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THE

NT FORMS OF FLOWERS

ox

PLANTS OF THE SAME SPECIES.

INTRODUCTION.

subject of the present volume, namely the dif-
ently formed flowers normally produced by certain
Kinds of plants, either on the same stock or on distinct
cks, ought to have been treated by a professed bota-
 nist, to which distinction I can lay no claim. As far as
the sexual relations of flowers are concerned, Linnwus
long ago divided them into hermaphrodite, moncecious,
d species. This

istinction, with the aid of several subdivisions in each
the four classes, will serve my purpose; but the
classification is artificial, and the groups often pass

 Mho hermaphrodite cluss contains o interestng
namely, I and

nts; but there are several other less important
presently to be given, in which flowers
g in various ways from one another are pro-
ed by ghe same specics.
‘Some plants were described by me several years ago,
a series of papers read before the Linnean Socicty,”

* “On the Two Forms or e s ik
in the Species .bu Sexual Relations” *Journal

B

@ The Complete Work of Charles Darwin Online



2 INTRODUCTION.

the individuals of which exist under two or three
forms, differing in the length of their pistils and
stamens and in other respects. They were called by
me dimorphic and_trimorphic, but have since been
better named by Hildebrand, heterostyled.* As I
have many still unpublished observations with respect
to these plants, it has seemed to me advisable to re-
publish my former papers in a connected and cor-
rected form, together with the new matter, It will be
shown that these heterostyled plants are adapted for
reciprocal fertilisation so that the two or three forms,
though all are hermaphrodites, are related to one
another almost like the males and females of ordinary
unisexual animals. T will also give a full abstract of
such observations as have heen published since the
appearance of my papers ; but only those cases will be
noticed, with respect to which the evidence seems fairly
satisfactory. Some plants have been supposed to be
heterostyled merely from their pistils and stamens
varying greatly in length, and I have been myself
more than once thus deceived. With some species the

afthe Prococdings of the Liuncan . datior, Jueq.; and on the
Socioly, vol. v, 1862, p. 7 Hybrid Nature of the Common
Ve Oxlip. With Bupplencntary Re-
anml, and on their Reciproc ks on Naturully Produced Hy:
Soxual Relation, i soyral Speci
ot
v 1863, p.

' O gha Scgint dheistons st the
Thzen Formaof Lythrum salics
Tbid, vol. vl 1864, . 1

SR

bnds in the Genus Verbascum.”

o
Jiko Nati of fho Offspring from
the Tilegitimate Unions of Dimor-
phic and Tri

“On the Specific Do
batween Primula veris, Brit." Fl.

. (var. mulu), ng and

various countrics, T am
unvilling to change it for that of
leterogone or heterogomous, though
this has been proposed by so hi uh
an authority s Prof It

‘the  Amerioan Nturalisty
P. 42

Jun. 1877,
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INTRODUCTION. 3

pistil continues growing for a long time, so that if old
and young flowers are compared they might be thought
10 be heterostyled. Again, a species tending to become
diecious, with the stamens reduced in some individuals
and with the pistils in others, often presents a decep-
tive appearance. Unless it be proved that one form
is fully fertile only when it is fertilised with pollen
from another form, we have not complete evidence
that the species is heterostyled. But when the pistils
and stamens differ in length in two or three sets of

and this is d by a di in
the size of the pollen-grains or in the state of the
stigma, we may infer with much safety that the species
is heterostyled. I have, however, occasionally trusted
to a difference between the two forms in the length
of the pistil alone, or in the length of the stigma
together with its more or less papillose condition; and
in one instance differences of this kind have been
proved by trials made on the fertility of the two forms,
to be sufficient evidence.

The second sub-group above referred to consists of
hermaphrodite plants, which bear two kinds of flowers
—the one perfect and fully expanded—the other mi-
nute, completely closed, with the petals rudimentary,
often with some of the anthers aborted, and the re-
maining ones together with the stigmas much reduced
in size; yet these flowers are perfectly fertile. They
have been called by Dr. Kuhn® cleistoganic, nd they

* «Bofanische Zeitung, 1867,
P-65. Smnl plnis ars known
occasionally to produce flowers
dasisnte 3t  carolln; but they

defii
B i which e
plants bave been subjected, and

‘partales of the nature of & mon.
strosity. All the flowers on the
same plant are commonly affected
in the same manner. ~ Such cases,
though they have sometimes been
rauked as - cleistogamic, do ot
our present scope :
seo Dr. Maxwell Masters, * Vege-
fablo Teratology, 1569, p. 405,
B2
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3 INTRODUCTION.

will be described in the last chapter of this volume.
They are adapted for self-fertilisation, which
is effected at the cost of a wonderfully small expendi-
ture of pollen; whilst the perfect flowers produced by
the same plant are capable of cross-fertilisation. Cer-
tain aquatic species, when they flower beneath the
water, keep their corollas closed, apparently to protect
their pollen ; they might therefore be called cleisto-
gamic, but for reasons assigned in the proper place are
not included in the present sub-group. Several cleis-
togamic species, as we shall hereafter see, bury their
ovaries or young capsules in the ground ; but some few
other plants behave in the same manner; and, as they
do not bury all their flowers, they might have formed
a small separate subdivision.

Another interesting subdivision consists of certain
plants, discovered by H. Miller, some individuals
of which bear conspicuous flowers adapted for cross-
fertilisation by the aid of insects, and others much
smaller and less conspicuous flowers, which have often
boon slightly modified 50 as to ensuro sclf-fertlisation.

inalis, Rhi

c'rlsta—_qalh, and Viola tricolor come under this head.®
The smaller and less conspicuous flowers are not closed,
but as far as the purpose which they serve is con-
cerned, namely, the assured propagation of the species,
they approach in nature cleistogamic flowers; but they
differ from them by the two kinds being produced on
distinet plants.

With many plants, the flowers towards the outside of
the inflorescence are much larger and more conspicu-
ous than the central ones. As T shall not have occa-

o E Muller, Nufars/ Sepk 95, <Dl Befruchtung:der ‘Blamen,’
73 (vol. vill.), p. 483, and Nov.  &e., 1873, p.
B (vol. ix.), p. 4. Also
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INTRODUCTION. 5

sion to refer to plants of this kind in the following
chapters, T will here give a few details respecting them.
Tt is familiar to every one that the ray-florets of the
Composite often differ remarkably from the others ; and
50 it is with the outer flowers of many Umbelliferm,
some Crucifere and a few other families. Several
species of Hydrangea and Viburnum offer striking
instances of the same fact. The Rubiaceous genus
Mussenda presents a very curious appearance from
some of the flowers having the tip of one of the sepals
developed into a large petal-like expansion, coloured
either white or purple. The outer flowers in several
Acanthaceous genera are large and conspicuous but
sterile ; the next in order are smaller, open, moderately
fertile and capable of cross-fertilisation; whilst the
central ones are cleistogamic, being still smaller, closed
and highly fertile; so that here the inflorescence con-
sists of three kinds of flowers.* From what we know
in other cases of the use of the corolla, coloured bractez,
&e,, and from what H. Miller has observedf on the
frequency of the visits of insects to the flower-heads of
the Umbellifers and Compositwe being largely deter-
mined by their conspicuousness, there can be no doubt
that the increased size of the corolla of the outer
flowers, the inner ones being in all the above cases
small, serves to attract insects. The result is that
eross-fertilisation s thus favoured. Most flowers wither
soon after being fertilised, but Hildebrand states} that
the ray-florets of the Composite last for a long time,
until all those on the dise are impregnated ; and this
clearly shows the use of the former. The ray-florets,

o Sty Joumal of Botanyy  men, pp. 108, 412

London, new series, vol. i. 187, 1 Seo his interesting memoir,
Pp. 161-164, ‘Uuhuxhc(:eschleehtuvul)almmse
+ *Die Befruchtung der Blu-  bei den Compositen, 1869, p. 92.
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6 INTRODUCTION.

however, are of service in another and very different
manner, namely, by folding inwards at night and
during cold rainy weather, so as to protect the florets
of the dise” Moreover they often contain matter
which is excessively poisonous to insects, as may be
seen in the use of flea-powder, and in the case of
Pyrethrum, M. Belhomme has shown that the ray-
florets are more poisonous than the dise-florets in the
ratio of about three to two. We may therefore believe
that the ray-florets are useful in protecting the flowers
from being gnawed by insects.t

It is a well-known yet remarkable fact that the cir-
cumferential flowers of many of the foregoing plants
have both their male and female reproductive organs
aborted, as with the Hydrangea, Viburnum and certain
Compositae; or the malo organs alone are aborted, as
in many Composite. Between the sexless, female and
hermaphrodite states of these latter flowers, the finest
gradations may be traced, as Hildebrand has shown.}
He also shows that there is a close relation between
the size of the corolla in the ray-florets and the degree
of abortion in their reproductive organs. As we have
good reason to believe that these florets are highly
serviceable to the plants which possess them, more
especially by rendering the flower-heads conspicuous

 Kerer dlauly shows that  guawed, sad thas the organs of
s o ease :  Die Schatzmittel My
= Pwllum, 1573, p. n 1740 (- e
+ < Gardener's Gliron'le; 1861, the Planta, canto i nots to lines
Lindley, ‘Vozeinblo 184, 188) remarks that “Tho
flowers o2 peials of plants are
» 706, perbaps i genensl moro arid
{terestibg cosay (‘DioSehutzmiticl  m their leaves; honca ey are
dor Biithen e umberafone i soldomer eaton by insode
iste] 1875, . 19) ineats that 3 *Ueber dio. Geschlechisver-
et T n.nmm bei den Composten,”
matier which is off nsive to in- 1869, p
seots, 5o that they are seldom
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INTRODUCTION. (4

to insects, it is a natural inference that their corollas
have been increased in size for this special purpose:
and that their development has subsequently led,
through the principle of compensation or balance-
ment, to the more or less complete reduction of the
reproductive organs. But an opposite view may be
maintained, namely, that the reproductive organs
first began to fail, as often happens under cultiva-
tion,* and, as a consequence, the corolla became,
through compensation, more highly developed. This
view, however, is not probable, for when hermaphrodite
plants become dicecious or gyno-dicecious—that is,
are converted into hermaphrodites and females—the
corolla of the female seems to be almost invariably
reduced in size in consequence of the abortion of the
male organs. The difference in the result in these two
classes of cases, may perhaps be accounted for by the
matter saved through the abortion of the male organs in
the females of gyno-diccious and dicecious plants being
directed (as we shall see in a future chapter) to the for-
mation of an increased supply of seeds; whilst in the
case of the exterior florets and flowers of the plants
which we are here considering, such matter is expended
in the development of a conspicuous coroll, Whether
in the present class of cases the corolla was first af-
fected, as seems to me the more probable view, or the
reproductive organs first failed, their states of develop-
ment are now firmly correlated. We see this well illus-
trated in Hydrangea and Viburnum ; for when these
plants are cultivated, the corollas of both the interior
and exterior flowers become largely developed, and
their reproductive organs are aborted.

* 1 have d'scussed x
in my *Variation of Animals and 136,
Plants under Domestication, chiap.

i. 2nd edit. vol. ii. pp. 152,
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8 INTRODUCTION.

There is a closely analogous subdivision of plants,
including the genus Muscari (or Feather Hyacinth)
and the allied Bellevalia, which bear both perfect
flowers and closed bud-like bodies that never expand.
The latfer resemble in this respect cleistogamic
flowers, but differ widely from them in being sterile
and conspicuous.  Not only tho ahorted flower-buls
and their peduncles (which are el

through the principle of comp?ns:lunn) are brightly
coloured, but so is the upper part of the spike—
all, no doubt, for the sake of guiding insects to the
inconspicuous perfect flowers. From such cases as
these we may pass on to certain Labiate, for instance,
Salvia Horminum, in which (as I hear from Mr. Thisel-
ton Dyer) the upper bracts are enlarged and brightly
coloured, no doubt for the same purpose as before, with
the flowers suppressed.

In the Carrot and some allied Umbelliferzw, the cen-
tral flower has its petals somewhat enlarged, and these
are of a dark purplish-red tint; but it cannot be sup-
posed that this one small flower makes the large white
umbel at all more conspicuous to insects. The cen-
tral flowers are said® to be neuter or sterile, but I
obtained by artificial fertilisation a seed (fruit) appa-
rently perfect from one such flower. Occasionally two
or three of the flowers next to the central one are simi-
Larly ehm-actensml und according to Vi nnchorT “ cette

sétend q & ombelle
entidre.” That the modified ('ultml flower is of no
functional importance to the plant is almost certain,
Tt may perhaps be a remnant of a former and ancient
condition of the species, when one flower alone, the

“The English Flnn\, by Sir dBurope? 1841, tom.
EA E Smith, 1821, vol. i On the Eehinophiora,
Hist,” Phys. des- -

p. 614,
7.
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INTRODUCTION. 9

central one, was female and yielded seeds, as in the
umbelliferous genus Echinophora. There is nothing
surprising in the central flower tending to retain its
former condition longer than the others; for when ir-
regular flowers become regular or peloric, they are apt
t0 be central ; and such peloric flowers apparently owe
their origin either to arrested development—that is, to
the preservation of an early stage of development—or
to reversion. Central and perfectly developed flowers
in not a few plants in their normal condition (for in-
stance, the common Rue and Adoxa) differ slightly in
structure, as in the number of the parts, from the other
flowers on the same plant. All such cases seem con-
nected with the fact of the bud which stands at the
end of the shoot being better nourished than the
others, as it receives the most sap.*

The cases hitherto mentioned relate to hermaphro-
dite species which bear differently constructed flowers ;
but there are some plants that produce differently
formed seeds, of which Dr. Kuhn has given a list.}
With the Umbellifere and Compositee, the flowers that
produce these seeds likewise differ, and the differences
in the structure of the seeds are of a very important
nature. The causes which have led to differences in/
the seeds on the same plant are not known ; and it is
very doubtful whether they subserve any special end.

Wenow come to our second Class, that of monaeious
species, or those which have their sexes separated but
bome on the same plant. The flowers necessarily
differ, but -when those of one sex include rudiments

* This whole subject, including
pelorism, bas been discussed, and
reforences given, in my ¢ Variation
of Aunimals and Plants under

chop. xxvi. 2nd
8.

1867, p. 67.
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10 INTRODUCTION,

of the other sex, the difference between the two kinds
is usually not great. When the difference is great,
as we seo in catkin-bearing plants, this depends
largely on many of the species in this, as well as in
the next or diceious class, being fertilised by the
aid of the wind;* for the male flowers have in this
case to produce a surprising amount of incoherent
pollen.  Some few moncecious plants consist of two
bodies of individuals, with their flowers differing in
function, though not in structure; for certain indivi-
duals mature their pollen before the female flowers on
the same plantare ready for fertilisation, and are called
A whilst ly other individ

called proterogynous, have their stigas mature before
their pollen is ready. The purpose of this curious func-
tional difference obviously is to favour the cross-fertili-
sation of distinet plants. A case of this kind was first
observed by Delpino in the Walnut (Juglans regia), and
has since been observed with the common Nut (Corylus
avellana). T may add that according to H. Miller the

duals of some few hermaphrodite plants differ in
a like manner; some being proterandrous and others
proterogynous.t On cultivated trees of the Walnut and
Mulberry, the male flowers have been observed to abort
on certain individuals?, which have thus been converted
into females; but whether there are any species in &
state of nature which co-exist as monacious and female
individuals, I do not know.

The third Class consi:

* Delpino, *Studi sopra uno
Lignigsio Anemofilo,  Fircnze,
1871.

+ Delpino, “Ult. Osservazi
svxlln Dicozainia? part il fuse. i

Weiterhan and H.
Rtallor on Gorglus, Nature; vol.

s of dicecious species, and the

507, and 1875, p. 26, Ou

i mith s

ermayhrodite individuuls of
il Dis

Befrug 5, 339,
1 Gantesars Oibaa; i, .
541, 558,
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INTRODUCTION. 1

remarks made under the last class with respect to the
amount of difference between the male and female
flowers are here applicable. It is at present an in-
explicable fact that with some_dicecious plants, of
which the Restiacem of Australia and the Cape of
Good Hope offer the most striking instance, the dif-
ferentiation of the sexes has affected the whole plant
to such an extent (as T hear from r. Thiselton Dyer)
that Mr. Bentham and Professor Oliver have often
found it impossible to match the male and female spe-
cimens of the same species. In my seventh chapter
some observations will be given on the gradual con-
version of heterostyled and of ordinary hermaphrodite
plans into dicecious or sub-dicious species.

The faurth and last Class consists of the plants which
were called polygamous by Linnwus; but it appears to
me that it would be convenient to confine this term to
the species which co-exist as hermaphrodites, males and
females; and to give new names to several other com-
binations of the sexes—a plan which I shall here
follow. Polygamous plants, in this confined sense of
the term, may be divided into two sub-groups, accord-
ing as the three sexual forms are found on the same
individual or on distinct individuals. Of this latter or
trioicous sub-group, the common Ash (Frasminus ca-
eelsior) offers agood instance : thus, T examined during
the spring and autumn fifteen trees growing in the
same field ; and of these, eight produced male flowers
alone, and in the autumn not a single seed ; four pro-
duced only femalo flowers, which set an abundance of
seeds; three were hermaphrodites, which had a dif-
ferent aspect from the other trees whilst in flower, and
two of them produced nearly as many seeds as the
female trees, whilst the third produced none, so that it

@ The Complete Waork of Charles Darwin Online



12 INTRODUCTION,

was in function a male. The separation of the sexes,
however, is not complete in the Ash; for the femalo
flowers include stamens, which drop off at an early
period, and their anthers, which never open or dehisce,
generally contain pulpy matter instead of pollen. On
some female trees, however, I found a few anthers con-
taining pollen-grains apparently sound. On the male
trees most of the flowers include pistils, but these like-
wise drop off at an early period ; and the ovules, which
ultimately abort, are very small compared with those
in female flowers of the same age.

Of the other or monoicous sub-group of polygamous
plants, or those which bear hermaphrodite, male and
female flowers on the same individual, the common
Maple (Acer campestre) offers a good instance; but
Lecoq states* that some trees are truly dicecious, and
this shows how casily one state passes into another.

A considerable number of plants generally ranked
as polygamous exist under only two forms, namely, as
hermaphrodites and females; and these may be called
gyno-dicecious, of which the common Thyme offers a
good example. In my seventh chapter I shall give
some observations on plants of this nature. Other
species, for instance several kinds of Atriplex, bear on
the same plant hermaphrodite and female flowers; and
these might be called gyno-moncecious, if a name were
desirable for them.

Again there are plants which produce hermaphrodite
and male flowers on the same individual, for in-
stance, some species of Galium, Veratrum, &c.; and
these might be called andro-moncecious. If there
exist plants, the individuals of which consist of her-
maphrodites and males, these might be distinguished

* ¢ Géographic Botanique, tom. v. p. 367,
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as andro-diccious. But, after making inquiries from
several botanists, T can hear of no such cases. Lecog,
however, states,* but without entering into full details,
that some plants of Cultha palustris produce only male
flowers, and that these live mingled with the her-
maphrodites. The rarity of such cases as this last one
is remarkable, as the presence of hermaphrodite and
male flowers on the same individual is not an un-
usual occurrence; it would appear as if mature did
ot think it worth while to devote a distinet indi-
vidual to the production of pollen, excepting when
this was indispensably necessary, as in the case of
diceeious species.

I have now finished my brief sketch of the several
cases, as far as known to me, in which flowers differing
in structure or in function are produced by the same
species of plant. Full details will be given in the fol-
lowing chapters with respect to many of these plants.
I will begin with the heterostyled, then pass on to
certain dicecious, sub-dicecious, and polygamous species,
and end with the cleistogamic. For the convenience of
the reader, and to save space, the less important cases
and details have been printed in smaller type.

I cannot close this Introduction without expressing
my warm thanks to Dr. Hooker for supplying me with
specimens and for other aid; and to Mr. Thiselton
Dyer and Professor Oliver for giving me much in-
formation and other assistance. Professor Asa Gray,
also, has uniformly aided me in many ways. To Fritz
Miller of St. Catharina, in Brazil, T am indebted for
many dried flowers of heterostyled plants, often accom-
panied with valuable notes.

* Géographic Botanique,” tom. iv. p. 488.
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CHAPTER L
HEreRosTYLED Dionenic PLants : PRionAces.

rimula vers or the Cowslip—Diforoaces fn strustare bobween the
two forms—Their degrees of fertility when legitimately and ille-
gitimately united—P. elatior, vulgaris, Sinensis, auricula, &e—
Summary on the fertility of the heterostyled species of Primula—
Homostyled species of Primula—Hottonia palustris—Androsace
Vitalliana,

Tr has long been known to botanists that the common
Cowslip (Primula veris, Brit. Flora, var. officinalis,
Lin) exists under two forms, about equally numerous,
which obviously differ from each other in the length
of their pistils and stamens.* This difference has
hitherto been looked at as a case of mere varia-
bility, but this view, as we shall presently see, is far
from the true one. Florists who cultivate the Polyan-
thus and Auricula have long been aware of the two
Kinds of flowers, and they call the plants which dis-
play the globular stigma at the mouth of the corolla,
«pin-headed ” or “pin-eyed,” and those which display
the anthers, * thrum-eyed.”f I will designate the two
forms as the long-styled and short-styled.

The pistil in the long-styled form is almost exactly
twice as long as that of the short-styled. The stigma

* This fact, according to von that some weaver who cultivated

Mobl (*Bot. Zeitnng, 1863, p. 326) i is name,

was first n\»wrved by Persoon in (rv»mhe su'mkwlmunmed ree

the year ce between the cluster

J hnml\n Dictionary, of Anlhem in the mouth of the

thrum s &uid to be the ends of corolla and the euds of his
weavers’ threads; and I suppose  threads.
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stands in the mouth of the corolla or projects just
above it, and is thus externally visible. It stands
high above the anthers, which are situated halfway
down the tube and cannot be easily seen. In the
short-styled form the anthers are attached near the
mouth of the tube, and therefore stand above the
stigma, which is seated in about the middle of the
tubular corolla. The corolla itself is of a different

Fig. 1.

Longstyled form.  Short-styled form.
PRIMULA VERIS.

e in the two forms; the throat or expanded
above the attachment of the anthers being
h longer in the long-styled than in the short-
form. Village children notice this difference,
y can best make necklaces by threading and
ng the corollas of the long-styled flowers into
another. But there are much more important

nces. The stigma in the long-styled form
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16 HETEROSTYLED DIMORPHIC PLANTS. Cuar. I.

is globular; in the short-styled it is depressed on
the summit, so that the longitudinal axis of the
former is sometimes nearly double that of the latter.
Although somewhat variable in shape, one difference
is persistent, namely, in roughness: in some speci-
mens carefully compared, the papille which render
the stigma rough were in the long-styled form from
twice to thrice as long as in the short-styled. The
anthers do not differ in size in the two forms, which
I mention because this is the case with some hetero-
styled plants. The most remarkable difference is in
the pollen-grains. T measured with the micrometer
many specimens, hoth dry and wet, taken from plants
growing in different situations, and always found a
palpable difference. The grains distended with water
from the short-styled flowers were about -038 mm.
(3013 of an inch) in diameter, whilst those from the
long-styled were about 0254 mm. (,7 - of an inch),
which is in the ratio of 100 to 67. The pollen-grains
therefore from the longer stamens of the short-styled
form are plainly larger than those from the shorter
stamens of the long-styled. When examined dry,
the smaller grains are scen under a low power fo
be more transparent than the larger grains, and
apparently in a greater degree than can be ac-
counted for by their less diameter. There is also a
difference in shape, the grains from the short-styled
plants being nearly spherical, those from the long-
styled being oblong with the angles rounded ; this
difference disappears when the grains are distended
with water. The long-styled plants generally tend
to flower a little before the short-styled : for ingtance.
1 had twelve plants of each form growing in separate
pots and treated in every respect alike; and at the
time when only a single short-styled plant was in
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flower, seven of the long-styled had expanded their
owers.

We shall, also, presently see that the short-styled
plants produce more seed than the long-styled. 1t is
remarkable, according to Prof. Oliver,* that the ovules
in the unexpanded and unimpregnated flowers of the
Iatter are considerably larger than those of the short~
styled flowers ; and this T suppose is connected with the
long-styled flowers producing fewer seeds, so that the
ovules have more space and nourishment for rapid
development.

Mo sum up the differences :—The long-styled plants
have a much longer pistil, with a globular and much
rougher stigma, standing high above the anthers. The
stamens are short; the grains of pollen smaller and
oblong in shape. The upper half of the tube of the
corolla is more expanded. The number of seeds pro-
duced is smaller and the ovules larger. The plants
tend to flower first.

The short-styled plants have a short pistil, half the
length of the tube of the eorolla, with a smooth de-
pressed stigma standing beneath the anthers. The
stamens are long; the grains of pollen are spherical
and larger. The tube of the corolla is of uniform
diameter except close to the upper end. The number
of seeds produced is larger.

I have examined a large number of flowers; and
though the shape of the stigma and the length of the
pistil both vary, especially in the short-styled form, I
have never met with any transitional states between
the two forms in plants growing in a state of nature.
There is never the slightest doubt under which form a
plant ought to be elassed. The two kinds of flowers are

* «Nat. Hist. Review,' July 1862, p. 257,
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18 HETEROSTYLED DIMORPHIC PLANTS. Omar. L

never found on the same individual plant. T marked
many Cowslips and Primroses, and on_the following
year all retained the same character, as did some in my
garden which flowered out of their proper season in the
autumn, Mr. W. Wooler, of Darlington, however, in-
forms us that he has scen early blossoms on the Polyan-
thus,* which were not long-styled, but became so later
in the season. Possibly in this case the pistils may not
have been fully developed during the early spring. An
excellent proof of the permanence of the two forms may
be seen in nursery-gardens, where choice varieties of
the Polyanthus are propagated by division ; and I found
whole beds of several varietics, cach consisting exclu-
sively of the one or the other form. The two forms exist
in the wild state in about equal numbers: I collected
522 umbels from plants growing in several stations,
taking a single umbel from each plant; and 241 were
long-styled, and 281 short-styled. No difference in
tin or size could be perceived in the two great masses
of flowers.

We shall presently see that most of the species of
Primula exist under two analogous forms; and it may
be asked what is the meaning of the above-described
important differences in their structure? The ques-
tion seems well worthy of careful investigation, and T
will give my observations on the cowslip in detail.
The first idea which naturally occurred to me was,
that this species was tending towards a diecious
condition; that the long-styled plants, with their
longer pistils, rougher stigmas, and smaller pollen-
grains, were more feminine in nature, and would pro-
duce more seed ;—that the short-styled plants, with
their shorter pistils, longer stamens and larger pol-

* Lbave proved by mumrous  that the Polyanthus is o varlety
experiments, hereafter tobe given,  of Prim
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len-grains, were more masculine in nature. Accord-
ingly, in 1860, T marked a few cowslips of both forms

wing in my garden, and others growing in an
open field, and others in a shady wood, and gathered
and weighed the seed. In all the lots the short-
styled plants yielded, contrary to my expectation, most
seed. Taking the lots together, the following is the
result:—

TapLe 1.
Number | Namber | Number | Woleht
— o Uil of Gaptee o St
Plants. | produced. | prod
Short-styled cowslips . . . 9 83 | 199 8
TLong-styled cowslips . 13 51| 261 91

T we compare the weight from an equal number of
plants, and from an equal number of umbels, and from
an equal number of capsules of the two forms, we get
the following results:—

Tasre 2.
Welght sl Weis
- pmm Y e g e M‘,g;
| e | fn, “umbm s, | ‘e | fn
Short-styled cowslips . | 10 | 92 ‘1 100 | 251 | 100 | 41
Long-styled cowslips . | 10 | 70 ‘ 100 | 178 || 100 | 84

8o that, by all these standards of comparison, the
short-styled form is the more fertile; if we take the
number of umbels (which is the fairest standard, for
large and small plants are thus equalised), the short-
styled plants produce more seed than the long-styled,
in the proportion of nearly four to three.

Tn 1861 the trial was made in a fuller and fairer

c2
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manner. A number of wild plants had been trans-
planted during the previous autumn into a large bed
in my garden, and all were treated alike ; the result
was—

TasLe 3.

Number | Number | Weight
of of | ofSeed in
Plants. | Umbels. | “grains,

g [
Short-styled cowslips. . | 47 173 45

Long-styled cowslips . . | 58 208 692

These figures give us the following proportions :—

TasLe 4.

| Number | Weight | Number | Weight
e of |ofSeedin | o |ofSeein

Plants. | graine.” | Unibls, | goains:
Shortestyled cowslips . . .| 100 | 1585 | 100 | 430
Long-styled cowslips . . . 100 1093 | 100 332

The season was much moro favourable this year than
the last; the plants also now grew in good soil, instead
of in a shady wood or struggling with other plants in
the open field ; consequently the actual produce of
seed was considerably larger. Nevertheless we have
the same relative result; for the short-styled plants
produced more seed than the long-styled in nearly the
proportion of three to two; but if we take the fairest
standard of comparison, namely, the produet of sceds
from anequal number of umbels, the excess is, as in
the former case, nearly as four to three,

Looking to theso trials made during two. successive
years on a large number of plants, we may safely con-
clude that the short-styled form is more productive
than the long-styled form, and the same result holds
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good with some other species of Primula. Conse-
quently my anticipation that the plants with longer
pistils, rougher stigmas, shorter stamens and smaller
pollen-grains, would prove to be more feminine in
nature, is exactly the reverse of the truth.

In 1860 a few umbels on some plants of both the
long-styled and short-styled form, which had been
covered by a net, did not produce any seed, though
other umbels on the same plants, artificially fertilised,
produced an abundance of seed; and this fact shows
that the mere covering in itself was not injurious.
Accordingly, in 1861, several plants were similarly
covered just before they expanded their flowers; these
turned out as follows :—

TasLE 5,

e
i

> 9 145 grain weight of seel,
Longstyled . . .| 18 74 | Not one seed.

Judging from the exposed plants which grew all round
in the same bed, and had been treated in the same
manner, excepting that they had been exposed to
the visits of insects, the above six short-styled plants
ought to have produced 92 grains’ weight of seed
instead of only 1:3; and the eighteen long-styled
. plants, which produced not one seed, ought to have
produced above 200 grains’ weight. The production of
a few seeds by the short-styled plants was probably due
10 the action of Thrips or of some other minute insect.
It is scarcely necessary to give any additional evidence,
but I may add that ten pots of polyanthuses and
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cowslips of both forms, protected from insects in my
greenhouse, did not set one pod, though artificially
fertilised flowers in other pots produced an abundance.
‘We thus see that the visits of insects are absolutely
necessary for the fertilisation of Primula veris. If the
corolla of the long-styled form had dropped off, in-
stead of remaining atached in a withered state to
the ovarium, the anthers attached to the lower part of
the tube with some pollen still adhering to them
would have been dragged over the stigma, and the
flowers would have been partially self-fertilised, as is
the case with Primula Sinensis through this means.
It is a rather curious fact that so trifling a difference
as the falling-off of the withered corolla, should make
a very great difference in the number of seeds pro-
duced by a plant if its flowers are not visited by
insects.

The flowers of the cowslip and of the other species of
the genus secrete plenty of nectar; and I have often
seen humble-bees, especially B. hortorum and muscorum,
sucking the former in a proper manner,* though they
sometimes bite holes through the corolla. No doubt
moths likewise visit the flowers, as one of my sons
caught Cucullia verbasei in the act. The pollen readily
adheres to any thin object which is inserted into a
flower. The anthers in the one form stand nearly, but
not exactly, on a level with the stigma of the other;
for the distance between the anthers and stigma in the
shortstyled form is greater than that in the long-
styled, in the ratio of 100 to 90. This difference is
the result of the anthers in the long-styled form
standing rather higher in the tube than does the
stigma in the shortstyled, and this favours their

* H. Miiller has also seen An-  sucking the flowers. ‘Nature,
thophora pilipes and & Bombylivs ~ Dec. 10th, 1574, p. 111
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pollen being deposited on it. It follows from the
position of the organs that if the proboscis of a
dead humble-bee, or a thick bristle or rough needle,
be pushed down the corolla, first of one form and
then of the other, as an insect would do in visiting
the two forms growing mingled together, pollen from
the long-stamened form adheres round the base of
the object, and is left with certainty on the stigma
of the long-styled form; whilst pollen from the short
stamens of the long-styled form adheres a little way
above the extremity of the object, and some is
generally left on the stigma of the other form. In
accordance with this observation I found that the
two kinds of pollen, which could easily bo recog-

" nised under the microscope, adhered in this manner

to the proboscides of the two species of humble-
bees and of the moth, which were caught visiting
the flowers; but some small grains were mingled
with the larger grains round the base of the proboscis,
and conversely some large grains with the small
gniins near the extremity of the proboscis. Thus
pollen will be regularly carried from the one form
o the other, and they will reciprocally fertilise one
another. N hel an insect in its
proboscis from the corolla of the long-styled form
cannot fail oceasionally to leave pollen from the same
flower on the stigma; and in this case there might
be self-fertilisation. But this will be much more
likely to occur with the short-styled form; for when T
inserted a bristle or other such object into the corolla
of this form, and had, therefore, to pass it down be-
tween the anthers seated round the mouth of the
corolla, some pollen was almost invariably carried
down and left on the stigma. Minute insects, such
as Thrips, which sometimes haunt the flowers, would
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likewise be apt to canse the self-fertilisation of both
forms.

The several foregoing facts led me to try the effects
of the two kinds of pollen on the stigmas of the
two forms.  Four essentially different unions are pos-
sible; namely, the fertilisation of the stigma of the
long-styled form by its own-form pollen, and by that
of the short-styled; and the stigma of the short-styled
form by its own-form pollen, and by that of the long-
styled.” The fertilisation of either form with pollen from
the other form may be conveniently called a legitimate
union, from reasons hereafter to be made clear ; and that
of cither form with its own-form pollen an legitimate
union. T formerly applied the term * heteromorphic”
to the legitimate unions, and « homomorphic” to the
illegitimate unions; but after discovering the exist-
ence of trimorphic plants, in which many more unions
are possible, these two terms ceased to be applicable.
The illegitimate unions of both forms might have been
tried in three ways; for a flower of either form may be
fertilised with pollen from the same flower, or with that
from another flower on the samo plant, or with that
from a distinct plant of the same form. But to make
my experiments perfectly fair, and to avoid any evil
vesult from self-fertilisation or too close interbrecding,
I have invariably employed pollen from a distinct
plant of the same form for the illegitimate unions of
all the species; and therefore it may be observed that
I have used the term “own-form pollen ” in speaking
of such unions. The several plants in all my experi-
ments were treated in exactly the same manner, and
were carefully protected by fine nets from the access of
insects, excepting Thrips, which it is impossible to ex-
clude. T performed all the manipulations mysel, and
weighed the seeds in a chemical balance; but during
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‘many subsequent trials T followed the more accurate

1 of counting the seeds. Some of the capsules con-

ed no seeds, or only two or three, and these are

cluded in the column headed good capsules” in
al of the following tables :—

Tasie 6.

Primua veris.

e | | e | v [t
atureofthe Union,
B i G BT
Capenes.
“\.5\..\“ “
oyl by owa-| [ [
.bmpomn He-{ 20 8 ‘ A O D R
 gitimate wnion , . || | |
rtstyled by pollen,
oflong-stylod. Le} B[ 12| u s | oa
tyled by own-
o pallen, Tt 15 s 6 | 18| s0
 gitimate union.
8 ! 2 ‘ o5 | 137 | 4
two illegitimate)| |
i entin .}‘ 35 ‘ 16 ‘ 1 ’ s | 85

results may be given in another form (Table 7)

* comparing, first, the number of capsules, whether

ood or bud, or of the good alone, produced by 100

wers of both forms when legitimately and illegiti-
el fertilised ; secondly, by comparing the weight

ed in 100 of these capsules, whether good or bad ;
dly, in 100 of the good capsules.

@ The Complete Work of Charles Darwin Online



26 HETEROSTYLED DIMORPHIC PLANTS. Cuar. L

Tasie 7.

T
\umbzr‘\\dghl [Number w"gm Numter Weignt
o oo o

umpe]

of
Cap-
sules.

‘l-'luwen

.

Nature of the
Unio

sl | . | . | grine, | sult. | graine.

The two le-

gitimlte} 100 77 | 71 | 89 || 100] 50 [ 100

00| 45 | 81

The two il-||
legitimate

i
|

Wo here see that the long-styled flowers fertilised
with pollen from the short-styled yield more capsules,
especially good omes (ic. containing more than one
or two seeds), and that these capsules contain a greater
proportional weight of seeds than do the flowers of the
long-styled when fertilised with pollen from a distinet
plant of the same form. So it is with the short-styled
flowers, if treated in an analogous manner, Therefore T
have called the former method of fertilisation a legiti-
mate union, and the latter, as it fails to yield the full
complement of capsules and seeds, an’ illegitimate
union. These two kinds of union are graphically re-
presented in Fig. 2.

If we consider the results of the two legitimate
unions taken together and the two illegitimate ones,
as shown in Table 7, we see that the former com-
pared with the latter yielded capsules, whether con-
taining many seeds or only a few, in the proportion of
77 to 45, or as 100 to 58. But the inferiority of the.
illegitimate unions is here perhaps too great, for on a
subsequent occasion 100 long-styled and short-styled
flowers were illegitimately fertilised, and they together
yielded 53 capsules: therefore the rate of 77 to 53, or.
as 100 to 69, is a fairer one than that of 100 to 58.
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Retuming to Table 7, if we consider only the good
capsules, those from the two legitimate unions were to
those from the two illegitimate in number as 71 to 31,
45100 to 44. Again, if we take an equal number of
capsules, whether good or bad, from the legitimately
d illegitimately fertilised flowers, we find that the
mer contained seeds by weight compared with the
r as 50 to 24, or as 100 to 48; but if all the

Fig. 2.

Legitimate union.
Complete fertility.

Tostimate mion.
Complete fortility.

Long-styled ‘Short-styled.
form. form.

capsules are rejected, of which many were pro-
by the illegitimately fertilised flowers, the propor-
is 54 o 35, or as 100 to 65. In this and all other
the relative fertility of the two kinds of union
), 1 think, be judged of more truly by the average
mber of seeds per capsule than by the proportion of

which yield capsules, The two methods might
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have been combined by giving the average number of
seeds produced by all the flowers which were fertilised,
whether they yielded capsules or not; but I have
thought that it would be more instructive always to
show separately the proportion of flowers which pro-
duced capsules, and the average number of apparently
good seeds which the capsules contained.

Flowers legitimately fertilised set seeds under con=
ditions which cause the almost complete failure of
illegitimately fertilised flowers. Thus in the spring of
1862 forty flowers were fertilised at the same time in
both ways. The plants were accidentally exposed in
the greonhouse to too hot a sun, and a large number
of umbels perished. Some, however, remained in mo-
derately good health, and on these there were twelye
flowers which had been fertilised legitimately, and
eleven which had been fertilised illegitimately. The
twelve legitimate unions yielded seven fine capsules,
containing on an average each 57-8 good seeds; whilst
the eleven illegitimate unions yielded only two cap-
sules, of which one contained 39 seeds, but so poor,
that I do not suppose one would have germinated, and
the other contained 17 fairly good seeds.

From the facts now given the superiority of a legis
timate over an illegitimate union admits of not the,
least doubt; and we have here a case to which no
parallel exists in the vegetable or, indeed, in the
animal kingdom. The individual plants of the pres
sent species, and as we shall see of several other
species of Primula, are divided into two sets
bodies, which cannot be called distinct sexes, f
both are hermaphrodites; yet they are to a cortai
extent sexually distinet, for they require recipro
union for perfect fertility. As quadrupeds are di
vided into two nearly equal bodies of different sex
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%0 here we have two bodies, approximately equal in
number, differing in their sexual powers and related to
each other like males and females. There are many
hermaphrodite animals which cannot fertilise them-
selyves, but must unite with another hermuphmd)te
80 it is with numerous plants ; for the pollen is often
mature and shed, or is mechanically protruded, before
the flower’s own stigma is ready ; and such flowers ab-
solutely require the presence of another hermaphro-
dite for sexual union. But with the cowslip and various
ther species of Primula there is this wide difference,

ertility ; it cannot, however, unite with any other in-
idual in the same manner as an hermaphrodite
nt can unite with any other one of the same species ;
as one snail or earth-worm can unite with any other
maphrodite individual. On the contrary, an indi-
lual belonging to one form of the cowslip in order
be perfectly fertile must unite with one of the other
form, just as a male quadruped must and can unite
ly with the female.

I have spoken of the legitimate unions as being

ther more seeds than plants naturally fertilised in
 state of nature. The excess may be attributed to
plants having been grown separately in good soil.
b respect to the illegitimate unions, we shall best
iate their degree of lessened fertility by the
ing facts. Girtner estimated the sterility of the
s between distinet species,* in a manner which
of a strict comparison with the results of the

* * Versuche iber die Bustarderzeugung,' 1849, p. 216,
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legitimate and illegitimate unions of Primula. With
P. veris, for every 100 seds yielded by the two le-
gitimate unions, only 64 were yielded by an equal
number of good capsules from the two illegitimate
unions. With P. Sinensis, as we shall hereafter sce,
the proportion was nearly the same—namely, as 100
to 62. Now Girtner has shown that, on the calcula-
tion of Verbascum lychnitis yielding with its own pollen
100 seeds, it yielded when fertilised by the pollen of
V. Phasniceum 90 seeds; by the pollen of V. nigrum,
63 sceds; by that of V. blattaria, 62 seeds. So again,
Dianthus barbatus fertilised by the pollen of D, superbus
yielded 81 seeds, and by the pollen of D. Japonicus
66 seeds, relatively to the 100 seeds produced by its
own pollen.  We thus see—and the fact is highly re-
markable—that with Primula the illegitimate unions
relatively to the legitimate are more sterile than
crosses between distinct species of other genera rela-
tively to their pure unions. Mr. Scott has given® a
still ‘more striking illustration of the same fact: he
crossed Primula auricula with pollen of four other
species (P. Palinuri, viscosa, hirsuta, and verticillata),
and these hybrid unions yielded a larger average
number of seeds than did P. auricula when fertilised
illegitimately with its own-form pollen.

The benefit which heterostyled dimorphic plants de-
tive from the existence of the two forms is sufficiently
obvious, namely, the intercrossing of distinct plants
being thus ensured.t Nothing can be better adapted
for this end than the relative positions of the anthers
and stigmasin the two forms, as shown in Fig. 2; but to

+ ¢Jouo. Lion. Soo. Bot vol.  frtlsaton how greatly the off
il 1864, p. 9 spring from intercrossed

T i e
on the * Effects of Cross and Self- fertility.
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this whole subject I shall recur. No doubt pollen will
oceasionally be placed by insects or fall on the stigma
o( ﬂ.\e same flower ; and if cross-fertilisation fails, such
will be ad to the plant, as
]hn]l thus be saved from complete barrenness. But
the advantage is not so great as might at first be
thought, for the seedlings from illegitimate unions do
ot generally consist of both forms, but all belong to
the parent form ; they are, moreover, in some degree
weakly in constitution, as will be shown in a future
chapter. If, however, a flower’s own pollen should first
be placed by insects or fall on the stigma, it by no
‘means follows that cross-fertilisation will be thus pre-
vented. It is well known that if pollen from a distinct
species be placed on the stigma of a plant, and some
hours afterwards its own pollen be placed on it, the
atter will be prepotent and will quite obliterate any
‘effect from the foreign pollen; and there can hardly
be a doubt that with heterostyled dimorphic plants,
en from the other form will obliterate the effects of
pollen from the same form, even when this has been
ced on the stigma a considerable time before. To
this belief, I placed on several stigmas of a long-
led cowslip plenty of pollen from the same plant,
d after twenty-four hours added some from a short-
dark-red polyanthus, which is a variety of the
ip. From the flowers thus treated 30 seedlings
maised, and all these, without exception, bore
flowers ; so that the effect of pollen from the
B8, though placed on the stigmas twenty-four
ours previously, was quite destroyed by that of pollen
om a plant belonging to the other form.
Finally, I may remark that of the four kinds of
s, that of the short-styled illegitimately fertilised
h its own-form pollen seems to be the most sterile of
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all, as judged by the average number of seeds, which
the capsules contained. A smaller proportion, also, of
these seeds than of the others germinated, and they.
germinated more slowly. The sterility of this union is
the more remarkable, as it has already been shown
that the short-styled plants yield a larger number of
seeds than the long-styled, when both forms are fer-
tilised, cither naturally or artificially, in a legitimate
‘manner,

In a futuro chapter, when I troat of the oftspring
from hic and hic plants
illegitimately fertilised with their own-form pollen,
shall have occasion to show that with the present
species and several others, equal-styled varieties some=
times appear,

PRIMULA ELATIOR, Jacq.
Bardfield Oxlip of English Authors.

This plant, as well as the last or Cowslip (P. veris,
vel offeinalis), and the Primrose (P.vulgaris, vel acaulis)
have been considered by some botanists as varieties of
the same species. But they are all three undoubtedly
distinct, as will be shown in the next chapter. The
present species resembles to a certain extent in general
appearance the common oxlip, which is o hybrid e-
tween the cowslip and primrose. Primula eatior is
found in England only in two o three of the eastern
counties ; and I was supplied with living plants by M.
Doubleday, who, as T believe, first called attention to
its existence in England. It is common in some parts
of the Continent; and H. Miller* has scen several
kinds of humble-bees and other bees, and Bombylius,
visiting the flowers in North Germany.

* ¢ Dio Befruchtung der Blumen,’ p. 347.
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© The results of my trials on the relative fertility of

the two forms, when legitimately and illegitimately
ilised, are given in the following table :—

Tapun 8,
Primula datior.
amper| Namter o 0
oot
Netweof Usion. | pigyers qum o any e i any e s«d:"
Pt Capole. | Capaate: | Coped
Longstyled_form,
4 El‘.lnmnhhnn—nyl |6 | e | s | a6
ded form, by
ownformpollen, 11| 20 | 4 | ao0 | 2 | 2z
legitimate wion. .
Shoryled form, by
ol f . siyledt 10 | 8 | 61 [ s | ar7
2 4
Shrvayled form, by
owncform pollen, I} 17 | 3 | 19 9 | 121
legitimate wion.
The two legitimate 3
5 o N VN T I
o ilgiinace P
3 s }‘ : o s 19+ 2 | 855

* These seeds were 50 poor and small that they could bardly have gorminated.

If we compare the fertility of the two legitimate
tions taken together with that of the two illegitimate
together, as judged by the proportional number
flowers which when fertilised in the two methods
v capsules, the ratio is as 100 to 27; so that by
standard the present species is much more sterile
P. veris, when both species are illegitimately fer-
If we judge of the relative fertility of the two
of unions by the average number of seeds per
e, the ratio is as 100 to 75. But this latter
D

@ The Complete Work of Charles Darwin Online



34 HETEROSTYLED DIMORPHIC PLANTS. Cumar. L

wumber s probably much too high, as many of the seeds
produced by the illegitimately fertilised long-styled
flowers were so small that they probably would not
have germinated, and ought not to have been counted.
Several long-styled and short-styled plants were pro-
tected from the access of insects, and must have been
spontaneously self-fertilised. They yiclded altogether
only six capsules, containing any seeds; and their
average number was only 7-8 per capsule. Some,
moreover, of these seeds were so small that they could
hardly have germinated.

Herr W. Breitenbach informs me that he examined,
i two sites near the Lippe (a tributary of the Rhine),
894 flowers produced by 198 plants of this species ; and
he found 467 of these flowers to be long-styled, 411
short-styled, and 16 equal-styled. I have heard of no
other instance with heterostyled plants of equal-styled
flowers appearing in a state of nature, though far from
rare with plants which have been long cultivated. It
is still more remarkable that in eighteen cases the
same plant produced both long-styled and short-styled,
or long-styled and equal-styled flowers ; and in two
out of the eighteen cases, long-styled, short-styled, and
equal-styled flowers. The long-styled flowers greatly
preponderated on these cighteen plants,—61 consisting
of this form, 15 of equal-styled, and 9 of the short:
styled form.

PRIMULA VULGARIS (var. acaulis, Linn.),
The Primrose of English Writers.

. Mr. J. Scott examined 100 plants growing near
Edinburgh, and found 44 to be long-styled, and
short-styled ; and T took by chance 79 plants in Kent,
of which 39 were long-styled and 40 short-styled ;
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that the two lots together consisted of 83 long-styled
and 96 short-styled plants. In the long-styled form
‘the pistil is to that of the short-styled in length, from
an average of five measurements, as 100 to 51. The
stigma in_ the long-styled form is conspicuously more
globose and much more papillose than in the short-
styled, in which latter it is depressed on the summit;

lines of pollen-grains of Primda vulgars, distended with water, much
magaified and drawn under the camera lucids. The upper and smaller
QR e ooty lod fom ke Jowr and arger grain from
the short-styled.

is equally broad in the two forms. In both it stands
ly, but not exactly, on a level with the anthers of
opposite form ; for it was found, from an average
15 measurements, that the distance between the
of the stigma and the middle of the anthers
short-styled form is to that in the long-styled
t093. The anthers do not differ in size in the
The pollen-grains from the short-styled
D2
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flowers before they were soaked in water were decidedly
broader, in proportion to their length, than those from
the long-styled ; after being soaked they were relatively
to those from the long-styled as 100 to 71 in diameter,
and more transparent. A large number of flowers from
the two forms were compared, and 12 of the finest
flowers from each lot were measured, but there was no
sensible difference between them in size. Nine long-
styled and eight short-styled plants growing together in

a state of nature were marked, and their capsules col-
lected after they had been naturally fertilised ; and
the seeds from the short-styled weighed exactly twice
as much as those from an equal number of long-styled
plants. So that the primrose resembles the cowslip in
the short-styled plants, being the more productive of
the two forms. The results of my trials on the fer-
tility of the two forms, when legitimately and illegi-
timately fertilised, are given in Table 9.

We may infer from this table that the fertility of the
two legitimate unions taken together is to that of the
two illegitimate unions together, as judged by the pro-
portional number of flowers which when fertilised in
the two methods yielded capsules, as 100 to 60. If we
judge by the average number of seeds per capsule pros
duced by the two kinds of unions, the ratio is as 100
to 543 but this latter figure is perhaps rather too low,
Itis surprising how rarely insects can be seen during the
day visiting the flowers,but I have occasionally observed
small kinds of bees at work ; I suppose, therefore, that
they are commonly fertilised by nocturnal Lepidoptera.
The long-styled plants when protected from in
yield a considerable number of capsules, and they th
differ remarkably from the same form of the cowslip,
which is quite sterile under the same circumstances,
Doy Iy self-fortilised capenl il
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TasLe 9.

Primula vilgaris.

Numper | Sumber | Matm Minimus |y oo
e ot Unin. |,y | G, o i S &...;JN\-"'N%"'
i o e {12 e | Gl
Long-styled form, by pol-, |
len from shortsiyled.t| 12 | 11 4| o
gitimate usion . . | |

ong:styled form,
owi-form pollen.
legitimate union .

ortstyled form, by]|
owa-for il
legit

e

two illegilimnu}

* This average is perhaps rather too low.

form contained, on an average, 192 seeds. The
styled plants produced fewer spontaneously self-
sed capsules, and fourteen of them contained only
2sceds per capsule. The self-fertilisation of both forms
probably aided by Thrips, which abounded within
e flowers ; but these minute insects could not have

nearly sufficient pollen on the stigmas, as the

ly self-fertilised capsules ined much
r seeds, on an average, than those (as may be seen
Pable 9) which were artificially fertilised with their
m-form pollen. But this difference may perhaps be
ibuted in part to the flowers in the table having
fertilised with pollen from a distinet plant be-
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longing to the same form; whilst those which were
spontancously self-fertilised no doubt generally received
their own pollen. In a future part of this volume some
observations will be given on the fertility of a red-
coloured variety of the primrose.

PrMuLA SINENSIS,

In the long-styled form the pistil is about twice as
long as that of the short-styled, and the stamens differ
in a corresponding, but reversed, manner. The stigma
is considerably more elongated and rougher than that
of the ‘shortstyled, which is smooth and almost
spherical, being somewhat depressed on the summit;
but the stigma varies much in all its characters, the
result, probably, of cultivation. The pollen-grains of
the led form, according to Hildebrand,* are
7 divisions of the micrometer in length and 5 in
breadth; whereas those of the long-styled are only
4 in length and 8 in breadth. The grains, there-
fore, of the short-styled are to those of the long-
styled in length as 100 to 57. Hildebrand also re-
marked, as T had done in the case of P. veris, that the
smaller grains from the long-styled are much more
transparent than the larger ones from the short-styled
form. We shall hereafter see that this cultivated
plant varies much in its dimorphic condition and is
often equalstyled. - Somo individuals may bo sid fo
be sub-l 5 thus in two white-fl plants
the pistil projected above the stamens,but in one of them

* After the appearance of my that T erred greatly about the
‘paper this author published some  size of the pollen-grains in the.
excellent _observations on the two forms. I suppose that by
present species ('Bot Zeltnng, mistake 1 measured twice over
Jan, 1, 1864), shows  pollen-grains from the same form
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it was longer and had a more clongated and rougher
stigma, than in the other; and the pollen-grains from
the latter were to those from the plant with a more
longated pistil only as 100 to 88 in diameter, instead
f as 100 to 57. The corolla of the long-styled and

ri-styled form differs in shape, in the same manner
in P. veris. The long-styled plants tend to flower

o the short-styled. When both forms were legiti-
tely fertilised, the capsules from the short-styled
nts contained, on an average, more seeds than those
the long-styled, in the ratio of 12:2 to 93 by
ht, that is, as 100 to 78, In the following table
have the results of two sets of experiments tried
it different periods.

TasLe 10.
Primula Sinensis.

Number | Number | Aversgo (Ao SEearpor
G | ‘ofgood | Weight of || Copeuleras
Flowers | Copstien | Seeda per na
fertilised. | produced. | Capsule. || subsequeat

|| occadon:

yled form, b polle
shortyled, Lo 2 16 | 058 50
led form, by oy
pollen.  Illeg 20 1B | 045 3
unic v,
8 8 | o6 6
7 4 | o2 25
52 24 | o6s 5
o7 1 | 040 30
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The fertility, therefore, of the two legitimate unions
together to that of the two illegitimate unions, as judged
by the proportional number of flowers which yielded
capsules, is as 100 to 84. Judging by the average
weight of seeds per capsule produced by the two kinds
of unions, the ratio is as 100 to 63. On another occa~
sion a large number of flowers of both forms were
fertilised in the same manner, but no account of their
number was kept. The seeds, however, were carefully
counted, and the averages are shown in the right-hand.
column., The ratio for the number of seeds produced
by the two legitimate compared with the two illegiti-
mate unions is here 100 to 53, which is probably more
accurate than the foregoing one of 100 to 63,

Hildebrand in the paper above referred to gives the
results of his experiments on the present species; and
these are shown in a condensed form in the following’
table (11). Besides using for the illegitimate unions
pollen from a distinet plant of the same form, as was
always done by me, he tried, in addition, the effects of
the plant’s own pollen. He counted the seeds.

It is remarkable that here all the flowers which
were fertilised legitimately, as well as those fertilised
illegitimately with pollen from a distinet plant be-
longing to the same form, yielded capsules ; and from
this fact it might be inferred that the two forms were:
reciprocally much more fertile in his case than in
mine. But his illegitimately fertilised capsules from
both forms contained fewer seeds relatively to the
legitimately fertilised capsules than in my experi
ments; for the ratio in his case is as 42 to 100,
instead of, as in mine, as 53 to 100. Fertility is a
very variable element with most plants, being deter-
mined by the conditions to which they are subjected, of
which fact I have observed striking instances with the
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Tapre 11.
Primula. Sinensis (from Hildebrand).

il |
S

R “"’"} || oa

b e o | » | W
e T o
R e e
Pl el 1w | e | @
e BRI

two legitimate unions together . . | 28 28 43

, 2 u::-f:r:l;ﬂ:‘::)m unions togethtr} a a 18
e I

ent species ; and this may account for the differ-
between my results and those of Hildebrand. His
ts were kept in a room, and perhaps were grown in
small pots or under some other unfavourable condi-
for his capsules in almost every case contained a
ualler number of seeds than mine, as may be seen
: mmpsnng the right-hand columns in Tables 10

fmoet, intercsting point in Hildebrand's experi-
(s is the difference in the effects of illegitimate
tion with a flower’s own pollen, and with that
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from a distinet plant of the same form. In the latter
case all the flowers produced capsules, whilst only 67
out of 100 of those fertilised with their own pollen pro-
duced capsules. The self-fertilised capsules also con-
tained seeds, as compared with capsules from flowers
fertilised with pollen from a distinct plant of the sume
form, in the ratio of 72 to 100.

In order to ascertain how far the present species was
spontaneously self-fertile, five long-styled plants were
protected by me from insects; and they bore up to a
given period 147 flowers which set 62 capsules; but
many of these soon fell off, showing that they had not
been properly fertilised. At the same time five short-
styled plants were similarly treated, and they bore 116
flowers which ultimately produced only seven capsules.
On another occasion 13 protected long-styled plants
yielded by weight 259 grains of spontancously self-
fertilised seeds. At the same time seven protected
short-styled plants yielded only half-a-grain weight of
seeds. Therefore the long-styled plants yielded nearly
24 times as many spontaneously self-ferfilised seeds as
did the same number of short-styled plants. The chief
cause of this great difference appears to be, that when
the corolla of a long-styled plant falls off, the anthers,
from heing situated near the bottom of the tube are
necessarily dragged over the stigma and leave pollen
on it, as I saw when I hastened the fall of nearly
withered flowers ; whereas in the short-styled flowers,
the stamens are seated at the mouth of the corolla,
and in falling off do not brush over the lowly-seated
stigmas. Hildebrand likewise protected some long=
styled and short-styled plants, but neither ever yielded
a single capsule. He thinks that the difference in our
results may be accounted for by his plants having
been kept in a room and never having been shaken;
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but this explanation seems to me doubtful ; his plants
were in a less fertile condition than mine, as shown by
the difference in the number of seeds produced, and
it is highly probable that their lessened fertility would
‘have interfered with especial force with their capacity
for producing self-fertilised seeds.

PRIMULA AURIOULA*

This species is heterostyled, like the preceding ones; but
mongst he varieties distributed by florists the long-styled form
Tare, a8 it is not valued. There is a much greater relative i
uality in the length of the pistil and stamens in the two forms
of the auricula than in the cowslip; the pistil in the long-styled
nearly four times as long as that in the short-styled, in
ch itis barely longer than the ovarium. The stigma is nearly
e same shape in both forms, but is rougher in the long-styled,
ugh the difference is not so great as between tho two forms
the cowslip. In the long-styled plants the stamens are very
ort, rising but little above the ovarium. The pollen-grains of
theso short stamens, when distended with water, were barely;gyy
an inch in diameter, whereas those from tho long stamens of
short-styled plants were barely 57ys, showing a relative dif-
nce of about 71 to 100. The smaller grains of the long-
ed plant are also much more transparent, and before disten-
with water more triangular in outline than those of the
x form. M. Scottt compared ten plants of both forms grow-
under similar conditions, and found that, although the long-
yled plant produced more umbels and more capsules than the
ort-styled, yet they yielded fower sceds, in the ratio of 66 to
Three short-styled plants were protected by me from the

to Kerner our gar-  short-styled 98 seeds per capsule:
lescended fromP.  seo his  Geschichte der Aurikel,”

“Zeitsohr. des Deutschen und Oest.

Alpen-Vercins, Band vi. p. 52,

¢ Oest. Bot. Zeitsohrift; 1835, Nos.

3,4, and 5.

5 t'*Journ. Linn. Soc. Bot vol.
led forms yielding an  viil, 1864, p. 86.

‘number of 73, and the
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access of insects, and they did not produce a single seed. M.
Scott protected six plants of both forms, and found them ex-
cessively sterile. The pistil of the long-styled form stands so
high above the anthers, that it is scarcely possible that pollen
should reach the stigma without some aid; and one of Mr.
Scotts ong-styled plants which yielded o fw seeds (ouly 18 in
number) was infested by aphides, and he does not doubt that
these had imperfectly fertilised it.

1 tried a few experiments by reciprocally fertilising the two
forms in the same manner as before, but my plants were un-
healthy, so I will give, in a condensed form, the results of Mr.
Scott’s experiments. For fuller particulars with respect to this
and the five following species, the paper lately referred to may
be consulted. In each case the frtility of the two legitimate
unions, taken together, is compared with that of the two ille-

gitimate unions together, by the same two standards as before,
namely, by the proportional number of flowers which pro-
duced good capsules, and by the average number of seeds per
capsule. The fertility of the legitimate unions is always taken
2t 100.

By the first standard, the fertility of the two legitimate unions
of the auricula is to that of the two illegitimate unions as 100
10 80; and by the second standard as 100 to 15.

PRIMULA SIKKIMENSIS,

According to Mr. Secot, the pistil of the long-styled form i
fully four times as long as that of the short-styled, but their
stigmas are nearly alike in shape and ronghness. The stamens
do not differ so much in relative length as the pistils. The pollen=
grains differ in a marked manner in the two forms; “ those of
the long-styled plants are sharply triquetrous, smaller, and more
transparent than those of the short-styled, which are of @ bluntly
triangular form.” The fertility of the two legitimate unions to
that of the two illegitimate unions is by the first standard as
100 to 95, and by the second standard as 100 to 1.

PRIMULA CORTUSOIDES.

The pistil of the long-styled form is about thrice as long
that of the short-styled, the stigma being double as long
covered with much longer papille. The pollen-grains of the:
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styled form are, as usual, “larger, less transparent, and more

tly triangular than those from the long-styled plants.” The
ity of the two legitimate unions to that of the two ille-
ite wnions is by the first standard as 100 to 74, and by
e second standard as 100 to 66.

PRIMULA INVOLUCRATA.

. Tho pistil of the long-styled form is about thrice as long as

o forms differ in size and transparency as before, but not in

e. The fertility of the two legitimate to that of the two

llegitimate unions is by the first standard as 100 to 72; and by
he second standard as 100 to 47.

PRIMULA PARINOSA.

Anwtd.\n to Mr. Scott, the pistil of the long-styled form is

s differ in the usual manner in size, but not in form. The

tlity of the two legitimate to that of the two illegitimate

mions s by the first standard as 100 to 71, and by the second
dard as 100 to 44.

mary on the foregoing heterostyled species of Pri-
~The fertility of the long and short-styled plants
[ the above species of Primula, when the two forms
fertilised logitimately, and illegitimately with
of the same form taken from a distinct plant,
s now been given. The results are seen in the fol-
g table; the fertility being judged by two
dards, namely, by that of the proportional number
owers which yielded capsules, and by that of the
number of seeds per capsule. But for full
many more observations, under varied condi-
would be réquisite.
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TaBLE 12.
Summary on the Fertility of the two Legitimate Unions, compared
with that of the two Illegitimate Unions, in the genus Primada,
The former taken at 100.

iegtimate Unions.
Name of Specles. fudged of by the | Judged of by the
mwﬁ"m&mm Peilgtbibr
ol Fowers which * Weight in some case)
produced Capeules | of Koo per Capenle,
Primulaveris . . . . . 6 6
03 o 2 75{(oruen
PSRl 5 o 60 {(‘;;“‘l‘:_l:')
P. Sinensis . . 3. 8 63
e s : 53
»  (after Hildebroad) . 100 w2
P. auricula (Seott) . . . . 80 15
i
P. Sikkimensis (Seott) . . . % 31
P. cortusoides (Scott) . . . N 56
P involucrata (Seott) . . . 2 | s
P. furinosa (Seatt) . . . . 7| | u
Average of the nine species . 884 | 618

With plants of all kinds some flowers generally fail
to produce capsules, from various accidental causes;
but this source of error has been eliminated, as far as
possible, in all the previous cases, by the manner in
which the calculations have been made. Supposing,
for instance, that 20 flowers were fertilised legitis
mately and yielded 18 capsules, and that 30 flowers
were fertilised illegitimately and yielded 15 cap-
sules, we may assume that on an average an equal
proportion of the flowers in both lots would fail to
produce capsules from various accidental causes ; and
the ratio of 1§ to 43, or as 100 to 56 (in whole
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numbers), would show the proportional number of cap-
sules due to the two methods of fertilisation ; and the
number 56 would appear in the left-hand column of
Table 12, and in my other tables. With respect
to the average number of séeds per capsule hardly
anything need be said: supposing that the legiti-
mately fertilised capsules contained, on an average,
50 seeds, and the illegitimately fertilised capsules
25 seeds; then as 50 is to 25 so is 100 to 50; and
the latter number would appear in"the right-hand
column.

It is impossible to look at the above table and doubt
that the legitimate unions between the two forms of the
above nine species of Primula are much more fertile
than the illegitimate unions; although in the latter
ease pollen was always taken from a distinct plant of
the same form. There is, however, no close corre-
spondence in the two rows of figures, which give,
according to the two standards, the difference of fer-
tility between the legitimate and illegitimate unions.
Thus all the flowers of P. Sinensis which were illegiti-
mately fertilised by Hildebrand produced capsules ;
but these contained only 42 per cent. of the number
of seeds yielded by the legitimately fertilised capsules.
8o again, 95 per cent. of the illegitimately fertilised
flowers of P. Silkl:imensis produced capsules; but these
contained only 31 per cent. of the number of seeds in
the legitimate capsules. On the other hand, with
P. elatior only 27 per cent. of the illegitimately fer-
tilised flowers yielded capsules; but these contained
nearly 75 per cent. of the legitimate number of seeds.
It appears that the setting of the flowers, that is, the
 production of capsules whether good or ad, s ot
50 much i d by 1 and fer-
tilisation as is the number of seeds which the capsules
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contain. For, as may be seen at the bottom of Table
12, 88'4 per cent. of the illegitimately fertilised
flowers yielded capsules; but these confained only.
618 per cent. of seeds, in comparison, in each case,
with the legitimately fertilised flowers and capsules
of the same species.

There is another point which deserves notice,
namely, the relative degree of infertility in the several
species of the long-styled and short-styled floers,
when both are illegitimately fertilised. The data
may be found in the earlier tables, and in those given
by Mr. Scott in the Paper already referred to. 1f we
call the number of seeds per capsule produced by the
illegitimately fertilised long-styled flowers 100, the
seeds from the illegitimately fertilised short-styled
flowers will be represented by the following num-
bers :—

Primula veris, 71 Primula auricula 19

i (Probably imensi 57

LIRS “{Lonlow.) 9

- (Perhaps | P.involuerats . . . T4

Eoelenieriy 3“(:0« low) | P.fainosa . . . . 63
7

P. Sinensis

We thus see that, with the exception of P. auricula, the
long-styled flowers of all nine species are more ferti
than the short-styled flowers, when both forms are
illegitimately fertilised. Whether P. auricula reall
differs from the other species in this respect T can f
1o opinion, as the result may have been accident
The degree of self-fertility of a plant depends on t
elements, namely, on the stigma receiving its own poll
and on its more or less efficient action when pl
there. Now as the anthers of the short-styled flowers
several species of Primula stand directly above
stigma, their pollen is more likely to fall on it, or
be carried down to it by insects, than in the case
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the long-styled form. Tt appears probable, therefore,
at first sight, that the lessened capacity of the short-
styled flowers to be fertilised with their own pollen, is
a special adaptation for counteracting their greater
liability to receive their own pollen, and thus for
checking self-fertilisation. But from facts with respect
to other species hereafter to be given, this view can
hardly be admitted. In accordance with the above
Tiability, when some of the species of Primula were
allowed to fertilise themselves spontaneously under
‘anet, all insects being excluded, except such minute
ones as Thrips, the short-styled flowers, notwith-
tanding their greater innate self-sterility, yielded
seed than did the long-styled. None of the
es, however, when insects were excluded, made
near approach to full fertility. But the long-styled
of P. Sinensis gave, under these circumstances,
considerable number of seeds, as the corolla in falling
drags the anthers, which are seated low down in
e tube, over the stigma, and thus leaves plenty of
n on it.
Homostyled. species of Primula—It has now been
own that nine of the species in this genus exist under
forms, which differ not only in structure but in
metion. Besides these Mr. Scott enumerates 27 other
species® which are heterostyled ; and to these probably
s will be hereafter added. Nevertheless, some
species are homostyled ; that is, they exist only under
gle form ; but much caution is necessary on this
as several species when cultivated are apt to
become equal-styled. Mr. Scott believes that P.
Seatica, verticillata, a variety osz’btrwa,elata, mollis, and

# I Miller hos given in ‘ Na- the Alpine P.

villosa,
T AR el g
ing of one of theso species, sively by Lepidoptera.
E
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Tongiflora,* are truly homostyled ; and to these may be
added, according to Axell, P. stricta. Mr. Scott ex-
perimented on P. Seotica, mollis, and verticillata, and
found that their flowers yielded an abundance of seeds
when fertilised with their own pollen. This shows
that they are not heterostyled in function. 2. Seofica
is, however, only moderately fertile when insects are
excluded, but this depends merely on the coherent
pollen not readily falling on the stigma without their
aid. Mr. Secott also found that the capsules of P.
verticillata contained rather more seed when the flowers
were fertilised with pollen from a distinct plant than
when with their own pollen ; and from this fact he in
fers that they are sub-heterostyled in function, thoug]
not in structure. But there is no evidence that t
sets of individuals exist, which differ slightly in fan
tion and are adapted for reciprocal fertilisation ; an
this is the essence of heterostylism. The mere fi
of a plant being more fertile with pollen from
distinet individual than with its own pollen, is co
mon to very many species, as I have shown in m
work On the Effects of Cross and Self-fertilisation.

