only (17). I have also found hermaphrodite and female forms at
Franzenshoh, but the former were homogamous. At Madulein I
found hermaphrodite stocks showing all stages of suppression of
the pistil down to purely male flowers and plants (609, fig. 169).
of its flowers.

Polygonum

—

Persicaria, L. Like the two foregoing
have white or red perianths; they are
aggregated in a spike 20 to 30 mm. long and 6 to 10 mm. broad.
The smaller size of the flower and of the spike, the want of
odour and much smaller supply of honey, render insect-visits very
much rarer. It is, therefore, of more importance for self-fertilisation to be possible in default of insject-visits, than for crossfertilisation to be absolutely insured when insect-visits do take
371.

species,

place.

the

flowers

Accordingly, the structure of the flower differs considerably

from that of the two preceding species.
Of the eight stamens three at most are much reduced or have
entirely disappeared, though flowers often occur with six, seven, or

—
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eight stamens.
The five which are constantly present alternate
with the parts of the perianth the other three stand opposite to
the parts of the perianth. At the base of each perianth-segment
is a nectary, secreting very scanty honey, which remains in a
;

The ovary

moist adhesive layer.

is

generally bilateral, bearing

a style which divides into two branches, each bearing a stigmatic

knob; but three stigmatic branches often occur.

Anthers and

The

stigmas ripen together and stand at the same level.

flower

expands until the perianth forms an almost hemispherical cup,
and the five stamens alternating with the perianth-segments

The stigmas are, thereseldom or never touched by these stamens, but the other
three stamens, when present, bend towards the middle of the
flower and come in contact with the stigmas. Now although, as in
spread out as far as the perianth allows.
fore,

-^t

Fig. 174.

-Flower with
2.— Pistil.
1.

five

Polygonum

Per»icaria, L.

stamens.

.S.— Flower with seven stamens.

outer anthers;

a, five

or,

ovary

;

tt,

stigma

;

a',

inner anthers;

a",

nulimentarj' filament;

n, nectary.

P. fagopyrum, the five outer anthers shed their pollen inwards and

the three others outwards, self-fertilisation takes place regularly
in

flowers with

all

more than

five

stamens, since the anthers

dehisce so widely as to be covered with pollen

all

round.

Whether

flowers with only five stamens fertilise themselves in absence of
insects I cannot say from direct observation

do

so,

;

but they probably

as almost all the flowers of P. Persicaria develop seed, in

scanty insect-visits.
The flowers, as I have often
remain expanded even in rain, and self-fertilisation in flowers
with five stamens can only take place at the end of the flowering
period, when the perianth closes up and brings stigmas and
stamens into contact.
spite of the

seen,

The
its

small size of the flower causes every insect that inserts

head

thrusts

to touch

its

one or two stamens and a stigma.

If the insect

proboscis once into each flower, cross-fertilisation

L L

must

—

—
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does so more than once

self-fertilisa-

generally be effected, but
tion

if it

just as likely to take place.

is

A. Diiptersi—Syrphidce : (1) Eristalis tenax, L., freq.
(2) E. sepulcralis,
comparatively ab.
(3) E. arbustorum, L. ; (4) Syritta pipiens, L., the
most ab. visitor (5) Ascia podagrica, F., almost as ab.
(6) Melitbreptus
;

L.,

;

;

scriptus, L.

;

(7)

;

M.

threptus also eating pollen.

K. $

;

scarce,

(9)

Halictus albipes,

s.

C.

Lepidoptera

proboscis but flew

Mgn. all s., the species of Eristalis and MeliB. Hymenoptera Apidw : (8) Andrena dorsata,
F. $
(10) Prosopis armillata, Nyl. ^ all three

tseniatus,

;

;

— (11)

away again

;

Pieris rapte, L., one

specimen inserted

its

at once.

872. Polygonum lapathifolium, L., has usually five stamens,
of which one or more are generally bent inwards and come in
contact with the stigmas.
Visitors
pipiens, L.,

:

s,

Diptera Syrphidce : (1) Eristalis sepulcralis,
(3) Ascia podagrica, F., s.

Polygonum minus, Huds.

873.

L.,

— The

;

(2)

Syritta

flowers of this species

are about as large as those of P. Fe7^sicaria, but form

and are therefore

spikes,

s.

;

less

and

consjDicuous

much

looser

less visited

by

insects.

Fig. 175.— Polygonum minus, Huds.

1.— Flower, viewed obliquely from above.
2.

On

—Ditto, in side view, after removal of the two anterior segments of the perianth.

a patch of P. minus and P. Persicaria in hot sunshine

saw

(August 16, 1871)

I

visit P. Persicaria,

while only two species of

As

six different species of flies

the prospect of insect-visits

is

and two of bees

flies visited

P. minus.

smaller, those stamens

which

stand opposite to the perianth segments and which curve inwards
persist

more frequently so that
mimts than in P.
;

are rarer in P.

flowers with only five stamens
Persicaria,

generally six to eight stamens around a

and the flowers have
Otherwise

trifid style.

the flowers agree with those of P. Persicaria.
F., s. ; (2) Syritta pipiens,
:
(1) Ascia podagrica,
Melithreptus pictus, Mgn., and (4) M. menthastri, L., s. and f.p.

Di-ptersi—Syrphidce
L.,

8.

;

(3)

—
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Polygonum aviculare, L.— The

374.

mm.

;
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tiny flowers, scarcely

and therefore very inconspicuous
they are odourless and show no honey, and are very rarely visited
by insects. They always fertilise themselves, and every flower
2|

in diameter, are solitary,

produces seed.

The number and arrangement of the floral organs is as in P.
The five segments of the perianth, which have the

fagopyrum.

function of a corolla in P./agopyriciriy serve chiefly as a calyx

{i.e.

a protective covering for the reproductive organs) in P. aviculare
their lower parts are green,

;

and only their extremities, which are

white or red, play the part of a corolla in rendering the flower

The five stamens alternating with the parts of the
which bend outwards, and the other three which curve in
the centre till their antliers stand immediately over the three

conspicuous.
perianth,
to

I'kj. 176.

1.— Flower, from above.
2.— Ditto, in side-view, after removal
stamens.
a, the

five outer, a',

Polygonum
of the

the three inner anthei-s

;

aviculare, L.

two anterior parts of the
or,

ovary

;

gt,

periantli

and of half the

stigmfj.

stigmas, have fleshy thickenings at their bases but I have never
succeeded in finding drops of honey. If the flower really secretes
no honey, it can only have attractions for pollen-eating flies and
;

In any case, from the simultaneous
bees.
development of the male and female organs, and from the situation of the three inner anthers over the stigmas, an insect-visitor

pollen-collecting

must lead to self- fertilisation as easily as to cross-fertilisation. I
had often watched this plant in vain, but at length on a very hot
sunny day in August, 1871, I saw several insects visit it. They
were several specimens of three small Syrphidse, viz. Ascia podaand Melithreptus menthastri, L.
I
came to the conclusion, by close observation, that Syritta pipiens
was not only feeding on pollen, but was thrusting its proboscis
into the base of the flower, as if to suck honey it was therefore

grica, F., Syritta pipieois, L.,

;

either sucking in vain, or licking a very thin layer of honey.

L L 2

;
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REVIEW OF THE SPECIES OF POLYGONUM.
The species of Polygonum, like those of Geranium, show clearly
how with conspicuousness and abundance of honey the number
and variety

of visitors increase,

fertilisation

is

and how, as the likelihood of

thus increased, the possibility of

cross-

self-fertilisation

the converse is also clear.
But they
becomes less important
show at the same time that the abundance of a plant is in no
way determined alone by the certainty of cross-fertilisation.
P. fagopymim and P. Bistorta have the most conspicuous
flowers, the most abundant honey, and the most numerous visitors
in both, cross-fertilisation is insured and self- fertilisation rendered
in the former species by dimorphism, in
difficult or impossible,
the latter by well-marked proterandrous dichogamy. P. Persicaria
and P. lapathifolium have much smaller flowers and scantier
honey but, by union of their flowers in a spike, they become fairly
conspicuous and attract fairly numerous visitors
both waver
between insuring cross-fertilisation and insuring self-fertilisation,
and seem to make use, to a great extent, of both processes. In
P. minus the flowers are about as large and rich in honey as those
;

—

;

;

of P. Persicaria, but are united in much looser, thinner spikes
they are therefore less conspicuous, less visited by insects, and

more subject

to

self-fertilisation.

flowers are not only

much

almost devoid of honey,

insect-visits

its

and consequent

cross-fertilisa-

with us the most
genus, and one of the commonest of our native

tion are only the exception

abundant of

whose
and devoid or

Finally, in P. aviculare,

smaller, but are solitary

;

yet this species

is

plants.

The

species of

Rumcx

Rumex

are anemophilous, and Axell figures the

compare them with the entomophi; I have however found a bee,
Halichis cylindricns, F. ?, busily engaged upon the anthers of
Rumex ohtusifolius, L. and in the Alps I have often seen red butterflies seated on Rumex when in seed and like them in colour (590,

flowers of

crispus to

lous flowers of Rheiim Bhaponticum

;

II.

;

609).

Ord.

Brugmansia
by

carrion-flies

CYTINACEuK

Zippelii, Blume, is fertilised,
which are detained for a time

in Delpino's opinion,
in the flowers (178).

:
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corolla

and

are

visited

that short-billed

honey (164).
and Patma, Bl., are

steal the

Rafflesia Arnoldi, R. Br,, Horsficldi, R. Br.,

probably fertilised by carrion-flies (178).

ARISTOLOCHIACEjE.

Ord.

Asarum

europceum, L., and A. canadense,

with short-lived stigmas.

In the

L.,

are proterogynous

stage the stigma

is mature,
and the twelve anthers are still at the base of the flower. In the
second stage the stamens grow up, arch over the stigma, and

The

dehisce outwards.

first

fertilisers, in

Delpino's opinion, are small

flies (177).

Asarum may be looked upon as an incomplete stage in the
development of the prison of Aristolochia (589).
Reterotropa asaroides, Mor. and Dene.
The flowers are intermediate in structure and in the mechanism of pollination between
Asarum and Aristolochia.
According to Delpino, the involute
edge of the ventricose corolla forms a temporary prison for the
insect-visitors, which are probably flies (178, 360).

—

—

Aristolochia Clematitis, L. The remarkable structure
was long the only example known of a temporary prison for insects, was so far unravelled by Sprengel's acute
and patient observations, that Hildebrand's investigations have
brought nothing new to light, except the fact of proterogyny and
375.

of this flower, which

consequent cross-fertilisation (349).
The erect tube of the corolla is in the first stage lined with
reflexed hairs, which permit small midges to creep down into the
lower wider part which affords them shelter, but prevents them from

up again. In this cage the
mas mature, and fertilise them with

creeping

visited before, the anthers

insect-visitors find the stig-

pollen brought from flowers

meanwhile remaining

withering of the stigmas, the anthers open

;

closed.

On

the

the tube of the flower

bends downwards
the hairs wither and release the prisoners,
laden with pollen, to fertilise other flowers which are still in their
;

first

(female) stage.

Among numerous

small species of gnats which I took in
hundreds from the flowers of Aristolochia Clematitis, Herr Winnertz identified the following

3)

Chironomidce

:

(1) Ceratopogon sp.
Scatopse soluta, Loew.

(a)

:

;

(2)

Chiroiiomus

sp.

;

(6)

Blhionidoi
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In this species
376. Aristolochia Sipho, L. (178, 349, 360).
the corolla maintains the same position during the whole period of
Its lower part is directed straight downwards, and then
flowering.
with a sudden bend turns directly upwards it is moderately wide,
and the mouth is provided with a three-lobed lip. In this species,
as in the previous one, we find flies imprisoned during the first
they fertilise the stigmas
stage, while the stigmas alone are ripe
;

;

with pollen brought from other flowers, and remain caged until
the stigmas wither and the anthers shed their pollen.
The reason why they stay imprisoned so long seems to me still
In Delpino's opinion, to which Hiideinsufficiently explained.
brand assents, the smooth sides of the tube prevent the flies
creeping up, until the withering of the flowers affords them footThis explanation can only be correct if that part of the

hold.

tube which slopes downwards from the entrance is distinctly
smoother than the other portion which leads up from the lowest
part of the tube to the expanded terminal chamber; for if both
are

equally smooth the

flies

will

have as much

difficulty

in

climbing up into the stigmatic chamber as in climbing back out
In Arum I have repeatedly noticed that the small
of the flower.
midges try to escape from their prison, not by creeping, but by

and get knocked down by the grating at
So if in Aristolochia Si2^ho the inside
of the tube is all so smooth that flies can climb neither one way
or the other from the lowest part, the reason of their imprisonment
must be sought only in the curvature of the two ends of the tube,
the one rising straight from the lowest part to the cage, while the
other part which rises up towards the entrance of the flower is so
bent outwards at its upper end that the insects flying towards the
light knock against the bend and fall back again.
They are set
free by the shrivelling up of the corolla, which enables them to

flying towards the light,

the

mouth

of the flower.

creep out.
Delpino found in the cage {a) Muscidce : (1) Lonchaea tarsata, Fallen
Phoridce : (2) Phora pumila, Mgn. I found
Muscidce : (1) Sapromyza
apicalis, Loew, very ab.
also a small black
(2) Myodina fibrans, L., scarce
gnat, very ab., which I was unable to identify.
:

;

(b)

:

;

;

Aristolochia altissima, Dsf., A. rotunda, L., and A. pallida, W.,
slight variations from A. Clematitis, according to Delpino

show only
(178).

A, Bonplandi, Ten., unites the form of
the transitory hairs of A. Clcmatitis (360).

corolla of

A. Sipho with
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the dark-red colour and putrid smell of A. grandi/lora,

Sw., in Jamaica, Delpino conjectured that

it was visited by carrionwhich passes from the upper margin
of a flower to curl round a neighbouring twig held the flower, even
during the visits of heavier insects, in the position which it must
occupy to act as a temporary prison (178, 360).

flies

;

and

also that the tendril

Ord.

PROTEACE^.

The Proteaceae are proterandrous according to Delpino. On
a superficial examination they seem to fertilise themselves, for the
anthers open in the bud and shed their pollen on the knobbed

Even Treviranus

style.

into

fell

themselves only come to maturity

this

error.

much

later,

But the stigmas
when probably the

According to Delpino
has been mostly carried away.
honey-sucking birds are the visitors for several species (178, 360).
See also Bentham's very interesting essay " On the Styles of
pollen

Australian Proteaceoe" (85).

Ord.

THYMELjEACEuE.

—

The corolla-tube is 6 mm. long, and 2
mouth. The flower is fitted for a miscellaneous
lot of bees, long-tongued flies, and butterflies, by which it is found
to be visited (Apidse Ajns, A oitlioi^hora, Osmia, Halidus ; Diptera,
Syrphidse: Eristalis; Lepidoptera: Vanessa urticoi). The proboscis
of such insects in entering the tube first rubs against the anthers
(which form two whorls of four each in the upper part of the tube)
without getting dusted by their pollen, which is only very slightly
it then comes in contact at a lower level with the stigma,
sticky
before reaching the honey, which is secreted by the base of the
Daiihnc 3Iezercum, L.

mm. wide

at the

:

;

ovary and

fills

In absence of insects pollen

Daphne

its

it is

falls

striata, Tratinnick.

the higher Alps, with

is

only 1

of itself

wide),

By

a striking feature in

is

these characters, and by the

(whose tube
it is

is

10

mm.

long,

and whose

specially adapted for Lepidoptera,

visit it in great numbers (578, vol. xi.
609).
589, 590, II.
flowers emit their scent chiefly in the evening, and are visited

which

The

upon the stigma.

hemispherical, close-set trusses of white

its corolla

mm.

insect's proboscis

being drawn out of the flower.

— This plant

or red strong-scented flowers.

narrow mouth of

mouth

The

the lower part of the tube.

only gets dusted with pollen as

especially

;

by Sphingidse and moths.

Leucosmia

is

dimorphic (167, 35 0-

;

—
;

THE FERTILISATION OF FLOWERS.

520

EL^AGNEjE.

Ord.
Elceagnus angustifolia,

L.,

is

L. ^,

mellijica,

ii.).

SANTALACE^E.

Ord.

homogamous

L., is

Thesium pratense, Ehrh.,
Ord.

by Apis

visited

and Syritta pipiens (Syrphidse) (590,

Thesmm alpinumy

[part hi.

is

visited

(609,

fig.

154).

by the hive-bee

(590,

II.).

EUPHORBIACEM

The regular branching and the order

of succession of the

by
by Diptera

flowers in Eici^liorhia helioscopia has been thoroughly described

Delpino.

He

states that Euphorbiacese are fertilised

(178, 360).
This, however,

Very many shortHymenoptera) resort to the freely
exposed honey and aid in the work of cross-fertilisation. Where
Euphorbia is growing in abundance even bees resort to it. I
have found upon E. Cyparissias in Low Germany
Diptera, 4
Coleoptera, 8 Hemiptera, 3 Hymenoptera, 10 (Apidse, 4) Lepidoptera, 1 (590, il.).
On the same plant I have found on the
Alps
21 flies 1 beetle 4 Hymenoptera, of which none were
bees; and 3 Lepidoptera (609).
Euphorhia (Poinsettia) j^ulcherrima has scarlet bracts, and a
lipped

insects

is

(flies,

not altogether correct.

beetles,

:

;

;

:

—

;

—

;

;

large nectary in each (726).^

A

Brazilian species oi Balechampia, according to Fritz Mtiller,

attracts the insects

which

cross-fertilise it

resin secreted in special glands.

This

and used in nest-building

(597).

(bees),

Ord.

is

by means of a colourless
collected by the insects

URTICACEjE.

Tribe

UrticecB.

The plants of this tribe are anemophilous the stamens explode
when the flower opens, scattering the pollen (178).
;

Parietaria has proterogynous flowers (351).
Lists of visitors to the following Euphorluaceap are given in No. 590, 11.:
L., E. Gerardiana, Jatq., E. pcplas, L., E. hclioscopui, L., Buxus
sempervirens, L.
^

Euphorbia Esula,
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and the

(590, 597).

Tribe Artocarpeai.

—

The latest researches confirm the fact,
377. Ficus Carica, L.
which Linnaeus (416A) was aware of, that the so-called Caprificvs^
which bears inedible fruit, and the fig-tree, cultivated for the sake
of its fruit from time immemorial, stand in the relation of male and
female to one another. Fertilisation is effected by a wasp, Blastophaga grossorum, Grav. {Cynijps Psenes, L., Chalcididce). The hollow
inflorescence which we call a fig is very markedly proterogynous
The greater part of its
in both the fig-tree and the Capri ficus.
with
female
flowers,
covered
which
is
wall
are mature when
inner
Male flowers line
the "eye" {ostiolum) of the young fig opens.
a limited zone near the orifice, and are not mature until the fig
The Caprificus produces three crops of figs annually, one
is ripe.
crop beginning to flower as the previous one is ripe.
Many
varieties of the fig-tree ripen two crops, some three, annually.
In most cases each crop of figs, whether of the fig-tree or the
Caprificus, brings only flowers of one sex to full maturity.

At Naples,

the Caprificus ripens

its

three crops of inedible figs

The first crop are called mamme,
the second profidii, and the third mammoni. Each of these hatches
a new generation of fig-wasps, but it is only the second which
produces the pollen with which the fig-tree is cross-fertilised. Each
crop produces female flowers in which the wasps undergo their

in April, June, and August.

development, but male flowers are usually quite wanting in the
mamme, few in number in the mammoni, and only plentiful in the
The fig-tree also produces three crops in the season,
profichi.
called fiori di fico, pedagnuoli,

and cimaruoli.

The reproduction of the fig- wasp takes place in the following
The female wasps force their way with the loss of their
way.
wings into young figs of the Caprificus, through the narrow
ostiolum. They lay their eggs in the ovaries of the female flowers,
between the nucleus and the integuments, placing one egg only
The wasp dies within the fig to which it has intrusted
in each.
In consequence of the puncture which the wasp has
its offspring.
made, the female flower enlarges after the manner of a gall, and
in its ovary instead of its own embryo, the wasp-embryo develops.
While the figs themselves are proterogynous, the wasps on the
The wingless males are the first to
other hand are proterandrous.

;
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emerge they gnaw their way into the ovaries in which the females
and impregnate them, and afterwards perish within the same
The winged females then escape
fig in which they were born.
by widening the passage made by the males. They leave the ripe
fig by way of the ostiolum, and enter a young fig either of the
same Gaprificus or of a neighbouring fig-tree, to lay their eggs in
its female flowers.
The wasps which enter the young Gaprificusfigs (either passing from mamme to frofichi, or from profichi to
mammoni, or from mammoni to mamme) produce a new progeny
those on the other hand which enter young figs upon a fig-tree
;

lie,

(passing from

mamme

mammoni

or from

cultivated

figs

from

to jiori di fico, or

to cimaruoli) leave

the

projiclii to

pedagnuoli,

no offspring, since in the

female flowers are so constituted that the

wasps are not able to lay their eggs in the right spot.
Of the three generations of wasps only those which have
developed within ])roficlii act as fertilising-agents. In the iwofidii,
at the time when the wasps escape from the ovaries, the zone
of male flowers near the ostiolum is covered with pollen so the
wasps leave these figs laden with pollen. They carry this pollen
;

partly to the stigmas of young mammoni of Gaprificus, which,
however, rarely set a seed capable of germinating, and partly to

the pcdagnuoli of the

fig-tree,

which

after this cross-fertilisation

bear good seed plentifully.

While the

whose only use is to supply
and withers on the tree or falls off without

fruit of the Gaprificus,

pollen, remains hard

becoming sweet, the fruit of the fig-tree, when the seeds ripen,
becomes sweet and juicy, and so attracts birds which disseminate
the seeds.

From

the most ancient times, as long as the fig-tree has been

cultivated, its artificial fertilisation

by means of the

or so-called Caprification, has been practised.

Gaprificus,

This process consists

in hanging ripe fruit of the Gaprificus {profichi) to the branches of

whose figs (pedagmcoli) are then in their female stage,
with open ostiola. The wasps, issuing from the former, enter the
latter, bringing the pollen of the projichi with them.^
fig-trees,

—

Sycomorus antiquorum, Miq. The Egyptian Sycamore has for
agent a small wasp, Sycophaga sycomori, Hasselquist,
which is closely related to the fig-wasp, and has a similar mode
its fertilising

of

life.

The females do not

ostiolum, but
^

leave the ripe fruit through the
through several holes which they make near it.

See Bn.)liogrnphical Index for a

list

of papers relating to Cuprification.

;
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Both females and males are wingless, and the males are

dis-

tinguished by having a pair of long appendages at the side of the

abdomen, which are attached to the stigmata, and probably protect
them from the brown sticky pulp within the fruit (460).
Paul Mayer has investigated the wasps of numerous other oldworld species of figs, mostly from herbarium specimens. In some
species of Ficus and Sycomorus he has found Blastophaga and
Sycophar/a together, but the whole number of species of wasps
was very small. On the other hand, the Brazilian figs, of which
Fritz Midler examined ten species in his own neighbourhood
(Blumenau, province of St. Catharina), possess an astonishing
variety of wasps belonging to the same family of the Agaonidce
some of these belong to the genus Blastophaga, some to a genus
Many are adorned with metallic colours, which
like Ichneumon,
In point of fact, most
fact suggests a longer stay in the open air.
of the figs which Fritz Miiller studied, flower only once a year,
so that many of these wasps must, in order to lay their eggs, seek
another tree of the same species which is just beginning to flower
at the time when the figs are ripe upon the tree where they themselves were developed. In the case of many species of these wasps,
at least four migrations are necessary in the course of the year.

In these

figs,

the old inflorescence from which the wasps issue

bears only male flowers, and the young inflorescence which they
enter bears only female flowers.

Self-fertilisation is

thus rendered

impossible, and separate individuals are regularly crossed.

The

becomes sweet and in many cases gaily coloured when the
seeds ripen, and parrots which feed on it help to disseminate

fruit

the seeds {460).

Ord.

JUGLANDACEjE.

United States is monoecious, and, like
sometimes proterandrous and sometimes
proterogynous (Darwin, 167, 2nd ed.).
Juglaiis cincrea, L., in the

J. regia, L., in

Europe,

is

Ord.

CUPULIFERjE.

The plants of this order also are anemophilous, but not quite
excluded from insect-visits.
On February 29, 1868, in fine
weather, I saw numerous honey-bees busy collecting pollen on the
male catkins of the
In

many

hazel,

but none settled on the female catkins.

places proterandrous and proterogynous plants of the

hazel {Corylus Avcllaiia, L.) occur together.

—
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SALICINEjE.

Ojid.

378 a. Salix cinerea, L.
378 h. S. caprea, L.
378 c. S.
AURITA, L., etc. In spite of the simplicity of their flowers, which
differ little from the anemophilous flowers of the poplar, willows
;

—

;

them

possess special modifications which bring

greater variety of

sunny days of spring, and insure them
These are 1, the union of many
abundant cross-fertilisation.
flowers on one inflorescence, which is not only more conspicuous,
but more easily and quickly sucked than so many single flowers as
in all other diclinous entomophilous plants, the male flowers are
more conspicuous than the female ones, owing in this case to the
bright yellow colour of the anthers 2, the development of the
flowers in many Salices before the leaves, which renders the flowers
conspicuous among the bare twigs in spite of their want of coloured
envelopes 3, the large store of honey and pollen and 4, above all,
the early period of flowering, which leads many bees, especially
many species of Andrena, to resort almost exclusively to willows in
search of food for their young. These characters, of which the
only one probably that has been developed in direct reference to
insect-visits is the secretion of honey, have so far insured crossinsect-visitors in the first

:

;

;

;

;

that the plants can well afford to dispense with the

fertilisation

power of

Most

entomophilous flowers
etc.) seem to have
become diclinic by degeneration of their formerly hermaphrodite
flowers, but Salix seems to inherit its diclinic condition from the
oldest phanerogams, which were diclinic and anemophilous.
self-fertilisation.

diclinic

{Asparagus, Eihes nigrum, Lychnis vespertina,

Visitors
c.p.,

A. Hymenoptera

:

very ab.

;

(2)

B. lapidariiis, L. $
B. terrestris, L. $
succincta,
ab.

(14)

9

(12)

;

Apidce

:

Apis

(1)

K. $

mellifica, L.

^

,

and

s.

B. hortorum, L.

$ (4)
(5) B. pratorum, L. $
(6) B. Scrimshiranus, K. 9
(7)
Nos. 2 7 s.
(9) Nomada
(8) Osmia rufa, L. ^, s.

;

(Pall.),

(3)

;

J

;

—

,

;

;

;

Pz. ^ ^, very ab.
(11) N. varia, Pz. (^,
(10) N. lineola, Pz. ^^
N. Lathburiana, K. $ (J, ab.
(13) N. nificornis, L. 9 c^j very ab.
;

;

;

;

N. signata, Jur.

c^, c.p.

{a)

Bombus fragrans

and

s.,

;

all

the species of

in hundreds

;

(16)

Nomada s.

Andrena

;

(15) Colletes cimiciilaria, L.

albicans, K.

9

c^j

very ab.

;

(17)

A. albicrus, K. 9 (? (18) A. apicata, Sm. 9 (19) A. argentata, Sm. (= gracilis,
Schenck) 9, scarce, ab.
(20) A. atriceps, K. (= tibialis, K.) 9 ^; (21) A.
chrysosceles, K. ^
(^3) A. Collinsonana, K.
(22) A. cineraria, L. 9 c^j ^1^9 ; (24) A. connectens, K. 9 scarce (25) A. dorsata, K. ^ ^, ab. (26) A.
;

;

;

J

;

,

eximia,
(29)

9 ^
K.

^

A

Sm. S (27) A. Flessa?,
Gwynana, K. 9 (^, ab.
>

(32) A. nigrooenea,

;

;

(35) A. pilipcs, F.

K. 9

^

;

;

;

Pz. 9, rare ; (28) A. fulvicriis, K. 9 (f^, ab. ;
(31) A. nana, K.
(30) A. helvola, L. 9 (^
;

(^

(36)

;

;

(33)

A. nitida, Fourc.

A. pratensis, Nyl.

(=

^

;

(34)

A. parvula,

ovina, Kl.) 9

^,

ab.

;

—
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A. pimctulata, Schenk, $ ^ ; (38) A. rosac, Pz. ? (39) A. Sclirankella, Nyl.
A. Smithella, K., ^ very ab., ? scarcer ; (41) A. Trimmerana, K,
(43) A. ventralis, Imh., (^, very ab., $ scarce the
(42) A. varians, Kossi, ?
^ of all tlie Andrense s., the $ s. and c.p. (44) Halictus cylindricus, F. $
(46) Sphecodes gibbus, L. $ and its varieties,
(45) H. albipes, F. ? both s.
8.
(b) Vespidoi : (47) Vespa germanica, L. 9 , s.
(48) Odynerus parietum,
(37)

$
$

;

;

(40)

,

,

;

;

;

;

,

,

;

;

;

L. $
(d) Pteromalidce
8.
(c) Ichneumonidcc : (49) Various sp.
lampus sp., freq. (e) Tenthredinidce : (51) Dolerus madidus, Kl.,
,

s.

;

eglanterisD, F.,

Diptera
sp.,

—

ab.,

(53) D. gonager, Kl.,

;

Empidce

(a)

s.

s.

(b)

;

Bombylidce

(58) Eristalis tenax, L.

;

;

(57)

:

Nematus rufescens,

(54)

Rhamphomyia

(55)

:

s.

sulcata. Fallen,

Bombylius major,

(59) E. arbustorum, L.

L.,

s.

s.

;

(50) Peri-

:

;

;

(52)

;

H.,

s.

Syrphidce

(c)

(60) E. intricarius, L.

;

B.

Empis

(56)

;

D.

(61)

;

Salix herbacea, L.

Fig. 177.

—Part of a male plant (nat.
flowers.
— Male catkin, with
C—Male flower, after removal of the bract, seen from without.
D.— Male flower, from within.
E — Female catkin, with six flowers.
F. — Single female flower, from within.
A.
B.

size).

five

G.— Ditto, after removal of the bract, seen obliquely from without, so that the
large nectary (n) is visible, n', small nectary.
(B— G, X 7 ; Albula, 21, 22, July, 1878).

E. pertinax, Scop.
(64) S. ribesii, L.

;

;

(62)

Brachypalpus valgus, Pz.

(65) S. balteatus,

Deg.

;

Ch. brachysoma, Egg.

;

(68) Ch. modesta, Egg.

(70) Ch. praecox, Zett.

;

(71) Syritta pipiens, L.

and

:

(72) Pollenia rudis, F., f.p.

f.p.

Muscidce

(d)

:

cephala, Mgn.,

both
L.

;

ab.,

(78)

s.

M.

Marci, L.
dulidce

:

;

(e)

;

s.

;

(74)

:

(81)

s.

Johannis, L., both species

Meligethes, ab.,

—

;

l.h.

;

(&)

Mgn.

;

(67)

;

all these

(73) Calliphora erythro-

;

;

(76) Siciis ferrugineus, L.

testacea, L., all three rather freq.,
(80) B.

pyrastri, L.

Ch. pictipennis, Egg. ;
Syrphidoe both s.

(69)

;

Scatophaga stercoraria, L.

Conopidce

Syrphus

(63)

;

(66) Cheilosia chloris,

(75)
;

So.

(77)

merdaria,

Myopa

(/) Bibionidce

;

Elateridce

:

C. Coleoptera

s.
:

(82)

L.,

buccata,

(79) Bibio

—

Niti-

(a)

Limonius parvulus,

D. Lepidoptera (a) Rhopalocera : (83) Vanessa urticse, L., ab., s. (84)
Pz.
E. HemiLycaena argiolus, L., s.
(6) Microlepidoptera : (85) Adela sp., ab.
See also No. 590, 11.
ptera (86) Anthocoris sp., s.
;

;

—

—

—
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Salix repens,

L.

— On the much

less

[part hi.

conspicuous flowers

of this small species, I found only
A. Hymenoptera
terrestris, L,

tensis,
(b)

$,

Nyl. $

c.p.

c.p.

,

Tenthredinidce

major,
lo, L.,

L.,

s.

;

;

:

(9)

: (1) Apis mellifica, L. ^, s., ab.
(2) Bombus
Andreiia ventraUs, Imli., $, c.p., (^, s.
(4) A. prac.p.
(5) A. albicans, K. $
(6) A. Gwynana, K. $ c.p. ;
B. Diptera
(8) Bombyliiis
(7) Dolerus eglanteriae, F., s.
Myopa buccata, L.,
C. Lepidoptera
(10) Vanessa

{a)

;

Apidce

;

(3)

;

,

,

;

—
—

fe.

s.

Salix herbacea, L.

—Even

this,

the smallest of our Salices, which

straggles over the bare rock of the highest Alps, attracts sufficient

be able to dispense with the possibility of spontaneous
the latter is rendered impossible by the dioecism
This fact is strikingly opposed to the common
of the flowers.
statement that on the Alps (owing to the great scarcity of insects)
only those plants which possess the largest and brightest flowers
succeed in being fertilised by the aid of insects. The flowers are
The only visitors
inconspicuous, but the honey is very abundant.
that I have found on the flowers of S. herhacea are a small moth
(^Tineidce) and a fly {Coeoiosia sp.), both sucking honey (609).-^
insect- visits to

self-fertilisation

;

Ord.

Eiwpetrum nigrum,

EMPETRACE.E.

L., is

anemophilous (762).

Gymnospermeae.
These lowest and oldest Phanerogams have

diclinic

anemo-

the female flowers are devoid of a stigma, and possess
a cavity in the ovule between the micropyle and the nucleus. In

philous flowers

;

the flowering period, a drop of fluid rests upon the micropyle the
by the wind are caught by it, and are drawn
;

pollen-grains brought

within the micropyle as the fluid evaporates or

absorbed (178

is

I.

;

712).

Delpino has given a fuller account of the process of pollination in
Finns pinaster, Ait., and P. halepensis, Ait., (178) and in Larix ( i yy).

Monocotyledons.
Ord.

HYDROCHARIDEjE.

Vallisneria spiralis, L.

—The male flowers are

plant and float on the surface of the water.
^

The

from the
which had

set free

pollen,

Insect-visitora of Salix fragilis, L., and S. amygdalina, L., are enumerated in
II. ; and those of S. reticulata, L., and *S', retiosa, L., in No. 609.

No. 590,
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hitherto been protected from contact with the water, is now carried
Vallisneria is, in a
by currents to the stigmas of female flowers.
certain sense, a transition from the water-fertilised to the insectfertilised flowers ITydrocharis is distinctly entomophilous (178,11.).
;

ORCHIDE^.

Ord.

This family is remarkable for the following characters, due to
wide distribution and to its enormous number of species first,
for great variety of habit and diversity of station
secondly, for its
immense variety of peculiar and highly-specialised flowers; and
thirdly, for the unusually large number of seeds produced in each
capsule.
The diversity of habit and place of growth must be explained by supposing all the parts of the plant concerned in nutrition to have been very variable.
I have discussed at full length
their variability in our recent species, in a paper upon the genetic
relations of Epipactis viridifolia, E. microphylla, and E. latifolia
its

:

;

The
stand

if

multiplicity of forms of flowers

is

not difficult to under-

we only suppose the ancestors of the family

have been

to

as liable to variation in their flowers as our recent species are.

Dr.

Rossbach has discussed the variability of the flower in Orchisfusca}
and I myself in the genus Habenaria.^
I do not doubt that Orchids owe their extraordinarily perfect
adaptations to particular insects not only to the tendency of the
parts of their flowers to variation, but also to the separation in
time of the two stages in the act of impregnation. At the time
pollen is
of flowering the ovule is, as a rule, not yet developed
applied to the stigma, and the pollen-tubes grow out, but the ovule
is only developed and impregnated weeks or months, sometimes six
months, later. The extremely complete adaptations to cross-fertilisation have in their turn resulted, in many cases, in the flowers
;

becoming absolutely

sterile to their

own

pollen.

In regard to capacity for fertilisation by their own pollen,
Orchids show the greatest possible diflerences, all of which, however,
We find in this
ai'e linked together by intermediate conditions.
order, cleistogamic flowers^ and open flowers; flowers regularly*
'

2

3

VerMl. des naturh. Vereins fur pr Rheinl. und Westfal. p. 166, 1857.
Ibid., pp. 36-47, 1868.
Schomburgkia, Cattleya, and Epidendrum (Criiger, 149) ; Dendrobium (Ander-

son, 5)

.

;

Thclymitra (Darwin, 167).

* Ophrys apifcra (Darwin,
Gymnadenia
Neotinca intarM (Darwin, 159)
155)
tridentata and Platanthcra hyperborea (Asa Gray, 274) ; Epipactis viridifolia (H.
Miiller, 565) ; Epidendrum (Fritz Miiller, 553).
;

;
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or occasionally

^

self-fertilised

own

;

[part ni.

others never self-fertilised, though

be applied artificially (565)
pollen, though fertile not
only to the pollen of their own species but even to that of other
species of their own genus (15 8a, 693); finall}" species in which
pollinia and stigma of the same individual act as fatal poisons to
quite fertile to their

pollen

if it

;

own

flowers absolutely sterile to their

one another.^
In regard to the immense number of seeds sometimes produced,
it may suffice to record an observation of my brother's, who
estimated over 1,750,000 seeds in a single capsule of a Maxillaria
(159).

Dissemination by wind is favoured by the lightness of the seeds
and by the peculiar dehiscence of the capsule, which opens by
three longitudinal slits, the parts remaining connected above or
below.

The

subject of the cross- and self-fertilisation of Orchids has

been so
I

may

fully treated in

Darwin's

classical

book and elsewhere that

confine myself to notes on those of our native species whose

visitors

have been actually observed, and to some recent additions

to our knowledge.

Tribes Epidendrece

Angrcecum

Pet.

sesquipedale,

The spur

Madagascar.

is

^

Th,

and Vandece.

— This

plant

is

a native

of

longer than that of any other Orchid,

perhaps than that of any other plant, and according to Darwin
(15 5 A, p. 198) an insect must have a tongue 10 or 11 inches long
Mr. W. A. Forbes has given evidence of the
to reach the honey.
existence of such an insect (256).

My

brother caught a

hawkmoth

{Macrosilia Cluentius) in Brazil which actually had a proboscis 10
I have figured this proboscis in No. 571.
In Notylia, some species of Oncidium, and others, honey is
In a
secreted by the outer surface of the ovary and by the bracts.

or 11 inches long.

secreted for a long period

Cattleya

it

honey

diligently sought

is

is

by

ants,

by the young

fruit

;

this

but of course has no relation

to the process of fertilisation (Fritz Miiller).

— My brother observed

Gomeza.-.

and saw the

fertilised flower

Polystachya.

— In

this orchid fertilised

produce

its

by a

bee,

capsule.

a small Brazilian species of this genus, the

Neottia nidus-avis frequently, Listera ovata oxcejftionally (Darwin. 159).
Species of Oncidium, Notylia, Gomeza, Stigmatostalix, and Biirlingtonia (Fritz
Miiller, 550; Darwin, 158A., 11. chap, xvii.)
3 See also No.
34 [Liparis Bowkeri), and No. 609, p. 77, fig. 21 {Corallorhun
inn ata.
^

*
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which probably

attract insect- visitors (Fritz Mtiller).

—In

South Brazil there are several plain green
perceptible perfume, which
secrete abundant honey, and must be fertilised by insects.
This is
an illustration of how flowers need not make themselves perceptible
at a distance to their visitors by means which affect our senses.
Epidendrum.

species of this genus, quite without

An

observation of

in South Brazil shows
fertilisation

my

brother's in the island of St. Catharina

how a

when deprived

On

plant

may

propagate

itself

by

self-

of the insects for which its flowers were

an Epidendrum occurs, whose flower conthe two lateral anthers effect selffertilisation regularly, while the pollen of the third can only be
removed by insects, an event which seems to be exceedingly rare.
The flower is almost scentless. At Itajahy an Epidendrum occurs
which resembles the triandrous Epidendrum of St. Catharina almost
exactly, save that it is monandrous and has a strong, aromatic
scent. The triandrous variety can only be looked upon as descended
from specimens of the monandrous form which got transported to
St. Catharina.
There the insects adapted for the flower must have
been absent or very scarce, so that the power to reproduce by selfadapted.

this island

tains three perfect anthers

fertilisation

became

;

desirable.

Accordingly, whenever the two

stamens appeared as an abnormality (as often happens
in other Orchids) they had the greatest possible chance of being
perpetuated by Natural Selection the perfume of the flowers, on
the other hand, being useless and therefore removed from the
influence of Natural Selection, was lost (533).
lateral

;

Tribe

NeottiecB.

Spiranthes autumnalis, Rich., has been observed by Darwin to

be

fertilised

by humble-bees (15 5 A,

p. 127).

—

LiSTERA OYATA, R. Br. Sprengel has described the
he observed it in his garden, but he
was not acquainted with the in sect- visitors. Darwin has given an
admirable description of the flower, and mentions two Hymenoptera
(Rw7nitilcs Sind Cryptus) which he saw attaching the poUiniato their
foreheads as he caught the insects, he did not witness the placing
My own observations may help to
of the pollinia on the stigma.
confirm and complete the accounts given by Sprengel and Darwin.
On a sunny afternoon in May, 1867,1 watched the insect- visitors
380.

fertilisation of this flower as

;

M M
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more than an hour. I was able to watch about
twenty plants simultaneously, and on each three or more insects
were often busy sucking honey together. I concentrated my attention in every case on a single insect, and did not catch it until it had
accomplished at least one act of fertilisation most of them I only
caught after they had fertilised three, four, or more flowers. The
specimen of Grammoptera Icevis which I have figured (4, Fig. 178)
was already laden with pollinia when I first noticed it it visited
six flowers in my presence, carrying off the pollinia from four, and
applying pollen to the stigmas of the other two, which had been

of this plant for

;

;

Fig. VlS.—Listera ovata, R. Br.

1.— Portion of an unfertilised flower, from the side.
2.— Front view of flower, after the pollen masses (po) have been removed from the
flat rostellum (r) is bent forwards, and partly conceals the stigma {st).
(Magnified one
asl.)

antlier.

The

half as

much

n, nectary.

3.— Pollen-masses adhering to a needle ( x 20). fc, cement
^.—Grammoptera Icevis, with a number of pollen-masses on

;

po, pollen-masses.
its

head.

previously visited and deprived of their polhnia.

To judge from
number of hardened cement-disks which this insect carried
upon its head, it must have fertilised very many flowers before I
began to watch it. Although a great many insects flew away
the

before I tried to catch them, and others escaped me, I secured a
all of which I bad seen effectincj cross-fertiland all of which still bore pollinia on their heads. Except
Grammoptera Icevis'^ tbey were all Ichneumonidse. They have been
identified for me by Dr. Kaltenbach of Aachen as follows
(1)
Ichneumon uniguttatus (one specimen); (2) Alysia (one); (3)

considerable number,
isation,

:

^

At

Sprengel seems to have caught this insect bearing pollinia of Liste.ra ovata.
mentions a small beetle with black head and .scutellum,and brown elytar.

least he
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(4) Phagedon
Tryphon (two) ((3) Campoplcx (one) (7) Microgaster
I saw Bomhus agrorum, F., licking the honeyTufipea, F. (three).
in several flowers without removing the pollinia.

(two)

;

(5)

;

;

;

Sprengel has correctly described

how

small insects

(all

of the

above, except Bomhus) regularly alight on the lower end of the

and slowly creep upwards licking the honey in the
finished and raise their heads, they
come in contact without fail with the slightly prominent edge of
the thin rostellum (r, 1).
On the slightest touch, this exudes
a small white drop of fluid, which reaches the apex of the pollinia
{po, 1) and hardening instantly, cements them to the object whose
touch caused the exudation and so in every flower which has not
previously been visited, the insect-visitor receives a new pair of
pollinia. The insect flies away startled, and soon afterwards alights
on the labellum of another flower, usually on another plant. The
rostellum, on first being touched and while it exudes its drop of
fluid, curves downwards so as partly to protect the stigma (2,
but afterwards, while the groove of the labellum is
Fig. 178)
labellum

(^', 2)

groove (n)

when they have

;

;

;

secreting a fresh supply of honey, the rostellum gradually rises,

way

leaving the

Thus

free to the stigma.

to previous

statements

1,

:

that

accounts of this flower

when an

we may add two

insect has once attached pollinia

new pair of pollinia or apply
stigma in every flower that it visits subsequently
2, that not only does cross-fertilisation always occur,
but that the pollen of one plant is usually carried to a flower

to

its

head,

must

it

some pollen

either acquire a

to the

;

upon another.
381.

Neottia nidus- avis. Rich.

— The

flower resembles that

of Listera ovata in regard to the function of the rostellum and its

position in relation to the anther and stigma. It differs, however,
by concealing its honey from view though leaving it easily
accessible, by cementing its pollinia to the insect-visitors in a more
irregular and less effective way, and by being frequently selffertilised owing to the dry pollen falling bit by bit upon the
All such insect-visitors as are attracted only by exposed
stigma.
honey are absent, and the dull yellow flowers deter all those which
are only allured by bright colours.
This tendency to self-fertilisation seems to me to be due rather
to the mechanism of the flower being as yet incomplete than to
I have only once watched this plant at
scarcity of insect-visits.
^t

]si

2

;
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the proper season, but on that occasion I found
in considerable abundance,

with spiders' webs.

I

and several

it

[part hi.

by flies
were covered

visited

of the spikes

saw several specimens of Spilogaster miereay

Wied., and a small species of Muscidce alight on the labellum and
suck the honey ; but I did not see any of them touch the rostellum
and remove the pollinia. After watching for a long time, I saw
fly {Helomyza o.ffinis, Mgn.) visit a flower ; when
crawled up the labellum to its base, licking the honey on its
way, it came in contact with the rostellum and cemented the

a larger yellow
it

pollinia to the anterior part of its thorax.

but

it

was caught in a

spider's web,

the fertilisation of Neottia was

and

away, startled
chance of observing

It flew

my

lost.

Fig. 179.— Neottia nidus-avis, Rich.
1.

— Lateral view of flower.

2.— Ditto, of labellum.
3.— Labellum, from above. The small
4.— Essential organs, in side-view.
br,

bract

;

co,

column.

rings indicate honey-drops.

Other letters as in Fig. 180.

—

Goodyera repens, R. Br. Mr. R. B. Thomson saw this plant
the north of Scotland by Bonibus pratontm (Darwin,
I
have seen it on the Alps fertilised by B. mastrucatus,
159, 165)

fertilised in
;

? (609).

The Alpine Chamceorchis
fertilisation

is

by Ichneiimonidce

Epipactis latifolia, Swartz.
to be fertilised

by wasps

probably adapted, like Listera,

for

(609).

— Charles Darwin observed

( Vespa

silvestris).

this plant

Self-fertilisation

seems

scarcely possible.

Epipactis microphylla, Ehrh., fertilises

itself

regularly

;

but

part of the pollen can be removed by insects by the aid of the
sticky secretion of the rostellum, as

E.

the whole

pollinia are in

latifolia.

Epipactis viridiflora, Rchb., has quite lost

its

rostellum.

Small
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be accidentally carried away by minute

but the flower is self-fertilised in a still more conspicuous
I have described elsewhere (565)
degree than E. microphylla.

insects,

the changes in the relative position of anther and stigma which
render self-fertilisation possible, and the intermediate stages

between the above-mentioned species of Epipactis.
Epipadis palustris, Crantz. Mr. W. E. Darwin saw this species
visited and fertilised abundantly in the Isle of Wight by Apis
also by flies {Sarcophaga carnosa and Ccelopa frigida)
mellijlca, ^
and by Crahro hrevis.
Epipogon Gmelini, Rich. Paul Rohrbach^ has described the
structure and fertilisation of this flower very admirably (675).-

—

;

—

He

observed Bonilms lucorum,

L., visiting

the flowers.

Tribe Ophrydece.

Serapias

longi2')ctala ,

Pollin., is visited

Liguria (Delpino, 567).

Hcrminium MonorcMs, R.

by bees

in the west of

—

Br.
George Darwin observed the
by twenty-seven species of small insects, of which
They consisted
the largest were one-twentieth of an inch long.
Hymen optera (especially Tetrastichus diaphanthus and
of
Pteromalini), Diptera, and Coleoptera (e.g. Malihodes Irevicollis).
I have found the flowers visited on the Alps by small Braconidse
and Pteromalidse (609).
Platanthcra.
I have elsewhere (565) proved at very considerable length that the varieties distinguished as F. hifolia and
P. chlorantha by German botanists are connected with one another
by numerous intermediate forms but that the plant referred to
by Darwin as P. hifolia corresponds to P. solstitialis, Bonningh.,
and is a well-defined species. The spur of P. solstitialis is from
12 to 21 mm. long, that of P. clilorantha from 23 to 43 mm.; in
both species the spur is too narrow to admit a bee's proboscis.
The honey is therefore accessible only to Lepidoptera, and in the
extreme forms of P. chlorantha only to ISphingidce. The colour
of the flowers suggests that they are adapted for nocturnal and
crepuscular insects. Darwin caught a specimen of Hadena dentina
to one of whose eyes a sticky disk of P. chloran'ha was attached,
and a Phcsia with one attached to the margin of its eye. The
sticky disks stand much closer together in P. solstitialis, and

flowers visited

—

;

^

This able and brilliant naturalist died at an early age.

THE FERTILISATION OF FLOWERS.

534

become attached
in the

[part hi.

Darwin observed

to the base of the proboscis, as

case of Agrotis segetiim and Anaitis ijlagiata}

Asa Gray has published most interesting observations
on the structure and mode of fertilisation of certain American
Professor

species of Platanthera (273, 274, 277).

Himantoglossum hircinum, Rich.
visited by a bee (361).

— Hildebrand

saw

this species

—

Gymnadenia conopsea, E. Br. The spur is so narrow that the
honey is only accessible to Lepidoptera. George Darwin observed
the flower to be visited by nocturnal Lepidoptera {Plusia chrysitis,
On the Alps,
P. gamma, Anaitis plagiata, Trijjhasoia pronuba).
'I have seen this species visited by twenty-seven different species
of Lepidoptera, mostly butterflies (609,

fig.

13).

Gymnadenia odoratissima, Rich., has a much shorter spnr
(4 or 5 mm., against 13 or 14 mm. in G. conopsea), paler colour,
and stronger and more aromatic perfume. I have only found it
visited by three species of nocturnal Lepidoptera (609, fig. 13).
Nigritella angustijolia, Rich.
The ovary is not twisted, and the

—

position of the parts of the flow^er

in Gymnadenia.

