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PREFACE

THE SECOND EDITION.

Tue first edition of this work was published early in
the year 1862, and has been for some time out of print.
During the two or three years after its appearance
1 received, through the kindness of various corre-
spondents in different parts of the world, a large
number of letters, especially from Fritz Miller in South
Brazil, communicating to me many new and curious
facts, and calling my attention to some errors. Various
memoirs on the fertilisation of orchids have also since
been published, and I have myself examined several
new and striking forms. A large amount of matter

" has thus been accumulated; but the present volume
would be rendered much too long if the whole were
introduced. I have, therefore, selected only the more
interesting facts, and have given a brief abstract of
the several published papers. The work has thus been
remodelled ; and the additions and corrections are so
numerous that T have found it impossible to follow my
usual plan of giving a list of them. T have, however,
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vi PREFACE TO THE SECOND EDITION.

appended, in chronological order, the titles of all the
papers and books on the fertilisation of the Orchides
which have been published since the appearance of
the first edition of the present book. Finally, T will
remark that any reader who wishes merely to see how
wonderfully complex and perfect are the adaptations
for the fertilisation of these plants had better read
Chapter VIL on the Catasetidee. The account of
their structure and of the action of the several parts
will, T think, be intelligible, if he will first glance at
the explanation of the terms given at the close of
the Introduction,
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ON THE

FERTILISATION OF ORCHIDS

By

INSECTS,

de. de.

INTRODUCTION.

THE object of the following work is to show that the
contrivances by which Orchids are fertilised, are as
varied and almost as perfect as any of the most beauti-
ful adaptations in the animal kingdom ; and, secondly,
to show that these contrivances have for their main
object the fertilisation of the flowers with pollen
brought by insects from a distinct plant. In my
volume ¢ On the Origin of Species” I gave only general
reasons for the belief that it is an almost universal law
of nature that the higher organic beings require an
oceasional cross with another individual ; or, which is
the same thing, that no hermaphrodite fertilises itself -
for a perpetuity of generations. Having been blamed
for propounding this doctrine without giving ample
facts, for which 1 had not sufficient space in that work,
I wish here to show that I have not spoken without
having gone into details.

T have been led to publish this little treatise sepa-
rately, as it is too large to be incorporated with any
other subject. As Orchids are universally acknow-
ledged to rank amongst the most singular and most

B
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2 INTRODUCTION.

modified forms in the vegetable kingdom, I have
thought that the facts to be given might lead some
observers to look more curiously into the habits of our
several native species. An examination of their many
beautiful contrivances will exalt the whole vegetable
kingdom in most persons’ estimation. 1 fear, however,
that the necessary details are too minute and complex
for any ome who has not a strong taste for Natural
History. This treatise affords me also an opportunity
of attempting to show that the study of organic beings
may be as interesting to an observer who is fully con-
vinced that the structure of each is due to secondary
laws, as to one who views every trifling detail of
structure as the result of the direct interposition of the
reator.

T must premise that Christian Konrad Sprengel, in
his curious and valuable work, ¢ Das entdeckte Geheim-
niss der Natur,’ published in 1793, gave an excellent
outline of the action of the several parts in the genus
Orchis; for he well knew the position of the stigma,
and he discovered that insects were necessary to remove
the pollen-masses* But he overlooked many curious
eontrivances,—a consequence, apparently, of his belief
that the stigma generally receives pollen from the
same flower. Sprengel, likewise, has partially described
the structure of Epipactis; but i of Listera
he entirely mi e h
characteristic of that genus, which has been well de-
seribed by Dr. Hooker in the ‘P]ulumplucul Trans-

*» Delpino bas found (Ul O I thia memair Wasloher, who
servazioni sulla Dicozamia,’ Part  does not seem to ave been ac-
uninted ‘with SprengeTs work,
shows that insects are necessary
for_the fertilisation of variou

. 11, which apparently hus re-  orchids, and describes well tho
wined unknown o everyone lso.  wonderful structure of Neottin.
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INTRODUCTION, 3

actions’ for 1854. Dr. Hooker has given a full and
accurate account, with drawings, of the structure of
the parts ; but from not having attended to the agency
of insects, he did not fully understand the object
gained. Robert Brown,” in his celebrated paper in the
¢ Linnean Transactions,” expresses his belief that insects
are necessary for the fructification of most Orchids;
but adds, that the fact of all the capsules on a dense
spike not infrequently producing seed, seems hardly
reconcilable with this belief: we shall hereafter find
that this doubt is groundless. Many other authors
have given facts and expressed their belief, more or
less fully, on the necessity of insect-agency in the
fertilisation of Orchids.

In the course of the following work I shall have the
pleasure of expressing my deep obligation to several
gentlemen for their unremitting kindness in sending
me fresh specimens, without which aid this work would
have been impossible. The trouble which several of
my kind assistants have taken has been extraordinary:
I have never once expressed a wish for aid or for in-
formation which has not been granted me, as far as
possible, in the most liberal spiri

EXPLANATION OF TERMS,

In case any one should look at this treatise who has
never attended to Botany, it may be convenient to
explain the meaning of the common terms used. In
most flowers the stamens, or male organs, surround in
a ring the one or more female organs, called the pistils,
In all common Orehids there is only one well-developed
stamen, which is confluent with the pistils, and they

* *Linnean Transactions,’ 1833, vol. xvi. p. 704,
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4 INTRODUCTION.

form together the column. Ordinary stamens consist
of a filament, or supporting thread (rarely seen in
British Orchids), which carries the anther; and within
the anther lies the pollen or male vivifying element.
The anther is divided into two cells, which are very
distinet in most Orchids, so much so as to appear in
some species like two separate anthers. The pollen in
all common plants consists of fine granular powder:
but in most Orehids the grains cohere in masses, which
are often supported by a very curious appendage, called
the caudicle. This part and all the other organs will
hereafter be more fully deseribed and figured under the
head of the first species, Orchis maseula. The pollen-
masses, with their caudicles and other appendages, are
called the pollinia.

Orchids properly have three pistils or female organs,
united together, the upper and anterior surfaces of two
of which form the two stigmas. But the two are often
completely confluent, so as to appear as one. The
stigma is penetrated in the act of fertilisation by long
tubes, emitted by the pollen-grains, which carry the
contents of the grains down to the ovules or young
seeds in the ovarium,

The upper stigma is modified into an extraordinary
organ, called the rostellum, which in many Orchids
presents no resemblance to a true stigma. When
mature it cither includes or is altogether formed of
viscid matter. In many species the pollen-masses are
firmly attached to a portion of the exterior membrane,
which, when insects visit the flowers, is removed,
together with the pollen-masses. This removable
portion consists in mést British Orchids merely of a
small piece of membrane, with a layer or ball of viscid
matter underneath, and T shall call it the “ viseid dise;”
but in many exotic species the portion removed is so
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INTRODUCTION. 5

large and so important, that one part must be called,
as before, the viscid dise,and the other part the pediccl
of the rostellum, to the end of which the pollen-masses
are attached. Authors have called that portion of the
rostellum which is removed, the “gland ” or “retina-
culum,” from its apparent function of retaining the
pollen-masses in their places. The pedicel, or pro-
longation of the rostellum, to which in many exotic
species the pollen-masses are attached, scems generally
to have been confounded, under the name of caudicle,
with the true caudicle of the pollen-masses, though
their nature and origin are totally different. The part
of the rostellum which is left after the removal of
the dises and viscid matter, is sometimes called the
“bursicula,” or “fovea,” or “pouch.” But it will be
found convenient to avoid all these terms, and to call
the whole modified stigma the rostellum—sometimes
adding an adjective to define its shape; that portion
of the rostellum which is removed with the pollen-
masses being called the wiseid dise, together in some
cases with the pedicel.

Lastly, the three outer divisions of the flower are
called sepals, and form the calyx; but, instead of being
green, as in most common flowers, they are generally
coloured, like the three inner divisions or pefals of the
flower. In almost all the species, one of the petals,
which is properly the upper ome, is larger than the
others and stands on the lower side of the flower, where
it offers a landing-place for insects, having been carried
round by the twisting of the ovarium. It is called
the lower lip or labellum, and often assumes most
singular shapes. Tt secretes nectar for the sake of
attracting insects, and is often produced into a spur-
like nectary.
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OPHREZ. Cuar, L.

CHAPTER L.
OPHREZ.

Structure of the flower of Orchis masoula—Power of movement of the
pollinia—Perfect adaptation of the parts in Orchis pyrumidalis—
Other species of Orchis and of some closely allied genera—On the
inscets which visit the several species, and on the frequency of their
visits—On the fertility and sterility of various Orchids—On the
sceretion of neetar, and on insects being purposely delayed in
obtaining it.

TirouGHOUT the following volume T have followed, as
far as I conveniently could, the arrangement of the
Orchidem given by Lindley. The British species
belong to five of his tribes, the Ophrew, Neottea,
Arethusew, Malaxew and Cypripedew, but the two
latter tribes contain each only a single genus. Various
British and foreign species belonging to the several
tribes are described in the first cight chapters. The
eighth also contains a discussion on the homologies of
the flowers of the Orchidew. The ninth chapter is
devoted to miscell and general consid

The Ophres include most of our common British
species, and we will begin with the genus Orchis. The
reader may find the following details rather difficult
to understand; but I can assure him, if he will have
patience to make out the first case, the succeeding ones
will be easily intelligible. The accompanying diagrams
(fig. 1, p. 8) show the relative position of the more
important organs in the flower of the Early Orchis
(0. maseula). The sepals and the petals have been re-
moved, excepting the labellum with its nectary. The
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Cinar. L ORCHIS MASCULA. 7

neetary is shown only in the side view (n, fig. A);
for its enlarged orifice is almost hidden in shade in the
front view (B). The stigma (s) is bilobed, and con-
sists of two almost confluent stigmas ; it lies under the
pouch-formed rostellum (7). The anther (, in B and
A) consists of two rather widely separated cells, which
are longitudinally open in front: each cell includes a
pollen-mass or pollinium.

A pollinium removed out of one of the two anther-
cells is represented by fig. C; it consists of a number
of wedge-formed packets of pollen-grains (see fig. ¥,
in which the packets are forcibly separated), united
together by excessively elastic, thin threads. These
threads become confluent at the lower end of each
pollen-mass, and compose the straight elastic caudicle
(¢, C). The end of the caudicle is firmly attached to
the viscid disc (d, C), which consists (as may be seen
in the section of the pouch-formed rostellum, fig. E)
of a minute oval piece of membrane, with a ball of
viscid matter on its under side. Bach pollinium has
its separate disc; and the two balls of viscid matter
lie enclosed together (fig. D) within the rostellum.

The rostellum is a nearly spherical, somewhat
pointed projection (, figs. A and B) overhanging the
two almost confluent stigmas, and must be fully de-
seribed, as every detail of its structure is full of signi-
ficance. A section through one of the dises and balls
of viscid matter is given (fig. E); and a front view of
both viscid dics within the rostellum (fig. D) is like-
wise given. This latter figure (D) probably best
serves to explain the structure of the rostellum ; but
it must be understood that the front lip is here con-
siderably depressed. The lowest part of the anther is
united to the back of the rostellum, as may be seen
in fig. B. At an early period of growth the Tostellum
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Discripriox oF Fi6. 1.

a. anther, consisting of twocells, | . nectary.
- pollen-mass.

& stigma. c. caudicle of pollinium.

L. labellum. d. viseid dise of pollinium.

A. Side view of flower, with all the petals and sepals cut off except the
Iabellum, of which the near half is cut away, as well as the upper
portion of the near side of the nectary.

B. Front view of flower, with all sepals and petals removed, except the
Tabellu

€. One pollinium, showing the packets of pollen-grains, the eandicle, and

D. Front view of the caudicles of both pollinia with the discs lying within
the Tostellum, its lip being depressed,
E. Section through one side of the ,umu\.m, with the included dise and
dicle of one pollinium, lip not dep
F. Packets of pollen-grains, tied together hy e threads, here extended.
(Copied from Baver.)
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consists of a mass of polygonal cells, full of brownish
matter, which cells soon resolve themselves into two
balls of extremely viscid semi-fluid matter, void of
structure. These viscid masses are slightly elongated,
almost flat on the top, and convex below. They lie
quite free within the rostellum (being surrounded by
fluid), except at the back, where each viscid ball
adheres to a small portion or disc of the exterior
membrane of the rostellum. The ends of the two
caudicles are strongly attached externally to these
two little dises of membrane.

The membrane forming the whole exterior surface
of the rostellum is at first continuous; but as soon as
the flower opens the slightest touch causes it to rupture
transversely in a sinuous line, in front of the anther-
cells and of the little crest or fold of membrane (see
fig. D) between them., This act of rupturing makes
no difference in the shape of the rostellum, but con-
verts the front part into a lip, which can be depressed
easily. This lip is represented considerably depressed
in fig. D, and its edge is seen, fig. B, in the front view.
When the lip is thoroughly depressed, the two balls
of viscid matter are exposed. Owing to the elasticity
of the hinder part, the lip or pouch, after being
pressed down, springs up again and encloses the two
viseid balls.

I will not affirm that the rupturing of the exterior
membrane of the rostellum never takes place sponta-
neously ; and no doubt the membrane is prepared for
rupture by having become very weak along defined
lines; but several times I saw the act ensue from an
excessively slight touch—so slight that I conclude
that the action is not simply mechanical, but, for the
want of a better term, may be called vital. We shall
hereafter meet with other cases, in which the slightest
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touch or the vapour of chloroform causes the exterior
membrane of the rostellum to rupture along certain
defined lines.

At the same time that the rostellum becomes trans-
versely ruptured in front, it probably (for it was
impossible to ascertain this fact from the position of
the parts) ruptures behind in two oval lines, thus
separating and freeing from the rest of the exterior
surface of the rostellum the two little dises of mem-
brane, to which the two caudicles are attached exter-
nally, and to which the two balls of viscid matter
adhero intenally. The line of rupture is thus very
complex, but strictly defined.

As the two anther-cells are open I
in front from top to bottom, even before the flower
expands, it follows that as soon as the rostellum is
properly ruptured from the effects of a slight touch,
its lip can be depressed easily, and, the two little discs
of membrane being already separate, the two pollinia
now lie absolutely free, but are still embedded in their
proper places.  So that the packets of pollen and the
caudicles still lie within the anther-cells; the dises
still form part of the rostellum, but are separate; and
the balls of viseid matter still lie concealed within
the rostellum,

Now let us see in the case of Orchis mascula (fig. 1)
how this complex mechanism acts. Suppose an insect
to alight on the labellum, which forms a good landing=
place, and to push its head into the chamber (sce side
view, A, or front view, B), at the back of which lies the
stigma (s), in order to reach with its proboseis the end
of the mectary; or, which does equally well to show
the action, push very gently a sharply-pointed common
pencil into the nectary. Owing to the pouch-formed
rostellum projecting into the gangway of the nectary,
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it is scarcely possible that any object can be pushed
into it without the rostellum being touched. The ex-
terior membrane of the rostellum then ruptures in the
proper lines, and the lip or pouch is easily depressed.
When this is effected, one or both of the viscid balls
will almost infallibly touch the intruding body. So
viscid are these balls that whatever they touch they
firmly stick to. Moreover the viscid matter has
the peculiar chemical quality of setting, like a
cement, hard and dry in a few minutes’ time. As the
anther-cells are open in front, when the insect with-
draws its head, or when the pencil is withdrawn, one
pollinium, or both, will be withdrawn, firmly cemented
to the object, projecting up like horns, as shown (fig. 2)

Fig. 2.

A. Pollen-mass of 0. mascula, when \ B. Pollen-mass of 0. mascula, after
first attached. | the nct of depression.

by the upper figure, A. The firmness of the attach-
ment of the cement is very necessary, for if the
pollinia wero to fall sideways or backwards they could
never fertilise the flower. From the position in
which the two pollinia lie in their cells, they diverge a
little when attached to any object. Now suppose that
the insect flies. to another flower, or let us insert the
pencil (A, fig. 2), with the attached pollinium, into
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the same or into another nectary: by looking at the
diagram (fig. 1, A) it will be evident that the firmly
attached pollinium will be simply pushed against or
into its old position, namely, into the anther-cell.
How then can the flower be fertilised? This is
effected by a beautiful contrivance : though the viscid
surface remains immovably aflixed, the apparently
insignificant and minute disc of membrane to which the
caudicle adheres is endowed with a remarkable power
of contraction (as will hereafter be more minutely
described), which causes the pollinium to sweep
through an angle of about ninety degrees, always in
one direction, viz., towards the apex of the proboscis or
pencil, in the course of thirty seconds on an average.
The position of the pollinium after the movement is
shown at B in fig. 2.~ After this movement, completed
in an interval of time which would allow an insect to
fly to another plant,* it will be seen, by turning to the
diagram (fig. 1, A), that, if the pencil be inserted into
the nectary, the thick end of the pollinium now
exactly strikes the stigmatic surface.

Here again comes into play another pretty adapta-
tion, long ago noticed by Robert Brownt The
stigma is very viseid, but not so viscid as when
touched by a pollinium to pull the whole off an inseet’s
head or off a pencil, yet sufficiently viscid to break
the elastic threads (fig. 1, F) by which the packets
of pollen-grains are tied together, and leave some of
taem on the stigma. Hence a pollinium attached to
an insect or to a pencil can be applied to many
stigmas, and will fertilise all. T have often seen the

* Dr. H. Miller ( Die Befruch-  flowers of Opehis mascula, and
tinds that this statement is con

» p. 8 + *Transactions of th

e e spikes of  Society, vol. xvi. p.
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pollinia. of Orchis pyramidalis adhering to the pro-
boscis of a moth, with the stump-like caudicles alone
left, all the packets of pollen having been left glued
to the stigmas of the successively visited flowers.

One or two other little points must be noticed.
The balls of viscid matter within the pouch-formed
rostellum are surrounded with fluiid; and this is
very important, for, as already mentioned, the viscid
matter sets hard when exposed to the air for a very
short time. I have pulled the balls out of their
pouches, and found that they had entirely lost the
power of adhesion after a few minutes. Again, the
little discs of membrane, the movement of which, as
causing the movement of the pollinia, is so abso-
Iutely indispensable for the fertilisation of the flower,
lie at the upper and back surface of the rostellum,
and are closely enfolded and thus kept damp within
the bases of the anther-cells; and this is very neces-
sary, as an exposure of about thirty seconds causes
the movement of depression to take place; but as
long as the disc is kept damp, the pollinia remain
ready for action whenever removed by an insect.

Lastly, as T have shown, the pouch, after being
depressed, springs up to its former position; and this
is likewise of great service ; for if this action did not
take place, and an insect after depressing the lip
failed to remove the two viseid balls, or if it removed
one alone, then in the first case both, and in the
second case one would be left exposed to the air;
consequently one or both would quickly lose all
adhesiveness, and the pollinium would be rendered ab-
solutely useless. That with many kinds of Orchids
insects often remove only one of the two pollinia at
a time is certain; it is even probable that they
generally remove only one, for the lower and older
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flowers almost always have both pollinia removed,
whilst the younger flowers close beneath the buds,
which will hiave been seldomer visited, have frequently
only one pollinium removed. In a spike of Orchis
maculata, T found as many as ten flowers, chiefly the
upper ones, which had only one pollininm removed ;
the other pollinium being still in its proper place with
the lip of the rostellum well closed up; so that all the
mechanism was perfect for its subsequent removal by
some other insect.

When the first edition of this book was published,
1 had not seen any insects visiting the fovers of
the present species ; but a friend watehed some plants,
and_ saw them visited by several humble-bees, appa.
vently Bombus museorum ; and Dr. H. Miiller * has seen
four other species of Bombus at work. He caught
ninety-seven specimens, and of these thirty-two had
pollinia attached to their heads.

The description now given of the action of the
organs in Orchis mascula applies to 0. morio, fusea,
maculata, and latifolia. These species present slight
and apparently co-ordinated differences in the length
of their caudicles, in the direction of the nectary,
in the shape and position of the stigma, but they
are not worth detailing. In all, the pollinia when
removed from the anther-cells undergo the eurious
movement of depression, which is so necessary to
place them in a right position on an insect’s head
for striking the stigmatic surface of another flower.
Six species of humble-bees, the hive-bee and two
other kinds have been seen by H. Miller and myself
visiting the flowers of Orchis morio. On some of the

* ¢Die Befruchtung,’ &c., p. 84.
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hive-bees from ten to sixteen pollen-masses adhered ;
to the head of Eucera longicornis eleven, to the head of
Osmia rufu several, and several to the bare surface close
above the mandibles of Bombus muscorum. H. Miller
has seen twelve different kinds of bees visiting the
flowers of 0. latifolia, which are also visited by
Diptera. My son George observed for some time
plants of 0. maculata, and saw many specimens of a
fly (Empis livida) inserting their proboscides into the
nectary ; and subsequently the same fact was ob-
served by me. He brought home six specimens of this
Enpis, with pollinia attached to their spherical eyes,
on a level with the bases of the antenne. The pollinia
had und the of depression, and stood
a little above and parallel to the proboscis: hence
they were in a position excellently adapted to strike
the stigma. Six pollinia were thus attached to one
specimen, and three to another. My son also saw
another and smaller species (Empis pennipes) inserting
its proboscis into the nectary; but this species did
not act so well or so regularly as the other in
fertilising the flowers. One specimen of this latter
Empis had five pollinia, and a second had three
pollinia, attached to the dorsal surface of its convex
thorax. H. Miller has scen two other genera of
Diptera at work on this orchis, with pollinia attached
to the front part of their bodies; and on one oceasion
he saw a humble-bee visiting the flowers.*

We now come to Orchis (sub-genus, Anacamptis)
pyramidalis, one of the most highly organised species

& M. Girard caught a front of its mouth : * Annales de
longicorn beetle, Strangalia atra, la Soc. Entomolog. de France,
with a tuft of the pollen-masses tom ix. 1869, p. xxxi.

of this orchis attached to the
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which I have examined, and which is ranked by several
botanists as a distinet genus. The relative position of
the parts (fig. 3) is here considerably different from
what it is in 0. mascula and its allies, There are two
quite distinct rounded stigmatic surfaces (s, s, A)
placed on cach side of the pouch-formed rostellum.
This latter organ, instead of standing some height
above the nectary, is brought down (see side view B)
50 as to overhang and partially to close its orifice.
The ante-chamber to the neetary, formed by the
union of the edges of the labellum to the column,
which is large in 0. mascula and its allies, is here
small, The pouch-formed rostellum is hollowed out
on the under side in the middle: it is filled with
fluid. The viscid disc is single and of the shape of a
saddle (figs. C and E); it carries on its nearly flat
top or seat the two caudicles of the pollinia, the ends
of which firmly adhere to its upper surface. Before
the membrane of the rostellum ruptures, the saddle-
formed disc can be clearly seen to be continuous with
the rest of the surface. The disc is partially hidden
and kept damp (which is of great importance) by the
over-folding bases of the two anther-cells. It consists
of several lny ers of minute cells, and is therefore rather
thick; it is lined beneath with a layer of highly ad-
hesive matter, which is formed within the rostellum.
It corresponds strictly to the two minute, oval, sepa-
rate discs to which the two caudicles of 0. mascula
and its allies are attached.

When the flower opens and the rostellum has
become symmetrically ruptured, either from a touch
or spontaneously (I know mot which), the slightest
pressure depresses the lip, that is, the lower and bi-
lobed portion of the exterior membrane of the ros-
tellum, which projects into the mouth of the nectary.

o
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ORCIIS PYRAMIDALIS.
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DescrrpTioN oF FiG. 3.

a. anther. L Tabellum,
85, stigma. 1", guiding plate on the Iabellum.
7. _rostellum. n. Dectary.

A. Front view, with all the sepals and petals removed, except the

labellum.

B. Side view, with all the sepals and petals removed, with the labellum
Tongitudinally bisected, rmd with the near side of the upper part
of the nectary eut ay

. Tho two pollini attached to the taddle- ~shaped viscid disc.

D. ‘The disc after the first act of contraction, with no object seized.

E. The disc seen from above, and flattened by force, with one pollinium
removed; showing a depression in its surface, by which the second
movement of the pollinium is effected.

F. The pollinia removed by the insertion of a needle into the nectary, after

dle has clasped the needle by the first act of contraction.

G. The same pollinia after the second movement and their consequent
depression.
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When the lip is depressed, the under and viseid surface
of the disc, still remaining in its proper place, is un-
covered, and is almost certain to adhere to the touch-
ing object. Even a human hair, when pushed into
the nectary, is stiff enough to depress the lip or
pouch 5 and the viscid surface of the saddle adheres
to it. If, however, the lip be pushed only slightly,
it springs back and recovers the under side of the
saddle.

The perfect adaptation of the parts is well shown by
cutting off the end of the nectary and inserting a
bristle at that end ; consequently in a reversed direc-
tion to that in which moths insert their proboscides ;
and it will be found that the rostellum may easily be
torn or penetrated, but that the saddle is rarely or
never caught. When the saddle together with the
pollinia is removed on a bristle, the under lip in-
stantly curls elosely inwards, and leaves the orifice of
the nectary more open than it was before; but whether
this is of much service to the moths which frequent
the flowers, and consequently to the plant, T will not
pretend to decide.

Lastly, the labellum is furnished with two pro-
minent ridges (7, figs. A, B), sloping down to the
middle and expanding outwards like the mouth of a
decoy; these ridges serve to guide any flexible
body, like a fine bristle or hair, into the minute and
rounded orifice of the nectary, which, small as it
already is, is partly choked up by the rostellum,
This contrivance of the guiding ridges may be com-
pared to the little instrument sometimes used for
guiding a thread into the fine eye of a needle,

Now let us see how these parts act. Let a moth
insert its proboscis (and we shall presently see how
frequently the flowers are visited by Lepidoptera)
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between the guiding ridges of the labellum, or insert
a fine bristle, and it is conducted safely to the minute
orifice of the nectary, and can hardly fail to depress
the lip of the rostellum; this being effected, the
bristle comes into contact with the now naked and
sticky under surface of the suspended saddle-formed
dise. 'When the bristle is removed, the saddle with
the attached pollinia is removed. Almost instantly,
as soon as the saddle is exposed to the air, a rapid
movement takes place, and the two flaps curl inwards
and embrace the bristle. When the pollinia are
pulled out by their caudicles, by a pair of pincers,
so that the saddle has nothing to clasp, T observed
that the flaps curled inwards so as to touch each
other in nine seconds (see fig. ), and in nine more
seconds the saddle was converted by the flaps curl-
ing still more inwards into an apparently solid ball.
The proboscides of the many moths which I have
examined, with the pollinia of this Orchis attached
to them, were so thin that the tips of the flaps just
met on the under side. Hence a naturalist, who
sent me a moth with several saddles attached to its
proboseis, and who did not know of this movement,
very naturally came to the extraordinary conclusion
that the moth had cleverly bored through the exact
centres of the so-called sticky glands of some
Orchid.

Of course this rapid clasping movement helps to fix
the saddle upright on the proboscis, which is very
important ; but the viscid matter setting hard rapidly
would probably suffice for this end, and the real object
gained by the clasping or curling movement is the
divergence of the pollinia. The pollinia, being at-
tached to the flat top or seat of the saddle, project at
first straight up and nearly parallel to each other;
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but as the flat top curls round the eylindrical and
thin proboscis, or round a bristle, the pollinia neces-
sarily diverge. As soon as the saddle has clasped the
bristle and the pollinia have diverged, a second move-
ment commences, which action, like the last, is ex-
clusively due to the contraction of the saddle-shaped
dise of membrane, as will be more fully described in
the ninth chapter. This second movement is the
same as that in 0. mascula and its allies, and canses
the divergent pollinia; which at first projected at right
angles to the needle or bristle (sce fig. F), to sweep
through an angle of nearly ninety degrees towards the
tip of the needle (sce fig. G), 8o as to become de-
pressed and finally to lie in the same plane with the
needle. In three specimens, this second movement
was effected in from thirty to thirty-four seconds after
the removal of the pollinia from the anther-cells, and
therefore in about fifteen seconds after the saddle had
clasped the bristle,

The use of this double movement hecomes evident
if a bristle with pollinia attached to it, which have
diverged and become depressed, be pushed between
the guiding ridges of the labellum into the nectary
of the same or another flower (compare figs. A and
G); for the two ends of the pollen-masses will be
found now to have acquired such a position that the
end of the one strikes against the stigma on the one
side, and the end of the other at the same moment
strikes against the stigma on the opposite side. The
secretion on the stigmas is so viscid that when the
pollinia_are withdrawn, the elastic threads by which
the packets of pollen are bound together are ruptured ;
and’some dark-green grains may be scen, even by the
naked eye, remaining on the two white stigmatic sur-
faces. T have shown this little experiment to several
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persons, and all have expressed the liveliest admiration
at the perfection of the contrivance by which this
Orchid is fertilised.

As in no other plant, or indeed in hardly any
animal, can adaptations of one part to another, and
of the whole to other organisms widely remote in the
scale of nature, be named more perfect than those
presented by this Orchis, it may be worth while
briefly to sum them up. As the flowers are visited
both by day and nightflying Lepidoptera, it is not
fanciful to believe that the bright-purple tint (whether
or notspecially developed for this purpose) attracts
the day-fliers, and the strong foxy odour the night-
fliers. “The upper sepal and two upper petals form a
hood protecting the anther and stigmatic surfaces
from the weather. The labellum is developed into a
long nectary in order to attract Lepidoptera, and we
shall presently give reasons for suspecting that the
nectar is purposely so lodged that it can be sucked
only slowly (very differently from what occurs in most
other plants), in order to give time for the viscid
matter on the under side of the saddle to set hard
and dry. He who will insert a fine and flexible
bristle into the expanded mouth of the flower between
the sloping ridges on the labellum, will not doubt
that they serve as guides and effectually prevent the
bristle or proboseis from being inserted obliquely into
the nectary. This latter circumstance is of manifest
importance, for, if the proboseis were inserted ob-
liquely, the saddle-formed dise would become attached
obliquely, and after the compounded movement of the
pollinia they would not strike the two lateral stigmatic
surfaces,

Then we have the rostellum partially elosing the
mouth of the nectary, like a trap placed in a run for
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game ; and the trap so complex and perfect, with its
symmetrical lines of rupture forming the saddle-
shaped disc above, and the lip of the pouch below ;
and, lastly, this lip so easily depressed that the pro-
boscis of a moth can hardly fail to uncover the viscid
dise and adhere to it. But if this fails to occur, the
elastic lip rises and covers again the viscid surface,
50 as to keep it damp. The viscid matter within the
rostellum is attached to the saddle-shaped disc alone,
and is surrounded by fluid, so that it does not set hard
till the disc is withdrawn. The upper surface of the
saddle, with the attached caudicles, is also kept
damp by the bases of the anther-cells, until it is
withdrawn, and then the curious clasping movement
instantly commences, causing the pollinia to diverge,
followed by the movement of depression, which move-
ments together are exactly fitted to cause the ends
of the two pollen-masses to strike the two stigmatic
surfaces. These stigmatic surfaces are not so sticky
as to tear off the whole pollinium from the proboscis
of the moth, but by rupturing the elastic threads to
secure a few packets of pollen, leaving plenty for other
flowers.*

But let it be observed that, although the moth pro-
bably takes a considerable time to suck the nectar of
a flower, yet the movement of depression in the pol-
linia does not commence (as I know by trial) until
they are fully withdrawn ; nor will the movement be
completed, and the pollinia properly placed for strik-
ing the stigmatic surfaces, until about half a minute
has elapsed, which will give ample time for the moth to

* Thelate Prof, Treviranus has  but points out two unimportant

confirmed (*Botanische Zeitung,'  inacouracies in the drawing which
1863, p. 241) all my observations, I have given.
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fly to another plant, and thus effect a union between
two distinet individuals.

Orchis ustulata* resembles 0. pyramidalis in some
important respects, and differs from it in others. The
labellum is deeply channelled, and the channel which
replaces the guiding ridges of 0. pyramidalis leads to
the small triangular orifice of the short nectary. The
upper angle of the triangle is overhung by the ros-
tellum, the pouch of which is rather pointed below.
In accordance with this position of the rostellum,
close to the mouth of the nectary, the stigma is
double and lateral. This species shows in an interest-
ing manner how easily two distinct stigmas, like those
of 0. pyramidalis, might be converted into a single
one, by becoming at first slightly lobed like that of
0. maseula, and then acquiring its present structure.
For directly beneath the rostellum there is a narrow
transverse rim, formed of true stigmatic tissue, which
connects together the two lateral stigmas; so that
if this rim were widened, the two stigmas mmld be
converted into a single transverse one. Conversely
a single stigma might thus easily be converted into a
double one. The pollinia undergo the usual move-
ment of depression, and in acquiring this position
the two diverge slightly, so as to be ready to strike the
two lateral stigmas.

Orchis (sub-genus Himantoglossum) hireina.—A fine
specimen of this extremely rare British plant, the
Lizard Orchis, with its curious elongated labellum,
was sent me by Mr. Oxenden. The two pollinia
arise from a smglc almost square dise; and when

Tam greatly indebted to Mr. kinduess in supplying me with
G. Ohichester Oxenden of Broomo  living plants, and information re-
Pirk for fresh specimens of this garding many of the rarer British
Orehis, and for his never-tiring ids.
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they are removed from their cells, they do not di-
verge, but become depressed, sweeping through an
angle of ninety degrees, in about thirty seconds. They
are then in a proper position for striking the single
large stigma which lies beneath the rostellum. In the
case of 0. pyramidalis we have seen that the depression
of the two pollinia is effected by the contraction of
the disc in front of each, two furrows or valleys being
there formed; whilst with the present species, the
whole front of the dise contracts or sinks down, the
front part being thus separated from the hinder part
by an abrupt step.

Aceras* (Orchis) anthropophora—The caudicles of
the pollinia are unusually short; the nectary consists
of two minute rounded depressions in the labellum ;
the stigma is transversely elongated; and lastly the
two viscid discs lie so close together within the ros-
tellum that they affect each other's outline. This
latter fact is worth notice, as a step towards the two
becoming absolutely confluent, as in the following
species of Aceras, in 0. pyramidalis and hircina.
Nevertheless, in Aceras a single pollinium is some-
times removed by insects, though more rarely than
with the other species of Orchis.

Aceras (Orchis) longibracteata.—Mr. Moggridge has
given an interesting account, together with a figure,
of this plant which grows in the South of Francet
The pollinia are attached to a single viscid dise.
When they are removed they do ot diverge as in
0. pyramidalis, but converge and then undergo the

- The mp-nnvn ol‘ thn genus  occurrence of numerous hybrids,
i art hnme mumuy ‘produced, |wtwne|| this
On.luu‘ hm with A very short Awmﬂ and Orc!u 3
nectury.  Dr. Weddell ﬂs de- i inn. Sm:. Bot.”

seribed_( Annales des Se. vol. viii. 1865, p. 256. He gives
8 ser. Bot. tom. xvii, p. 6) o ngm of Orchia hirong,
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The most kable point
about this species is that insects seem to suck nectar
out of minute open cells in the honeycombed surface
of the labellum. The flowers are visited by various
hymenopterous and dipterous insects; and the author
saw the pollinia attached to the forechead of a large
bee, the Xylocopa violacea.

Neotinea (Orchis) intacta.—Mr. Moggridge sent me
from North Italy living specimens of this very rare
British plant, which, as he informed me, is remark-
able from producing seeds without the aid of insects.
When insects were carefully excluded by me, almost
all the flowers produced capsules. Their fertilisation
follows from the pollen being extremely incoherent, so
as to fall spontaneously on the stigma. Nevertheless
a short nectary is present, the pollinia possess small
viscid dises, and all the parts are so arranged that,
if insects were to visit the flowers, the pollen-masses
would almost certainly be removed and carried to
another flower, but not so effectually as with most
other orchids.

Serapias cordigera, an inhabitant of the South of
France, has been described by Mr. Moggridge in the
paper just referred to. The pollinia are attached to
a single viscid disc; when first withdrawn, they are
bent backwards, but soon afterwards move forwards
and downwards in the usual manner. As the stigmatic
cavity is narrow, the pollinia are guided into it by two
guiding plates,

Nigritella angustifolia.—This Alpine species is said
by Dr. H. Miiller * to differ from all ordinary orchids
in the ovarium not being twisted ; so that the labellum
stands on the upper side of the flower, and insects

* ¢Nuture; Dec. 81, 1874, p. 169.
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alight on the opposite sepals and petals. As a con-
sequence of this, when a butterfly inserts its proboscis
into the narrow entrance of the nectary, the viscid dises
become attached to the lower surface of the proboscis,
and the pollinia afterwards move upwards, instead of
as in all other orchids downwards, They are then in
the proper position for striking the stigma of the next
flower which is visited. Dr. Miller remarks that the
flowers are frequented by an extraordinary number of
butterflies.

Ihave now deseribed the structure of most of the
British and of a-few foreign species in the genus
Orchis and its close allies. All these species, with the
exception of the Neotinea, require the aid of insects for
their fertilisation. This is obvious from the fact that
the pollinia are so closely embedded in the anther-cells,
and the ball of viscid matter in the pouch-formed
rostellum, that they cannot be shaken out by violence.
We have also seen that the pollinia do not assume the
proper position for striking the stigmatic surface until
some time has elapsed; and this indicates that they
are adapted to fertilise, not their own flowers, but those
on a distinct plant. To prove that insects are neces-
sary for the fertilisation of the flowers, I covered up
a plant of Orchis morio under a bell-glass, before
any of its pollinia had been removed, leaving three
adjoining plants uncovered; T looked at the latter
every morning, and daily found some of the pollinia.
removed, till all were gone with the exception of thoso
in a single flower low down on one spike, and of those
in one or two flowers on the summits of all the spikes,
which were never removed. Butit should be observed
that when only a very few flowers remain open on the
summits of the spikes, these are no longer conspicuous,
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and would consequently be rarely visited by insects.
I then looked at the perfectly healthy plant under
the bell-glass, and it had, of course, all its pollinia in
the anther-cells, 1 tried an analogous experiment with
specimens of 0. maseula with the sawo result, It de-
serves notice that the spikes which had been covered
up, when subsequently left uncovered, never had their
pollinia carried away by insects, and did not, of course,
set any seed, whereas the adjoining plants produced
plenty of seed. From this fact it may be inferred
that there is a proper season for each kind of Orchis,
and that insects cease their visits after the proper
season has passed.

With many of the hitherto mentioned species, and
with several other European kinds, the stexility of the
flowers, when protected from the access of insects,
depends solely on the pollen-masses not coming into
contact with fhe stigma. This has been proved to be
the case by Dr. Hermann Miiller, who, as he informs
me, applied the pollen-masses of Orchis pyramidalis
(44), fusea (6), militaris (14), variegata (3), coriophora
(6), morio (4), maculata (18), maseula (6), latifolia (8),
incarnata, (3), Oplarys museifera (8), Gymnadenia conop-
sea (14), albida (8), Herminium monorehis (6), Epipogon
apliyllus (2), Epipactis latifolia (14), palustris (4), Listera
ovata (5), and Cypripedium caleeolus (2), to their own
stigmas, and full-sized capsules, containing seeds in
appearance good, were formed. The numbers placed
after the names of the species show how many flowers
were tried in each case. These facts are remarkable,
becanse Mr. Scott and Fritz Miller* have proved

* An abstract of their observa-  tication, chap. xvii. 2nd edit. vol.
i, p. 114,

tions is given in my * Variation of
Auimals and Plants under Domes-
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that various exotic species, both in this country and
in their native homes, invariably fail to yield seed-
capsules, when the flowers are fertilised with their own
pollen.

From the observations already given, and from
what will hereafter be shown with respect to Giym-
nadenia, Habenaria, and some other species, it is a
safe generalisation® that species with a short and
not very narrow nectary are fertilised by beest and
flies; whilst those with a much elongated nectary,
or one having a very narrow entrance, are fertilised
by butterflies or moths, these being provided with
long and thin proboscides. We thus see that the
structure of the flowers of Orchids and that of
the insects which habitually visit them, are corre-
lated in an interesting manner,—a fact which has
been amply proved by Dr. H. Miller to hold good -
with many of the Orchidew and other kinds of
plants,

With respect to Orchis pyramidalis, which possesses,
as we have seen, an elongated nectary, Mr. Bond was
50 kind as to send me a large number of Lepidoptera,
out of which I selected twenty-three species, enumer-
ated in the following list, with the pollinia of this
Orchid, which can easily be recognised, attached to
their proboscides.

* Some remarks to this effect
were given in my “Notes on
the Fertilisation of Orchids” in
+ Annals and Mag. of Nat. Hist
Sept. 1869, p. 2.

Meénibre (in *Bull. Bot.
Soc. de France,” tom. i. 1834,
470) says o s in D Guep
collection, bees collocted at ai
mur with the pollinia of Or
attached to their heads; and he
that a person who kept bees

near the Jardin de Ia Faculté (at
Toulouso?) complained fhat bis
ees returned from the

with their heads charged with
yellow bodies, of which they could
not free themselves. This
evidence how firmly the pollinia
are attached. There is, however,
nothing to show whether the pol-
linia in these cases belonged to
the genus Orehis or to some other
genus of the family.
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Polyommatus alexis. | Bubolin soonsuracia (b0 speic
Lycana phiws.
ea. H&denn dcnlma

ik tranus. Heliothis narginata (bwo. speei-
P e

Syridhthus alveolus. K\'lophmlﬂ. sublustris (two speci-
dulee,

Anthirocera filipor

) Vaclidia glyphien
‘oxocampa pastinum,

Melanippo rivaria.

ns). odes palalis

Gieuina blanda. % talis.
Acaiia imocatis

|

Lithosia compln
ia lthargyxia. (two speoi-

Agrotis ey

A large majority of these moths and butterflies
had two or three pairs of pollinia attached to them,
and invariably to the proboscis. The Acoutia had
seven pair (fig. 4), and the ¥ig. 4.
Caradrina no less than eleven
pair! The proboseis of this
latter moth presented an ex-
traordinary arborescent ap-
pearance. Thesaddle-formed
dises, each bearing a pair of
pollinia, adhered to the pro-
boscis, one before the other,
with perfect symmetry ; and Hed and proboscis of Aesntia
this follows from the moth ("5 miir ‘”,,',f,‘:,,‘,’,“ﬁ,‘"_{’,’jf";‘,’;
having always inserted its to the proboscis.
proboscis into the nectary in exactly the same manner,
owing to the presence of the guiding plates on the
labellum. The unfortunate Caradrina, with its pro-
boseis thus encumbered, could hardly have reached
the extremity of the nectary, and would soon have

* I am indebted to Mr. Parfitt  erroncously thought to belong to
for an examination of this moth,  Ophrys apifera. The pollen had
hich s mentioned in the ‘En;  changod from its natinl_ green
tomologist’s Weekly Intelligencer,  colour to yellow; on washing it,
vol. ii. p. 182, an i. p. 8, however, and drying it, the green
Oct. 3, 1857. The pollinia were  tint returned.

E
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been starved to death. Both these moths must have
sucked many more than the seven and eleven flowers,
of which they bore the trophies, for the earlier at-
tached pollinia had lost much of their pollen, showing
that they had touched many viscid stigmas.

The above list proves that many different species
of Lepidoptera visit the same kind of Orchis. The
Hadena dentina also frequents Habenaria. Probably
all the Orchids provided with elongated nectaries
are visited indifferently by many kinds of moths.
Whether any of the British Orchids are fertilised
exclusively by special insects confined to certain
localities is very doubtful ; but we shall hereafter see
that Epipactis latifolia seems to be fertilised by wasps
alone. I have twice observed plants of Gymnadenia
conopsea, which had been transplanted into a garden
many miles from its native home, with nearly all
their pollinia removed. Mr. Marshall of Ely® has
made the same observation on similarly transplanted
specimens of 0. maculata. On the other hand fifteen
plants of Ophrys muscifera had not one pollen-mass
there removed. Malazis paludosa was placed in a
bog about two miles from that in which it naturally
grew; and it had most of its pollinia immediately
removed.

The list which follows serves to show that insects in
most eases perform the work of fertilisation effectually.
But the list by no means gives a fair idea how effectu«
ally it is done ; for T have often found nearly all the
pollinia removed, but kept an exact record only in
exceptional cases, as may be seen by the appended
remarks. Moreover, in most cases, the pollinia which

* *Gardener’s Chronicle, 1561, marks of mine on this subject
P78, Mr. Marshall' conimuni:  previously published in the ! Gar-
. cation was fn answer to some re-  dener’s Chronicle,’ 1860, p. 528.

@ The Complete Work of Charles Darwin Online



Cuar, I FERTILISED BY INSECTS. 33

had not been removed were in the upper flowers
beneath the buds, and many of these would probably
have been subsequently carried away. I have often
found an abundance of pollen on the stigmas of flowers
which had not their own pollinia removed, showing
that they had been visited by insects. In many other
cases the pollinia had been removed, but no polien had
been as yet left on the stigmas.

5 |82
E5.lF
25| 2
33| 22
FEH
25|55
B ESE
\ g8 5%
| |
i
Orelis morio. Three small plants. N |
Kent . } I | o
Thirty-cight plants, N | |
hese plants were examined |
110 23 193
¢ circumstances
Orchis pyramidalis. Two plants. N. 39 | =
o Kent and D;v?...\me. > ol et
rehis pyramidalis. Six phmla from two | b
Protected valleys. Devons }\ 108 esi | 88
Orohis pyrumidalis, Six e - T
‘much exposed bank. Devonshire Bk
Orchis maculata. One plant. _Staffo
shire, Of tho twelve flowers which had |
not their pollinia removed, the greater a2 6 | 12
pumber wero young owers under the|
Orehis macuiatn. One p!m Surrey |21 5 7
Orglis maculuta. Two plants, X. lml} i gL
OrchisIatifolia. \lma pvmus ﬁ'om s'.
Kem‘ sent me by tl 50 27 119
o 'he flowers were nll lnnhlm ¥
rchis fusea. Two plants.
Flowers quite mal um,mdev«nwltho } & s 54
Aoeru antl opop .l.o.a Four pl } = e .
D

@ The Complete Work of Charles Darwin Online



34 OPHREE. Cuar, L.

In the second lot of 0. morio, in the preceding list,
we see the injurious effects of the extraordinary cold
and wet season of 1860 on the visits of insects, and,
consequently, on the fertilisation of this Orehid, very
few seed-capsules having been produced.

I have examined spikes of 0. pyramidalis in which
every single expanded flower had its pollinia removed.
The forty-nine lower flowers of a spike from Folkestone
(sent me by Sir Charles Lyell) actually produced forty-
eight fine seed-capsules; and of the sixty-nine lower
flowers in three other spikes, seven alone had failed to
produce capsules. These facts show how well moths
and butterflies perform their office of marriage-priests.*

The third lot of O. pyramidalis in the above list
grew on a steep grassy bank, overhanging the sea near
Torquay, and where there were no bushes or other
shelter for Lepidoptera; being surprised how few pol-
linia had been removed, though the spikes were old
and very many of the lower flowers withered, I gathered,
for comparison, six other spikes from two bushy and
sheltered valleys, half a mile on each side of the
exposed bank ; these spikes were certainly younger,
and would probably have had several more of their
pollinia removed ; but in their present condition we
see how much more frequently they had been visited by
moths, and consequently fertilised, than those growing
on the much exposed bank. The Bee Ophrys and
0. pyramidalis grow mingled together in many parts
of England ; and they did so here, but the Bee Ophrys,
instead of being, as usual, the rarer species, was here

* Inthe .umn;nsm which
avery wet on2, I gath
Snamlly S Sptkon o O pyres
midalis. lem‘bﬂm 802 flowers,
excluding fourteen which were still
fully expanded and eapable of be-

ing frtilied; and o this ccasion
anly 119 flowers produced c

les, 183 hiaving failed to do so.
Six pikes of O, maslata bore 187
flowers, of w

ity ol
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much more abundant than 0. pyramidalis. No one
would readily have suspected that one chief reason of
this difference probably was, that the exposed situation
was unfavourable to Lepidoptera, and therefore to the
seeding of 0. pyramidalis ; whereas, as we shall here-
after see, the Bee Ophrys is independent of insects.

Many spikes of 0. latifolia were examined, because,
being familiar with the usual state of the closely-allied
0. maculata, T was surprised to find in nine nearly
withered spikes (as may be seen in the list) how few
pollinia had been removed. In one instance, however,
0. maculata had been even worse fertilised ; for seven
spikes with 315 flowers, produced only forty-nine seed-
capsules—that is, on an average only seven capsules
on each spike. In this case the plants formed larger
beds than I had ever before seen ; and I imagine that
there were too many flowers for the insects to visit
und fertilise all of them. On some other plants of
0. maculata growing at no great distance, above thirty
capsules had been produced by each spike,

Oreliis fusea offers a still more curious case of
imperfect fertilisation. 1 examined ten fine spikes
from two localities in South Kent, sent to me by Mr.
Oxenden and Mr. Malden : most of the flowers on these
spikes were partly withered, with the pollen mouldy
even in the uppermost flowers; we may therefore infer
that no more pollinia would have been removed. I
examined all the flowers only in two spikes, on accomnt
of the trouble from their withered condition, and the
result may be seen in the list, namely, fifty-four
flowers with both pollinia in place, and only eight
with one or both removed. In this Orchid, and in 0.
latifolia, neither of which had been sufficiently visited
by insects, there were more flowers with one pollinium
than with both removed. T casually examined many

D2
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flowers in the other spikes of 0. fusea, and the propor-
tion of pollinia removed was evidently not greater
than in the two in the list. The ten spikes bore
altogether 358 flowers, and, in accordance with the
few pollinia removed, only eleven capsules had been
formed : five of the ten spikes produced not a single
capsule; two spikes had only one, and one had as
many as four capsules. As corroborating what I have
before said with respect to pollen being often found on
the stigmas of flowers which retain their own pollinia,
I may add that, of the eleven flowers which had
produced eapsules, five had both pollinia still within
their now withered anther-cells.