HOTTONIA PALUSTRIS.

This aquatic member of the Primulaces is ¢
spicuously heterostyled, as the pistil of the long-sty]
form projects far out of the flower, the stamens beis
enclosed within the tube ; whilst the stamens of t
short-styled flower project far outwards, the pistil
enclosed. This difference between the two forms
attracted the attention of various botanists, and

+ Koch was amars that this  Sprongel und Duewin,” Bof
species was homostvled : see * Tre- tung,’ Jan. 2, 1863, p.
viranus iber Dichogamie nach
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of Sprengel,* in 1793, who, with his usual sagacity,
adds that he does not believe the existence of the two
forms to be accidental, though he cannot explain their
purpose. The pistil of the long-styled form is more
than twice as long as that of the short-styled, with the
stigma rather smaller, though rougher. H. Millert
gives figures of the stigmatic papille of the two forms,
and those of the long-styled are seen to be more than
double the length, and much thicker than the papille
of the short-styled form. The anthers in the one form
“do not stand exactly on a level with the stigma in
the other form; for the distance between the organs is
greater in the short-styled than in the long-styled
flowers in the proportion of 100 to 71. In dried speci-
mens soaked in water the anthers of the short-styled
form are larger than those of the long-styled, in the
ntio of 100 to 83. The pollen-grains, also, from the
short-styled flowers are conspicuously larger than those
from the long-styled ; the ratio between the diameters
of the moistened grains being as 100 to 64, according
0 my measurements, but according to the measure.
‘ments of H. Miller as 100 to 61; and his are probably
more accurate of the two. The contents of the
larger pollen-grains appear more coarsely granular
wd of a browner tint, than those in the smaller

ins. The two forms of Hottonia thus agree closely
in most respects with those of the heterostyled species
Primula. The flowers of Hottonia are cross-fertilised,
eeording to Miller, chiefly by Diptera,
M. Seott} made a few trials on a short-styled plant,
d found that the legitimate unions were in all ways
e fertile than the illegitimate ; but since the pub-

s Dus entdacle Gebeuniss + *Journ. Linn. Soc. Bok vol.
der e, p viil. 1864, p. 79,

Dl Bithuchiung; . 350,

E 2
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lication of his paper H. Miller has made much fuller
experiments, and I give his results in the following
table, drawn up in accordance with my usual plan :—

TaBLE 13.
Hottonia palustris (from H. Miler).
Number
Notar of Union. o, | e
examined. | Gopefe,
Long-tyled formy by polen of shorttyled .
gitimate union % 8
Long-styled form, by own-form pollen, from a)| 1o e
distinct plant. * Tlegitimate union .
Shortstyled form, by polln of longstyled 3
Tegitimate union . 9 L
Short-styled form, by own-form pollen, from a ,
distinct plant. ll{egmmnte union . o 194
The two legitimate unions together . . 6 | 788
The two illegitimate unions together . . . 37 ‘ 481

The most remarkable point in this table is the
small average number of seeds from the short-styled
flowers when illegitimately fertilised, and the unusually
large average number of seeds yielded by the illegitis
mately fertilised long-styled flowers, relafively in both.
cases to the product of the legitimately fertilised
flowers.* The two legitimate unions compared with

oL Miller s (Dle Bo- [ ariveat the rsute hown I in
roching; S . 3%2) Dt the  Tabie 15 The average nu
long-styled flowers, when illegiti- in the lon(f styled capsules, whm
‘mately fertilised, yield as many ly Tertilised, is 9]

as_when legitimately fer- and when i.lhmtlm&tely feml

ilsed; but by adding up the 770 H. Millor
mber iy (sgamiwithims St il
ealon produced by the two methods  proper mannor of siewing the.
of fertilisation, as given by him, case.
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the two illegitimate together yield seeds in the ratio
of 100 to 61.
H. Miller also tried the effects of illegitimately fer-
tilising the long-styled and short-styled flowers with
their own pollen, instead of with that from another
plant of the same form; and the results are very
striking. For the capsules from the long-styled
flowers thus treated contained, on an average, only
157 seeds instead of 77-5; and those from the
short-styled 65, instead of 187 seeds per capsule.
The number 65 agrees closely with Mr. Scott’s result
from the same form similarly fertilised.
From some observations by Dr. Torrey, Hottonia
inflata, an inhabitant of the United States, does not
appear to be heterostyled, but is remarkable from pro-
‘ducing cleistogamic flowers, as will be seen in the last
chapter of this volume.
Besides the genera Primula and Hottonia, Androsace
(vel Gregoria, vel Aretin) vitalliana is heterostyled.
. Seott* fertilised with their own pollen 21 flowers
on three short-styled plants in the Edinburgh Botanic
ens, and not one yielded a single seed; but
eight of them which were fertilised with pollen from one
of the other plants of the same form, set two empty
capsules. He was able to examine only dried speci-
‘mens of the long-styled forms. But the evidence seems
sufficient to leave hardly a doubt that Androsace is
heterostyled. Fritz Miller sent me from South Brazil
dried flowers of a Statice which he believed to be hete-
tostyled. In the one form the pistil was considerably
longer and the stamens slightly shorter than the cor-
ding organs in the other form. But as in the
r-styled form the stigmas reached upto the anthers

* Seo also Treviranus in * Bot, Zeitung; 1863, p. 6, on this plant
being dimorphic. & P. 6, on this plant
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of the same flower, and as I could not detect in the
dried specimens of the two forms any difference in their
stigmas, or in the size of their pollen-grains, T dare not
rank this plant as heterostyled. From statements made

by Vaucher I was led to think that Soldanella alpina was

heterostyled, but it is impossible that Kerner, who has

closely studied this plant, could have overlooked the

fact. So again from other statements it appeared prob-

able that Pyrola might be heterostyled, but H. Miller

examined for me two species in North Germany, and

found this not to be the case.
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CHAPTER II.
HYSRID PRIMULAS.

The Oxlip a hybrid naturally produced between Primula veris and
vulgaris—The differences in structure and function between the
¥ parent apees—Eilcts of romsing ong-tyled snd shortyed

Oxlips with one another and with the two forms of both pa
ies—Character of the offspring from Oxlips artificially self-
fertilized aud crose-fertilised in a state of nature—Primula elatior
siown to be a distinct species—Hybrids between other heterostyled
note on produced

o
hybrids in e genus Verbascum.

s varions species of Primula have produced in
state of nature throughout Europe an
‘number of hybrid forms. For instance, Professor
Kemer has found no less than twenty-five such forms
in the Alps.* The frequent occurrence of hybrids in
this genus no doubt has been favoured by most of the
species being heterostyled, and consequently requiring
‘eross-fertilisation by insects; yet in some other genera,
‘species which are not heterostyled and which in some
respects appear not well adapted for hybrid-ferti-
)umon, have likewise been largely hybridised. In
certain districts of England, the common oxlip—a
hybrid between the cowslip (P. verds, vel officinalis)
and the primrose (P. vulgaris, vel acaulis)—is fre-
quently found, and it oceurs occasionally almost every-

*“Die Primulaceen-Bastarten,” Bull. Soc. Bot. de France, tom. x.
\Qester, Bot Zeitselit? Julir 1833, p. 178, Alsoin ‘Revue des
15, Now. 5,4, and . S algo  Scieices Noi. 1875, . 1.
e S
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where. Owing to the frequency of this intermediate
hybrid form, and to the existence of the Bardfield
oxlip (P. elatior), which resembles to a certain extent
the common oxlip, the claim of the three forms to
rank as distinct species has been discussed oftener
and at greater length than that of almost any other
plant. Linnwus considered P. verds, vulgaris and
elatior to be varieties of the same species, as do some
distinguished botanists at the present day; whilst
others who have carefully studied these plants do not
doubt that they are distinct species. The following
observations prove, I think, that the latter view is
correct ; and they further show that the common oxlip
is a hybrid between P. veris and vulgaris.

The cowslip differs so conspicuously in general ap-
pearance from the primrose, that nothing need here
be said with respect to their external characters®
But some less obvious differences deserve notice. As
both species are heterostyled, their complete fertili-
sation depends on insects. The cowslip is habitually
visited during the day by the larger humble-bees
(viz. Bombus muscorum and hortorum), and at night
by moths, as T have seen in the case of Cucullia. The
primrose is mever visited (and I speak after many
yers’ observation) by the larger humble-bees, and
only rarely by the smaller kinds; hence its ferti-
lisation must depend almost exclusively on moths.
There is nothing in the structure of the flowers of the
two plants which can determine the visits of such
widely different insects. But they emit a different
odour, and perhaps their nectar may have a different
taste. Both the long-styled and short-styled forms of

* The Rev. W. A. Leighton sced, in ¢ Amn. and Mag. of Nat.
has pointed out certain differencos  Hist,” 2nd serios, vol. ii. 1848,
in the form of the capsules and  p. 164,
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the primrose, when legitimately and naturally ferti-
lised, yield on an average many more seeds per capsule
than the cowslip, namely, in the proportion of 100 to 5.
When illegitimately fertilised they are likewise more
fertile than the two forms of the cowslip, as shown by
the larger proportion of their flowers which set cap-
sules, and by the larger average number of seeds which

* the capsules contain. The difference also between the

number of seeds produced by the long-styled and short-
styled flowers of the primrose, when both are illegiti-
mately fertilised, is greater than that between the
mumber produced under similar circumstances by the
two forms of the cowslip. The long-styled flowers of
the primrose when protected from the access of all in-
sects, except such minute ones as Thrips, yield a con-
siderable number of capsules containing on an average
19- 2 seeds per capsule ; whereas 18 plants of the long-
styled cowslip similarly treated did not yield a single
seed. 2

The primrose, as every one knows, flowers a little
earlier in the spring than the cowslip, and inhabits
slightly different stations and districts. The primrose
generally grows on banks or in woods, whilst the cow-
lip is found in more open places. The geographical
range of the two forms is different. Dr. Bromfield re-
marks * that “ the primrose is absent from all the in-
terior rogion of northern Europe, where the cowslip is
indigenous.” In Norway, however, both plants range
to the same degree of north latitude.t

The cowslip and prirose, when intercrossed, be-

b 004, omntro do  France 1640, tom. i
T pp. 141,

144 Sco also  Ann. and Mag. of
Bel. Hut' ix. 18i2 pp. G,
515, Also Boreau, ‘Flore du
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have like distinct species, for they are far from
being mutually fertile. Gartner* crossed 27 flowers
of P. vulgaris with pollen of P. veris, and obtained
16 capsules; but theso did not contain any good
seed. He also crossed 21 flowers of P. veris with
pollen of P. vulgaris; and now he got only five
capsules, containing seed in a still less perfect
condition. Girtner knew nothing about hetero-
stylism; and his complete failure may perhaps be
accounted for by his having crossed together the
same forms of the cowslip and primrose; for such
crosses would have been of an illegitimate as well as
of a hybrid nature, and this would have increased
their sterility. My trials were rather more fortunate.
Twenty-one flowers, consisting of both forms of the
cowslip and primrose, were intercrossed legitimately,
and yielded seven capsules (i.c. 38 per cent.), contain-
ing on an average 42 seeds; some of these sceds,
however, were so poor that they probably would not haye
geminated. Twenty-one flowers on the same cowslip
and primrose plants were also intercrossed illegiti-
mately, and they likewise yielded seven capsules (or
83 per cent.), but theso contained on an average only
18 good and bad seeds. I should, however, state that
some of the above flowers of the primrose were fertilised
with pollen from the polyanthus, which is certainly
variety of the cowslip, as may be inferred from the per-
fect fertility infer o of the crossed offspring from these
two plants.t To show how sterile these hybrid unions

e Mmdmenglmg, 1849, p.

1.
+ Mr. Seott has discussed th
mmm of the polyantus (‘Pm
Soc viii. Bot. P
1085, mai v
conclusion; but I do not think
that his experiments were suffi-

ciently numerous. The degree of
infe

the cowslip at first appears rather
‘moroefleient on tho primroso
that of Iyanithus ;
b i
Tose, fertilised legitimately and
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were I may remind the reader that 90 per cent. of the
flowers of the primrose fertilised legitimately with
primrose-pollen yielded capsules, containing on an
average 66 seeds; and that 54 per cent, of the flowers
fertilised illegitimately yielded capsules containing on
an average 355 seeds per capsule. The primrose,
especially the short-styled form, when fertilised by the
cowslip, is less sterile, as Girtner likewise observed,
than is the cowslip when fertilised by the primrose. The
above experiments also show that a cross between the
same forms of the primrose and cowslip is much more
sterile than that between different forms of these two
species.

The seeds from the several foregoing crosses were
sown, but none germinated except those from the
short-styled primrose fertilised with pollen of the
polyanthus; and these seeds were the finest of the
whole lot. I thus raised six plants, and compared
them with a group of wild oxlips which I had trans-
planted into my garden. One of these wild oxlips
produced slightly larger flowers than the others, and
this one was identical in every character (in foliage,
flower-peduncle, and flowers) with my six plants,
excepting that the flowers of the latter were tinged of
a dingy red colour, from being descended from the
polyanthus,

We thus see that the cowslip and primrose can-
not be crossed either way except with considerable
difficulty, that they differ conspicuously in external
appearance, that they differ in various physiological

illegitimately with pollen of the
‘cowslip gave five capsules, contain-
on_an average 32-4 seeds;

18 flowers similarly fertil-
M Iay polyanthus-| pollen yielded
ipsules, containing only

226 sceds. On the other hand,
tho socds produced by the poly:
anthus - e
Snest of the wholo Lot and were
the only ones which germinat
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characters, that they inhabit slightly different stations
and range differently. Hence those botanists who
rank these plants as varieties ought to be ablo to prove
that they are not as well fixed in character as are most
species ; and the evidence in favour of such instability
of character appears at first sight very strong. It
rests, first, on statements made by several competent
observers that they have raised cowslips, primroses, and
oxlips from seeds of the same plant; and, secondly,
on the frequent occurrence in a state of nature of
plants presenting every intermediate gradation between
the cowslip and primrose.

The first statement, however, is of little value;
for, heterostylism not being formerly understood,
the seed-bearing plants were in no instance® pro-
tected from the visits of insects; and there would
be almost as much risk of an isolated cowslip, or of
several. cowslips if consisting of the same form, being
crossed by a neighbouring primrose and
oxlips, as'of one sex of a dicecious plant, under similar
circumstances, being crossed by the opposite sex of
an allied and neighbouring species. Mr. H. C. Wat-
son, a critical and most careful observer, made many.
experiments by sowing the seeds of cowslips and of
various kinds of oxlips, and arrived at the following
conclusion,t namely, “that seeds of a cowslip can
produce cowslips and oxlips, and that seeds of an oxlip
can produce cowslips, oxlips, and primroses.” This
conclusion harmonises perfectly with the view that in

* One anthor statesin the ‘Phy- tained an abundance of sced,
tologist” (vol JHp709) tiathe which o simply . impossible
coveredyith bell-glasses somo cow-  Hence thero must havo
slips, pnmmssq, Solaiints v vk ne
experimented. ' He specifios all  periments, which may be passed
o details of his oxperiment but  Sver s valueloss,

not say that he artificially ytologist,’ il pp. 217,
fertilised his plants; yet he ob- P48,
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all cases, when such results have been obtained, the
unprotected cowslips have been crossed by primroses,
and the unprotected oxlips by either cowslips or
primroses ; for in this latter case we might expect, by
the aid of reversion, which notoriously comes. into
powerful action with hybrids, that the two parent-forms
in appearance pure, as well as many intermediate gra-
dations, would be occasionally produced. Nevertheless

“the two following statements offer considerable diffi-

culty. The Rev. Prof. Henslow® raised from sceds of a
cowslip growing in his garden, various kinds of oxlips
and one perfect primrose; but a statement in the same
paper perhaps throws light on this anomalous result,
Prof. Henslow had previously transplanted into his
garden o cowslip, which completely changed its ap-
pearance during the following year, and now resembled
an oxlip. Next year again it changed its character,
and produced, in addition to the ordinary umbels, a
few single-flowered scapes, bearing flowers somewhat
smaller and more deeply coloured than those of the
common primrose. From what T have myself observed
with oxlips, T cannot doubt that this plant was an ox-
lipin a highly variable condition, almost like that of
the famous Cytisus adami. This presumed oxlip was
propagated by offsets, which were planted in different
parts of the garden; and if Prof. Henslow took by
mistake seeds from one of these plants, especially if it
had been crossed by a primrose, the result wonld be
quite intelligible. Another case is still more difficult
to understand : Dr. Herbertt raised, from the seeds of
4 highly cultivated red cowslip, cowslips, oxlips of
various kinds, and a primrose. This case, if acourately

+ Zoudon's Mag.of Nat. Hist? . 1650, p. 40.
t * Transact. Hort. Soe.’ iv. p.
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recorded, which T much doubt, is explicable only on
the improbable assumption that the red cowslip was
not of pure parentage. With species and varieties
of many kinds, when intercrossed, one is sometimes
strongly prepotent over the other; and instances are
known* of a variety crossed by another, producing
offspring which in certain characters, as in colour,
hairiness, &c., have proved identical with the pollens
bearing parent, and quite dissimilar to the mother-
plant; but T do not know of any instance of the off-
spring of a cross perfectly resembling, in a consider-
able number of important characters, the father alone.
It is, therefore, very improbable that a pure cowslip
crossed by a primrose should ever produce a primrose
in appearance pure. Although the facts given by Dr.
Herbert and Prof. Henslow are difficult to explain, yet
until it can be shown that a cowslip ora primrose,
carefully protected from insects, will give birth to at
least oxlips, the cases hitherto recorded have little
weight in leading us to admit that the cowslip and
primrose are varieties of one and the same species.
Negative evidence is of littlo value; but the follow-
ing facts may be worth giving :—Some cowslips which
had been transplanted from the fields into a shrubbery
were again transplanted into highly manured land.
Tn the following year they were protected from insects,
artificially fertilised, and the seed thus procured was
sown in a hotbed. The young plants were afterwards
planted out, some in very rich soil, some in stiff poor
clay, some in old peat, and some in pots in the green-
house ; so that these plants, 765 in number, as well as
their parents, were subjected to diversified and un-

have given instances in my tication,” chap, xv. 2nd edit. vol.
wnrk <On the Variation of Aui- il p. 0.
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natural treatment; but not one of them presented the
least variation except in size—thoso in the peat at-
taining almost gigantic dimensions, and those in the
clay being much dwarfed.

T do not, of course, doubt that cowslips exposed
during several successive generations to changed con-
ditions would vary, and that this might occasionally
oceur in a state of nature. Morcover, from the law
~ of analogical variation, the varieties of any one species
of Primula would probably in somo cases resemble
other species of the genus. For instance I raised a red

imrose from seed from a protected plant, and the
flowers, though still resembling those of the primrose,
wero borne during one season in umbels on a long foot-
stalk like that of o cowslip.

With regard to the second class of facts in support
of the cowslip and primrose being ranked as mere
varioties, namely, the well-ascertained existence in a
state of nature of numerous linking forms® :—If it can
be shown that the common wild oxlip, which is inter-
mediate in character between the cowslip and prim-
rose, resembles in sterility and other essential respects
@ hybrid plant, and if it can further be shown that the
oxlip, though in a high degree sterile, can be fertilised
by cither parent-species, thus giving rise to still finer
gradational links, then the presence of such linking
forms in a state of nature ceases to be an argument
of any weight in favour of the cowslip and primrose
being varietics, and_ becomes, in fuct, an argument on
the other side. The hybrid origin of a plant in a
state of nature can be recognised by four tests: first,
by its oceurrence only where both presumed parent-

* See an_excellent a on in the ‘Phytologist; vol. iii. p.
this subject by Mr. H. C. Vetson 15, i 2
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species exist or have recently existed ; and this holds
good, as far as T can discover, with the oxlip; but the
P. dlatior of Jacq., which, as we shall presently see,
constitutes a distinct species, must not be confounded
with the common oxlip. Secondly, by the supposed
hybrid plant being nearly intermediate in character
between the two parent-species, and especially by its
resembling hybrids artificially made between the same
two species. Now the oxlip is intermediate in cha-
racter, and resembles in every respect, except in the
colour of the corolla, hiybrids artificially produced be-
tween the primrose and the polyanthus, which latter
is & varioty of the cowslip. Thirdly, by the supposed
hybrids being more or less sterile when crossed iner se:
but to try this fairly two distinet plants of the same
parentage, and not two flowers on the sume plant,
should be crossed ; for many pure species are more
or less sterile with pollen from the same individual
plant; and in the case of hybrids from heterostyled
species the opposite forms should be crossed. Fourthly
and lastly, by the supposed hybrids being much more
fertile when' crossed with either pure parent-species
than when crossed 4nfer se, but still not as fully fertile
as the parent-species.

For the sake of ascertaining the two latter points,
I transplanted a group of wild oxlips into my
gurden. They consisted of one long-styled and
three short-styled plants, which, except in the co-
rolla of one being slightly larger, resembled each
other closely. The trials which were made, and the
results obtained, are shown in the five following
tables. No less than twenty different crosses are
necessary in order to ascertain fully the fertility of
hybrid heterostyled plants, both infer se and with
their two parent-species. In this instance 256 flowers
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were crossed in the course of four seasons. I may
mention, as a mere curiosity, that if any one were to
mise hybrids between ‘two trimorphic  heterostyled
species, he would have to make 90 distinet unions
in order to ascertain their fertility in all ways;
and as he would have to try at least 10 flowers in
each case, he would bo compelled to fertilise 900
flowers and count their seeds. This would probably
exhaust the patience of the most patient man.

TasLe 14,

Crosses inter so betueen the two forms of the common Oalip.

Leyitinate wnion. | Tegitinate wnion. | Legitinate wion.

Shnn-lylud ox- Long-styled ox-| Long-styled ox-

by pollen of lip, by its own|lip, by pollen of
long styled oxlp: polen: 24 fowers shorstyled oxllp:
ferti

mymdnce one | did not produce one five mpwules, - d:d 2t pruducs o
X capsale. taining 6, 10, 20,

Araiige it

TasLe 15.

R (7 o e Oalip irucsed wih Pollo of Sk forna o the
ip, P. veris.

Legitinate wion. | Zlegitinato wnion. | Legitimate union.
Shortstyled ox-| Long-styled ox-| Long-styled ox-
llen of |lip, by pollen of lip, by pollen of
long-stylel - com: long -atylad oov-shortstyled com-
ip lowers lowers
i u‘l, rvdmxd l'emlued, produced
capsules, con-
taining 1, 3, and nmmg T wretched ummg 21 and 28
‘wretched seeds, ap- | seeds. y fine seeds.
parently xmpmp
of germination. |

roduced | ferd

¥
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TapLE 16.

Both forms of the Oalip orossed with Pollen of both forms of the
Primrose, P. vulgaris.

Miagitimate wnion. | Legitimate union.

Tlegitimate wnion. | Legitimato wnio

Short-styled ox-| Shortestyled ox-| Long-styled ox-
by pollen_of|Iip, by pollen of lip, by pollen_of
shortstyled prin-|long-styled prim- loag-syled prin-

rose : rose :
Torilad, produced| fcsliend, produced | fertlised, prodaced
two_capsales, con|six capsules, con- four capsules, con-
faining 5 and 13| taniog 16,205, 10, taning 10, 7,5, and  tinng 26, 3
seeds. | . seeds. 54
Avamg1|57 e A"ug-’l‘ﬂ Average 28°6.
of the seeds very
poor, some good.

53

Taprs 17,
Both forms of the Coslip crossed with Pollen of both forms of the Oali

legitinste wnion. | Legitimate saion. | Ilegitinate union.

ort-stylod cow- Longtplad ow | Langty styled cow-

.hp, by pollen of|slip, by pollen of slip, by pnll:n of |

short-styled oxlip: |short-styled oxlip: long-styled oxlip:

8 flowers frtilised, |8 flowers fertilised, 8 flowers fertilised,

produced not one | produced one cap- produced three cap-

eapsule. sl contaning 25 sule, contaniog 5,
and 8

Av.mg: a5,

TaBLE 18.
Both forms of the Primrose crossed with Pollen of both forms of e 0

Hegitimate wion. | Lagitinate wnion. | Ilegitimate wnion. | Legitimate

Short nyl:dpnm- Long-styled prim- | Long-styled prim-
se, by pollen of rose, by pollen of rose, by pollen of | rose,
,horm,led axhp- short-styled oxlip: long - styled oxli
& Suwery furtlisl (8 owersfstilisd | 8 fowes fnt
produced not one | produced two cap- produced eight cap- | produced four
capsule. sules, wnllmmg wn)—,cnnwmngns sules,  cont
and 2 seods. 12, 20, 22,7, 16, | 59, 52, 4,
\-nd 13 sceds. Avs seeds,some|
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We see in these five tables the number of capsules
and of seeds produced, by crossing both forms of the
oxlip in a legitimate and illegitimate manner with one
another, and with the two forms of the primrose and
~ cowslip. I may premise that the pollen of two of the
~ short-styled oxlips consisted of nothing but minute
aborted whitish cells; but in the third short-styled
plant about one-fifth of the grains appeared in a sound
condition. Hence it is not surprising that neither
the short-styled nor the long-styled oxlip produced a
single seed when fertilised with this pollen. Nor did
the pure cowslips or primroses when illegitimately fer-
tilised with it; but when thus legitimately fertilised
they yielded a fow good seeds. The female organs of
the' short-styled oxlips, though greatly deteriorated in
power, were in a rather better condition than the male
organs; for though the short-styled oxlips yielded no
seed when fertilised by the long-styled oxlips, and

ly any when illegitimately fertilised by pure cow-
ips or primroses, yet when legitimately fertilised by
ese latter species, especially by the long-styled
. primrose, they yielded a moderate supply of good
seed.

The long-styled oxlip was more fertile than the
three short-styled oxlips, and about half its pollen-
grains appeared sound. It bore no seed when legiti-
mately fertilised by the short-styled oxlips; but this
no doubt was due to the badness of the pollen .of
the latter; for when illegitimately fertilised (Table
14) by its own pollen it produced some good seeds,
though much fewer than self-fertilised cowslips or
primroses would have produced. The long-styled ox-
lip likewise yielded a very low average of seed, as may
be seen in the third compartment of the four latter
tables, when illegitimately fertilised by, and when

¥ 2
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illegitimately fertilising, pure cowslips and primroses.
The four corresponding legitimate unions, however, were
moderately fertile, and one (viz. that between a short-
styled cowslip and the long-styled oxlip in Table 17)
was nearly as fertile as if both parents had been pure.
A short-styled primrose legitimately fertilised by the
long-styled oxlip (Table 18) also yielded a moderately
good average, namely 48-7 seeds; but if this short-
styled primrose had been fertilised by a long-styled
primrose it would have yielded an average of 65 seeds.
If we take the ten legitimate unions together, and the
ten illegitimate unions together, we shall find that 29
per eent. of the flowers fertilised in a legitimate manner
yielded capsules, these containing on an average 27+4
2ood and bad seeds; whilst only 15 per cent. of the
“flowers fertilised in an illegitimate manner yielded
capsules, these containing on an average only 11-0
good and bad seeds.

In a previous part of this chapter it was shown that
illegitimate crosses between the long-styled form of
the primrose and the long-styled cowslip, and between
the short-styled primrose and short-styled cowslip, are
more sterile than legitimate crosses between these two
species; and we now see that the same rule holds good
almost invariably with their hybrid offspring, whether
these are crossed énter se, or with either parent-species;
so that in this particular case, but not as we shall pre-
sently see in other cases, the same rule prevails with
the pure unions between the two forms of the same
heterostyled species, with erosses between two distinet
heterostyled species, and with their hybrid offspring.

Seeds from the long-styled oxlip fertilised by its
own pollen were sown, and three long-styled plants
wiised. The first of these was identical in every
character with its parent. The second bore rather
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smaller flowers, of a paler colour, almost like those of
the primrose; the scapes were at first single-flowered,
but later in the season a tall thick scape, bearing many
flowers, like that of the parent oxlip, was thrown up.
The third plant likewise produced at first only single-
flowered scapes, with the flowers rather small and of a
darker yellow; but it perished early. The second
plant also died in September; and the first plant,
though all three grew under very favourable con-
ditions, looked very sickly. Hence we may infer that
seedlings from seif-fertilised oxlips would hardly be
able to exist in a state of nature. I was surprised to
find that all the pollen-grains in the first of these seed-
ling oxlips appeared sound ; and in the second only a
moderate number were bad. These two plants, however,
had not the power of producing a proper number of
seeds; for though left uncovered and surrounded by
pure primroses and cowslips, the capsules were esti-
mated to include an average of only from ﬁftcen to
twenty seeds.

From having many experiments in hand, T did not
sow the seed obtained by crossing both forms of the
primrose and cowslip with both forms of the oxlip,
which T now regret; but I ascertained an interest-
ing point, namely, the character of the offspring
from oxlips growing in a state of nature near both
primroses and cowslips. The oxlips were the same
plants which, after their seeds had been collécted, were
transplanted and experimented on. From the seeds
thus obtained eight plants were raised, which, when
they flowered, might have been mistaken for pure
primroses ; but on close comparison the eye in the
centre of the corolla was seen to be of a darker yellow,
and the peduncles more elongated. As the season ad-
vanced, one of these plants threw up two naked scapes,
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7 inches in height, which bore umbels of flowers of
the same character as before. This fact led me to ex-
amine the other plants after they had flowered and
were dug up; and I found that the flower-peduncles
of all sprung from an extremely short common seape,
of which no trace can be found in the pure primrose.
Hence these plants are beautifully intermediate be-
tween the oxlip and the primrose, inclining rather
towards the latter; and we may safely conclude that the
parent oxlips had been fertilised by the surrounding
primroses.

From the various facts now given, there can be no
doubt that the common oxlip is a hybrid between the
cowslip (P. veris, Brit. F1) and the primrose (P. vul-
garis, Brit. FL), as has been surmised by several
Dotanists. Tt is probuble that oxlips may be produced
cither from the cowslip or the primrose as the seed-
bearer, but oftenest from the latter, as T judge from
the nature of the stations in which oxlips are generally
found,* and from the primrose when crossed by the
cowslip being more fertile than, conversely, the cowslip
by the primrose. The hybrids themselves are also
rather more fertile when crossed with the primrose
than with the cowslip. Whichever may be the seed-
bearing plant, the cross is probably between different
forms of the two species ; for we have seen that legiti-
mate hybrid unions are more fertile than illegitimate
hybrid unions. Moreover a friend in Surrey found
that 29 oxlips which grew in the neighbourhood of
his house consisted of 13 long-styled and 16 short-
styled plants; now, if the parent-plants had been
illegitimately united, either the long- or short-styled
form would have greatly preponderated, as we shall

* Sce also on this head Hardwicke's ‘Science Gossip, 1867, pp.
114, 137
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hereafter seo good reason to believe. The case of
the oxlip is interesting; for hardly any other in-
stance is known of a hybrid sponfancously arising
in such large numbers over so wide an extent, of coun-
try. The common oxlip (not the P. datior of Jacq.)
is found almost everywhere throughout England, where
both cowslips and primroses grow. In some districts,
as I have seen near Hartfield in Sussex and in parts
of Surrey, specimens may be found on the borders of
almost every field and small wood. . In other districts
the oxlip i comparatively rare: near my own resi-
dence I have found, during the last twenty-five years,
not more than five or six plants or groups of plants,
It is difficult to conjecture what is the cause of this
difference in their number. It is almost necessary
that a plant, or several plants belonging to the same
form, of one parent-species, should grow near the
opposite form of the other parent-species; and it is
further necessary that both species should be fre-
quented by the same kind of insect, no doubt a moth.
The cause of the rare appearance of the oxlip in
certain districts may be the rarity of some moth,
which in other districts habitually visits both the
primrose and cowslip.

Finally, as the cowslip and primrose differ in the
varions characters above specified,—as they are in a
high degree sterile when intercrossed,—as there is no
trustworthy evidence that either species, when un-
erossed, has ever given birth to the other species or
to any intermediate form,—and as the intermediate
forms which are often found in a state of nature have
been shown to be more or less sterile hybrids of the
first or second generation,—we must for the future
look at the cowslip and primrose as good and true
species.
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Primula_datior, Jacq., or the Bardfield Oxlip, is
found in England only in two or three of the eastern
counties. On the Continent it has a somewhat dif-
ferent range from that of the cowslip and primrose;
and it inhabits some districts where neither of these
species live.* In general appearance it differs so
much from the common oxlip, that no one accustomed
to see both forms in the living state could afterwards
confound them ; but there is scarcely more than @
single character by which they can be distinctly de-
fined, namely, their linear-oblong capsules equalling
the calyx in length.t The capsules when mature differ
conspicuously, owing to their length, from those of the
cowslip and primrose. With respect to the fertility
of the two forms when these are united in the four
possible methods, they behave like the other hetero-
styled species of the genus, but differ somewhat (see
Tables 8 and 12) in the smaller proportion of the il-
legitimately fertilised flowers which set capsules. That
P. dlatior is not a hybrid is certain, for when the two
forms were legitimately united they yielded the large
average of 471 seeds, and when illegitimately united
855 per capsule ; whereas, of the four possible unions
(Table 14) between the two forms of the common ox-
lip which we know to be a hybrid, one alone yiclded
any seed; and in this case the average number was
only 11-6 per capsule. Moreover I could not detect
a single bad pollen-grain in the anthers of the short-
styled P. elatior ; whilst in two short-styled plants of
tho common oxlip all the grains were bad, as were
a largo majority in a third plant. As the common

England, seo Howett O. 1838, p. 142, For the Alps, seo

\Vuhum “Cybele Britannica, vol. < Aun. and Mag. Nat. Hist." vol.
ii. 1849, p. 202. For the Con- u_]s 3, pp. 166 and 515,

tinent, see Lecog, *Géograph. Babin, lnnx‘MAmmloanQ—
Botanique do FEurops,” oo, Vil wl Botany’ 1831, . 268,
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oxlip is a hybrid between the primrose and cowslip, it
is not surprising that eight long-styled flowers of the
primrose, fertilised by pollen from the long-styled
common oxlip, produced eight capsules (Table 18),
containing, however, only a low average of seeds;
whilst the same number of flowers of the primrose,
similarly fertilised by the long-styled Bardfield oxlip,
produced only a single capsule; this latter plant
being an altogether distinct species from the primrose.
Plans of P. clatior have been propagated by seed in
a garden for twenty-five years, and have kept all this
time quite constant, excepting that in some cases the
flowers varied a little in size and tint.* Nevertheless,
according to Mr. H. C. Watson and Dr. Bromfield,
plants may be occasionally found in a state of nature,
in which most of the characters by which this species
can be distinguished from P. veris and vulgaris fail ;
but such intermediate forms are probably due to
hybridisation ; for Kerner states, in the paper before
referred to, that hybrids sometimes, though rarely,
arise in the Alps between P. elatior and veris.

Finally, although we may freely admit that Primala
veris, vulgaris, and elatior, as well as all the other
species of the genus, are descended from a common
primordial form, yet from the facts above given, we
must conclude that these three forms are now as fixed
in character as are many others which are universally
ranked as true species. Consequently they have as
good a right to receive distinet specific names as have,
for instance, the ass, quagga, and zebra.

M. Scott has arrived at some interesting results by

* Seo Mr. H. Doubleday in the P4 fe,
*Gardener’s Chronicle,’ 1867, p. Phytologist? vol. 1. . 1001,
485, also Mr. W. Marshall, ibid. anl ol o P. 695.
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crossing other heterostyled species of Primula* I
have already alluded to his statement, that in four
instances (not to mention others) a species when crossed
with a distinet one yielded a larger number of sceds
than the same species fertilised illegitimately with its
own-form pollen, though taken from a distinct plant.
Tt has long been known from the rescarches of Kolreuter
and Giirtner, that two species when crossed reciprocally
sometimes differ as widely as is possible in their fer-
tility : thus A when crossed with the pollen of B will
yield a large number of seeds, whilst B may be crossed
repeatedly with pollen of A, and will never yield a single
seed. Now Mr. Scott shows in several cases that the
same law holds good when two heterostyled species
of Primula are intercrossed, or when one is crossed
with & homostyled species. But the results are much
more complicated than with ordinary plants, as two
heterostyled dimorphic species can be intercrossed in
eight different ways. I will give one instance from
Mr. Scott. The long-styled P. hirsuta fertilised legi-
timately and illegitimately with pollen from the two
forms of P. auricula, and reciprocally the long-styled
P. aurieula fertilised legitimately and illegitimately
with pollen from the two forms of P. hirsuta, did
not produce a single seed. Nor did the short-
styled P. hirsuta when fertilised legitimately and
illegitimately with the pollen of the two forms of
P. auricula. On the other hand, the short-styléd
P. auricula fertilised with pollen from the long-styled
P. hirsula yielded capsules containing on an average
no less than 56 seeds; and the short-styled P.
aurioula by pollen of the short-styled P. hirsuta
yielded capsules containing on an average 42 seeds

* ¢Journ, Linn, Soc. Bot." vol. viii. 1864, p. 93 to end.
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per capsule. So that out of the eight possible unions
between the two forms of these two species, six
were utterly barren, and two fairly fertile. We have
seen also the same sort of extraordinary irregularity in
the results of my twenty different crosses (Tables
14 to 18), between the two forms of the oxlip, prim-
rose, and cowslip. Mr. Scott remarks, with respect
to the results of his trials, that they are very surprising,
as they show us that “the sexual forms of a species
‘manifest in their respective powers for conjunction
with those of another species, physiological peculiari-
ties which might well entitle them, by the criterion of
fertility, to specific distinetion.”

Finally, although P. veris and vulgaris, when crossed
legitimately, and especially when their hybrid offspring
are crossed in this manner with both parent-species,
ere decidedly more fertile, than when crossed in an
timate manner, and although the legitimate cross
fected by Mr. Scott between P. aurioula and hirsuta
was more fertile, in the ratio of 56 to 42, than the
illegitimate cross, nevertheless it is very doubtful,

the extreme irregularity of the results in the

ous other hybrid crosses made by Mr. Scott, whether

it ean be predicted that two heterostyled species are

enerally more fertile if crossed legitimately (i.e. when

ite forms are united) than when crossed illegiti-
Iy

Supplementary Note on some wild ybrid Verbasouns,

In an early part of this chapter I remarked that few
er instances could be given of a hybrid spontane-
y arising in such large numbers, and over so wide an
t of country, as that of the common oxlip ; but per-
s the number of well-ascertained cases of naturally
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produced hybrid willows is equally great.* Numerons
spontancous hybrids between several species of Cistus,
found near Narbonne, have been carefully described
by M. Timbal-Lagrave,t and many hybrids between an
Aceras and Orchis have been observed by Dr. Weddell.
In the genus Verbascum, hybrids are supposed to have
often originated§ in a state of nature ; some of.these un-
doubtedly are hybrids, and several hybrids have origi-
nated in gardens; but most of these cases require,| as
Giirtner remarks, verification. Hence the following
case is worth recording, more especially as the two
species in question, V. thapsus and lychnitis, are per-
fectly fertile when insects are excluded, showing that
the stigma of each flower receives its own pollen.
Moreover the flowers offer only pollen to insects, and
have not been rendered attractive to them by secret-
ing nectar.

T transplanted a young wild plant into my garden
for experimental purposes, and when it flowered it
plainly differed from the two species just mentioned
and from a third which grows in this neighbourhood. T
thought that it was a strange variety of V. thapsus, It
attained the height (by measurement) of 8 feet! It
was covered with a net, and ten flowers were fertilised
with pollen from the same plant; later in the season,
when uncovered, the flowers were freely visited by,
pollen-collecting bees; nevertheless, although many
capsules were produced, not one contained a single
seed. During the following year this same plant was

* Max Wichura, ‘Die Bastard- § See, for instanco, tho (B
befrucltung, &, der Weiden, lish Flora, by Si . Smi
1824, vol. i. p. 307.
+ {Meém. doPAcad. des Sciences | Sce (‘urln(1, Dasta
do Toulouse, 5 trie, tom, v., 28, gung;” 1845, p.
1 “Aunales des Se. Nat. 8
série, Bot. tom. xviil, p. 6.
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left uncovered near plants of V. thapsus and lychnitis ;
but again it did not produce a single seed. Four
flowers, however, which were repeatedly fertilised
with pollen of V. lychnitis, whilst the plant was tem-
porarily kept under a net, produced four capsules,
which contained five, one, two, and two seeds; at the
same time three flowers were fertilised with pollen of
V. thapsus, and these produced two, two, and three
seeds. o show how unproductive these seven capsules
were, T may state that a fine capsule from a plant of
V. thapsus growing close by contained above 700 seeds.
Theso facts led me to search the moderately-sized field
whence my plant had been removed, and I found in it
many plants of V. thapsus and lychnitis as well as
thirty-three plants intermediate in character between
these two species. These thirty-three plants differed
much from one another. In the branching of the stem
they more closely resembled V. lychnitis than V. thapsus,
‘but in height the latter species. In the shape of their
leaves they often closely approached V. lychnitds, but
. some had leaves extremely woolly on the upper surface
and decurrent like those of V. thapsus ; yet the degree
of woolliness and of decurrency did not always go
together. In the petals being flat and remaining
open, and in_ the manner in which the anthers of the
longer stamens were attached to the filaments, these
‘plants all took more after V. lychnitis than V. thapsus.
In the yellow colour of the corolla they all resembled
the latter species. On the whole, these plants appeared
take rather more after V. lychnitis than V. thapsus.
the supposition that they were hybrids, it is not an
anomalous circumstance that they should all have pro-
duced. yellow flowers ; for Garter crossed white and
d varieties of Ve and the off-
ing thus produced never bore flowers of an inter-
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mediate tint, but either pure white or pure yellow
flowers, generally of the latter colour.*

My observations were made in the autumn; so that
T was able to collect some half-matured capsules from
twenty of the thirty-three intermediate plants, and
likewise capsules of the pure V. lychnitis and thapsus
growing in the same field. All the latter were filled
with perfect but immature seeds, whilst the capsules of
the twenty intermediate plants did not contain one
single perfect sced. These plants, consequently, were
absolutely barren. From this fact,—from the one plant
which was transplanted into my garden yielding when
artificially fertilised with pollen from V. lychnitis and
thapsus some seeds, though extremely few in number,—
from the circumstance of the two pure species growing
in the same field,—and from the intermediate character
of the sterile plants, there can be no doubt that they
were hybrids. Judging from the position in which
they were chiefly found, T am inclined to believe they
were descended from V. thapsus as the seed-bearer, and
V. lyehnitis as the pollen-bearer. j

It is known that many species of Verbascum, when
the stem is jarred or struck by a stick, cast off their
flowerst This occurs with V. thapsus, as I have re-
peatedly observed. The corolla first separates from its.
attachment, and then the sepals spontaneously bend
inwards so as to clasp the ovarium, pushing off the
corolla by their movement, in the course of two or
three minutes. Nothing of this kind takes place with
young barely expanded flowers. With Verbasoum Iyeh-
nitis and, as I believe, V. phaniceum the corolla is not

* *Bastarderzougung,’ p. 307.  Smith,' vol. ii. p. 210. 1
+ This was firt obsorved by guided to theto seurences by i

gl
lora,’ lsm ey served this sume phenomenon wit
P BIL; obo Life of Sir 3. K. 7 virgatum.
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off, however often and severely the stem may be struck.
In this curious property the above-described hybrids
took after V. thapsus; for T observed, to my surprise, that
when I pulled off the flower-buds round the flowers
which I wished to mark with a thread, the slight jar
invariably caused the corollas to fall off.

These hybrids are interesting under several points of
view. First, from the number found in various parts
of the same moderately-sized field. That they owed their
origin to insects flying from flower to flower, whilst col-
lecting pollen, there can be no doubt. Although in-
sects thus rob the flowers of a most precious substance,
yet they do great good; for, as I have elsewhere
shown,® the seedlings of V. thapsus raised from flowers
fertilised with pollen from another plant, are more
vigorous than those raised from self-fertilised flowers.
But in this particular instance the insects did great
harm, as they led to the production of utterly barren
plants. Secondly, these hybrids are remarkable from
differing much from one another in many of their
charactors; for hybrids of the first gemeration, if
raised from uncultivated plants, are generally uni-
form in character. That these hybrids belonged to
the first generation we may safely conclude, from the
absolute sterility of all those observed by me in a state
of nature and of the one plant in my garden, excepting
when artificially and repeatedly fertilised with pure
pollen, and then the number of seeds produced was
extremely small. As theso hybrids varied so much, an
almost perfectly graduated series of forms,
together the two widely distinct parent-species, could
easily have been selected. This case, like that of
the common oxlip, shows that botanists ought to be

* The Effects of Cross and Self-fertili

tion, 1876, p. 89,
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cautious in inferring the specific identity of two forms
from the presence of intermediate gradations; nor
would it be easy in the many cases in which hybrids are
moderately fertile to detect a slight degree of sterility in
such plants growing in a state of nature and liable to be
fertilised by cither parent-species. Thirdly and lastly,
these hybrids offer an excellent illustration of a state-
ment made by that admirable observer Giirtner, namely,
that although plants which can be crossed with ease
generally produce fairly fertile offspring, yet well-
pronounced exceptions to this rule oceur; and here we
have two species of Verbascum which evidently cross
with the greatest ease, but produce hybrids which are
excessively sterile.
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CHAPTER IIL

HETEROSTYLED Drionemio PLANTS—continued.

Linum grandiforum, long-styled form utterly sterile with own-form
pollen—Linum  perenne, torsion of the pistils in the long-styled
form alone—Homostyled species of Linum—Pulmonaria officiualis,
singular difference in self-fertility between the English and German
Tong-styled plants—Pulmonaria angustifolia shown to be a distinct
specie, longstylod. form complelely el sieilo—Polygontm. fugo-

other heterostyled g Ry hell
repens, fertility of the flowers in pairs—Houstonia—Farames,
remarkable difference in the pollen-grains of the two forms ; tor-
sion of the stumens in the short-styled form alone; development
not as yet perfect—The heterostyled structure in the several
Rubiaceous genera not due to descent in common.

In has long been known* that several species of
Linum present two forms, and having observed this
fict in L. flavem more than thirty years ago, T was
led, after the nature of b ylism in
Primula, to examine the first species of Linum which
I met with, namely, the beautiful L. grandiflorum.
This plant exists under two forms, occurring in about
equal numbers, which differ little in structure, but
greatly in function. The foliage, corolla, stamens, and
pollen-grains (the latter examined both distended with
water and dry) are alike in the two forms (Fig. 4).
The difference is confined to the pistil; in the short-
styled form the styles and the stigmas are only about
half the length of those in the long-styled. A more

& Breviranus bos shown tht - original aper, “Bot. Zeitung!
is the ease in hisreview of my 1863, p.

G
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important_distinction is, that the five stigmas in the
short-styled form diverge greatly from one another,
and pass out between the filaments of the stamens,

Fig. 4.

Long-styled form.  Short-styled form.
88 stigmas,
LINUX GRANDIFLORDM,

and thus lie within the tube of the corolla. In the
Tong-styled form the elongated stigmas stand nearly
upright, and alternate with the anthers. In this latter
form the length of the stigmas varies considerably,
their upper extremities projecting even a little aboye
the anthers, or reaching up only to about their middle.
Nevertheless, there is never the slightest difficulty in.
distinguishing between the two forms ; for, besides the
difference in the divergence of the stigmas, those of
the short-styled form never reach even to the bases
of the anthers, In this form the papille on the stig-
matic surfaces are shorter, darker-coloured, and more

of the stigma, for in the varicties of the long-styl
form with shorter stigmas, the papille are more crowded.
and darker-coloured than in those with the lo
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stigmas. Considering the slight and variable differ-
ences between the two forms of this Linum, it is not
surprising that hitherto they have been overlooked.

Tn 1861 T had eleven plants in my garden, cight of
which were long-styled, and three short-styled. Two
very fine long-styled plants grew in a bed a hundred
yards off all the others, and separated from them by a
sereen of evergreens. I marked twelve flowers, and
placed on their stigmas a little pollen from the short-
styled plants. The pollen of the two forms is, as
stated, identical in appearance; the stigmas of the
long-styled flowers were already thickly covered with
their own pollen—so thickly that T could not find one
bare stigma, and it was late in the season, namely,
September 15th. Altogether, it seemed almost childish
to expect any result. Nevertheless from my experi-
ments on Primula, T had faith, and did not hesitate to
make the trial, but certainly did not anticipate the
Afull result which was obtained. - The germens of these
twelve flowers all swelled, and ultimately six fine cap-
sules (the seed of which germinated on the following
year) and two poor capsules were produced ; only four
‘capsules shanking off. These same two long-styled
plants produced, in the course of the summer, a
vast number of flowers, the stigmas of which were
eovered with their own pollen; but they all proved
lutely barren, and their germens did not even

Bt nine other plants, six long-styled and threc

one grew so close to a short-styled plant that
ir branches touched, and this produced twelve cap-

;, but they were poor ones. The case was different
G2
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with the short-styled plants. The one which grew
close to the long-styled plant produced ninety-four
imperfectly fertilised capsules containing a multitude
of bad seeds, with a moderate number of good ones.
The two other short-styled plants growing together
were small, being partly smothered by other plants;
they did not stand very close toany long-styled plants,
yet they yielded together nineteen capsules. These
facts seem to show that the short-styled plants are more.
fertile with their own pollen than are the long-styled,
and we shall immediately see that this probably is the
case.  But T suspect that the difference in fertility be-
tween the two forms was in this instance in part due to-
a distinct cause. I repeatedly watched the flowers, and
only once saw a humble-bee momentarily alight on
one, and then fly away. If bees had visited the several
plants, there cannot be a doubt that the four longs
styled plants, which did not produce a single capsule,
would have borne an abundance. But several times T
saw small diptera sucking the flowers; and these
insects, though not visiting the flowers with anything
like the regularity of bees, would carry a little pollen
from one form to the other, especially when growing
near together; and the stigmas of the short-styled
plants, diverging within the tube of the corolla, would
be more likely than the upright stigmas of the long-
styled plants, to receive a small quantity of pollen if
brought to them by small insects. Moreover from the
greater number of the long-styled than of the short-
styled plants in the garden, the latter would be more
likely to receive pollen from the long-styled, than the
long'styled from the short-styled.

Tn 1862 T raised thirty-four plants of this Linum in a
hot-bed ; and these consisted of seventeen long-styled
ind seventeen short-styled forms. Seed sown later in the
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f den yielded long-styled and twelve
short-styled forms. These facts justify the statement
that the two forms are produced in about equal num-
bers. The thirty-four plants of the first lot were kept
under a net which excluded all insects, except such
minute ones as Thrips. I fertilised fourteen long-styled
flowers legitimately with pollen from the short-styled,
and got eleven fine seed-capsules, which contained on
an average 8:6 seeds per capsule, but only 56 appeared
tobe good. It may be well to state that ten seeds is
the maximum production for a capsule, and that our
elimate cannot be very favourable to this North-African
plant. On three occasions the stigmas of nearly a
hundred flowers were fertilised illegitimately with their
own-form pollen, taken from separate plants, so as to
prevent any possible ill effects from close inter-hreed-
ing. Many other flowers were also produced, which, as
before stated, must have received plenty of their own
pollen; yet from all these flowers, borne by the seven-
teen long-styled plants, only three capsules were pro-
duced. One of these included no seed, and the other
two together gave only five good sceds. It is probable
that this miserable produet of two half-fertile capsules
from the seventeen plants, each of which must have
produced at least fifty or sixty flowers, resulted from
their fertilisation with pollen from the short-styled
plants by the aid of Thrips; for I made a great
mistake in keeping the two forms under the same net,
with their branches often interlocking ; and it is sur-
prising that a greater number of flowers were mot
accidentally fertilised.

Twelve short-styled flowers were in this instance
castrated, and afterwards fertilised legitimately with
pollen from the long-styled form; and they produced
seven fine capsules. These included on an average
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7+6 seeds, but of apparently good seed only 4°3 per
capsule. At three separate times nearly a hundred
flowers were fertilised illegitimately with their own-
form pollen, taken from separate plants; and nu-
merous other flowers were produced, many of which
must have received their own pollen. From all these
flowers on the seventeen short-styled plants only fifteen
capsules were produced, of which only eleven con-
tained any good seed, on an average 42 per capsule.
As remarked in the case of the long-styled plants,
some even of these capsules were perhaps the product
of a little pollen accidentally fallen from the adjoining
flowers of the other form on to the stigmas, or trans-
ported by Thrips. Nevertheless the short-styled plants
seem to be slightly more fertile with their own pollen
than the long-styled, in the proportion of fifteen cap-
sules to three; mor can this difference be accounted
for by the short-styled stigmas being more liable to
receive their own pollen than the long-styled, for the
reverse is the case. The greater self-fertility of the
short-styled flowers was likewise shown in 1861 by
the plants in my flower-garden, which were left to
themselves, and were but sparingly visited by insccts.

On account of the probability of some of the flowers
on the plants of both forms, which were covered under
the same met, having been legitimately fertilised in
an accidental manner, the relative fertility of the two.
legitimate and two illegitimate unions cannot be
compared with certainty ; but judging from the
number of good seeds per capsule, the difference was
at least in the ratio of 100 to 7, and probably much
greater.

Hildebrand tested my results, but only on a single
short-styled plant, by fertilising many flowers with
their own-form pollen ; and these did not produce any.
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sced. This confirms my suspicion that some of the
few capsules produced by the foregoing seventeen
short-styled plants were the product of accidental
legitimate fertilisation. Other flowers on the same
plant were fertilised by Hildebrand with pollen from
the long-styled form, and all produced fruit.*

The absolute sterility (judging from the experi-
ments of 1861) of the long-styled plants with their
own-form pollen led me to examine into its apparent
cause; and the results are so curious that they are
worth giving in detail. The experiments were tried
on plants grown in pots and brought successively
into the house.

First. Pollen from a short-styled plant was placed
on the five stigmas of a long-styled flower, and these,
after thirty hours, were found deeply penctrated by a

Ititude of pollen-tubes, far too to be
counted ; the stigmas had also become discoloured
and twisted. T repeated this experiment on another
flower, and in eighteen hours the stigmas were pene-
trated by a multitude of long pollen-tubes. This is
what might have been expected, as the union is a
legitimate one. The converse experiment was likewise
tried, and pollen from a long-styled flower was placed
on the stigmas of a short-styled flower, and in twenty-
four hours the stigmas were discoloured, twisted, and
penetrated by numerous pollen-tubes; and this, again,
is what might have been expected, as the union was
a legitimate one,

Secondly. Pollen from a long-styled flower was placed
on all five stigmas of a long-styled flower on a separate
plant : after nineteen hours the stigmas were dissected,
and only a single pollen-grain had emitted a tube,

* *Bot. Zeitung, Jan. 1, 1864, p. 2.
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and this was a very short one. To make sure that the
pollen was good, I took in this case, and in most of
the other cases, pollen either from the same anther or
from the same flower, and proved it to be good by
placing it on the stigma of a short-styled plant, anid
found numerous pollen-tubes emitted.

Thirdly. Repeated last experiment, and placed own-
form pollen on all five stigmas of a long-styled flower ;
after nineteen hours and a half, not one single grain
had emitted its tube.

Fourthly. Repeated the experiment, with the same
result after twenty-four hours.

Fifthly. Repeated last experiment, and, after leaving
pollen on for nineteen hours, put on an additional
quantity of own-form pollen on all five stigmas. After
an interval of three days, the stigmas were examined,
and, instead of being discoloured and twisted, they
were straight and fresh-coloured. Only one grain had
emitted a quite short tube, which was drawn out of
the stigmatic tissue without being ruptured.

The following experiments are more striking :—

Siathly. T placed own-form pollen on three of the
stigmas of a long-styled flower, and pollen from a
short-styled flower on the other two stigmas. After
twenty-two hours these two stigmas were discolonred,
slightly twisted, and penetrated by the tubes of mu-
merous pollen-grains: the other three stigmas, covered
with their own-form pollen, were fresh, and all the
pollen-grains were loose; but I did not dissect the
whole stigma.

Seventhly. Experiment repeated in the same manner,
with the same result,

Highthly. Experiment repeated, but the stigmas were
carefully examined after an interval of only five hours
and a half. The two stigmas with pollen from a
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short-styled flower were penetrated by innumerable
tubes, which were as yet short, and the stigmas them-
selves were not at all discoloured. The three stigmas
covered with their own-form pollen were not peme-
trated by a single pollen-tube.

Ninthly. Put pollen of a shortstyled flower on a
single long-styled stigma, and own-form pollen on the
other four stigmas; after twenty-four hours the one
stigma was somewhat discoloured and twisted, and
penetrated by many long tubes : the other four stigmas
were quite straight and fresh ; but on dissecting them
I found that three pollen-grains had protruded very
short tubes into the tissue.

Tenthly. Repeated the experiment, with the same
result after twenty-four hours, excepting that only two
own-form grains had penetrated the stigmatic tissue
with their tubes to a very short depth. The one
stigma, which was deeply penetrated by a multitude
of tubes from the short-styled pollen, presented a
consplcumls dlﬂ'erence in bﬂng much curled, half-

lled, and di with the
other four straight and bright pink stigmas.

I could add other experiments; but those now
given amply suffice to show that the pollen-grains of
a short-styled flower placed on the stigma of a long-
styled flower emit a multitude of tubes after an in-
terval of from five to six hours, and penetrate the
tissue ultimately to a great depth; and that after
twenty-four hours the stigmas thus penetrated change
colour, become twisted, and appear half-withered. On
the other hand, pollen-grains from a long-styled flower
placed on its own stigmas, do not emit their tubes
after an interval of a day, or even three days; or at
most only three or four grains out of a multitude emit
their tubes, and these apparently never penetrate the
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stigmatic tissue deeply, and the stigmas themselves
do not soon become discoloured and twisted.

This seems to me a remarkable physiological fact.
The pollen-grains of the two forms are undistinguish-
able under the microscope; the stigmas differ only in
length, degree of divergence, and in the size, shade of
colour, and approximation of their papille, these latter
differences being variable and apparently due merely
to the degree of elongation of the stigma. Yet we
plainly see that the two kinds of pollen and the two
stigmas are widely dissimilar in their mutual reaction
— the stigmas of each form being almost powerless on
their own pollen, but causing, through some myste-
rious influence, apparently by simple contact (for T
could detect no viscid secretion), the pollen-grains of
the opposite form to protrude their tubes. It may be
said that the two pollens and the two stigmas mutually
recognise each other by some means. Taking fertility
as the criterion of distinetness, it is no exaggeration to
say that the pollen of the long-styled Linum grandi-
florum (and conversely that of the other form) has been
brought to a degree of differentiation, with respect to
its action on the stigma of the same form, correspond-
ing with that existing between the pollen and stigma
of species belonging to distinet genera.

Linuan perenne—This species is conspicuously hetero-
styled, as has been noticed by several authors. The
pistil in the long-styled form is nearly twice as long as
that of the short-styled. In the latter the stigmas are
smaller and, diverging to a greater degree, pass out
low down between the filaments. T could detect no
difference in the two forms in the size of the stigmatie
papille. In the long-styled form alone the stigmatic
surfaces of the mature pistils twist round, so as to face
the circumference of the flower; but to this point I
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shall presently return. Differently from what oceurs in
L. grandiflorum, the long-styled flowers have stamens
hardly more than half the length of those in the short-
styled. The size of the pollen-grains is rather variable ;
after some doubt, I have come to the conclusion that
there is no uniform difference between the grains in
the two forms. The long stamens in the short-styled
form project to some height above the corolla, and
their filaments are coloured blue apparently from ex-
posure to the light. The anthers of the longer stamens
correspond in height with the lower part of the stigmas
of the long-styled flowers; and the anthers of the
shorter stamens of the latter correspond in the same
manner in height with the stigmas of the short-styled
flowers.

1 muised from séod twenty-six plants, of which elve
proved to be long-styled and fourteen sh
They flowered well, but were not large plants. As 1
did not expect them to flower so soon, I did not trans-
plant them, and they unfortunately grew with their
branches closely interlocked. Al the plants were
covered under the same mnet, excepting one of each
form.  Of the flowers on the long-styled plants, twelve
were illegitimately fertilised with their own-form pol-
len, taken in every case from a separate plant ; and not
one set a seed-capsule : twelve other flowers were legi-
timately fertilised with pollen from short-styled flowers ;
and they sot nine capsules, each including on an
average 7 good seeds, ten being the maximum number
ever produced. Of the flowers on the short-styled
plants, twelve were illegitimately fertilised with own-
form pollen, and_they yiclded one capsule, including
only 3 good sceds ; twelve other flowers were legiti.
mately fertilised with pollen from long-styled flowers,
and these produced nine capsules, but one was bad 3
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the eight good capsules contained on an average 8
good seeds each. Judging from the number of seeds
per capsule, the fertility of the two legitimate to that
of the two illegitimate unions is as 100 to 20.

The numerous flowers on the eleven long-styled
plants under the net, which were not fertilised, produced
only three capsules, including 8, 4, and 1 good seeds.
Whether these three capsules were the product of acci-
dental legitimate fertilisation, owing to the branches
of the plants of the two forms interlocking, I will not
pretend to decide. The single long-styled plant which
was left uncovered, and grew close by the uncovered
short-styled plant, produced five good pods; but it
was a poor and small plant.

The flowers borne on the thirteen short-styled plants
under the net, which were not fertilised, produced
twelve capsules, containing on an average 56 seeds,
As some of these capsules were very fine, and as five
were borne on one twig, I suspect that some minute
insect had accidentally got under the net and had
brought pollen from the other form to the flowers
which produced this little group of capsules, The one
uncovered short-styled plant which grew close to the
uncovered long-styled plant yielded twelve capsules.

From these facts we have some reason to believe, as
in the case of L. grandifiorum, that the short-styled
plants are in a slight degree more fertile with their
own pollen than are the long-styled plants. Anyhow
we have the clearest evidence, that the stigmas of each
form require for full fertility that pollen from the sta-
mens of corresponding height belonging to the opposite
form should be brought to them.

Hildebrand, in the paper lately referred to, confirms
my results. He placed a short-styled plant in his
house, and fertilised about 20 flowers with their own
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pollen, and about 80 with pollen from another plant
belonging to the same form, and these 50 flowers did
not set a single capsule.  On the other hand he ferti-
lised about 80 flowers with pollen from the long-styled
form, and these, with the exception of two, yielded
capsules, containing good seeds,

Tt is a singular fact, in contrast with what occurred
in the case of L. grandiflorum, that the pollen-grains of
both forms of L. perenne, when placed on their own-
form stigmas, emitted their tubes, though this action
did not lead to the production of seeds. After an
interval of eighteen hours, the tubes penetrated the
stigmatic tissue, but to what depth T did not ascertain,
In this case the impotence of the pollen-grains on their
own stigmas must have been due either to the tubes
not reaching the ovules, or to their not acting pro-
perly after reaching them.

"he plants both of L. perenne and grandifiorum grew,
as already stated, with their branches interlocked, and
with scores of flowers of the two forms close together;
they were covered by a rather coarse net, through which
the wind, when high, passed ; and such minute insects
as Thrips could not, of course, be excluded ; yet we have
seen that the utmost possible amount of accidental fer-
tilisation on seventeen long-styled plants in the one
case, and on eleven long-styled plants in the other,
resulted in the production, in each case, of three
poor capsules; so that when the proper insects are
excluded, the wind does hardly anything in the way of
carrying pollen from plant to plant. 1 allude to this
fact because botanists, in speaking of the fertilisation
of various flowers, often refer to the wind or to insects
as if the alternative were indifferent. This view, ac-
cording to my experience, is entirely erroneous. When
the wind is the agent in carrying pollen, either from
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one sex to the other, or from hermaphrodite to herma-
phrodite, we can recognise structure as manifestly ad-
apted to its action as to that of insects when these are
the carriers. We see adaptation to the wind in the in-
coherence of the pollen,—in the inordinate quantity
produced (as in the Coniferwe, Spinage, &c.),—in the
dangling anthers well fitted to shake out the pollen,—
in the absence or small size of the perianth,—in the
protrusion of the stigmas at the period of fertilisation,
—in the flowers being produced before they are hidden
by the leaves,—and in the stigmas being downy or
plumose (as in the Graminew, Docks, &c.), so as to
secure the chance-blown grains. In plants which are
fertilised by the wind, the flowers do not secrete nectar,
their pollen is too incoherent to be easily collected by
insects, they have not bright-coloured corollas to serve
as guides, and they are not, as far as I have seen,
visited by insects. When insects are the agents of fer-
tilisation’ (and this is incomparably the more frequent
case with hermaphrodite plants), the wind plays no
part, but we see an endless number of adaptations to
ensure the safe transport of the pollen by the living
workers. These adaptations are most easily recognised
in irregular flowers; but they are present in regular
flowers, of which those of Linum offer a good instance,
as T will now endeavour to show.

I have already alluded to the rotation of each sepa-
rate stigma in the long-styled form of Linum perenne,
In both forms of the other heterostyled species and in
the homostyled species of Linum which I have seen,
the stigmatic surfaces face the centre of the flower,
with the furrowed backs of the stigmas, to which the
styles are attached, facing outwards. This is the case
with the stigmas of the long-styled flowers of L.
perenne whilst in bud. But by the time the flowers
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have expanded, the five stigmas twist round so as to
faco the circumference, owing to the torsion of that
part of the style which lies beneath the stigma. I
should state that the five stigmas do not always turn
round completely, two or three sometimes facing
only obliquely outwards. My observations were made
during October; and it is not improbable that earlier
in the season the torsion would have been more com-
plete; for after two or three cold and wet days the
movement was very imperfectly performed. The
flowers should be examined shortly after their ex-
pansion, as their duration is brief; as soon as they
begin to wither, the styles become spirally twisted
all together, the original position of the parts being
thus lost.