Lepidoptera

(I

is,

therefore, the reverse of that

odour of vanilla attracts very numerous
observed forty-eight species), to the under side of
Its strong

whose proboscis the

pollinia get

cemented (609,

fig.

15).

Nigritella suaveolens, Koch., seems to be a hybrid between N.

and Gymnadenia odoratissima but as G. odoratissima
cements its pollinia to the upper side of the insect's proboscis, and
N. angustifolia to the lower, it is difficult to see how this hybrid
can be produced, except from flowers of the species which are already
abnormally inclined. Such abnormally placed flowers, are, however,
to be met with now and then in both species, (609, fig. 16).
Anacamptis pyramidalis, Rich. The flower agrees in most
points with the species of Orchis to be described immediately, and
like them secretes no free honey.
The spur is very narrow, only
admitting the tongues of Lepidoptera, and the mode of attachment
of the pollinia by means of a saddle-shaped band instead of two
round disks is also specially fitted for the proboscis of Lepidoptera.
Darwin observed twenty-three different species of butterflies and
moths carrying pollinia of A. pyramidalis on their tongues.
Ophrys mtiscifera, Huds. This species seems to be adapted

angustifolia,

;

—

—

for carrion-loving

Diptera.

the dark purple under

in

lip,

The

flies

are probably attracted

which bears a pale blue smooth

^ T liave given an account of the flower of Platanthera
No. 589 and Vo. 609.

hifolia, Rich.,

with

by

spot,
figures,

;
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and under favourable conditions is covered with a number of
minute drops. A Sarcojyhafja which I saw seated on the under
lip, licking these drops, flew away on my approach.
But it had
its head pointing towards the base of the lip, and if I had not
disturbed it, it would probably not have failed to lick also the two
black shining bodies at the base of the lip in doing so it would
have touched the rostellum and caused a pollinium to be cemented
The two bodies at the base of the under lip look like
to its head.
;

fluid, though in reality they are quite dry.
They may
be called pseudo-nedaries, and probably deceive the insect- visitors

drops of

.

(589, 590,

I.).

882-385. Orchis mascula, O. morio, O. latifolia, and O.
In all these Orchids the three sepals and the two

MACULATA.

—

superior petals arch over the essential organs of the flower, while

the inferior petal or labeilum forms a convenient alighting-place

The labeilum is prolonged backwards into a
which secretes no free honey, but whose walls are
composed of very delicate and succulent tissue. Immediately above
for insect- visitors.

liollow spur,

the entrance to this spur stands the trilobed stigma, whose two

form the true stigmatic surfaces, while the third
This organ, the hursicula of
German authors, consists of a little pouch full of viscid matter,
which projects into the mouth of the spur.
The two lateral
anthers are just visible as useless rudiments (staminodes) the
third, and only perfect one, stands immediately above the rostellum.
Its two loculi are separated by a broad connective, and are split
anteriorly for their whole length by a longitudinal slit.
The two
pollinia lie within the loculi, quite unattached except at the ends
of their caudicles, which adhere to the upper surface of the rosWhen an insect thrusts its head into the spur, it inevittellum.
inferior lobes

superior lobe forms the rostellum.

;

ably comes in contact with the rostellum

;

the

membrane

covering

the latter instantly splits into an inferior portion, which

curls

backwards, and two small round disks, connected with the caudicles

and coated abundantly with

viscid

matter on their lower surfaces

these attach themselves to the insect's head.

The cement

sticky disks quickly hardens, and when, after a short
insect withdraws its head,

it

takes with

attached to them by their caudicles.

it

of the

time, the

the disks and the pollinia

At

first

the pollinia stand

almost perpendicular to the disks, but soon, as the disks dry, the
pollinia

bend gradually forwards through an angle of nearly

and

come

so

into such a position

90°,

that in subsequently-visited

;

THE FERTILISATION OF FLOWERS.

536

[part hi.

Each pollinium
number of packets of coherent pollen-grains
bound together by delicate elastic filaments to

flowers, they are applied directly to the stigma.

consists of a great

the

packets are

form an oval pollen-mass. When this is pressed against the very
adhesive stigma and again withdrawn, all the packets that have
come in immediate contact with the stigmatic surface remain adhering to it, for the elastic filaments break before the attachment
of the packets to the stigma gives way.
By this means, an insect
flying from flower to flower effects cross-fertilisation regularly.
This view of the flower of Orchis was propounded by Darwin
before he or any one else had succeeded in observing insects engaged in the work. Every detail in the structure of the flower
seemed to be satisfactorily explained, but the absence of honey in
the spur remained without explanation.
Sprengel, who supposed
that the pollinia were applied by insects to the stigma of the same
flower

(702, p.

came

401), suggested that the insect-visitor

in

search of honey, and on finding none, passed on to some other

kind of flower. But it was essential for Darwin's theory that
each insect-visitor should visit a number of the flowers in succession and Darwin suggested that possibly the insects pierced the
delicate tissue of the spur and sucked the included fluid.
My ow^n
direct observations have confirmed this view, as well as every
The following description
detail of the rest of Darwin's account.
of the action of insects on Orchis w^as published many years ago
;

-

(56s)

:-

On May

6,

1869, I and

my

son

Hermann

at length succeeded in

upon
Stromberg Hill. As we lay upon the turf, which was overgrown
with Orchis mascula, we saw a humble-bee (apparently Bomhus
terrestris) alight, close beside us, on the base of a spike of that
It thrust its head into a flower, and drew it out after about
plant.
It repeated the
four seconds with the two pollinia attached to it.
same operation on two more flowers. After withdrawing its head
from the third, it paused, and tried without success to free itself
from the pollinia, which were cemented firmly to the front of its
head. Climbing a little further up the spike it thrust its head

observing humble-bees fertilising

into a fourth flower.

At

that

the flowers of Orchis

moment

I tried to catch it in

my

We next saw a Bomhus
but it escaped and flew away.
hortorum suck three or four flowers on a spike of Orchis
mascida (beginning at the base of the spike), and then proceed
We examined this latter spike, and
to another spike, near by.
stigmas
smeared
with pollen and the loculi of
found several of its
net,

;
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In the space of two hours we had three more
; the
agent on two of these occasions was Bomhus lapidariics,

the anthers empty.

opportunities of watching the fertilisation of Orchis mascula
fertilising

on the third, Fsithyru3

cam2icstris.
B. lapidarius spent a shorter
time on each flower (about two to three seconds), but otherwise the
various bees behaved precisely alike.
We caught the Psithyrus

and a B. lapidarius, and found a number of pollinia on the head of
each.
Some of the pollinia had already bent forwards, so that
they were ready to come in contact with the stigma of the next
flower
others were still erect.
Of ninety-seven humble-bees
which we caught that day on Stromberg Hill, thirty-two bore
pollen-masses of Orchis.
We frequently observed on our captured
bees, that when the pollen-masses bent forwards the bee was able
to tear them off with its mandibles.
Some bees which we caught
with pollinia on their heads had them attached to their forelegs
when examined shortly afterwards. These frequently successful
efforts on the part of the bees to free themselves from the pollinia explain why we often find whole pollinia or pairs of pollinia
attached to the flowers, generally in the neighbourhood of the
;

stigma.

On this one day, which was especially favourable, as it was warm
and calm, and came after a long spell of cold weather, probably
more than a third of all the humble-bees on Stromberg Hill had
been engaged in fertilising Orchids. The following numbers give
a rough idea of the scale on which the work was performed. At
seven o'clock on the morning of the same day I gathered ten
specimens of Orchis morio on a meadow covered with the plant.
These ten spikes contained 107 expanded flowers of these, one only
had its anther-loculi empty and its stigma smeared with pollen
two had their stigmas smeared with pollen, but their pollinia had
not been removed. At five o'clock in the afternoon I gathered in
the same place ten spikes containing ninety-seven flowers fourteen
had their stigmas smeared with pollen, and of these two only had
;

;

their pollinia

had

still

within the anther-loculi

their pollinia removed, but their

;

three other flowers

stigmas showed no trace

Thus at seven o'clock in the morning 2*5 per cent.,
and at five o'clock in the afternoon over 14 per cent, of the flowers
had been fertilised.
I need hardly add that this observation fully confirmed Darwin's
The bees must have found something within the
suggestion.
spurs, or they would not have continued to visit the flowers. Since
the spur contains no free honey, but abundant fluid within its
of pollen.

—

—
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wall, it is certain that the bees pierced the delicate inner

membrane

and sucked the included fluid. They doubtless pierced the tissue
quickly and easily with the points of their maxillae.
My direct observations have shown that the three or four
seconds spent by the bee on each flower is enough to permit
the cement to harden and attach the pollinia firmly to the bee's
head and by thrusting a pencil into the spur of 0. mascida we can
see that two to three seconds is enough to fasten the pollinia
;

The bee always

firmly.

thrusts

proboscis once only into each

its

and accordingly each flower receives pollen from another.
In 0. mascula, the bending forwards of the poUinium occupies
about forty seconds it is rarely completed in twenty-five seconds.
A bee which visits three or four flowers on a spike, spends three
to four seconds upon each, and about two seconds in passing from
from one flower to another so that at most it spends about twenty
to twenty-two seconds on each spike.
It has therefore passed to
another spike before any of the pollinia belonging to the first have
finished bending downwards.
It seems therefore that not only
is cross-fertilisation
of separate flowers ensured, but even of
flower,

;

;

separate plants.
I

repeated these

was wrong

observations

tissue of the spur once,

and

times subsequently.

I neglected to look for the

On June

that the bee made.

my

many

I

at first in supposing that the bee only pierced the

punctures

13th, 1870, a hive-bee flew before

eyes into a flower of 0. latifolia

:

it

the spur several times with the points of

away, bearing the two pollinia on

its

pierced the inner wall of
its maxillae,

and then flew

head, to a flower of Lychnis

immediately after the bee left
from the outside as small,
bright, elongated specks.
Darwin observed Empis livida piercing
the inner wall of the spur of 0. onacniata, and also found the
punctures that it made. The question as to what insects seek
in the flowers is now finally settled, and Delpino's doubts (567,
p. 16) concerning the accuracy of Darwin's views are shown to be
unfounded.
I gathered the flower

flos-cuculi.

and found the punctures

it,

382. Okchis mascula, L.
Visitors
(lariiis,

F,

;

L.

?

(6)

L.

;

:

Hymenoptera

(3)

1

—

7,

:

:

B. confusus, Sehenck.

B. pratorum, L.

N08.

Ajndcr

visible

;

(7)

(1)
;

Bombns hortornm,

(4)

B. terrestris, L.

B. (Psitliyrus) canipestris, Pz.

;

;

L.

;

(5)
(8)

(2)

B. lapi-

B. agronini,

B. miisconim

observed by me, No. 8 by a friend of Darwin's {Ami. and Mag.

of Nat. Hist. Sept. 1869).

— ——

Orchis morio,

383.

Visitors

Hymenoptera

:

muscorum,

L.

torum, L.

(6)

V)y

(9)

;

—
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L.

—

;

(3)

;

L.

Osmia

Apidce

Nos.

nifa, L.

539

:

:

B. lapidarius, L.

B. hortorum, L.

;

;

1, 2,

Apis

(4)

B. confusus, Sclio.nck

mellifica, L.

B. silvarum, L.

(7)

;

(1)

8 from Darwin

;

(2)

;

;

(5)

Bombua
B. pra-

Eucera longicornis,

(8)

Nos.

;

^

1,

3—7, 9 observed

me.

384.

Orchis latifolia,

Visitors
senilis,

Hymenoptera

:

Sm.

(3)

;

L.

A]}idce

:

:

B. fragrans, Pall.

(1)

(K.)

Apis
;

(4)

mellifica,

L.

^

;

(2)

B. confusus, Schenck

Bombus
;

(5)

B.

hortorum, L.
(8) B. muscorum,
(6) B. lapidarius, L.
(7) B. terrestris, L.
L.
(9) Eucera longicornis, L. $-, (10) Halictus leucozonius, K. 9> (H) Nomada sexfasciata, Pz. $; (12) Osmia fusca, Chr. (= bicolor, Schr.) 9> all
from my own observations. According to Darwin, 0. latifolia is also visited
by Diptera. I have found it visited by humble-bees on the Alps (609).
;

;

;

;

385. O.

MACULATA,

L.,

seems

to

be visited chiefly by Diptera.

A. Hymenoptera Apidm : (1) Bombus pratorum, L. ^ (once).
Diptera— (a) Eiapida- : (2) Empis livida, L.
both
(3) E. pennipes,
oberved by George Darwin, the former abundantly, the latter more rarely
in thrusting their tongues into the flower they cemented the poUinia to their
Visitors

:

B.

;

;

eyes,

{h)

horticola,

Syrphidm

Mgn.

theiy heads.

:

Nos.

1, 4,

Volucella bombylans,

.L., very ab.
Eristalis
(5)
both got the pollinia attached to the fore-part of
5 were observed by me.

(4)

(Sid.) freq.

;

;

maculata is visited by Ceramhycidce (Darwin, 165),
by humble-bees (509).
Orchis ustulata, L. and 0. glohosa, L. are adapted for Lepidoptera
by the very narrow entrances to their spurs the latter species I
found to be visited abundantly and exclusively by Lepidoptera
upon the Alps (609).
Orchis tridentata, Scop, is visited by humble-bees (590, I.).
Orchis

and

also

;

Tribe Cypri2Jedince.
386.

Cypripedium Calceolus, L.

—The observations of Darwin

(153 A.), Asa Gray (276), and Delpino (172, 178, 567), all refer to
My
other and in some cases very different species of this genus.

many years ago
and
verified
and
extended since.
have
been
repeatedly
(565, 566),
I have observed five species of Andrena fertilising the flower
viz. A. nigrocenea, K. 5, A. fulvicrus, K. $,^. albicans, K. $,
A. atriccps, K. $ (= ^. tibialis, K.), and A. pratensis, Nyl. $.
These bees, attracted by the colour and perfume of the flower, fly
into the slipper-shaped lip and lick and bite the hairs lining its

own

observations on C. Calceolus were published

—
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which are sometimes covered with small drops of honey.
some time to escape by climbing up the vaulted sides
of their prison towards the orifice that they entered by at last
after creeping beneath the stigma (st, 2, Fig. 180), they manage
with a great effort to escape by one of two small lateral openings
(ex, 2) at the base of the lip
in doing so they smear one shoulder
with a sticky pollen from the anther immediately above. In the
floor,

They

try for

;

;

Fig. 180.

1.— Flower, with

is

—
—

,

;

i,

Cypripedium Calceolus, L.

parts in theimatural jiosition, seen from in front and above.
2.
Ditto, in longitudinal section after removal of the sepals and the two superior petals. (The lip
bent slightly downwards, to show the opening ex clearly).
3.
The essential organs from below.
ov, ovary «, sepal p, petal p', labollnni
a, anther
a', metamorphosed stamen
»t, stigma
" entrance " ex, " exit."
its

;

;

;

;

;

;

it creeps under the stigma, leaves some pollen
which are long and point obliquely forwards then,
squeezing itself ogain through one of the small orifices, it acquires

next flower, the bee, as

on

its papilloB,

;

another load of pollen

The
lobe,

third anther (a')

is

:

cross-fertilisation is thus effected regularly.

metamorphosed

into a broad, purple-spotted

which stands in the posterior half of the cavity of the

leaves only the small lateral orifices described above.

lip

The

and

hairs,

which are arranged in a broad band on the floor of the labellum,
seem to help the Andrencc to climb up towards the orifices, besides

\
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them by

their secretion.

Smaller bees and

541

must

which

flies

are too large to pass freely through the orifice and too

weak

to

hunger within the
I have repeatedly found Andrena parvula, K. $ dead
labellum.
within the labellum, and also the following flies Empis punctata,
F., a Cheilosia {Syrphido)), an Anthomyia (Muscidw), and considerable
Small
numbers of Spilogastcr semicinera, Wied. {Micscidw).
force their sides apart,

as a rule perish of

,

:

beetles {Meligethcs)

are

often

able

to

creep freely out of

labellum, but sometimes they are held fast

remain to

the

by the sticky pollen and

perish.

is believed by Delpino to be fertilised by
Delpino found flies within the labellum of some cultivated
plants, which afterwards set seed (178, 567).
Gypripcdium caiidatum is believed by Delpino to be fertilised by

Gy2yripedium harhatuin

flies.

snails (178).

THE ADAPTIVE MODIFICATIONS OF ALPINE ORCHIDS COMPARED
WITH THOSE OF THE LOWLANDS.

A review

of the Orchids that I have observed upon the Alj^s
above the limit of trees, almost the only species which
occur are those adapted for Lepidoptera, while in the lower regions
forms adapted for all kinds of visitors occur.
The following
species occur in greater abundance above the level of trees, or are

shows

that,

restricted entirely to that region

Gymnadenia

(3)

conopsea, (4)

:

(1) Orchis ustulata, (2) O.glohosa,

G. odoratissima, (5) G. albida, (6)

Peristyhis viridis, (7) Nigritella angiistifolia {N. stoaveolens, as being

probably a hybrid, cannot be included), (8) Platanthera

solstitialis,

Ghammorchis alpi7ia^. Of these, six (1, 2, 3, 4, 7, 8) are undoubtedly, and two (5, 6) (from the narrow. entrance to the spur)
in all probability, are fertilised by Lepidoptera.
While we thus
find that of the loftier Alpine Orchids at least two-thirds, but
probably eight-ninths, are adapted for Lepidoptera, in Westphalia
we find that, of thirty-five species,^ at most six ^ are adapted for
Lepidoptera, and most of these are very sparingly visited by
(9)

them

(609).

Orchis pyramidalis, 0, morio, 0. mascula, 0. laxiflora, 0. coriphora, 0. militaris,
O. tridentata, O. sambucina, 0. latifolia, 0. maculata, Gymnadenia conopsea, G,
albida, Platanthera hifolia (solstitialis), P. chlorantha, Peristylus viridis, Hermiuium
Monorchis, Ophrys museifera, 0. apifera, O. aranifera, Epipogon Gmelini, Cephalanthera pallens, C. ensifolia, C. rubra, Epipactis latifolia, E. microphylla, E. viridiflora, E. atrorubeus, E. palustris, Listera ovata, Goody era repens, Spiranthcs autumnalis, Malaxis paludosa, Liparis Loeselii, Cypripedium Calceolus.
^ Orchis pyramidalis, Gymnadenia conopsea, G. albida, Platanthera bifolia (solstitialis), P. chlorantha, Peristylus viridis.
^
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SCITAMJNEJE.

Tribe Zingiberece.

Hedychmm and Alpinia
insects.

The

visitors

are adapted for cross-fertilisation

must come

by

in contact first with the stigma

and afterwards with the anthers (172, 352). Delpino conjectured
Hedychium must be fertilised by Lepidoptera, and long afterwards found scales of Lepidoptera on the stigma of the plant
Fritz Mliller has shown that the flowers of Hedychium
(177).
are arranged so that the pollen may be transported by the wings
that

of long-tongued butterflies.

Zingiber officinarum.

—

Cross-fertilisation is ensured in case of

by the prominent position of the stigma (351).
The cultivated plant in South Brazil is only reproduced by
vegetative means, and is quite barren, though pollen, stigma, and.
ovule seem to reach normal development.
This sterility is
perhaps due to the plants being all portions of one original
insect-visits

stock (359).
Tribe MarantecB.

Calathea (Maranta) zehrina, Meyer,
have, according to

and

C.

discolor,

Lindl.,

Hildebrand, an explosive arrangement, com-

parable to that of several Papilionacese.

A hood-shaped

petal,

on

the under side of the almost horizontal flower, surrounds the style,

which

carries at its extremity the funnel-shaped stigma,

the stigma the pollen which

is

shed upon

it

and above

in the bud.

weight of an insect-visitor alighting on the petal

itself or

The
on a

hooked process of it, sets the style free. The style then curves
backwards and inwards, so that the ventral surface of the insect
is first swept by the stigma and then dusted with fresh pollen.
The style in curving backwards closes the path to the honey,
so that each flower

investigated

Maranta

is

only visited once (360, p. 617).
Delpino
and M. cannmfolia, and found their

hicolor

flower almost identical in structure with the species described by

He, however, found that part of the style between
the stigma and the pollen secretes a sticky fluid, which is applied
to the insect's proboscis and causes the pollen to adhere.
Thalia dealhata, Fras., has similar flowers, which are visited
Hildebrand.

abundantly at Florence by the hive-bee.
Delpino has tried, by comparing the flowers of Marantaccawith those of Musacem, Zingiberaceos, Cannaccce, Orchidccc and
Graniinecc, to trace out the genetic relations of these orders (175).

and

fertilised

PART
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Maranta arimdinacea,

L., is sterile in

only propagated asexually.
pollen,

but retain the

The

South

543

Brazil,

where

it

is

flowers have ceased to produce

elastic style (359).

Tribe Gannece.

—

At an
Carina.
upon the expanded

early period the anthers shed all their pollen

from which it is removed by insects and
According to Hildeconveyed to other flowers (Delpino, 172).
brand, spontaneous self-fertilisation very often takes place, and
leads to the production of good fruit (351, 352).
style,

Tribe Musece.
Strelitzia regiiujCy

Ait.

— The

two inner and

inferior perianth-

segments, which inclose the five anthers, separate when a visitor
presses upon them in trying to enter the flower the anthers then
;

emerge and come in contact with the under surface of the visitor.
The stigma is exserted, and is accordingly always touched before
Delpino supposed, and Darwin showed by direct
the anthers.
observation, that the fertilisers are honey-sucking birds (356, p.

508 360, p. 673 178, p. 232 567, p. 4). At the Cape of Good
Hope, it is fertilised by Nectarinidse (164, p. 371).
Musa. The Bananas which are cultivated in South Brazil and
propagated only by asexual means, are barren
their anthers
produce very little pollen and wither without dehiscing (359,
The flowers of Musa attract insects by an abundant
p. 275).
;

;

;

—

;

secretion of sweetish jelly.

swarms

(590,

I.

Trigona rvficrus, Latr.,

is

attracted in

p. 14).

Ord. IRIDEjE.
387. Iris Pseud-acorus, L.

lower portion of the perianth {d
the space

(l>)

between

it

possible at three points,

— The

honey

d' 1, Fig. 181),

is

secreted

and

is

by the

collected in

and the pistil {a). Access to it is only
between the lower portion of each outer

lobe of the perianth and that of the petaloid style above

it.

The

filament, adhering as a longitudinal ridge to this portion of each

perianth-segment, divides the passage to the honey into two separate

thus altogether six somewhat narrow passages, two
at the base of each stigmatic lobe, bounded laterally by the projections from the outer perianth-segments, form the only approaches

openings

to the

(h b)

honey.

;

An

insect

must have a proboscis

at least 7

mm.

:
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in length to be able to i-each the honey through these passages,

and one of
of

its

at least double that length to drain one of these spaces

honey.

Each

the style bears on

foliar division of

its

under

surface near its apex a scale-like process, whose upper surface

Hence

the true stigma.

when

only

creeping in under the petaloid style

;

for as

out again they push the papillar surface upwards.
the

petaloid styles

the three

lie

is

insects touch the stigma with their backs

surfaces are directed downwards.

anthers,

they creep

Close under

whose pollen-covered

Self-fertilisation is thus

rendered

impossible.

I'aeud-acorus, L.

Fig. ISl.

section through the tubular part of the perianth.
2.
Transverse section through the periantli, at the point where its six segments become free.
3.
Transverse section somewhat higher than 2, to show the relation of the three pairs of nectaries
to the divisions of the style and the outer segments of the perianth.
b, honey receptacle ; c c c. lower part
a, style
a' a' a', the three foliaceons divisions of the style
of fllanients, adherent to the outer segments of the perianth, ddd; d! d' d\ inner segments of the
perianth e e, the two ridges on each outer segment of the perianth, which, together with the bases of
the filaments, bound the entrance to the nectary.

1.— Transverse

—
—

;

;

;

Sprengel,^ has given a very full account, with figures, of the
flowers of Iris Fseudacorus and
insect- visitors

were,

conception of the

/.

however,

mode

His observations of
and his
must be modified.

Xiphiitm.

not

nearly sufficient,

of fertilisation

In Sprengel's opinion, both species of Iris are fertilised exclusively
by humble-bees. A bee alights on one of the large outer segments oi
the perianth, toward the base of which it pushes its way under the

over-hanging petaloid

style, until it reaches the entrances to the two
has sucked the honey it crawls backwards to its
starting-point, and then flies to the second outer perianth-segment,

nectaries.

where

it

After

it

performs the same operation

another flower, and so on.

On

;

thence to the third, thence to

entering the flower, the back of

the bee rubs the upper surface of the scale projecting from
'

SprongH, No. 702, pp. 69-78,

Plat*- II.

th(>

PART

THE MECHANISMS OF FLOWERS.

III.]
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is the functional stigma
a little further on
rubs against the pollen-covered surface of the anther, which lies
;

close to the petaloid style.
In this way, Sprengel declared that
two stigmas in each flower were regularly fertilised by means of
pollen from the previously-visited anthers of the same flower, and
that the stigma first visited in each flower was always crossfertilised by means of pollen from the preceding flower
thus self:

fertilisation

took place twice as frequently as cross-fertilisation.

Though Sprengel was not aware

of the advantage of cross-fertilisahe was repeatedly led by his observations to the conclusion
" that nature is unwilling that any hermaphrodite flower be
fertilised by means of its own pollen."
In order to adhere to this
theory in the case of Iris, which he abandoned again and again in
other cases, Sprengel chose to look upon each third of the flower
tion,

in

as

Iris

a

separate

hermaphrodite

flower,

which thus was

regularly cross-fertilised.

My

frequent observations of insect-visits differ materially from
It is true that humble-bees visit

Sprengel's view of the case.

the flower of Iris pseudacorus, but they, as a rule, act in a

way

very different from that which Sprengel described; and a very
much more frequent visitor is, in my experience, the long-tongued
hover-fly,

Rhingia

roslrata.

many flowers of Iris pseudacorus the petaloid styles stand
10 mm. above the corresponding outer perianth-segments. In

In
6 to

others each petaloid style lies so close to the perianth-segments

that only a very small passage

is left,

which, owing to the con-

vexity of the style, lies immediately below the stigma.

forms of

flow^ers

These two

have adapted themselves to different

fertilising

agents.

In flowers of the first variety the fly {Rhingia) crawls along
outer perianth-segment to the nectaries without touching
either stigma or anther; it inserts its proboscis (11 mm. long)
into one nectary after the other, and then moves a few steps
backwards to feed on the pollen. When under the anther it
the

raises its head, stretches out its tongue,

Then

it flies

and so reaches the pollen.
same flower, or to

to another perianth-segment of the

another flower.

Its visits to this variety are thus not only useless

but hurtful, leading to waste of pollen.
In flowers of the other form this fly creeps through the small
passage beneath the true stigma, and touches with its back first the

stigma and then the anther before reaching the nectaries. After
sucking, it creeps backwards without staying to eat pollen, until it

N N
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has passed from beneath the petaloid style, when it flies away to
another flower or another perianth-segment of the same. If the fly

be caught as it is creeping backwards from the nectary, many pollengrains may always be found among the hairs on its back some of
these are without fail applied to the stigmatic surface next visited.
;

which the petaloid-styles stand close to the perianth-segments are better adapted for fertilisation hj Bhingia in two
respects than the flowers of the other form (1) the fly is compelled

Thus the

flowers in

:

to carry pollen to the stigmatic surface, often to that of another
flower,

and

(2)

it

hindered from eating pollen; whereas, in

is

the flowers of the other form, Rhingia passes in and

accomplishing

fertilisation,

out without

and moreover uses up pollen as well

as honey.

In relation to bees'

When

the petaloid

visits

style

the conditions are exactly reversed.
close

lies

segment, the opening, which

is

too small to admit a humble-bee.

upon the outer perianth-

sufficient for

On May

Rhingia,

is

much

25th, 1868, I watched

a large parasitic humble-bee (Psithyrus vestalis, Fourc. ?, 25 mm.
long, and 10 mm. broad) creeping in various directions over the
finally, placing its head above the base of the free part of
an outer perianth-segment, it inserted its tongue sideways into one
of the nectaries, and so reached the honey without touching either

flowers

;

the stigma or anther.

In flowers of the other form, I have observed frequently in the
case of Bonihus agrorum, B. hortorum, and B. Rajellus, that humble-

bees alight on one of the outer perianth-segments, and creep under
the petaloid style to the honey-passages, touching on their way
Instead of crawling
both stigma and anther with their backs.
backwards along the path they came by, they climb sideways on
to one of the other outer perianth-segments, and then crawl up it
After completing the
to enter beneath the stigma, as before.
circuit of the flower and exhausting all its honey, the bee flies to
another, and so effects cross-fertilisation regularly.
Occasionally, but only in those few flowers where the position

of the petaloid styles was intermediate between the forms that I

have described as typical, I have seen humble-bees creeping backwards from under cover of the style, as Sprengel describes them.

The

flowers of Iris pseudacorus thus present the interesting

peculiarity that although originally, as their dimensions show, they

were adapted simply for bees, they have since to a great extent
become adapted for fertilisation by flies {Bliingia). Each of the
two extreme forms has its own advantages and disadvantages.

—
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Those flowers

fitted for fertilisation

by bees are

647

at an advantage

in that the bses always cause cross-fertilisation of separate plants

but at a disadvantage from having their pollen exposed to robbery
by Bhingia. The flowers adapted for fertilisation by Rhingia have
the disadvantage that self-fertilisation

more frequently caused than
advantage that their pollen
they receive more numerous

is

even
but possess the

as frequently or

cross- fertilisati on

;

not liable to be wasted, and that

is

visits.

must be about equally balanced

Advantages and disadvantages
two varieties, since natural

in the

The

selection has not enabled either to outstrip the other.

of intermediate forms

rarity

explained by the fact that such forms

is

combine the disadvantages of both extremes; cross-fertilisation
not secured, and the pollen is not protected from robbery.
Besides the visitors already mentioned one or two useless
guests frequent the flowers.
On the variety in which the perianth
and styles stand wide apart, I once saw Osmia rufa, 9 engaged in
Fucking honey.
This bee was enabled, by the length of its
proboscis (8 mm.), to enjoy the honey without touching either
stigma or anther. I once saw a hive-bee trying to obtain honey.
It crept beneath a style without touching the st'gma or anther,
out its
as far as the honey-passages, and then stretched
proboscis (6 mm.), which, however, was too short to reach the
is

,

After several unsuccessful attempts the bee deserted the

honey.

plant and settled on flowers of Ranunculus acris.
Visitors

:

A. Hymenoptera Apida : (1) Bombns vestalis, Fourc. $
(2)
t^
(4) B. Eajellus, 111. ? all four
(3) B. hortorum, L. ? C?
Osmia rufa, L. $ sucking without effecting fertilisation (6) Apis
;

B. agrorum, F. $

sucking

;

(5)

mellifica, L.

rostrata, L.,

A

>

;

^ vainly sucking honey.
s. and f.p.
,

B. Diptera

Syrphidce

:

(7)

Rhingia

species of Cypella, in S. Brazil, according to Fritz Miiller,

increases its
its

,

;

;

conspicuousness very effectually by not expanding

flowers regularly day by

certain days (597).
Crocus vernus, All.

day but by concentrating them upon

— Honey

is

secreted by the ovary, and rises

narrow tube (almost filled by the style) nearly to the upper,
somewhat expanded end. It can only be completely extracted by
long-tongued Lepidoptera, while humble-bees as a rule can only
skim the surface. By the violet or more frequently white colour
the flowers seem to be adapted for crepuscular and nocturnal
in the

Lepidoptera.

I

have found them visited by Plusia gamma, less
by humble-bees. At first,

often by Vanessa cardv.i, and occasionally

N N
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only the anthers, which dehisce extrorsely, are exposed to contact

with the insects; afterwards the stigmas unfold between them.
Cross-fertilisation

is

thus insured in case of insect-visits

;

in absence

of insects, the cup-shaped or rather grooved stigmas, passing out

between the anthers, are dusted with their pollen (609, fig. 10).
In Crocus sativus, All., the ovary secretes honey, according
to Sprengel (742, p. 68).

Gladiolus,

Treviranus states that flowers of this genus are

the style curving back towards the anthers (742).
Gladiohos segetum has proterandrous flowers formed on the

self-fertilised,

Labiate type according to

maphrodite

flowers others

In addition to the hercontaining a pistil only (178,

Delpino.

occur

p. 184, 360, p. 670).

Gladiolus palustris,

Gand., and G. communis, L., are visited

by bees and humble-bees (590,

i).

Ord. LILIACEyE.

—

388. Asparagus officinalis, L.
This plant supplies an
undoubted instance of a transition stage between monoecism and

Fio. \^2.—A»i>arag\iK officinnlh,

1.— Male flower, from below.
2.— Ditto, after removal of half the perianth.
3.— Female flower, from below.
4.— Ditto, after removal of hfilf tlio perianth.
a, rudimentary stamen
b, rudimentary ovary.
;

dioecism.

The

flowers of

a rudiment of a
individuals

pistil

(i,

the male individuals show
2,

fig.

show functionless but

distinctly

182), and those of the female
still

conspicuous rudiments of

—
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anthers

—

(a,

Occasionally

3).

reversion

to

549

the hermaphrodite

condition takes place, and then in the hermaphrodite flowers the
pistil

may sometimes be

seen in various degrees of abortion.^

The pendulous bell-shaped

flowers have a pleasant scent

in spite

;

of their inconspicuous colour they are easily visible at a distance,

mm.

the male flowers, which are 6

the females

mm.).

(3

long, being

much more

so than

This instance confirms Sprengel's

oft-

repeated rule that the male flowers of diclinic plants are more
conspicuous than the female, whence insects are likely to

two kinds of flowers in the proper sequence.
and lodged in the base of the corolla.

Honey

the

visit

secreted

is

Hymenoptera Apidce : (1) Apis mellifica, L. ^ s. and c.p., very
Osmia rufa, L. 9 s.
s.
(3) Megacliile centuncularis, L. $
(4)
Prosopis annularis, K. (Sni.) ? s.
(5) Halictus sexnotatus, K. $ c.p., here
and tliere looking for pollen in the female flowers and effecting .fertilisation
Visitors

ab.

;

,

:

(2)

»

,

;

,

;

,

;

occasionally.

CoNVALLARiA MAJALIS,

389.

L.

before the anthers ripen, the stigma

Fjo. 183.

— When the flower opens, and
is

already covered with long

Convallaria majalis, L.

1— Flower,
2.

—

St,

papillae

;

from below.
Ditto, after removing half the

filaments

yet

;

a,

anthers

;

fr,

corolla,

ovary

;

n,

with three of the stamens.

stigma.

a ripe anther be passed over

if

its

surface scarcely

Afterwards, w^hen the anthers have dehisced,
any pollen adheres.
the stigma becomes covered with a sticky fluid, to which pollen
adheres readily. I have not found honey in the flowers, though
I have frequently seen hive-bees visiting them. The bees collected
pollen hanging to the pendulous flowers and inserting their heads
and forelegs. They thus brought their heads in contact with
the stigma before the anthers, and performed cross-fertilisation
regularly.
Then as the bee swept the pollen from the anthers
with the tarsal brushes of its forelegs, it dusted its head anew
^

Breitenbach, Bot. Zeiticng, Nov. 11, 1878.

—
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regularly, as Hildebrand has
close

insects, self-fertilisation takes place

In absence of

with pollen.

round the

shown (351);

for the anthers stand

and apply their pollen

style

[part hi.

the marginal

to

papillae of the trilobed stigma.

390.

CONVALLARIA MULTIFLORA,

L.

—The

honey

lies

the

at

base of the flower between the perianth and the ovary.

The

mm. long (or even
honey from short-lipped
insects, and the pendulous position of the flower protects it from
rain.
Humble-bees visit the flowers they thrust their heads into
the wide part of the tube, and touch the stigma which stands
in the mouth of the flower, and the anthers which ripen simullength of the perianth tube, which

mm.

18

is

11 to 15

in cultivated plants) protects the

;

taneously with

They thus

with opposite sides of their heads or tongues.

it,

effect cross-fertilisation regularly.

bee in touching one
against the

side

In each flower the

of the stigma thrusts the opposite

side

In absence of

anthers.

insects,

spontaneous

self-fertilisation occurs.
Visitors: A.
B. Diptera
at the
is

Hymenoptera

B. hortorum, L.

(2)

SyrphidcE

mouth

of the

(19

$
:

same

Apidce

— 21),

(3)

s.,

:

(1)

by stroking the

polygonatum,

;

—

—

and occasionally

effecting fertilisa-

stigmas.

Convallaria verticillata, L.,
C.

— 15)

Rhingia rostrata, L. (11 12), very ab., often two
sucking in vain for honey, which its tongue

flower,

too short to reach, then collecting pollen

tion

Bombiis agrorum, F. 9 (12

hanging, back downwards, on the flowers.

is

adapted for fertilisation by bees
by humble-bees. The anthers
;

L., for fertilisation

and stigma are matured simultaneously, and, in G. verticillata at
some pollen as it emerges from the anthers always reaches

least,

the stigma.

It is

probable that

it is

outstripped in

its

action

by

pollen brought from other flowers (609).
Aspidistra elatior, Blume.
Buchenau described the structure

—

of

the

flower

mechanism

thoroughly,

fully.

Delpino,

but was unable to elucidate its
however, has endeavoured, with

apparent success, to explain the mechanism of the flower, though

he

by insects (118, 178, 360).
capitate stigma closes the flower, leaving only four small

failed to find it visited

The

openings through which Delpino supposes small flies to enter;
the pollen falls out of the anthers and lies in the cavity of the
flower.
The flies emerge all dusted with pollen, and alighting on
the stigma of another flower place some pollen there before they
find the small entrance.

.
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liokdea japoniaa, Kiiiith.

—This plant

is,

561

according to Delpino,

a link between the Asparagineoe and the Aroidece.

It possesses

a kind of spadix, on which the flowers are arranged in a close,
uninterrupted spiral.
The fact that the limb of the perianth is
spread out exactly on a level with the points of the anthers and
stigma led Delpino to think that fertilisation was effected by small
He observed snails {Helix
animals crawling over the flowers.
aspersa, If. vcrmicularis) greedily eating the perianth, which is
yellow and fleshy

after devouring

;

about ten flowers they crawled

Only those flowers on which the snails had
crawled proved fertile the flowers were found to be barren to
their own pollen.
These observations leave no doubt that snails
to another spadix.

;

are really efficient fertilising agents.

Tritoma

Uvaria

adapted

is

for

fertilisation

by

diurnal

Lepidoptera (228).
Yucca.

— According

to Riley (108) the species of

are provided with a dehiscent capsular fruit, and the

Fio.

ISA.— Yucca and

Yucca which
moth which

the Yucca-moth.

- Flower of Yucca recurvata. Salisb., from Georgia. Two segments of the
perianth have been removed to show the ovary (or) and stamens (a), f
2.— stigma, from above, X 4^.
3.— End of a stamen, x 4J. fi, filament fo, pollen.
4. —The Yucea-moth, Promiba yuccasella, Riley.
1.

;

5.— Ditto, with outspread wings.
6.— Head, m, mandibular palp
7.- Mandibular palp of female.

;

m', first joint of ditto

;

po, pollen.

—

Ditto, of male.
0.— Ovipositor.
8.

10.— A

bristle

from

7.

(4—10, after Riley).

{Fronnha yuccasella, Riley) stand in
In the female of this moth the first joint
close interdependence.
of each of the two maxillary palps is transformed into a long
effects their cross-fertilisation

prehensile organ, which can be rolled up, and which serves to seize
After the female has bored the ovary in several
Ihe pollen with.

;
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places and deposited an egg in each hole,

it

[part in.

repeatedly collects

pollen from the anthers with these peculiar organs, places

the stigma, and thrusts
at the

same time

it

sucks.

it on
which it
now develop in the ovary, and

into the cavity, the moisture in

The

larvae

along with them the seeds, which serve as their food, develop

and

numbers that the propagation

in such

When

ensured.

also,

of the plant remains

full-grown the larva bores a hole through the

ground by a thread, bores some inches
deep into the ground and spins a cocoon in which it passes autumn,
it passes into the pupa stage about fourteen
winter, and spring
days before the Yuccas begin to flower and emerges at the time
capsule, lowers itself to the

;

—

when they do

so (66y
671, &c.).
Paracusia Ziliastrum, Bertolon,

nocturnal

Lepidoptera.

is

The honey

adapted for
is

fertilisation

by

and

is

very abundant,

by the deep longitudinal slits in the
The flower is white, and the stigma
ovary, between the carpels.
and anthers are placed as in Lilium Mart agon, Lonicera Fericlymenum, and many other nocturnal flowers (609, fig. 7).
Eremurus spectahilis. The flowers lose their conspicuousness
As in the case of
before the stigma and anthers are mature (367).
Weigelia, Lantana, and many other flowers whose colours change,
the gain hereby is that the less intelligent and useless guests are
attracted away to the more conspicuous flowers which contain no

secreted, as in Convallaria,

—

treasure for

them

(612).

—

The flowers are regular, and
391. Anthericum ramosum, L.
open widely, exposing their honey so much that the most shortThe honey is secreted by the
lipped insects can see and reach it.
upper part of the ovary, on which it lies in three drops (Sprengel,
pi. xxiii. fig. 8).

On

the

Rehmberg near Miihlberg

in July,

1868, I had an

opportunity of observing this plant in sunny weather under

The

its

were assiduously visited by
natural surroundings.
Each time they alighted
pollen.
collecting
and
bees, sucking honey
then the anthers, thus
stigma
and
projecting
they first touched the
black and green
handsome
A
regularly.
causing cross-fertilisation
in even greater
the
flowers
round
hovered
Mgn.)
(Merodon
fly
a^neus,
and
eating pollen
honey
the
sucking
honey-bee.
numbers than the
butterflies,
the SwallowTwo
fertiliser.
principal
in
the
it was
fact
tail (Papilio

flowers

Machaon) and a

Fritillary {Melitcca Athalia, Esp.),

sucked the honey. Their long thin tongues did not touch or only
touched by accident the stigmas and anthers but as they usually
;

—

—
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flower while sucking another, cross-fertilisation
situation of the stigma) was often effected
prominent
(owing to the
under surface of their bodies. In absence
to
the
adhering
by pollen
can only take place in flowers directed
fertilisation
self
insects,
of
more or less downwards.
sat

upon one

Visitors

A. Hymenoptera

:

Syrphidce

B. Diptera

— Rhojyalocera
Visited also

:

(3)

:

Apidce

Merodon

(2)

(1)

Papilio Machaon, L.,

by many other

insects.

Anthericum Liliago,
former species (590,

L.

Apis

mellifica, L.

s.

;

the papillae are

anthers are

still all

^

flower resembles

L.

— When the flower

not

yet

developed

immature.

its

and

f.p.

Esp.,

s.

opens the

first

ultimate length

on the stigma, and

;

the

First of all the three inner anthers

slow intervals, one

the

other

;

at
its

at

s.

that of the

the style has reached three-quarters or more of

dehisce

,

C. Lepidoptera

i.

only from one-third to one-half of

style is

and f p.

Melitsea Athalia,

(4)

See No. 590,

—The

s.

i).

Allium ursinum,

392.

:

aeneus, Mgn.,

after

this
full

stage

length

Then the three outer anthers dehisce one after
(4^ to 5 mm.).
the style has now reached its full length (6- mm.), and

another

;

the papillie on the stigma become developed.
imperfectly proterand rous.

The anthers

The flowers are thus

dehisce introrsely, and

then turn that side which is covered with pollen more or less
upwards. In specimens flowering in my room I found some flowers
in which the style was so bent during the last stage that the stigma

touched one of the anthers which still retained some of its pollen.
In this way self-fertilisation was effected to a limited extent when

no insect visited the flower. In a wood at Stromberg Schlossberg on the 16th May, 1868, I saw Bomhus f^ratorum, $, flying
quickly from flower to flower of ^. ursimim ; she thrust her proboscis
into each flower in search of honey, and after scarcely two seconds
hurried on.
The honey is secreted by the ovary, in the three
notches between the carpels, and fills the space between these
notches and the bases of the three inner stamens. Hence the bee
when suckinor must touch the stis^ma with one side of its head and
the anthers with the opposite side, and, in old flowers, can only
lead to cross-fertilisation.

393.

Allium

cepa, L.

—The honey

in this species

the same position as in the preceding one
are also similarly situated.

;

is

placed in

the anthers and stigma

—
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Visitors: A.

Hymenoptera

Halictus cylindricus, F.
(4)

^

;

(3)

Miscus campestris, Latr.

Apidce:

(a)

to

Bombus

terrestris, L.

Prosopis punctulatlssinia, Sm.

B. Diptera

Allium carinatum and A.
species

(1)

—

(5)

Empis

fistulosum.

He

be proterandrous.

[part hi.

{b)

;

^;

(2)

SphegidcB

:

livida, L., all sucking.

— Sprengel

found these

has observed honey-bees in

numbers sucking honey on the flowers of the latter.
Allium sphojrocephalum, L., is visited by bees,

flies,

and

Lepidoptera (609).

Allium Schcenoprasum, /?. alpinum, is proterandrous and very rich
It is much visited by small moths (Crambus), even at
2,000 m. above the sea-level (665).
Allium Totundum, L,, is adapted for fertilisation by sand-wasps
and bees. The three nectaries are concealed by the expanded
in honey.

bases of three of the stamens the long filamentous processes of
the stamens protrude from the flower, and probably serve to guide
;

the bee towards the honey (590,

Allium

l).

markedly proterandrous.

vidoriale, L., is

The honey

is

displayed openly, and the yellowish-w^hite flowers, which are exceedingly conspicuous on their
flies,

bees,

and Lepidoptera

tall stalks,

are visited by

numerous

(609).

Allium sihiricum has proterandrous
by Axell (17).

flowers,

which have been

figured

The

flowers of Hemcrocallis fidva are

pollen according to Sprengel

sterile

to

their

Muscari hotryoides, Mill., and M. raccmosum,^ Mill., are
by bees and adapted for fertilisation by them (590, i).
Scilla maritima, L., is visited by bees (590, i).

394.

Hyacinthus orientalis,

tube, 12 to 14

mm.

or

own

(p. 43).

L.

— The

perianth

visited

forms

a

more in length, produced into six outspread
In its lower third is the ovary, with a short

and recurved teeth.
style and tripartite stigma in the middle third are the anthers,
which dehisce introrsely and ripen at the same time as the stigmas.
No free honey is secreted, but the wall of the perianth is fleshy
and succulent, and is probably bored by long-tongued insectWhen an insect's proboscis is thrust into a flower it
visitors.
touches the anthers and stigmas with opposite sides, and so cross;

fertilisation is favoured.

Spontaneous

self- fertilisation

can only

occur in flowers which happen to be inclined sideways.

Honey

is

said

by Linnaeus and by Sprengel

to be

secreted in

— ——
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three glands in the angles of the ovary, but I have not been able
to detect it
"Visitors

(cf.

W.

Behrens, No. 51).

J.

A. Hymenoptera

:

Apid(e

:

(1)

Bombus

terrestris, L.

9

;

(2)

An-

thophora pilipes, F. $ ^^ ab.
(3) Andrena fulva, Schrk. $
(4) Osmia riifa,
L. ^ very ab,, all sucking.
B. Diptera Syrphidm : (5) Cheilosia sp. sucking
in vain for honey.
Nitidulidce : (6) Meligetbes, on the anthers
C. Coleoptera
in large numbers, apparently feeding on the pollen.
See also No. 590, i.
,

;

;

,

Lloydia serotina, Rchb.

— This plant

shows an advance on the

foregoing Liliacese in the possession of special nectaries, consisting
of a thick ridge at the base and in the middle line of each segment
of the perianth.

The

flower

is

proterandrous,

but the stigma

ripens simultaneously with the inner whorl of stamens
cases

it

;

in

some

stands on a level with their anthers, in others above them,

so that self-fertilisation is possible or not respectively (609).

Fig. 185.

A.— Flower, in its natural
B.— A petal (x 2).
e,

Lilium Martagon, L.

position, seen from the side (natural size),

entrance into the nectary

(n).

adapted for cross-fertilisation by SphinThe anthers and stigma
ripen simultaneously, and are touched by the feet and under surface

Lilium Martagon,

gidse

;

L., is

Noctuidse also assist in the work.

of the insect.

Self-fertilisation also occurs, as

Sprengel found.

perfume of the flower begins to be emitted strongly
(570, 590,

I,

The
night

609).

Lilium hulhiferum,
Lepidoptera.

at

A

L., is

adapted

for

fertilisation

by diurnal

nectary in this species and in L. Martagon

is

segment of the
perianth but it is not a ridge merely, as in Lloydia, but a deep
groove, whose edges, bordered by stiff hairs, rise up and arch over
situated in the middle line at the base of each
;

;
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form a tube, through which the honey has to be sucked. All
but long-tongued insects are thus excluded (570, 609).
Lilium croceum, Chaix., is sterile to its own pollen (248).
Gagea lutea, Schult., and G. arvensis, Schult. The former is
to

—

pro terogy nous, but the anthers dehisce soon after the stigma
mature. Bees visit both species (590, I.).

Gagea Liottardi, Schult.

—Anthers

is

and stigma ripen simul-

taneously, but the golden colour of the flowers and the abundant

honey

attract

numerous insect-visitors, chiefly Diptera, so that
must generally occurs (609).
imperialis, L., is visited by the hive-bee (590, i).

cross-fertilisation

Fritillaria

395.
of a

COLCHICUM AUTUMNALE,

long,

tubular

corolla

is

to

L.

— In

exclude

most

cases,

short-lipped

the

use

insects

from the honey when they are useless for the work of fertiBut Sprengel has rightly insisted (702, p. 208) that
lisation.
in this plant the length of the corolla-tube (which rises directly
from the bulb) is merely of use in permitting the fruit to lie
buried in the earth, and indeed hidden within the bulb, and so
The honey does not
to be sheltered from cold during the winter.

by the yellow outer surface
and it lies
within grooves of the corolla, covered over by protective hairs.
The stigmas mature before the anthers (a fact which Sprengel
overlooked), but remain fresh and capable of fecundation until the

lie in

the corolla-tube, but

is

secreted

of the lower part of the free portion of the filaments

anthers ripen.
is

inevitable,

;

If insects' visits occur in time, cross-fertilisation

owing

to the

proterogynous dichogamy of the flower

they do not occur till late, self-fertilisation also is possible, but
it is rendered unlikely by the circumstance that the anthers turn
their pollen-covered surfaces outwards if no insects visit the flower
this movement of the anthers probably prevents spontaneous self-

if

;

fertilisation.