From these facts the suspicion naturally arises that
0. fusca is s0 rare a species in Britain from not being
suﬂicic\\tly attractive to insects, and to its not
producing a sufficiency of seed. C. K. Sprengel®
noticed, that in Germany O. militaris (rnked by
Bentham as the same species with 0. fusea) is likewise
imperfectly fertilised, but more perfectly than our 0.
Jfusea ; for he found five old spikes hearing 138 flowers
which had set thirty-one capsules; and he contrasts the
state of these flowers with those of Gymnadenia conop-
sea, in which almost every flower produces a capsule.

An allied and curious subject remains to be discussed.
The existence of a well-developed spur-like nectary
seems to imply the secretion of nectar, But Sprengel,
a most careful observer, thoroughly searched many
flowers of 0. latifalia and morio, and"could never find
a drop of mectar; nor could Krinitzt find nectar

* Das entdeckte Geheimniss!  tung der Nektarien.’ 1833, s. 28.
te. 5. 404, e also * Das entdeckte Geheim-
+ Quoted by J. G. Kurr in his  niss, . 403.
+ Untersuchungen iber die Bedeu-

o
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either in the nectary or on the labellum of 0. morio,
fusca, militaris, maculata or latifolia. T have looked
to all our common British species and could find no
trace of mectar; I examined, for instance, eleven
flowers of 0. maculata, taken from different plants
growing in different districts, and taken from the most
favourable posnmn on each spike, and could not find
under the microscope the smallest bead of nectar.
Sprengel calls these flowers * Seheinsafthlumen,” or
sham-nectar-producersi—he believes that these plants
exist by an organized system of deception, for he well
knew that the visits of insects were indispensable for
their fertilisation. But when we reflect on the incaleul-
able number of plants which have lived during a great
length of time, all requiring that insects should carry
the pollen-masses from flower to flower in each gene-
ration; and as we further know from the number of the
pollen-masses attached to their proboseides, that the
same insects visit a large number of flowers, we can
hardly believe in so gigantic an imposture. He
who believes in Sprengel’s doetrine must rank the
sense or instinetive knowledge of many kinds of
insects, even bees, very low in the scale. To test
the intellect of moths and butterflies I tried the
following little experiment, which ought to have been
tried on a larger scale. I removed a few already-
opened flowers on a spike of 0. pyramidalis, and
then cut off about half the length of the nectaries
of the six next non-expanded flowers. When all the
flowers were nearly withered, I found that thirteen
of the fifteen upper flowers with perfect nectaries
had their pollinia removed, and two alone had their
pollinia still in the anther-cells; of the six flowers
with their nectaries cut off, three had their pollinia
removed, and three were still in place; and this in-
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dicates that moths do not go to work in a quite sense-
less manner.”

Nature may be said to have tried this same experi=
ment, but not quite fairly; for Orchis pyramidalis,
as shown by Mr, Bentham,t often produces monstrous
flowers without a nectary, or with a short and imperfect
one. Sir C. Lyell sent me several spikes from Folke-
stone with many flowers in this condition : I found six
without a vestige of a nectary, and their pollinia had
not been removed. In about a dozen other flowers,
having either short nectaries, or with the labellum
imperfect, the guiding ridges being either absent or
developed in excess and rendered folinceous, the
pollinia in one alone had been removed, and the ova-
rium of another flower was swelling. Yet I found
that the saddle-formed discs in these eighteen flowers
were perfect, and that they readily clasped ‘n needle
when inserted in the proper place. Motlts had removed
the pollinia, and had thoroughly fertilised the perfect
flowers on the same spikes; so that they must have
neglected the monstrous flowers, or, if visiting them,
the derangement in the complex mechanism of the
parts had hindered the removement of the pollinia,
and prevented their fertilisation,

Notwithstanding these several facts T still suspected
that nectar must be secreted by our common Orchids,

* Knrr (Bodeutung der Nek-
tarien, 1833, p. 128) cut off the
nectaries o lowers of
Gymnadenia. conopsea, and they
did not produce a single capsule :
e also treated in the same man-
ner fifteen lowers of Platanthera
or Habenaria_ bifolia, mnd these
sot only five rapsules: but then it
should be ohserved that the nee-
taris of both theso orohids con-
tain free nectar.  He also cut off

the corolln, leaying the neetary, of
forty flowers of Orelis morin, and
these set e : and this
case shows that inscets are guided

the flowers by the corolla.
Sixteen flowers of Platanther

im
denia seem to e open to doubt.
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and I determined to examine 0. morio rigorously. As
soon as many flowers were open, I began to examine
them for twenty-three consecutive days: I looked at
them after hot sunshine, after rain, and at all hours:
T kept the spikes in water, and examined them at
midnight, and early the next morning: I irritated
the nectaries with a bristle, and exposed them to
irritating vapours : T took flowers which had lately had
their pollinia removed by insects, of which fact I had
independent proof on one occasion by finding grains
of some foreign pollen within the neefary ; and 1 took
other flowers, which judging from their position on the
spike, would soon have had their pollinia removed ;
but the nectary was invariably quite dry. After the
publication of the first edition of this work, I one
day saw various kinds of bees visiting repeatedly the
flowers of this same Orchid, so that this was evidently
the proper time to examine their nectaries ; but I failed
to detect under the microscope even the minutest drop
of nectar. So it was with the nectaries of 0. maculata
at a time when T repeatedly saw flies of the genus
Empis keeping their proboscides inserted into them
for a considerable length of time. Orchis pyramidalis
was examined with equal care with the same result,
for the glittering points within the nectary were abso-
Iutely dry. We may therefore safely conclude that
the nectaries of the above-named Orchids neither in
this country nor in Germany ever contain nectar.
Whilst examining the nectaries of O. morio and
maculata, and especially of O. pyramidalis and hircina,
T was surprised at the degree to which the inner and
outer membranes forming the tube or spur were sepa-
rated from each other,—also at the delicate nature of
the inner membrane, which could be penetrated very
easily,—and, lastly, at the quantity of fluid contained
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between the two membranes. So copious is this fluid,
that, after cutting off the extremities of the nectaries
of 0. pyramidalis, and gently squeezing them on glass
under the microscope, such large drops of fluid exuded
from the cut ends, that I concluded that at last I had
found nectarieswhich contained nectar; butwhen I care-
fully made, without any pressure, a slit along the upper
surfuce of other nectaries from the same plants, and
looked into them, their inner surfaces were quite dry.
1 then examined the nectaries of Gymnadenia conopsea
(a plant ranked by some botanists as a true Orchis)
and of Habenaria bifolia, which are always full of nectar
up to one-third or two-thirds of their length. The
inner membrane presented the same structure and was
covered with papille as in the foregoing species ; but
there was a plain difference in the inner and outer
membranes being closely united, instead of being in
some degree separated from each other and charged
with fluid. T was therefore led to conclude that insects
penetrate the lax inner membrane of the nectaries of
the above-named Orchids, and suck the copious fluid
between the two membranes. This was a bold hypo-
thesis; for at the time no case was known of insects
penetrating with their delicate proboscides even the
laxest membrane. But I have now heard from Mr.
Trimen, that at the Cape of Good Hope moths and
butterflies do much injury to peaches and plums by
puncturing their unbroken skins. In Queensland,
Australia, a moth, the Ophideres fullonica, bores
through the thick rind of the orange with its wonder-
ful proboscis, provided with formidable teeth.* There
is therefore not the least difficulty in believing that
Lepidoptera with their delicate proboscides, and bees

My son Franci bas dogribed  +Q.  Jounal of Mierosopical
it ME R e O R D 1875, p.
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with their much stronger ones, could penetrate with case
the soft inner membrane of the nectaries of the above-
named Orchids. Dr. H. Miiller is also convineed* that
insects puncture the thickened bases of the standard
petals of the Laburnum,t and perhaps the petals of
some other flowers, so as to obtain the included fluid.
The various kinds of bees which I saw visiting the
flowers of Orchis morio remained for some time with
their proboscides inserted into the dry nectaries, and
I distinctly saw this organ in constant movement. I
observed the same fact with Empis in the case of 0.
maculata ; and on afterwards opening several of the
neetaries, T occasionally detected minute brown specks,
due as I believe to the punctures made some time
before by these fl r. H. Miller, who has often
watched bees at work on several species of Orchis, the
nectaries of which do not contain any free nectar, fully
accepts my view.} On the other hand, Delpino still
maintains that Sprengel is right, and that insects are
continually deceived by the presence of a nectary,
though this contains no nectar.§ His belief is founded
chiefly on a statement by Sprengel that insects soon
find out that it is of no use to visit the nectaries of
these orchids, as shown by their fertilising only the

8 Dle Befruchtung 388,
1 nus oo

tinet ease, namely, the presence
of nectar in several monocotyle-

reviras
Zeitung,’ 1863, p. 1 D el
‘made by Salisbury, that when the
laments in the iowers of anotber
Teguminons plant, Edwardsia, fall
are cautiously
separated, a large quantity of
sweet uid flows from the points
ofseparation; and a3 beloreland
0 trace of any such
uid, i must havbeen contoined,
Trevirunos ronarks, within the
cellular tissue. I uay
parently similor, but really di

donous plants (as described by
Aa Brongriactin Toll or. lloL
do anw tom. i.
hetween the two \\ullu eruxllrtzy
Murh fm'm the divisions of the
ovarium. But the nectar in this
case is conducted.
by a channel;
sirfuco s homologienlly an €xe
terior surfuce

1 *Dio Belm«lnung.’ &e. p. 4

‘bll Osservazi sulla Dic
cogamin, Jm, P 190,
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lower and first opened flowers, But this statement is
completely contradicted by my observations previously
given, from which it follows that very many of the
upper flowers are fertilised; for instance, on a spike
of 0. pyramidalis with between fifty and sixty flowers,
no less than forty-eight had their pollinia removed.
Nevertheless, as soon as I learnt that Delpino still be-
lieved in Sprengel’s view, I selected during the un-
favourable season of 1875 six old spikes of O.maculata,
and divided each into halves, so as to observe whether
many more capsules were produced by the lower than
by the upper half. This certainly was not always the
case; for in some of the spil\cs no difference could be
detected between them ; in others there were more cap-
sules in the lower, while in others there were more in
the upper half. A spike of 0. pyramidalis examined
in the same manner produced twice as many capsules
in the upper as in the lower half. Bearing in mind
these facts and others before given, it appears to me
ineredible that the same insect should go on visiting
flower after flower of these Orchids, although it never
obtains any nectar. Insects, or at least bees, are by
no means destitute of intelligence. They recognise
from a distance the flowers of the same species, and
keep to them as long as they can. When humble-
bees have bitten holes through the corolla, as they
often do, so as to reach the nectar more easily, hive-
bees immediately perceive what has been done and
take advantage of the perforations. When flowers
having more than a single nectary are visited by many
bees, so that the nectar is exhausted in most of them,
the bees which afterwards visit such flowers insert
their proboscides only into one of the nectaries, and
if they find this exhausted, they instantly pass on to
another flower. Can it be believed that bees which
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show this much intelligence, should persevere in
visiting flower after flower of the above-named Orchids,
and in keeping their proboscides in constant movement
for some time within the neetaries, in the hope of
obtaining nectar which is never present? This, as T
have said, scems to me utterly incredible.

It has been shown how numerous and beautiful are
the contrivances for the fertilisation of Orchids. We
know that it is of the highest importance that the
pollinia, when attached to the head or proboscis of an
insect, should be fixed symmetrically, so as not to fall
either sideways or backwards. We know that in the
species as yet described the viscid matter of the dise
sets hard in a few minutes when exposed to the air,
50 that it would be a great advantage to the plant if
insects were delayed in sucking the nectar, time being
thus allowed for the disc to become immovably affixed.
It is manifest that insects must be delayed by having
to bore through several points of the inner membrane
of the nectary, and to suck the nectar from the inter-
cellular spaces; and we can thus understand why the
nectaries of the above-named species of Orchis do not
contain free nectar, but secrete it internally between
the two membranes,

The following singular relation supports this view
in a striking manner. T have found free nectar within
the nectarics of only five British. species of Ophrez,
namely, in Gymnadenia conopsea and albida, in
Habenaria bifolia and chlorantha, and in Peristylus (or
Habenaria) viridis. Thefirst four of these species have
the viscid surfaces of the dises of their pollinia naked
or not enclosed within pouches, and the viscid matter
does not rapidly set hard when exposed to the air, as if
it did, it would immediately have been rendered use-
less; and this shows that it must differ in chemical
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nature from that in the foregoing species of Orchis.
But to make sure of this fact I removed the pollinia
from their anther-cells, so that the upper as well as the
under surfaces of the viscid dises were freely exposed
to the air; in Gymnadenia conopsea the dise remained
sticky for two hours, and in Habenaria chlorantha for
more than twenty-four hours. In Peristylus viridis the
viscid dise is covered by a pouch-formed membrane,
but this is so minute that botanists have overlooked
it. I did not, when examining this species, see the
importance of ascertaining exactly how soon the
viscid matter set hard; but I copy from my notes
the words written at the time: “disc remains sticky
for some time when removed from its little pouch.”

Now the meaning of these facts is clear: as the
viseid matter of the discs of these five latter species is
s0 adhesive that it serves to attach the pollinia firmly
to the insects which visit the flowers, without setting
hard, there would be no use in the insects being
delayed by having to bore holes at several points
through the inner membrane of the nectaries; and in
these five species, and in these alone, we find copious
nectar ready stored for rapid suction in open nectaries,
On the other hand, whenever the viscid matter sets
hard by exposure for a short time to the air, it would
manifestly be advantageous to the plant, if insects
were delayed in obtaining the nectar; and in all such
species the nectar is lodged within intercellular spaces,
so that it can be obtained only by the inner mem-
brane being penetrated at several points, and this will
require time. If this double relation is accidental,
it is a fortunate accident for the plants; but T cannot
believe it to be so, and it appears to me one of the
most wonderful cases of adaptation which has ever
been recorded.
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CHAPTER IIL
OPHREZE—continued.

iy and Syider Oplrye—Bee Ophrys, appurently adaptd for poretas]

—Horminium mnnomm., nmmlmu:nl of tho pollinia to the front legs
of , fertilisation I by nectar
iy parts of the labellum—Gymnadenia conopsea,
and_other species — Habenaria or Platanthera chlorantha and
Difolia, their pollinia. attached {0 the eyes of Lepidoptera—Other
species of Habenaria—Bonatea—Disa—Summary on the powers of
movement in the pollinin,

Tue genus Ophrys differs from Orchis chiefly in
having separate pouch-formed rostella,* instead of
the two being confluent.

In Ophrys muscifera, o the Fly Ophrys, the chief
peculiarity is that the caudicle of the pollinium
(B, fig. 5) is doubly bent. The nearly cireular piece
of membrane, to the under side of which the ball of
viscid matter adheres, is of considerable size, and forms
the summit of the rostellum. It is thus frecly exposed

* It is ot comoct to aponk of
two rostella, the inaceuracy
may bo (nrgiven from ifs conve-
nmcn. le ma'ell\lm strietly is  crest (sometimes converted into a.

fold of membrane (see B in fig. 1)
projecting between the bases of
tl

rmed by the  solid ridge) corresponds with the
odifontion ot the dorsal stigma  smooth surface lying between the
and pistls o that fn Ophrya the  bwo ponchos n Ophirya,and owes
two y\uchsu, the two viscid discs, ‘protul std folded o

rostel-
8 fociuaie i e oret o

Hor o O meue chos

having been et
de (vnﬁuenk Tm. ot
fieation will re fully ex-

plained iu a futare chapter.
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to the air, instead of lying almost hidden at the base of
the anther, as in Orchis, and thus kept damp. Never-
theless, when a pollinium is removed, the caudicle
bends downwards in the course of about six minutes,
and, therefore, at an unusually slow rate; the upper

Fig. 5.

Orunys MUSCIFERA, OF FLY OpiRYs,

4. anther. 5. stigma, of the bases of the anther-cells;
ryr. Tostella, labellum, but this is not shown from the

B. Oue of the two pollinia remove
o o from its anther-cell, and viewed

tella stand a little in advance Iaterally,

end still remaining curved. 1 formerly thought that
it was incapable of any movement, but have been con-
vinced by Mr. T. H. Farrer of my error. The ball of
viscid matter is bathed in fluid within the pouch formed
by the lower half of the rostellum, and this is necessary,
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as the viscid matter quickly sets hard when exposed to
the air. The pouch is not elastic, and does not spring
up when the pollinium is removed. Such elasticity
would have been useless, as there is here a separate
pouch for each viscid disc; whereas in Orchis, after
one pollinium has been removed, the other has to
be kept covered up and ready for action. Hence it
appears that nature had been so economical as to save
even superfluous elasticity.

The pollinia cannot, as T have often proved, be shaken
out of the anther-cells. That insects of some kind
visit the flowers, though not frequently, and remove
the pollinia, is certain, as we shall immediately see.
Twice T have found abundant pollen on the stigmas of
flowers, in which both pollinia were still in their cells ;
and no doubt this might have been much oftener ob-
served. The elongated labellum affords a good landing-
place for insects: at its buse, just beneath the stigma,
there is a rather deep depression, representing the
nectary in Orchis; but I could never see a trace of
nectar within it; nor have I ever observed any insects
approach these inconspicuous and scentless flowers, often
as I have watched them. There is, however, on eachside
of the base of the labellum a small shining projection,
having an almost metallic lustre, which appears curi-
ously like a drop of fluid or nectar ; and as these flowers
are only visited occasionally by insects, Sprengel’s view
of the existence of sham-nectaries is far more probable
in this case than in any other known to me. On
several occasions I have detected minute punctures in
these protuberances, but I was not able to decide whether
they had been made by insects, or whether superficial
cells had spontaneously burst. Similar shining pro-
tuberances are present on the labella of all the other
species of Ophrys. The two rostella stand not far
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apart, and project over the stigma; and if any object
is gently pushed against one of them, the pouch is
depressed and the viscid ball together with the pol-
linium adheres to it and s easily removed.

The structure of the flower leads me to believe that
small insects (as we shall see in the case of Listera)
crawl up the labellum to its base, and that in bending
their heads downwards, so as to puncture and suck, or
only to examine one of the small shining protuberances,
they push against the pouch, and a pollinium is attached
to their heads ; they then fly to another flower, and
there bending down in a similar manner, the attached
and doubly-bent pollinium, after the movement of
depression, strikes the sticky stigmatic surface, and
leaves pollen on it. Under the next species we shall
see reason for belieying that the natural double cur-
vature of the caudicle compensates for its slight power
of movement, compared with that in all the species of
Orchis.

Number of Flowers.

Both Pollinia_ |
by Inwets.

') | Both Pollinia
n their Cells

In 1858, 17 plants, bearing 57 flowers,
growiug near each other were —— #,
In 1838, 25 plants growing in another i s

spot, and bearing 65 flow |
In 1860, 17 plants, bearing 61 flowers | 28 38
In 1861, 4 plants from 8. Kent, bearing 24 |
flowers (all the previous plants haing, it 9
grown in N. Kent) |
Motals - o L Lgilenas i s,

That insects visit the flowers of the Fly Ophrys
and remove the pollinia, though not effectually or suffi-
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ciently, the following cases show. During several
years before 1858 I occasionally examined some flowers.
and found that only thirteen out of 102 had one or
both pollinia removed. Although at the time I re-
corded in my notes that most of the flowers were
partly withered, T now think that I must have included
many young flowers, which might perhaps have been
subsequently visited ; so I prefer trusting to the fol-
lowing observations.

‘We here see that, out of 207 flowers examined, not
half had been visited by insects. Of the eighty-eight
flowers visited, thirty-one had only one pollinium re-
moved. As the visits of insects are indispensable for
the fertilisation of this Orchid, it is surprising (as in
the case of Orchis fusea) that the flowers have not been
rendered more attractive to insects. The number of

produced is proportionably even less than
the number of flowers visited by insects. The year
1861 was extraordinarily favourable to this species in
this part of Kent, and I never saw such numbers
in flower ; accordingly I marked eleven plants, which
bore forty-nine flowers, but these produced only seven
capsules, Two of the plants each bore two capsules,
and three other plants each bore one, so that no less
than six plants did not produce a single capsule!
‘What are we to conclude from these facts? Are the
conditions of life unfavourable to this species, though
during the year just alluded to it was so numerons in
some places as to deserve to be called quite common ?
Could the plant nourish more seed ; and would it be of
any advantage to it to produce more seed ?  Why does
it produce so many flowers, if it already produces a
sufficiency of seeds? Something seems to be out of
order in its mechanism or in its conditions. We shall
presently see that Ophrys apifera or the Bee Ophrys

B
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presents a wonderful contrast in every flower producing
a capsule.

Oplirys aranifera, or the Spider Ophrys.—I am in-

debted to Mr. Oxenden for some spikes of this rare

Fig. 6. species.  Whilst the pollinia

remain enclosed within their

cells, the lower part of the cau-

dicle projects up in a straight

line from the viscid disc, and

therefore has a very different

7 form from the corresponding

Opbrys aranifers. ~ part of the caudicle of 0, mus-

A Tollnm bfrsthe et of i ; but the upper part (A,

B. Pollinium after the actof fig. 6) is u little bent forward,

that is, towards the labellum,

The point of attachment of the caudicle to the dise

is hidden within the bases of the anther-cells, and

is thus kept damp; consequently, as soon as the

pollinia are exposed to the air, the usual movement of

depression takes place, and they sweep through an

angle of about ninety degrees.” By this movement

they assume, supposing them to be. attached to an

insect’s head, a position exactly adapted for striking

the stigmatic surface, which is situated, relatively to

the pouch-formed rostella, rather lower down in the
flower than in the Fly Ophrys.

T examined fourteen flowers of the Spider Ophrys,
several of which were partly withered; and in none
were both pollinia, and in three alone was one pollinium
removed. Hence this species, like the Fly Ophrys,
is but little visited by insects in England. In parts
of Ttaly it is even less visited, for Delpino states®
that in Liguria l.mrlll) one flower out of 3000 sets a

# CUlL. Osserv. &, Dicogamin,’ &e. Parte i. 1868-69, p. 177,
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capsule, though near Florence rather more capsules
are produced. The labellum does not secrete any
nectar. The flowers, however, must be occasionally
visited and fertilised by inscets, for Delpino found®
pollen-masses on the stigmad of some flowers which
still retained both their own pollinia.

The anther-cells are remarkably open, so that with
some plants which were sent me in a box, two pair
of pollinia fell out, and stuck by their viscid discs
to the petals. Here we have an instance of the first
appearance of a trifling structure which is of not the
least use to its possessor, but becomes when a little
more developed, highly beneficial to a closely-allied
species; for although the open state of the anther-ceils
is useless to the Spider Ophrys, it is of the highest
importance, as we shall presently see, to the Bee
Ophrys. The flexure of the upper end of the candicle
of the pollinium is of service to the Spider and Fly
Ophrys, by aiding the pollen-masses, when carried by
insects to another flower, to strike the stigma ; but by
an increase of this bend together with increased flexi-
bility in the Bee Ophrys, the pollinia become adapted
for the widely different purpose of self-fertilisation.

Ophrys arachnites.—This form, of which Mr. Oxenden
sent me several living specimens, is
considered by some botanists as only a
variety of the Bee Ophrys, by others as a
distinct species.  The anther-cells do not
stand so high above the stigma, and do |
not overhang it so much, as in the Bee
Ophrys, and the pollen masses are more  poltinium of
elongated. The caudicle is only two- Cphrysarachnites.
(].\ml», or even only half as long as that of the Bee

Fig. 7.

* + Fecondazione nelle Pianie Antocarpee,’ 18
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Ophrys, and is much more rigid; the upper part is
naturally curved forward; the lower part undergoes
the usual movement of depression, when the pollinia
are removed from their cells. The pollen-masses
never fall spontaneously out of their cells. This plant,
therefore, differs in every important respect from 0.
apifera, and seems to be much more closely allied to
0. aranifera.

Ophrys scolopaz of Cavanilles—This form inhabits
the north of Ttaly and the south of France. Mr.
Moggridge says* that at Mentone it never shows any
tendency to fertilise itself, whilst at Cannes the pollen-
masses naturally fall out of their cells and strike the
stigma. He adds: «This material difference between
the two is accomplished by a very slight bend in the
anther-cells, which are prolonged into a beak of variable
length, in the case of the self-fertilising blossoms.”

Ophrys apifera—The Bee Ophrys differs widely
from the great majority of Orchids in being excellently
constructed for fertilising itself. The two pouch-formed
rastella, the viscid dises, and the position of the stigma,
are nearly the same as in the other species of Ophrys ;
but the distance of the two pouches from each other,
and the shape of the pollen-masses are somewhat
variable.t The caudicles of the pollinia are remark-
ably long, thin, and flexible, instead of being, as
in all the other Ophrem scen by me, rigid enough
to stand upright. They are mecessarily curved
forward. at their upper ends, owing to the shape of
the anther-cells; and the pear-shap
lie embedded high above and (1uectly over the

* Joum, Linn. Soo? vol. vill, _eymmetrically confluent as in he
1865, p. 208. genus Orehis, and with the tw

P o found o single flower  viscid diace Likwiss contiuent, as

m tho summit of o spike, with i Orchis pyramidalis o hircina.
tho two rostella as completely and
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stigma. The anther-cells naturally open soon after
the flower is fully expanded, and the thick ends of
the pollen-masses then fall out, the viscid dises still
remaining in their pouches. Slight as is the weight
of the pollen-masses, yet the caudicles are so thin and
quickly become so flexible, that in the course of a few
hours they sink down, until they hang freely in the air

Fig, 8.

Opumys APIFERA, OR BEE OpnRvs)

. anther. | out of the anther-cell; ‘and
L labellum. | the other has fallen almost to
. Side view of flower, with the | its full extent, opposite to the
upper sepal and the two upper hidden stigmatic surface.
petals removed. One pollinium, | B. Pollinium in the position in
with its dise still in its pouch, | which it lies embedded.

is represented as just falling |

(e lower pollen-mass in fig. A) exactly opposite to
and in front of the stigmatic surface. In this position
a breath of air, acting on the expanded petals, sets
the flexible and elastic caudicles vibrating, and they
almost immediately strike the viscid stigma, and,
being there secured, impregnation is effected. To
make sure that no other aid was requisite, though
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the experiment was superfluous, T covered up a plant
under a net, so that the wind, but no insects, could
pass in, and in a few days the pollinia became attached
to the stigmas. But the pollinia of a spike kept in
water in a still room remained free, suspended in front
of the stigma, until the flowers withered.

Robert Brown first observed that the structure of the
Bee Ophrys is adapted for self-fertilisation.* When
we consider the unusual and perfectly-adapted length,
as well as the remarkable flexibility of the caudicles ;
when we see that the anther-cells naturally open, and
that the masses of pollen, from their weight, slowly
fall down to the exact level of the stigmatic surface,
and are there made to vibrate by the slightest breath
of wind until the stigma is struck; it is impossible
to doubt that these several points of structure and
function, which occur in no other British Orchid, are
specially adapted for self:fertilisation.

The result is what might have been anticipated. 1
have often noticed that the spikes of the Bee Ophrys
apparently produced as many seed-capsules as flowers ;
and near Torquay I carefully examined many dozen
plants, some time after the flowering season; and on
all I found from ome to four, and occasionally five,
fine capsules, that is, as many capsules as there had
been flowers. In extremely fow cases, with the excep-
tion of a few deformities, generally on the summit of
the spike, could a flower be found which had not pro-
duced a capsule. Let it be observed what a contrast
this species presents with the Fly Ophrys, which
requires insect aid for its fertilisation, and which from
forty-nine flowers produced only seven capsules !

* ¢ Trnsact. Linn. Soc vol.  common to the genus. As far as
xvi. p. 740 Brown erroncously  the four British species are con-
belicved that this peeuliarity was  cerned, it applies to this oo alone,
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From what I had then seen of other Orchids, 1
was so much surprised at the self-fertilisation of this
species, that I examined during many years, and asked
others to examine, the state of the pollen-masses in
many hundreds of flowers, collected in various parts of
England.  The particulars are not worth detailing;
but I may give us an instance, that Mr. Farrer
found in Surrey that not one flower out of 106
had lost both pollinia, and that only three had lost
a single one. In the Isle of Wight, Mr. More
examined 136 flowers, and of these the very unusual
number of ten had lost both, and fourteen had lost
one; but then he found that in eleven cases the
caudicles had been gnawed through apparently by
snails, the discs still remaining in their pouches; so
that the pollinia had not been carried away by insects.
In some few cases, also, in which I found the pollinia
removed, the petals were marked with the slime of
snails, Nor must we forget that a blow from a
passing animal, and possibly heavy storms of wind
might occasionally cause the loss of one or both
pollinia.

During most years the pollen-masses of the many
hundred flowers which were examined, adhered with
the rarest exceptions to the stigma, with their dises still
enclosed within the pouches. But in the year 1868,
from some cause the nature of which I cannot conjecture,
out of 116 flowers gathered in two localities in Kent,
seventy-five retained both pollinia in their cells; ten
had one pollinium, and only thirty-one had both
adhering to the stigma. Long and often as I have
watched plants of the Bee Ophrys, I have never seen
one visited by any insect.* Robert Brown imagined

* Mr. Gerard E. Smith, in his *Catalogue of Plants of 8. Kent,
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that the flowers resembled bees in order to deter their
visits, but this scems extremely improbable. The
flowers with their pink sepals do mot resemble any
British bee, and it is probably true, as T have heard it
said, that the plant received its name merely from the
hairy labellum being somewhat like the abdomen of a
humble-bee.  We see how fanciful many of the names
are,—one species being called the Lizard and another
the Frog Orchis, The resemblance of 0. museifera to
a fly is very much closer than that of 0. apifera to a
bee; and yet the fertilisation of the former absolutely
depends on and is effected by the means of insects.

All the foregoing observations relate to England,
but Mr. Moggridge made similar ones on the Bee
Ophrys in Northern Italy and Southern France, as did
Treviranus* in Germany, and Dr. Hooker in Morocco.
We may therefore conclude,—from the pollinia spon-
tancously falling on the stigma—from the co-related
structure of all the parts for this purpose—and from
almost all the flowers producing seed-capsules—that
this plant has been specially adapted for self-fertilisa-
tion. But there is another side to the case.

When an object is pushed against one of the
pouches of the rostellum, the lip is depressed, and the
large viscid diso adheres firmly to it; and when the
object is removed, so is the pollinium, but perhaps
not quite so readily as in the other species of
Ophrys. Even after the pollen-masses have naturally
fallen out of their cells on to the stigma, their removal
can sometimes be thus effected. As soon as the dise is

1829, p. “Mr. Price  cannot conjectu
has ircquentl y Witheseed atacks Tt Yeitung? 1663, p.
made upon the Bee Orchis by a This bttt ok Bt dmlbled my
bee, similar to those of the ubscrvations on apif
troublesome_dpis museorum.”  und aranifera, but e
What this sentence means I  confirmed them.
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drawn out of its pouch a movement of depression
commences, by which the pollinium if attached to
the front of an insect’s head would be brought into
a proper position for striking the stigma. When a
pollen-mass is placed on the stigma and then with-
drawn, the elastic threads by which the packets are
tied together break, and leave several packets on the
viscid surface. In all other Orchids the meaning of
these several contrivances is unmistakably clear—
namely, the downward movement of the lip of the ros-
tellum when gently pushed—the viscidity of the disc
—the depression of the caudicle as soon as the dise
is exposed to the air—the rupturing of the elastic
threads—and the conspicuousness of the flower. Are
we to believe that these adaptations for cross-fertilisa-
tion in the Bee Ophrys are absolutely purposeless, as
would certainly be the case if this species has always
been and will always be self-fertilised ? It is, however,
just possible that insects, although they have never
been seen to visit the flowers, may at rare intervals
transport the pollinia from plant to plant, during such
seasons as that of 1868, when the pollinia did not all
fall out of the anther-cells so as to reach the stigmas.
The whole case is perplexing in an unparalleled degree,
for we have in the same flower elaborate contrivances
for directly opposed objects.

That cross-fertilisation is beneficial to most Orchids,
we may infer from the innumerable structures serving
for this purpose which they present; and I have
elsewhere shown in the case of many other groups of
plants * that the benefits thus derived are of high
importance. On the other hand, self-fertilisation is
manifestly advantageous in as far as it ensures a full

* ¢The Effects of Cross and Self-Fertilisation in the Vegetablo
Kingdom, 1876.
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supply of seed; and we have seen with the other
British species of Ophrys which cannot fertilise them-
selves, how small a proportion of their flowers produce
capsules. Judging therefore from the structure of
the flowers of 0. apifera, it seems almost certain that
at some former period they were adapted for cross-
fertilisation, but that failing to produce a sufficiency
of seed they became slightly modified so as to fertilise
themselves. It is, however, remarkable on this view,
that none of the parts in question show any tendency
to abortion—that in the several and distant countries
which the plant inhabits, the flowers are still con-
spicuous, the discs still viscid, and the caudicles still
retain the power of movement when the dises are ex-
posed to the air. The metallic points at the base of
the labellum are however smaller than in the other
species; and if these serve to attract insects, this dif-
ference is of some signification. As it can hardly be
doubted that 0. apifera was at first constructed so as
to be regularly eross-fertilised, it may be asked will it
ever revert to its former state; and if it does not so
revert, will it become extinet? These questions cannot
be answered, any more than in the case of those plants
which are now propagated exclusively by buds, stolons,
&e., but which produce flowers that rarely or never set
any seed ; and there is reason to believe that a sexnnl
ion is closely il to long
self-fertilisation.

Finally Mr. Moggridge has shown that in North
Ttaly Ophrys apifera, aranifera, arachnites, and seolopazx
are connected by so many and such close intermediate
links,* that all seem to form a smgle species in

* These forms arollustrated by ¢ Verhandlungen der  Kaise
beantiful mlmned | druvings in Leop. Cor. Alad” (Nor. vy

the Flor of Mentoney pl. 43 to  tom. xxxv. 1
45; and in hu in the
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accordance with the belief of Linnwus, who grouped
them all together under the name of Ophys insectifera.
Mr. Moggridge further shows that in Italy 0. aranifera
flowers ﬁmt aud 0 apifera last, the intermediate
forms at periods; and ding to Mr.
Oxenden, the same fact holds good to a certain extent
in Kent. The three forms which inhabit England do
not seem to blend into one another as in Italy, and T
am assured by Mr. Oxenden, who has closely attended
to these plants in their native homes, that 0. aranifera
and apifera always grow in distinet spots. The case
therefore is an interesting one, as here we have forms
which may be and generally have been ranked as true
species, but which in North Italy have not as yet been
fully differentiated. The case is all the more interest-
ing, as the intermediate forms can hardly be due to
the crossing of 0. aranifera with apifera; this latter
species being regularly self-fertilised and apparently
never visited by insects. Whether we rank the several
forms of Ophrys as closely allied species or as mere
varieties of the same species, it is remarkable that
they should differ in a character of such physiological
importances as the flowers of some being plainly
adapted for self-fertilisation, whilst the flowers of
others are strictly adapted for cross-fertilisation, being
utterly sterile if not visited by insects.

Herminium monorchis—The Musk Orchis, which is
a rare British plant, is generally spoken of as having
naked glands or discs, but this is not strictly correct.
The disc is of unusual size, nearly equalling the mass
of pollen-grains : it is subtriangular, with one side pro-
tuberant, and somewhat resembles a distorted helmet
in shape: it is formed of hard tissue with the base
hollowed out, and viseid; the base resting on and
being covered by a narrow strip of membrane, which is
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easily pushed away, and answers to the pouch in
Orchis. The whole upper part of the helmet answers
to the minute oval bit of membrane to which the
caudicle of Orchis is attached and which in Ophrys
is larger and convex. When the lower part of the
helmet is moved by any pointed object, the point
readily slips into its hollow base, and is there held so
firmly by the viscid matter, that the whole helmet
appears adapted to stick to some prominent part of an
insect’s body. The caudicle is short and very elastic ;
it is attached not to the apex of the helmet, but to the
hinder end ; if it had been attached to the apex, the
point of attachment would have been freely exposed to
the air and not kept damp; and then the pollinium
when removed from its cell would not have been
quickly depressed.

This movement is well marked, and serves to bring
the end of the pollen-mass into a proper position for
striking the stigma. The two viscid discs stand wide
apart. There are two transverso stigmatic surfuces,
meeting by their points in the middle; but the broad
part of each lies directly beneath each dise. The
labellum is remarkable from not differing much in
shape from the two upper petals, and from not always
occupying the same position in reference to the axis
of the plant, owing to the ovarium being more or less
twisted. This state of the labellum is intelligible, for
as we shall see, it does not serve as a landing-place for
insects. It is uptumned, and together with the two
other petals makes the whole flower in some degree
tubular. At its base there is a hollow so deep as
almost to deserve to be called a nectary ; but T could
not perceive any neetar, which, as T believe, remains
enclosed in the intercellular spaces. The flowers are
very small and inconspicuous, but emit a strong honey-
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like odour. They seem highly attractive to insects; in
a spike with only seven flowers recently open, four had
both pollinia, and one had a single pollinium removed.

When the first edition of this book appeared T did
not know how the flowers were fertilised, but my son
George has made out the whole process, which is
extremely curious and differs from that in any other
Orchid known to me. He saw various minute insects
entering the flowers, and brought home no less than
twenty-seven specimens with pollinia (generally with
only one, but sometimes with two) attached to them.
These insects consisted of minute Hymenoptera (of
which Tetrastichus diaph was the ),
of Diptera and Coleoptera, the latter being Malthodes
brevicollis. The one indispensable point appears to
be that the insect should be of very small size, the
largest being only the oy of an inch in length. The
pollinia were always attached to the same place,
namely, to the outer surface of the femur of one of the
front legs, and generally to the projection formed by
the articulation of the femur with the coxa. The
cause of this peculiar mode of attachment is suffici-
ently clear: the middle part of the labellum stands so
close to the anther and stigma, that insects always enter
the flower at one comner, between the edge of the
labellum and one of the upper petals; they also almost
alvays crawl in with their backs turned directly or
obliquely towards the labellum. My son saw several
which began to crawl into the flowers in a different
position; but they came out and changed their posi-
tion. Standing in either comer of the flower, with
their backs tumned towards the labellum, they insert
their heads and fore legs into the short nectary, which
is seated between the two widely separated viscid discs.
T ascertained- that they had occupied this position by
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finding three dead insects, permanently glued to the
discs. Whilst sucking the nectar, which takes two or
three minutes, the projecting joint of the femur stands
under the large helmet-like viscid dise on either side ;
and when the insect retreats, the disc exactly fits on
and is glued to the prominent joint, or to the surfuce
of the femur. The movement of depression in the
caudiclo now takes place, and the mass of pollen-grains
then projects just beyond the tibia; so that the insect,
when entering another flower, can hardly fail to ferti-
lse the stigma, which is situated directly beneath the
dise on either side.

Pemisty

Vimios, or Frog Oncuss,
Front view of flower,

a. anther. n'nl lateral nectaries.
4, labellum,

5. stigma.
. orifice of central nectary.

Peristylus viridis—This plant, which bears the odd
name of the Frog Orchis, has been placed by many
botanists in the genus Habenaria or Platanthera but
as the dises are not naked, it is doubtful whether this
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classification can be correct. The rostella are small
and widely separated from each  other. The viscid
matter on the under side of the dise forms an oval ball
which is enclosed within a small pouch. The upper
membrane to which the caudicle is attached is of large
size relatively to the whole dise, and is freely exposed
to the air. Hence probubly it is that the pollinia when
removed from their cases do not become depressed
until, as Mr. T. H. Farrer has observed, twenty or
thirty minutes have elapsed. Owing to this long
lntcnal I fom\crly thought that they did not undergo

m he nmwhed to the head of an msect aml to have
become depressed, it will stand at the proper angle,
vertically, for striking the stigma. But from the
lateral position of the anther-cells, notwithstanding
that they converge a little towards their upper ends,
it is difficult at first to see how the pollinia when
removed by insects are afterwards placed on the
stigma ; for this is of small size and is situated in the
middle of the flower between the two widely separated
rostella.

The explanation is, I believe, as follows. The base
of the elongated labellum forms a rather deep hollow
in front of the stigma, and in this hollow, but some way
in advance of L].\e stigma, a minute slit-like orifice (1)
leads into a short bilobed nectary. Hence an insect,
in order to suck the nectar with which the nectary is
filled, would have to bend down its head in front of
the stigma. The labellum has a medial ridge, which
would probably induce an insect first to alight on
cither side; but, apparently to make sure of this,
besides the true nectary, there are two spots (n'%’) which
secrete drops of nectar on each side at the base of
the Iabellum, bordered by prominent edges, dircetly
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beneath the two pouches. Now let us suppose an insect
to alight on one side of the labellum so as first to lick
up the exposed drop of nectar on this side; from the
position of the pouch exactly over the drop, it would
almost certainly get the pollinium of this side attached
to its head. If it were now to go to the mouth of the
true nectary, the pollinium attached to its head from
not having as yet become depressed would mot touch
the stigma ; so that there would be no self-fertilisation.
The insect would then probably suck the exposed drop
of nectar on the other side of the labellum, and would
perhaps get another pollinium attached to its head ; it
would thus be considerably delayed by having to visit
the three nectaries. It would then visit other flowers
on the same plant, and afterwards flowers on a distinet
plant; and by this time, but not befure, the pollinia
will have unde the jon and
will be in a proper position for eﬁ'ectmg cross-fertilisa-
tion. It thus appears that the secretion of nectar at
three separate points of the labellum,—the wide dis-
tance apart of the two rostella,—and the slow down-
ward movement of the caudicle without any lateral
movement—are all correlated for the same purpose of
cross-fertilisation.

To what extent this Orchis is frequented by insects,
and what the kinds are, I do not know, but several of
the flowers on two spikes, sent me by the Rev. B. S.
Malden, had a single pollinium removed, and one
flower had both removed.

We now come to two genera, namely, Gymnadenia
and Habenaria or Platanthera, including four British
species, which have uncovered viscid discs. The viscid
matter, as before remarked, is of a somewhat different
nature from that in Orchis, Ophrys, &c., and does not
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rapidly set hard. Their nectaries are stored with free
nectar. With respect to the uncovered condition of
the discs, the last species, or Peristylus viridis, is in
an almost intermediate condition. The four following
species compose a much broken series. In Gymna-
denia. conopsea the vicid dises are narrow and much
elongated, and lie close together; in G. albida they
are less elongated, but still approximate ; in Habenaria
bifilia they are oval and far apart; and, lastly, in H.
chlorantha they are cireular and much farther apart.
Gymnadenia conopsea.—In general appearance this
plant resembles pretty closely a true Orchis. The
pollinia differ in having naked, narrow, strap-shaped

GYMNADENIA CONOPSEN,

A Pollinium, before the act of | B. Pollinum, after the act of de-
depression. P but before it has
closely clasped the disc.

dises, which are as long as the caudicles (fig. 10).
When the pollinia are exposed to the air the caudicle
is depressed in from thirty to sixty seconds; and as
the posterior surface of the caudicle is slightly hol-
lowed out, it closely clasps the upper membranous
surfuce of the disc. The mechanism of this movement
will be described in the last chapter. The elastic
threads by which the packets of pollen are bound to-
gether are unusually weak, as is likewise the case with
F
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the two following species of Habenaria: this was well
shown by the state of specimens which had been kept
in spirits of wine. This weakness apparently stands in
relation to the viscid matter of the discs not setting
hard and dry as in Orchis; so that a moth with a
pollinium attached to its proboscis might be enabled to
visit several flowers without having the whole polli-
nium dragged off by the first stigma which was struck.
The two strap-shaped discs lic elose together, and form
the arched roof of the entrance into the nectary.
They are not protected, as in Orchis, by a lower lip or
pouch, so that the structure of the rostellum is simpler.
‘When we come to treat of the homologies of the ros-
tellum we shall see that this difference is due to a
small change, namely, to the lower and exterior cells
of the rostellum resolving themselves into viscid
matter ; whereas in Orchis the exterior surface retains
its early cellular or membranous condition.

As the two viscid dises form the roof of the mouth of
the mectary, and are thus brought down near to the
labellum, the two stigmas, instead of being confluent
and standing beneath the rostellum, as in most of
the species of Orchis, are lateral and separate. These
stigmas consist of protuberant, almost horn-shaped,
processes on each side of the mectary. That their
surfaces are really stigmatic T ascertained by finding
them deeply penetrated by a multitude of pollen-
tubes. As in the case of Orchis pyramidalis, it is a
pretty experiment to push a fine bristle straight into
the narrow mouth of the nectary, and to observe how
cortainly the narrow elongated viseid discs, forming
the roof, stick to the bristle. When the bristle is
withdrawn, the pollinia adhering to its upper side
are withdrawn; and as the dises form the sides of
the arched roof, they adhere somewhat to the sides
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of the bristle. They then quickly become depressed so
as to lie in the same line with the bristle,—one a little
on one side, and the other on the other side; and if
the bristle, held in the same relative position, be now
inserted into the nectary of another flower, the two
ends of the pollinia accurately strike the two protu-
berant stigmatic surfaces, situated on each side of the
mouth of the nectary.

The flowers smell sweet, and the abundant nectar
always contained in their nectaries seems highly
attractive to Lepidoptera, for the pollinia are soon and
effectually removed. For instance, in a spike with
forty-tive open flowers, forty-one had their pollinia
removed, or had pollen left on their stigmas: in
another spike with fifty-four flowers, thirty-seven had
both pollinia, and fifteen had one pollinium, removed ;
s0 that only two flowers in the whole spike had neither
pollinium removed.

My son George went at night to a bank where
this species grows plentifully, and soon caught Plusia
ehirysitis with six pollinia, P. gamma with three, Anaitis
plagiata with five, and Triphana pronuba with seven
pollinia. attached to their proboscides. I may add
that he also caught the first-named moth in my
flower-garden, with the pollinia of this Orchis attached
to its proboscis, but with all the pollen-grains removed,
although the garden is a quarter of a mile distant from
any spot where the plant grows. Many of the above
moths had only a single pollininm attached, somewhat
laterally to their proboscides; and this would happen
in every case, unless the moth stood directly in front
of the nectary and inserted it proboscis exactly be-
tween the two discs. But as the labellum is rather
broad and flat, with no guiding ridges like those on
the labellum of Orehis pyramidalis, there is nothing to

F2

@ The Complete Work of Charles Darwin Online



68 OPHREZE. Cuar. IL

compel moths to insert their proboscides symmetrically
into the nectary, and there would be no advantage in
their doing so.

Gymnadenia albida.—The structure of the flower of
this species resembles in most respects that of the
last ; but, owing to the upturning of the labellum, it
is rendered almost tubular. The naked elongated
dises are minute and approximate, The stigmatic sur-
faces are partially lateral and divergent. The nectary
is short, and full of nectar. Small as the flowers are,
they seem highly attractive to insects: of the eighteen
lower flowers on one spike, ten had both, and seven
had one pollinium removed ; on some older spikes all
the pollinia had been removed, except from two or
three of the uppermost flowers.

of the
Alps, and is said by Dr. H. Miller* to resemble in
all the above characters G. conopsea. As the flowers,
which are pale colonred and highly perfumed, are not
visited by butterflies, he believes that they are fertilised
exclusively by moths. The North American G. tri-
dentata, described by Professor Asa Gray,t differs in an
important manner from the foregoing species. The
anther opens in the bud, and the pollen-grains, which
in the British species are tied together by very weak
threads, are here much more incoherent, and some in-
variably fall on the two stigmas and on the naked
cellular tip of the rostellum; and this latter part,
strange to say, is penetrated by the pollen-tubes. The
flowers are thus self-fertilised. Nevertheless, as Pro-
fessor Gray adds, “all the arrangements for the remoyal

» ‘Nature? Dec. 1, 1874, p.  nole p. 200; and vl xxxvi. 1863,
160, In'the latter paper ho
+* American Journal of Science.  ndds some remarks on i flava and
vol. xxxiv. 1862, p. 426, and foot-  nivea,
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of the pollinia by insects, including the movement of
depression, are as perfect as in the species which
depend upon insect aid.” Hence there can be little
doubt that this species is occasionally eross-fertilised.

Fig. 11,

HABENARIA CHLORANTHA, O BUFTERFLY ORCHIs.

A pollinium. (This has hardly
a sufficiently elongated ap)
ance) The drum-like nt

ectary hidden bel e dis

. orific of netary. C. Dingram, giving &

L labellun through the viscid di

G Fiower viewsd in front, with all drum-like  pedicel,
the sepals and petals removed sttachel end of the e
except. the labellum with its The isc is formeid o
nectary, which is turned to one upper membrane with # layer
side. of viscid matter beneath.