He who will compare the structure of the whole
flower in both forms of L. perenne and grandifiorum,
and, as I may add, of L. flavum, will not doubt about
the meaning of this torsion of the styles in the one
form alone of L. perenne, as well as the meaning of
the divergence of the stigmas in the short-styled
form of all three species. It is absolutely necessary
as we know, that insects should carry pollen from
the flowers of the one form reciprocally to those of
the other. Insects are attracted by five drops of
nectar, secreted exteriorly at the base of the stamens,
s0 that to reach these drops they must insert their
proboscides outside the ring of broad filaments, be-
tween them and the petals. In the short-styled form
of the ahove three species, the stigmas face the axis of
the flower; and had the styles retained their original
upright and central position, not only would the stig-
mas have presented their backs to the insects which
sucked the flowers, but their front and fertile surfaces
would have been separated from the entering inseots
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by the ring of broad filuments, and would never have
recoived any pollen. As it is, the styles diverge
and pass out between the filaments, After this move-
ment the short stigmas lie within the tube of the
corolla ; and their papillous surfaces being now turned
upwards are necessarily brushed by every entering
insect, and thus receive the required pollen.

In the long-styled form of L. grandiflorum, the
almost parallel or slightly diverging anthers and
stigmas project a little above the tube of the somewhat
concave flower; and they stand directly over the open
space leading to the drops of nectar. Consequently
when insects visit the flowers of either form (for the
stamens in this species occupy the same position in
both forms), they will get their foreheads or proboscides
well dusted with the coherent pollen.. As soon as they
visit the flowers of the long-styled form they will
necessarily leave pollen on the proper surface of the
elongated stigmas; and when they visit the short-
styled flowers, they will leave pollen on the upturned
stigmatic surfaces. Thus the stigmas of both forms
will receive indifferently the pollen of both forms;
but we know that the pollen alone of the opposite form
causes fertilisation.

In the case of L. perenne, affuirs are arranged more
perfectly ; for the stamens in the two forms stand at
different heights, so that pollen from the anthers of
the longer stamens will adhere to one part of an
insect’s body, and will afterwards be brushed off by
the rough sfigmas of the longer pistils ; whilst pollen
from the anthers of the shorter stamens will adhere to
a different part of the insect’s body, and will afterwards
be brushed off by the stigmas of the shorter pistils;
and this is what is required for the logitimate fertilisa-
tion of both forms. The corolla of L. perenne is more
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expanded than that of L. grandiflorum, and the stigmas
of the long-styled form do not diverge greatly from
one another; nor do the stamens of either form.
Hence inseots, especially rather small ones, will not
insert their proboscides” between the stigmas of the
long-styled form, nor between the anthers of either
form (Fig. 5), but will strike against them, at nearly
tight angles, with the backs of their head or thorax.
~ Now, in the long-styled flowers, if cach stigma did

Long-styled form of L. PERENNE, var. Austriacum in its early condition
 before the stigmas have rotated. The petals and calyx have been
removed on the near side.*
ot totate on ifs axis, insects in visiting them would
ike their heads against the backs of the stigmas ; as
is, they strike against that surface which is covered

* I neglected to get drawings from published engravings. His
0 freeh lowersof thotao. Wl Maown sl e Saourioy
But Mr. Fith has made in the proportional size of the
above sketch of o long-styled parts.
from. dried specimens and
H
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with papille, with their heads already charged with
pollen from the stamens of corresponding height
bome by the flowers of the other form, and legitimate
fertilisation is thus ensured.

Thus we can understand the meaning of the torsion
of the styles in the long-styled flowers alone, as well
as their divergence in the short-styled flowers.

One other point is worth notice. In botanical works
many flowers are said to be fertilised in the bud. This
statement generally rests, as far as I can discover, on
the anthers opening in the bud; no evidence being
adduced that the stigma is at this period mature, or
that it is not subsequently acted on by pollen brought
from other flowers. In the case of Cephalanthera
grandiflora I haye shown® that precocious and partial
self-fertilisation, with subsequent full fertilisation, is
the regular course of events. The belief that the
flowers of many plants are fertilised in the bud, that
is, are perpetually self-fertilised, is a most effectual bar
to understanding their real structure. I am, however,
far from wishing to assert that some flowers, during
certain seasons, are mot fertilised in the bud; for I
have reason to believe that this is the case. A good
observer, resting his belief on the usual kind of
evidence, states that in Linum Austriacum (which is
heterostyled, and is considered by Planchon as a variety
of L. perenne) the anthers open the evening before
the expansion of the flowers, and that the stigmas are
then almost always fertilised. Now we know positively
that, so far from Linum perenne being fertilised by its
own pollen in the bud, its own pollen is as powerless
on the stigma as so much inorganic dust.

Linum flavum—The pistil of the long-styled form

S Fortlintion of Orhids! 1 ¢Eudes aur Ia Géogr, Bl
p. 108.—20d edit. 1877, p. 84. = H. Lecog, 1856, tom. v. p. 825.
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of this species is nearly twice as long as that of
the short-styled; the stigmas are longer and the
papillee coarser. In the short-styled form the stigmas
diverge and pass out between the filaments, as in the
previous species. The stamens in the two forms differ
in length; and, what is singular, the anthers of the
longer stamens are not so long as those of the other
form ; 80 that in the short-styled form both the stigmas
and the anthers are shorter than in the long-styled
form. The pollen-grains of the two forms do not differ
in size. As this species is propagated by cuttings,
generally all the plants in the same garden belong to
the same form. T have inquired, but have never heard
of its seeding in this country. Certainly my own plants
never produced a single seed as long as I possessed
only one of the two forms. After considerable search
T procured both forms, but from want of time only a few
experiments were made. Two plants of the two forms
were planted some way apart in my garden, and were
not covered by nets. Three flowers on the long-styled
plant were legitimately fertilised with pollen from the
short-styled plant, and one of them set a fine capsule.
No other capsules were produced by this plant. Three
flowers on the short:styled plant were legitimately
fertilised with pollen from the long-styled, and ail
three produced capsules, containing respectively no
less than 8, 9, and 10 seeds. Threo other flowers on
this plant, which had not been artificially fertilised,
produced capsules containing 5, 1, and 5 seeds; and
it is quite possible that pollen may have been
brought to them by insects from the long-styled plant

ing in the same garden. Nevertheless, as they

ith the other flowers on the same plant which had
artificially and legitimately fertilised, and as the
H2
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short-styled plants of the two previous species appa<
rently evince some slight capacity for fertilisation with
their own-form pollen, these three capsules may have
been the product of self-fertilisation.

Besides the threo species now deseribed, the yellow-
flowered L. eorymbiferum is certainly heterostyled,
us is, according to Planchon,* L. salsoloides. This
botanist is the only one who seems to have inferred
that heterostylism might have some important fune-
tional bearing. Dr. Alefeld, who has made a special
study of the genus, sayst that about half of the sixty=
five species known to him are heterostyled. This is
the case with L. trigynum, which differs so much from:
the other species that it has been formed by him into
a distinet genust According to the same author,
none of the species which inhabit America and the
Cape of Good Hope are heterostyled.

T have examined only three homostyled species;
namely, L. usitatissimum, angustifolium, and catharti-
cum. 1 raised 111 plants of a variety of the first-named
species, and these, when protected under a net, all
produced plenty of seed. The flowers, according to
H. Miller§ are frequented by bees and moths.  With
respeet to L. cathartioum, the same author shows that
the flowers are so constructed that they can freely
fertilise themselves; but if visited by insects they.
might be cross-fertilised. He has, however, only once
seen the flowers thus visited during the day; but i

'H'ooker‘i‘lnndunjenm&l of  Journal of Botany, 1848,
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may be suspected that they are frequented during
the night by small moths for the sake of the ﬁ\e
minute drops of nectar secreted. Lastly, L. Lewisi
is said by Planchon to bear on the same plant flowers
with stamens and pistils of the same height, and
others with the pistils either longer or shorter than
the stamens. This case formerly appeared to me an
extraordinary one; but I am now inclined to believe
that it is on¢ merely of great variability.*

PuraoNariA (BORAGINEE).

Pulmonaria_ officinalis.—Hildebrand has published t
a full account of this heterostyled plant. The pistil
of the long-styled form is twice as long as that of the
short-styled ; and the stamens differ in a corresponding,
though converse, manner. There is no marked dif-
ference in the shape or state of surface of the stigma
in the two forms. The pollen-grains of the short-
styled form are to those of the long-styled as 9 to 7,
oras 100 to 78, in length, and as 7 to 6 in breadth.
They do not differ in the appearance of their contents.
The corolla of the one form differs in shape from that
of the other in nearly the same manner as in Primula;
but besides this difference the flowers of the short-
styled are generally the larger of the two. Hilde-
brand collected on the Siebengebirge, ten wild long:
yled and ten short-styled plants. The former bore
289 flowers, of which 186 (i.e. 64 per cent.) had set
it, yielding 188 seed per fruit. The ten short=
ed “plants bore 373 Homers, of which 262 (e

3

Planchion, in Hooker's Lon-  of Seince.” vol. xcsvl Sept 1805
Journal of Botany,’ 184; JoL P2

p. 175, See on this subj < Bot, Zeitung,' 1865, Jun. 13,
Gray, in * American Tl p3s.
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70 per cent.) had set fruit, yielding 1-86 seed per
fruit. o that the short-styled plants produced many
more flowers, and these set a rather larger proportion
of fruit, but the fruits themselves yielded a slightly
lower average number of seeds than did the long-
styled plants. The results of Hildebrand’s experiments
on the fertility of the two forms are given in the fol-
lowing table :—

Tapre 19.
Pulmonaria «ficinalis ( from Hildebrand).

Number | uper | Averee
Nature of Union. F1C e | of Fruia | Nomber
| sevineen, | produced. | ot Sestt |
L i il of e
Long- s!yled ﬂnwus, 14 by own-pollen, |
and 16 other plat o same | 30 0 0
B’ icohirses e
Short-styled flowers, by pollen o Log-
styled. Legitimate union 160 i S
Shartyled fowers, 11 by own uﬂ. ]
& by pollen of e plat o Fume| 25 ) 0
il e |

In the summer of 1864, before I had heard of Hilde-
brand’s experiments, I noticed some long-styled plants

of which contained 2, and one contained even 3
Theso seeds were sown in my garden and el
seedlings thus raised, all of which proved long-sty!
in accordance with the usual rule in such cases.
years afterwards the plants were left uncovered,
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other plant of the ssme genus growing in my garden,
and the flowers were visited by many bees. They set
an abundance of seeds: for instance, I gathered from a
single plant rather less than half of the seeds which it
had produced, and they numbered 47. Therefore this
illegitimately fertilised plant must have produced about
100 seeds ; that is, thrice as many as one of the wild
long-styled plants collected on the Siebengebirge by
Hildebrand, and which, no doubt, had been legitimately
fertilised. In the following year one of my plants
was covered by a net, and even under these un-
favourable conditions it produced spontaneously a
few seeds. It should be observed that as the flowers
stand either almost horizontally or hang considerably
downwards, pollen from the short stamens would be
likely to fall on the stigma. We thus see that the
English long-styled plants when illegitimately ferti-
lised were highly fertile, whilst the German plants
similarly treated by Hildebrand were completely
sterile. ~ How to account for this wide discordance in
our results I know mnot. Hildebrand cultivated his
plants in pots and kept them for a time in the house,
whilst mine were grown out of doors; and he thinks
that this difference of treatment may have caused
the difference in our results. But this does not appear
to me nearly a sufficient cause, although his plants
were slightly less productive than the wild ones growing
on the Sichengebirge. My plants exhibited no ten-
dency to become equal-styled, so as to lose their proper
long:styled character, as not. rarely happens under

with several 1 1 species of Pri-
mula; but it would appear that they had been greatly
affected in function, either by long-continued cultiva-
tion or by some other cause. We shall see in a
future chapter that heterostyled plants illegitimately
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fertilised during soveral successive generations some-
times become more self-fertile; and this may have
been the case with my stock of the present species
of Pulmonaria; but in this case we must assume
that the long-styled plants were at first sufficiently
fextile to yield some seed, instead of being absolutely
self-sterilé like the German plants,

Pulmonaria. angustifolia.—Seedlings of this plant,
maised from plants growing wild in the Isle of Wight,
were named for me by Dr. Hooker. Tt is so closely
allied to the last specics, differing chiefly in the shape
and spotting of the leaves, that the two have been con-
sidered by several eminent botanists—for. instance,
Bentham—as mere varietics. But,as we shall presently
see, good evidence can be assigned for ranking them
as distinet.  Owing to the doubts on this head, I tried
whether the two would mutually fertilise one another.
Twelye short-styled flowers of P. angustifolia were
legitimately ferfilised with pollen from long-styled
plants of P. oficinalis (which, as we have just seen, are
moderately self-fertile), but they did not produce a
single fruit. ~ Thirty-six long-styled flowers of P.
angustifolia. were also illegitimately fertilised during
two seasons with pollen from the long-styled P
oficinalis, but all these flowers dropped off wnime
pregnated. Had the plants been mere varieties of
the same species these illegitimate crosses would
probably have yiclded some seeds, judging from my
success in_ illegitimatel ilising the long-styled
flowers of P. oficinalis ; and the twelve legitimate
crosses, instead of yielding no fruit, would almost
certainly have yielded a considerable number, namely,
about nine, judging from the results given in the fol-
lowing table (20). ~Therefore P. ofiicinalis and angusti-
folia appear to be good and distinet species, in
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with other i fonal di
between them, immediately to be described.

The long-styled and short-styled flowers of P. angus-
tifolia.differ from one another in structure in nearly
the same manner as those of P. oficinalis. But in the
accompanying figure a slight bulging of the corolla

Long-styled form. Short-styled form,

PULMONARIA ANGUSTIFOLIA.

in the long-styled form, where the anthers are seated,
has been overlooked. My son William, who examined
a large number of wild plants in the Isle of Wight,
observed that the corolla, though variable in size, was
generally larger in the long-styled flowers than in the
 short-styled; and certainly the largest corollas of all
were found on the long-styled plants, and the smallest
on the short-styled. Exactly the reverse oceurs, ac-
cording to Hildebrand, with P. officinalis. Both the
pistils and stamens of P. angustifolia vary much in
length ; so that in the short-styled form the distance
between the stigma and the anthers varied from 119
o 65 divisions of the micrometer, and in the long-
led from 115 to 112. From an average of seven
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measurements of each form the distance between these
organs in the long-styled is to the same distance in
the short-styled form as 100 to 69; so that the stigma
in the one form does not stand on a level with the
anthers in the other. The long-styled pistil is some-
times thrice as long as that of the short-styled ; but
from an average of ten measurements of both, its
length to that of the short-styled was as 100 to 56.
Tho stigma varies in being more or less, though
slightly, lobed. The anthers also vary much in
length in both forms, but in a greater degree in the
long-styled than in the short-styled form ; many in
the former being from 80 to 63, and in the latter
from 80 to 70 divisions of the micrometer in length.
From an average of seven measurements, the short-
styled anthers were to those from the long-styled as
100 to 91 in length, Lastly, the pollen-grains from
the long-styled flowers varied between 13 and 115
sions of the micrometer, and those from the short-
styled between 15 and 13. The average diameter of
25 grains from the latter, or short-styled form, was
to that of 20 grains from the long-styled as 100 to
91. We see, therefore, that the pollen-grains from
the smaller anthers of the shorter stamens in the long=
styled form are, as usual, of smaller size than those
in the other form. But what is remarkable, a larger
proportion of the grains were small, shrivelled, and
worthless. This could be seen by merely comparing
the contents of the anthers from several distinet plants
of each form. But in one instance my son found, by
counting, that out of 193 grains from a long-styled
flower, 53 were bad, or 27 per cent.; whilst out of
265 grains from a short-styled flower only 18 were
bad, or 7 per cent. From the condition of the pollen
in the long-styled form, and from the extreme varia=
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bility of all the organs in both forms, we may perhaps
suspect that the plant is undergoing a change, and
tending to become dicecious.

My son collected in the Tsle of Wight on two ocea-
sions 202 plants, of which 125 were long-styled and
77 short-styled ; so that the former were the more
numerous. On the other hand, out of 18 plants raised
by me from sced, only 4 were long-styled and 14
short-styled. The short-styled plants scemed to my
son to produce a greater number of flowers than the
long-styled ; and he came to this conclusion before a
similar statement had been published by Hildebrand
with respect to P. oficinalis. My son gathered ten
branches from ten different plants of both forms, and
found the number of flowers of the two forms to be as
100 to 89, 190 being short-styled and 169 long-styled.
With P. officinalis the difference, according to Hilde-
brand, is even greater, namely, as 100 flowers for the
short-styled to 77 for the long-styled plants. The
following table shows the results of my experi-
ments :—

Tapze 20.

Pulmonaria angustiflia.

Number | Number | Average
of | Number of
Sioewe | iels

‘Nature of the Union. E
| fertlised. | produced. | per Frait.

h:ngldL e 7 s St } % AEN e

Mm;;{‘l':{l Jfewers, by own-form pnll!n} = . } i

s l.'.{,.f:““ oflmg} 15 | 15 | 2w
ekt IR I R
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We see in this table that the fertility of the two
legitimate unions to that of the two illegitimate
together is as 100 to 83, judged by the proportion of
flowers which produced fruit ; and as 100 to 32, judged
by the average number of seeds per fruit. But the
small number of fruit yielded by the 18 long-styled
flowers in the first line’ was probably accidenal, and
if' so, the di in the iti 1
and illegitimately fertilised flowers which yield fruit is
really greater than that represented by the matio of
100 to 35. The 18 long-styled flowers illegitimately
fertilised yielded no seeds,—not even a vestige of one.
Two long-styled plants which were placed under a net
produced 138 flowers, besides those which were arti-
ficially fertilised, and none of these set any fruit ; nor
did some plants of the same form which were pro-
tected during the next summer. Two other long-
styled plants were left uncovered (all the short-styled
plants having been previously covered up), and
humble-bees, which had their foreheads white with
pollen, incessantly visited the flowers, so that their
stigmas must have received an abundance of pollen,
yet these flowers did not produce a single fruit. We
may therefore conclude that the long-styled plants
are absolutely barren with their own-form pollen,
though brought from a distinct plant. In this re-
spect they differ greatly from the long-styled English
plants of P. oficinalis which were found by me to
be moderately self-fertile; but they agree in their
behaviour with the German plants of P. oficinalis
experimented on by Hildebrand.

Eighteen short-styled flowers legitimately fertilised
yielded, as may be seen in Table 20, 15 fruits, each
having on an average 2°6 seeds. Four of these fruits
contained the highest possible number of seeds, namely
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4, and four other fruits contained each 3 seeds. The
12 illegitimately fertilised short-styled flowers yielded
7 fruits, including on an average 1-86 seed; and one
of these fruits contained the maximum number of
4 seeds. This result is very surprising in contrast
with the absolute barrenness of the long-styled flowers
when illegitimately fertilised ; and T was thus led to
attend carefully to the degree of self-fertility of the
short-styled plants. A plant belonging to this form and
covered by a net bore 28 flowers besides those which
had been artificially fertilised, and of all these only
two produced a fruit cach including a single seed. This
high degree of self-sterility no doubt depended merely
on the stigmas not receiving any pollen, or not a suffi-
cient quantity. For after carefully covering all the
long-styled plants in my garden, several short-styled
plants were left exposed to the visits of humble-bees,
and their stigmas will thus have received plenty of
short-styled pollen; and now about half the flowers,
thus illegitimately fertilised, set fruit. I judge of this
proportion partly from estimation and “partly from
having examined three large branches, which had borne
31 flowers, and these produced 16 fruits. Of the fruits
produced 233 were collected (many being left un-
gathered), and these included on an average 1-82
seed. No less than 16 out of the 233 fruits included
the highest possible number of seeds, namely 4, and
3Lincluded 3 seeds. So we see how highly fertile
these short-styled plants were when illegitimately fer-
tilised with their own-form pollen by the aid of bees.

_ The great difference in the fertility of the long and
short-styled flowers, when both are illegitimately fer-
tilised, is a unique case, as far as I have observed with
heterostyled plants. The long-styled flowers when thus
fertilised are utterly barren, whilst about half of the
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short-styled ones produce capsules, and these include
little above two-thirds of the number of seeds yielded
by them when legitimately fertilised. The sterility of
the illegitimately fertilised long-styled flowers is prob-
ably increased by the deteriorated condition of their
pollen ; nevertheless this pollen was highly efficient
when applied to the stigmas of the short-styled flowers,
With several species of Primula the short-styled
flowors are much more sterile than the long-styled,
when both are illegitimately fertilised ; and it is a
tempting view, as formerly remarked, that this greater
sterility of the short-styled flowers is a special adapta-
tion to check self-fertilisation, as their stigmas are
eminently liable to receive their own pollen. This view
is even still more tempting in the case of the long-
styled form of Linum grandiforum. On the other
hand, with Pulmonaria anqustifolia, it is evident, from
the corolla projecting obliquely upwards, that pollen
is much more likely to fall on, or to be carried by
insects down to the stigma of the short-styled than of
the long-styled flowers; yet the short-styled instead
of being more sterile, as a protection against self-ferti-
lisation, are far more fertile than the long-styled,
when both are illegitimately fertilised.

azurea, g to Hildebrand, is not

heterostyled.*

From an examination of dried flowers of dmsinckia spectabilis,
sent me by Prof. Asa Gray, I formerly thought that this plant,
a member of the Boraginem, was heterostyled. The pistil
varies to an_extraordinary degree in length, being in some
specimens twice as long as in others, and the point of insertion
of the stamens likewise varies. But on raising many plants
from seed, T soon became convinced that the whole case was
one of mere variability. Tho first-formed flowers aro apt to

+ *Die Goschlechter-Verthellung bel den Plavzen 180, p. 37
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have stamens somewhat arrested in development, with very
little pollen in their anthers; and in such flowers the stigma
Projects above the anthers, whilst generally it stands below and
sometimes on a level with them. I could detect no difference
in the size of the pollen-grain or in the structure of the stigma
in the plants which differed most in the above respects; and all
of them, when protected from the access of insects, yielded
plenty of seeds. ~ Again, from statements made by Vaucher, and
from a hasty inspection, T thought at first that the allied
Anclusa arvensis and Eehium vulgase were heterostyled, but soon
saw my error. From information given me, I examined dried
flowers of another member of the Boraginet, A-nebia hispidis-
sima, collected from several sites, and though the corolla, to-
gether with the included organs, differed much in length, thero
was 10 sign of heterostylism.

PoLYGONUM FAGOPYRUM (POLYGONACEZ).

Hildebrand has shown that this plant, the common
Buck-wheat, is heterostyled.* In the long-styled form
(Fig. 7), the three stigmas project considerably above
the eight short stamens, and stand on a level with the
anthers of the eight long stamens in the short-styled
form; and so it is conversely with the stigmas and
stamens of this latter form. T could perceive no differ-
ence in the structure of the stigmas in the two forms.
The pollen-grains of the short-styled form are to those
of the long-styled as 100 to 82 in diameter. This plant
is therefore without doubt heterostyled.

T experimented only in an imperfect manner on
the relative fertility of the two forms. Short-styled
flowers wero dragged several times over two heads
of flowers on long-styled plants, protected under a net,
which were thus legitimately, though not fully, ferti-
lised. They produced 22 seeds, or 11 per flower-head.

Three flower-heads on long-styled plants received
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pollen in the same manner from other long-styled
plants, and were thus illegitimately fertilised. They
produced 14 seeds, or only 466 per flower-head.

Two flower-heads on short-styled plants received
pollen in like manner from long-styled flowers, and
were thus legitimately fertilised. They produced §
seeds, or 4 per flower-ead.

Upper figure, the long-styled form ; lower figure, the short-styled.
ome of the anthers have dehisced, others have not.

POLYGONUM ¥AGOPYRUM. (From H. Muller))

Four heads on short-styled plants similarly received
pollen from other short-styled plants, and were thus
illegitimately fertilised. They produced 9 seeds, or
2:25 per flower-head.

The results from fertilising the flower-heads in the
above imperfect manner cannot be fully trusted ; but
T may state that the four legitimately fertilised flower-
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heads yielded on an average 7+50 seeds per head ;
whereas the seven illegitimately fertilised heads
yielded less than half the number, or on an average
only 3-28 seeds. The legitimately crossed seeds from
the’ long-styled flowers were finer than those from the
illegitimately fertilised flowers on the same plants, in
the ratio of 100 to 82, as shown by the weights of an
equal number.

About a dozen plants, including both forms, were
protected under nets, and early in the season they pro-
duced spontaneously hardly any seeds, though at this
period the artificially fertilised flowers produced an
abundance; but it is a remarkable fact that later in
the season, during September, both forms became
highly self-fertile. They did not, however, produce
50 many seeds as some neighbouring uncovered plants
which were visited by insects. Therefore the flowers
of neither form when left to fertilise themselves late
in the season without the aid of insects, are nearly so
sterile as most other heterostyled plants. A large
number of insects, namely 41 kinds as observed by H.
Miller,” visit the flowers for the suke of the eight
drops of nectar. He infers from the structure of the
flowers that inseets would be apt to fertlise them both

as well as 1 Iy; but he is mis-
taken in supposing that the long-syled flowers cannot
spontaneously fertilise themselves.

Differently to what occurs in the other genera
hitherto noticed, Polygonum, though a very large
genus, contains, as far as is at present known, only a
single heterostyled species, namely the present one.
H. Miller in his interesting description of several

* ¢ Dic Befruchtung,’ &, p. 175, and * Nature; Jan. 1, 1874, p. 166,
1
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other species shows that P. bisforta is so strongly pro-
terandrous (the anthers generally falling off before the
stigmas are mature) that the flowers ‘must be eross-
fextilised by the many insects which visit them. Other
species bear much less conspicuous flowers which se-
crete little or no nectar, and consequently are rarely
visited by insects; these are adapted for self-fertilisa-
tion, though still capable of cross-fertilisation. Ac-
cording to Delpino, the Polygonacew are generally
fertilised by the wind, instead of by insects as in the
present genus.

Livcossna BURNETTIANA (THYNELLE).

As Prof. Asa Gray has expressed his belief * that this species
and L. acuminata, as well as some species in the allied genus
Drymispermum, are dimorphic or heterostyled, I procured
from Kev, through the kindness of Dr. Hooker, two dried
flowers of the former species, an inhabitant of the Friendly
Tslands in the Pacific. The pistil of the long-styled form is to
that of the short-styled as 100 to 86 in length; the stigma.
projects just above the throat of the eorolla, and s surrounded
by five anthers, the tips of which reach up almost to its base;
and lower down, within the tubular corolla, five other and
rather smaller anthers are seated. In the short-styled form,
the stigma stands some way down the tube of the corolla, nearly
on a level with the lower anthers of the other form: it differs
remarkably from the stigma of the long-styled form, in being
wmore papiilose, and in being longer in the ratio of 100 to 60.
The anthers of the upper stamens in the short-styled form are
supported on free filaments, and project above the throat of the
corolla, whilst the anthers of the lower stamens are seated in.
the throat on a level with the upper stamens of the other form.
The diameters of a considerable number of grains from both sets
of anthers in both forms were measured, but they did not differ
in any trustworthy degree. The mean diameter of twenty-two

“* ¢ Amerioan Journal of Sci- *Journal of Botany,” vol.iii. 1865,
ence;’ 1865, p. 101, and Seemann’s . 305.
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grains from the short-styled flower was to that of twenty-four
grains from the long-styled, as 100 to 99. The anthers of
to b

shrivelled grains which were omitted in striking the above
average. the fact of the poll from
the two forms not differing in diameter in any appreciable
degree, there can hardly be  doubt from the great difference in
the two forms in the length of the pistil, and especially of the
stigma, together with its more papillose condition in the short-
styled form, that the present species is truly heterostyled. This
case resembles that of Linum grandifiorum, in which the sole
difference between the two forms consists in the length of the
pistils and stigmas. From the great length of the tubular
corolla of Leucosmia, it is clear that the flowers are cross-
fertilised by large Lepidoptera or by honey-sucking birds, and
the position of the stamens in two whorls one beneath the
other, which is a character that T have not seen in any other
heterostyled dimorphic plant, probably serves to smear the
inserted organ thoroughly with pollen.

MENYANTHES TRIFOLIATA (GENTIANEZ).

This plant inhabits marshes : my son William gathered 247
flowers from so many distinet plants, and of these 110 were
long-styled, and 137 short-styled. The pistil of the long-styled
form is in length to that of the short-styled in the ratio of about
8102, The stigma of the former, as my son observed, is deci-
dedly larger than that of the short-styled ; but in both forms it
varies much in size. The stamens of the short-styled are almost
double the length of those of the long-styled; so that their
anthers stand rather above the level of the stigma. of the long-
styled form. The anthers also vary much in size, but seem
often to be of larger size in the short-styled flowers. My son
made with the camera many drawings of the pollen-grains,
and those from the short-styled flowers were in diameter in
nearly the Tatio of 100 to 84 to those from the long-styled
flowers. I know mothing about the eapacity for fertilisation in
the two forms; but shoxf-styled plants, living by themselves in
the gardens at Kew, have produced an abundance of capsules,
yet the sceds have never germinated; and this looks as if the
short-styled form was sterile with its own pollen.

12
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LN ANTHENUN INDICUM (GENTIANE).

This plant is mentioned by Mr. Thwaites in his Enumeration
of the Plants of Ceylon as presenting two forms; and he was so
kind as to send me specimens preserved in spirits. The pistil
of the long-styled form is nearly thrice as long (i.c. as 14 to 5)
as that of the short-styled, and is very much thinner in the
ratio of about 8 to 5. The foliaceous stigma is more expanded,
and twice as large as that of the short-styled form. In the
latter the stamens aro about twice as long as those of the long-
styled, and their anthers are larger in the ratio of 100 to 70.
‘The pollen-grains, after having been long kept in spirits, were
of the same shape and size in both forms. The ovules, accord-
ing to Mr. Thwaites, are equally numerous (viz. from 70 to 80)
in the two forms.

VinrarsiA [se. ?] (GENTIANE).

Fritz Miiller sent me from South Brazil dried flowers of this
aquatic plant, which is closely allicd to Limnanthemum. Tn the
Tong-styled form the stigma stands some way above the anthers,
and the whole pistil, together with the ovary, is in length to
that of the short-styled form as about 3 to 2. In the latter
form the anthers stand above the stigma, and tho stylo is very
short and thick; but the pistil varies a good deal in length,
the stigma being either on a level with the tips of the sepals
or considerably beneath them. The foliaceous stigma in
the long-styled form is larger, with the expansions runming
farther down the style, than in the other form. One of the most
remarkuble differences between the two forms is that the anthers
of the longer stamens in the short-styled flowers are conspicu-
ouslylonger than those of the shorter stamens in the long-styled
flowers. In the former the sub-triangular pollen-grains are
larger; the ratio between their breadth (measured from one
angle to the middle of the opposite side) and that of the grains
from the long-styled flowers being about 100 to 75. Frita
Miiller also informs me that the pollen of the short-styled
flowers has a bluish tint, whilst that of the long-styled is yellow.
When we treat of Lytlrum salicaria wo shall find a strongly
marked contrast in the colour of the pollen in two of the forms.

The three genera, Menyanthes, Limnanthemum, and Villarsia,
now described, constitute a well-marked sub-tribo of the Gene
tianer.  All the species, as far as at present known, are hetero-
styled, and all inhabit aquatic or sub-aquatic stations.
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FoRsyrmTA sUSPENSA (OLEACE®).

Professor Asa Gray states that the plants of this species grow-
ing in the Botanic Gardens at Cambridge, U.S., are short-styled,
but that Siebold and Zucearini deseribe the long-styled form,
and give figures of two forms; so that there can be little doubt,
as ho remarks, about the plant being dimorphic* 1 therefore
applied to Dr. Hooker, who sent me a dried flower from Japan,
another from China, and another from the Botanic Gardens at
Kew. The first proved to be long-styled, and the other two
short-styled. In the long-styled form, the pistil is in length
to that of the short-styled as 100 to 383, the lobes of the stigma
being a little longer (as 10 to 9), but narrower and less diver-
gent. This last character, however, may be only a tem)
one. There seems to be no difference in the papillose condition
of the two stigmas. In the short-styled form, the stamens are
in length to those of the long-styled as 100 to 66, but the anthers
are shorter in the ratio of 87 to 100; and this is unusual, for
when there is any difference in size between the anthers of the
two forms, those from the longer stamens of the short-styled are
generally the longest. The pollen-grains from the short-styled
flowers are certainly larger, but only in a slight degree, than
those from the long-styled, namely, as 100 to 94 in diameter,
The short-styled form, which grows in the Gardens at Kew, has
never there produced fruit.

Forsythia viridissima appears likewise to be heterostyled ; for
Professor Asa Gray says that although the long-styled form
alone grows in the gardens at Cambridge, U.S, the published
figures of this species belong to the short-styled form.

Comvra [sr.?] (Conpracrz).

Fritz Miiller sent me dried specimens of this shrub, which he
believes to be heterostyled ; and I have not much doubt that
this is the case, though the usupl characteristic differences are
not well pronounced in the two forms. Linum grandiflorum
shows us that a plant may be heterostyled in function in the
highest degree, and yet the two forms may have stamens of
equal length, and pollen-grains of equal size. In the present
species of Cordia, the stamens of both forms are of nearly equal

# ¢The American Naturalist,’ July 1873, p. 422.
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length, those of the short-styled being rather the longest; and
the anthers of both are seated in the mouth of the corolla, Nor
could T detect any difference in the size of the pollen-grains,
when dry or after being soaked in water. The stigmas of the
long-styled form stand clear above the anthers, and the whole
pistil is longer than that of the short-styled, in about the ratio
of 3102,

The stigmas of the short-styled form are seated beneath the
anthers, and they are considerably shorter than those of the
long-styled form.” This latter difference is the most important
one of any between the two forms.

GILIA (IPONOPSIS) PULCHELLA VEL AGGREGATA (POLENONI-
ACER).

Professor Asa Gray remarks with respect to this plant:  the
tendenoy to dimorphism, of which thero are traces, or perhaps
rather incipient manifestations in various portions of the genns,
is most marked in 6. aggregata”* He sent me some dried
flowers, and I procured others from Kew. They differ greatly
in size, some being nearly twice as long as others (viz. as 30 to
17), so that it was not possible to compare, except by caleulation,
the absolute length of the organs from different plants. More-
over, the relative position of the stigmas and anthers is variable:
in somo long-styled flowers the stigmas and anthers were ex-
serted only just beyond the throat of the corolla; whilst in
others they were exserted as much as 3% of an inch. T suspect
also that the pistil goes on growing for some time after the
anthers have dehisced. Nevertheless it is possible to class the
flowers under two forms. In some of the long-styled, the length
of pistil to that of the short-styled was as 100 to 82; but this
result was gained by reducing the size of the corollas to the
same scale. Tn another pair of flowers the difference in length
between the pistils of the two forms was certainly greater, but
they were ot actually measured. In the short-styled flowers
whether large or small, the stigma is seated low down within
the tube of the corolla. The papill on the long-styled stigma
aro longer than those on the short-styled, in the ratio of 100 to

. The filaments in some of the short-styled flowers were, to
those of the long-styled, as 100 to 25 in length, the free, or

* <Proc. American Acad. of Arts and Soiences’ June 14, 1870, p. 275.
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unattached portion being alone measured ; but this ratio can-
not be trusted, owing to the great variability of the stumens.
The mean diameter of eleven pollen-grains from long-styled
flowers, and of twelve from the short-styled, was exactly the
same. Tt follows from these several statements, that the dif-
ference in length and state of surface of the stigmas in the
flowers is the sole reliable evidence that this species is hetero-
styled; for it would be rash to trust to the difference in the
length of the pistils, seeing how variable they are. I should
have left the case altogether doubtful, had it not been for the
observations on the following species; and these leave little
doubt on my mind that the present plant is truly heterostyled.
Professor Gray informs me that in another species, . coronopi-
Jolia, belonging to the same section of the genus, he can see no
sign of dimorphism.

GILIA (LEPTOSIPION) MICRANTHA.

A fow flowers sent me from Kew had been somewhat injured,
5o that T cannot say anything positively with respect to the
position and relative length of the organs in the two forms.
But their stigmas differed almost exactly in the ssme manner as
in the last species; the papille on the long-styled stigma being
longer than those on the short-styled, in the ratio of 100 to 42,
My son measured nine pollen-grains from the long-styled, and
the same number from the short-styled form; and the mean
diameter of the former was to that of the latter as 100 to 81.
Considering this difference, as well as that between the stigmas
of the two forms, there can be no doubt that this species is
heterostyled. So probably is Gilia nudicaulis, which likewise
belongs to the Leptosiphon section of the genus, for I hear from
Professor Asa Gray that in some individuals the style is very
long, with the stigma more or less exserted, whilst in others it
is deeply included within-the tube; the anthers being always
seated in the throat of the corolla.

PHLOX SUBULATA (POLEMNONIACER).

Professor Asa Gray informs me that the greater number of
tho species in this genus have a long pistil, with the stigma
more or less exserted; whilst several other species, especially the
annuals, have a short pistil seated low down within the tube of
the corolla. In all the specics the anthers are arranged one
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Telow the other, the uppermost just protruding from the throat
of the corolla. Tn Phlow subulats alone he has “ seen both long
and short styles; and here the short-styled plant has (irrespec-
tive of this character) been described as a distinet species (P.
wivalis, P. Hentzii), and. is apt to have a pair of ovules in each
cell, while the long-styled P. subulata rarely shows more than
one”*  Some dried flowers of both forms were sent me by him,
and T received others from Kew, but I have failed to make
out whether the species is heterostyled. In two flowers of
nearly equal size, the pistil of the long-styled form was twice as
long as that of the short-styled; but in other cases the differ-
ence was not nearly so great. The stigma of the long-styled
pistil stands nearly in the throat of the corolla; whilst in the
short-styled it is placed low down—sometimes very low down
in the tube, for it varies greatly in position. The stigma is
more papillose, and of greater length (in one instance in the
matio of 100 to 67), in the short-styled flowers than in the
long-styled. My son measured twenty pollen-grains from a
short-styled flower, and nine from a long-styled, and the
former were in diameter to the latter as 100 to 93; and this
difference accords with the belief that the plant is hetero-
styled. But the grains from the short-styled varied much in
diameter. He afterwards measured ten grains from a distinet
Tong-styled flower, and ten from another plant of the same form,
and these grains differed in diameter in the ratio of 100 to 90.
The mean diameter of these two lots of twenty grains was to
that of twelve grains from another short-styled flower as 100 to
75: here, then, the grains from the short-styled form were con-
siderably smaller than those from the long-styled, which is the
reverse of what occurred in the former instance, and of what is
the general rule with heterostyled plants. The whole case is
perplexing in the highest degree, and will not be understood
until experiments are tried on living plants. The greater length,
and more papillose condition of the stigma in the short-styled
than in the long-styled flowers, looks as if the plant was hetero-
styled; for we know that with some species—for instance, Leu-
cosmia and certain Rubiacee—the stigma is longer and more
papillose in the short-styled form, though the reverse of this
holds good in Gilia, a member of the same family with Phiox.
The similar position of the anthers in the two forms is some-

* «Proc. American Acad. of Artsand Sciences,’ June 14, 1870, p. 248.
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what opposed to the present species being heterostyled ; as is
the great difference in the length of the pistil in several short-
styled flowers. But the extraordinary variability in diameter of
the pollen-grains, and the fact that in one set of flowers the
grains from the long-styled flowers were larger than those from
the short-styled, is strongly opposed to the belief that Phlox
subulata is heterostyled. Possibly this species was once hetero-
styled, but is now becoming sub-dioscious; the short-styled
plants having been rendered more feminine in nature. This
‘would account for their ovaries usually containing more ovules,
and for the variable condition of their pollen-grains. Whether
the long-styled plants are now changing their nature, as would
appear to be the case from the variability of their pollen-grains,
and are becoming more masculine, T will not pretend to con-
jecture; they might remain as hermaphrodites, for the co-
existence of hermaphrodite and female plants of the same
species is by no means a rare event.

Eryrmnoxyroy [sr. ?] (ERYranoxvL).

Fritz Miller sent me from South Brazil dried flowers of this
tree, together with the accompanying drawings, which show the
two forms, magnified about five times, with the petals removed.

Fig. 8.

I

Long-styled form. Short-styled form.
From a sketch by Fritz Miller, magnified five times.
ErvrimoxyLos [sp. 7}

@ The Complete Work of Charles Darwin Online



122  HETEROSTYLED DIMORPHIC PLANTS. Cuar. IIL
In the long-styled form the stigmas project above the anthers,
and the styles are nearly twice as long as those of the short-
styled form, in which the stigmas stand beneath the anthers.
The stigmas in many, but not in all the short-styled flowers are
larger than those in the long-styled. The anthers of the short-
styled flowers stand on a level with the stigmas of the other
form ; but the stamens are longer by only one-fourth or one-fifth
of their own length than those of the long-styled. Consequently
the anthers of the latter do not stand on a level with, but rather
above the stigmas of the other form. Differently from what
ocours in the following closely allied genus, Sethia, the stamens
are of nearly equal length in the flowers of the same form. The
pollen-grains of the short-styled flowers, measured in their dry
state, are a little larger than those from the long-styled flowers
in about the ratio of 100 to 93.*

SErmIA ACUMINATA (ERYTHROXYLIDE).

Mr. Thwaites pointed out several years agot that this plant
exists under two forms, which he designated as forma. stylosa et
staminea; and the flowers.sent o me by him are clearly hetero-
styled. In the long-styled form the pistil is nearly twice as
long, and the stamens half as long as the corresponding organs
in the short-styled form. The stigmas of the long-styled seem
rather smaller than those of the short-styled. All the stamens
in the short-styled flowers are of nearly equal length, whereas
in long-styled they differ in length, being alternately a little
longer and shorter; and this difference in the stamens of the
two forms is probably related, as we shall hereafter sce in
the case of the short-styled flowers of Lyfhrum salicaria, to the
manner in which insects can best transport pollen from the
long-styled flowers to the stigmas of the short-styled. The
pollen-grains from the short-styled flowers, though variable in.
size, are to those of the long-styled, as far as I could make out,
as 100 to 83 in their longer dinmeter. Sethia obtusifolia i
heterostyled like S. cuminata.

* . Miiller remarks in his
ter tome that the flowers,of which

u.mben bunhe sepalsand poals
often yury froi

he carefully examined niany s

cimens, urecuriously  variablo
in the number of their parts:
5 sepals and petals, 10 stamens
and 3 pistils are the prevailing

mens rmm 10 14, wnd e pinle
from 3

1¢ Enumemtlo Plantarum Zey-
Inni, 1864, p. 54,
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CRATOXYLON FomMoSUM (HYPERICINEZ).

Mr. Thiselton Dyer remarks that this tree, an_inhabitant of
Malacea and Borneo, appears to be heterostyled.* He sent me
dried flowers, and the difference between the two forms is con-
spicuous. In the long-styled form the pistils are in length to
those of the short-styled as 100 to 40, with their globular
stigmas about twice as thick. These stand just above the numer-
ous anthers and a little beneath the tips of the petals. In the
short-styled form the anthers project high above the pistils, the
stigmas of which diverge between the three bundles of stamens,
and stand only a little above the tips of the scpals. The
stamens in this form are to those of the long-styled as 100 to 86
in length; and therefore they do mot differ so much in length
as do the pistils. Ten pollen-grains from each form were
measured, and those from the short-styled were to those from
the long-styled as 100 to 86 in diameter. This plant, therefore,
is in all respects a well-characterised heterostyled species.

GrpmiA ¥1ATA (VERBENACEZ).

Mr. Bentham was so kind as to send me dried flowers of this
species and of <. mollis, both inhabitants of South America.
The two forms differ conspicuously, as the deeply bifid stigma
of the one, and the anthers of the other project far above the
mouth of the corolla. Tn the long-styled form of the present
species, the style is twice and a half as long as that of the short-
styled. The divergent stigmas of the two forms do not differ
much in length, nor as far as I could perceive in their papillz.
In the Iong-styled flowers the filaments adhere to the corolla
close up to the anthers, which are enclosed some way down
within the tube. In the short-styled flowers the filaments are
free above the point where the anthers are seated in the other
form, and they project from the corolla to an equal height with
that of the stigmas in the long-styled flowers. It is often
difficult to measure with accuracy pollen-grains, which have
long been dried and then soaked in water; but they here
manifestly differed greatly in size. Those from the short-styled
flowers were to those from the long-styled in diameter in

# ¢ Journal of Botany,’ London, 1872, p. 26.
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about the ratio of 100 to 62. The two forms of . mllis
present a like difference in the length of their pistils and
stamens.

JEGIPHILA OBDURATA.

Flowers of this bush were sent me from St. Catharina in
Brazil, by Fritz Miller, and were named for me at Kew. They
appeared at first sight grandly heterostyled, as the stigma of
the long-styled form projects far out of the corolla, whilst the
anthers are seated halfway down within the tube; whereas in the
short-styled form the anthers project from the corolla and the
stigma is enclosed in the tube at nearly the same level with the
anthers of the other form. The pistil of the long-styled is to
that of the short-styled as 100 to 60 in length, and the stigmas,
taken by themselves, as 100 to 55. Nevertheless, this plant
cannot be heterostyled. The anthers in the long-styled form
are brown, tough, and fleshy, and less than half the length
of those in the short-styled form, strictly as 44 to 100 ; and
what is much more important, they were in a rudimentary
condition in the two flowers examined by me, and did not
contain a single grain of pollen. In the short-styled form, the
divided stigma, which as we have seen is much shortened,
is thicker and more fleshy than the stigma of the long-
styled, and is covered with small irregular projections, formed
of rather large cells. It had the appearance of having suf-
fered from hypertrophy, and is probably incapable of fertili-
sation. If this be so the plant is dicecions, and judging from
the two species previously described, it probably was once
heterostyled, and has since been rendered dicecious by the
pistil in the one form, and the stamens in the other having
become functionless and reduced in size. It is, however,
possible that the flowers may be in the same state as those of
the common thyme and of several other Labiatw, in which
females and hermaphrodites regularly co-exist. Fritz Miiller,
who thought that the present plant was heterostyled, as I
did at first, informs me that he found bushes in several places
growing quite isolated, and that these were completely sterilo;
whilst two plants growing close together were covered with
fruit. This fact agrees better with the belief that the species is
dicecious than that it consists of hermaphrodites and females;
for if any one of the isolated plants had been an hermaphrodite,
it would probably have produced some fruit.
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RUBIACEE.

This great natural family contains a much larger
number of heterostyled genera than any other one, as
yet known.

Mitchella repens.—Prof. Asa Gray sent me several
living plants collected when out of flower, and nearly
half of these proved long-styled, and the other half
short-styled. The white flowers, which are fragrant
and which secrete plenty of nectar, always grow in
pairs with their ovaries united, so that the two together
produce “a berry-like double drupe”* In my first
series of experiments (1864) T did not suppose that
this curious arrangement of the flowers would have any
influence on their fertility ; and in several instances
only one of the two flowers in a pair was fertilised ;
and a large proportion or all of these failed to produce
berries. In the ensuing year both flowers of each
pair were invariably fertilised in the same manner;
and the latter experiments alone serve to show the
proportion of flowers which yield berries, when legiti-
mately and illegitimately fertilised; but for calcu-
lating the average number of seods per berry I have
used those produced during both seasons.

In the long-styled flowers the stigma projects just
above the bearded throat of the corolla, and the
anthers are seated some way down the tube. In the
short-styled flowers these organs occupy reversed posi-
tions. In this latter form the fresh. pollen-grains are
a little larger and more opaque than those of the long-
styled form. The results of my experiments are given
in the following table.

* A. Gray, ‘Manual of the Bot. of the N. United States, 1856,
P 1720
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TasLe 21.
Mitchella repens.
Nombrof | Number of Numb:r o
Pair of
Nature of Union. Fmsr e amd ing | pir ruve
iise during | the second 4l the Dr
thesecond” | “Season. | durog b
| e
" Long-styled flowers, by pollen of g
.nmy‘c led. Legitimate union) | F B R P
Long-styled flowers, by own-form)| | fiTy
pollen.  Tilegitimate union . Bl ud e
Short-styled flowers, by pollen of|
long-styled. Legitimate umon.h 8 2 &1
Shortostyled flowers, by owneform) ¢ | ¢ o
pollen.  legitimate union . .f| |
The two legitimate u to-)| LEa g
The two illegitimate unions. to-
g‘th&r..,....)} i H it

It follows from this table that 88 per cent. of the

ired flowers of both forms, when legitimately fer-
tilised, yielded double berries, nineteen of which con-
tained on an average 4'4 seeds, with a maximum in
one of 8 seeds. Of the illegitimately fertilised paired
flowers only 18 per cent. yielded berries, six of which
contained on an average only 21 seeds, with a maxi-
mum in one of 4 seeds. Thus the two legitimate
unions are more fertile than the two illegitimate,
according to the proportion of flowers which yielded
berries, in the ratio of 100 to 20; and according to
the average number of contained seeds as 100 to 47.

Three long-styled and three short-styled plants were
protected under separate nets, and they produced alto-
gether only 8 berries, containing on an average only
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15 seed. Some additional berries were produced
which contained no seeds. The plants thus treated were
therefore excessively sterile, and their slight degree of
fertility may be attributed in part to the action of the
many individuals of Thrips which haunted the flowers.
Mr. J. Scott informs me that a single plant (probably
a long-styled one), growing in the Botanic Gardens at
Edinburgh, which no doubt was freely visited by in-
sects, produced plenty of berries, but how many of
them contained seeds was not observed.

BORRERIA, NOV. SP. NEAR VALERIANOIDES (RUBIACER).

Fritz Miiller sent me seeds of this plant, which is
extremely abundant in St. Catharina, in South Brazil ;
and ten plants were raised, consisting of five long-
styled and five short-styled. The pistil of the long-
styled flowers projects just beyond the mouth of the
corolla, and is thrice as long as that of the short-
styled, and the divergent stigmas are likewise rather
larger. The anthers in the long-styled form stand
low down within the corolla, and are quite hidden.
In the short-styled flowers the anthers project just
above the mouth of the corolla, and the stigma stands
low down within the tube. Considering the great
difference in the length of the pistils in the two forms,
it is remarkable that the pollen-grains differ very little
in size, and Fritz Miller was struck with the same
fact. In a dry state the grains from the short-styled
flowers could just be perccived to be larger than those
from the long-styled, and when both were swollen by
immersion in water, the former were to the latter in
diameter in the ratio of 100 to 92. In the long-styled
flowers beaded hairs almost fill up the mouth of the
corolla and project above it ; they therefore stand
above the anthers and beneath the stigma. In the
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short-styled flowers a similar brush of hairs is situated
low down within the tubular corolla, above the stigma
and beneath the anthers. The presence of these beaded
hairs in both forms, though occupying such different
positions, shows that they are probably of considerable
functional importance. They would serve to guard the
stigma of each form from its own pollen; but in
accordance with Prof. Kerner's view* their chief uso
probably is to prevent the copious nectar being stolen
by small crawling insects, which could not render any
service to the species by carrying pollen from one form
to the other.

The flowers are so small and so crowded together
that T was not willing to expend time in fertilising
them separately; but I dragged repeatedly heads of
short-styled flowers over threo long-styled flower-heads,
which were thus legitimately fertilised ; and they pro-
duced many dozen fruits, each containing two good
seeds. I fertilised in the same manner three heads
on the same long-styled plant with pollen from another
long-styled plant, so that these were fertilised illegiti-
mately, and they did not yield a single seed. Nor did
this plant, which was of course protected by a net,
bear spontaneously any seeds. Nevertheless another
long-styled plant, which was carefully protected, pro-
duced spontancously a very few seeds; so that the
long-styled form is not always quite sterile with its
own pollen.

Faramea [sp.?] (RUBIACEZE).

Fritz Miiller has fully described the two forms of this
remarkable plant, an inhabitant of South Brazil.t In

* “Die Schutzmittel der Bli-  + *Bot. Zeitung, Sept. 10,1869,
then gegen unberufene Giiste, p. 606.
1876, p. 37
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the long-styled form the pistil projects above the
corolln, and is almost exactly twice as long as that of
the short-styled, which is included within the tube.
"The former s divided into two rather short and broad
stigmas, whilst the short-styled pistil is divided into
two long, thin, sometimes much curled stigmas. The
stamens of each form correspond in height or length
with the pistils of the other form. The anthers of
the short-styled form are a little larger than those
of the long-styled; and their pollen-grains are to
those of the other form as 100 to 67 in diameter.
But the pollen-grains of the two forms differ in a
much more remarkable manner, of which no other

Fig. 9.

“Short-styled form.  Long-styled for
(Outline of flowers fom Aried specimens, Pollen-gesins, mogaisied 180
times, by Fritz Miller,

Faraxea (sp. 7).

instance is known ; those from the short-styled flowers
being covered with sharp points; the smaller ones
P
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from the long-styled being quite smooth. Fritz Miller
remarks that this difference between the pollen-grains
of the two forms is evidently of service to the plant;
for the grains from the projecting stamens of the short-
styled form, if smooth, would have been liable to be
blown away by the wind, and would thus have been
lost ; but the little points on their surfaces cause them
to cohere, and at the same time favour their adhesion
to the hairy bodies of insects, which merely brush
against the anthers of these stamens whilst visiting
the flowers. On the other hand, the smooth grains
of the long-styled flowers are safely included within
the tube of the corolla, so that they cannot be blown
away, but are almost sure to adhere to the proboscis of
an entering insect, which is necessarily pressed close
against the enclosed anthers.

Tt may be remembered that in the long-styled form
of Linum perenne each separate stigma rotates on its
own axis, when the flower is mature, so as to turn its
papillose surface outwards. There can be mno doubt
that this movement, which is confined to the long-
styled form, is effected in order that the proper sur-
face of the stigma should receive pollen brought by
insects from the other form. Now with Faramea, as
Fritz Miiller shows, it is the stamens which rotate on
their axes in one of the two forms, namely, the short-
styled, in order that their pollen should be brushed off'
by insects and transported to the stigmas of the other
form. In the long-styled flowers the anthers of the
short enclosed stamens do mot rotate on their axes,
but dehisce on their inner sides, as is the common
rule with the Rubiacea ; and this is the best position
for the adherence of the pollen-grains to the proboseis
of an entering insect. Fritz Miller therefore infers
that as the plant became heterostyled, and as the
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stamens of the short-styled form inereased in length,
they gradually acquired the highly beneficial power
of rotating on their own axes. But he has further
shown, by the careful examination of many flowers,
that this power has not as yet been perfected; and,
ly, that a certain ion of the pollen
is rendered useless, namely, that from the anthers
which do not rotate properly. It thus appears that
the development of the plant has not as yet been com-
pleted ; the stamens have indeed acquired their proper
length, but not their full and perfeet power of rotation.”
The several points of difference in structure between
the two forms of Faramea are highly remarkable.
Until within a recent period, if any one had been
shown two plants which differed in a uniform manner
in the length of their stamens and pistils—in the
form of their stigmas,—in the manner of dehiscence
and slightly in the size of their anthers,—and to an
extraordinary degree in the diameter and structure of
their pollen-grains, he would have declared it impos-
sible that the two could have belonged to one and the
same species.

SurnIa (species unnamed in the herbarium at Kew)
(RUBIACEE).
Towe to the kindness of Fritz Miller dried flowers of this

plant from St. Catharina, in Brazil. In the long-styled form the
stigma stands in the mouth of the corolla, above the anthers,

* Fritz Miller gives another cordance with the nocturnal habits
instance of the want of absolute  of these insects, most of the flowers
perfection in the flowersof another open only during the night; but
member of the Rubiacew, namely,  some open in the day, and the
Posogueria_fragrans, which is  pollen of such flowers is robbed, ns
adapied in a most wonderful man-  Fritz Miller has often seen, by
ner for crossfertilisation by the humble-bees and other insécts.
sy of mothe. * (Seo ok, willout any boneit being_ thus
Zeitung, 1866, No. 17.) In ac-  conferred on the p

K 2
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which latter are enclosed within the tube, but only a short way
down. In the short-styled form the anthers are placed in the
mouth of the corolla above the stigma, which ocenpies the same
position as the anthers in the other form, being seated only a
short way down the tube. Therefore the pistil of the long-styled
form does not exceed in length that of the short-styled in
nearly 50 great @ degree as in many other Rubiacew. Never-
theless there is a considerable difference in the size of the pollen-
grains in the two forms; for, as Fritz Miller informs me, those
of the short-styled are to those of the long-styled as 100 to
75 in diameter.

HOUSTONIA CGRULEA (RUBIACE).

Prof. Asa Gray has been so kind as to send me an abstract of
some observations made by Dr. Rothrock on this plant. The
pistil is exserted in the one form and the stamens in the
other, as has long been observed. The stigmas of the long-
styled form are shorter, stouter, and far more hispid than in
the other form. The stigmatic hairs or papille on the former
are *04 mm., and on the latter only 023 mm. in length. In the
short-styled form the anthers are larger, and the pollen-grains,
when distended with water, are to those from the long-styled
form as 100 to 72 in diameter.

Selected capsules from some long-styled plants growing in
the Botanic Gardens at Cambridge, U, near where plants
of the other form grew, contained on an average 13 seeds;
but these plants must have been subjected to unfavourable
conditions, for some long-styled plants in a state of nature
yielded an average of 21-5 seeds per capsule. ~ Some short-styled
plants, which had been planted by themselves in_the Botanic
Gardens, where it was not likely that they would have been
visited by inseets that had previously visited long-styled plants,
produced capsules, eleven of which were wholly sterile, but one
contained 4, and another 8 seeds. So that the short-styled
form seems to be very sterile with its own pollen. Prof. Asa
Gray informs me that the other North American species of this
enus are likewise heterostyled.

OLDENEANDIA [57.7] (RUBIACER).

Mr. J. Scott sent me from India dried flowers of a hetero-
styled species of this genus, which is closely allied to the last.
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The pistil in the long-styled flowers is longer by about a quarter
of its length, and the stamens shorter in abont the same pro-
portion, than the corresponding organs in the short-styled
flowers. In the latter the anthers are longer, and the divergent
stigmas decidedly longer and apparently thinner than in the
long-styled form. Owing to the state of the specimens, I could
ot decide whether the stigmatic papille were longer in the
one form than in the other. The pollen-grains, distended with
water, from the short-styled flowers were to those from the long-
styled as 100 to 78 in diameter, as deduced from the mean of
ten measurements of each kind.

Hepyorss [se. 7] (RuBrackz).

Fritz Miiller sent me from St. Catharina, in Brazil, dried flowers
of a small delicate species, which grows on wet sand near the
edges of fresh-water pools. In the long-styled form the stigma.
projects above the corolla, and stands on a level with the pro-
jecting anthers of the short-styled form; but in the latter the
stigmas stand rather beneath the level of the anthers in the
other or long-styled form, these being enclosed within the tube
of the corolla. The pistil of the long-styled form is nearly thrice
as long as that of the short-styled, o, speaking strictly, as
100 to 39; and the papille on the stigma of the former are
Droader, in the ratio of 4 to 3, but whether longer than those of
the short-styled, T could not decide. In the short-styled form,
the anthers are rather larger, and the pollen-grains are to those
from the long-styled flowers, as 100 to 88 in diameter. Fritz
Miiller sent me a second, small-sized species, which is likewise
heterostyled.

Coccocxrskrun [sp. ?] (RUBIACER).

Fritz Miller also sent me dried flowers of this plant from
St. Catharina, in Brazil. The exserted stigma of the long-styled
form stands a little above the level of the exserted anthers of the
short-styled form; and the enclosed stigma of the latter also
stands a little above the level of the enclosed anthers in the long-
styled form. The pistil of the long-styled is about twice as long
as that of the short-styled, with its two stigmas considerably
longer, more divergent, and more curled. Fritz Milller informs
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me that he could detect no difference in the size of the pollen-
grains in the two forms. Nevertheless, there can be no doubt
that this plant is heterostyled.

Liostoa [se. ?] (RUBIACER).

Dried flowers of this plant, which grows in small wet ditches
in St. Catharina, in Brazil, were likewise sent me by Fritz
Miller. Tn the long-styled form the exserted stigma stands
rather above the level of the exserted anthers of the other form;
whilst in the short-styled form it stands on a level with the
anthers of the other form. So that the want of strict corre-
spondence in height between the stigmas and anthers in the two,
forms is reversed, compared with what oceurs in Hedyotis. The
long-styled pistil is to that of the short-styled as 100 to 36 in
length; and its divergent stigmas are longer by fully one-third.
of their own length than those of the short-styled form. In the
Iatter the anthers are a little larger, and the pollen-grains are
as 100 to 80 in diameter, compared with those from the long-
styled form.

CINOHONA MICRANTHA (RUBIACEZ).

Dried specimens of both forms of this plant were sent me from
Kew.* In the long-styled form the apex of the stigma stands
just beneath the bases of the hairy lobes of the corolla; whilst
the summits of the anthers are seated about halfway down
the tube. The pistil is in length as 100 to 88 to that of the
short-styled form. In the latter the anthers occupy the same
position as the stigma of the other form, and they are con-
siderably longer than thoso of the long-styled form. As the
summit of the stigma in the short-styled form stands beneath
the bases of the anthers, which are seated halfway down the
corolla, the style has been extremely shortened in this form;
its length to that of the long-styled being, in' the specimens
examined, only as 53 t0 100! The stigma, also, in the short-
styled form is very much shorter than that in the long-styled,
in the ratio of 57 to 100. The pollen-grains from the short-

* My attention was called to 3, given by Mr. M_m.hm in his
this plant by a drawing copied ¢ Travels in Peru, p. 539,
from Howard’s * Quinologia,’ Tab.
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styled flowers, after having been sonked in water, were rather
rger —in about the ratio of 100 to 91—than those from the long-
styled flowers, and they were more triangular, with the angles
more prominent. As all the grains from the short-styled flowers
were thus characterised, and as they had been left in water for
three days, T am convinced that this difference in shape in the
two sots of grains cannot beaccounted for by unequal distension
with water.

Besides the several Rubinceous genera already mentioned,
Fritz Miiller informs me that two or three species of Psychotria
and Rudjen eriantha, natives of St. Catharina, in Brazil, are
heterostyled, as is Manettia bicolor. 1 may add that I formerly
fertilised with their own pollen several flowers on a plant of
this lntter specis in my hothouse, but they did not sct a single
fruit. From Wight and Arnott's description, there seems to be
little doubt that Knoxia in India is heterostyled ; and Asa Gray
is convineed that this is the case with Diodia and Spermacoce
in the United States. Lastly, from Mr. W. W. Bailey’s descrip-
tion,? it appears that the Mexican Bouvardia leiantha is hetero-
styled.

Altogether we now know of 17 heterostyled genera
in the great family of the Rubiacew; though more
information is necessary with respect to some of them,
more especially those mentioned in the last paras
araph, before we can feel absolutely safe. In the
“Genera Plantarum,’ by Bentham and Hooker, the
Rubiacew are divided into 25 tribes, containing 337
genera; and it deserves notice that the genera now
known to be heterostyled are not grouped in one or
two of these tribes, but are distributed in no less than
cight of them. From this fact we may infer that
most of the genera have acquired their heterostyled
structure independently of one another; that is, they
have not inherited this structure from some one or
even two or three progenitors in common. It further

* ¢Bull, of the Torrey Bot. Club; 1876, p. 106.
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deserves mnotice that in the homostyled genera, as T
am informed by Professor Asa Gray, the stamens are
cither exserted or are included within the tube of the
corolla, in a nearly constant manner; so that this
character, which is not even of specific value in the
heterostyled species, is often of generic value in other
‘members of the family.
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CHAPTER IV.
HETEROSTYLED TRDIORPHIC PLANTS.

Lythrum sulicaria—Description of the three fomu—’l‘heir power and
complex manner of fertilising one another—Eighteen different
unious possible—Mid-styled form emlneucly fominine In nature—

thrum Greefleri likewise trimorphic—L. thymifolia_dimorphio—
L. hyssopifolia homostyled—Nestea verticillata. trimorphic—Lager-
streomia, nature doubtful—Oxalis, trimorphic species of—0. Valdi-
vinna—0. Reguelliy the illegitimate unions quite barren—0. spe-
ciosa—0. species of O:
the one mnnmmadonm genus known to mclnde hetum«yled
species,

Ix the previous chapters various heterostyled dimor-
phic plants have been described, and now we come to
heterostyled trimorphic plants, or those which present
three forms. These have been observed in three
families, and consist of species of Lythrum and of the
allied genus Neswa, of Oxalis and Pontederia. In
their manner of fertilisation these plants offer a more
remarkable case than can be found in any other plant
or animal,

Lythrum salicaria.—The pistil in each form differs
from that in either of the other forms, and in each
there are two sets of stamens different in appearance
and function. But one set of stamens in each form
corresponds with a set in one of the other two forms.
Altogether this one species includes three females or
female organs and three sets of male organs, all as
distinet from one another as if they belonged to dif-
ferent species; and if smaller functional differences
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S. Cmar. IV,

are considered, there are five distinet sets of males.
Two of the three hermaphrodites must coexist, and
pollen must be carried by insects reciprocally from one
to the other, in order that either of the two should be
fully fertile; but unless all three forms coexist, two
sets of stamens will be wasted, and the organisation of
the species, as a whole, will be incomplete. On the
other hand, when all three hermaphrodites coexist, and
pollen is carried from one to the other, the scheme
is perfect; there is no waste of pollen and no false co-
adaptation. In short, nature has ordained a most com-
plex marriage-arrangement, namely o triple union
between three I hrodites,—each I
being in its female omm quite distinct from the other
two hermaphrodites and partially distinet in its male
organs, and each furnished with two sets of males.
The three forms may be conveniently called, from
the unequal lengths of their pistils, the long-styled, mid-
styled, and short-styled. The stamens also are of unequal
lengths, and these may be called the longest, mid-length,
and shortest. Two sets of stamens of different length are
found in each form. The existence of the three forms
was first observed by Vaucher,* and subsequently more
carefully by Wirtgen; but these botanists, not being
guided by any theory or even suspicion of their func-
tional differences, did not perceive some of the most
curious points of difference in their structure. T will
first briefly deseribe the three forms by the aid of the
accompanying, diagram, which shows the flowers, six
times magnified, in_their natural position, with their
petals and calyx on the near side removed.

* ‘Hist. Phys. des Plantes und dessen Formen,” * Verhand.

@Furope, tom. ii. 1841, p. 571 des naturhist. Vereins fir preuss.
Wirigon+ Ucbes Lytirum'saficaria  Rheinl. 5. Jabrgang, 1848, 8. 7.
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Fig. 10,

Diagram of the flowers of the three forms of Lythrum salicaria, in their natural

ition, with the petals and calyx removed on the near side: enlarged six times.