On
flowers

the morning of Sept. 19, 18G9, at Driburg, I foimd several
still

displayed

closed

in

their

night's

sleep,

which when opened

anthers not yet ripe, but stigmas richly coated with

Rather later, when the sun came out, I found several
males of Bomhiis hortoruin busy creeping or flying from flower to
flower, and sucking honey from the angles between the filaments
and petals. As they crept into the flowers they touched both
pollen.

stigmas and anthers with their forelegs, head, or the anterior part
of their bodies, dusting these parts plentifully with pollen in flowers

whose anthers were mature.

PART

THE MECHANISMS OF FLOWEES.

III.]

Wahlenb.,

Tofieldia calyculata,

Wahlenb.,

is

homogamous.

and the

yellow,

Tlie

is

proterogynous

flowers

visitors are chiefly,

557
;

T.

horealis,

both species are

in

but not exclusively,

and

flies

The much smaller flowers of T. horealis are less visited
than the more conspicuous flowers of T. calyculata, but the former
species makes up in part by an increased secretion of honey.
Its
flowers, being homogamous, have a better chance of self-fertilisation
beetles.

in default of insect-visits (609).

Methonica (Gloriosa) superha has a pendulous flower, whose
stamens and style are directed horizontally outwards, and serve,
according to Delpino, as a platform for insects (172). Hildebrand
states that in young flowers the style serves as an alighting-place,

and that in older flowers the
lie deeper
stamens assume this function, so that cross-fertilisation of young
flowers with pollen from older proceeds regularly (352).
I was long puzzled to discover how this
Fa7'is quadrifolia.
while the stamens

;

—

flower

is fertilised.

The stigmas

are already mature

anthers dehisce several days

The

fresh.

later,

when

the flowers open

the stigmas

pollen-grains are about '04

mm.

still

;

the

remaining

long by -016

mm.

they remain adhering in great quantity to the ripe
anthers, but fly off on the slightest touch in a cloud of separate
grains.
The nature of the pollen and the complete absence of
broad

;

honey and of a coloured perianth point to the flowers as being
anemophilous. The stiff filaments and the long connectives, which
are produced into awn-like prolongations, do not support this view,
unless they assist the transport of the pollen by the wind when
they are shaken by pollen-feeding flies alighting on them.
I wrote the above in 1872, and I did not discover till six years
later that the flower of FaiHs becomes intelligible in all its parts
when one looks upon it as adapted for Diptera and I observed
then that in fact it is visited by Diptera. The dark purple ovary,
crowned by four stigmas of the same colour, glitters as if it were
covered with moisture
and by this appearance and by its disagreeable smell it attracts Scatophaga merdaria and other carrionfeeding Diptera.
These visitors often alight upon the stigma
and lick the ovary with their labellae, and then climbing up the
anthers, dust the soles of their feet or the whole under-surface
So, flying away to other flowers, they
of their bodies with pollen.
;

;

accomplish cross-fertilisation (589).
Verati^m album, L., is proterandrous.

Some

plants possess, in

addition to the hermaphrodite flowers, male flowers also

;

others
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bear male flowers only. That is to say, the species exhibits a
The flowers
passage through andromonoecism to androdioecism.
are dirty-yellow, and the visitors are principally

flies (609).

REVIEW OF LILIACE^.
In regard to the genetic relations of Liliacese, the following
may be drawn from the floral characters that have
just been described.
The Liliaceae must have once possessed open, regular flowers
devoid of honey, visited and cross-fertilised by pollen-seeking
conclusions

insects only.

They

attained, after dividing into several groups,

to the secretion of open, freely accessible, honey, partly secreted

by the segments

of the perianth, partly by the carpels
and
remain honeyless, and are still crossed only by
insects which collect or feed on pollen (Tulipa), or else have
become developed into deceptive flowers which attract stupid carrionloving flies (Paris). Those Liliacese in which honey is secreted by
the carpels have in part open flowers with generally accessible
honey (Tofieldia, Anthericum) but in part they have become
adapted, by approximation of the perianth-segments, for a limited
but still very miscellaneous lot of visitors (Allium), or even to a
special long-proboscised form (Paradisia), or by cohesion of the
perianth-segments into a longer or shorter pendulous bell, to bees
in general {Convallaria verticillata) or to humble-bees and other

in part they

;

still

;

long-proboscised bees only {G.

Polygonatum).

Similarly those

which the honey is secreted by the segments of the
perianth have in part remained with fully or moderately open
flowers, destined for cross-fertilisation chiefly by short-lipped inLiliacese in

sects (Diptera), (Veratrum, Gagea, Lloydia)

;

in others the perianth-

segments have become approximated without cohesion to form a
in others the
pendulous bell, fertilised by bees (Fritillaria)
nectaries have become modified into narrow covered grooves,
which are only accessible to Lepidoptera (Lilium)
and, finally,
in this last genus adaptation has passed from diurnal Lepidoptera
to Sphingidse in the case of lAlium Martagon.
These various adaptations have all taken place with complete
or almost complete retention of the regular symmetry of the flower
only the adaptation to Lepidoptera (in Paradisia and Lilium) and
the oblique position of the flower in Anthericum have caused an
;

;

;

;
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unsymmetrical curvature of the reproductive organs especially of
the style.

The colour of the perianth in Liliacese must originally have
been greenish, as it still is in Paris, while the flowers at first
made themselves conspicuous to insects by the colour of the
reproductive organs.
By the selective agency of short-lipped
insects, those flowers which had freely-visible honey, and then
such as had their honey partially concealed, developed greenishyellow colours

white and

(Yeratrum), yellow

(Tofieldia, Gagea), greenish-

and their perianthsegments became devoted to purposes of display.
It was only
when sand-wasps, bees, long-tongued flies and Lepidoptera began
to play a leading part as the fertilising agents, and led to the
development of flowers that were no longer accessible to the
white

great host of

(Lloydia,

short-lipped

Anthericum),

visitors,

that

red,

violet,

and blue

colours began to be developed through the higher colour-sense of

these insects. In the genus Allium, for instance, the species with more

honey {A. ursinum, A. vidoriale) have a white perianth
less accessible honey, which are visited chiefly by
sand-wasps and bees, and also by Lepidoptera and long-proboscised
In Liliacese,
flies (e.g. A, rotimdum), have the perianth red.
as in other cases, the flowers which are fertilised by bees have by
far the greatest variety of colour, as we see by a glance at Tulipa,
Fritillaria, Scilla, Muscari, Hyacinthus, Asparagus, and ConvalThe colours of those which are fertilised by Lepidoptera
laria.
Lilium hulhiferum, which is fertilised by
are far less various.
diurnal Lepidoptera, is clothed in fiery red Paradisia, which is
adapted for nocturnal species, is white; L. Martagon, which
only became modified for Sphingidse supple mentarily, has exchanged its bright colours for dull ones since it ceased to be
fertilised by diurnal Lepidoptera (609, pp. 55, 56).
accessible

those

with

;

Ord.
396.

Galanthus

AMARYLLIDE^,

nivalis, All.

— Sprengel

has

given a

full,

he was, however,
inaccurate in regard to the structures which he supposed to
shelter the honey, and his account is incomplete in regard to the
circumstances which favour cross-fertilisation.
The green parts of the grooves on the inner surface of the
inner petals secrete and lodge the honey, which is sufficiently
As
sheltered from rain by the pendulous position of the flower.

and on the whole accurate, account of

this flower

;
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Sprengel has correctly stated, the six anthers, which He close
round the style, dehisce by apical slits, and when touched permit
a little pollen to fall out each anther sends a process outwards
towards the perianth, but this is not at all a contrivance to guard
the honey from rain, but a very important arrangement favouring
cross-fertilisation.
For when an insect tries to reach the honey, it
cannot avoid touching one or more of these anther-processes, and
so causes the pollen to be shaken out upon its head.
The style
projects beyond the anthers, and the insect therefore touches the
stigma before it gets dusted with the pollen of the flower. In case
of insect-visits, cross-fertilisation is thus ensured but in absence
of insects self-fertilisation is apt to take place by pollen falling on
;

;

the stigma.

The hive-bee

visits the

flowers diligently in

sunny weather,

Sprengel observed; alighting on one of the outer perianthsegments. If in search of pollen, it thrusts its head, forelegs, and
midlegs into the flower, clinging by means of its hindlegs to the

as

an inner perianth-segment. With the tarsal
and mid-legs it sweeps pollen from the anthers,
and places it in the baskets on its hindlegs. If it wishes to suck
honey, it usually finds it more convenient to use its fore and midIn either case the bee's head
legs for clinging to the perianth.
may always be found covered plentifully with pollen.
Delpino thinks that this species is chiefly
Narcis^is Tazetta.
fertilised, like many other Amaryllidese,. by nocturnal or crepuscular
However, he has directly observed it to be visited
Lepidoptera.
by Anthophora pilipes (177, p. 59).
Crinum. A species with white, sweet-scented flowers, about
seven inches long, is believed by Delpino to be fertilised by
butterflies and by honey-sucking birds in its native country, and
outer surface

brushes of

of

its fore

—

—

by

butterflies in Florence.

He

found butterflies' scales upon the

The

stigma, and saw good seed repeatedly borne by the flowers.

and the stigmatic surface

not
exposed until the anthers have withered (177, p. 56).
Fancratmm maritimum. The honey is very deeply situated,
and the flower seems to be adapted for Sphinx Convolvuli by which
essential organs are

exserted,

is

—

it is

very frequently visited (172,

Ord.

Tacca (Ataccia)
similar

mechanism

cristata.

p.

17

;

352, p. 794).

TACCACEjE.

— The

flower, in Delpino's opinion, has a

to that of Aspidistra elatior (178, 360).
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DIOSCOREACEjE.

—

Dioscorea.
The species which are cultivated in South Brazil
and propagated there asexually, never, with one exception, produce

flowers (359).

Ord.

PontcdeHa

PONTEDERIACE.E.

remarkable as a trimorpliic monocotylt'don.

is

MuUer found only

My

and short-styled
individuals of an apparently trimorphic species of Pontederia, on
the banks of the Itajahy-mirim in South Brazil while another
species, P. {Eichornia) crassipes, which has been introduced as an
ornamental plant into the colony of Blumenau, exists there in
long-, mid-, and short-styled individuals (556).
brother

Fritz

long-styled

;

L

MonocJioria,

,

has cleistogamic flowers, according to

Kuhn

(399).

Ord.

Weinmann

COMMELINACEjE.

has observed subterranean cleistogamic flowers in

Coiiimelina hcngalcnsis (531).

Tradescantia

ereda

produces

cleistogamic

in

flowers

Kew

(330).

Ord. JLTNCACEjE.

and Luzida have anemophilous flowers in which selfmost part rendered impossible by proterogyny.
The proterogynous flowers of Litzida pilosa have been figured
by Hildebrand (351, fig. 4), those of Jimcus filifoimis by Axell
So far as their proterogynous condition is concerned,
(17, p. 38).
Jitncus

fertilisation is for the

the flowers of Liczida campestris agree perfectly with those of
L. pilosa.

Juncus hufonius, according to Batalin (39), is exclusively selfflowers, which are triandrous, remaining
closed. According to Ascherson (10), the same species at Halle has
ordinary open, lateral, hexandrous flowers, in addition to terminal
cleistogamic, triandrous ones.
This statement is confirmed by
Haussknecht,^ who found hybrids between J. lufonius and
fertilised in Russia, the

J. sphccrocarpus,

whose flowers always expand

Ziizida hctea and Z. nivea attract insects
^

Botcmischc Zcitwng,

]).

fully.

by their conspicuous

802, 1871.

O

;;
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former shows in other respects also remarkable
to the condition of an entomophilous flower.

the

approximations

Indeed, if the pollen-grains of L. lutea, instead of being smooth and
powdery, became adhesive, the plant might be supposed to have
attained the rank of an entomoj)hilous species (609, lig. 1).

PALM^.

Ord.

Sabal Adamsoni has a white perianth which contains honey
it is

proterogynous and

Chamcedorea

gallica).

is fertilised

by

insects [Hcdictus, Polistes

also entomophilous

is

on the other hand, are anemophilous (177,

397.

Akum maculatum,

species

and Syagrus^

AROIDE.E.

Ord.

this

Cocos

;

p. 61).

— The

arrangement of the flowers
with Delpino's excellent
account oi Arvjin italicum (178, 360) that I have little new to add.
The upper part of the spathe {d, 1, Fig. 185) serves as a wide,
in

agrees

so

L.

completely

conspicuous entrance, guiding small Diptera (Psychoda) into the

which forms a temporary prison. The insects
spadix (c) or sometimes the sides of
the spathe until they reach the upper part of the chamber (at the
level of a, h, 1, Fig. 185).
At this point several rows of hairs
(metamorphosed stamens) radiate outwards, pointing slightly downwards, from the spadix, and form a palisade which does not
prevent the small visitors from creeping down into the chamber
(c), but afterwards prevents them from escaping when they try
to fly towards the light.
Even when they try to escape by
crawling up the spadix, the sharp downturned points bar their

lower chamber
creep

down

(c)

the dark-red

way.
In the first stage of flowering the stigmas only, which are
borne by the base of the spadix, are mature a foul ammoniacal
;

smell attracts the Psychodae into the prison, where they crossfertilise

the stigmas

if

they have come from other plants.

In the

second stage the stigmatic papillae wither, and a drop of honey
appears in the middle of each stigma, to reward the
for their pains.

greater part of

tlieir

pollen falls

upon the

out,

visitors

chamber
and finally,

floor of the

the insects dust themselves over and over with

when the

little

In the third stage the anthers dehisce, and the
it,

palisade of hairs withers in the fourth period, they pass

and enter another flower

in its first stage.
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Delpino has observed A7'um italicum to be fertilised by six
flies, of the genera
Cerato^ogon, Ckironomus, Sciara,
Psychoda, Limosina, and Drosoxthila (178, p. 243).
In Arum
maculatum I have only found Psychoda, but it occurs almost
constantly, and sometimes by hundreds in a single spathe.
I
could often see, on looking down through the grating, that many
different

of the prisoners were trying to fly
falling

backwards, or trying

the sharp points.

to

Whenever

Fig. 18j.

upwards

the light, and

to

crawl out and being repulsed by

I broke

— Arum

open a spathe in the third

maculaium, L.

inflorescence, x i.
2.
Transverse section at the level of ab (1), seen from above, on a somewhat larger scale.
ab, point at which the cage c is closed by stiff hairs, radiating from tlie spadix c, cage inclosing
d, attractive portion of spathe
the spadix with its reproductive organs
e, barren portion of
.spadix, serving as a gnide-post; /, cross-section of spathe; g, ditto of spadix; h, stamens transformed into stitf filaments.

1.—The whole

—

;

;

;

stage of flowering, I always found a multitude of inmates groping
about in the thick layer of pollen on the floor of the chamber.
The Psychodse which I collected were so various in size and colour
that I supposed I had obtained at least three species but Herr
Winnertz of Crefeld tells me that they all belong to the very
variable species Psychoda phalccnoidcs, L., which is probably the
Game species found by Delpino in Arum italicum, and identified
by Rondani as Psychoda iicrvosa, Schr.^
;

1 According to Schiner, P-mcIwda phalmnoides, It.,
Mgn., and perhaps also with Tipula nervosa, Schrank.

is

identical with P. ncrvoca,

o o 2

;
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dracunculus {Dracunculus vulgaris)

AruiTi

ing to Delpino by flesh-eating

flies,

as

is

[part hi.

visited accord-

also Am.orpho]}hallus

is

campanulatus (178, p. 238). According to Arcangeli it is fertilised
almost exclusively by carrion-loving beetles (Saprinits, Dermestes,
Oxytelus

(7).

Arisarum

is

of the

Arum

from

distinguished

The edges

features.

by the

following

spathe do not meet, the aborted

stamens are absent, and so the spathe surrounds a cavity which

The stigmas

insect-visitors can enter or leave at will.

capable of impregnation

them, dehisce, so that

when the

anthers,

may

self-fertilisation

are

still

which stand above
occur (178, p. 21

360, p. 591).

Alocasia odora
snails.

The spadix

is
is

supposed by Delpino to be fertilised by
its whole length with normal and

covered in

abortive stamens and pistils;

only female flowers occur in the

lower, wider part of the spathe, and they only are mature in the
first

From

period.

this

chamber an

attractive odour issues,

and

In the second
the snails are admitted by a narrow entrance.
Snails which
staofe this entrance closes, and the anthers dehisce.
creep on to flowers in this stage seek vainly for the entrance, and

dust themselves with pollen, which they afterwards carry to the
stigmas of younger plants. Delpino supposes that the snails, after
effecting cross-fertilisation, are poisoned

by an

irritant secretion

within the chamber of the spathe, and are so prevented from

devouring the flowers (178, 360).
In Delpino's opinion, Typhonmm cmpidatmn, Arisccma filiforme, AmorpliophaUus variabilis, Atherurus tripartitus, and
species of

Arum

Anthurium

are also fertilised

by

snails (178, p. 2.38).

There is an upper
male chamber, and immediately below it a female chamber into
which the pollen falls upon the imprisoned insects (probably small
flies), which are afterwards allowed to escape by a small door
ternatum, Thnbg.,

is

proterogynous.

(107, 596).

Artcm crinitum, Ait., resembles A. maculaium,, but attracts
by means of its strong odour of putrid flesh. The
smaller visitors are held fast by sticky hairs in the floral chamber
and digested (688, 689).
The gigantic AmorpliophaUus {Gonophallus) Titamim, whos<^
spathe is 33 inches in diameter, and the bare part of whose floral
axis attains a length of 6 feet, is adapted, by its dirty-yollow and
dark-purple colours, for dung- and carrion-flies (48).
SfylocTiiton hypogwus, Lopr., and St. lancifoJius, Kotschy and^

carrion-flies

I
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Peyritscli, from Central Africa, remain with their inflorescence,
which consists of male and female flowers, and is inclosed within
a spathe (like our Arum), beneath the ground the tip only protrudes, and by it the fertilising agents creep into the floral
chamber. A similar condition exists in Biaimm and Cryptocoryne
;

(222).

Calla imlustris, L.

—This

plant exhibits a

the condition of things which

first

step towards

Arum

maculatum.
from injurious animals, and attracts
carrion-loving flies. The white spathe is very conspicuous, and the
proterogynous condition is very distinctly marked (590, I.). Eug.
Warming (762) attributes a share in the work of fertilisation to
is

perfected in

Its disgusting smell protects it

pond-snails.

—

Symplocarjms fcetklus. This shows an intermediate stage
between the open spathe of Calla paltistris and the closed
prison of Arum, maculatum (728).
In Amhrosinia Bassii the anthers are within the spathe, the
stigmas outside, at the end of the spadix. The fertilising agents
(flies) creep down the spadix, and so in each plant come in contact
with the stigmas before the anthers (178, p. 230).
Antlmrium Pothos is proterogynous with short-lived stigmas,
like

most other Aroidese (177,

Ord.

Lemna minor,
by

insects

which

apparently, are L.

L.,

LEMNACEjE.

according to Ludwig,

is

adapted for

fertilisation

upon the surface of the water so
trisitlca, L. gihha, and Z. polyrrhiza (435).
live

;

Ord.

Alisma Plantago,

398.

p. 62).

also,

ALISMACEjE.
L.

—The three white or reddish petals

are yellow at the base, and expand to form a disk about 10

mm.

in diameter.

The

chief visitors are S3^rphids8.

They

alight sometimes in

the middle of a flower, in which case the insect's belly comes in
contact with the stigmas and immediately afterwards with the

anthers

;

or they alight on one of the petals

and creep towards the

pollen or honey, in which case various parts of the insect's body

come

in contact with the anthers,

stigmas.

and sometimes

also

with the
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Although the

possibility of self-fertilisation

the insect-visitors

very

much more

is

by no means excluded,

probable, for

when the

[part hi.

being effected by

cross-fertilisation is

insect

alights

in

the

middle of the flower cross-fertilisation is inevitable, and even if it
alights on a petal cross-fertilisation is more likely to occur than
self-fertilisation owing to the relative position of the anthers and
the drops of honey.

Fig.

lS6.—AUsma Plantago,

L.

1.— Flower, seen from above.
2.

a,

The

— Ditto, In side view, after removal of
honey-drops;

6,

six anthers are directed obliquely

and dehisce extrorsely.

tlic

petals.

stigma.

They stand

upwards and outwards,

at a considerable distance

from the stigmas, which project in the middle of the flower and
ripen simultaneously with them. Honey is secreted in twelve
drops by the inner surface of a fleshy ring formed by the coherent
bases of the filaments; one drop is placed opposite to each
filament, and one in the interspace between each pair (a, 1, 2,

—
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Fig. 186).
A fly, starting from a petal, usually applies its
tongue to the honey-drops one by one, and after each it strokes
an anther with its labellae in so doing it may bring various
parts of its body in contact with the anthers; but, as a rule,
the parts which come in contact with the anthers are not those
which come in contact with the stigmas in the same flower.
I have not determined whether self- fertilisation takes place in
absence of insects.
;

Visitors

iiiellina,

L.

;

Syrphidm

Diptera

:

pipiens, L., both ab.
(5)

;

(3)

:

(1)

Eristalis sepulcralis, L.

Ascia podagrica, F., very freq.

Melithreptus scriptus, L.

;

all

;

(4)

;

Syritta

(2)

Melanostoma

sometimes sucking, sometimes

eating pollen.

Alisma natans,

L.

—In

floods, the flowers

remain closed below

the surface of the water, and fertilise themselves (351).

Ord.

NAIADACE.E.

The plants of this order are anemophilous or hydrophilous.
The proterogynous flowers of Triglochin palustre, L., have been
figured

The

by Axell

(17).

species of

Potamogdon are

distinctly anemophilous.

proterogynous flowers of P. pcrfoliatus,

L.,

The

have been figured by

Axell (17, p. 38).
Posidonia is supposed by Delpino to be a grass adapted for a

submerged
Zostera

life
is

(178).

considered by Delpino to be an Aroid modified for a

submarine existence (178, ii.). The mode of fertilisation of Zostera
marina, L., is described by Clavaud (138) and Engler (223).

Ord.

The

plants of this order are throughout anemophilous, but,

like the grasses, they are
visits.

the

CYPERACEJE.

by no means without occasional

anthers of Scirptts palustris

several
hirta,

insect-

I have very often seen Melanostoma mellina, L., busy on

specimens
L.,

and

I

Carex montana, L.

;

my

son

Hermann

has

seen

Car ex
have watched the same insect doing so on
of the

hive-bee collecting pollen, on

;
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Ord.

[part hi.

GRAMINEjE.

This whole order consists of plants with well-marked anemoI have, however, often observed a small fly
philous flowers.

upon the anthers of various grasses
(Anthoxanthum odoratum, Foa annua, Festuca pratensis, Agrostis
Bromus mollis and Brachypodmm pinnatum are visited by
alba).
Many grasses are proterogynous, e.g. Anthoxanbeetles (590, l.).
thum odoratum, Alopecurus pratcnsis, Nardus stricta (351, p. 19).
Oryza clandestina is remarkable for possessing cleistogamic flowers
{Melanostonia mellina, L.) busy

(759)-'

Secah

The

freely

;

—

Anthers and stigmas mature simultaneously.
expand widely, and the essential organs protrude

cereale.

flowers

can consequently be effected on a very

cross-fertilisation

large scale by the wind (180).^

Triticum vulgare, L.

—Anthers

and stigmas mature simulta-

neously, but the flowers only expand partially and for about a quarter
of

an hour

;

they then close up permanently. The flower opens
all its pollen, about one-third of which remains
flower while the other two-thirds are shaken out.

suddenly, scattering

within the

Cross-fertilisation can only

be effected by the wind to a much

less

extent than in the preceding species, and Delpino has found by

experiment that
seed.

self-fertilisation leads

The flowering period

to

the production of good

lasts four days,

and since each flower

only expands for a quarter of an hour, a very small fraction of the
flowers are expanded at any one time (180).

Hordeum
never expand

vulgare.
;

—The

of wheat (180).

Hordeum

flowers in the two intermediate rows

those in the four outer rows behave like the flowers

distichum.

—While

in

ff.

vulgare

only those in the two

hermaphrodite,

They

all

the flowers are

central rows are

so

in

remain closed and fertilise themselves
but occasionally normal open flowers occur among them, which may
then be cross- fertilised by pollen from the male flowers in the
four outer rows (180).
Hordeum Siud Gryptostachys have cleistogamic flowers (167).

H. distichum.

^

2

also

Asclierson, Botanisehe Zeitung, p. 350, 1864.
Kornicke, in RegcVs Gartcnflora, p. 20, 1866.

—

—
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•

—

IV.

GENERAL RETROSPECT.
In

section

this

propose to review the various structural

I

and
on the life of the plant. If we cannot
discover the causes, we may determine accurately the effects, of any
features of flowers that have ah'eady been described in detail,
to trace their general effect

modification in structure of a flower.

The
the

various characters of entomophilous flowers which affect
of the plant

life

1.

may be grouped

as follows

:

Characters which influence the visits of insects
a.

General attractions for anthophilous
a.

Colour or scent.

/3.

Honey,

insects.

pollen, shelter, or other substantial benefit.

Increased attractions for certain insects, gained by the

h.

exclusion of others.
a.
jS,

7.
2.

By colour or scent.
By concealment of tbe honey or pollen.
By the time of flowering or the place of growth.

Characters which influence fertilisation
a.
h.

Mutual adaptations of pollen and stigma.
The insuring of cross-fertilisation in case

visits,

1.

and of

a.

self-fertilisation in

a. Effect

in

VISITS.

of Gonspimwusness and of Odour,

cases of closely allied

same time

of insect-

absence of insects.

CHARACTERS INDUCING INSECTS'

In the third section of
at the

—

this book, I

flowers

have discussed

so

many

and
and in the chances

differing in conspicuousness,

abundance of

insect-visits
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of cross- or self-fertilisation, that
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will suffice to refer here to a

few instances only. We have instituted comparisons between
similar genera of Umbelliferse, between species of the genera
Hanunculus, Geranium, Malva, Polygonum, Cerastium, Epilohium,
Bulms, Veronica, Carduus, and Hieracitom, between different forms
of Euphrasia officinalis, BJmianthus crista- galli, Lysimachia vtdgaris,
etc., and in all cases the same result has been obtained that, cceteris
;

parihus, a species of flower

is

the more visited by insects

the

and that when closely allied flowers, alike
in other respects, differ in conspicuousness and also in the degree
to which cross-fertilisation is insured in case of insect-visits and
self-fertilisation prevented in their absence, it is always found that
cross-fertilisation is the more perfectly insured in the more conAnd on
spicuous and therefore more abundantly visited flowers.
the other hand, under the same conditions, self-fertilisation is best
insured in those flowers which are least conspicuous, and which
therefore are least visited by insects and least likely to be crossThese three statements are fully proved in the case of
fertilised.
many plants by observations recorded in the foregoing section;
the proof rests upon sound facts and direct observations and not
in any way on speculation or conjecture.
Let us proceed to examine the last two of these three statements, which deal more closely .with the act of fertilisation. The
most important deduction to be drawn from them is, that in
general anthophilous insects are not limited by hereditary instinct
to certain flowers, but that they wander about getting their food
on whatever flowers they find it. For if each insect had its own
species of flower as most caterpillars have their own particular
food plant, the abundance of insect-visits to the plant would not
depend at all upon its conspicuousness.
In isolated cases we may find a particular insect confining its

more conspicuous

it is

visits exclusively or

;

almost exclusively to a particular flower.

give the following instances from

my own

observations.

I

I

have

found Andrena florea only on Bryonia dioica, and A. halictoides
only in flowers of Cam])anula : Andrena Hattorfiana confines its
visits almost entirely to Scahiosa arvensis, Cilissa melamcra to

Lythrum

Salicaria, Macropis lahiata to Lysimachia vulgaris,

adunca and

0.

cmmentaria to Echium:

1 per cent, of

all

even

only complete in two.

numerous instances of insects seeking
which contain none or which conceal it beyond

I have already cited
in flowers

is

Osmia

insects do not form

the species that I have observed, and

of these cases the restriction

honey

But these
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For instance, butterflies may be seen on the honeyHypericum perforatum, applying their tongues
to the base of the flower without either finding honey or piercing
succulent tissue the hive-bee tries in vain to reach the honey
of Iris Fseiulacorus, and Rhingia to reach the honey of Diantlius
deltoides and Lamium maculatum.
Bomhus terrestris tries vainly
to reach the honey of Aquilegia vulgaris, Primula elatior, Vicia
Faba, etc., in the legitimate way, but finally bites a hole and steals
various small insects (Meligethes, Andrena parmila,
the honey
their reach.

less

flowers

of

;

;

Spilogaster semicinerea) visit the flowers of Cypripeditcrn, but find

no food and, being unable to escape, are starved to death. I
think I have given enough similar instances in foregoing pages
to prove beyond doubt that anthophilous insects are not guided
by hereditary instinct to particular flowers.
Another class of facts shows clearly that those insects whose
bodily organisation is least adapted for a floral diet, are also least
ingenious and skilful in seeking and obtaining their food so that
anthophilous insects intelligence seems to advance pari passu
with structural adaptation. This statement is fully proved by the
insect lists given in the sequel. The following examples may serve
to illustrate the point at present.
Coccinclla septempunctata, which
is not adapted at all for a floral diet, behaves so awkwardly on
flowers of Erodium cicutarium that it generally loses its hold and
often falls to the ground and many attempts fail to make it more
skilful.
Sarcophaga carnaria seeks honey diligently on flowers of
Polygonum Bistorta, but it usually misses its aim in trying to in;

;

sert its proboscis into the flowers

;

Andrena

albicans at first

is

equally awkward, but gradually becomes more skilful and learns
to insert its proboscis with greater accuracy.

The hive-bee never

any case to insert its proboscis accurately.
Since we have found that structural adaptation and intelligence
advance together, it is easy to understand the fact that shortfails

in

lipped insects,

little

or not at all specialised for a floral diet, can

usually only find fully exposed honey, such as Listera, Pamassia,

Cornus, and Umbelli ferae afford

not directly visible to them

;

is

honey

still

passed by.

easily accessible
It

is

also

but

quite in-

more specialised visitors visit those flowers most
which supply them with most booty; for instance, bees
furnished with abdominal collecting-brushes visit chiefly flowers

telligible that the

diligently

fitted to

apply pollen to their ventral surfaces long-tongued bees
with deep honey-receptacles, whose honey is
;

visit chiefly flowers

inaccessible to the great

mass of

insects

;

and hawk-moths, which
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other insects in length of tongue, visit flowers whose

accessible to

them

alone.

above-mentioned insects often resort, to a
certain small extent, to flowers less productive than those that
they usually frequent.
It is rare for a plant which produces
numerous flowers and much honey or pollen to continue so
abundant for the whole period that an insect is on the wing that
that insect can confine its visits to it alone. In such cases it is
probable that the acquired habit is transmitted instinctively from
one generation to another.
find that the

The study

of particular species of insects confirms the con-

clusion based on observation of the

more conspicuous

flowers,

that in general anthophilous insects are not confined by hereditary
instinct to certain flowers, but fly about seeking their food on
whatever flowers they can find it. And hence the circumstance,

already insisted on, that a flower receives the more visits the more

conspicuous

it is,

natural selection

becomes readily intelligible. It is also clear how
must have seized upon and perpetuated all

characters tending to greater conspicuousness.

And

thus

we may

such phenomena as the development of various colours
in flowers, the enlargement and increased prominence of the
explain

all

coloured surfaces, the association of

many

flowers together, the

between reproductive and
merely attractive members of the community, the appearance of
the flowers before the leaves in Salix^ Gornus mascula, etc., and
many other similar phenomena.
division of labour in such associations

JEffed of

The

Odour.

perfumes in attracting insects is as manifest
as the effect of conspicuousness and observation shows that strong
scent is an even more powerful lure than bright colours. The
effect of various

;

scented

richly

flowers

of

ConvolinUus

arvcnsis

are

far

more

abundantly visited than the larger and more conspicuous but
scentless flowers of G. sepium ; the sweet-scented Violet is much
more visited than the large, brightly coloured, but scentless
Pansy the small, insignificant, but strongly perfumed flowers of
;

Lepidium sativum surpass in the abundance of their
other more conspicuous but scentless Crucifers,

p.— The

Effect of

visitors the

Food Supply,

Every plant supplies in its pollen a nitrogenous food which is
made use of by many insects, and when once found leads

readily
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Hence even well-marked anemopliiloiis flowers
by insects.^

to repeated visits.

are often visited

This fact is of special importance in explaining the origin of
For the fact that the lowest and most
entomophilous flowers.
primitive Phanerogams are anemophilous forces us to suppose
that all entomophilous plants have sprung originally from anemothat the first adaptations to insect-visits were attained in
adapted for wind- fertilisation; and that wind-fertihsed
In comparatively
flowers, then as now, received visits from insects.
few entomophilous flowers is the amount of pollen required by the

philous

;

flowers

plant itself the sole attraction for insects.

The

great majority

either produce a large excess of pollen or else secrete honey.
fact that

in

many

which case

it

The

plants^ secrete honey even outside their flowers,
does not influence fertilisation, renders it probable

that the mere excretion of honey
before all adaptations

to

is

beneficial,

and may have begun

Whether the

insect-visits.

excretion

honey began before or after the first adaptations to insectvisits, honey is now the most powerful attraction for insects.
If
we compare the insect-visits of Genista and Lohts^ of Helianthemum
vulgare and Ranunculus acris, B. repens, or B. hulhosiis, of Spiraea
Jilipendula or S. Ulmaria with S. salicifolia, S. ulmifolia, or
S. sorhifolia, we perceive how much more abundant visits (cceteris
paribus) a flower which contains honey receives than a similar
flower which does not, and how much more various are the
insect-visitors if the honey is easily accessible.
A third food material which leads insects to repeated visits
of

Darwin's observations
have shown beyond the possibility of doubt that the
inner membrane of the spur of our native Orchises is pierced by
insect-visitors.
I have shown that the same is probably true
of Gytisus Zahurnum, and Erytlirxa Ccntaurium.
The circum-

is

sap included within succulent tissues.

and

my own

stance that

many

{Empidoi, Conopidce, Bombylidce), as well as

flies

the more specialised bees and Lepidoptera, are provided with a
boring apparatus at the

tip of their proboscides, indicates that
.

much more usual among insects than was
From the comparatively few visits which our

this boring for sap is

formerly supposed.
Orchises receive
is less

it

would appear that sap included within a

tissue

attractive to insects than free honey.

Anthers, filaments, petals, carpels, in short
1 See Poterium,
Artemisia, p. 333
p. 236
Graminccc, p. 567.
Cf. Vandince and Epide7idri7ice, p. 528.
;

;

all

the more delicate

Cupuliferce, p.

523

;

Cyperacccr,

;
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of the flower are devoured

tissues

But

beetles.

In

by

many

insects

with loose

;

by some

insects,

[part

iv.

especially

cannot be considered of advantage to the plant.
Orchids fleshy processes of the labellum are devoured
this

becomes filled
but we have no accurate

in Polystachya (Malaxidece) the labellum

on which insects feed

cells

;

observations as to the value of these attractions.

The

which many flowers

from rain and wind is
For instance, the males of
the night within flowers of Campanula or take
shelter there from rain and many small Diptera resort for shelter
to the flowers of Arum and Aristolochia.
shelter

many cases a
many bees pass
in

afl'ord

powerful attraction.

;

h,

— THE

EXCLUSION OF CERTAIN INSECTS, AND CONSEQUENT
INCREASED ATTRACTION OF OTHERS.

While, on the one hand,

it

is

of advantage for flowers to be

by the utmost possible variety

visited

of insects, since the like-

lihood of cross-fertilisation increases with the

number

of visitors,

on the other hand, the attraction of all kinds of insects has
several disadvantages.
For many visitors are positively hurtful,
as, for instance, voracious beetles, which may devour the reproductive elements of the flower and each class of insects will be
the less attracted the more the store of food is removed by others
easily accessible honey is therefore the least likely to attract the
most diligent, long-tongued insects.
Besides, easily accessible
honey and pollen are also the most liable to be spoilt by rain. So
exclusion of certain insects may be advantageous to the plant,

yet,

;

if

thereby injurious insects are excluded,

are stimulated to

more

a.

The

honey and
of flowers

more

—Limitation of
plants that

certain other insects

The great majority

pollen are sheltered from rain.
possess contrivances for

if

diligent visits, or, lastly, if the

or less restricting insect-visits.

Insect- Visits hy Colour

we have

and Odour.

discussed furnish only one class of

instances of colour directly limiting insect-visits.

All dull yellow (dirty-yellow, brownish-yellow, yellowish-white)
flowers

(Bupleurum, Anethum, Pastinaca, Rhus Cotinus, Galimn

Uuonymus,

Adoxa, Alchemilla)
by beetles closely allied
white flowers (Jlmhcllifcrce, Ruhus, Rosa, Galium verum) are visited
by beetles, more or less to their injury; and brightly coloured

Mollugo,

liiota,

Neottia,

Eui^liorhia,

are entirely or almost entirely avoided

;
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flowers,

even though they are scentless and

that

accessible {Ranunculus, Helianthcmum, Papaver, Genista),

is

numbers.

attract beetles in

these facts

is

offer

no honey, or none

The only apparent explanation

of

that beetles are only or mainly attracted to flowers

by bright colours. If this explanation is correct, dull-yellow must
be an advantageous colour for plants with freely exposed honey,
And the fact that
protecting them from these injurious guests.
dull-yellow colours only occur in flowers with exposed honey lends
support to this view.

Delpino goes

much

further in regard to the exclusion of insect-

he supposes that dull-yellow and purpleBut my lists show
that almost all the dull-yellow flowers mentioned above are visited
by Hymenoptera, sometimes in great abundance and variety. I
have only investigated two purple-spotted flowers, namely,
Cypripcdium Calceohcs, whose staminode is speckled with purple,
and Lycopus europceus, whose lower lip bears reddish -purple
spots; but both of these are visited chiefly by insects of other
visitors

by

colour, for

spotted flowers are visited only by Diptera.

orders.

Indirect limitation of insect- visitors
several other cases; but such limitation

portance, since
restrictions.

it

is

by colour
is

is

instanced in

of very subsidiary im-

always combined with other more powerful
e.g. the species of

Several bright and pretty flowers,

attract butterflies in great numbers; even if the
honey was accessible to other insects their visits would be greatly
reduced by the fact of the honey being in great part used up
by the butterflies but in these cases the honey is placed at
the bottom of a tube so narrow that it is only accessible to the

Dianthus,

;

proboscis of a butterfly.

Many

grow in shady places,
by day but conspicuous by night (e.g. Platanthera).
These are chiefly visited by crepuscular Lepidoptera, but
insects are excluded not so much by the colour as by the
situation of the honey at the base of long, narrow tubes.
Limitation of insect-visits by peculiar odour is probably a more
common phenomenon; but our present knowledge is not suffilight-coloured flowers, which often

are inconspicuous

cient to admit of perfectly definite conclusions.

It is obvious that

flowers with a putrid odour are mainly fitied to attract carrion-

and meat-flies, but how far their odour repels other insects
has not yet been decided by observation. None of our native
In like manner it is scarcely
flowers possess odours of this kind.

flies

possible to

doubt that the foul ammoniacal smell of

Arum

is

—
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which are attracted by other sub-

but since the grating of hairs in Arum
excludes larger insects we cannot be certain that the smell alone
would repel them. Delpino supposed that strong perfumes such
as those of Ruta and Anetlmtm are very attractive to flies and are

stances of similar smell

;

But according to my
Anethum and RtUa also
visit a great variety of other plants, some sweet-scented, others
scentless, in the same abundance and with the same assiduity.

avoided by other insects, especially by bees.
observations the same

flies

which

visit

have observed the flowers of Anethmii visited by six
and twenty-five other Hymenoptera as w^ell as by
species of flies, and Buta visited by three species of bees

Moreover

I

species of bees
fifteen

and eleven other Hymenoptera
Delpino's statement

in addition to nineteen species of

may be more

accurate in the case of
Samhucus, but the flowers of that plant are so little visited that
we must not yet conclude that they are not sometimes visited by
Bees of the genus Proso]_ns, w^hich thempollen-collecting bees.
flies.

selves emit a strong odour, are chiefly found

on strong-scented

flowers (Reseda, Ze2ndium, Ruta, Anetlmtm, Achillea, Matricaria),

and here, as in other
visitors

may

cases, the concentration

tend to restrict the

of one class

of

visits of others.

Sweet, aromatic perfumes, pleasant to our own senses, such as
the scents of ^sc/c^^'as Cornuti, Rosa Centifolia, Thymus, Lavendida,

Delpino has shown, specially attractive to bees, but in a
and here again we find that
deep situation of the honey is the chief means of restricting
are, as

less

degree to other insects also

;

insect- visits.

/9.

Exclusion of Certain Classes of Insect- Visitors hy Paucity or
Concealment of Food Material.

Absence of honey and
restrict insect-visits

colour or odour.

inaccessibility of the

much more

honey or pollen

effectually than peculiarities in

Honeyless flowers with exserted antliers are

scarcely visited except

by pollen-feeding

flies

(especially Syrphida')

Lepidoptcra and purely suctorial flies
{EmjpidoB, Conopidoi, Bomhylidoi) linger at most for a short time on
honeyless flowers to bore succulent tissues for included sap, but

and pollen-collecting

bees.

fly away after a few seconds to other flowers.
Beetles and
sand-wasps devour the pollen of honeyless flowers, but resort ftxr
more abundantly to flowers which furnish them with both pollen
and honey
a few voracious Lamellicorns {Gttonia Trichius)

usually

;
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devour the anthers, carpels, or petals of honeyless and honeyyielding flowers indifferently.^

Since honeyless flowers are usually soon abandoned by honeyseeking insects without being secured from the visits of destructive
beetles and without being visited the more diligently by pollencollecting insects, such flowers are cceteris paribus at a disadvantage compared with those which contain honey. But in most
cases this disadvantage is in some way counteracted, generally by
superabundant production of pollen, in many cases also {Pajpaver,
Hypericum perforatum) by extreme conspicuousness in this latter
;

even such insects as find little or nothing of use to them,
yet search through a few flowers and effect cross-pollination to
a certain extent. But when in honeyless flowers with exposed
anthers, the production of pollen and the conspicuousness of the
case,

flowers remain low, as in Solatium,

rangulum,

Hypericum hirsuhim, H. quad-

H humifusum, Agrimonia Eupatoria, AuagalUs, insect-

visits are so rare that the species is

only preserved by the regular

occurrence of self-fertilisation.

Honeyless flowers with concealed anthers will be more
readily understood when we have studied the effects of deeply
placed honey.

The concealment

of the

honey in a nectary protected by other

parts of the flower, processes, hairs, etc.,

plant in two ways

:

it

is

of advantage to the

protects the honey from rain, and

it

permits

a larger supply to be accumulated, thus attracting visitors in an
With these advantages are connected two
increased degree.
disadvantages
it

is

the honey

:

is

the less easily discovered the more

protected from rain, so that a great host of the less acute

excluded from it; and the more intelligent visitors,
which are able to detect it, cannot obtain it so quickly as if
it were more exposed, so that the work of fertilisation goes on
more slowly. Both of these disadvantages can be diminished by
For exspecial contrivances, and even turned into advantages.

visitors are

clusion of the multitude of less intelligent, short-lipped visitors

is

1 The honeyless flowers with freely exposed anthers which I have most carefully
examined are Clematis recta, Thalidrum aquilegifolium, T. fiaxum. Anemone
nemorosa, Papaver Mceas, Chelidonium majus, Belianthemum vulgare, Hypericum
perforatum, Agrimonia Eupatoria, Spiraea Ulmaria. S. FiUpienduIa, and S. Aruncus.
On these twelve plants I noted 14.5 distinct insect-visitors. I saw 40 bees collecting
2 other
pollen, 6 feeding on pollen, and 4 boring the tissues of the flower for sap
Hymenoptera feeding on pollen, 2 intent on capturing flies, and 4 apparently seeking
5 Muscidse feeding on pollen
57 Syrphidte feeding on pollen
in vain for honey
18 beetles
3 Diptera apparently seeking vainly for honey
2 Bombylii boring for sap
2 Lepidoptera
devouring pollen and anthers, and sometimes carpels and petals
;

;

;

;

;

;

;

seeking in vain for honey.
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only injurious so long as more specialised visitors are not abundant
enough to accomplish all the work of fertilisation but as soon as
;

the development of special structures, to contain and to protect
the honey, permits a larger accumulation thereof, the number of

long-tongued visitors increases so
pensate for

falling

'the

much

more than comDelay in

as to

short-lipped visitors.

in

off

the work of fertilisation, owing to concealment of the honey,

is

diminished by a great variety of contrivances, and sometimes

removed; the disadvantage that honey sheltered from
is alleviated by pathfinders (coloured
spots or lines), which point towards the honey and enable the
more intelligent visitors to find it in a moment delay in obtaining deeply placed honey is lessened by the development of

entirely

rain

is

not directly visible,

;

convenient standing-]3laces, of apertures specially
insect's

head or proboscis (Labiates, Eclimm,

grouping of

many

flowers in close association,

fitted

for

the

and by the
so as to permit

etc.),

rapid passage from flower to flower {Thymus, Mentha, Jetstone).
Finally, in Scahiosm

and Compositse, we see how, by means of

exserted reproductive organs and dichogamy, fertilisation en masse
is

rendered not incompatible with concealment of the honey.

In the account that
flowers with

more

I

have just given of the evolution of

or less deeply placed honey, I have stated that,

which led to such development
were the protection of the honey from rain, and the possibility of
accumulating a large store and that the exclusion of short-lipped
It may be suginsects was an advantage obtained indirectly.

in the first place, the advantages

;

gested that possibly this statement should be reversed.

But

since

the long proboscides of anthophiious insects and the long tubes of

entomophilous flowers have been developed in mutual adaptation,
and have advanced together to greater and greater perfection, we

must suppose that the first honey-yielding
honey on flat surfaces, and that the first

flowers exposed their
flower- visiting insects

were only furnished with organs capable of licking up
posed honey.

Under

these

fully ex-

circumstances elongation

of the
be of no advantage to any insect so long as
there was only freely exposed honey to lick but shelter from rain
and increased room for accumulating honey would be beneficial
to the plant even before insects became divided into short-tongued
and long-tongued. Therefore it is certain that the commencing

proboscis would

;

evolution of structures to store and protect honey preceded the

elongation of insects' tongues.

and a more copious secretion

of

It was not until honey-receptacles
honey had been attained in certain

——

:
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that

became

it
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possible for long-proboscised varieties of

entomophilous insects to vanquish their short-Hpped relatives in
the struggle for existence. This tendency of natural selection

must have taken effect the more certainly, in each class
the more the insects were dependent on a floral diet.

of insects,

To give a clear view of the effect of simple concealment of the honey in
ilowers with exposed anthers, I have tabulated tlie visitors of certain groups of
flowers in which the honey is fully exposed, others in which it is more deeply
situated but

still visible,

following

a

is

On

(rt)

summary

and others

again, in

of the result

which

it is

The

quite concealed.

:

the twenty-five Umbellifeia) treated in detail in Part III., whose
honey freely exposed in a smooth, adherent layer, I have

flowers contain

observed 757 distinct insect-visits

that

;

is

an average of 30 to each

to say,

species.

On

(h)

whose honey

thirty-eight species of flowers

visible,

is still

but

is

placed more or less deeply at the base of a regular flower, and accumulates in
somewhat greater quantity {Cruci/erce, Nos. 27 41 ; Polygonum, Nos. 369

—

374; Ahinea', Nos. 60—67; kosace(e, Nos. 128, 133, 135, 150-153), I
have observed 582 distinct insect-visits, or on an average 15 to 16 to each
species.
(c) On twenty-seven species of flowers whose honey is not directly visible
but is yet accessible to the most short-lipped insects {Geraniaceo', Nos. 76 83
(Malva, Nos. 69—72; Epilohium, No. 166; Campanula, Nos. 277—282;
Jasione, No. 283
Jlanunculus, Nos. 6
10) I have observed 384 distinct
insect-visits, or an average of 13 to 14 to each species.

—

—

;

If

we

classify these visits according to the classes to

and subdivide these
insects' proboscides,

classes,

we

when

find the following

(1)

Orfhoptera, Neuroptera,

(2)

Coleoptera

(3)

(4)
(5)

84

(a)

number per thousand

168

;

12;

(a)

3

(h)

;

(c)

3.

Long-tongued Di2)tera : (a) 84 (b) 167 (c) 78.
Bombylius, Empia, and Conopidce :
(b)
40 (c) 26.
(a) 15
Eristalis, Helophilus, and Volucella : (a) 69
[b) 105
(c) 36.
Rldngia
22
\c) 16.
(a)
{b)
Short-tongued Diptera : (a) 289
(c) 180.
(b) 250
Apidce : (a) 127
(&) 292 ; (c) 524.
Prosopis :
(b) 14
(c)
42.
(a) 25
S2)hecodes, A nclrena, and Halicf us :
(a) 86; (b) 175; (c) 250.
Other bees with moderately long tongues («) 15 (b) 70 (c) 180.
Bomhus BXidi. Anthopliora :
1; {b) 33; {c) 52.
(«)
Other Hymenojjfera : (a) 332 (b) 69 (c) 91.
;

;

;

;

;

;

;

;

;

;

;

:

;

(7) Lepidop)tera
(8)

each

76.

(c)

;

;

(6)

visits, for

:

and Hemiptera:

(b)

;

which the insects belong,

necessary, according to the lengths of the

of the above-mentioned group of flowers

:

;

Thrips

:

(a)

:

{a)
;

8
(Jb)

;

(6)

10

;

41

;

(c)

;

;

;

44.

(c) 5.

However imperfect my lists may be, and however small the value that we
can give to particular numbers, this table shows clearly that with increased
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concealment of the honey the number of short-lipped visitors diminishes and
number of long-tongued visitors increases ; and that, in the end, bees far

the

outnumber

beetles, wasps,

The tubes

and short-lipped

which various flowers conceal their honey vary in
from scarcely 1 mm. to about
in our native flowers.
In the shortest forms, e.g. species of
in

length between very wide limits

30

mm.

flies.

Veronica, the tube with

its

—

interior circle of hairs acts just like

the structures which shelter the honey in Malva and Geranium.
The further increase of length in such tubes depends entirely

upon the advantage
of insects in

to the flower

order to

of excluding certain

induce more diligent

visits

groups
on the part

of others.
If increase in length of the proboscis proceeded pari ^lassu with

increased need of food and increased diligence, and therefore also

with increased usefulness in the work of
adaptations connected with

fertilisation,

the various

would be comparatively easy

to

by no means the case. The entomophilous
insects which require most food and are most diligent, and therefore the most efficient fertilisers, are unquestionably the Bees,
since they feed not only themselves but their young solely on
substances derived from flowers but the circumstance that they
have to use their mouth-parts to build the cells for their young

understand.