Habenaria ov Platanthera chlorantha—The pollinia
of the Large Butterfly Orchis differ considerably from
those of any species hitherto mentioned. The two
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anther-cells are separated from each other by a wide
space of connective membrane, and the poliinia are
enclosed in a backward sloping position (fig. 11). The
viscid dises front each other, and stand in advance of
the stigmatic surface. In consequence of their forward
position, the caudicles and pollen-masses are much
elongated. Each viseid disc is circular, and, in the
carly bud, consists of a mass of cells, of which the
exterior layers (answering to the lip or pouch in
Orchis) resolve themselves into adhesive matter. This
matter has the property of remaining adhesive for at
least twenty-four hours after the pollinium has been
removed from its cell. The disc, externally covered
with a thick layer of adhesive matter (see fig. C,
which stands so that the layer of viscid matter is below)
is produced on its opposite and embedded side into
a short drum-like pedicel. This pedicel is continuous
with the membranous portion of the dise and is formed
of the same tissue. The caudicle of the pollinium is
attached in a transverse direction to the embedded end
of the pedicel, and its extremity is prolonged, as a bent
rudimentary tail, just beyond the drum. The caudicle
is thus united to the viscid disc in a very different
manner, and in a plane at right angles, to what oceurs
in the other British Orchids. In the short drum-
like pedicel, we have a small development of the long
pedicel of the rostellum, which is so conspicuous in
many Vandew, and which connects the viseid disc with
the true caudicles of the pollinia.

The drum-like pedicel is of the highest importance,
not ouly by rendering the viscid dise more prominent
and more likely to stick to the face of an insect whilst
inserting its proboscis into the nectary beneath the
stigma, but on account of its power of contraction.
The pollinia lie inclined backwards in their cells (see
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fig. A), above and some way on each side of the stig-
matic surface ; if attached in this position to the head
of an insect, the insect might visit any number of
flowers, and no pollen would be left on the s
But observe what takes place : in a few seconds after the
inner end of the drum-like pedicel has been removed
from its embedded position and exposed to the air, one
side of the drum contracts, and this contraction draws
the thick end of the pollinium inwards, so that the
caudicle and the viscid surface of the disc are no longer
parallel, as they were at first, and as they are repre-
sented in the section, fiz. C. At the same time the
drum rotates throngh nearly a quarter of a circle, and
this moves the caudicle downwards, like the hand of
a clock, depressing the thick end of the pollinium or
mass of pollen-grains. Let us suppose the right-hand
disc to be affixed to the right side of an insect’s face,
and by the time required for the insect to visit
another flower on another plant, the pollen-bearing
end of the pollinium will have moved downwards
and inwards, and will now infallibly strike the viscid
surface of the stigma, situated in the middle of the
flower beneath and between the two anther-cells.

The little rudimentary tail of the candicle projecting
beyond the drum-like pedicel is an interesting point
to those who believe in the modification of species ;
for it shows us that the disc has been carried a little
inwards, and that primordially the two dises stood even
still further in advance of the stigma than they do
at present. We thus learn that the parent-form ap-
proached in this respect the structure of that extra-
ordinary Orchid, the Bonatea speciosa of the Cape of
Good Hope.

The remarkable length of the nectary, containing
much free nectar, the white colour of the conspicuous

ma.

@ The Complete Work of Charles Darwin Online



72 OPHREZE. Cuar. 1L

flowers, and the strong sweet odour emitted by them at
night, all show that this plant depends for its fertilisa-
tion on the larger nocturnal Lepidoptera. I have
often found spikes with almost all the pollinia removed.
From the lateral position and distance of the two
viscid dises from each other, the same moth would
genenally remove only one pollinium at a time ; and
in a spike which had not as yet been much visited,
three flowers had both pollinia, and eight flowers had
only one pollinium removed. From the position of
the dises it might have been anticipated that they
would adhere to the side of the head or face of moths;
and Mr. F. Bond sent me a specimen of Hadena dentina
with one eye covered and blinded by a disc, and a
specimen of Plusia v. aureum with a disc attachéd to
the edge of the eye. Mr. Marshall* collected twenty
specimens of Cueullia wmbratica on an island in Der-
wentwater, separated by half-a-mile of water from any
spot where H. chlorantha grew ; nevertheless, seven of
these moths had the pollinia of this Orehid affixed to
their eyes. Although the dises are so adhesive that
almost all the pollinia in a bunch of flowers which was
carried in my hand and thus shaken were removed
by adhering to the petals or sepals, yet it is certain
that moths, probably the smaller species, often visit
these flowers without removing the pollinia; for on
examining the dises of a iarge number of pollinia
whilst still in their cells I found minute Lepido-
pterous scales glued to them.

The cause of the flowers of various kinds of Orchids
being constructed so that the pollinia are always
affixed to the eyes or proboscides of Lepidoptera, and
to the naked foreheads or proboscides of Hymenoptera,

* ¢ Nature, Sept. 12, 1872, p. 895,
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no doubt is that the viscid dises cannot adhere to
a scaly or very hairy surface; the scales themselyes
being easily detached. Variations in the structure of
the flower of an Orchid, unless they led to the viscid
discs touching some part of the body of an insect
where they would remain firmly attached, would be of
no service, but an injury to the plant ; and consequently
such variations would not be preserved and perfected.

Habenaria bifolia, or Lesser Butterfly Orchis—I am
aware that this form and the last are considered by
Mr. Bentham and by some other botanists as mere
varieties of oneanother ; for it is said that intermediate
gradations in the position -of the viscid discs occur.
But we shall immediately see that the two forms
differ in a large number of other characters, not to
mention general aspect and the stations inhabited, with
which we are not here concerned. Should these two
lorms be hereafter proved to graduate into each othcr,

lently of hybridisation, it would be a 3!
case of variation; and I, for one, should be as much
pleased as surprised at the fact, for these two forms
certainly differ from one another more than do most
species belonging to the same genus.

The viscid dises of the Lesser Butterfly Orchis are
oval, and face each other. They stand far closer
together than in the last species; so much so, that in
the bud, when their surfaces are cellular, they almost
touch. They are not placed so low down relatively to
the mouth of the nectary. The viscid matter is of
a somewhat different chemical nature, as shown by
its much greater viscidity, if after having been long
dried it is moistened, or after being kept in weak
spirits of wine. The drum-like pedicel can hardly be
said to be present, but is represented by a longitudinal
ridge, truncated at the end where the caudicle is
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attached, and there is hardly a vestige of the rudi-
mentary tail. In fig. 12 the dises of both species,
of the proper proportional
sizes, are represented as seen
vertically from above. The
pollinia, after removal from
their cells, undergo nearly the
same movements as in the last
species. In both forms the
movement is well shown by
removing a pollinium by the
thick end with a pair of pin-
cers, and holding it under the microscope, when the
plane of the viscid dise will be seen to move through
an angle of at least forty-five degrees. Fhe candicles
of the Lesser Butterfly Orchis are relatively very much
shorter than in the other species; the little packets
of pollen are shorter, whiter, and, in a mature flower,
separate much more readily from one another, Lastly,
the stigmatic surface is differently shaped, being more
plainly tripartite, with two lateral prominences, situ-
ated beneath the viscid dises. These prominences
contract the mouth of the nectary, making it sub-
quadrangular. Hence I cannot doubt that the Larger
and Lesser Butterfly Orchids are distinct species,
masked by close external similarity.*

As soon as I had examined the present species,

Fig. 12,

B. Dise and eaudicle of H. chlo-
ranthe, sem from abore
yrith the drun-fike pdicsl
fore-short

A. Dl vad caatiie of .40
Jolit, seen from above.

* According to Dr. H. Miiller,
Habenaria orPlatanthera bifolia
of Enlish anthore s the

st nghausen ; and
e fully agroos with me that it
mast be maked us spociically
distinet from P. chlora
Maloe et et i it
ted by a series
& prednicnn with sacibes’ oren

wl cl. in_Germany is called P,
b o gives a very full a «d
wmltm" ecount of dho varia:
bility o

I’Ialunlm. and. of their structnre

Verein.
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I felt convinced, from the position of the viseid discs,
that it would be fertilised in a different manner from
the Larger Butterfly Orchis; and now, owing to the
kindness of Mr. F. Bond, I have examined two moths,
namely, Agrotis segetum and Anaitis plagiata, one with
three pollinia, and the other with five pollinia, attached,
not to the eyes and side of the face as in the last
species, but to the base of the proboscis. I may
remark that the pollinia of these two species of Habe-
naria, when attached to moths, can be distinguished at
a glance,

Professor Asa Gray has described® the structure of
no less than ten American species of Platanthera.
Most of them resemble in their manner of fertilisation
the two British species; but some of the species, in
which the viseid dises do not stand far apart, have
curious contrivances, such as a channelled labellum,
lateral shields, &e., compelling moths to insert their
proboscides directly in front. P. hookeri, on the other
hand, differs in a very interesting manner: the two
viscid dises stand widely separated from each other ;
consequently a moth, unless of gigantie size, would be
able to suck the copious nectar without touching either
dise ; but this risk is avoided in the following manner :
—the central line of the stigma is prominent, and the
labellum, instead of hanging down, as in most of the
other species, is curved upwards, so that the front of
the flower is made somewhat tubular and is divided
into halves. Thus a moth is compelled to go to the
one or other side, and its face will almost certainly be
brought into contact with one of the dises. The drum
of the pollinium, when removed, contracts in the
same manner as I have described under P. chlorantha.

* ¢ American Journal of Science, vol. xxxiv. 1862, pp. 143, 259,
and 424, and vol. xxxvi. 1863, p. 292,
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Professor Gray has seen a butterfly (Nisoniades) from
Canada with a pollinium of this species attached to
each eye. In the case of P. flava, moths are compelled
in a different manner to enter the nectary on one side.
A narrow but strong protuberance, rising from the base
of the labellum, projects upwards and backwards, so
as almost to touch the column; thus the moth, being
forced to go to either side, is almost sure to withdraw
one of the viscid discs. P. hyperborea and dilatata
have been regarded by some botanists as varieties of
the same species; and Professor Asa Gray says that
he was formerly tempted to come to the same con-
clusion; but on closer examination he finds, besides
other characters, a remarkable physiological difference,
namely, that P. dilatata, like its congeners, requires
insect aid and cannot fertilise itself; whilst in P.
b the poll ly fall out of the
anther-cells whilst the flower is very young or in bud,
and thus the stigma is self-fertilised. Nevertheless, the
various structures adapted for crossing are still present.*
The genus Bonatea is closely allied to Habenaria,
and includes plants having an extraordinary structure.
Bonatea speciosa is an inhabitant of the Cape of Good
Hope, and has been carefully described by Mr. Trimen ;t
but it is impossible to explain its structure without
drawings. It is remarkable from the manner in which
the two stigmatic surfaces, as well as the two viseid
dises, project far out in front of the flower, and from
the complex nature of the labellum, which consists of
seven, or probably of nine distinct parts all fused

2,20 3. Mansel Wealo bag de; pnllmm not undergoing any move-
ibed (* Journ. Lin. ment or change of position when

ii. 1871, p. 41)me o A e
feriilisation of ¢ fean  4¢Joum. Liun. Soo. Bot! vol.
species. of Hahenax of  ix. 1863, p.

one
the

these is remarkable
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together. As in-Platanthera flava, there is a process
at the base of the lubellum which compels moths to
enter the flower on either side. The nectary, accord-
ing to Mr. Trimen and Mr. J. Mansel Weale, does not
contain free nectar; but the latter author believes
that the tissue of which it is composcd tastes sweet, so
that moths probably penetrate it for the sake of the
intercellular fluid. ~The pollinia are of astonishing
length, and when removed from their cases hang down
merely from the weight of the pollen-masses, and if
attached to the head of an insect would be in a proper
position for adhering to the stigma. Mr. Weale has
likewise described some other South African species
of Bonatea.* These differ from B. speciosa in having
their nectaries full of nectar. He found a small
butterfly, Pyrgus elimo, * perfectly embarrassed by the
number of pollinia of this Bonatea attached fo its
sternum.” But he does mot specify whether the
sternum was naked or covered with scales.

The South African genera Disa and Disperis are
placed by Lindley in two sub-tribes of the Ophrew,
The superb flowers of Disa grandifiora have been
deseribed and figured by Mr. Trimen.t The posterior
sepal, instead of the labellum, is developed into a large
nectary. In order that insects may reach the copiously
stored nectar, they must insert their proboscides on
cither side of the column; and in accordance with
this fact the viseid discs are turned outwards in an
extraordinary manner. The pollinia are crooked, and
when removed bend downwards from their own weight,
so that no movement is necessary for placing themselves
in a proper position. Considering the large supply of

* ¢Journ. Liun. Soc. Bot” vol. + *Journ. Linn. Soe, Bot’ vol.
. p. 470, Vil 1863, p. 144,
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nectar and that the flowers are very conspicuous, it
is remarkable that they are rarely visited by insects.
Mr. Trimen wrote to me in 1864 that he had lately
examined seventy-eight flowers, and only twelve of
these had one or both pollinia removed by insects,
and only five had pollen on their stigmas. He does
not know what insects occasionally fertilise the flowers ;
but Mrs. Barber has more than once seen a large fly,
allied to Bombylius, with the pollinia of Disa polygnoides
attached to the base of its proboscis. Mr. Weale states®
that D. maerantha differs from D. grandiflora and cornuta
in producing plenty of seed, and is remarkable from
often fertilising itself. This follows from “a very slight
jerk, when the flower is fully expanded, sufficing to
eject the pollinia from their widely open anther-cases,
and to bring them into contact with the stigma.
This in nature is not unseldom the case, as I have
repeatedly found many flowers thus fertilised.” He
has, however, no doubt that the flowers are likewise
cross-fertilised by nocturnal insects. He adds that
D. grandifiora in being so seldom fertilised by insects
offers a case like that of Ophrys museifera; whilst
D. macrantha in being often self-fertilised closely cor-
responds with Ophrys apifera: but this latter species
seems to be invariably self-fertilised.

Lastly, Mr. Weale has described,t as far as he conld
make out, the mamner in which a species of Disperis
is fertilised by the aid of insects. It deserves notice
that the labellum and two lateral sepals of this plant
secrete nectar.

We have now finished with the Ophrew; but before
passing on to the following tribes, I will recapitulate

* *Journ. Li Bot. vol. Linu Soc. Bot.” vol.
xiii. 1871, p. 4. i, m-n,p 2.
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the chief facts with respect to the movements of the
pollinia, all due to the nicely regulated contraction of
that small portion of membrane (together with the
pedicel in the case of Habenaria) lying between the
layer or ball of adhesive matter and the extremity of
the caudicle. In a few cases, however, as with some
of the species of Disa and Bonatea, the caudicles when
removed from their cells do not undergo any movement ;
the weight of the pollen-masses sufficing to depress
them into a proper position. In most of the species of
Orchis the stigma lies directly beneath the anther-cells,
and the pollinia simply move vertically downwards.
In Orchis pyramidalis there are two lateral and inferior
stigmas, and the pollinia move downwards and outwards,
diverging to the proper angle, so as to strike the two
lateral stigmas. In Gymnadenia the pollinia move
only downwards, but they are adapted for striking the
lateral stigmas, by being attached to the upper lateral
surfaces of the proboscides of Lepidoptera. In N
tella they move upwards, but this depends merely
their being always affixed to the lower side of the
proboseis. In Habenaria the stigmatic surface lies
beneath and between the two widely-separated anther-
cells, and the pollinia here converge, instead of diverg-
ing as in Orchis pyramidalis, and likewise move down-
wards. A poet might imagine that whilst the pollinia
were borne through the air from flower to flower,
adhering to an insect’s body, they voluntarily and
cagerly placed themselves in that exact position, in
which alone they could hope to gain their wish and
perpetuate their race.
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CHAPTER IIT.

ARETHUSEZE.

Cophalanthors grandifor; ostellum sborted; carly penctration of the
of imy

Sheiolly tanecta which ew ' ihe labelln Cephalnthera ensi-
folia—Pogonia—Pterostylis and other Australian orchids with the
labellum sensitive to a touch—Vanilla .

Cephalanthera  grandiflora—This Orchid is remark-
able from not possessing a rostellum, which is so
eminently characteristic of the order. The stigma is
large, and the anther stands above it. The pollen
is extremely friable and readily adheres to any object.
The grains are tied together by a few weak elastic
threads; but they are not cemented together, so as to
form compound pollen-grains, as in almost all other
Orchids.® In this latter character and in the complete
abortion of the rostellum we have evidence of degrada-
tion; and Cephalanthera appears to me like a degraded
Epipactis, a member of the Neottes, to be described in
the next chapter,

The anther opens whilst the flower is in bud and
partly expels the pollen, which stands in two nearly
free upright pillars, each nearly divided longitudinally
into halves, These subdivided pillars rest against or
even overhang the upper square edge of the stigma,
which rises to abeut one-third of their height (see front

* This sepnnlmn o“he gmm by Lindley in his magnificent
was observed, and is e ‘Dlustrations of  Orchidaccous
Ty Bouer in the phh "publisbed  Flan
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view B, and side view C, in fig. 13). Whilst the flower
is still in bud, the pollen-grains which rest against the
upper sharp edge of the stigma (but not those in the
upper or lower parts of the mass) emit a multitude of

Fig. 13.

CEPHALANTHERA GRANDIFLOIA.

a anther; in the front view, B, | A. Oblique view of perfect flower,

the two cells with the included when fully expanded.
. Front view of column, with all
0. one of the two lateral rudimen- the petals and sepals removed.
nthers, or auricles, | C. Side view of column, with all the
- masses of pollen. sepals and petals removed ; the
5 stigma. narrow pillars of pollen (p)
L distal portion of the labellum. between the anther and stigma

can just be seen.

tubes ; and these deeply penetrate the stigmatic tissue.

After this period the stigma bends a little forward, and

the result is that the two friable pillars of pollen are

drawn a little forward and stand almost completely free
@
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from the anther-cells, being tied to the edge of the
stigma and supported by the penetration of the pollen-
tubes. Without this support the pillars would soon fall
down.

The flower stands upright, with the lower part of
the labellum turned up parallel to the column (fig. A).
The tips of the lateral petals never become separated ;*
so that the pillars of pollen are protected from the
wind, and as the flower stands upright they do not
fall down from their own weight. These are points of
much importance to the plant, as otherwise the pollen
would have been blown or fallen down and been
wasted. The labellum is formed of two portions; when
the flower is mature, the small triangular distal portion
turns down at right angles to the basal portion ; and
thus offers a small landing-place for insects in front
of the triangular entrance, situated half-way up the
almost tubulsr flower. After a short time, as soon as
the flower is fully fertilised, the small distal portion
of the labellum rises up, shuts the triangular door, and
again perfectly encloses the organs of fructification.

Although I have often searched for nectar within the
cup of the labellum, I have never found even a trace.
The terminal portion of the labellum is frosted with
globular papill of an orange colour, and within the
cup there are several transversely wrinkled, longi-
tudinal ridges of a darker orange fint. These ridges
are often gnawed by some animal, and T have found
minute, bitten-off fragments lying within the base of the
cup. In the summer of 1862 the flowers were visited
less frequently by insects than is usual, as shown by
‘the unbroken state of the po]len-mus s ; nevertheless,

Baver figures the flowers  say is that I have not seen them
much more widely expando | than in this condition,
is here ropresented : all that Tean
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out of seventeen flowers which were examined one day,
five had their ridges gnawed, and on the next day,
seven out of nine other flowers were in this state.
there was no appearance of slime, I do not believe
that they had been attacked by slugs; but whether
they had been gnawed by winged insects, which alone
would be effectual for eross-fertilisation, T know not.
The ridges had a taste like that of the labellum of
certain Vandesw, in which tribe (as we shall hereafter
see) this part of the flower is often gnawed by insects.
Cephalanthera is the only British Orchid, as far as I
have observed, which attracts insects, by thus offering
to them solid food.

The early penetration of the stigma by a multitude
of pollen-tubes, which were traced far down the stigmatic
tissue, apparently gives us another case, like that of the
Bee Ophrys, of perpetual self-fertilisation. I was much
surprised at this fact, and asked myself: Why does the
distal portion of the labellum open for a short period ?
what is the use of the great mass of pollen above and
below that layer of grains, the tubes of which alone
penctrate the upper edge of the stigma? The stigma
has a large flat viscid surface; and during several years
1 have almost invariably found masses of pollen adher-
ing to its surface, and the friable pillars by some means
broken down. It occurred to me that, although the
flowers stand upright, and the pillars are well pro-
tected from the wind, yet that the pollen-masses might
ultimately topple over from their own weight, and so
fall on the stigma, thus completing the act of self-fer-
tilisation. Accordingly, T covered with a net a plant
having four buds, and examined the flowers as soon as
they had withered ; the broad stigmas of three of them
were perfectly free from pollen, but a little had fallen
on one corner of the fourth. With the exception of

62

© The Complete Work of Charles Darwin Online



84 ARETHUSEZE, Cuar. 1L

the summit of one pillar in this latter flower, all the
other pillars still stood uprightand unbroken. I looked
at the flowers of some surrounding plants, and every-
where found, as T had so often done before, broken-down
pillars and masses of pollen on the stigmas.

From the usual state of the pillars of pollen, as
well as from the gnawed condition of the ridges on the
Iabellum, it may be safely inferred that insects of some
kind visit the flowers, disturb the pollen, and leave
masses of it on the stigmas. We thus see that the
turning down of the distal portion of the labellum, by
which a temporary landing-place and an open door are
afforded,—the upturned labellum, by which the flower
is made tubular so that insects are compelled to crawl
close by the stigmatic surface,—the pollen readily
cohering to any object, and standing in friable pillars
protected from the wind,—and, lastly, the large masses
of pollen above and below that layer of grains, the
tubes of which alone penetrate the edge of the stigma,—
are all co-ordinated structures, far from useless ; and
they would be quite useless if these flowers were always
self-fertilised.

To ascertain how far the early penetration of the
upper edge of the stigma by the fubes of those grains
which rest on it, is effectual for fertilisation, I covered
up a plant, just before the flowers opened, and removed
the thin net as soon as they had begun to wither. From
long experience I am sure that this temporary cover-
ing conld not have injured their fertility. The four
covered flowers produced seed-capsules as fine in ap-
pearance as those on any of the surrounding plants.
When ripe, T gathered them, and likewise capsules
from several of the surrounding plants, growing under
similar conditions, and weighed the sced in a chemical
balance. The seeds from the four capsules on the
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uncovered plants weighed 15 grain; whilst those

" from an equal number of capsules on the covered plant
weighed under 1 grain; but this does not give a fair
idea of the relative difference of their fertility, for I
observed that a great number of the seeds from the
covered plant consisted of minute and shrivelled husks.
Accordingly I mixed the seeds well together, and took
four little lots from one heap and four little lots from
the other heap, and, having soaked them in water, com-
pared them under the microscope : out of forty seeds
from the uncovered plants there were only four bad
ones, whereas out of forty seeds from the covered-up
plants there were at least twenty-seven bad; so that
there were nearly seven times as many bad seeds from
the covered plants, as from those left free to the access
of insects.

We may therefore corclude that this orchid is
constantly self-fertilised, although in a very imperfect
manner ; but this would be highly useful to the plant,
if insects failed to visit the flowers. The penetra-
tion of the pollen-tubes, however, is apparently even
more serviceable by retaining the pillars of pollen in
their proper places, so that insects, in crawling into the
flowers, may get dusted with pollen. Self-fertilisation
also may, perhaps, be aided by insects, carrying pollen
from the same flower on to the stigma; but an insect
thus smeared with pollen could hardly fail likewise to
eross the flowers on other plants. From the relative
position of the parts, it seems indeed probable (but T
omitted to prove this by the early removal of the
anthers, 5o as to observe whether pollen was brought
to the stigma from other flowers) that an insect would
more frequently get dusted by crawling out of a flower
than by crawling into one; and this would of course
facilitate a cross between distinct individuals, Hence

© The Combplete Work of Charles Darwin Online



86 ARETHUSEZE. Cuar. TIL

Cephalanthera offers only a partial exception to the
rule that the flowers of Orchids are generally fertilised
by pollen from another plant.

Cephalanthera ensifolia.—According to Delpino,” the
flowers of this species are visited by insects, as shown
by the removal of the pollen-masses. He believes that
thisis effected by their bodies being first rendered sticky
by means of the stigmatic secretion. It is not clear
whether the flowers also fertilise themselves. Each
pollen-mass is divided into two, instead of being merely
sub-divided, so that there are four distinet pollen-masses.

Pogonia ophioglossoides—The flowers of this plant,
an inhabitant of the United States, resemble, as
described by Mr. Scudder,  those of Cephalanthera in
1ot having o rostellum, and in the pollen-masses not
being furnished with caudicles. The pollen consists of
powdery grains not united by threads. Self-fertilisation
seems to be effectually prevented ; and the flowers on
distinct plants must intercross, for each plant generally
bears only a single flower.

Prerostylis trullifolia and longifolia—T may here
briefly mention some Orchids, inhabitants of Australia
and New Zealand, which are included by Lindley in
the same family of the Arethusew with Cephalanthera
and Pogonia, and are remarkable from their labella
being extremely sensitive or irritable. Two of the
petals and one of the sepals form a hood which encloses
fhe column, as may be seen at A in the accompanying
figure of Plerostylis longifolia.

The distal portion of the labellum affords a landing-
place for insects, in nearly the sume manner as with
Cephalanthera; but when this organ is touched it
rapidly springs up, carrying with it the touching insect,

* ‘Ult. Osservaz. sulla Dico- + ¢ Proc. Boston Soe. Nat. Hist."
gumia,’ part ii. 1875, p. 149. vol. ix. 1868, p. 182.
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which is thus temporarily imprisoned within the other-
wise almost completely closed flower. The labellum

Fig. 14.

PrEROSTYLIS LONGIFOLIA, (Copied from Mr. R. D. Fitzgerald's ¢ Australian
Orchids.’)

A. Flower in its natural state: the column_with its two shields,
outline of the column is dimly and the labellum htpomlmn
seen within. which it occupies after havi:

B. Flower with the near lateral been touched.
petal removed, showing the

remains shut from half an hour to one hour and a

half, and on reopening is again sensitive to a touch.
Two membranous shields project on each side of the
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upper part of the column, with their edges meeting
in front, as may be seen in fig. B. In this drawing
the petal on the near side has been cut away, and
the labellum is represented in the position which it
assumes after having been touched. As soon as the
Iabellum has thus risen, an imprisoned insect cannot
escape except by crawling through the narrow passage
formed by the two projecting shields. In thus escaping
it can hardly fail to remove the pollinia, as, before
coming into contact with them, its body will have been
smeared with the viscid matter of the rostellum. On
being imprisoned in another flower, and on again escap-
ing by the same passage, it will almost certainly leave
at least one of the four pollen-masses on the adhesive
stigma, and thus fertilise the flower.

All that I have here said is taken from the admir-
able description given by Mr. Cheeseman * of Pterostylis
trullifolia ; but 1 have copied the figure of P. longifolia
from Mr. Fitzgerald’s great work on the Australian
Orehids, as it shows plainly the relation of all the parts.

Mr. Cheeseman placed insects within several flowers
of P. trullifolia, and saw them afterwards crawl out,
generally with pollinia attached to their backs. He
also proved the importance of the irritable labellum
by removing it from twelve flowers whilst young, and
in this case insects which entered the flowers would not
have been compelled to crawl out through the passage ;
and not one of these flowers produced a capsule. The
flowers seem to be frequented exclusively by Diptera;
but what attraction they present is not known, as they
do not secrete nectar. Mr. Cheeseman believes that
hardly a quarter of the flowers produce capsules ; not-
withstanding that on one occasion he examined 110

"Tmnmt New Zealand Institute; val. v. 1878, p. 852; and vol.
vii.
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flowers in a withered condition, and seventy-one of these
had pollen on their stigmas, and only twenty-eight had
all four pollinia still within their anthers. All the
New Zealand species bear solitary flowers, so that dis-
tinet plants cannot fail to be intercrossed. I may add
that Mr. Fitzgerald also placed a small beetle on the
Iabellum of P. longifolia, which was instantly carried
into the flower and imprisoned; afterwards he saw
it crawl out with two pollinia attached to its back.
Nevertheless he duubta, from reasons which seem to
me quite i whether the iti of the
labellum is not as great a disadvantage as an advan-
tage to the plant.

M. Fitzgerald has described another Orchid belong-
ing to the same sub-tribe, Caladenia dimorpha, which
has an irritable labellum. He kept a plant in his room,
and says : A house-fly lighting on the lip was carried
by its spring against the column, and becoming en-
tangled in the gluten of the stigma, and struggling to
escape, removed the pollen from the anther and smeared
it on the stigma.” He adds, “ Without some such aid
the species of this genus never produce sced.” But
from the analogy of other Orchids we may feel sure
that insects usually behave very differently from the
fly which he saw caught on the stigma, and no doubt
they carry the pollen-masses from plant to plant. The
labellum of another Australian genus, Calena, one of
the Arethuses, is said by Dr. Hooker * to be irritable ;
50 that when touched by an insect it shuts up suddenly
against the column, and temporarily encloses its prey
as it were within a box. The labellum is covered by
curious papille, ‘which, as far as Mr. Fitzgerald has
seen, aré not gnawed by inseets.

* *Flora of Tasmania,’ vol. ii. p. 17.
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Mr. Fitagerald describes and figures several other
genera, and states with respect to Acianthus fornicatus
and exsertus that neither species produce seeds if
protected from insects, but are easily fertilised by
pollen placed on their stigmas. Mr. Cheeseman * has
witnessed the fertilisation of Acianthus sinclairii in
New Zealand, the flowers of which are incessantly
visited by Diptera, without whose aid the pollinia are
never removed. Out of eighty-seven flowers borne
by fourteen plants, no less than seventy-one matured
capsules, This plant according to the same observer
exhibits one remarkable peculiarity, namely, that the
pollen-masses aro attached to the rostellum by means
of the exserted pollen-tubes, which serve as a caudicle ;
and the pollen-masses are thus removed together with
the rostellum, which is viseid, when the flowers are
visited by insects. Tho flowers of the allied Cyrto-
stylis are also much frequented by insects, but the
pollinia are not so regularly removed as those of the
Acianthus; and with Corysanthes, only five out of 200
flowers produced capsules. ;

The Vanillidz according to Lindley form a sub-
tribe of the Arethusew. The large tubular flowers of
Vanilla. aromatica are manifestly adapted to be ferti-
lised_by insects; and it is known that when this plant
is cultivated in foreign countries, for instance in Bour-
bon, Tahiti, and the East Indies, it fails to produce
its aromatic pods unless artificially fertilised. This
fact shows that some insect in its American home is
specially adapted for the work; and that the insects
of the above-named tropical regions, where the Vanilla
flourishes, cither do not visit the flowers, though they
secrete an abundance of nectar, or do not visit them

* “Transact. New Zealand Institute, vol. vil. 1875, p. 549.
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in the proper manner.* I will mention only two pecu-
liarities in the structure of the flowers: the anterior
part of the pollen-masses is semi-waxy and the posterior
part somewhat friable; the grains are not cemented
together into compound grains, and the single grains
are not united by fine elastic threads but by viseid
matter; this matfer would aid in causing the pollen
to adhere to an insect, but I should have thought that
such aid was superfluous, as the viscid rostellum is
well developed. The other peculiarity is that the
labellum, in front of the stigma, and some way beneath
it, is furnished with a stiff hinged brush, formed of a
series of combs one over the other, which point down-
wards. This structure would allow an insect to crawl
easily into a flower, but would compel it whilst re-
treating to press close against the column; and in
doing so it would remove the pollen-masses, leaving
them on the stigma of the next flower which was
visited.

The genus Sobralia is allied to Vanilla, and Mr.
Cavendish Browne informs me that he saw a large
humble-bee enter a flower of S. macrantha in his
hothouse, and when it erawled out it had the two
large pollen-masses firmly fixed to its back, nearer to
the tail than to the head. The bee then looked about,
and seeing no other flower re-entered the same one of

* For Bourbon seo *Bul, Soc.
Bot. do France. tom, 1. 1854
290, For Tahiti sce H. A.
“Japan, the Amour, &’ 1
g5, for te T st Indics see

an

)m Hm 1855, v, . [
give an analogous but m

Hkisg easo from My Fitzgeraid,

who says © it Sarcochilus_par-

the Vandew) pro-

duces capaules not unfrequently

in the Blue Mountains of New
South Wales; removed from
thence to Sydney,
p]inm though flo
ot borne any seed if left to them-
selves, though invariably fertile
when tho_pollen-masses wero re-
moved and placed on the mgma.
Yet the Blue Mountains are less

than one hundred miles distant
from Sydney.
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the Sobralia, but quickly retreated, leaving the pollen-
masses on the stigma, with the viscid discs alone
adhering to its back. The nectar of this Guatemala
Orchid seemed too powerful for our British bee, for it
stretched out its legs and lay for a time as if dead on
the labellum, but afterwards recovered,
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CHAPTER IV.

NEOTTEZ.

¥ ustris; curious shape of the labellum and its importauce

p
i nn fmmnmmon of the flower—Other species of Epipactis—
codyera perfect
adaptution by w e pollen of a younger flower is carriod 1o the
stigma of an older fel plant—Listera ovata; sensi-
tiveness of the rostellum; explosion of viseid matter; action of
insects; perfect adaptation of the several organs—Listera corduta—
Neottia nidus-avis; its fertilisution effected in the same manner as

in Listera—Thelymitra, self-fertile,

We have now arrived at a third tribe, the Neottew of
Lindley, which includes several British genera. These
resent many interesting points with respect to their
structure and manner of fertilisation.

The Neottew have a free anther standing behind the
stigma. Their pollen-grains are tied together by fine
elastic threads, which partially cohere and project at
the upper end of the pollen-mass, being there attached
(with some exceptions) to the back of the rostellum.
Consequently the pollen-masses have no true and di
tinct caudicles. Tn one genus alone (Goodyera) the
pollen-grains are collected into packets as in Orchis.
Epipactis and Goodyera agree pretty closely in their
manner of fertilisation with the Ophrew, but are more
simply organised., Spiranthes comes under the same
eategory, but has been differently modified in some

—The lower part of the large

Tam much indebted to Mr. ing mo fresh specimens of this
.G More. of Bembridge, in'th _besutifal Orchia:
Tale of Wight, for repeatediy send-
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EPIPACTIS PALUSTRIS,

anthe, with the two open cels

seen in the front view
‘. rudimentary anther, or uunc!e,
reforred o in a future chapter.
rostellum.

stigm

Inbellu

lum.
A. Side view of flower, with the

Jower sepals removed, in its
nataral positi
Sile view of flower, with the
dital portion of the labellum
epressed, as If by the weight

inse
Sl viow of flower, somewhat

enlarged, with all the sepals
and petals removed, excepting
the Inbellam, of which- the
near side has been cut away s
the massive anther is seen to
of large size.
D. Front view of column, somewhat
calargel, with all 'the sepals

in the specimen figured,
ot 0 heve sost Mghtt

as to hide more of the
authervouls
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stigma is bilobed and projects in front of the column
(se0 s in the side and front views, C, D, fig. 15). On
its square summit a single, nearly globular rostellum
is seated. The anterior face of the rostellum (r, C, D)
projects a little beyond the surface of the upper part of
the stigma, and this is of importance. In the early bud
the rostellum consists of a friable mass of cells, with the
exterior surface rough : these superficial cells undergo
a great change during development, and become con-
verted into a soft, smooth, highly elastic membrane or
tissue, so excessively tender that it can be penetrated
by a human hair; when thus penetrated, or when
slightly rubbed, the surface becomes milky and in some
degree viscid, so that the pollen-grains adhere to it.
In some cases, though I observed this more plainly in
Epipactis latifolia, the surface of the rostellum appa-
rently becomes milky and viseid without having been
touched. This exterior soft elastic membrane forms
acap to the rostellum, and is internally lined with a
layer of much more adhesive matter, which, when ex-
posed to the air, dries in from five to ten minutes.
By a slight upward and backward push with any object,
the whole cap, with its viscid lining, is removed with
the greatest ease; a minute square stump, the basis
of the rostellum, being alone left on the summit of the
stigma.

In the bud-state the anther stands quite free behind
the rostellum and stigma; it opens longitudinally
whilst the flower is still unexpanded, and exposes the
two oval pollen-masses, which now lie loose in their
cells. The pollen consists of spherical granules, co-
hering in fours, but not affecting each other's shapes :
and these compound grains are tied together by fine
elastic threads. The threads are collected into bundles
extending longitudinaliy along the middle line of the
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front of each pollinium, where it comes into contact
with the back of the uppermost part of the rostellum,
From the number of these threads this middle line
looks brown, and each pollen-mass here shows a
tendency to divide longitudinally into halves. In all
these respects there is a closo general resemblance to
the pollinia of the Ophrez.

The line where the parallel threads are the most
numerous is the line of greatest strength; elsewhere
the pollen-masses are extremely friable, so that large
portions can easily be broken off. In the bud-state
the rostellum is curved a little backwards, and is
pressed against the recently-opened anther; and the
above-mentioned slightly projecting bundles of threads
become firmly attached to the posterior flap of the
membranous cap of the rostellum. The point of attach-
ment lies a little beneath the summit of the pollen-
masses ; but the exact point is somewhat variable, for
I have met with specimens in which the attachment
was one-fifth of the length of the pollen-masses from
their summits. This variability s so far interesting,
as it is a step leading to the structure of the Ophres,
in which the confluent threads, or caudicles, always
spring from the lower ends of the pollen-masses. After
the pollinia are firmly attached by their threads to
the back of the rostellum, the rostellum bends a little
forwards, and this partly draws the pollinia out of the
anther-cells. The upper end of the anther consists of a
blunt, solid point, not including pollen ; this blunt point
projects slightly beyond the face of the rostellum,
which circumstance, as we shall see, is important.

The flowers stand out (fig. A) almost horiozontally
from the stem. The labellum is curiously shaped, as
may be seen in the drawings: the distal half, which
projects beyond the other petals and forms an excellent
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landing-place for insects, is joined to the basal half by
a narrow hinge, and naturally (fig. A) is turned a little
upwards, so that its edges pass within the edges of the
basal portion. 8o flexible and elastic is the hinge that
the weight of even a fly, as Mr. More informs me,
depresses the distal portion ; it is represented in fig. B
in this state; but when the weight is removed it
instantly springs up to its former position (fig. A), and
with its curious medial ridges partly closes the entrance
into the flower. The basal portion of the labellum forms
a cup, which at the proper time is filled with nectar.
Now let us see how all the parts, which T have been
obliged to describe in detail, act. When I first ex-
amined these flowers I was much perplexed : trying in
the same manner as I should have done with a true
Orchis, 1 slightly pushed the protuberant rostellum
downwards, and it was easily ruptured ; some of the
viseid matter was withdrawn, but the pollinia remained
in their cells. Reflecting on the structure of the
flower, it occurred to me that an insect in entering one
in order to suck the nectar, would depress the distal
portion of the labellum, and consequently would not
touch the rostellum ; but that, when within the flower,
it would be almost compelled, from the springing up
of this distal half of the labellum, to rise a little up-
wards and back out parallel to the stigma. 1 then
brushed the rostellum lightly upwards and backwards
- with the end of a feather and other such objects ; and
it was pretty“to see how easily the membranous cap
of the rostellum came off, and how well from its elas-
 ticity it fitted any object, whatever its shape might be,
and how firmly it clung to the object owing to the
viscidity of its under surface. - Large masses of pollen,
adhering by the elastic threads to the cap of the ros.
tellum were at the same time withdrawn.

H
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Nevertheless the pollen-masses were not removed
nearly so cleanly as those which had been naturally
removed by insects. 1 tried dozens of flowers, always
with the same imperfect result. Tt then occurred to
me, that an insect in backing out of the flower would
naturally push with some part of its body against the
Dblunt and projecting upper end of the anther, which
overhangs the stigmatic surface. Accordingly T so
held a brush that, whilst brushing upwards against the
rostellum, I pushed against the blunt solid end of the
anther (see fig. C) ; this at once cased the pollinia, and
they were withdrawn in an entire state. At last T
understood the mechanism of the flower.

The large anther stands above and behind the
stigma, forming an angle with it (fig. C), so that the
pollinia when withdrawn by an insect would adhere
to its head or body in a position fitted to strike the
sloping stigmatic surface as soon as another flower
was visited. Hence we have not here, or in any of
the Neottew, that movement of depression so common
with the pollinia of the Ophrew. When an insect
with the pollinia attached to its back or head enters
another flower, the easy depression of the distal portion
of the labellum probably plays an important part; for
the pollen-masses are extremely friable, and if they
were struck against the tips of the petals much of the
pollen would be lost; but as it is, an open gangway
is offered, and the viscid stigma, with its lower pro-
tuberant part lying in front, is the first object against
which the pollen-masses projecting forwards from the
inseet’s head or back would naturally strike. I may
add that in one large lot of flower-spikes, a great
majority of the pollinia had been naturally and
cleanly removed.

Inorder to ascertain whether I was right in believing.
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that the distal hinged portion of the labellum was of
importance in the fertilisation of the flowers, I asked
Mr. More to remove this part from some young flowers,
and to mark them. He tried the experiment on eleven
flowers, three of which did not produce seed-capsules;
but this may have been accidental. Of the eight
capsules which were produced, two contained about as
many seeds as those from unmutilated flowers on the
same plant; but six capsules contained much fewer
seeds. Most of the seeds were well-formed. These
experiments, as far as they go, support the view that
the distal part of the labellum is of importance in
causing insects to enter and leave the flowers in the
best manner for their fertilisation.

Since the appearance of the first edition of this book,
my son William has observed for me this Epipactis in
the Isle of Wight. Hive-bees seem to be the chief
agents in fertilisation ; for he saw them visit about a
score of flowers, and many had pollen-masses attached
to their forcheads, just above the mandibles. I had
supposed that insects always crawled into the flowers ;
but hive-bees are too large to do this; they always
clung, whilst sucking the nectar, to the distal and
hinged half of the labellum, which was thus pressed
downwards.  Owing to this part being elastic and
tending to spring up, the bees, as they left the flowers,
seemed to fly rather upwards; and this favoured, in
the manner previously explained, the complete with-
drawal of the pollen-masses, quite as well as if the
insects had crawled, in an upward direction, out of
the flower. Perhaps the upward movement may not
be so necessary in all cases as I had supposed; for,
judging from the manner in which the pollen-masses
were attached to the hive-bees, the back part of their
heads could hardly fail to press against and lift up the

H2
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blunt, solid, upper end of the anther, thus frecing the
pollen-masses.  Various other insects besides hive-bees
visit the flowers. My son saw several large flies (Sar-
cophaga earnosa) haunting them; but they did not
enter in so neat and regular a manner as the hive-bees ;
nevertheless two had pollen-masses attached to their
foreheads. Several smaller flies (Calopa frigida) were
also seen entering and leaving the flowers, with pollen-
masses adhering rather irregularly to the dorsal surface
of the thorax. Three or four distinct kinds of Hymen-
optera (one of small size being Crabro brevis) likewise
visited the flowers; and three of these Hymenoptera
had pollen-masses attached to their backs. Other still
more minute Diptera, Coleoptera, and ants were seen
sucking the nectar; but these insects appeared to be
too small to transport the pollen-masses. It is re-
markable that some of the foregoing insects should
visit the flowers; for Mr. F. Walker informs me that
the Sarcophaga frequents decaying animal matter, and
the Celopa haunts seaweed, occasionally settling on
flowers. The Crabro also, as I hear from Mr. F. Smith,
collects small beetles (Halticw) for provisioning its
nest. It is equally remarkable, seeing how many
kinds of insects visit this Epipactis, that although my
son watched hundreds of plants for some hours on three
occasions, not a single humble-bee alighted on a flower,
though many were flying about.

Epipactis latifolia.— This species agrees with the
Tast in most respeets. The rostellum, however, projects
considerably further beyond the face of the stigma,
and the blunt upper end of the anther less so. The
viseid matter lining the elastic cap of the rostellum
takes a longer time to get dry. The upper petals and
sepals are more widely expanded than in E. palustris :
the distal portion of the labellum is smaller, and is
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ﬁrmly united to the basal portion (fig. 16), so that it
is not flexible and elastic ; it apparently serves only as
a lﬂulhnﬂ»plmu for insects. The fertilisation of this
species depends simply on an insect striking in an
upward and backward direction the highly-protuberant
rostellum, which it would be apt to do when retreating
from the flower after having sucked the copious nectar

EPIPACTIS LATIFOLIA.

Flower viewed sidewags, with all the sepals and petals removed, except the
labellum.

a. anther. 5. stigma,
7. rostellum, | & Jabellum,

in the cup of the labellum. Apparently it is not at
all necessary that the insect should push upwards the
blunt upper end of the anther ; at least I found that
the pollinia could be removed easily by simply drag-
ging off the cap of the rostellum in an upward or
backward direction.

As some plants grew close to my house, T have been
able to observe here and elsewhere their manner of
fertilisation during several years. Although hive-bees
and humble-bees of many kinds were constantly flying
over the plants, I never saw a bee or any Dlptemus
insect visit the flowers; but in Germm\y Sprengel
eanght o fly with the pollinia of this plant attached
to its back. On the other hand I have repeatedly
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observed the common wasp (Vespa sylvestris) sucking
the nectar out of the open cup-shaped labellum, I
thus saw the act of fertilisation effected by the pollen-
masses being removed by the wasps, and afterwards
carried attached to their foreheads to other flowers.
Mr. Osenden also informs me that a large bed of
E. purpurata (which is considered by some botanists to
be a distinct species, and by others a variety) was fre-
quented by “swarms of wasps.” It is very remarkable
that the sweet nectar of this Epipactis should not be
attractive to any kind of bee. If wasps were to become
extinet in any district, so probably would the Epipactis
latiflia. ;

To show how effectually the flowers are fertilised, T
may add that during the wet and cold season of 1860 a
friend in Sussex examined five spikes bearing eighty-five
expanded flowers ; of these, fifty-three had the pollinia
removed, and thirty-two had them in place: but as
many of the latter were immediately beneath the buds,
a larger number would almost certainly have been
afterwards remowed. In Devonshire I found a spike
with nine open flowers, and the pollinia in all were re-
moved with one exception, and in this case a fly, too
small to remove the pollinia, had become glued t6 the
rostellum, and had there miserably perished.

Dr. H. Miller has published * some interesting
observations on the difference in structure and manner
of fertilisation, s well as on the intermediate forms
between Epipactis rubiginosa, microphylla, and viridi-
flora. The latter species is remarkable for the absence
of a rostellum, and for being regularly self-fertilised.
Self-fertilisation here follows from the incoherent
pollen-grains in the lower part of the pollen-masses

* «Verhandl. d. Nat. Ver. £. Westfal.’ Jahrg. xxv. IIL Folge, v. Bl
pp. 7-6.
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emitting, whilst still within the anther-cells, their
tubes, which penetrate the stigma ; and this oceurs even
in the bud. This species, however, is probably visited
by insects, and oceasionally crossed ; for the labellum
contains nectar. . microphylla is intermediate in
structure between E. latifolia, which is always fertilised
by the aid of inseets, and E. viridiflora, which does not
necessarily require any such aid. The whole of this
memoir by Dr. H. Miller deserves to be attentively
studied.

Epipogium gmelini.— This plant, which has only
once been found in Great Britain, has been fully de-
seribed by Dr. Rohrbach in a special memoir.* The
structure and manner of fertilisation is in many re-
spects like that of Epipactis, to which genus the author
believes the present one to be allied, though placed by
Lindley amongst the Arethusem. Rohrbach saw the
flowers visited by Bombus lucorum, but it appears that
only a few produce capsules,

Goodyera repens.t—This genus is rather closely re-
lated to Epipactis, in most of the characters with
which we are concerned.  The shield-like rostellum is
almost square, and projects beyond the stigma; it is
supported on each side by sloping sides rising from
the upper edge of the stigma, in nearly the same
manner as we shall presently see in Spiranthes, The
surface of the protuberant part of the rostellum is rough,
and when dry can be seen to be formed of cells; it is
delicate, and, when slightly pricked, a little milky
viscid fluid exudes; it is lined by a layer of very
adhesive matter, which quickly sets hard when exposed

sbau von 4§ of this rare Highe
Epi sl (s eyt kindly sent me
v, * Beitrige aur_Diologle by the Rev. G. Gordon of Eigin.
der Orchideen,’ 1853, p. 55.

® Usber don B
156
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to the air. The protuberant surface of the rostellum,
when gently rubbed upwards, is easily removed, and
carries with it a strip of membrane, to the hinder part
of which the pollinia are attached. The sloping sides
which support the rostellum are not removed at the
same time, but remain projecting up like a fork and
soon wither. The anther is borne on a broad elon-
gated filament; and a membrane on both sides unites
this filament to the edges of the stigma, forming an
imperfect cup or clinandrum. The anther-cells open
in the bud, and the pollen-masses become attached
by their anterior faces, just beneath their summits,
to the back of the rostellum. Ultimately the anther
opens widely, leaving the pollinia almost naked, but
partially protected within the membranous cup or
clinandrum.  Each pollinium is partially divided
lengthways; the pollen-grains cohere in subtriangular
packets, including a multitude of compound grains, each
consisting of four grains; and these packets are tied
together by strong elastic threads, which at their upper
ends run together and form a single flattened brown
elastic ribbon, of which the truncated extremity adheres
to the back of the rostellum.

The surface of the orbicular stigma is remarkably
viseid, which is necessary in order that the unusually
strong threads connecting the packets of pollen should
be ruptured.  The labellum is partially divided into
two portions; the terminal portion is reflexed, and
the basal portion is cup-formed and filled with nectar.
The passage between the rostellum and labellum is
contracted whilst the flower is young ; but when mature
the column moves further back from the labellum, so
as to allow of insects with the pollinia adhering to
their proboscides, to enter the flowers more freely. 1In
many of the specimens received, the pollinia had been
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removed, and the fork-shaped supporting sides of the
rostellum were partially withered. Mr. R. B. Thomson
informs me that in the north of Scotland he saw many
humble-bees (Bombus pratorum) visiting the flowers
with pollen-masses attached to their proboscides.
This species grows also in the United States; and
Professor Asa Gray* confirms my account of its
structure and manner of fertilisation, which is likewise
applicable to another and very distinct species, namely,
Goodyera pubescens.