The dotted lines with the arrows show the directions in which pollen must be
carried to each stigma to ensure full fertility.
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Long-styled form.—This form can be at once recog-
nised by the length of the pistil, which is (including
the ovarium) fully one-third longer than that of the
mid-styled, and more than thrice as long as that of the
short-styled form. 1t is so disproportionately long, that
it projects in the bud through the folded petals. It
stands out iderably beyond the mid-length sta-
mens; its terminal portion depends a little, but the
stigma itself is slightly upturned. The globular stigma
is considerably larger than that of the other two forms,
with the papiile on its surface generally longer. The
six mid-length stamens project about two-thirds the
length of the P]snl and correspond in length vuth the
pistil of the mid-styled form. Such

in this and the two following forms is generally very
close ; the difference, where there is any, being usually
in a slight excess of length in the stumens. The six
shortest stamens lie concealed within the calyx; their
ends are turned up, and they are graduated in length,
soas to form a double row. The anthers of these sta-
mens are smaller than those of the mid-length ones.
The pollen is of the same yellow colour in both sets.
H. Miller* measured the pollen-grain in all three
forms, and his measurements are evidently more trust-
worthy than those which I formerly made, so T will
give them. The numbers refer to divisions of the
micrometer equalling 53y mm. The grains, distended
with water, from the mid-length stamens are 7-74,
and those from the shortest stamens 6-6} in diameter,
or as 100 to 86. The capsules of this form contain
on an average 93 sceds: how this average was ob-
tained will presently be explained. As these seeds,
when cleaned, seemed larger than those from the mid-

* * Die Befruchtung der Blumen,’ 1873, p. 193.
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styled o short-styled forms, 100 of them were placed
in' a good balance, and by the double method of weigh-
ing were found to equal 121 seeds of the mid-styled or
142 of the short-styled; so that five long-styled seeds
very nearly equal six mid-styled or seven short-styled

seeds,
Mid-styled form.—The pistil occupies the position
represented in the diagram, with its extremity consi-
derably upturned, but to a variable degree; the
stigma is seated between the anthers of the longest
and the shortest stumens. The six longest stamens
correspond in length with the pistil of the long-styled
form; their filaments are coloured bright pink; the
anthers are dark-coloured, but from containing bright-
green pollen and from their early dehiscence theyappear
emerald-green. Hence in general appearance these
stamens are remarkably dissimilar from the mid-length
stamens of the long-styled form. The six shortest sta-
mens are enclosed within the calyx, and resemble in
all respeets the shortest stamens of the long-styled
form; both these sets correspond in length with the
short pistil of the short-styled form. The green pol-
len-grains of the longest stamens are 9-10 in dia-
meter, whilst the yellow grains from the shortest
stamens are only 63 or as 100 to 63. But the pollen-
grains from different plants appeared to me, in this
case and others, to be in some degree variable in size,
The capsules contain on an average 130 seeds; but
perhaps, as we shall see, this is rather too high an
average. The seeds themselves, as before remarked,
are smaller than those of the long-styled form.
Short-styled form—The pistil is here very short, not
one-third of the length of that of the long-styled form.
Tt is enclosed within the calyx, which, differently from
that in the other two forms, does not enclose any an-
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thers. The end of the pistil is generally bent upwards
at right angles. The six longest stamens, with their
pink filaments and green pollen, resemble the corre-
sponding stamens of the mid-styled form. But accord-
ing to H. Miller, their pollen-grains are a little larger,
viz. 95-104, instead of 9-10 in diameter. The six
mid-length stamens, with their uncoloured filaments
and yellow pollen, resemble in the size of their pollen-
grains and in all other respects the corresponding
stamens of the long-styled form. The difference in
diameter between the grains from the two sets of
anthers in the short-styled form is as 100 to 73.
The capsules contain fewer seeds on an average than
those of either of the preceding forms, namely 8353
and the seeds are considerably smaller. In this latter
respect, but not in number, there is a gradation
parallel to that in the length of the pistil, the long-
styled having the largest seeds, the mid-styled the
next in size, and the short-styled the smallest.

‘We thus see that this plant exists under three
female forms, which differ in the length and curva-
ture of the style, in the size and state of the stigma,
and in the number and size of the seed. There are
altogether thirty-six males or stamens, and these can
be divided into three sets of a dozen each, differing
from one another in length, curvature, and colour of
the filaments—in the size of the anthers, and especially
in the colour and diameter of the pollen-grains. Bach
form bears half-a-dozen of one kind of stamens and
half-a-dozen of another kind, but not all three kinds.
The three kinds of stamens correspond in length with
the three pistils: the correspondence is always between
half of the stamens in two of the forms with the pistil
of the third form. The following table of the diameters.
of the pollen-grains, after immersion in water, from
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both sets of stamens in all three forms is copied from
H. Miller; they are arranged in the order of their
size :—

Pollen-geans from longeat. stamens of shorttyled form 9} to 104

7 idstyled 9, 10
g » mid-length stamens ononmylga A
2 hort-styled 7 5 74
,, 7 hortest statnens of longestyled 1) 6 . 6}
5 Py it 5 midstyled 6, 6

We here seo that the largest pollen-grains come from
the longest stamens, and the least from the shortest ;
the cxtreme difference in diameter between them
being as 100 to 60.

The average number of seeds in the three forms was
ascertained by counting them in eight fine selected
capsules taken from plants growing wild, and the
result was, as wo have seen, for the long-styled (neg-
lecting decimals) 93, mid-styled 130, and short-styled
83. T should not have trusted in these ratios had 1
not possessed a number of plants in my garden which,
owing to their youth, did not yield the full comple-
ment of seed, but were of the same age and grew
under the same conditions, and were freely visited by
bees. I took six fine capsules from each, and found
the average to be for the long-styled 80, for the mi
styled 97, and for the short-styled 61. Lastly, legi
mate unions effected by me between the three forms
gave, as may be seen in the following tables, for the
long-styled an average of 90 seeds, for the mid-styled
117, and for the short-styled 71. So that we have
good concurrent evidence of a difference in the average
production of seed by the three forms. To show that
the unions effected by me often produced their full
effect and may be trusted, I may state that one mid-
styled capsule yielded 151 good seeds, which is the
same number as in the finest wild capsule which I
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examined. Some artificially fertilised short- and long-
styled capsules produced a greater number of seeds than
was ever observed by me in wild plants of the same
forms, but then I did not examine many of the latter.
This plant, I may add, offers a remarkable instance, how
profoundly ignorant we are of the life-conditions of a
species. Naturally it grows “in wet ditches, watery
places, and especially on the banks of streams,” and
though it produces so many minute seeds, it never
spreads on the adjoining land ; yet, when planted in my
garden, on clayey soil lying over chalk, and which is so
dry that a rush cannot be found, it thrives luxuriantly,
grows to above 6 feet in height, produces self-sown
seedlings, and (which is a severer test) is as fertile as
in a state of nature. Nevertheless it would be almost
a miracle to find this plant growing spontaneously on
such land as that in my garden.

According to Vaucher and Wirtgen, the three forms
coexist in all parts of Europe. Some friends gathered
for me in North Wales a number of twigs from
separate plants growing near one another, and clas-
sified them. My son did the same in Hampshire, and
here is the result:—

TaBLE 22.

e

North Wales. . .| 95 97 72 264
Hampshire . . .| 53 38 38 126
Total . . .| 148 135 110 393

If twice or thrice the number had been collected,
the three forms would probably have been found
nearly equal; T infer this from considering the above
figures, and from my son telling me that if he had
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collected in another spot, he felt sure that the mid-
styled plants would have been in excess. I several
times sowed small parcels of seed, and raised all three
forms; but T neglected to record the parent-form,
excepting in one instance, in which I raised from
short-styled seed twelve plants, of which only one
turned out long-styled, four mid-styled, and seven
short-styled.

Two plants of each form were protected from the
access of insects during two successive years, and in the
autumn they yielded very few capsules and presented
a remarkable contrast with the adjoining uncovered
plants, which were densely covered with capsules. In
1863 a protected long-styled plant produced only five
poor capsules ; two mid-styled plants produced together
the same number ; and two short-styled plants only a
single one. These capsules contained very few seeds;
vet the plants were fully productive when artificially
fertilised under the met. In a state of nature the
flowers are incessantly visited for their nectar by hive-
and other bees, various Dipteraand Lepidoptera.* The
nectar is secreted all round the base of the ovarium;
but a passage is formed along the upper and inner
side of the flower by the lateral deflection (not repre-
sented in the diagram) of the basal portions of the
filaments; so that insects invariably alight on the pro-
jecting stamens and pistil, and insert their proboscides
along the upper and inner margin of the corolla, We
can now see why the ends of the stamens with their
anthers, and the ends of the pistils with their stigmas,

* H. Miller gives a list of the one bee, the Cilissa melanura,
species, *Die Befruchtung der  almost confines its visits to this
Blumen, p. 196, 16 appears that  plant.

L
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are a little upturned, so that they may be brushed by
the lower hairy surfaces of the insects’ bodies. The
shortest stamens which lie enclosed within the calyx of
the long- and mid-styled forms can be touched only by
the proboscis and narrow chin of a bee; hence they
have their ends more upturned, and they are graduated
in length, 50 as to fall into a narrow file, sure to be
raked by the thin intruding proboscis. The anthers of
the longer stamens stand laterally farther apart and are
more nearly on the same level, for they have to brush
against the whole breadth of the inseet’s body. In
very many other flowers the pistil, or the stamens, or
both, are rectangularly bent to one side of the flower.
This bending may be permanent, as with Lythrum
and many others, or may be effected, as in Dictam-
nus fravindlla and others, by a temporary movement,
which occurs in the case of the stumens when the
anthers dehisce, and in the case of the pistil when
the stigma is mature; but these two movements do
not always take place simultaneously in the same
flower. Now I have found no exception to the rule,
that when the stamens and pistil are bent, they bend
to that side of the flower which secretes nectar, even
though there be a rudimentary nectary of large size
on the opposite side, as in some species of Corydalis.
When nectar is secreted on all sides, they bend to
that side where the structure of the flower allows the
casiest access to it, as in Lythrum, various Papilio-
nacew, and others. The rule consequently is, that
when the pistils and stamens are curved or bent, the
stigma and anthers are thus brought into the path-
way leading to the nectary. There are a few cases
which seem to be exceptions to this rule, but they are
not so in truth; for instance, in the Gloriosa lily, the
stigma of the grotesque and rectangularly bent pistil
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is brought, not into any pathway from the outside
towards the nectar-secreting recesses of the flower, but
into the circular route which insects follow in proceed-
ing from one neetary to the other. In Serophularia
aquatica the pistil is bent downwards from the mouth
of the corolla, but it thus strikes the pollen-dusted
breast of the wasps which habitually visit these ill-
seented flowers. In all these cases wo see the supreme
dominating power of insects on the structure of flowers,
especially of those which have irregular corollas.
Flowers which are fertilised by the wind must of
course be excepted; but I do not know of a single
instance of an irregular flower which is thus fertilised.

Another point deserves notice. In each of the three
forms two sets of stamens correspond in length with
the pistils in the other two forms. When bees suck the
flowers, the anthers of the longest stamens, bearing the
green pollen, are Tubbed against the abdomen and the
innersides of the hind legs, as is likewise the stigma of
the long-styled form. The anthers of the mid-length
stamens and the stigma of the mid-styled form are
rubbed against the under side of the thorax and be-
tween the front pair of legs. And, lastly, the anthers
of the shortest stamens and the stigma of the short-
styled form are rubbed against the proboscisand chin ;
for the bees in sucking the flowers insert only the front
part of their heads into the flower. On catching bees, I
observed much green pollen on the inner sides of the
hind legs and on the abdomen, and much yellow
pollen on the under side of the thorax. There was
also pollen on the chin, and, it may be presumed, on
the proboscis, but this was difficult to observe. I had,
however, independent proof that pollen is carried on
the proboscis ; for a small branch of a protected short-
styled plant (which produced spontaneously only two

L2
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capsules) was accidentally left during several days
pressing against the net, and bees were seen inserting
their proboscides through the meshes, and in conse-
quence numerous capsules were formed on this one
small branch. From these several facts it follows that
insects will generally carry the pollen of each form from
the stamens to the pistil of corresponding length ; and
we shall presently see the importance of this adapta-
tion. Tt must not, however, be supposed that the bees
do not get more or less dusted all over with the several
kinds of pollen; for this could be seen to occur with
the green pollen from the longest stamens.  Moreover
a case will presently be given of a long-styled plant
producing an abundance of capsules, though grow-
ing quite by itself, and the flowers must have been
fertilised Dby their own two kinds of pollen; but
these capsules contained a very poor average of seed.
Hence inscets, and chiefly bees, act both as general
carriers of pollen, and as special carriers of the right
sort.

Wirtgen remarks® on the variability of this plant in
the branching of the stem, in the length of the bractes,
size of the petals, and in several other characters. The
plants which grew in my garden had their leaves,
which differed much in shape, arranged oppositely,
alternately, or in whorls of three. In this latter case
the stems were hexagonal; those of the other plants
being quad But we are 1 chiefly,
with the reproductive organs: the upward bending of
the pistil is variable, and especially in the short-styled
form, in which it is sometimes straight, sometimes
slightly curved, but generally bent at right angles.
The stigma of the long-styled pistil frequently has

* ¢ Verhand. des naturhist. Vereins, fiir Pr. Rhcinl’ 5. Jurgang,
1848, pp. 11, 18.
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longer papillee or is rougher than that of the mid-
styled, and the latter than that of the short-styled ;
but this character, though fixed and uniform in the
two forms of Primula veris, &c., is here variable, for
I have seen mid-styled stigmas rougher than those
of the long-styled.* ~ The degree to which the longest
and mid-length stamens are graduated in length and
have their ends upturned is variable ; sometimes all
are equally long. The colour of the green pollen in
the longest stamens is variable, being sometimes pale
greenish-yellow ; in one short-styled plant it was almost
white. The grains vary a little in size: T examined
one short-styled plant with the grains above the
average size; and I have seen a long-styled plant with
the grains from the mid-length and shortest anthers of
the same size. We here seo great variability in many
important characters; and if any of these variations
were of service to the plant, or were correlated with
useful functional differences, the species is in that
state in which natural selection might readily do much
for its modification.

On the Power of Mutual Fertilisation between the three
Forms.

Nothing shows more clearly the extraordinary com-
plexity of the reproductive system of this plant, than
the necessity of making eighteen distinet unions in
order to ascertain the relative fertilising power of the

* The plants which I observed  and he appears to have found the
grow in my garden, and probably mwmam yapillo differing  con-
varied rather more than those stantly in lensth and structure in
roving in o sato of nature. H. - the Uires foris, being longest in
Siiller oo o e stigmas  the long-styled form,

S e s s groat care,
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three forms. Thus the long-styled form has to be fer-
tilised with pollen from its own two kinds of anthers,
from the two in the mid-styled, and from the two in
the short-styled form. The same process has to be
repeated with the mid-styled and short-styled forms.
It might have been thought sufficient to have tried on
each stigma the green pollen, for instance, from either
the mid- or short-styled longest stamens, and not
from both; but the result proves that this would
have been insufficient, and that it was necessary to
try all six kinds of pollen on each stigma. As in
fertilising flowers there will always be some failures,
it would have been advisable to have repeated each of
the eighteen unions a score of times; but the labour
would have been too great; as it was, I made 223
unions, i.e. on an average I fertilised above a dozen
flowers in the eighteen different methods. Each flower
was castrated ; the adjoining buds had to be removed,
so that the flowers might be safely marked with
thread, wool, &c.; and after each fertilisation the stigma
was examined with a lens to see that there was suffi-
cient pollen on it. Plants of all three forms were
protected during two years by large nets on a frame-
work ; two plants were used during one or both years,
in order to avoid any individual peculiarity in a par-
ticular plant. As soon as the flowers had withered,
the mets were removed; and in the autumn the cap-
sules were daily inspected and gathered, the ripe
seeds being counted under the microscope. I have
given these details that confidence may be placed
in the following tables, and as some excuse for two
blunders which, I believe, were made. These blunders
are referred to, with their probable cause, in two
foot-notes to the tables. The erroneous numbers, how-
ever, are entered in the tables, that it may not be sup-
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posed that I have in any one instance tampered with
the results.

A few words explanatory of the three tables must be
given. Each is devoted to one of the three forms, and
is divided into six compartments. The two upper ones
in each table show the number of good seeds resulting
from the application to the stigma of pollen from the
two sets of stamens which correspond in length with
the pistil of that form, and which are borne by the
other two forms. Such unions are of a legitimate
nature. The two next lower compartments show the
result of the application of pollen from the two sets of
stamens, not corresponding in length with the pistil,
and which are borne by the other two forms. These
unions are illegiti The two lowest
show the result of the application of each form’s own
two kinds of pollen from the two sets of stamens be-
longing to the same form, and which do not equal the
pistil in length. These unions are likewise illegiti-
mate. The term own-form pollen here used does not
mean pollen from the flower to be fertilised—for this
was never used—but from another flower on the same
plant, or more commonly from a distinet plant of the
same form. The figure (0) means that no capsule was
produced, or if a capsule was produced that it contained
1o good seed. In some part of each row of figures in
each compartment, a short horizontal line may be seen ;
the unions above this line were made in 1862, and
below it in 1863. It is of importance to observe this,
as it shows that the same general result was obtained
during two successive years; but more especially be-
cause 1863 was a very hot and dry season, and the
plants had occasionally to be watered. This did not pre-
vent the full complement of seed being produced from
the more fertile unions ; but it rendered the less fertile

@ The Complete Work of Charles Darwin Online



152 HETEROSTYLED TRIMORPHIC PLANTS. Char. IV.

ones even more sterile than they otherwise would have
been. I have seen striking instances of this fact in
making illegitimate and legitimate unions with Pri
mula; and it is well known that the conditions of life
must b highly favourable to give any chance of sue-
cess in producing hybrids between species which are

ctossed with difficulty.

TaBLE 23.—.

Long-styled Form.

L
Legitimate union.

15 fovors ol by theonget

I
Legitimate union.
ongest

stamens of, the mid-styled.
stamens zqull In length the pistil
of the lon; 4 =

Prodahsr gnml ot ek o
sule.
6

53
1 0
0 0
0 0
0 0
— 0
45
a1
38 per cent. of these flowers

yielded capsules. Each capsule con-
tained, on an average, 51°2 seeds.

elo
stamens of the shorlstyled,

ons el lenglh the pnl)l
i

Bk ot et e

159 104
43 119
96 poor sced. 96

103 99

131
0 116
114

per cent. of these flowers
yielded capsules. Each capsule con-
tained, on an average, 107°3 seeds.

1.

llegitimate union.

14 flowers fertilised by the short-
est stamens of the mid-sty

oolococwn
coccoccoo R
E

Too sterile for any average.

v,
egitimate union.

12 flowers fertilised by the mid-

length stamens of the short-styled.

coloco®
coocoo

Too sterile for any average.
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TABLE 28.—Long-styled Form—continued.

¥ 1.
imate union. Tllegitimate union.
15 flowers fertilised by own-form | 15 flowers frtilised by own-form
‘mid-length stamens. shortest stamens.
2 - 4 o
10 o 8 0
23 0 4 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
Too sterile for any average. ‘ Too sterile for any average.

Besides the above experiments, I fertilised a consi-
derable number of long-styled flowers with pollen,
taken by a camel’s-hair brush, from both the mid-
length and shortest stamens of their own form: only
5 capsules were produced, and these yielded on an
average 145 seeds. In 1863 I tried a much better ex-
periment: a long-styled plant was grown by itself,
miles away from any other plant, so that the flowers
could have received only their own two kinds of pol-
len. The flowers were incessantly visited by bees, and
their stigmas must have received successive applica-
tions of pollen on the most favourable days and at the
most fayourable hours: all who have crossed plants
know that this highly favours fertilisation. This plant
produced an abundant crop of capsules; I took by
chance 20 capsules, and these contained seeds in
number as follows :—

20 20 35 21 19
2 24 12 23 10

7 30 27 2 13
20 12 29 19 35
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This gives an average of 21+5 seeds per capsule. As
we know that the long-styled form, when standing
near plants of the other two forms and fertilised by
insoots, produces on an average 93 seeds per capsule,
we see that this form, fertilised by its own two pollens,
yields only between one-fourth and one-fifth of the full
number of seed. T have spoken as if the plant had re-
ceived both its own kinds of pollen, and this is, of
course, possible; but, from the enclosed position of the
shortest stamens, it is much more probable that the
stigma. received exclusively pollen from the mid-
length stamens; and this, as may be seen in com-
partment V. in Table 23, is the more fertile of the two
self-unions.

Tavre 94—Mid-styled Form.

L | .
Legitimate union. | Legitimate union.
12 flowers fertilised by the mid- | 12 flowers fertilised by the mid-

length stamens of the long-styled, | length stamens of the short-styled,
These stamens equal in length the } These stamens equal in length the

pistil of the mid-styled. | pistil of the mid-styled.
Product of good seed in each cap- | Product of good sced in each cap-
| sule.,

138 122 | 12 109
149 50 130 143
147 151 143 124
109 119 100 145
133 158 3 12
144 0 | 141
231 104

92 per cent. of the flowers (pro- | 100 per cent, of the fowers yielded

bably 100 per cent.) yielded cap- | capsules. Each capsule contained,

sules. Each capsule contained, on | on an average, 1080 seeds; or, ex-

an average, 127-3 seeds. cluding capsules with less than 20
seeds, the average is 116°7 seeds.
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Tasu 24.—Mid-styled Form—continued.
L .
Tilegitimate union. Tllegitimate union.
18 flowers fertilised by the short- | 15 flowers fertilised by the long-
est stamens of the long-styled. st stamens of the short-styled.
83 12 86
0 19 115 113
(seeds small 14 29
b o { and poor. 6 17
e 0 2 113
4 0 9 79
44 o - 128
0 1 0

54 per cent. of the flowers yielded |

capsules.  Each capsule wmm«
on an average, 47°4 seeds; or, ex-
dlay e e e o s 20
seeds, the average is 60°2 seeds.

98 por cunt. of me fowers yle\ded

capsules.  Eacl

oo an averagy; i seeds' pgpes

cluding capsales it lose than 20
eads, the average is 1028,

v
Tlegitimate union.
12 flowers fertilised by own-form
longest stamens.

9 0
9 0
6 0
i 0
1367% 0
0 0
0

Excluding the caprle with 156

seeds, 25 per cent. of the flowers
oL e
contained, on an average, 546 seeds;
or, excluding capsules with less than
20 seeds, the average is 77°5.

llegitimate union.
12 flowers fertilised by own-form
shortest stamens.

colee

Not one flower yielded a capsule.

* I have hardly a doubt that
this roult of 186 seedain ompart-
ment V. was do s groes

s 4 bo forilsed by
theie own longest stamens wero
first marked

.,
g
2
-4

s

by “white silk;” a flower fertilised

in the later munner vould havo
i 131 it

missing, viz. at the bottom of
ent L~ Therefore I have
hsrvﬁ;r any doubt_ that I fertilised
a flower marked with “white
thread” as if it had been mlrkcd
with “white silk.” With re:
o the eapiule vhich Siekted 3
sceds, in_the same column with
oot which Jielded 188, Tdo
not know what I

bt

be observed that one such pod is

dropping from an upper to a lower
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Besides the experiments in the above table, T ferti-
lised a considerable number of mid-styled flowers with
pollen, taken by a camel’s-hair brush, from both the

longest and shortest stamens of their own form :

only

5 capsules were produced, and these yielded on an

average 11°0 seeds.

TABLE 25,—Short-styled Form.

L

Legit
12 flowers fertilised by the short-
gt stamens of the longyled.
s equal in length the
pum of m short-styled.

o 88
88 112
65 111
0 62
0 100

88 per cent. of the flowers yielded
capsules,  Each capsuln contained,
on'an average, 815 sess,

10 flowers fertilised by the mid-
length stamens of the long-styled,

0
0 0
0
0

Too sterile for any average.

IL
Legitimate union.
13 flowers fertilised by the short-
est stamens of the mid-styled
These stamens equal in length the

pistil of the short-styled.
93 69
77 69
48 53
43 9
0 0
o 0

61 percent.of the ﬂnwnn yields
capsules. Each capsule
00 an average, 04-6 seeds,

ed
ontained,

Tllegitimate union.
10 flowers fertilised by the long-
est stamens of the mid-styled.

olocoo
coocoo

Too sterile for any avera

flower,and T trid t0 remember to

wipe the pincers carefully after
cach fortiliation; but in imking
cighicen different unions, some-

e oo P o

lies buazing about,
some few errors could hardly be
avoided. One »

eut the bees visiting the un-

coverod_plants, for in_a_fow
Scoonds' e they might. have
done irreparablo mischief. 1t was
also extremely diffieult o exclude
‘minute Diptera from the net. In
1862 [ made the great mistake of
plcing o midsiylol and long-
styled under the same hugo

£ 1865 T avoided.this eror.
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TABLE 25.—Short-styled Form—continued.

: VL
Tlegitimate union. Tllegitimate wnion.
10 flowers fertilised by own-form | 10 flowers fertilised by own-form
longest stamens. ‘mid-length stamens.
0 0 6a7% 0
0 0 0 0
0 0 0 0
= 0 - 0
0 0 2 0
0 9
Too sterile for any average. Too sterile for any average.

Besides the experiments in the table, T fertilised a
number of flowers without particular care with their
own two kinds of pollen, but they did not produce a
single capsule.

Summary of the Reslts.

Long-styled form.—Twenty-six flowers fertilised le-
gitimately by the stamens of corresponding length,
borne by the mid- and short-styled forms, yielded 615
per cent. of capsules, which contained on an average
897 seeds.

Twenty-six long-styled flowers fertilised illegiti-
mately by the other stamens of the mid- and short-
styled forms yielded only two very poor capsules.

Thirty long-styled flowers fertilised illegitimately by
their own-form two sets of stamens yielded only eight
very poor capsules; but long-styled flowers fertilised

* T suspect that by mistake T to be thus fertilised were marked
fertilised this flower in compart- with black silk; those with pollen
ment VL with pollen from the from tie uucn mens of
shortest sfamens of tk

torm, and it would then have and thus pxubulvly the mistake
yielded atout 64 sceds. Flowers
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by bees with pollen from their own stamens produced
numerous capsules containing on an average 21'5
seeds.

Mid-styled form.—Twenty-four flowers 1
fertilised by the stamens of corresponding length,
borne by the long and short-styled forms, yielded 96
(probably 100) per cent. of capsules, which contained
(excluding one capsule with 12 seeds) on an average
1172 seeds.

Fifteen mid-styled flowers fertilised illegitimately
by the longest stamens of the short-styled form yielded
93 per cent. of capsules, which (excluding four cap-
sules with less than 20 seeds) contained on an average
102-8 seeds.

Thirteen mid-styled flowers fertilised illegitimately
by the mid-length stamens of the long-styled form
yielded 54 per cent. of capsules, which (excluding
one with 19 seeds) contained on an average 602 seeds.

Tyelve mid-styled flowers fertilised illegitimately
by their own-form longest stamens yielded 25 per
cent. of capsules, which (excluding one with 9 seeds)
contained on an average 775 sceds,

Twelve mid-styled flowers fertilised illegitimately
by their own-form shortest stamens yielded not a
single capsule.

Short-styled form.—Twenty-five flowers fertilised
legitimately by the stamens of corresponding length,
borne by the long and mid-styled forms, yielded 72
per cent. of capsules, which (excluding one capsule
with only 9 seeds) contained on an average T08
seeds.

Twenty short-styled flowers fertilised illegitimately
by the other stamens of the long and mid-styled forms
yielded only two very poor capsules.

Twenty short-styled flowers fertilised illegitimately
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by their own stamens yielded only two poor (or per-
haps three) capsules.

If we take all six legitimate unions together, and
all twelve illegitimate unions together, we get the fol-
lowing results i—

Tasie 26.
| Nomter | Avege | N efor
Nature of Usion. | of Flowers ‘ of Gapeues | T Of | S e
| e | rdied” | SR | el
The six leummnze}‘ il [odeg, ‘ 9620 | 7189
The twelve illegiti-)| i 7 %
St i J‘ 146 i 36 “ 44-72 11+03

Therefore the fertility of the legitimate unions to that
of the illegitimate, as judged by the proportion of the
fertilised flowers which yielded capsules, is as 100 to
33 ; and judged by the average number of seeds per
capsule, as 100 to 46.

From this summary and the several foregoing tables
we see that it is only pollen from the longest stamens
which can fully fertilise the longest pistil; only that
from the mid-length stamens, the mid-length pistil;
and Only that from the shortest stamens, the shortest
pistil. And now we can comprehend the meaning of
the almost exact correspondence in length between
the pistil in each form and a set of six stamens
in two of the other forms; for the stigma of each
form is thus rubbed against that part of the insect’s
body which becomes charged with the proper pollen.
It is also evident that the stigma of each form,
fertilised in three different ways with pollen from
the longest, mid-length, and shortest stamens, is acted
on very differently, and conversely that the pollen from
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the twelve longest, twelve mid-length, and twelve
shortest stamens acts very differently on each of the
three stigmas ; so that there are three sets of female
and of male organs. Moreover, in most cases the six
stamens of each set differ somewhat in their fertilising
power from the six corresponding ones in one of the
other forms. We may further draw the remarkable
conclusion that the greater the inequality in length
between the pistil and the set of stamens, the pollen
of which is employed for its fertilisation, by so much
is the sterility of the union increased. There are no
exceptions to this rule. To understand what follows
the reader should look to Tables 23, 24, and 25, and
to the diagram Fig. 10, p. 139. In the long-styled form
the shortest stamens obviously differ in length from
the pistil to a greater degree than do the mid-length
stamens; and the capsules produced by the use of
pollen from the shortest stamens contain fewer sceds
than those produced by the pollen from the mid-
length stamens. The same result follows with the
long-styled form, from the use of the pollen of the
shortest stamens of the mid-styled form and of the
mid-length stamens of the short-styled form. The
same rule also holds good with the mid-styled and
short-styled forms, when illegitimately fertilised with
pollen from the stamens more or less unequal in
length to their pistils. Certainly the difference in
sterility in these several cases is slight; but, as far as
we are enabled to judge, it always increases with the
increasing inequality of length between the pistil and
the stamens which are used in each case.

The correspondence in length between the pistil in
each form and a set of stamens in the other two forms,
is probably the direct result of adaptation, as it is of
high service to the species by leading to full and
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legitimate fertilisation. But the rule of the increased
sterility of the illegitimate unions according to the
greater inequality in length between the pistils and
stamens employed for the union can be of no service.
With some heterostyled dimorphic plants the dif-
ference of fertility between the two illegitimate unions
appears at first sight to be related to the facility of
self-fertilisation ; so that when from the position of
the parts the liability in one form to self-fertilisation
is greater than in the other, a union of this kind
has been checked by having been rendered the
more sterile of the two. But this explanation does
not apply to Lythrum; thus the stigma of the long-
styled form is more liable to be illegitimately fer-
tilised with pollen from its own mid-length stamens,
or with pollen from the mid-length stamens of the
short-styled form, than by its own shortest stamens
or those of the mid-styled form ; yet the two former
unions, which it might have been expected would
have been guarded against by increased sterility,
are much less sterile than the other two unions
which are much less likely to be effected. The
same relation holds good even in a more striking
manner with the mid-styled form, and with the short-
styled form as far as the extreme ste of all its
illegitimate unions allows of any comparison. We
are led, therefore, to conclude that the rule of in-
creased sterility in accordance with increased in-
equality in length between the pistils and stamens,
is a purposeless result, incidental on those changes
through which the species has passed in acquiring
certain characters fitted to ensure the legitimate
fertilisation of the three forms.

Another conclusion which may be drawn from
Tables 23, 24, and 25, even from a glance at them,

M
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is that the mid-styled form differs from both the
others in its much higher capacity for fertilisation
in various ways. Not only did the twenty-four flowers
legitimately fertilised by the stamens of corresponding
lengths, all, or all but one, yield capsules rich in
seed; but of the other four illegitimate unions, that
by the longest stamens of the short-styled form was
highly fertile, though less so than the two legitimate
unions, and that by the mid-length stamens of the
long-styled form was fertile to a considerable degree ;
the remaining two illegitimate unions, namely, with
this form’s own pollen, were sterile, but in different
degrees. So that the mid-styled form, when fertilised
in the six different possible methods, evinces five
grades of fertility. By comparing compartments TIL
and VL in Table 24 we may see that the action of
the pollen from the shortest stamens of the long-styled
and mid-styled forms is widely different; in the one
case above half the fertilised flowers yielded capsules
containing a fair number of seeds; in the other case
not one capsule was produced. So, again, the green,
large-grained pollen from the longest stamens of
the short-styled and mid-styled forms (in compart-
ments 1V. and V.) is widely different. In both these
cases the difference in action is so plain that it cannot
be mistaken, but it can be corroborated. If we look
to Table 25 to the legitimate action of the shortest
stamens of the long- and mid-styled forms on the
short-styled form, we again see a similar but slighter
difference, the pollen of the shortest stamens of the
mid-styled form yielding a smaller average of seed
during the two years of 1862 and 1863 than that from
the shortest stamens of the long-styled form. Again,
if we look to Table 23, to the legitimate action on
the long-styled form of the green pollen of the two
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sets of longest stamens, we shall find exactly the same
result, viz. that the pollen from the longest stamens of
the mid-styled form yielded during both years fewer
seeds than that from the longest stamens of the
short-styled form. Hence it is certain that the two
kinds of pollen produced by the mid-styled form are
less potent than the two similar kinds of pollen pro-
duced by the corresponding stamens of the other two
forms.

In close connection with the lesser potency of the
two kinds of pollen of the mid-styled form is the fact
that, according to H. Miller, the grains of both are
a little less in diameter than the corresponding grains
produced by the other two forms. Thus the grains
{from the longest stamens of the mid-styled form are
9 to 10, whilst those from the corresponding stamens
of the short-styled form are 9} to 10} in diameter.
So, again, the grains from the shortest stamens of the
mid-styled are 6, whilst those from the corresponding
stamens of the long-styled are 6 to 6} in diameter.
Tt would thus appear as if the male organs of the
mid-styled form, though not as yet rudimentary, were
tending in this direction. On the other hand, the
female organs of this form are in an eminently efficient
state, for the naturally fertilised capsules yielded a
considerably larger average number of seeds than
those of the other two forms—almost every flower
which was artificially fertilised in a legitimate manner
produced a capsule—and most of the illegitimate
unions were highly productive. The mid-styled form
thus appears to be highly feminine in nature; and al-
though, as just remarked, it is impossible to consider
its two well-developed sets of stamens which produce
an abundance of pollen as being in a rudimentary
condition, yet we can hardly avoid connecting as

2
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balanced the higher efficiency of the female organs
in this form with the lesser efficiency and lesser size
of its two kinds of pollen-grains. The whole case
appears to me a very curious one.

It may be observed in Tables 23 to 25 that some
of the illegitimate unions yielded during neither year
asingle seed ; but, judging from the long-styled plants,
it is probable, if such unions were to be effected re-
peatedly by the aid of insects under the most favour-
able conditions, some few seeds would be produced in
every case. Anyhow, it is certain that in all twelve
illegitimate unions the pollen-tubes penetrated the
stigma in the course of eighteen howrs. At first
thought that two kinds of pollen placed together on
the same stigma would perhaps yield more seed than
one kind by itself ; but we have seen that this is not
so with each form’s own two kinds of pollen; nor is it
probable in any case, as I occasionally got, by the use
of a single kind of pollen, fully as many seeds as a
capsule naturally fertilised ever produces. Moreover
the pollen from a single anther is far more than suffi-
cient to fertilise fully a stigma; hence, in this as with
so many other plants, more than twelve times as much
of each kind of pollen is produced as is necessary to
ensure the full fertilisation of each form. From the
dusted condition of the bodies of the bees which I
caught on the flowers, it is probable that pollen of
various kinds is often deposited on all three stigmas ;
but from the facts already given with respect to
the two forms of Primula, there can hardly be a
doubt that pollen from the stamens of corresponding
length placed on a stigma would be prepotent over
any other kind of pollen and obliterate its effects,
—even if the latter had been placed on the stigma
some hours previously.
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Finally, it has now been shown that Lythrum salicaria
presents the extraordinary case of the same species
bearing three females, different in structure and fune-
tion, and three or even five sets (if minor differences
are considered) of males; each set consisting of half-
a-dozen, which likewise differ from one another in
structure and function.

Lythrum Grafferi—T have examined numerous dried flowers
of this species, each from a separate plant, sent me from Kew.
Like L. sulicaria, it is trimorphic, and the three forms appa-
rently occur in about equal numbers. In the long-styled form
the pistil projects about one-third of the length of the calyx
Deyond its mouth, and is therefore relatively much shorter than
in L. salicaria ; the globose and hirsute stigma is larger than
that of the other two forms ; the six mid-length stamens, which
are graduated in length, have their anthers standing close above
and close beneath the mouth of the calyx; the six shortest
stamens rise rather above the middle of the calyx. In the mid-
styled form the stigma projects just above the mouth of the
calyx, and stands almost on & level with the mid-length stamens
of the long and short-styled forms; its own longest stamens
project well above the mouth of the calyx, and stand a little
above the level of the stigma of the long-styled form. In short,
without entering on further details, there is a close general
correspondence in structure between this species and L. salicaria,
but with some differences in the proportional lengths of the
parts. The fact of each of the three pistils having two sets of
stamens of corresponding lengths, borne by the two other forms,
comes out conspicuously. In the mid-styled form the pollen-
grains from the longest stamens are nearly double the diameter
of those from the shortest stamens; so that there is a greater
difference in this respect than in L. salicaria. In the long-
styled form, also, the difference in diameter between the pollen-
grains of the mid-length and shortest stamens is greater than
in L. salicaria. These comparisons, however, must be received
with cantion, as they were made on specimens sonked in water
after having been long kept dry.

Lythrum thymifolia,—This form, according to Vaucher,? is

* “Hist. Phys. des Plantes &’Europe;” tom. ii. (1841), pp. 369, 371
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dimorphic, like Primula, and therefore presents only two forms.
T received two dried flowers from Kew, which consisted of the
two forms; in one the stigma projected far beyond the calyx, in
the other it was included within the calyx; in this latter form
the style was only one-fourth of the length of that in the other
form. There are only six stamens; these are somewhat gradu-
ated in length, and their anthers in the short-styled form stand
a little above the stigma, but yet by no means equal in length
the pistil of the long-styled form. In the latter the stamens
are rather shorter than those in the other form. The six
stamens alternate with the petals, and therefore correspond
‘homologically with the longest stamens of L. salicaria and L.
raferi.

Lythrum hyssopifolia.—This species is said by Vancher, but T
Delieve erroneously, to be dimorphic. I have examined dried
flowers from twenty-two separate plants from various localities,
sent to me by Mr. Hewett C. Watson, Professor Babington, and
others. These were all essentially alike, so that the species
canmot be heterostyled. The pistil varies somewhat in length,
Dbut when unusualy long, the stamens are likewise generally
long; in the bud the stamens are short; and Vaucher was
perhaps thus deceived. There are from six to nine stamens,
graduated in length, The three stamens, which vary in being
cither present or absent, correspond with the six shorter stamens
of L. salicaria and with the six which are always absent in Z.
thymifolia. The stigma is included within the calyx, and stands
in the midst of the anthers, and would generally be fertilised
Dy them; but as the stigma and anthers are upturned, and as,
according to Vaucher, there is a passage left in the upper side
of the flower to the nectary, there can hardly be a doubt that
the flowers are visited by insects, and would oceasionally be
cross-fertilised by them, as surely as the flowers of the short-
styled L. salicaria, the pistil of which and the corresponding
stamens in the other two forms elosely resemble those of L. ys-
sopifolia. According to Vaucher and Lecoq,* this species, which
is an annual, generally grows almost solitarily, whereas the
three preceding species are social; and this fact alone would
almost have convinced mo that L. kyssipifolia was not hetero-
styled, as such plants cannot habitually live isolated any better
than one sex of a dicecious species.

* ¢ Gégraph, Bot, de 'Europe,’ tom. vi. 1857, p. 157.
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We thus see that within this genus some species are hetero-
styled and trimorphic; one apparently heterostyled and dimor-
phic, and one homostyled.

Nesaa_verticillata—I raised a number of plants from seed
sent me by Professor Asa Gray, and they presented three forms.
These differed from one another in the proportional lengths of
their organs of fructifieation and in all respects, in very nearly
the same way as the three forms of Lythrum Grafferi. The
green pollen-grains from the longest stamens, measured along
their longer axis and not distended with water, were 53 of an
inch in length; those from the mid-length stamens %, and
those from the shortest stamens %% of an inch, So that the
Jargest pollen-grains are to the smallest in diameter as 100 to
65. This plant inhabits swampy ground in the United States.
According to Fritz Miller,* a species of this genus in St. Catha-
rina, in Southern Brazil, is homostyled.

ZLagerstramia Indica.—This plant, a member of the Lythracese,
may perhaps be heterostyled, or may formerly have been so, T
is remarkable from the extreme variability of its stamens, On
a plant, growing in my hothouse, the flowers included from
nineteen to twenty-nine short stamens with yellow pollen,
which correspond in position with the
Lythrum; and from one to five (the latter number being the
commonest) very long stamens, with thick flesh-coloured fila-
ments and green pollen, corresponding in position with the
longest stamens of Lythrum. In one flower, two of the long
stamens produced green, while a third produced yellow pollen,
although the filaments of all three were thick and flesh-coloured.
In an anther of another flower, one cell contained green and
the other yellow pollen. The green and yellow pollen-grains
from the stamens of different length are of the same size.
The pistil is a little bowed upwards, with the stigma seated
Detween the anthers of the short and long stamens, so that
this plant was mid-styled. Eight flowers were fertilised with
green pollen, and six with yellow pollen, but not one set fruit.
This latter fact by no means proves that the plant is hetero-
styled, as it may belong to the class of self-sterile species.
Another plant growing in the Botanic Gardens at Caleutta, as
Mr. J. Scott informs me, was long-styled, and it was equally

* ¢Bot. Zeitung,’ 1868, p. 112,
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sterile with its own pollen; whilst a long-styled plant of
L. regine, though growing by itself, produced fruit. I examined
dried flowers from two plants of L. parviflora, both of which
were long-styled, and they differed from L. Indics in having
cight long stamens with thick filaments, and a crowd of shorter
stamens. Thus the evidence whether L. Indics is hetero-
styled is curionsly conflicting : the unequal number of the short
and long stamens, their extreme variability, and especially the
fact of their pollen-grains not differing in size, are strongly
opposed to this belief; on the other hand, the difference in
length of the pistils in two of the plants, their sterility with
their own pollen, and the difference in length and structure of
the two sets of stamens in the same flower, and in the colour of
their pollen, favour the belief. We know that when plants of
any kind revert to a former condition, they are apt to be highly
variable, and the two halves of the same organ sometimes differ
much, as in the case of the above-described anther of the
Lagerstreemia; we may therefore suspect that this species was
once heterostyled, and that it still retains traces of its former
state, together with a tendency to revert more completely to it.
1t deserves notice, as bearing on the nature of Lagerstremia,
that in Zythrum ifolia, which is & species, som
of the shorter stamens vary in being either present or absent;
and that these same stamens are altogether absent in . thymi-
Jfolia. Tn another genus of the Lythraces, namely Cuphea, three
species raised by me from seed certainly were homostyled ;
nevertheless their stamens consisted of two sets, differing in
length and in the colour and thickness of their filaments, but
not in the size or colour of their pollen-grains; so that they
thus far resembled the stamens of Lagerstremia. T found that
Cuphea purpuren was highly fertile with its own pollen when
antificially aided, but sterile when insects were excluded.*

* 2. Sponce informs me that r but he did not notice the
specos of the gonus  Lengih of the pistils. In_ tho
\mm (Tiligoee) which ho ool  allied Luhea. tho outér purplish
T R e T D e
stamens of the five outer cohorts 1 procured some specimens of
hiave purplish filaments and green  Millia lepidota and speciosa from
pollen, whilst the stamens of the  Kew, but could not make out that
five inner cohorts have yellow their pistils differed in length
pollen.  Ho thereforo_suspected in different plmts; and in all
that these species might provo those which I examined the
to be heterostyled and trimor-  stigma stood close beneath the
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OxALIS (GERANIACEZE).

In 1863 Mr. Roland Trimen wrote to me from the
Cape of Good Hope that he had there found species of
Oxalis which presented three forms; and of these he
enclosed drawings and dried specimens. Of one species
he collected 43 flowers from distinct plants, and they
consisted of 10 long-styled, 12 mid-styled, and 21
short-styled. Of another species he collected 13 flowers,
consisting of 3 long-styled, 7 mid-styled, and 3 short-
styled. In 1866 Prof. Hildebrand proved* by an ex-
amination of the specimens in several herbaria’ that 20
species are certainly heterostyled and trimorphic, and
51 others almost certainly so. He also made some in-
teresting observations on living plants belonging to
one form alone ; for at that time he did not possess
the three forms of any living species. During the
years 1864 to 1868 I occasionally experimented on
Owalis speciosa, but until now have never found time
to publish the results. In 1871 Hildebrand published
an admirable papert in which he shows in the case of
two species of Oxalis, that the sexual relations of the
three forms are nearly the same as in Lythrum sali-
earia. 1 will now give an abstract of his observa-
tions, and afterwards of my own less complete ones.
1 may premise that in all the species scen by me, the
stigmas of the five straight pistils of the long-styled
form stand on a level with the anthers of the longest
stamens in the two other forms. In the mid-styled

uppermostanthers. Thonunerous ¢Monatsber. dor Akad.
stamens aro graduntod in longihy Wee Bl 1560 - 302, 5
and the pollen-grains fro He gives drawings of the three

B i coee Gl ot forms atp. 42 of bis Geschlochter
present any marked difference | 218

diameter. ~ Therofore these spect
do ok appear 1o be heterostylod.

Bot. Zoitung, 1571, pp 416
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form, the stigmas pass out between the filaments of
the longest stamens (as in the short-styled form of
Linum); and they stand rather nearer to the upper
anthers than to the lower ones. In the short-styled

Fig. 11

Long-tyled. Midstylod. Shortstylod.

OXALIS SPECIOSA (with the petals removed).
888, mgm& The dotted lines with arrows show which pollen must.

be carried to the stigmas for legitimate fertilisation.

form, the stigmas also pass out between the fillaments

nearly on a level with the tips of the sepals, The

anthers in this latter form and in the mid-styled rise

to the same height as the corresponding stigmas in the

other two forms.

Owalis Valdiviana,—This species, an inhabitant of
the west coast of South America, bears yellow flowers,
Hildebrand states that the stigmas of the three forms
o not differ in any marked manner, but that the pistil
of the short-styled form alone is destitute of hairs,
The diameters of the pollen-grains are as follows :—

Divistons of the
Mcrometer.
From the longest stamens of short-styled . . . . 8to9
»  midlength e T o
»  longest stamens of mid-styled - . . . 8
» e
»  mid-length stamens of longestyled . . . 7
» o shortest " O

@& The Complete Work of Charles Darwin Online



Cuar, IV, OXALIS VALDIVIANA. 171

Therefore the extreme difference in diameter is as 85
t0 6, or as 100 to T1. The results of Hildebrand’s ex-
periments are given in the following table, drawn up
in accordance with my usual plan. He fertilised each
form with pollen from the two sets of anthers of the
same flower, and likewise from flowers on distinct
plants belonging to the same form; but the effects
of these two closely allied kinds of fertilisation differ
5o little that T have not kept them distinct.

Tasie 27.
Ozalis Valdiviana (from Hildebrand).

Number | Nomber | Nomber
of

Nature of Union. B

Fiawers | Capies | Souda per
fertilised. o

produced. | Co
Lnngﬂ.yled form, by pollen of longest ‘
stamens of short-styled. Legitimate( 28 28 | 19
LS AR |
Lﬂng nym form, hy ;mnm ur mgm ‘
of mid-styled. timate)| 21 21 | 1200
Langsyled form, by pollen of own and
engeh tamens. Tlgi 40 2 55
Tong-styled form, by pollen of own and,
own-form shortest stamens. Illegiti-(| 26 0 0
-
Long-styled form, by pollen of shortest,
stamens of shortetyll. Ulegitimate(| 16 1 1
Longtyled form, by pollen af shortut
amens of mmz,m. Iilegitimate| 9 0 0

@ The Complete Work of Charles Darwin Online



172 HETEROSTYLED TRIMORPHIC PLANTS. Cuar. IV.

TaBLE 2T—continued.
Ozalis Valdiviana (from Hildebrand).

Number | Number | Number
of of of

Nature of Union. s i | Gaite
foilsed. | produoed. | Copsute:
Mid-styled form, by pollen of mid-length sta- .
‘mens of long-styled, Legitimate union. j| °° ey
Midstyled form, by pollen of mid-ength [
o of short-syled. Leghtimate(| 23| 23 | 104
Nidstyled form, by pollen of own and
own-fors ongist ‘Stamens. Illegmmau 52 | o )
wion, . . |
Mid-styled form, by pollen of own and
own-form ahununumgm. Hlgitmate(| 30 8
wnion .
Midestyled form, by pollen of shortest |
samons of lingatylel. Ulogtimatef| 10| 0 0
Mld-stylzd form, by pollen of longest sta-)| 1o | 25

mens of short-styled. Llegitimate union, |

| |

Short-styled form, by pollen of shortest sta- .

mens of ong-styled.  Legitimate union. }1 48 i
Short-stylod ﬁurm by polen of shortest sta-} |

‘mens of mid-s Logitimate waim .| 10 2 ‘ 2
Short-styled ﬁ.m, by pollen of own and)

own-form gmmmm. l“eg\tlmﬂtb# 2 0 0
Short-tyled form, by pollen of own and ]

own-form mid-length stamens. Nlegiti-\ 22 | o 0

me R ) bt . e e |
Short-styled form, by pollen of longest sta-} oETh 'y

‘mens of mid-styled, Illegitimate union
Shortetyled form, by pollen of mid-lenge wh)|

of long-styled.  Dlegitimata( 3 0 0
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‘We here have the remarkable result that every one
of 138 legitimately fertilised flowers on the three forms
yielded capsules, containing on an average 11-33 seeds.
‘Whilst of the 255 illegitimately fertilised flowers, only
6 yielded capsules, which contained 3-83 seeds on an
average. Therefore the fertility of the six legitimate
to that of the twelve illegitimate unions, as judged
by the proportion of flowers that yielded capsules, is
as 100 to 2, and as judged by the average number of
seeds per capsule as 100 to 34. It may be added that
some plants which were protected by nets did mot
spontancously produce any fruit; nor did one which
was left uncovered by itself and was visited by bees.
On the other hand, scarcely a single flower on some
uncovered plants of the three forms growing mear
together failed to produce fruit.

Ogalis Regnelli—This species bears white flowers
and inhabits Southern Brazil. Hildebrand says that
the stigma of the long-styled form is somewhat larger
than that of the mid-styled, and this than that of the
short-styled. The pistil of the latter is clothed with a
few hairs, whilst it is very hairy in the other two
forms. The diameter of the pollen-grains from both
sets of the longest stamens equals 9 divisions of the

that from the mid-length stamens of the
long-styled form between 8 and 9, and of the short-
styled 8,—and that from the shortest stamens of both
sets 7. So that the extreme difference in diameter is
as9to 7 or as 100 to 78. The experiments made by
Hildebrand, which are not so numerous as in the last
case, are given in Table 28 in the same manner as
before.

The results are nearly the same as in the last case,
but more striking ; for 41 flowers belonging to the
three forms fertilised legitimately all yielded capsules,
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TapLe 28
Oxalis Regnelli (from Hildebrand).

nm.« Number | Average

| | Number of
Hature.of Unlon. | mms | copmuey | Seirger
e,
Long-styled form, by pollen st sta-) R
‘mens of short-styled. chmmnbe union, 4 |
“Long-styled form, by pollen’oao;est sta) £
mens of wid-styled. Legi union ik
Long-styled form, by pollen of own mid-)
length stamens. Ilegitimate wnion .f|  * | © 9
Longatyle form, by polln of own short-)[ 1 o o
stamen. ~ Dlegitimate union. .
Mid-styled rm’ ?;ypolle —
for nofmid-len, :
mens of short-styled. Legitimate unmn} o 2 il
Midestyled form, by pallen ofmi-lengthsta z
sl gt ied (G L
Hiatyll o, by pelles of owa/lnges
stamens. 1llegitimate union } 9 o 0
u.dayled form, by pollen af own shnrhut |
egitimate uaion S i e
]lhd-nylul form, by pollen of longest sta-)| TR P
mens of short'styled. Illegitimate \|n|on} |
Short-styled form, by pollen of shortest sta- ,
‘mens of mid-styled. Legitimate union } i) 9 iz
Short-styled form, by pollen of shortest sta-)[ 5 5 "
mens of long-styled. Legitimate umnn.} iy
Short-styled form, by pollen of own mid-
lengih stamens; Tlogitimate wntonj| 12 ? 0
Short-stylod form, by pollen of own long-3|
est stamens.  Illegitimate union . | 9 0 e
shorlrstyled form, by pollen of mid-length. |
stamens of lung n)m megmmm 1 ‘ 0 0
uslons |

@ The Complete Work of Charles Darwin Online



Crar. IV, OXALIS SPECIOSA. 175

containing on an average 10-31 sceds; whilst 39
flowers fertilised illegitimately did not yield a single
capsule or sced. Therefore the fertility of the six
legitimate to that of the several illégitimate unions,
as judged both by the proportion of flowers which
yielded capsules and by the average number of con-
tained seeds, is as 100 to 0.

Owalis speciosa.—This species, which bears pink
flowers, was introduced from the Cape of Good Hope.
A sketch of the reproductive organs of the three
forms (Fig. 11) has already been given. . The stigma
of the long-styled form (with the papill on its sur-
face included) is twice as large as that of the short-
styled, and that of the mid-styled intermediate in size.
The pollen-grains from the stamens in the three forms
are in their longer diameters as follows :—

Disistons of the

Micrometer.
From the longest stamens of shurhlyled .. 15016
»  mid-length LT s
3 longest stamens of midestyled . . . 18
»  shortest . el
% mid-length stamens of long- &l lad
»  shortest 5 v P

Therefore the extreme difference in diameter is as
16 to 11, or as 100 to 69; but as the measurements
were taken at different times, they are probably only
approximately accurate. The results of my experiments
in fertilising the three forms are given in the following
table,
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TaspLe 29.
Ozalis speciosa.
Number | Number | Average
Nature of Union. Fusmers | ot [Socieger.
feriliscd. | produced. | Capsule.
Longstyled orm, by pollen of longest [
of short-styled. Logtimatef] 19 | 15 | 574
Tong-styled form, by pollen of longest |
simens of mid-styled, Legltimater] 4 3 | 500
unio B |
e e 9 ‘ 2 | 425
mi-ength staess. lgitimate nion
Long-styled form, by pollen of own-form
shortest stamens. ~ 1llegitimate union } i o : ¢
Long-styled form, by pollen of shortest] | 1
o of mid-syled. Nlegitimte 4 | 0 | 0
A e
].Amg styled form, by polln of mid-length ‘ | |
ens of sl hm.nyud llleg timate}| 12 | 5 | 300
wons -+ | |
|
Midtylod form, by pallen of midlength]| |
stamens of lng-style. Legitimaef| 3 3 | 636
Mid-styled form, by pollen of mid-length,
stamons o short-styled. chmmln 4 4 | 563
wnion, . .
Mld-styled :om, by wiael. yoton )
-form longest and shortest{| 9 3 |1
R Tllegitimate union
m.«m,lea form, by pollen of longeall |
ns of short-s e SR
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TaBLE 20—continued.

Ozalis speciosa.
Namper | Numper | vesge
o o {Number o
Nature of Usion. Flowers | Capeules [ Seeds per
| fertilised. | produced. | Capsule.

Short-styled form, by pollen of shortest
stamens of mid-styled. Legitimatel] 3 4% on
union .

Short-styled form, by pollen of shortest
stamens of long-styled. Legitimatel| 3 3 | s
|

Short-styled form, by pollen of own-form)| 1 ¥
longest stamens, ~Tllegitimate union .

Short-styled form, by pollen of own-form)
mid-length stamens. Tlegitimate unios n} e ¢ 9

Short-styled form, by both pollens mixed
together, of own-form longest and mid-3 13 o 0
R s, Tlngitiate vaion

d megmmm | S 0
- 0 - |
Short-styled form, by pollen of mid-length | |
B oo il Tigiinuie

Bl
Short-tyled form, by polen of Iongnn}
E mid

10 1 ‘54

i

We here see that thirty-six flowers on the three
forms legitimately fertilised yielded 30 capsules, these
containing on an average 5836 seeds. Ninety-five
flowers illegitimately fertilised yielded 12 capsules,
containing on an average 28+58 seeds. Therofore the
fertility of the six logitimate to that of the twelve
illegitimate unions, as judged by the proportion of
flowers which yielded capsules, is as 100 to 15, and
judged by the average number of seeds per capsule as
100 to 49. This plant, in comparison with the two
South American species previously deseribed, produces

N

© The Combplete Work of Charles Darwin Online



178  HETEROSTYLED TRIMORPHIO PLANTS. Ciar IV.

many more seeds, and the illegitimately fertilised
Hlowers are not quite so sterile.

Ogalis rosea.—Hildebrand possessed in a living state
only the long-styled form of this trimorphic Chilian
species.* The pollen-grains from the two sets of
anthers differ in diameter as 9 to 7+5, or as 100 to 83.
He has further shown that there is an analogous
difference between the grains from the two sets of
anthers of the same flower in five other species of Oxal
besides those already described. The present species
differs remarkably from the long-styled form of the
three species previously experimented on, in a much
larger proportion of the flowers setting capsules when
fertilised with their own-form pollen. Hildebrand fer-
tilised 60 flowers with pollen from the mid-length
stamens (of either the samo or another flower), and
they yielded no less than 55 capsules, or 92 per cent.
These capsules contained on an average 562 seeds ;
but we have no means of judging how near an approach
this average makes to that from flowers legitimately
fertilised. He also fertilised 45 flowers with pollen
from the shortest stamens, and these yielded only 17
capsules, or 81 per cent., containing on an average
only 2:65 sceds. We thus see that about thrice as
many flowers, when fertilised with pollen from the
mid-length stamens, produced capsules, and these
contained twice as many sceds, as did the flowers
fertilised with pollen from the shortest stamens.
It thus appears (and we find some evidenco of
the samo fact with O. speciosa), that the same rule
holds good with Oxalis as with Lythrum salicaria ;
namely, that in any two unions, the greater the in-
equality in length botween the pistils and stamens, or,

* “Monatsber. der Akad. der Wiss. Berlin, 1866, p. 372.
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which is the same thing, the greater the distance of
the stigma from the anthers, the pollen of which is
used for fertilisation, the less fertile is the union,—
whether judged by the proportion of flowers which
set capsules, or by the average number of seeds per
capsule. The rule cannot be explained in this case
any more than in that of Lythrum, by supposing
that wherever there is greater liability to self-fertilisa-
tion, this is checked by the union being rendered more
sterile; for exactly the reverse oceurs, the liability to
self-fertilisation being greatest in the unions between
the pistils and stamens which approach each other the
nearest, and these are the more fertile. I may add
that I also possessed some long-styled plants of this
species: one was covered by a net, and it set sponta-
neously a fow capsules, though extremely few com-
pared with those produced by a plant growing by
itself, but exposed to the visits of bees.

With most of the species of Oxalis the short-styled
form seems to be the most sterile of the three forms,
when these are illegitimately fertilised ; and I will add
two other cases to those already given. I fertilised
29 short-styled flowers of 0. compressa with pollen from
their own two sets of stamens (the pollen-grains of
which differ in diameter as 100 and 83), and not one
produced a capsule. 1 formerly cultivated during
several years the short-styled form of a species pur-
chased under the name of 0. Bowii (but I have some
doubts whether it was rightly named), and fertilised
many flowers with their own two kinds of pollen,
which differ in diameter in the usual manner, but
never got a single seed. On the other hand, Hilde-
brand says that the short-styled form of 0. Deppei,
growing by itself, yiclds plenty of seed ; but it is not
positively known that this species is heterostyled ; and

N2
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the pollen-grains from the two sets of anthers do not
differ in diameter.

Some facts communicated to me by Fritz Miller
afford excellent evidence of the utter sterility of one
of the forms of certain trimorphic species of Oxalis,
when growing isolated. He has seen in St. Catharina,
in Brazl, a large field of young sugar-cane, many
acres in extent, covered with the red blossoms of one
form alone, and these did not produce a single seed.
His own land is covered with the short-styled form of
a white-flowered trimorphic species, and this is equally
sterile ; but when the three forms were planted near
together in his garden they seeded freely. With two
other trimorphic species he finds that isolated plants
are always sterile,

Fritz Miller formerly believed that a species of
Oxalis, which is so abundant in St. Catharina that it
borders the roads for miles, was dimorphic instead of
trimorphie.  Although the pistils and stamens vary
greatly in length, as was evident in some specimens
sent fo me, yet the plants can be divided into two
sets, according to the lengths of these organs. A
large proportion of the anthers are of a white colour
and quite destitute of pollen; others which are pale
yellow contain many bad with some good grains ; and
others again which are bright yellow have apparently
sound pollen; but he has never succeeded in finding
any fruit on this species. The stamens in some of
the flowers are partially converted into petals. Fritz
Miiller after reading my deseription, hereafter to be
given, of the illegitimate offspring of various hetero-
styled species, suspects that these plants of Oxalis
may be the variable and sterile offspring of a single
form of some trimorphic species, perhaps accidentally
introduced into the district, which has since been
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propagated asexually. Tt is probable that this kind
of propagation would be much aided by there being
no expenditure in the production of seed.

Owalis (Biophytum) sensitiva.—This plant is ranked
by many botanists as a distinct genus. Mr. Thwaites
sent me a number of flowers preserved in spirits from
Ceylon, and they are clearly trimorphic. The style
of the long-styled form is clothed with many seattered
hairs, both simple and glandular; such hairs are much
fewer on the style of the mid-styled, and quite ab-
sent from that of the short-styled form; so that this
plant resembles in this respect O. Valdiviana and
Regnelli, Calling the length of the two lobes of
the stigma of the long-styled form 100, that of
the mid-styled is 141, and that of the short-styled
164. In all other cases, in which the stigma in this
genus differs in size in the three forms, the differ-
ence is of a reversed nature, the stigma of the long-
styled being the largest, and that of the short-styled
the smallest. The diameter of the pollen-grains from
the longest stamens being represented by 100, those
from the mid-length stamens are 91, and those from
the shortest stamens 84 in diameter. This plant is
remarkable, as we shall see in the last chapter of
this volume, by producing long-styled, mid-styled,
and short-styled cleistogamic flowers.

Homostylad Species of Ovalis.—Although the majority
of the species in the large genus Oxalis seem to
trimorphic, some are homostyled, that is, exist under
a single form ; for instance the common 0. acelo-
sella, and according to Hildebrand two other widely
distributed European species, 0. stricta and corniculata,
Fritz Miiller also informs me that a similarly consti-
tuted species is found in St. Catharina, and that it is
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quite fertile with its own pollen when insects are ex-
cluded. The stigmas of 0. stricta and of another homo-
styled species, viz. 0. tropwoloides, commonly stand on
a lovel with the upper anthers, and both these species
are likewise quite fertile when insects are excluded.
With respect to 0. acetosella, Hildebrand says that in
all the many specimens examined by him the pistil
exceeded the longer stamens in length. T procured
108 flowers from the same number of plants growing in
three distant parts of England ; of these 86 had their
stigmas projecting considerably above, whilst 22 had
them nearly on a level with the upper anthers. In
one lot of 17 flowers from the same wood, the stigmas in
every flower projected fully as much above the upper
anthers as these stood above the lower anthers. So
that these plants might fairly be compared with the
long-styled form of a heterostyled species; and T at
first thought that O. acetosella was trimorphic. But
the case is one merely of great variability. The
pollen-grains from the two sets of anthers, as observed
by Hildebrand and myself, do not differ in diameter.
I fertilised twelve flowers on several plants with pol-
len from a distinet plant, choosing those with pistils
of a different length ; and 10 of these (i.e. 83 per cent.)
produced capsules, which contained on an average 7-9
seeds. Fourteen flowers were fertilised with their own
pollen, and 11 of these (.. 79 per cent.) yielded cap-
sules, containing a larger average of seed, namely ‘92,
These plants, therefore, in function show mnot the
least sign of being heterostyled. I may add that 18
flowers protected by a net were left to fertilise them-
selves, and only 10 of these (i.e. 55 per cent.) yielded
capsules, which contained on an average only 6:3 seeds.
So that the access of insects, or artificial aid in placing
pollen on the stigma, increases the fertility of the
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flowers; and I found that this applied especially to
those having shorter pistils. It should be remem-
bered that the flowers hang downwards, so that those
with short pistils would be the least likely to receive
their own pollen, unless they were aided in some
manner.

Finally, as Hildebrand has remarked, there is no
evidence that any of the heterostyled species of Oxalis
are tending towards a dicecious condition, as Zucearini
and Lindley inferred from the differences in the re-
productive organs of the three forms, the meaning of
which they did not understand.

PoxrEDERIA [SP. ?] (PONTEDERIACEZ,)

Fritz Miller found this aquatic plant, which is al-
lied to the Liliacew, growing in the greatest profusion
on the banks of a river in Southern Brazil® But only
two forms were found, the flowers of which include
three long and three short stamens. The pistil of the
long-styled form, in two dried flowers which were sent
me, was in length as 100 to 32, and its stigma as 100
to 80, compared with the same organs in the short-
styled form. The long-styled stigma projects conside-
nably above the upper anthers of the same flower, and
stands on a level with the upper ones of the short-styled
form. In the latter the stigma is seated beneath both its
own sets of anthers, and is on a level with the anthers
of the shorter stamens in the long-styled form. The
anthers of the longer stamens of the short-styled form
are to those of the shorter stamens of the long-styled
form as 100 to 88 in length. The pollen-grains distended

* “Ucher den Trimorphismus ~ Zeitschrift! &., Band 6, 1871,
der Pontederien”; *Jenaisobe  p. 74,
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with water from the longer stamens of the short-styled
form are to those from the shorter stamens of the same
form as 100 to 87 in diameter, as deduced from ten
measurements of each kind, We thus seo that the
organs in these two forms differ from one another
and are arranged in an analogous manner, as in the
long and short-styled forms of the trimorphic species
of Lythrum and Oxalis. Moreover, the longerstamens
of the long-styled form of Pontederia, and the shorter
ones of the short-styled form are placed in a proper
position for fertilising the stigma of a mid-styled form.
But Fritz Miller, although he examined a vast number
of plants, could never find one belonging to the mid-
styled form. The older flowers of the long-styled
and short-styled plants had set plenty of apparently
zood fruit; and this might have been expected, as
they could legitimately fertiliso one another. Al-
though he could not find the mid-styled form of
this species, he possessod plants of another species
growing in his garden, and all these were mid-styled ;
and in this case the pollen-grains from the anthers of
the longer stamens were to those from the shorter sta-
mens of the same flower as 100 to 86 in diameter, as
deduced from ten measurements of each kind. These
mid-styled plants growing by themselves never pro-
duced a single fruit.

Considering these several facts, there can hardly be
a doubt that both these species of Pontederia are
heterostyled and trimorphic. This case is an interest-
ing one, for no other Monocotyledonous plant is known
to be heterostyled. Moreover, the flowers are irregular,
and all other heterostyled plants have almost sym-
metrical flowers. The two forms differ somewhat in
the colour of their corollas, that of the short-styled
being of a darker blue, whilst that of the long-styled
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tends towards violet, and no other such case is known.
Lastly, the three longer stamens alternate with the
three shorter ones, whereas in Lythram and Oxalis
the long and short stamens belong to distinet whorls.
With respect to the absence of the mid-styled form in
the case of the Pontederia which grows wild in Southern
Brazil, this would probably follow if only two forms
had been originally introduced there ; for, as we shall
hereafter see from the observations of Hildebrand,
Fritz Miller and myself, when one form of Oxalis is
fertilised exclusively by either of the other two forms,
the offspring generally belong to the two parent-
forms,

Fritz Miller has recently discovered, as he informs
me, a third species of Pontederia, with all three forms
growing together in pools in the interior of 8. Brazil ;
s0 that no shadow of doubt can any longer remain
about this genus including trimorphic species. He
sent me dried flowers of all three forms. In the long-
styled form the stigma stands a little above the tips of
the petals, and on a level with the anthers of the
longest stamens in the other two forms. The pistil is
in length to that of the mid-styled as 100 to 56, and
to that of the short-styled as 100 to 16. Its summit is
rectangularly bent upwards, and the stigma is rather
broader than that of the mid-styled, and broader in
about the ratio of 7 to 4 than that of the short-styled.
In the mid-styled form, the stigma is placed rather
above the middle of the corolla, and nearly on a level
with the mid-length stamens in the other two forms;
its summit is a little bent upwards. In the short-
styled form the pistil is, as we have seen, very short,
and differs from that in the other two forms in being
straight. It stands rather beneath the level of the
anthers of the shortest stamens in the long-styled and
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mid-styled forms. The three anthers of each set of
stamens, more especially those of the shortest stamens,
are placed one beneath the other, and the ends of the
filaments are bowed a little upwards, so that the pollen
from all the anthers would be effectively brushed off
by the proboscis of a visiting insect. The relative
diameters of the pollen-grains, after having been long
soaked in water, are given in the following list, as
measured by my son Francis.
Disblons ofthe
g ldy
Long-styled form, from the mid-length stamens
Average of 20 measuremonis)

»  from the shortest stamens . . gty
‘measurements.)