But

it

this is

;

has set definite limits to the adaptation of these parts for obtaining
deeply placed honey, while such limits do not exist for Lepidoptera.
Accordingly, though bees have far surpassed flies in the length
of their tongue (our longest-tongued Diptera, Bomhylius and
Khingia, have proboscides 10 to 12

mm.

long, while Anthc/pliora

and Bomhus hortorum have proboscides over 20 mm. long),
they are far outstripped by many Lepidoptera (Sphinx ligustri,
37 to 42 mm,, S. Convolvuli, 65 to 80 mm.).
Though, owing to the special diligence of bees, most tubular
flowers have elongated their tubes so as to exclude the more
short-lipped insects and to admit a wider or narrower circle of
the more specialised bees, and though many of these flowers
are shown by other structural adaptations to be specially fitted
for bees, yet butterflies have access to the honey of all these
flowers, and sometimes act as subsidiary fertilising agents though

pilijMs

often they are quite useless to the plant.

Most of our native flowers with hidden honey have at the same time their
pollen more or less deeply situated, or else differ in other important relations,
and are therefore not fitted to show clearly the effect of increased concealment

PART
of

GENEEAL EETROSPECT.

IV.]

581

honey.

Tlie Conrposito', liowever, furnish several series of forms
well
demonstrate this point. Omitting some aberrant forms, the honey is
on the whole least deeply situated in the SenecionidcB, more deeply placed in the
Cichoriaceo', and most deeply in the Cynarecn.
On (a) ten Semcivnidm (Nos.
216, 222, 224, 226, 227, 228, 232, 233, 236, 237), I have observed 335 different
insect-visits, or an average of 33-5 to each species
on (6) fifteen Ckhoriacece
tlie

fitted to

;

(Nos.

261—273,

259,

275), 356

an average of 23 to 24
ten Cynareie (Nos. 240, 241, 244, 245, 249, 252, 254, 256, 257, 258),
189, or an average of 18 to 19.
The following table is similar to the preceding
one, and shows the proportionate number of visits paid by each group of
distinct visits, or

;

and on

(c)

reckoning the total number of

insects,

observed at 1,000.

Bombus and A7ithophora

Specially long-tongued bees,

(1)

visits

:

(a)

15

;

(b)

48

(a)

27

;

126

;

;

211.

(c)

(b)

Bees with abdominal collecting-brushes (and long proboscides)
48; (c) 131.
(3) Other bees with long or moderately long proboscides
(«) 42

(c)

85.

(2)

:

Spltecodes,

(4)

167

;

399

(b)

:

(6)

;

:

;

Long-tongued, purely suctorial Diptera {Bombylivs,
42 (b) 42 (c) 35.
(b) 3
(c) 10.
(8) RJwigia : (a) 3
(7)

(a)

;

:

(a)

;

5.

(c)

{b)

17

Ewpu^

;

(c)

35.

Conopidce)

;

;

;

(9)

{b)

196.

Prosoim and CoUetes (short-tongued) (a) 30 (&) 8
Other Hymenopiera (mostly short-lipped) (a) 137

(5)

;

Andrena, and Ilab'ctus (proboscides moderately long)

(c)

;

:

;

Syrphida: with shorter tongues than lihingia (Eristalis, Helophilus,

Vohicella)

(a) 92
{b) 84
{c) 55.
Short-tongued Z)?>tem ; (a) 242; {b) 121;
(11) Lepidopiera: (a) 80; (b) 67; {c) 171.
(12) Coleoptera: (a) 116; (?>) 34; (c) 45.
:

;

;

(10)

(13) ffemiptera

and Panorpa

:

(a)

9;

(ft)

3

;

{c)

10.

10.

This table proves clearly that in Compositse as the honey becomes more
deeply placed the visits of the more highly specialised bees increase, while, in
spite of the exposed situation of the pollen, the visits of flies fall

true of the

number

This is
off.
but if it were possible to record the
paid by each species, the preponderating influence of bees

number

of visits

would be

of species of visitors

;

more apparent. From these first stages in elongation of the
and increase of bees' visits by exclusion of short-lipped insects, we
pass by the most gradual steps to the exceedingly long tubes whose honey is
monopolised by a smaller and smaller number of bees. At the top of the
series stand flowers whose tubes are 16 to 20 mm. long, and whose honey ife only
accessible to a few species of Bombus and Anthophora {Aqidlegia, Delphinnim,
Pedicidaris, Lamium maculatnm, etc.).
It would not be possible without many more observations to classify our
still

corolla-tube

flowers in a long series of groups, each one restricted to a smaller circle of bees.
of the tube is not of itself a measure of the proboscis necessary to

The length

for often the mouth of the flower is widened to admit the
head or even part of its body, and further the honey often accumulates
Such conditions are illustrated in many
a considerable depth in the tube.

reach the honey

;

insect's

to

Silenece, Boraginece, Scrophidariacecp, Ericacecp, etc.
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Although, from the peculiar industry of bees, elongation of the
corolla-tube

to

is

be ascribed to their influence in the great
The flowers of
is not the case always.

majority of cases, this

Scrophularia and Sf/mphoricarpus are just of the right size to admit

and wasps are attracted in such numbers to these
by the abundant honey that the visits of other insects to
which the honey is equally accessible are greatly diminished.
Other flowers conceal their honey in tubes so long and narrow

a wasp's head

;

flowers

it is only accessible to Lepidoptera.
Owing to the small
supply of food needed by Lepidoptera and their inferior industry,
such a condition could only prove advantageous to a comparatively

that

number

The following native flowers are adapted
Flowers Anacamptis pyramidalis,
species of Dianthus, Lychnis Githago) Nocturnal Flowers:
Gymnadenia conopsea, species of Plataiithera, Saponaria officinalis,
small

of plants.

Lepidoptera

for

:

— DiURNAL

:

Caprifolium and L. Periclyrrienum.
still more, other

Lychnis vespertina, Lonicera

Of

these, the diurnal flowers exclude bees (and

insects)

by

by the narrowness

of their tubes,

and the nocturnal species

their length also.

In many flowers the mouth of the corolla closes, and can be
by bees but not by flies the visits of the former are
therefore increased and of the latter diminished.
I may merely
refer to the closed mouth of the corolla in Antirrhinum and
forced open

;

Linaria, to the closed entrance to the nectary in Borago,

and

Salvia,

and to the

Vicia sepium,

many

Symphytum

Lathyrus pratensis,
other Papilionacese. In

close- shut flowers of

Pisum sativum, and many

cases such conditions

fail

to exclude

the thin tongues of

Lepidoptera.
LJffect

of Concealment of the Pollen.

Freely exposed pollen
flies

and

is liable

beetles, or carried

these contingencies the

to

be spoilt by

away by

first is

rain,

devoured by

pollen-collecting bees.

wholly an

evil,

Of

the second becomes

advantageous if any considerable amount of pollen is conveyed to
the stigma, and the third almost always results in fertilisation and
Concealment of the pollen,
is therefore altogether advantageous.
as of the honey, must have been brought about in the first place as
a protection from rain. Since with this advantage comes the
disadvantage that the sheltered pollen is less likely to be touched

and placed on the stigma by insect-visitors, concealment of the
stamens has not become general. Many, even of those flowers
whose honey is deeply placed and attainable by a limited group

;
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of visitors, expose their pollen (but in that case their stigmas also)
short-lipped insects, which then act as subsidiary fertilising

to

agents

(cf.

etc.).

And

Echium, (Enotliera, Loiiicera,
with hidden anthers have only been able to
shelter their pollen from rain in so far as they have developed
Composite^, Silencce, j^scuhis,
all flowers

other adaptations for particular visitors, which compensate for the
less general access of pollen-carrying insects.
For this reason,
flowers with hidden pollen afford us the most conspicuous examples of adaptation in form and in dimensions to a more or
less narrow circle of visitors (cf. Orchidece, IHs, Papilionacece, some

Boragincce, LoMatcc,

Scrophulariacece,

Apocyneoc,

Erimcevn,

etc.).

These adaptations are always directly concerned in insuring selffertilisation, and therefore fall to be considered in a future section.
But the more perfectly flowers are adapted for cross-fertilisation
by particular insects, the more unlikely does it become that other
insects visiting the flowers will effect cross-fertilisation,
will

such

visits of

and the more
other insects be useless or injurious to the plant.

So concealment of the pollen

is

useful (to a subsidiary degree) in

limiting insect-visits, and this effect has

now

to be considered.

Concealment of the pollen in a cone of apposed anthers
{Viola, Borago, Symphytum) hinders it from being devoured by
flies and beetles, and renders it more difficult for bees to collect it
while honey-seeking bees cannot reach the honey without causing
the cone to open and shed its pollen on them.
Concealment of the anthers within open tubes {Myosotis, Vinca,
Syriiiga, etc.) renders it more difficult for beetles to devour the
pollen, and for bees to collect it; but if the tube is wide enough
{Syringa), the more highly developed proboscides of certain SyrphidcB
can enter and obtain the pollen, while narrower tubes (Myosotis,
Vinca) prevent all Diptera from feeding on the pollen, and only
permit their visitors to obtain honey. When the tube containing
the stamens is closed [Anchusa, Linaria, Antirrhinmn), all insects
except bees, Lepidoptera, and some very minute intruders are shut
out both from the honey and from the pollen. Pendulous flowers
with included stamens and not too wide tubes protect their honey
from removal by flies {Asparagus, Convallaria) or by other insects
also {Erica, Vaccinium)

or

exclusively

sheltering

;

such flowers are therefore visited mainly
vaulted structure
insects.

A

most Labiates), does not
a great extent restricts, the theft of pollen by

the anthers from rain

prevent, but to
insects

;

by honey-seeking

{Iris,

beetles are quite unable to obtain pollen so

only a few of the more intelligent

flies,

especially

concealed,

RMngia, and
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The pollen is most comso.
whose stamens are completely

shut up within the corolla [Fumariacem, Fa^pilionacece, Rhinanthus,

Melainpyrum, .Pedimdaris, Salvia), or whose pollen is united in
masses and enclosed in pouches {Asdepiadece, Orchidece). These
plants are no longer able to have their pollen transported by
miscellaneous insects, but they have developed adaptations of the
most perfect kind for cross-fertilisation by certain special insects.
The mechanism is so perfect and so effectual in these flowers
that cross-fertilisation is thoroughly insured, though some of them
offer only pollen to their visitors {Genista, Sarothamnus), others
pollen and sap {Cytisus), others sap only {Orchis).

The contrivances that we have
divisions

of anthophilous

just

reviewed give to two
or almost exclusive

insects exclusive

access to the food materials contained in certain flowers
in most cases to bees, which, however,

Lepidoptera, when,

and bees

fertilisation.

collect

But

namely,
their

if

and in relatively few cases to
the pollen lies exposed, flies may devour

it,

playing a subsidiary part in the work of

honey with the Lepidoptera
it

;

must usually share

;

certain small Diptera which resort to small dark

have a much more complete monopoly of those flowers
which furnish them with such temporary abodes, and which have
become adapted for cross-fertilisation by them {Aristolochia
cavities

Clematitis,

excludes

Arum

all

macidatitm)

;

for

the

narrow entrance usually

other insects.

Limitation of Insect-visits hy Time of Flowering and hy Place
of Growth.

can only be visited and
by those insects which occur at the time when the plant
The insectis in flower, and in the stations where it grows.
visitors of a plant are therefore limited by the season and by the
time of day when it flowers, by its geographical distribution, and
by the nature of its habitat.
We may assume, furthermore, with Delpino (175 a), that the
geographical range of many flowers finds its limit where insects
It is obvious that every species of flower

fertilised

suitable for their fertilisation begin to

fail.

But the

particular

cases which Delpino adduces to support this view are, in part,

based on insufficient observations.^

Our

stock of observations

is

Thus Delpino supposes that the geographical range of Roses is determined by
the occurrence of Cetonicc and Glaphyridce (175 a, p. 18), and that Epiluldiim and
Myosotis are exclusively fertilised by bees (p. IP).
My lists contradict both of these
^

assumptions.
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of visitors to

circle

determined by the time of flowering, the
the competition of other flowers, and the

peculiarities of structure in the flower itself.
It is obvious that flowers which only expand at night are
thereby protected from the visits of all merely diurnal insects,
but among our native flowers we have scarcely a distinct example

Of the flowers mentioned above as adapted for
of this condition.
hawk-moths aud nocturnal Lepidoptera, Lychnis vespertina expands
in the evening, without, however, being completely closed by day;
Mobile the others exchide diurnal insects from their honey only by
their long, narrow tubes, and specially attract hawk-moths and
night-flying Lepidoptera by their colour, and by exhaling their
odour most powerfully at night.

2.

STRUCTURAL CHARACTERS WHICH AID
Adaptive Modifications of

IN FERTILISATION.

Pollen

the

and

Stiff ma.

All the characters of flowers so far discussed can only be of
advantage to the plant in so much as they contribute indirectly to
the conveyance of pollen by insect-visitors to the stigmas of other
But this result is only possible if the pollen is of such a
flowers.
nature as to adhere to the insect, and if the stigma is fitted to

remove it from the insect in turn.
While in anemophilous plants the pollen consists very generally
of loose, smooth, and easily scattered grains, in entomophilous
flowers

it

presents a great variety of characters,

all

such as to enable

adhere to the bodies of insect-visitors; and in all cases the
nature of the stigma stands in the closest relation to the nature
of the pollen, and the stigma is always fitted for attaching the

it to

pollen

to

itself

by a

viscid

surface

In flowers furnished with a contrivance
(several

Scrophulariacca^,

Ericacece-,

or

by projecting

papillae.

for scattering their pollen

etc.)

the

pollen

is

usually

smooth and loose as in anemophilous plants but it is inclosed in
receptacles from which it is dislodged by a touch of the insect,
and it is often directed in its fall by special hairs. In Syringa
and Sym2JhoricaT2nis the insect's head or proboscis is first moistened
with honey, to which the pollen then adheres in Vinca and
Polygala viscid matter is secreted by the stigma, and in Bryonia,
Marruhium, Sideritis, etc., by spherical cells of the anthers, and
In the great majority of cases, that is to
fulfils the same function.
;

;
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rough or

iv.

viscid,

so that it adheres readily to the usually hairy surfaces of insect-

In Cypripedium

visitors.

the insect as

it

forces its

it

forms a sticky mass, which adheres to

way underneath, and which

is

afterwards

removed by the rough stigmatic surface of the next flower. In
Orchis it coheres in little packets which are united into " pollinia "
or "pollen-masses" by elastic threads, and the whole pollenmass attaches itself by a special cement to the insect-visitor;
the stigma is sticky enough to cause the little packets of pollen
which come in contact with it to adhere firmly, so that as the
insect moves away the elastic threads are broken through.
In
Asclepias all the pollen-grains in an anther-lobe cohere to form
"
a flattened mass, which becomes attached by its " corpusculum
to an insect's claw, and is inserted through a narrow slit into
the stigmatic chamber of another flow^er, and is torn away and
left there.

The

of the pollen-grains also varies in relation to the

size

length of the style which the pollen-tubes must traverse, as

is

seen

in the varying size of pollen-grains from the different whorls of

anthers in dimorphic and trimorphic plants (cf Lythnim).

Characters which insure Cross- Fertilisation in case of Insect-Visits
and Self- Fertilisation in Absence of Insects.
If the adaptations of flowers to insect-visits are really due to

the cross-fertilisation induced by the

which
and
impossible, must be of special advanvisitors, all characters

render cross-fertilisation inevitable in case of insect-visits,

which render

self-fertilisation

tage to the plant

abundance

to

;

but only so far as insect-visits occur in sufficient
If this condition is not

insure cross-fertilisation.

regularly fulfilled,
to

have

it

is

the power of

obviously

much

reproducing

better for the plant

itself

by

self-fertilisation

while leaving only a possibility of cross-fertilisation in case of
insect-visits

than to be

insect-visits occur,
insects.

This

down, that "

is

cross-fertilised

but to be not

with absolute certainty when

fertilised

at all in absence of

the simple explanation of the law already laid

When

closely-allied flowers, alike in other respects

in structure, differ in the

abundance of their

insect-visits,

the same time in the degree to which cross-fertilisation

is

and at
insured

in case of insect-visits and self-fertilisation in absence of insects,

then under otherwise similar conditions those flowers which are
most visited are those in which cross-fertilisation is best insured, and

—

1
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those which are least visited are those in which self-fertilisation
is

best insured.

The comparative merits

of cross-fertilisation

can only be rightly considered

when the

plant receives are taken into account
of this precaution can explain

;

and

self-fertilisation

actual insect-visits that the

and only the utter neglect

how Hildebrand and Axell came

two modes of
For Hildebrand in his Geschlechtervertheilung arranges the mechanisms of flowers according as they hinder selffertilisation, and seems to consider those the most perfect in which

to directly opposite estimates of the value of the
fertilisation.

least possible

self- fertilisation is

;

the highest and most perfect

while Axell tries to show that

Phanerogams

are

those

which

regularly fertilise themselves.^

Both views are only
them.
tion

The

law, proved

partially correct

and by many detailed

that cross-fertilisation

is

;

the truth

by general considerations

lies

between

in the Introduc-

facts in the third section of this book,

better for a plant than self-fertilisation,

self-fertilisation is infinitely better than no fertilisation at
and consequent sterility, must modify essentially Hildebrand's
conception of a law of the avoidance of self-fertilisation. And it is

but that

all

evident at once that Axell's idea of a single path towards perfection
in the evolution of

when we review

Phanerogamic flowers

is

altogether untenable

the insurance of cross- and

self- fertilisation

in

connection with the insurance of insect-visits.

The

Phanerogamic flowers which adapted themselves
by insect-agency certainly possessed those characters by which insects are mainly attracted
namely, conspicuousness, perfume, and honey to so small an
extent that as a rule their insect-visitors were not numerous
enough to insure cross-fertilisation. Under these conditions it
must have been advantageous for the organs of both sexes to be
united within one flower so as to admit the possibility of selfIn accordance with this is the fact that while the
fertilisation.
Gymnosperms have diclinic anemophilous flowers, the great
majority of entomophilous Phanerogams are monoclinic.
But as soon as in any entomophilous plant increased conspicuousness, or perfume, or food-supply had so far multiplied insectvisits that cross-fertilisation took place regularly and the possibility
of self-fertilisation became quite useless, then the possibility of
oldest

for the transport of their pollen

—

^ Com-pare Hhinanthus, Lysimachia, Euphrasia officinalis, Hosa, Ruhus, FpiloMum,
Geranivm, Malva, Polygonum, Stcllaria, Cerastium, Veronica, Hieracium, Senccio, etc.

-

Cf. "Historical Introduction," pp. 12, 20.
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could be dispensed with, and has actually in very
Such a result has taken place in the most

cases been lost.

by dichogamy, sometimes by the position
by reversion to the diclinic
condition.
Asparagus officinalis, Ribes alpimtiii, Rims Cotinus,
Lychnis vespertina, &c., are undoubted instances of plants which
have reverted or are reverting from the hermaphrodite to the
diverse ways, sometimes

of the parts in the flower, sometimes

diclinic condition.

So when insect-visits were comparatively few it was a step
towards perfection for entomophilous diclinic plants to become
monoclinic but when cross-fertilisation was insured by sufficient
;

insect-visits the reverse

with

all

transition

was advantageous.

So

is

other characters which insure cross-fertilisation or

it

self-

Dichogamy is so general a feature throughout
whole genera and orders, that it is scarcely possible to doubt that
it has been inherited as an advantageous character from the
common ancestors of these genera or orders but the least conspicuous and least visited species in these groups have reverted to
self-fertilisation, and in their case this reversed progress has been
a step towards perfection (cf. Senecio vulgaris, Malva rotundifolia,
the smaller species of Geranium, Stellaria media, etc.).
In
BhinantJms crista-galli cross-fertilisation in the event of sufficient
insect-visits is insured by the distance of the stigma and anthers
from one another, and the style is elongated so that its stigma
must be touched by insect-visitors but in the less conspicuous
variety the tip of the style curves backwards so far that selfIt is needless to cite more of
fertilisation ensues without fail.
the instances already discussed, in which little- visited varieties,
species, or genera fertilise themselves regularly, while closely-allied
forms, more abundantly visited, have been able to dispense with
the possibility of spontaneous self-fertilisation.
In my opinion, if we must describe in general terms the grades
of perfection in floral mechanisms, we can only call those specially
perfect which fulfil their purpose in the life of the plant specially
well that is to say, which under existing conditions insure the
We
sexual reproduction of the species with particular success.
in
case
insurance
of
cross-fertilisation
that
either
the
admit
cannot
fertilisation.

;

;

;

of insect- visits, or the unfailing occurrence of self-pollination,

is

in

a measure of perfection in the mechanism of a flower for
both among plants which regularly pollinate themselves and

itself

;

among those in which spontaneous self-pollination is impossible
we find numerous species which prove by their great abundance
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their

structure.
Senecio vulgaris,
Veronica
media, Laiiiium fiLr^nreum are examples of
the one condition, and Pedicularis silvatica, Malva silvestris, and
is

licderoifolia, Stellaria

It must by no means be supposed
mechanisms are equal in many flowers distinct
imperfections have already been pointed out (Fosoqueria fragrans,
Faramea, Malva silvestris, Euphrasia Odontites, Geu7n rivale,
There are also species which, after abandoning the power of
etc.).
self-fertilisation, have suffered so from the competition of other

Echiu7n vidyare of the other.
that

floral

all

flowers

that

;

they obtain

very

few insect- visits

Such instances prove

iiiuscifera).

more

still

(e.g.,

Ophrys

forcibly that

the

uniform perfection which Axell supposes to exist in Nature has
no real existence.
It

may

be urged that Axell proceeds from a totally different
for he looks upon every economy of

conception of perfection

;

and material as a step towards perfection

space, time,

;

and he

must therefore look upon the reversion of monoclinic flowers
dicliny, or the passage of homogamic flowers to dichogamy,
retrograde even

when

is

as

those changes are of distinct advantage for

the sexual propagation of the plant.
perfection

to

But such a

definition of

unnatural.

But even apart from any definition of perfection in a floral
mechanism, nothing can be more unnatural than to assert that
there is only one course of evolution or only one path towards
perfection in the structure of flowers.

As in regard to conspicuousness, odour, or production and
concealment of food material, so also in favouring or insuring
cross-fertilisation, there is an infinite variety of means to the
end. In flowers which receive abundant insect- visits cross-fertilisation has been insured sometimes by reversion to dicliny, sometimes
by dichogamy, sometimes by distant separation of the stigma and
pollen in the flower, sometimes by a special mechanism causing
the pollen to adhere to the insect and afterwards to the stigma of
the next flower.
Dichogamy, though usually proterandrous, is
proterogynous even in many entomophilous flowers (Aristolochia,
Fitonymus, many Rosacem), in spite of Axell' s statement to the
contrary.

The separation

be of the same kind in
of the parts

may be

all

in space of the essential organs

may

the flowers of a species, or the relations

different in different flowers

;

but in

all

cases

the relative positions of the parts are closely connected with insects' visits.

In the former

case,

when

all

cross-fertilisation is insured either if the

the flowers are

same part

alike.,

of the insect

THE FERTILISATION OF FLOWERS.

590

[part

iv.

always comes in contact first with the stigma and afterwards with the anthers {Anth&riciun, Convallaria majalis, Lonicera

visitor

Caprifolium, many Labiatse, etc.), or if in each flower any part
of the proboscis, body, or head of the insect touches the stigma
while at the same time the opposite side touches the anthers
{Myosotis,

When

Omphalodes, Rihes nigruin, Berheris,

the flowers are not

all

Crucifercc,

alike, that is to say in

etc.).

dimorphic

{Primtda, Hottonia, Palmonaria, Polygonum fago'pyruiii) or trimorphic {Lythrum) plants, cross-fertilisation is insured if the insects
touch the anthers and stigma with different parts of their bodies,
but touch the stigma with that part which touched the anthers in
a previous flower.
The mechanisms for applying pollen to a particular part of the
insect are astonishingly various from the nature of the case they
can be the more easily attained the more the circle of visitors is
restricted to a few definite forms by concealment of the honey.
As examples of these multitudinous arrangements we may recall
the flowers of Ericaceae, Scrophulariacese, Boraginese, and GalantJms,
in which pollen is sifted on to the insect the infinite number of
and the somewhat similar mechanism of
devices in Orchidese
;

;

;

the

of Papilionacese, Fumariacese, and
which
the insect involuntarily opens the
of Lopezia, in all of
itself
ventrally with pollen; Salvia,
and
dusts
pollen-receptacle
and the insect's back receives
is
reversed
in which the mechanism
the pollen lastly, the simple device of the flexible stamens in
Veronica Chamoedrys and Circwa.
The mechanisms which have been discussed in this book are
only an infinitesimal fraction of the vast variety that exists. They
arose quite independently and at various times in the various
divisions of those Phanerogams which had become entomophilous
and monoclinic.^ 1'hey have in general become developed only
where increasing conspicuousness and a large supply of food material

Asclepiadacese

;

flowers

;

attracted so

many insects

that the capability for self-fertilisation be-

on the other hand, wbere insect-visits remained
few, the power of self-fertilisation (which began with the appearance
Where cross-fertilisation that
of hermaphroditism) was retained.

came unnecessary

;

The mechanisms for insuring cross-fertilisation in Umbellifera; and in Comhave been inherited from the ancestors of the order; those in the various
species of Aquilcgia, Delphinium, Linaria, and Pedu-uJaris, from the ancestor of tlui
genus; those in Polygonum fagopyrnm, P. Bistorta, and Lonicera Caprrifolium., from
the ancestor of tlie species while the different forms of llowers in RJnnanthns crvftagain, Veronica spicata. Odontites serotina, -Euphrafiia officinalis, and Lysimachia
vulgaris, give us examples of various floral characters being evolved within the bounds
of one and the same species,
*

positaj

;

—
PART

GENERAL RETROSPECT.

IV.]

;

591

had once been insured becomes uncertain owing to the competition
{e.g. Malva rotundifolia, species of Geranium), or
owing to the unfavourable locality (cf. Lysimaehia nemorum) or
unfavourable weather (cf. Veronica Beccahunga), the mechanisms of
the flowers have in many cases undergone a change such as to
render self-fertilisation again possible in a few cases reversion to
anemophily has taken place (Artemisiacese, Thalictriim).
As
examples of the countless ways in which plants revert to selffertilisation in default of sufficient insect-visits, I may mention the
In some dichogamic flowers the stigmas curl back upon
following
the anthers or other parts which still retain some pollen {Stellaria
gra7)iinea, Malva rotundifolia, species of Geranium, Compositse)
the stigmas sometimes curl back till they come in the line of fall of
the pollen {Melampyrum 2'>ratense) or even place themselves between
the anthers {lihinanfJius mi7wr) anthers which stand in a ring
round the stigma may, in default of sufficient insect-visits, converge above the stigma, applying their pollen to it (Myosotis,
even mechanisms which effect crossLithospermum, Cruciferae)

of other flowers

;

:

—

;

;

with astonishing precision in case of insect- visits are
not unfrequently transformed so as to render self-fertilisation
inevitable when insect-visits are few (certain Orchidese, Fumafertilisation

riaceae,

Salvia); or the production of cleistogamic, self- fertilised

flowers

may compensate

in the ordinary flowers

(

for the loss of the

power of

self-fertilisation

Viola).

Unlike Axell, who brings his book to a conclusion by saying
" We see thus that the development of mechanisms for fertilisation
in Phanerogams has gone on and still goes on in the same
^ I should say
The dependence of entomophilous flowers
on guests so infinitely various in habits, tastes, and numbers, in
their food and in the means of obtaining it, must have rendered
possible not one but countless paths towards perfection, paths
leading not always forwards but sometimes backwards and only in
such a way could the infinite variety of existing flowers have

direction,"

:

;

come

into existence.

My
of

brother Fritz Miiller has sent

me

the following instances

the general principle that whenever in a variable species

selection occurs in a definite way, then that selection, apart

from

other relations, will lead to a continued increase of the variation
in the

same direction from generation

^ '* Vi ansa saledes, att utvecklingen
faiierogama vuxtenia foitg&tt ocli fortgar

i
i

to generation

:

anordningarna for konens forening hos de
immmda riktning." Ko. 17, p. 95.

—

—
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" (1) In maize cultivated at Itajahy, the grains stand for the most part in
twelve or fourteen rows, not unfrequently in ten, rarely in eight or sixteen, and
very rarely in eigliteen rows. In more than 100 ears which I bought for
sowing in 1867 I found only one of eighteen rows. This ear produced next year
205 ears, among which were twenty-two with eighteen rows, besides one which
had eighteen rows in the upper part and twenty in the lower, and one which
had eighteen at the top, twenty in the middle, and twenty-two at the bottom.
Next year, 1868-69, 1 had 460 ears obtained from seeds out of ears with eighteen
rows and of these 460, 18*2 per cent, bore eighteen rows, 4*4 per cent, bore
twenty, and '2 per cent, bore twenty-two. In the following year, among ears
obtained from seed out of ears bearing twenty-two rows, one ear occurred
which bore twenty-six rows.
" (2) In an Abutilon from Capivary the normal number of styles is ten. A
seedling obtained from a flower with nine styles had, among 100 flowers, two
with seven styles, and twenty-seven with eight while in 100 flowers upon the
mother-plant there were only three with eight, and none with seven styles.
" (3) In Abutilon there occur sometimes, but very rarely in most species,
;

;

flowers with six petals.
" From seed obtained from an hexamerous flower of the hyhiidEF,^ fertilised

with pollen from a pentamerous flower of the variety F, a plant was reared
{EF.F) which I watched for three weeks (August 17 to September 6, 1869)
counting the petals upon all the flowers that appeared on it. It bore in the
three weeks
:

Flowers with 5 petals
Ditto

„

6

„

Ditto

„

7

„

....
....
....

145
103
13

"At the same time I watched another plant descended from j;e«to»ie?'ows
parents of the same varieties as those of the former (but obtained by pollen of
It bore in the
applied to the stigma of the pure species F).
the hybrid

EF

three weeks

;

Flowers with 5 petals

"

The

Ditto

„

6

„

Ditto

„

7

„

....
....
.

.

454
6

.

,

simplest explanation of these facts seems to be, that each species has

the property of varying within a certain amount crossing of different individuals so long as no selection is made in a definite direction, suffices to keep
:

the middle point fairly constant, about which the variations oscillate and so
the extremes also remain constant. But if the tendency to vary in either
;

is aided by natural or artificial selection, then our middle point is as
were shifted to that side and ^the extremes of oscillation are also shifted
towards the same side."

direction

it

Since the

first

appearance of this work (1873)

I

have discussed
and the

in a series of essays the question of the Origin of Flowers

E

1
F, an
indicates the Abutilon called Emhira hranca by the Brazilians
Abutilon from Pocinho (see No. 557) EF hn plies the hybrid produced by pollen of
F applied to the stigma of E.
;

;
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gradual attainment of their special characters. I may now close
book with a summary of my chief conclusions. The good effect
of cross-fertilisation may be recognised not only in the structure of

this

but also in the water-fertilised and windwhich preceded them. Even in the lowest algse we
find cross-fertilisation, to effect which two individuals move towards
each other in the water by means of a cilium. In a higher grade we
find the two individuals differentiated, one losing its motility, and
insect-fertilised flowers,

fertilised plants

increasing in size to form an ovum, while the other (sperm-cell
or antherozooid) retaining its primitive motile form swims about in

mode

quest of the ovum.

This

only by

cryptogams (except the Floridece or red sea-

all

cellular

weeds, whose

tailless

of cross-fertilisation is retained not

antherozooids are

moved passively in the
With the change to

current) but also by all vascular cryptogams.

dry

localities,

where even occasional moisture

migration of the antherozooids

is

cryptogams seem to have developed
flowers

;

sufficient for the

not attainable,

the

vascular

unisexual

wind-fertilised

Gymnosperms, and from these afterwards

thus, first the

the Angiosperms have arisen.
Finally from the wind-fertilised Angiosperms, entomophilous
flowers arose, as insects

came

first

accidentally

and afterwards

regularly to seek their food on flowers, and as natural selection

and perfected every change which favoured insect-visits
and thereby aided cross-fertilisation.
With the transition to
insect-fertilisation came, on the one hand, great economy of pollen,
but, on the other hand, the uncertainty of insect-visits made it as
a rule necessary that self-fertilisation should remain possible.
Thus, though descended from unisexual (anemophilous) ancestors,
entomophilous flowers are usually hermaphrodite, and are capable
fostered

to a great extent of fertilising themselves

But

in the course of further development,

increased their

honey,

etc.),

means

when insect-visits fail.
many of them have so

of attracting insects (by colour, perfume,

that the power of spontaneous self-fertilisation has

become superfluous and

finally

has been

Insects in cross-fertilising flowers

lost.

endow them with

offspring

which in the struggle for existence vanquish those individuals of
The
the same species which are the offspring of self-fertilisation.
do
way
as
same
insects must therefore operate by selection in the
pleasing
most
the
preserve
unscientific cultivators among men, who
In
or most useful specimens, and reject or neglect the others.
to
variations
those
brings
time
of
in
course
selection
both cases,
perfection which coi respond to the taste or to the needs of the
Q Q
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Different groups of insects, according to

agent.

selective

[part

their

way

sense of taste or colour, the length of their tongues, their

movement and

of

their dexterity, have produced various odours,

and forms of flowers

colours,

iv.

;

and insects and

have

flowers

progressed together towards perfection.

The

transition from wind-fertilisation to insect-fertilisation

and
be due to
the influence of quite short-lipped insects with feebly developed
the

traces of adaptation to insects, could only

first

The most primitive flowers are therefore for the
most part (except, for instance, Salix) simple, widely open, regular,
devoid of honey or with their honey unconcealed and easily
accessible, and white or yellow in colour (e.g. most Umoelliferce and
Alsinece, many Ranunculacece and Bosacece.
The carrion-loving Flies were from the first marked out by
their peculiar tastes to produce certain peculiar flowers. Preferring
those colours and odours which guided them to their primitive
food, they produced, wherever they got special influence, dull,
yellowish, or dark-purple colours, often accompanied with a putrid
colour-sense.

smell.

The

stupidity of

flies also

favoured the production of cer-

tain contrivances to insure crossing,

and

AristolocTiia,

e.g.

the prison-flowers of

Arum

the traps of Pinguicula alpina, CynancMom, and

Stapelia, or the deceptions of Paris, Oiikrys,

and Parnassia.

Gradually, from the miscellaneous lot of flower-visiting insects,

much

all

alike in their tastes, there arose others

more

skilful

and

with longer tongues and acuter colour-sense and they
gradually caused the production of flowers with more varied
intelligent,

colours,

;

honey

protecting,

beyond the reach of the less inteland various contrivances for lodging,

invisible to or

ligent short-tongued guests,

and pointing out the honey.

Lepidoptera, by the thinness, sometimes (Sphingidcc) by the

length of their tongues, were able to produce special modifications.

Through their agency were developed flowers with long and narrow
whose colours and time of opening were in relation to the

tubes,

and habits of their visitors. We may thus distinguish flowers
adapted for butterflies (DiantJms deltoides and many Silenece), or for
moths (PlatantJiei^a) for diurnal hawk-moths [Gcntiana havarica,

tastes

;

G. verna), for nocturnal

intermediate stages

Lepidoptera reveals

in

Nigritella,
is

(e.g.,

Daphne

shown in the
due to them.

are

hawk-moths (Lcnicera Ca^^rifolium) and
Croms vernus). The acute sense of smell
;

itself

flowers,

in

the aromatic scent of Pinks,

and the colour-sense of butterflies
usually red and prettily marked, which

striata, etc.,
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thus able to produce

inconspicuous flowers which escaped the notice of other visitors.

On

the appearance of sand-wasps and bees these inconspicuous

were banished

flowers

localities

by competition

the

to

less

frequented

Listera to shady woods).

(e.g.,

The Sand-wasps

{Si^hcgidaS)

apparently took the place to a

great extent of the Ichneumons, and

produced flowers where

organs had to be thrust apart (Papilionacese), or where a narrow
cavity had to be entered (Labiatse), or where some other action
similar to the act of digging

had to be performed.

Subsequently

bees seem to have entered on joint possession of most of these
flowers,

and to have added special adaptations of their own.

The

true

Wasps

(

Vespidce) could establish themselves

by the

fear of their sting (and of their jaws) in sole possession of certain

mouths and abundant honey. These they
developed farther in relation to their wants (Scro^hularia, Synvflowers with wide open

laiifolia, Lonicera alpigend)
but where
wasps are scarce the flowers are utilised by other insects.
Bees (Apidce), as the most skilful and diligent visitors, have

phoricarpus, Upipactis

;

we owe to
and most specialised forms.

played the chief part in the evolution of flowers

them the most numerous, most

varied,

Flowers adapted for bees probably surpass

The most

all

;

others together in

and especially the gregarious bees, have produced great differentiations in colour, which
enable them, on their journeys, to keep to a single species of flower.
While those flowers which are fitted for a miscellaneous lot of
variety of colour.

short-lipped

insects

specialised,

usually exhibit

similar

colours

(especially

white or yellow) over a range of several allied species, the most
closely allied species growing in the same locality, when adapted
for

bees, are

recognised

usually of different colours

a

at

glance

(e.g.,

Trifolium,

and can thereby be
Lamium, Teucrium,

Pedicularis).

Some
and

Drone-flies (Syrphidce) also, which admire bright colours

brightly adorned (Ascia, Melanostoma,
have produced special flowers suited to their
tastes, which they mainly fertilise [Saxifraga rotundifolia, S.
umhrosa, etc.)
sometimes we even find a special and simple
mechanism adapted for them {Veronica Chamcedrys).
The power to distinguish red, violet, and blue colours must
have been acquired to a certain degree by flesh-flies and carrionflies in seeking their natural food
but in other flower-loving
are

t^jphegina,

themselves

etc.),

;

;

Q Q 2
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power seems only to have arisen with the habit of
and to have increased ^:><zW passu with the taste
for flowers and with the length of the proboscis.
On the whole
we find red, violet, and blue colours appearing for the first time
in flowers whose honey is quite concealed and which are visited
by more or less long-tongued insects (bees, long-tongued flies,

insects this

visiting flowers,

Lepidoptera), or else in flowers visited for the sake of their pollen
chiefly

by bees

and-

{Hepatica triloba,

drone-flies

Verbascum

phceniceiwi).

The

forms, colours, and odours of the flowers in a particular

region must depend in the closest manner upon the insect fauna
of the region,

and especially upon the

the various classes of insects.

relative

accordance with the following comparison of

On

the Alps and in North Germany.
especially bees are relatively

much more numerous than
I

a.

Species

it

observations on

the Alps, Hymenoptera and

:

b.

Visits

of Insects. observed.

2.

On thk Alps
generally.

3.

Above the Limit
OF Trees.

b. Visits
a. Species
&. Visits
a. Species
of Insects. observed. of Insects. observed.

Coleoptera

129

469

83

337

33

134

Diptera

253

1,598

348

1,856

210

930

Hymenoptera

368

2,750

183

1,382

88

519

(205)

(2,191)

(120)

(1,141)

(49)

(402)

(Apidse)

Lepidoptera

79

365

220

2,122

148

1,190

Other Insects

14

49

7

15

3

6

843

6,231

841

5,712

482

2,779

Total...

of

in complete

much less numerous and Lepidoptera
Low Germany.

Low Germany.

In

my

is

in

have observed upon flowers

1.

abundance in

This conclusion

—
PART

GENERAL RETROSPECT.

IV.]

Of each 1,000

different visits observed
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(differing either in the

species of flower visited or the species of insect visiting

are therefore

:

it)

^

1.

In

Low

Germany,

89-6

Coleoptera

2.

On

3.

the Alps.

Above the

Limit of Trees.

48-2

59

Diptera

305-5

324-9

334-6

Hyraenoptera

525-7

242-0

186-8

(4131)

(200-0)

(Apidae)

Lepidoptera

Other Insects

Total

...

(144-6)

1

69-8

371-5

9-4

2-6

2-1

1,000-0

1,000-0

1,000-0

Cf. Nature, vol. xxi. p. 275, 1880.

1

428-3

there

1
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•* Ground Ivy."
Nature, Vol. xxviii. p. 126.
1883.
(229A) L^o Errera.
"Reponse h. une note de M. Ed. Heckel, au sujet de la
fecondation dans le genre Geranium." Bull, de la Soc. Roy. de Bot. de Belg.,
ler Mars, 1879, pp. 42-44.
(315B) Edwin Haviland.
"Occasional Notes on Plants indigenous in the
neighbourhood of Sydney ; III. Lobelia."
Froc. Linn. Soc. N. S. Wales,

March

28, 1883.
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1876.
Berlin.
8vo.
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(422 a) F. Ludwig.
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Gottingen.
1867.
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Hermann Miiller. "The Effect of the Change of Colour in the
Flowers of Pulmonaria officinalis on its Fertilisers." Nature, Vol. xxviii. p. 81.
1883.
C. V. Riley.
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(67 1 a)
the Pollination of Yucca," Amer. Entomol. Vol. i. pp. 141-145.
June, 1880.
" Notes on the Fertilisation of C2/i?/'ipcc^*wm specto6i7e,
(697 A*)
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pp. 328, 329.
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D'Arcy W. Thompson.
(i)
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Dr. Alefeld.
Dr. Alefeld.
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" Ueber Triocie und Trimorphie.** Bot. Zeit. xxi. p.

417.

1863.
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April 21, 1863.
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G. Arcangeli.
(7)
Giorn. Bot. Ital. Vol. xi. pp. 24-41.
1879.
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G. Arcangeli.
Processi Verhali della Soc.
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Toscana di Sci. Nat. November, 1882.
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G. Arcangeli.
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Nitovo Giorn. Bot. Pal. Vol. xv. pp. 72-97.
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"A Synopsis of the T^ew Zealand Species of Veronica,
(8)
with Notes on a New Species." Trans. N. Z. Instit. Vol. xiii. pp. 344-359. 1880.
M. Arnaud. " Quelques observations sur le Gladiolus Guepini, Koch."
(9)
Bull, de la Soe. Bot. de France, xxiv. pp. 266-271. 1877.
" Ueber die Bcstaubung bei Juucus bufonius, Linn." Bot,
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" Noch einige Bemerkungen iiber
xxx. pp. 697-699. 1872.

Ascherson.

Juncus bufonius, L."

die

Bestaubung bei

Bot. Zcit.

P. A sc hers on.
**Die Bestaubung einiger Helianthemum-Arten."
Sit(12)
zungsber. der ges. Naturf. Freunde zu Berlin, No. yii. pp. 97-108.
1880.
Keviewed
by Dr. H. Miiller. Bot. Zeit. pp. 50-52. 1881.
P. Ascherson.
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(13)
January, 1881.
Vol. VIII. pp. 302-306.
P. Ascherson.
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" Ueber das Aufbluhen der Graser." Verh. des Naturh.
E. Askenasy.
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Medic. Ver. zu Heidelberg, N.S., Bd. 11. pp. 261-273. 1879.
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E. Askenasy.
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Verh. des Naturh.
(15)
Medic. Ver. zu Heidelberg, N.S., Bd. 11. pp. 273-282.
1879.
Severin Axell. *'0m det f^rgade hyllets betydelse f6r v^xten." Bot.
(16)
Notiser, Tredje haftet.
1868.
Severin Axell.
Otti anordningarna for fanerogama v&xteriias b^frukt(17)
ning.
Stockholm,! 869.
(17A)
F. W. B.
"Fertilisation of LcschenauUia formosa.^'
Gard. Chron.
1871.
p. 1103.

See No. 235.
Bail. "Ueber androgyne Bliithenstande bei solchen Monocisten uud
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Schri/ten der Naturf.
Gesellseh. in Dantzig, Neue Kolge, Bd. 11. No. 3.
1869.
Th. Bail. "Vorlaufige Mittheilungen iiber das Vorkommen androgyner
(19)
Bliithenstaade resp. von Zwitterbliithen bei Alnus, Corylus, und Comptonia." Bot.
C. C. Babington.

(18)

Th.

Zcit. XXVIII. pp. 400-402.

(20)

Th.

Bail.

Naturf. Gesellseh.
pp. 243-247.
(21)

(22)

II.

Schriften der
Bot. Centralb.

1872.

W. W. Bailey.

Club, Vol.

Natur.

1870.

"Anpassungen von Thieren und Pflanzen."
in Danzig, Neue Folge, Bd. v. Heft iii.
1872.

p. 39.

"Bees on Gerardia

pedicularis."

Bull.

Torrey Bot.

1871.

W. W. Bailey.
VII. pp. 689, 690.

" Perforation of Gerardia pedicularis by Bees."

Amcr.

1873.
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(23)
"W. W. Bailey.
"Dimorphism" [pi Bonvardia leiantha]. Bull. Torrey
(24)
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(25)
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1879.

W. W. Bailey.
(26)
Vol. V. p. 94.
1880.

W.W.Bailey.
(27)
W. W.Bailey.
(28)
Vol. IX. pp. 50-52.
1882.
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of Baptisia tinctoria."

Bot. Gaz.,

"Cobsea scandens." Bot. Gaz. Yo\. Y. -p. ei. 1880.
" Note on Torreyiia asiatica." Bull. Torrey Bot. Club,

H. Baillon. " Sur

la

Bull, de la Soc. Bot. dc France,

mode de fdcondation du Catasetum luridum, Lindley."
Tom. I. pp. 285-287. 1854.

H. Baillon. "Sur la direction des etamines de I'Hemerocallis fulva."
(30)
Bull. mens. Soc. Linn, de Paris, pp. 295, 296.
1881.
"Sur des fleurs hermaphrodites de Trichosanthes. " Bull,
H. Baillon.
(31)
1882.
dc la Soc. Linn, de Paris, pp. 308, 309.
"Synopsis of the Aloinccc and Yuccoidece." Journ. Linn.
J. G. Baker.
(32)
xxi.
Nature, Vol.
1880.
Soc. Vol. XVIII.
1880.
p. 315.
J. H. Balfour. " On Dimorphic Flowers of Cephaelis Ipecacuanha." Journ.
(33)
Roy.
Edin. Vol. xi. p. 278.
1873.
Proc.
Soc.
50.
1873.
Bot.
Ser.
Vol.
11.
ii.
p.
of
1873.
Abstract, American Naturalvit, Vol. vii. p. 310.
Mrs. M. E. Barber. "On tlie Structure and Fertilisation of Liparis
(34)
Bowkeri." Journ. Linn. Soc, Bot.NoX. x. pp. 455-458. 1869.
Mrs. M. E. Barber. " On the Fertilisation and Dissemination of Duvcrnoia
(35)
1871.
adhatodoides." .Tourn. Linn. Soc, Bot. Vol. xi. pp. 469-472.
C. R. Barnes. " The Anthers of 67e^/w«. " Bot. Gaz. Vol. v. pp. 104, 105.
(36)
1880.
" Yucca." Bull. Torrey Bot. Club, Vol. iii. p. 37. 1872.
J. W. Bars tow.
(37)
" Beobachtungen iiber die Bt'stilulniug einiger Pllanzen." Bot.
A. Batalin.
(38)
(Sagina, Mimulus, Syringa.)
Zeit. xxviii. pp. 53-55.
1870.
"Die Selbstbestaubung bei Juncus bufonius, L." .^0,'. Z«Y.
A. Batalin.
(39)
XXIX. pp. 388-392. 1871.
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" Kleistogamische Bliithen bei Caryophylleen."
Acta horti
(40) A. Batalin.
Petropol. Vol. v. pp. 489-494, 1878. Cerastium viscosum, Folycarpon tetraphyllum.
W. J. Beal. "Agency of Insects in Fertilising Plants." Amer. Natur.,
(41)
Vol.

I.

(42)

pp. 254-260, 403-408.

W.

J.

Beal.

1868.

"The

Fertilisation of Gentians

Naturalist, Vol. viii. pp. 180, 226.

by Humble-bees."

Amer.

1874.

W.

"Sensitive Stigmas as an Aid to the Cross-fertilisation of
J. Beal.
Proc. Amer. Assoc, for Adv. of Sci. (Buffalo), p. 286.
1876.
"
W. J. Beal.
Insects needed to fertilise Utricularia and Pyxidanthera."
(44)
Amer. Naturalist, Vol. xil. p. 308. 1878.
"Experiments in cross-breeding Plants of the same Variety."
"W. J. Beal.
(45)
Amer. Journ. of Sci. and Arts, Series ill. Vol. xvii. pp. 343-345. 1879.
Abstract Gard. Chron. Vol. xi. p. 751. 1879.
(45A) "W. J. Beal.
"Fertilisation of Flowers by Humming-birds." Amer.
Naturalist, Vol. xiv. pp. 126, 127.
1880. {Bignonia, FucJisia, Impaticns.)
(45B)
W. J. Beal. "The Agency of Insects in Fertilisation." Amer. Natur.
Vol. XIV. pp. 201-204.
{Apocynum, Lythrum, Nepeta, Plantago, Asclepian,
1880.
(43)

Flowers."

Mimulv^, Dipsacus, Scrophularia, Zca, Martynia, Epilohium, etc.)
Beauger. " Sur I'Anim muscivorum." Journ. de la Soc. nation, et centr.
(46)
d'hortic. de France, Ser. iii. Tom. iv. pp. 680-583.
1882.
Prof. Beccari. "On the Fertilisation of Palms." F. Delpino : Bivista
(47)

—

Botanica, p. 36.

1877.

Prof. Beccari.
"Conophallus
(48)
dclla Toscana, 1878. No. 10.

Titanum."

Bollet. della Soc. d'OrticuU.

" Beitrage

W. J. Behrens.
zur Geschichte der Bestaubungstheorie."
(49)
Progr. dcr Konigl. Gcwerhsehule zu Elberfeld.
1877, 1878.
**
W. J. Behren.«».
Cerastium, tetrandrum, Curtis."
Flora, N.S., Vol.
(50)
xxxvi. pp. 225-232. 1878.
W. J. Behrens. " Die Nectarien der Bluthen." Flora, N.S., Vol. xxxvii.
(51)
1879.
" Der Bestaubungs-mechanismus bei der Gattung Cobsea,
"W.J. Behrens.
(52)
1880.
Cavanilles." Flora, N.S. Vol. xxxviii. pp. 403-410.
cthodv^ches Lehrhuch der
W. J. Behrens. " Blumen und Insekten."
{53)
Braunschweig,
Botanik fiir hohere Lchranstalten, 2ter Abschnitt, pp. 76-133.
1880.
2ndEdit. pp. 154-214. 1882.
W. J. Behrens. " Biologische Fragmente." Jahrcsh. der Naturw. Ges.
(54)
ziL Elberfeld, 1880.
(On the comparatively large proportion of aneraophilous plants
in the Island of Spickeroog.)
Thomas Belt. " Bees and Clover. " Nature, Vol. xii. p. 26. 1875.
(55)
Thomas Belt. 2'he Naturalist in Nicaragua. Svo. London, 1874.
(56)
Erythrina, p. 130 ;
(Describes fertilisation of Marcgravia nepenthoides, p. 128

M

;

Digitalis, p. 131.)