Goodyera is an interesting connecting link between
several very distinct forms. In no other member of
the Neottew observed by me is there so near an ap-
proach to the formation of a true caundiele;t and it is
curious that in this genus alone the pollen-grains
cohero in large packets, as in the Ophrew. If the
nascent caudicles had been attached to the lower ends
of the pollinia, and they are attached a little beneath
their summits, the pollinia would have been almost
identical with those of a true Orchis. In the rostellum
being supported by sloping sides, which wither when
the vmmd dise is removed,—in the existence of a
membranous cup or clinandrum between the stigma

bundle of elastic_threads, with

i mar. Touroal of Briouce)
Tfor  vory wnall and thin parkets of

vol, seepe 1605, D -

i i pant

tached to them

1
Bpiranthes. it was the lubel-
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toallow of the more free entiancw
of inserts: but. Professor Gray is
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y T o hrciz, npesles, Goodyera
diseolor, sent me by Mr. Baterin,
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and anther,—and in some other respects, we have a
clear affinity with Spiranthes. In the anther having
a broad filament we see a relation to Cephalanthera.
In the structure of the rostellum, with the exception
of the sloping sides, and in the shape of the labellum,
Goodyera resembles Epipactis. Goodyera probably
shows us the state of the organs in a group of Orchids,
now mostly extinct, but the parents of many living
descendants.

Spiranthes autumnalis.—This Orchid with its pretty
name of Ladies-tresses, presents some interesting
peculiarities.* The rostellum is a long, thin, flat pro-
jection, joined by sloping shoulders to the summit of
the stigma. In the middle of the rostellum a narrow
vertical brown object (fig. 17, C) may be seen, bordered
and covered by transparent membrane. This brown
object T will call “the boat-formed disc.” It forms
the middle portion of the posterior surface of the
rostellum, and consists of a narrow strip of the exterior
membrane in a modified condition. When removed
from its attachment, its summit (fig. E) is seen to be
pointed, with the lower end rounded; it is slightly
bowed, so as altogether to resemble a boat or canoe.
It is rather more than 1j; of an inch in length,
and less than /7 in breadth. It is nearly rigid, and
appears fibrous, but is really formed of elongated
and thickened cells, partially confluent.

This boat, standing vertically up on its stern, is filled
with thick, milky, extremely adhesive fluid, which,
when exposed to the air, rapidly turns brown, and in
about one minute sets quite hard. An object is well
glued to the boat in four or five seconds, and when the

* Tamindebted to Dr Battersby mo specimens. T subsequently

v, to Mr. A. G.

of Torquay, and : examined many growing plants,
More of Bembridge, for sending
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cement is dry the attachment is wonderfully strong.
The transparent sides of the rostellum consist of mem-
brane, attached behind to the edges of the boat, and
folded over in front, so as to form the anterior face
of the rostellum. This folded membrane, therefore,
covers, almost like a deck, the cargo of viscid matter
within the boat.
Fig. 17.

A

SPIRANTHES AUTUMNALIS, OF LADUES-TRESSES.

a. anther,

. pollen-masses.

L. threads of the pollen-masses.

o margin of clnsudrum.

v, rostellu

5. stigma.

. nectar receptacle.

A, side its natural
pos 1t lpwee
se removed.

belium oan be recogaised by
its fringed and reflexed lip.

Side view enlurged of a mature
flower, with all the sepals and
petals emoved. The positions
of the labellum and of th

®

per sepal are shown by the
otrad lnes

C. Front view of the stigma, and

of the rostellum with its em-

bedded, cxntrl, bot-formed

D, Frout view of the stigme sl of
therostelam after the disc has
oved.
E. Dise mmn\'ml from the rostel-
Tum,

the pollen-grains have
been removed from the threads,

The anterior face of the rostellum is slightly furrowed
in a longitudinal line over the middle of the boat, and
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is endowed with a remarkable kind of irritability ;
for, if the furrow be tonched very gently by a needle,
or if a bristle be laid along the furrow, it instantly
splits along its whole length, and a little milky
adhesive fluid exudes. This action is not mechanical,
or due to simple violence. The fissure runs up the
whole length of the rostellum, from the stigma beneath
to the summit: at the summit the fissure bifurcates,
and runs down the back of the rostellum on each side
and round the stern of the boat-formed dise. Hence
after this splitting action the boat-formed disc lies
quite free, but embedded in a fork in the rostellum.
The act of splitting apparently never takes place
spontancously. I covered a plant with a net, and after
five of the flowers had fully expanded they were kept
protected for a week: I then examined their rostella,
and not one had split; whereas almost every flower
on the surrounding and uncovered spikes, which would
almost certainly have been visited and touched by
insects, had their rostella fissured, though they had
been open for only twenty-four hours. Exposure for
two minutes to the vapour of a little chloroform causes
the rostellum to split; and this we shall hereafter see
is likewise the case with some other Orchids.

‘When a bristle is laid for two or three seconds in the
furrow of the rostellum, and the membrane has con-
sequently become fissured, the viscid matter within
the boat-formed dise, which lies close to the surface
and indeed slightly exudes, is almost sure to glue the
disc longitudinally to the bristle, and both are with-
drawn together. When the dise, with the pollinia
attached to it, is withdrawn, the two sides of the ros-
tellum (fig. D), which have been described by some
botanists as two distinet foliaceous projections, are left
sticking up like a fork. This is the common con-
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dition of the flowers after the;
day or two, and have been v
fork soon withers.

Whilst the flower is in bud, the back of the boat-
formed dise is covered with a layer of large rounded
cells, so that the dise does not strictly form the exterior
surface of the back of the rostellum. These cells
contain slightly viscid matter: they remain unaltered
(as may be seen at fig. E) towards the upper end of
the dise, but at the point where the pollinia are at-
tached they disappear. Therefore I at one time con-
cluded that the viscid matter contained in these cells,
when they burst, serve to fasten the threads of the
pollinia to the dise; but, as in several other genera,
in which a similar attachment has to be effected, I
could see no trace of such cells, this view may be
erroneous,

The stigma lies beneath the rostellum, and projects
with o sloping surface, as may be seen at B in the
side-view: its lower margin is rounded and fringed
with hairs. On each side o membrane (e, B) extends
from the edges of the stigma to the filament of the
anther, thus forming a membranous cup or elinandrum,
in which the lower ends of the pollen-masses lie safely
protected.

Each pollinium consists of two leaves of pollen,
quite disconnected at their lower and upper ends, but
united for about half their length in the middle by
elastic threads. A very slight modification would
convert the two pollinia into four distinct masses, as
oceurs in the genus Malaxis and in many foreign
Orchids. Fach leaf consists of a double layer of
pollen-grains, joined by fours together, and these
united by elastic threads, which are more numerous
along the edges of the leaves, and converge at the

have been open for a
ited by insects. The
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summit of the pollinium. The leaves are very brittle,
and, when placed on the adhesive stigma, large picces
are easily broken off.

Long "before the flower expands, the anther-cells,
which are pressed against the back of the rostellum,
open in their upper part, so that the included pollinia
come into contact with the back of the boat-formed
dise. The projecting threads then become firmly
attached to rather above the middle part of the back
of the dise. The anther-cells afterwards open lower
down, and their membranous walls contract and be-
come brown; so that by the time the flo is fully
expanded the upper part of the pollinia lie quite
naked, with their bases resting in a little cup formed
by the withered anther-cell, and laterally protected by
the clinandrum. As the pollinia thus lie loose, they
are easily removed.

The tubular flowers are elegantly arranged in a
spire round the spike, and project from it horizontally
. The labellum is channelled down the middle,
and is furnished with a reflexed and fringed lip, on
which bees alight ; its basal internal angles are pro-
duced into two globular processes, which secrete an
abundance of nectar. The nectar is collected (, fig.
B) in a small receptacle in the lower part of the
labellum. ~ Owing to the protuberance of the inferior
margin of the stigma and of the two lateral inflexed
nectaries, the orifice into the nectar-receptacle is
much contracted. When the flower first opens the
receptacle contains nectar, and at this period the
front of the rostellum, whieh is slightly furrowed,
lies close to the channelled labellum consequently
a passage is left, but so narrow that only a fine bristle
can be passed down it. In a day or two the column
moves a little farther from the labellum, and a wider
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passage is left for insects to deposit pollen on the
stigmatic surface. On this slight movement of the
column the fertilisation of the flower absolutely
depends.®

With most Orchids the flowers remain open for
some time before they are visited by inseets; but
with Spiranthes I have generally found the boat-
formed dises removed very soon after their expansion.
For example, in the two last spikes which I happened
to examine there were numerous buds on the summit
of one, with only the seven lowest flowers expanded,
of which six had their dises and pollinia removed ;
the other spike had eight expanded flowers, and the
pollinia of all were removed. We have seen that when
the flowers first open they would be attractive to
insects, for the receptacle already contains nectar;
and at this period the rostellum lies so close to the
channelled labellum that a bee could not pass down
its proboscis without touching the medial furrow of
the rostellum. This I know to be the case by repeated
trials with a bristle.

We thus see how beautifully everything is contrived
that the pollinia should be withdrawn by insects visit-
ing the flowers, They are already attached to the
disc by their threads, and, from the early withering
of the anther-cells, they hang loosely suspended but
protected within the clinandrum. The touch of the

* Professor Asa Gray was so  of ull the parts in Spiranthies, with
kind as to exanrine for me Spi-  the exception that it is the column
ranthes gracilis and cornua in the  and not the labellum, as T former-
United States. Ho found the ly thought, which moves us the
samo generl structure as n cur  flowers become mature. Ho adds
8. autumnalis, and was struck  that the widening ot the passage,
B o
into the flower. He has since

stri
Seience, vol. xxxiv. p. 427) my  how we overlooked it.
‘account of the structureand action

@ The Complete Work of Charles Darwin Online



112 NEOTTEZE. Cuar. IV,

proboscis eauses the rostellum to split in front and
behind, and frees the long, narrow, boat-formed disc,
which is filled with extremely viscid matter, and is sure
to adhere longitudinally to the proboseis. When the
bee flies away, so surely will it carry away the pollinia.
As the pollinia are attached parallel to the disc, they
adbere parallel to the proboscis. When the flower
first opens and is best adapted for the removal of the
pollinia, the labellum lies so close to the rostellum,
that the pollinia attached to the proboscis of an insect
cannot possibly be forced into the passage so as to
reach the stigma; they would be either upturned or
broken off: but we have seen that after two or three
days the column becomes more reflexed and moves
from the labellum,—a wider passage being thus left.
‘When I inserted the pollinia attached to a fine bristle
into the nectar-receptacle of a flower in this condition
(n, fig. B), it was pretty to see how surely the sheets
of pollen were left adhering to the viscid stigma. Tt
may be observed in the diagram, B, that owing to the
projection of the stigma, the orifice into the nectar-
Teceptacle (n) lies close to the lower side of the flower;
insects would therefore insert their proboscides along
this lower side, and an open space above is thus left
for the attached pollinia to be carried down to the
stigma, without being brushed off. The stigma evi-
dently projects so that the ends of the pollinia may
strike against it.

Hence, in Spiranthes, a recently expanded flower,
which has its pollinia in the best state for removal,
cannot be fertilised ; and mature flowers will be ferti-
lised by pollen from younger flowers, borne, as we
shall presently see, on a separate plant. In con-
formity with this fact the stigmatic surfaces of the
older flowers are far more viscid than those of the
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younger flowers. Nevertheless, a flower which in its
early state had not been visited by insects would not
necessarily, in its later and more expanded condition,
have its pollen wasted: for insects, in inserting and
withdrawing their proboscides, bow them forwards or
upwards, and would thus often strike the furrow in the
rostellum. 1 imitated this action with a bristle, and
often succeeded in withdrawing the pollinia from old
flowers. I was led to make this trial from having at
first chosen old flowers for examination ; and on passing
a bristle, or fine culm of grass, straight down into
the nectary, the pollinia were never withdrawn ; but
when it was bowed forward, T succeeded. Flowers
which have not had their pollinia removed can be
fertilised as easily as those which have lost them ; and
I have seen mot a few cases of flowers with their
pollinia still in place, with sheets of pollen on their
stigmas, ;

At Torquay T watched for about half an hour a
number of these flowers growing. together, and saw
three humble-bees of two kinds visit them. I canght
one and examined its proboscis: on the superior
lamina, some little way from the tip, two perfect
pollinia were attached, and three other boat-formed
dises without pollen; so that this bee had removed
the pollinia from five flowers, and had probably left .
the pollen of three on the stigmas of other flowers.
The next day I watched the same flowers for a quarter
of an hour, and canght another humble-bee at work ;
one perfect pollinium and four boat-formed dises ad-
hered to its proboscis, one on the top of the other,
showing how exactly the same part of the rostellum
had each time been touched.

The bees always alighted at the bottom of the
spike, and, crawling spirally up it, sucked one flower

1
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after the other. I believe humble-bees generally act
in this manner when visiting a dense spike of flowers,
as it is the most convenient method ; on the same
principle that a woodpecker always climbs up a tree in
search of insects. This seems an insignificant observa-
tion ; but see the result. In the early morning, when
the bee starts on her rounds, let us suppose that she
alighted on the summit of a spike; she would cer-
tainly extract the pollinia from the uppermost and
last opened flowers; but when visiting the next sue-
ceeding floer, of which the column in all probability
would not as yet have moved from the labellum (for
this is slowly and very gradually effected), the pollen-
masses would be brushed off’ her proboseis and wasted.
But nature suffers no such waste. The bee goes first
to the lowest flower, and, crawling spirally up the
spike, effects nothing on the first spike which she
visits till she reaches the upper flowers, and then she
withdraws the pollinia. She soon flies to another plant,
and, alighting on the lowest and oldest flower, into
which a wide passage will have been formed from the
greater reflexion of the column, the pollinia strike the
protuberant stigma. If the stigma of the lowest flower
has “already been fully fertilised, little or no pollen
will be left on its dried surface; but on the next
succeeding flower, of which the stigma is adhesive,
large sheets of pollen will be left. Then as soon as
the bee arrives near the summit of the spike she will
withdraw fresh pollinia, will fly to the lower flowers
on another plant, and fertilise them ; and thus, as she
goes her rounds and adds to her store of honey, she
continually fertilises fresh flowers and perpetuatés the
race of our autumnal Spiranthes, which will yield
honey to future generations of bees.

Spiranthes australis—This species, an inhabitant
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of Australia, has been described and figured by Mr.
Fitzgerald* The flowers are arranged on the spike
in the same manner as in S. autumnalis; and the
Iabellum with two glands at its base closely resembles
that of our species. It is therefore an extraordinary
fact that Mr. Fitzgerald could not detect even in the
bud any trace of a rostellum or of viseid matter. He
states that the pollinia touch the upper edge of the
stigma, and fertilise it at an early age. Protecting a
plant from the access of insects by a bell-glass made
o difference in its fertility; and Mr. Fitzgerald,
though he examined many flowers, never noticed the
slightest derangement of the pollinia, or any pollen
on the surfaces of the stigmas. Here then we have
o species which fertilises itself as regularly as does
Ophrys apifera. Tt would, however, be desirable to
ascertain whether insects ever visit the flowers, which
it may be presumed secrete nectar, as glands are
present; and any such insects should be examined, so
4 to make certain that pollen does not adhere to some
part of their bodies.

Listera ovata, or Tway-lade—This Orchid is one
of the most remarkable in the whole order. The
structure and action of the rostellum has been the
subject of a valuable paper in the ¢Philosophical
Transactions, by Dr. Hookert who has described
minutely and of course correctly its curious structure ;
he did not, however, attend to the part which insects
play in the fertilisation of the flowers. C. K. Sprengel
well knew the importance of insect-agency, but he
misunderstood both the structure and the action of
the rostellum.

The rostellum is of large size, thin, or foliaceous,

* ¢ Australian Orchids, partii. t * Philosophical Transactions,”
1876. 1854, p. 259,
| 12
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convex in front and concave behind, with its sharp
summit slightly hollowed out on each side; it arches
over the stigmatic surface (fig. 18, A, r, s). Internally,

Jade, (Partly copied from Hooker.)

LISTERA OVATA, or Tw

col. summit of column. A Flower viewed laterally, with

. anther. all the sepals and petals, except
pollen. the labellum, removed.

v vostellum. . Ditto, with the pollinia_re-

s stigma. ‘moved, and with the rostellum

7 Jabellum. bent down after the ejection

. mecuarsecreting furrow. 1 of the viscid matter.
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it is divided by longitudinal septa into a series of
loculi, which contain viscid matter and have the power
of violently expelling it. These loculi show traces of
their original cellular structure. T have met with this
structure in no other genus except in the closely
allied Neottia. The anther, situated behind the ros-
tellum and protected by a broad expansion of the top
of the column, opens in the bud. When the flower is
fully expanded, the pollinia are left quite free, sup-
ported behind by the anther-cells, and lying in front
against the concave back of the rostellum, with their
upper pointed ends resting on its crest. Each pol-
linium is almost divided into two masses. The pollen-
grains are attached together in the usual manner by
a few elastic threads; but the threads are weak, and
large masses of pollen can be broken off easily. After
the flower has long remained open, the pollen becomes
more friable. The labellum is much elongated, con-
tracted at its base, and bent downwards, as represented
in the drawing ; the upper half above the bifurcation
is furrowed along the middle; and the borders of this
furrow secrete much nectar.

As soon as the flower opens, if the crest of the
rostellum be touched ever so lightly, a large drop
of viscid fluid is instantaneously expelled ; and this,
as Dr. Hooker has shown, is formed by the coalescence
of two drops proceeding from two depressed spaces on
each side of the centre. A good proof of this fact
was afforded by some specimens kept in weak spirits
of wine, which apparently had expelled the viseid
matter slowly, and here two separate little spherical
balls of hardened matter had been formed, attached to
the two pollinia. The fluid is at first slightly opaque
and milky; but on exposure to the air for less than
a second, a film forms over it, and in two or three
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seconds the whole drop sets hard, soon assuming o

i tint. So isitely sensitive is the
mstellum, that a touch from the thinnest human hair
suffices to cause the explosion. It will take place
under water. Exposure to the vapour of chloroform
for about one minute also caused an explosion; but
the vapour of sulphuric ether did not thus act, though
one flower was exposed for five, and another for
twenty minutes to a strong dose. The rostellum of
these two flowers when afterwards touched exploded in
the usual manner, so that sensitiveness had not been
lost in either case. The viseid fluid when pressed
between two plates of glass before it has set hard is
seen to be structureless; but it has a reticulated
appearance, perhaps caused by the presence of glo-
bules of a denser immersed in a thinner fluid. As the
pointed tips of the pollinia lie on the crest of the
rostellum, they are always caught by the exploded
drop : I have never seen this once to fail. So rapid
is the explosion and so viscid the fluid, that it is
difficult to touch the rostellum with a needle, however
quickly this may be done, without removing the
pollinia. Hence, if a bunch of flowers be carried
home in the hand, some of the sepals or petals will
almost certainly touch the rostellum and withdraw the
pollinia; and this gives the false appearance of their
having been ejected to a distance.

After the anther-cells have opened and the naked
pollinia have been left resting on the concave back of
the rostellum, this latter organ curves a little forwards,
and perhaps the anther also moves a little backwards.
This movement is of much importance; if it did not
occur, the tip of the anther, within which the pollinia
are lodged, would be caught by the exploded viscid
matter, and the pollinia would be for ever locked up
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and rendered nseless. T once found an injured flower
which had been pressed and had exploded before fully
expanding, and the anther with the enclosed pollen-
masses was permanently glued to the crest of the ros-
tellum. The rostellum, which is naturally somewhat
arched over the stigma, quickly bends forwards and
downwards at the moment of the explosion, so as then
to stand (fig. B) at right angles to the surface of the
stigma. The pollinia, if not removed by the touching
object which causes the explosion, become fixed to the
rostellum, and by its movement are likewise drawn a
little forward. If their lower ends are now freed by a
needle from the anther-cells, they spring up; but they
are not by this movement placed on the stigma. In
the course of some hours, or of a day, the rostellum
not_only slowly recovers its original slightly-arched
position, but becomes quite straight and parallel to
the stigmatic surface. This backward movement of
the rostellum is of service; for if after the explosion it
had remained permanently projecting at right angles
over the stigma, pollen could not readily have been
deposited by insects on the viscid surface of the
stigma. When the rostellum is touched so quickly
that the pollinia are not removed, they are, as I have
just said, drawn a little forward ; but by the subse-
quent backward movement of the rostellum they are
pushed back again into their original position.

From the account now given we may safely infer
how the fertilisation of this Orchid is effected. ~Small
insects alight on the labellum for the sake of the
nectar copiously secreted by it; as they lick this they
slowly crawl up its narrowed surface until their heads
stand directly beneath the overarching crest of the
rostellum ; when they raise their heads they touch the
erest; this then explodes, and the pollinia are instantly
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and firmly cemented to their heads. As soon as the
insect flies away, it withdraws the pollinia, carries
them to another flower, and there leaves masses of the
friable pollen on the adhesive stigma.

In order to witness what I felt sure would take
place, I watched for an hour a group of plants on
three occasions; each time 1 saw numerous speci-
wmens of two small Hymenopterous insects, namely, a
Hiemiteles and a Cryptus, flying about the plants and
licking up the nectar ; most of the flowers, which were
visited over and over again, already had their pollinia
removed, but at last Tsaw both these species crawl
into younger flowers, and suddenly retreat witha pair
of bright yellow pollinia sticking to their foreheads ; I
caught them, and found the point of attachment was to
the inner edge of the eye; on the other eye of one
specimen there was a ball of the hardened viscid
matter, showing that it had previously removed
another pair of pollinia, and in all probability had subse-
quently left them on the stigma of a flower. As these
insects were captured, I did not witness the act of fertili-
sation; but Sprengel saw a Hymenopterous insect
leave its pollen-mass on the stigma. My son watched
another bed of this Orchid at some miles’ distance, and
brought me home the same Hymenopterous insects
with attached pollinia, and he saw Diptera also
visiting the flowers. He was struck with the number
of spider-webs spread over these plants, as if the
spiders were aware how attractive the Listera was to
insects.

To show how delicate a touch suffices to cause
the rostellum to explode, I may mention that I found
an_ extremely minute Hymenopterous insect vainly
struggling to escape, with its head cemented by the
hardened viscid matter, to the crest of the rostellum
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and to the tips of the pollinia. The insect was not
so large as one of the pollinia, and after causing the
explosion had not strength enough to remove them;
it was thus punished for attempting a work beyond
its strength, and perished miserably.

In Spiranthes the young flowers, which have their
pollinia in the best state for removal, cannot possibly
be fertilised ; they must remain in a virgin condition
until they are a little older and the column has
moved away from the labellum. Here the same end
is gained by widely different means. The stigmas of
the older flowers are more adhesive than those of the
younger flowers. These latter have their pollinia
ready for removal ; but immediately after the rostellum
has exploded, it curls forwards and downwards, thus
protecting the stigma for a time; but it slowly be-
comes straight again, and now the mature stigma is
left freely exposed, ready to be fertilised.

I wished to know whether the rostellum would
explode, if never touched ; but I have found it difficult
to ascertain this point, as the flowers are highly at-
tractive to insects, and it is searcely possible to exclude
very minute ones, the touch of which suffices to cause
the explosion. Several plants were covered by a net
and left till the surrounding plants had set their
capsules; and the rostella in most of the covered-up
flowers were found not to have exploded, though their
stigmas were withered, and the pollen mouldy and
incapable of removal. Some few of the very old
flowers, however, when roughly touched, were still
capable of a feeble explosion. Other flowers under
the nets had exploded, and they had the tips of their
pollinia fixed to the crest of the rostellum ; but whether
these had been touched by some minute insect, or had
exploded spontancously, it was impossible to deter-
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mine. Tt should be observed, that although I looked
carefully, not a grain of pollen could be found on the
stigmas of any of these flowers, and their ovaria had
not swollen. During a subsequent year, several plants
were again covered by a net, and I found that the
rostellum lost its power of explosion in about four
days; the viscid matter having turned brown within
the loculi of the rostellum. The weather at the time
was unusually hot, and this probably hastened the
process.  After the four days the pollen had become
very incoherent, and some had fallen on the two
comers, and even over the whole surface of the stigma,
which was penetrated by the pollen-tubes. But the
scattering of the pollen was largely aided by, and
perhaps wholly depended on, the presence of Thrips
—insects so minute that they could not be excluded
by any net, and which abounded on the flowers. This
plant, therefore, is capable of occasional self-fertilisa-
tion, if the access of winged insects be prevented ; but
T have. every reason to believe that this occurs very
rarely in a state of nature,

That insects do their work of cross-fertilisation
effectually is shown by the following cases. The
seven upper flowers on a young spike with many
unexpanded buds, still retained their pollinia, but
these had been removed from the ten lower flowers;
and there was pollen on the stigmas of six of them.
In two spikes taken together, the twenty-seven lower
flowers all had their pollinia removed, and had pollen
on their stigmas; these were succeeded by five open
flowers with the pollinia not removed and without any
pollen on the stigmas ; and these were succeeded by
eighteen buds. Lastly, in an older spike with forty-
four fully expanded flowers, the pollinia had been
removed from every single one ; and there was pollen,
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generally in large quantity, on all the stigmas which
I examined.

I will recapitulate the several special adaptations
for the fertilisation of this plant. The anther-cells
open early, leaving the pollen-masses free, protected
by the summit of the column, and with their tips
resting on the concave crest of the rostellum. The
rostellum then slowly curves over the stigmatic
surface, so that its explosive crest stands at a little
distance from the summit of the anther; and this
is very mecessary, otherwise the summit would be
caught by the viscid matter, and the pollen for ever
locked up. The curvature of the rostellum over the
stigma and over the base of the labellum is excellently
adapted to favour an insect striking the crest when it
raises its head, after having crawled up the labellum
and licked the last drop of nectar. The labellum, as
C. K. Sprengel has remarked, becomes narrower where
it joins the column beneath the rostellum, so that
there is no risk of an insect going too much to either
side. The crest of the rostellum is so exquisitely
sensitive, that a touch from a very minute insect
causes it to rupture at two points, and instantly two
drops of viscid fluid are expelled, which coalesce. This
viscid fluid sets hard in so wonderfully rapid a manner
that it rarely fails to cement the tips of the pollinia,
nicely laid on the crest of the rostellum, to the fore-
head of the touching insect. As soon as the rostellum
has exploded it suddenly curves downwards so as to
project at right angles over the stigma, protecting it
from impregnation at an early age, in the same manner
as the stigmas of the young flowers of Spiranthes are
protected by the labellum clasping the column, But
as the column of Spiranthes after a time moves from
the labellum, leaving a free passage for the introduc-
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tion of the pollinia, so here the rostellum moves back-
wards, and not only recovers its former arched position,
but stands upright, leaving the stigmatic surface, now
rendered more adhesive, perfectly free for pollen to be
left on it. The pollen-masses, when once cemented to
an insect’s forehead, will remain attached to it, until
they are brought into contact with the stigma of a
mature flower; and then these encumbrances will be
removed, by the rupturing of the weak elastic threads
which tie the grains together; the flower being at the
same time fertilised.

Listera cordata.—Professor Dickie of Aberdeen was
so kind as to send me, but rather too late in the
season, two sets of specimens. The flowers have essen-
tially the same structure as in the last species. The
loculi of the rostellum are very distinct. Two or three
little hairy points project from the middle of the crest
of the rostellum; but I do not know whether these
have any functional importance. The labellum has
two basal lobes (of which vestiges may be seen in
L. ovata) which curve up on each side; and these
would compel an insect to approach the rostellum
straight in front. In two of the flowers the pollinia
were firmly cemented to the crest of the rostellum ;
but in almost all the others the pollinia had been
previously removed by insects.

In the following year Professor Dickie observed the
flowers on living plants, and he informs me that, when
the pollen is mature, the crest of the rostellum is
directed towards the labellum, and that, as soon as
touched, the viscid matter explodes, the pollinia becom-
ing attached to the touching object ; after the explosion,
the rostellum bends downwards, thus protecting the
virgin stigmatic surface; subsequently it rises up and
exposes the stigma; so that here everything goes on
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as I have described under Listera ovata. The flowers
are frequented by minute Diptera and Hymenoytera.

Neottia nid I made
on this plant, the Bird'snest Orchis,” but Thev.eromas
worth giving, as the action and structure of every
part is almost identically the same as in Listera ovata
and cordata. On the crest of the rostellum there are
about six minute rough points, which scem particularly
sensitive to a touch, causing the expulsion of the
viscid matter. The exposure of the rostellum to the
vapour of sulphuric ether for twenty minutes did not
prevent this action, when it was touched. The label-
Tum secretes plenty of nectar, which I mention merely
as a caution, because during one cold and wet season
I looked several times and could not see a drop, and
was perplexed at the apparent absence of any attrac-
tion for insects ; nevertheless, had I looked more per-
severingly, perhaps I should have found some.

The flowers must be freely visited by insects, for
all in one large spike had their pollinia removed.
Another unusually fine spike, sent me by Mr. Oxenden
from South Kent, had borne forty-one flowers, and it
produced twenty-seven large seed-capsules, besides
some smaller ones. Dr. H. Miller of Lippstadt in-
forms me that he has seen Diptera sucking the nectar
and removing the pollinia.

The pollen-masses resemble those of Listera, in
consisting of compound grains tied together by a few
weak threads ; they differ in being much more inco-
herent ; after a few days they swell and overhang the
sides and summit of the rostellum; so that if the ros-
tellum of a rather old flower be touched and an explo-

* This unnatural sickly-looking  lives; but, secording to Irmisch
been sapposed _ (* Beltrige sur Biologlo wnd Dor-

e st o the roots of e pologio der Orchideen, 1833 .
irees wnder tho shads of which 1t 53), ths certainly is not the
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sion caused, the pollen-masses are not so neatly caught
by their tips as those of Listera. Thus a good deal of
the friable pollen is often left behind in the anther-
cells and is apparently wasted. Several plants were
protected from the access of winged insects by a net,
and after four days the rostella had almost lost their
sensitiveness and power to explode. The pollen had
become extremely incoherent, and in all the flowers
much had fallen on the stigmas which were penetrated
by the pollen-tubes. The spreading of the pollen
seems to be in part eaused by the presence of Thrips,
many of which minute insects were crawling about the
flowers, dusted all over with pollen. The covered-up
plants produced plenty of capsules, but many of these
were much smaller and contained fewer seeds than
those produced by the adjoining uncovered plants.

If insects had been forced by the labellum being
more upturned to brush against the anther and stigma,
they would always have been smeared with the pollen
as soon as it became friable; and they would thus
have fertilised the flowers effectually without the aid
of the explosive rostellum. This conclusion interested
me, because, when previously examining Cephalan-
thera, with its aborted rostellum, its upturned label-
Tum and friable pollen, I had speculated how a transi-
tion, with each gradation useful to the plant, could
have been effected from the state of the pollen in the
similarly constructed flowers of Epipactis, with their
pollinia attached to a well-developed rostellum, to the
present_condition of Cephalanthera, Neottia nidus-
avis shows us how such a transition might have been
effected. This Orchid is at present mainly fertilised
by means of the explosive rostellum, which acts effec-
tually only as long as the pollen remains in mass;
but we have seen that as the flower grows old the
pollen swells and becomes friable, and is then apt to
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fall or be transported by minute crawling insects on
to the stigma. By this means self-fertilisation is
assured, should larger insects fail to visit the flowers.
Moreover, the pollen in this state readily adheres to
any object ; so that by a slight change in the shape of
the flower, which is already less open or more tubular
than that of Listera, and by the pollen becoming
friable at a still earlier age, its fertilisation would be
rendered more and more easy without the aid of the
explosive rostellum. Ultimately it would become a
superfluity ; and then, on the principle that every part
which is not brought into action tends to disappear,
from causes which I have elsewhere endeavoured to
explain,* this would happen with the rostellum. We
should then see a new species, in the condition of
Cephalanthera as far as its means of fertilisation were
concerned, but in general structure closely allied to
Neottia and Listera.

Mr. Fitagerald, in the introduction to his ¢ Austra-
lisn Orchids, says that Thelymitra carnea, one of
the Neottes, invariably fertilises itself by means of the
incoherent pollen falling on the stigma. Nevertheless
a viscid rostellum, and other structures adapted for
cross-fertilisation are present. The flowers seldom
expand, and never until they have fertilised them-
selves; so that they scem tending towards a cleisto-
gene condition. Thelymitra longifolia is likewiso fer-
tilised in the bud, according to Mr. Fitzgerald, but
the flowers open for about an hour on fine days, and
thus cross-fertilisation is at least possible. On the
other hand, the species of the allied genus Diuris are
said to be wholly dependent on insects for their
fertilisation.

* ¢ Variation of Animals and Plants under Domestication,’ 2nd edit.
vol. ii. p. 509.
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CHAPTER V.

MALAXEE AND EPIDENDREZE.

Malaxis paludosa— Masdevalli
Iabellum kept in constant movement by every breath of sir—Dendri-
bium, eontrivance for self-fertilisation—Csttleya, simple manner of
fertilisation—Epidendruni—Self-fertile Epidends

I nAVE now described the manner of fertilisation of
fifteen genera, found in Britain, which belong, accord-
ing to Lindley's classification, to the Ophrea, Arethu-
sew, and Neottew. A brief account of several foreign
genera belonging to these same tribes has been added,
from observations published since the appearance of
the first edition of this book. We will now turn to
the great exotic tribes of the Malaxew, Epidendrem,
and Vandew, which ornament in so wonderful a
manner the tropical forests. My chief object in
examining these latter forms has been to ascertain
whether their flowers were as a general rule fertilised
by pollen brought by insects from another plant. I
also wished to learn whether the pollinia underwent
those curious movements of depression by which, as
T had discovered, they are placed, after being removed
by insects, in the proper position for striking the
stigmatic surface.

By the kindness of many friends and strangers I
have been enabled to examine fresh flowers of several
species, belonging to at least fifty exotic genera, in
the several sub-tribes of the above three great tribes.*

* I am particularly indebted to Dr. Hooker, who on every ocea-
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It is not my intention to describe the means of fertili-
sation in il these genera, but merely to select a few
curious cases which illustrate the foregoing descrip-
tions. The diversity of the contrivances adapted to
favour the intercrossing of flowers, seems to be ex-
haustless.

MALAXEZ,

Malazis paludosa.—This rare orchid * is the sole
representative of the tribe in this country, and it is
the smallest of all the British species. The labellum
is turned upwardst instead of downwards, so that it
does not afford a landing-place for insects as in most
other Orchids. Its lower margin clasps the column,
making the entrance into the flower tubular, From
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its position it partially protects the organs of fructi-
fication (fig. 19). In most of the Orchides, the upper
sepal and the two upper petals afford protection ; but
here these two pefals and all the sepals are reflexed
(as may be seen in the drawing, fig. A), apparently to
allow insects freely to visit the flower. The position
of the labellum is the more remarkable, because it
has been purposely acquired, as shown by the ovarium
being spirally twisted. In all Orchids the labellum
is properly directed upwards, but assumes its usual
position on the lower side of the flower by the twist-
ing of the ovarium ; but in Malaxis the twisting has
been carried so far that the flower occupies the posi-
tion which it would have held if the ovarium had
not been at all twisted, and which the ripe ova-
rium afterwards assumes, by a process of gradual
untwisting.

‘When the minute flower is dissected, the column is
seen to be longitudinally tripartite; the middle
portion of the upper half (see fig. B) is the rostellum.
The upper edge of the lower part of the column
projects where united to the base of the rostelltm,
and forms a rather deep fold. This fold is the stig-
matic cavity, and may be compared to a waistcoat-
pocket. I found pollen-masses which had their broad
ends pushed by insects into this pocket; and a
bundle of pollen-tubes had here penetrated the
stigmatic tissue.

The rostellum, which stands immediately above the
stigmatic cavity, is a tall-membranous projection of a
whitish colour, formed of square cells, and is covered
with a thin layer of viscid matter: it is slightly con-
cave posteriorly, and its crest is surmounted by a
minute tongue-shaped mass of viscid matter. The
column, with its narrow pocket-like stigma and the

K2
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rostellum above, is united on each side behind to a
green meml ion, convex .exteriorly and
concave interiorly, of which the summits on each side
are pointed and stand a little above the crest of the
rostellum. These two membranes sweep round (see
back views, figs. ¢ and D), and are united to the
filament or base of the anther; they thus form a cup-
like clinandrum behind the rostellum. The use of this
cup is to protect laterally the pollen-masses. When
T have to treat of the homologies of the different parts,
it will be shown by the course of the spiral vessels
that these two membranes consist of the two upper
anthers of the inner whorl, in a rudimentary condition,
but utilised for this special purpose.

In a flower before it expands, a little mass or drop
of viscid fluid may be seen on the crest of the ros-
tellum, rather overhanging its front surface. After
the flower has remaived open for a little time, this
drop shrinks and becomes more viscid. Its chemical
nature is different from that of the viscid matter in
most Orchids, for it remains fluid for many days,
though fully exposed to the air. From these facts
I concluded that the viscid fluid exuded from the
crest of the rostellum; but fortunately I examined
a closely-allied Indian form, namely, the Microstylis
rhedii (sent me from Kew by Dr. Hooker), and in
this, before the flower opened, there was a similar drop
of viscid matter; but on opening a still younger bud,
T found a minute, regular, tongue-shaped projection
on the crest of the rostellum, formed of cells, which
when slightly disturbed resolved themselves into a
drop of viseid matter. At this age, also, the front
surface of the whole rostellum, between its crest and
the pocket-like stigma, was coated with cells filled
with similar brown viscid matter; so that there can

@ The Complete Work of Charles Darwin Online



Cuar. V. MALAXIS PALUDOSA. 133

be little doubt, had T examined a young enough bud
of Malaxis, I should have found a similar minute
tongue-shaped cellular projection on the crest of the
rostellum.

The anther opens widely whilst the flower is in
bud, and then shrivels and contracts downwards, so
that, when the flower is fully expanded, the pollinia
are quite naked, with the exception of their broad
lower ends, which rest in two little cups formed by
the shrivelled anther-cells. This contraction of the
anther is represented in fig. D in comparison with fig.
C, which shows the state of the anther in a bud.
The upper and much pointed ends of the pollinia
rest on, but project heyond, the crest of the rostellum;
in the bud they are unattached, but by the time the
flower opens they are always caught by the posterior
surface of the drop of viscid matter, of which the
anterior surface projects slightly beyond the face of
the rostellum. That they are caught without any
mechanical aid T ascertained by allowing some buds
to open in my room. In fig. E the pollinia are shown
exactly as they appeared (but not quite in their
natural position) when removed by a needle from a
specimen kept in spirits of wine, in which the irre-
gular little mass of viscid matter had become hardened
and adhered firmly to their tips.

The pollinia consist of two pairs of very thin leaves
of waxy pollen; and the four leaves are formed of
angular compound grains which never scparate. As
the pollinia are almost loose, being retained merely by
the adhesion of their tips to the viscid fluid, and by
their bases resting in the shrivelled anther-cells, and
as the petals and sepals are much reflexed, the pollinia,
when the flower is fully expanded, would have been
Tiable to be blown away or out of their proper position,
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*had it not been for the membranous expansions on
each side of the column forming the clinandrum,
within which they lie safely.

‘When an insect inserts its proboscis or head into
the natrow space between the upright labellum and
the rostellum, it will infallibly touch the little pro-
jeeting viscid mass, and as soon as it flies away it
will withdraw the pollinia. I easily imitated this
action by inserting any small object into the tubular
flower between the labellum and rostellum. When
the insect visits another flower, the very thin pollen-
leaves attached parallel to the proboscis, or head, will
be forced into the pocket-like stigma with their broad
ends foremost. I found pollinia in this position glued
to the upper membranous expansion of the rostellum,
and with a large number of pollen-tubes penetrating
the stigmatic tissue. The use of the thin layer of
viseid matter, which coats the surface of the rostellum
in this genus and in Microstylis, and which is of no
use for the transportal of the pollen from flower to
flower, seems to be to keep the leaves of pollen fixed
in the narrow stigmatic cavity when their lower ends
have been inserted by insects. This fact is rather
interesting under a homological point of view, for, as
we shall hereafter see, the primordial nature of the
viseid matter of the rostellum is that which is common
to the stigmatic secretion of most flowers, namely, the
retention of the pollen, when placed by any means on
its stigma.

The flowers of the Malaxis, though so small and
inconspicuous, are highly attractive to insects. This
was shown by the pollinia having been removed from
all the flowers on the spikes which I examined,
excepting from one or two close under the buds. In
some old fl pikes every single pollinium had
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been carried avay. Insects sometimes remove only
one of the two pairs. I noticed a flower with all four
pollen-leaves still in place, with a single one in the
stigmatic cavity; and this must clearly have been
brought by some inscet. Within the stigmas of many
other flowers pollen-leaves were observed. The plant
produces plenty of seed ; and thirteen of the twenty-one
lower flowers on one spike had formed large capsules.

We will now turn to some exotic genera. The pol-
linia of Pleurothallis prolifera and ligulata (?) have a
minute caudicle, and mechanical aid is requisite to
force the viscid matter from the under side of the
rostellum into the anther, thus to catch the caudicles
and remove the pollinia. On the other hand, in our
British Malaxis and in Microstylis rhedii from India,
the upper surface of the minute tongue-shaped ros-
tellum becomes viscid and adheres to the pollinia
without any mechanical aid. This appears likewise to
be the case with Stelis racemiflora, but the flowers were
not in a good state for examination. I mention this
Iatter flower partly because some insect in the hot-
house at Kew had removed most of the pollinia, and
had left some of them adhering to the lateral stigmas,
These curious little flowers are widely expanded and
much exposed ; but after a time the three sepals close
‘together with perfect exactness, so that it is scarcely
possible to distinguish an old flower from a bud : yet,
to my surprise, the closed flowers opened when i
mersed in water.

The allied Masdevallia fenestrata bears an extra-
ordinary flower. The three sepals instead of closing,
as in the case of Stelis after the flower has remained
for a time expanded, cohere together and never open.
Two minute, lateral, oval windows (hence the name
Jenestrata), are seated high up the flower opposite each
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other, and afford the only entrance; but the presence
of these two minute windows (fig. 20) shows how neces-
sary it is that insects should visit the flower in this
case as in that of most other Orchids, How insects
perform the act of fertilisation I have failed to under-
stand. At the bottom of the roomy and dark chamber
formed by the closed sepals, the minute column stands,
and in front of it is the furrowed labellum, with a
highly flexible hinge, and on each side the two upper
petals; a little tube being thus formed. When there-
¢ fore a minute insect enters, or
which is less probable, a larger in-
sect inserts its proboseis through
cither window, it has to find by
the sense of touch the inner tube
in order to reach the nectary at
the base of the flower. Within
the little tube, formed by the
column, labellum, and lateral
petals, a broad and hinged rostel-
":: ;‘l:;ll:“;l:';;‘hf 'mr.j‘le lum projects at right angles,

T which can easily be upturned.
Its under surface is viscid, and
this viseid matter soon sets hard and dry. The minute
caudicles of the pollinia, projecting out of the anther-
case, rest on the base of the upper membranous surface
of the rostellum. The stigmatic cavity when mature
is not very deep. After cutting away the sepals T
vainly endeavoured, by pushing a bristle into the
tubular flower, to remove the pollinia, but by the aid
of a bent needle, this was effected without much
difficulty. The whole structure of the flower seems
as if intended to prevent the flower from being easily
fertilised ; and this proves that we do not understand
its structure. Some small insect had entered one of

MASDEVALLIA ¥ENS-
TRATA,

. nectary.
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the flowers in the hothouse at Kew, for many eggs
were deposited within it, near the base.

Of Bolbophyllum I examined the curious little
flowers of four species, which I will not attempt fully
to describe. In B. cupreum and cocoinum, the upper and
lower surfaces of the rostellum resolve themselves into
viscid matter, which has to be forced upwards by insects
into the anther, so as to secure the pollinia. T effected
this easily by passing a needle down the flower, which
is rendered tubular by the position of the labellum,
and then withdrawing it. In B. rhizophora the anther-
case moves backwards, when the flower is mature,
leaving the two pollen-masses fully exposed, adhering
to the upper surface of the rostellum, They are held
together by viscid matter, and, judging from the
action of a bristle, are always removed together. The
stigmatic chamber is very deep with an oval orifice,
which exactly fits one of the two pollen-masses, After
the flower has remained open for some time, the sides
of the oval orifice close in and shut the stigmatic
chamber completely,—a fact which I have observed in
no other Orchid, and which, I presume, is here related
to the much exposed condition of the whole flower.
When the two pollinia were attached to a needle or
bristle, and were forced against the stigmatic chamber,
one of the two glided into the small orifice more readily
than could have been anticipated, Nevertheless, it is
evident that insects must place themselves on suc-
cessive visits to the flowers in precisely the same
position, so as first to remove the two pollinia, and
then force one of them into the stigmatic orifice, The
two upper filiform petals would serve as guides to
the insect; but the labellum, instead of making the
flower tubular, hangs down just like a tongue out of a
widely open mouth,

@ The Combplete Work of Charles Darwin Online



138 MALAXEZ. Crar. V.

The labellum in all the species which 1 have scen,
more especially in B. is by
being joined to the base of the column by a very
narrow, thin, white strap, which is highly elastic and
flexible ; it is even highly elastic when strotched,
like an india-rubber band. ~ When the flowers of this
species were blown by a breath of wind the tongue-like
labella all oscillated to and fro in a very odd manner.
In some species not seen by me, as in B. barbigerum,
the labellum is furnished with a beard of fine hairs,
and these are said to cause the labellum to be in
almost constant motion from the slightest breath of
air.  What the use can be of this extreme flexibility
and liability to movement in the labellum, T cannot
oon_)ecture unless it be to attract the notice of insects,
as the flowers of these species are dull-coloured, small,
and_inconspicuons, instead of being large, brightly-
coloured, and conspicuous or odoriferous, as in so many
other Orchids. The labella of some of the species are
said to be irritable, but T could not detect a trace of
this quality in those examined by me. According to
Lindley, the labellum of the allicd Megaclinium fulea-
tum spontancously oscillates up and down.

The last genus of the Malaxew which I will mention
is Dendrobium, of which one at least of the species,
namely D. chrysanthum, is interesting, from being
apparently contrived to effect its own fertilisation, if
an insect, when visiting the flower, should fail to
remove the pollen-masses. The rostellum has an
upper and a small lower surface composed of mem-
brane; and between these is a thick mass of milky-
white matter which can be easily forced out. This
white matter is less viseid than is usual; but when
exposed to the air a film forms over it in less than
half a minute, and it soon sets into a waxy or cheesy
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substance. The large concave but shallow stigmatic
surface is seated beneath the rostellum. The pro-
duced anterior lip of the anther (see A) almost entirely
covers the upper surfaco of the rostellum. The fila-

lig. 21.

DENDROBIUM CHRYSANTHUM.

B. Outline of column, viewed later-
ally, after the anther has ejected

. nectary. the pollinia,

A. Lateral view of flower, with the | C. Front vi
anther in its proper position,

a. anther. 5. stigma.
7. vostellum. 7. lubellum.

of column, showing
iy apty osle sF th mhq

eors the qLumn of the pol. after it has ejected its poll

All the sepals and petals “The anther is represented hang-
are removed em, the label- ing too low dowa, snd covring
Jum, which is longitudinally more of the stigma than it
bisected

o

ment of the anther is of considerable length, but is
hidden in the side view, A, behind the middle of the
anther; in the section, B, it is seen, after it has
sprung forward : it is elastic, and presses the anther
firmly down on the inclined surface of the clinan-
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drum (see fig. B) which lies behind the rostellum.
When the flower is expanded the two pollinia,
united into a single mass, lie quite loose on_the

drum and under the antt .. The labellum
embraces the column, leaving a pussage in front. The
middle portion of the labellum (as may be seen in
fig. A) is thickened, and extends up as far as the
top of the stigma. The lowest part of the column
is developed into a saucer-like nectary, which secretes
honey.

As an insect forces its way into one of these flowers,
the labellum, which is elastic, will yield, and the
projecting lip of the anther will protect the rostellum
from being disturbed; but as soon as the insect
retreats, the lip of the anther will be lifted up, and
the viscid matter from the rostellum forced into the
anther, gluing the pollen-mass to the insect, which
will thus be transported to another flower. T easily
imitated this action; but as the pollen-masses have
no caudicle and lie rather far back within the clinan-
drum beneath the anther, and as the matter from the
rostellum s not highly viscid, they were sometimes
left behind.

Owing to the inclination of the base of the clinan-
drum, and owing to the length and elasticity of the
filament, as soon as the anther is lifted up it always
springs forward, over the rostellum, and remains
hanging there with its lower empty surface (fig. C) sus-
pended over the summit of the stigma. The filament
now stretches across the space (see fig. B) which
was originally covered by the anther. Several times,
having cut off all the petals and labellum, and lnid
the flower under the microscope, I raised the lip of the
anther with a needle, without disturbing the rostellum,
and saw the anther assume, with a spring, the position
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represented sideways in fig. B, and frontways in fig.
C. By this springing action the anther scoops the
pollinium out of the concave clinandrum, and pitches
it up in the air, with exactly the right force so as to
fall down on the middle of the viscid stigma, where it
adheres.