Mid-styled form, from the longest stamens 164
(15 measurements

w o from the shortest stamens . . . . 91
‘measurements.)

Short-styled form, from the longest stamens . . . . 146
(20 measurements.)

» »  from the midlength stamens . . . 123
(20 measurements.)

We have here the usual rule of the grains from the
longer stamens, the tubes of which have to penetrate
the longer pistil, being larger than those from the
stamens of less length. The extreme difference in
diameter between the grains from the longest stamens
of the mid-styled form, and from the shortest stamens
of the long-styled, is as 164 to 90, or as 100 to 55;
and this is the greatest difference observed by me in
any heterostyled plant. It is a singular fact that the
grains from the corresponding longest stamens in the
two forms differ considerably in diameter; as do those
in a lesser degree from the corresponding mid-length
stamens in the two forms ; whilst those from the cor-
responding shortest stamens in the long- and mid-
styled forms are almost exactly equal. Their in-
equality in the two first cases depends on the grains
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in both sets of anthers in the short-styled form being
smaller than those from the corresponding anthers in
the other two forms ; and here we have a case parallel

with that of the mid-styled form of Lythrum salicaria.
In this latter plant the pollen-grains of the mid-styled
forms are of smaller size and have less fertilising power
than the corresponding ones in the other two forms ;
whilst the ovarium, however fertilised, yields a greater
number of seeds ; so that the mid-styled form is alto-
gether more feminine in nature than the other two
forms. 1In the case of Pontederia, the ovarium in-
cludes only a single ovule, and what the meaning of
the difference in size between the pollen-grains from
the corresponding sets of anthers may be, I will not
pretend to conjecture.

The clear evidence that the species just described is
heterostyled and trimorphic is the more valuable as
there is some doubt with respect to P. cordata, an in-
habitant of the United States. Mr. Leggett suspects*
that it is either dimorphic or trimorphic, for the
pollen-grains of the longer stamens are “more than
twice the diameter or than eight times the mass of
the grains of the shorter stamens. Though minute,
these smaller grains seem as perfect as the larger
ones.” On the other hand, he says that in all the
mature flowers, «the style was as long at least as
the longer stamens;” “whilst in the young flowers
it was intermediate in length between the two sets of
stamens;” and if this be so, the species can hardly be
heterostyled.

* ‘Bull. of the Torrey Botanical Club, 1875, vol. vi. p. 62.
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CHAPTER V.
TLLEGITIMATE OFFSPRING OF HETEROSTYLED PLANTS.

ﬂlegmmnte offspring rmm 1 three forms of Lythrum salicaria—Their
d stature and sterility, some utterly barren, some fertile—
0xn1u, transmission nf form to the legitimate and illegitimate
needlmg%l’nmuhx Smensm, illegitimate offspring in some
dwarfed and inferti jual-styled varieties of P. Sinensis, at
cula, farinosa, and elatior—P, vulgaris, red-flowered uncty, illegi-
timate seedlings sterile—P, veris, illegitimate plants raised during
several successive generations, their dwarfed stature and sterility—
Equal-styled varieties of P. veris—Transmission of form by Pul-
monaria and Polygonum—Concluding remarks—Close parailelism
between illegitimate fertilisation and hybridism.
\VE have hitherto treated of the fertility of the flowers
led plants, when legitimately and illegiti-
mu,tely fertilised. The present chapter will be devoted
to the character of their offspring or scedlings. Those
raised from legitimately fertilised seeds will be here
called legitimate seedlings or plants, and those from
illegitimately fertilised seeds, ilegitimate seedlings or
plants. They differ chiefly in their degree of fertility,
and in their powers of growth or vigour. I will begin
with trimorphic plants, and T must remind the reader
that each of the three forms can be fertilised in six
different ways ; so that all three together can be ferti-
lised in eighteen different ways. For instance, a
Tong-styled form can be fertilised legitimately by the
longest stamens of the mid-styled and short-styled
forms, and illegitimately by its own-form mid-length
and shortest stamens, also by the mid-length stamens
of the mid-styled and by the shortest stamens of tho
short-styled form ; so that the long-styled can be ferti-
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lised legitimately in two ways and illegitimately in
four ways. The same holds good with respect to the
mid-styled and short-styled forms. Therefore with
trimorphic species six of the eighteen unions yield
legitimate offspring, and twelye yield illegitimate
offspring.

T will give the results of my experiments in detail,
partly because the observations are extremely trouble-
some, and will not probably soon be repeated—thus, T
was compelled to count under the microscope above
20,000 seeds of Lythrum salicaria—but chiefly because
light is thus indirectly thrown on the important sub-
ject of hybridism,

LYTHRUM SALICARIA.

Of the twelve illegitimate unions two were com-
pletely barren, so that no sceds were obtained, and of
course no seedlings could be raised. Scedlings were,
However mised from soven of the ten remaining il-

imate unions. Such illegitimate seedlings when
in flower were generally allowed to be freely and
legitimately fertilised, through the agency of bees, by
other illegitimate plants belonging to the two other
forms growing close by. This is the fairest plan, and
was usually followed; but in several cases (which
will always be stated) illegitimate plants were ferti-
lised with pollen taken from legitimate plants be-
longing to the other two forms; and this, s might
have been expected, inereased their fertility. Lythrum
salicaria is much affected in its fertility by the nature
of the season; and to avoid error from this source,
as far as possible, my observations were continued
during several years, Some few experiments were
tried in 1863. The summer of 1864 was too hot and
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dry, and, though the plants were copiously watered,
some few apparently suffered in their fertility, whilst
others were mot in the least affected. The years
1865 and, especially, 1866, were highly favourable.
Only a few observations were made during 1867.
The results are arranged in classes according to the
parentage of the plants. In each case the average
number of seeds per capsule is given, generally taken
from ten capsules, which, according to my expe
is @ nearly sufficient number. The maximum num-
ber of seeds in any one capsule is also given; and
this is a useful point of comparison with the mor-
mal standard—that is, with the number of seeds
produced by legitimate plants legitimately ferti-
lised. T will give likewise in each case the minimum
number. When the maximum and minimum differ
greatly, if no remark is made on the subject, it may
be understood that the extremes are so elosely con-
nected by intermediate figures that the average is a
fair one.” Large capsules were always selected for
counting, in order to avoid over-estimating the infer-
tility of the several illegitimate plants.

In order to judge of the degree of inferiority in
fertility of the several illegitimate plants, the follow-
ing statement of the average and of the maximum
number of seeds produced by ordinary or leglt\mmv
plants, when legi fertilised, some
and some naturally, will serve as a standard of ot
parison, and may in each case be referred to. But T
give under each experiment the percentage of seeds
produced by the illegitimate plants, in comparison
with the standard legitimate number of the same
form. For instance, ten capsules from the illegitimate
long-styled plant (No. 10), which was legitimately
and naturally fertilised by other illegitimate plants,
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coutained on an average 44-2 seeds; whereas the
eapsules on legitimate long-styled plants, legitimately
and naturally fertilised by other legitimate plants,
contained on an average 93 sceds. Therefore this
illegitimate plant yielded only 47 per cent. of the
full and normal complement of seeds.

Standard Number of Seeds produced by Legitimate Plants
of the three Forms, when legitimately fertilised.

Long-styled form : average number of seeds in each
capsule, 93 ; maximum number observed out of twenty-
three capsules, 159.

Mid-styled form: average number of seeds, 130;
maximum number observed out of thirty-one capsules,
151

Short-styled form : average number of seeds, 835 ;
but we may, for the sake of brevity, say 83; maximum
number observed out of twenty-five capsules, 112,

Cuasses L and 1L Ilegitimate Planis raised from
Long-styled Parents fertilised with pollen from the
mid-length or the shortest stamens of other plants of
the same form.

From this union T raised at different times three
lots of illegiti: seedlings, i 1 her to
56 plants. I must premise that, from not foresecing
the result, I did not keep a memorandum whether the
eight plants of the first lot wero the product of the
mid-length or shortest stamens of the same form ; but
1 have good reason to believe that they were the pro-
duct of the latter. These eight plants were much more
dwarfed, and much more sterile than those in the other
two lots. The latter were raised from a long-styled
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plant growing quite isolated, and fertilised by the
agency of bees with its own pollen ; and it is almost
certain, from the relative position of the organs of
fructification, that the stigma under these circum-
stances would receive pollen from the mid-length
stamens.

All the fifty-six plants in these three lots proved long-
styled ; now, if the parent-plants had been legitimately
fertilised by pollen from the longest stamens of the
mid-styled and short-styled forms, only about one-
third of the seedlings would have been long-styled,
the other two-thirds being mid-styled and short-styled.
Tn some other trimorphic and dimorphic genera we
shall find the same curious fact, namely, that the long-
styled form, fertilised illegitimately by its own-form
pollen, produces almost exclusively long-styled seed-
lings.*

The eight plants of the first lot were of low stature :
three which I measured attained, when fully grown, the
heights of only 28, 29, and 47 inches ; whilst legitimate
plants growing close by were double this height, one
being 77 inches. They all betrayed in their general
appearance a weak constitution ; they flowered rather
later in the season, and at a later age than ordinary
plants. Some did not flower every year ; and one plant,
behaving in an unprecedented manner, did not flower
until three years old. In the two other lots none of
the plants grew quite to their full and proper height,
as could at once be seen by comparing them with the
adjoining rows of legitimate plants. In several plants
in all three lots, many of the anthers were either
shrivelled or contained brown and tough, or pulpy

* Hildebrand ﬁmt called atten-  of Primula Sinensis ; but his re-
tion ( Bot. Zeitung,’ Jan. 1, 1864,  sults were not nearly so uniform
p. 5) to this Took-in the chog s mine,

- & The Complete Work of Charles Darwin Online



Cuar. V. HETEROSTYLED TRIMORPHIC PLANTS. 193

_matter, without any good pollen-grains, and they never
shed their contents ; they were m the state designated
by Giirtner * as contabescent, which term I will for the
future use. In one flower all the anthers were conta-
bescent excepting two which appeared to the naked
eye sound ; but under the microscope about two-thirds
of the pollen-grains were seen to be small and shrivelled.
In another plant, in which all the anthers appeared
sound, many of the pollen-grains were shrivelled and
of unequal sizes. I counted the seeds produced by
seven plants (1 to 7) in the first lot of eight plants,
probably the product of parents fertilised by their
own-form shortest stamens, and the seeds produced by
three plants in the other two lots, almost certainly the
product of parents fertilised by their own-form mid-
length stamens.

Plant 1. This long-styled plant was allowed during 1863 to
be freely and legitimately fertilised by an adjoining illegitimate
mid-styled plant, but it did not yield a single seed-capsule. It
was then removed and planted in a remote place close to a
Drother long-styled plant No. 2, so that it must have been frecly
though illegitimately fertilised; under these circumstances it
did not yield during 1864 and 1865 a singlo capsule. 1 should
here state that a legitimate or ordinary long-styled plant, when
growing isolated, and freely though illegitimately fertilised by
inscets with its own pollen, yielded an immense number of
capsules, which contained on an average 21-5 seeds.

Plant 2. This long-styled plant, after flowering during 1863
close to an illegitimate mid-styled plant, produced less than
twenty capsules, which contained on an average between four
and five seeds. When subsequently growing in company with
No.1, by which it will have been illegitimately fertilised, it
yielded in 1866 not a single capsule, but in 1865 it yielded
twenty-two capsules: the best of these, fifteen in number, were
examined; eight contained no seed, and the remaining seven
contained on an average only three seeds, and these seeds were

* ‘Beitriige zur Kenntniss der Befruchtung, 1844, p. 116.
o
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so small and shrivelled that I doubt whether they would have
gorminated.

Plants 8 and 4. These two long-styled plants, after being
frecly and legitimately fertilised during 1863 by the same ille-
gitimate mid-styled plant as in the last case, were as miserably
sterile as No. 2.

Plant 5. This long-styled plant, after flowering in 1863 close
to an illegitimate mid-styled plant, yielded only four capsules,
which altogether included only five seeds. During 1864, 1865,
and 1866, it was surrounded cither by illegitimate or legitimate
plants of the other two forms; but it did not yield a single
capsule. Tt was a superfluous experiment, but I likowise arti-
ficially fertilised in a legitimate manner twelve flowers; but not
one of these produced a capsule; so that this plant was almost
absolutely barren.

Plant 6. This long-styled plant, after flowering during the
favourable year of 1866, surrounded by illegitimate plants of
the other two forms, did not produce a single capsule.

Plant 7. This long-styled plant was the most fertile of the
eight plants of the first lot. During 1865 it was surrounded by
illegitimate plants of various parentage, many of which were
highly fertile, and must thus have been legitimately fertilised.
It produced a good many capsules, ten of which yielded an
average of 36-1 sceds, with a maximum of 47 and a minimum
of 22; 5o that this plant produced 89 per cent. of the full
number of seeds. During 1864 it was surrounded by legitimate
and illegitimate plants of the other two forms; and mine
capsules (one poor one being rejected) yielded an average of
41-9 seeds, with a maximum of 56 and a minimum of 28; so
that, under these favourable circumstances, this plant, the most
fertile of the first lot, did not yield, when legitimately fertilised,
quite 45 per cent. of the full complement of seeds.

In the second lot of plants in the present class,
descended from the long-styled form, almost certainly
fertilised with pollen from its own mid-length stamens,
the plants, as already stated, were not nearly so dwarfed
or so sterile as in the first lot. All produced plenty
of capsules. T counted the number of seeds in only
three plants, viz. Nos. 8, 9, and 10.
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Plant 8. This plant was allowed to be freely fertilised in 1864
by legitimate and illegitimate plants of the other two forms,
and ten capsules yielded on an average 41-1 seeds, with a
‘maximum of 73 and a minimum of 11. Hence this plant pro-
duced only 44 per cent. of the fall complement of seeds.

Plunt 9, This long-styled plant was allowed in 1865 to be
freely fertilised by illegitimate plants of the other two forms,
‘most of which were moderately fertile. Fifteen capsules yielded
on an average 571 seeds, with a maximum of 86 and a minimum
0f23. Hence the plant yielded 61 per cont. of the full comple-
ment of seeds.

Plant 10. This long-styled plant was freely fertilised at the
same time and in tho same manner as the last. Ten capsules
yielded an average of 44°2 seeds, S
minimum of 23; hence this plant yielded 47 per cent. of the
fall complement of sceds.

The nineteen long-styled plants of the third lot, of
the same parentage as the last lot, were treated dif-
ferently ; for they flowered during 1867 by themselves
so that they must have been illegitimately fertilised
by one another. It has already been stated that a
legitimate long-styled plant, growing by itself and
visited by insects, yielded an average of 215 seeds
‘g‘e; capsule, with a maximum of 35; but, to judge

irly of its fertility, it ought to have been observed
during successive seasons. We may also infer from
analogy that, if several legitimate long-styled plants
were to fertilise one another, the average number of
seeds would be increased; but how much increased
I do not know; hence I have no perfectly fair standard
of comparison by which to judge of the fertility of the
three following plants of the present lot, the seeds of
which I counted.

Plant 11. This long-styled plant produced a large crop of

sules, and in this respect was one of the most fertile of

the whole lot of nineteen plants. But the average from ten
02
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capsules was only 859 seeds, with a maximum of 60 and a
minimum of

Plant 12. This long-styled plant produced very fow capsules;
and ten yiclded an average of only 15°4 seeds, with & maxim:
of 30 and a minimum of 4.

Plant 13. This plant offers an anomalous case; it flowered
profusely, yet produced very few capsules; but these con-
tained numerons seeds. Ten capsules yielded an average of
71-9 seeds, with a maximum of 95 and a minimum of 29. Con-
sidering that this plant was illegitimate and illegitimately fer-
tilised by its brother long-styled seedlings, the average and the
maximum are so remarkably high that T cannot at all under-
stand the case. We should remember that the average for a
legitimate plant legitimately fertilised is 93 seeds.

Cuass III. Tlegitimate Plants raised from a Short-
styled Parent fertilised with pollen from ownsform
mid-length stamen.

T naised from this union nine plants, of which eight
were short-styled and one long-styled; so that there
seems to be a strong tendency in this form to repro-
duce, when self-fertilised, the parent-form; but the
tendency is not so strong as with the long-styled.
These nine plants never attained the full height of
legitimate plants growing close to them. The anthers
were contabescent in many of the flowers on several
plants.

Plant 14. 'This short-styled plant was allowed during 1865 to
be freely and legitimately fertilised by illegitimate plants de-
scended from self-fertilised mid-, long- and short-styled plants.
Fifteen capsules yielded an average of 28-8 sceds, with &
maximum of 51 and @ minimum of 11; hence this plant
produced only 33 per cent. of the proper number of seeds. The
soeds themselves were small and irregular in shape. ~Although
s0 sterile on the female side, none of the anthers were conta-

bescent.
Plant 15. This short-styled plant, treated like the last during
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the same year, yielded an average, from fifteen capsules, of 27
seeds, with  maximum of 49 and & minimum of 7. But two
poor eapsuls may be rejected, and then the average rises to
82:6, with the same maximum of 49 and a minimum of 20; so
that this plant attained 33 per cent. of the normal standard of
fertility, and was rather more fertile than the last, yet many of
the anthers were contabescent.

Plant 16. This short-styled plant, treated like the two last,
yielded from ten capsules an average of 77-8 seeds, with a
maximum of 97 and a minimum of 60; so that this plant
produced 94 per cent. of the full number of seeds.

Plant 17. This, the one long-styled plant of the same parent-
age as the last three plants, when freely and legitimately ferti-
lised in the same manner as the last, yielded an average from
ten capsules of 763 rather poor seeds, with a maximum of 88
and a minimum of 57. Hence this plant produced 82 per cent.
of the proper mumber of sceds. Twelve flowers enclosed in a
net were artificially and legitimately fertilised with pollen from
a legitimate short-styled plant; and nine capsules yielded an
average of 825 seeds, with a maximum of 98 and a minimum
of 51; so that its fertility was increased by tho action of
‘pollen from a legitimate plant, but still did not reach the normal
standard.

Cuass IV. Illegitimate Plants raised from a Mid-styled
Parent fortilised with pollen from own-form longest
stamens.

After two trials, T succeeded in raising only four
plants from this illegitimate union. These proved to
be three mid-styled and one long-styled; but from so
small a number we can hardly judge of the tendency
in mid-styled plants when self-fertilised to reproduce
the same form. These four plants never attained their
full and normal height; the long-styled plant had
several of its anthers contabescent.

Plant 18. This mid-styled plant, when freely and legitimately
 fertilised during 1865 by illegitimate plants descended from
self-fertilised long-, short-, and mid-styled plants, yiclded an
averago from ten capsules of 1026 seeds, with a masimum of
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131 and & minimum of 68: henco this plant did not produce

flowers were artificially and legitimately fertilised with pollen
from a legitimate long-styled plant, and yielded from nine
capsules an averago of 1161 seods, which were finer than
in the previous case, with a maximum of 135 and a minimum
of 75; o that, as with Plant 17, pollen from a legitimate
plant increased the fertility, but did not bring it up to the full
standard.

Plant 19, This mid-styled plant, fertilised in tho same manner
and at the same period as the last, yielded an average from
ten capsules of 734 seeds, with & maximum of 87 and a mini-
mum of 64: hence this plant produced only 56 per cent. of the
full number of seeds. Thirteen flowers were artificially and
legitimately fertilised with pollen from a legitimate long-styled
plant, and yielded ten capsules with an_average of 95-6 seeds ;
5o that the application of pollen from a legitimate plant added,
as in the two provious cases, to the fertility, but did not bring
it up to the proper standard.

Plant 20. This long-styled plant, of the same parentage with
the two last mid-styled plants, and freely fertilised in the same
manner, yielded an average from ten capsules of 696 seeds,
with a masimum of 83 and & minimum of 52: hence this plant
produced 75 per cent. of the full number of seeds.

Crass V. Ilegitimate Plants raised from a Short-styled
Parent fertilised with  pollen from the mid-length
stamens of the long-styled. form.

In the four previous classes, plants raised from the
three forms fertilised with pollen from either the longer
or shorter stamens of the same form, but generally not;
from the same plant, have been deseribed. Six other
illegitimate unions are possible, namely, between the
three forms and the stamens in the other two forms
which do not correspond in height with their pistils.
But I succeeded in raising plants from only three of
these six unions. From one of them, forming the pre-
sent Class V., twelve plants were raised; these con-
sisted of eight short-styled, and four long-styled plants,
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with not one mid-styled. These twelve plants never
attained quite their full and proper height, but by no
means deserved to be called dwarfs. The anthers in
some of the flowers were contabescent. One plant was
remarkable from all the longer stamens in every flower
and from many of the shorter ones having their
anthers in this condition. The pollen of four other
plants, in which none of the anthers were contabe-
scent, was examined; in one a moderate number of
grains were minute and shrivelled, but in the other
three they appeared perfectly sound. With respect to
the power of producing seed, five plants (Nos. 21 to
95) were observed: one yielded scarcely more than
half the normal number; a second was slightly infer-
tile; but the three others actually produced a larger
average number of seeds, with a higher maximum,
than the standard. In my concluding remarks I shall
vecur to this fact, which at first appears inexplicable.

Plant 21. This short-styled plant, freely and legitimately
fertilised during 1865 by illegitimate plants, descended from
self-fortilised long-, mid-and short-styled parents, yiclded an
average from ten capsules of 43 scods, with a maximum of 63
and a minimum of 26: henco this plant, which was the one
with all its longer and many of its shorter stamens contabescent,
produced only 52 per cent. of the proper mumber of seeds.

Plant 92. This short-styled plant produced perfectly sound
pollen, as viewed under the microscope. During 1866 it was
freely and legitimately fertilised by other illegitimate plants
belonging to the present and the following class, both of which
include many highly fertile plants. Under these circumstances
it yielded from eight capsules an average of 1005 seeds, with
a maximum of 123 and a minimum of 86; so that it produced
121 per cent. of seeds in comparison with the normal standard.
During 1864 it was alloved to bo freely and legitimately ferti-
lised by legitimato and illegitimate plants, and yielded an
average, from eight capsules, of 104-2 seeds, with a maximum
of 125 and a minimum of 90; consequently it exceeded the
normal standard, producing 125 per cent. of sceds. In this
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case, as in some previous cases, pollen from legitimate plants
added in a small degree to the fertility of the plant; and the
fertility would, perhaps, have been still greater had not the
summer of 1564 been very hot and certainly unfavourable to
some of the plants of Lythrum.

Plant 23. This short-styled plant produced perfectly sound
pollen.  During 1866 it was freely and legitimately fertilised by
the other illegitimate plants specified under the last experi-
ment, and eight capsules yielded an average of 113-5 scods,
with a maximum of 123 and a minimum of 93. Hence this
plant exceeded the normal standard, producing no less than 136
per cent. of seds.

Plant 24 This long-styled plant produced pollen which
seemed under the microscope sound; but some of the grains
did not swell when placed in water. During 1864 it was
legitimately fertilised by legitimate and illegitimate plants in
the same manner as Plant 92, but yielded an average, from ten
capsules, of only 55 sceds, with a maximum of 88 and a mini-
mum of 24, thus attaining 59 per cent. of the normal fertility.
This low degree of fertility, I presume, was owing to the un-
favourable season ; for during 1866, when legitimately fertilised
by illegitimate plants in the manner deseribed under No. 22, it
yielded an average, from eight capsules, of 82 seeds, with a
maximum of 120 and a minimum of 67, thus producing 88 per
cent. of the normal number of seods.

Plant 25. The pollen of this long-styled plant contained a
‘moderate number of poor and shrivelled grains; fmd this isa
surprising ci as it yielded an number
of sceds. During 1866 it was freely and legitimately fertilised
by illegitimate plants, as described under No. 22, and yielded
an average, from eight capsules, of 1225 seeds, with a maximum
of 149 and a minimum of 84 Hence this plant exceoded
the normal standard, producing no less than 131 per cent. of
seeds.

Crass VI. Illegitimate Plants raised from Mid-styled
Parents fortilised with pollen from the shortest
stamens of the long-styled form.

T raised from this union twenty-five plants, which
proved to be seventeen long-styled and eight mid-
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styled, but not one short-styled. None of these plants
were in the least dwarfed. I examined, during the
highly favourable season of 1866, the pollen of four
plants: in one mid-styled plant, some of the anthers of
the longest stamens were contabescent, but the pollen-
grains in the other anthers were mostly sound, as
they were in all the anthers of the shortest stamens;
in two other mid-styled and in one long-styled plant
many of the pollen-grains were small and shrivelled 3
and in the latter plant as many as a fifth or sixth part
appeared to be in this state. I counted the seeds in
five plants (Nos. 26 to 80), of which two were mode-
nately sterile and threo fully fertile.

Plant 26. This mid-styled plant was freely and legitimately
fertilised, during the rather unfavourable year 1864, by numer-
ous surrounding legitimate and illegitimate plants. It yielded
an average, from ten capsules, of 835 sceds, with & maximum
0f 110 and 2 minimum of 64, thus attaining 64 per cent. of the
normal fertility. During the highly favourable year 1866, it
was freely and legitimately fortilised by illegitimate plants
belonging to the present Class and to Class V., and yielded
an average, from cight capsules, of 86 seeds, with a maximum
of 109 and & minimum of 61, and thus attained 66 per cent.
of the normal fertility. This was the pbmt with some of the
anthers of the I above mentioned

Plant 27. This mid-styled plant, fertilised 1 during 1864 in tho
same manner as the last, yielded an average, from ten capsules,
of 994 seeds, with a maximum of 122 and a minimum of 53,
thus attaining 10 76 per cent. of the normal fertility. If the
season had been more favourable, its fertility would probably
‘have been somewhat greater, but, judging from the last experi-
ment, only in a slight degree.

Plant 98. This mid-styled plant, when legitimately fertilised
during the favourable season of 1866, in the manner deseribed
under No. 26, yielded an average, from cight capsules, of 89
seeds, with & maximum of 119 and a minimum of 69, thus pro-
ducing 68 per cent. of the full mumber of seeds. In the pollen
of both sets of anthers, nearly as many grains were small and
shrivelled as sound.
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Plant 29, This long-styled plant was legitimately fertilised
during the unfavourable season of 1864, in the manner deseribed
under No. 26, and yiclded an average, from ten capsules, of
84°6 seeds, with o maximum of 132 and a minimum of 47, thus
attaining {0 91 per cent. of the normal fertility. During the
highly favourable season of 1866, when fertilised in the manner
deseribed under No. 26, it yielded an average, from nine cap-
sules (one poor capsule having been excluded), of 100 seeds,
with & maximum of 121 and & minimum of 77. This plant thus
exceeded the normal standard, and produced 107 per cent. of
seeds. Tn both sets of anthers there were a good many bad and
shrivelled pollen-grains, but not so many as in the last-described
plant. .

Plant 30. This long-styled plant was legitimately fertilised
during 1866 in the manner described under No. 26, and. yielded
an_average, from eight capsules, of 94 seeds, with a maximum
of 106 and & minimum of 66 so that it exceeded the normal
standard, yielding 101 per cent. of scods.

Plant 81. Some flowers on this long-styled plant were arti-
ficially and legitimately fertilised by one of its brother illegiti-
mato mid-styled plants; and five capsules yielded an average of
906 sceds, with a maximum of 97 and a minimum of 79.
Henee, as far as can be judged from so few capsules, this plant
attained, under these favourable circumstances, 98 per cent. of
the normal standard.

Crass VIL Ilegitimate Plants raised from Mid-styled
Parents fertilised with pollen from the longest stamens
of the short-styled form.

It was shown in the last chapter that the union from
which these illegitimate plants were raised is far more
fertile than any other illegitimate union ; for the mid-
styled parent, when thus fertilised, yielded an average
(all very poor capsules being excluded) of 102-8 seeds,
with a maximum of 130; and the seedlings in the
present class likewise have their fertility not at all
lessened. Forty plants were raised ; and these attained
their full height and were covered with seed-capsules.
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Nor did I observe any contabescent anthers. It de-
serves, also, particular notice that these plants, differ-
ently from what occurred in any of the previous classes,
consisted of all three forms, namely, eighteen short.
styled, fourteen long-styled, and eight mid-styled
plants.  As these plants were so fertile, I counted the
seeds only in the two following cases.

Plant 32. This mid-styled plant was freely and legitimately
fertilised during the unfavourablo year of 1864, by numerous
surrounding legitimate and illegifimate plants. Bight cap-
sules yielded an average of 1272 seeds, with a maximum of 144
and a minimum of 96; so that this plant attained 98 per cont.
of the normal standard.

Plant 33. This short-styled plant was fertilised in the same
manner and at the same time with the last; and ten capsules
yielded an average of 113-Y, with a maximum of 137 and a
minimum of 90. Hence this plant produced no less than 137
per cent. of sceds in comparison with the normal standard.

Concluding Remarls on the Tlegitimate Offspring of the
three forms of Lytlrum salicaria.

From the three forms occurring in approximately
equal numbers in a state of nature, and from the re-
sults of sowing seed naturally produced, there is reason
to believe that each form, when legitimately fertilised,
reproduces all three forms in about equal numbers,
Now, we have seen (and the fact is a very singular
one) that the fifty-six plants produced from the
long-styled form, illegitimately fertilised with pollen
from the same form (Class L. and IL), were all long-
styled. The short-styled form, when self-fertilised
(Class TIL.), produced eight short-styled and one long-
styled plant; and the mid-styled form, similarly treated
(Class IV.), produced threo mid-styled and one long-
styled offspring ; so that these two forms, when ille-
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gitimately fertilised with pollen from the same form,
evince a strong, but not exclusive, tendency to repro-
duce the parent-form. When the short-styled form
was illegitimately fertilised by the long-styled form
(Class V.), and again when the mid-styled was illegiti-
mately fertilised by the long-styled (Class VL), in
each case the two parent-forms alone were reproduced.
As thirty-seven plants were raised from these two
unions, we may, with much confidence, believe that it
is the rule that plants thus derived usually consist of
both parent-forms, but not of the third form. When,
however, the mid-styled form was illegitimately fer-
tilised by the longest stamens of the short-styled
(Class VIL), the same rule did not hold good ; for the
seedlings consisted of all three forms. The illegiti-
mate union from which these latter seedlings were
raised is, as previously stated, singularly fertile, and
the seedlings themselves exhibited no signs of sterility
and grew to their full height. From the consideration
of these several facts, and from analogous ones to be
given under Oxalis, it seems probable that in a state
of nature the pistil of each form usually receives,
through the agency of insects, pollen from the stamens
of corresponding height from both the other forms.
But the case last given shows that the application of
two kinds of pollen is not indispensable for the pro-
duction of all three forms. Hildebrand has suggested
that the cause of all three forms being regularly and
naturally reproduced, may be that some of the flowers
are fertilised with one kind of pollen, and others
on the same plant with the other kind of pollen.
Finally, of the three forms, the long-styled evinces
somewhat the strongest tendency to reappear amongst
the offspring, whether both, or one, or neither of the
parents are long-styled,

@ The Complete Work of Charles Darwin Online



Cuap. V. HETEROSTYLED TRIMORPHIC PLANTS. 205

Tasze 80.

Tabulated results of the fertility of the foregoing illegitimate
plants, when legitimately fertilised, generally by illegitimate
plants, as described under each experiment. Plants 11,12
and 18 are excluded, as they were illegitimately fertilised.
Normal Standard of Fertility of the three forms, when legitimate’y

2 and naturally fertilised.
AT —
Form. Sceieper oo Capete,
Capeute | Caponte.
T

B, . . .| 98 159, ‘ No record was kept, as
Midstyled . . . .| 180 | 151 |} all very poor capsules
Shortestyled - . . .| 835| 112 HaS M

Crass L and IL—Ilegitimate Plants raised from Long-styled
Parents fertilised with poll-n from ownsform mid-length or
shortest stamens.

m | Minterum |
Number in

[N omperor Ramber

Number of Plaat, | Form. e mvrwm;;'
Cepsle, ‘c«p«u\ Gapsule. vllsE:Nomnl
Plant 1. . | Longsstyled | 0 0 0 0
Eo . A 45 ? 0 5
s . s 45 ? 0 5
fr 4. i 45 ? 0 5
s . . Oorl 2 0 oor1
e s [ 0 0 0
fi . G 861 | 47 22 39
B s . o a1 | 18 1 4
o . 5 57'1 | 86 23 61
f0 . 5 42 | 69 2 )

Cuass IIL—Illegitimate Plants raised from Short-styled Parents
Jertilised with pollen from own=form shortest stamens.

Short-styled | 28:3 | 51 1 83
& 326 | 49 20 38
3 78 | o7 60 9
Long-styled | 76°3 | 88 57 82
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TABLE 80—continued.

Crass TV.—IMlegitimate Plants raised from Mid-styled Parents
Jertilised with pollen from own-form longest stamens.

|Averago Num-
Aversgo | Maximam | Minimum | ber of Secds,
Number of Plant. | Form. i il

any one | auy one  the)

percentage

e | See, | STl (B

2 i e o,
Plaat1 . . | Midstyled, | 102:6 | 131 : 80
AR = 734 | 87 64 56
2 fe i R 52 k)

Cuass V.—Illegitimate Plants raised from Short-styled Parents
Jertilised with pollen, from the mid-length stamens of the long-
styled form.

Plant21 . . | Shortstyled | 43:0 | 63 2 52
il SR i 1005 | 123 86 121
Seas e By w,,  |1185 | 138 93 136
» 24 . .| Longstyled [ 820 | 120 67 88
By 5 1225 | 149 84 131

Crass VL—Illegitimate Plants raised from Mid-styled Parents
Jertilised, with pollen from the shorlest stamens of the long~
styled form.

Plant2 . . | Midstyled. | 86-0 | 109 81 66
7 TR 4 994 | 122 | 53 76
Remeii 890 | 11 69
b o290 | Longltyled | 10000 | 121 7 107
A e 910 | 105 | 6 | 101
Efferiionte- 906 | o7 | 70 98

Cuass VIL—Illegitimate Plants raised from Mid-styled Parents
Jertilised with pollen. from the longest stamens of the short-
styled form.

Plant32 . . styled.,
L ) ‘Shnn-queﬂ

127-2 | 144
113-9 | 137

T T Do P L
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The lessened fertility of most of these illegitimate
plants is in many respects a highly remarkable phe-
nomenon. Thirty-three plants in the seven classes
were subjected to various trials, and the seeds care-
fully counted.  Some of them were artificially ferti-
Tised, but the fat greater number were freely fertilised
(and this is the better and natural plan) through the
agency of insects, by other illegitimate plants. In the
right-hand, or percentage column, in the preceding
table, a wide difference in fertility between the plants
in the first four and the last threo classes may be per-
ceived. In the first four classes the plants are de-
scended from the three forms illegitimately fertilised
with pollen taken from the same form, but only
rarely from the same plant. It is necessary to observe
this latter circumstance; for, as I have elsewhere
shown,* most plants, when fertilised with their own
pollen, or that from the same plant, are in some
degree sterile, and the seedlings raised from such
unions are likewise in some degree sterile, dwarfed,
and fecble. None of the nineteen illegitimate plants
in the first four classes were completely fertile ; one,
however, was nearly so, yielding 96 per cent. of the
proper number of seeds.  From this high degree of
fertility we have many descending gradations, till we
reach an absolute zero, when the plants, though bear-
ing many flowers, did not produce, during successive
years, a single seed or even seed-capsule. Some of the
most sterile plants did not even yield a single seed
when legitimately fertilised with pollen from legiti-
mate plants. There is good reason to believe that the
first seven plants in Class L and IL. were the offspring

* ‘The Eifects of Cross and Self-fertilisation in the Vegotable
Kingdom,” 1876, s
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of a long-styled plant fertilised with pollen from its
own-form shortest stamens, and these plants were the
most sterile of all. The remaining plants in Class I.
and IL were almost certainly the product of pollen
from the mid-length stamens, and although very ste-
rile, they were less so than the first set. None of the
plants in the first four classes attained their full and
proper stature; the first seven, which were the most
sterile of all (as already stated), were by far the most
dwarfed, several of them never reaching to half their
proper height. These same plants did not flower at so
early an age, or at so early a_period in the season, as
they ought to have done. The anthers in many of
their flowers, and in the flowers of some other plants
in the first six classes, were either contabescent or in-
cluded small and shri pollen-grai
As the suspicion at one time occurred m me that the
lessened fertility of the illegitimate plants might be
due to the pollen alone having been affected, I may
remark that this certainly was not the case for several
of them, when fertilised by sound pollen from legiti-
mate plants, did not yield the full complement of
seeds; hence it is certain that both the female and
male reproductive organs were affected. In each of
the seven classes, the plants, though descended from
the same parents, sown at the same time and in the
same soil, differed much in their average degree of
fertility.

Turning now to the fifth, sixth, and seventh classes,
and looking to the right-hand column of the table, we
find nearly as many plants with a percentage of seeds
above the normal standard as beneath it. As with
most plants the number of seeds produced varies much,
it might be thought that the present case was one
merely of variability. But this view must be rejected,
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as far as the less fertile plants in these three classes
are concerned : first, because none of the plants in
Class V. attained their proper height, which shows
that they were in some manner affected ; and, secondly,
because many of the plants in Classes V. and VL. pro-

- duced anthers which were either contabescent or in-

cluded small and shrivelled pollen-grains. And as in
these cases the male organs were manifestly deterio-
nated, it is by far the most probable conclusion that
the female organs were in some cases likewise affected,
and that this was the cause of the reduced number of
seeds.

With respect to the six plants in these three classes
which yielded a very high percentage of seeds, the
thonght naturally arises that the normal standard of
fertility for the long-styled and short-styled forms
(with which alone we are here concerned) may have
been fixed too low,and that the six illegitimate plants
are merely fully fertile. The standard for the long-
styled form was deduced by counting the seeds in
twenty-three capsules, and for the short-styled form
from twenty-five capsules. I do not pretend that this
is a sufficient number of capsules for absolute accu-
macy ; but my experience has led me to believe that a
very fair result may thus be gained. As, however, the
‘maximum number observed in the twenty-five capsules
of the short-styled form was low, the standard in this
case may possibly be not quite high enough. But it
should be observed, in the case of the illegitimate
plants, that in order to avoid over-estimating their in-
fertility, ten very fine capsules were always selected ;
and the years 1865 and 1866, during which the plants
in the three latter classes were experimented on, were
highly favourable for seed-production. Now, if this

P
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plan of selecting very fine capsules during favourable
sensons had been followed for obtaining the normal
standards, instead of taking, during various seasons,
the first capsules which came to hand, the standards
would undoubtedly have been derably higher ;
il e i1 the'six: foregoing plants sppearing}
to yield an unnaturally high percentage of seeds may,
perhaps, be explained. On this view, these plants are,
in fact, merely fully fertile, and not fertile to an ab-
normal degree.  Nevertheless, as characters of all
kinds are liable to variation, especially with organisms
unnaturally treated, and as in the four first and more
sterile classes, the plants derived from the same pa-
rents and treated in the same manner, certainly did
vary much in sterility, it is possible that certain plants
in the latter and more fertile classes may have varied
50 as to have acquired an abnormal degree of fertility.
But it should be noticed that, if my standards err in
being too low, the sterility of all the many sterile
plants in the several classes will have to be estimated
by so much the higher. Finally, we see that the ille-
gitimate plants in the four first classes are all more or
less sterile, some being absolutely barren, with one
alone almost completely fertile; in the three latter
classes, some of the plants are moderately sterile,
whilst others are fully fertile, or possibly fertile in
excess.

The last point which need here be noticed is thaty
as far as the means of comparison serve, some degree
of relationship generally exists between the infertility
of the illegitimate union of the several parent-forms
and that of their illegitimate offspring. Thus the
two  illegitimate unions, from which the plants in
Classes VI and VIL were derived, yielded a fair
amount of seed, and only a few of these plants are in
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any degree sterile. On the other hand, the illegiti-
mate unions between plants of the same form always
yield very few sceds, and their seedlings are very
sterile. Long-styled parent-plants when fertilised
with pollen from their own-form shortest stamens, ap-
pear to be rather more sterile than when fertilised with
their own-form mid-length stamens ; and the seedlings
from the former union were much more sterile than
those from the latter union. In opposition to this re-
Iationship, short-styled plants illegitimately fertilised
with pollen from the mid-length stamens of the long-
styled form (Class V.) are very sterile; whereas some
of the offspring raised from this union were far from
being highly sterile. It may be added that there is
tolerably close parallelism in all the classes between
the degree of sterility of the plants and their dwarfed
stature.  As previously stated, an illegitimate plant
fertilised with pollen from a legitimate plant has its
fertility slightly increased. The importance of the
several foregoing conclusions will be apparent at the
elose of this chapter, when the illegitimate unions be-
tween the forms of the same specics and their illegiti-
mate offspring, are compared with the hybrid unions
of distinet species and their hybrid offspring.

OxAwuzs.

* No one has compared the legitimate and illegiti-
mate offspring of any trimorphic species in this genus.
Hildebrand sowed illegitimately fertilised seeds of
Ozalis Valdiviana,* but they did not germinate; and
this fact, as he remarks, supports my view that an
illegitimate union resembles a hybrid one between

* “Bot Zeitung; 1871, p. 433, footnote.
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two distinct species, for the seeds in this latter case
are often incapable of germination.

The following observations relate to the nature of the forms
whi ong it dlings of Oali iviana.
Hildebrand raised, as described in the paper just referred to,
211 seedlings from all six legitimate unions, and the three forms
appeared among the offspring from each union. For instance,
long-styled plants were legitimately fertilised with pollen from.
the longest stamens of the mic styled form, and the scedlings
consisted of 15 long-styled, 18 mid-styled, and 6 short-styled.
We here see that afew short-styled plants were produced, though.
neither parent was short-styled; and so it was with the other
legitimate unions. Out of the above 211 seedlings, 173 belonged.
to the same two forms as their parents, and only 38 belonged
to the third form distinct from cither parent. In the case of
0. Regnelli, the result, as obscrved by Hildebrand, was nearly
the same, but more striking: all the offspring from four of the
legitimate unions consisted of the two parent-forms, whilst
amongst the seedlings from the other two legitimate unions the
third form appeared. Thus, of the 43 scedlings from the six
legitimate unions, 35 belonged to the samo two forms as their
parents, and only 8 to the third form. Fritz Miller also raised
in Brazil seedlings from long-styled plants of 0. Regnelli legiti-
mately fertilised with pollen from the longest stamens of the
mid-styled form, and all theso belonged to the two parent-
forms.* Lastly, seedlings were raised by me from long-styled
plants of 0. speciosa legitimately fertilised by the short-styled
form, and from the latter reciprocally fertilised by the long-
styled; and theso consisted of 33 long-styled and 26 short-
styled plants, with not one mid-styled form. There can, there-
fore, be no doubt that the legitimate offspring from any two
forms of Oxalis tend to belong to the same two forms as their
parents; but that a few seedlings belonging to the third form
oceasionally make their appearance; and this latter fact, as
Hildebrand remarks, may be attributed to atavism, as somo of
their progenitors will almost certainly have belonged to te
third form.

When, however, any one form of Osalis is fertilised illegiti-

* ¢ Jenaische Zeitschrift,” &e. Band vi. 1871, p. 75.
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mately with pollen from the same form, the scedlings appear to
Delong invariably to this form. Thus Hildebrand states* that
long:styled plants of 0. rosea growing by themselves have been
propagated in Germany year after year by sced, and have always
produced long-styled plants.  Again, 17 seedlings were raised
from mid-styled plnn(s of 0. hedysaroides growing by themselves,
and these were all mid-styled. So that the forms of Oxalis,
when illegitimately fortised wih their own pollen, behave like
the long-styled form of Lythrum salicaria, which when thus fer-
tilised always produced with me long-styled offspring.

Provura.
PrIMULA SINENSIS,

T raised during February 1862, from some long-
styled plants illegitimately fertilised with pollen from
the same form, twenty-seven seedlings. These were
all long-styled. They proved fully fertile or even
fertile in excess; for ten flowers, fertilised with pollen
from other plants of the same lot, yielded nine cap-
sules, containing on an_average 39-75 seeds, with a
maximum in one capsule of 66 seeds. Four other
Hlowers legitimately crossed with pollen from a legiti-
mate plant, and four flowers on the latter erossed with
pollen from the illegitimate seedlings, yielded seven
capsules with an average of 53 seeds, with a maximum
of 72. I must hero state that I have found some
difficulty in estimating the normal standard of fer-
tility for the several unions of this species, as the
results differ much during successive years, and
the seeds vary so greatly in size that it is hard to

* ‘Ucber den Trimorphismus  zu Berlin,’ 21st June 1866, p. 873;
in der Gattung Oxalis: Monats- and Bot. Zeitung,' 1871, p. 435.
‘erichte der er Wissen,
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decide which ought to be considered good. In order
to avoid over-estimating the infertility of the several
illegitimate unions, I have taken the normal standard
as low as possible.

From the foregoing twenty-seven illegitimate plants,
fertilised with their own-form pollen, twenty-five seed-
ling grandchildren were raised; and these were all
long-styled; so that from the two illegitimate gene-
rations fifty-two plants were raised, and all without
exception proved long-styled. These grandchildren
grew vigorously, and soon exceeded in height two
other lots of illegitimate seedlings of different parent-
age and one lot of equal-styled seedlings presently to
be described. Hence I expected that they would have
turned out highly ornamental plants; but when they
flowered, they scemed, as my gardener remarked, to
have gone back to the wild state; for the petals were
pale-coloured, narrow, sometimes not touching each
other, flat, generally deeply motched in the middle,
but not flexuous on the margin, and with the yellow
‘eye or centre conspicuous. Altogether these flowers
were strikingly different from those of their pro-
genitors; and this, I think, can only be accounted
for on the principle of reversion. Most of the anthers
on one plant were contabescent. Seventeen flowers
on the grandchildren were illegitimately fertilised
with pollen taken from other seedlings of the same
Tot, and produced fourteen capsules, containing on an
average 29°2 seeds; but they ought to have con-
tained about 35 seeds. Fifteen flowers legitimately
fertilised with pollen from an illegitimate short-styled
plant (belonging to the lot next to be deseribed) pro-
duced fourteen capsules, containing an average of 46
seeds; they ought to have contained at least 50 seeds,
Hence these grandehildren of illegitimate descent ap-
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pear to have lost, though only in a very slight degree,
their full fertility.

We will now turn to the short-styled form : from a
plant of this kind, fertilised with its own-form pollen,
I raised, during February 1862, eight seedlings, seven
of which were short-styled and one long-styled. They
grew slowly, and never attained to the full stature of
ordinary plants; some of them flowered precociously,
and others late in the season. Four flowers on these
short-styled seedlings and four on the one long-styled
seedling were illegitimately fertilised with their own-
form pollen and produced only three capsules, con-
taining on an average 23-6 seeds, with a maximum
of 29 but we cannot judge of their fertility from so
few capsules; and I have greater doubts about the
normal standard for this union than about any other ;
but I believe that rather above 25 seeds would be a
fuir estimate. Bight flowers on these same short-styled
plants, and the one long-styled illegitimate plant
were reciprocally and legitimately crossed ; they pro-
duced five capsules, which contained an average of
28:6 seeds, with a maximum of 36. A reciprocal
cross between legitimate plants of the two forms
would have yielded an average of at least 57 seeds,
with a possible maximum of 74 seeds; so that these
illegitimate plants were sterile when legitimately
crossed.

I succeeded in raising from the above seven short-
styled illegitimate plants, fertilised with their own-
form pollen, only six plants—grandehildren of the
first union. These, like their parents, were of low
stature, and had so poor a constitution that four died
before flowering.  With ordinary plants it has been
a rate event with me to have more than a single plant
die out of a large lot. The two grandchildren which
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lived and flowered were short-styled; and twelve of
their flowers were fertilised with their own-form pollen
and produced twelve capsules containing an average
of 28°2 seeds; so that these two plants, though be-
longing to so weakly a set, were rather more fertile
than their parents, and perhaps not in any degree
sterile. Fonr flowers on the same two grandchildren
were legitimately fertilised by a long-styled illegiti-
mate plant, and produced four capsules, containing
only 32°2 seeds instead of about 64 seeds, which is
the normal average for legitimate short-styled plants
legitimately crossed.

By looking back, it will be seen that I raised at
first from a short-styled plant fertilised with its own-
form pollen one long-styled and seven short-styled
illegitimate seedlings. These scedlings were legiti-
mately intercrossed, and from their sced fifteon plants
were raised, ild of the first ill i
union, and to my surprise all proved short-styled.
Twelve short-styled flowers borne by these grand-
children were illegitimately fertilised with pollen
taken from other plants of the same lot, and produced
eight capsules which contained an average of 21-8
seeds, with a maximum of 35. These figures are
rather below the normal standard for such a union.
Six flowers were also legitimately fertilised with pollen
from an illegitimate long-styled plant and produced
only three capsules, containing on an average 23-6
seeds, with a maximum of 35. Such a union in the
case of a legitimate plant ought to have yielded an
average of 64 seeds, with a possible maximum of 78
seeds.

Summary on the Transmission of Form, Constitution,
and Fertility of the llegitimate Offspring of Primula
Stinensis—In regard to the long-styled plants, their
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illegitimate offspring, of which fifty-two were raised in
the course of two generations, were all long-styled.*
These plants grew vigorously ; but the flowers in one
instance were small, appearing as if they had reverted
to the wild state. In the first illegitimate generation
they were perfectly fertile, and in the second their
fertility was only very slightly impaired. With
respect to the short-styled plants, twenty-four out of
twenty-five of their illegitimate offspring were short-
styled. They were dwarfed in stature, and one lot of

dchildren had so poor a i that four out
of six plants perished before flowering. The two sur-
vivors, when illegitimately fertilised with their own-
form pollen, were rather less fertile than they ought
to have been; but their loss of fertility was clearly
shown in a special and unexpected manner, namely,
when legitimately fertilised by other illegitimate
plants : thus altogether cighteen flowers were fertilised
in this manner, and yielded twelye capsules, which
included on an average only 285 seeds, with a
maximum of 45. Now a legitimate short-styled plant
would have yielded, when legitimately fertilised, an
average of 64 seeds, with a possible maximum of 74,
This particular kind of infertility will perhaps be best
appreciated by a simile: we may assume that with
mankind six children would be born on an average from
an ordinary marriage; but that only three would be
born from an incestuous marriage. According to the
analogy of Primula Sinensis, the children of such

oDr. Hildshrand, who firat  shortatyled. From a shorbatyled
i plaut illogitimately frtiised with
its own pollen he raised fourteen
plants, of which eleven were short-
pmm of which four- styled and three long-styled.
teen were long-styled and three
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if they continued to marry in-
cestuously, would have their sterility only slightly
increased; but their fertility would not be restored by
& proper marriage; for if two children, both of in-
cestuous origin, but in no degree related to each
other, were to marry, the marriage would of course be
strictly legitimate, nevertheless they would not give
birth to more than half the full and proper number
of children,

Equal-styled variety of Primula Sinensis.—As any variation in
the structure of the reproductive organs, combined with changed
function, is a rare cvent, the following cases are worth giving
in dotail, My attention was first called to the subjoct by ob-
serving, in 1862, a long-styled plant, descended from a self-
fertilised long-styled parent, which had some of its flowers in an.
anomalous state, namely, with the stamens placed low down in
the corolla as in the ordinary long-styled form, but with the
pistils so short that ona level with the anth
These stigmas were nearly as globular and as smooth as in the
short-styled form, instead of being clongated and rough as in
the long-styled form. Hero, then, we have combined in the
same flower, the short stamens of the long-styled form with a
pistil closely resembling that of the short-styled form. But
the structure varied much even on the same umbel : for in two
flowers the pistil was intermediate in length between that of
the long and that of the short-styled form, with the stigma
elongated as in the former, and smooth as in the latter; and in
three other flowers the structure was in all respects like that of
the long-styled form. These modifications appeared to me so
remarkable that I fertilised cight of the flowers with their own
pollen, and obtained five capsules, which contained on an aver-
go 43 sceds; and this number shows that the flowers had
become abnormally fertile in comparison with those of ordinary
long-styled plants when self-fertilised. I was thus led to ex-
amine the plants in several small collections, and the result
showed that the equal-styled variety was not rare.

In a state of nature the long and short-styled forms would no
doubt occur in nearly equal numbers, as T infer from the analogy
of the other heterostyled species of Primula, and from having
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TaprLe 31

Primula Sinensis.

oo o O w Placa. Logg styed | Shortstyied

e Horwood . . . . . . 0 o 17
BBk . . . . . oea 20 0 9
.. o v s s s e e 30 18 15
T R 12 9 2
Holwood . 42 12 o
High Eims | 16 o 0
Westerham 1 1 5 o
Myown plants from purchased seeds | 13 7 )
o SRR S LS Y 134 51 43

raised the two forms of the present species in exactly the same
number from flowers which had been legitimately crossed. The
preponderance in the above table of the long-styled form over
the short-styled (in the proportion of 134 to 51) results from gar-
deners generally collecting seed from self-fertilised flowers; and
the long-styled flowers produce spontancously much more seed
(as shown in the first chapter) than the short-styled, owing to the
anthers of the long-styled form being placed low down in the
corolla, 5o that, when the flowers fall off, the anthers are dragged
over the stigma; and we now also know that long-styled plants,
when self-fertilised, very generally reproduce long-styled off-
spring. From the consideration of this table, it oceurred to
me in the year 1862, that almost all the plants of the Chineso
primrose cultivated in England would sooner or later become
Iong-styled or equal-styled; and now, at the close of 1876, T
have had five small collections of plants examined, and almost
all consisted of long-styled, with some more or less well-cha-
racterised equal-styled plants, but with not one short-styled.
With respect to the equal-styled plants in the table, Mr. Hor-
wood raised from purchased sceds four plants, which he re-
‘membered were certainly not long-styled, but cither short or
equal-styled, probably the latter. These four plants were kept
separate and allowed to fertilise themselves; from their seed the
seventeen plants in the table were raised, all of which proved
equal-styled. The stamens stood low down in the corolla as in
tho long-styled form ; and the stigmas, which were globular and.
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smooth, were either completely surrounded by the anthers, or
stood close above them. My son William made drawings for
me, by the aid of the camera, of the pollen of one of the above
equal-styled plants; and, in accordance with the position of the
stamens, the grains resemblod in their small size those of the
Tong-styled form. Heal d pollen from two eq
plants at Southampton ; and in both of them the grains dif-
fered extremely in size in the same anthers, a large nmumber
being small and shrivelled, whilst many were fully as large as
those of the short-styled form and rather more globular. Tt is
probable that the large size of these grains was due, not o their
having assumed the character of the short-styled form, but to
monstrosity; for Max Wichura has observed pollen-grains of
monstrous size in certain hybrids. The vast number of the
small shrivelled grains in the above two cases explains the fact
that, though equal-styled plants are generally fertile in a high
dogree, yet some of them yield few sceds. I may add that my
soncompared, in 1875, the grains from two white-flowered
plants, in both of which the pistil projected above the anthers,
but neither were properly long-styled or equal-styled; and in
the one in which the stigma projected most, the grains were
in diameter to those in the other plant, in which the stigma pro-
jeoted less, as 100 to 88; whereas the difference between the
grains from perfectly characterised long-styled and short-styled
plants is as 100 to 57. So that these two plants were in an
intermediate condition. To return to the 17 plants in the first
line of Table 81: from the relative position of their stigmas and
anthers, they could hardly fail to fertilise themselves; and ac-
cordingly four of them spontancously yielded no less than 180
capsules; of these Mr. Horwood selecteds eight fine capsules for
sowing; and they included on an average 548 seeds, with a
maximum of 72. He gave me thirty other capsules, faken
Dy hazard, of which twenty-seven confained good seeds, aver-
aging 855, with a maximum of 70; but if six poor cap-
sules, each ith less than 13 sceds, be excluded, he averago
These are higher numbers than could be ex-
pected fmm cither well-characterised form if self-fertilised ; and
this high degree of fertility accords with the view that the
male organs belonged to one form, and the female organs par-
tinlly to the other form; so that a self-union in the case of the
equal-styled variety is in fact a logitimate union.

The seed saved from the above seventeen self-fertilised equal-
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styled plants produced sixteen plants, which all proved equal-
styled, and tescmbled their parents in all the above-specified
Tespects. The stamens, however, in one plant were seated higher
up the tube of the corolla than in the true long-styled form;
in another plant almost all the anthers were contabescent. These
sixteen plants were the grandehildren of the four original plants,
which it is believed were equal-styled; so that this abnormal
condition was faithfully transmitted, probably through three,
and certainly through two generations, The fertility of one of
these grandchildren was carefully observed:: six flowers were
fertilised with pollen from the same flower, and produced six
capsules, containing on an average 68 sceds, with @ maximum.
of 82, and a minimum of 40, Thirteen capsules spontaneously
self-fertilised yielded an average of 53-2 seeds, with the astonish-
ing maximum in one of 97 seeds. In no legitimate union has
50 high an average as 68 sceds been observed by me, or nearly
50 high a maximum as 82 and 97. These plants, thercfore, not
only have lost their proper heterostyled structure and peculiar
functional powers, but have acquired an abnormal grade of fer-
tility—unless, indeed, their high fertility may be accounted for
Dby the stigmas receiving pollen from the circumjacent anthers
at exactly the most favourable period.

With respect to Mr. Duck’s lot in Table 31, sced was saved
from a single plant, of which the form was ot observed,
and this produced nine equal-styled and twenty long-styled
plants. The equal-styled resembled in all respects those pre-
viously described; and eight of their capsules spontancously
self-fertilised contained on an average 444 seeds, with a
maximum of 61 and a minimum of 23. In regard to the
twenty long-styled plants, the pistil in some of the flowers did
ot project quite so high as in ordinary long-styled flowers;
and the stigmas, though properly clongated, were smooth; so
that we have here a slight approach in structure to the pistil of
the short-styled form. Some of these long-styled plants also
approached the equal-styled in function; for one of them pro-
duced no less than fifteen spontancously self-fertilised capsules,
and of these cight contained, on an average, 817 seeds, with
a maximum of 61. This average would be rather low for a
long-styled. plant artificially fertilised with its own pollen, but
is high for ome spontaneously self-fertilised. For instance,
thirty-four capsules produced by the illegitimate grandchildren
of a long-styled plant, spontaneously self-fertilised, contained
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on an average only 9-1 sceds, with a maximum of 46. Some
seeds indiscriminately saved from the foregoing twenty-nine
equal-styled and long-styled plants produced sixteen seedlings,
grandehildren of the original plant belonging to Mr. Duck ; and
these consisted of fourteen equal-styled and two long-styled
plants; and T mention this fact as an additional instance of the
transmission of the equal-styled variety.

The third lot in the table, namely the Baston plants, are the
last which need be mentioned. The long and short-styled plants,
and the fifteen equal-styled plants, were descended from two
distinet stocks. The latter were derived from a single plant,
which the gardener is positive was not long-styled; hence, pro-
bably, it was equal-styled. In all these fifteen plants the anthers,
occupying the same position as in the long-styled form, closely
surrounded the stigma, which in one instance alone was slightly
elongated. Notwithstanding this position of the stigma, the
flowers, as the gardener assured me, did not yield many seeds ;
and this difference from the foregoing cases may perhaps have
been caused by the pollen being bad, as in some of the South-
ampton equal-styled plants.

Conclusions with respect to the equal-styled variety of
P. Sinensis—That this is a variation, and not a third or
distinet form, as in the trimorphic genera Lythrum and
Oaalis, is clear; for we have seen its first appearance
in one out of a lot of illegitimate long-styled plants ;
and in the case of Mr. Duck’s seedlings, long-styled
plants, only slightly deviating from the normal state,
as well as equal-styled plants were produced from the
same self-fertilised parent. The position of the sta-
mens in their proper place low down in the tube of the
corolla, together with the small size of the pollen-
grains, show, firstly, that the equal-styled variety is a
modification of the long-styled form, and, secondly, that
the pistil is the part which has varied most, as indeed
was obvious in many of the plants. This variation is
of frequent oceurrence, and is strongly inherited when
ti has once appeared. It would, however, have pos-
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sessed little interest if it had consisted of a mero
change of structure;; but this is accompanied by modi-
fied fertility. Its occurrence apparently stands in
close relation with the illegitimate birth of the parent
plant; but to this wholo subject I shall hereafter
Tecur.

PRIMULA AURICULA.

Although T made no experiments on the illegitimate offspring
of this species, I refer to it for two reasons:—First, because
T have observed two equal-styled plants in which the pistil
resembled in all respects that of the long-styled form, whilst
the stamens had become elongated as in the short-styled form,
50 that the stigma was almost surrounded by the anthers. The
pollen-grains, however, of the clongated stamens resembled in
their small size those of the shorter stamens proper to the long-
styled form. Hence these plants have become equal-styled by
tho increased length of the stamens, instead of, as with 2.
Sinensis, by the diminished length of the pistil. Mr. J. Scott
observed five other plants in the same state, and he shows * that
one of them, when self-fertilised, yielded more sced than an
ordinary long- or short-styled form would have done when
similarly fertilised, but that it was far inferior in fertility to
cither form when legitimately crossed. Hence it appears that
the male and female organs of this equal-styled variety have
Teen modified in some special manner, not only in structure,
but in functional powers. This, moreover, is shown by the
singular fact that both the long-styled and short-styled plants,
fertilised with pollen from tho equal-styled variety, yield a
Tower average of sced than when these two forms are fertilised
with their own pollen.

The second point which deserves notice is that forists always
throw away the long-styled plants, and save seed exclusively
from the short-styled form. Nevertheless, as Mr. Scott was
informed by & man who raises this species extensively in Scot-
Tand, about, one-fourth of the seedlings appear long-styled; so
that the short-styled form of the Auricula, when fertilised by
its ownpollen, does not reproduce the same form in so large a
proportion as in the case of P. Sinensis. We may further infer

* “Journal Proc. Linn. Soe. viii. (1864) p. 91.
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that the short-styled form is not rendered quite sterile by a
long course of fertilisation with pollen of the same form : but as
there would always be some liability to an occasional cross with
the other form, we cannot tell how long self-fertilisation has
een continued.

PRIMULA FARINOSA.

Mr. Scott says * that it is not at all uncommon to find equal-
styled plants of this heterostyled species. Judging from the
size of the pollen-grains, these plants owe their structure, as in
the case of P. auricula, to the abnormal elongation of the
stamens of the long-styled form. In accordance with this view,
they yield less seed when crossed with the long-styled form
than with the short-styled. But they differ in an anomalous
manner from the equal-styled plants of P. auricula in being
extremely sterile with their own pollen.

PRIMULA ELATIOR.

It was shown in the first chapter, on the authority of
i

S o Hiihmpted w}nlst growing ina L e
this is the only instance of such an occurrence known to me,
with the exception of some wild plants of the Oxlip—a hybrid
Detween P. veris and vudgaris—which were equal-styled. Herr
Breitenbach’s case is remarkable in another way; for equal-
styled flowers were found in two instances on plants which bore
both long-styled and short-styled flowers. In every other
instance these two forms and the equal-styled variety have been
produced by distinct plants.

PrimurA vuLearis, Brit. FIL

Var. acalis of Linn. and P. acaulis of Jacq.

Var. rubra.—Mr. Scott statest that this variety, which
grew in the Botanic Garden in Edinburgh, was quite
sterile when fertilised with pollen from the common
primrose, as well as from a white variety of the same

$ ¢ ommal Proo. s fo? vil (1884) . 115.
+ Thid. p.
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species, but that some of the plants, when artificially
fertilised with their own pollen, yielded a moderate
supply of seed. Ho was so kind as to send me some
of these self-fertilised seeds, from which T raised the
plants immediately to be described. I may premise
that the results of my experiments on the seedlings,
made on a large scale, do not accord with those by
M. Seott on the parent-plant.

First, in regard to the transmission of form and
colour. The parent-plant was long-styled, and of a
rich purple colour. From the self-fertilised seed 23
plants were raised; of these 18 were purple of dif-
ferent shades, with 2 of them a little streaked and
freckled with yellow, thus showing a tendency to
reversion; and 5 were yellow, but generally with a
brighter orange centre than in the wild flower. AlL
the plants were profuse flowerers. All were long-
styled; but the pistil varied a good deal in length
even on the same plant, being rather shorter, or con-
siderably longer, than in the normal long-styled form ;
and the stigias likewise varied in shape. It is,
therefore, probable that an equal-styled variety of the
primrose might be found on careful search; and I
have received two accounts of plants apparently in this
condition. The stamens always occupied their proper
position low down in the corolla; and the pollen-
grains were of the small size proper to the long-styled
form, but were mingled with many minute and
shrivelled grains. The yellow-flowered and the purple-
flowered plants of this first generation were fertilised
under a net with their own pollen, and the seed sepa-
nately sown. From the former, 22 plants were raised,
and all were yellow and long-styled. From the latter
or the purple-flowered plants, 24 long-styled plants
were naised, of which 17 were purple and 7 yellow.
g Q
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In this last case we have an instance of reversion in
colour, without the possibility of any cross, to the grand-
parents or more distant progenitors of the plants in
question. Altogether 23 plants in the first generation
and 46 in the second generation were raised ; and the
whole of these 69 illegitimate plants were long-styled !

Eight purple-flowered and two yellow-flowered plants
of the first illegitimate generation were fertilised in
various ways with their own pollen and with that of
the common primrose; and the seeds were separately
counted, but as I could detect no difference in fertility
between the purple and yellow varieties, the results
are run together in the following table. (See next
page.)

If we compare the figures in this table with those
given in the first chapter, showing the normal fertility
of the common primrose, we shall see that the illegiti-
mate purple- and yellow-flowered varieties are very
sterile. For instance, 72 flowers wero fertilised with
their own pollen and produced only 11 good capsules;
but by the standard they ought to have produced 48
capsules ; and each of these ought to have contained
on an average 522 seeds, instead of only 115 seeds.
When these plants were illegitimately and legiti-
mately fertilised with pollen from the common prim-
rose, the average numbers were increased, but were far
from attaining the normal standards. So it was when
both forms of the common primrose were fertilised
with pollen from these illegitimate plants; and this
shows  that their male as well as their female organs
wereina deteriorated condition. The sterility of these
plants was shown in another way, namely, by their not
producing any capsules when the access of all insects
(except such minute ones as Thrips) was prevented;

for under these the common long-styled
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these plants was greatly impaired. The loss is not
correlated with the colour of the flower ; and it was to
ascertain this point that T made so many experiments,
As the parent-plant growing in Edinburgh was found
by M. Scott to be in a high degree sterile, it may
have transmitted a similar tendency to its offspring,
independently of their illegitimate birth. T am, how-
ever, inclined to attribute some weight to the illegiti-
macy of their descent, both from the analogy of other
cases, and more especially from the fact that when the
plants wero legitimately fertilised with pollen of the
common primrose they yielded an average, as may be
seen in the table, of only 5 more seeds than when
illegitimately fertilised with the same pollen. Now we
know that it is eminently characteristic of the illegiti-
mate offspring of Primula Sinensis that they yield but
few more seeds when legitimately fertilised than when
fertilised with their own-form pollen.

PrivurnA VERIS, Brit. FL
Var. oficinalis of Linn., P. officinalis of Jacq.