(58)

A.

W. Bennett.

"Fertilisation of Ruscus aculeatus."

Journ. of Bot.

Vol. VIII. pp. 9, 10.
1870.
A. W. Bennett. " On Protandry and Protogyny in British Plants." Jbttr7i.
(59)
Brit. Assoc,
Vol. ix. pp. 329, 330.
1871.
1870.
o/"i^o«., Vol. VIII. pp. 315-321.
Nature, Vol. 11. p. 482.
1870.
ilep. XL. p. 111.
1870.
"On the Fertilisation of Winter-flowering Plants."
A. W. Bennett.
(60)
Note on above by
Nature, Vol. i. pp. 11-13.
1870. Note on above, ibid. p. 38.
C. Darwin, ibid. p. 85.
"
A. W. Bennett.
Winter Fertilisation. " Journ. of Bot. ix. pp. 374,
(61)
375.
1871.
"
Nature, Vol. ill. p. 347.
Fertilisation of the Hazel."
A. W. Bennett
(62)
1871.
Note on above, ibid. p. 414. Vol. xi. p. 466. 1875.
Nature, Vol. iv.
Bee
Orchis."
of
the
W.
"Fertilisation
A.
Bennett.
(63)
1871.
p. 222.
A. W. Bennett.
"Note on the Structure and Affinities of Parnassia
(64)
palusiris, L."
Journ. Linn. Soc., Bot. Vol. xi. pp. 24-31. 1871.
" Fertilisation of Grasses." Journ. of Bot., "N.S., i. pp.
A. W. Bennett.
(65)
1872.
44, 45.
" Fertilisation of the Hazel." Journ. of Bot. i. p. 77.
A. W. Bennett.
(66)
1872.
A. W. Bennett.
"The Influence of Insect Agency in the Distribution of
(67)
Plants." Journ. of Bot. i. pp. 334, 335.
1872.
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(67A)

W. Bennett.

A.

VII. pp. 561, 562.

"The

Amcr. Natur. Vol.

Fertilisation of Grasses."

1873.

A. W. Bennett. " The Fertilisation of Flowers by Insects, and their Mutual
(68)
Adaptation for that Function." Amer. Natur. Vol. vii. pp. 680-683. 1873.
A. \V. Bennett. How Flowers are Fcrliliscd. Manchester, 1873.
(69)
A. W. Bennett.
"The Fertilisation of the Wild Pansy." Nature, \o\.
(70)
VIII. pp. 49, 50.
1873.
Note, ibid. p. 143.
"
A. W. Bennett.
Recent Observations on the Fertilisation of Plants."
(71)
Pop. Sci. Eev. Vol. xii. pp. 337-347.
1873. {Malva, Dianthus, Asckpias, Droscra,
Viola.)
(72)

" On the

W. Bennett.

A.

Floral ^ixwctme oi

with especial reference to the Imperfect
Bot. Yo\. XIII. pp. 147-153.
(72A) A. W. Bennett.
Vol. X. pp. 92, 93.
1874,

hnpaticm fulva, ^wiiaW,

Self-fertilised Flowers."

Jmtrii, Linn. Soc,

1873.

"On

the Fertilisation of certain I^biatfe."

Nature,

{Lamium allum, L. purpureum, Nepcta glexhoma.)
Bennett.
"On the Form of Pollen-grains in reference to

A. "W.
(73)
Fertilisation of Flowers."
(74)

A.

W. Bennett.

Brit. Assoc. Rep. p. 133.
1874.
"Fertilisation oi Fumariacem (Corydalis)."

Vol. IX. p. 484.
1874.
A. W. Bennett.
(75)
1875.
pp. 113-125.

"Insects and Flowers."

W. Bennett.

"How

1876.
pp. 87-91.
A. "W. Bennett.
(77)
859.
1877.

"Some

(76)

A.

Flowers

are

Pop.

Sci.

Curious Orchids."

Rev.

Nature,
Vol.

Garden,

Fertilised."
Aa/?tr<?,

Vol.

the

xv

xiv.

Vol.

x.

pp. 357-

A. W. Bennett. ^^ Kemev's Flowers a7id their Unbidden Guests." Nature,
(78)
Vol. XIX. pp. 214-216.
1879.
A. W. Bennett.
"Notes on Cleistogamic Flowers; chiefly of Viola,
(79)
Oxalis, and Impatiens." Journ. Linn. Soc., Bot. Vol. xviii. pp. 269-280.
1880.
A. W. Bennett. " On the Constancy of Insects in their Visits to Flowers."
(80)
Brit. Assoc. Re2). pp. 667, 668.
1881.
Nattcre, Vol. xxiv. p. 501.
1881.
(8oa) a. W. Bennett. " On the Constancy of Insects in their Visits to Flowers."
Journ. Linn. Soc. (Bot.)
1883,
Abstract, Nature, Vol. xxvii. p. 498.
1833.
Athenceum, No. 2,890, March 17, 1883.
(81)

"On the Structure and Affinities of
Trans. Linn. Soc. Vol. xviii. pp. 155-162.
1838.

George Bentham.

Voandzeia"
(82)

George Bentham.

Journ. of Bot. Nos. 77, 177.
Vol. XX. p. 202.
1855.
(83)

George Bentham.

"Additional Note on Arachis hypogma." Hooker's
Amer. Journ. of Sci. and Arts, Series 11.

Silli7nan's

" Anniversary Address

(hybridism, dimorphism, etc.)."
^84)

ArachU and

George Bentham.

to the Linnean Society, 1864
Journ. Linn. Soc. viii. pp. xi.-xxiii. 1865.
"Note on the Stigmatic Apparatus of Goodenovice.

Journ. Linn. Soc, Bot. Vol. X. pp. 203-206. 1869.
George Bentham. "Notes on the Stjdes of Australian Protcacea:."
(85)
Journ. Linn. Soc, Bot. Vol. xiii. pp. 58-64. 1873.
" Zur Kenntniss dimor2>her Bliithen."
Dr.
Gust. Bernouilli.
Bot.
(86)
Zeit. XXVII. pp. 17-19.
1869.
** Sensitive
E.
Bessey.
Prof.
C.
Stamens
in
Par^tJ«c«."
Atncr.
Natur.
(87)
Vol. VII. pp. 464, 465.
1873.
"Immediate
C. E. Bessey.
(88)
1876.
Garden^.rs' Monthly, p. 23.
(89)

C.

E.

Amer. Natur.

Effects of

Cross fertilisation on Fruits."

Bessey. " The Supposed Dimorphism of Xj^/w.9/)C7"7rt«w
Vol. xiv. pp. 417-421.

?o;fg'i^o7*«?H."

1880.

Robert Bickford. " Honey-bee killed by Silk-wecd (^.9cZ^ipjrt,s) Pollen."
(90)
Amer. Naturalist, Vol. 11. p. 665. 1869.
" Sur la fecondation de I'AngnBCum sesquipedale. " Mim.
E. Boissier.
(91)
dc la Soc de Gendve, Tom. xxiii. pp. 247, 248.
Gaston Bonnier, "litudes anatomique et physiologique des nectaires.
(92)
Comptes Jlendus, Tom. Lxxxviii. i)p. 662-665. 1879.
(92A) Gaston Bonnier. " Les Nectaires." Aim. des. Sci. Nat. Bot. Vol. viii.
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pp. 1-213.
(93)

France

Gaston Bonnier.
ct

de VHrangcr.

April

"Les
2,

fleurs

1881.

ct

Ics

insectes."

Rcvuc

scicnt.

de la

"
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Gaston Bonnier.
**Di Asyngamie."
V. V. Borbas.
(94)

Tcmiszct rcdag. v. Bcrec. i. 11.
{Ifirracium, etc.)
Prof. Dr. Borggreve. " Ueber eine cigenthumliclie Art der Dichogamie
(95)
Ferh. dcs Naturf. Ver. der Rhcinlaruie und Wcstfalen,
der Gattung Abies.''
Sitzungsh. pp. 190-192.
1875.

pp. 9-11, 16-23.

(96)

Prof.

1876.

Borggreve.

Dr.

"Nachtrag zu

meiner

Mittheilung
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Gi'unert und Borggreve:
1880.
*'Forstliche Blatter,'' Vol. xvii. p. 258.
*' Note on Primroses and Oxlips. "
Gard. Chrou. "N.S.
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(97)
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Fertilisation
of
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Ilo'rtic. Soc. Vol. iv. pp. 7-9.
Sitzungsber.
d.
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;
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179, 195 ; Comp. 276.

museorum,

188;

Ran. 5.
Luperus flavipes,

L , L., Ros. 148.
Plectroscelis dentipes, E. H., L., Crucif.
33.

L., L., Ros. 152, 133.
pimpinellae, F., L., Umb. 173, 179,
190, 194, 195, 186, 184, 174; Cruc.
38; Rhus 88; Ros. 153, 148, 149,
Comp. 229.
138, 130, 132, 133
scrophularife, L., L., Umb. 186,
184
Ros. 148, 149, 153, 138, 132,
133.
Attagenus pellio, L., L., Berber. 18, Ros.
152, 153, 133.
Byturus fumatus, F. (including B. tomentosus, F.) L., Corn. 197 ; Ran.
Geran. 78 ; Ros. 152, 134, 135,
7, 8
137, 133.
;

;

D. CisteUdce

(2 species, 9 visits).

Umb, 179, 185
7 ; Geran. 78; Ros. 149, 133
Comp. 267.
rufipes, F., L., Scroph. 324t.

Cistela murina, L., L. T.,

Ran.

;

;

;

E. Cleridce

(1 species,

5 visits).

Trichodes apiarius, L., L. T. Th., All.
392 Umb. 179, 191, 194, 174 Comp.

visits),

Adrastus pallens, Er., L., Umb. 188.

F. Coccincllidce (6 species, 14 visits).

Cocciuella bipunctata, L., L., Comp. 234.
mutabilis, Scrib., Th., Comp. 255.

14punctata, L., L., Umb. 190 ;
Berberid. 18 ; Cruc. 40 ; Parn. 157
Ros. 151.
5punctata, L., L., Comp. 234.
7punctata, L., L., Umb.
190;
Comp. 274.
Parn. 157 ; Geran. 83
Scrib.,
Umb.
L.,
Exochomus auritus,
194

;

;

Comp.

K. Elateridce (16 species, 36

;

;

229.

Agriotes aterrimus, L., L., Umb. 179,
Ros. 152.
gallicus. Lap., Th., Umb.,
195,
183 Rubiac. 206 Comp. 248, 228.
sputator, L., Th., Umb. 195.
ustulalus, Schall., Th., Umb. 194,
195 Comp. 248, 153.
Athous niger, L., L., Com. 197 ; Umb.
;

;

;

179, 185 ; Comp. 229, 234.
Cardioj)horu8 cinereus, Hbst., L.,

Cory m bites hsematodes,

225.

Ros.

133.
F., Siebengeb.,

Umb.

G. Cryptophag idee

(1 species,

Antherophagus pallens, 01.,
Digit. 256t Camp. 278.

2 visits).
L.,

Sid.,

species, 24 visits).

Apion columbinum, Grm.,

Adoxa

198.
onopordi, K., L., Chrysospl. 155.
varipes, Grm., L., Chrysospl. 155.
spec, L., Ros. 152.
Bruchus sp., L., Umb. 177, 185 ; Comp.
248, 234.
Ceutorhynchus purailio, Gylh., L., Cruc.
L.,

Umb. 194

;

quercus. 111., L., Umb. 185.
Diacanthus feneus, L., L., Ros. 135.

;

H. CurcuUonidoe (18

194.
L.,
holosericeus, L.,
Comp. 246.
Ros. 152

Dolopius marginatus, L., L., Corn. 197
L.,

Umb.

179, 185

L., Ros. 152,

135.
parvulus, Pz., L., Cruc. 33;
378 ; Ros. 152.
filiformis, F., L.,

Umb.

sp., L,, Cruc. 35.

Gymnetron

camjianula?, L., Sid.,

Camp.

277.

graminis, Gylh., Th., Camp. 282.
Larinus Jacere, L., Th., Comp. 248, 246.
senilis, F., Th., Comp. 240.

Nanophycs

lythri, F., L., Lytlir. 165.

;

Ros. 133.

Limonius cylindricus, Payk.,

Synaptus

33.

;

Ros. 152.

Lacon murinus, L.,

L. HydrophiUdce.

Cercyon anale, Pk., L., Cruc. 33.

M.
Lagria hirta, L.,

Lagriidoi.
Ti.,

Ros. 153.

Salix
185.

I

;
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179, 178,

;

pumHa, Gylh.,
0. Lamellicornia (6 species, 39 visits).

L.,

;

Comp.

Umb. 185 Ran.
;

4, 7.

pusilla, Dej., L.,

Cetonia aurata, L., Sid. Th., Umb. 179,
193 Ciuc. 32 ; Ros. 152, 148, 149,
Rubiac. 206 ; Sambuc. 199
130
;

;

Umb.

fasciata, F,, L.,

194, 195, 185
Rubiac. 206
248, 229, 228, 265.

L., Chrysospl.

Ran.

7.

R. Nitidulidac (4 species, 65

visits).

;

Cychramusluteus,

Comp. 229.
Hoplia philanthus, Sulz., Sid., Umb.
194 Scab. 211.
Melolontha vulgaris, L., L., Ros. 152,
;

149.

F., Sid. T.,

Umb. 179

;

Phylloperthahorticola, L.,L., Umb. 179
Ros. 148, 149, 133 Caprif. 200.
Trichius fasciatus, L.,L. Sid., Umb. 179,

;

;

178, 187, 194, 195, 174
Clem. 1
Thai. 2
Ros. 135, 130, 131, 133
Caprif. 199
Scab. 211
Comp. 248,
246, 229, 237 Valer. 208.
nobilis, L., L., Comp. 229,
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

P. Malacodermata (13 species, 51

Anthocomus
186

fasciatus, L., L.,

visits).

Umb.

Cruc. 34, 38 ; Ros. 148,
riant. 362.
Dasytesflavipfs, F., L., Umb. 179,
Cruc. 38
Umb. 82 Ros. 138,
133 Comp. 229.
pallipes, Pz., Th., Umb. 195.
L., Bry.
sp.,
171t, Ros.
Scroph. 323t.
;

;

;

177,

149

;

181

;

142,

;

149;

;

;

Comp.

229.
bipustulatus, F., L. T. Sid., Umb.
Cruc. 38
Ros. 135, 138,
179, 185
133 Papil. 119t, Comp. 274, 260.
sp., L., Comp. 276.
Telephorus fuscus, L., L.,Umb. 179, 194,
185.
lividus, L., L., Umb. 194, 185,
186.
melanurus, L., L. Sid., Umb. 181,
178, 190, 194 Comp. 248.
pellucidus, F., L., Corn. 197.
rusticus, F , L., Umb. 177, 185 ;
Ros. 135.
testaceus, L., L., Ros. 153.

182.
virescens, L., L. T. Th.,

194; Ran. 7;
Convolv. 311

Comp.

;

Q. Mordellidce (9 species, 35
frontalis, L., L.,

Umb.

179, 186

Umb.

183,

Ros.
;

135;
Jas. 283

;

Olibrus aeneus, F., L., Chrysospl. 155
Ros. 151.
affinis, Sturm, L., Cary. Q7.
bicolor, F., L., Scab. 211.
T^.

;

StaphylinidcB (2 species, 7 visits).

Anthobium spec, Sid., Papil. 112
Camp. 277.
Omalium florale, Pk.. L., Cruc. 30
Cerast. 60

;

Pulm. 304

;

;

Prim. 288.

V. Tenehrionidcc.
tibiale, F., L.,

Ros. 152.

;

Ros. 153, 148, 133.

II.

DIPTERA (253 species,

maculata, Fourc, L., Ros. 133.
rufilabris, Gylh., T., Umb. 179; Ros.

1598 different

visits).

Brachycera

152.

(232 species, 1557 different
visits).

ruficollis, F., L., Ros. 149.

Mordella abdominal is, F., L., Ros. 153.
aculeata, L., L., Umb. 179, 195;
Ran. 7 Ros. 148, 149, 138, 130, 133
Rubiac. 206 ; Caprif. 200 ; Comp. 248,
;

;

65;
Ech. 310

238, 217.

Microzoum

visits).

Cary.

Umb.

T. Phalacridoe (3 species, 4 visits).

;

;

;

Anaspis

5. (Edemeridce (3 species, 12 visits).

Asclera ccenilea, L., L., Ros. 153.
CEdemera flavescens, L., L. Th.,

Malachius peneus, F., L. T., Umb. 185,
186 Geran. 78 Ros. 152 Plant. 368
;

;

;

;

;

229.

:

Ros. 130.
Epurrea,sp., L., Umb. 185; Cruc. 35;
Ros. 152.
Meligethes sp., L., Lil. 394
Cypriped.
386* Corn. 197 Umb. 190, 194, 185,
186, 184, 174
Nuph. 19; Ran. 4, 7,
Papav. 20 Cruc. 30, 35, 39 ;
8, 9, 11
Salix 378
Oxalis 75
Cary. 65, 63 ;
Lythr. 165 Onagr. 167 ; Ros. 151, 152,
153, 148, 149, 135, 138, 139, 142, 136,
132, 133, 127, 128
Papil. Ill, 112
Con vol V. 311t; Bor. 300; Scroph. 323t;
Plant. 368 ; Caprif. 200
Scab. 211
Camp. 278, 280 Comp. 229, 233, 217,
236, 263, 274 ; Valer. 209.
Thalycra sericea, Er., L., Corn. 197
Umb. 194.

;

A.

Asilidce. (3 species, 3 visits).

Dioctria atricapilla, Mgn., T., Ran. 7.
Reinhardi, Wiedem., Sid., Umb.
194.

;
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Isopogon

bi-evirostris, Fall., Sid.,

Umb.

181.

Empidoc (13

E.

species, 81 visits).

leucoptera, Mgn
L., Hott. 289.
livida, L. (2|— 3, dry), L., AIL 393

Empis

B. Bomhylidce (9 species, 57 visits).

,

;

;

Valer. 208.
opaca, F.

;

Anthrax

flava,

Mgn.,

Sid.

Th., Umb.
Rubiac. 205

179, 175, 193, 194, 195
Comp. 248,
hottentotta, L., Sid., Comp. 237.
maura, L., Th., Umb. 191, 192.
Argyromceba sinuata. Fall., L. T., Cruc.
38 Hyper. 68*.
Bombylius canescens, Mik., Th., Hyper.
68 Comp. 267.
;

;

Mgn. (11—12),

discolor,

L., Coryd.

Viol. 47, 48
Cruc. 30
23t, 24t
Bor. 304 Lab. 349 Vinca, 293 ; Prim.
;

;

;

;

;

288
major, L. (10), L. T., Umb. 182;
Coryd. 23t, 24t Cruc. 30 Viol. 49
Bor.' 304,
Ros. 150
Salix 378, 379
306 ; Lab. 362, 349 ; Vinca, 293 Syr.
291 ; Prim. 282 Comp. 236.
Exoprosopa capucina, F., L , Scab. 212
;

;

;

;

;

;

;

;

Comp. 225.
Jas. 282
Systoechus sulfureus, F., Sid. Th., Lin.
74 Malv. 72 Ros. 143 Papil. 100*,
94t Scroph. 317, 330 Lab. 344, 340
Comp.
Rubiac. 205, 207 ; Camp. 277
;

*

;

;

;

;

;

;

;

Conops

(4—5), L. Sid. T.,
90t
Phlox, 299
Lab. 350
Rubiac. 206
Comp. 257, 248, 229.
L.,
Umb.
quadrifasciatus, Deg.,
tiavipes, L.

Papil.

;

;

;

;

181.
scutellatus,

Myopa

Mgn., Th., Comp. 246.

variegata, Mgn.,

Th.,

sp.,

Comp.

L., Lab. 342.

255.

atra, F., T.,

Comp.

266.

Physocephala rufipes, F., L. Th., Ros.
135, 133 Jas. 283 Comp. 248, 246.
vittata, F., L., Ech. 310 Jas. 283
;

;

;

;

Comp.

257, 225.
Sicus ferrugineus, L., L. Sid. T., Ros.
142 Papil. 100*, 108* Lab. 340, 342 ;
Scab. 211, 213 Jas. 283 Comp. 253,
229, 237, 266, 265, 276, 271, 272, 270,
260 Valer. 208.
Zodion zinereum, F., Sid., Umb. 194.
;

;

;

;

;

D. Dolichopidce

(2 species, 2 visits).

Doliehopus {Bueus, Deg., L., Umb. 178.
Oymnopternus cliajrophylli, Mgn., L.,

Umb.

191.

;

;

;

;

;

;

;

;

;

;

;

;

;

30

(3— 3|,

L., Cruc.

dry),

Cary. 65, 60 Ros. 133 Bor. 307
Caprif. 204 Comp. 217, 274.
pennipes, L., L., Hottonia 289.
punctata, F., L., Cyprip. 386*
;

;

;

;

;

Umb.

185

179,

;

133

Ros.

;

Comp.

;

274.
rnstica.

Cary. 60

128

;

Fall.,

Umb.

L.,

187;

Onagr. 166 Ros. 152, 127,
Lab. 342, 338 Comp. 257, 229
;

;

;

;

Valer. 208.
stercorea, L., L., Umb. 185.
tesselata,
F.
(3— 3|, dry),

Umb. 182
135, 133
237.

;

L.,

Ran. 7
Cary. 65
Ros.
Lab. 338 Scab. 211 Comp.
;

;

;

;

;

Umb.

L.,

;

;

153.

Rhamphomyiajjlumipes,

Fall., L., Camp.
277.
sulcata, Fall., L., Salix 378.
Tachydromia connexa, Mgn., L., Ros.
153.

Leptidcc (2 species, 2 visits).

F.

;

Lab. 340.

Occemyia

;

;

—

L. (4|
L., Salix
5),
Papil. 98t, 95.
polystigma, Rond., L., Ros. 133 ;
Lab. 342.
testacea, L. (3^), L. Sid. Th., Salix
377 ; Ros. 152 ; Papil. 95t, 98, 108*

buccata,

377, 378

;

;

sp..

Conopidce (13 species, 54 visits).

C.

;

178
Salix 378
Convolv.
Microphorus velutinus, Macq., L., Ros.

229, 271, 272.

>

;

Orch. 386 Corn. 197 Umb. 179, 187,
194 Ran. 8
Papav. 21
Cruc. 27,
28
Hyper. 68
Lin 74 Cary. 61
Onagr. 166 Ros. 150, 152, 153, 135,
Papil. 117
138, 128
Convolv. 311
Scroph. 326
Lab. 342, 338
Hott.
289 Scab. 211, 212 Jas. 283 Comp.
259, 248, 249, 233, 238, 217, 274, 262

Atherixibis, F., L., Umb. 187.
Leptis strigosa, Mgn., L., Cary. 60.
G. Muscidoe. (85 species, 387

visits).

Alophora hemiptera, F., T., Umb. 190.
Anthomyia estiva, Mgn., L., Cary. 60.
obelisca, Mgn., L., Rut. 84.
pratensis, Mgn., L., Rut. 84.
radicum, L., L., Umb. 186; Ran.
10 Rut. 84; Ros. 151.
sp., L., Cyprip. 386*; Umb. 172,
179 Ran. 6, 7, 8, 10, 11
Berb. 18
;

;

;

;

Geran. 76 Cary. 63, 5.5
Onagr. 170 Ros. 138, 142, 145, 130,
132, 133, 127 Plant. 96.
Aricia incana, Wiedem., L., Umb. 178
Cruc. 30, 37

;

;

;

;

:

;

Comp.

238.
oKscurata, Mgn., L., Umb. 179.
serva, M<ru., L., Ros. 153.
-vagans. Fall., L., Umb. 188.
Borborus nigor, Mgn., Adoxa 198.
Calliphora erythrocepluila, Mgn.,
L.,
Gro.ss.
161
Umb. 194 Salix 378
;

;

;

;
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Micropalpus fulgens,

Mgn.,

Scab.

L.,

211.

;

Calliphoia vomitoria, L., L., Umb. 178,
194, 174 Euon. 85 Valer. 208.
Calobata cotluirnata, Pz., L., Bor. 305.
Chlovops circumdata, Mgn., L., Gary.
;

;

66.

Miltogramma punctata, Mgn.,

Umb.

L.,

173, 179.
Musca corvina, F,, L., Umb. 178, 179,
185, 192, 194
Berb. 18 Fajrop. 369 ;
Gary. 66
Ros. 151, 138, 133
Bor.
;

;

;

305

sp., L., Ro.s. 153, 127.

Cyrtoneura

Macq., L,, Ran.

coerulcsceii-s,

7.

curvipes, Macq., L., Umb. 188,
192.
simplex, Loew, L., Umb. 176, 178,
192, 186 ;Ros. 133.
sp., L., Ros. 153.
Demoticus plebejus, Fall., L., Comp.

270.

;

;

,

Nemorrea sp., L., Umb, 194.
Ocyptera brassicaria, F., L., Umb. 178,
194
Lab. 340, 342; Ascl. 295 ; Jas.
283 Comp. 248.
cylindrica, F., L., Lab. 342
Scab.
Jas 283
211
Comp. 248, 225, 221.
Oliviera lateralis, Pz., L., Jas. 283;
;

;

Dexia canina,

Comp.

F., T.,

Umb

rustica, F., Th.,

214.
193.

;

;

fera, L., L. T., Umb. 172,
Oerau. 78
179, 177, 190, 194, 185
Ros. 152, 153, 134 Caprif. 2C0 Comp.
214.
ferox, Pz., L,, Jas. 283
Comp. 226.
grossa, L., L., Umb. 194.
magniconiis, Zett., L. T. Th Sod.
164 Umb. 194 Ros. 133.
tesselata, F.
L.
Bor. 305
Lai).
335 Scab. 317 Jas. 283 ; Comp. 245,
229, 227.
Exorista vulgaris, Fall. , L., Umb. 194,
186.

Echinomyia

;

;

;

;

;

,

;

;

,

;

,

;

;

Gonia capitata.

Fall.

(4

—

L.,

5),

Comp.

225.

Graphomyia maculata. Scop.,
194, 185

Umb.
Umb.
184

196, 195, 186,
Comp. 225, 228.
192,

191,

Lab. 133

L.,

Ros. 154.
rotundata, L., L. Th.,

;

Gymnosoma
177,

;

Lab. 338 ; Rubiac. 205 ; Comp.
248, 229, 217.
domestica, L., L., Ran. 12; Berb.
18; Euon. 85; Til. 73; Gary. 66;
Onagr. 170 ; Ros. 151
Valer. 208.
Myodina vibrans, L L., Aristol. 376.

;

;

;

179, 178, 188, 192, 194, 174; Euon.
Rhus 88
86
Rut. 84
Til.
73
Fagop. 369 Ros. 151, 142, 133 Lab.
340, 339, 337 Scab. 212 Comp. 248,
229, 233, 217 Valer. 208.
;

;

;

;

;

;

;

;

sericata,

185; Comp.

IMgn.,
248.

Umb.

L.,

194,

silvarum, Mgn., L., Umb. 179, 178,
190, 193, 194; Rut. 84; Gary. 55;
Ros. 142, 133 ; Lab. 339, 337 ; Comp.
229.
spec, L, Umb. 179, 185, 195;
Ascl. 295t ; Scab. 212
Comp. 222,
238.
;

Macquartia

pra;fica,

Zett.,

L.,

Comp.

229.

Mesembrinameridiana,
190; Ros. 142, 133.

L.,

T>.,

248, 238.

Onesia cognata, Mgn., L., Berb. 18

;

Ros.

139, 133.

R. D., L., Umb. 194; Nuph.
19; Berb. 18; Gary. 55; Ros. 150,
152, 153, 135, 139, 133
Bor. 305,
Lab. 337, 338 Comp. 248,
306, 307
Valer. 207.
238, 274
sepulcralis, Mgn,, Th., Umb. 193,
194 ; Berb. 18 Ros, 153 Bor. 305
Lab, 337, 338 Comp. 237.
Phasia analis, F,, Th,, Umb, 191,
crassipeunis, F,, Th., Umb. 191.
Phorocera assimilis, Fallen, L., Umb.
194.
Platy stoma seminationis, F., Comp. 248.
Pollenia rudis, F,, L,, Umb. 179
Ran.
Rut. 84
Salix 378
12
Gary. 62 ;
Ros. 151
Comp, 222.
Vespillo, F., L., Thalict, 3
Parn.
157; Fagop. 369; Gary, 62; Ros,
Bor. 305 Lab. 839 Comp.
151, 139
229, 233, 238.
Prosena siberita, F., (6, dry) L., Clem. 1;
Lab. 342.
Psila fimetaria, L., L., Umb, 185,
Pyrellia a?nea, Zett., L., Sed, 162 ; Umb,
194 Comp. 229,
Lab.
cadaverina, L., L., Gary, 55
337.
Sapromyza apicalis, Loew, L., Arist. 376,
Sarcophaga albiceps, Mgn., L., Urnb.
179, 177, 195; Rut. 84; Ros, 133;
Lab. 340, 339, 337.
carnaria, L., L. Th,, Umb. 172,
Euon.
176, 177, 193, 194 Parn. 157
Til,
Rhus 88
Rut. 84
73
85
Polyg. 370
Fagop, 369
Gary, 55 ;
Ros, 153, 142, 133; Lab. 340, 338',
floralis,

;

;

;

;

;

;

;

;

;

;

;

;

Helomyza attinis, Mgn., L., Neottia 381.
Hydrotiiea dentipes, F., L., Gary. 65.
Lucilia albiceps, Mgn., L., Ros. 133
Comp. 214.
csesar, L.,
L, Umb. 172, 178,
194.
cornicina, F., L., Umb. 173, 176,
;

Comp.

;

Umb.

178,

;

;

;

;

;

;

;

;

;

;

;

Comp.

;

;

;

248, 233, 223.

Mgn., L., Umb, 186.
hwmarrhoa, Mgn., L., Umb. 186,
dissimilis,

Rut, 84
Comp, 233,
194
spec, L., Umb. 185, 190
;

;

;

Lab, 338.
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Scatophaga merdaria,

F., L., Gross.

Umb.

158

;

172, 190, 194, 185 Ran. 4, 5, 6,
Ros. 151, 152,
Salix 378
9, 10, 11
RuMac. 205 ;
142, 127 ; Bor. 305
Comp, 248, 227, 234, 217, 274.
stercoraria, L., L. T., Gross. 158,
Umb. 179, 190, 185, 174 Ran.
161
Euon. 85 Geran. 78,
Salix 378
4
Comp.
Scroph. 325
Ros. 127
80
248, 229, 227, 217, 274.
Sciomyza cinerella. Fallen, L., Chrysospl.
;

;

;

;

;

;

;

;

;

;

;

;

155.
Sepsis cynipsea, L., L., Umb. 194.
-putris, L., L., Cruc. 33.
spec, L., Umb. 179, 178, 192, 195,
Ran. 9, 12 Rut. 84
185, 186, 174
Gary. 60 ; Ros. 151, 152, 142, 127
Convolv. 311t Comp. 229.
Siphona cristata, F., L., Cruc. 38.
Spilogaster nigrita, Fall., L., Comp. 233.
;

;

Ascia podagi-ica, F., L. T., Alism. 398
Umb. 194, 195, 185 Ran. 11 Chelid
21 ; Cruc. 33, 37, 38
Cist.
45
Hyper. 68 Rut. 84 Geran. 78, 79
81
Polygon. 371, 372, 373, 374
Gary. 63, 55 Onagi-. 170
Ros. 151
135, 142, 145, 133
Scroph. 319, 325
326
Lab. 342, 338 ; Plant. 368
;

;

;

Comp. 238, 274.
Bacha elongata, F.,

L., Umb. 184
Onagr. 170.
Brachy palpus valgus, Pz., L., Ran. 9
Salix 378
Ros. 149.
Gheilosia spec, L., Lil. 394 Cypr. 386*
Umb. 184 Ran. 6, 8, 11 Papav. 20
Ros. 143; Comp. 272, 275.
albitarsis, Mgn., L., Ran. 7.
;

;

;

barbata, Loew, L., Ros. 127.
brachysoma. Egg., L., Salix 378.
Mgn., L., Salix 378 ; Comp.
274.

;

chrysocoma,Mgn.,

;

Tetanocera ferruginea.

fraterna,

Umb.

Umb.

177,

scutellata. Fall., L.

185.

192,
287.

(11 species, 45 visits).

H. Stratiomyidcc

194,

184

;

T.,

Umb.

;

;

Lab. 337

;

;

Comp.

ruficomis, F., L. Sid.,

Macquarti, Loew, L., Ran. 7

Chrysotoxum arcuatum,

Comp. 274.

L., Shi.,

;

Cruc

Ran. 7

;

;

;

;

;

;

octomaculatum,

visits).

Eric.

Eristalis a^neus. Scop.,

L., Gross. 161
177, 178, 194
Cruc 40 ; Carv.
Ros. 149
55
Lab. 338 Jas. 283
Comp. 251, 229, 238, 274.
arbnstorum, L. (4—5), L. Sid. T
Th., Umb. 173, 172, 176, 179, 177,
;

;

T,

Curt.,

287.
;

Umb.

127

:

Ros. 135.
bicinctum, Pz., Sid. T., Umb. 193,
194 Goran. 79 Ros. 143
Pap. 108.
festivum, L., L. T., Umb. 192, 194
Ran. 7 Fagop. 369 ; Ros. 127 Valer.
208.
;

;

Ros.

278.

viduata, L., L., Umb. 179, 194, 195;
Ran. 5, 7: Ros. 149, 127; Bor. 306;
Comp. 262.

;

Syrphidce (89 species, 916

Camp.

27.

;

I.

Comp.

;

184.

Rubiac. 206

Ascia lancoolata, Mgn., L.,

Ran. 10

Chrysogaster renea, Mgn., T., Cruc. 34.
chalybeata, Mgn., T., Umb. 179.
coemeteiiornm, L., L. T., Umb. 179,

Fagop.

;

;

Comp.

;

20.

;

248, 225, 229, 234, 238.
Oxycera pulchella, Mgn., Sid., Melamp.
335*.
Sargus cuprarius, L., L., Umb. 179, 154
Ros. 135, 142
Rut. 84 Malv. 69
Caprif. 199.
Stratiomys Chamaeleon, Deg., L. Th.,
Umb. 179, 187, 195, 185; Fagop.
369.
longicornis, F., L., Umb. 177.
riparia, Mgn., L., Umb. 178, 195
Fagop. 369 Ros. 127.
spec, L., Gary. 60.

Eric

Chrysochlamyscuprea, Scop., L., Papav.
•

Umb. 188

,

Umb.

:

274.

;

L

viridula, F.,

Umb. 195

vernalis, Fall., L.,

;

;

;

369

238.

Plant.
Ros. 135
179, 177, 192, 184
368.
polita, L., Th., Samb. 199.
Nemotelus pantherinus, L., L. T., Umb.
Comp. 229, 233, 227,
185 Cruc. 34
268.
Odontomyia argentata, F. (2—3), Ij.,
Ran. 11 Fagop. 369 ; Gary. 60 Ros.
139.
;

229.

Sid. T.,

Fagop.

soror, Zett., L.,

Chrysomyia Formosa, Scop., L.

869

Comp.

L.,

Ros.
;
139.
pictipennis. Egg., L., Salix 378.
precox, Zett., T., Salix 378 ; Ros.
139 ; Comp. 238.
pubera, Zett., L., Ran. 7.

Trypeta cornuta, F., Th., Comp. 258.
erythrophthalma, Mgn., Th.,
Ulidia
L.,

Mgn.,

modesta. Egg., L., Salix 378

178.

Comp. 231, 228.
Zophomyia tremula, Scop.,

Comp. 263,

L. T.,

264, 265.

190.

L.,

Fall.,

;

chloiis,

seraicinerea, Wied., L., Cypr. 386*
Plant. 368.
Neott. 381+
Tachina erucarum, Rond., L., Umb. 194.

Umb.,

;

;

;

;

L.,

;

;

;

praepotens, Mgn.,

;

;

;

;

;

;

;

;

INDEX OF INSECTS.
175, 187, 188, 192, 194, 195, 185, 186 ;
Clem. 1 ; Thai. 2, 3 ; Ran. 5, 7 Berb.
Parn. 157 ;
18 ; Cruc. 27, 28, 38, 40
Salix 378 ; Hyper. 68 Til. 73 ; Fagop.
Gary. 65, 60, 63,
369 Polvgou. 371
55 Ros. 151, 152, 153, 142, 130, 131,
133, 127, 129 Coiivolv. 311 Bor. 305 ;
Scroph. 317; Lab. 340, 342, 338 Ascl.
295 01. 291 Plant. 368 ; Hott. 289
Eric. 285 Caprif. 200, 199 Scab. 211,
212 ; Jas. 283 Comp. 259, 248, 250,
246, 225, 229, 233, 227, 228, 234, 237,
238, 223, 221, 215, 216, 217, 218, 219,
214, 266, 2d3, 275, 276, 262, 271, 272,
273, 270, 261; Valer. 208, 209 (altogether 91 visits.)
Eristalisintricarius, L., L., Ran. 11; Salix
105; Fagop. 369; Ros. 151, 153, 133,
127 ; Lab. 349 ; Eric. 285 ; Scab. 211,
212 Comp. 248, 274.
horticola, Mgn., L. Sid., Orch. 18 ;
Umb. 177, 181, 194 ; Ros. 152, 130
Eric. 285 ; Sanib. 198 Comp. 229, 237,
271, 272 Valer. 208.
ncmorum, L., L. Sid. T. Th., Umb.
172, 178, 179, 187, 192, 194, 186, 184 ;
Thai. 2, 3 Ran. 5, 7 ; Berb. 18 Cruc.
34, 37, 38 ; Parn. 157 ; Hyper. 68 ; Til.
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

•

;

;

•

;

;

;

73 ; Fagop. 369 Cary. 55, 60 Onagi*.
169 Ros. 151, 152, 153, 148, 130, 131,
133, 127 ; Scroph. 317 Lab. 365, 340,
342, 338 Ascl. 295 ; 01. 292 ; Hott.
289 Caprif. 199, 200 ; Scab. 211, 212,
;

;

;

;

;

;

213; Comp. 258, 248, 250, 225, 229,
233, 227, 234, 237, 238, 221, 205, 216,
218, 214, 263, 274, 262, 270, 261 ; Valer.
208 (altogether 65 visits).
pertinax. Scop., L., Umb. 190, 194,
Salix 378 ; Fagopyr. 369 ;
185, 183
Ros. 153, 133 ; Comp. 217, 274.
sepulcralis, L., L. Sid. Th., Alism.
;

398 ; Umb. 176, 187, 192, 194, 195 ;
Clem. 1 Thai. 2, 3 Ran. 7 Cruc. 38;
Hyper. 68 Rut. 84 Til. 73 Polygon.
369, 371, 372 Cary. 60 Ros. 153, 135,
Bor. 305
138, 142, 145, 130, 133
Lab. 340, 337, 338 ; 01.
Scroph. 246
Scab.
212
Comp.
200
291
Caprif.
;

;

;

;

;

;

;

;

;

;

;

;

;

;

248, 225, 229, 233, 227, 238, 223, 217,
263, 274, 262, 271, 270, 261 ; Valer.
207 (altogether 48 visits).
tenax, L. (7—8), L. Sid. Th., Sed.
Thai.
162, 163 Umb. 172, 192, 194
Ran. 7 ; Berb. 18 ; Cruc. 32, 35 ;
2, 3
Sal. 378 Hyper. 68 Euon. 85 Geran.
76 ; Til. 73 Polvgon. 369, 371 ;Onagi\
169 ; Ros. 151, 153, 135, 130, 133, 129
Ascl. 396 ;
Phlox. 299
Solan. 312
Scab. 211, 212, 213 ;
Caprif. 200, 199
Comp. 248, 250, 253, 245,
Jas. 283
249, 227, 224, 238, 217, 236, 214, 266,
263, 265, 274, 276, 262, 271, 273, 260 ;
(altogether 55 visits).
Eumerus sabulonum, Fall., L., Jas. 283,
Comp. 225.
;

;

;

;

;

;

;

;

;

;

;

;

641

Helophilus

floreus, L. , L., Umb. 172, 176,
179, 177, 178, 190, 194, 195, 185, 184
Clem. 1 Ran. 5 Berber. 18 ; Cruc
;

;

Parn. 157 ; Euon. 85 ; Rhus
32, 38
88 ; Rut. 84
Geran. 78
Til. 369
Fagop. 73 ; Ros. 152, 153, 148, 142
130, 131, 133
Convolv. 311 Scroph
319, 326
Caprif. 200 ; Scab. 212
Comp. 229, 267 ; Valer. 208.
lineatas, F., L., Ran. 7 ; Cary. 63
Lythr. 165.
pendulus, L., L., Umb. 177 ; Berb
18 ; Cruc. 30 ; Cist. 45
Hyper. 68
Rhus 88 ; Geran. 76, 80 Cary. 52
Lythr. 165 Ros. 153, 135, 142 ; Lab
282, 285 Caprif. 200 Scab. 212 ; Jas
283 ; Comp. 257, 229 ; Valer. 208.
trivittatus, F.
(6—7), L. Th.,
Hyperic. 68 ; Lythr. 165 ; Papil. 94 ;
Ech. 310 Lab. 338 ; Scab. 213.
Melanostoma ambigua. Fall., L., Ech.
;

;

;

;

;

;

;

;

;

;

;

;

310.
mellina, L., L. T., Alism. 19 ; Umb.
177, 184; Ran. 7; Cruc. 32; Pain.
157
Hyperic. 68; Cary. 60; Ouagr.
170 Ros. 145, 151 Papil. 90 Scroph.
324 Lab. 356, 338 Plant. 367, 368
Jas. ii83
Comp. 222. This species is
remarkable for its predilection for
anemophilous flowers 1 have seen it
visit not only the species of Plantago,
but also Scirpus palustris, Artemisia
Dracunculus, and many Graminese..
;

;

;

;

;

;

;

;

Melithreptus menthastri, L., L,, Umb.
194 ; Parn. 157 ; Polygon. 373, 374 ;
Ros. 138 ; Jas. 283 ; Comp. 232.
pictus, Mgn., L. T., Umb. 185;
Ran. 7 Cruc. 37 Hyper. 68 Rut. 84
Geran. 77, 78 Polygon. 373 ; Cary. 52,
;

;

;

;

;

55

;

Ros. 145.
Sid., Alism.

398
Ran. 7
Cruc.
37 ; Parn. 157 Cist. 45 Hyperic. 68
Polygon. 369, 371
Cary.
Geran. 76
52 Ros. 143, 145, 137 ; Convolv. 310 ;
Solan. 314 Lab. 339, 337 Ascl. 295+
Jas. 283
Comp. 225, 222,
Eric. 287
scriptus, L., L.

Umb.

195, 185, 184
;

;

;

;

;

;

;

;

;

;

;

;

;

;

223, 217, 265, 262,
strigatus, Stseg., L., Ros. 133.
Mgn., L. T. Th., Umb.

tseniatus,

Ran. 6, 7
Cruc. 37,
179, 177, 195
Geran. 78
Cist. 45
38 Parn. 157
Polygon. 369, 371; Cary. 55, 165;
Ros. 142, 145 ; Convolv. 311 Scroph.
330 ; Lab. 353, 337 Ascl. 295+ Comp.
;

;

;

;

;

;

;

;

;

248, 225, 229, 228, 234, 265, 274, 262,
271, 272.
spec, L., Cruc. 33.
Merodon seneus, Mgn., Th., Antheric.

391.
Pelecocera bicincta, Mgn., T., Ger. 78.
Pipiza chalybeata, Mgn., L., Ran.* 7;
Cruc. 38.

—

funebris,

Mgn.,

L.,

Umb. 195 Ran.
;

T T

;;

THE FERTILISATION OF FLOWERS.

642

Fagopyr. 369
Ros. 133
Comp.
;
270, 261.
Pipiza lugubris, F., L., Comp, 229.
notata, Mgn., L., Ros. 153.
Pipizella annulata, Macq., L., Umb. 175,
194, 195.
virens, F., L. T., Umb. 179, 177,
190, 194
Ran. 10.
spec, L., Jas. 283.
Platycheirus albimanus, F., L. T., Ran.
Bor. 306.
7
7

;

179, 181

;

311

;

;

;

manicatus, Mgn., L,, Gary. 60.
Mgn., L., Umb. 177 ; Geran.
76 ; Gary. 65.

;

;

177.

;

Gruc. 28, 30, 34, 35, 40 Geran. 76, 78,
79, 80 ; Malv. 69 ; Polygon. 370 ; Gary.
65, 62, 52* 57, 59* ; Lythr. 165; Ros.
150, 152, 153, 148, 134, 135, 138, 139,
145, 136, 133, 129 ; Papil. 112
Bor.
310, 300, 304, 305 Solan. 313 Scroph.
Lab. 366, 359t, 361*, 352,
318, 324
353, 349 ; 01. 291
Plant. 368
Hott.
;

;

;

;

;

285 Gaprif. 202, 203, 204
Scab. 211, 212 Gamp. 279 Gomp. 257,
259, 217, 274
Valer. 209 (67 visits).
Serycomyia borealis. Fall, T. Th. Eric.
;

Eric.

;

;

;

;

;

,

,

287.

lappona, L., Sid., Gomp. 272.
Syritta pipiens, L., L Sid Th., Alism.
398 ; Gross. 158, 161 Umb, 176, 179,
177, 178, 175, 187, 188, 190, 192, 193,
194, 195, 185, 186, 184 ; Glem, 1 ; Thai,
3 Ran. 6, 7 ; Papav, 21 ; Gruc. 27, 28,
37, 38 Res. 42; Parn. 157 ; Viol. 46
Salix 378 ; Euon. 85 ; Rhus 88 ; Rut.
84 Geran. 80
Polygon. 369, 370*,
371, 372, 373, 374 Gary. 66, 60, 61, 63,
55
Lythr. 165 Ros. 151, 148, 149,
^
135, 138, 139, 142, 145, 130, 131, 133
Bor. 305 ; Solan. 312, 313 ; Scroph. 317,
319, 325, 326 Lab. 340, 339, 337, 338 ;

spec, L., Gruc. 27

;

;

;

;

290

;

Eric.

287

;

;

178 Gruc. 34 Til. 73 ; Ros. 134, 135
Samb. 199
Plant. 367
Scab. 211 ;
Comp. 225, 229, 237, 270.
plumata, L., L,, Gary. 57 ; Lythr.
165 ; Ros. 133 ; Pap. 116 ; Eric. 286 ;
Scab. 211.
;

;

^

;

Xanthogi'amma citrofasciata, Deg,,
Umb. 176 Euon. 85 Ros. 144.
Xylota femorata, L., T., Umb. 182.
;

L.,

;

florum, F,, Sid,; Umb. 194.
ignava, Pz,, L,, Glem. 1
Ros. 133.
lenta, Pz,, L,, Clem, 1 ; Ros, 133,
segnis, L., L,, Ros. 153, 133; OL
291*, Gaprif. 202.
silvarum, L., Sid., Lab. 352*.
;

Rubiac.

;

;

J;75.

K. Tabanidce (4 species, 9

visits).

Chrysops coecutions, L., L., Umb. 181
Gary. 55
Ros, 142
Lab. 285.
Tabanus luridus, Pz., L., Valer. 208.
micans, Mgn., L., Umb. 181.
;

;

;

•

balteatus, Deg. (2), L. T., Papav.

Gruc. 37
Parn. 157 Salix 378
;
Hyper. 68
Geran. 78
Gary. 55
Convolv, 311 Plant. 368 Camp. 278
21

;

;

;

;

Comp, 266, 265,

;

;

;

Umb. 185

;

229.
decorus, Mgn., T., Gruc. 35.
excisus, Zett., L., Parn. 157
133.
glaucius, L., L,, Umb. 194.
nitidicollis,

;

;

275, 262, 271, 273.

corollie, ¥., L.,

•

Ros.

;

;

;

;

;

;

;

Gomp, 248, 225, 229,
233, 227, 228, 234, 238, 220, 216, 217,
263, 260 ; Valor. 207 (89 visits).
Syrphus arcuatus. Fall,, L. T., Umb.
177 Ros. 140 Bor. 310 ; Comp. 265,

;

;

;

01. 291 ; Prim.
205 Jas. 283

Gary. 60

;

;

;

;

;

138, 139 Scroph. 330 Eric. 287 ; Comp.
248, 263.
Tropidia milesiformis. Fall., L,,
Volucellabombylans, L. (7—8), L, Sid, T.,
Orch, 390 ; Polyg. 370 Gary, 64 ; Ros.
147, 130; Pap, 98, 100*; Lab. 350;
Eric 286 Scab. 211 Jas. 283 Comp.
Valer. 208.
253, 225, 237, 271
haemarrhoidalis,
Zett., L.,
Eric.
286.
pellucens, L,, L. T. Sid., Umb.

;

;

Gomp.

umbellatarum, Mgn., Sid.,
237.

;

;

;

224, 234, 237, 265.

;

289

:

;

;

;

;

;

85 Rut. 84 Geran. 78 Polygon. 370 ;
Gary. 65 ; Onagr. 166 Ros. 133 Plant.
367 ; Rubiac. 205 Scab. 311 ; Comp.

Rhingia rostra ta, L, (including campestris,
Mgn.) (11—12), L., Lil. 390*; Jr. 387t
Thai. 2 Ran. 11 Berb. 18 ; Papav. 21
;

Convolv.

;

;

peltatus,

Umb.

;

;

.

Pyropliffina sp., L.,

Ros. 179

;

229, 274, 271.
Zett., L.,

Caprif.
202.
pyrastri, L., L. T., Umb. 179, 177,
Clem. 1 ; Parn.
181, 192, 194, 195
157 ; Gist. 45 ; Salix 378 ; Geran. 78 ;
Fagopyr. 369 ; Gary. 57 ; Ros. 150; Bor.
310 Lab. 338 Scab. 212 ; Jas. 283 ;
Comp. 224, 274, 271.
ribesii, L. (3—4), L. T., Umb. 179,
177, 178, 194, 185 Ran. 7 Parn. 157 ;
Cist. 45 ; Salix 378 ; Hyper. 68
Euon.