Under nature, however, the action cannot be as thus
described, for the labellum hangs downwards; and to
understand what follows, the drawing should be placed
in an almost reversed position. If an insect failed to
remove the pollinium by means of the viscid matter
from the rostellum, the pollinium would first be jerked
downwards on to the protuberant surface of the label-
lum, placed immediately beneath the stigma. But it
must be remembered that the labellum is elastic, and
that at the same instant that the insect, in the act of
leaving the flower, lifts up the lip of the anther, and
so causes the pollinium to be shot out, the labellum
will rebound back, and striking the pollinium will
pitch it upwards, so as to hit the adhesive stigma.
Twice I succeeded in effecting this by imitating the
retreat of an inscet, with the flower held in its natural
_position’; and on opening it, found the pollininm
glued to the stigma.

This view of the use of the elastic filament, seeing
how complicated the action must be, may appear
fanciful ; but we have seen so many and such curious
adaptations, that T cannot believe the strong elasticity
of the filament and the thickening of the middle part
of the labellum to be useless points of structure. If
the action be as I have described, we can perceive
their meaning, for it would be an advantage to the
plant that its single large pollen-mass should not be
wasted, supposing that it failed to adhere to an insect
by means of the viscid matter from the rostellum.

S
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This contrivance is not common to all the species of
the genus; for in neither D. bigibbum nor D. formosum
was the filament of the anther elastic, nor was the
middle line of the labellum thickened. In D.tortile
the filament is elastic; but as I examined only a
single flower, and before I had made out the structure
of D. chrysanthum, T cannot say how it acts.

Mr. Anderson states * that on one occasion the flowers
of his Dendrobium cretaceum did not expand, and yet
they produced capsules, one of which he sent me.
Almost all the numerous seeds in this capsule con-
tained embryos, thus differing greatly from the cases
presently to be given of the self-fertilised seeds from
the non-expanded flowers of a Cattleya. Mr. Anderson
remarks that I bi are the sole it
of the Malaxem which, as far as he has seen, spon-
taneously form capsules. He likewise states that in
the immense group of the Vandew, hereafter to be
described, none of the species under his care, with
the exception of some belonging to the sub-division
of the Brasside and of Sarcanthus parishii, has ever
spontancously produced a capsule.

EPIDENDRE &.

The Epidendrew and Malaxew are characterised by
the pollen-grains cohering into large waxy masses.
In the latter of these groups the pollinia are said not
to be furnished with caudicles, but this is not uni-
versally the case, for they exist in Masdevallia fenes-
trata and some other species in an efficient condition,
although unattached and of minute size. In the
Epidendrez, on the other hand, free or unattached
caudicles are always present. For my purpose these

* *Journal of Horticulture, 1863, pp. 206, 287.
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two great tribes might have been run together; as the
distinction drawn from the presence of caudicles does
not always lmld good.  But difficulties of this nature

are d in the classification of
largely developed or so-called natur:l groups, - which
there has been comparatively little extinction.

I will begin with the genus Cattleya, of which I
have examined several species. These are fertilised
in a very simple manner, different from that in any
British Orchid. The rostellum (r, fig. 22, A, B) is a,
broad, tongue-shaped projection, which arches slightly
over the stigma; the upper surface is formed of smooth
membrane ; the lower surface together with the central
ortion (criginally a mass of cells) consists of & very
thick layer of viscid matter. This v mass' is
hardly separated from the viscid matter thickly coating
the stigmatic surface which lies close beneath the ros-
tellum. The projecting upper lip of the anther rests
on, and opens close over the base of the upper mem-
branous surface of the tongue-shaped rostellum. The
anther is kept closed by a spring, at its point of at-
tachment on the top of the column. The pollinia
consist of four (or eight in Cattleya crispa) waxy
masses, each furnished (sce figs. C and D) with a
ribbon-like tail, formed of a bundle of highly elastic
threads, to which numerous separate pollen-grains are
attached. The pollen therefore consists of two kinds,
namely, waxy masses and separate though compound
grains (cach, as usual, consisting of four) united by
elastic threads. This latter kind of pollen is identical
with that of Epipactis and other Neottex.* These tails,
with their appended pollen-grains, act as caudicles,

* The pollen-masses of Bletia published by Lindley in bis * 11+
are admirably represented on a lustrations.”
large scale in Bauer's drawings,
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and are thus designated, for they serve as the means
for the removal of the larger waxy masses from the
anther-cells. The tips of the candicles are generally
reflexed, and in the mature flower protrude a little

Fig. 22,

Carrieva,

a. anther, | B. Section and lateral view of the
& spring at the top of the column, lower, with all the sepals and
7. pollen-masses, ‘ petals removed, except the bi-
7. rostellum, sected labellum shown oaly in
5 stigma, | outline.

col, column, | €. Anther viewed on the under side,
% labellum, “howing the four caudicles with
. bectary. |+ the fous pollei-asmes benedth
9. ovarium, or germen. D. A single pollinium, viewed later-
. Front view of column, with all aly, showing the pollen-mass

the sepals and petals removed. and caudicle.

way out of the anther-case (see fig. A) lying on the
base of the upper membranous lip of the rostellum.
The labellum enfolds the column, making the flower
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tubular, and its lower part is produced into a nectary
which penetrates the ovarium.

Now for the action of these parts. If any body of
size proportional to that of the tubular flower be
forced into it—a dead humble-bee acts very well—the
t haped rostellum is depressed, and the object
often gets slightly smeared with viscid matter; but
in withdrawing if, the rostellum is upturned, and a
surprising quantity of viscid matter is forced over the
edges and sides, and at the same time into the lip of
the anther, which is also slightly raised by the up-
turning of the rostellum. Thus the protruding tips
of the candicles are instantly glued to the retreating
object, and the pollinia are withdrawn. This hardly
ever failed to occur in my repeated trials. A living
bee or other large insect alighting on the fringed
edge of the labellum, and scrambling into the flower,
would depress the labellum and would be less likely
to disturb the rostellum, until it had sucked the
nectar and began to retreat. When a dead bee, with
the four waxy balls of pollen dangling by their
caudicles from its back, is forced into another flower,
some or all of them are caught with certainty by the
broad, shallow, and highly viscid stigmatic surface,
which likewise tears off the grains of pollen from the
threads of the caudicles.

That living humble-bees can thus remove the
pollinia is certain. Sir W. C. Trevelyan sent to Mr.
Smith of the British Museum a Bombus hortorum,
which was forwarded to me—caught in his hothouse,
where a Cattleya was in flower—with its whole back,
between the wings, smeared with dried viscid matter,
and with the four pollinia attached to it by their
candicles, ready to be caught by the stigma of any
other flower if the bee had entered one.

L
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Those species which T have examined of Leli,
Leptotes, Sophronitis, Barkeria, Phaius, Evelyna,
Bletia, Chysis, and Calogyne, resemble Cattleya in
the caudicles of the pollinia being free, and in the
viseid matter from the rostellum not coming into
contact with them without mechanical aid, as well as
in their general manner of fertilisation. In Cilogyne
eristata the upper lip of the rostellum is much elon-
gated. In Evelyna carivata and Chysis eight balls of
waxy pollen are all united to a single caudicle. In
Barkeria the labellum, instead of enfolding the column,
is pressed against it, and this would effectually compel
insects to brush against the rostellum. In Epidendrum
we have a slight difference ; for the upper surface of
the rostellum, instead of permanently remaining mem-
branous, as in the above-named genera, is so tender
that by a touch it breaks up, together with the whole
lower surface, into a mass of viscid matter. In this
case the whole of the rostellum, together with the
adherent pollinia, must be removed by insects as they
retreat from the flower. I observed in E. glaucum that
viscid matter exuded from the upper surface of the
rostellum when touched, as happens with Epipactis.
In fact it is difficult to say, in these cases, whether
the upper surface of the rostellum should be called
membrane or viseid matter. With Chysis this matter
sets nearly hard and dry in twenty minutes, and
quite so in thirty minutes after its removal from the
rostellum.

In Bpidendrum floribundum there is a rather greater
difference : the anterior horns of the clinandrum (i. e.
the cup on the summit of the column in which the
pollinia lie) approach each other so closely as to
adhere to the two sides of the rostellum, which con-
sequently lies in a nick, with the pollinia seated over
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it; and as, in this species, the upper surface of the
rostellum resolves itself into viscid matter, the can-
dicles of the pollinia become glued to it without any
mechanical aid. The pollinia, though thus attached,
cannot, of course, be removed from their anther-cells
without the aid of insects. In this species it seems
possible (though, from the position of parts, not
probable) that an insect might drag the pollinia out
and leave them on the stigma of the same flower. In
all the other species of Epidendrum which I examined,
and in all the above-mentioned genera, it is evident
that the viscid matter has to be forced upwards into
the lip of the anther by a retreating insect, which
would thus necessarily carry the pollinia from one
flower to the stigma of another.

Nevertheless, self-fertilisation takes place in some
Epidendreze. Dr. Criger says® that “we have in
Trinidad three plants belonging to this family (a
Schomburgkia, Cattleya, and Epid ) which rarely
open their flowers, and they are invariably found to be
impregnated when they do open them. In these cases
it is easily seen that the pollen-masses have been acted
on by the stigmatic fluid, and that the pollen-tubes
descend from the pollen-masses in sifu down into the
ovarian canal.”  Mr. Anderson, a skilful cultivator of
Orchids in Scotland, also states that several of his
Epid. fertilise th 1 lyt In
the case of Cattleya crispa, the flowers sometimes do
not expand properly ; nevertheless they produce cap-
sules, one of which he sent to me. It contained an
abundance of seeds, but on examination I found that

* *Journ. Linn. Soc. Bot” vol.  paper Mr. Gosse gives an aceount
vili. 1864, p. 131. of his microsenpical examination
+ ‘Joumnal of Horticulture; of the self-fertilised seeds.
1863, p. 206 and 257 : in the latter

L2
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only about one per cent. contained an embryo. Similar
seeds were more carefully examined by Mr. Gosse, who
found that two per cent. contained an embryo. About
twenty-five per cent. of the seeds from a self-fertilised
capsule of Lalia cinnabarina, also sent to me by
M. Anderson, were found to be good. It is therefore
doubtful whether the capsules spontaneously self-ferti-
lised in the West Indies, as described by Dr. Criger,
were fully and properly fertilised. Fritz Miller in-
forms me that he has discovered in South Brazil
an Epidendrum which bears three pollen-producing
anthers, and this is a great anomaly in the order.
This species is very imperfectly fertilised by insects ;
but by means of the two lateral anthers the flowers
are regularly self-fertilised. Fritz Miller assigns good
reasons for his belief that the appearance of the two
additional anthers in this Epidendrum, is a case of
reversion to the primitive condition of the whole
group.*

* Sce also * Bot, Zeitung,' 1869, p. 226, and 1870, p. 152.
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CHAPTER VL
VANDEZE.

Stracture or the columu and pollinia—Tmportance of the elasticity of

power of um\,emeni—hlamcxty and strength of the
mer of fertilisation—
with
ko the stlgatlo charmber maudh mummd 50 that
the pollen-masses can hardly bo inserted—Cory nnk]mn,u‘(tmnlmn)
manner of fertilisation.

WE now come to the immense tribe of the Vandew,
which includes many of the most magnificent produc-
tions of our hothouses, but like the Epidendrem has
no British representative. I have examined twenty-
nine genera. The pollen consists of waxy masses, as
in the two last tribes, and each ball of pollen is
furnished with a caudicle, which becomes, at an carly
period of growth, united to the rostellum. The can-
dicle is seldom attached directly to the viseid dise, as
in most of the Ophrete, but to the upper and posterior
surface of the rostellum ; and this part is removed by
insects, together with the dise and pollen-masses. The
sectional diagram (fig. 23), with the parts separated,
will best explain the type-structure of the Vandesw.
As in the rest of the Orchidew there are three con-
fluent pistils; of these the dorsal one (2) forms the
rostellum arching over the two others (3) which unite
to form a single stigma. On the left hand we have
the filament (1) bearing the anther. The anther opens
at an early period, and the tips of the two candicles
(but only one caudicle and one pollen-mass are re-
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presented in the diagram) protrude in a mot fully-

hardened condition through a small slit, and adhere to

the back of the rostellum. The upper surface of the

rostellum is generally hollowed out for the reception

of the pollen-masses ; it is represented as smooth in

the diagram, but is really often furnished with crests
Fig. 28,

anther.  caudicle,
pedicel of
e Tostellum,

viseid disc.

filament,

of anther. I v o

12 8

Imaginary Section, illustrative of the structure of the column in the
Vaxorx,

(1) The filament, bearing the an- | (2) The upper pistil, with the
4

er with its pollen-masses ; upper part modified into the
the anther is represented after rostellum.

it has opened along its whole | (3.) The two lower confluent pistils,
under surfice, so that the ring the two confluent
section shows only the dorsal stigmas,

or knobs for the attachment of the two caudicles.
The anther afterwards opens more widely along its
under surface, and leaves the two pollen-masses un-
attached, excepting by their caudicles to the rostellum,

During an early period of growth, a remarkable
change has been going on in the rostellum : either its
extremity or its lower surface becomes excessively
viscid (forming the viseid disc), and a line of separa-
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tion, at first appearing as a zone of hyaline tissue, is
gradually formed, which sets free the disc, as well as
the whole upper surface of the rostellum, as far back
as the point of attachment of the candicles. If any
object now touches the viscid dise, it, together with
the whole back of the rostellum, the caudicles and
pollen-masses, can all be readily removed together.
In botanical works the whole structure between the
dise or viscid surface (generally called the gland) and
the balls of pollen is designated as the candicle ; but
as these parts play an essential part in the fertilisation
of the flower, and as they are fundamentally different
in their origin and in their minute structure, I shall
call the two elastic ropes, which are developed strictly
within the anther-cells, the caudicles ; and the portion
of the rostellum to which the caudicles are attached
(see diagram), and which is not viscid, the pedicel,
The viscid portion of the rostellum I shall call, as
heretofore, the viscid surface or dise. The whole may
be conveniently spoken of as the pollinium.

In the Ophrewe we have (except in 0. pyramidalis
and a few other species) two separate viseid discs. In
the Vandez, with the exception of Angrecum, we have
only one dise. The disc is naked, or is not enclosed
in a pouch. In Habenaria the discs, as we have seen,
are separated from the two caudicles by short drum-
like pedicels, answering to the single and generally
much more largely developed pedicel in the Vandew.
In the Ophrew the caudicles of the pollinia, though
elastic, are rigid, and serve to place the packets of
pollen at the right distance from the insect’s head or
proboscis, so as to reach the stigma. In the Vandew
this end is gained by the pedicel of the rostellum.
The two caudicles in the Vandew are embedded and
attached within a deep cleft in the pollen-masses,
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and until stretched are rarely visible, for the pollen-
masses lie close to the pedicel of the rostellum. These
caudicles answer both in position and function to the
elastic threads, by which the packets of pollen are tied
together in the Ophred, at the point where they become
confluent ; for the function of the true caudicle in the
Vandew is to break when the masses of pollen, trans-
ported by inseets, adhere to the stigmatic surface.

In many Vandew the caudicles are easily ruptured,
and the fertilisation of the flower, as far as this point
is concerned, isa simple affait; but in other cases their
strength, and the length to which they can be stretched
before they break, aro surprising. 1 was at first per-
plexed to understand what purpose these qualities
could serve. The explanation probably is that the
pollen-masses in this tribe are very precious objects ;
in most of the genera a flower produces only two, and
judging from the size of the stigma both are generally
left adhering to it. In other genera, however, the
orifice leading into the stigma is so small that probably
only one pollen-mass is left on it, and in this case the
pollen from one flower would suffice to fertilise two
flowers, but never a greater number. From the large
size of the flowers of many of the Vandeew, they no
doubt are fertilised by large insects, and these whilst
flying about would be likely to brush away and lose
the pollinia attached to them, unless the caudicles were
very strong and highly elastic. So again, when an
insect thus provided visited a flower either too young,
with its stigma not yet sufficiently adhesive, or one
already i d, with its stigma beginning to dry,
the strength of the caudicle would prevent the pollen-
masses from being uselessly removed and lost.

Although the stigmatic surface is astonishingly
adhesive at the proper period in many of these Orchids,
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for instance, in Phalenopsis and Saccolabium, yet when
T inserted their pollinia attached to a rough object into
the stigmatic chamber, they did not adhere with suffi-
cient force to prevent their removal from the object. I
even left them for some little time in contact with the
adhesive surface, as an insect would do whilst feeding ;
but when I pulled the pollinia straight out of the
stigmatic chamber, the caudicles, though they were
stretched to a great length, did not rupture, nor did
their attachment to the object yield so that the balls
of pollen were withdrawn. It then occurred to me
that an insect in flying away would not pull the
pollinia straight out of the chamber, but would pull
at nearly right angles to its orifice. Accordingly I
imitated the action of a retreating insect, and dragged
the pollinia out of the stigmatic chamber at right
angles to its orifice; and now the friction on the
caudicles thus caused, together with the adhesiveness
of the stigmatic surface, generally sufficed to rupture
them the pollen-masses being left on the stigma.
Thus, it seems that the great strength and extensi-
bility of the caudicles, which, until stretched, lie em-
bedded within the pollen-masses, serve to protect the

11 from being accidentally lost by an insect
whilst flying about, and yet, by friction being brought
into play, allow them at the proper time, to be left
adhering to the stigmatic surface; the fertilisation of
the flower being thus safely effected.

The dises and pedicels of the pollinia present great
diversities in shape, and an apparently exhaustless
number of adaptations. Even in species of the same
genus, as in Oncidium, these parts differ greatly. I
here give a few figures (fig. 24), taken almost at hazard.
The pedicel generally consists, as far as I have seen,
of a thin ribbon-shaped membrane (fig. A) ; ime
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it is almost cylindrical (fig. C) but often of the most
diversified shapes. The pedicel is generally nearly
straight, but in Miltonia clowesii it is naturally curved s
and in some cases, as we shall immediately see, it
assumes, after removal, various shapes. The extensible
and elastic caudicles, by which the pollen-masses are
attached to the pedlcel are barely or not at all visible,
being embedded in a cleft or hollow within each
pollen-mass. The disc, which is viscid on the under
side, consists of a picce of thin or thick membrane of

©
»
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POLLINIA OF VANDEE.

Fig. 24,

B. Polliniom of Brassia maculata
(copied from Bauer).
£ €. Pollinivm of Stankopea saccata
ng embedded within | after depression.
asses, arenotshown. | D, Pollinium of Sarcanthus tereti-
A. Pollinium of Oncidivmn grande Jolius after depression.
after partial depression.

varied forms. In Acropera it is like a pointed cap;
in some cases it is tongue-shaped, or heart-shaped
(fig. C), or saddle-shaped, as in some Maxillarias, or
like a_thick cushion (fig. A), as in many species of
Oncidium, with the pedicel attached at one end, instead
of, as is more usual, nearly to the centre. In Angracum
distichum and sesquipedale the rostellum is notched,
and two separate, thin, membranous discs can be
removed, each carrying by a short pedicel a pollen-
mass. In Sarcanthus teretifolius the disc (fig. D) is
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very oddly shaped; and as the stigmatic chamber
is deep and likewise curiously shaped, we are led to
believe that the disc is fastened with great precision
to the square projecting head of some inseet.*

In most cases there is a plain relation between the
length of the pedicel and the depth of the stigmatic
chamber, into which the pollen-masses have to be
inserted. In some few cases, however, in which a long
pedicel and a shallow stigma co-exist, we shall presently
meet with curious compensating actions. After the
disc and pedicel have been removed, the shape of the
remaining part of the rostellum is of course altered,
being now slightly shorter and thinner, and sometimes
notched. In Stanhopea, the entire circumference of
the extremity of the rostellum is removed, and a thin,
pointed, needle-like process alone is left, which origin-
ally ran up the centre of the disc.

It we now turn to the diagram (fig. 23, p. 150), and
suppose the rectangularly bent rostellum to be thinner
and the stigma to lie closer beneath it than is there
represented, we shall see that, if an insect with a polli-
nium attached to its head were to fly to another flower
and occupy exactly the same position which it held
whilst the attachment was effected, the pollen-masses
would be in the right position for striking the stigma,
especially if, from their weight, they were to become
in the least degree depressed. This is all that takes
place in Lycaste skinnerii, Cymbidium giganteum,
Zygopetalum mackai, Angracun churnewn, Miltonia
, in a Warrea, and, I believe, in Galeandra

But if in our dmwmm we suppose, for instance,

ey bero remark that Dal; - dium, "‘phlm\dmm‘ Phaius, and
E‘mo( Fecondazione nelle Pinnte,’ um, and i able to con~

lirenze, 1867, p. 19) says he has ﬂml in general my prierelrly
examined ﬂov\exs of Vundﬂ Onei-
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the stigma to be seated at the bottom of a deep cavity,
low down in the column, or the anther to be seated
higher up, or the pedicel of the rostellum to slope
more upwards, &e.—all of which contingencies oceur
in various species,—in such cases, an insect with a
pollinium attached to its head, if it flew to another
flower, would not place the pollen-masses on the
stigma, unless their position had become greatly
changed after attachment.
This change is effected in many Vandew in the same
manner as is so general with the Ophrez, namely, by a
of depression in the pollinium in the course
of about half a minute after its removal from the
rostellum. T have seen this movement conspicuously
displayed, generally causing the pollinium to rotate
through about a quarter of a circle, in several species
of Oncidium, Odontoglossum, Brassia, Vanda, Aerides,
Sarcanthus, Saccolabium, Acropera, and Maxillaria.
i lens the f d i

n Rodriguezia
is remarkable from its extreme slowness; in Eulophia
wiridis from its small extent. Mr. Charles Wright, in
a letter to Professor Asa Gray, says that he observed
in Cuba a pollinium of an Oncidium attached to a
humble-bee, and he concluded at first that I was
completely mistaken about the movement of depres-
sion; but after several hours it moved into the proper
position for fertilising the flower. In some of the
cases above specified in which the pollinia apparently
uridergo no movement of depression, I am not sure that
there was not a very slight one after a time. In the
various Ophrew the anther-cells are sometimes seated
exteriorly and sometimes interiorly with respect to
the stigma; and there are corresponding outward and
inward movements in the pollinia: but in the Vandem.
the anther-cells alyays lie, as far as I have seen,
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directly over the stigma, and the movement of the
pollinium is always directly downwards. In Calanthe,
however, the two stigmas are placed exteriorly to the
anther-cells, and the pollinia, as we shall see, are made
to strike them by a peculiar mechanical arrangement
of the parts.

In the Ophre the seat of contraction, which causes
the act of depression, is in the upper surface of the
viscid disc, close to the point of attachment of the
caudicles: in most of the Vandewm the seat is likewise
in the upper surface of the disc, but at the point
where the pedicel is united to it, and therefore at a
considerable distance from the point of attachment of
the true caudicles. The contraction is hygrometric, but
to this subject I shall return in the ninth chapter;
therefore the movement does not take place until the
pollinium has been removed from the tostellum, and
the point of union between the disc and pedicel has
been exposed for a few seconds or minutes to the air.
If, after the contraction and consequent movement of
the pedicel, the whole body be placed into water, the
pedicel slowly moves back and resumes its former
position with respect to the viscid dise. When taken
out of water, it again undergoes the movement of de-
pression. It is of importance to notice these facts, as
we thus geta test by which this movement can be
distinguished from certain other movements.

In Maaillaria ornithorhyncha, we have a unique case.
The pedicel of the rostellum is much elongated, and
is entirely covered by the produced front lip of the
anther, and is thus kept damp. When removed it
bends quickly backwards on itself, at about its central
point, and_thus becomes only half as long as it was
before.  When placed in water it resumes its original
straight form. If the pedicel had not been in some
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manner shortened, it is hardly possible that the flower
could have been fertilised. After this movement, the
pollinium attached to any small object can be inserted
into the flower, and the balls of pollen readily adhere
to the stigmatic surface. Here we have an instance
of one of those compensating actions in the pollinia,
before alluded to, in relation to the shallowness of
the stigma.

In some cases, besides hygrometric movements,
elasticity comes into play. In Aerides odorata and
virens, and in an Oncidium (roseum?), the pedicel of
the rostellum is fastened down in a straight line, at
one extremity by the dise, and at the other by the
anther; it has, however, a strong elastic tendency to
spring up at right angles to the disc. Consequently,
if the pollinium, attached by its viscid dise to some
object, is removed from the anther, the pedicel instantly
springs up and stands at nearly right angles to its
former position, with the pollen-masses carried aloft.
This has been noticed by oter observers; and I agree
with them that the object gained is to free the pollen-
masses from the anther-cells. After this upward elastic
spring, the downward hygrometric movement imme-
diately commences, which, oddly enough, carries the
pedicel back again into almost exactly the same
position, relatively to the disc, which it held whilst
forming part of the rostellum. In Aerides the end of
the pedicel, to which the pollen-masses are attached
by short dangling caudicles, after springing up, remains
a little curved upwards; and this curvature seems
well adapted to drop the pollen-masses into the deep
stigmatic cavity over the ledge in front. The differ-
ence between the first elastic and the second or re-
versed hygrometric movement, was well shown by
placing the pollinium of the above Oncidium into
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water, after both movements had taken place; and
the pedicel then moved into the same position which
it had at first assumed through its elasticity ; this
movement not being in any way affected by the
water. When taken out of water the hygrometric

of depression soon d for the

second time.

In Rodriguezia secunda there was no hygrometric
movement of depression in the pedicel as in the before-
mentioned R. suaveolens, but there was a rapid down-
ward movement, due to elasticity, and of this I have
seen no other instance ; for when the pedicel was put
into water it showed no tendency to recover its original
position, as occurred in many other cases.

In Phalwnopsis grandiflora and amabilis the stigma
is shallow and the pedicel of thie rostellum long.
Some compensating action is therefore requisite, v\hu,h

ly from that in Maaill is
effected by elasticity. There is no movement of de-
pression ; but, when the pollinium is removed, the
straight pedicel suddenly curls up in the middle, thus

—~—=): the full-stop on the left hand may re-
present the balls of pollen, and the thick hyphen to
the right may be supposed to represent the triangu-
latly shaped dise. The pedicel does not straighten
itself when placed in water. The end carrying the
balls of pollen is a little raised up after this elastic
movement, and the pedicel, with one end raised, and
with the middle part upwardly bowed, is well adapted
to drop the pollen-masses into the deep stigmatic
cavity, over a ledge in front. Fritz Miller informs
me of a case in which the shortening of a very long
pedicel is effected partly by elasticity and partly by a
h i A small Ornith hal

groving in South Brazil, has a very long pedicel,
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which is shown closely attached to the rostellum in
the accompanying figure A.

PoLuNIty oF ORNITHOCEPHALUS. (From a sketch by Fritz Miller.)

Al l’ullmmm shll nnax,hml to the t first assumes from the elas-
sostal ticity of the padicsl.

€. Polliniom in the position ul-

y
nandrum on the summit of timately assumed from the
the column. hygrometric movement.

B. Pollinium in the position which |

The pedicel when freed suddenly bends into the
form represented at B, and soon afterwards owing to
the hygrometric contraction curls up into the odd
figure shown at C. When placed in water it resumes
the form represented at B.
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In Calanthe masuca and the hybrid C. dominii the
structure is very different to what it is in most other
Vandew. We here have two oval, pit-like stigmas
on each side of the rostellum (fig. 26). The viscid
disc is oval (fig. B), and has no pedicel, but eight
masses of pollen are attached to it by very short and

Fig. 26.

CALANTHE MASUCA.

. pollen-masses. B. Poll
33, the two stigmas. v
In.” mouth of nectary.

masses attached to the
id disc, seen from the

Iabellum. C. Flower i same poston asin A,
d. viscid disc. but with the disc and pollen
d. in fig. C, clinandrum the pol- maie remord And
ly notched
A. Flower viewed from above, with rosteluimend the smpty cli-
5 removed, andrum in which the polles
showing the eight pollen- Eatstes lay, "Withia thy let-
‘masses in their proper position hand stigma two pollen-
within the clinandrum. _All ‘masses may be seen adhering
the sepals and petals have been to its viscid surface.

cut away except the labellum.

easily ruptured caudicles. These pollen-masses radiate
from the disc like the leaves of a fan. The rostellum
is broad, and its sides slope on each side towards the
lateral pit-like stigmas. When the disc is removed
the rostellum is seen (fig. C) to be deeply notched
in the middle. The labellum is united to the column
almost up to its summit, leaving a passage (n, A) to
M
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the long nectary close beneath the rostellum. The
labellum is studded with singular, wartlike, globular
excrescences.

If a thick needle be inserted into the mouth of the
nectary (fig. A), and then withdrawn, the viscid dise
is removed, bearing with it the elegant fan of radiating
pollen-masses. These undergo no change in position.
But if the needle be now inserted into the nectary of
another flower, the ends of the pollen-masses neces-
sarily hit the upper and laterally sloping sides of the
rostellum, and, glancing off both ways, strike down
into the two lateral pit-like stigmas. The thin cau-
dicles being easily ruptured, the pollen-masses are left
adhering like little darts to the viscid surface of both
stigmas (see left-hand stigma in fig. C), and the fertili-
sation of the flower is completed in a simple manner
pleasing to behold.

I should have stated that a narrow transverse rim of
stigmatic tissue, beneath the rostellum, connects the
two lateral stigmas; and it is probable that some of
the middle pollen-masses may be inserted through the
notch in the rostellum, so as to adhere to this rim.
T am the more inclined to this opinion from having
found in the elegant Calanthe vestita the rostellum
extending so widely over the two lateral stigmas, that
apparently all the pollen-masses must be inserted
beneath its surface.

The Angracum sesquipedale, of which the large six-
rayed flowers, like stars formed of snow-white wax,
have excited the admiration of travellers in Madagascar,
must not be passed over. A green, whip-like nectary
of astonishing length hangs down beneath the label-
lum. In several flowers sent me by Mr. Bateman I
found the nectaries eleven and a half inches long, with
only the lower inch and a half filled with nectar.
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What can be the use, it may be asked, of a nectary of
such disproportionate length ? We shall, T think, see
that the fertilisation of the plant depends on this
length, and on nectar being contained only within the
lower and attenuated extremity. It is, however, sur-
prising that any insect should be able to reach the
nectar. Our English sphinxes have proboscidesas long
as their bodies; but in Madagascar there must be
moths with proboscides capable of extension to alength
of between ten and eleven inches! This belief of
mine has been ridiculed by some entomologists, but we
now know from Fritz Miller * that there is a sphinx-
moth in South Brazil which has a proboscis of nearly
sufficient length, for when dried it was between ten
and eleven inches long. When not protruded it is
coiled up into a spiral of at least twenty windings.
The rostellum is broad and foliaceous, and arches
rectangularly over the stigma and over the orifice of
the nectary : it is deeply notched by a cleft enlarged
or widened at the inner end. Hence the rostellum
nearly resembles that of Calanthe after the dise has
been removed (see fig. 26, C). The under surfaces of
both margins of the cleft, near their ends, are bordered
by narrow strips of viseid membrane, easily removed ;
5o that there are two distinet viseid dises. A short
_ membranous pedicel is attached to the middle of the
upper surface of each dise; and the pedicel carries a
pollen-mass at its other end. Beneath the rostellum
a narrow, ledge-like, adhesive stigma is seated.
T could mot for some time understand how the
pollinia of this Orchid were removed, or how the
stigma was fertilised. I passed bristles and needles

* Seo letter with a drawing by Hermann Miller, ¢ Nature; 1873,
. 223,

M2

2
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down the open entrance into the nectary and through
the cleft in the rostellum with no result. It then
occurred to me that, from the length of the nectary,
the flower must be visited by large moths, with a
proboscis thick at the base; and that to drain the last
drop of nectar, even the largest moth would have to
foree its proboscis as far down as possible. Whether
or not the moth first inserted its proboscis by the open
entrance into the nectary, as is most probable from the
shape of the flower, or through the cleft in the ros-
tellum, it would ultimately be forced in order to drain
the mectary to push its proboscis through the cleft,
for this is the straightest course ; and by slight pressure
the whole foliaceous rostellum is depressed. The dis-
tance from the outside of the flower to the extremity of
the nectary can be thus shortened by about a quarter
of an inch. T therefore took a cylindrical rod one-
tenth of an inch in diameter, and pushed it down
through the cleft in the rostellim. The margins
readily separated, and were pushed downwards together
with the whole rostellum. When I slowly withdrew the
cylinder the rostellum rose from its elasti ity , and
the margins of the cleft were uptumned so as to clasp
the cylinder. Thus the viseid strips of membrane on
each under side of the cleft rostellum came into contact
with the eylinder, and firmly adhered to it; and the
pollen-masses were withdrawn. By this means I suc-
ceeded every time in withdrawing the pollinia; and
it cannot, I think, be doubted that a large moth would
thus act; that is, it would drive its proboscis up to
the very base through the cleft of the rostellum, so as
to reach the extremity of the nectary; and then the
pollinia attached to the base of its proboseis would be
safely withdrawn.

I did not succeed in [ea\mg the pollen-masses on
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the stigma so well as I did in withdrawing them. As
the margins of the cleft rostellum must be upturned
before the discs adhere to a cylindrical body, during
its withdrawal, the pollen-masses become affixed some
little way from its base. The two discs did not always
adhere at exactly opposite points. Now, when a moth
with the pollinia adhering to the base of its proboscis,
inserts it fora second time into the nectary, and exerts
all its force so as to push down the rostellum as far as
possible, the pollen-masses will generally rest on and
adhere to the narrow, ledge-like stigma which projects
beneath the rostellum. By acting in this manner with
the polliniaattached to a cylindrical object, the pollen-
masses were twice torn off and left glued to the stig-
matic surface.

If the Angriecum in its native forests secretes more
nectar than did the vigorous plants sent me by Mr,
Bateman, so that the nectary ever becomes filled, small
moths might obtain their share, but they would not
benefit the plant. The pollinia would not be with-
drawn until some huge moth, with a wonderfally long
proboseis, tried to drain the lst drop.* If such great
moths were to become extinet in Madagascar, assur-
edly the Angrmeum would become extinct. On the
other hand, as the nectar, at least in the lower part
of the nectary, is stored safe from the depredation of
other insects, the extinction of the Angreecum would
probably be a serious loss to these moths. We can

thus understand how the

- i st snggosts (¢
taralist in Nicaragua,’ 1874,
155) that tho great longth.of the

y of this plunt serves to

not well-adapted for the fertilisa-
tion of the flowers from sucking
the neetar, and that its develop-

The \1..

astonishing length of the

thus be-cconntad for,
T'have 5o doabt truth of
this principle, but ) hardly
Sppiitabl hove. a8 the moth hay
10 be compelled to drive its pro-
boscis as deeply down as possible
into the flower.
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nectary had been acquired by successive modifications.
As certain moths of Madagasear became larger through
natural selection in relation to their general conditions
of life, either in the larval or mature state, or as the
proboscis alone was lengthened to obtain honey from
the Angrecum and other deep tubular flowers, those
individual plants of the A which had the
longest nectaries (and the nectary varies much in
length in some Orchids), and which, consequently,
compelled the moths to insert their proboscides up to
the very base, would be best fertilised. These plants
would yield most seed, and the seedlings would
generally inherit long nectaries; and so it would be
in successive generations of the plant and of the moth.
Thus it would appear that there has been a race in
gaining length between the nectary of the Angreum
and the proboscis of certain moths; but the Angreeum
has triumphed, for it flourishes and abounds in the
forests of Madagascar, and still troubles each moth
to insert its proboscis as deeply as possible in order to
drain the last drop of nectar.

I could add deseriptions of many other curious
structures in the Vandesw, more especially from the
letters of Fritz Miller with respect o those of Brazil ;
but the reader would be wearied. I must, however,
make a few remarks on certain genera, the fertilisation
of which remains a mystery, chiefly on account of the
narrowness of the mouth of the stigma, as this renders
the insertion of the pollen-masses extremely diffcult.
Two closely allied species or varieties of Acropera, viz,
A. luteola and loddigesii have been observed by me
during several seasons, and every detail of their strue-
ture seems as if specially adapted to render their
fertilisation almost impossible. 1 have met with hardly
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any other such case, not that I fully understand the
contrivances in any Orchid, for new and admirable
ones become apparent, the longer I study even one of
our commonest British species.

The thin and elongated rostellum of Acropera projects
at right angles to the column (see diagram, fig. 23, p.
150); and the pedicel of the pollinium is of course
equally long and much thinner, The disc consists of
an extremely small cap, viscid within, which fits on
the extremity of the rostellum. The viscid matter
sets hard but slowly. The upper sepal forms a hood
enclosing and protecting the column. The labellum
is an_extraordinary organ, bafiling all description : it
is articulated to the column by a thin strap, so elastic
and flexible that a breath of wind sets it vibrating.
It hangs downwards; and the retention of this posi-
tion seems to be of importance, for the footstalk (ova-
rium) of each flower is curved into a semicircle, so
as to compensate for the pendulous habit of the plant.
The two upper petals and the lateral lobes of the
labellum serve as guides leading into the hood-like
upper sepal.

The pollininm, when adhering by its disc fo an
object, und, the common
and this seems superfluous, for the stigmatic cavity Ties
(see diagram, fiz. 23) high up at the base of the rect-
angularly projecting rostellum, But this is a com-
paratively trifling difficulty ; the real difficulty lies in
the orifice of the stigmatic chamber being so narrow
that the pollen-masses, though consisting of thin sheets,
can hardly be forced in. I repeatedly tried, and suc-
ceeded only three or four times. Even after leaving
them to dry for four hours before a fire, and thus to
shrink a little, T rarely succeeded in forcing them
into the stigma. 1 examined quite young flowers and
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almost withered ones, for I imagined that the mouth
of the chamber might be of larger size at some period
of growth; but the difficulty of insertion remained
the same. Now when we observe that the viscid disc
is ily small, and ly its power of
attac].\mem not so firm as with Orchids having a large
dise, and that the pedicel is very long and thin, it
would seem almost indispensable that the stigmatic
chamber should be unusually large for the easy
insertion of the pollinium, instead of being much con-
tracted. Moreover, the stigmatic surface, as Dr. Hooker
has likewise observed, is singularly little adhesive !
The flowers when ready for fertilisation do mnot
secrete nectar;* but this is no difficulty, for as Dr.
Crijger has scen humble-bees gnawing the projections
on the labellum of the closely altied Gongora maculata,
there can be little doubt that the distal cup-shaped
part of the labellum of Acropera offers a similar at-
traction to insects. After numberless trials in many
ways, I have found that the pollinia can be removed
with certainty only by pushing the rostellum a little
upwards with a camel-hair brush, held in such a
position that the tip slides along the under side of the
rostellum, so as to brush off the little viscid cap on its
extremity, into which the hairs enter and are glued
fast. I further find that if the brush with a pollinium
thus attached to its tip is pushed into and then with-
drawn from the stigmatic cavity, the mouth of which
is furnished with a sharp ridge, the end of the pedicel

* Mr. Scott lias observed that
after the flowers of Acropera and
of two species in the allied genus
of Gongora have been fertilised,
an_abundance of nec

from the front of the column ; but

at no other time could he find
s e T e
can, therefore, be of no use to the
t with m,.m to its fertili-
sation, and must be viewed s an
exere
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which bears the viscid cap is often left sticking within
the chamber, with the pollen-masses close outside.
Many flowers were thus treated, and three of them
produced fine capsules. Mr. Scott also succeeded in
fertilising two flowers in the same apparently unnatural
manner, as he likewise did on one occasion by placing
a pollen-mass, moistened with the viscid matter from a
distinet kind of Orehis, at the mouth of the stigmatic
chamber. These facts lead me to suspect that an
insect with the extremity of its abdomen produced
into a sharp point alights on the flower, and then turns
round to gnaw the distal portion of the labellum, In
doing so it removes the pollinium, the viscid cap of
which adheres to the extremity of its abdomen. The
insect then visits another flower, by which time the
movement of depression will have caused the pedicel
1o lie flat on its back; and from occupying the same
position as before, the insect will be apt to insert the
end of its abdomen into the stigmatic chamber, and
the viscid cap will then be scraped off by the ledge in
front, and the pollen-masses will be left close outside,
as in the above experiments. The whole operation
would probably be aided by the oscillatory movement
of the labellum whilst gnawed by an insect. This
whole view is very improbable, but it is the only one,
as far as T can see, which explains the fertilisation of
the flower.

The allied genera Gongora, Acineta, and Stanhopea
present nearly the same difficulty from the narrowness
of the entrance into the stigmatic chamber. Mr.
Scott tried repeatedly but in vain to force the pollen-
masses into the stigma of Gongora atro-purpurea and
truncata ; but he readily fertilised them by cutting off
the clinandrum and placing poll on the now
exposed stigma; as he likewise did in the case of
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Acropera. Dr. Criiger says* that Gongora maculata
“often bears fruit in Trinidad. It is visited, exelu-
sively during the day, as far as I can see, by a splendid
bee, probably a Euglossa, but with the tongue nearly
twice as long as the body. The tongue passes out
behind the abdomen, and is there curved upwards.
As these bees only come for biting and gnawing the
anterior side of the labellum, the protruding tongue
touches or approaches the gland (i. e., viscid disc) at
every retrograde movement of the insect. By this it
can hardly fail to be loaded soomer or later with the
pollen-masses, which are then easily inserted into the
stigmatic cleft. 1 have, however, not as yet observed
this fact.” I am surprised that Dr. Criger should
speak of the pollen-masses being easily inserted, and [
suppose that he must have experimented with dried
and shrunken ones. The doubled-up, immensely elon-
gated proboscis, projecting beyond the abdomen, would
answer as well as a pointed extremity to the abdomen,
which in the case of Acropera I imagine is the instru-
ment for removing the pollen-masses; but I presume
that with Gongora it is not the viseid dise, but the
broad and free ends of the pollen-masses which are in-
serted into the stigmatic cavity. As in the case of
Acropera, 1 found it scarcely possible to insert the
pollen-masses of Gongora into the stigma; but some
which were removed from the anther and left exposed
to the sun for nearly five hours, became much shrunk
and formed thin sheets; and these could be inserted
without much difficulty into the cleft-like entrance
of the stigma. The pollinia attached to an insect
flying about in the torrid zone would shrink after a
time; and the delay thus caused would ensure the

* ¢ Journ, Linn. Soe. Bot.” vol. vii. 1864, p. 181,
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flowers being fertilised with pollen from a distinct
plant.

With respect to Stanhopea, Dr. Criger says* that
in the West Indies a bee (Euglossa) often visits the
flowers for the sake of gnawing the labellum, and he
caught one with a pollinium attached to its back ; but
he adds that he cannot understand how the pollen-
masses are inserted into the narrow mouth of the stigma.
With Stanhopea oculata T found that the pollinia could
almost always be attached to my naked or gloved
finger, by gently sliding it down the concave surface
of the arched column; but this occurred only within a
short time after the expansion of the flowers, whilst
they are highly odoriferous. By again sliding my
finger down the column, the pollinia were almost
always rubbed off by the sharp edge of the stigmatic
chamber, and were left adhering close to its entrance.
Flowers thus treated occasionally, though rarely,
yielded capsules. The removal of the pollinia from
my finger seemed to depend on the existence of a
point projecting beyond the viscid disc, and which T
suspect is specially adapted for this purpose. If this
be so, the pollen-masses must emit their tubes without
being inserted into the stigmatic chamber. 1 may
add that the pollen-masses shrink very little by being
thoroughly dried, and could not in this state be easily
inserted.

The entrance into the stigma is in like manner,
as Lhear from Fritz Miller,t so much contracted in
Cirrhea and Notylia, which belong to another sub-
division of the Vandesw, that the pollmm can be inserted

* “Journ. Linn. Soc. Bot! vol.  translation of the first edition of
viii. 1864, p. 130. Bronu has this work.
described ‘the structure of Stan-  + ¢ Bot, Zeitung,” 1868, p. 620.
pea devoniensis, in his (erman
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into it only with extreme difficulty. In the case of
Cirrhwa, he found that this could be effected more
easily, after they had shrunk a little from being left
to dry for half an hour or an hour. He observed two
flowers with pollen-masses naturally inserted by some
means into their stigmas. On several occasions after
forcing the end of a pollen-mass into the mouth of the
stigma, he witnessed a most curious process of deglu-
tition. The extremity of the pollen-mass swells from
imbibing moisture, and as the chamber gradually
widens downwards, the swelling part is forced down-
wards; so that the whole is at last drawn inwards and
disappears. In the case of Notylia, Fritz Miiller ob-
served that the entrance into the stigma became a
little larger after the flower had remained expanded
for about a week. In whatever manner this latter
plant is fertilised, it is certain that it must be im-
pregnated with pollen from a distinet plant; as it
offers one of those extraordinary cases in which its own
pollen acts like poison on the stigma.

In the last edition of this work it was shown that
the ovaria of mature flowers of Acropera do not con-
tain any ovules. But I erred greatly in the interpre-
tation of this fact, for I concluded that the sexes were
separate. 1 was however soon convinced of my error
by Mr. Scott, who succeeded in artificially fertilising
the flowers with their own pollen. A remarkable dis-
covery by Hildebrand, * namely, that in many Orchids
the ovules are not developed unless the stigma is
penetrated by the pollen-tubes, and that their develop-
ment oceurs only after an interval of several weeks
or even months, explains the state of the ovarium
in Acropera, as observed by me. According also to

* « Bot. Zeitung,’ 1863, Oct. 30, et seq., and Aug. 4, 1865.
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Fritz Miiler, * the ovules of many endemic Epidendrea
and Vandew in Brazil remain in'a very imperfect state
of development for some months, and ‘even in one case
for half a year, after the flowers had been fertilised.
He suggests that a plant which produces hundreds of
thousands of ovules, would waste much power if these
were formed and did not happen to be fertilised, and
we know that fertilisation is a doubtful and difficult
operation with many Orchids. It would therefore be
an advantage to such plants, if the ovules were not at
all developed until their fertilisation was assured by
the pollen-tubes having ulready penetrated the stigma.

Coryanthes.—I will conclude this chapter by giving
an account of the fertilisation of the flowers of Cory-
anthes, which is effected in a manner that might perhaps
have been inferred from their structure, but would have
appeared utterly incredible had it not been repeatedly
witnessed by a careful observer, namely, the late Dr.
Criiger, Director of the Botanical Gardens at Trinidad.
The flowers are very large and hang downwards, The
distal portion of the labellum (L) in the following wood-
cut, fig. 27, is converted into a large bucket (B). Two
appendages (H), arising from the narrowed base of the
labellum, stand directly over the bucket and secrete so
much fluid that drops may be seen falling into it.
This fluid is limpid and so slightly sweet that it does
not deserve to be called nectar, though evidently of the
same nature ; nor does it serve to attract insects. M.
Méniere estimates that the total quantity secreted by
a single flower is about an English ounce.t When
the bucket is full the fluid overflows by the spout (P).

* ¢ Tot. Zeitung, 1868, p. 164,
 “Builetin de Ia Sov. Bot, de France, tom, i. 1855, p. 851,

@ The Combplete Work of Charles Darwin Online



174 VANDEE. Cuar. VL.

Fig. 27.

ConyaNTHES svECioss. (Copied from Lindley's ¢ Vegetable Kingdom.)

1. labellum. | P spout of bucket, over-asched by
B. bucket of the labellum. the end of the colum, bearing
H. fluid-secreting appendages. the anther and stigma.
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This spout is closely lover-arched by the end of the
column, which bears the stigma and pollen-masses in
such a position, that an insect forcing its way out of
the bucket through this passage would first brush with
its back against the stigma and afterwards against the
viscid dises of the pollinia, and thus remove them.
We are now prepared to hear what Dr. Criiger says
about the fertilisation of an allied species, the C,
macrantha, the labellum of which is provided with
crests.* I may premise that he sent me specimens of
the bees which he saw gnawing these crests, and they
belong, as I am informed by Mr. F. Smith, to the genus
Euglossa. Dr. Criiger states that these bees may be
“seen in great numbers disputing with each other for
a place on the edge of the hypochil (i. e. the basal part
of the labellum). ~ Partly by this contest, partly perhaps
intoxicated-by the matter they are indulging in, they
tumble down’ into the bucket,’ half-full of a fluid
secreted by organs situated at the base of the column.
They then crawl along in the water towards the
anterior side of the bucket, where there is a passage
for them between the opening of this and the column.
If one is early on the look-out, as these Hymenopters
are early risers, one can see in every flower how
fecundation is performed. The humble-bee, in forcing
its way out of its involuntary bath, has to exert itself
considerably, as the mouth’ of the epichil (i. e. the
distal part of the labellum) and the face of the column
fit together exactly, and are very stiff and elastic. The
first bee, then, which is immersed will have the gland

draving of C.feildingi
Hort.

Dyer for informing me of theso
figures.

plicat
roproduced.  There is also a
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of the pollen-mass glued to its back. The insect then
generally gets through the passage, and comes out
with this peculiar appendage, to return nearly imme-
diately to its feast, when it is generally precipitated a
second time into the bucket, passing out through the
same opening, and so inserting the pollen-masses into
the stigma while it forces its way out, and thereby im-
pregnating either the same or some other flower. T
have often seen this; and sometimes there are so many
of these humble-bees assembled that there is a continual
procession of them through the passage specified.”
There cannot be the least doubt that the fertilisation
of the flower absolutely depends on insects crawling
out through the passage formed by the extremity of
the labellum and the over-arching column. If the
large distal portion of the labellum or bucket had been
dry, the bees could easily have escaped by flying away.
Therefore we must believe that the fluid is secreted by
the appendages in such extrordinary quantity and is
collected in the bucket, not as a palatable attraction
for the bees, as these are known to gnaw the labellum,
but for the sake of wetting their wings, and thus
compelling them to crawl out through the passage.