Seeds from the short-styled form of the cowslip
fertilised with pollen from the same form germinate
so badly that I raised from three successive sowings
only fourteen plants, which consisted of nine short-
styled and five long-styled plants. Hence the short-
styled form of the cowslip, when self-fertilised, does not
transmit the same form nearly so truly as does that
of P. Sinensis. From the long-styled form, always.
fertilised with its own-form pollen, I raised in the
first generation three long-styled plants,—from their
seed 53 long-styled grandchildren,—from their seed
4 long-styled great-grandchildren,—from their seed
20 long-styled great-great-grandchildren,—and lastly,
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from their seed 8 long-styled and 2 shortstyled great-
In this last

shorb—styled plants appeared for the first time in the
course of the six generations,—the parent long-styled
plant which was fertilised with pollen from another
plant of the same form being counted as the first
generation. Their appearance may be attributed to
atavism. From two other long-styled plants, fertilised
with their own-form pollen, 72 plants were raised,
which consisted of 68 long-styled and 4 short-styled.
So that altogether 162 plants were raised from ille-
gitimately fertilised long-styled cowslips, and these
consisted of 156 long-styled and 6 short-styled plants.

We will now turn fo the fertility and powers of
growth possessed by the illegitimate plants. From
a short-styled plant, fertilised with its own-form
pollen, one short-styled and two long-styled plants,
and from a long-styled plant similarly fertilised threo
long-styled plants were at first raised. The fertility
of these six illegitimate plants was carefully obseryed ;
Dut T must premise that I cannot give any satisfactory
standard of comparison as far as the number of the
seeds is concerned ; for though I counted the seeds
of many legitimate plants fertilised legitimately and
illegitimately, the number varied so greatly during
successive seasons that no one standard will serve well
for illegitimate unions made during different seasons.
Moreover the seeds in the same capsule frequently
differ so much in size that it is scarcely possible
to decide which ought to be counted as good seed.
There remains as the best standard of comparison the
proportional number of fertilised flowers which pro-
duce capsules containing any seed.

First, for the one illegitimate short-styled plant.
In the course of three seasons 27 flowers were illegiti-
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mately fertilised with pollen from the same plant, and
they yielded only a single capsule, which, however, con-
tained a rather largo number of seeds for a union of
this nature, namely, 23.  As a standard of comparison.
I may state that during the same threo seasons 44
flowers bomne by legitimate short-styled plants were
self-fertilised, and yielded 26 capsules; so that the
fact of the 27 flowers on the illegitimate plant having
produced only one capsule proves how sterile it was.
To show that the conditions of life were favourable,
T will add that numerous plants of this and other
species of Primula all produced an abundance of
capsules whilst growing close by in the same soil with
the present and following plants. The sterility of the
above illegitimate short-styled plant depended on
both the male and female organs being in a deterio-
rated condition. This was manifestly the caso with
the pollen; for many of the anthers were shrivelled
or contabescent. Nevertheless some of the anthers
contained pollen, with which I succeeded in fertilising
some flowers on the illegitimate long-styled plants
immediately to be described. Four flowers on this
same short-styled plant were likewise legitimately fer-
tilised with pollen from one of the following long=
styled plants; but only one capsule was produced,
containing 26 seeds ; and this is a very low number
for a legitimate union.

With respect to the five illegitimate long-styled
plants of the first generation, derived from the above
self-fertilised short-styled and long-styled parents,
their fertility was observed during the same threo
years. These five plants, when self-fertilised, differed
considerably from one another in their degree of
fertility, as was the caso with the illegitimate long=
styled plants of Lythrum salicaria; and their fertility
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varied much according to the season. T may premise,
as a standard of comparison, that during the same
years 56 flowers on legitimate long-styled plants of
the same age and grown in the same soil, were fer-
tilised with their own pollen, and yielded 27 capsules ;
that is, 48 per cent. On one of the five illegitimate
long-styled plants 36 flowers were self-fertilised in
the course of the three years, but they did not produce
a single capsule. Many of the anthers on this plant
were contabescent; but some seemed to contain
sound pollen. Nor were the female organs quite
impotent; for I obtained from a legitimate cross one
capsule with good sced. On a second illegitimate
long-styled plant 44 flowers were fertilised during the
samo years with their own pollen, but they produced
only a single capsule. The third and fourth plants
were in a very slight degree more productive. The
fifth and last plant was decidedly more fertile; for
42 self-fertilised flowers yielded 11 capsules. Alto-
gether, in the course of the three years, no less than
160 flowers on these five illegitimate long-styled
plants were fertilised with their own pollen, but they
yielded only 22 capsules. According to the standard
above given, they ought to have yielded 80 capsules.
These 22 capsules contained on an average 15°1 seeds.
T believe, subject to the doubts hefore specified, that
with legitimate plants the average number from a
union of this nature would have been above 20 seeds.
Twenty-four flowers on these same five illegitimate
long-styled plants wero legitimately fertilised with
pollen from the above-described illegitimate short-
styled plant, and produced only 9 capsules, which is
an extremely small number for a legitimate union.
These 9 capsules, however, contained an average of 38
apparently good seeds, which is as large a number as
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legitimate plants sometimes yield. But this high aver-
ago was almost certainly false; and I mention the case
for the sake of showing the difficulty of arriving at a
fair result; for this average mainly depended on two
capsules containing the extraordinary numbers of 75
and 56 seeds; these seeds, however, though I felt
bound to count them, were so poor that, judging from
trials made in other cases, I do not suppose that one
would have germinated ; and therefore they ought not
to have been included. Lastly, 20 flowers were legiti-
mately fertilised with pollen from a legitimate plant,
and this increased their fertility; for they produced
10 capsules.  Yet this is but a very small proportion
for a legitimate union.

There can, therefore, be no doubt that these five
long-styled plants and the one short-styled plant of
the first illegitimate generation were extremely sterile.
Their sterility was shown, as in the case of hybrids,
in another way, namely, by their flowering profusely,
and especially by the long endurance of the flowers.
For instance, I fertilised many flowers on these plants,
and fifteen days afterwards (viz. on March 22nd) I
fertilised numerous long-styled and short-styled flowers
on common cowslips growing close by. These latter
flowers, on April 8th, were withered, whilst most of the
illegitimate flowers remained quite fresh for several
days subsequently ; so that some of these illegitimate
plants, after being fertilised, remained in full bloom
for above a month.

We will now turn to the fertility of the 53 illegiti-
mate long-styled grandchildren, descended from the
long-styled plant which was first fertilised with its
own pollen. The pollen in two of these plants included
a multitude of small and shrivelled grains. Never-
theless they were not very sterile; for 25 flowers, fer-
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tilised with their own pollen, produced 15 capsules,
containing an average of 16°3 seeds. As already
stated, the probable average with legitimate plants
for a union of this nature is rather above 20 sceds.
These plants were remarkably healthy and vigorous,
as long as they were kept under highly favourable
conditions in pots in the greenhouse ; and such treat-
ment greatly increases the fertility of the cowslip.
When these same plants were planted during the next
year (which, howover, was an unfavourable one), out
of doors in good soil, 20 self-fertilised flowers pro-
duced only 5 capsules, containing extremely few and
wretched seeds.

Four long-styled great-grandchildren were raised
from the self-fertilised grandchildren, and were kept
under the same highly favourable conditions in the
greenhouse; 10 of their flowers were fertilised with
own-form pollen and yielded the large proportion of 6
eapsules, containing on an average 187 seeds. From
these seeds 20 long-styled great-great-grandehildren
were raised, which were likewise kept in the greenhouse.
Thirty of their flowers were fertilised with their own
pollen and yielded 17 capsules, containing on an aver-
age no less than 32, mostly fino seeds, It appears,
therefore, that the fertility of these plants of the fourth
illegitimate generation, as long as they were kept
under highly favourable conditions, had not decreased,
but had rather increased. The result, however, was
widely different when they were planted out of doors
in good soil, where other cowslips grew vigorously and
were completely fertile ; for these illegitimate plants
now became much dwarfed in stature and extremely
sterile, notwithstanding that they were exposed to the
visits of inseots, and must have been legitimately fer-
tilised by the surrounding legitimate plants. A whole
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row of these plants of the fourth illegitimate genera-
tion, thus freely exposed and legitimately fertilised,
produced only 3 capsules, containing on an average
only 17 sceds.  During the ensuing winter almost all
these plants died, and the fow survivors were miserably

1 whilst the plants
were not in the least injured.

The sceds from the great-great-grandchildren were
sown, and 8 long-styled and 2 short-styled plants of
the fifth illegitimate generation raised. These whilst
still in the greenhouse produced smaller leaves and
shorter flower-stalks than some legitimate plants with
which they grew in competition ; but it should be ob-
served that the latter were the product of a cross with
a fresh stock,—a circumstance which by itself would
have added much to their vigour.* When these ille-
gitimate plants were transforred to fairly good soil
out of doors, they became during the two following
years much more dwarfed in stature and produced very
few flower-stems ; and although they must have been
legitimately fertilised by insects, they yielded cap-
sules, compared with those produced by the surround-
ing legitimate plants, in the ratio only of 5 to 1001
It is therefore certain that ﬂlegmmm fertilisation,

d durin, i affects the
powers of growth and fertility of P. verds to an extras
ordinary degree ; more especially when the plants are
exposed to ordinary conditions of life, instead of being
protected in a greenhouse,

Equal-styled red variety of P. veris—Mr. Scott has described
aplant of this kind growing in the Botanic Garden of Edin-
burgh. He states that it was highly self-fertile, although insects

* For full details of this ex- ¢ Proc. Linn. Soe’ vol. viii.
pecoent;en by HISOk o Com (1564) p. 105.
S Selt-Jrtiation, 1876, p 390

@ The Complete Work of Charles Darwin Online




Cuar. V. HETEROSTYLED DIMORPHIC PLANTS. 235

were excluded; and he explains this fact by showing, first, that
the anthers and stigma are in close apposition, and that the
stamens in length, position and size of their pollen-grains
resemble those of the short-styled form, whilst the pistil re-
sembles that of the long-styled form both in length and in tho
structure of the stigma. Hence the self-union of this variety is,
in fact, a legitimate union, and consequently is highly fertile.
Mr. Scott further states that this variety yielded very fow seeds
when fertilised by either the long- or short-styled common
cowslip, and, again, that both forms of the latter, when fertilised
by the equal-styled varioty, likewise produced very fow sceds.
But his experiments with the cowslip were few, and my results
o not confirm his in any uniform manner.

1 raised twenty plants from self-fertilised seed sent mo by Mr.
Soott; and they all produced red flowers, varying slightly in
tint. Of these, two were strictly long-styled both in structure
and in fanction; for their reproductive powers were tested by
crosses with both forms of the common cowslip. Six plants
were equal-styled; but on the sume plant the pistil varied a
good deal in length during different seasons. This was likewise
the case, according to Mr. Scott, with the parent-plant. Lastly,
tywelve plants were in appearance short-styled ; but they varied
much more in the length of their pistils than ordinary short-
styled cowslips, and they differed widely from the latter in
their powers of reproduction. Their pistils had become short-
styled in_ structure, whilst remaining long-styled in function.
Short-styled cowslips, when insects are excluded, are extremely
Tarren: for instance, on one occasion six fine plants produced

* ouly about 50 sceds (that is, less than the product of two good

capsules), and on another occasion not a single capsule. Now,
when the above twelve apparently short-styled seedlings wero
similarly treated, nearly all produced o great abundance of
eapsules, containing mumerous seeds, which germinated re-
markably well. Moreover threo of these plants, which during
the first year were furnished with quite short pistils, on the
following year produced pistils of extraordinary length. Tho
greator number, thereforo, of these short-styled plants could not
e distinguished in fanction from the equal-styled variety. The
anthers in the six equal-styled and in the apparently twelve
short-styled plants were seated high up in the corolla, as in the
true short-styled cowslip; and the pollen-grains resembled
those of the same form in their large size, but were minglod
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with a few shrivelled grains. Tn function this pollen was
identical with that of the short-styled cowslip; for ten long-
styled flowers of the common cowslip, legitimately fortilised
with pollen from a true equal-styled variety, produced six cap-
sules, containing on an average 34-4 seeds; whilst seven cap-
sules on a short-styled cowslip illegitimately fertilised with
pollen from the equal-styled variety, yielded an average of only
14°5 seeds.

As the equal-styled plants differ from one another in their
powers of reproduction, and as this is an important subject,
T will give a fow details with respect to five of them. First, an
equal-styled plant, protected from insects (as was done in all
the following cases, with one stated exception), spontancously
produced mumerous capsules, five of which gave an_average of
448 seeds, with a maximum in one capsule of 57. But six
capsules, the produet of fertilisation with pollen from a short-
styled cowslip (and this is a legitimate union), gave an average
of 285 seeds, with a maximum of 49; and this is a much lower
average than might have been expected. Secondly, nine cap-
sules from another equal-styled plant, which had not been
protected from insects, but probably was self-fertilised, gave an
average of 45°2 seeds, with a maxinmm of 58, Thirdly, another
plant which had a very short pistil in 1863, produced spon-
tancously many capsules, six of which contained an average of
839 sceds, with a maximum of 38. In 1866 this same plant
had a pistil of wonderful length; for it projected quite above
the anthers, and the stigma resembled that of the long-styled
form. In this condition it produced spontaneously a vast
number of fine eapsules, six of which contained almost exactly
the same average number as before, viz. 34-8, with a maximum
of 88. Four flowers on this plant, legitimately fertilised with
pollen from a short-styled cowslip, yielded capsules with an
average of 80-2 seeds. Fourthly another short-styled plant
spontaneously produced in 1865 an_ abundance of capsules, ten
of which contained an average of 356 seeds, with a maximum
of 5. Tn 1866 this same plant had become in all respects long-
styled, and ten capsules gave almost exactly the same average
as before, viz. 35°1 seeds, with a maximum of 47. Eight
flowers on this plant, legitimately fertilised with pollen from
a short-styled cowslip, produced six capsules, with the high
average of 53 seeds, and the high maximum of 67. Eight
flowers were also fertilised with pollen from a long-styled cow-
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slip (this being an illegitimate union), and produced seven
capsules, containing an average of 244 sceds, with a maximum
of 32 The fifth and last plant remained in the same condition
during both years: it had a pistil rather longer than that of the
true short-styled form, with the stigma smooth, as it onght to
e in this form, but abnormal in shape, like a much-elongated
inverted cone. It produced spontaneously many capsules, five
of which, in 1865, gave an average of only 156 seeds; and in
1866 ten capsules still gave an average only a little higher, viz.
of 22-1, with a maximum of 30. Sixteen flowers were fertilised
with pollen from a long-styled cowslip, and produced 12 cap-
sules, with an average of 249 seeds, and a maximum of 42.
Eight flowers were fertilised with pollen from a short-styled
cowslip, but yielded only two capsules, containing 18 and 23
seeds. Hence this plant, in function and partially in structure,
was in an almost exactly intermediate state between the long-
styled and short-styled form, but inclining towards the short-
styled ; and this accounts for the low average of seeds which it
produced when spontancously self-fertilised.

The foregoing five plants thus differ much from one another in
the nature of their fertility. In two individuals a great difference
in the length of the pistil during two succeeding years made no
difference in the number of seeds produced. As all five plants
possessed the male organs of the short-styled form in a perfect
state, and the female organs of the long-styled form in a more
or less complete state, they spontaneously produced a surprising
number of capsules, which generally contained a large average
of remarkably fine sceds. With ordinary cowslips, legitimately
fertilised, T once obtained from plants cultivated in the green-
ouse the high average, from seven capsules, of 587 seeds, with
a maximum in one capsule of 87 seeds; but from plants grown
out of doors I never obtained a higher average than 41 seeds.
Now two of the equal-styled plants, grown out of doors and
spontaneously self-fertilised, gave averages of 44 and 45 seeds;
Dut this high fertility may perhaps be in part attributed to the
stigma receiving pollen from the surrounding anthers at exactly
the right period. Two of these plants, fertilised with pollen
from a short-styled cowslip (and this in fact is a legitimato
union), gave a lower average than when self-fertilised. On the
other hand, another plant, when similarly fertilised bya cowslip,
yielded the unusually high average of 53 seeds, with a maximum
of 67. Lastly, as we have just seen, one of these plants was in
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an almost exactly intermediate condition in its female organs
between the long- and short-styled forms, and consequently,
when self-fertilised, yielded a low average of seed. If we add
together all the experiments which I made on the equal-styled
plants, 41 spontancously self-fertilised capsules (inscets having
een excluded) gave an average of 84 seeds, which is exactly the
same number as the parent-plant yielded in Edinburgh, Thirty-
four flowers, fertilised with pollen from the short-styled cowslip
(and this is an analogous union), produced 17 eapsules, contain-
ing an average of 338 seeds. It is o rather singular cirenm-
stance, for which I cannot account, that 20 flowers, artificially fer-
tilised on one oceasion with pollen from the same plants yielded
only ten capsules, containing the low average of 26-7 sceds.

As bearing on inheritance, it may be added that 72 seed-
lings were raised from one of the red-flowered, strictly equal-
styled, self-fertilised plants descended from the similarly cha-
racterised Edinburgh plant. These 72 plants were there-
fore grandchildren of the Edinburgh plant, and they all bore,
as in the first gencration, red flowers, with the exception of
one plant, which reverted in colour to the common cowslip.
In regard to structure, nine plants were truly long-styled
and had their stamens seated low down in the corolla in the
proper position; the remaining 63 plants were equal-styled,
though the stigma in about a dozen of them stood a little below
the anthers. We thus see that the anomalous combination in the
same flower, of the male and female sexual organs which properly
exist in the two distinct forms, was inherited with much force.
Thirty-six seedlings were also raised from long and short-styled
common_cowslips, erossed with pollen from the equal-styled
variety. Of these plants one alone was equal-styled, 20 wer
short-styled, but with the pistil in three of them rather too
long, and the remaining 15 were long-styled. In this case we
have an illustration of the difference between simple inheritance
and prepotency of transmission ; for the equal-styled variety,
when self-fertilised, transmits its character, as we have just
seen, with much force, but when crossed with the common
cowslip cannot withstand the greater power of transmission
of the latter.

PULMONARIA.

T have little to say on this genus. I obtained sceds of P ofi-
cinalis from a garden where the long-styled form alone grew,
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and raised 11 seedlings, which were all long-stylod. Theso
plants were named for me by Dr. Hooker. They differed, as has
been shown, from the plants belonging to this species which in
German; i by Hil that
the long-styled form was absolutely sterile with its own pollen,
whilst my long-styled scedlings and the parent-plants yiolded a
fair supply of seed when self-fertilised. Plants of the long-
styled form of Pulmonaria angustifolia were, like Hildebrand’s
plants, absolutely sterile with their own pollen, so that T could
never procure a single sced. On the other hand, tho short-
styled plants of this species, differently from thoso of P. ofi-
cinalis, were fertile with their own pollen in a quite remarkable
degree for a heterostyled plant. From seeds carofully self-fer-
tilised I raised 18 plants, of which 13 proved short-stylod and
5 long-styled.

POLYGONDM FAGOPYRUM.

From flowers on long-styled plants fertilised illegitimately
with pollen from the sume plant, 49 scedlings were raised, and
these consisted of 45 long-styled and 4 short-styled. From
flowers on short-styled plants illegitimately fertilised with pollen
from the same plant 83 seedlings were raised, and these con-
sisted of 20 short-styled and 13 long-styled. So that the usual
rule of illegitimately fertilised long-styled plants tending much
more strongly than short-styled plants to reproduce their own
form here holds good. The illegitimate plants derived from
both forms flowered later than the legitimate, and were o the
Iatter in height as 69 to 100. But as these illegitimate plants
were descended from parents fertilised with their own pollen,
whilst the legitimate plants were descended from parents crossed
with pollen from a distinet individual, it is impossible to know.
how much of their difference in height and period of flowering,
is due to the illegitimate birth of the one set, and how much,
to the other set being the product of a cross between distinet
plants.

Concluding Remarks on the Tlegitimate Offspring of
Hetorostyled Trimorphic and Dimorphic Plants,

It is remarkable how closely and in how many points
illegitimate unions between the two or three forms of the

* Bot. Zeitung,’ 1865, p. 1.
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same heterostyled species, together with their illegiti-
mate offspring, resemble hybrid unions between distinet
species together with their hybrid offspring. In both
cases we meet with every degree of sterility, from very
slightly lessened fertility to absolute barrenness, when
not even a single seed-capsule is produced. In both
cases the facility of effecting the first union is much
influenced by the conditions to which the plants are
exposed.® Both with hybrids and illegitimate plants
the innate degree of sterility is highly variable in
plants raised from the same mother-plant. In both
cases the male organs are more plainly affected than
the female; and we often find contabescent anthers
enclosing shrivelled and utterly powerless pollen-
grains. The more sterile hybrids, as Max Wichura
has well shown,t are sometimes much dwarfed in
stature, and have so weak a constitution that they are
liable to premature death; and we have seen exactly
parallel caseswith the illegitimate seedlings of Lythrum
and Primula. Many hybrids are the most persistent
and profuse flowerers, as are some illegitimate plants,
When a hybrid is crossed by either pure parent-form,
it is notoriously much more fertile than when crossed
inter se or by another hybrid ; so when an illegitimate
plant is fertilised by a legitimate plant, it is more
fertile than when fertilised infer se or by another ille-
gitimate plant. When two species are crossed and
they produce numerous seeds, we expect as a general
rule that their hybrid offspring will be moderately
fertile ; but if the parent species produce extremely
fow seeds, we expect that the hybrids will be very

* This has been remarked by  chapter a striking illustration in
many experimentalistsn effcting tho easo of Primuda
crosses between distinct species; _ + *Die Bnmnlwmqmmg im
and in_regard fo illegitimate  Pllanzenreich,
unions I have given in the first
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sterile. But there are marked exceptions, as shown
by Girtner, to theso rules. 8o it is with illegitimate
unions and illegitimate offspring. Thus the mid-
styled form of Lythrum salicaria, when illegitimately
fertilised with pollen from the longest stumens of
the short-styled form, produced an unusual number
of seeds; and their illegitimate offspring were not at
all, or hardly at all, sterile. On the other hand, the
illegitimate offspring from the long-styled form, ferti-
lised with pollen from the shortest stamens of the same
form, yielded few sceds, and the illegitimate offspring
thus produced were very sterile; but they were more
sterile than might have been expected relatively to the
difficulty of effecting the union of the parent sexual
elements. No point is more remarkable in regard to
the crossing of species than their unequal reciprocity.
Thus species A will fertilise B with the greatest ease;
but B will not fertilise A after hundreds of trials. We
have exactly the same case with illegitimate unions;
for the mid-styled Lythrum salicaria was easily ferti-
lised by pollen from the longest stamens of the short-
styled form, and yielded many seeds; but the latter
form did not yield a single seed when fertilised by the
longest stamens of the mid-styled form.

Another important point is prepotency. Girtner
has shown that when a species is fertilised with pollen
from another species, if it be afterwards fertilised with,
its own pollen, or with that of the same species, this
is 50 prepotent over the foreign pollen that the effect
of the latter, though placed on the stigma some time
previously, is entirely destroyed. Exactly the same
thing occurs with the two forms of a heterostyled
species. Thus several long-styled flowers of Primula
veris were fertilised illegitimately with pollen from
another plant of the same form, and twenty-four hours

»
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afterwards logitimately with pollen from a short-stylod
dark-red polyanthus which is a variety of P. verds ;
and the result was that every one of the thirty seed-
lings thus raised bore flowers more or less red, show-
ing plainly how prepotent the legitimate pollen from
a short-styled plant was over the illegitimate pollen
from a long-styled plant.

In all the several foregoing points the parallelism is
wonderfully close between the effects of illegitimate
and hybrid fertilisation. Tt is hardly an exaggeration
to assert that seedlings from an illegitimately fer-
tilised heterostyled plant are hybrids formed within
the limits of one and the same species. This conelu-
sion is important, for we thus learn that the difficulty
in sexually uniting two organic forms and the sterility
of their offspring, afford no sure criterion of so-called
specific distinctness. If any one were to cross two
varieties of the same form of Lythrum or Primula for
the sake of ascertaining whether they were specifically
distinet, and he found that they could be united only
with some difficulty, that their offspring were extremely
sterile, and that the parents and their offspring re-
sembled in a whole series of relations crossed species
and their hybrid offspring, he might maintain that his
varieties had been proved to be good and true species
but he would be completely deceived. In the second
place, as the forms of the same trimorphic or dimorphic
heterostyled species are obviously identical in general
structure, with the exception of the reproductive
organs, and as they are identical in general constitu-
tion (for they live under precisely the same condi-
tions), the sferility of their illegitimate unions and
that of their illegitimate offspring, must depend ex-
clusively on the nature of the sexual elements and
on their incompatibility for uniting in a particular
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manner. And as we have just seen that distinct species
when crossed resemble in a whole series of relations the
forms of the same species when illegitimately united,
we are led to conclude that the sterility of the former
must likewise depend exclusively on the incompatible
nature of their sexual elements, and not on any general
difference in constitution or structure, We are, indeed,
led to this same conclusion by the impossibility of de-
teeting any differences sufficient to account for certain
species crossing with the greatest case, whilst other
closely allied species cannot be erossed, or can be crossed
only with extreme difficulty. We are led to this con-
clusion still more foreibly by considering the great
difference which often exists in the facility of crossing
reciprocally the same two species ; for it is manifest in
this case that the result must depend on the nature of
the sexual elements, the male element of the one
species acting freely on the female element of the
other, but not so in a reversed direction. And now we
seo that this same conclusion is independently and
strongly fortified by the consideration of the illegit-
mate unions of hic and di 1

plants. Tn so complex and obscure a subject as hybrid-
ism it is no slight gain to arrive at a definite conclu-
sion, namely, that we must look exclusively to func-
tional differences in the sexual elements, as the causo
of the sterility of species when first crossed and of
their hybrid offspring. Tt was this consideration which
led me tomalke the many observations recorded in this
chapter, and which in my opinion make them worthy
of publication.
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CHAPTER VL

CoxoLuniNG REmanks oN HETEROSTYLED PLANTS.

The essential character of heterostyled plants— of the
differences in fertility between legitimately and illegitimately fer-
A e b Sl
structure of stigma in the difforent forms—Affinities of the genera
which include heterostyled species—Nature of the advantages
derived from heterostylism—Tho means by which plants becamo
‘Transmission of form—Eq led varieties of

heterostyled plants—Final remarks.

Ix the foregoing chapters all the heterostyled plants
known to me have been more or less fully described.
Several other cases have been indicated, especially b

Professor Asa Gray and Kuhn,* in which the indi-
viduals of the same species differ in the length of
their stamens and pistils; but as T have been often de-
ceived by this character taken alone, it seems to me
the more prudent course not to rank any species as
heterostyled, unless we have evidence of more impor-
tant differences between the forms, as in the diameter
of tho pollen-grins, o in the structure of the stigma.
The individuals of many ordinary & hrodite plants
habitually fertilise one another, owing to their male
and female organs being mature at different periods,
or to the structure of the parts, or to self-sterility, &e.;
and so it is with many hermaphrodite animals, for
instance, land-snails or earth-worms ; but in all these
cases any one individual can fully fertilise or be ferti-

¢ American Journ. elsewhere as already referred to.
o S o6, 5. 1015 and  Kuhn,  Bot. Zeitungy 1867, p. 67
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lised by any other individual of the same species. This
is not so with heterostyled plants: a long-styled, mid-
styled or short-styled plant cannot fully fertilise or
be fertilised by any other individual, but only by
one belonging to another form. Thus the essen-
tial character of plants belonging to the heterostyled
class is that the individuals are divided into two or
three bodies, like the males and females of dicecious
plants or of the higher animals, which exist in approxi-
mately equal numbers and are adapted for reciprocal
fertilisation. The existence, therefore, of two or three
bodies of individuals, differing from one another in the
above more important characteristics, offers by itself
good evidence that the species is heterostyled. But
absolutely conclusive evidence can be derived only
from experiments, and by finding that pollen must be
applied from the one form to the other in order to
ensure complete fertility.

In order to show how much more fertile each form
is when legitimately fertilised with pollen from the
other form (or in the case of trimorphic species, with
the proper pollen from one of the two other forms)
than when illegitimately fertilised with its own-form
pollen, I will append a Table (33) giving a summary
of the results in all the cases hitherto ascertained.
The fertility of the unions may be judged by two
standards, namely, by the proportion of flowers which,
when fertilised in the two methods, yield capsules, and
by the average number of seeds per capsule. When
there is a dash in the left-hand column opposite to
the name of the species, the proportion of the flowers
which yielded capsules was not recorded.

The " two or three forms of the same heterostyled
species do not differ from one another in general habit
or foliage, as sometimes, though rarely, happens with
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TasLE 33,
Fertillity of the Legitimate Unions taken together, compared with
that of the Tlegitimate Unions together. The fertility of the
Legitimate Unions, as judged by both standards, is taken as 1

Tilegitimate Unions.
‘Proportional
Name of Species. Umber of
il T | e
oot | Capuer
Capsuls.
T T R A S 65
E e L 75
Pilwlpe i L ] e 54
P. Sinensis . . oS 63
P Sinensis (second trial) . . . . . 0 55
i i R 42
e, 15
e e R 31
Frod s LR 66
B an 8
: by 4
of the n of Primula . | 884 69
Hottonia palustris (. Mallery: A e 61
Linum grasdifram (e d u.ﬂrmm pmmly} i
is mul
L. perenne . 3 Rl 20
L. perenne (Hildcbrand) ‘ 0 o
Pulmonaria offcoali (Gurman stock, me} & %
brand) . 3 g
Pulmonaria angustifolia . . . . . .| 35 32
Mitchella repens. . . 5 0 47
Borreria, Brasilian sp. . L e [
Polygonum fagopyrum . Seneiee 46
Lythrum salicaria o T 4
Oxalis Valdiviana a-m.ubmd). e 2 84
0. Reguell S 0 o
. spe Sigs v e 98 4

the two sexes of dicecious plants. Nor does the calyx
differ, but the corolla sometimes differs slightlyin shape,
owing to the different position of the anthers. In

veria the hairs within the tube of the corolla are differ-
ently situated in the long-styled and short-styled forms,
In Pulmonaria there is a slight difference in’the size of
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the corolla, and in Pontederia in its colour. In the re-
productive organs the differences are much greater and
more important. In the one form the stamens may be
all of the same length, and in the other graduated in
length, or alternately longer and shorter. The fila-
ments may differ in colour and thickness, and are
sometimes nearly thrice as long in the one form as in the
other. They adhere also for very different proportional
lengths to the corolla. The anthers sometimes differ
much in size in the two forms. Owing to the rotation
of the filaments, the anthers, when mature, dehisce to-
wards the circumference of the flower in one form of
Fxramea a,nd townrds the centre in tl\n other form. The

ffer consy ly in colour,
ma often to an extraordinary degree in diameter.
They differ also somewhat in shape, and apparently in
their contents, as they are unequally opaque. In the
short-styled form of Faramea the pollen-grains are
covered with sharp points, so as to cohere readily to-
gether or to an insect ; whilst the smaller grains of the
long-styled form are quite smooth.

With respect to the pistil, the style may be almost
thrice as long in the one form as in the other. In
Oxalis it sometimes differs in hairiness in the three
forms. In Linum the pistils either diverge and pass

* out between the filaments, or stand nearly upright and
parallel to them. The stigmas in the two forms often
differ much in size and shape, and more especially in
the length and thickness of their papille; so that
the surface may be rough or quite smooth. Owing to
the rotation of the styles, the papillose surface of
the stigma is turned outwards in one form of Linum
perenne, and inwards in the other form. In flowers of
the same age of Primula veris the ovules are larger in
the long-styled than in the short-styled form. The




248 CONCLUDING REMARKS Cuar. VL

seeds produced by the two or three forms often differ
in number, and sometimes in size and weight; thus,
five seeds from the long-styled form of Lythrum sali-
caria equal in weight six from the mid-styled and
seven from the short-styled form. Lastly, short-styled
plants of Pulmonaria ofiicinalis bear a larger number
of flowers, and these set a larger proportional number
of fruit, which however yield a lower average number
of seed, than the long-styled plants. With hetero-
styled plants we thus see in how many and in what
important characters the forms of the same undoubted
species often differ from one another—characters which
with ordinary plants would be amply sufficient to dis-
tinguish species of the same genus.

As the pollen-grains of ordinary species belonging
to the same genus generally resemble ome another
closely in all respects, it is worth while to show, in the
following table (34), the difference in diameter be-
tween the grains from the two or three forms of the
same I led species in the forty-three cases in
which this was ascertained. But it should be observed
that some of the following measurements are only
approximately accurate, as only a few grains were
measured. In several cases, also, the grains had been
dried and were then soaked in water. Whenever they
were of an elongated shape their longer diameters
were measured. The grains from the short-styled
plants are invariably larger than those from the long-
styled, whenever there is any difference between them.
The diameter of the former is represented in the table
by the number 100.

We here see that, with seven or eight exceptions
out of the forty-three cases, the pollen-grains from one
form are larger than those from the other form of the
same species. The extreme difference is as 100 to 553
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TasLE 34,

Relative Diameter of the Pollen-grains from the forms of the same
Heterostyled. Species ; those from the short-siyled form being
represented by 100.

Dimorphic Species.

From the Long- From the Long-
ied formn ted o
e S Condia@p.D) . . . .
3 Gilla pnlchella Ol
$|nenns(ﬂddahxand) o . micrantha . | | 181
5 uricala . .. 71 Sebhis acuminata . | . 8
i L Miler) 61 @bl w
oGl 6h Gotomyin ormoen
Linwn grandiforam ~ . 100 Mitchella _re
» peremnelianetse v et i
By .}‘O"@ S ide il
710 Borein(p9 02
b .
Saa i G (Fits Milles) 75
B e 5 Houstonia corulea « . -
Leucosmia Buraettions . 99 Olwimdingond | | 18
A Hedyotis (sp-7) . . . . 88
enyanthes trifoliata . | 84 Coccocypselum (sp. @ 1o
Limnanthemom Tudicun . 100 ey L
illarsia (sp.7) . < . . 75 Lipostoma (sp.7) + .. 80
Forsythia suspensa . . . 04 Cinchona micrantha . . 81
Trimorphic Species,

lndhm-)ernflhepullzn-(nlm!mmdn | i of th two sets o ntbers in the
0 sets of anthers In th. three

. . . 60| Omails ke lnpetyisd form

esiea verticillata Ulidraty’
Oxalis Valdiviana (Hildebrand) 71 |, compresa, short-styled’
TS “form
Bipion . . . . Pontederia (;PJ) short-styled
sensitive i :
Pontederia (.p,?) Bk 55’ . olhersp,mld xtyled}

and we should bear in mind that in the case of
spheres differing to this degree in diameter, their
contents differ in the ratio of six to one. With all
the species in which the grains differ in diameter,
there is no exception to the rule that those from the

@ The Complete Work of Charles Darwin Online



250 CONCLUDING REMARKS Cnar. VL

anthers of the short-styled form, the tubes of which
have to penetrate the longer pistil of the long-styled
form, are larger than the grains from the other form,
This curious relation led Delpino® (as it formerly did
me) to beliove that the larger size of the grains in
the short-styled flowers is connected with the greater
supply of matter needed for the development of their
longer tubes. But the case of Linum, in which
the grains of the two forms are of equal size, whilst
the pistil of the one is about twice as long as that
of the other, made me from the first feel very
doubtful with respect to this view. My doubts have
since been strengthened by the cases of Limnanthe-
mum and Coceocypselum, in which the grains are of
equal size in the two forms; whilst in the former
genus the pistil is nearly thrice and in the latter
twice as long as in the other form. In those species
in which the grains are of unequal size in the two
forms, there is no close relationship between the de-
gree of their inequality and that of their pistils.
Thus in Pulmonaria oficinalis and in Erythroxy-
lum the pistil in the long-styled form is about
twice the length of that in the other form, whilst in
the former species the pollen-grains are as 100 to
78, and in the latter as 100 to 93 in diameter. In
the two forms of Suteria the pistil differs but little
in length, whilst the pollen - grains are as 100 to
75 in diameter. These cases scem o prove that the
difference in size between the grains in the two
forms is not determined by the length of the pistil,
down' which the tubes have to grow. That with
plants in general there is no close relationship between

7. 8ull’ Opers, In Distribuzione def Sossi nelle Piants &, 1867,
P17
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the size of the pollen-grains and the length of the
pistil is manifest: for instance, T found that the dis-
tended grains of Datura arborea were +00243 of an
inch in diameter, and the pistil no less than 9-25
inches in length ; now the pistil in the small flowers
of Polygonum fagopyrum is very short, yet the larger
pollen-grains from the short-styled plants had exactly
the same diameter as those from the Datura, with its
enormously elongated pistil.
ing these several considerations, it is
difficult quite to give up the belief that the pollen-grains
from tho longer stamens of heterostyled plants have
become larger in order to allow of the development of
longer tubes; and the foregoing opposing facts may
possibly be reconciled in the following manner. The
tubes are at first developed from matter contained
within the grains, for they are sometimes exserted
to a considerable length, before the grains have
touched the stigma; but botanists believe that they
afterwards draw nourishment from the conducting
tissue of the pistil. It is hardly possible to doubt
that this must occur in such cases as that of the Da-
tura, in which the tubes have to grow down the whole
length of the pistil, and therefore to a length equal-
ling 3,806 times the diameter of the grains (namely,
+00243 of an inch) from which they are protruded.
T may here remark that T have seen the pollen-grains
of awillow, immersed in a very weak solution of honey,
protrude their tubes, in the course of twelve hours, to
a length thirteen times as great as the diameter of the
ains. Now if we suppose that the tubes in some
heterostyled species are developed wholly or almost
wholly from matter contained within the grains, while
in other species from matter yielded by the pistil, e
can see that in the former case it would be necessary
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that the grains of the two forms should differ in size
relatively to the length of the pistil which the tubes
have to penetrate, but that in the latter case it would
not be necessary that the grains should thus differ.
Whether this explanation can bo considered satisfac-
tory must remain at present doubtful.

There is another remarkable difference between the
forms of several heterostyled species, namely in the
anthers of the short-styled flowers, which contain the
larger pollen-grains, being longer than those of the
long-styled flowers. This is the case with Hottonia
palustris in the ratio of 100 to 83, With Limnan-
themum Indieum the ratio is as 100 to 70. With the
allied Menyanthes the anthers of the short-styled form
are a little and with Villarsia conspicuously larger
than those of the long-styled. With Pulmonaria
angustifolia they vary much in size, but from an
average of seven measurements of each kind the ratio
isas 100 to 91 In six genera of the Rubiacew there
is a similar difference, either slightly or well marked.
Lastly, in the trimorphic Pontederia the ratio is 100
t0 88} the anthers from the longest stamens in the
short-styled form being compared with those from the
shortest stamens in the long-styled form. On the
other hand, there is a similar and well-marked differ-
ence in the length of the stamens in the two forms
of Forsythia suspensa and of Linum flavum ; but in
these two cases the anthers of the short-styled flowers
are shorter than those of the long-styled. The rela-
tive size of the anthers was not particularly attended
toin the two forms of the other heterostyled plants,
but I believe that they are generally equal, as is
certainly the case with those of the common primrose
and cowslip.

The pistil differs in length in the two forms of every
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heterostyled plant, and although a similar difference
is very general with the stamens, yet in the two
forms of Linum grandiflorum and of Cordia they are
equal. There can hardly be a doubt that the rela-
tive length of these organs is an adaptation for the
safe transportal by insects of the pollen from the one
form to the other. The exceptional cases in which
these organs do not stand exactly ona level in the two
forms may probably be explained by the manner in
which the flowers are visited. With most of the
species, if there is any difference in the size of the
stigma in the two forms, that of the long-styled, what-
ever its shape may be, is larger than that of the short-
styled. But here again there are some exceptions to
the rule, for in the short-styled form of Leucosmia
Burnettiana the stigmas are longer and much narrower
than those of the long-styled ; the ratio between the
lengths of the stigmas in the two forms being 100 to 60,
In the three Rubiaceous genera, Faramea, Houstonia
and Oldenlandia, the stigmas of the short-styled form
are likewise somewhat longer and narrower; and in
the three forms of Owalis sensitiva the difference is
strongly marked, for if the length of the two stigmas
of the long-styled pistil be taken as 100, it will be
represented in the mid- and short-styled forms by
the numbers 141 and 164.  As in all these cases the
stigmas of the short-styled pistil are seated low down
within a more or less tubular corolla, it is probable
that they are better fitted by being long and narrow
for brushing the pollen off the inserted proboscis of
an insect.

With many heterostyled plants the stigma differs
in roughness in the two forms, and when this is the
case there is no known exception to the rule that the
papille on the stigma of the long-styled form are longer
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and often thicker than those on that of the short-
styled. For instance, the papille on the long-styled
stigma of Hotfonia palustris are more than twice the
length of those in the other form. This holds good
even in the case of Houstonia carulea, in which the
stigmas are much shorter and stouter in the long-
styled than in the short-styled form, for the papille
on the former compared with those on the latter are
as 100 to 58 in length. The length of the pistil
in the long-styled form of Linum grandiflorum varies
much, and the stigmatic papille vary in a corre-
sponding manner. From this fact T inforred at first
that in all cases the difference in length between the
stigmatic papille in the two forms was one merely of
correlated growth ; but this can hardly be the true or
general explanation, as the shorter stigmas of the
long-styled form of Houstonia have the longer papille.
Tt is @ more probable view that the papille, which
render the stigma of the long-styled form of vatious
species rough, serve to entangle effectually the large-
sized pollen-grains brought by insects from the short-
styled form, thus ensuring its legitimate fertilisation.
This view is supported by the fact that the pollen=
grains from the two forms of eight species in Table
84 hardly differ in diameter, and the papille on their
stigmas do not differ in length,

The species which are at present- positively or
almost positively known to be heterostyled belong, as
shown in the following table, to 38 genera, widely dis-
tributed throughout the world, These genera are
included in fourteen Families, most of which are very
distinet from one another, for they belong to nine of
the several great Series, into which phanerogamic
plants have been divided by Bentham and Hooker.
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TABLE 85.
List of Genera including Heterostyled Specics.

Dicoryrpoxs. DicoryLepoxs.
Cratoxylon.  Hypericinea. Mitchella,  Rubincem.
Erythroxylum. Erythrosylew. |  Diodin.
Sethia. 3 2
Linum, Geraniacea. Spermacoce. 2

alis. 5 i Primulaces.

Lythrum. Lythtacea. »
Cinchona. Rubiices,

Oleacea.
Gentianacea.
Polemoniaces,
Cordioee.
Boraginea.
Verbenaces.

Polygonea.
Thymelea.

MOXOCOTYLEDONS,
Pontederia.  Pontederiacem.

Tn some of these families the heterostyled condition
must have been acquired at a very remote period.
Thus the three closely allied genera, Menyanthes,
Limnanthemum, and Villarsia, inhabit respectively
Europe, India, and South America. Heterostyled
species of Hedyotis are found in the temperate regions
of North and the tropical regions of South America.
Trimorphic species of Oxalis live on both sides of
the Cordillera in South America and at the Cape of
Good Hope. In these and some other cases it is not
probable that each species acquired its heterostyled
structure independently of its close allies. If they
did not do so, the three closely connected genera of
the Menyanthew and the several trimorphic species of
Oxalis must have inherited their structure from a
common progenitor. But an immense lapse of time
will have been necessary in all such cases for the
modified descendants of a common progenitor to have

2
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spread from a single centre to such widely remote and
separated areas. The family of the Rubiacesw contains
not far short of as many heterostyled genera as all
the other thirteen families together; and hereafter
1o doubt other Rubiaceous genera will be found to
be heterostyled, although a large majority are homo-
styled. Several closely allied genera in this family
probably owe their heterostyled structure to descent
in common ; but as the genera thus characterised are
distributed in no less than eight of the tribes into
which this family has been divided by Bentham and
Hooker, it is almost certain that several of them
must have become heterostyled independently of
one another. What there is in the constitution or
structure of the members of this family which favours
their becoming heterostyled, I cannot conjecture,
Some families of considerable size, such as the Bo-
raginew and Verbenacew, include, as far as is at
present known, only a single heterostyled genus.
Polygonum also is the sole heterostyled genus in its
family; and though it is a very large genus, no other
species except P. fagopyrum is thus characterised. We
may suspect that it has become heterostyled within
a comparatively recent period, as it seems to be less
strongly so in function than the species in any other
genus, for both forms are capable of yielding a con-
siderable number of spontaneously self-fertilised seeds.
Polygonum in possessing only a single heterostyled
species is an extreme case; but every other genus of
considerable size which includes some such species
likewise contains homostyled species. Lythrum in-
eludes trimorphic, dimorphic, and homostyled species,

Trees, bushes, and herbaceous plants, both large
and small, bearing single flowers or flowers in dense
spikes or heads, have been rendered heterostyled.
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S0 have plants which inhabit alpine and lowland sites,
dry land, marshes and water.*

When I first began to experimentise on hetero-
styled plants it was under the impression that they
were tending to become dicecious ; but T was soon foreed
to relinquish this notion, as the long-styled plants of
Primula which, from possessing a longer pistil, larger
stigma, shorter stamens with smaller pollen-grains,
seemed to be the more feminine of the two forms,
yielded fewer seeds than the short-styled plants which
appeared to be in the above respects the more mascu-
line of the two. Moreover, trimorphic plants evidently
come under the same category with dimorphic, and
the former cannot be looked at as tending to become
dicecious.  With Lythrum salicaria, however, we have
the curious and unique case of the mid-styled form
being more feminine or less maseuline in nature than
the other two forms. This is shown by the large

* Ot of tho 88 gonera known  which (L. 45 per cont) conti

to include heterostyled pecics
about eight, or 21 per cent., u
moro or 'less aquatio in ir
abits. I was at first struck with
s fact, for I was not then aware

sexes separated, as the forms must
mutually fertilise one another.
Ty it seemed worth whilo

to ascertain what proportion of
the generu i the Linncan classes,
Monwoin,  Dicei

tained specics which
ke i aier, merance, bors or

watery places” In Sir W,
s ‘British Flora’ (4th
edit. 1838) thes: mnean

classes include 40 genera, 17 of
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specics nlinbiting h Justs
fied stations.

habits, whereas only 21 per cent.
of heterostyled plants have such
habits. I may add that the her-

connection beteen ho e

of the sexes in plants and the

tery naturs of tho sites which
they Tuhabit; bat that this docs
ot hold good with heterostyled
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number of seeds which it yields in whatever manner
it may be fertilised, and by its pollen (the grains of
which are of smaller size than those from the corre-
sponding stamens in the other two forms) when
applied to the stigma of any form producing fewer
seeds than the normal number. If we suppose the
process of deterioration of the male organs in the mid-
styled form to continue, the final result would be the
production of a female plant; and Lythrum salicaria
would then consist of two heterostyled hermaphrodites
and a female. No such case is known to exist, but it
is a possible one, as hermaphrodite and female forms
of the same species are by no means rare. Although
there is no reason to believe that heterostyled plants
are regularly becoming dicecious, yet they offer sin-
gular facilities, as will hereafter be shown, for such
conversion ; and this appears oceasionally to have been
effected.

We may feel sure that plants have been rendered
hoterostyled to ensure cross-fertilisation, for we now
know that a cross between the distinet individuals of
the same species is highly important for the vigour and
fertility of tho offspring.” The sume end is gained by

1 or the ion of the reprod ele-
ments of the same flower at different periods—by
ili of pollen

from another individual over a plant’s own pollen,—and
lastly, by the structure of the flower in relation to the
visits of inseets. The wonderful diversity of the means
for gaining the same end in this case, and in many
others, depends on the nature of all the previous
changes through which the species has passed, and on
the more or less complete inheritance of the successive
adaptations of each part to the surrounding conditions.
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Plants which are already well adanted by the structure
of their flowers for cross-fertilsation by the aid of
insects often possess an irregular corolla, which has
been modelled in relation to their visits ; and it would
have been of little or no use to such plants to have
become heterostyled. We can thus understand why
it is that not a single species is heterostyled in such
great families as the Leguminosw, Labiate, Serophu-
lariaces, Orchidere, &e., all of which have irregular
flowers. Every known heterostyled plant, however,
depends on insects for its fertilisation, and not on the
wind ; so that it is a rather surprising fact that only
one genus, Pontederia, has a plainly irregular corolla.

Why some species are adapted for cross-fertilisation,
whilst others within the same genus are mnot so, or
if they once were, have since lost such adaptation
and in consequence are now usually self-fertilised, T
have endeavoured elsewhere to explain to a certain
limited extent.* If it be further asked why some
species have been adapted for this end by being made
heterostyled, rather than by any of the above specified
means, the answer probably lies in the manner in
which heterostylism  originated,—a subject immedi-
ately to be discussed. Heterostyled species, however,
have an advantage over dichogamous species, as all
the flowers on the same heterostyled plant belong to
the same form, so that when fertilised legitimately by
insects two distinet individuals are sure to intercross.
On the other hand, with dichogamous plants, early or
late flowers on the samo individual may intercross;
and a cross of this kind does hardly any or no good.
Whenever it is profitable to a species to produce a

* ‘The Effects of Cross and Self-fertilisation,’ 1876, p. 441.
s2
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large mumber of seeds and this obviously is a very
common case, heterostyled will have an advantage
over diwcious plants, as all the individuals of the
former, whilst only half of the latter, that is the
females, yield seeds. On the other hand, hetero-
styled plants seem to have no advantage, as far as
cross-fertilisation is concerned, over those which are
sterile with their own pollen. They lie indeed under
a slight disadvantage, for if two  self-sterile plants
grow near together and far removed from all other
plants ‘of the same species, they will mutually and
perfectly fertilise one another, whilst this will not be
the easo with heterostyled dimorphic plants, unless
they chance to belong to opposite forms.

Tt may be added that species which are trimorphic
have one slight advantage over the dimorphic; for if
only two individuals of a dimorphic species happen
to grow near together in an isolated spot, the chances
are even that both will belong to the same form, and
in this case they will not produce the full number of
vigorous and fertilo seedlings; all these, moreover,
will tend strongly to belong to the sume form as their
parents. On the other hand, if two plants of the same
trimorphic species happen to grow in an isolated spot,
the chances are two to one in favour of their not be-
longing to the same form; and in this case they will
legitimately fertilise one another, and yield the full
complement of vigorous offspring.

The Means by which Plants may have been rendered
Heterostyled.

This is a very obscure subject, on which I can throw
little light, but which is worthy of discussion. It has
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been shown that heterostyled plants oceur in fourteen
natural families, dispersed throughout the whole vege-
table kingdom, and that even within the family of the
Rubiacew they are dispersed in eight of the tribes. We
may therefore conclude that this structure has been
acquired by various plants independently of inheritance
from & common progenitor, and that it can be acquired
without any great difficulty—that is, without any very
unusual combination of eircumstances.

Tt is probable that the first step towards a species
becoming heterostyled is great variability in the length
of the pistil and stamens, or of the pistil alone. Such
variations are not very rare: with Amsinchia spectabilis
and Nolana prostrata these organs differ so much in
length in different individuals that, until experiment-
ing on them, I thought both species heterostyled.
The stigma of Gesneria penduling sometimes protrudes
far beyond, and is sometimes seated beneath the
anthers; so it is with Owalis acefosdlla and various
other plants. I have also noticed an extraordinary
amount of difference in the length of the pistil in cul-
tivated varieties of Primula veris and vulgaris.

As most plants are at least occasionally cross-fer-
tilised by the aid of inseets, we may assume that this
was the case with our supposed varying plant; but
that it would have been beneficial to it to have been
more regularly cross-fertilised. We should bear in
mind how important an advantage it has been
proved to be to many plants, though in different
degrees and ways, to be crossfertilised. Tt might
well happen that our supposed species did not vary
in function in the right manner, so as to become
either dichogamous or completely self-sterile, or in
structure so as to ensure cross-fertilisation. If it had
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thus varied, it would never have been rendered hetero-
styled, as this state would then have been superfluous.
But the parent-species of our several existing hetero-
styled plants may have been, and probably were (judg-
ing from their present constitution) in some degree
self-sterile ; and this would have made regular cross-
fertilisation still more desirable.

Now let us take a highly varying species with most
or all of the anthers exserted in some individuals, and
in others seated low down in the corolla; with the
stigma also varying in position in like manner. Insects
which visited such flowers would have different parts
of their bodies dusted with pollen, and it would be a
mere chance whether this were left on the stigma of
the next flower which was visited. If all the anthers
could have been placed on the same level in all the
plants, then abundant pollen would have adhered to
the same part of the body of the insects which fre-
quented the flowers, and would afterwards have been
deposited without loss on the stigma, if it likewise
stood on the same unvarying level in all the flowers.
But as the stamens and pistils are supposed to have
already varied much in length and to be still varying,
it might well happen that they could be reduced much
more easily through natural selection into two sets of
different lengths in different individuals, than all to
the same length and level in all the individuals. We
know from innumerable instances, in which the two
sexes and the young of the same species differ, that
there is no difficulty in two or more sets of individuals
being formed which inherit different characters. In
our particular case the law of compensation or balance-
ment (which is admitted by many botanists) would
tend to cause the pistil to be reduced in those indi-
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viduals in which the stamens were greatly developed,
and to be increased in length in those which had their
stamens but little developed.

Now if in our varying species the longer stamens
were to be nearly equalised in length in a considerable
body of indivi viduals, with the pistil more or less reduced ;
and in another body, the shorter stamens to be simi-
larly equalised, with the pistil more or less inereased in
length, cross-fertilisation would be secured with little
loss of pollen; and this change would be so highly
beneficial to the species, that there is no difficulty in be-
lieving that it could be effected through natural selec-
tion. Our plant would then make a close approach in
structure to a heterostyled dimorphic species ; or to a
trimorphic species, if the stamens were reduced to two
lengths in the same flower in correspondence with that
of the pistils in the other two forms. But we have not
as yet even touched on the chief difficulty in under-
standing how heterostyled species could have origi-
mated. A completely self-sterile plant or a dicho-
gamous one can fertilise and be fertilised by any
other individual of the same species; whereas the
essential character of a heterostyled plant is that an
individual of one form cannot fully fertilise or be fer-
tilised by an individual of the same form, but only
by one belonging to another form.

H. Miller has suggested * that ordinary or homo-
styled plants may have been rendered heterostyled
merely through the effects of habit. Whenever pollen
from one set of anthers is habitually applied to a pistil
of particular length in a varying species, he believes
that at last the possibility of fertilisation in any other

* ¢ Die Befruchtung der Blumen,’ p. 332,
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manner will be nearly or completely lost. He was
led to this view by observing that Diptera frequently
carried pollen from the long-styled flowers of Hottonia
to the stigma of the same form, and that this ille-
gitimate union was not nearly so sterile as the corre-
sponding union in other heterostyled species. But
this conclusion is directly opposed by some other
cases, for instance by that of Linum grandiflorum ;
for here the long-styled form is utterly barren with
its own-form pollen, although from the position
of the anthers this pollen is invariably applied to
the stigma. It is obvious that with heterostyled
dimorphic plants the two female and the two male
organs differ in power; for if the same kind of pollen
be placed on the stigmas of the two forms, and again
if the two kinds of pollen be placed on the stigmas of
the same form, the results are in each case widely dif-
ferent. Nor can we see how this differentiation of the
two female and two male organs could have been
effected merely through each kind of pollen being
habitually placed on one of the two stigmas.

Another view seems at first sight probable, namely,
that an incapacity to be fertilised in certain ways has
been specially acquired by heterostyled plants.  We
may suppose that our varying species was somewhat
sterile (as is often the case) with pollen from its own
stamens, whether these were long or short ; and that
such sterility was transferred to all the individuals
with pistils and stamens of the same length, so that
these became incapable of intercrossing freely ; but
that such sterility was eliminated in the case of the
individuals which differed in the length of their pistils
and stamens. It is, however, incredible that so peculiar
a form of mutual infertility should have been specially
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acquired unless it were highly beneficial to the species ;
and although it may be beneficial to an individual
plant to be sterile with its own pollen, cross-fertilisa-
tion being thus ensured, how can it be any advan-
tage to a plant to be sterile with half its brethren,
that is, with all the individuals belonging to the
same form? Moreover, if the sterility of the unions
between plants of the same form had been a special
acquirement, we might have expected that the long-
styled form fertilised by the long-styled would have
been sterile in the samo dogreo as the short-styled
fertilised by the short-styled; but this is hardly ever
the case. On the contrary, there is sometimes the
widest difforenco in. this respect, as hetween the two
illegitimate unions of P i ifolia and of
Hottonia palustris.

It is @ more probable view that the male and femalo
organs in two sets of individuals have been by some
means specially adapted for reciprocal action; and
that the sterility between the individuals of the same
set or form is an incidental and purposeless result,
The meaning of the term “incidental ” may be illus-
trated by the greater or less difficulty in grafting or
budding together two plants belonging to distinet
species; for as this capacity is quite immaterial to the
welfare of either, it cannot have been specially ac-
quired, and must be the incidental result of differ-
ences in their vegetative systems. But how the
sexual elements of heterostyled plants came to differ
from what they were whilst the species was homo-
styled, and how they became co-adapted in two sets of
individuals, are very obsoure points. We know that
in the two forms of our existing heterostyled plants
the pistil always differs, and the stamens generally
differ in length; so does the stigma in structure,
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the anthers in size, and the pollen-grains in diameter.
It appears, therefore, at first sight probable that
organs which differ in such important respects could
act on one another only in some manner for which
they had been specially adapted. The probability of
this view is supported by the curious rule that the
greater the difference in length between the pistils
and stamens of the trimorphic species of Lythrum and
Oxalis, the products of which are united for reproduc-
tion, by so much the gréater is the infertility of the
union.” The same rule applies to the two illegitimate
unions of some dimorphic species, namely, Primula
wulgaris and Pulmonaria angustifolia; but it entirely
fails in other cases, as with Hottonia palustris and
Linum grandiflorum. We shall, however, best perceive
the difficulty of understanding the nature and origin
of the between the organs
of the two forms of heterostyled plants, by consider-
ing the case of Linum grandiflorum : the two forms of
thisrplant’ differ exélusivelyy asfar e waloan 808,
the length of their pistils; in the long-styled form,
the stamens equal the pistil in length, but their
pollen has mo more effect on it than so much in-
organic dust; whilst this pollen fully fertilises the
short pistil of the other form. Now, it is scarcely
credible that a mere difference in the length of the
pistil can make a wide difference in its capacity for
being fertilised. We can believe this the less because
with some plants, for instance, Amsinakia spectabilis,
the pistil varies greatly in length without affecting
the fertility of the individuals which are intercrossed.
So again T observed that the same plants of Primula
verds and vulgards differed to an extraordinary degree
in the length of their pistils during successive seasons;
nevertheless they yielded during these seasons exactly
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the same average number of seeds when left to fertilise
themselyes spontaneously under a net.

We must therefore look to the appearance of inner
or hidden constitutional differences between the indi-
viduals of a varying species, of such a nature that the
male element of one set is enabled to act efficiently
only on the female element of another set. We need
not doubt about the pos of variations in the
constitution of the reproductive system of a plant, for
we know that some species vary so as to be completely
self-sterile or completely self-fertile, either in an appa-
rently spontaneous manner or from slightly changed
conditions of life. Gértner also has shown® that the in-
dividual plants of the same species vary in their sexual
i a manner that one will unite with a
distinet species much more readily than another, But
what the nature of the inner constitutional differences
may be between the sets or forms of the same varying
species, or between distinct species, is quite unknown.
It seems  therefore probable that the species which
have become heterostyled at first varied so that two
or three sets of individuals were formed differing in
the length of their pistils and stamens and in other
co-adapted characters, and that almost simultaneously
their reproductive powers became modified in such a
manner that the sexual elements in one set were
adapted to act on the sexual elements of another set ;
and consequently that these elements in the same set
or form incidentally became ill-adapted for mutual
interaction, as in the case of distinct species. I have
elsewhere shownt that the sterility of species when

tner, ‘ Bustarderzeugung  Plants under Domestication” 20d

m P i 1849, p. edit. vol. . p. he
1 *Origin of Species,” nm edit.  Orossand Self- 1emlmuou, P ass
P-247; “ Variation of Animalsand It may be well here to remark
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first crossed and of their hybrid offspring must also
be looked at as merely an incidental result, following
from the special co-adaptation of the sexual elements
of the samo species, We can thus understand the
striking parallelism, which has been shown to exist
between the cffects of illegitimately uniting hetero-
styled plants and of crossing distinet species. The
great difference in the degree of sterility between the
various b species when illegitimately fer-
tilised, and between the two forms of the same species
when similarly fertilised, harmonises well with the
view that the result is an incidental one which follows
from changes gradually effected in their reproductive
systems, in order that the sexual elements of the dis-
tinet forms should act perfectly on one another.

Transmission of the Two Forms by Heterostyled Plants.
—The transmission of the two forms by heterostyled
plants, with respect to which many facts were given in
the last chapter, may perhaps be found hereafter to
throw some light on their manner of development.
Hildebrand observed that seedlings from the long-
styled form of Primula Sinensis when fertilised with
pollen from the same form were mostly long-styled,
and many analogous cases have since been observed
by me. All the known cases are given in the two
following tables.

that, Judging from tho remark  fomaloclementsin the bwo formaof
ble power with which abruptly the same heterostyled species, or

Changed conditions of lifo nct o in all tho individuals of the sime
the reproductive system of most  ordinary species, could be acquired
organisms, it is probable that the  only under long-continued nearly
close adaptation of the male to the  uniform conditions of life.
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Tasre 36.
Nature of the Offspring from Tllegitimately fertilised Dimorphic
Plant

Number Numbr
| of Long-  of Short-
| %y

led | styled
Ofipring. Ofpring.

own-form pollen during five

sucsaaive genenlmns, e

Longslel o, feelited by
Primula veris . {

{Short-styled form, fertilised by
ol v, - ‘own-form pollen, produced .

' gtyled form, fotilised by J

°

T PR

i T e

‘generations offspring in about

hortaty1ed lolm, Sl
aid tol
BRe Tollowing propoctions

Primuls auricula 1 T ks paantis

Tong-styled form, fertilised by
successive gmmum, e

ERRAL Sineuris l own-form pollen during two

Lesanlal et R B b,
(l-mde-

[Short= -Lyh\‘l form, fortilised by} | ot
own-form pollen, produced .

Palmonaria.offcinalis{“*g¥ 2470 b (e
Long-styled form, fertilised by’

‘Polygonum fagopyrumy o0 Forn pollen, produced

{lﬂng-lylsd form, fertilised by
{

(Short-tyled form, fortilisd by
T ‘own-form pollen, produced
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TasLe 87,

Nature of the Ofispring from Illegitimately fertilised Trimorph
Plants.

Crap. VI

Number | Number | Number
of Long: | of Mid- | of Shori-
s ciyled | ‘styled | “atyied
spr
styled form, fortilised|
Lythrum salicaria. by oo pollen, {56 | 0 0
{snm‘qm form, mmm } 4
) T 8
Shon-slylsl fore, fetlived|
from mid-length| | ¢ %
» ” S Jons- scylgd |
form, produced . i
yled form, fertilised by} 1 | g g
” n rm pollen, produced)
llnd-nyled form, fertilised by)
ollen from shortest sta-{| 17 | g §
” » mem ¢ of ong syl e
M.wym form,frtilisd by
pollen_from longest
” » tes oLk styled lam, MR 0
Long styled form, frtilsed
during several g
Osalis rosea . by own-form 100 | o 0
dmd g inthe
ratio
L Wl d“{)ﬁd-:zyhd form, fertilised by} o [t 0

own-form pollen, produced,
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We see in these two tables that the offspring from
a form illegitimately fertilised with pollen from
another plant of the same form belong, with a few
exceptions, to the same form as their parents. For
instance, out of 162 seedlings from long-styled plants
of Primula veris fertilised during five generations in
this manner, 156 were long-styled and only 6 short-
styled. Of 69 seedlings from P. vulgaris similarly
raised all were long-styled. So it was with 56 seedlings
from the long-styled form of the trimorphic Lythrum
salicaria, and with numerous seedlings from the long-
styled form of Owalis rosea. The offspring from the
short-styled forms of dimorphic plants, and from both
the mid-styled and short-styled forms of trimorphic
plants, fertilised with their own-form pollen, likewise
tend to belong to the same form as their parents, but
not in so marked a manner as in the case of the long-
styled form. There are three cases in Table 87, in
which a form of Lythrum was fertilised illegitimately
with pollen from another form; and in two of these
cases all the offspring belonged to the same two forms
as their parents, whilst in the third case they belonged
to all three forms.

The cases hitherto given relate to illegitimate unions,
but Hildebrand, Fritz Miiller, and myself found that
a very large proportion, or all of the offspring, from a
legitimate union between any two forms of the tri-
morphic species of Oxalis belonged to the same two
forms. A similar rule therefore holds good with unions
which are fully fertile, as with those of an illegiti-
mate nature which are more or less sterile. When
some of the seedlings from a heterostyled plant belong
to a different form from that of its parents, Hildebrand
accounts for the fact by reversion. For instance, the
long-styled parent-plant of Primula verds, from which
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the 162 illegitimate seedlings in Table 36 were derived
in the course of five generations, was itself no doubt
derived from the union of a long-styled and a short-
styled parent ; and the 6 short-styled seedlings may be
attributed to reversion to their short-styled progeni-
tor. But it is a surprising fact in this case, and in
other similar ones, that the number of the offspring
which thus reverted was not larger. The fact is ren-
dered still more strange in the particular instance of
P. veris, for there was no reversion until four or five
generations of long-styled plants had been raised. It
may be seen in both tables that the long-styled form
transmits its form much more faithfully than does the
short-styled, when both are fertilised with their own-
form pollen; and why this should be so it is difficult
to conjecture, unless it be that the aboriginal parent-
form of most heterostyled species possessed a pistil
which exceeded its own stamens considerably in
length.* I will only add that in a state of nature
any single plant of a trimorphic species no doubt pro-
duces all three forms; and this may be accounted for
cither by its several flowers being separately fertilised
by both the other forms, as Hildebrand supposes; or
by pollen from both the other forms being deposited
by insects on the stigma of the same flower.
Egqual-styled varieties—The tendency of the di-
morphic species of Primula to produce equal-styled
varieties deserves notice. Cases of this kind have

* Tt may bo suspectod that this
was the case with Prinula, judg-
ing from the Tength of e pistil
in soveral allied genera (sco
Mz, 3. ot Journal Linn. Soc.
Bot? vol. vili. 1864, p. 85).

B e
of Primula clatior growing in &

state of nature with some flowers
on the sume plant long styled,
others short-styl and  othe
equal-styled ; and the long-s styled
form, greatly proponderated, in

mber; there being 61 of this
form o 0 of the zhol'l tstyled and
15 of the equal-styled.
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been observed, as shown in the last chapter, in no less
than six species, namely, P. verds, vidgaris, Sinensis,
auriowla, furinosa, and elatior. In the case of P. vers,
the stamens resemble in length, position and size
of their pollen-grains the stamens of the short-styled
form; whilst the pistil closely resembles that of the
long-styled, but as it varies much in length, one proper
to the short-styled form appears to have been elongated
and to have assumed at the same time the functions
of a long-styled pistil. Consequently the flowers are
capable of spontancous self-fertilisation of a legiti-
mate nature and yield a full complement of seed, or
even more than the number produced by ordinary
flowers legitimately fertilised. With P. Sinensis, on
the other hand, the stamens resemble in all respects
the shorter ones proper to the long-styled form, whilst
the pistil makes a near approach to that of the short-
styled, but as it varies in length, it would appear as
if'a long-styled pistil had been reduced in length and
modified in function. The flowers in this case as in
the last are capable of spontaneous legitimate ferti-
lisation, and are rather more productive than ordinary
flowers legitimately fertilised. With P. auricula and
Jfuarinosa the stamens resemble those of the short-styled
form in length, but those of the long-styled in the
size of their pollen-grains ; the pistil also resembles that
of the long-styled, so that although the stamens and
pistil are of nearly equal length, and consequently
pollen is spontaneously deposited on thoe stigma, yet
the flowers are not legitimately fertilised and yield
only a very moderate supply of sced. We thus see,
firstly, that equal-styled varieties have originated in
various ways, and, secondly, that the combination of
the two forms in the same flower differs in complete-
2
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ness. With P. clatior some of the flowers on the same
plant have become equal-styled, instead of all of
them as in the other species.