•

•

Rut. 84

;

Gomp.

;

Syrphus ochrostoma,

Mgn.,

(3),

L. T.,

nisticus,

194

;

L.,

Sid. Th.,

L.,

Umb.

Gomp. 248, 225.

L. llierevidce (1 species, 1 visit).

Umb.

Thereva. anilis, L., L.,

179.

Gomp.

;

Ros.

Nematocera

(22 species, 41 visits).

M. Bihionid(C

(6 species,

;

Umb.

12

visits).

Bibio hortulanus, F., L. T., Umb. 177,
Euon. 85 Ros. 133.
185, 186
Johannis, L., L., Salix 378.
;

;

INDEX OF
Cibio Marci, L. L., Salix 378

INSECTS.

N. Cecidomyidce

HYMENOPTERA

IV.

Ros. 153,
127.
Diloplius vulgaris, Mgu., L., Ros. 150,
152, 153.
Scatopse soliita, Loew, L., Aristol. 375.
;

2,750 different

(368 species,

visits).

A. Apidce (205 species, 2,191

diflferent

visits).

Andrena
Andrena

(2 visits).

643

(51 species, 219 different visits),

(2— 2i),

K.

albicans,

L.

T.,

Gross. 158, 161
Cypr. 386
Umb.
Clem. 1 Ran; 4, 7, 9, 11
179, 177
P>erber. 18; Coryd. 22t
Cruc. 34;
Rhus 88
Viol. 46* ; Salix 378, 379
Cary. 66, 60
Ros.
Polygon. 370
150, 151, 152, 153,148, 149, 139, 133,
Papil. Ill
Myos. 305,
127, 129
306 Lab. 359t, 349* Caprif. 203*
;

Undetermined: Adoxa 314; Chrysospl.

;

;

;

155.

;

;

;

0. ChironomidcB (3 species, 4 visits).

Ceratopogon

375; Ros

sp., L., Aristol.

;

;

133.

Chironomus

;

;

sp., L., Aristol.

375.

Undetermined genus, Chrysospl.

;

;

;

Comp.

225, 274

;

Valer. 209.

;

albicrus, K. (3), L., Umb.
Salix
Cruc. 29
Ran. 6
179
Fagop. 369 Cary. QQ Ros. 152,
Papil.
108*
133
140,
135, 139,
Comp 274.
310
apicata, Sm., L., Sal. 378.

155.

;

;

;

;

P. Culicidce (1 species, 1 visit).

;

;

;

Culex pipiens, L., L., Rhamn. 86.
Q. MyeelophilidcB (6

Undetermined

:

argentata, Sm. = gracilis, Schenck
L., Cary. 60 Salix 378 Ros.
139 Jas. 283; Comp. 225, 274.
atriceps, K.=tibialis, K. (3^), L.,
Ros. 152, 153 ;
Cypr. 12 Salix 378
Comp. 274.
Eric. 285
Papil. Ill
bicolor, F. = estiva, Sm., L., Fagop.

(2— 2i),
Chr3'sospl.

;

R. Psychodidoe (1 species, 1
phalaenoides,

L.,

Cetii, Schr. (3^), L., Scab. 212.

visit).

K.,

chrysosceles,

Amm

L.,

;

;

;

238.

Psychoda

;

;

172

Ros. 153, 139

391.

Comp.

;

cineraria, L.,
S.

Simulidce (2

;

;

;

155.

Platycera sp., L., Umb. 194.
Sciara Thomae, L., L. Tli., Umb

Comp.

;

134,

Ech.

;

vi.sits).

Adoxa 314

173,

378

378

;

L., Salix

378

;

(4),

Comp. 274.
Ran.
cingulata, F , L., Sed. 162
Comp. 274.
coitana, K., Sid. Th., Umb. 194;

Cary. 65

visits).

L., Salix
225.

;

;

Adoxa 198

Simulia spec,

Chrysospl.

;

155.

8

;

•

Malv. 72
Geran. 178
Hyper. 68
Lab. 356
Scroph. 323t
Ros. 130
Comp.
Jas. 283
Camp. 277, 278
;

;

T. Tipulidce (5 species, 13

visits).

;

Ros.

253, 268, 272.
Collinsonana, K. =:proxima, K., L.,
Umb. 179, 185, 184 Salix 378 Ros.
151 Comp. 274.
convexiusrula, K., L., Ros. 152
Comp.
Scab. 212
Papil. 98, 95, 119

135.

spec, L.,

Umb.

177, 192

Valer.

;

;

;

;

Tipula oleracea, L., L., Paru. 157

;

;

;

;

;

390.

;

Pachyrrhina crocata, L., L. Sid. T., Umb.
Rubiac 205.
179, 181, 185

;

;

;

Umb. 179, 194.
Ros.
L., Umb. 185

historio, F., L.,

pratensis, L.,

;

274.
denticulata, K = Listftrella, K., L.
Sid. T. Th., Ros., 143; PapiL 94;
Comp. 225, 234, 238,
Lysim. 290*
215, 268, 263, 264, 265, 273, 270.
dorsata, K. (3), L. T., Umb. 179,
192 Papav. 20 Cruc. 30, 36 Salix
.

;

133.

;

III.

HEMIPTERA

(6 species,

15

visits).

sp.,

Umb. 178

L.,

;

378.

Capsus
165

sp.,

Kabis

Umb. 194

L. Th.,

Papil. 91t
231, 228, 238.
;

sp., L.,

;

Comp.

Lythr.

152, 153, 149,
Papil. 104, 96

255,

287

Pyrocoris aptera, L.

(4), L.,

gemis,

L.,

;

Jas.

283

;

;

;

;

;

;

;

;

Comp.

248, 225, 263,

265, 274.

Convolv. 31 If.

Tetyra nigrolineata, L., Th.,

Undetermined
Comp. 234.

;

258,

Geran. 76, 78
Ros.
Cary. 66
138, 139, 133, 127
Eric.
Scroph. 318

Hyper. 68
378
Polygon. 369, 371

Salix

;

;

;

;

Anthocoris

Comp.

274.
195.

Umb.
Umb. 194

—

--

eximia, Sm. (34), L., Salix 377.
fasciata, Wesm. (3—4), L,, Ros.

127

;

Papil. 100*

;

Myos. 306

274.

T T 2

;

Comp.

;

^u
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Andrena

Ran. 9, 10 Cruc. 30, 31,
195, 185
Malv. 69
38 ; Salix 378 Geran. 78
Gary. 65, Q6
Ros. 151, 153, 139, 143,
Scroph. 319, 325, 328 ;
133, 127, 128
Eric. 287
Comp. 217, 236, 263, 274.
Andrena pilipes, F. (3), L. T., Umh. 179,
Fagop.
190
Salix 378
Cruc. 38
Eric.
369
Ros. 149 ; Scroph. 317
285 Jas. 286 Comp. 257, 248, 225.
Kl.
ovina,
pratensis,
Nyl.
(4—5), L., Cypr. 12 ; Salix 378, 379 ;
Comp. 274.
punctulata, Schenck, L., Salix

Flessse, Pz., L., Salix 378.

Lep. =rubricata, Sm.

florea,

;

Bry. 171.

Sm. =clypearis, Nyl.,

Umb.

179, 194, 185

Sid.

;

394 Gross.
Berb. 18
Ros. 153, 127,
Scroph. 318*
Lab. 348* Eric.

fulva, Schr. (3), L., Lil.

129
285

;

;

;

;

;

283

Jas.

;

Comp. 267,

;

;

263,

•

Umb.

181;
Rail. 10
Pap. 108* Comp. 267, 268,
263, 274, 272, 273, 269, 270.
fulvicrus, K. (3— 3|), L. Th., Cypr.
386 Umb. 177 Ran. 4, 7 Berb. 18 ;
Bry.
Papav. 20; Criic. 39 Cist. 171
45 Salix. 378 Geran. 76 Malv. 69
Fagop. 369 Ros. 163, 139, 133, 127
Papil. 98, 100*, 94, 108, 110, 112
Scroph. 324
Lab. 349
Eric. 287 ;
Camp. 278 Jas. 283
Comp. 248,
225, 227, 234, 238, 236, 264, 274, 271,
273, 260.
fuscipes, K. =pubesceiis, K., L. T.,
Jas. 283
Comp. 225.
Eric. 287
Gvvynana, K. (24), L. Sid. T. Th.,
Gross. 158, 161
Clem. 1
Ran. 9
Geran.
Cruc. 30, 39
Salix 378, 379
Malv. 69 Fagop. 66
Gary.
78, 80
369 Ros. 151, 153, 135, 127; Scroph.
Eric. 285
Prim. 288
320, 324
Scab. 211 ; Camp. 277, 278, 279, 281;
Comp. 248, 253, 237, 236, 274.
Hattorfiana, F. (5i— 7), L. Sid. Th.,
Gary. 53
Scab. 211
Jas. 283.
helvola, L. (including varians, Rossi,
and mixta, Schcnck), L., Umb. 179
Fagop. 369
Berb. 18
Salix 378
Ros. 153, 136*, 133 ; Jas. 283 Comp.
274.
labialis, K., L. Th., Papil. 90, 119*,
116 Ech. 310 Lab. 366.
lepida, Schenck.,
L., Umb. 174,
Comp. 225.
minutula, K., L., Umb. 177, 191
Comp. 227.
160
nana, K., L., Gross. 158,
Umb. 177, 194, 195 Cruc. 39, 40
Fagop. 369
Salix 378
Ros. 139,
140 Comp. 248, 225, 227.

378.

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

-

-

;

——

378, 379.

;

Cassel,

K. (3), L. Sid., Papil.
100, 101, 95, 111, 108 ; Comp.
274, 270.
spec, L., iEsc. 87.
90,

;

;

;

Anthidium (3 species, 16
Anthidium manicatum, L.

;

;

Pap

;

;

;

;

;

;

—

K. (3^ 4), L. Sid.,
Cypr. 12
Umb. 177 Cruc. 39 Res.
43
Bry. 171
Salix 378
Ros. 134,
133 Papil. 116 Lab. 340 Eric. 284*,
285 Comp. 229, 227, 274.
nigroainea,
;

;

;

;

;

;

;

;

;

;

nigricej)s, K., L.,

Comp.

225.
nitida, K. (3^), L., Gross. 161
Salix 378
Gary. 57*
Coryd. 23t
Ros. 153 Lab. 366*, 359 Comp. 274.
parvula, K., L. Sid. Th., Cy])r. 384*;
Sed. 162; Umb. 179, 177, 181, 180, 192,
;

;

;

;

;

;

90,

—

10), L.

Papil. 90

1

92* 108*.

strigatum,

;

;

(9

;

;

;

_

visits).

Scroph.
Sid. Th., Pap. 90, 100, 92*
320 ; Lab. 364, 352, 346, 347, 337 ;
Comp. 258.
punctatum, Latr. (5^), Sid. Th.,

;

;

Schenck,

nitens,

xanthura,

;

;

;

Sm. =
Comp. 248.

vitrea,

•

;

;

;

;

;

;

;

;

;

;

;

;

ros(B, Pz., L. T. Th., Umb. 172,
Ros. 127.
Salix 378
180, 194
Schrankella, Nyl. (4), L. Th., Cruc.
Ros. 153, 136, 127 ;
Salix 378
27
Comp. 255, 227.
Papil. 100*
simillima, Sm., T., Eric. 287.
Smithella, K. (2), L., Gross. 160
Salix 378, 379 ; Ros. 152 ;
Berb. 18
Comp. 274.
thoracica, K., L., Ros. 135.
Trimmerana, K., L., Berb. 18;
Salix 378
Ros. 153, 133.
varians, Rossi, L., Salix 378.
L., Salix
- ventralis, Imh. (2— 2|),
;

;

;

;

;

;

=

Umb. 179

T. Th.,

273, 270.
fulvescens, Sm., L. Sid.,
;

;

;

;

;

Gerau. 78

;

;

;

;

Comp. 274.
Mvago, Chr., L.

.

;

;

Eos. 148,

;

133
160, 161

;

;

fucata,

Th.,

;

;

L.,

(3),

Anthophora

L. Sid. Th.,
257.

Latr. (5),

283

Jas.

;

Comp.

;

(5 species,

32

visits).

Anthox)hora .lestivalis, Pz. ~ Haworthana,
K. (15), Th., Papil. 102 Lab. 347.
furcata, Pz. (11—12), L. Sid. Th.,
Ech. 310 Lab. 364, 352, 355.
pilipes, F. (19—21), L. T., Lil. 394;
Corvd. 23, 24 Viol. 47 ;
Did. 22
Papil. 100, 118 ; Bor. 300,
Ros. 150
304 Lab. 366, 359, 362, 363, 349
Prim. 287.
01. 291
Vine. 293
quadrimaculata, F. (9—10), T. Sid.
Papil. 92
Ech. 310
Th., Malv. 70
Lab. 364, 352, 336.
Scroph. 365
retusa, L. (16—17), L. Pedic. 333.
Apis mellifica, L. ^ (6), L., T. Sid. Th.,
Smil.
Lil.
visits),
391, 388
(189
Orch. 382,
Gal. 396
Jr. 387*
389
Berg. 156 Gross. 159, 160 ;
383, 384
;

•

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

\

INDEX OF
Umb.

172, 179, 194, 185, 186

Clem.

;

;

;

;

;

;

visirs).

hortorum, L.2 (18—21), L. Sid. Th.,
Colch. 395 ; Smil. 390 Ir. 387 Orch.
382, 383, 384
Berg. 156 ; Aq. 13
Delph. 14, 15; Aconit. 17; Did. 22;
Viol. 47 Salix 378
Malv. 69
Pom.
150 Ros. 134, 135, 136, 129 Pap.
91, 125, 117, 119 Ech. 310 Bor. 304
Scroph. 319, 320, 321, 323, 334, 335,
333 ; Lab. 366, 359, 361, 362, 360, 352,
349 ; Vine. 293 ; 01. 291 ; Prim. 288
Eric. 285 Scab. 211 Jas. 283 Comp.
248, 247 (49 visits).
hypnoium, L. (10—12), L. Sid.
T. Th., Ros. 136
Ech. 310 Scroph.
334, 365, 364i; Ascl. 295
Scab. 211

;

;

;

;

;

;

;

;

;

;

;

;

;

kpidarius, L. (8—14), L. Sid. T.
Th., Orch. 382, 383, 384 ; Sed. 164
Viol. 46, 47, 49
Salix 378 iEsc. 87
Polygal. 51
Malv. 69
Fagop. 369
Cary. 57
Onagr. 166, 169 Ros. 150,
136, 129 ; Papil. 100, 101, 92, 111,
Ech. 310 ; Bor.
112, 107, 118, 119
Scroph. 321, 332,
3001, 302, 304
333 Lab. 366, 364, 359, 358, 355, 349
Vine. 293 ; 01. 291 Prim. 288 Eric.
284 Dips. 210, 211, 212, 213 Camp.

;

;

;

;

;

Rubiac. 207
286|, 287, 284, 285
Scab. 211,
Caprif. 201, 202, 203, 204
Camp. 277, 278, 279 ; Jas.
212, 213
283 Comp. 257, 258, 259, 248, 249,
250, 253, 244, 227, 234, 237, 238, 215,
217, 236, 214, 266, 263, 274, 276, 271,
Valer. 208, 209.
270, 260
;

;

(7 visits).

;

;

;

;

;

;

;

;

;

;

;

;

;

150, 151, 152, 153, 148, 134, 135, 138,
139, 142, 136t, 130, 133, 127, 129;
Papil. 90, 98, 100+, 101, 103, 105, 96,
97, 93t, 94, 95, 92, 111, 108, 109, 110,
111, 107, 121, 122, 117, 118t, 119t,
Convolv. 311
Ech. 310
114, 116
Bor. 301, 300t, 302, 306
Solan. 314,
Scroph.
315
318, 319, 320, 324, 325,
Lat. 366, 364,
327, 332, 330, 336|
359t, 362, 363, 360t, 355, 349t, 347,
01.
Ascl. 295
348, 344, 340, 342
Eric.
291
Plant. 367
Prim. 288*
;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Bomhv^ (17 species, 509 visits).
Bombus agrorum, F. (— muscorum, L.),
(10—15), L. T., Sid. Th., SmU. 390

;

164

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Comp. 240, 241, 242, 257,
277, 279
258, 255, 248, 250, 251, 257, 245, 246,
266,
274,
271, 270 (65 visits).
238,
muscorum, F. (= senilis, F. Smith)
(10—14), L. T. Th., Orch. 382 (?), 383,
384 Cist. 45 Papil. 100, 102, 94, 91,
116; Ech. 310; Bor. 302; Scroph.
318, 331 ; Lab. 366, 364 Rubiac. 207
Caprifol. 201, 204 ; Comp. 240, 241,
258, 246, 274 (23 visits).
pratorum, L. (8—12), L. Sid., All.
392 ; Orch. 382, 383, 384 Gross. 162
Chelid. 21 ; Diclytr. 22+
Berb. 18
Salix 378 Onagr. 166 Ros. 134, 135,
136; Papil. 98, 100|, 123, 116; Ech.
310; Bor. 301, 300+, 302, 304, 315;
Scroph. 330, 334|, 335+, 364; Lab.
366, 359, 362, 363, 360, 352, 355, 349,
Caprif.
Eric. 285
Plant. 367
341
;

Orch. 382 Sed.
387 List. 380 t
Aq. 13 Papav. 21 Coryd. 25
Rhamn. 86
Viol. 48 ; Hvperic. 68
Cary. 57
Til. 73
Malv. 69, 70
Lythr. 165; Onagr. 166, 169; Ros.
Papil. 90, 100, 104,
150, 148, 135
Ech. 310, 300,
120, 117, 118, 116
302, 304 Solan. 315 Scroph. 317, 321,
322, 323, 330, 335. 333 Lab. 365, 360,
Gent.
356, 357, 358, 352, 353, 349
296 Vine. 293, 294 ; Eric. 286, 284,
285 Symphor. 201 Dips. 210, 211,
212 Comp. 241, 257, 258, 249, 245,
243, 244, 256 (68 visits).
Barbutellus, K. (Apathus^) (12),
L. Sid. Papil. 100 Ech. 310 Scroph.
211 ;
Scab.
Lab. 349
334
326,
Comp. 274, 272 (9 visits).
campestris, Pz. (Apathus) (10—12),
Sed. 154; Onagr.
L. T., Orch. 382
Ech. 310
166 Ros. 135, 100, 116
Comp. 256,
Eric. 285 ; Scab. 211
250, 244, 238, 215 (14 visits).
confusus, Schenck (12—14), L. Th.,
Onagr. 165
Orch. 382, 383, 384
Lab.
Papil. 100, 119, 116
Ros. 136
Ir.

285;

Eric.

;

;

;

;

288;

241, 258, 274, 273 (16 visits).
Bombus fragrans, Kirby^ (15), L., Orch.
384 ; Salix 378 Ros. 136 ; Pap. 100 (4

;

;

Prim.

Comp.

;

;

645

349;

366,

Thai. 2, 3
Anem. 4 Kan. 5, 7,
Berb. 18
Did.
Ag. 13 X
9, 11, 12
Coiyd.
Fum. 26
22t
23t, 24t
Cruc. 27, 29, 30, 31, 34, 35, 39, 40,
Res. 42, 43
Viol. 47
Cist. 51
41
Ehamn.
Bry. 170t
Salix 378, 379
86 Mesc. 87 ; Polygal. 45 Rhus. 88,
Liu.
89 ; Rut. 84 ; Geran. 77, 80, 83
Mai v. 69, 70, 71, 72
75 Til. 73
Polygon. 369, 370 Cary. 65, 62, 57
Lythr. 165
Onagr. 166, 169 Ros.
1

INSECTS.

;

;

^ Dr. Kriechbaiimer tells me that the name
Psithyrus is older than Apathus, and P. saltuum,
Pz., older than Barbutellus, K.

;

;

;

;

;

;

;

;

;

;

;

;

;

201, 204 Scab. 211, 212 Camp.
Comp. 257, 253, 246, 247, 237,
272, 208 (52 visits).
Rajellus, 111. (10—13), L., Ir.
Did.
Papav. 21
Sed. 162
Papil. 100,
Cary. 57
Viol. 47
117, 118; Ech. 310; Bor. 300,
;

;

;

;

;

;

277

;

238,

387

;

22+ ;
101,

304;

Accordino; to Dr. Kriechbaiimer, B. fragrans,
K., is quite distinct from B. fragrans. Pall., a
The latter must be called
Siberian species.
B. distinguendus, Moraw, and is, jierhaps,
^

identical with B. elegans, Seidl.
* Including B. ruderatus, F.

THE FERTILISATION OF FLOWERS.
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277, 278, 279, 280 ; Jas. 283
246, 263.
Chelostoma florisomne, L. =maxillosum,
L. (3^—4), L. Th., Ran. 7, 8 ; Camp.
280 ; Comp. 274.
nigricorne, Nyl. (4
4|). L. T. Sid.

Camp.
Comp.

Scroph. 334

; Lab. 364, 359, 361t, 363,
360, 349 Eric. 286 Scab. 211 ; Comp.
253, 268 (23 visits).
Bombus rupestris, F. (Apathus) (11 14),
L. T. Th., Papil. 100, 116 Ech. 310
Lab. 364, 349 ; Dips. 310, 211, 212 ;
Corap. 241, 257, 258, 255,
Jas. 283
215 (14 visits).
Scrimshiranus, K. (10), L. T. Th.,
Gross. 161 Salix 378 ; Ros. 135, 136,
133; PapiL 117, 116; Scroph. 319,
334, 333|, 358, 355 ; Eric. 284 (13
;

;

—

;

;

;

—

Th., Geran. 77, 78; Malv. 69, 72;
Lab. 336 Camp. 277, 278,
Ech. 310
279, 280, 281 ; Comp. 225.

;

;

;

;

visits).

—

—

Cilissa (3 species, 16 visits).

Smith

( =

B. muscorum,
F.i) (11—15), L., Orch. 383 ; Ros. 136,
133 ; PapiL 100, 119, 116
Bor. 304 ;
Scroph. 334, 359 ; Gent. 296 ; Eric.
286 Scab. 212 (12 visits).
sHvarum, L. (9—14), Fig. 15, L. T.
Malv. 69
Th., Orch. 383 Sed. 164
Onagr. 169
Lythr. 165
Ros. 134,
135, 136, 100; PapiL 91, 118, 119,
Ech. 310 ; Bor. 300, 302, 304 ;
116
Scroph. 321, 332, 334, 333 Lab. 366,
364, 359, 360, 356, 358, 353, 355,
349, 346, 347 Gent. 297 Prim. 288
Scab. 211, 212 ; Jas.
Eric. 286, 285
283 Comp. 240, 241, 257, 258, 259,
246, 244, 268, 274 (48 visits).
terrestris, including lucorum, L.
(7—9), L. Sid. T. Th., LiL 394, 393 ;
Orch. 382, 384
Gross. 161
Umb.
194 Clem. 1 Ran. 5, 8, 11 Aq. 13t
Coryd. 23^,
Berb. 18; DicL 22t
24| ; Cruc. 30 Sal. 378, 379 ; Hyper.
^sc.
Polygal.
51
Gary, 57 ;
68 ;
87 ;
Lythr. 165 ; Onagr. 166
Ros. 150,
Papil. 90,
151, 135, 136t, 133, 128
100|, 92, 111, 108, 112, 118t, 119t,
115 ; Ech. 310 ; Bor. 300t, 304
Scroph. 317, 320, 321, 323, 334J,
Lab. 359t, 361|, 360+,
335|, 333^
356t, 353, 355, 349J, 342 ; AscL 295 ;
Tine. 293 01. 291 ; Plant. 368 ; Prim.
288t Eric. 286, 287, 284, 285 Scab.
Comp. 2il, 242, 258, 255,
211, 212
250, 229, 239, 215, 268, 274 (79 visits).
vestalis, Fourcr. (Apathus) (12), L.
Sid. T. Th., Jr. 387 Ros. 135 ; Papil.
Scroph. 326 ;
100, 117 ; Ech. 310
Lab. 349 Vine. 293 Eric. 285 Scab.
Comp. 253, 247, 214, 274
211, 212
(15 visits).
Ceratina coerulea, Vill. (4 5), L., Ech.
senilis, F.

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

—

Jas. 283
Comp. 267.
310
Chalicodoma muraria, F. (10), Th., Papil.
;

Sid.,

Malv. 69, 71

277, 278, 279.
leporina, Pz.
Th., Sed. 162

F.

(3

—

Lab. 355

;

4),

L.

Comp.

;

= tricincta,

K. (3^), L.
PapiL 100, 101, 94,

;

Comp. 248, 246.
Jas. 283
melanura, Nyl. (3—4), L. Sid. T.,
Lythr. 165 Comp. 273.

92

;

;

;

;

;

;

hsemarrhoidalis,

Cilissa

;

116.

Ccdioxys

(6 species,

28

visits).

Coelioxys acuminata, Nyl., Th., Comp.
242.
spec, L., Ros. 140 Papil. 90 Lab.
AscL 295 Comp. 211.
349, 341
conoidea, 111. = punctata, Lep. (6),
L. Th., Papil. 116
Ech. 310
Lab.
Jas. 283
Comp.
336 ; Scab. 211
266.
255,
quadridentata, L. = conica, L. =
acuta, NyL, L., PapiL 96
Ech. 310 ;
Scab. 211 ; Jas. 283
Comp. 242.
simplex, Nyl. (4|), L., Bry. 171
;

;

;

;

;

;

;

;

;

;

;

Malv. 69

;

Ech. 310

;

Jas.

283

;

Comp.

218, 266.

umbrina, Sm. = parvula, Schenck,
Ros. 135
Ech. 310 ; Lab.

L. Th.,
336.

;

Colhtes (4 species, 16 visits).

—

CoUetes cunicularia, L. (3^ 4), L., Salix
377 ; Eric. 285.
Davieseana, K. (2^), L. Sid., Onagr.
169 PapiL 108 Comp. 225, 229, 227,
;

;

234, 274, 270.

K. (2 J), L., Papil. 100
225, 234.
marginata, L. (2), L., Papil. 101
Comp. 227.
Jas, 283
CrocLsa scutellaris, Pz. (7— 7^), T. Th.,
Lab. 336.
Dasypoda hirtipes, F. (4^—5), Fig. 10,
1., L. Th., Jas. 283 ; Comp. 248, 246,
266, 263 (7 visits).
Diphysis serratuhv, Pz. (7—8), L. Sid. T.,
Ros. 135 Papil. 90, 100, 101, 108*, 120,
Ech. 310 Eric. 287
265, 271, 117
Scab. 211 Jas. 283 Comp. 257, 267,
271, 270 (15 visits).
Epeolus variegatus, L. (13^), L., Jas.
283 Comp. 248.
Eucera longicornis, L. (10—12), L. Sid.,
Orch. 383, 384 ; Ros. 153 ; Papil. 90,
fodiens,

;

Comp.

;

;

;

Chclostoma (3 species, 25 visits).
Chelostomacampanularum, K. (3—34), !<•
Sid. T. Th., Malv. 69 ; Lab. 347t

;

'
I only lately becatne aware of tlie identity of
these species I have placed the darker varieties
under B. muscorum, F., tlie liglit-yellow ones
uuder B. tenilh, Smith.
;

;

;

;

;

;

;

;

INDEX OF INSECTS.
Ech. 310
100, 123, 126, 117, lit)
01. 291 ; Plant.
Lab. 359
Bor. 300
368 Caprif. 201 (15 visits).
Halictoides dentiventris, ISyl. (2
2^),
L. Sid., Camp. 277, 278.
;

;

;

;

;

—

Halictus lucidulus, Schenck, L., Cruc. 38;
Geran. 77 Ros. 135, 138 Lab. 349*
Jas. 283
Comp. 257, 246, 227, 274
;

;

;

;

•

(10 visits).
lucidus, Schenck, L., Ran. 9 Ros.
134.
higubris, K. = Isevigatus, K., L.
Th., Papil. 116 Lab. 359 ; Comp. 263,
276, 273, 270 (6 visits.)
niaculatus, Sm., L. T. Th., Umb.
Ran. 7 Papav. 20; Genin.
177, 182
77, 78, 79 Malv. 69 Ros. 140 Papil.
;

(32 species, 440 visits, 181 being
to Composites).

Halidus

647

;

Halictus albipes, F. = obovatus, K. (including afliuis, Sclienck), L. Sid. Th.,
Umb. 179, 177, 195 Ran. 9 Salix,
378 ; Geran. 76 ; Malv. 69 Polygon.
PapiL 103,
Ros. 135, 133, 127
371
Kch. 310 ; Scroph. 326, 328 ;
108, 116
Lab. 342 ; 01. 291* ; Plant. 368; Scab.
Camp. 279 Jas. 283 ; Comp.
211
;

;

;

;

;

98

;

393

Umb.

;

10

4, 6, 7, 9,

;

;

L. Th., Gross.
Cruc. 27, 38 Geran.
Ech.
Convolv. 311
Lab. 346t, 338
Scroph. 328
Comp. 257, 248, 246, 227, 221, 274,
262, 269, 260 (21 visits).
nitidus, Schenck, L. Th., Gross.
Lab. 346t,
Ech. 310
158 Ros. 148
Comp. 238, 223, 236, 267,
347, 342
263, 274 (12 visits).
quadricinctus, F.,^ L. Th., Umb.
Ascl.
Papil. 101, 94
Ran. 7
191
295 Comp. 240, 241, 242, 257, 258,
225, 246, 220, 263, 264, 276, 262, 260

nitidiusculus, K.,

158
76
310

;

;

;

;

;

Camp. 280

;

Comp. 248, 220,

;

;

;

255.

(3— 4|),

rubicundus, Chr.

L.

Th.

Ran. 7 Berb. 18 ^sc.
Gross. 161
Papil. 90, 108
87 Ros. 151, 152
Scab. 212 Comp. 240, 257,
Eric. 285
248, 246, 225, 229, 263, 264, 274, 276,
262, 270, 260 (23 visits).
Scabiosse, 111., Freiburg, Hild., Ascl.

;

;

;

;

;

(9 visits).

;

;

;

leucozonius, Schr. (4), L. Sid. T.
Umb. 191 Ran. 7 ;
Th., Orch. 384
Aq. 13 Cruc. 40 Geran. 77 ; Ros.
Scab. 211, 212 Jas. 283
135, 140
Comp. 257, 246, 225, 229, 220, 266,
267, 263, 262, 271, 272, 273, 270 (24

295.
sexnotatus, K. (2^—4), L. T., Lil.
Thai. 2
388 Umb. 177 Clem. 1
Ran. 7 Papav. 20, 21 Cruc. 29 Bry.
Rhus 88 Rut. 84 Geran. 79
17lt
Gary. 63 ; Ros. 150, 149, 134, 135;

;

;

;

;

—

;

;

;

Comp.

;

;

;

quadiinotatus, K., Th., Comp. 246.
quadristrigatus, Latr.,^ (5
7), Th.,

;

;

;

(18 visits).

Jas.

221, 263, 274,

;

;

;

;

276, 273, 270 (26 visits).
fulvicornis, K., L., Umb. 195.
interruptus, Pz., Th., Umb. 175,
195 Comp. 257, 246 (4 visits).
leucopus, K., L. Sid. T. Th., Umb.
Ros. 139
Scroidi.
Cruc. 34
194
Lab. 362* ; Comp. 220, 274, 271
328
;

;

;

;

;

;

285

9
Ros. 134
7,

;

;

Eric.

;

Ran.

;

;

322
283

;

;

;

;

;

;

(9 visits).

;

;

L. T., Umb. 178 ;
246, 265, 262 (6

(2),

248,

morio, F. (2), L. Th., Malv. 69, 70 ;
Convolv. 3 lit, Scroph.
Gary. 56
321
Lab. 346t Comp. 225, 220, 273

;

;

257,

visits).

;

;

;

274.

minutus, K.

Comp.

Ran.
172, 179, 194
Papav. 20, 21 ; Cruc.

;

Ccmp. 257,

;

minutissimus, K., L., Lythr. 165

Comp. 217,

Salix 378 Geran. 76, 77, 78 ;
Malv. 71 ; Gary. 65 Lythr.
Lin. 75
165 ; Ros. 153, 135, 139, 127 Papil.
Solan. 316
Ech. 310
103, 110
Scroph. 319, 323t, Lab. 362*, 363*,
Plant. 368
Ascl. 295
342, 338
Eric. 285 Scab. 211, 212; Camp. 278;
Jas. 283 ; Comp. 241, 242, 257, 248,
253, 245, 246, 247, 225, 229, 238, 223,
220, 221, 217,268, 263, 265, 274, 262,
271, 272, 273, 269, 270 (65 visits).
fasciatus, Kyi., L., Jas. 283.
flavipes, F.,*= seladouius, F. (2^),
L. Th., Umb. 194 Ran. 6, 7 ; Papav.
Ros. 139, 141, 133
20
Geran. 76
Scroph.
Pap. 90, 100, 105, 95, 116
30, 39

;

Camp. 279

;

visits).

;

257, 248, 246, 229, 238, 223, 220, 221,
263, 274, 262, 271, 272, 260 (37 visits).
brevicornis, Schenck, Th., Comp.
270.
cylindricus, F. =fulvociuctus, K. =
malachurus, K. (3—4), L. Sid. T. Th.,
Lil.

;

Lab. 338

;

258, 248, 246, 225, 229, 228, 234, 238,
223, 220, 263, 274, 262, 271, 273 (28

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

visits).

longulus, Sm. = pauxillus, Schenck,
Ran. 7 ;
Th., Umb. 172, 189
Papav. 20 Geran. 76, 77 Convolv.

•

L.

;

;

;

311

'

;

Scroph. 324

;

Lab. 338

;

Comp.

257, 248, 246, 243, 244, 223, 220, 263,
274, 262, 271, 260 (21 visits).
H. tumulorum, L.
According to F. Smith

=

^ Dr. Kricchbaumer tells nie that the species
described by Kirby and later authors as H.
quadricinctus, F., is not the true H. quadricinctus of Fabricius, but a distinct species, H.

But H. quadristrigatus, Latr.,
tetrazonius, K\.
identical with H. quadricinctus, F., and uii st
receive that name, as the older one. (Gerstaecker, Archiv fUr Naturgeschichte, Jahrg.
xxxiv. Bd. 1.)
is

;

;
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;

;

Papil. 90, 93, 92*,
124
Lab. 364, 346, 336 (7 visits).
versicolor, Sm., L. Sid. Th., Pap.

-.

;

;

;

;

Smeathmanellus, K., L. T. Sid.
Res. 42
Aq. 13
185
Scroph. 319,
Malv. 69
Comp. 257, 246,
321t Camp. 277
262, 271, 272, 273 (14 visits).
tarsatus, Schenck, L., Pap. 98
Comp. 248 (2 visits).
villosulus, K. = punctulatus, K.,
L. T. Th., Ran. 7 Cist. 45 Ros. 135,
Jas. 283
Comp. 225,
Convolv. 311
;

;

;

310.

;

;

;

;

;

;

;

;

(5

Willughbiella, K. (6*— 7), L. Sid.
Papil. 90, 98, 108*,
Th., Malv. 69
Scab.
Lab. 354, 336
117 Ech. 310
211
Comp. 266 (10 visits).
=
punctata, K. (11),
Melect^ armata, Pz.
L. T., Lab. 358, 361.
luctuosa, Scop. (10), L. Th., Ech.

(13 visits).

Th., Umb.
Geran. 78

Comp. 246

;

visits).

;

;

117

120,

108,

92,

Comp. 222,

274.
sexstrigatus, Schenck, LL., Papav.
Rhus 88 f Ros. 149,
Bry. 17lt
21
Scroph. 325
138, 139, 140, 141, 133
Eric. 285
Comp. 270
Lab. 346t
;

Sid. Th.,

;

;

7

L.

(9),

;

;

— M. fasciata, Sm.^

Megachile pyrina, Lep.

Bor. 301, 300t,
Papil. 126
131
Scroph. 318, 322; Lab. 362t, Eric.
Scab.
Caprif. 201, 202, 200
285
Coinp. 274, 262 (31 visits).
211
Halictus sexsignatus, Schenck, L., Ran.

;

;

Nomadi (21 species, 85 visits).
Nomada alternata. K. = N. Marshamella,

229, 266, 267, 264, 265, 274, 271, 272,
273, 270 (16 visits).
zonulus, Sm. (4), L. Tekl. Th., Sed.

K., L., Comp. 274.
armata, SchaefF. = N. cincticornis,
Nyl., L., Scab. 211.
Fabriciana, L., L., Coryd. 23t ;Ros.
135 Scab. 211 Jas. 283 Comp. 267.
ferruginata, K., L. Sid. Th., Sed.
162 Umb. 194 Papil. 94 Eric. 285

;

;

'

;

;

;

;

;

238.
flavoguttata,
Comp. 217, 274.
furva, Pz.
Comp. 238.

;

•

;

;

;

Geran. 80
Cruc. 31
Ascl. 295t
Cary. 60, 53
Ros. 145
Plant. 367, 368 Yaler. 208 (10 visits).
Heriades truncornm, L. (4 4|), L. T.
01. 292
Th., Umb. 187 Papil- 96
Scab. 211
Comp. 248, 246, 225, 228,
238, 223, 263, 264 (13 visits).

spec,

L.,

;

Comp.

;

;

;

65

Cary.

L,,

minuta,

;

L.,

F.,

Rhamn. 86

;

—

3), L.,

Ros. 135

L., Onagr. 166;
Jas. 283 ; Comp.

Pz., L., Th.,

lateralis,
;

;

Umb. 195

Malv. 69

;

;

Ros.

;

Umb.

Prim. 290.

;

;

Hyper. 68
Cruc. 30
135 Scroph.' 330.

;

labiata, Pz. (2^

Scab. 311

;

248.

;

;

266.

Lab. 358

—

;

;

=

Jacobeeffi, Pz. (4),

.

;

;

187

K.,

germanica, Pz,, L. T., Lab. 340;

visits).

Macropis

;

Comp.

;

;

;

;

;

;

Geran. 76
Resed. 42
164 Ran. 7
Ros. 152, 149, 135, 142,
Malv. 69
Bor. 301, 308
Papil. 101, 112
131
Prim.
Lab. 366*
Scroph. 321t, 322
290* Comp. 257, 238, 274, 262 (22
;

;

;

Lathburiana, K. = rufiventris, K.,
Comp. 274.
L., Salix 378
Salix
lineola, Pz. (6), L., Cruc. 30
378 Hyper. 68 Ros. 135 Scab. 317
Jas. 326 Comp. 248, 217, 274.
nigrita, Schenck, L., Jas. 283
;

•

;

Mcgaddle

(9 species, 77 visits).
(6) L., Jas.

Comp.

266.
centuncularis, L. (6
Sed. 162
Th., Lil. 388
;

Did. 22t

—

7),

L.

283

Comp.

:

;

;

;

;

;

172

;

349.

;

(20 visits).
circumcincta, K. (8), L. Sid. Th.,
Papil. 90,
Ros. 148, 149
Sed. 162
100, 92, 108, 107, 117, 116 P:ch. 310
Plant. 368
Scroph. 335
Lab. 340
Comp. 242 (16 visits).
Scab. 211
lagopoda, L. (10), Th., Umb. 191
Comp. 242, 257. 255, 251, 246 (6
;

;

;

;

;

;

;

;

;

visits).

ligniseca,

Comp.

K., L. Th.,

248.
Roberjeotiana,

;

Ros. 149
Lythr. 165
Scroph. 321 1
Papil. 108* Bor. 301
Lab. 336 Caprif. 201, 203 Scab. 211
Comp. 257, 253, 246, 244, 224, 276
;

;

;

Sid.

Umb. 194

;

;

;

;

;

Megachile argentata, F.,

Malv. 69;

;

Onagr. 166

Pz.,

L. Th,,

Umb.

283

Comp.

Jas.

;

;

ruficornis, L. = flava, Pz (3—4^),
Ros.
Carv. 65
L. Sid., Salix 378
Pap. 90
152, 161, 135, 138, 139
Comp. 225, 274.
Jas. 283
Eric. 285
sexfasciata, Pz. (7), L., Orch. 384
Ech. 310.
Ros. 138
solidaginis, Pz., L. T., Papil. 94
Eric. 286* Comp. 248, 220.
Ros.
signata, Jur., L., Salix 378
152, 153, 139 Comp. 274.
succinct I, Pz. (6^—7), L., Salix
378 Ros. 140, 127 Comp. 257, 274.
;

;

;

;

;

;

;

;

;

;

;

;

;

;

258.

maritima, K., L. (8—9), Sed. 163
Papil. 101, 92, 120, 117 Scroph. 320
Jas. 283 ; Comp. 259, 250
;
;

;

Scab. 211
(9 visits).

;

*

Aceordlnf,' to

Dr.

Kriechbanmer identical

with M. pyrina, Smith, but not with M. pyrina,
ericetorum,
Lep., identical, liowovcr. with
Lep., wliic.h name is the oldest, and has i)riority
Sni.
over M. fasciata,

M

INDEX OF

INSECTS.

—

Nomada

varia, Pz. =fucata, Pz, (5^
6),
L. Th., Salix 378 Papil. 94 Lab. 349
Jas. 283
Comix 238, 274, 276.
xanthosticta, K., L., llos. 140.
zonata, Pz., L. T. Th., Comp. 225,
276.
;

;

649

Frosopis (15 species, 88

;

visits).

Prosopis annularis, Sm., Th., Lil. 388

;

armiilata, Nyl. (1|), L. T. Sid., Sed.
162 ; Umb. 173, 192, 194, 186 Cruc.
38 ; Res. 42, 43 Hyper. 68 Polygon,
;

;

371

Osmia (13
Osmia adunca,
Pap. 117

100

species,

347t

283

Jas.

;

Comp. 248, 229

;

dilatata, K.,
283.

Comp.

246.
caimentaria,
Gerst.
SpinoLv,
Schenck, Th., Papil. 101
Ech. 310.
coiimta, Latr. (8—9), L., Kos. 129.
fulviventris, Pz,, L. Th., Lab. 364 ;
Comp. 255, 245, 246.
Scab. 211
fusca, Chr. = bicolor, Schr. (8),
L. Sid. T. Th., Orch. 384 llaii. 4, 8
Yiol. 49
Geran. 78
lies. 135, 139 ;
Papil. 112
Ech. 310
Pulm. 304
Lab. 366, 349 Comp. 274.
interrupta, Schenck, L. Th,, Papil.

=

(24

Malv, 69

L.,

;

Jas.

excisa, Schenck,, L., Ros, 135.

hyalinata, Sm. - P. confusa, Nyl.,
L. Th,, Ran, 7 Geran. 77 Malv, 69 ;
Cary. 63 Ros, 140 Ech, 310 Camp.
277, 278, 279, 282 ; Jas, 283
Comp.
248.
pictipes, Nyl., L , Res. 42
Malv.

;

;

;

;

;

;

;

;

;

;

283 Comp, 225,
propinqua, Nyl,, L., Ros. 149.
punctulatissima,Sm. = P. obscurata,
Schenck, Th., Lil. 4 Comp. 246.

;

;

;

;

;

visits).

;

;

179.

;

;

;

;

Umb.

Umb. 177, 179, 192, 186 Cruc. 38
Res. 42, 43 Rhus 89 Geran. 76, 77
Malv. 69; Cary, 63; Ros, 148, 149, 135,
138, 130; Scroph. 317, 327; Lab. 346t;

;

;

Umb.

communis, Nyl. (1— li), L. T. Th.,

;

;

(13 visits).

clypearis, Schenck., Th,,

ajnea, L. (9—10), L.
Sid. Th.,
Malv. 69
Papil. 90, 100, 92
Ech.
310 Scroph. 320 Lab. 366, 364, 359,
Comp. 258, 246.
349, 336 Scab. 211
aurulenta, Pz. (8—9), Sid. Th.,
Pap. 90, 94, 91, 92, 116 ; Lab. 364
;

;

Comp. 271

;

177.

Latr. (10), L. T. Sid. Th.,

;

Ros. 140

;

brevicornis,]Sryl,, L.,Sed. 162:

visits).

Ech. 310.

;

;

lies. 42.

69

;

;

Jas,

;

;

;

90.

signata, Pz, (l^), L. Th., Umb. 173;
Clem 1 ; Thai. 22; Res. 42 Malv. 69;

—

leucomelajna, K, ( <J 2i, 9 3^
4),
L,, Ech. 310 Scroph. 320 Comp. 225.
pilicornis, Sm., L., Pulm. 304.
nifa, L. = bicornis, L. (7
9), L.
Jr. 387t
Orch. 383
T,, LiL 394, 388
Clem. 1 Ran. 7, 11 Did. 22t Cruc.
^se.
Salix 378
Viol. 47, 49
30
Pvos.
Geran. 77
Cary. 66, 57
87
PapiL 118t,
150, 153, 133, 127, 129
119 Ech. 310 Bor. 304 Lab. 366,
Vine. 291, 293
349, 346, 347, 336
Comp. 217,
Eric. 285
Prim. 288*

;

";

;

Ros. 343

—

;

;

;

;

;

;

;

;

;

;

;

;

274 (37

visits).

Abundant in
Thuriugia, nesting in empty shells of
Helix ericetontm. Papil. 116 Comp.
spinulosa, K,

(5).

;

•

(8

;

;

;

Comp. 233

;

;

;

;

;

sinuata, Schenck, L, Th., Umb, 192,
195 ; Rut. 84 Comp. 248.
variegata, F., L. Th,, Sed. 162;
Umb, 188, 191, 196, 195 Ros, 135 ;
Jas, 283 ; Comp, 248, 225,
spec, L., Umb. 187, 190 ; Til, 73,

;

;

;

Scroph. 317

;

visits).

257, 258, 255, 246, 225, 238, 263, 264,
276, 262, 260 (12 visits).
spec, L., Pap, 96.
villosa, Schenck (according to Dr.
Kriechbaumer, identical with 0. platycera, Gerst), Sid., Papil, 108.

Psithyrus.
The species of this genus
are referred to Bombns,
Rhophitoides canus, Eversm, (2^ 3),
Th,, Papil, 90, 94.
Rhopbites halictula, Nyl,, L,, Jasione
2b3,
vulgaris (Dufourea), Schenck (2),
T. Th., Comp. 263, 264, 265, 262,
273, 279, 270.
Saropoda bim£culata, Pz. =S, rotundata,
Pz. (9), L. Th., Hyper, 68; Lythr.
165 Ech. 310; Scroph, 365 Lab. 340;
Jas, 283
Comp. 257, 255
Eric, 287

—

>

;

;

;

;

(9 visits).

PanurgiLS

Panurgus

(2 species,

Banksianus,

16

Sphecodes gibbus, L. (including rufescens,

visits).

Latr.

= P.

ater,

Latr, (3), L. T. Th., Comp, 263, 265,
276, 270.
calcaratus, Scop. = P. lobatus F, (3),
L, T. Th., Pan. 7 Onagr. 169 Comp.
266, 267, 268, 263, 265, 276, 262, 271,
273, 270 (12 visits).
;

;

ephippia, etc) (IJ), L. T, Sid, Tb., Sed.
162 Gross, 158 Umb, 176, 181, 188,
Cruc
Coryd, 22
192, 194, 195, 183
33 Salix 378; Geran, 78;Fagopyr, 369;
Onagr, 166 Ros. 140; Jas. 283; Comp.
248, 225, 229, 233, 234, 222, 217, 274,
;

;

;

;

;

;

269, 270 (28 visits).
Stelis

atenima,Pz. (5— 5^), Th., Ger. 77;
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295; Comp. 255, 245, 246

Ascl.

(5

visits).

Umb. 172; Ciuc 29
Th., Sed. 162
Bry. 171 Geran. 78; Onagr. lt)6; Ros.
Papil. 96
Ech. 310
135, 140, 133
Ascl. 295
Rubiac. 205
Lab. 340
Caprif. 201 Jas. 283 ; Comp. 248, 225
(19 visits).
Bembex rostrata, F. (7—8), L., Scab.
;

;

;

Stelis breviuscula,

Nyl.

—

S.

pygmsea,
Ech. 310

Schenck, L. Th., Ros. 135
Scab. 211 Comp. 246, 225 (5 visits).
phseoptera, K. (5), L. Th., Ech.
310 Comp. 246.
;

;

;

;

;

;

;

;

;

;

;

211 Comp. 248.
Cemonus imicolor, F.,
;

B. Chrysidoe (8 species, 23 visits).
Chrysis bidentata, L., Th., Fmb. 192.
cyanea, L., L., Ros. 149.
ignita, L., L. Th., Umb. 192, 183
Rut. 84 ; Ros. 149, 130*.
spec, L., Umb. 172.
Cleptes semiaurata, F., L., Ech. 310.
Elampus auratus, Wesm., L., Ros. 130*.
Hedychrum coriaceum, Dlb., L., 368.
lucidulum, Latr., L., Th., Umb.
179, 191, 192, 195; Cruc. 38, Ros. 130*,
133 Jas. 283 ; Comp. 248, 225, 230,

;

;

266.

Cynipidce

C.

(1 species, 1 visit).

Eucoila spec, L., Chrysospl. 155.

;

L. Th,,

Umb.

177,

Cruc. 37.

Cerceris albifasciata, Dlb., Th., Umb.
172.
arenaria, L. (I5— 2), L. Th.,Res. 44 ;
Ros. 133 Jas. 283 Comp. 248, 225.
labiata,-.F., L. Th., Umb. 172
Res.
;

;

;

44; Fagop."369; Scroph. 327; Jas. 283;
Comp. 225, 220.
Nasuta, Kl. (quinquefasciata, Rossi,
V. d. L., Sm., interrupta, Pz.), L. Th.,

Umb. 172

;

Fagop. 369

Onagr. 166;

;

Ros. 135; Scroph. 327; Jas. 283; Comp.
248.
variabilis, Schrk. (ornata, F.), L.
Th., Umb. 172, 179, 195
Cruc 37
Res. 42, 44; Cary. 52; Lab. 340; Comp.
248, 246, 225, 229, 231, 227.
Ceropales maculata, F. (1), L. T. Th.,
Umb. 191, 194, 196, 195 Jas. 283
Comp. 242, 225, 222.
variegata, F., Th., Umb. 190.
;

D. Formieidoe (4 species, 18 visits).
Formica congerens, Nyl., L., Ros. 152;

Comp.

190

274.

;

;

Lasius niger, L.,
Ros. 151, 152.

L.,

Chrysospl.