1 have now deseribed, perhaps in too much detail,
a few of the many contrivances by which the Vandez
are fertilised. The relative position and shape of the
parts—friction, viscidity, elastic and hygrometric move~
ments, all nicely related to one another—come into
play. Butall these appliances are subordinate to the
aid of insects. Without their aid, not a plant belong-
ing to this tribe, in the species of the twenty-nine
genera examined by me, would set a seed. Tt is also
certain in a majority of the cases, that insects withdraw
the pollinia only when retreating from the flower, and
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by carrying them away, effect a union between two
flowers, generally on distinct plants. This can bardly
fail to occur in all the many cases in which the pollinia
slowly change their position, when removed from the
rostellum, in order to assume a proper direction for
striking the stigma; for the inseets during this in-
terval will have had time to fly from the flowers on
one plant which will serve as the male, to those
on another plant which will serve as the female.

~
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CHAPTER VIL
VANDEZE continued,—CATASETIDE.

Catasetidee, lha most remarkable of all Orchids—The mechanism by
whi of Catasetum are jected to a distanco and are
eaopexiod by foseéis—Bouttivense o the e of the Tosallam
ey difference in the male, female, and hermaphrodite
forms of ious structure
of the flowers; ejection of the pollinia—Mormodes luxata—Cye-
‘noches ventricosum, mauner of fertilisation.

1 HAVE reserved for separate description one sub-family
of the Vandew, namely, the Catasetide, which must, T
think, be considered as the most remarkable of all
Orchids.

I will begin with Catasetum. A brief inspection of
the flower shows that here, as with most other Orchids,
some mechanical aid is requisite to remove the pollen-
masses from their cells, and to carry them to the
stigmatic surface. We shall, moreover, presently see
that Catasetum is exclusively a male form; so that
the pollen-masses must be transported to the female
plant, in order that seed should be produced. The
pollinium is furnished with a viscid disc of huge size;
but this, instead of being placed in a position likely
to touch and adhere to an insect visiting the flower, is
turned inwards and lies close to the upper and back
surface of a chamber, which must be called the stig-
matic chamber, though functionless as a stigma. There
is nothing in this chamber to attract insects; and even
if they did enter it, the viscid surface of the dise could
not possibly come into contact with them.
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How then does Nature act? She has endowed these
plants with, what must be called for want of a better
term, sensitiveness, and with the remarkable power of
forcibly ejecting their pollinia even to a considerable
distance. Hence, when certain definite points of the
flower are touched by an insect, the pollinia are shot
forth like an arrow, not barbed however, but having
a blunt and excessively adhesive point. The insect,
disturbed by so sharp a blow, or after having eaten its
fill, flies sooner or later away to a female plant, and,
whilst standing in the same position as before, the
pollen-bearing end of the arrow is inserted into the
stigmatic cavity, and a mass of pollen is left on its
viscid surface. Thus, and thus alone, can the five
species of Catasetum which I have examined be
fertilised.

In many Orchidew, as in Listera, Spiranthes, and
Orchis, the surface of the rostellum is so far sensitive,
that, when touched or when exposed to the vapour of
chloroform, it ruptures in certain defined lines. So it
is in the tribe of the Catasetidw, but with this re-
markable difference, that in Catasetum the rostellum is
prolonged into two curved tapering horns, or, as I shall
call them, antennwe, which stand over the labellum
where insects alight. If these are touched even very
lightly, they convey some stimulus to the membrane
which surrounds and connects the disc of the pol-
linium with the adjoining surface, causing it instantly
to rupture; and as soon as this happens the disc is
suddenly set free. We have also seen in several
Vandez that the pedicels of the pollinia are fastened
flat down in a state of tension, and are highly elastic,
so that, when freed, they immediately spring up, appa-
rently for the sake of detaching the pollen-masses from
the anther-cells, In the genus Catasetum, on the

N2
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other hand, the pedicels are fastened down in a curved
position ; and when freed by the rupture of the attached
edges of the disc, they straighten themselves with such
force, that not only do they drag the balls of pollen
together with the anther-cells from their places of
attachment, but the whole pollinium is jerked forward,
over and beyond the tips of the so-calied antenne, to
the distance sometimes of two or three foct. Thus,
as nature, pre-existi and capa-
cities are utilised for new purposes.

Catasetum saccatum.®—1 will first describe the male
forms, belonging to five species, which are included
under the generic name of Catasetum. The general
appearance of the present species is represented in the
following woodeut, fig. 28. A side view of the flower,
with all the petals and sepals excepting the labellum
cut off, is shown by B; and A gives a front view of
the column. The upper sepal and two upper petals
surround and protect the column ; the two lower sepals
project out at right angles. The flower stands more
or less inclined to either side, but with the labellum
downwards, as represented in the drawing. The dull
coppery and orange-spotted tints,—the yawning cavity
in the great fringed labellum,—the one antenna
projecting with the other hanging down—give to
these flowers a strange, lurid, and almost reptilian
appearance.

In front of the column, in the middle, the deep
stigmatic chamber (fig. 28, A, s), may be seen; but this
is best shown in the section (fig. 20, C,s), in which all

* 1 am much indebted fo Mr. magnificent colleotion of Orchids,
Jaumes Veiteh of Cheloa for the  generouly sent mo bwo fnepikesy
vt specimen which 1 sow of and has sided m inds
this Orehid; eubvoquently Wr. - manner with otber specimens.
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the parts are a little scparated from each other, in
order that the mechanism may be intelligible. In
the middle of the roof of the stigmatic chamber, far
back (4, in A, fig. 28), the upturned anterior edge of
the viscid disc can just be seen. The upper mem-
branous surface of the dise, before it is ruptured, is
continuous with the fringed bases of the two antenna
between which it lies. The rostellum projects over
the dise and stigmatic chamber (see section C, fig. 29),
and is prolonged on each side so as to form the two
antennwm ; the middle part is covered by the ribbon-
like pedicel (ped.) of the pollinium. The lower end of
the pedicel is attached to tho disc, and the upper end
to the two pollen-masses (p) within the anther-cell.
The pedicel in its natural position is held much
bowed round the protuberant rostellum ; when freed
it forcibly straightens itself, and at the same time its
lateral edges curl inwards. At an early period of
growth, it is continuous with the rostellum, but sub-
sequently becomes separated from it by the solution
of a layer of cells.

The pollinjum when set free and after it has
straightened itself, is represented at D, fig. 20. Its
under surface, which lies in contact with the rostellum,
is shown at E, with the lateral edges of the pedicel
now curled inwards. In this latter view, the clefts in
the under sides of the two pollen-masses are shown.
Within theso clefts, near their bases, a layer of strong
extensible tissue is attached, forming the caudicles, by
which the pollen-masses are united to the pedicel.
The lower end of the pedicel is joined to the disc by a
flexible hinge, which occurs in no other genus, so that
the pedicel can play backwards and forwards, as far as
the upturned end- (fig. D) of the disc permits. The
dise is large and thick ; it consists of a strong upper
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Fig. 28.

CATASETUM SACCATUM,

@ The Complete Work of Charles Darwin Online



Caar. VIL CATASETUM SACCATUM. 183

5 Fig. 29,
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membrane, to which the pedicel is united, with an
inferior cushion of great thickness, of pulpy, flocculent,
and viscid matter. The posterior margin is much the
most viscid part, and this necessarily first strikes any
object when the pollinium is ejected. The viscid
matter soon sets hard. The whole surface of the disc
is kept damp before ejection, by resting close against
the roof of the stigmatic chamber; but in the section
(fig. C) it is represented, like the other parts, a little
separated from the roof.

The connective membrane of the anther (a in all the
figures) is produced into a spike, which adheres loosely
to the pointed end of the column; this pointed end
(f, fig. ©) is homologically the filament of the anther.

The anther has this peculiar shape apparently for
the sake of leverage, so that it may be easily torn off
by a pull at its lower end, when the pollinium is
jerked out by the elasticity of the pedicel.

The labelium stands at right angles to the column,
or hangs a little downwards; its lateral and basal
lobes are tumed under the middle portion, so that an
insect can stand only in front of the column. In the
middle of the labellum there is a deep cavity, bordered
by crests. This cavity does not secrete nectar, but its
walls are thick and fleshy, with a slightly sweet nutri-
tious taste; and it will presently be shown that they
are gnawed by insects. The extremity of the left-
hand antenna stands immediately over the cavity, and
would infalliby be touched by an insect visiting this
part of the labellum for any purpose.

The antennw are the most singular organs of the
flower, and occur in no other genus. They form rigid,
curved hors, tapering to a point. They consist of a
narrow ribbon of membrane, with the edges curled in-
wards so as to touch; each horn therefore is tubular,
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with a slit down one side, like an adder’s fang. The;
are composed of numerous, much clongated, generally
hexagonal cells, pointed at both ends ; and these cells
(like those in most of the other tissues of the flower)
have nuclei with nucleoli. The antennz are prolonga-
tions of the sides of the anterior face of the rostellum.
As the viscid disc is continuous with a little fringe of
membrane on each side, and as this fringe is continuous
with the bases of the antennew, these latter organs are
put into direct connection with the dise. The pedicel
of the pollinium passes, as already stated, between the
bases of the two antennm. The antennw are not free
for their whole length; but their exterior edges are
firmly united to and blend for a considerable space
with the margins of the stigmatic chamber.

In all the flowers which I examined, taken from
three plants, the two antennm which are alike in
structure occupied the same relative position. The
extreme part of the left-hand antenna bends upwards
(see B, fig. 28, in which the position is shown plainer
than in A), and at the same time a little inwards, so
that its tip is medial and guards the entrance into
the cavity of the labellum. The right-hand antenna
hangs down, with its tip turned a little outwards; and
as we shall immediately see, is almost paralysed, so as
to be functionless.

Now for the action of the parts. When the left-
hand antenna of this species (or either of the antenna
in threo of the following species) is touched, the edges
of the upper membrane of the disc, which are con-
tinuously united with the surrounding surface, instantly
rupture, and the disc is set free. The highly elastic
pedicel then instantly flirts the heavy disc out of the
stigmatic chamber with such force, that the whole
pollinium is ejected, biinging away with it the two
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balls of pollen, and tearing the loosely attached spike-
like anther from the top of the column. The pollinium
is always ejected with its viseid disc foremost. I
imitated the action with a minute strip of whalebone,
slightly weighted at one end to represent the disc;
this was then bent half round a cylindrical object,
the upper end being at the same time gently held by
the smooth head of a pin, to represent the retarding
action of the anther, the lower end was then suddenly
set free, and the whalebone was pitched forward, like
the pollinium of the Catasetum, with the weighted
end foremost.

That the disc is first jerked out of the stigmatic
chamber, I ascertained by pressing the middle of the
pedicel ; and when I touched the antenna the disc
instantly sprung forth, but, owing to the pressure on
the pedicel, the pollinium was not dragged out of the
anther-cell. Besides the spring from the straighten-
ing of the pedicel, elasticity in a transverse direction
comes into play : if a quill be split lengthways, and
the half be forced longitudinally on a too thick pencil,
immediately the pressure is removed the quill jumps
off; and an analogous action takes place with the
pedicel of the pollinium, owing to the sudden inward
curling of its edges, when set free. These combined
forces suffice to eject the pollinium with considerable
force to the distance of two or three feet. Several
persons have told me that, when touching the flowers
of this genus in their hothouses, the pollinia have
struck their faces. I touched the antennw of C. eal-
losum whilst holding the flower at about a yard’s
distance from a window, and the pollinium hit the
pane of glass, and stuck by its adhesive disc, to the
smooth vertical surface.

The following observations on the nature of the
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excitement which causes the diso to sepatate from the
surrounding parts, include some made on the following
species. Several flowers were sent me by post and by
the railroad, and must have been much jarred, but
they had not exploded. I let two flowers fall from a
height of two or three inches on the table, but the
pollinia were not ejected. I cut off with a crash with
a pair of scissors the thick labellum and ovarium
close beneath the flower; but this violence produced
1o effect. Nor did deep pricks in various parts of the
column, even within the stigmatic chamber. A blow,
sufficiently hard to knock off the anther, causes the
ejection of the pollinium, as occurred to me once
by accident. Twice I pressed rather hard on the
pedicel, and consequently on the underlying ros-
tellum, without any effect. Whilst pressing on the
podicel, I gently removed the anther, and then tho
ing end of the pollinium sprang up from
its elasticity, and this movement caused the disc to
separate. M. Ménitre, however, states that the
anther-case sometimes detaches itself, or can be gently
detached, without the dise separating; and that then
the upper end of the pedicel, bearing the pollen-masses,
swings downwards in front of the stigmatic chamber.
After trials made on fifteen flowers of three species,
T find that no moderate degree of violence on any
part of the flower, except on the antennw, produces
any effect. But when the left-hand antenna of C.
saceatum, or either antenna of the three following
species, is touched, the pollinium is instantly cjected.
The extreme tip and the whole length of the antenn
are sensitive. In one specimen of C. tridentatum a
touch from a bristle sufficed; in five specimens of

* Bull. de la Soc. Bot. de France,’ tom. i, 185+, p. 867.

© The Complete Work of Charles Darwin Online



188 VANDEZE. Cuar. VIL

C. saccatum @ gentle touch from a fine needle was
necessary ; but in four other specimens a slight blow
was requisite. In C. tridentatum a stream of air and
of cold water from a small pipe did not suffice; nor
in any case did a touch from a human hair; so that
the antennm are less sensitive than the rostellum of
Listera. Such extreme sensitiveness would indeed
have been useless to the plant, for, as is now known,
the flowers are visited by powerful insects.

That the dise does not separate owing to the simple
mechanical movement of the antenna is certain; for
they adhere firmly for a considerable space to the
sidés of the stigmatic chamber, and are thus im-
movably fixed near their bases. If a vibration is
conveyed along them, it must be of some special
nature, for ordinary jars of manifold greater strength
do not excite the act of rupture. The flowers in some
cases, when they first arrived, were not sensitive, but
after the cut-off spikes had stood for a day or two in
water they became sensitive. Whether this was owing
to fuller maturity or to the absorption of water, T know
not. Two flowers of C. callosum, which were completely
torpid, were immersed in tepid water for an hour;
and then the antennm became highly sensitive ; this
indicates either that the cellular tissue of the antenna
must be turgid in order to receive and convey the
effects of a touch, or, as is more probable, heat in-
creases their sensitiveness. Two other flowers placed
in hot water, but not so hot as to scald my fingers,
spontancously ejected their pollinia. A plant of C.
tridentatum had been kept for some days in a rather
cool house, and the antennm were consequently in a
torpid condition; a flower was cut off and placed in
water at a temperature of 100° F. (37-7° C.), and no
effect. was immediately produced; but when it was
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looked at after an interval of 1* 80™ the pollinium was
found ejected.  Another flower was placed in water at
90°F. (322" C.), and after 25™ the pollinium was found
ejected: two other flowers left for 20™ in water at
87°F. (305° C.) did not explode, though they were after-
wards proved to be sensitive to a slight touch. Lastly,
four flowers were placed in water at 83° F. (283° C.);
two of these did not eject their pollinia in 45®, and
were then found to be sensitive ; whereas the other two,
when looked at after 1™ 15, had spontaneously ejected
their pollinia. These cases show that immersion in
water raised to a temperature only a little higher than
that to which the plant had been exposed, causes the
membrane by which the dises are attached to rupture.
A thin stream of almost boiling water was allowed to
fall through a fine pipe on the antennw of some flowers
on the above plant; these were softened and Killed
but the pollinia were not ejected. Nor did sulphuric
acid, dropped on the tips of the antennw, cause any
action ; though their upper parts which had not
been injured by the acid were afterwards found to be
sensitivo to a touch. In these two latter cases, 1
presume that the shock was so sudden and violent
that the tissue was instantly killed. Considering
the above several facts, we may infer that it must
be some molecular change which is conveyed along
the antenna, causing the membrane round the discs to
rupture. In C. tridentatum the antenn were one inch
and a tenth in length, and a gentle touch from a bristle
on the extreme tip was couveyed, as far as I could
perceive, instantancously throughout this length. I
measured several cells in the tissue composing the
antenn of this species, and on a rough average it
appeared that the stimulus must travel through no less
than from seventy to eighty cells.
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We may, at least, safely conclude that the antenna,
which are ct istic of the genus Catasetum, are
specially adapted to receive and convey the effects of
a touch to the dise of the pollinium. This causes the
‘membrane to rupture, and the pollinium is then ejected
by the elasticity of its pedicel. If we required further
proof, nature affords it in the case of the so-called
genus Monachanthus, which, as we shall presently see
s the female of Catasetum tridentatum, and it does not
possess pollinia which can be ejected, and the antennae
are here entirely absent.

I have stated that in C. saccatum the right-hand
antenna invariably hangs down, with the tip turned
slightly outwards, and that it is almost paralysed. I
ground my belief on five trials, in which I violently
hit, bent, and pricked this antenna, and this produced
no effect ; but when immediately afterwards the left-
hand antenna was touched with much less force, the
pollinium was shot forth. In a sixth case a forcible
blow on the right-hand antenna did cause the act of
ejection, so that it is not completely paralysed. As
this antenna does not guard the labellum, which in all
Orehids is the part attractive, that is to insects, its
sensitiveness would be useless.

From the large size of the flower, more especially
of the viscid dise, and from its wonderful power of
adhesion, I formerly inferred that the flowers were
visited by large insects, and this is now known to be
the case. The viscid matter sticks so firmly after it
has set hard, and the pedicel is so strong (though very
thin and only one-twentieth of an inch in breadth at
the hinge), that to my surprise a pollinium attached
to an object supported for a few seconds a weight of
1262 grains, or nearly three ounces; and it supported
for a considerable time a slightly less weight. When.
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the pollinium is shot forth, the large spike-like anther
is generally carried with it. If the disc strikes a flat
surface like a table, the momentum from the weight
of the anther often carries the pollen-bearing end
beyond the disc, and the pollinium is thus affixed in
a wrong direction for the fertilisation of another
flower, supposing it to have been attached to an
insect’s body. The flight of the pollinium is often
rather crooked.* But it must not be forgotten that
under nature the ejection is caused by the antennm
being touched by a large insect standing on the la-
bellum, which will thus have its head and thorax
placed near to the anther. A rounded object thus
held is always accurately struck in the middle, and
when removed with the pollinium adhering to it, the
weight of the anther depresses the hinge of the pol-
linium ; and in this position the anther-case readily
drops off, leaving the balls of pollen free, in a proper
position for fertilising the female flower. The utility

* M. Baillon (* Bull. de In Soc,
rance; tom. 1. 1834 p.

quent and progressive rotraction
of tho pedicel, the pollen-masses

ojects_its wnys in a
Snight Hue, nml in such a direc-
icks fast to the

in this_position it fertilises tho
flower in & manner not clearly

Miero justly dis

lows conclusion.  He rem:

r-caso is casily de-
urall

ly

e pollinia. then

&t by the elasticity
1, the viscid dise stil

e
§.
s

Menitre bints that, by the subse-

chnmber. "This s ot possible in
e throo species which I havo
exmnnml. and would be useless.
Bat M, Menioro himself then goos
m to show how important insec
are for the fertilisation of Orebid:
-\nd | apparently infers that theie
ney into. play with
Chtnastam, sad um this plant
does not fertilise Both M.
Balon ang M. Méaibre correctly
deseribe the curved p

tat the species of Cotase

(ut Teast, tho five whioh T have
ummod, are exclusively malo
plants,

© The Complete Work of Charles Darwin Online



192 VANDEZE. Crav, VIL

of 50 forcible an ejection no doubt is to drive the soft
and viscid cushion of the disc against the hairy thorax
of the large hymenopterous insects which frequent the
flowers. When once attached to an insect, assuredly
no foree which the insect could exert would remove
the disc and pedicel ; but the caudicles are ruptured
without much difficulty, and thus the balls of pollen
might readily be left on the adhesive stigma of the
female flower.

Catasetum callosum.—Tho flowers of this species * are
smaller than those of the last, but resemble them in
most respects. The edge of the labellum is covered
with papille; the cavity in the middle is small, and
behind it there is an clongated anvil-like projection,
—facts which I mention from the resemblance in some
of these points between the labellum of this species
and that of Myanthus barbatus, the hermaphrodite form
of Catasetum. tridentatum, presently to be described.
When_cither antenna is touched, the pollinium is
ejected with much force. The yellow-coloured pedicel
is much bowed, and is joined by a hinge to the ex-
tremely viscid dise. The two antenna stand sym-
metrically on each side of the anvil-like projection,
with their tips lying within the small cavity of the
Iabellum. The walls of this cavity have a pleasant
nutritious taste. The antennwe are remarkable, from
their whole surface being roughened with papille.
The plant is a male, and the female form is at present
unknown,

Catasetum tabulare.—~This species belongs to the
same type as C. saceatum, but differs greatly from it in
appearance.  The central portion of the labellum con-
sists of a narrow, elongated, table-like projection, of

A o apikoofflowersof his M. Ruckor, and was samed for
species was kindly sent we by  me by Dr. Lindley.
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an almost white colour and formed of a thick mass
of succulent tissue, having a sweetish taste. Towards
the base of the labellum there is a large cavity, which
externally resembles the nectary of an ordinary flower,
but apparently never contains nectar. The pointed
extremity of the left-hand antenna lies within this
cavity, and would infallibly be touched by an insect
gnawing the bilobed and basal end of the medial pro-
jection of the labellum. The right-hand antenna is
turned inwards, with the extreme part bent at right
angles and pressed against the column; therefore T
do not doubt that it is paralysed as in C. saccatum :
but the flowers examined by me had lost almost all
their sensitiveness.

Catasetum planiceps (?).—This species does not differ
much from the following one, so I will describe it
briefly. The green and spotted labellum stands on
the upper side of the flower; it is jar-shaped, with
a small orifice. The two elongated and roughened
antenne lie coiled up some little way apart and
parallel to one another, within the labellum. They
are both sensitive to a touch.

Catasetum- tridentatum.—The general appearance
of this species, which is very different from that of
C. saceatum, callosum and tabulare, is represented in
fig. 30, with a sepal on each side cut off.

The flower stands with the labellum uppermost, that
is, in a reversed position compared with most Orchids.
The labellum is helmet-shaped, its distal portion being
reduced to three small points. It cannot hold nectar
from its position ; but the walls are thick, and have, as
in the other species, a pleasant nutritious taste. The
stigmatic chamber, though functionless as a stigma,
is of large size. The summit of the column, and the
spike-like anther, are not so much elongated as in

o
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C. sarcatum. Tn other respects there is no important
difference. The antennee are of greater length ; their
tips for about one-twentieth of their length are
roughened by cells produced into papille.

Fig. 30,

pd

B
CATASETUM TRIDENTATUM,
4. anther. | A. Side view of flower in its natural
. pedicel of pollinium, Boiton, with o o the sepals
cut off.
labellum, B. Front view of column, in position

Teverse of fig. A.

The pedicel of the pollinium is articulated as before
by a hinge to the disc ; it can move freely only in one
direction owing to one end of the dise being upturned,
and this restricted power of movement apparently
comes into play when the pollinium is carried by an
insect to the female flower. The disc is, as in the other
species, of large size, and the end which when ejected
first strikes any object, is much more viscid than the
rest of the surface. This latter surface is drenched
with a milky fluid, which, when exposed to the air,
rapidly turns brown, and sets into a cheesy consistence,
The upper surface of the disc consists of strong mem=
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brane formed of polygonal cells, resting on and adhering
to a thick cushion, formed of irregular rounded balls
of brown matter, separated from each other and em-
bedded in a transparent, structureless, highly elastic
substance.  This cushion towards the posterior end of
the dise graduates into viscid matter, which when
i is brown, 1 an

Altogether the dise of Catasetum presents a much
more complex structure than in the other Vandes.

I need not further describe the present species,
except as to the position of the antennw. They oc-
cupied exactly the same position in all the many
flowers which were examined. Both lie curled within
the helmet-like labellum ; the left-hand one stands
higher up, with its inwardly bowed extremity in the
middle ; the right-hand antenna lies lower down and
crosses the whole base of the labellum, with the tip
just projecting beyond the left margin of the base of
the column. Both are sensitive, but apparently the
one which is coiled within the middle of the labellum
is the more sensitive of the two. From the position
of the petals and sepals, an insect visiting the flower
would almost certainly alight on the crest of the la-
bellum; and it could hardly gnaw any part of the
great cavity without touching one of the two antennz,
for the left-hand one guards the upper part, and the
right-hand one the lower part. When either of these
is touched the pollinium is ejected and the dise will
strike the head or thorax of the insect.

The position of the antennw in this Catasetum may
be compared with that of a man with his left arm raised
and bent so that his hand stands in front of his chest,
and with his right arm crossing his body.lower down
so that the fingers project just beyond his left side.
In Catasetum callosum both arms are held lower down,

o2
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and are extended symmetrically. In C. saceatum the
left arm is bowed and held in front, as in C. triden-
tatum, but rather lower down; whilst the right arm
hangs downwards paralysed, with the hand turned a
little outwards. In every case notice will be given in
an admirable manner, when an insect visits the label-
lum, and the time has arrived for the ejection of the
pollinium, so that it may be transported to the female
plant.

Catasetum tridentatum is interesting under another
point of view. Botanists were astonished when Sir R.
Schomburgk * stated that he had seen three forms,
believed to constitute three distinct genera, namely,
Catasetum  tridentatum, Monachanthus wviridis, and
Myanthus barbatus, all growing on the same plant,
Lindley remarkedf that “such cases shake to the
foundation all our ideas of the stability of genera and
species.”  Sir R. Schomburgk affirms that he has seen
hundreds of plants of C. tridentatum in Essequibo with-
out ever finding one specimen with seeds;} whereas

* “Tronsactions of theLinncan Brisal.  Laatly Dean .
Soc Vol informed me m o that
account by e Oties e L
in the ‘thumcnl nwmex,' ol keeicteue o nins yeuss fn e
1951, of a d My- Botanic Garden af Yorks it &

anthus and Monachabtins m.pm. threw up a soay
ing on po: hoalludes  which as wo shall pnuencly sco i
also to other cases, Sowe of the  an hermaphrodite, intermediate in
flowers in theso cnses were inan in- —for \xewcnnmmlmnd female.
tenmediate condition, which is not M. Ducl has givena ful his-

cprising, soing that n dicsciona  torial accotnt of the appearance
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never succeed in fertilising Cata-
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he was surprised at the gigantic seed-vessels of the
Monachanthus; and he correctly remarks that “ here
we have traces of sexual difference in Orchideous
flowers.”  Dr. Criiger also informs me that in Trinidad
he never saw capsules naturally produced by the
flowers of this Catasetum ;* nor when they were fer-
tilised by him with their own pollen, as was done
repeatedly. On the other hand, when he fertilised
the flowers of the Monachanthus viridis with pollen
from the Catasetum, the operation never failed. The
Monachanthus also commonly produces fruit in a state
of nature.

From what T had myself observed, I was led to
examine carefully the female organs of C. tridentatumn,
callosum, and saccatum. Tn no case was the stigmatic
surface viscid, as it is in all other Orchids (except as
we shall hereafter see in Cypripedium), and as is
indispensable for securing the pollen-masses by the
rupture of the caudicles. I carefully looked to this
point both in young and old flowers of C. tridentatum.
When the surface of the stigmatic chamber and of the
stigmatic canal of the above-named three species is
seraped off, after having been kept in spirits, it is found
to be composed of utriculi (including nuclei of the
proper shape), but not nearly so numerous as with
ordinary Orchids. The utriculi cohere more together

Dr. Hanco writes to mo that  often occurred. J. G. Beer says
o has i bis olleotion plant of aueted iy Teal < Bilhge =0
Catasetum m from the Biolo, ‘Orehideen, 1853, p.
Wost Indies earings tmocapenlo;  22) that during throo' years he
but it does not appear to have triedin Vnnlo[uhluecnhsetum‘

n ascortained that this par- but on one occasion, by p
ticular flower was that of Cata-  only the viseu disc of a pollinium
sctum and thero is no great i within the stigna, o ripe it
bty i o single fower of produced ; but it may be

onachanthus being produced by  asked, Did the secds contain

- lant of Cutasetum, us well as & embryos?

lo scape, which we
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and are more ST ined for

those of many kinds of Orchids which had been kep(
in spirits, and in all found them much less transparent.
In C. tridentatum, the ovarium is shorter, much less
deeply farrowed, narrower at the base, and internally
more solid than in Monachanthus. Again, in all
three species of Catasetum the ovule-bearing cords
are short; and the ovules present a considerably dif-
ferent appearance, in being thinner, more transparent,
and less pulpy than in the numerous other Orchids
examined for the sake of comparison. Perhaps these
bodies hardly ought to be called ovules, although they
correspond closely in general appearance and position
with true ovules, for I was unable in any case to make
out the opening of the testa and the included nucleus;
nor were the ovules ever inverted.

From these several facts, namely,—the shortness,
smoothness, and narrowness of the ovarium, the short-
ness of the ovule-hearing cords, the state of the ovules
themselves, the stigmatic surface not being viseid, the
transparent condition of the utriculi,—and from neither
Sir R. Schomburgk nor Dr. Criiger having ever seen
C. tridentatum producing seed in its native home,
or when artificially fertilised, we may confidently
look at this species, as well as the other species of
Catasetum, as male plants.

With respect to Monachanthus viridis, and Myanthus
barbatus, the President of the Linnean Society has
kindly permitted me to examine the spike bearing
these two so-called genera, preserved in spirits, which
was sent home by Sir R, Schomburgk. The flower of
the Monachanthus (A, fig. 31) resembles pretty closely
in external appearance that of Catasetum tridentatum
(fig. 80). The labellum, which holds the same relative
position to the other parts, is not nearly so deep,
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especially on the sides, and its edge is crenated. The
other pefals and sepals are all reflexed, and are not so
much spotted as in the Catasetum. The bract at the
base of the ovarium is much larger. The whole column,

Fig, 81,

B. MyANTHUS BARBATUS. A, MONACHANTHUS VIRIDIS,
a. anther. A of Monachanthus viris
n antemne. divin e matural postton. (The
% Bibatioms, shading in both drawings has
By pollbmsmass, rédimntaryy drawing in the * Linnean Trans-

s stigmatic cleft, 3
sep. two lower sepals, e view of Myanthus barbatus

B,
| Vin'its natural position.

especially the filament and the spike-like anther, are
much shorter; and the rostellum is much less protu-
berant. The antennm are entirely absent, and the
pollen-masses are rudimentary, These are interesting
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facts, from corroborating the view taken of the fanetion

of the antenne; for as there are no pollinia to eject,
an organ adapted to convey the stimulus from the
touch of an insect to the rostellum would be useless.
T could find no trace of a viseid dise or pedicel, and
no doubt they had been lost; for Dr. Criger says®
that “the anther of the female flower drops off imme-
diately after the opening of the same, i. e. before the
flower has reached perfection as regards colour, size,
and smell. The disc does not cohere, or very slightly,
to the pollen-masses, but drops off about the same
time, with the anther;” leaving behind them the rudi-
mentary pollen-masses.

Instéad of a large stigmatic chamber, there is a
narrow transverse cleft close beneath the small anther.
T was able to insert one of the pollen-masses of the
male Catasetum into this cleft, which from having been
kept in spirits was lined with coagulated beads of
viscid matter, and with utriculi. The utriculi, differ-
ently from those in Catasetum, were charged (after
having been kept in spirits) with brown matter. The
ovarium is longer, .thicker near the base, and more
plainly furrowed than in Catasetum ; the ovule-bearing
cords are also much longer, and the ovules more opaque
and pulpy, as in all common Orchids. 1 believe that
1 saw the opening at the partially inverted end of the
testa, with a large projecting nucleus ; but as the speci-
mens had been kept many years in spirits and were
somewhat altered, I dare not speak positively. From
these facts alone it is almost certain that Monachanthus
is a female plant; and as already stated, Sir R.
Sehomburgk and Dr. Criiger have both seen it seeding
abundantly. Altogether the flower differs in a most

* * Journ. Linn. Soc. Bot.” vol. vii. 1864, p. 127.
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remarkable manner from that of the male Catasetum
tridentatum, and it is no wonder that the two plants
were formerly ranked as distinct genera.

The pollen-masses offer so curious and good an illus-
tration of a structure in a rudimentary condition, that
they are worth description; but I must first recur to
the perfect pollen-masses of the male Catasetum.
These may be seen at D and E, fig. 29, attached to
the pedicel : they consist of a large sheet of cemented
or waxy pollen-grains, folded over so as to form a
sack, with an open slit along the lower surface, within
which at the lower and produced end, a layer of highly
elastic tissue, forming the caudicle, is attached ; the
other end being attached to the pedicel of the rostellum.
The exterior grains of pollen are more angular, have
thicker walls, and are yellower than the interior grains.
In the early bud the two pollen-masses are enveloped
in two conjoined membranous sacks, which are soon
penetrated by the two produced ends of the pollen-
masses and by their caudicles; and afterwards the
extremities of the caudicles adhere to the pedicel.
Before the flower expands the membranous sacks ‘in-
cluding the two pollen-masses open; and the pollen-
masses are left resting naked on the back of the
rostellum.

In Monachanthus, on the other hand, the two mem-
branous sacks containing the rudiientary pollen-
masses never open ; but they easily separate from each
other and from the anther. The tissue of which they
are formed is thick and pulpy. Like most rudi-
mentary parts, the pollen-masses vary much in size
and form ; they are only about one-tenth of the bulk
of those of the male; they are flask-shaped (p, fig. 31),
with the lower end greatly produced so as almost to
penetrate the exterior or membranous sack. There is
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no fissure along their lower surfaces for the protrusion
of the candicles. The exterior pollen-grains are square
and have thicker walls than the interior grains, just as
in the proper male pollen ; and, what is very curious,
each cell has its nucleus. Now, R. Brown states*® that
in the early stages of the formation of the pollen-grains
of ordinary Orchids (as with other plants) a minute
nucleus is often visible ; so that the rudimentary pollen-
grains of Monacl y have et
is so general with rudiments in the animal kingdom—
an embryonic character. Lastly, at the base, within
each flask-shaped pollen-mass, there is a little mass of
brown elastic tissue,—that is, a vestige of a caudicle,—
which runs far up the pointed end of the flask, but
does mot (at least in some of the specimens) come to
the surface, and could never be attached to any part of
the pedicel. These rudimentary and enclosed caudicles
are, therefore, utterly useless. Notwithstanding the
small size and almost aborted condition of the female
pollen-masses, when they were placed by Dr. Criger
within the stigma of a female plant they emitted « here
and there a rudimentary tube.” The petals then faded
and the ovarium enlarged, but after a week it turned
vellow and finally dropped off without bringing any
seeds to perfection. This appears to me a very curious
instance of the slow and gradual manner in which
structures are modified ; for the female pollen-masses,
which can never be naturally removed or applied to
the stigma, still partially retain their former powers
and function.

Thus every detail of structure which characterises
the male pollen-masses is represented in the female
plant in a useless condition. Such cases are familiar to

* ‘Transactions of the Linnean Soc’ vol. xvi. p. 711.
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every naturalist, but can never be observed without
renewed interest. At a period not far distant, natura-
lists will hear with surprise, perhaps with derision, that
grave and learned men formerly maintained that such
useless organs were not remnants retained by inherit-
ance, but were specially created and arranged in their
proper places like dishes on a table (this is the simile
of a distinguished botanist) by an Omnipotent hand
“to complete the scheme of nature.”

The third form, Myanthus barbatus (fig. 31, B), is
sometimes borne on the same plant together with the
two preceding forms. The flowers differ greatly in
external appearance, but not in essential structure,
from those of both the other forms. They generally
stand in a reversed position, compared with those of
Catasetum tridentatum and of Monachanthus wviridis,
that is, with the labellum downwards. The labellum
is fringed in an extraordinary mamner with long
papille; it has a quite insignificant medial cavity,
at the hinder margin of which a curious curved and
flattened horn projects, which represents the anvil-like
projection on the labellum of the male . eallosum.
The other petals and sepals are spotted and elongated,
with the two lower sepals alone reflexed. The antennze
are not so long as in the male C. tridentatum ; they
project symmetrically on each side of the horn-like
process at the base of the labellum, with their tips,
which are not roughened with papill, almost entering
the medial cavity. The stigmatic chamber is of nearly
intermediate size between that of the male and female
forms; it is lined with utriculi charged with brown
matter. The straight and well-furrowed ovarium is
nearly twice as long as that of the female Monachan-
thus, but not so thick where it joins the flower; the
ovules are opaque and pulpy after having been kept
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in spirits, and resemble those of the female in all
respects, but are not so numerous. 1 believe that I
saw the nucleus projecting from the testa, but dare
not, as in the case of the Monachanthus, speak posi-
tively. The pollinia are about a quarter of the size
of those of the male Catasetum, but have a perfectly
well developed disc and pedicel. The pollen-masses
were lost in the specimens examined by me; but
Mr. Reiss has given, in the Linnean Transactions, a
drawing of them, showing that they are of due pro-
portional size and have the proper folded or cleft
structure, within which the caudicles are attached.
Thus as both the male and female organs are in
appearance perfect, Myanthus barbatus may be con-
sidered as an hermaphrodite form of the same species,
of which the Catasetum is the male and Monachan-
thus the female. Nevertheless, the intermediate forms,
which are common in Trinidad, and which resemble
more or less closely the above described Myanthus,
have never been seen by Dr. Criger to produce seed-
capsules.

It is o highly remarkable fact, that this sterile
L form in its whole
and structure the males of two other species, namely,
C. saccatum and more especially C. callosum, much
more closely than it does either the male or female
form of the same species. As all orchids, with the
exception of a fow in tho present small sub-family, as
well as all the members of several allied groups of
plants, are hermaphrodites, there can be no doubt
that the common progenitor of the Orchidew was
an hermaphrodite. We may therefore attribute the
hermaphrodite condition and the general appearance
of Myanthus to reversion to a former state; and if
50, the ancestors of all the species of Catasetum must
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have resembled the males of C. saccatum and callosum,
for as we have just seen, it is to these two plants that
Myanthus presents so many striking resemblances.*
Tastly I may be permitted to add that Dr. Criiger,
after having carefully observed these three forms in
Trinidad, fully admits the truth of my conclusion that
Catasetum tridentatum is the male and Monachanthus
viridis the female of the same species. He further
confirms my prediction that insects are attracted to
the flowers for the sake of gnawing the labellum, and
that they carry the pollen-masses from the male to the
female plant. He says “the male flower emits a
peculiar smell about twenty-four hours after opening,
and the antennw assume their greatest irritability at
the samo time. A large humble-bee, noisy and quarrel-
some, is now attracted to the flowers by the smell,
and a great number of them may be seen every morning
fora few hours disputing with each other for a place in
the interior of the labellum, for the purpose of gnawing
off the cellular tissue on the side opposite to the column,
50 that they turn their backs to the latter. As soon as
they touch the upper antenna of the male flower, the
pollen-mass, with its disc and gland, is fixed on their
back, and they are often seen flying about with this
peculiar-looking ornament on them. I have never
seen it attached except to the very middle of the

* The male of the Tndian ante-
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thorax. When the bee walks about, the pollen-mass
lies flat on the back and wings; but when the insect
enters a female flower, always with the labellum turned
upwards, the pollinium, which is hinged to the gland
by elastic tissue, falls back by its own weight and rests
on the anterior face of the column, When the insect
returns backwards from the flower, the pollinia are
caught by the upper margin of the stigmatic cavity,
which projeets a little beyond the face of the column;
and if the gland be then detached from the back of
the insect, or the tissues which connect the pollinia
with the caudicle, or this with the gland, break, fecun-
dation takes place.” Dr. Criiger sent me specimens
of the humble-bees which he caught gnawing the
labellum, and these consist of Euglossa nov. spec., ca-
Jjennensis and piliventris.

Catasetum mentoswn and a Monachanthus, according
to Fritz Miller,* grow in the same district of South
Brazil ; and he easily succeeded in fertilising the
latter with pollen from the former. The polien-masses
could be inserted only partially into the narrow
stigmatic cleft; but when this was done, a process of
deglutition, as described under Cirrhwea, commenced
and was slowly completed. On the other hand, Fritz
Miiller entirely failed in his attempts to fertilise the
flowers of this Catasetum with its own pollen or with
that from another plant. The pollinia of the female
Monachanthus are very small; the pollen-grains are
variable both in size and shape; the anther never
opens, and the pollen-masses are not attached to
the caudicle. Nevertheless, when these rudimentary
pollen-masses, which can never naturally be removed
from their cells, were placed on the slightly viscid

* * Bot. Zeitung,’ 1868, p. 630.
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stigma of the male Catasetum, they emitted their
tubes.

The genus Catasetum is interesting to an unusual
degree in several respects. The separation of the
sexes is unknown amongst other Orchids, except per-
haps in the allied genus Cycnoches. In Catasetum
we have three sexual forms, generally borne on sepa-
rate plants, but sometimes mingled together on the
same plant; and these three forms are wonderfully
different from one another, much more different than,
for instance, a peacock is from a peahen. But the
appearance of these three forms now ceases to be an
anomaly, and can no longer be viewed as an unparal-
leled instance of variability.

This genus is still more interesting in its manner of
fertilisation. We see a flower patiently waiting with
its antenne stretehed forth in a well-adapted position,
ready to give notice whenever an insect puts its head
into the cavity of the labellum, The female Mona-
chanthus, not having true pollinia to eject, is destitute
of antenne. In the male and hermaphrodite forms,
namely Catasetum tridentatum and Myanthus barbatus,
the pollinia lie doubled up, like a spring, ready to bo
instantly shot forth when the antennw are touched.
The disc end is always projected foremost, and is coated
with viscid matter which quickly sets hard and affixes
the hinged pedicel firmly to the insect’s body. The
insect flies from flower to flower, till at last it visits a
female plant : it then inserts one of the pollen-masses
into the stigmatic cavity. As soon as the insect flies
away the elastic caudicle, made weak enough to yield
to the viscidity of the stigmatic surface, breaks, and
leaves behind & pollen-mass; then the pollen-tubes
slowly protrude, penetrate the stigmatic canal, and the
act of fertilisation is completed. Who would have
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been bold enough to have surmised that the propaga-
tion of a species depended on so complex, so apparently
artificial, and yet so admirable an arrangement ?

I have examined three other gemera placed by
Lindley in the small sub-family of Catasetide, namely,
Mormodes, Cyenoches and Cyrtopodium. The latter
plant was purchased by me under this name, and bore
a flower-stem about four feet in height with yellowish
bracts spotted with red; but the flowers presented
none of the remarkable peculiarities of the three other
genera, with the exception that the anther was hinged
to a point projecting from the summit of the column,
as in Catasetum.

Mormodes ignea.—To show how difficult it sometimes
is to understand the manner in which an Orchid is
fertilised, I may mention that I carefully examined
twelve flowers,* trying various experiments and re-
cording the results, before I could at all make out the
meaning and action of the several parts. It was plain
that the pollinia were cjected, as in Catasetum, but
how each part of the flower played its proper part 1
could not even conjecture. 1 had given up the case
as hopeless, until summing up my observations, the
explanation presently to be given, and subsequently
proved by repeated experiments to be correct, suddenly
occurred to me.

The flower presents an extraordinary appearance,
and its mechanism is even more curious than its ap-
pearance (fig. 32). The base of the column is bent
backwards, at right angles to the ovarium or footstalk,

must expre-s m two fine epikes, bearing an abun-
thanks to Mr. Rucker, of West dance of flowers, and for hving
Hill, Wandsworth, for baving lent he plant for
e a plant of this Mormodes with
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and then resumes an upright position to near its
summit, where it is again bent. It is, also, twisted in
a unique manner, so that its front surface, including

Fig. 32.

MORMODES IGNEA.

Lateral view of flower, with the upper sopal and the near upper peta,

N.B. The labellum in the dmwmx is a little lifted up, to show the de-
pression on its under surface, which ought to be pressed close down
on the bent summit of the column.

a. anther. I labellum.

pd. pedicel of pollinium, Ls. lateral sepal.

ey

the anther, rostellum, and the upper part of the stigma

faces one side of the flower; this being either to the
»
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right or left, according to the position of the flower
on the spike. The twisted stigmatic surface extends
down to the base of the column and is hollowed out
into a deep cavity at its upper end. The large viscid
disc of the pollinium is lodged in this cavity close be-
neath the rostellum ; and the rostellum is seen in the
drawing (pd.) covered by the bowed pedicel.

The anther-case (a in the figure) is elongated and
triangular, closely resembling that of Catasetum ; but
it does not extend up to the apex of the column. The
apex consists of a thin flattened filament, which from
the analogy of Catasetum I suppose to be the produced
filament of the stamen ; but it may be a prolongation
of some other element of the column. In the bud-
state it is straight, but before the flower expands, it
becomes much bent by the pressure of the labellum.
A group of spiral vessels runs up the column s far as
the summit of the anther-case; they are then reflexed
and run some way down the anther-case. The point
of reflexion forms a short thin hinge by which the top
of the anther-case is articulated to the column beneath
its bent summit. The hinge, although smaller than a
pin's head in size, is of paramount importance; for it
is sensitive and conveys the stimulus from a touch to
the disc of the pollinium, causing it to separate from
its place of attachment. The hinge also serves to
guide the pollinium during its ejection. As it has
to convey the necessary stimulus to the dise, one may
suspect that a portion of the rostellum, which lies in
close contact with the filament of the anther, runs up
to this point; but T could not here detect any differ-
ence in structure on comparing these parts with those
of Catasetum. The cellular tissue round the hinge
is gorged with fluid, and a large drop exudes when
the anther is torn from the column during the ejection
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of the pollinium. This gorged condition may perhaps
fucilitate the rupture of the hinge.

The pollinium does not differ much from that of
Catasetum (see fig. 20, D, p. 183); and it lies in like
manner curved round the rostellum, which is less protu-
berant than in that genus. The upper and broad end of
the pedicel, howover, extends beneath the pollen-masses
within the anther; and these are attached by rather
wealk caudicles to a medial crest on its upper surface.

The viscid surface of the large disc lies in contact
with the roof of the stigmatic cavity, so that it cannot
be touched by an insect visiting the flower. The
anterior end of the disc is furnished with a small de-
pendent curtain (dimly shown in fig. 32); and this,
before the act of ejection, is continuously joined on
each side to the upper margins of the stigmatic cayity.
The pedicel is united to the posterior end of the dise ;
but when the dise is freed, the lowermost part of the
pedicel becomes doubly bent, so that it then appears
as if attached by a hinge to the centre of the disc.

The labellum is a highly remarkable structure: it
is narrowed at its base into a nearly cylindrical foot-
stalk, and its sides are so much reflexed as almost to
meet at the back, forming a folded crest on the sum-
mit of the flower. After rising up perpendicularly
it arches over the apex of the column, against which it
is firmly pressed down. The labellum at this point is
hollowed out (even in the bud) into a slight cavity,
which receives the bent summit of the column. This
slight depression manifestly represents the large cavity,
with thick fleshy walls, which insects gnaw, on the
anterior surface of the labellum in the several species
of Catasetum. Here by a singular change of function,
the _cavity serves to keep the labellum in its proper
position on the summit of the column, but is, perhaps,

P2
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likewise attractive to insects. In the drawing (fig. 32)
the labellum has' been forcibly raised a little up, so as
to show the depression and the bent filament. In its
natural position it may almost be compared to a huge
cocked-hat, supported by a footstalk and placed on the
head of the column.

The twisting of the column, which T have seen in
no other Orchid, causes all the important organs of
fructification in the flowers on the left side of the
spike to face to the left, and in all those on the right
side to face to the right. So that two flowers taken
from opposite sides of the same spike and held in
the same relative position are seen to be twisted in
opposite directions. One single flower, which was
crowded by the others, was barely twisted, so that its
column faced the labellum, The labellum is also
slightly twisted : for instance, in the flower figured,
which faced to the left, the midrib of the labellum was
first twisted to the right-hand, and then to the left, but
in a less degree, and being bent over it pressed on the
posterior surface of the crooked summit of the column.
The twisting of all the parts of the flower commences
in the bud.

The position thus acquired by the several organs is
of the highest importance; for if the column and
labellum had not been twisted laterally, the pollinia,
when shot forth, would have struck the overarching
labellum and have then rebounded, as actually oc-
curred with the single abnormal flower having a nearly
straight column. If the organs had not been twisted
in opposite directions on the opposite sides of the same
crowded spike, so as always o face to the outside, there
would not have been a clear space for the ejection of
the pollinia and their adhesion to insects.

When the flower is mature the three sepals hang
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down, but the two upper petals remain nearly upright.
The bases of the sepals, and especially of the two
upper petals, are thick and swollen and have a
yellowish tint; when quite mature, they are so gorged
with fluid, that, if punctured by a fine glass tube, the
fluid rises by capillary attraction to some height in it.
These swollen bases, as well as the footstalk of the
labellum, have a decidedly sweet and pleasant taste ;
and I can hardly doubt that they are attractive to
insects, for no free nectar is secreted.