Mx. Seott has suggested that the equal-styled varie-
ties arise through reversion to the former homostyled
condition of the genus. This view is supported by
the remarkable fidelity with which the equal-styled
variation is transmitted after it has once appeared. I
have shown in Chapter XIIL of my Variation of
Animals and Plants under Domestication,” that any
cause which disturbs the constitution tends to in-
duce reversion, and it is chiefly the cultivated
species of Primula which become equal-styled. Ille-
gitimate fertilisation, which is an abnormal process,
is likewise an exciting cause; and with illegitimately
descended long-styled plants of P. Sinensis, I have
observed the first appearance and subsequent stages
of this variation. With some other plants of P. Si-
nensis of similar parentage the flowers appeared
to have reverted to their original wild condition.
Again, some hybrids between P. veris and vulgaris
were strictly equal-styled, and others made a near
approach to this structure. All these facts support
the view that this variation results, at least in part,
from reversion to the original state of the genus,
before the species had become heterostyled. On the
other hand, some considerations indicate, as previously
remarked, that the aboriginal parent-form of Primula
had a pistil which exceeded the stamens in length,
The fertility of the equal-styled varieties has been
somewhat modified, being sometimes greater and some=
times less than that of a legitimate union. Another .
view, however, may be taken with respect to the origin
of the cqualstyled varieties, and their appearance
may be compared with that of 1 dites amongst
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animals which properly have their sexes separated;
for the two sexes are combined in a monstrous her-
maphrodite in a somewhat similar mamner as the
two sexual forms aro combined in the same flower of
an equal-styled variety of a heterostyled species.

Final remarks.—The existence of plants which have
been rendered heterostyled is a highly remarkable
phenomenon, as the two or three forms of the same
undoubted species differ not only in important points
of structure, but in the nature of their reproductive
powers. As far as structure is concerned, the two
sexes of many animals and of some plants differ to an
extreme degree; and in both kingdoms the same
species may consist of males, females, and hermaphro-
dites. Certain hermaphrodite cirripedes are aided in
their reproduction by a whole cluster of what I have
called complemental males, which differ wonderfully
from the ordinary hermaphrodite form. With ants
we have males and females, and two or three castes of
sterile females or workers. With Termites there are,
as Fritz Miiller has shown, both winged and wingless
males and females, besides the workers. But in none
of these cases is there any reason to believe that the
several males or several females of the same species
differ in their sexual powers, except in the atrophied
condition of the reproductive organs in the workers of
social insects. Many hermaphrodite animals must
unite for reproduction, but the mecessity of such
union apparently depends solely on their structure.
On the other hand, with heterostyled dimorphic
species there are two females and two sets of males,
and with trimorphic species three females and three
mo!' males, which differ essentially in their sexual

T2
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powers. We shall, perhaps, best perceive the complex
and extraordinary nature of the marriage arrangements
of a trimorphic plant by the following illustration.
Let us suppose that the individuals of the same species
of ant always lived in triplo communities; and that
in one of these, a large-sized female (differing also in
other characters) lived with six middle-sized and six
small-sized males ; in the second community a middle-
sized female lived with six large- and six small-sized
males ; and in the third, a smallsized female lived
with six large- and six middle-sized males. Each of
these three fomales, though enabled to unite with any
male, would be nearly sterile with her own two sets of
males, and likewise with two other sets of males of the
same size with her own which lived in the other two
communities ; but she would be fully fertile when
paired with a male of her own size. Hence the thirty-
six males, distributed by half-dozens in the three com-
munities, would be divided into three sets of a dozen
cach; and these sets, as well as the three females,
would differ from one another in their reproductive
powers in exactly the same manner as do the distinet
species of the samo genus. But it is a still more
remarkable fact that young ants raised from any one
of the three female ants, illegitimately fertilised by a
male of a different size would resemble in a whole
series of relations the hybrid offspring from a cross
between two distinet species of ants. They would be
dwarfed in stature, and more or less, or even utterly
barren. Naturalists are so much accustomed to behold
great diversities of structure associated with the two
sexes, that they feel no surprise at almost any amount
of difference ; but differences in sexual nature have
been thought to be the very touchstone of specific
distinetion. We now see that such sexual differences
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—the greater or less power of femhumg and being
fertilised—may ch the

of the same species, in the same manner as they
characterise and have kept separate those groups of
individuals, produced during the lapse of ages, which
we rank and denominate as distinet species.
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CHAPTER VIL
PoLY6ANO0US, DIECIOUS, AND GYNO-DIECIOS PLANTS.

The conyersion in various ways of hermaphrodito into diceious plants
—HMeroxtyled pl ants xendkn:d dxmclulls-—liubmcsm—vubenwen

The two sub-f l'm'ms of both sexes of Rhamnus and Epwgp—l'lzx—
Gyno-diccious plants—Thymus, difference in fertility of the her-
maphrodite and female individuals—Saturcia—Manner in which
the two forms probably originated—Scabiosa and other gyno-
dicecious plants—Difference in the size of the corolla in the forms
of polygamous, dicecious, and gyno-dicecious plants.
TuErE are several groups of plants in which all the
species are dicecious, and these exhibit no rudiments
in the one sex of the organs proper to the other.
About the origin of such plants nothing is known. It
is possible that they may be descended from ancient
lowly organised forms, which had from the first their
sexes separated ; so that they have never existed as
hermaphrodites. There are, however, many other
groups of species and single ones, which from being
allied on all sides to hermaphrodites, and from ex-
hibiting in the female flowers plain rudiments of
male organs, and conversely in the male flowers rudi-
ments of female organs, we may feel sure are descended
from plants which formerly had the two sexes com
bined in the same flower. 1t is a curious and obscure
problem how and why such hermaphrodites have been
rendered bisexual.
If in some individuals of a species the stamens
alone were to abort, females and hermaphrodites would
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be left existing, of which many instances occur; and
if the female organs of the hermaphrodite were after-
wards to abort, the result would be a dimeious plant.
Conversely, if wo imagino the female organs alone to
abort in some individuals, males and I

would be left; and the hermaphrodites might after-
wards be converted into females.

In other cases, as in that of the common Ash-tree
mentioned in the Introduction, the stamens are rudi-
mentary in some individuals, the pistils in others,
others again remaining as hermaphrodites. Here the
modification of the two sets of organs appears to have
oceurred simultaneously, as far as we can judge from
their equal state of abortion. If the hermaphrodites
were supplanted by the individuals having separated
sexes, and if these latter were equalised in number, a
strictly dicecious species would be formed.

There is much difficulty in understanding why her-
maphrodite plants should ever have been rendered
dicecious. There would be no such conversion, unless
pollen was already carried regularly by insects or by the
wind from one individual to the other; for otherwise
every step towards diceciousness would lead towards
sterility. As we must assume that cross-fertilisation
was assured before an hermaphrodite could be changed
into a dicecious plant, we may conclude that the con-
version has not been effected for the sake of gaining
the great benefits which follow from cross-fertilisa-
tion. We can, however, see that if a species were
subjected to unfavourable conditions from severe com-
petition with other plants, or from any other cause, the
production of the male and female elements and the
maturation of the ovules by the same individual, might
prove too great a strain on its powers, and the separa-
tion of the sexes would then be highly beneficial.
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This, however, would be effected only under the con-
tingeney of a reduced number of seeds, produced by
the females alone, being sufficient to keep up the
stock.

There is another way of looking at the subject which
partially removes a difficulty that appears at first sight
insuperable, namely, that during the conversion of an
hermaphrodite into a dicecious plant, the male organs
must abort in some individuals and the female organs
in others. Yet as all are exposed to the same con-
ditions, it might have been expected that those
which varied would tend to vary in the same man-
ner. As a general rule only a few individuals of a
species vary simultancously in the same manner; and
there is mo improbability in the assumption that
some few individuals might produce larger seeds
than the average, better stocked with nourishment, If
the production of such seeds were highly beneficial to
a species, and on this head there can_ be little doubt,*
the variety with the large sceds would tend to in-
crease. But in accordance with the law of compensa-
tion we might expect that the individuals which pro-
duced such seeds would, if living under severe con-
ditions, tend to produce less and less pollen, so that,
their anthers would be reduced in size and might ulti-
mately become rudimentary. This view occurred to
me owing to a statement by Sir J. E. Smitht that
there are female and hermaplrodite plants of Seratula
tineloria, and that the seeds of the former are larger
than those of the hermaphrodite form. It may also
be worth while to recall the case of the mid-styled
form of Lythrum salicaria, which produces a larger

* See the facts given in ‘The 1 ‘Trans, Linn, Soc.,’ vol, xiii.

Effcts of Gross ang Slf-fertilsar  p. 600,
tion, p. 858,
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number of seeds than the other forms, and has some-
what smaller pollen-grains which have less fertilising
power than those of the corresponding stamens in the
other two forms; but whether the larger number of
seeds is the indirect causo of the diminished power
of the pollen, or vice versi, I know not. As soon
as the anthers in a Certain number of individuals be-
came reduced in size in the manner just suggested or
from any other cause, the other individuals would have
to produce a larger supply of pollen; and such in-
creased development would tend to reduce the female
organs through the law of compensation, so as ulti-
mately to leave them in a rudimentary condition ;
and the species would then become dicecious.

Instead of the first change occurring in the female
organs we may suppose that the male ones first varied,
s0 that some individuals produced a larger supply of
pollen. This would be beneficial under certain cir-
cumstances, such as a change in the nature of the
insects which visited the flowers, or in their be-
coming more anemophilous, for such plants require an
enormous quantity of pollen. The increased action of
the male organs would tend to affect through compen-
sation the female organs of the same flower; and the
final result would be that the species would consist of
males and_hermaphrodites. But it is of no use con-
sidering this case and other analogous oes, for, as
stated in the Introduction, the co-existence of male
and hermaphrodite plants is excessively rare.

It is no valid objection to the foregoing views that
changes of such a nature would be effected with ex-
treme slowness, for we shall presently see good reason
to believe that various hermaphrodite plants have
become or are becoming dicecious by many and ex-
cossively small steps. In the caso of polygamous
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species, which exist as males, females and hermaphro-
dites, the latter would have to be supplanted before
the species could become strictly diecious; but the
extinetion of the hermaphrodite form would probably
not be difficult, as a complete separation of the sexes
appears often to be in some way beneficial. The males
and females would also have to be equalised in
number, or produced in some fitting proportion for the
effectual fertilisation of the females.

There are, no doubt, many unknown laws which
govern the suppression of the male or femalo organs
in b ite plants, quite independently of any
tendency in them to become monaecious, diacious, or
polygamous. We see this in those hermaphrodites
which from the rudiments still present manifostly
onco possessed more stumens or pistils than they
now do,—even twice as many, as a whole verticil has
often been suppressed. Robert Brown remarks® that
“the order of reduction or abortion of the stamina
in any natural family may with some confidence be
predicted,” by observing in other members of the
family, in which their number is complete, the order
of the dehiscence of the anthers; for the lesser per-
manence of an organ is generally connected with its
lesser perfection, and he judges of perfection by
priority of development. He also states that when-
ever there is a separation of the sexes in an her-
maphrodite plant, which bears flowers on a simple
spike, it is the females which expand first; and this
he likewise attributes to the female sex being the
more perfect of the two, but why the female should
be thus valued he does not explain.

* «Trans, Linn. Soe. vol.xii. p. 98. Or *Miscellancous Works,” vol.
. pp. 278-81.
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Plants under cultivation or changed conditions of
life frequently become sterile; and the male organs
are much oftener affected than the female, though the
latter alone are sometimes affected. The sterility of
the stamens is generally accompanied by a reduction
in their size ; and we may feel sure, from a wide-spread
analogy, that both the male and female organs would
become rudimentary in the course of many genera-
tions if they failed altogether to perform their proper
functions. According to Giirtner,* if the anthers on
a plant are contabescent (and when this occurs it is
always at a very early period of growth) the female -
organs are sometimes precociously developed. I
mention this case as it appears to be one of com-
pensation. So again is the well-known fact, that
plants which increase largely by stolons or other such
‘means are often utterly barren, with a large proportion
of their pollen-grains in a worthless condition.

Hildebrand has shown that with hermaphrodite
plants which are strongly proterandrous, the stamens
in the flowers which open first sometimes abort; and
this seems to follow from their being useless, as no
pistils are then ready to be fertilised. Conversely
the pistils in the flowers which open last sometimes
abort; as when they are ready for fertilisation all the
pollen has been shed. He further shows by means of
a series of gradations amongst the Compositee,t that
a tendency from the causes just specified to produce
either male or female florets, sometimes spreads
to all the florets on the same head, and sometimes

ond edit. vol i

* ‘Beiuﬁge Zur Kemn hsp it
p.1 Thawhete st

Bt e Sty o Blants fom r i dia Clowuicalityes
various causes has bo ussed jompos

in my N astation of Aniais 18b9 p. 89
and Plants under Domestication,
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even to the whole plant; and in this latter case the
species becomes dicecious, In those rare instances men=
tioned in the Introduction, in which some of the indi-
viduals of both moneecious and hermaphrodite plants
are proterandrous, others being proterogynous, their
conversion into a dicecious condition would probably be
much facilitated, as they already consist of two bodies
of individuals, differing to a certain extent in their
reproductive functions.

Dimorphic heterostyled plants offer still more
strongly marked facilities for becoming dicecious; for
they likewise consist of two bodies of individuals in
approximately equal numbers, and what probably is
more important, both the male and female organs
differ in the two forms, not only in structure but in
function, in nearly the same manner as do the Tepro-
ductive organs of two distinet species belonging to
the same genus. Now if two species are subjected to
changed conditions, though of the same nature, it is
notorious that they are often affected very differently ;
therefore the male organs, for instance, in one form of
a heterostyled plant might be affected by those un-
known causes which induce abortion, differently from
the homologous but functionally different organs in
the other form; and so conversely with the female
organs. Thus the great difficulty before alluded to is
much lessened in understanding how any cause what~
ever could lead to the simultaneous reduction and
ultimate suppression of the male organs in half the
individuals of a species, and of the female organs in
the other half, whilst all were subjected to exactly the
same conditions of life.

That such reduction or suppression has occurred
in somo heterostyled plants is almost certain. The
Rubiacer contain more heterostyled genera than any
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other family, and from their wide distribution we may
infer that many of them became heterostyled at a re-
mote period, so that there will have been ample time for
some of the species to have been since rendered dice-
cious. Asa Gray informs me that Coprosma s dicecious,
and that it is closely allied through Nertera to Mitch-
ella, which as we know is a heterostyled dimorphic
species. In the male flowers of Coprosma the stamens
are exserted, and in the female flowers the stigmas;
so that, judging from the affinities of the above three
genera, it scems probable that an ancient short-styled
form bearing long stamens with large anthers and
large pollen-grains (as in the case of several Rubia-
ceous genera) has been converted into the male Co-
prosma; and that an ancient long-styled form with short
stamens, small anthers and small pollen-grains has
been converted into the female form. But according
to Mr. Meehan,* Mitchella itself is dicecious in some
districts; for he says that one form has small sessile
anthers without a trace of pollen, the pistil being
perfect; while in another form the stamens are perfect
and the pistil rudimentary. He adds that plants
may be observed in the autumn bearing an abundant
erop of berries, and others without a single one.
Should these statements be confirmed, Mitchella will
be proved to be heterostyled in one district and
diceeious in another.

Asperula is likewise a Rubiaceous genus, and from
the published description of the two forms of A. seo-
paria, an inhabitant of Tasmania, I did not doubt that
it was heterostyled; but on examining some flowers
sent me by Dr. Hooker they proved to be dicecious,
The male flowers have large anthers and a very small

* Proc, Acad. of Sciences of Philadelphia,” July 28, 1868, p. 185.
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ovarium, surmounted by a mere vestige of a stigma
without any style ; whilst the female flowers possess
a large ovarium, the anthers being rudimentary and
apparently quite destitute of pollen. Considering
how many Rubiaceous genera are heterostyled, it is a
reasonable suspicion that this Asperula is descended
from a heterostyled progenitor; but we should be
cautious on this head, for there is no improbability in
a homostyled Rubiaceous plant becoming dicecions,
Moreover, in an allied plant, Galium cruciatum, the
female organs have been suppressed in most of the
lower flowers, whilst the upper ones remain hermaph-
rodite; and here we have a modification of the sexual
organs without any connection with heterostylism.

Mr. Thwaites informs me that in Ceylon various
Rubiaceous plants are heterostyled ; but in the case
of Discospermum one of the two forms is always
barren, the ovary containing about two aborted ovules
in each loculus; whilst in the other form each loculus
contains several perfect ovules; so that the species
appears to be strictly dicecious.

Most of the species of the South American genus
Zgiphila, a member of the Verbenacew, apparently
are hoterostyled; and both Fritz Miller and myself
thought that this was the case with . obdurata, so
closely did its flowers resemble those of the heterostyled
species. But on examining the flowers, the anthers of
the long-styled form were found to be entirely desti-
tute of pollen and less than half the size of those in
the other form, the pistil being perfectly developed.
On the other hand, in the short-styled form the stig-
mas are reduced to half their proper length, having
also an abnormal appearance ; whilst the stamens are
perfect. This plant therefore is dicecions ; and we
may, 1 think, conclude that a short-styled progenitor,
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bearing long stamens exserted beyond the corolla,
has been converted into the male; and a long-styled
progenitor with fully developed stigmas into the fe-
male.

From the number of bad pollen-grains in the small
anthers of the short stamens of the long-styled form
of Pulmonaria angustifolia, we may suspect that this
form is tending to become female; but it does not
appear that the other or short- styled form is becoming
more Certain
the belief that the reproductive system of Phlow subu-
lata is likewise undergoing a change of some kind.

T have now given the few cases known to me in
which heterostyled plants appear with some consider-
able degree of probability to have been rendered
dicecions. Nor ought we to expect to find many such
cases, for the number of heterostyled species is by no
means large, at least in Burope, where they could
hardly have escaped notice, Therefore the number of
dicecious species which owe their origin to the trans-
formation of heterostyled plants is probably not so
large as might have been anticipated from the facilities
which they offer for such conversion.

In searching for cases like the foregoing ones, I have
been led to cxamine some dicecious or sub-dicecious
plants, which are worth deseribing, chiefly as they
show by what fine gradations hermaphrodites may
pass into polygamous or dicecious species.

Pol, Diaecious and Sub-dicecious Plants.

E ) Thasimilet
i described in all the bowm(ml works which T have
consulted as an hermaphrodite. Asa Gray speaks of
the flowers of the American species as perfect, whilst
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those in the allied genus Celastrus are said to be
“polygamo-diceious.” If a number of bushes of our
spindle-tree be examined, about half will be found to
have stamens equal in length to the pistil, with well-
developed anthers; the pistil being likewise to all
appearance well developed. The other half have a
perfect pistil, with the stamens short, bearing rudi-
mentary anthers destitute of pollen; so that these
bushes are females. A1l the flowers on the same plant
present the same structure. The female corolla is
smaller than that on the polleniferous bushes. The
two forms are shown in the accompanying drawings,

Hermaphrodite or male, Female,
EvoxTMUS EvROPZUS,

I did not at first doubt that this species existed
under an hermaphrodite and female form ; but we shall
presently sce that some of the bushes which appear
to be hermaphrodites never produce fruit, and these
are in fact males. The species, therefore, is poly-
gamous in the sense in which I use the term, and tri-
cicous. The flowers are frequented by many Diptera
and some small Hymenoptera for the sake of the
nectar secreted by the dise, but T did not see a single
bee at work ; nevertheless the other insects sufficed to
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fertilise effectually female bushes growing at a dis-
tance of even 30 yards from any polleniferous bush,
The small anthers borne by the short stamens of
the female flowers are well formed and dehisce pro-
perly, but I could never find in them a single grain
of pollen. Tt is somewhat difficult to compare the
length of the pistils in the two forms, as they vary
somewhat in this respect and continue to grow after
the anthers are mature, The pistils, therefore, in old
flowers on a polleniferous plant are often of consider-
ably greater length than in young flowers on a female
plant. On this account the pistils from five flowers
from so many hermaphrodite or male bushes were
compared with those from five female bushes, before
the anthers had dehisced and whilst the rudimentary
ones were of a pink colour and not at all shrivelled.
hese two sets of pistils did not diffe in length, or if
there was any d those of the polleni
flowers were rather the longest. In one hermaphrodite
plant, which produced during three yoars very fow
and poor fruit, the pistil much exceeded in length
the stamens bearing perfect and as yet closed an-
thers; and I never saw such a caso on any female
plant. It is a surprising fact that the pistil in the
male and in the semi-sterile hermaphrodite flowers
has not been reduced in length, seeing that it per-
forms very poorly or not at all its proper function.
The stigmas in the two forms are exactly alike ; and
in some of the polleniferous plants which never pro-
duced any fruit I found that the surface of the stigma
was viscid, so that pollen-grains adhered to it and had
exserted their tubes. The ovules are of equal sizo
in the two forms. Therefore the most acute botanist,
judging only by structure, would never have suspected
U
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that some of the bushes were in function exclusively
males.

Thirteen bushes growing near one another in a
hedge consisted of eight females quite destitute of
pollen and of five hermaphrodites with well-developed
anthers. In the autumn the eight females were well
covered with fruit, excepting one, which bore only a
moderate number. Of the five hermaphrodites, one
bore a dozen or two fruits, and the remaining four
bushes several dozen ; but their number was as nothing
compared with those on the femalo bushes, for a single
branch, between two and three feet in length, from
one of the latter, yielded more than any one of the

hrodite bushes. The di in the amount
of fruit produced by the two sets of bushes is all the
more striking, as from the sketches above given it is
obvious that the stigmas of the polleniferous flowers.
can hardly fail to receive their own pollen ; whilst the
fertilisation of the female flowers depends on pollen
being brought to them by flies and the smaller
Hymenoptera, which are far from being such efficient
carriers as :

T now determined to observe more carefully during
successive seasons some. bushes growing in another
place about a mile distant. As the female bushes -
were so highly productive, I marked only two of them
with the letters A and B, and five polleniferous bushes
with the letters € to G. I may premise that the
year 1865 was highly favourable for the fruiting of all
the bushes, especially for the polleniferous ones, some
of which were quite barren except under such favour-
ablo conditions. The season of 1864 was unfavourable,
In 1863 the female A produced “ some fruit;” in 1864
only 9; and in 1865, 97 fruit. The female B in 1863
was  covered with fruit;” in 1864 it bore 28 and in.
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1865 innumerable very fine fruits” I may add,
that three other female trees growing close by were
observed, but only during 1863, and they then bore
abundantly. With respect to the polleniferous bushes,
the one marked C did not bear a single fruit during
the years 1863 and 1864, but during 1865 it produced
no less than 92 fruit, which, however, were very poor.
I selected one of the finest branches with 15 fruit, and
these contained 20 seeds, or on an average 1-33 per
fruit. I then took by hazard 15 fruit from an adjoin-
ing female bush, and these contained 43 seeds; that
is, more than twice as many, or on an average 286
per fruit. Many of the fruits from the femalo bushes
included four seeds, and only one had a single seed ;
whereas not one fruit from the polleniferous bushes
contained four seeds. Moreover when the two lots of
soeds were compared, it was manifest that those from
the female bushes were the larger. The second
polleniferous bush, D, bore in 1863 about two dozen
fruit,—in 1864 only 3 very poor fruit, each containing
a single sced,—and in 1863, 20 equally poor fruit.
Lastly, the three polleniferous bushes, B, F, and G,
did not produce a single fruit during the three years
1863, 1864, and 1865.

‘We thus see that the female bushes differ somewhat
in their degree of fertility, and the polleniferous ones
in the most marked manner. We have a perfect
gradation from the female bush, B, which in 1865 was
covered with “innumerable fruits,” —through the
female A, which produced during the same year 97,—
through the polleniferous bush C, which  produced
this year 92 fruits, these, however, containing a very
low average number of seeds of small size,—through
the bush D, which produced only 20 poor fruit,—to
the three bushes, E, F, and G, which did not this
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year, or during the two previous years, produce a
single fruit. If these latter bushes and the more
fertile female ones were to supplant the others, the
spindle-tree would be as strictly dicecious in function
as any plant in the world. *This case appears to me
very interesting, as showing how gradually an herma-
phrodite plant may be converted into a dicecious one.*

Seeing how general it is for organs which are
almost or quite functionless to be reduced in size, it is
remarkable that the pistils of the polleniferous plants
should equal or even exceed in length those of the
highly fertile female plants. This fact formerly led
me to suppose that the spindle-tree had once been
heterostyled ; the hermaphrodite and male plants hay-
ing been originally long-styled, with the pistils since
reduced in length, but with the stamens retaining
their former dimensions; whilst the female plant had
been originally short-styled, with the pistil in its pre-
sent state, but with the stamens since greatly reduced
and rendered rudimentary. A conversion of this kind
is at least possible, although it is the reverse of
that which appears actually to have occurred with
some Rubiaceous genera and ZEgiphila; for with these
plants the short-styled form has become the male, and
the long-styled the female. It is, however, a more
simple view that sufficient time has not elapsed for the

* According to Fritz Miller separate from one another, so
(:Bot. Zeitung,' 1870, p. 151), a  thut, although their surfaces’ are
Chamisson (Amaranthacew) in  covered with fmrlyvmll-due.lap«l
il e in ncary the  pupills, they camnot b fertilised
sumostaloas our Buonymuus, The  'These ltter planta do ot eums
ovalesare cqually doveloped inthe  monly yield any fruit, and are
ki fomle the istl  thercloroia funaflon malen. NeveRd
is perfect, whilst the antliers are  theless, on_ouc occasion Frifz
entirely destitute of pollen. In  Millerfound flowersof this kind in
the pollniferous e, tho pitil  whily e
s thort and the stigmas never and they produced some fuit.
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reduction of the pistil in the male and hermaphrodite
flowers of our Euonymus ; though this view does not
account for the pistils in the polleniferous flowers
being sometimes longer than those in the female
flowers.

Fragaria-vesea, Virginiana, Chiloensis, de. (Rosacer).
—A tendency to the separation of the sexes in the
cultivated strawberry seems to be much more strongly
marked in the United States than in Europe; and
this appears to be the result of the direct action of
climate on the reproductive organs. In the best ac-
count which I have seen,® it is stated that many of the
varieties in the United States consist of three forms,
namely, females, which produce a heavy crop of fruit,—
of hermaphrodites, which “seldom produce other than
avery scanty crop of inferior and imperfect berries,”
—and of males, which produce none. The most skilful
cultivators plant seven zows of female plants, then
one row of h and so on through
field” The males bear large, the hermapbmdltes
mid-sized, and the females small flowers. The latter
plants produce fow runners, whilst the two other forms
produce many; consequently, as has been observed
both in England and in the United States, the polleni-
ferous forms increase rapidly and tend to supplant
the females. We may therefore infer that much more
vital force is expended in the production of ovules
and fruit than in the production of pollen. Another
species, the Hautbois strawberry (F. elatior), is more
strictly dicecious; but Lindley made by selection an
hermaphrodite stock.t

Rhamnus catharticus (Rha.mneae) ~—This plant is well

Mr. Leonard Wray in ¢ Gard. mfom\ on on_ this subject, seo
Chron 1601 p. 716, ariation under Domestication,’
B riiotes oot turie ol X Do et P. 875,
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known to be dicecious. My son William found the
two sexes growing in about equal numbers in the Tsle
of Wight, and sent me specimens, together with obser-
vations on them. Bach sex consists of two sub-forms.
The two forms of the male differ in their pistils:
in some plants it is quite small, without any distinct
stigma; in others the pistil is much more developed,
with the papille on the stigmatic surfaces moderately
large. The ovules in both kinds of males are in an
aborted condition. On my mentioning this case to Pro-
fessor Caspary, he examined several male plants in
the botanic gardens at Konigsberg, where there were
no females, and sent me the accompanying drawings.

M

Long-styled male. Short-styled male.
Ruanxus cATHARTIOUS. (From Caspary.)

Fig. 18,

In the English plants the petals are not so greatly
reduced as represented in this drawing. My son ob-
served that those males which had their pistils mode-
rately well developed bore slighly larger flowers, and,
what is very remarkable, their pollen-grains exceeded
by a little in diameter those of the males with greatly
reduced pistils. This fact is opposed to the belief that
the present species was once heterostyled; for in this
case it might have been expected that the shorter-
styled plants would have had larger pollen-grains,

In the female plants the stumens are in an ex-
tremely rudimentary condition, much more so than
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the pistils in the males. The pistil varies consi-
derably in length in the female plants, so that they
may be divided into two sub-forms according to the

Fig. 14.

Q4 1

Long-styled  Short-styled
RHAMNUS CATHARTICUS.

length of this organ. Both the petals and sepals are
decidedly smaller in the females than in the males ;
and the sepals do not turn downwards, as do those of
the male flowers when mature. All the flowers on the
same male or same female bush, though subject to
some variability, belong to the same sub-form ; and
as my son never experienced any difficulty in decid-
ing under which class a plant ought to be included,
he believes that the two sub-forms of the same sex
do not graduate into one another. I can form no
satisfactory theory how the four forms of this plant
originated.

Rhamnus lanceolatus exists in the United States,
as T am informed by Professor Asa Gray, under two
hermaphrodite forms. In the one, which may be called
the short-styled, the flowers are sub-solitary, and in-
elude a pistil about two-thirds or only half as long as
that in the other form it has also shorter stigmas. The
stamens are of equal length in the two forms ; but the
anthers of the short-styled contain rather less pollen,
as far as I could judge from a few dried flowers. My
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son compared the pollen-grains from the two forms,
and those from the long-styled flowers were to those
from the short-styled, on an average from ten measure-
ments, as 10 to 9 in diameter; so that the two her-
maphrodite forms of this species resemblo in this
respect the two male forms of R. catharticus. The
long-styled form is not so common as the short-styled.
The latter is said by Asa Gray to be the more fruitful
of the two, as might have been expected from  its
appearing to produce less pollen, and from the grains
being of smaller size; it is therefore the more highly
feminine of the two. The long-styled form produces
a greater number of flowers, which are clustered to-
gether instead of being sub-solitary ; they yield some
fruit, but as just stated are less fruitful than the other
form, s0 that this form appears to be the more mas-
culine of the two. On the supposition that we have
here an hermaphrodite plant becoming discious, thero
are two points deserving notice; firstly, the greater
length of the pistil in the incipient male form ; and
we have met with a nearly similar case in the male
and hermaphrodite forms of Euonymus compared with
the females. Secondly, the larger size of the pollen=
grains in the more masculine flowers, which perhaps may
beattributed to their having retained their normal size ;
whilst those in the incipient female flowers have been.
reduced. The long-styled form of R. lanceolatus seems
to correspond with the males of R. eatharticus which
have a longer pistil and larger pollen-grains. Light
will perhaps be thrown on the nature of the forms
in this genus, as soon as the power of both kinds of
pollen on both stigmas is ascertained. Several other
species of Rhamnus are said to be dicscious® or sub-

* Lecog, ¢ Géogr. Bot,” tom. v. 1856, pp. 420-26.
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dicecious. On the other hand, R. frangula is an ordi-
nary hermaphrodite, for my son found a large number
of bushes all bearing an equal profusion of fruit.

Epigea repens (Ericacew)—This plant appears to
be in nearly the same state as Rhamnus catharticus.
Tt is described by Asa Gray* as existing under four
forms. (1) With long style, perfect stigma, and short
abortive stamens. (2) Shorter style, but with stigma
equally perfect, short abortive stamens. These two
female forms amounted to 20 per cent. of the speci-
mens received from one locality in Maine; but all
the fruiting specimens belonged to the first form.
(3) Style long, as in No. 1, but with stigma imperfect,
stamens perfect. (4) Style shorter than in the last,
stigma imperfect, stamens perfect. These two latter
forms are evidently males. Therefore, as Asa Gray
remarks, “ the flowers may be classified into two kinds,
each with two modifications; the two main kinds
characterised by the nature and perfection of the
stigma, along with more or less abortion of the
stamens ; their modifications, by the length of the
style.” Mr. Meehan has deseribedt the extreme
variability of the corolla and calyx in this plant, and
shows that it is dicecious. It is much to be wished
that the pollen-grains in the two male forms should
be compared, and their fertilising power tried on the
two female forms.

Tlew aguifolium  (Aquifolincer). — In the several
works which I have consulted, one author alonef says
that the holly is dicecious. During several years I

"Amoncanm!mnlof!clenue, delpl.\u, B[ny 1868, p. 153.

July 1876 Also ‘The American 1 Vaucher, *Hist. Phys. des
Nﬂ)‘lmlut 1876, p. 490. Pl-nl,ea nlEnmpe, 1841, Wm i,

NVariationsih Bpigaarepens,”
“Proc. Acad. Nat. Soc. of Phila-
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have examined many plants, but have never found
one that was really hermaphrodite. 1 mention this
genus because the stamens in the female flowers, al-
though quite destitute of pollen, are but slightly and
sometimes not at all shorter than the perfect stamens
in the male flowers. In the latter the ovary is small
and the pistil is almost aborted. The filaments of the
perfect stamens adhere for a greater length to the
petals than in the female flowers. The corolla of
the latter is rather smaller than that of the male,
The male trees produce a greater number of flowers
than the females. Asa Gray informs me that L opaca,
which represents in the United States our common
holly, appears (judging from dried flowers) to be in a
similar state ; and so it is, according to Vaucher, with
several other but not with all the species of the genus,

Gyno-diaccious Plants.

The plants hitherto deseribed either show a tendency
to become dicecious, or apparently have become so
within a recent period. But the species now to be

idered consist of I dites and females
without males, and rarely show any tendemey to
be diccious, as far as can be judged from their
present condition and from the absence of species
having separated sexes within the same groups.
Species belonging to the present class, which T have
called gyno-dicecious, are found in various widely
distinet families; but are much more common in the
Labiate (as has long been noticed by botanists) than
in any other group. Such cases have been noticed
by myself in Thymus serpyllum and vidgaris, Satureia
hortensis, Origanum vulgare, and Mentha hirsuta ; and
by others in Nepeta glechoma, Mentha vidgaris and
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aquatica, and Prunella vidgaris. Tn these two latter
species the female form, according to H. Miller, is
infrequent. To these must be added Dracocephalum
Moldavieum, Melissa oficinalis and clinipodium, and
Hyssopus offcinalis.* Tn the two lastmamed plants the
female form likewise appears to be rare, for I raised
many seedlings of both, and all were hermaphrodites.
It has already been remarked in the Introduction that
andro-dicecious species, as they may be called, or those
which consist of hermaphrodites and males, are ex-
tremely rare, or hardly exist,

Thymus serpyllum.—The hermaphrodite plants pre-
sent nothing particular in the state of their reproduc-
tive organs 3 and so it is in all the following cases. The
females of the present species produce rather fewer
flowers and have somewhat smaller corollas than the
hermaphrodites; so that near Torquay, where this
plant abounds, T could, after a little practice, distin-
guish the two forms whilst walking quickly past them.
According to Vaucher, the smaller size of the corolla
is common to the females of most or all of the above-
mentioned Labiatw. The pistil of the female, though
somewhat variable in length, is generally shorter,
with the margins of the stigma broader and formed
of more lax tissue, than that of the hermaphrodite.
The stamens in the female vary excessively in length ;
they are generally enclosed within the tube of the

* H. Miller, ‘Die Bofruchtung  and Leooq were mistaken in think-

der Blumen,’ 1873; and* Nature, ing that several o

1873, p. 161, Vascher, ‘Planics  masned in tho fext aro diciious,
G They appear to have assumed that

the hermaphrodite form was_a

male; perhaps they were de-

fully doveloped and of proper
length until somo time after the
!.lmn have dehisced.
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corolla, and their anthers do not contain any sound
pollen; but after long search I found a single plant
with the stamens moderately exserted, and their
anthers contained a very few full-sized grains, together
with a multitude of minute empty ones. In some
females the stamens are extremely short, and their
minute anthers, though divided into the two normal
cells or loculi, contained mot a trace of pollen: in
others again the anthers did not exceed in diameter
the filaments which supported them, and were not
divided into two loculi. Judging from what I have
myself seen and from the descriptions of others, all
the plants in Britain, Germany, and near Mentone,
are in the state just described; and I have never
found a single flower with an aborted pistil. It is,
therefore, remarkable that, according to Delpino,® this
plant near Florence is generally trimorphic, consisting
of males with aborted pistils, females with aborted
stamens, and hermaphrodites.

I found it very difficult to judge of the proportional
number of the two forms at Torquay. They often
grow mingled together, but with large patches con-
sisting of one form alone. At first I thought that the
two were nearly equal in number; but on examining
every plant which grew close to the edge of a little
overhanging dry cliff, about 200 yards in length, I
found only 12 females; all the rest, some hundreds
in number, being hermaphrodites. Again, on an
extensive gently sloping bank, which was so thickly
covered with this plant that, viewed from the distance
of half a mile it appeared of a pink colour, I could
not discover a single female. Therefore the her-

* ¢Sull’ Opera, In Distribuzione  H. Miiller, ‘Die Befruchtung,’
dei Sessi nelle Piante, &’ 1867, &)’ p. 827.
P. 7. With respect to Germany,
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maphrodites must greatly exceed in number the
females, at least in the localities examined by me.
A very dry station apparently favours the presence
of the female form. With some of the other above-
named Labiatw the nature of the soil or climate
likewise seems to determine the presence of one or
both forms; thus with Nepeta glechoma, Mr. Hart found
in 1873 that all the plants which he examined near
Kilkenny in Ireland were females; whilst all near
Bath were hermaphrodites, and near Hertford both
forms were present, but with a preponderance of her-
maphrodites.* Tt would, however, be a mistake to
suppose that the nature of the conditions determines
the form independently of inheritance; for I sowed
in the same small bed sceds of 7. serpyllum, gathered
at Torquay from the female alone, and these produced
an abundance of both forms. There is every reason
to believe, from large patches consisting of the same
form, that the same individual plant, however much
it may spread, always retains the same form. In two
distant gardens I found masses of the lemon-thyme
(I. eitriodorus, a var. of T. serpyllum), which T was
informed had grown there during many years, and
every flower was female,

With respect to the fertility of the two forms, T
marked at Torquay a large hermaphrodite and a large
female plant of nearly equal sizes, and when the seeds
were ripe I gathered all the heads. The two heaps
were of very nearly equal bulk; but the heads from
the female plant numbered 160, and their seeds
weighed 8'7 grains; whilst those from the her-
maphrodite plant numbered 200, and their seeds
weighed only 49 grains; so that the seeds from the

* Nature,” June 1873, p. 162.
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female plant were to those from the hermaphrodite
as 100 to 56 in weight. If the relative weight of
the seeds from an equal number of flower-heads from
the two forms be compared, the ratio is as 100 for the
female to 45 for the hermaphrodite form.

Thymus vulgaris—The common garden thyme re-
sembles in almost every respect T. serpyllum. The
same slight differences between the stigmas of the
two forms could be perceived. In the females the
stamens are not generally quite so much reduced as
in the same form of T serpyllum. In some specimens
sent me from Mentone by Mr. Moggridge, together
with the accompanying sketches, the anthers of the

Fig. 15,

Hermaphrodite. Females.
THYNUS VULGARIS (magnified).

female, though small, were well formed, but they con-
tained very little pollen, and not a single sound grain
could be detected. Eighteen seedlings were raised
from purchased seed, sown in the same small bed ;
and these consisted of seven hermaphrodites and
eleven females. They wero left freely exposed to
the visits of bees, and no doubt every female flower
was fertilised; for on placing under the micro-
scope a large number of stigmas from female plants,
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not one could be found to which pollen-grains of
thyme did not adhere. The seeds were carefully
collected from the eleven female plants, and they
weighed 987 grains ; and those from the seven her-
maphrodites 365 grains. This gives for an equal
number of plants the ratio of 100 to 58; and we
here see, as in the last case, how much more fertile
the females are than the hermaphrodites. These two
lots of seeds were sown separately in two adjoining
beds, and the seedlings from both the hermaphro-
dite and female parent-plants consisted of both forms,
Satureia hortensis.—Bleven seedlings were raised in
separate pots in a hotbed and afterwards kept in the
green-house, They consisted of ten females and of
a single hermaphrodite. Whether or not the condi-
tions to which they had been subjected caused the great
excess of females I do not know. In the females the
pistil is rather longer than that of the hermaphrodite,
and the stamens are mere rudiments, with minute
colourless anthers destitute of pollen. The windows
of the green-house wero left open, and the flowers
were incessantly visited by humble and hive bees.
Although the fen females did not produce a single
grain of pollen, yet they were all thoroughly well
fertilised by the one hermaphrodite plant, and this
is an interesting fact. It should be added that no
other plant of this species grew in my garden. The
seeds were collected from the finest female plant,
and they weighed 78 grains; whilst those from the
hermaphrodite, which was a rather larger plant than
the female, weighed only 332 grains; that is, in the
natio of 100 to 43. The female form, therefore, is very
much more fertile than the hermaphrodite, as in the two
Inst cases ; but the hermaphrodite was necessarily self-
fextilised, and this probably diminished its fertility.
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We may now consider the probable means by which
5o many of the Labiate have been separated into two
forms, and the advantages thus gained. H. Miller®
supposes that originally some individuals varied so as
to produce more conspicuous flowers; and that inseets
habitually visited these first, and then dusted with
their polien visited and fertilised ‘the less conspicuous
flowers. The production of pollen by the latter plants
would thus be rendered superfluous, and it would be
advantageous to the species that their stamens should
abort, so as to save useless expenditure. They would
thus be converted into females. But another view may
be suggested : as the production of a large supply of
seeds evidently is of high importance to many plants,
and as.we have seen in the three foregoing cases
that the females produce many more seeds than the
hermaphrodites, increased fertility seems to me the
more probable cause of the formation and separation of
the two forms. From the data above given it follows
that ten plants of Thymus serpyllum, if half consisted
of hermaphrodites and half of females, would yield
seeds compared with ten hermaphrodite plants in the
ratio of 100 to 72. Under similar circumstances the
ratio with Satureia hortensis (subject to the doubt from
the self-fertilisation of the hermaphrodite) would be as
100 to 60. Whether the two forms originated in cer-
tain individuals varying and producing more seed than
usual, and consequently producing less pollen; or in
the stamens of certain individuals tending from some
unknown cause to abort, and consequently producing
more seed, it is impossible to decide; but in either
case, if the tendency to the increased production of
seed were steadily favoured, the result would be the

* “Die Befruchtung der Blumen,’ pp. 819, 326,
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complete abortion of the male organs, T shall pre-
sently discuss the cause of the smaller size of the

female corolla.

Seabiosa arvensis (Dipsace).—It has been shown by H. Miiller
that this species exists in Germany under an hermaphrodite and
female form.* In my neighbourhood (Kent) the female plants
do not nearly equal in number the hermaphrodites. The stamens
of the females vary much in their degree of abortion ; in some
plants they are quite short and produce no pollen; in others
they reach to the mouth of the corolla, but their anthers are not
half the proper size, never dehisce, and confain but few pollen-
grains, theso being colourless and of small diameter. The her-
maphrodite flowers are strongly proterandous, and H. Miiller
shows that, whilst all the stigmas on the same flower-head are
mature at nearly the same time, the stamens dehisee one after
tho other ; so that thero is a great excessof pollen, which serves
to fertilise the female plants. As the production of pollen by
one sef of plants is thus rendered superfluous, their male organs
have become more or less completely aborted. Should it be
Tereafter proved that the female plants yield, as is probable,
more seeds than the hermaphrodites, I should be inclined to
extend the sume view to this plant as to the Labiatw. I have
also observed the existence of two forms in our endemic S.
suceisa, and in the exotic S. atro-purpurea. Tn the latter plant,
differently to what occurs in S, arvensis, the female flowers,
especially the larger circumferential ones, are smaller than those
of the hermaphrodite form. According to Lecoq, the female
flower-heads of S. succisa are likewise smaller than those of
what he calls the male plants, but which are probably her-
maphrodites.

Echium vugare (Boraginew)—The ordinary hermaphrodite
form appears to be proterandrous, and nothing more need be sai
about it. The female differs in having a much smaller corolla
and shorter pistil, but a well-developed stigma. The stamens

*Befruchtung der Blumen, and f
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are short; the anthers do not contain any sonnd pollen-grains,
but in their place yellow incoherent cells which do not swell
in water. Some plants were in an intermediate condition; that
is, had one or two or three stamens of proper length with per-
fot anthers, the other stamens being rudimentary. In one such
plant half of one anther contained green perfect pollen-grains,
and the other half yellowish-green imperfect grains. Both forms
produced seed, but I neglected to observe whether in equal
numbers. As I thought that the state of the anthers might be
due to some fungoid growth, T examined them both in the bud
and mature state, but could find no trace of mycelium. In 1862
many female plants were found ; and in 1864, 32 plants were
collected in two localities, exactly half of which were hermaphro-
dites, fourteen were fomales, and two in an intermediate con-
dition. In 1866, 15 plants were collected in another locality,
and these consisted of four hermaphrodites and eleven females.
1 may add that this season was a wet one, which shows that the
abortion of the stamens can hardly be due to the dryness of the
sites where the plants grew, as I at one time thought pro-
Dable. Seeds from an hermaphrodite were sown in my garden,
and of the 23 seedlings raised, one belonged to the intermediate
form, all the others being hermaphrodites, though two or three
of them had unusually short stamens. I have consulted several
botanical works, but have found no record of this plant varying
in the manner here described.

Plantago lunceolata (Plantaginem).—Delpino states that this
plant presents in Italy three forms, which graduate from an
anemophilous into an’entomophilous condition. ~ According to
H. Miiller,* there are only two forms in Germany, neither of
which show any special adaptation for insect fertilisation, and.
both appear to be hermaphrodites. But I have found in two
localities in England female and hermaphrodite forms existing
together; and the sumo fmt has been noticed by otherst The

an the
aro ahm, AR T brighter groa
whilst young than those of the other form, dehisce properly, yet
contain either no pollen, or a small amount of imperfect grains
of variable size. All the flower-heads on a plant belong to

* *Die Befruchtung, &, p.542.  Mr. W. Marshall writes to me o
+ Mr. C. W. Crocker in ‘Tho  the sam effest from Ely.
Gardener's Chronicle, 1864, p. 2904,
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the same form. Tt is well known that this species is strongly
‘proterogynous, and I found that the protruding stigmas of hoth
the hermaphrodite and female flowers were penetrated by pollen-
tubes, whilst their own anthers were immature and had not
eseaped out of the bud. Plantago media does ot present two
forms; but it appears from Asa Gray's deseription,” that such
is the case with four of the North American species. The co-
rolla does not properly expand in the short-stamened form of
these plants.

Cuicus, Serratula, Eriophorum—In the Compositw, Cnicus
palustris and acaulis are said by Sir J. E. Smith to exist as her-
maphrodites and females, the former being the more frequent.
With Serratula tincioria o regular gradation may be followed
from the hermaphrodite to the female form; in one of the latter
plants the stamens were so tall that the anthers embraced the
style as in the hermaphrodites, but they contained only a few
grains of pollen, and these in an aborted condition; in an-
other female, on the other hand, the anthers were much more
reduced in size than is usual. Lastly, Dr. Dickie has shown
that with (Cyperacesz)
dite and female forms exist in Scotland and the Aretic regions,
Doth of which yield seed. t

It is a curious fact that in all the foregoing poly-
gamons, dicecious, and gyno-dicecious plants in which
any difference has heen observed in the size of the
corolla in the two or three forms, it is rather larger in
the females, which have their stamens more or less or
quite rudi , than in the hermaphrodites or males.
This holds good with Euonymus, Rhannus catharticus,
Tlex, Fragaria, all or at least most of the before-named
Labiatw, Seabiosa atro-purpurea, and Echium vulgare.
So it is, according to Von Mohl, with Cardamine

the N. United States,’ 2nd o
1856, p. 269. Seaxlsa American . Soe
Journai of Science, Nov. 1862, Dr. Dickie, *Joural Lina. Soc.
roc._American  Bot. vol. ix. 1863, p. 161.
Academy of Science, Oct. 14,
x 2
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amara, Geranium sylvatioum, Myosotis, and Salvia.
On the other hand, as Von Mohl remarks, when a
plant produces hermaphrodite flowers and others
which are males owing to the more or less complete
abortion of the female organs, the corollas of the
males are not at all increased in size, or only excep-
tionally and in a slight degree, as in Acer.® It seems
therefore probable that the decreased size of the female
corollas in the foregoing cases is due to a tendency to
abortion spreading from the stamens to the petals. We
see how intimately these organs are related in double
flowers, in which the stumens are readily converted
into petals. Indeed some botanists believe that petals
do ot consist of leaves directly metamorphosed, but of
metamorphosed stamens. That the lessened size of the
corolla in the above case is in some manner an indirect
result of the modification of the reproductive organs is
supported by the fact that in Rhamnus catharticus not
only the pefals but the green and inconspicuous sepals
of the female have been reduced in size; and in the
strawberry the flowers are largest in the males, mid-
sized in the hermaphrodites, and smallest in the fe-
males. These latter cases,—the variability in the size
of the corolla in some of the above species, for instance
in the common thyme,—together with the fact that it
never differs greatly in size in the two forms—make
me doubt much whether natural selection has come
into play;—that is whether, in accordance with H,
Miiller's belief, the advantage derived from the pol-
leniferous flowers being visited first by insects has
been sufficient to lead to a gradual reduction of the
corolla of the female. We should bear in mind that as
the hermaphrodite is the normal form, its corolla has

* *Bot, Zeitung
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probably retained its original size* An objection to
the above view should not be passed over; namely, that
the abortion of the stamens in the females ought to
have added through the law of compensation to the
size of the corolla; and this perhaps would have oc-
curred, had not the expenditure saved by the abor-
tion of the stamens been directed to the female repro-
ductive organs, so as to give to this form increased
fertility.

* It does not

appear

males sorves to protect their pollen
ec's view (' Dio Sehatz.

in. In the genus Thymus,

that

mitisl dos Pollens,” 1873, & )
can in_the

cases, namely that the
corolla in the hermaphrodites sad

for instanice, the aborted anthers
of the female are much bette
protetod than (b perfct oues o
the hermaphrodite.
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CHAPTER VIIL

Cumstocano Frowss.

i List of the genera producing
such flowers, and their distribution in the vegetable uenel—lea,
descrption of the clistogunlo lowers in the soverul specs, heir

f the perfect flowers—Oxalis
forms of_cleistogamic flowers—Van-

g-s

Wk’m!l,nko. sensit
delln

mg v.lehwgumlu ﬁowcm—lperm, perfect flowers n\xely developed
imary and concluding remarks on the origin of ¢leistogamic
inecs. Tt i conclusions whicl may be v fiom 4
observations in this v
Ir was known even before the time of Linnaus that
certain plants produced two kinds of flowers, ordi-
nary open, and minute closed ones; and this fact
formerly gave rise to warm controversies about the
sexuality of plants. These closed flowers have been
appropriately named cleistogamic by Dr. Kuhn.*
They are remarkable from their small size and from
never opening, so that they resemble buds; their petals
are rudimentary or quite aborted; their stamens are
often reduced in number, with the anthers of very
small size, containing few pollen-grains, which have
remarkably thin transparent coats, and generally emit
their tubes whilst still enclosed within the anther-
cells; and, lnstly, the pistil is much reduced in size,
with the stigma in some cases hardly at all developed.
These flowers do not secrete nectar or emit any odour;
from their small size, as well as from the coroila being

y, they are singularly inconsp Con-

* ¢ Bot, Zeitung,’ 1867, p. 65,
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sequently insects do not, visit them ; nor if they did,
could they find an entrance. Such flowers are therefore
invariably self-fertilised ; yet they produce an abund-
ance of seed. In several cases the voung capsules
bury themselves beneath the ground, and the seeds
are there matured. These flowers are developed before,
or after, or simultancously with the perfect ones,
Their development seems to be largely governed by
the conditions to which the plants are exposed, for
during certain scasons or in certain localities only
cleistogamic or only perfect flowers are produced,

Dr. Kuhn, in the article above referred to, gives a
list of 44 genera including species which bear flowers
of this kind. To this list T have added some genera,
and the authorities are appended in a foot-note. I
have omitted three names, from reasons likewise given
in the foot-note. But it is by no means easy to de-
cide in all cases whether certain flowers ought to be
ranked as cleistogamic. For instance, Mr. Bentham
informs me that in the South of France some of the
flowers on the vine do not fully open and yet set
fruit; and I hear from two experienced gardeners that
this is the case with the vine in our hot-houses; but
as the flowers do not appear to be completely closed it
would be imprudent to consider them as cleistogamic.
The flowers of some aquatic and marsh plants, for
instance of Ranunculus aquatilis, Alisna natans,
Subularia, Illeccbrum, Menyanthes, and Euryale,*
remain closely shut as long as they are sub-
merged, and in this condition fertilise themselves.

* Delpino, Snu't)pm la Distri- 1825, p. 157. For the
buzlnm:du\ Bessi nelle ite,’ &e. behmmm of Menyanthes in Russia
p. 30. Subularia, however,  see Gillibert m‘AcL._Amd. St. Pe—

sometimes has its flowers fully tersb.,’ 1777,
ex]mml beneath the water, sce 3 ‘Gs.rtleneu Chmmcle,
r J. B, Swith, * English Flora,

@ The Complete Work of Charles Darwin Online



S

312 CLEISTOGAMIC FLOWERS. Cuar. VIIL

They behave in this manner, apparently as a protec-
tion to their pollen, and produce open flowers when
exposed to the air; so that these cases scem rather
different from those of true cleistogamic flowers, and
have not been included in the list. Again, the flowers
of some plants which are produced very early or very
late in the season do mot properly expand; and these
might perhaps be considered as incipiently cleisto-
gamic; but as they do not present any of the remark-
able peculiaritics proper to the class, and as I have
not found any full record of such cases, they are not
entered in the list. When, however, it is believed on
fairly good evidence that the flowers on a plant in its
native country do not open at any hour of the day or
night, and yet set seeds capable of germination, these
may fairly be considered as cleistogamic, notwith-
standing that they present no peculiarities of strue-
ture. T will now give as complete a list of the genera
containing cleistogamic species as I have been able
to collect.
TaBLE 38,
List of Genera including Cleistogamic Species (chiefly after Kuhn).*

DICOTYLEDONS. DICOTYLEDOXS.
Eritrichium (Boraginea). Dadalacanthus (Acanthaces).
Cuscata (Convolvulacew). ipteracanthus .
Scrophularia (Serophularine). ZEchmanthera "
Linaria s Ruellia

L.m.\'.m (Labiata).

Cryphiacanthus (Acanthacea).
3 om = Otyonphus (Kyotaginam).

* I have omitted Trifolium and
chis from the list, because Von
Mohl says (‘ Bot. Zeitung, 1863,
that fho foweratons

merely draw the flowers beneath

the giound, e theso do not

observed  plants of Arachis in

Brazl, and could never find such
Hlowers. Plantago hasbeen omitted

an discover it
produces hermaphrodite and fe
male flower-heads, but not_cleis-

ioflowers. Krascheninikowia
(vel Stellaria) has been omitted
because_it seems very doubtful
from Maximowicz' description
whether tho lower flowers which
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TaBLE 38—continued.

DICOTYLEDO

Nychgm(xl Qiycta )a:)

apci:l’um (Lampa.nulnceu).
Campanula

Hottonia (Primulacers).

Ausadris (Composite
Heterooarpea (Cmmtenz).

Viola (Violac
Hel.mhemum (cm.m)

pmm (Malvace).

DICOTYLEDONS,
Lespedeza (Leguminose).

Lathyrus
Martinsia rel

Neurocarpum  » i
Amphicarpea

Glycine &

Galactia b

Voandze

Diosers (Ditteisoss)

Aspicarpa 2
Camarea i«
Janus

Ononis (Leguminosee).
Parochtus
Chapmannia
Stylosanthus ,

have no petals or very small ones,
and barren stamens or n

s ar
roduce frul, s theretore pro-
as Moreover in

mpany an 1mperfeenon of tho
Sares of germen,
Thave added to the Jist tho fol-
lowingenses: Soreral e,
which sce J. Scott in*Journal
(Landon), Do series, vol.
i, 1872, p.1 Vith respect to
Salvia see Dr Aschemn in ¢ Bot.
Oxy:
y rican )\nhnnlmt.
Nor. 1575, p. o2, A
accountof Hoxumm
Bull. of Torrey Bota
., Jue 171 it s
manifest that this plant produces
B ocnio oo, e

Juncus (Junce).
Lzenm (Gmmineu)-

c |!L'M \chys 3y
Commelina(Commelinese),
Monochoria (Pontederacea).
Schomburgkia (Orchide).

Epidendron s
Thelymitra 5

Puronia seo Bouche in Sitzmes-
berichte d. Gesellsch,  Natur,

Freunde, Oct. 20, 1874, p. 90. 1
‘haveadded Thelyimitra, mmmm
account

lian Orchids” it appears that the
flowers of this plant in its native
home nerer open, bt they do not
) ced in size.
s this the cas with the fowers of
spocies ridendron,
Cnttleyn, . (see second e
y * Fertilisation of Omhuln.
. 147, whih without ex
produce capules. 1t i therefors
il whether these Orchidees
ought to have been included in the
ok o whnk Dovaljoure savs

about Cryptostachys in * Bull.
Soo. Bot. do Fr ee’&om x. 1863,
P. 195, this plant appears to pro-

Sice slostogamio’ owers.
other additions to the list
noticed in my text,

The
are
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The first point that strikes us in considering this list
of 55 genera, is that they are very widely distributed
in the vegetable series. They are more common in the
family of the Leguminosm than in any other, and next
in order in that of the Acanthacerm and Malpighiace,
A large number, but not all the species, of certain
genera, as of Oxalis and Viola, bear cleistogamic as
well as ordinary flowers. A second point which de-
serves notice is that a considerable proportion of the
genera produce more or less irregular flowers; this is
the case with about 32 out of the 55 genera, but to this
subject I shall recur.

1 formerly made many observations on_cleistogamic
flowers, but only a few of them are worth giving, since
the appearance of an admirable paper by Hugo von
Mohl,* whose examination was in some respects much
more complete than mine. His paper includes also an
interesting history of our knowledge on the subject.

Viola canina.—The calyx of the cleistogamic flowers
differs in no respect from that of the perfect ones. The
petals are reduced to five minute scales; the lower one,
which represents the lower lip, is considerably larger
than the others, but with no trace of the spur-like
nectary; its margins are smooth, whilst those of the
other four scale-like petals are papillose. D. Miller of
Upsala says that in the specimens which he observed
the petals were completely aborted.t The stamens are
very small, and only the two lower ones are provided
with anthers, which do not cohere together as in the
perfect flowers. The anthers are minute, with the two
cells or loculi remarkably distinct; they contain very
little pollen in comparison with those of the perfect

* “Bot. Zeltung,’ 1863, p.309-  paper contains the first full and
: satisfuctory account of any cleisto-
t Ibid, 1857, p. 730. This gamic flower.
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flowers. The connective expands into a membranous
Tood-like shield which projects above the anther-cells.
Theso two lower stamens have no vestige of the curious
appendages which secrete nectar in the perfect flowers.
The three other stamens are destitute of anthers and
have broader filaments, with their terminal membran-
ous expansions flatter or not so hood-like as those of
the two antheriferous stamens, The pollen-grains have
remarkably thin transparent coats; when exposed to
the air they shrivel up quickly ; when placed in water
they swell, and are then §55¢ of an inch in diameter,
and therefore of smaller size than the ordinary pollen-
grains similarly treated, which have o diameter of
L3514 of an inch. In the cleistogamic flowers, the
pollen-grains, as far as I could see, never naturally fall
out of the anther-cells, but emit their tubes through a
pore at the upper end. T was able to trace the tubes
from the grains some way down the stigma. The pistil
is very short, with the style hooked, so that its ex-
tremify, which is a little enlarged or funnel-shaped
and represents the stigma, is directed downwards,
being covered by the two membranous expansions of
the antheriferous stamens. It is remarkable that there
is an open passage from the enlarged funnel-shaped
extremity to within the ovarium ; this was evident, as
slight pressure caused a bubble of air, which had been
drawn in by some accident, to travel freely from one
end to the other: a similar passage was observed by
Michalet in V. alba. The pistil therefore differs con-
siderably from that of the perfect flower; for in the
latter it is much longer, and straight with the excep-
tion of the rectangularly bent stigma; nor is it per-
forated by an open passage.

The ordinary or perfect flowers have been said by
some authors never to produce capsules; but this is an
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error, though only a small proportion of them do so.
This appears to depend in some cases on their anthers
not containing even a trace of pollen, but more gene-
rally on bees not visiting the flowers. I twice covered
with a net a group of flowers, and marked with threads
twelve of them which had not as yet expanded. This
precaution is necessary, for though as a general rule
the perfect flowers appear considerably before the
cleistogamic ones, yet occasionally some of the latter
are produced early in the season, and their capsules
might readily be mistaken for those produced by the
perfect flowers. Not one of the twelve marked perfect
flowers yielded a capsule, whilst others under the net
which had been artificially fertilised produced five
capsules; and these contained exactly the same aver-
age number of seeds as some capsules from flowers
outside the net which had been fertilised by bees. I
have repeatedly seen Bombus hortorum, lapidarius, and
a third species, as well as hive-bees, sucking the
flowers of this violet: I marked six which were thus
visited, and four of them produced fine capsules; the
two others were gnawed off by some animal. I
watched Bombus hortorum for some time, and when-
ever it came to a flower which did not stand in a con-
venient position to be sucked, it bit a hole through the
spur-like nectary. Such ill-placed flowers would not
yield any seed or leave descendants ; and the plants
bearing them would thus tend to be eliminated through
natural selection.

The seeds produced by the cleistogamic and perfect
flowers do not differ in appearance or number. On
two occasions I fertilised several perfect flowers with
pollen from other individuals, and afterwards marked
some cleistogamic flowers on the same plants; and the
result was that 14 capsules produced by the perfect
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flowers contained on an average 9°85 seeds; and 17
capsules from the cleistogamic ones contained 9°64
seeds,—an amount of difference of no significance. It
is remarkable how much more quickly the capsules
from the cleistogamic flowers are developed than those
from the perfect ones; for instance, several perfect
flowers were cross-fertilised on April 14th, 1863, and a
month afterwards (May 15th) cight young cleistogamic
flowers were marked with threads ; and when the two
sets of capsules thus produced were compared on
June 3rd, there was scarcely any difference between
them in size.

Viola odorata (white-flowered, single, cultivated va-
riety).—The petals are represented by mere scales as
in the last species; but differently from in the last,
all five stamens are provided with diminutive anthers,
Small bundles of pollen-tubes were traced from the
five anthers into the somewhat distant stigma. The

oduced by these flowers bury themselyes in
if it be loose enough, and there mature them-
selves.* Lecoq says that it is only these latter cap-
sules which possess elastic valves; but I think this
must be a misprint, as such valves would obviously be
of no use to the buried capsules, but would serve to
scatter the seeds of the sub-acrial ones, as in the other
species of Viola. It is remarkablo that this plant, ac-
cording to Delpino,t does mot produce cleistogamic
flowers in one part of Liguria, whilst the perfect flowers
are there abundantly fertile; on the other hand,
eleistogamic flowers are produced by it near Turin,
Another fact is worth giving as an instance of corre-

* Vaucher says (‘Hist Phys. des  tom. v 1856, . 180
Plantes @ Enrope. tom. iii. + +Sull’ Opera, Ia Distribuzione
B 500 that 7 vt wod elline dei Sest selle Plaate, e, 1807,
llkew)se bury. Inmr capsules.—  p. 80.

o Lecoq, * Géograph. Bot.”
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lated development: I found on a purple variety,
after it had produced its perfect double flowers, and
whilst the white single variety was bearing its cleisto-
gamic flowers, many bud-like bodies which from their
position on the plant were certainly of a cleistogamic.
nature. They consisted, as could be seen on bisecting
them, of a dense mass of minute scales closely folded
over one another, exactly like a cabbage-head in
miniature. I could not defect any stamens, and in the
place of the ovarium there was a little central column,
The doubleness of the perfect flowers had thus spread
to the cleistogamic ones, which therefore were ren=
dered quite sterile.

Viola. hirta—The five stamens of the cleistogamic
flowers are provided, as in the last case, with small
anthers, from all of which pollen-tubes proceed to the
stigma. The petals are not quite so much reduced
as in V. canina, and the short pistil instead of being
hooked is merely bent into a rectangle. Of several
perfect flowers which I saw visited by hive-and humble-
bees, six were marked, but they produced only two
capsules, some of the others having been accidentally
injured. M. Monnier was therefore mistaken in this
case as in that of V. odorata, in supposing that the
perfect flowers always withered away and aborted. He
states that the peduncles of the cleistogamic flowers
curve downwards and bury the ovaries beneath the
soil.* T may here add that Fritz Miller, as I hear
from his brother, has found in the highlands of Southe
em Brazil a white-flowered species of violet which
bears subterranean cleistogamic floers,

* These statements aro faken fo the supposed  etrilty of the
from Professor Oliver's excellent  perfect flowers i
ariels i the *Nat. Hist. Reviow, e Timbai-Taghara o+ Bal
July 1862, p. 238. With respect  Zeitung, 1854, p. 772.

@ The Complete Work of Charles Darwin Online




Crar. VIIL VIOLA. 319

Viola nana.—Mr. Seott sent me seeds of this Indian
species from the Sikkim Terai, from which I raised
many plants, and from these other seedlings during
several successive generations. They produced an
abundance of cleistogamic flowers during the whole of
each summer, but never a perfect one. When Mr. Scott
wrote to me his plants in Calcutta were behaving simi-
larly, though his collector saw the species in flower in
its native site. This case is valuable as showing that
we ought not to infer, as has sometimes been done,
that a species does not bear perfect flowers when grow-
ing naturally, because it produces only cleistogamic
flowers under culture. The calyx of these flowers is
sometimes formed of only threo sepals; two being
actually suppressed and not merely coherent with the
others; this occurred with five out of thirty flowers
which were examined for this purpose. The petals are
represented by extremely minute scales. Of the sta-
mens, two bear anthers which are in the same state as
in the previous species, but, as far as I could judge,
each of the two cells contained only from 20 to 25 de-
licate transparent pollen-grains. These emitted their
tubes in the usual manner. The three other stamens
bore very minute rudimentary anthers, one of which
was genérally larger than the other two, but none of
them contained any pollen. In one instance, however,
a single cell of the larger rudimentary anther in-
cluded a little pollen. The style consists of a short
flattened tube, somewhat expanded at its upper end,
and this forms an open channel leading into the
ovarium, as described under V. canina. 1t is slightly
bent towards the two fertile anthers.

Viola Rowburghiana.—This species bore in my hot-
house during two years a multitude of cleistogamic
flowers, which resembled in all respects those of the
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last species ; but no perfect ones were produced. Mr.
Seott informs me that in India it bears perfect flowers
only during the cold season, and that these are quite
fertile. During the hot, and more especially during
the rainy season, it bears an abundance of cleisto-
gamic flowers.

Many other species, besides the five now described,
produce eleistogamic flowers ; this is the case, accord-
ing to D. Miiller, Michalet, Von Mohl, and Hermann
Miller, with V. latior, lancifolia, sylvatica, palustris,
‘mirabilis, bicolor, ionodium, and biflora. But V. trieolor
does not produce them.

Michalet asserts that V. palustris produces near
Paris only perfect flowers, which are quite fertile; but
that when the plant grows on mountains cle.smgmlc
flowers are produced; and so it is with V. biflora,
The same author states that he has seen in the case
of V. alba flowers intermediate in structure between
the perfect and cleistogamic ones. According to M.
Boisduval, an Ttalian species, V. Ruppii, never bears
in France “des fleurs bien apparentes, ce qui ne 'em
péche pas de fructifier.”