155

;

Myrmica laevinodis, Nyl., L Chrysospl.
155 Comp. 217.
M. ruginodis, Nyl., Chrysospl. 155.
Undetermined: Umb. 192, 185, 186; Ran.
,

;

10 ; Cary. 55
Ros. 150,
Scroph. 320 ; Ascl. 295t.
;

151,

152,

E. Ichneumonidce and their allies
(13 species, 43 visits).
Alysia, L., List. 380.

Carapoplex, L., List. 380.
Cryptus, L., List. 380.
Eulophus, L., Adoxa 198.
Fcenus jaculator, F. (1), L. Th., Umb.
179, 192, 183 Rut. 84 Cary. 55.
aflfectator, F. (1), L. Th., Umb.
179, 190, 191, 184 ; Rut. 84.
Ichneumon uniguttatus, L., L,, List.
;

;

380.

Microgaster rufipes, F., L., List. 380.
Perilampus (?), L., Salix 378.

180, 188, 190, 192, 193, 194, 195, 185,
186, 182, 174
Cruc. 37
Parn. 157
Rut. 84; Salix 378 ; Mai v. 69 ; Ros.
133 Lab. 338 ; Adoxa 198.
;

;

;

F. SphegidcR (in the sense of Fossores,
Latr.) (81 species, 275 visits).

Agenia punctum, F., L., Rut. 84.
Amrnophila sabulosa, L. (4), L. Sid. T.

Crabro alatus, Pz., L., Onagr. 166
283 Comp. 248, 222, 227.

;

;

Jas.

;

ce]>halotes, Pz. (Shk., Lepel., H.
Sch.), L., Umb. 179, 185 ; Comp. 229.
cribrarius, L., L. Th., Umb. 191,
194, 184 ; Comp. 248, 222, 227.
denticrus, H. Sch., Th., Umb. 192.
dives, H. Sch., L., Umb. 178.
elongatulus, v. d. L. (luteipalpis,
Lep.), L., Rut. 84.
lapidarii:s,P7., Dlb. (chrysostomus,

Lep.,

xylurgus, Shk.),

L.

Th.

Sid.

Tekh, Umb. 179, 177, 178, 190, 194
Ros. 133 Comp. 225.

;

;

patellatus, v. d. L., L., Ros. 149,
135 ; Ech. 310 Jas. 283.
podagvicus, H. Sch., Th., Umb. 192.
pterotus, F., L., Umb. 177, 178 ;
Jas. 283.
sexcinctus, v. d. L. (1), L. T. Th.,
;

Umb.

Pezomachus, L., Adoxa 198.
Phegadeuon, L., List. 380.
Tryphon, L., List. 380.
Undetermined: Umb. 179, 177, 181, 178,

;

179, 192, 193, 185
subterraneus, F., L.

183 Comp.
vagabundus, Pz., L.,

;

Comp. 262.
Th.,

Umb.

;

Umb.

177.

vagus, L., L., Th., Umb. 179, 178,
191, 194, 196.
vexillatus, Pz., Th., Umb. 192.
Wesmaeli, v. d. L., Th., Umb. 192 ;
Cruc. 27.
spec, L., Comp. 233.
Diuetus pictus, F. (1^), L., Umb. 194;
Comp. 248, 225, 234.
^

Eiitomognathus
I'mb. 184.

brevis,

v.

d.

L.,

L.,

;

INDEX OF
Gorytes campestris,

Umb.
Rhus

179,
88.

177,

L.^

L.

(1),

194

Parn.

;

Pompilus

Sid.,

157
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mystaceus, L. (1), L. T., Clem. 1 ;
Ros. 134.
Bry. 171
Hoplisus laticinctus, Lep.i(l), Th., Umb.
;

179, 185.
;

;

sabulosus, Dlb., L., Jas. 233.
bicolor, Shuck, Th., Umb. 194.
unicolor, v. d. L., L. Th., Umb.
194.
Miscus campestris, Latr. (4), L. Th.,
All. 393 ; Ros. 135 ; Jas. 283.
Mutilla europaea, L. (1^), Th., Umb. 193,
195.
Myrmosa melanocephala, F., L. Th.,
Umb. 179, 192, 183.
Nyssou maculatus, v. d. L., Th., Umb.
191.
Oxybelus bellicosus, 01., L., Umb. 179,
196 ; Jas. 283.
bellus, Dlb. (14 guttatus, Sh.), L.,
Sed. 162 ; Umb. 179 ; Cruc. 38 ; Rut.
84 ; Ros. 141, 142 ; Comp. 225.
bipunctatus, 01., L., Umb. 179,
188, 195.
mandibularis, Dlb., L., Jas. 283.
trispinosus, F., L,, Comp. 248, 225,

Mimesa

229.
uniglumis, L. (1^), L. T., Sed. 162 ;
Umb. 179, 192, 194, 196, 195, 186;
Clem. 1, 7 ; Cruc. 38
Rhus. 88
Til. 73 ; Cary. 55 ;
Ros. 135, 138,
140, 141, 142, 133; Jas. 283; Comp.
248, 225, 229, 233 (23 visits.)
;

;

Psammophila

affinis, K,3 L. Th., Pap.
Ech. 310 Lab. 348 Ascl. 295 ;
Scab. 211
Jas. 283 ; Comp. 259, 255.
viatica, L., L. Th., Umb. 191 ;
Veron. 327 ; Scab. 211.
Psen atratus, Pz. (|— f), L. Th., Umb.
192 Ros. 133.
Rhopalum clavipes, L., L., Rut. 84.

•^

101

—

(2
2|), L.
172, 179, 190, 194 ; Jas.
283 Comp. 248, 225.
Pompilus chalybeatus, Schi., L., Comp.
225.

L.,

;

Salius sanguinolentus, F., L., Comp. 248.
Scolia
bicincta,
hortorum, 4punctata
(3i), Ascl. 295.
Tachytes pectinipes, v. d. L.,^ L. Th.,
Umb. 191, 192 Jas. 283.
unicolor, Pz., Th., Umb. 192.
Tiphia femorata, F., L. Th., Umb. 172,
191, 192, 193, 194, 195.
;

minuta,
Rut. 84.

v.

d.

L.,

L.,

ruficornis, Kl. (1), L.,

Trypoxylon clavicerum,

Umb.

Cruc. 27

Umb.

Latr.

;

188.

(\),

Th.,

192.

figulus, L. (^), L., Rut. 84.

G. Tenthredinidoe (38 species, 125

Th.,

Umb.

192.

intermedius,
Schenck, L.
Th.,
195, 184.
neglectus, Wesm., L. Th., Umb.
Ros. 133.
179, 192, 195, 185
niger, F., L. T., Umb. 179, 195.
pectinipes, v. d. L., L. T. Th.,
Umb. 194, 186, 183.
plumbeus, Dlb., L., Comp. 225.

Umb.

visits).

Th., Umb. 178, 188,
190, 194, 195, ]85, 183.

Athalia

rosfe, L., L.

spinarum, F., L.,

Umb. 177 Fagop.
;

369.

Cephus

pallipes, Kl., L.,

Ran.

Cary.

65.

spiuipes, Pz., L., Ran. 7 ; Cruc. 40.
troglodytes, L., L., Umb. 177.
spec, L., Ran. 7, 8; Cruc. 40;

;

d.

;

;

Dlb., L., Ros.

'

v.

;

;

Umb.

cinctellus,

188,

;

;

Philanthus triangulum, F.
Th.,

;

L. Sid. Th., Umb. 188, 189, 191, 194,
195, 185 ; Parn. 157
Hott. 289 ; Jas.
283 ; Comp. 225, 222, 264, 271.
spec, L., Corn. 197.
Priocnemis bipunctatus, F.,^ Th., Umb.
172, 191.
exaltatuR, F., Th., Umb. 194.
obtusiventris, Schi., Th,, Umb.
]91, 195.

spec, L., Geran. 79.
Passaloecus monilicornis,
133.

Umb.

Kl., L.,

trivialis,

Fagop. 369
Comp. 225.
viaticus, Scop.i(F.,iiotL.!){l— 1|),

174

;

Lindenius albilabris, F., L., Lab. 340
Comp. 248, 253, 225.
Jas. 283
Mellinus arvonsis, L,, L., Comp. 234.

651

Comp. 267, 274.
Cimbex sericea, L,, L. Sid., Umb. 179,
Comp. 229.
177, 181, 194
;

Dolerus cenchris, Htg., T.,
177

;

Umb.

F. (i— 1),
Salix 378, 379.

eglanterige,

L.,

183.

Umb.

;

rufipes,

225.

F.,

L., Jas.

283

;

Comp.

/

spissus, Schi., L.,

Umb.

179, 186.

According to Frederick Smith the original
specimens of Gorytes campestris, L,, in Linnaeus'
collection are only males of G. mystaceus. L.
and the insect called G. campestris, L., in this
book must be called Q. Fargei, Shuck.
*

^ According to Frederick Smith the specimens
of this species in Linnaeus' collection are identical with Sphex fusca, L., and the species must
therefore be called P. fuscus. L.

According to F. Smith = P. variabilis, Rossi.
According to F. Smith this species, from
the original type-specimens in Fabricius' collection in Kiel, is identical with P. lutaria, F.,
which name has priority.
4 According to F. Smith the Linnsean typespecimens of Sphex pectinipes, F., show it to
be a Pompilus, and what is called Tachytes
pectinipes, L., in this book, must be called T.
^

3

pompiliformis, Pz.
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Dolerus gonager, Kl., L., Salix 378

;

Eos.

madidus, Kl., L., Salix 378.
coerulescens, F., L. T., Umb.
177, 194, 182.
enodis, L., L. Th., Umb. 177, 183.
femoralis, KL, L. Th., Umb. 179,
177, 194, 195, 185.
rosarum, F., L. Th., Umb. 179,
177, 181, 175, 194.
segmentaria, Pz., Th., Umb. 183.
ustulata, L., L. Sid., Umb. 179,

194, 14.
vulgaris, Kl., L. Th., Umb. 179,
194.
Macrophya neglecta, KL, T., Umb. 185.
Nematus caprseaj, L., L., Kos. 151.
hortensis, Htg., L., Umb. 185.
myosotidis, F., T., Umb. 185.
rufescens, H., L., Salix 378.
vittatus, Lep., L., Umb. 185, 174.
Selandria serva, F. (?— 1), L., Umb. 179,
177, 181, 194, 195, 185.
Tarpa cephalotes, F., Th., Comp. 238.
Tenthredo annulata, F., L., Umb. 194,
185.
atra, L., L., Umb. 179.
bicincta, L., L. Sid., Umb. 181
Ros. 133.
bifasciata, L., L. Th., Umb. 179,
177, 181, 194, 183.
flavicornis, L., T., Umb. 179, 184,
182.
marginella, KL, L., Rhus 88.
notha, KL (1|), L. T. Th., Sed. 164 ;
Umb. 179, 177, 181, 178, 189, 194,
196, 195, 185, 184, 183
Comp. 238,
225, 229, 227.
;

;

KL,

L.,

Umb. 185

;

Rubiac.

206.
riistina,

L., L. T.,

Umb.

185, 184;

Ros. 134.
scrophularipe, L., L. T., Onagr. 166 ;
225, 229.
tricincta, F., L. T., Umb. 177, 194.
spec, L. Th., Umb. 179, 177, 181,
192, 193, 194, 185, 184, 183, 174;
Hyper. 68*
Ros. 134 ; Papil. 96* ;

(spinipes,

Umb. 179 Ran. 7 Rhus
Geran. 78; Ros. 133.
simplex, F. = reniformis, Wesm.,
L. Th., Cary. 55 ; Papil. 212*.
sinuatus, F. (according to Smith =
88

Hylotoma

rapa3,

Odynerus quinquefasciatus, F.
L.), L. T.,

151, 127.

;

;

;

L.) (li), L. Sid., Umb.
190, 194, 195 ; Rhus 88
Ros. 132* ;
Comp. 225.
spinosus, H. Sch., L., Ran. 7.
trifasciatus, F. (gazella, Pz.), L.
Sid., Umb. 194
Papil. 108*.
bifasciatus,

;

—

;

spec, L., 01. 291*

Caprif- 201.
;
Polistes gallica, F. (including P. diadema),
Th., Umb. 172, 175, 191, 192, 193
Scroph. 319
Lab. 339
Ascl. 295
Symphor. 201 Comp. 240, 257, 250.
Pterocheilus phaleratus, Latr., L., Comp.
225.

;

;

;

;

;

Vespa germanica,

F.,

378

Salix

L.,

;

Scroph. 322.

(3— 3^),

holsatica, F.

L. Th.,

Umb.

194
Berb. 18
Scroph. 322
Eric.
287 Symphor. 201.
media, Deg., L. Th., Scroph. 322
;

;

;

;

;

Symphor. 201.

Umb.

rufa, L., L.,

18

;

Scroph. 322

;

190, 194

Eric 285

;

Berb.

;

Symphor.

201.
saxonica, F., Th., Symphor. 201.
vulgaris, L. (2— 2^), L., Umb. 194
Scroph. 322.

——

LEPIDOPTERA

V.

;

(79 species, 365

different visits).

A. Bomhyces

(3 species, 3 visits).

Dasychira pudibunda, L.

(0), L,, Caprif.

202*.

Euchelia Jacobsepe, L., L., Cruc. 29.
Porthesia auriflua, S. V., L., Pap. 90*.
B. Microlepidoptera

Comp.

Adela

(6 species,

13

visits).

sulzella, S. V., L., Ros. 133.

spec, L., Umb. 177
Lab. 339 Scab. 211.
Ephestia elutella, Hiibn.,

;

Salix 378

;

;

L,,

Scroph.

;

Comp. 248,

225, 229, 272.

317.

Botys purpuralis, L,, L., Scab. 211, 212
Jas. 283
Comp. 199, 234.
nemotois, Hb., spec, L,, Umb. 195.
Tortrix plumbagana, Tr., L., Ros. 133.

;

;

H. Vespidce (18

species, 74 visits).

Eumenes pomiformis, Rossi (2), L., Umb.
Rhamn. 86
Rhus
192
Bry. 171
;

;

;

C.

Noduce

88.
debilitatus, Sauss., Th., Umb.
190, 192.
elcgans, Wesm.,T., Umb. 179, 185,
parietum, L. (2), L. T. Th., Umb,

Odynerus

172, 192, 193, 194,-196, 184 CU^m. 1
Salix 378
Rut
Res. 44
Bry. 171
84
Cary. 55
Poterium*; Ech. 310
Prim. 290* Scab. 211 ; Comp. 225,
234.
;

;

;

;

;

;

;

(10 species, 42 visits).

Agrotis pronuba, L.,
Eryth. 298.

L.,

Dianth.

54

;

Anarta myrtilli, L., L., Comp. 229.
Brotalamia meticulosa, L., L., Dianth.
54.

Cucullia

umbratica,

(18—22),

L.

Caprif. 202.
Dianthtt'cia capsincola,
L., Caprif. 202.

S.

L.,

V. (23—25),

—

;

INDEX OF
Euclidia glyphica, L. (7), L., Ran. 7
Papil. 90t, 94t,
Cary.j 57
Cruc. 40
116t Scroph. 334 ; Lab. 366 ; Scab.

INSECTS.

L. Th., Cruc.
Cary.
Ros. 129 Papil. 98t, 100, 94
57, 59
Ech. 310
Bor. 309
Lab. 366, 364,
01. 291
358, 349, 343
Comp. 257,
248, 250, 253, 246, 267, 264, 275, 262

Pieris

;

didynia, Esp., L., Comp. 234.
S. V., Th., Scab. 211.
(15), L. Th., Lin. 75
Dianth. 53, 54; ra])il. 100, 94, 11 If,
122t, 116t Ech. 310 Bor. 302 Lab.
;

;

;

;

(Anthocharis) cardamines> L. (11
Viol. 48
01. 291.
12), L.^rCruc. 30
crataegi, L. (17), L., Ros. 135.
;

;

—

;

-

Eryth. 298
Caprif. 202 ;
353, 346t
Comp. 257, 259, 253, 246,
Scab. 212
244, 221, 271, 273 (23 visits).
;

;

259

;

;

(27 visits).

;

species,

Eagop. 369

;

Mamestra serena,
PI iisia gamma, L.

D. Rliopnlocera (46

(15),

;

;

Hadena

;

;

;

;

211 ;-.Coinp. 249.
Mi, L., L., Comp. 267.

;

L.
Viol. 48

brassiere,

30, 34

;

;
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napi, L. (11), L., Cruc 30, 34, 36
Viol. 48, 49 ; Brv. 171 ; Geran. 82

Fagop.

j
;

Cary. 65
369
Ros. 135
Papil.i ll5t; Bor. 309; Lab. 366;
Comp. 257, 253, 245, 225,
01. 291
\aler. 209 (23 visits).
266, 274
rap», L. (12), li., Umb. 196 Cruc.
VioL 48, 49
34, 36
Geran. 76
Malv. 69 Polygon, 371 Dianth. 52
Cary. 57
Lythr. 165
lios. 129
Papil. 100, 94, 121, 122, 117
Lab. 366,
01. 291
Scab. 212 Comp. 253,
353
245, 214, 262 (25 visits).
Polyommatus dorilis, Hfn. (Circe, S. V.),
L., Jas. 283
Comp. 234, 223, 221,
217.
—
Eurydice, Rott., L., Polygal. 51.
phlaas, L., L. Th., Ran. 7 Fagop.
Cary. 60, 53 Scab. 212
369
Jas.
283
Comp. 330, 346, 234, 238 (10
;

;

;

;

visits).

;

Argynnis Aglaia,

Comp.

L., Sid. Th., Lab.

340

;

;

248, 237.

;

Paphia, L., Th. Westf., Umb. 190 ;
Lab. 371
Comp. 214.
Ros. 135
Colias Hyale, L., L. Tli., Dianth. 53 ;
Lab. 364 Scab.
Papil. 94 ; Ech. 310
211
Comp. 257, 256, 271, 260.
(Rhodocera) I'hamid, L., L. Sid.
Viol. 47, 48,
Th., Cruc. 30
49
Lythr. 165 ; Papil. 122
Dianth. 53
Bor. 304 ; Lab. 366, 350 ; Comp. 249,
274.
Hesperia (Syrichthus) alveolus, Hb., L.
Sid., Viol. 49
Vq.\A\. 90t ; Lab. 366 ;
Comp. 229, 274.
lineola, 0., L., Umb. 195; Scab.
;

;

;

;

;

;

;

;

;

211

Comp.

;

;

;

;

—

;

;

Cary. 59
Lab. 355

Paniscus,

Satyrus

Hyper. 68*;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

(Pararga)

Egeria,

L.,

Westf.,

(Epinephele) Galatea,

L.,

Westf.,

;

;

;

257, 255, 214.

(Epinephele) Hyperanthus, L., L.

Papil. 100, 122 ;
Comp. 248, 253,

;

;

;

;

visits).

Esp.,

225, 272.
(Eryiinis) Tages, L., L., PapiL 90t.
thaumas, Hfu. (linea, S. V.), L.,
Papil. 100, 101, 94t
Bor. 303 ; Jas.
283 Comp. 257, 223.
spec, L. Th., Delph. 15t
Viol.
49 Papil. 98t, 94t Lab. 366 Comp.
229, 274.
Lycfena iEgon, S. V., L., Jas. 283 ;
Comp. 225.
Alsus, S. v., Th., Papil. 91* Comp.
221.
Argiolus, L., L., Salix 378
Papil.
94 Lab. 355 Eric. 285 Comp. 267.
Icarus, Rott. (Alexis, S. V.), L., Ran.
Cary. 57
Papil. 90t
7
Bor. 307
Lab. 340
Comp. 268.
spec, L. Th., Papil. 94t, 116t ;
Ech. 310 Comp. 257, 223, 214.
Melitsea Athalia, Esp., Sid. Th., Lil.
391
Papil. 355
Comp. 258, 230.
Cinxia, L. (10), L., Ech. 310.
Papilio Machaon, L. (18), L. Th., Lil.
391
01. 291
Scab. 210.
Podalirius, L., L., Lab. 366
01.
291.
;

;

;

Comp.

;

;

Comp. 214.

silviinus, Esp., L. Sid.,

;

;

;

;

;

214.

(Carterocephalus)

;

;

;

;

;

L., Ros. 135.

Malv. 72
Ech. 310

;

Sid., Lab. 342, 343

Comp.

;

238.

(Epinephele) Janira, L. (10), L.,
Hyper. 68 Dianth. 52 Papil. 100
Ech. 310 Lab. 340, 342, 337
Jas.
283 Scab. 211, 212 Comp. 257, 258,
;

;

;

;

;

;

;

248, 253, 229, 262.
(Erebia) Medea, S. V., Sid., Scab.
211.
(Erebia) Medusa, S. V., Westf.,
Comp. 214.
(Pararga) Megrera, L., L., PapU.
Comp. 257, 266, 274.
100, 108
(Coenonympha) Pamphilus, L., L.
Sid. Th., Ran. 6, 7
Lab. 340 Jas.
283 Comp. 257, 225, 217.
spec, L., Delph. 15t
Papil' 121.
Thecla ilicis, Esp., L., Comp. 215.
quercus, L., Westf., Comp. 214.
rubi, L., L., Papil. 95
Eric. 285 :
Comp. 248.
spec, L., Camp. 257, 216, 217.
Vanessa Atalanta, L., L., Comp. 234.
C-album, L. (11), L., Umb. 188.
cardui, L., L. Th., Lab. 364.
lo, L. (15—16), L. Sid., Salix 379
Papil. 122
Comp. 237, 214, 274.
urticre, L. (12), L. Sid., Viol. 47
Salix 378 Fagop. 369 Papil. 100, 94,
;

;

;

;

;

;

•

;

;

;

;

;

;
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122

;

Lab. 364
01. 291
Scab. 211
255, 248, 237, 218, 266, 275
;

;

Sphinx (Smerinthus)

;

Comp.

L. (3),

tilife,

L.,

Caprif, 202*.

(15 visits).

Zyggena carniolica, Scop, (Zonobrychis
S. v.), Th., Dianth. 53
Pap. 94t,
119t Comp. 257, 258, 248, 249.
lonicerse, Esp., L. Th., Papil. 90t
Ech. 310
Scab. 211
Comp. 247,
;

E. Sphinges (14 species, 48 visits).

;

Ino Statices, L., L. T. Sid., Gary. 57
Onagr. 166 Scab. 211 Camp. 277
Jas. 283
Comp. 229.
Macroglossa fuciformis, L., L., Cary. 57
Lab. 366, 349
01. 291.
stellatarum, L., L. Sid. Th., Dianth.
53 Onagr. 169
Ech. 310 Lab. 364,
Eryth. 298
349
01. 291
Comp.

;

;

;

;

;

;

257.

;

;

VL NEUROPTERA (4 species, 13 visits).

;

;

;

;

;

;

Agiion spec, L., Ros. 133.
Hemerobius spec, L., Umb. 195, 185.
Panorpa communis, L., L. Sid. T., Umb.
179, 181, 190
Rhus 89 Ros. 133
Scroph. 317
Comp. 214, 234.

;

255.
Sesia asiliformis, Rott. (S. cynipiformis,
Esp.), Th., Papil. 94t
Comp. 238.
empiformis, Esp., Sid. Th., Papil.
90t Lab. 340.
tipuliformis, L,, L. T., Cruc. 38 ;
Lab. 340 Comp. 232.
Sphinx convolvuli, L. (65 80), L., Convolv. 311*
Caprif. 202.
(Deilephila) Elpenor, L. (20—24),
L., Caprif. 202.
ligustri, L. (37—42, L.,) Sapon. 56 ;
Caprif. 202.
pinastri, L. (28—33), L., Caprif.
202.
(Deilepbila) Porcellus, L. (20), L.,
Caprif. 202.
Cary. 58

;

;

;

;

;

Sialis lutaria, L., L.,

Umb.

177, 185.

;

;

VI L

ORTHOPTERA (3 species, 3 visits).

Forficula auricularia, L., L., Papav. 20
Camp. 282.
Poduraspec, L., Con vol v. 311*.

—

;

;

•

;

.

Hemiptera

Hymenoptera

.

Lepidoptera ...
Neuroptera ....
Orthoptera
Thysauoptera

.

.

.

Altogether...

•

;

;

;

;

;

;

Insect-visits
.

(18 visits).

;

;

;

Summary of

THYSANOPTERA

VIIL

Thrips spec, L., Ran. 9, 10 Cnic 30,
39 Res. 42
Cary. 65, QQ, 60, 63
Lythr. 165 Ros. 151, 138 Convolv.
311* Scroph. 317 Lab. 339 ; Vine
293 Eric. 287.

Noted

in this Book.

129 species with 469
1598
253
15
6
>>
2750
368
365
79
>»
4
13
J

3

3

1

18

visi ts.

„
„
„
,,

„

„
„

843 species, with 5231 different

visits.

;

INDEX OF PLANTS,
WITH THE NUMBER OF THEIR
Abbreviations.

=

— Coleopt.

INSECT- VISITORS.

= Coleoptera DijJt = Diptera
= Syrphidae Rking. — Rhingia

in general

;

Hemipt =
= Hymenoptera, not including the bees Apid. =
Apidse in general A*. = Apis melUJica; B. = Bomhus and Anfhophora (the
longest-tongued of our bees)
Lepid. = Lepidoptera in general Lepid. d. =
diurnal Lepidoptera
Lepid. n. = nocturnal Lepidoptera
Neuropt. =
Neuroptera Orthopt. = Orthoptera
Th. — Thrips.
Muse.

Muscidse

Hemiptera

;

Syrph.

;

;

Hymen.

;

;

;

;

;

;

;

;

The

;

figures placed after these abbreviations indicate the

of in sect- visitors observed.

Groups of

insects

of fertilisation are placed in square brackets

Abutilon,

p. 145.

Acacia Julibrizzin,

p. 87.

A. septentrionale,

Adenostemma,

16, p. 86.
p. 88.

p. 318.
p. 73.

Adonis vernalis,

Adontostyles, p. 361.
Adoxa moschatellina, No. 198 {Dipt.

Hymen.

3, Coleopt. 1), p.

4,

289.

.^chmanthera,

p. 467.
.^giphila elata, p. 469.
M. mollis, p. 469.
M. obdurata, p. 469.
iEgopodium Podagraria, No. 179 {Dipt.

34, Coleopt. 21,

Neuropt.

33, Apid.

15,

276.

Hippocastanum, No. 87 {Apid.

Jilsculus
7), p.

1), p.

Hymen.

164.

M. rubicunda,
Agathea,

of species

].

Agrostis alba, p. 568.
p. 502.
A. pyramidalis, p. 502.
A. reptans. No. 366 [Apid. 15, Syrph.
1, Lepid. 7), p. 501.
Alchemilla alpina, p. 235.
A. fissa, p. 235.
A. pentaphylla, p. 235.
A. vulgaris. No. 144 {Syrph. 5), p. 234.
Alisma natans, p. 567.
A. Plantago, No. 398 {Syrph. 5), p. 565.
Alismacese, p. 565.
Alliaria officinalis, No. 35, p. 109.
Allium carinatum, p. 554.
A. Cepa, No. 393 {Apid. 3, Hy7nen. 3,
Dipt. 1), p. 553.
A. fistulosum, p. 554.

Ajuga genevensis,

p. 220.

AcanthacefB, p. 467.
Acanthus, p. 468.
Acer, p. 164.
Achillea Millefolium, No. 225 {Apid. 30,
Hymen. 25, Dipt. 21, Lepid. 6, Coleopt.
5), p. 325.
A. Ptarmica, No. 226, p. 327.
Aconitum Lycoctonum, No. 17 {B. 1),

A. Napellus, No.

[

number

which are useless in the work

p. 166.

p. 361,

Agrimonia Eupatorium, No. 145 {Syrph.
9, MiLftc. 1, Apvl. 1), p. 235.

A.
A.
A.
A.
k.

rotundum,

p. 554.

Schoenoprasum,

p. 554.

sibiricum, p. 554.

sphserocephalum, p. 554.
ursinum. No. 392 {B. 1), p. 553.

A. victoriale,

p. 554.

Alocasia odora, p. 564.

Alopecurus pratensis,

p. 568.

Alpinia, p. 542.
Alsinese, p. 131.

Amarantacese, p. 509.
Amaryllidese, p. 559.

Ambrosinia Bassii, p. 565,
Amelanchier vulgaris, p, 242.
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Amlierstia nobilis, p. 220.

Animannia

Amorpha

Arachis, p. 201.
Araliaceaj, p. 287.
Araujia albens, p. 400.
Arbutus, p. 375.
Arbuteae, p. 375.
Arctium minus, p. 338.
A. tomentosum, p. 338.

latifolia, p, 261.

canescens, p. 198.
p. 198.

A. fruticosa,

Amorphophallus campanulatus,
A. Titanum, p. 564.
A. variabilis, p. 564.
Amphicarpgea monoica,
Amsinckia, p. 422.

p. 563.

p. 214.

Anacamptis pyramidalis,

p. 534.

Anacardiacese, p. 166.
Anagallis arvensis, p. 390.
A. coerulea, p. 390.
Anandria, p. 351.

Anchusa

No. 302 (Ajnd.

officinalis,

6,

Lepid. 1), p. 411.
Andromedeffi, p. 376.

Androsace Champejasme, p. 389.
A. obtiisifolia, p. 389.
A. septeiitrionalis, p. 389.
A. Yitaliana, p. 389.

Arctostaphylos uva-ursi, p. 375.
Arctotis, p. 361.
Arenaria muscosa, p. 137.
A. trinervia. No. 57 {Coleopt. 1), p. 136.
Argemone ocliroleuca, p. 94.
i\ris8ema filiforme, p. 564.
Arisarum, p. 564.
Aristolociiia Bonplandi, p. 518.
A. Clematitis, No. 375 {Dipt. 3), p. 517.
A. grandiflora, p. 519.
A. Sipho, No. 376 {Dipt. 5), p. 518.
Aristolochiacese, p. 517.

Armeria, p. 382.
Armoracia amphibia, No. 28 {Hymen.

Anemone

1,

alpina, p. 73.
A. narcissifolia, p. 73.
A. nemorosa, No. 4 (Apld. 5, Muse. 2,
Coleopt. 1), p. 72.
A. ranunculoides, p. 88.

Dipt. 4), p. 102.
Arnebia, p. 422.

A.

Aronia rotundifolia, p. 242.
Artemisia Dracunculus, No. 235 {Syrph.

silvestris, p. 88.

Anethum

graveolens. No. 192 {Dipt. 15,
Jlymen. 25, Jpid. 6), p. 283.

Angelica

silvestris,

Coleopt. 6,
1,

Neuropt.

Apid.

No. 190 (Dipt.
2,

Hymen.

9,

11,

Lcpid.

282.
p. 528.
liastata, p. 145.
1), p.

Angrsecum,

Anoda

arvensis.

8,

mj7nen. 4, Dipt. 9, Coleopt. 3), p. 329.
A. tinctoria, No. 228 {Apid. 3, Hymen. 1,
Bipt.

6,

Coleopt. 2), p. 329.

Anthericum Liliago, p. 553.
A. ramosum. No. 391 {Apid.
1,

Lepid.

2), p.

1,

Syrph.

552.

Anthoxanthum odoratum, p. 568.
Anthriscus Cerefolium, No. 186 {Dipt. 11,
Coleopt. 7, Hymen. 5, Apid. 3), p. 281.
A- silvestris. No. 185 (Dipt. 26, Coleopt.
20, Hymen. 20, Apid. 5, Neuro'pt. 2),
p. 279.

Anthurium Pothos,

A. europium,

p. 565.
4),

p. 172.

Antirrhinum majus, No. 321 {B.

5,

[Apid.

3]), p. 433.

Aphelandra pectin ata,

p. 468.

Apocynaceffi, p. 394.

Apocynum

androsremifolium, p. 396.
A. hypericifolium, p. 396.
Aquilegia vulgaris, No. 13 {B. 2, [Apid.
4]), p. 81.

Arabis alpina, p. 102.
A. bellidifolia, i). 102.
A. hirsuta, ^o. 29 {Hymen.
Lcpid. 1), p. 102.

1,

Apid.

1,

1), p.

562.

p. 517.

p. 517.

Asclepiadete, p. 396.
Asclepias Cornuti, No. 295 {Apid. 10,
Hymen. 7, Dipt. 7), p. 396.
A. curassavica, p. 400.
A. fruticosa, p. 400.
A. tenuifolia, p. 400.

Asimina triloba, p. 90.
Asparagus officinalis. No. 388 {Apid.

5),

p. 548.

Asperula azurea, p. 304.
A. cynanchica. No. 207 {Dipt.

1,

Apid.

302.
A. odorata {A*.), p. 304.
A. pusilla, p. 306.
A. scoparia, p. 306.
A. taurina, p. 303.
Aspicarpa urens, p. 149.
Aspidistra elatior, p. 560.
Aster alpinus, p. 322.
A. Amellus, No. 219 {Syrph. 1), p. 322.
A. chinensis. No. 218 {Syrph. 2, Lcpid.
1, Apid. 1), p. 322.
AsteroideoB, p. 320.
Astrantia major. No. 173 {Apid. 3, Dipt.
3, Coleopt. 1), l^. 272.
A. minor, p. 273.
Ataccia cristata, p. 558.
1), p.

Anthyllis vulneraria, No. 91 {Apid.

Dipt.

1), p. 333.
Artocarpepe, p. 521.
Arum crinitum, p. 564.
A. Dracunculus, p. 564.
A. italicum, p. 563.

Asarum canadense,
No. 227 {Apid.

3,

10, Lepid. 3, Coleopt. 2), p. 335.
Aroidete, p. 562.

A. maculatum, No. 397 {Dipt.
A. ternatum, p. 564.

Anonaceaj, p. 90.
Antliemideaj, p. 325.

Anthemis

Arnica montana, No. 237 {Apid.

.

.
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tripartitus, p. 564.

Atherums

Atragene alpina, p. 70.
Atropa Belladonna, p. 427.
Azalea procumbens, p. 380.

Ballota nigra, No. 364 {Apid.

14,

Lepid. 7), p. 498.
Balsaminese, p. 160.
p. 104.
Bartsia alpina, p. 445.
Bellidiustrum, p. 361.
No. 217 (Apid. 8,
perennis.
Bellis
Hymen. 1, Dipt. 13, Lejnd. 2, Coleopt.

Baibarea vulgaris,

3), p. 321.
Berberideie, p. 90.
Berberis vulgaris, No. 18 (Dipt. 11, Apid.

10,

Hymen.

Bergenia

2, Coleopt. 2), p. 90.

crassifolia,

No. 156 {Apid.

2),

p. 247.

Betonica
2,

officinalis.

Lepid.

Biarum,

No. 354 {B.

1,

[Syrph.

487.

1]), p.

Calycanthus floridus, p. 89.
Calystegia sepium, p. 424.
Camarea, p. 149.
Campanula bononiensis. No. 280 {Apid.
4, Coleopt. 1), p.

368.

C. canescens, p. 369.
C. colorata, p. 369.

C. Medium, p. 366.
C. patula, No. 281 {Apid. 2), p. 368.
282 {Ajiid.
No.
persicifolia,
C.
[Orthopt. 1]), p. 368.
C. pusilla, p. 367.

Ming.

2, Coleopt. 2), p. 368.

No. 301 (Apid.

5), p.

409.
Borreria, p. 304.
Boucerosia, p. 401.

Brachypodium pinnatum, p. 568.
Brassiea oleracea, No. 39 (Coleopt.

1,

Campanulaceee, p. 365.
Campamilese, p. 366.
Canna, p. 543.
Cannese, p. 543.
Capparidese, p. 114.
Capparis, p. 114.
Oaprificus, p. 521.
Caprifoliaceae, p. 289.

No. 37 {Lepid.

Apid. 6, Th. 1), p. 111.
B. Rapa, p. 112.

Capsella bursa-pastoris,

Bromus

Cardamine ehenopodifolia,

7, 3Iusc. 1), p. 110.

mollis, p. 568.

Browallia elata, p. 427.

Brugmansia

Zippelii, p. 516.

Bryonia dioica, No. 171 {Apid.

7,

Hymen.

Lepid. 1), p. 268.
Bryophyllum calycinum, p. 251.
Buncho'sia Gaudichaudiana, p. 149.
4, Coleopt. 1,

Bupleurum falcatum, No. 175
Hymen. 3, Apid. 1), p. 275.

{Dipt. 4,

B. rotundifolium, p. 286.
Burlingtonia, p. 528.

Buxus,

p. 520.

Cacalia,

p. 361.

CafFea arabica, p. 304.

Cajophora lateritia, p. 267.
Calamintha Acinos, No. 344 {Apid.
477.
C. alpina, p. 477.
C. Clinopodium, No. 343 {Lepid.
476.
C. Nepeta, p. 476.
Calathea discolor, p. 542.

1,

1), p.

C. zebrina, p. 542.
Calceolaria, p. 431.

p. 104.

C. impatiens, p. 104.
C. pratensis. No. 30 {Apid. 9, Dipt. 6,
Lepid. 4, Coleopt. 1, Th. 1), p. 102.
Cardiospermum, p. 164.
Carduus acanthoides, No. 246 {Apid. 32,
Hymen. 1, Dipt. 3, Lepid. 4, Coleopt.
4), p. 339.
Syrph. 1,
C. crispus. No. 245 {Apid. 5,

Lepid. 2), p. 338.
Lepid. 1),
C. nutans. No. 247 {Apid. 5,
p. 340.
Carex hirta, p. 567.
C. montana, p. 567.
,
,
,
„ ^ ,
,
Carlina acaulis. No. 241 {Apid. 9, Coleopt.
1), p. 337.
Hymen.
C. vulgaris, No. 242 {Apid. 8,
,
^
P- 1)' 337.
Carum Carui, No. 177 {Dipt. 21, Coleopt.
.

Cffisalpiniacese, p. 220.

Dipt.

1,

C.

Biscutella hevigata, p. 108.
Bonjeania hirsuta, p. 173.
Borageaj, p. 408.
BoraginesB, p. 408.
officinalis,

Calendula, p. 361.
Calla palustris, p. 565.
Callitriche verna, p. 255.
Calluna vulgaris, No. 287 {Apid. 9,
Hymen. 1, Dipt. 6, Th. 1), p. 377.
Calogyne, p. 364.
Calonyction, p. 425.
Caltha palustris. No. 11 {Dipt. 7, Coleopt.
1, Apid. 4), p. 79
Calycanthaceae, p. 89.

rapunculoides, No. 279 {Apid. 9,
1), p. 368.
C. rotundifolia, No. 277 {Apid. 10, Dipt.
368.
2, Lepid. 1, Coleopt. 3), p.
C. Trachelium, No. 278 {Apid. 9, Dipt.

p. 565.

Bidens, p. 361.
Bignonia, p. 466.
Bignoniacefe, p. 466.

Borago
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5,

2),

p.

Hymen.

17,

Apid.

11,

Lepid.

1,

l^europt. 1), p. 275.
Apid. 10),
C. sativum, No. 176 [Dipt. 8,
p. 275.
Caryopliyllese, p. 125.
Cassia multijuga, p. 220.

Cattleya, p. 528.
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Caucalis Anthriscus, No. 196 {Dipt. 1,
Hymen. 8, Lepid. 1), j). 286.
C. daucoides, p. 286.
Celastrinese, p. 162.
Centaurea Cyanus, No. 259 (Apid. 8,
Hymen. 1, Dipt. 3, Lepid. 1), p. 350.
C. Jacea, No. 257 {Apid. 28, Hymen. 1,
Dipt. 6, Lepid. 13), p. 346.
C. Scabiosa, No. 258 {Apid. 14, Dipt. 2,
Lepid. 3, Coleopt. 1, Hemipt. 1), p. 349.
Centranthus ruber, p. 308.

Cistine.ie, p. 117.
Cistus hirsutus, p. 117.

Centrosema, p. 215.
Centrostemma, p. 401.
Centunculus, p. 390.
Cerastium arvense, No. 60 {Dipt. 13,
Apid. 3, Coleopt, 1, Th. 1, X^jwc^. 1),

Dipt. 24, Lepid. 7, Coleopt.
C. eriophorus, No. 251 {Apid.
C. heterophyllus, No. 254, p.
C. lanceolatus, No. 250 {Apid.

p. 131.

semidecandrum, No.

62 {Dipt. 3,
132.
C. triviale. No. 61 {Dipt. 2), p. 132.
C. viscosum, p. 133.
Cerinthe glabra, p. 421.
C. minor, p. 422.
Ceropejia elegans, p. 401.
Chaerophyllum hirsutum, No. 183 {Dipt.
1, Coleopt. 2, Hymen. 11, Apid. 1), p.
278.
C. temulnm, No. 184 {Dipt. 10, Coleopt.
5, Hym.en. 7, Apid. 1), p. 279.
Chamaadorea, p. 562.
Chamseorchis, p. 532.
Chamissoa, p. 509.
Chapmannia, p. 201.
Chasalia, p. 304.
Chelidonium majus, No. 21 {A2)id. 7,
Syrph. 5, [Dipt. 1]), p. 94.
Chelone, p. 434.
Chenopodiaceae, p. 509.
Chenopodium album, p. 509.
C. ambrosioides, p. 509.
C. bonus- Henricus, p. 509.
Chinionanthus fragrans, p. 89.
C.

Apid.

1), p.

Chrysanthemum corymbosum, No. 231
{Hymen. 1, Dipt. 1, Hemipt. 1), p. 331.
C. inodorum, No. 230 {Hymen. 1), p.
331.
C. leucanthemum, No. 229 {Apid. 12,
Hymen. 10, Dipt. 28, Lepid. 5, Coleopt.
17), p. 329.
C. Parthenium, No. 232 {Lepid. 1), p.
332.
Chrysocoma Linosyris, No. 221 {Apid.
4, Dipt. 4, Lepid. 3), p. 322.
Chrysosplenium alternifolium. No. 155
(Di2)t.

5,

Humen.

4,

Coleopt.

4),

p.

Cichorium Intybus, No. 260 {Apid.

8,

245.

Chuquiraga

\

insignis, p. 351.
CichoriaceiP, p. 351.

Dipt.

3,

Cinchona,

Lepid.
p. 304.

Circsiia lutetiana,

1, CoUcypt. 1), p.

No. 170 {Dipt.

265.

Cirsium, nee Cnicus.

351.
5),

p.

C. villosus, p. 117.
Clematis balearica, p. 70.
C. integrifolia, p. 70.
C. recta. No. 1 {Apid. 7, Hymen. 3,
Syrph. 7, Muse. 1, Coleopt. 1), p. 69.
Cleome, p. 114.
Clitoria mariana, p. 215.
Cnicus acaulis, p. 344.
C. arvensis, No. 248 {Apid. 32, Hymen.Vl,
8), p.
1), p.

340.
343.

344.
6,

Hymen.

1, Syrph. 3, Lepid. 2), p. 343.
C. ochroleucus, No. 252, p. 343.
C. oleraceus, No. 249 {Apid. 2, Lepid.
1), p. 343.
C. palustris, No. 253 {Apid. 9, Hyraen.
1, Dipt. 4, Lepid. 6, Coleopt. 2), p. 343.
C. spinosissimus, p. 344.
Cobsea penduliflora, p. 407.
C. scandens, p. 407.

Cochlearia

officinalis.

No. 32 {Syrph.

3,

Coleopt. 1), p. 105.
Cocos, p. 562.

Colchicum autumnale. No. 395 {B.

1),

p. 556.

Coleus, p. 471.
Collinsia bicolor, p. 436.
C, verna, p. 436.

Collomia, p. 407.
Combretacefe, p. 255.

Combretum, p. 255.
Commelina bengalensis,

p. 561.

Commelinacese, p. 561.
Compositae, p. 315.
Coniferfe, p. 526.

Conium maculatum, No. 174 {Dipt. 5,
Coleopt. 3, Hymen. 4, Apid. 1), p. 274.
Conophallus Titanum, p. 564.
Convallaria majalis, No. 389 {A*.), p.
549.
C. multiflora, No. 390 {B. 2, Rhing. 1),
p. 550.
C. verticillata, p. 550.
Convolvulacejie, p. 423.
Convolvulus arvensis. No. 311 {Apid. 6,
Dipt. 8, Coleopt. 3, Hyinen. 1), p. 423.
C. scpium {Lepid. n. 1 !* [Dipt. 2, Apid.
2, Coleopt. 1, Orthopt. 1, Th. 1]) p. 424.
Conyza squarrosa. No. 220 {Apid. 10,
Hymen. 1), p. 322.
Cordia, p. 408.
Cordieaj, p. 408.
Coriaria myrtifolia, p. 167.
Coriarie.t, p. 167.
Cornacese, p. 287.
Cornus sanguiiiea, No. 197 {Coleopt. 12,
Dipt. 2, Hymen. 1), p. 287.
Coronilla Kinerus, No. 113, p. 198.
C. glauca, p. 199.
C. minima, p. 199.
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Coronilla montana, p. 199.
C. varia, No. 114 (A*.), p. 198.
Correa, p. 162.
Cortusa, p. 389.
Corydalis cava, No. 23 {B. 1, [Apid. 6,
Dipt. 2]), p. 97.
C. lutea, No. 25 {B. 1), p. 99.
G. noliilis, p. 98.
C. ochroleuca, p. 98.
C. solida, No. 24 {B. 1, [Apid. 2, Dipt.
2]), p. 98.

Delphinium

659

Ajacis, p. 86.

D. Consolida, No. 15 {B.
D. elatum, No. 14 {B. 1),
D. Staphysagria, p. 85.

p. 83.

Dendrobium, p. 527.
Dianthus atrorubens, p. 127.
D. Carthusian orum, No. 53 {Lepid.
[Apid.

1]), p.

Crassulaceae, p. 251.

D. silvestris,
D. superbus,

4]), p.

7, Coleopt. 1), p. 353.
C. tectorum, No. 264 (Apid. 8, Hymen. 1,
Dipt. 1), p. 353.
C. virens, No. 265 (Apid. 9, Dipt. 8,
Coko2)t. 1), p. 353.
Crinum, p. 560.
Crocus sativus, p. 548.
C. vernus, p. 547.
Cruciferse, p. 100.

Cry phiacan thus barbadensis,

Cryptostemma,

p. 361.

Cucurbitacea;, p. 268.
C. nielvilla, p. 261.
C. silenoides, p. 261,
Cupuliferai, p. 523.

Diclytra cucullaria, p. 96.
D. eximia, p. 96.
D. spectabilis, No. 22 {B.

2,

[Apid.

Cypripedium barbatum, p. 541.
C. Calceolus, No. 386 (Apid. 5, [+

Dictamnus,

p. 162.
Diervilla, p. 299.
Digitalis ambigua, p. 438.

D. lutea, p. 438.
D. purpurea, No. 323 {B.

[Apid.

3,

2,

Coleopt. 3]), p. 437.
Dionysia, p. 389.

j).

392.

3), p.

308.

p. 361.

173.

D. verna, No. 31 {Apid. 3), p. 105.
D. Wahlenbergii, p. 105.
Dracunculus vulgaris, p. 564.
Drosera, p. 255.
Droseracese, p. 255.
Drummondia, p. 243.
Dryas octopetala, p. 228.
1,

EBENACEiE, p. 392.
Echinops Ritro, p. 337.
E. sphgerocephalus. No.

6,

6]),

p. 95.

Doronicum,

Cynaroidepe, p. 336.
Cypella, p. 547.
Cyperaceae, p. 565.
Cyphieas p. 366.
Cypripedina», p. 539.

D^DALACANTHUS,

p. 127.

Dorycnium hirsutum, p.
Draba aizoides, p. 105.

Cuscuta Epithymum, p. 425.
Cynanchum Vincetoxicum, p. 401.

p.

3),

[Syrph.

p. 127.

Dipsacus silvestris, No. 210 {B.
Dipteracanthus, p. 467.

Cuj)hea floribunda, p. 261.

Dipt. 4, Coleopt. 1]), p. 539.
C. caudatum, p. 541.
Cytinacese, p. 516.
Cytisus albus, p. 195.
C. canariensis, p. 195.
C. Laburnum, No. Ill {Apid.
1, Coleopt. 1]), p. 193.
C. sagittalis, p. 195.
C. scoparius. No. 112, p. 195.

d. 2,

125.

Dioscorea, p. 561.
Dioscoreacese, p. 561.
Diospyroa virginiana,
Diplacus, p. 426.
Dipsaceae, p. 308.

p. 467.

Cryptocoryne, p. 565.
Cryptostachys, p. 568.

d.

127.

D. deltoides, No. 52 {Lepid.

Oxyacantha, No. 153 {Dipt.
24, Coleopt. 14, Apid. 19), p. 240.
Crepis biennis. No. 263 {Apid. 23, Di}it.

d. 7,

126.

D. chinensis, No. 54 {Lcjnd.

Corylus Avellana, p. f»23.
Cotoneaster vulgaris, No. 154, p. 241.
Crat?egus

\Lepid. 2]),

1,

p. 85.

[Lepid.

p. 467.

Dahlia, p. 361.

Dalethampia, p. 520.
Dampiera, p. 364.
Daphne mezereum, p. 519.
D. striata, p. 519.
Daucus Carota, No. 195 {Dipt. 19,
Coleopt. 10, Eymen. 19, Apid. 9, Lepid.
2, Hemipt. 1, Neuropt. 1), p. 285.
D. grandiflora, p. 286.

240 {Apid.

5,

Hymen. 1), p. 336.
Echinospermum Lappula, p. 415.
Echium vulgare, 'No. 310 {Apid. 44,
Hymen. 5, Dipt. 6, Lepid. 9, Coleopt.
1), p. 418.
Elseagnacese, p. 520.
Elseagnus, p. 520.
Empetracese, p. 526.
Empetrum, p. 526.
Epacrideffi, p. 382.
Epacris, p. 382.
Epidendrese, p. 528.
Epidendrum, p. 529.
Epigjea, p. 376.

Epilobium alpinum, p. 264.
E. angustifolium, No. 166 {Apid. IC,
Hymen. 4, Dipt. 3, Lc2nd. 1), p. 261.
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Epilobium Fleischer!,

p. 262.
E. hirsutum, p. 263.
E. origanifolium, No. 168 {Lcpid. 1), p.
263.
E. parviflorum, No. 167 {Coleopt. 1),
p. 262.
Epipactis latifolia, p. 532.
E. micropliylla, p. 532.
E. palustris, p. 533.
E. viridiflora, p. 532.
Epipogon Gmelini, p. 533.
Eranthemum, p. 467.
Eranthis hiemalis, No. 12 {DijJt. 3, A*.)

p. 80.

Eremurus

spectabilis, p. 552.