I will now endeavour to show how all the parts of
the flower are co-ordinated and act together. The
pedicel of the pollinium is bowed round the rostellum,
as in Catasetum; in this latter genus, when freed,
it merely straightens itself with force, in Mormodes
something more takes place. If the reader will look
forward to fig. 84 (p. 223), he will see a section of the
flower-bud of the allied genus of Cycnoches, which
differs only in the shape of the anther and in the viscid
disc having a much deeper dependent curtain. Now
let him suppose the pedicel of the pollinium to be so
elastic that, when freed, it not only straightens itself,
but suddenly bends back on itself with a reversed
curvature, so as to form an irregular hoop. The
curved surface which was before in contact with
the protuberant rostellum now forms the outside
of the hoop. The exterior surface of the curtain,
which depends beneath the disc, is not viscid; and
it now lies on the anther-case, with the viscid surface
of the disc on the outside. This is exactly what takes
place with Mormodes. But the pollinfum assumes
with such force its reversed curvature (aided, appa-
rently, by a transverse curling outwards of the margins
of the pedicel), that it not only forms itself into a
hoop, but suddenly springs away from the protuberant
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face of the rostellum. As the two pollen-masses
adhere, at first, rather firmly to the anther-case, the
Iatter is torn off by the rebound; and as the thin
hinge at the summit of the anther-case does not yield
50 easily as the basal margin, the pollinium together
with the anther-case is instantly swung upwards like a
pendulum.  But in the course of the upward swing
the hinge yields, and the whole body is projected
perpendicularly up in the air, an inch or two above and
close in front of the terminal part of the Iabellum. If
10 object is in the way, as the pollinium falls down,
it generally alights and sticks, though not firmly, on
the folded crest of the labellum, directly over the
column. I witnessed repeatedly all that has been
here described.

The curtain of the disc, which, after the pollinium
has formed itself into a hoop, lies on the anther-case,
is of considerable service in preventing the viscid edge
of the disc from adhering to the anther, and thus
permanently retaining the pollinium in the form of a
hoop. This would have been fatal, as we shall pre-
sently see, to a sul of the pollini
which is necessary for the fertilisation of the flower.
In some of my experiments, when the free action
of the parts was checked, this did occur, and the
pollinium, together with the anther-case, remained
permanently glued together in the shape of an ir-
regular hoop.

I have already stated that the minute hinge by
which the anther-case is articulated to the column, a
little way beneath its bent flamentary apex, is sen-
sitive to a touch. I tried four times and found
that I could touch with some force any other part;
but when I gently touched this point with the finest
needle, instantly the membrane which unites the disc
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to the edges of the stigmatic cavity where it is lodged,
ruptured, and the pollinium was shot upwards and fell
on the crest of the labellum as just deseribed.

Now let us suppose an insect to alight on the
folded crest of the labellum, and no other convenient
landing-place is afforded, and then to lean over the
front of the column so as to gnaw or suck the bases of
the petals swollen with sweet fluid. The weight and
movements of the insect would disturb the labellum
and the bent underlying summit of the column; and
the latter, pressing on the hinge in the angle, would
cause the ejection of the pollinium, which would in-
fallibly strike the head of the insect and adhere to
it. I tried by placing my gloved finger on the summit
of the labellum, with the tip just projecting beyond
its margin, and then gently moving my finger it was
really beautiful to see how instantly the pollinium
was projected upwards, and how accurately the viscid
surface of the disc struck my finger and firmly
adhered to it. Nevertheless, I doubt whether the
weight and movements of an insect would suffice to
thus act indirectly on the sensitive point; but look
at the drawing and see how probable it is that an
insect leaning over would place its front legs over the
edge of the labellum on the summit of the anther-
case, and thus touch the sensitive point. The pol-
linium would then be ejected, and the viscid disc
would certainly strike and adhere to the insect’s head.

Before proceeding, it may be worth while to mention
some of the early trials which I made. T pricked
deeply the column in different parts, including the
stigma, and cut off the petals, and even the labellum,
without causing the ejection of the pollinium; this,
however, once happened when I cut rather roughly
through the thick footstalk of the labellum, the fila-
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mentary summit of the column no doubt having been
thus disturbed. When I gently prised up the anther-
case at its base or on one side, the pollinium was
ejected, but then the sensitive hinge would necessarily
have been bent. When the flower has long remained
expanded and is nearly ready for spontaneous ejection,
a slight jar on any part of the flower causes the
action. Pressure on the thin pedicel of the pollinium,
and therefore on the underlying protuberant rostellum,
is followed by the ejection of the pollen-masses; but
this is not surprising, as the stimulus from a touch
on the sensitive hinge has to be conveyed through
this part of the rostellum to the dise. In Catasetum
slight pressure on this point does not cause the act
of ejection; but in this genus the protuberant part of
the rostellum does not lie in the course along which
the stimulus has to be conveyed from the antennwe
to the dise. A drop of chloroform, of spirits of wine, or
of boiling water placed on this part of the rostellum
produced no effect ; or, to my surprise, did exposure
of the whole flower to vapour of chloroform.

Seeing that this part of the rostellum was sensitive
to pressure, and that the flower was widely open on
one side, and being pre-occupied with the case of Cata-
setum, I at first felt convinced that insects entered the
lower part of the flower and touched the rostellum.
Accordingly T pressed the rostellum with variously-
shaped objects, but the viscid dise never once adhered
in a proper manner to the object. If I used a thick
needle, the pollinium, when ejected, formed a hoop
round it with the viscid surface outside; if I used a
broad flat object, the pollinium struggled against it
and sometimes coiled itself up spirally, but the dise
either did not adhere at all, or very imperfectly. At
the close of the twelfth trial I was in despair. The

@ The Complete Work of Charles Darwin Online



Crar. VI MORMODES IGNEA. 217

strange position of the labellum, perched on the summit
of the column, ought to have shown me that here was
the place for experiment. I ought to have rejected
the notion that the labellum was thus placed for no
good purpose. This plain guide was overlooked, and
for a long time T completely failed to understand the
structure of the flower.

‘We have seen that when the pollinium is ejected
and swings upwards, it adheres by the viscid surface
of the disc to any object projecting beyond the edge
of the labellum directly over the column. When thus
attached, it forms an irregular hoop, with the torn-off
anther-case still covering the pollen-masses which are
close to the dise, but protected from adhering to it
by the dependent curtain. Whilst in this position
the projecting and bowed part of the pedicel would
effectually prevent the pollen-masses from being placed
on the stigma, even supposing the anther-case to have
fallen off. Now let us suppose the pollinium to be
attached to an insect’s head, and observe what takes
place. The pedicel, when first separated from the ros-
tellum, is damp; as it dries, it slowly straightens
itself, and when perfectly straight the anther-case
readily drops oft. The pollen-masses are now naked,
and they are attached to the end of the pedicel by
easily ruptured caudicles, at the right distance and in
a proper position for their insertion into the adhesive
stigma, as soon as the insect visits another flower.
Thus every detail of structure is now perfectly adapted
for the act of fertilisation.

‘When the anther-case drops off, it has performed its
triple function ; namely, its hinge as an organ of sense,
its weak attachment to the column as a guide causing
the at first toswing upwards,
and its lower margin, together with the curtain of the
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disc, as a protection to the pollen-masses from being
permanently glued to the viscid disc.

From observations made on fifteen flowers, it was
ascertained that the straightening of the pedicel does
not occur until from twelve to fifteen minutes have
elapsed. The first movement causing the act of ejec-
tion is due to elasticity, and the second slow movement
to the drying of the outer and convex surface; but
this latter movement differs from that observed in the
pollinia of so many Vandew and Ophrew, for, when
the pollinium of this Mormodes was placed in water,
it did not recover the hoop-like form which it had at
first acquired by elasticity.

The flowers are hermaphrodites. The pollinia are
perfectly developed. The elongated stigmatic surface
is extremely viscid and abounds with innumerable
utriculi, the contents of which shrink and become
coagulated after immersion for less than an hour in
spirits of wine. When placed in spirits for a day, the
utriculi were so acted on that they disappeared, and this
I have not noticed in any other Orchid. The ovules,
after exposure to spirits for a day or two, presented
the usual semi-opaque, pulpy appearance common to
all hermaphrodite and female Orchids. From the
unusual length of the stigmatic surface I expected
that, if the pollinia were not ejected from the excite-
ment of a touch, the anther-case would have detached
itself, and the pollen-masses would have swung down-
wards and fertilised the stigma of the same flower.
Accordingly, I left four flowers untouched ; after they
had remained expanded from eight to ten days, the
elasticity of the pedicel conquered the force of attach-
ment and the pollinia were spontaneously ejected, but
they did not fall on the stigma and were consequently
wasted,
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Although Mormodes ignea is an hermaphrodite, yet
it must be as truly diceious in funetion as Catasetum ;
for as it takes from twelve to fifteen minutes before
the pedicel of an ejected pollinium straightens itself
and the anther-case drops off it is almost certain that
within this time an insect with a pollinium attached
to its head would have left one plant and flown to
another.

Mormodes luzata.—This rare and fine species is ferti-
lised in the same manner as Mormodes ignea, but differs
in several important points of structure. The right
and left sides of the same flower differ from one another
even in a greater degree than in the lst specics. One
of the petals and one of the sepals project at right
angles to the column, while the corresponding ones
stand upright and surround it. The upturned and
twisted labellum is furnished with two large latersl
lobes: of these one embraces the column, while the
other stands partly open on the side where the one
petal and sepal lie flat. Insects can thus easily enter
the flower on this latter side. All the flowers on the
left side of the spike are open on their left sides, while
those on the right side are open on this side. The
twisted column with all the important accessory parts,
together with the rectangularly bent apex, closely re-
semble the corresponding parts in I ignea. But the
under side of the labellum does not rest on and press
against the rectangularly bent apex of the column,
This stands free in the middle of a cup formed by the
extremity of the labellum,

1 did ot obtain many flowers fit for examination,
as three had ejected their pollinia owing to the shocks
received during their journey. I pricked deeply the
labellum, column and stigma. of some of the flowers
without any effect ; but when I lightly touched with a
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needle, not the anther-hinge as in the last species, but
the apex of the column of one flower, the_pollinium
was instantly ejected. The bases of the petals and
sepals are. not swollen and succulent like those of
M. ignea; and 1 have little doubt that insects gnaw
the labellum, which is thick and fleshy, with the same
peculiar taste as in Catasetum. If an insect were to
gnay the terminal cup, it could hardly fail to touch
the apex of the column, and then the pollinium would
swing upwards and adhere to some part of the insect’s
body. The pedicels of the pollinia straighten them-
selves and the anther-cases are cast off, in about fifteen
minutes after the act of ejection. We may therefore
confidently believe that this species is fertilised in the
same peculiar manner as Mormodes ignea.

Cyenoches ventricosum.—Mr. Veitch was so kind as to
send me on two occasions several flowers and flower-
buds of this extraordinary plant. A sketch of a
flower in its natural position, with one sepal cut off,
is shown at fig. 83 (p. 222), and a longitudinal section
through a young bud at fig. 34 (p. 223).

The labellum is thick and fleshy, with the usual
taste of this organ in the Catasetidw; it resembles in
shape a shallow basin: turned upside down. The two
other petals and the three sepals are reflexed. The
column is almost cylindrical, thin, flexible, elastic
and of extraordinary length. It curves round so
as to bring the stigma and anther opposite to and
beneath the convex surface of the labellum. The
apex of the column is not nearly so much produced as
in Mormodes and Catasetum. The pollinia closely
resemble those of Mormodes; but the disc is larger,
and its curtain, which is fringed, is so large that it
covers the whole entrance into the stigmatic chamber.
The structure of these parts is best seen in the section,
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fig. 34; in which the pedicel of the pollinium has not
as yet become separate from the rostellum, but the
future line of separation is shown by a line (dotted
in the figure) of hyaline tissue. The filament of the
anther (£, fig. 34) has not as yet grown to its full
length. When fully developed it bears two little leaf-
like appendages which lie on the anther. Lastly,
on the sides of the stigma there are two slight
protuberances (fig. 33), which apparently represent
the antenne of Catasetum, but have not the same
function.

Neither the labellum nor the protuberances on the
sides of the stigma are at all sensitive; but when on
three occasions I momentarily touched the filament,
between the little leaf-like appendages, the pollinium
was ejected in the same manner and through the
same mechanism as in Mormodes ; but it was thrown
only to the distance of about an inch. If the filament
had been touched by an object which had not been
quickly removed, or if by an insect, the viscid dise
would certainly have adhered to it. Mr. Veitch informs
me that he has often touched the end of the column,
and the pollinium has adhered to his finger. When
the pollinium is ejected, the pedicel forms a hoop, with
the exterior surface of the curtain of the disc resting
on and covering the anther. In about fifteen minutes
the pedicel straightens itself, and the anther-case
drops off; and now the pollinium is in a right position
for fertilising another flower. As soon as the viscid
matter on the under surface of the dise is exposed to
the air it quickly changes colour and sets hard. It
then adheres with surprising force to amy object.
From these various facts and from the analogy of the
other Catasetidee, we may conclude that insects visit
the flowers for the sake of gnawing the labellum :
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but it cannot be predicted whether they alight on the
surface which is uppermost in the drawing (fig. 33) and

Fig. 33,

CYCNOCHES VENTRICOSUN.

Flower viewed in its natural dependent position.

c. column, after the ejection of | s, stigmatic cavity.
tho pallinium fogether with | L.~ Iabellum,

£ the anther. | pet. the two lnteral petals.
. flament of anther.

| Sep. sepals.

then crawl over the margin so as to gnaw the convex
surface, and in doing so touch with their abdomens
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the extremity of the column, or whether they first
alight on this part of the column; but in either case
they would cause the ejection of the pollinia, which
would adhere to some part of their bodies.

The specimens which I examined were certainly

Fig. 34,

DIAGRAMMATIC SECTION OF A FLOWER-GUD, THE COLUMN PLACED
uPRIGHT.

. anther. & dise of pallinium with the depen=
/. filament ol anther. dent curtain.
.. pollen-m: s stigmatic chamber,

. bedicel of pollinium, barely se- | g. sigmatie canal leading to the
parated as yet fro

tellum,

male plants, for the pollinia were well developed. The
stigmatic cavity was lined with a thick layer of pulpy
matter which was not adhesive. But as the flowers
cannot possibly be fertilised until the pollinia have
been ejected, together with the great curtain which
covers the whole stigmatic surface, it may be that
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this surface becomes at a later period adhesive so as to
secure the pollen-masses. The ovules when kept for
some time in alcohol were filled with brownish pulpy
matter, as is always the case with perfect ovules.
Therefore it appears that this Cyenoches must be an
hermaphrodite ; and Mr. Bateman, in his work on the
Orchidew, says that the present species produces seeds
without being, as I understand, artificially fertilised ;
but how this is possible is unintelligible to me. On
the other hand, Beer says® that the stigma of Cyc-
noches is dry, and that the plant never sets seeds.
According to Lindley C. ventricosum produces on the
same scape flowers with a simple labellum, others with
a much segmented and differently coloured labellum
(viz., the so-called C. egertonianum), and others in an
intermediate condition. From the analogous differ-
ences in the flowers of Catasetum, we are tempted to
believe that we here have male, female, and herma-
phrodite forms of the same species of Cyenoches.

1 have now finished my description of the Catasetidw
as well as of many other Vandew. The study of these
wonderful and often beautiful productions, with all
their many adaptations, with parts capable of move-
ment, and other parts endowed with something so like,
though no doubt different from, sensibility, has been to
me most interesting. The flowers of Orchids, in their

strange and endless diversity of shape, may be com-

* Quoted by Trmisch, ¢ Eei
= x Biologle der Orchideen,’ m.-g

e Lmllleyl ‘ Vegelable King-
dom, 77,

pnm.u o otagica Reghe:
ter,’ fol. 1951, a case of two forms
appearing on the same scape of
another species of Cyenoches.

Mr. Bateman also says that C.
egertoniamm Tas been known to
produce in Guatemala and onee

ces in England
seapes of the common yellow C.
ventricosum.
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pared with the great vertebrate class of Fish, or still
more with tropical H insects,
which appear to us as if they had been modelled
in the wildest caprice, but this no doubt is dne to
our i of their i and

of life.

Q
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CHAPTER VIII.

CYPRIPEDEX—HOMOLOGIES OF THE FLOWERS OF
ORCHIDS,

—Labellum in the
lipper with two small orifices by which inscots can escape
—Manner of fertilisation by small bees of the genus Andrena—

i the severa the Orchidew
—Wonderful amount of modification which they have underzone.

Cypripedium, differs much from all other Orchi
form of

W have now arrived at Lindley’s last and seventh
tribe, including, according to most botanists, only a
single genus, Cypripedium, which differs from all
other Orchids far more than any other two of these
do from one another. An enormous amount of ex-
tinction must have swept away a multitude of inter-
mediate forms, and has left this single genus, now
widely distributed, as a record of a former and more
simple state of the great Orchidean Order. Cypripe-
dium_ possesses no rostellum ; for all three stigmas
are fully developed, though confluent. The single
anther, which is present in all other Orchids, is here
rudimentary, and is represented by a singular shield-
like projecting body, deeply notched or hollowed out
on its lower margin. There are two fertile anthers
which belong to an inner whorl, represented in ordinary
Orchids by various rudiments. The grains of pollen
are not united together by threes or fours, as in so
many other genera, nor are they tied together by
clastic threads, nor furnished with a caudicle, nor
cemented into waxy masses. The labellum is of
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large size, and is a compound organ as in all other
Orchids.

The following remarks apply only to the six species
which T have examined, namely, C. barbatum, purpu-
ratum, insigne, venustum, pubescens and acaule ; though
I have ecasually looked at some other kinds. The
basal part of the labellum is folded round the short

CrerrpEpIUN,

a. anther. surface of the stigma is ex-
@ rudimentary, shield-like anther. posed; the edges of the label-

5. stigma. Tum ave thus become a little
£ Inbellum. separated and. the tos o ex-
A. Flower viewed from above, with tremity stands lower than is

the sepals and petals, excepting
the Tabellum, partly eut off | B. Side view of colum, with all
The labellum has been slightly the sepals and petals removed.
depressed, so that the dorsal

column, so that its edges nearly meet along the dorsal
surfuce ; and the broad extremity is folded over in a
peculiar manner, forming a sort of shoe, which closes
up the end of the flower. Hence arises the English
name of Ladies'slipper. The overarching edges of the
labellum are inflected or sometimes only smooth and
Q2
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polished internally ; and this is of much importance,
as it prevents insects which have once entered the
labellum from escaping through the great opening in
the upper surface. In the position in which the flower
grows, as here represented, the dorsal surface of the
column is uppermost. The stigmatic surface is slightly
protuberant, and is not adhesive; it stands nearly
parallel to the lower surface of the labellum. With a
flower in its natural state, the margin of the dorsal
surface of the stigma can be bately distinguished be-
tween the edges of the labellum and through the
notch in the rudimentary, shield-like anther () ; but
in the drawing (s, fig. A) the margin of the stigma has
been brought outside the edges of the depressed la-
bellum, and the toe is a little bent downwards, so that
the flower is represented as rather more open than it
really is. The edges of the pollen-masses of the two
lateral anthers («) can be seen through the two small
orifices or open spaces in the labellum (fig. A) on
each side, close to the column. These two orifices are
essential for the fertilisation of the flower.

The grains of pollen are coated by and immersed in
viseid fluid, which is so glutinous that it can be drawn
out into short threads. As the two anthers stand be-
hind and above the lower convex surface (see fig. B) of
the stigma, it is impossible that the glutinous pollen
can without some mechanical aid get on to this, the
efficient surface of the stigma. The economy here
shown by Nature in her manner of gaining the same
end is surprising. In all the other Orchids seen by
me, the stigma is viscid and more or less concave, by
which means the dry pollen, transported by means of
the viscid matter seercted by the rostellum or modified
stigma, is retained. In Cypripedium the pollen is
glutinous, and assumes the function of viseidity, which

@ The Complete Work of Charles Darwin Online



Cuar. VIIL CYPRIPEDIU

229

in all other Orchids except Vanilla belongs exclusively
to the rostellum and the two confluent stigmas. These
latter organs, on the other hand, in Cypripedium en-
tirely lose their viscidity, and at the same time become
slightly convex, so as more effectually to rub off the
glutinous pollen adhering to the body of an insect.
Moreover in several of the North American speci
as in C. acaule and pubescens, the surface of the stigma
is beset, as Professor Asa Gray remarks,*  with
minute, rigid, sharp-pointed papillee, all directed for-
wards, which are excellently adapted to brush off the
pollen from an inseet’s head or back.” There is one
partial exception to the above rule of the pollen of
Cypripedium being viscid while the stigma is not
viscid and is not convex; for in C. acaule the pollen
is more granular and less viscid, according to Asa
Gray, than in the other American species, and in
C. acaule alone the stigma is slightly concave and
viseid. So that here the exception almost proves the
truth of the general rule.

I have never been able to detect mectar within the
labellum, and Kurrf makes the same remark with
respect to C. caleeolus. The inner surface of the la-
bellum, however, in those species which I examined,
is clothed with hairs, the tips of which secrete little
drops of slightly viseid fluid: And these if sweet or
nutritious would suffice to attract insects. The fluid
when dried forms a brittle crust on the summits of the
hairs.  Whatever the attraction may be, it is certain
that small bees frequently enter the labellum.

Formerly I supposed that inseets alighted on the
Inbellum and inserted their proboscides through either

* - American Journal of Science,”  + * Bedeutung der Nektarien,
vol. xxxiv. 1862, p. 428. 1833, p. 29,
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of the orifices close to the anthers; for I found that
when a bristle was thus inserted the glutinous pollen
adhered to it, and could afterwards be left on the
stigma; but this latter part of the operation was not
well effected. After the publication of my book
Professor Asa Gray wrote tome * that he was convinced
from an examination of several American species that
the flowers were fertilised by small insects entering the
Iabellum through the large opening on the upper sur-
face, and crawling out by one of the two small orifices
close to the anthers and stigma. Accordingly I first
introduced some flies into the labellum of C. pubescens,
through the large upper opening, but they were either
too large or too stupid, and did not crawl out properly.
T then canght and placed within the labellum a very
small bee which seemed of about the right size, namely,
Andrena parvula, and this by a strange chance proved,
us we shall presently see, to belong to the genus on
which in a state of nature the fertilisation of C. caleco-
lus depends. The bee vainly endeavoured to crawl out
again the same way by which it had entered, but always
fell backwards, owing to the margins being inflected.
The labellum thus acts like one of those conical traps
with the edges turned inwards, which are sold to catch
beetles and cockroaches in the London kitchens. Tt
could not creep out through the slit between the folded
edges of the basal part of the labellum, as the elongated,
triangular, rudimentary stamen here closes the passage.
Ultimately it forced its way out through one of the
small orifices close to one of the anthers, and was
found when caught to be smeared with the glutinous
pollen. I then put the same bee back into the label-
Tum ; and again it crawled out throngh one of the small

* Seo also ¢ American Journal of Science;” vol. xxxiv. 1862, p. 427,
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orifices, always covered with pollen. I repeated the
operation five times, always with the same result. I
afterwards cut away the labellum, so as to examine the
stigma, and found its whole surface covered with pollen.
It should be noticed that an insect in making its escape
must first brush past the stigma and afterwards one of
the anthers, so that it cannot leave pollen on the
stigma, until being already smeared with pollen from
one flower it enters another ; and thus there will be a
good chance of cross-fertilisation between two distinct
plants. Delpino* with much sagacity foresaw that
some insect would be discovered to act in this manner ;
for he argued that if an insect were to insert its pro-
boscis, as 1 had supposed, from the outside through
one of the small orifices close to one of the anthers, the
stigma would be liable to be fertilised by the plant’s
own pollen: and in this hé did not believe; from
having confidence in what I have often insisted on—
namely, that all the contrivances for fertilisation are
arranged so that the stigma shall receive pollen from
a distinet flower or plant. But these speculations are
now all superfluous; for, owing to the admirable ob-
servations of Dr. H. Miller,t we know that Cypri-
pedium calecolus in a state of nature is fertilised in the
‘manner just deseribed by bees belonging to five species
of Andrena.

Thus the use of all the parts of the flower,—namely,
the inflected edges, or the polished inner sides of the
labellum,—the two orifices and their position close to
the anthers and stigma,—the large size of the medial
rudimentary stamen,—are rendered intelligible. An

i ‘Feuon-.l»xmno nv!le Piante  xxv. IIL Folge, v. Bd. %

also * Befruchtung der lumeny
Vebh d. Not: Ve, fir Pr. 1878, p. 7
Bilintsad wnd Weator” Jahrg,
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insect which enters the labellum is thus compelled to
erawl out by one of the two narrow passages, on the
sides of which the pollen-masses and stigma are placed.
We have seen that exactly the same end is gained in
the case of Coryanthes by the labellum being half-
filled with secreted fluid ; and in the case of Pterostylis
and some other Australian Orchids by the labelium
being irritable, so that when touched by an entering
insect it shuts up the flower, with the exception of a
single narrow passage.

Homological Nature of the several Parts of the Flowers of
the Orclic

The theoretical structure of few flowers has been so
largely discussed as that of the Orchidew; nor is this
surprising, seeing how unlike they are to common
flowers; and here will be a convenient place for con-
sidering this subject. No group of organic beings can
be well understood until their homologies are made
out; that is, until the general pattern, or, as it has
often been called, the ideal type, of the several mem-
bers of the group is intelligible. No one member
may now exist exhibiting the full pattern; but this
does not make the subject less important to the natu-
ralist,—probably makes it more important for the
full understanding of the group.

The homologies of any being, or group of beings,

4

ifolium is

fish-pot system, i. . a funnel-

od g conducts into if,

ncets ﬂnd it difficult to

the same. The

fowers,  only other opening near tho bass

probability are of the labellum is partly closed

inscots. by the sexual apparatus, and the

lum is, like some Aris- inscet has to force its way out
oliatie wtcs et euce i
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can be most surely made out by tracing their embryo-
logical development when that is possible; or by the
discovery of organs in a rudimentary condition ; or by
tracing, through a long series of beings, a close gradation
from one part to another, until the two parts or organs,
though employed for widely different functions and
most unlike each other, can be joined by a succession
of short links. No instance is known of a close gradation
between two organs, unless they are homologically one
and the same organ.

The importance of the science of Homology rests on
its giving us the key-note of the possible amount of
difference in plan within any group; it allows us to
class under proper heads the most diversified organs;
it shows us gradations which would otherwise have
been overlooked, and thus aids us in classification; it
explains many monstrosities ; it leads to the detection
of obscure and hidden parts, or mere vestiges of parts,
and shows us the meaning of rudiments. Besides
these uses, Homology clears away the mist from such
terms as the scheme of nature, ideal types, archetypal
patterns or ideas, &c. ; for these terms come to express
real facts. The naturalist, thus guided, sees that all
homologous parts or organs, however much they may
be diversified, are modifications of one and the same
ancestral organ; in tracing existing gradations he
gains a clue in tracing, as far as that is possible, the
probable course of modification through which beings
have passed during a long line of generations. He
may feel assured that, whether he follows embryo-
logical development, or searches for the merest rudi-
ment, or traces gradations between the most different
beings, he is pursuing the same object by different
routes, and is tending towards the knowledge of the
actual progenitor of the group, as it once grew and
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lived. Thus the subject of Homology gains largely
in interest.

Although this subject, under whatever aspect it be
viewed, will always be most interesting to the student
of nature, it is very doubtful whether the following
details on the homological nature of the flowers of
Orchids will possess any interest for the general reader.
If, indeed, he cares to see how much light an acquaint-
ance with homology, though far from perfect, throws
on a subject, this will, perhaps, be nearly as good an
instance as could be given. He will see how curiously
a flower may be moulded out of many separate organs,
—how perfect the cohesion of primordially distinct
parts may become,—how organs may be used for pur-
poses widely different from their proper uses,—how
other organs may be entirely suppressed, or leave mere
useless emblems of their former existence. Finally,
he will see how enormous has been the amount of
change which these flowers have undergone from their
parental or typical form.

Robert Brown first clearly discussed the homologies
of Orchids,* and left, as might be expected, little to
be done. Guided by the general structure of mono-
cotyledonous plants and by various considerations,
he ‘propounded the doctrine that the flower properly
consists of three sepals, three petals, six anthers in
two whorls or cireles (of which only one anther belong-
ing to the outer whorl is perfect in all the common
forms), and of three pistils, with one of them modified
into the rostellum. These fifteen organs are arranged
as usual, alternately, three within three, in five whorls.
Of the existence of three of the anthers in two of

* I believe his latest views are  the * Linnean Transactions, vol.
iven in his celebrated paper. rend  xvi. p. 685.
ov. 1-15, 1831, and published in
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the whorls, R. Brown offers no sufficient evidence, but
believes that they are combined with the labellum,
whenever that organ presents crests or ridges. In
these views Brown is followed by Lindley.*

Brown traced the spiral vessels in the flower by
making transverse sections,  and only occasionally, as
far as it appears, by longitudinal sections. As spiral
vessels are developed at a very early period of growth,
and this circumstance always gives much value to a
part in making out homologies; and as they are ap-
parently of high functional importance, though their
function is not well known, it appeared to me, guided
also by the advice of Dr. Hooker, to be worth while to
trace upwards all the spiral vessels from the six groups
surrounding the ovarium. OF the six ovarian groups
of vessels, I will call (though not correctly) that under
the labellum the anterior group; that under the
upper sepal the posterior group ; and the two groups
on the two sides of the ovarium the antero-lateral and
postero-lateral groups.

The result of my dissections is given in the following
dingram (fig. 36). The fiften litle cirles represent

* Professor Asa Gray has de-  the union of one petal with two
scribed in the ¢ American Jounal  potaloid stamens.

of Science.” July 1866,amonstrous _+ * Linn, Transact. vol. xvi. p.
Sower o Cupripediun cundidumy  606-701, Link

and remarks on it, * Junges Bu
(and_perhay rect)  deen (‘Botanischo Zeituns” 1849,
Sios e Cailabe p- 745) seems to have also trusted
type of flower has two staminal {0 transverse scotions. e

u der Orchi-

verticils, s Brown always in-  traced the vessels upwards I can-
sisted”’ Dr.Criiger alsondvances  not believe that he would have
evidence (Journ. Linn. Soc. disputed Brown's view of the

vol. viii. 1864, p. 182) in  nature of the two anthers in
favour of the presenco of five Oypripedium. Brongiart in his
whorls of organs ; but he denies  admirable paper (‘Amnales des

that the humologies of tho purts  Scionces Nat. tom. xsiv. 1831,
ced from the course of incidentally shows the course of

1ho vessels, and o does not aAmit.  somo of tha spira vessels,

that the labellum is for
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so many groups of spiral vessels, in every case traced
down to one of the six large ovarian groups. They
alternate in five whorls, as represented ; but I have not
attempted to give the actual distances at which they
stand apart. In order to guide the eye, the three
central groups running to the three pistils are con-
nected by a triangle.
Fig. 36.
Upper or posterior sepal.

2
Upper Upper
petal. " () petal.
5
( O,
'l
w <
Le g Lower
sepal. sepal.

Labellum.
Sectiox o it FLOWER OF AN ORCHID,
The little circles show the position of the spiral vessels.
S8, Stigmas; S,, stigma modified 4,0, Rudimentary anthers of the

inner whorl (fertile in Cypri-
m), generally forming

the Tower patal, Torming the when present, forming the
front of the column.

Five groups of vessels run into the three sepals
together with the two upper petals; three enter the
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Iabellum ; and seven run up the great central column.
These vessels are arranged, as may be seen, in rays
proceeding from the axis of the flower ; and all on the
same ray invariably run into the same ovarian group;
thus the vessels supplying the upper sepal, the fertile
anther (A,), and the upper pistil or stigma (i. e. the
rostellum 8,), all unite and form the posterior ovarian
group. Again, the vessels supplying, for instance, the
left lower sepals, the corner of the labellum and one
of the two stigmas (S) on the same side, unite and form
the antero-lateral group; and so with all the other
vessels.

Hence, if the existence of groups of spiral vessels
can be trusted, the flower of an Orchid certainly
consists of fifteen organs, in a much modified and
confluent condition. We see three stigmas, with the
two lower ones generally confluent, and with the upper
one modified into the rostellum. We see six stamens,
arranged in two whorls, with generally one alone (A,)
fertile. In Cypripedium, however, two stamens of
the inner whorl (@, and a,) are fertile, and in other
Orchids these two are represented more plainly in
various ways than the remaining stamens. The third
stamen of the inmer whorl (as), when its vessels can
be traced, forms the front of the column: Brown
thought that it often formed a medial excrescence,
o ridge, cohering to the labellum; o, in the case of
Glossodia,” a filamentous organ, freely projecting in
front of the labellum. The former conclusion does
not agree with my dissections; about Glossodia 1
know nothing. The two infertile stamens of the outer
whorl (A,, A;) were believed by Brown to be only
occasionally represented, and then by lateral excre-

eo Brown's observations Plantw Asiatio rariores,’ 1530,
under Apostasia in  Wallich’s p. 74
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scences on the labellum ; but I find the corresponding
vessels invariably present in the labellum of every
Orchid examined,—even when the labellum is very
narrow or quite simple, as in Malaxis, Herminium,
or Habenaria,

We thus see that an Orchid-flower consists of five
simple parts, namely, three sepals and two petals;
and of two compounded parts, namely, the column and
labellum. The column is formed of three pistils, and
generally of four stamens, all completely confluent.
The labéllum is formed of one petal with two petaloid
stamens of the outer whorl, likewise completely con-
fluent. I may remark, as making this fact more
probable, that in the allied Marantacex the stamens,
even the fertile stamens, are often petaloid, and
partially cobere. This view of the nature of the label-
lum explains its large size, its frequently tripartite
form, and especially the manner of its coherence to the
column, unlike that of the other petals.* As rudi-
mentary organs vary much, we can thus perhaps
understand the variability, which as Dr. Hooker informs
me is characteristic of the excrescences on the labellum.
In some Orchids which have a spur-like nectary, the
two sides are apparently formed by the two modified
stamens ; thus in Gymnadenia eonopsea (but not in
Orchis pyramidalis), the vessels, ding from the
two antero-lateral ovarian groups, run down the sides
of the nectary ; those from the single anterior group
rn down the exact middle of the nectary, then
returning up the opposite side form the mid-rib of the
labellum. The sides of the nectary being thus formed of
two distinet organs, apparently explains the tendency,

Link remarks on the manner  the column in his * Bemerkungen”
of coberence of the labellum to in ¢ Bot. Zeitung,’ 1849, p. 745.
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as in Calanthe, Orchis morio, &e., to the bifurcation of

its extremity.

The number, position, and course of all the spiral
vessels exhibited in the diagram (fig. 36) were observed

in some Vandew aid Epidendrea.*
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ull were observed excepting a,, which is the most
difficult one to trace, and apparently is oftenest absent.
In the Cypripeder, again, all were traced except a5,
which, T feel pretty sure, was here really absent: in
this tribe the stamen (A,) is represented by a con-
spicuous shield-like rudiment, and a, and a, are
developed into two fertile anthers, In the Ophrew
and Neottew all were traced, with the important
exception of the vessels belonging to the three stamens
(ay, as, and a;) of the inner whorl. In Cephalanthera
grandifiora, T clearly saw a; proceeding from the
anterior ovarian group, and running up the front of
the column. This anomalous Orchid has no rostellum,
and the vessel marked S, in the diagram was entirely
absent, though seen in every other species.

Although the two anthers (@, and a,) of the inner
whorl are not fully and normally developed in =
Orchid, P Cyp di their
generally present st e e they ot
form the membranous sides of the cup-like clinandrum
on the summit of the column, which includes and pro-
tects the pollen-masses. These rudiments thus aid

their fertile brother-anther.
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of Maluais paludosa, the close resemblance between the
two membranes of the clinandrum and the fertile
anther, in shape, texture, and in the height to which
the spiral vessels extended, was most striking : it was
impossible to doubt that in these two membranes we
had two rudimentary anthers, In Evelyna, one of the
Epidendret, the clinandrum was similarly formed, as
were the homs of the clinandrum in Masdevallia, which
serve in addition to keep the labellum at the proper
distance from the column. In Liparis pendula and
some other species, these two rudimentary anthers form
not only the clinandrum, but likewise wings, which
project on each side of the entrance into the stigmatic
cavity, and serve as guides for the insertion of the
pollen-masses. In Acropera and Stanhopea, as far as
Icould make out, the membranous borders of the
column, down to its base, were also thus formed; but
in other cases, as in Cattleya, the wing-like borders of
the column seem to be simple developments of the two
pistils. In this latter genus, as well as in Catasetum,
these same two rudimentary stamens, judging from the
position of the vessels, serve chiefly to strengthen
the back of the column; and the strengthening of the
front of the column is the sole function of the third
stamen of the inner whorl (a,), in those cases in
which it was observed. This third stamen runs up
the middle of the column to the lower edge, or lip,
of the stigmatic cavity.

T have said that in the Ophrem and Neottea the
spiral vessels of the inner whorl, marked a,, ,, s in
the diagram, are entirely absent, and I looked care-
fully for them ; but in nearly all the members of these
two tribes, two small papillae, or auricles as they have
been often called, stand in exactly the position which
the two first of these three anthers would have occupied,

-
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had they been developed. Not only do they stand in
this position, but the column in some cases, as in
Cephalanthera, has on each side a prominent ridge,
running from them to the bases or mid-ribs of the two
upper petals; that is, in the proper position of the
filaments of these two stamens. It is, again, impossible
to doubt that the two membranes of the clinandrum
in Malaxis are formed by these two anthers in a
rudimentary and modified condition. Now, from the
perfect elinandrum of Malaxis, through that of Spi-
ranthes, Goodyera, Epipactis latifolia, and E. palustris
(see fig. 16, p. 101, and fig. 15, p. 94), to the minute
and slightly flattened auricles in the genus Orchis, a
perfect gradation can be traced. Hence I conclude that
these auricles are doubly rudimentary ; that is they
are rudiments of the membranous sides of the clinan-
drum, these membranes themselves being rudiments of
the two anthers so often referred to. The absence of
spiral vessels running to the auricles is by no means
sufficient to overthrow the views here advocated as to
the much disputed nature of these structures; that
such vessels may quite disappear, we have proof in
Cephalanthera grandiflora, in which the rostellum and
its vessels are completely aborted.

Finally, then, with respect to the six stamens which
ought to be represented in every Orchid: the three
belonging to the outer whorl are always present, the
upper one being fertile (except in Cypripedium), and
the two lower ones invariably petaloid and forming
part of the labellum. The three stamens of the inner
whorl are less plainly developed, especially the lower
ome, a,, which, when it can be detected, serves only to
strengthen the column, and, in some rare cases, accord-
ing to Brown, forms a separate projection or filament ;
the two upper anthers of this inner whorl are fertile
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in Cypripedium, and in other cases are generally

either by fons, or by
minute auricles without spiral vessels. These auricles,
however, are sometimes quite absent, s in some species
of Ophrys.

On this view of the homologies of Orchid-flowers,
we can understand the existence of the conspicuous
central column,—the large size, generally tripartite
form, and peculiar manner of attachment of the la-
bellum,—the origin of the clinandrum,—the relative
position of the single fertile anther in most of the
genera, and of the two fertile anthers in Cypripedinm,
—the position of the rostellum, as well as of all the
other organs,—and lastly, the frequent occurrence of a
bilobed stigma, and the occasional occurrence of two
distinct stigmas. I have encountered only one case of
difficulty, namely in Habenaria and the allied genus,
Bonatea. These flowers have undergone such an
extraordinary amount of distortion, owing to the wide
separation of their anther-cells and of the two viscid
discs of the rostellum, that any anomaly in them is
the less surprising, The anomaly relates only to the
vessels supplying the sides of the upper sepal and
of the two upper petals; for the vessels running into
their midribs and into all the other more important
organs pursue the same identical course as in the other
Ophrew. The vessels which supply the sides of the
upper sepal, instead of uniting with the midrib and
entering the posterior ovarian group, diverge and enter
the postero-lateral groups. Again, the vessels on the
anterior side of the two upper petals, instead of uniting
with those of the midrib and entering the postero-
lateral ovarian groups, diverge, or wander from their
proper course, and enter the antero-lateral groups.

This anomaly is so far of importance, as it throws

» 2
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some doubt on the view that the labellum is always
an organ compounded of one petal and two petaloid
stamens ; for if any one were to assume that from some
unknown cause the lateral vessels of the lower petals
had diverged in an early progenitor of the Orchidean
order from their proper course into the antexo-lateral
ovarian_groups, and that this structure had been in-
herited by all existing Orchids, even by those with the
smallest and simplest labellums, T could answer only
as follows; but the answer is, I think, satisfactory.
From the analogy of other monocotyledonous plans,
we might expect the hidden presence of fifteen organs
in the flowers of the Orchidew, arranged alternately
in five whorls; and in these flowers we find fifteen
groups of vessels exactly thus arranged. Hence there
is a strong probability that the vessels, A, and A,
which enter the sides of the labellum, not in one or
two cases, but in all the Orchids seen by me, and which
occupy the precise position which they would have
occupied had they supplied two normal stamens, do
really represent modified and petaloid stamens, and
are not lateral vessels of the labellum which have
wandered from their proper course. In Habenaria and
Bonatea,” on the other hand, the vessels proceeding

* In Bonatea speciosa, of which  ments of the two upper pet
I have examined only dry speci-  cohere with the labellum, causin

it to have five segments, which is
vessels from thesides of the upper o most unusual fact. The two

%
5
£
&
g

ovarian_group, exactly as in  also coherc o the upper surface of
Habenaria. The twoupper petals the labellum ; and the lower sepals
aze divided down o their bases,  apparently also coheroo itsunder
and the vessels supplying the sido. i

anterior segment and those supply-  the base of
ing the anterior portion of the one lower petal, two petaloid
‘posterior segment unite and then  anthers, portions of the two upper
run, as in Habenaria, into the  petals, and apparently of the two
antero-lateral  (and ' therefore  lower sepals and the two stigmas:
wrong) group. The anterior seg- altogether the sccton passes
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from the sides of the upper sepal and of the two upper
petals, which enter the wrong ovarian groups, cannot
possibly represent any lost but once distinet organs.

We have now finished with the general homologies
of the flowers of Orchids. It is interesting to look at
ome of the magnificent exotie species, or, indeed, at
one of our humblest forms, and observe how profoundly
it has been modified, as compared with all ordinary
flowers,—with its great labellum, formed .of one petal
and two petaloid stamens,—with its singular pollen-
masses, hereafter to be referred to,—with its column
formed of seven cohering organs, of which three alone
perform their proper function, namely, one anther and
two generally confluent stigmas,—with the third stigma
modified info the rostellum and incapable of being
fertilised,—and with three of the anthers no longer
functionally active, but serving either to protect the
pollen of the fertile anther, or to strengthen the column,
or existing as mere rudiments, or entirely suppressed.
What an amount of modification, cohesion, abortion,
and change of function do we here see! Yet hidden
in that column, with its surrounding petals and sepals,
we know that there are fifteen groups of vessels,
arranged three within three, in alternate order, which
probably have been preserved to the present time from
being developed at a very early period of growth,
before the shape or existence of any part of the flower
is of importance for the well-heing of the plant.

Can we feel satisfied by saying that each Orchid was
created, exactly as we now see it, on a certain *ideal
type;” that the omnipotent Creator, having fixed on
one plan for the whole Order, did not depart from this

through the whole of or throngh is hereas complex an organ as the
portions of either seven or nine ther Orchids.
organs. The base of the labellum
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plan; that he, therefore, made the same organ to per-
form diverse functi ften of trifling i
compared with their proper function—converted other
organs into mere purposeless rudiments, and arranged
all as if they had to stand separate, and then made
them cohere? I it not a more simple and intelligible
view that all the Orchidew owe what they have in
common, to descent from some monocotyledonous
plant, which, like so many other plants of the same
class, possessed fifteen organs, arranged alternately
three within three in five whorls; and that the now
wonderfully changed structure of the flower is due to
a long course of slow modification,—each modification
having been preserved which was useful to the plant,
during the incessant changes to which the organic
and inorganic world has been exposed ?
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CHAPTER IX.
GRADATION OF ORGANS, &C.—CONCLUDING REMARKS.

Gradation of € argans,of the yostellns, of the pollen-msssee —Formation
audicle—Genealogical affinities—Scerction of nectar—
MLl S et ot il ‘pollinia—Uses of the petals—
Production of sced—Importance of trifling details of structure—
Cause of the great diversity of structure in the flowers of Orchids
—Cause of the perfection of the eontnvnwoeuvsummmy on insect-

2 ture abhors perpetual

Tuss chapter will be devoted to the consideration of
several .miscellaneous subjects which could not well
have been introduced elsewhere.

On the gradation of certain Organs.—The rostellum,
the pollinia, the labellum, and, in a lesser degree,
the column, are the most remarkable points in the
structure of Orchids. The formation of the column
and labellum, by the confluence and partial abortion of
several organs, has been discussed in the last chapter.
With respect to the rostellum, no such organ exists
in any other group of plants. If the homologies of
Orchids had not been pretty well made out, those
who believe in the separate creation of each organism
might have advanced this as an excellent instance of
a perfectly new organ having been specially created,
and which could not have been developed by suc-
cessive slow modifications of any pre-existing part.
But, as Robert Brown long ago remarked, it is not a
new organ. 1t is impossible to look at the two groups
of spiral vessels (fig. 36) running from the bases of
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the midribs of the two lower sepals to the two lower "
stigmas, which are sometimes quite distinet, and then
to look at the third group of vessels running from the
base of the mid-rib of the upper sepal to the rostellum,
which oceupies the exact position of a third stigma,
and doubt its homological nature. There is every
reason to believe that the whole of this upper stigma,
and not merely a part, has been converted into the
rostellum ; for there are plenty of cases of two stigmas,
but not one of three stigmatic surfaces being present
in those Orchids which have a rostellum. On the
other hand, in Cypripedium and Apostasia (the latter
ranked by Brown in the Orchidean order), which are
destitute of a rostellum, the stigmatic surface s trifid.
As we know only those plants which are now living,
it is impossible to follow all the gradations by which
the upper stigma has been converted into the rostellum 3
but let us seo what are the indications of such a change
having been effected. With respect to function the
change has mot been so great as it at first appears.
The function of the rostellum is to secrete viscid matter,
and it has lost the capacity of being penetrated by
the pollen-tubes. The stigmas of Orchids, as welk as
of most other plants, secrete viscid matter, the use of
which is to retain the pollen when brought to them by
any means, and to excite the growth of the pollen-
tubes. Now if we look to one of the simplest rostel-
lums,—for instance, to that of Cattleya or Epidendrum,
—we find a thick layer of viscid matter, not distinctly
separated from the viscid surface of the two confluent
stigmas : its use is simply to affix the pollen-masses to
a retreating insect, which are thus dragged out of the
anther and transported to another flower, where they
are retained by the almost equally viscid stigmatic
surface. So that the office of the rostellum is still to
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secure the pollen-masses, but indirectly by means of
their attachment to an insect’s body.

The viscid matter of the rostellum and of the
stigma appear to have nearly the same nature; that
of the rostellum generally has the peculiar property of
quickly drying or setting hard; that of the stigma,
when removed from the plant, apparently dries more
quickly than gum-water of about equal density or
tenacity. This tendency to dry is the more remarkable,
as Girtner * found that drops of the stigmatic secre-
tion from Nicotiana did not dry in two months. The
viscid matter of the rostellum in many Orchids when
exposed o the air changes colour with remarkablo

and becomes purple; and T have
noticed a similar but slower chrmgu of colour in the
viscid secretion of the stigmas of some Orchids, as of
Cephalanthera grandifiora. When the viscid disc of an
Orchis, as Bauer and Brown have observed, is placed
in water, minute particles are expelled with violence
in a peculiar manner; and I have observed exactly
the same fact in the layer of viscid matter covering
the stigmatic utriculi in an unopened flower of Mor-
‘modes ignea.

In order to compare the minute structure of the
rostellum and stigma, 1 examined young flower-buds
of Epidend, dum, which, when
mamre, have a simple rostellnm‘ The posterior parts
of both organs were quite similar. The whole of
the rostellum at this early age consisted of a mass
of nearly orbicular cells, containing spheres of brown
matter, which resolve themselves into the viscid fluid.
The stigma was covered with a thinner layer of similar
cells, and beneath them were the coherent spindle-

* *Beitrige zur Kenntniss der Befruchtung,’ 1844, p. 236,
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formed utriculi. These are believed to be connected
with the penetration of the pollen-tubes; and their
absence in the rostellum probably accounts for its
not being penetrated. If the structure of the ros-
tellum and of the stigma is as here described, their
only difference consists in the layer of cells which
secrete the viscid matter being thicker in the ros-
tellum than in the stigma, and in the utriculi having
disappeared from the former. There is therefore no
great difficulty in believing that the upper stigma,
whilst still in some degree fertile or capable of pene-
tration by the pollen-tubes, might have gradually
acquired the power of secreting a larger amount of
viscid matter, losing at the same time its capacity for
fertilisation ; and that insects smeared with this viscid
matter removed and transported the pollen-masses in
amore and more effective manner to the stigmas of
other flowers. In this case an incipient rostellum
would have been formed.

In the several tribes, the rostellum presents a
marvellous amount of diversity of structure; but most
of the differences can be connected without very wide
breaks. One of the most striking differences is, that
either the whole anterior surface to some depth, or
only the internal parts become viscid; and in this
latter case the surface retains, as in Orchis, a mem-
branous condition. But these two states graduate
ifito each other so closely, that it is scarcely possible
to draw any line of separation between them: thus,
in Epipactis, the exterior surface undergoes a vast
change from its early cellular condition, for it becomes
converted into a highly elastic and tender membrane,
which is in itself slightly viscid, and allows the under-
lying viscid matter readily to exude ; yet it acts as a
membrane, and its under surface is lined with much
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e ko it BTt b Rl
exterior surfuce is highly viscid, but still closely re-
sembles, under the microscope, the exterior membrane
of Epipactis. Lastly, in some species of Oncidium,
&e., the exterior surface, which is viseid, differs, as far
as appearance under the microscope goes, from the
underlying viscid layer only in colour; but it must
have some essential difference, for I find that, until
this very thin exterior layer is disturbed, the under-
lying matter remains viseid; but, after it has been
disturbed, the underlying matter rapidly sets hard.
The gradation in the state of the surface of the ros-
tellum is not surprising, for in all cases the surface is
cellular in the bud; so that an early condition has
only to be retained more or less perfectly.