Tt is interesting to observe the gradation in the
abortion of the parts in the cleistogamic flowers of
the several foregoing species. It appears from the
statements by D. Miller and Von Mohl that in V. mi-
rabilis the calyx does not remain quite closed ; all five
stamens are provided with anthers, and some pollen-
grains probubly fall out of the cells on the stigma,
instead of protruding their tubes whilst still enclosed,
as in the other species. In V. hirfa all five sta
mens are likewise antheriferous; the petals are not
so much reduced and the pistil not so much modified
as in the following species. In V. nana and elatior
ouly two of the stamens properly bear anthers, but
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sometimes one or even two of the others are thus pro-
vided. Lastly, in V. canina never more than two of
the stamens, as far as I have seen, bear anthers; the
petals are much more reduced than in V. hira, and
according to D. Miller are sometimes quite absent.
Oualis  acetosella—The existence of cleistogamic
flowers on this plant was discovered by Michalet.*
They have been fully described by Von Mohl, and T
can add hardly anything to his description. In my
specimens the anthers of the five longer stamens were
nearly on a level with the stigmas; whilst the smaller
and less plainly bilobed anthers of the five shorter
stamens stood considerably below the stigmas, so that
their tubes had to travel some way upwards, Ac-
cording to Michalet these latter anthers are some-
times quite aborted. In one case the tubes, which
ended in excessively fine points, were seen by me
stretching upwards from the lower anthers towards
the stigmas, which they had not as yet reached. My
plants grew in pots, and long after the perfect flowers
had withered they produced not only cleistogamic but
a few minute open flowers, which were in an inter-
mediate condition between the two kinds. In one of
these the pollen-tubes from the lower anthers had
reached the stigmas, though the flower was open.
The footstalks of the cleistogamic flowers are much
shorter than those of the perfect flowers, and are so
much bowed downwards that they tend, according to
Von Mohl, to bury themselves in the moss and dead
leaves on the ground. Michalet also says that they
are often hypogean. In order to ascertain the num=
ber of seeds produced by these flowers, T marked eight
of them; two failed, one cast its seed abroad, and the

* ¢Bull. Soc. Bot. de France," tom. vii. 1860, p. 465.
e
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remaining five contained on an average 100 seeds
per capsule. This is rather above the average 92,
which eleven capsules from perfect flowers fertilised
with their own pollen yielded, and considerably above
the average 749, from the capsules of perfect flowers
fertilised with pollen from another plant; but this
latter result must, T think, have been accidental.
Hildebrand, whilst searching various Herbaria, ob-
served that many other species of Oxalis besides 0.
acetosella produce cleistogamic flowers;* and T hear
from him that this is the case with the heterostyled
trimorphic 0. incarnata from the Cape of Good Hope.
Owalis (Biophytum) sensitiva—This plant is ranked
by many botanists as a distinct genus, but as a sub-
genus by Bentham and Hooker. Many of the early
flowers on a mid-styled plant in my hot-house did not
open properly, and were in an intermediate condition
between cleistogamic and perfect: Their petals varied
from a mere rudiment to about half their proper size
nevertheless they produced capsules. I attributed
their state to unfavourable conditions, for later in the
season fully expanded flowers of the proper size ap-
peared.  But Mr. Thwaites afterwards sent me from
Ceylon a number of long-styled, mid-styled, and short-
styled flower-stalks preserved in spirits; and on the
same stalks with the perfect flowers, some of which were
fully expanded and others still in bud, there were
small bud-like bodies containing mature pollen, but
with their calyces closed. These cleistogamic flowers
o not differ much in structure from the perfect ones
of the ding form, with the exception that
their petals are reduced to extremely minute, barely
visible scales, which adhere firmly to the rounded
i

* ¢ Monatshericht der Akad. der Wiss. zu Berlin,’ 1866, p. 369,
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bases of the shorter stamens, Their stigmas are much
less papillose, and_smaller in about the ratio of 13 to
20 divisions of the micrometer, as measured trans-
versely from apex to apex, than the stigmas of the
perfect flowers. The styles are furrowed longitudinally,
and are clothed with simple as well as glandular hairs,
but only in the cleistogamic flowers produced by the
long-styled and mid-styled forms. The anthers of the
longer stamens are a little smaller than the correspond-
ing ones of the perfect flowers, in about the ratio of
11 to 14. They dehisce properly, but do not appear
to contain much pollen. Many pollen-grains were
attached by short tubes to the stigmas; but many
others, still adhering to the anthers, had emitted
their tubes to a considerable length, without having
come in contact with the stigmas. Living plants
ought to be examined, as the stigmas, at least of the
long-styled form, project beyond the calyx, and if
visited by insects (which, however, is very improbable)
might be fertilised with pollen from a perfect flower.
The most singular fact about the present species is
that long-styled cleistogamic flowers are produced by
the long-styled plants, and mid-styled as well as
short-styled cleistogamic flowers by the other two
forms ; 5o that there are three kinds of cleistogamic
and three kinds of perfect flowers produced by this
one species! Most of the heterostyled species of
Oxalis are more or leds sterile, many absolutely so, if
illegitimately fertilised with their own-form pollen.
It is therefore probable that the pollen of the cleisto-
gamic flowers has been modified in power, so as to act
on their own stigmas, for they yield an abundance of
seeds. We may perhaps account for the cleistogamic
flowers consisting of the three forms, through the prin-
ciple of correlated growth, by which the cleistogamic
% 2
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flowers of the double violet have been rendered
double.

Vandellia nummudarifolia.—Dr. Kuhn has collected®
all the notices with respect to cleistogamic flowers in
this genus, and has deseribed from dried specimens
those produced by an Abyssinian species. Mr. Scott
sent me from Caleutta seeds of the above common
Tndian weed, from which many plants were success-
ively raised during several years. The cleistogamic
flowers are very small, being when fully mature under
Jy of an inch (1-27 mm.) in length. The calyx does
not open, and within it the delicate transparent corolla
remains closely folded over the ovarium, There are
only two anthers instead of the normal number of four,
and their filaments adhere o the corolla. The cells of
the anthers diverge much at their lower ends and are
only 745 of an inch (- 181 mm.) in their longer diameter.
They contain but few pollen-grains, and these emit
their tubes whilst still within the anther. The pistil
is very short, and is surmounted by a bilobed stigma.
As the ovary grows the two anthers together with the
shrivelled corolla, all attached by the dried pollen-
tubes to the stigma, are torn off and carried upwards
in the shape of a littlo cap. The perfect flowers gene-
rally appear before the cleistogamic, but sometimes
simultancously with them. During one season a large
number of plants produced no perfect flowers. Tt has
been asserted that the latter never yield capsules; but
this is a mistake, as they do so even when insects are
excluded. ~Fifteen capsules from cleistogamic flowers
on plants growing under favourable conditions con-
tained on an average 64°2 seeds, with a maximum of
87; whilst 20 capsules from plants growing much

* ¢ Bot. Zeitung, 1867, p. 65.
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crowded yielded an average of only 48. Sixteen cap-
sules from perfect flowers artificially erossed with pollen
from another plant contained on an average 93 seeds,
with & maximum of 137. Thirteen capsules from self-
fertilised perfect flowers gave an average of 62 seeds,
with & maximum of 135, Therefore the capsules from
the cleistogamic flowers contained fewer seeds than
those from perfect flowers when eross-fertilised, and
slightly more than those from perfect flowers self-
fertilised.

Dr. Kuhn believes that the Abyssinian V. sessiflora
does not differ specifically from the foregoing species.
But its cleistogamic flowers apparently include four
anthers instead of two as above deseribed. The plants,
moreover, of V. sessiflora produce subterranean runners
which yield capsules; and I never saw a trace of such
runners in V. nummudarifolia, although many plants
were cultivated.

Linaria spuria.—DMichalet says® that short, thin,
twisted branches are developed from the buds in the
axils of the lower leaves, and that theso bury them-
selves in the ground. They there produce’ flowers
not offering any peculiarity in structure, excepting
that their corolias, though properly coloured, are de-
formed. These flowers may be ranked as cleistogamic,
as they are developed, and not merely drawn, beneath
the ground.

Ononis columna.—Plants were raised from seeds sent
me from Northern Italy. The sepals of the cleisto-
gamic flowers are elongated and closely pressed to-
gether; the petals are much reduced in size, colour-
less, and folded over the interior organs. The fila-
ments of the ten stamens are united into a tube, and

* *Bull, Soe. Bot, de France,’ tom. vii, 1860, p. 468,
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this is not the case, according to Von Mohl, with the
cleistogamic flowers of other Leguminose. Five of
the stamens are destitute of anthers, and alternate with
the five thus provided. The two cells of the anthers
are minute, rounded and separated from one another
by comnective tissue; they contain but few pollen-
grains, and these have extremely delicate coats. The
pistil is hook-shaped, with a plainly enlarged stigma,
which is curled down, towards the anthers ; it there-
fore differs much from that of the perfect flower.
During the year 1867 no perfect flowers were pro-
duced, but in the following year there were both
perfeet and cleistogamic ones.

Ononis minutissima.—My plants produced both per-
fect and cleistogamic flowers ; but T did not examine
the latter. Some of the former were crossed with
pollen from a distinct plant, and six capsules thus ob-
tained yielded on an average 366 seeds, with a maxi-
mum of 5 in one. Twelve perfect flowers were marked
and allowed to fertilise themselves spontancously under
a net, and they yielded eight capsules, containing on
an average 2-38 seeds, with a maximum of 3 in one.
Fifty-three capsules produced by the cleistogamic
flowers contained on an average 41 seeds, so that
these were the most productive of all; and the seeds
themselves looked finer even than those from the
crossed perfect flowers. According to Mr. Bentham
0. parviflora likewise bears cleistogamic flowers ; and
he informs me that these flowers are produced by all
three species early in the spring ; whilst the perfect
ones appear afterwards, and therefore in a reversed
order compared with those of Viola and Oxalis. Some
of the species, for instance Ononis column, bear a
fresh crop of cleistogamic flowers in the autumn.

Lathyrus nissolia apparently offers a case of the first

@ The Complete Work of Charles Darwin Online



Cuar. VIIL IMPATIENS. 327

stage in the production of cleistogamic flowers, for on
plants growing in a state of nature, many of the flowers
never expand and yet produce fine pods. Some of
the buds are so large that they seem on the point of
expansion ; others are much smaller, but none so small
as the true cleistogamic flowers of the foregoing
species. As T marked these buds with thread and
examined them daily, there could be no mistake about
their producing fruit without having expanded.

Several other Loguminous genera produce cleisto-
gamic flowers, as may be seen in the previous list; but
much does not appear to be known about them. Von
Mohl says that their petals are commonly rudimentary,
that only a few of their anthers are developed, their
filaments are not united into a tube and their pistils
are hook-shaped. In three of the genera, namely Vicia,
Amphicarpiea, and Voandzeia, the cleistogamic flowers
are produced on subterrancan stems. The perfect
flowers of Voandzeia, which is a cultivated plant, are
said never to produce fruits* but we should remember
how often fertility is affected by cultivation.

Impatiens fulva.—Mr. A. W. Bennett has published
an excellent description, with figures, of this plant.t
He shows that the cleistogamic and perfect flowers
differ in structure at a very early period of growth, so
that the existence of the former cannot be due merely
to the arrested develop f the latter,—a conel
which indeed follows from most of the previous de-
seriptions. Mr. Bennett found on the banks of the Wey
that the plants which bore cleistogamic flowers alone
were to those bearing perfect flowers as 20 to 15 but

» Comea do Mello (‘Journal  Afican plant, which s sometimes
Linn. Soc. Bot? vol. xi. 1870, p.  cultivated in Brazil.
m) partioularly atiended tothe .t * Journal Linn. Boc. Bot vol.
flowering and fruiting of this xiil. 1872, p. 147.
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we should remember that this is a naturalised species.
The perfect flowers are usually barren in England ; but
Prof. Asa Gray writes to me that after midsummer in
the United States some or many of them produce
capsules.

Impatiens noli-me-tangere—T can add nothing of im-
portance to Von Mohl’s description, excepting that
ome of the rudimentary petals shows a vestige of a
nectary, as Mr. Bennett likewise found to be the case
with I fulva. As in this latter species all five stamens
produce some pollen, though small in amount; a
single anther contains, according to Von Mohl, not
more than 50 grains, and these emit their tubes
while still enclosed within it. The pollen-grains of the
perfect flowers are tied together by threads, but not,
so as far as I could see, those of the cleistogamic
flowers ; and a provision of this kind would here have
been useless, as the grains can never be transported
by insects. The flowers of I balsamina are visited by
humble-bees,* and I am almost sure that this is the
caso with the perfect flowers of I noli-me-tangere, From
the perfect flowers of this latter species covered with
a net eloven spontancously self-fertilised capsules were
produced, and these yielded on an average 3-45 seeds.
Some perfect flowers with their anthers still containing
an abundance of pollen were fertilised with pollen from
a distinet plant ; and the three capsules thus produced
contained, to my surprise, only 2, 2, and 1 sced. As
I balsamina is proterandrous, so probably is the pre-
sent species ; and if so, cross-fertilisation was effected
by me at too carly a period, and this may account for
the capsules yielding so few seeds.

Drosera rotundifolin—The first flower-stems which

* H. Miiller, ‘Die Befruchtung, &e. p. 170,
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were thrown up by some plants in my green-house
bore only cleistogamic flowers. The petals of small
sizo remained permanently closed over the repro-
ductive organs, but their white tips could just be
seen between the almost completely closed sepals.
The pollen, which was scanty in amount, but not so
scanty as in Viola or Oxalis, remained enclosed
within the anthers, whence the tubes proceeded and
penetrated the stigma. As the ovarium swelled the
little withered corolla was carried upwards in the
form of a cap. These cleistogamic flowers produced
an abundance of seed. Later in the season perfect
flowers appeared.  With plants in a state of nature the
flowers open only in the carly morning,as T have been
informed by Mr. Wallis, who particularly attended to
the time of their flowering. In the case of D. Anglica,
the still folded petals on some plants in my green-
house opened just sufficiently to leave a minute
aperture; the anthers dehisced properly, but the
pollen-grains adhered in a mass o them, and thence
emitted their tubes, which penetrated the stigmas.
These flowers, therefore, were in an intermediate con-
dition, and could mot be called either perfect or
cleistogamic.

A fow miscellancous observations may be added
with respect to some other species, as throwing light
on our subject. Mr. Scott states* that Eranthemum
ambiguum bears three kinds of flowers,—large, con-
spicuous, open ones, which are quite sterile,—others
of intermediate size, which are open and moderately
fertile—and lastly small closed or cleistogamic ones,
which are perfectly fertile. Ruellia tuberosa, likewise
one of the Acanthacer, produces both open and cleis-

* ¢ Journal of Botany,’ London, new series, vol. i. 1872, pp. 1614,
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togamic flowers ; the latter yield from 18 to 24, whilst
the former only from 8 to 10 seeds ; these two kinds of
flowers are produced simultaneously, whereas in several
other members of the family the cleistogamic ones
appear only during the hot season. According to
Torrey and Gray, the North American species of He-
lianthemum, when growing in poor soil, produce only
cleistogamic flowers. The cleistogamic flowers of
Specularia_perfoliata are highly remarkable, as they
are closed by a tympanum formed by the rudi-
mentary corolla, and without any trace of an open-
ing. The stamens vary from 3 to 5 in number,
as do the sepals.* The collecting hairs on the pistil,
which play so important a part in the fertilisation
of the perfect flowers, are here quite absent. Drs.
Hooker and Thomson statet that some of the Indian
species of Campanula produce two kinds of flowers ;
the smaller ones being borne on longer peduncles
with differently formed sepals, and producing a more
globose ovary. The flowers are closed by a tym-
panum like that in Specularia. Some of the plants
produce both kinds of flowers, others only one kind ;
both yield an abundance of seeds. Professor Oliver
adds that he has seen flowers on Campanula colorata
in an intermediate condition between cleistogamic and
perfect ones.

The solitary almost sessile cleistogamic flowers pro-
duced by Monochoria vaginalis are differently protected
from those in any of the previous cases, namely, within
“a short sack formed of the membranous spathe,

* Von Mohl, “Bot. Zeitung, of the perfoct flower is mostly
1863, pp. 314 and 323, Dr. Brom-  5-cleft.
field (* Phytologist,” vol. iii. p. t “Journal Linn. Soe.” vol. ii.
530) also remarks that the calyx 1857, p. 7. Seo also P
of the cleistogamic flowers is Oliver in *Nat. Hist. Review,
usually only S-left, while that 1862, p. 240,
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without any opening or fissure.” There is only a
single fertile stamen; the stylo is almost obsolete,
with the three stigmatic surfaces directed to one side.
Both the perfect and cleistogamic flowers produce
seeds.*

The cleistogamic flowers on some of the Mal-
pighiacew seem to be more profoundly modified than
those in any of the foregoing genera. According to
A. de Jussicut they are differently situated from the
perfect flowers ; they contain only a single stamen,
instead of 5 or 6; and it is a strange fact that this
particular stamen is not developed in the perfect
flowers of the same species. The style is absent or
rudimentary ; and there are only two ovaries instead
of three. Thus these degraded flowers, as Jussieu
remarks, “laugh at our classifications, for the greater
number of the characters proper to the species, to the
genus, to the family, to the class disappear.” I may
add that their calyces are not glandular, and as,
according to Kerner,} the fluid secreted by such
glands generally serves to protect the flowers from
crawling insects, which steal the nectar without aiding
in their cross-fertilisation, the deficiency of the glands
in the cleistogamic flowens of these plants may perhaps
be accounted for by their mot requiring any such
protection.

As the Asclepiadous genus Stapelia is said to pro-
duce cleistogamic flowers, the following case may be
worth giving. I have never heard of the perfect flowers
of Hoya carnosa setting seeds in this country, but some
capsules were produced in Mr. Farrer’s hot-house ;

Kirk, <Journ. Linn. Soc. _ $ *Die Schutamitielder Blithen
64, p. 147. gegen unberufene Giste, 1876,
+ Amhwes dn Muséum, tom.  p.
1. 1843, pp. 85-38, 82-86, 389, 598,

vol.
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and the gardener detected that they were the product
of minute bud-like bodies, three or four of which
conld sometimes be found on the same umbel with the
perfect flowers. They were quite closed and hardly
thicker than their peduncles. The sepals presented
nothing particular, but internally and alternating
with them, there were five small flattened heart-shaped
papill, like rudiments of petals ; but the homological
nature of which appeared doubtful to Mr. Bentham
and Dr. Hooker. No trace of anthers or of stamens
could be detected ; and I knew from having examined
many cleistogamic flowers what to look for. There
were two ovaries, full of ovules, quite open at their
upper ends, with their edges festooned, but with no
trace of a proper stigma. In all these flowers one of
the two ovaries withered and blackened long before
the other. The one perfect capsule, 3} inches in
length, which was sent me, had likewise been de-
veloped from a single carpel. This capsule con-
tained an abundance of plumose seeds, many of which
appeared quite sound, but they did not germinate
when sown at Kew. Therefore the little bud-like
flower which produced this capsule probably was as
destitute of pollen as were those which T examined.,
Junous bufonius and Hordewm.—All the species
hitherto mentioned which produce cleistogamic
flowers are entomophilous; but four genera, Juncus,
Hordeum, Cryptostachys, and Leersia are anemophi-
lous. Juncus bufonius is remarkable* by bearing in
parts of Russia only cleistogamic flowers, which con-
tain three instead of the six anthers found in the
perfect flowers. In the genus Hordeun it has been

4500 Dr. Ashersons interestng paper in *Bot. Zeitung,” 1571,
p.551.
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shown by Delpino® that the majority of the flowers are
cleistogamic, some of the others expanding and ap-
parently allowing of cross-fertilisation. I hear from
Fritz Miller that there is a grass in Southern Brazil,
in which the sheath of the uppermost leaf, half o
metre in length, envelopes the whole panicle; and
this sheath never opens until the self-fertilised seeds
are ripe. On the roadside some plants had been cut
down, whilst the cleistogamic panicles were develop-
ing, and these plants afterwards produced free or un-
enclosed panicles of small size, bearing perfect flowers.

Leersia_oryzoides—It has long been known that
this plant produces cleistogamic flowers, but these were
first deseribed with care by M. Duval-Touvet T pro-
cured plants from a stream near Reigate, and cultivated
them for several years in my green-house. The cleis-
togamic flowers are very small, and usually mature
their seeds within the sheaths of the leaves. These
flowers are said by Duval-Jouve to be filled by slightly
viscid fluid ; but this was not the case with soveral
that I opened; but there was a thin film of fluid
between the coats of the glumes, and when these were
pressed the fluid moved about, giving a singularly
deceptive appearance of the whole inside of the flower
being thus filled. The stigma is very small and the
filaments extremely short; the anthers are less than
5 of an inch in length or about one-third of the
length of those in the perfect flowers. One of the
three anthers dehisces before the two others. Can
this have any relation with the fact that in some other

* ¢ Bollettini del Comizio agra-  on Hordeum, in ‘Monatsbericht d.
rio Parmense” Marzo ¢ Aprile, K. Akad. Berlin, Oct. 1872, p. 760,
1871, An abstract of this veluable  + ¢ Bull. Bot. Soc, g
paper is given in ‘Bot. Zeitung, tom. x. 1863, p. 194,

1871, p. 557. Seealso Hildebrand

@ The Complete Work of Charles Darwin Online



334 CLEISTOGAMIC FLOWERS. Cuar. VIIL

species of Leersia only two stamens are fully de-
veloped ?* The anthers shed their pollen on the
stigma ; at least in one instance this was clearly the
case, and by tearing open the anthers under water
the grains were casily detached. Towards the apex of
the anther the grains are arranged in a single Tow and
lower down in two or three rows, so that they could be
counted ; and there were about 85 in each cell, or 70
in the whole anther ; and this is an astonishingly small
number for an anemophilous plant. The grains have
very delicate coats, are spherical and about 7yy of
an inch (-0181 mm.), whilst those of the perfect flowers
are about 5755 of an inch (0254 mm.) in diameter.
M. Duval-Touve states that the panicles very rarely
protrude from their sheaths, but that when this does
happen the flowers expand and exliibit well-developed
ovaries and stigmas, together with full-sized anthers
containing apparently sound pollen ; nevertheless such
flowers are invariably quite sterile. Schreiber had pre-
viously observed that if a panicle is only half protruded,
this half is sterile, whilst the still included half is
fertile. Some plants which grew in a large tub of
water in my green-house behaved on one oceasion in a
very different manner. They protruded two very
large much-branched panicles; but the florets never
opened, though these included fully developed stig-
mas, and_stamens supported on long filaments with
large anthers that dehisced properly. If these florets
had opened for a short time unperceived by me and
had then closed again, the empty anthers would
have been left dangling outside. Nevertheless they
yielded on August 17th an abundance of fine ripe
seeds. Here then we have a near approach to the

* Asa Gray, ‘ Manual of Bot. of United States; 1856, p. 540.
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single case as yet known* of this grass producing in a
state of nature (in Glermany) perfect flowers which
yielded a copious supply of fruit. Seeds from the clei
togamic flowers were sent by me to Mr. Scott in
Caleutta, who there cultivated the plants in various
ways, but they never produced perfect flowers.

Tn Europe Leersia oryzoides is the sole representa-
tive of its genus, and Duval-Touve, after examining
several exotic species, found that it apparently is the
sole one which bears cleistogamic flowers. It ranges
from Persia to North America, and specimens from
Pennsylvania resembled the European ones in their
concealed manner of fructification. There can there-
fore be little doubt that this plant generally propa-
gates itself throughout an immense area by cleisto-
gamic seeds, and that it can hardly ever be invigorated
by cross-fertilisation. It resembles in this respect
those plants which are now widely spread, though they
increase solely by asexual generation.

7 Remarks on Cleis Flowers—That
these flowers owe their structure primarily to the
arrested development of perfect ones, we may infer
from such cases as that of the lower rudimentary petal
in Viola being larger than the others, like the lower
lip of the perfect flower,—from a vestige of a spur in
the cleistogamic flowers of Impatiens,—from the ten
stamens of Ononis being united into a tube,—and
other such structures. The same inference may be
drawn from the occurrence, in some instances, on the
same plant of a series of gradations between the
cleistogamic and perfect flowers. But that the former
owe their origin wholly {0 arrested. development s

* Dr. Ascherson, ‘Bot. Zeitung,  cases in my *Variation under
1864, p. 350. Domestcation/ ch. - xviil—2ud
¥ 1 Have eollcoted several such  edit, vol. i. p. 163,
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by no means the case; for various parts have been
specially modified, so as to aid in the self-fertilisation
of the flowers, and as a protection to the pollen; for
instance, the hook-shaped pistil in Viola and in some
other genera, by which the stigma is brought close
to the fertile anthers,—the rudimentary corolla of
Specularia modified into a perfectly closed tympanum,
and the sheath of Monochoria modified into a closed
sack,—the excessively thin coats of the pollen-grains,
—the anthers not being all equally aborted, and other
such cases. Moreover Mr. Bennett has shown that
the buds of the cleistogamic and perfect flowers of
TImpatiens differ at a very carly period of growth.

The degree to which many of the most important
organs in these degraded flowers have been reduced
or even wholly obliterated, is one of their most re-
markable peculiarities, reminding us of many parasitic
animals. In some cases only a single anther is left,
and this contains but few pollen-grains of diminished
size; in other cases the stigma has disappeared,
leaving a simple open passage into the ovarium, Tt
is also Interesting to note the complete loss of trifling
points in the structure or functions of certain parts,
which though of service to the perfect flowers, are of
none to the cleistogamic; for instance the collecting
hairs on the pistil of Specularia, the glands on the
calyx of the Malpighiacewm, the nectar-secreting ap-
pendages to the lower stamens of Viola, the secretion
of nectar by other parts, the emission of a sweet odour,
and apparently the elasticity of the valves in the
buried capsulés of Viola odorata. We here see, as
throughout nature, that as soon as any part or
character becomes superfluous it tends sooner or later
to disappear.

Another peculiarity in these flowers is that the
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pollen-grains generally emit their tubes whilst still
enclosed within the anthers; but this is not so re-
markable a fact as was formerly thought, when the
case of Asclepias was alone known.* It is, however,
a wonderful sight to behold the tubes directing them-
selves in a straight line to the stigma, when this
is at some little distance from the anthers. As
soon as they reach the stigma or the open passage
leading into the ovarium, no doubt they penetrate it,
guided by the same means, whatever these may be,
as in the case of ordinary flowers. I thought that
they might be guided by the avoidance of light: some
pollen-grains of a willow were therefore immersed in
an extremely weak solution of honey, and the vessel
was placed so that the light entered only in one di-
rection, laterally or from below or from above, but the
long tubes were in each case protruded in every
possible direction.

As cleistogamic flowers are complotely closed they
are necessarily self-fertilised, not to mention the
absence of any attraction to insects; and they thus
differ widely from the great majority of ordinary
flowers. Delpino believest that cleistogamic flowers
have been developed in order to ensure the production
of seeds under climatic or other conditions which tend

» Thocosoof Asclepias was de-
soribed by R Brow,
o' (¢ Adarsnia, tom. i. 1863,

they may be seen advancing hori-
through the air towards

1 have observed the
cission of the tubes from the

llen-masses whilst still within

thic anthers, i three widely distinot

alexis, and Neotta: s ¢ T
arious’ Contrivances by whi

rekids are Fertilisod; Jud it

\ “Sull’ Opera In ibuzione
of ‘Semi lle Fanter 1651,
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to prevent the fertilisation of the perfect flowers. I do
not doubt that this holds good to a certainlimited extent,
but the production of a large supply of seeds with little
consumption of nutrient matter or expenditure of vital
force is probably a far more efficient motive power.
The whole flower is much reduced in size; but what
is much more important, an extremely small quantity
of pollen has to be formed, as none is lost throngh the
action of insects or the weather; and pollen contains
much nitrogen and phosphorus,  Von Mohl estimated
that a single cleistogamic anther-cell of Owalis aceto-
sella. contained from one to two dozen pollen-grains ;
we will say 20, and if so the whole flower can have
produced at most 400 grains; with TImpatiens the
whole number may be estimated in the same manner
at 250 ; with Leersia at 210 ; and with Viola nana at
only 100. These figures are wonderfully low com-
pared with the 243,600 pollen-grains produced by a
flower of Leontodon, the 4,863 by an Hibiscus, or the
3,654,000 by a Prony.* We thus see that cleisto-
gamic flowers produce seeds with a wonderfully small
expenditure of pollen; and they produce as a general
rule quite as many seeds as the perfect flowers.

That the production of a large number of seeds is
necessary or beneficial to many plants needs no evi-
dence. S0 of course is their preservation before they
are ready for germination ; and it is one of the many
remarkable peculiaritios of the plants which bear
cleistogamic flowers, that an incomparably larger pro-
portion of them than of ordinary plants bury their
young ovaries in the ground;—an action which it
may be presumed serves to protect them from being

* The authorities for these statements aro given in my * Effeots of
Cross and Self-Fertilisation,” p. 376.
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devoured by birds or other enemies. But this advan-
tage is accompanied by the loss of the power of wide
dissemination. No less than eight of the genera
in the list at the beginning of this chapter include
species which act in this manner, namely, several
kinds of Viola, Oxalis, Vandellia, Linaria, Commelina,
and at least three genera of Leguminose. The seeds
also of Leersia, though not buried, are concealed in
the most perfect manner within the sheaths of the
leaves. Cleistogamic flowers possess great facilities
for burying their young ovaries or capsules, owing to
their small size, pointed shape, closed condition and
the absence of a corolla; and we can thus understand
how it is that so many of them have acquired this
curious habit.

It has already been shown that in about 32 out of
the 55 genera in the list just referred to, the perfect
flowers are irregular; and this implies that they have
been specially adapted for fertilisation by insects.
Moreover three of the genera with regular flowers are
adapted by other means for the same end. Flowers
thus constructed are liable during certain seasons to
be imporfectly fertilised, namely, when the proper
insects are scarce; and it is difficult to avoid the
belief that the production of cleistogamic flowers,
which ensures under all circumstances a full supply
of seed, has been in part determined by the perfect
flowers being liable to fail in their fertilisation. But
if this determining cause be a real one, it must be of
subordinate importance, as four of the genera in the
list are fertilised by the wind; and there seems no
reason why their perfect flowers should fail to be
fertilised more frequently than those in any other
anemophilous genus. In contrast with what we here
see with respect to the large proportion of the perfect

z 2
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flowers being irregular, one genus alone out of the 38
heterostyled genera described in the previous chapters
bears such flowers; yet all these genera are absolutely
dependent on insects for their legitimate fertilisation.
T know not how to account for this difference in the
proportion of the plants bearing regular and irregular
flowers in the two classes, unless it be that the hetero-
styled flowers are already so well adapted for cross-fer-
tilisation, through the position of their stamens and
pistils and the difference in power of their two or
three kinds of pollen, that any additional adaptation,
namely, through the flowers being made irregular,
has been rendered superfluous.

Although cleistogamic flowers never fail to yield
a large number of seeds, yet the plants bearing them
usually produce perfect flowers, either simultaneously
or more commonly at a different period ; and these
are adapted for or admit of cross-fertilisation. From
the cases given of the two Indian species of Viola,
which produced in this country during several years
only cleistogamic flowers, and of the numerous plants
of Vandellia and of some plants of Ononis which
behaved during one whole scason in the same manner,
it appears rash to infer from such cases as that of
Salvia leistogama not having produced perfect flowers
during five years in Germany,* and of an Aspicarpa.
not having done so during several years in Paris, that
these plants would not bear’ perfect flowers in their
native homes. Von Mohl and several other botanists
have repeatedly insisted that as a general rule the
perfect flowers produced by cleistogamic plants are
sterile; but it has been shown under the head of the
several species that this is not the case. The perfeet

* Dr. Ascherson, * Bot. Zeit.' 1871, p. 555.
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flowers of Viola are indeed sterile unless they are
visited by bees; but when thus visited they yield the
full number of seeds. As far as I have been able to
discover there is only one absolute exception to the
rule that the perfect flowers are fertile, namely, that
of Voandzein; and in this case we should remember
that cultivation often affects injuriously the repro-
ductive organs. Although the perfect flowers of
Leersia sometimes yield seeds, yet this ocours so
rarely, as far as hitherto observed, that it practically
forms a second exception to the rule,

As cleistogamic flowers are invariably fertilised, and
as they are produced in large numbers, they yield
altogether a much larger supply of seeds than do
the perfect flowers on the same plant. But the latter
flowers will occasionally be cross-fertilised, and their
offspring will thus be invigorated, as we may infer
from a wide-spread analogy. But of such invigoration
I have only a small amount of direct evidence: two
crossed seedlings of Ononis minutissima were put into
competition with two seedlings raised from eleisto-
gamic flowers ; they were at first all of equal height ;
the crossed were then slightly beaten; but on the fol-
lowing year they showed the usual superiority of their
class, and were to the self-fertilised plants of cleisto-
gamic origin as 100 to 88 in mean height. With
Vandellia twenty crossed plants exceeded in height
twenty plants raised from cleistogamic seeds only by
a little, namely, in the ratio of 100 to 94.

It is a natural inquiry how so many plants belong-
ing to various very distinet families first came to have
the development of their flowers arrested, so as ulti-
mately to become cleistogamic. That a passage from
the one state to the other is far from difficult is shown
by the many recorded cases of gradations between the
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two states on the same plant, in Viola, Oxalis, Biophy-
tum, Campanula, &e. In the several species of Viola
the various parts of the flowers have also been modified
in very different degrees. Those plants which in their
own country produce flowers of full or nearly full size,
but never expand (as with Thelymitra), and yet set
fruit, might easily be rendered cleistogamic. Lathyrus
nissolia seems to be in an incipient transitional state,
as does Drosera Anglica, the flowers of which are not
perfectly closed. There is good evidence that flowers
sometimes fail to expand and are somewhat reduced
in size, owing to exposure to unfavourable conditions,
but still retain their fertility unimpaired. Linnweus
observed in 1753 that the flowers on several plants
Dbrought from Spain and grown at Upsala did not
show any corolla and yet produced seeds. Asa
Giray has seen flowers on exotic plants in the North-
em United States which never expanded and yet
froited. With certain English plants, which bear
flowers dnring nearly the whole year, Mr. Bennett
found that those produced during the winter season
were fertilised in the bud; whilst with other species.
having fixed times for flowering, but “which had
been tempted by a mild January to put forth a few
wretched flowers,” no pollen was discharged from the
anthers, and no seed was formed. The flowers of
Lysimachia vulgaris if fully exposed to the sun expand
properly, while those growing in shady ditches have
smaller corollas which open only slightly ; and these
two forms graduate into one another in intermediate
stations. Herr Bouché’s observations are of especial
interest, for he shows that both temperature and the
amount of light affect the size of the corolla; and he
gives measurements proving that with some plants
the corolla is diminished by the increasing cold and
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darkness of the changing season, whilst with others
it is diminished by the increasing heat and light.*
The belief that the first step towards flowers being
rendered cleistogamic was due to the conditions to
which they were exposed, is supported by the fact
of various plants belonging to this class either not pro-
ducing their cleistogamic flowers under certain condi-
tions, or, on the other hand, producing them to the
complete exclusion of the perfect ones. Thus some
species of Viola do not bear cleistogamic flowers when
growing on the lowlands or in certain districts. Other
plants when cultivated have failed to produce perfect
flowers during several successive years; and this is
the case with Juncus bufonius in its native land of
Russia.  Cleistogamic flowers are produced by some
species late and by others early in the season ; and this
agrees with the view that the first step towards their de-
velopment was due to climate; though the periods at
which the two sorts of flowers now appear must since
have become much more distinetly defined. We do not
know whether too low or too high a temperature or the
amount of light acts in a direct manner on the size of
the corolla, or indirectly through the male organs being
first affected. However this may be, if a plant were
prevented either early or late in the season from fully
expanding its corolla, with some reduction in its size,
but with no loss of the power of self-fertilisation, then
natural selection might well complete the work and

* Forthestatement by Linnwus, . 543) “ that when the antumn
seo Mobl in * Bot. Zeitung,’ 1863,  draws on, and habitually in winter
27. Asa Gray, ‘American for such of our wild flowers as
Journal of Science, 2nd scries,  blossom at that scason,” the flower
yol xcxiz. 1865, p 105, Benmutt  ave sllfontilied.  On Lyt
in “Nature, Nov. 1869, iiller, * Nature, Sept

The Rev. G, Henslow also snyn
( Gardener’s Chronicle,’ 1577,
271 also  Nuturey Ock. 16, 1876,

Bouché, * Sitzungs-
berich dar Glasl Nm..m,mu.
Freunde,’ Oct. 1874, p.
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render it strictly cleistogamic. The various organs
would also, it is probable, be modified by the peculiar
conditions to which they are subjected within a com-
pletely closed flower; also by the principle of corre-
lated ‘growth, and by the tendency in all reduced
organs finally to disappear. The result would be the
production of cleistogamic flowers such as we now
see them; and these are admirably fitted to yield a
copious supply of seed at a wonderfully small cost to
the plant.

I will now sum up very briefly the chief conclusions
which seem to follow from the observations given in
this volume. Cleistogamic flowers afford, as just
stated, an abundant supply of seeds with little ex-
penditure ; and we can hardly doubt that they have
had their structure modified and degraded for this
special purpose; perfect flowers being still almost al-
ways produced so as to allow of occasional cross-fertilisa-
tion. Hermaphrodite plants have often been rendered
monecious, dicecious or polygamous; but as the sepa-
ration of the sexes would have been injurious, had not
pollen been already transported habitually by in-
sects or by the wind from flower to flower, we may
assume that the process of separation did mot com=
mence and was not completed for the sake of the
advantages to be gained from cross-fertilisation. The
sole motive for the separation of the sexes which
oceurs to me, is that the production of a great number
of seeds might become superfluous to a plant under
changed conditions of life; and it might then be highly
beneficial to it that the same flower or the same indi-
vidual should not have its vital powers taxed, under
the struggle for life to which all organisms are sub.
5tad by pood bt ol o
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respeet to the plants belonging to the gyno-dicecious
sub-class, or those which co-exist as hermaphrodites
and females, it has been proved that they yield a
much larger supply of seed than they would have
done if they had all remained hermaphrodites ; and wo
may feel sure from the large number of seeds pro-
duced by many plants that such production is often
necessary or advantageous. It is therefore probable
that the two forms in this sub-class have been sepa-
rated or developed for this special end.

Various hermaphrodite plants have become hetero-
styled, and now exist under two or three forms; and
we may confidently believe that this has been effected
in order that cross-fertilisation should be assured.
For the full and legitimate fertilisation of these plants
pollen from the one form must be applied to the
stigma of another. If the sexual elements belonging
to the same form are united the union is an illegiti-
mate one and more or less sterile. With dimorphic
species two illegitimate unions, and with trimorphic
species twelve are possible. There is reason to believe
that the sterility of these unions has not been specially
acquired, but follows as an incidental result from the
sexual elements of the two or three forms having been
adapted to act on one another in a particular manner,
so that any other kind of union is inefficient, like
that between distinet species. Another and still more
remarkable incidental result is that the seedlings
from an illegitimate union are often dwarfed and
more or less or completely barren, like hybrids from
the union of two widely distinet species.
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acuminata, 122; Discospermum, | — odorata, 317, 336
286 —— palustris, 320
Ty 14 — Rozhurghiana, 519
Thymus citriodorus —— Ruppii, 320
wilum, 299, sm 302,804 | —— wylvatica, 320
o 302 — tricolor, 4, 320

Timbe e, M., on hybrids in | Voandseia, 827
genus L‘mu:. 3
Torrey.” Dr, on Hottonia it
3

w.
B i o o 1 o o
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Trevirnus on Androsace vital- | Watson, H. C., on cowslips, priu-
liana, 53; Linum, 81 | Toses, and oxlips 57, 60, 688
| Primuda datior, 72,73
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Wetterhan, Mr,, on (ﬂry
Vandelia mummlarifli, 324 Wichara, liax, on. Lyia wilot

76 sterilo Hybrids, 240
o Solda- erlgennnl/ylhrum Salicaria, 138,
nella. alpma, 54 Lythrum

165

Waoaltr. W, on Polyantius, 18
Wray, Leohurd, on Fragaria, 203
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tianity, Thé Bampton Leetures fox 1576, vo.
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DEUTSCH (Bxauve). Talmud, Ilam, The Targums and other
Temain,

DILKE (St C. W.). l’upers of a Critic. Selected from tho
Writ ‘ e With a Bographi-
Sk

aal Volar wor 200
DOG- BRLAKING vmh Odds and Ends for thoss who love the
i G . Hovca s At 0 M o

Thoob”
DOMESTIC “MODERN COOKERY. Founded on Principies of
conomy and_Practical Knowledge, and adapted for Private Families.

and Adventures. Portrait. 8v0. 15
bt of Gunnery.  Plates. 8vo. 21s.
o Construction of Bridges and the Passage of Rivers,
in Military Operations. Plates. ~Svo.
(W) HorseShocing s As i ', and As it Should be,
Tiiatrtions. Postovec 1o

DRAKES (Stx Franors) Life, Vnyag!s and Exploits, by Sea and
Lan x Basnow, Post

'y Jou
nnmxwums o) thry "ot “tho Siege of Gibraltar,

With a Deseription and Account of that Garrison from the.
G Portods, PostSrbe B

DU CA‘!GKS Mupiavan Lars Excusn Dicrioxany, Translated
3 Rev. E. A Daviiax ana J. 1. Hesseus. Swallato,  (In preparation.
DU CHAILLY (Pavn Bor - Baaronsin Arnica, with Accounts
o the Gorllay the Nest-builing Ape, himpanise, Crocadile, c.
™ Journey fo Ashango Land ; and Further Pene-
peremm bl g g gl
DUFFERIN'S (Lony) Letters from High ‘Latitudes; a Yacht
Yoyage to Ieoland, Jan Mayen, and Spitzbergen. Woodeuts. Fost
DUNGAN (Mason). History of tho Royal Artillery.  Com-
iled from the Original Records. With Portraits, 2 Vols.  $vo. 81s,
EASTLAKES (St Cnantrs) Contributions to the Literature of
e . With

o S
EDWARDS' (V. 1) Voyuge up the River Amazons, ineluding »

it to P st 8vo.
EIGHT MUI\TIIS 30 oas, during the Vatican Council, with
ily Account of the Procesings. By Powrosio Lo, 1
ot e e Origiat. B
ELDON'S (Low) Pablic and Private Life, with Selections from
is Correspondonce and Diaries. By
Vol a1s.

ELGIN'S (Lﬂln) Totters and Journals, Edited by Tazovons

WaLRoxD. | With Preface by Dean Staney. §vo. Ids.
ELLESMERE (Low). ~Iwo Sieges of Viensa by the Turks.
Translated rom he German. Pose 8o 2

ELLIS (W), . Madagacens Reviited, Setting forth the Perse-
‘ations and Horoie Sufferngs of the Native Christiars.  Dlustrations.

— Memoir. By His Sox. o With his Charseter and
Work. By Rev. Hexey Atios, D.D, svo. 1

(Sonrxson) Poomns and Fragaments of Gatuniis. Tomo. 55
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ELPHINSTONE (Hor. Movnmsroane). History of India—the
indon and Matomedan Perlods ~Edited by Fuorsason Cowrise

Patterns for Turning; Comprising
e o vl 6o s of sny

ENGLAND.  Seo Cassoors, Croxen, Hox, mmm, Sz,
ana S
ESSATS OX cm—mnmns. With an Introduction. By

Howsox. 8vo.

covmrxs,
Recollectons of & Dess—Bisiop o The Ol Poundation—Edwant A
[ rooman,

ons and theie Work. — Casen | Welah Cutiedrals—Canon Ferovne.
Clorister, St . Gore Ouseley.
cnmanu in Ireland. — Dean of | Sehools—Ganon Durham.
toforn —Chaneallor Massingberd.
Aspect. | The Benson.
K. J. B Beresford Hope, Architeoture.—Canon Venables,

Catheifal Foundations — Cason West-
ot

BLZE (Kano).  Life of Lord Byron. With a Critical Essay on bis

FERGUSSON (.hm:s Hlalnry of Architeoture in il Counum
fram e Earles e Wik 1000 Wtson. 4 ¥ S0,
Vol 1. & 11, Anciont and Modimval,
Vol it it Eastern, 42s.
Vol. 1V. Modern, 31, 6d.
o g, R Stone Monuments in all Countros; their Age
and Uses.With 29 ilustrations,  Medium &
—_— oy Sopuleire and tho Temgle 3¢ Jerasalem.
oodeats,  Svo,
FLEMING Tmarmeont s St Vinator el Philosophy.
With Quotatious and Reforences. Post 5v0. 1. 6.
FLOWER GARDEN. By Rev. Tros. Jauss. Feap. 8vo. 1.
FORD (Riomaxs). Gatherings from Spain. Post 8vo. 3. 6d.
FORSYTH (Wivtrax). Life and Times of Cicero, With Selections
Lis Correspondence and Orations. 1llustrations, vo, 10s, 61,
j Hortensivs; an_ Historieal. Eesay ‘on the Ofc
and Duties of an Advocte, Tiustrations.
-— nmoryounmmmnnm.pu, Pmsva. 2. 6.
vels and Novelists of the 18th Century, in
iastrationofthe Mampers nd alords of o Ao, ot vo.
—— The Slavonic Provinees South of the Danube; &
Sketch of thoir History ard Prescnt Stats. ey . 5
FORTUNE (owmvz). Narmative of Two 0 the Tea Countries
of Ghi, 14351, Wooteutn. 3 Vo, ‘o ver 1o
FORSTER (Joms). The Ilnr!y Life of Jonathan Swit. 1667-1711.
Wi w it 8vo.

F0SS (Baward.  Biographin Jurdics, or Biographieal Dictionary
o e Judgm:!.d o Engand, from. ths Conguest 0 the Present T,
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FRANCE (Histoxy or). See Marxmax—Swuirn—Student’s.

FRENCH (Ts) in Algiers; The Soldier of the Foreign Legion—
420 the Prioners of Al i, Truuloed by Lady Do Gowoox.

FRERE (S Banziz). Indian Missions. Small 8vo. 5. 6d.
o Fastern Africa as  feld for Missonary Labour. ¥
Map.

ae B:ngnl Fumine. How 1t will ' Mek sud How 4 Pintenh
Future Fumioes in India. With Maps. Crown svo.
GALTON. (Fraxcrs). Art of Travel ; or, Hints on the Shifts and

Gontrvances available in Wild Gouniries. Woodeuts. Post 8vo.

GEOGLAPHICAL SOCIETY'S JOURNAL. (Pullished Yearly)

GRORGE (Exsuss). Tho Msel;a Seris of Tuenty Bichings, vith
Ein m). rial 10,

Loi b of ance, a Series of Twenty
Ebiog wit Duscipdve Tese Fole 41

GERMANY (Husrony o). See MARkiAx.
GIBBON'S (Enwum) History of the Decline and Fall of the
Enpire, Edited
g

by e and Gurzor. - Edited, with N
P 8 Vo &

(m Student’s Gibbon); Being an Epitome of L
above wark {he Resenrchesof

GI!‘PAR.DS (Enmkn) Deeds of Naval Daring; or, Ancedotes of
Navy, Feap. 8vo. s
GLADSTONE s (W. E.) Financial Statemaents of 1853, 1860, 63-65.

Rome and the Newest Fashions ia Religion.

Threo Tracts, Svo. 7. 60,
GLEIGS (. I Campaigas of the British Army at Washington
New Orleans. - Post Svo.

T G Padl or Watatior'\Pos Eva.te1 001
- Narrative of Sale’s Brigade in Afighanistan. Post 8v0.2e.
— Lifo o Lord Olire, Postbvo. 3. 62
———————— Sir Thomas Munro. Post 8vo. 35. 6d.
GLYNNE (Sm utxrm:n) Notes on the Churches of Ken
With Tiustrations. v [Inl‘qummu.
GOLDSMITITS (Ouvas) Works, Edited with Notea by b
usiowN. Vignettes. 4 Vals, Svo.
eom)ons (Smn Aux,) Sketches of Germm Life, and Scenes
m tho War of Liberation.  Fost 8v0.
(Laoy Dm) Amber- Wm
et Post e,
" French in Algiers. 1 Tho Soldior of the Foreign
. 2. The Prisoners of Abd-l Svo.
GRAMMARA ok Cutiagat it | i1 il ow (418
Mavrui; Mavrzxen; Surrn.

0 Mvial for Witehe

@ The Complete Work of Charles Darwin Online



PUBLISHED BY MR. MURRAY. 13

GREEQE (Hisron or). See GRors—Saurrn—Student.

GRBY'S (Eam) Corespondence with King Willm IVth sad
e g,

il entary g Relonn, with

Sosgesions m e T vaane of o Repeieectily ot

umzm‘s (M.) Maditations o Christianity.* 3 Vole. Post 8vo.
00

GROTE (Gsonox). History of Greece. From the Earliest Times
o the ot genrtin cnterporty wih oo of loxander
Bitson, Portrait;Maps, and 1 e
100w, Gabinsé Eiiim: Poririt and s 13 Yol Post Seo.
w470, and other Companions of Socrates. 3 Vols. §vo. 43s.
:\Ixﬂu'ﬂ.l. 2 Vols. 8vo. 32s.
— Minor Works.  With Critieal Remarks on his
!me\lnumnlschn:‘uer ‘Writiogs, and Speeches. By ALxx Bam, LL.D,
Fragments on Ethical Subjocts, Being a Selecion from
his Posthumons Papers. an Introduction. By Ausxasows
B, MA Bvo. T
Letters on. thu Polities of Switzerland in 1847, 6s.
Personal Life. Compiled from Family Documents,
o Memarundy, and Qriginal Tottrs o' and i Vorious
By -
HALL (T. D) i Dr, W SMITH'S School M.nu.x of English
‘Grammar. - With Copious Exercises. 12
Primary Baglih Grammar for Elmenhry Schools.
Tased on the ahove work. 16mo.
— Child’s First Latin Book, mchldlng a Systematic Treat-
‘mentof the New Pronunciation, and a full Praxis of Nouns, Adjes-
Hves, and Provouns,
HALLAMS (Hnxn) Commuunnd History of England, from the
ccession of Hen venth to the Death of Gearge th
Litrary Baton. s Vols. ovar 0s, Gabies Bidon ¥ e Pt BencIne”
Student’s Edition of the above work. Edited by
W Swrrn, D.OL. Post8vo. 7. 6d.
History of Europe during tho Middle Ages, Zibrary
Bditon. 3 Vols, 8vo. 0. Cabinet Edicion, 3 Vols. Post 0,
Stadant’s Edition of tho above work. Edited by
W Sures, DCL. Post6vo. 7. 4
iterary History an\lrnpu, during the lsth, 16th and
17 Centuren, Litrary Edtion 3 Vols. v et Eaition,
AVols. Post vo, 165
(Areuow Literary Remains; in Verse and Prose
Porteait, Feap.Svo. 3.
HAMILTON'S (Gzx. Su F. W, History of the Grenadier Guards,
Oriinn Docamenta ' th Bl Recontn, War Ofic, Bgtmenal
Recoroy o, Whi Hasemtons
HARTS ARMY LIST. (Publisled Quarterly and Anmually)

HAY'S (St J. H. Droxoxp) Western Barbary, its Wild Tribes
‘and Savage Animals. Post 8vo. 2.
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HEADS(Sxx Fraxcrs) Royal Engmeen Tllustrations, 8vo, 12
Life of Sir John Burgoyne. Post 8vo. 1s.

~——— Rapid Journeys across the Pampas. Post 8vo. 2.
Bubbles from the Braunen of Nussss. lustrations.

Post &
- md Pokers ; cr, the London snd North Western
uilway. Post 8vo.

~ {812 o) qh.u and Will; or, Future Auxiliary

HEBERS(B!WO!) Jnnms.h in India. 2 Vols. Post 8vo. 7s.

——— Poetical Worke. Portrait. Feap. 8vo. 35 60
Hymns adapted to the Church Service. 16mo. 1s. 6d.

Englikh Version, Ediudﬁ with Notes

HERSOHELS (Canotrs) Memair ml (‘avrespondcﬂcm By
Mes, Jomy Hrnscsi. With Porteaits, Crown

HATHERLEYS (Low) Contilty of Seriptare, as Declared
estimony of our Loy e Evingiis and preee
“Fopudir Ediion. FostSvo.

HOLLWAYS(JA 6, Month in Norvay. Feap. 0. 2e.
HONEY BEE. By Rev. Toxas Jaxss. Feap. 8vo. Is.
HOOK'S (Dzax) Church Dictionary. 8vo. 16s.

(Tuzovors) Life. ByJ. G. Lookusrr. Feap. 8vo. Is.

HOPE (T. C.). ARCHITECTURE oF ANMEDADAD, With Hmnnml
Skeleh b0 Architosural Notes. . Widh Maps, Phot

P u J: Bunssrons) Worship in, the Church of England.
Svo. 9., cx, Popular Sclections from.

HORACE; o ‘Vew Edition of the Text. deted hy Drax Muxax,
100 Woode svo.
L:f of. By DEax Rt lllnnlmunm. svo. O
HOUGHTON'S (Loms) Monographs, Personl snd Social. With
Portralts, Crown vo. 105, 64,
Pormioan \\'mm:. Collected Edition. With Por-
Feap. sve

trait. 2 Vo, 20,

HUME'S (The Student’s) Hmm—y of Logland, from the Tova-
slon of Julius Cauar to the Revcluton of 1655, Corrsctod and cone
tinned t01868. Woodeats,  Post 8vo. 15, 64.

HUTCHINSON (Gxr.) Dog Bmkmg, with 0dds and Ends for
thoss who levo e Dog and the Gun, With 40 Illvstrations. 6t
HUTTON'S (H. E) Principia Graeca; an Introduction to the Study
ek, Comprebending Gramnar, Delectus, a0d. Execisebook,

b Vot S 1200, 85,
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FOREIGN HANDBOOKS.
}Lwn noox—wmvzm‘um English, French, German, and

" "HOLLAND AND BELGITM, Map and Plass.
Poatsvo. e,
GERMANY and HINE,—

H THE R 5
‘ho Black Forest, the Hartz, Thiringerwald, Saxon Switaerland,
Kicen the G Mountains, Taunas, Odenwald,
ringen. ap and P, Podt o
% GERMANY, — Wurtemburg, Bavaria,
A\mnu, tyin Suabarg, the Austla! wnd Bavarian Alps, Tyl Hi
e Danube, from Ul o the Black Sea. Map. Post §vo. 10
ST pAINTING, German, Flemish, and Datch Sehoola.
Tilustrations. 2 Vols. Post 8vo. 24s.
_ IVES OF BARLY FLEMISH PAINTERS. By
Crows and Cavarcasius. Tilustrations.  Post 8vo. 10s.
SWITZERLAND, Alps ‘o Bavoy, and Fisdmoat,
9.

Daps. Post
FRANLE Part, 1. Normandy, Brittany, the French
Alps, e Loie, the ‘Seine, the Garoune, and the Pyrences. Post &

7a.

Part IL. Central France, Auversne, the
T Garennen, Bargunty, e Riows and Sum, Prove

i, theFench Mg, Alsus, Lareios Commpas
Feiie

DITERRANEAN ISLANDS— Malta, Corsics,
et s il Mape ke
- ALGERIA, Algiers, Constantiae, Oras, he"Ains
Range. Map. Post v,
PARIS, and its Eavirons, Map. Tomo. 35 6d.
" MusaY's Prax or PAms, mounted on canvas. 5.
SPALN, Madrid, The Casiles, The Bisque Provinces,
Loon,The Asturias, Glica, Eatremadura, Andalusi, ionda, G
o Catoni, Aragon, Nuvaces, Tho' Balesre Lalands,
e % Vol
2% PORTUGAL, Lisos, Porto, Cintra, Mara, &e.
Map. Post Svo. 12,
— NORTH ITALY, Tarin, Milan, Cremona, the
n.h.n Taken, Borgao, Brescin, Veruta, Mantza, Vianaer Fud

n,
. av oo, Rinial, Fladenz, G, - iviers
¥ o PR Moo sl Bemagia, Mo Pastore.

e R CENTRAL ITALY, Florence, Luces, Tuscany, The
archos,Umbrin, and the Ite Pairimony of St Peter’s, Map. Post 6vo.

ROME xp 1rs Exvinons, Map. Post 8vo. 10s.

———— SOUTH ITALY, Two Sicilies, Naples, Pompeii,
Herculaagum, and Vesuvius, ‘Map. PostSvo. 102,

— KNAPSACK GUIDE 10 TTALY. 16mo.

~————— PAINTING. The lialian Schools. Iiustrations.

Post bvo, 80s.
LIVES OF ITALIAN PAINTERS, raox Cocsson
t0 Bassaxo. By Mrs. Jaxzsow, Portraits, Post Svo. 12
————— NORWAY, Chnsll-mn, Bergen, Trondhjem. The
Fyda cnd Flords Map, P svo. o
DEN, snekholm. , Upals, Gothenburg, the
premp n.ma, e Postsvo.
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HANDBOOK—DENMARK, Sl:umg,Hnmem, Copentagen, Jut-
land, leland. Map.  Post 3vo.
——————— RUSSIA, 8r. YETIHI\!M. Moscow, Povaxp, and
Frsuaso. Maps. Post Svo
g GREECE, the onian Islands, Continental Greee,
 pfuens, the Felpoisenus, tho Tuads of the o Ses, Albasis,
o Macodvata. - Maps, . Post Svo.  1oe.
'URKEY IN Ab[\—CO!M‘A"l:nyu, the Bos.
orus, Darianelles, Brouss, Plain of Troy. Grete, Cypras, Swyrin,
Bimoon o Sover Glreen, Cousts o the. Bisck Son, Armens,
Seopihmis, ko Biape Fos .
s FOYPT, including Deriptions of the Coursa of
ho Nile through Egypt and Nubia, Alexandria, Caio, and Thebes, the
Soka Cunn, ho m..msu u-« Tealasuin of Sioat, the Ousco, the
ost B
HOLY LAND-—Staus, Pasmerres, Peninsula, of
Sinai, Edom, Syrian Desorts, Petrs, Dumaseus, and Falmyra, M
Pk % Tl iy of P, T4 cum 10
axp Mavas.  Map. 2 Vols.

Post 80, 125, ach.

ENGLISH HANDBOOKS.
HAND-BOOK—MODERN LONDON. Map. 16mo. 3s. 6d.
EE vmoNs OF LONDON wnhm a circuit of 20
is.

G
— % "BASTERN COUNTLES, Chelmaford, Harwich, Col.
shour, Yo, Cambride, iy, Kovmueke, Biry 6 Bion
Ipsvich, Woodbridge, Felixatows: Lowestoft " Norvich, Yarm
£y e, Map and Plans. Post Svo. 150
~ CATHEDRALS of Oxford, Peterborough, Norich,
Biy, and Lincoln. ith 60 Mustrations, Grown v
——"""KENT' AND SUSSEX, Ganterbury, Dover, Rams-
ate Shsermas Rchester, O, Woobvich, Brgbion:Chlebetr
b ooy Lo Kol &
URREY AND HANTS, Kingston, Grogdon, Rei.
g, oo, e oA ostr, Souhumpion, Xow
Fortn, Foramoi, s Tl o Wi B et Ev. 10
———"""BERKS, BUCKS, AND' OXON, Windsor, Eton,
g areany oSS alD OXO% e Gitydnd Uat!
Jemty®of Dtord lenhei . 1o Deseon of the Thames. S

.
VLTS DORSET, AND SOMERSET, Salisbury,
Ghippeuta, Wormouth, Sherborne, Wells, Bath, Bristol, Taunton.
Map. vo. 108,
BEVON AND CORNWALL, Exeter, Iifracombe,
Linton, Sidmouth, D»
s

uvlishy Telgumouth, Plymouth, Davongort, o
ruro, Penzance, Falmouth, the Lizard, Land's End

MELTHEDRALS of Winchester, Salisbury, nxmr,
;-‘:‘uu:, Shichestr, Rocheter, Cantarbry, and St. Albaos. ~ With
GLOUCESTER, HEREFORD, axp WORCESTER,
Cirencester, Cheltenbam, Strond, Towkenbury, Leominster, Ross, Mal”
vers, Kidderminster, Dudley, Brémsgrove, Evesham. Map. Post Svor 8.
HEDRALS' of Bristo, Glouceston: ‘Hereford,
Worswtarand Lichtld. 7 0 Mlutrions, Grown . 1
RTH WALES, Bangor, Carnarvon, Beaumaris,
Snowdon, Lisobers, Dolselly,Cldur Tris, Conway, &¢. Map. Post
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HAND-BOOK—SOUTH WALES, Monmouth, Liandaff, Merthyr,
m.cmm;.,m;mn,c.mmn.u Tenby, Swansen, The Wye, &e.

st
CATHEDRALS  OF BANGOR, ST. ASAPH,

Lixndaff, and St Dovid’s. With Iilnstrations,
. DE Now'rs, TEICESTER, STAFYORD,
s Pea on, ick, Dove

Mowhray, wx erhampton, Libeld, Waleall, Tamworth,
: SHROPSHIRP CHESHIRE am LANCASHIEE
a 7,

Sokpars Blrrontoal; Warnioghors By
Buraloy,Clitheroe, Balton, Blackbim, Wig

Lxmcnn[cr. oo Bluckpooh 6. Map: Bosiovo:

KSHIRE, Doncaser, Il Sally, - Beverlev,

i i e s, st Wakeidd, Brd
Hallins, Halderstent, Shefel B bostors. Tos.

ATHEDRALS of York, Ripon, Durham, Cnrlule

Ghester, s Manchetar, With 60 liststons. 3 Vols. Gromn 8.

DURHAM AND NORTHUMBERLAND, New.
cutio, Darlngion, Gateshead, Tishop Auckland, Stockion, Hartlepoc,
Stderland, Shiels, gevickion-Tutcd, Morpe, yaomouth, Gold:
stream, Aluwick, &, Map. Post

WESTMORLAND - axy_CUMBERLAND—Lan-
gatey Furness Abboy, Amblsde, Kendel Wiodermere Conietor

nle\mﬂcn ey
, Rochdale,

Monrav'a Ma op TiE LAKE DISTaior, on canvas
- NGLAND axp WALES. ‘\lpl.\lbeur:s.lly Semsnged
and condnsed iuto ane volume. Pos In the Press.
SCOTLAND, Edinburgh, l\[elmm, o, Kelso, Glusgow,
The rary, Lock

Dunfries, Ayr, St
Lomond, Loch Kntrine and Trossachs, c.lwn b Gamal, Tasiestan,
Ferth, Bundee, Xberdeon, Brvemar, Skye, Caithmess, Ross, Suther”

i Plans,  Post8vo, 0
AND, "Dublin,  Belfist, Donegal, Galmy,
Fextod, one,Limertk, Watetond, Kilardey, Munser, .

12,
IRBY AND MANGLES’ Travels in Egypt, Nubls, Syrla, and
st 8vo,

e o
JACOBSOI\"S e FrAgmenury Tilustrations of the History
wk of Common P1 i am Manuseript Sources (Bishop

2 s Bishop Wass
JAMES' (sz Taouss) Pa.blun ot Zsop, A New Translation, with
th 100 Woodeats by Texxiz and Wour,

e
JAMESON” (na)- Lives of tho Early Italian Painters—
4300 Progias of Paiting in Tals—Ginabuo (o Bassoo. Witk
orimity Post Sv0.
JERVIS R Church, from the Con-
i of Tlogun, 101, t o Rovoluton, Wit an Toeoducien.
JESSES (Eowap) Glaniaigein Natursl History. Fep.8v0. 3064
JEXBLAKE (Rev. . W, Lifs in Fath: Sermons Preaehed
AF il s o, Fe. o, .t
JOHNS (Rev. B. G) Blind People their Works and Ways. With
gkeches o e Lives o some fusous Blod Men. Witk iusrtons.
ust Svo.
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HOME ) AND  COLONIAL LIBRARY.

m u.‘...- .mumam ate
ibed at 2,

e
S0.64.ench, and arranged noder two dstimetive

A Series of Works
g been selected
o by oF 10 Abafores

CLASS A,

HISTORY, BIOGRAPHY,

1. SIEG OF GIBRALTAR. By
El ;.

THE AMBER-WITCN Dy

SO AL a0

‘By Rovuu Souraer,

e e,
By Joux Bavsow, %1,

nuxnu.

5. CAMPAIGNS AT wASHING:

3 mn FRENCH s u.mms.
Gonsox,

T 'rms FALLOF THE JESUITS,

8 LIVONIAN TALES. 2.
9. LIFE OF CONDE, By Lowo Ma-
ow. 30,64,

10. SALE'S BRIGADE. By Rav.
G.R. Gueia, %

cLASS
VOYAGES, TRAVELS,

1. BIDLE IN SPAIX. By Grosox
2 ayrsmsm sPAh By Geonox

9&.44 ,vomw.u.s 1N INDIA. By
isiop Henzn, 2 Vols.

AND HISTORIC TALES.

11 THE SIEGES OF VIENNA
0. T WAxSIDE Closs. 5y
1. sxsmnm o szmul NLIrE.

1 THE nnnn or WATERLOO,

G.R. Guuo.

1. AU’I‘OHIOGRAPH\{ OF STEF-
FENS.

1. THE Dnrirsn rOETS By

i uls'rolucu l:ssAYs. By

e OF LORD cuvz:, By
Rev. G. R. Gusio, 8s. 4.

19. NORTH - WESTERX n,m,.

. Haup.
20 LAvR O o, By Rev. E
R Gueic, 31,64,

B
AND ADVENTURES.

15, LETTERS FROM MADRAS. By
1. HIGHLAND SPORTS. By

. e, 64,
 rasie JOURNEYS. By sm
. B. Heiv,

LAND.
By Inoy and Maxcres
. MOR0CCO AND THE: uooxs,
& mm-:ns FRON i BALTIC.
o uzwsou'ﬂl WVALES. By das.
Mepis,

THE Y wm oS, By M.Gy

10. sm:-njcuss OF TERSIA, By
o M.
11, MENOIES OF FATHER miPa.

mm TYPEE AXD 0M00. By
o MELVILLE, 2 Vols. 7

18 ROM SPAIN.
By Riciamb Foro.

1. THE, RIVER. AMAZON. By
W.H. Eowanve, 2a.

20. MANNERS & CUSTOMS OF
INDIA. By Rv.C. AcLaxD. 2s.

#1. ADVENTURES 1N MEXICO.

ES romw.u. e c.Aucm
Cansaxvox. 8. 64,

. nusn LIFEIN AUSTRALIA.
v, H. W. Hase

u 'uu: uwm Dzsmk’r. By

e m:orm. B, ALy,
50,64,

*,* Each work may be had separately.
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“Travallers. Edited by Ry, E. Maw. Post o, 3. 6. (Pubisad by
ondir of ths Lords of the Adirally.)

MARCO “POLO. “The Book of Sor Mareo Polo, the Venetian,
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the funeral of Wellington, Portrait and Ilustrations.  Svo.
Clharacter and Conduet of the Apostes e W
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Lifo of Quintus Horatius Flaceus, With Tilustra-
tons, 8vo. 9e.
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War, Portrai By

NAPOLEON ar menmv axp Eisa. A Joumnal of
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e Elements of Mmhnmel, mcludmg Tiydrostaties,
Vith numerous Examples. Smal Svo.
raduated
eron of Elomentry Exmpie i Arihmic, Alebr, Logaritms,
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PEEK PRIZE ESSAYS. The Maintenance of the Church of
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PEROY_ (ous, M.D). Moliurgy. Vol I, Part. 1. Fom,
rood, Pe, Go, Chuson, Goke, Refetory Mateii, Fir-Clays,
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