Erica carnea, p. 377.
E. cinerea, p. 377.
E. tetralix, No. 286 {Apid.
Lepid. 1), p. 376.

3,

No. 83 [Ajnd.

1,

d. 3), p. 407.
Erythrina crista-galli, p. 215.

Galanthus nivalis. No. 396 {A*.), p. 559.
Galeobdolon luteum, No. 360 {B. 5, \_B.
1, Apid. 1]), p. 496.
Galeopsis Ladanum, No. 358 {B. 3, Apid.
1), p.

493.

G. ochroleuca. No. 357 {B. 1), p. 492.
G. tetrahit, No. 356 {B. 3, \_Apid. 1,
Syrph. 1]), p. 491.
G. versicolor, p. 493.
Galium boreale {Dipt. 1), p. 301.
G. cruciatum, p. 306.
G. Mollugo, No. 205 {Dipt. 8, Hymen.
300.
palustre, p. 302.
silvestre, p. 301.
tricorne, p. 302.
uliginosum, p. 302.
verum. No. 206 {Dipt. 2, Coleopt. 4,
Hymen. 1), p. 301.
Gaudichaudia, p. 149.
Genista anglica, No. 109 {Apid. 3), p.

G.
G.
G.
G.
G.

cannabinum.
No. 214,
Eupatorium
{AiM. 2, Dipt. 6, Lepid. 7), p. 318.
Euphorbia Cyparissias, p. 520.
E. helioscopia, p. 519.
Euphorbiacese, p. 520.

Euphrasia minima, p. 447.
E. officinalis. No. 332 {Apid.

G. pilosa. No. 110 {A*.), p. 193.
G. tinctoria. No. 108 {Apid. 16, [Hymen.
1, L>ipt. 3, Lcpid. 1, Coleopt. 3]), p.
188.
Genistese, p. 187.
Gentiana acaulis, p. 403.
G. Amarella, No. 297 {B. 1), p. 404.
G. asclepiadea, p. 403.
G. bavarica, p. 404.

E. herbacea, p. 215.
E. velutina, p. 215.
Erythroxylon, p. 149.
Eschscholtzia californica, p. 94.
Eupatoriacese, p. 318.

Fakamea,

Galactia, p. 215.

192.

Erynginm campestre. No. 172 {Hymen.
11, Apid. 5, Dipt: 8), p. 271.
Erythrsea Centaiiriuin, No. 298 [Lepid.

3), p. 447.
E. salisburgensis, p. 450.
Euonymus europtea. No.
len. 1), p. 162.

p. 556.

G. Liottardi, p. 556.
G. lutea, p. 556.

1), p.

Syrph.

7,

Ericaceae, p. 375.
Ericese, p. 376.
Erigeron alpinus, p. 322.
E. uniflorus, p. 322.

Eritricliium, p. 422.
Erodium Ciciitarium,
Coleopt. 1), p. 158.
Ervum lens, p. 201.

Gagea arvensis,

4,

Dipt.

85 {Dipt.

12,

p. 304.

Festuca pratensis, p. 568.
Ficus Carica, No. 377, p. 521.
Forsythia, p. 392.
Fragaria vesca, No. 138 {Dipt. 8, Coleopt.
Th. 1, Apid. 8, Hymen. 1), p.
7,
230.
Fritillaria imperialis, p. 556.
Fuchsia, p. 265.
Fuiriaria capreolata, p. 100.
F. officinalis. No. 26 {A*.), p. 99.
F. jiarvillora, j). 100.
F. spicata, p. 100.
Fumariaceai, p. 95.

G.
G.
G.
G.
G.
G.
G.
G.

campestris, p. 405.
ciliata, p. 404.
glacialis, p. 404.
lutea, p. 402.
nana, p. 405.
nivalis, p. 404.
obtusifolia, p. 405.

Pneumonanthe, No. 296 {B. 2), p.
403.
G. punctata, p. 403.
G. tenella, p. 404.
G. verna, p. 404.
Gentianeai, p. 402.
Geraniaceai, p. 149.
Geraniefe, p. 149.
Geranium molle. No. 80 {Dipt. 5, Apiii.
3), p. 153.
G. palustre. No. 76 {Apid. 9, Dipt. 6,
Lcpid. 1), p. 149.
G. pratense, No. 77 {Apid. 12, Dipt. 1),
p. 150.
G. pusillum. No. 81 {Syrph. 1), p. 154.
78 {Apid. 10,
G. pyrenaicum. No.
Hymen. 2, Dipt. 12, Coleopt. 3), p.
151.
G.

robertianum,

No.

82

{Rhing.

1,

Coleopt. 1, Jjcpid. 1), p. 156.

G. sanguineum, No. 79 {Apid.
2, Rhing. 1), p. 152.

2,

Hymen.
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Gesueraceae, p. 466.

Herminium Monorchis,

Geum

Herniaria glabra, p. 509.
Hesperis matronalis. No. 34 {Dipt. 6,
Apid. 3, Lepid. 3, Coleopt. 1), p. 108.

montanuin, p. 229.
G. reptans, p. 229.
G. rivale, No. 136 {B. 11, {Apid. 2],
Rhing. 1, ColeopL 1), p. 229.
G. urbauum, No. 137 {Syrjjh. 1, ColeopL
1), p. 230.
Gilia micrantha, p. 408.
G. pulchella, p. 408.

Gladiolus communis, p. 548.
G. palustris, p. 548.
G. segetum, p. 548.
Glaucium luteum, p. 94.
Glechoma ; see Nepeta, p. 484.
Globularia cordifolia, j). 468.
G. nudicaulid, p. 468.
G. vulgaris, p. 468.
Globulariaceaj, p. 468.
Gloriosa superba, p. 557.
GlosKOstigma elatinoides, p. 436.
Glycine, p. 214.
Gnaphalium luteo-album, No. 222 {Apid.
2, H^jmen. 2, Dipt. 4), p. 324.
G. uliginosum {Apid. 1), p. 324.
Godetia, p. 265.
Gcethea coccinea, p. 146.
Goldfussia anisophylla, p. 467.

Gomeza, p. 528.
Gomphocarpus, p. 400.
Gossypium herbaceum,

Hymen.
3), p.

1,

Dipt.

2,

Lepid.

Hymen.

1,

No. 266

Dipt.

5,

Lepid.

p. 632.

{Apid.
4), p.

H. vulgatum. No. 268 {Apid.
1), p.

9,

Coleopt.

3,

355.

H. umbellatum,

8,

10,
354.

Lepid.

356.

Himantoglossum hircinum, p. 534.
Hippocrepis comosa. No, 115, p. 199.
Hockinia, p. 422.

Homogyne

alpiua, p. 335.
p. 137.
Hordeum distichum, p. 568.
H. vulgare, p. 568.

Honkeneja peploides,

Horminum pyrenaicum,

p. 477.

Hottonia palustris. No. 289 {Hymen.

1,

Dipt. 6), p. 386.
Hoya, p. 401.
Hutchinsia alpina, p. 111.

Dipt.

Graminese, p. 568.
Gymnadenia conopsea, p. 534.
G. odoratissima, p. 534.

Gymnospermese,

Heterotropa asaroides, p. 517.
Heuchera, p. 243.
Hieracium pilosella, No. 267 {Apid.

1,

orientalis,

No. 394 {Apid.

4,

Coleopt. 1), p. 554.

Hydrangere, p. 248.
Hydrocharidese, p. 526.
Hydrocharis, p. 527.
Hydrocotyle americana,

Goodenia, p. 364.
Goodenoviese, p. 364.

Goodyera repens,

H. tristis, p. 108.
Heterocarpa^a, p. 201.
Heterotoma, p. 365.

Hyacinthus
p. 145.

p. 533.

H. vulgaris,
Hyoscyamus

p. 271.

p. 271.

niger.

No. 316 {Apid.

2),

p. 427.

p. 526.

Gyjisophila paniculata. No. 55 {Dipt. 15,
Hymen. 5), p. 127.
G. repens, p. 128.

Hyoseris radiata, p. 351.
Hypecoum grandiiiorum, p. 95.

H. procumbens,

p. 95.

HypericaceiB, p. 139.
p. 533.
Haloragese, p. 255.
Hedera, p. 287.
Hedycliium, p. 542.
Hedyotis, p. 304.
Heeria, p. 255.

Hypericum liirsutum, p. 140.
H. liumifusum, p. 141.
H. perforatum, No. 68 {Apid.

Heliantliemura alpestre, p. 117.
H. guttatum, p. 117.
H. Kaliiricum, p. 117.

Hypochceris glabra. No. 269 {Apid.

Habenaria,

Dipt.
139.
1,

H. quadrangulum,

H. ledifolium, p. 117.
H. Lippii, p. 117.
H. villosum, p. 117.
H. vulgare, No. 45 {Syrph.

H.

4,

triloba, p. 71.

Hemipt.

1), p.

Hymen.
284.

34,

Hymen.
1),

p.

p. 141.

No. 270 {Apid.

{Dipt.

Apid. 13,

22,

356.

Illecebrace^,

Apid.

Heracleum Sphondylium, No. 194
49, Coleopt. 21,

radicata.

6), p.

6,

8,

Coleopt.

5),

p. 356.

Coleopt. 1), p. 117.
Helianthoidese, p. 325.
Helianthus multiflorus. No. 224 {Apid.
1, Syrph. 3), p. 325.
Helleborus, p. 81.
Hemerocallis fulva, p. 554.

Hepatica

15, Lepid. 2,

p. 509.
p. 509.
religiosum,
Illicium
p. 89.
Impatiens, p. 160.
Indigofera macrostachya, p. 198.
I. speciosa, p. 198.
Inula, p. 361.
Inuloideae, p. 324.
locroma tubulosum, p. 427.
lonidium, p. 121.
Ipomea pestigridis, p. 425,
Iridefe, p. 543,

Illecebrum verticillatum,

Dipt.
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Iris

Pseud- Acorus, No. 387 {B.
Rhing. 1), p. 543.

{Ajnd.

4,

Isotoma

Hymen.

axillaris, p. 365.

Janusia, p 149.
Jasione montaiia, No. 283 (Apid. 47,
Hymen. 20, Dipt. 22, Lepid. 7, Coleopt.
3), p.

Lentibularieaj, p. 465.

Leontodon autumnale, No. 271{Apid.

2],

369.

Jasminum,

p. 392.
Juglandaceae, p. 523.
Juglans cinerea, p. 523.
J. regia, p. 523.
Juncacese, p. 561.
Juncus bufouius, p. 561.
J. filiformis, p. 561.
J. sphserocarpus, p. 561.
Jurinea, p. 361.

Dipt. 11, Lepid.

2), p.

14,

356.

L. hastile, No. 272 '{Apid. 9, Hymen. 1,
Dipt. 8, Lepid. 1), p. 358.
L. hirtus. No. 273 {Apid. 15, Syrph. 3,
Lepid. 1), p. 358.
Leonurus Cardiaca, p. 495.
Lepidium sativum, No. 38 {Dipt. 10,

Hymen.
1), p.

5,

Apid.

6, Coleopt. 4,

Lepid.

110.

Leptosiphon micranthum,

p. 408.

Leschenaultia formosa, p. 364.
Lssperdeza, p. 201.
Leucosmia, p. 519.
Liatris, p. 361.

Ligustrum vulgare. No. 292 {Apid.
Syrph.

Kalmia angustifolia,

1,

p. 381.

K. latifolia, p. 380.
K. polifolia, p. 380.
Kernera saxatilis, p. 105.
Knautia see Scabiosa, p. 309.
Knoxia, p. 304.
;

LABIATiE, p. 469.
Lactuca, p. 361.
Lagers tree in ia, p. 260.
Lamium album, No. 359 {Apid. 11,
[Apid. 5], Hhmg. 1), p. 493.
L. amplexicaule, p. 496.
L. Galeobdolon, No. 360 {B. .5, [B. 1,
Apid. 1]), p. 496.
L. incisum. No. 363 {Apid. 5), p. 498.
L. maculatum. No. 361 {Apid. 2, [Apid.
2], Eking.), p. 496.
L. purpureum, No. 362 {Apid.
1), p. 497.
Lantana, p. 460.

Lappa minor, No. 243 {Apid.

9,

Dipt.

2), p. 338.
L. tomentosa, No. 244 {Apid. 5. Lepid.
1), p. 338.
Lapsana communis, No. 261 {Syrph. 3),
p. 351.
Larix, p. 526.
Lathyrus grandiflorus, p. 211.
L. montanus, No. 123 {Apid. 2, [Lepid.
1]), p. 210.
L. odoratus, No. 124, p. 211.
L. pratensis, No. 120 {Apid,. 5), p. 207.
L. silvestris, No. 122 {Apid. 1, [Lepid.
5]), p. 210.
\,. tuberosus, No. 121 {Apid. 1, [Lepid.
2]), p. 210.
L. vernus, No. 125 {Apid. 1), p. 211.
Lavandula vera, No. 336 {Apid. 11), p.
469.
Lechea, p. 117.
Leguminosai, p. 167.
Lemna gibba, p. 5G5.
^A. minor, p. 565.
L. polyrrhiza, p. 565.
li. trisulca, p. 565.
JjcninaceiT, p. 565.

1,

393.
Liliacese, p. 548.
Liliura bulbiferum, p. 555.
L. croceum, p. 556.
L. Martagon, p. 555.
Limnanthemum, p. 407.
Linaria alpina, p. 432.
L. Cymbalaria, p. 433.
L. minor, p. 432.
L. vulgaris. No. 320 {Apid. 8, [Hym"M.
1]), p. 431.
Linese, p. 147.
Linngea borealis, p. 293.
Linum catharticum, No. 74 {Dipt. 2),
p. 147.
L. usitatissimum, No. 75 {Apid. 2,
Lepid. 1), p. 148.
Listera ovata, No.
380 {Coleopt. 2,
Hijmen. 7, [B. 1]), p. 295.
Lithospermum arvense, No. 309 {Lepid.
1), p.

d. 2), p. 417.
L. eanescens, p. 418.
L. longiflorum, p. 418.
Lloydia serotina, p. 555.
LoasetB, p. 267.
Lobelia Erinus, p. 365.
L. fulgens, p. 365.
L. syphilitica, p. 365.
Lobeliese, p. 365.
Loiseleuria procumbens, p. 300.
Lonicera alpigena, p. 298.
L. Caprifolium, No. 202 {Lepid. n.\ 7,
[+ 3, Apid. 2, Dipt. 3]), p. 293.
L. C(erulea, p. 295.
Periclymenum {Lepid. n.\ [B. 1]),
p. 295.
li. serotina, p. 555.
\j. tatarica, No. 203, p. 297.
L. Xylosteum, No. 204 {Apid. 3, Dipt.

L

2), p.

297.

Lopezia corouata,

p. 265.
L. miniata, p. 265.
L. racemosa, p. 265.
Lote«, p. 167.
Lotus corniculatus. No. 90 {Apid.
[Dipt. 2, Lepid. 6]), p. 167.
Luculia, p. 304.

22,
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Lupinus luteus, No. 107 (Apid.

3),

p.

187.

Luzula campestris, p. 561.
L. lutea, p. 561.
iiivea, p. 561.
L. i>ilosa, p. 561.
Lychnis alpiiia, p. 129.
L. flos-cuculi. No. 57 {Ai)id. 7, Lcind.
6, Sijrph. 3), p. 129.
L. flos-Jovis, p. 129.
L. Githago, No. 59 {Lcpid. d. 2, [Rhing.
1]), p. 131.
L. vespertina, No. 58 {Lepid. n. 1), p. 131.
L. viscaria, p. 129.
}j.

Lycium barbarum, No. 315 (Apid.

3),

p. 426.

Lycopsis arvensis, No. 303 {Lepid. d.

1),

p. 411.

Lycopus europaeus, No. 339 {Hyvicn.
Dipt. 6, Hemipt.
p. 471.

1,

Lepid.

Tli.

1,

1,
1),

Lysimachia Nummuiaria,

p. 390.
L. thyrsiflora, p. 390.
L. vulgaris, No. 290 {Apid. 3, Hymen.
1, Syrph. 1), p. 389.
LythrarieiE, p. 255.
Lythrum Graitferi, p. 260.
L. hyssopifolia, p. 260.
L. Salicaiia, No. 165 {Apid. 9, Syrph. 7,
Lepid. 2, Coleopt. 2, Th. 1, Hemipt. 1),
p. 255.
L. thymifolia, p. 260.

Magnolia Ulan,

3),

(Dipt. 5,
133.

p.

Malpighiaceae, p. 149.
Malva Alcea, No. 71 {Apid. 3), p. 144.
M. moschata, No. 72 {Apid. 3, Dipt. 1,
Lppid. 1), p. 144.
M. rotundifolia, No. 70 {Apid. 4), pp.
silvestris,

1,

Di2)t.

2,

No. 69 {Apid. 26, Hymen.
Lcpid.

1,

Coleopt.

1), p.

142.
Malvaceae, p. 142.

Mandragora

verualis, p. 427.

Mauettia, p. 304.
Maranta arundinacea, p. 543.

M.
M.

bicolor, p. 542.
cannsefolia, p. 542.

Marantese, p. 542.
Marcgravia nepenthoides, p. 142.
Marcgraviacese, p. 142.
Marrubium, p. 489.

Martha

fragrans, p. 305.
Martiusia, p. 214.
Martynia, p. 466.

Matricaria Chamomilla, No. 233 {Apid.
2, Hymen. 1, Dipt. 11, Coleopt. 3), p.
332.

Maurandia,

Monarda ciliata, p. 477.
M. didyma, No. 345 {Lepid.

1),

1), p.

477.

Monochoria, p. 561.
Monocotyledons, p. 526.

Morina elegans, p. 308.
Musa, p. 543.
Muscari botryoides, p. 554.
Museae, p. 543.
Mutisiaceae, p. 351.

142, 144.

M.

falcata, No.
94 {Apid. 11,
Dipt. 2, [Lepid. 5]), p. 179.
M. lupulina, No. 95 {Apid. 4, Dipt. 2,
Lepid. 1), p. 180.
M. saliva, ISo. 93 {Lepid. d. 9 ?, [Apid.
2]). p. 175.
Melampodium, p. 361.
Melampyrum arvense, p. 461.
M. nemorosum, p. 461.
M. pratense. No, 335 (Apid. 3, [+ 3,
Dipt. 1]), p. 458.
M. silvaticum, p. 461.
Melastomacete, p. 255.
Melilotus otficiualis, No. 96 {Apid. 5,
Hymen. 1, [+ 1]), p. 180.
M. vulgaris. No. 97 {A*.), p. 181.
Melittis melissophyllum, No. 351 {Apid.
1), p. 486.
Melvilla, p. 261.
Mentha aquatica. No. 338 {Apid. 4,
Hymen. 1, Dipt. 18), p. 471.
M. arvensis. No. 337 {Dipt. 10, Lepid.
1), p. 470.
Menyanthes trifoliata, p. 407.
Mertensia, p. 422.
Methonica superba, p. 557.
Meum, p. 286.
Mcyenia erecta, p. 467.
Mimosaceae, p. 220.
Mimulus, p. 436.
Mirabilis Jalapa, p. 508.
Mitehella, p. 304.
Mitella pentandra, p, 243.

p. 136.

Malachium aquaticuni, No. 63
Apid.

Medicago

Mcehringia trinervia, No. 67 {Coleopt.

p. 89.
gi-andifiora, p. 90.
Magnoliace.u, p. 89.

M.

Coleopt. 1, Th. 1,
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p. 434.

Myosotis

alpestris, p. 415.

M. hispida. No. 308 {Apid. 1), p. 416.
M. intermedia, No. 306 {A2)id. 3, Dipt.
2), p.

M.

415.

No. 307 {Lepid.

palustris,

p. 416.
M. silvatica.

1, Diiit. 1),

No. 305 {Apid.

1,

Dipt.

11), p. 414.

M. versicolor, p. 416.
Myosunis minimus, p. 73.
Myriophyllum spicatum, p. 255.
M. verticillatum, p. 255.
Myrrhis odorata. No. 182 {Dipt.
Coleopt. 1,

Hymen.

NAIADACE.E,

p. 567.

1,

Apid.

1), p.

3,

278.

Narcissus Tazetta, p. 560.

Nardus stricta, p. 568.
Nasturtium amphibia, No. 28 {Hymen.
Dipt.

4), p.

102.

1,
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Nasturtium officinale, p. 101.
N. silvestre, No. 27 {Hymen.

Oryza clandestina,
2,

Dipt. 5), p. 100.
theifera, p. 508.
Neotinea, p. 527.
Neottia nidus-avis, No. 381,
[+ 2]), p. 531.
Neottiepe, p. 529.

Apid.

3,

Neea

Nepcta Glechoma, No. 349
Dipt.

4,

Lepid.

Nerium odorum,
N. Oleander, p.

3), p.

(Dipt.

1,

{Aptid,

21,

484.

p. 396..

396.

Neurocarpum, p. 21 4*
Nigella arvensis, p. 81.
p. 81.

1), p. 93.

Nyctagineaj, p. 508.
alba, p. 93.
p. 93.

N ymphseacese,
OCYMUM,

p. 469.

Odontites lutea. No- 331, p. 447.
O. serotina, No. 330 [Apid. 3), p. 445.
(Enantlie fistulosa, No, 187 {Dipt. 9,
CoUopt. 1, Apid.. 3), p. 281.
CE. Phellandrium, No. 188 {Dipt. 7,
Coleopt. 3, Hymen. 7, Apid. 2, Lepid.
1), p. 281.
(Enotliera biennis. No. 169 {Lepid. n. 1,
Apid. 6, Syrph. 3), p. 264.
(E. sinuata, p. 264.
(E. tenella, p. 265.
Oleaceaj, p. 392.
Omphalodes verna {Apid. 2), p. 416.
OnagrariejB, p. 261.
Oncidium, p. 528.
Onobrychis sativa. No. 116 {Apid. 22,
Syrph. 1, Lepid. 5), p. 200.
Ononis spinosa. No. 92 {Apid. 13), p. 174.

Onopordon Acanthium, No. 255 {Apid.
11, Hymen. 1,, Lepid. 3, Coleopt. 1,
Hemipt.

2), p.

p. 88.

344.

Ophiorhiza, p. 304.
Ophrydese, p. 533.
Oplirys muscjfera, p. 534.
Orchidere, j). 527.
Orchis globosa, p. 539.
O. latifolia, No. 384 {Apid. 12, Dipf..)y
pp. 535, 539.
0. maculata, No. 385 {B. 1, Dipt. 4), pp.

1,

Paradisia Liliastrum, p. 552.
Parietaria, p. 520.
Paris quadrifolia, p. 557.
Parnassia palustris, No. 157 {Muse. 15,
HymeTh. 4, Coleopt. 2), p. 247.
Passifiora coerula, p. 267.
P. r^emosa, p. 268.
Passiflorese, p. 267.
Pastinaca sativa, No. 193 {Dipt. 7,
Hymen. 7), p. 284.
Paullinia, p. 164.
Pavia rubicmnda, p. 166.
Pavonia hastata, p. 146.
Pedicularis silvatica. No. 333 {B. 6, [ +
1]), p. 450.
P. verticillata, p. 454.
Pelargoniese, p. 159.
Pelargonium, p. 158.
Pemphis, p. 261.
Pentstemon, p. 434.
Periplpca, p. 402.
Petasites albus, p. 334.

Petroseliuum sativum. No. 176 {Dipt. 8,
Apid. 1), p. 275.
Peucedanum Cervaria, No. 191 {Dipt. 4,
Coleopt. % Hymen. 15. Apid. 5), p.
282.
P. graveolens. No. 192 {Dipt. 15,
25, Apid. 6), p. 283.
P. sativum. No. 193, p. 284.
Phaseolefe, p. 214.
Phaseolus angulus, p. 215.
P. Caracalla, p. 215.
P. coccineus, p. 215.
P. multitiorus, p. 217.
P. vulgaris, p. 216.

Syrph.
GoUopt. 2), p. 248.
Phlox paniculata. No. 299 {Lepid. x.,
3,

2), p.

Physianthus,

407.
p. 400.

Pliysostogia, p. 489.
Phyteuma, p. 369.
Picris hieracioides, No.

262 {Apid. 16,
Dipt. 9, Lepid. 3), p. 352.
Pimpinella magna, No. 180 {Apid. 2), p.
277.

Hymen.

5,

Hymen.

l']iiladelpliiuscoronarius(^ji>M:?. 9,

D>pL

535 539.
0. mascula. No. 382 {B. 8), pp. 536, 539.
0. niorio. No. 383 {Apid. 9), pp. 535,
539.
0. tiidentata, p. 539.
(). ustulata, p. 539.
Origanum vulgare. No. 342 {Apid.
Dipt. 12, Lejnd. 2), p. 475.

Pancratium maritimum, p. 560.
Papaver alpinum, p. 94.
P. Argemone, p. 94.
P. Argemonoides, p. 94.
P. dubium, p. 94.
P. hybridum, p. 94.
P. Rhceas, No. 20 {Apid. 7, Dipt.
Coleopt. 1, Orthopt. 1), p. 93.
Papaveraceae, p. 93.

Nigiitella angustifolia, p. 534.
N. suaveolens, p. 534.
Notylia, p. 528.
Nuphar luteum. No. 19 [Dipt. Ij, Coleopt.

Nymphsea

PiEONIA MOUTAN,

Paliurus aculeatus, p. 163.
Palmte, p. 562.

Nertera, p. 304.
Nessea, p. 260.

N. damascena,

p. 568.

Oxalidete, p. 159.
Oxalis, p. 159.
Oxybaphus, p. 508.

1,
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Pimpinella Saxifraga, No. 181 {Dipt. 8,
Coleopi. 4, Hymen. 7, Apid. 3, Neuropt.
1), p. 277.
Pinguicula alpina, p. 466,
P. lusitanica, p. 466.
P. vulgaris, p. 466.
Pinus, p. 526.
Pisonia hirtella, p. 508.

Pisum sativum, No. 126 {Apid.

3), p. 211.
Plantaginese, p. 603.
Plantago alpina, p. 506.
P. lanceolata, No. 367 {Apid. 3, Syrph.
3), p. 503.
P. media, No. 368 {ApM. 6, Dijit. 7,
Cokopt. 4), p. 506.
Platanthera bifolia, p. 533.
P. chlorantha, p. 533.
P. solstitialis, p. 533.
Plectrauthus fruticosus, p. 469.
Plumbaginepe, p. 382.
Plumbago, p. 382.
Poa annua, p. 568.
Poinsettia pulcherrima, p. 520.
Polanisia, p. 114.
Polemoniact'ffi, p. 407.
Polemonium ccumleum, p. 407.
Polycarpere, p. 138.
Polycarpon tetraphyllum, p. 138.
Polygala alpestris, p. 123.
P. Chamsebuxus, p. 123.
P. comosa. No. 50, p. 122.
P. myrtifolia, p. 123.
P. vulgaris. No. 51 (Apid. 3, Lepid. 1),
p. 123.
Poly galeae, p. 122.
Polygonaceaj, p. 509.
Polygonum aviculare, No. 374 (Syrph.
3), p. 515.
P. Bistorta, No. 370 (Apid. 2, Dipt. 5),
p. 511.
P. fagopyrum, No.
369 [Apnd. 12,
Hyvien. 4, Dipt. 21, Lepid. 4), p. 509.
P. lapathifolium. No. 372 [Syrph. 3), p.
514.
P. minus. No. 373 {Syrph. 4), p. 514.
P. Persicaria, No. 371 {Syiyh. 7, Apid.
3, Lepid. 1), p. 512.
P. viviparum, p. 512.
Polystacliya, p. 528.
Pomere, p. 238.
Pontederia, p. 561.
Pontederiacese, p. 561.
Posidonia, p. 567.
Posoqueria fragans, p. 305.
Potamogeton, p, 567.
Potentilla anserina. No. 141 {Eymen. 2,
Apid. 2), p. 233.
P. aigentea, p. 234.
P. atro-sanguinea, p. 234.
P. aurea, p. 234.
P. caulescens, p. 234.
P. fruticosa, No. 142 {Apid. 2, Hymen.
2, Dipt. 15, Coleo2}t. 2), p. 233.
P. grandiflora, p. 234.
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Potentilla minima, p. 232.
P. reptans. No. 140 {Apid. 10, Hymen.
1, Dipt. 1), p. 232.
P. salisburgensis, p. 234.
P. tormentilla, No. 143 {Apid. 2, Dipt.
4), p. 233.
P. verna, No. 139 {Apid. 15, Dipt. 9,
Coleopt. 1), p. 231.
Potentillete, p. 229.
Poteriese, p. 234.

Poterium Sanguisorba, No. 146 {Vesp.

1),

p. 236.

Prtnanthes, p. 361.
Primula Auricula, p. 383.
P. cortusoides, p. 384.
P. elatior. No. 288 {Apid. 9, Dipt. 2,
[Coleopt. 1]), p. 384.
P. farinosa, pp. 383, 385, 386.
P. integrifolia, p. 385.
P. involucrata, p. 384.
P. longiHora, pp. 383, 385, 386.
P. minima, pp. 383, 385.
P. mollis, p. 383.
P. officinalis, p. 385.
P. scotica, p. 383.
P. sikkimensis, p. 384.
P. sinensis, p. 383.
P. stricta, p. 383.
P. verticillata, p. 383.
P. villosa, pp. 383, 385.
P. viscosa, p, 385.
Primulaceffi, p. 383.
Pringlea antiscorbutica, p. 106.
l^rostanthera, p. 499.
Proteacese, p. 519.
Prunes, p. 221.
Prunella grandiflora, p. 490.
P. vulgaris, No. 355 {Apid. 8, Lepid. 3),
p. 489.
Prunus avium, Cerasus, domestica. No.
129 {Apid. 8, Syrph. 3, Lepid. 3), p. 222.
P. communis (P. spinosa), No. lli {Apid.
15, Hymen. 1, Dipt. 10, Coleopt. 1),
p. 221.
P. Padus, No. 128 {Dipt. 2. Apid. 1,
Coleopt. 1), p. 211.
Pulicaria dysenterica, No. 223 {Apid. 6,
Syrph. ^, Lepid. 3, Coleopt. 1), p. 324.
Pulmonaria angustifolia (azurea), p. 411.
P. officinalis.
3,

Lepid.

No. 304 {Apid.

1, [Coleopt. 1]), p.

12,

Syrph.

412.

Pulsatilla vernalis, p. 71.
P. vulgaris, p. 71.
Pyrola minor, p. 382.
P. rotundifolia, p. 382.
P. secimda, p. 382.
P. uniflora, p. 382.
Pyroleaj, p. 382.

Pyrus Aucuparia, No.

Hymen.
P.

3,

152 {Apid. 11,
Dipt. 14, Coleopt. 18), p. 239.

communis. No. 151 {Dipt.
7,

Hymen.

3, Coleopt. 4,

Th.

P. mains. No. 150 {Apid. 9,
Dipt. 6), p. 238.

16,

Apid.

1), p.

239.

Hymen.

1,
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Radiola linoides,

p. 149.

Rosese, p, 236.

KatHesia, p, 517.

Ranunculacese, p, 69.
Eanunculus acris, bulbosus, repens, No.
7

{Dipt.

23,

Coleopt.

Apid. 20, Lepid.
li.
li.

alpestris, p. 74.
aquatilis, No. 5

Hymen.

11,

4), p.

4,

Rubus fruticosus, No. 135 {Apid. 31,
Hymen. 5, Dipt. 12, Coleopt. 15, Lepid.

76.

[Dipt.

yJ^iti.

6,

auricomus, No, 10 {Apid.

Hymen.

3,

1, i)i>^. 4, T/?. 1), p. 78.
R. bulbosus ; sec R. acris.

R.

No. 9 {Dipt.

ficaria,

TA.

4, Coleo2)t. 1,

1,
8), p. 78.
R. fiamnmla. No. 6 {Dijd.
^j[>i:flJ.

Lepid.

2,

Hymen.

1,

Ruellia, p. 467.
crispus, p. 516.
R. obtusifolius, p. 516.

Rumex

Rutagraveolens, No. 84 (Dipt. 19, Hymen.
11,

Apid.

Sagina nodosa,

113.

Reseda lutea, No. 44 {Hymen. 4), p. 116.
R. luteola, No. 43 {Apid. 4), p. 116.
R. odorata, No. 42 {Apid. 8, Hymen. 1,
Dipt. 1, r^. 1), p. 114.
Resedacese, p. 114.
Rhamnese, p. 163.

Rliamnus Frangula, No. 86 {Apid.
Dipt.

3,

163.
p. 516.

1), p.

Rheum Rhaponticum,

Rhinacanthus, p. 468.
Rhinarithus Alectorolophus, p. 457.
R. crista-galli, No. 334 {B. 9, \Lepid.

1]),

p. 454.

S,

R. typhina, No, 89 {Apid. 2, Neuropt.

S.

3), p.

396.

[

+ 2,

porphyrantha, pp, 479, 481.
pratensis, No. 346 {Apid.

4,

[

+ 5,

S, Sclarea, p. 479,
6,

Dipt.

249.

R. aureum, p. 251.
R. gi'ossularia, No. 161 {Apid. 9, Dipt.
4), p. 250.
R. nigrum, No. 159 {A*.), p, 250.
R. petraium, p. 251.
R. rubrum. No. 160 {Apid. 3, Hymen. 1),
p. 250.
R. sanguineum, p, 251.
Ribesiea;, p. 249,
Rohdea japonica, p. 551,
Rosa canina, No. 148 {Apid. 6, Syrph. 2,
Cohopt. 12), p. 236,

R, Centifolia, No, 149 (Apid. 10, Hymen.
3, Syrph. 5, Coleopt. 16), p. 237.
R, mbiginosa, p. 238.
Rosaceoe, p, 221.

6,

No. 347

Lepid. 2]), pp. 477, 479.
S. rubra, p. 479.

167.

Ribes alpinum. No, 158 {Apid.

{A2yid.

officinalis.

Lepid. 1]), p. 480,
S, patens, p. 482.
S, pendula, p. 479,

p. 382.
Rhodorese, p. 380.
Rhus Cotinus, No. 88 {Dipt. 6, Coleopt.
1, Hymen. 6, Apid. 4), p. 166.

Rhynchodia jasminoides, p.
Rhynchospermum, p. 396.

p, 562,

p. 137.

Salicinese, p, 524.
Salix cinerea, Caprea, etc.. No, 378 {Apid.
Dipt. 26, Lepid. 3,
46, Hepid.
8,
Coleopt. 2, Hemijri: 1), p. 524,
S, herbacea, p, 526,
S, repens, No. 379 {A2nd. 6, Hymen. 1,
Dipt. 2, Lepid. 1), p. 526,
Salvia sethiopica, p, 479.
S, argentea, p, 479,
S, austriaca, p, 483.
S. cleistogama, p. 483.
S. glutinosa, p. 481,
S, Grahami, p. 480,
S. hirsuta, p. 480.
S, lanceolata, p. 480.
S. nilotica, p, 482,
S, nutans, p. 479.
S.

Rhododendron,

1), p.

160,

3), p.

Sabal Adamsoni,

4), p. 78.

;

1,

Apid.

3, ColcoiJt.

Raphanus Raphanistrum, No. 41 {Apid.

Hymen.

2,

Rutacese, p. 160,

R. montanus, p. 76.
R. paruassifolius, p. 74.
R. pyrenseus, p. 74.
R. repens see R. acris.
1), p.

R, idajus, No, 134 {Apid. 11, Hy7nen.
Syrph. 2, Coleopt. 2), p, 226.
R. saxatilis, p. 228,

4), p. 74.

R. glacialis, p. 74.
R. lanuginosus, No. 8 {Dipt.
2,

^j^iV/.

5,

227,

4), p,

2,

Colcvpt. 1), p. 74.
It.

Rosmarinus, p, 477.
Rotala, p, 261,
Rubea?, p. 227.
Rubiacese, p, 301,

No, 348 {Apid.

S. silvestris.
1), p.

1,

Hymen.

483,

S, splendens, pp. 480, 483.
S. triangularis, pp. 479, 483.
S. tubiliora, p. 483,
S, verticillata, p, 482.
S. virgata, p. 479,

Sambucus Ebulus,

p, 290.

No. 199 {Dipt.

S. nigra.

6,

Coleopt.

2),

p. 290.

Sanguisorba
2), p,

officinalis,

No. 147 {Syrph.

236,

Sanicnla cnropa;a, p, 274.
Santalaceit', p. 520.

SapindacejB, p. 164.

Saponaria ocynioides, p, 128.
S, officinalis, No, 56 {Lepid. n.
1]), p,

128.

1,

[Dipt,
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8aponaria vaccaria, p, 128.
Sarothaninus scopariiis, No. Ill {Ajjid.
6, Syi-ph. 1, ColcopL 2), p. 195.
Saturcia hortensis, p. 476.
Saussurea, p. 361.
Saxifraga aizoides, p. 245.
S. crassifolia, p. 243.
S. oppositifolia, p. 245.
S. sarmentosa, p. 243.
SaxifragaceiB, p. 243.
Saxifrageai, p. 243.
Scabiosa arvensis, No. 211 {Apid. 34,
Hymen. 4, Dipt. 15, Lepid. 11, Coleopt.
12), p. 309.
S. atropurpurea, p. 311
213 {Apid. 2, Dipt.
iS. Columbaria,
4), p. 315.
S. lucida, p. 315.
S. succisa, No. 212 {Apid. 14, Dipt. 11,
Lepid. 5, Coleopt. 1), p. 313.
Scaivola, p. 364.
Schizanthus, p. 428.
Schomburgkia, p, 527.
Scilla maritiina, p. 554.
Scirpua palustris, p. 567.
Scitamiucai, p. 542.
Sclcranthus perennis, p. 509.
Scopolina, p. 427.
Sciopliulaiia aquatica, p. 436.
S. nodosa, No. 322 ( Fesp. 5, Apid. 4), p.
434.
SciMpliularineas, p. 429.
Scutellaria galericulata. No. 350 {Lepid.
1), p. 486.
Secale cereale, p. 568.
Sedum acre, No. 162 {Apid. 11, Hymen.
2, Dipt. 2), p. 251.
S. album, p. 253.
S. atratum, p. 254.
S. reflexum. No. \^Z{Apid. 1, Syrph. 1),
p. 253.
S. repens, p. 254.
S. Telephium, No. 164 {Apid. 5, Hymen.
1, Dipt. 1), p. 253.
Selagineae, p. 468.
Sempervivum, p. 254.
Senecio Jacobaia, No. 238 {Apid. 16,
Hymeii. 1, Dipt. 18, Lepid. 3, Coleopt.
1, Hemipt. 1), p. 335.
S. vulgaris. No. 239, p. 336.
Senecionidese, p, 333.
Serapias, p. 533.
Serjania, p. 164.
Serratula tinctoria, No. 256 {Apid. 1,
Lepid. 1), p. 345.
Sherardia arvensis, p. 304.
Sibbaldia procumbens, p. 234.
Sideritis romana, p. 488.
Silaus pratensis, No. 189 {Hymen. 2,
Apid. 1), p. 282.
Silene acaulis, p. 129.
S. inflata, p. 129.
S. nutans, p. 129.
S. rupestris, p. 129.
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Sileneffi, p. 125.
Silpliium, p. 361.
Silybum, p. 361.
Sinapis arvensis,

Hymen.
1), p.

1,

No.

A2nd.

40

{Syrph. 3,
1, Lepid.

3, Coleopt.

112.

Siphocampylus bicolor, p. 365.
Sisymbrium Alliaria, No. 35 {Apid.

1,

Dipt. 3, Coleopt. 3), p. 109.

No. 36 {Apid.

S. officinale,

1,

Lepid.

2),

p. 109.

Slum

latifolium. No. 178 {Dipt. 20,
Coleopt. 3, Hymen. 8, Hemipt. 1), p.

276.
Solanaceae, p. 425.

Solauum Dulcamara, No. 313 {Syrph.

1),

p. 426.
S.

nigrum, No. 314 {Syrph.

Apid.

2,

2),

p. 426.

tuberosum. No. 312 {Syrph. 2), p. 425.
Soldanella, p. 389.
Solidago canadensis. No. 216 {Dipt. 5), p.
321.
S. virga-aurea. No. 215 {Apid. 5, Syrph.
2, Lepid. 1), p. 320.
Sonclius ai-vensis. No. 276 {Apid. 11,
Dipt. 4, Lepid. 1, Coleopt. 2), p. 361.
S. oleraceus. No. 275 {Syrph. 3, Lepid. 1),
p. 361.
Specularia perfoliata, p. 369.
Spiraea Aruncus, No. 132 {Apid. 1,
Hymen. 2, Dipt. 2, Coleopt. 4), p. 224.
S. Filipendula, No. 131 {Apid. 2, Sijrph.
4, Coleopt. 1), p. 223.
S. salicifolia, sorbifolia, ulmifolia. No.

S.

133 {Dipt. 42, mjmen. 14, Apid. 17,
Coleopt. 21, Neuropt. 2, Lepid. 2), p.
224.
S. ulmaria,

Syrph.

No. 130 {Apid.

9, Coleopt. 7), p.

3,

Hymen.

3,

222.

Spirseai, p. 222.

Spiranthes autumnalis, p. 529.
Stachys Betonica, No. 354 {Apid.

1,

Dipt. 2, Lepid. 1), p. 487.
S. germanica, p. 487.
S. palustris, No. 353 {B. 3,

Syrph.

2,

Syrph.

1,

Lepid.

3), p.

S. silvatica,

[+

487.

No. 352 {Apid.

6,

486.
Stapelia, p. 401.
Statice, p. 382.
Stellaria cerastoides, p. 136.
S. graminea. No. 64 {Syrph. 1), p. 133.
S. Holostea, No. 65 {Dipt. 7, Apid. 6,
Hymen. 1, Coleopt. 2, Lepid. 1, Th. 1),
p. 135.
S. media. No. &Q {Apid. 6, Dipt. 4, Th.
1), p. 135.
Stephanotis, p. 401.
Sterculiacese, p. 146.
Stigmatostalix, p. 528.
Strelitzia reginae, p. 643.
Strobilanthes, p. 467.
Stylidiese, p. 364.
1]), p.

THE FERTILISATION OF FLOWEES.

668

Trifolium filiforme, No. 103 {Apid. 3)>

Stylocliiton hypogseus, p. 564.
S. lancifolius, p. 564.
Stylosanthes, p. 201.
Subularia aquatica, p. 113.
Syagrus, p. 562.
Sycomorus antiquorum, p. 522.

Symphoricarpus racemosus, No.
201
{Fesp. 6 !, Apid. 7, Hy^nen. 1), p. 292.
Symphytum officinale, No. 300 {Apid.
5, [+ 5], Rhing. 1, [ColeopL 1]), p.
408.

Symplocarpus

foetidus, p. 565.

Syringa persica,
S. vulgaris,

Dipt.

p. 393.

No. 291 (Apid.

Lepid.

1,

9), p.

8,

Hymen.

1,

392.

Tabern^montana echinata,

p. 396.
Tacca cristata, p. 560.
Taccaceai, p. 560.
Tanacetum vulgare. No. 234 {Apid. 7,
Hymen. 4, Dipt. 7, Lepid. 5, Coleopt.
Eemipt. 1, Ncuropt. 1), p. 332.

%

Taraxacum

Hymen.

officinale,

No. 274 {Apid.

58,
2, Dipt. 21, Lepid. 7, Coleopi.

Hemipt.

359.
Tecoma capensis, p. 466.
Teesdalia nudicaulis. No. 33 {Hymen. 1,
Coleopt. 6, Dipt. 3), p. 106.
Telekia, p. 361.
Teucrium Botrys, p. 501.
T. Chamaidrys, p. 501.
4,

p. 187.
T. fragiferum. No. 99 {Apid. 1), p. 183.
T. medium. No. 104 {Apid. 2), p. 187.
T. montanum. No. 106 {Apid. 1), p.
187.
T. nivale, p. 186.
T. pallescens, p. 186.
T. polymorphum, p. 186.
T. pratense. No. 100 {Apid. 24, [+ 4,
Dipt. 3, Lepid. 8]), p. 184.
T. procumbens. No. 105 {Apid. 2), p.
187.
T. repens. No. 98 {Apid. 6, [Dipt. 3,
Lepid. 2]), p. 181.
T. rubens. No. 102 {Apid. 2), p. 187.
Triglochin palustre, p. 567.
Triticum vulgare, p. 568.
Tritoma Uvaria, p. 561.
Trollius europseus, p. 80.
Troj)8eolum, p. 159.

Tussilago farlara, No. 236 {Apid.
2, Coleopt. 1), p.

5,

Dipt.

333.

Typhonium cuspidatum,

p. 564.

1), p.

T. Scorodonia, No. 365 {Apid. 5, Syrph.
I), p. 499.
Thalictrum aquilegifolium. No. 2 {Apid.

Syrph. 6, Coleopt. 1), p. 70.
T. flavum, No. 3 {Syrph. 5, Muse.
A^.), p. 70.
T. minus, p. 71.
3,

Ulex europ^us,

p. 198.

Umbelliferse, p. 270.
Urtica, p. 521.
Urticacese, p. 520.
Urticese, p. 520.
Utricularia, p. 465.

Vacciniace^, p. 373.
Vaccinium Myrtillus, No. 284 {Apid.
[+ 1]), p. 373.

5,

1,

V. Oxycoccos, p. 375.
V. uliginosum. No. 285 {Apid. 23,
Hymen. 1, Syrph. 4, Lepid. 2), p. 373.
V. vitis-idaea, p. 375.

Thlaspi arvense, p. 105.
Thrincia hirta. No. 273 {Apid. 15, Syrph.
3, Lepid. 1), p. 358.

Valeriana cordifolia, p. 308.
V. dioica. No. 209 {Apid. 2, Dipt. 3,
Lepid. 1. Coleopt. 1), p. 307.
V. montana, p. 307.
V. offichialis. No. 208 {Apid. 3, Dipt.

Thesium,

p. 520.

Thunbergia

alata, p. 467.

ThymelseacBJe, p. 519.

Thymus Serpyllum, No. 340
Hymen.

{Apid.

7,

Dipt. 14, Lepid. 6), p. 472.
T. vulgaris. No. 341 {Apid. 2, Hymen.
1, Dij)t. 3, Lejnd. 1), p. 475.
Tilia europa^a. No. 73 {Apid. 3, Hymen.
1, Dipt. 9), p. 146.
Tiliaceffi, p. 146.
Tofieldia calyculata, p. 557.
Torilis Anthriscus, No. 195 {Dipt. 1,
Hymen. 6, Apid. 1, Lepid. 1), p. 286.
Tozzia aljnna, p. 458.
Trachelium, p. 369.
Tradescantia erecta, p. 561.
Trianospermum, p. 270.
Trientalis europium, p. 392.
Trifolium alpestre, p. 186.
T. alpinum, p. 186.
T. arvense. No. 101 {Apid. 11, Hymen.
1, {Lc2nd. 1]), p. 186.
T. badium, p. 186.
3,

19), p. 306.

V. Tripteris,

p. 308.
Valerianete, p. 306.
Valerianella olitoria, p. 303.
Vallisneria spiralis, p. 526.
Vandeaj, p. 528.
Vandellia, p. 437.
Velleja, p. 364.
Veratrum album, p. 557.

Verbascum Lychnitis, {Apid.

1),

pp. 430,

431.

V. nigrum, No. 317 {Apid. 5, Dipt. 4,
Lepid. 1, Coleopt. 1, T?i. 1, Ncuropt.
1), p.

429.

V. phcBniceum, No. 318 {Apid.
1), p.

430.
j). 469.
Verbenacene, p. 469.
1, Sy7-ph. 3), p.

Verbena

5,

Syrph.

430.

V. Thapsus, No. 319 {Apid.
officinalis,

6,

Hymen.
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Vincetoxicum,

Vernonia, p. 361.
Veronica agrestis, p. 443.
V. alpina, p. 444.
V. arvensis, p, 444.
V. Beccabunga, No. 325 {Dipt.

4,

v. bellidioides, p. 444.
V. Chamsedrys, No. 324 {Syrph.

Apid.

3,

Apid.

4, Coleopt. 1), p. 438.

hederaifolia,

No. 328 {Apid.

p.

4),

442.

V, montana, p. 439.
V. officinalis, No. 326 {Dipt.

V.
V.

Apid.

3,

3),

p. 441.
saxatilis, p. 444.

serpyllifolia,

No. 329 {Dipt.

443.
V. spicata, No. 327 {Apid.
3), p. 441.
V. triphyllos, p. 444.
V. urticifolia, p. 439.

Apid.

1, Coleopt. 2), p.

1),

p.

Hymen.

2,

Viburnum Opulus, No. 200

V. bicolor, p. 121.
V. biflora, p. 119.
V, calcarata, p. 119.
V. canina, No. 49 {Apid.

7,

291.

V. angustifolia, p. 203.
V. Cracca, No. 117 {Apid. 13, [Hymen.

3,

Dipt.

V.
V.
V.
V.
V.

elatior, p. 121.

lloribunda, p. 121.
mirabilis, p. 121.
montana, p. 121.
odorata, No. 47 {Apid. 6, Dipt. 1,
Lepid. 2), p. 119.
V. pinnata, p. 121.
V. puniila, p. 121.
V. sagittata, p. 121.
V. silvatica. No. 48 {Apid. 1, Dipt. 1,
5), p.

119.

V. stagnina, p. 121.
V. tricolor, No. 46 {B.

1,

[Apid.

Syrj?h. 1]), p. 117.
Violariefe, p. 117.

Voandzeia, p. 215.

Dipt. 1, Lepid. 1]), p. 202.

V. Faba, No. 119 {Apid.

8,

[+

2, Coleopt.

206.
V, hirsuta, p. 201.

V. sepium, No. 118 (^.5, [+

Weigelia rosea,

p. 299.

Wulfenia carinthiaca,

1]), p.

1,

Apid.

204.
Vicieae, p. 201.
Victoria regia, j). 93.
Villarsia, p. 407.
Vinca major, No. 294 {B. 1), p. 396.
V. minor, No. 293 {Apid. 7, Dipt.

Xeranthemum,

p. 445.

p. 361.

2]), p.

Th. 1), p. 394.
V. rosea, p. 395.

Yucca,

p. 561.

Zingiber officinarum,
2,

1,

Lepid. 2), p. 121.
V. cornuta, p. 119.
V. cucullata, p. 121.

Lepid.
{Dipt.

Vicia amphicarpa, p. 207.

1,

p. 401.

Viola arenaria, p. 119.
V. arvensis, p. 118.

3), p. 439.

V.

669

Zingiberese, p. 542.
Zinnia, p. 325.
Zostera, p. 567.

THE END.

p. 542.
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