The nature of the viscid matter differs remarkably
in different Orchids: in Listera it sets hard almost
instantly, more quickly than plaster of Paris; in
Malaxis and Angrecum it remains fluid for several
days; but these two states pass into each other by
many gradations. In an Oncidium I have observed
the viscid matter to dry in a minute and a half; in
some species of Orehis in two or three minutes; in
Epipactis in ten minutes; in Gymnadenia in two
hours; and in Habenaria in over twenty-four hours.
After the viseid matter of Listera has set hard, neither
water nor weak spirits of wine has any effect on it;
whereas that of Habenaria bifolia, after having been
dried for several months, when, moistened became as
adhesive as ever it was. The viseid matter in some
species of Orchis, when temoistened, presented an
intermediate condition.

One of the most important differences in the state
of the rostellum is, whether or not the pollinia are
permanently attached to it. I do not allude to those
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cases in which the upper surface of the rostellum is
viscid, as in Malaxis and some Epidendrums, and
simply adheres to the pollen-masses; for these cases
present no difficulty. But I refer to the so-called con-
genital attachment of the pollinia by their caudicles
to the rostellum or viseid dise. It is not, however,
strictly correct to speak of congenital attachment, for
the pollinia are invariably free at an early period, and
become attached either earlier or later in different
Orchids. No actual gradation is at present known in
the process of attachment; but it can be shown to
depend on very simple conditions and changes. In
the Epidendres the pollinia consist of a ball of waxy
pollen, with a long caudicle (formed of elastic threads
with adherent pollen-grains), which never becomes
spontancously attached to the rostellum. In some of
the Vandew, as in Cymbidium giganteun, on the other
hand, the caudicles are congenitally (in the above
sense) attached to the pollen-masses, but their struc-
ture is the same as in the Epidendrew, with the sole
difference, that the extremities of the elastic threads
adhere to, instead of merely lying on, the upper lip of
the rostellum.

In a form allied to Cymbidium, namely, Oncidium
unguiculatum, 1 studied the development of the cau-
dicles. At an early period the pollen-masses are
enclosed in membranous cases, which soon rupture at
one point. At this early period, a layer of rather
large cells, including remarkably opaque matter, may
be detected within the cleft of each pollen-mass, This
matter can be traced as it gradually changes into a
translucent substance which forms the threads of the
caudicles. As the change progresses, the cells them-
selves disappear. Finally the threads at one end ad-
here to the waxy pollen-masses, and at the other end
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after protruding through a small opening in the mem-
branous case in a semi-developed state, they adhere
to the rostellum, against which the anther is pressed.
So that the adhesion of the caudicle to the back of the
Tostellum seems to depend solely on the early rupturing
of the anther-case, and on a slight protrusion of the
caudicles, before they have become fully developed and
hardened.

In all the Orchidew a portion of the rostellum is
removed by insects when the pollinia are removed ; for
the viscid matter, though conveniently spoken of as a
secretion, is in fact part of the rostellum in a modified
condition. But in those species which have their
caudicles attached at an early period to the rostellum,
a membranous or solid portion of its exterior surface in
an unmodified condition is likewise removed. In the
Vandez this portion is sometimes of considerable size
(forming the disc and pedicel of the pollinium), and
gives to their pollinia their remarkable character ; but
the differences in the shape and size of the removed
portions of the rostellum can be finely graduated to-
gether, even within the single tribe of the Vandei;
and still more closely by commencing with the minute
oval atom of membrane to which the caudicle of Orchis
adheres, passing thence to that of Habenaria bifolia, to
that of IL. chlorantha with its dram-like pedicel, and
thence through many forms to the great dise and
pedicel of Catasetum.

In all the cases in which a portion of the exterior
surface of the rostellum is removed together with the
caudicles of the pollen-masses, definite and often com-
plicated lines of separation are formed, so as to allow
of the easy separation of the removed portions. But
the formation of these lines of separation does not
differ much from the process by which certain portions
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of the exterior surface of the rostellum assume a con-
dition intermediate between that of unaltered mem-
brane and of viscid matter, which has been already
alluded to. The actual separation of portions of the
rostellum depends in many cases on the excitement
from a tonch; but how a touch thus acts is at present
inexplicable. Such sensitiveness in the stigma to a
touch (and the rostellum, as we know, is a modified
stigma), and indeed in almost every other part, is by
no means a rare quality in plants.

In Listera and Neottea, if the rostellum is touched,
even by a human hair, two points rupture and the
loculi containing the viseid matter instantly expel it.
Here we have a case towards which as yet no gradation
is known. But Dr. Hooker has shown that the ros-
tellum is at first cellular, and that the viscid matter
is developed within the cells, as in other Orchids.

The last difference which I will mention in the
state of the rostellum of various Orchids is the exist-
ence in many Ophrew of two widely-separated viscid
discs, sometimes included in two separate pouches.
Here it appears at first sight as if there were two
rostella; but there is never more than one medial
group of spiral vessels. In the Vandem we can sce
how a single viscid disc and a single pedicel might
become divided into two; for in some Stanhopeas the
heart-shaped disc shows a trace of a tendency to divi-
sion; and in Angregum we have two distinet discs
and two pedicels, either standing close together or
removed only a little way apart.

It might be thought that a similar gradation from a
single rostellum into what appears like two distinet ros-
tella was shown still more plainly in the Ophrew ; for
we have the following series,—in Orehis pyramidalis a
single disc enclosed in a single pouch—in Aceras two
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discs touching and affecting each other’s shapes, but
not actually joined—in Orchis latifolia and maculata
two quite distinct dises but with the pouch still
showing plain traces of division; and, lastly, in
Ophrys we have two perfectly distinct pouches, in-
cluding of course two perfectly distinet discs. But
this series does not indicate the former steps by which
a single rostellum became divided into two distinct
organs; on the contrary, it shows how the rostel-
lum, after having been anciently divided into two
organs, has now in several cases been reunited into
a single organ.

This conclusion is founded on the nature of the littlo
medial crest, sometimes called the rostellate process,
between the bases of the two anther-cells (see fig. 1,
B and D, p.8). In both divisions of the Ophrem—
namely the species having naked discs and those
having dises enclosed in a pouch—whenever the two
dises come into close juxta-position, this medial crest
or process appears.* - On the other hand, when the two
discs stand widely apart, the summit of the rostellum
between them is smooth, or mearly smooth, In the
Frog Orchis (Peristylus viridis) the overarching sum-
mit is bent like the roof of a house; and here wo see
the first stage in the formation of the folded crest. In
Herminium monorelis, however, which has two separate
and large discs, a crest, or solid ridge, is rather more
plainly developed than might have been expected.
In Gymnadenia conopsea, Orchis maculata, and. others,
the crest consists of a hood of thin membrane; in

* Profescor Babington (-Manual  from the ofher genera of Ophrez.
of British Botany,’ Srd edit.) uses The group of spiral vessels, pro-
the existence of this “rostellate  perly belonging to the rostellum,
process " as a charucter to separate  runs up, and even into, the base
Orehis, Gymnadenia, and Aceras of this crest or process.
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0. maseula the two sides of the hood partly adhere;
and in 0. pyramidalis and in Aceras it is converted
into a solid ridge. These facts are intelligible only
on the view, that, whilst the two discs were gradually
brought together, during a long series of generations,
the intermediate portion or summit of the rostellum
became more and more arched, until a folded crest,
and finally a solid ridge was formed.

Fig. 87.

ROSTELLUM OF CATASETUM

‘an. antennz of rostellum. ped. pedicel of rostellum, to which
d. viscid dise. the pollen-masses are attac]
Whether we compare together the state of the ros-
tellum in the various tribes of the Orchidew, or com-
pare the rostellum with the pistil and stigma of an
ordinary flower, the differences are wonderfully great.
A simple pistil consists of a cylinder surmounted by
a small viscid surface. Now, seo what a contrast the
rostellum of Catasetum, when dissected from all the
other elements of the column, presents; and as I
traced all the vessels in this Orchid, the drawing may
be trusted as approximately accurate. The whole organ
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has lost its normal function of being fertilised. Tts
shape is most singular, with the upper end thickened,
bent over and produced into two long tapering and
sensitive antennie, each of these being hollow within,
like an adder’s fang. Behind and between the bases
of these antenna we see the large viscid disc, attached
to the pedicel ; the latter differs in structure from the
underlying portion of the rostellum, and is separated
from it by a layer of hyaline tissue, which spontaneously
dissolves when the flower is mature. The disc, attached
to the surrounding parts by a membrane which ruptures
as soon as it is excited by a touch, consists of strong
upper tissue, with an underlying elastic cushion,
coated with viscid matter; and this again in most
Orchids is overlaid by a film of a different nature.
What an amount of specialisation of parts do we
here behold ! Yet in the comparatively few Orchids
deseribed in this volume, so many and such plainly-
marked gradations in the structure of the rostellum
have been deseribed, and such plain facilities for the
conversion of the upper pistil into this organ, that, we
may well believe, if we could see every Orchid which
has ever existed throughout the world, we should find
all the gaps in the existing chain, and every gap in
in many lost chains, filled up by a series of easy
transitions.

We now come to the second great peculiarity in the
Orchidew, namely their pollinia. The anther opens
early, and often deposits the naked masses of pollen on
the ‘back of the rostellum. This action is prefigured
in Canna, a member of a family nearly related to the
Orchideie, in which the pollen is deposited on the pistil,
close beneath the stigma. In the state of the pollen
there is great diversity: in Cypripedium and Vanilla
s
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single grains are embedded in a glutinous fluid ; in
all the other Orchids seen by me (except the degraded
Cephalanthera) the grains are united three or four
together.* These compound grains are tied ome to
the other by elastic threads, but they often form
packets which are tied together in like manner, or
they are cemented into the so-called waxy masses.
The waxy masses graduate in the Epidendre and
Vandew from eight to four, to two, and, by the co-
hesion of the two, into a single mass, In some of the
Epidendrem we have both kinds of pollen within the
same anther, namely, large waxy masses, and caudicles
formed of elastic threads with numerous compound
grains adhering to them.

I can throw no light on the nature of the cohesion
of the pollen in the waxy masses; when they are
placed in water for three or four days, the compound
grains readily fall apart; but the four grains of which
each is formed still firmly cohere ; so that the nature
of the cohesion in the two cases must be different.
The elastic threads by which the packets of pollen are

* In several cases L avo ob- {ubes are at lest ot st formed

served four tubes emi
the four grains which f resibic)
the compound grains. In some
semmonstrous fowers of Malazis

of Aceras antliropo-
phora, .nd i petect Sawery of

exclusively at the expenss of the
contents of the pollen-grains,
ingalluded to the monstrous
fowers of the Aceras, 1 will add
that T examined several (always
the lowest on_the spike) in which

tubos emitted from the pollen-
grains, whilst mu within. the
anther and not in contact with
the stigma. T have thought e
'mrtl.\ mtntvomn
(‘ ninct Vol. xvi. p. ,zq)

ipparently with some sur-
i A A e
emitted from the pollen, whilst
till within the anther, in a decay-
ing flower of Asclepias. These
cases show that the protruding

and was pressd closo agninst  the
stigma, um was not
developed, vt the vollniy did
ot possess viseid discs ; b
el g L
twoanther-cells had become, appa-
rently in consequence of the b posi
tion of the rudimentary Ja
widely separated, and were Jn!ned
by a connestive membrave, almost
roud as that of Habenaria
lorw
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tied together in the Ophrew, and which run far up
inside the waxy masses of the Vandes, are also of a
different nature from the cementing matter; for the
threads are acted on by chloroform and by long im-
mersion in spirits of wine; whilst these fluids have no
particular action on the cohesion of the waxy masses,
In several Epidendrem and Vandew the exterior grains
of the pollen-masses differ from the interior grains, in
being larger, and in having yellower and much thicker
walls. So that in the contents of a single anther-cell
we see a surprising degree of differentiation in the
pollen, namely, grains cohering by fours, then being
cither tied together by threads or cemented together
into solid masses, with the exterior grains different
from the interior ones.

In the Vandew, the caudicle, which is composed of
fine coherent threads, is developed from the semi-fluid
contents of a layer of cells. As I find that chloroform
has a peculiar and energetic action on the caudicles
of all Orchids, and likewise on the glmmous matter
which envelopes the pollen-grains in Cypriped
and which can be drawn out into Lhreads, we may
suspect that in this latter genus,—the least differenti-
ated in structure of all the Orchidem,—we see the
primordial condition of the elastic threads by which
the pollen-grains are tied together in other and more
highly developed species.”

* Auguste de Saint Hilaire drop by drop into the anther.
(~ Legons de ‘Botanique,’ &c. 1841,  Had not so eminent an authority
¥7) says that the clastic threads  mado this statement, 1 should not
Bt InThe ealy bud, after the bave noticed it. It s certainly
pollen-gmine hwve been party  erroncous, In buds of Epipacts
Bormed as o thick creamy fluid. latifolia 1 opened the mther,
whilst perfeetly closnl and fr
Oplrys apifera_have shown him  from the rostelium, and found the
that this fiuid is scorcted by the pollen-grains united by elastio
rostellum, and is slowly forced  threads. Cephalanthera grandi-
82
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The caudicle, when largely developed and destitute
of pollen-grains, is the most striking of the many pecu-
liarities presented by the pollinia. In some Neotter,
especially in Goodyera, we see it in a nascent con-
dition, projecting just beyond the pollen-mass, with
the threads only partially coherent. In the Vandew
by tracing the gradation from the ordinary naked
condition of the caudicle, through Lycaste in which
it is almost naked, through Calanthe, to Cymbidium
gigantewn, in which it is covered with pollen-grains, it
seems probable that its ordinary condition has been
arrived at by the modification of a pollinium like
that of one of the Epidendrem; namely, by the abor-
tion of the pollen-grains which primordially adhered to
separate elastic threads, and afterwards by the cohesion
of these threads.

In the Ophrew we have better evidence than is
afforded by gradation, that their long, rigid and
naked caudicles have been developed, at least partially,
by the abortion of the greater number of the lower
pollen-grains and by the cohesion of the elastic threads
by which these grains were tied together. I had often
observed a cloudy appearance in the middle of the
translucent caudicles in certain species ; and on care-
fully opening several caudicles of Orehis pyramidalis,
1 found in their centres, fully half-way down between
the packets of pollen and the viscid dise, many pollen-
grains (consisting, as usual. of four united grains),

Jlora has no rostellum to secreto
‘the above thick fluid, yet the

vet 1 found in one
sa distinet caudicle

pollen-grains are thus unifed. In  (which neccssu o dise at
& monstrous specimen of Orchis y i
pyramidalis the auricles, or rudi- could not possibly have b
mentary anthors on ¢ach side of  scorted by tho rstellumor
e proer anther, ad becoms  stigna. I could advance widi-
rtly eh.;.e.l and they tional evidence, but it would be

Soite on one cide o the o superfluous.
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lying quite ioose. These grains, from their embedded
position, could never by any possibility have been left
on the stigma of a flower, and were absolutely useless.
Those who can persuade themselves that purposeless
organs have been specially created, will think little of
this fact. Those on the contrary, who believe in the
slow modification of organic beings, will feel no
surprise that the changes have not always been per-
fectly effected,—that, during and after the many
inherited stages of the abortion of the lower pollen-
grains and of the cohesion of the elastic threads,
there should still exist a tendency to the production
of a few grains where they were originally developed ;
and that these should consequently be left entangled
within the now united threads of the caudicle. They
will look at the little clouds formed by the loose
pollen-grains within the caudicles of Orehis pyramidalis,
as good evidence that an early progenitor of this plant
had pollen-masses like those of Epipactis or Goodyera,
and that the grains slowly disappeared from the lower
parts, leaving the elastic threads naked and ready to
cohere into a true caudicle.

As the caudicle plays an important partin the
fertilisation of the flower, it might have been deve-
loped from one in a nascent condition, such as we see
in Epipactis, to any required length merely by the
continued preservation of varying increments in its
length, each beneficial in relation to other changes in
the structure of the flower, and without any abortion
of the lower pollen-grains. But we may conclude
from the facts just given, that this has not been the
sole means,—that the caudicle owes much of its length
tosuch abortion. That in some cases it has subse-
quently been largely increased in length by natural
selection, is highly probable; for in Bonatea speciosa
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the caudicle is actually more than thrice as long as the
elongated pollen-masses ; and it is highly improbable
that so lengtliy a mass of grains, slightly cohering
together by the aid of elastic threads, should ever have
existed, as an insect could not have safely transported
and applied a mass of this shape and size to the
stigma of another flower.

We have hitherto considered gradations in the state
of the same organ. To any one with more knowledge
than I possess, it would be an interesting subject to
trace the gradations between the several species and
groups of species in this great and closely-connected
order. But to make a perfect gradation, all the extinet
forms which have ever existed, along many lines of
descent converging to the common progenitor of the
group, would have to bo called back into life. It is
due to their absence, and to the consequent wide gaps
in the series, that we are enabled to divide the exist-
ing species into definable groups, such as genera,
fumilies, and tribes. If there had been no extinetion,
there would still have been great lines or branches of
special development,—the Vandetw, for instance, would
still have been distinguishable as a great body, from
the great body of the Ophrew; but ancient and inter-
mediate forms, very different probably from their
present descendants, would have rendered it utterly
impossible to separate by distinct characters the one
great body from the other.

I will venture on only a few more remarks, Cypri-
pedium, in having three stigmas developed, and there-
fore in not possessing a rostellum, in having two fertile
anthers with a large rudiment of a third, and in the
state of its pollen, seems a remnant of the order whilst
in a simpler or more generalised condition. A postasia
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is a related genus, placed by Brown amongst the
Orchidew, but by Lindley in a small distinct family.
These broken groups do not indicate to us the structure
of the common parent-form of all the Orchidew, but
they serve to show the probable state of the order in
ancient times, when none of the forms had become so
widely differentiated from one another and from other
plants, as are the existing Orchids, especially the
Vandem and Ophrem; and when, consequently, the
order made a nearer approach in all its characters,
than it does ut present, to such allied groups as the
Marantacese.

With respect to other Orchids, we can see that an
ancient form, like one of the sub-tribe of the Pleuro-
thallidee, some of which have waxy pollen-masses with
a minute caudicle, might have given rise, by the entire
abortion of the caudicle, to the Dendrobizw, and by an
increase of the caudicle to the Epidendrem. Cymbi-
dium shows us how simply a form like one of our
present Epidendrew could be modified into one of the
Vandezw. The Neottew stand in nearly a similar relation
to the higher Ophresw, which the Epidendrem do to the
higher Vandem. In certain genera of the Neottew we
have compound pollen-grains cemented into packets
and tied together by elastic threads, which project and
thus form a nascent caudicle. But this caudicle does
not protude from the lower end of the pollinium as in
the Ophrew, nor does it always protrude from the ex-
treme upper end in the Neottew, but sometimes at an
intermediate level; so that a transition in this respect
is far from impossible. In Spiranthes, the back of the
rostellum, lined with viscid matter, is alone removed :
the front part is membranous, and ruptures like the
pouch-formed rostellum of the Ophrem. An ancient
form combining most of the characters, but in a less
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developed state, of Goodyera, Epipactis, and Spiranthes,
all members of the Neottew, could by further slight
modifications have given birth to the tribe of the
Ophree.

Hardly any question in Natural History is more
vague and difficult to answer than what forms ought
to be considered as the highest in a large group; * for
all are well adapted to their conditions of life. If we
look to ions, with di iation of
parts and consequent complexity of structure, as the
standard of comparison, the Ophrew and Vandew will
stand the highest among the Orchidew. Are we to lay
much stress on the size and beauty of the flower, and
on the size of the whole plant ? if so, the Vandew are
pre-eminent. They have, also, rather more complex
pollinia, with the pollen-masses often reduced to two,
The rostellum, on the other hand, has apparently been
more modified from its primordial stigmatic nature in
the Ophre, than in the Vandew. In the Ophrew the
stamens of the inner whorl are almost entirely sup-
pressed,—the auricles—mere rudiments of rudiments—
being alone retained; and even these are sometimes
lost.  These stamens, therefore, have suffered extreme
reduction; but can this be considered as a sign of
highness? I should doubt whether any member of
the Orchidean order has been more profoundly modified
in its whole structure than Bonatea speciosa, one of the
Ophre. So again, within this same tribe, nothing
can be more perfect than the contrivances in Qrhis
pyramidalis for its fertilisation. Yet an ill-defined
feeling tells me to rank the magnificent Vandesw as
the highest. When we look within this tribe at the

* The fullest and the most able  his : Entwickelung-Geaotao. dor
Disousson on this iffeult subject  Organiscien Welt, 1858
is by Professor H.
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elaborate mechanism for the ejection and transportal
of the pollinia of Catasetum, with the sensitive ros-
tellum so wonderfully modified, with the sexes borne
on distinet plants, we may perhaps give the palm of
victory to this genus.

SECRETION OF NECTAR.

Many Orchids, both our native species and the
exotic kinds cultivated in our hothouses, secrete a
copious supply of nectar. I have found the horn-like
nectaries of Aerides filled with fluid ; and Mr. Rodgers,
of Sevenoaks, informs me that he has taken crystals
of sugar of considerable size from the nectary of A.
cornutum. The nectar-secreting organs of the Orchidea
present great diversities of structure and position in
the various genera; but are almost always situated
towards the base of the labellum. In Disa, however,
the posterior sepal alone, and in Disperis the two
lateral sepals together with the labellum, secrete
nectar.  In Dendrobium chrysanthum the nectary
consists of a shallow saucer; in Evelyna, of two large
united cellular balls; and in Bolbophyllum cupreum, of
a medial furrow. In Cattleya the nectary penetrates
the ovarium. In Angracum sesquipedale it attains the
astonishing length of above eleven inches; but I need
not enter on further details. The fact, however,
should be recalled, that in Coryanthes the nectar-
secreting glands pour forth an abundance of almost
pure water, which drips into a bucket formed by the
distal part of the labellum ; and this secretion serves
to prevent the bees which come to gnaw the surface of
the labellum from flying away, and thus compels them
to crawl out through the proper passage.

Although the secretion of nectar is of the highest
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importance to Orchids by attracting insects, which are
indispensable for the.fertilisation of most of the species,
yet good reasons can be assigned for the belief* that
nectar was aboriginally an excretion for the sake of
getting rid of superfluous matter during the chemical
changes which go on in the tissues of plants, especially
whilst the sun shines. The bractew of some Orchids
have been observed t to secrete nectar, and this cannot
be of any use to them for their fertilisation. Fritz
Miller informs me that he has seen such secretion
from the bractew of an Oncidium in its native Bra-
zilian home, as well as from the bractem and from the
outside of the upper sepal of a Notylia. Mr. Rodgers
has observed a similar and copious secretion from the
base of the flower-peduncles of Vanilla. The column
of Acropera and Gongora likewise secretes nectar, as
previously stated, but only adter the flowers have been
impregnated, and when such secretion could be of no
use by attracting insects. It is in perfect accordance
with the scheme of nature, as worked out by natural
selection, that matter excreted to free the system from
superfluous or injurious substances should be utilised
for highly useful purposes. To give an example in
strong contrast with our present subject, the larvee of
certain beetles (Casside, &c.) use their own excrement
to make an umbrella-like protection for their tender
bodies.

Tt may be remembered that evidence was given in
the first chapter proving that neetar is never found
within the spur-like nectaries of several species of
Orchis, but that various kinds of insects penetrate

> Thle mbjec bas boen fully 1976, p. 402,
discussed in my work +On the  + Ku bor die Bedeutung
Effeots of Cross and Self fertilisn: der Nektarieny 1835, p.

tion in the Vegetable Kmgdom,
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the tender inner coat with their proboscides, and suck
the fluid contained in the inter-cellular spaces. This
conclusion has been confirmed by Hermann Miiller,
and I have further shown that even Lepidoptera are
able to penetrate other and tougher tissues. It is an
interesting case of co-adaptation that in all the British
species, in which the nectary does not contain free
nectar, the viscid matter of the disc of the pollinium
requires a minute or two in order to set hard ; and
it would be an advantage to the plant if insects were
delayed thus long in obtaining the nectar by having
to puncture the nectary at several points. On the
other hand, in all the Ophrew which have nectar ready
stored within the nectary, the dises are sufficiently
viscid for the attachment of the pollinia to insects,
without the matter quickly setting hard; and there
would therefore be no advantage to these plants in
insects being delayed for a few minutes whilst sucking
the flowers.

In the case of cultivated exotic Orchids which have
a nectary, without any free nectar, it is of course
impossible to feel absolutely sure that it would mot
contain any under more natural conditions. Nor have
I made many comparative observations on the rate of
the setting hard of the viscid matter of the disc in
exotie forms. Nevertheless it seems that some Vandewe
are in the same predicament as our British species of
Orchis ; thus Calanthe masuca has & very long nectary,
which in all the specimens examined by me was quite
dry internally, and was inhabited by powdery Coeei ;
but in the intercellular spaces between the two coats
there was much fluid; and in this species the viscid
matter of the dise, after its surface had been disturbed,
entirely lost its adhesiveness in two minutes. In an
Oncidium the disc, similarly disturbed, became dry in
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one minute and a half; in an Odontoglossum in two
minutes; and in neither of these Orchids was there
any free mectar. On the other hand, in Angraeum
sesquipedale, which has free nectar stored within the
lower end of the nectary, the disc of the pollinium,
when removed from the plant and with its surface
disturbed, was strongly adhesive atter forty-eight
ours,

Sarcanthus teritifalius offers a more curious case.
The disc quite lost its viscidity and set hard in less
than three minutes. Hence it might have been ex-
peeted that no fluid would have been found in the
nectary, but only in the intercellular spaces; never-
theless there was fluid in both places, so that here we
have both conditions combined in the same flower. 1t
is probable that inscets would sometimes rapidly suck
the free nectar and neglect that between the two
coats; but even in this case I strongly suspect that
they would be delayed by a totally different means
in sucking the free nectar, so as to allow the viscid
matter to set hard. In this plant, the labellum with
its nectary is an extraordinary organ. I wished to
have had a drawing made of its structure; but found
that it was as hopeless as to give a drawing of the
wards of a complicated lock. Even the skilful Bauer,
with numerous figures and sections on a large scale,
hardly makes the structure intelligible. So com-
plicated is the passage, that I failed in repeated
attempts to pass a bristle from the outside of the
flower into the nectary; or in a reversed direction
from the cut-off end of the nectary to the outside. No
doubt an insect with a voluntarily flexible proboscis
could pass it through the passages, and thus reach
the nectar; but in effecting this, some delay would
be caused ; and time would be thus allowed for the
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curious square viscid disc to become securely cemented
to an insect’s head or body.

As in Epipactis the cup at the base of the labellum
serves as a nectar-receptacle, I expected to find that
the analogous cups in Stanhopea, Acropera, &e., would
serve for the same purpose; but I could never find
a drop of nectar in them. According, also, to M.
Méniére and Mr. Scott * this is never the case in these
genera, or in Gongora, Cirrhwea, and many others, In
Catasetum tridentatum, and in the female form Mona-
chanthus, we see that the upturned cup ecannot
possibly serve as a nectar-receptacle. What then
attracts insects to these flowers? That they must be
attracted is certain ; more especially in the case of Cata-
setum, in which the sexes stand on separate plants. In
many genera of Vandesw there is no trace of any nectar-
secreting organ or receptacle ; but in all these cases
(as far as T have seen), the labellum is either thick and
fleshy, or is furnished with extraordinary exerescences,
as in the genera Oncidium and Odontoglossum. Tn
Phalwnopsis grandiflora there is a curious anvil-shaped
projection on the Jabellum, with two tendril-like pro-
longations from its ity which turn 1
and apparently serve to guard the sides of the anvil, so
that insects would be forced to alight on its crown.
Even in our British Cephalanthera grandiflora, the
labellum of which never contains nectar, there are
orange-coloured ribs and papille on the inner surface

-which faces the column. In Calanthe (fig. 26) a cluster
of odd little spherical warts projects from the labellum,
and there is an_ extremely long nectary, which does
not include nectar ; in Eulophia viridis the short nec-
tary is equally destitute of nectar, and the labellum

* * Bulletin Bot. Soc. de France;’ tom.

. 1855, p. 852.
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is covered with longitudinal, fimbriated ridges. In
several species of Ophrys, there are two small shining
protuberances, at the base of the labellum, beneath the
two discs. Innumerable other cases could be added of
the presence of singular and diversified excrescences
on the labellum; and Lindley remarks that their use
is quite unknown.

From the position, relatively to the viscid discs,
which these excrescences occupy, and from the absence
of any free neetar, it formerly seemed to me highly
probable that they afforded food and thus attracted
either H; P or fl feedi Coleopts
There is no more inherent improbability in a flower
being habitually fertilised by an insect coming to
feed on the labellum, than in seeds being habitually
disseminated by birds attracted by the sweet pulp in
which they are embedded. But I am bound to state
that Dr. Percy, who had the thick and furrowed
labellum of a Warrea analysed for me by fermentation
over mercury, found that it gave no evidence of con-
taining more saccharine matter than the other petals.
On the other hand, the thick labellum of Catasetum
and the bases of the upper petals of Mormodes ignea,
have a slightly sweet, rather pleasant, and nutritious
taste. Nevertheless, it was a bold speculation that
insects were attracted to the flowers of various Orchids
in order to gnaw the excrescences or other parts of
their labella; and few things have given me more

i ion than the full ion of this view by
Dr. Criiger, who" has repeatedly witnessed in the West
Tndies humble-bees of the genus Euglossa gnawing the
labellum of Catasetum, Coryanthes, Gongora, and
Stanhopea. Fritz Miiller also has often found, in

*+ Journ. Liun. Soe. Bot.” 1864, vol. viii. p. 120.
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South Brazil, the prominences on the labellum of
Oncidium gnawed.  We are thus enabled to under-
stand the meaning of the various extraordinary crests
and projections on the labellum of many Orchids ; for
they invariably stand in such a position that inseets,
whilst gnawing them, would be almost sure to touch
the viscid discs of the pollinia and thus remove them,
afterwards effecting the fertilisation of another flower.

MOVEMENTS OF THE POLLINIA.

The pollinia of many Orchids undergo a movement
of depression, after they have been removed from their
places of attachment and have been exposed for a few
seconds to the air. This is due to the contraction of a
portion, sometimes toan exceedingly minute portion,
of the exterior surface of the rostellum, which retains
a membranous condition. This membrane, as we have
seen, is likewise sensitive to a touch, so as to rupture
in certain definite lines. In a Maxillaria the middle
part of the pedicel, and in Habenaria the whole drum-
like pedicel contracts. The point of contraction in all
the other cases seen by me, is either close to the
surface of attachment of the caudicle to the disc, or at
the point where the pedicel is united to the disc; but
both the dise and pedicel are parts of the exterior
surface of the rostellum. In these remarks I do not
refer to the movements which are simply due to the
elasticity of the pedicel, as in the Vandew.

The long strap-formed disc of Gymnadenia conopsea
is well adapted to show the mechanism of the move-
ment of depression. The whole pollinium, both in its
upright and depressed (but not closely depressed)
position, has been shown (p. 65) in fig. 10. The disc,
in its uncontracted condition with the caudicle removed,
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is seen from above highly magnified in the upper of
the two adjoining figures ; and in the lower figure we
have a 1 section of the d dise,
together with the base of the attached and upright
caudicle. At the broad end of the disc there isa deep
crescent-shaped depression, bordered by a slight ridge
formed of longitudinally elon-
gated cells. The end of the
caudicle is attached to the
steep sides of this depression
and ridge. When the disc is
exposed to the air for about
thirty seconds, the ridge con-
tracts and sinks flat down ; in
sinking, it drags with it the
caudicle, which then lies parallel to the elongated
tapering part of the dise. If placed in water the
ridge rises, re-clevating the caudicle, and when re-
exposed to the air it sinks again, but each time with
somewhat enfeebled power. During each sinking and
vising of the caudicle, the whole pollinium is of course
depressed and elevated.

That the power of movement lies exclusively in the
surface of the disc is well shown in the case of the
saddle-shaped disc of Orchis pyramidalis ; for whilst it
was held under water I removed the attached caudicles
and the layer of viscid matter from the inferior surface,
and immediately that the dise was exposed to the air
the proper contraction ensued. The disc is formed of
several layers of minute cells, which are best seen in
specimens that have been kept in spirits of wine,
for their contents are thus rendered more opaque. The
cells in the flaps of the saddle are a little elongated.
As long as the saddle is kept damp, its upper surface
is nearly flat, but when exposed to the air (see fig. 3,

Fig. 38,

Disc of Gymaadenia conopsea.
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E, p. 18) the two flaps or sides contract and curl inwards ;
and this causes the divergence of the pollinia. By a
kind of contraction two valleys are likewise formed in
front of the caudicles, so that the latter are thrown
forwards and downwards, almost in the same way as if
trenches were dug in front of two upright poles, and
then carried on so as to undermine them. As far as I
could perceive, an analogous contraction causes the
depression of the pollinia in Orchis maseula. With 0.
hireina both pollinia are attached to a single rather large
square dise, the whole front of which, after exposure
to the air, sinks down and is then separated from the
hinder part by an abrupt step. By this contraction both
pollinia are carried forwards and downwards.

Some pollinia which had been gummed on card for
several months, when placed in water, rose up and
afterwards underwent the movement of depression.
A fresh pollinium, on being alternately damped and
exposed to the air, rises and sinks several times alter-
nately. Before I had ascertained these facts, which
show that the movement is simply hygrometrie, T
thought that it was a vital action, and tried vapour
of chloroform and of prussic acid, and immersion in
laudanum; but these reagents did not check the
movement. Nevertheless, there are some difficulties
in understanding how the movement can be simply
hygrometrie. The flaps of the saddle in Orchis pyra-
midalis (see fig. 3, D, p. 18) curl completely inwards
in nine seconds, which is a surprisingly short time
for mere evaporation to produce an effect;* and the

* T is fact does not now appear  awn of Stipa twists and untwists
t0 me so surprising as it f rmerly  when exposed todry and dawp uir.
did, for my son Francis has shown  Tiiese movements being due, us
¢ Transact, Linn. m 2ud series,  be hus shown, to the twisting and
Bot. vol. i. 1876, p. 144) with  untwisting of the scpurate cclls.
what extruordinary quickness the

=
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movement is apparently due to the drying of the under
surface, although this is covered with a thick layer
of viseid matter. The edges, however, of the saddle
might become slightly dry in the nine scconds. When
the saddle-formed dise is placed in spirits of wine it
contracts energetically ; and this is probably due to
the attraction of alcokol for water. When replaced in
water it opens again.  Whether or not the contraction
is wholly I ic, the are admirably
regulated in each species, so that the pollen-masses,
when transported by insects from flower to flower,
assume a proper position for striking the stigmatic
surface,

These various movements would be quite useless,
unless the pollinia were attached in a uniform position
tothe insects which visit the flowers so as to be always
divected in the same manner after the movement of
depression ; and this necessitates that the insects should
be forced to visit the flowers of the same species in
a uniform manner. Hence T must say a few words
on the sepals and petals, Their primary function, no
doubt, is to protect the organs of fructification in the
bud.  After the flower is fully expanded, the upper
sepal and two upper petals often continue the same
officc. 'We cannot doubt that this protection is of
service, when we see in Stelis the sepals so neatly re-
closing and reprotecting the flower some time after its
expansion ; in Masdevallia the sepals are permanently
soldered together, with two little windows alone left
open; and in the open and exposed flowers of Bol-
bophyllum, the mouth of the stigmatic chamber
after a time closes. Analogous facts with respect to
‘Malaxis, Cephalanthera, &e., could be given. But the
hood formed by the upper sepal and two upper petals,
besides affording protection, evidently forms a guide,
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compelling insects to visit the flowers in front. Few
persons now doubt the correctness of C. K. Sprengel’s
view,* that the bright and conspicuous colours of
flowers serve to attract insects from a distance. Never-
theless some Orchids have singularly inconspicuous
and greenish flowers, perhaps in order to escape some
danger ; but many of these are strongly scented, which
would equally well serve to attract inseets.

The labellum is by far the most important of the
external envelopes of the flower. It not only secretes
nectar, but is often modelled into variously shaped
receptacles for holding this fluid, or is itself rendered
attractive so as to be gnawed by insects. Unless the
flowers were by some means rendered attractive, most
of the species would be cursed with perpetual sterility.
The labellum always stands in front of the rostellum,
and its outer portion often serves as a landing-place
for the necessary visitors. In Epipactis palustris this
part is flexible and elastic, and apparently compels
insects in retreating to brush against the rostellum.
In Cypripedium the distal portion is folded over like
the end of a slipper, and compels insects to erawl out
of the flower by one of two special passages. In Ptero-
stylis and a few other Orchids the labellum is irritable,
so that when touched it shuts the flower, leaving only
a single passage by which an insect can escape. In
Spiranthes, when the flower is fully mature, the column
moves from the labellum, space being thus left for

* This author's eurious work,
ith s qunmt title of ¢ Das B
ke Geheimniss der Natar,

own observations, that his work

ot lately was often spokoh Trown, o whovo jodgment all
lightly of. "No douht he was an boumnu defer, upol(o highly of it
enthusizl, anl perbaps cariod to e, and remarked that only
some of bis ideas to an g thoso who ittle of the sub-
lougth. But I fol sure, from my jeot would laugh at him,

T2

@ The Complete Work of Charles Darwin Online



276 CONCLUDING REMARKS. Cuar. IX.

the introduction of the pollen-masses attached to the
proboscis of a humble-bee. In Mormodes ignea the
labellum is perched on the summit of the column,
and here insects alight and touch a sensitive point,
causing the ejection of the pollen-masses. The la-
bellum is often decply channelled, or has guiding
ridges, or is pressed closely against the column; and
in o multitude of cases it approaches closely enough
to render the flower tubular. By these several means
insects are forced to brush against the rostellum. We
must not, however, suppose that every detail of struc-
ture in the labellum is of use: in some instances, as
with Sarcanthus, its extraordinary shape seems to be
partly due to its development in close apposition to
the curiously shaped rostellum.

n Listera ovata the labellum stands far from the
column, but its base is narrow, so that insects are'led
to stand exactly beneath the middle of the rostellum,
Tn other cases, as in Stanhopea, Phalwenopsis, Gongora,
&e, the labellum is furnished with upturned basal
lobes, which manifestly act as lateral guides. In some
cases, as in Malaxis, the two upper petals are curled
backvards o as fo be out of the way ; in ofher cases
as in Acropera, Masdevallia, and some Bolbop
these upper petals plainly serve as lateral gmdes, com-
pelling insects to visit the flowers directly in front of
the rostellum. In other cases, wings formed by the
margins of the clinandrum or of the column, serve as
lateral guides, both in the withdrawal of the pollinia
and in their subsequent insertion into the stigmatic
cavity. So that there can be no doubt that the petals,
sepals and rudimentary anthers do good service in
several ways, besides affording protection to the bud.

The final end of the whole flower, with all its parts,
is the production of seed ; and these are produced by
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Orchids in vast profiision. Not that such profusion
isanything to boast of; for the production of an almost
infinite number of seeds or eggs, is undoubtedly a sign
of lowness of organisation. That a plant, not being
an annual, should eseape extinetion, chiefly by the
production of a vast number of seeds or seedlings,
shows a poverty of contrivance, or a want of some
fitting protection against other dangers. I was curious
to estimate the number of seeds produced by some
few Orchids ; so I took a ripe capsule of Cephalunthera
grandiflora, and arranged the seeds on a long ruled
line as equably as I could in a narrow hillock; and
then counted the seeds in an accurately measured
length of one-tenth of an inch. In this way the con-
tents of the capsule were estimated at 6020 soeds, and
very few of these were bad; the four capsules borne
by ‘the same plant would have thereforo contained
24,080 seeds. Estimating in the same manner the
smaller seeds of Orchis maculata, T found the number
nearly the same, viz., 6200; and, as I have often seen
above thirty capsules on the same plant, the total
amount would be 186,300. As this Orchid is perennial,
and cannot in most places be increasing in number,
one seed alone of this large number yields a mature
plant once in every few years.

To give an idea what the above figures really mean,
I will briefly show the possible rate of increase of O.
maculata: an acre of land would hold 174,240 plants,
each having a space of six inches square, and this
would be just sufficient for their growth; so that,
making the fair allowance of 400 bad seeds in each
capsule, an acre would be thickly clothed by the pro-
geny of a single plant. At the same rate of increase,
the grandehildren would cover a space slightly exceed-
ing the island of Anglesea; and the great grand-
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children of a single plant would nearly (in the ratio of
47 to 50) clothe with one uniform green carpet the
entire surface of the land throughout the globe. But
the number of seeds produced by one of our common
British orchids is as nothing compared to that of some
of the exotic kinds. Mr. Seott found that the capsule
of an Acropera contained 871,250 seeds; and judging
from the number of flowers, a single plant would some-
times yield about seventy-four millions of seeds.
Fritz Miller found 1,756,440 seeds in a single capsule
of a Maxillaria; and the same plant sometimes bore
half-a-dozen such capsules. I may add that by
counting the packets of pollen (one of which was broken
up under the microscope) I estimated that the number
of pollen-grains, each of which emits its tube, in a
single anther of Orchis maseula was 122,400, Amici®
estimated the number in 0. morio at 120,300, As
these two species apparently do not produce more
sced than the allied 0. maculata, a capsule of which
contained 6200 sceds, we see that there are about
twenty pollen-grains for each ovule. According to
this standard, the number of pollen-grains in the
anther of a single flower of the Maxillaria which
yielded 1,756,440 seeds must be prodigious.

What checks the unlimited multiplication of the
Orchidew throughout the world is not known. The
minute seeds within their light coats are well fitted
for wide dissemination; and I have several times
observed seedlings springing up in my orchard and in
a newly-planted wood, which must have come from a
considerable distance, This was especially the case
with Epipactis latifolia ; and an instance has been re-
corded by a good observer f of seedlings of this plant

* Mohl, The \ugeh\)ln Colly £ Mr.Dree.in ‘Louious Mag.
translated by Heufrey, p. 1 of Nat, Hist, vol. ii. 1829, p. 70.
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appearing at the distance of between eight and ten
miles from any place where it grew. Notwithstanding.
the astonishing number of sceds produced by Orchids,
it is notorious that they are sparingly distributed ; for
instance, Kent appears to be the most favourable county
in England for the order, and within a mile of my
house nine genera, including thirteen species, grow ;
but of these one alone, Orchis morio, is sufficiently
abundant to make a conspicuous feature in the vege-
tation ; as is 0. maculata in a lesser degree in open
woodlands. Most of the other species, though not
deserving to be called rare, are sparingly distributed ;
yet, if their seeds or seedlings were mot largely de-
stroyed, any one of them would immediately cover the
whole land. In the tropics the species are very much
more numerous; thus Fritz Miller found in South
Brazil more than thirteen kinds belonging to several
genera growing on a single Cedrela tree. Mr. Fitz-
gerald has collected within the radius of one mile of
Sydney in Australia no less than sixty-two species, of
which fifty-seven were terrestrial. Nevertheless the
number of individuals of the same species is, I believe,
in no country nearly so great as that of very many
other plants.” Lindiey formerly estimated that there
were in the world about 6000 species of Orchidesw,
included in 433 genera.®

The number of the individuals which come to
maturity does not seem to be at all closely determined
by the number of seeds which each species produces ;
and this holds good when closely related forms are
compared. Thus Ophrys apifera fertilises itself and
every flower produces a capsule; but the individuals
of this species are not so numerous in some parts of

* ¢ Gardener's Chron.’ 1862, p. 192.
'
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England as those of 0. museifera, which cannot fer-
tilise itself and is imperfectly fertilised by insects, s
that a large proportion of the flowers drop off unim-
pregnated. Ophrys araniferais found in large numbers
in Liguria, yet Delpino estimates that not more than
one out of 3000 flowers produces a capsule.* Mr.
Cheeseman sayst that with the New Zealand Plero-
stylis trullifolia much less than a quarter of the flowers,
which are beautifully adapted for cross-fertilisation,
yield capsules; whereas with the allied Acianthus
sinclairii, the flowers of which equally require insect-
aid for their fertilisation, seventy-one capsules were
produced by eighty-seven flowers ; so that this plant
must produce an extraordinary number of seeds ; never-
theless in many districts it is not at all more abundant
than the Pterostylis. Mr. Fitzgerald, who in Aus-
tralia has particularly attended to this subject, remarks
that every flower of Thelymitrn carnea fertilises itself
and produces a capsule; yet it is not nearly so common
as Acianthus fornicatus, “ the majority of the flowers
of which are unproductive. Phajus grandifolius and
Calanthe veratrifolia grow in similar situations. Every
flower of the Phajus produces seeds, only occasionally
one of the Calanthe, yet Phajus is rare and Calanthe
common.”

The frequency with which throughout the world
‘members of various Orchideous tribes fail to have their
flowers fertilised, though these are excellently con-
structed for cross-fertilisation, is a remarkable fact.
Fritz Miller informs me that this holds good in the
Tuxuriant forests of South Brazil with most of the
Epidendres, and with the genus Vanilla. For instance,

* ‘Ult. Osservaz sulla Dico- 4 Transet. Now Zealand [
gamia,” part i. p. 177. vol. vii. 1873, p.
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he visited a site where Vanilla creeps over almost every
tree, and although the plants had been covered with
flowers, yet only two seed-capsules were produced. So
again with an Epidendrum, 233 flowers had fallen off
unimpregnated and only one capsule had been formed ;
of the still remaining 136 flowers, only four had their
pollinia removed. In New South Wales Mr. Fitzgerald
does not believe that more than one flower out of a
thousand of Dendrobium speciosum sets a capsule; and
some other species there are very sterile. In New
Zealand over 200 flowers of Coryanthes triloba yielded
only five capsules; and at the Cape of Good Hope only
the same number were produced by 78 flowers of Disa
grandifiora. Nearly the same result has been observed
with some of the species of Ophrys in Europe. The
sterility in these cases is very difficult to explain. It
manifestly depends on the flowers being constructed
with such elaborate care for cross-fertilisation, that they
cannot yield seeds without the aid of insects. From
the evidence which I have given elsewhere * we may
conclude that it would be far more profitable to most
plants to yield a few cross-fertilised seeds, at the
expense of many flowers dropping off unimpregnated,
rather than produce many self-fertilised seeds. Profuse
expenditure is nothing unusual under nature, as we see
with the pollen of wind-fertilised plants, and in the
multitude of seeds and seedlings produced by most
plants in comparison with the few that reach maturity.
In other cases the paucity of the flowers that are im-
pregnated may be due to the proper insects having
become rare under the incessant changes to which the
world is subject; or to other plants which are more

* *The Effects of Cross aud Self-fertilisation in the Vegetable
ogdom,’ 1876.
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highly attractive to the proper insects having increased
in number. We know that certain Orchids require
certain insects for their fertilisation, as in the cases be-
fore given of Vanilla and Sarcochilus, In Madagascar
Angraeun sesquipedale must depend on some gigantic
moth. In Burope Cypripedium calceolus appears to be
fertilised only by small bees of the genus Andrena,
and Epipactis latifolia only by wasps. In those cases
in which only a few flowers are impregnated owing to
the proper insects visiting only a few, this may be a
great injury to the plant; and many hundred species
throughout the world have been thus exterminated ;
those which survive having been favoured in some
other way. On the other hand, the few seeds which
are’ produced in these cases will be the product of
cross-fertilisation, and this as we now positively know
is an immense advantage to most plants.

I have now nearly finished this volume, which is
perhaps too lengthy. It has, I think, been shown that
the Orchidew exhibit an almost endless diversity of
beautiful adaptations. When this or that part has been
spoken of as adapted for some special purpose, it must
not be supposed that it was originally always formed
for this sole purpose. The regular course of events
seems to be, that a part which originally served for one
purpose, becomes adapted by slow changes for widely
different purposes. To give an instance: in all the
Ophres, the long and nearly rigid caudicle manifestly
serves for the application of the pollen-grains to the
stigma, when the pollinia are transported by insects
to another flower; and the anther opens widely in
order that the pollinium should be easily withdrawn ;
but in the Bee Ophrys, the caudicle, by a slight in-
crease in length and decrease in its thickness, and by
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the anther opening a little more widely, becomes
specially adapted for the very different purpose of
self-fertilisation, through the ~combined aid of the
weight of the pollen-mass and the vibration of the
flower when moved by the wind, Every gradation
between these two states is possible,—of which we have
a partial instance in 0. aranifera.

Again, the elasticity of the pedicel of the pollinium
in some Vandewm is adapted to free the pollen-masses
from their anther-cases ; but by a further slight modi-
fication, the elasticity of the pedicel becomes specially
adapted to shoot out the pollinium with considerable
force so as to strike the body of the visiting insect.
The great cavity in the labellum of many Vandem
is gnawed by insects and thus attracts them but
in Mormodes ignea it is greatly reduced in size, and
serves in chief part to keep the labellum in its new
position on the summit of the column. From the
analogy of many plants we may infer that a long
spur-like nectary is primarily adapted to secrete and
hold a store of nectar; but in many Orchids it has so
far lost this fanction, that it contains fluid only in the
intercellular spaces. In those Orchids in which the
nectary contains both free nectar and fluid in the inter-
cellular spaces, we can see how a transition from the
ome state to the other could be effected, namely, by
less and less nectar being secreted from the inner
membrane, with more and more retained within the

spaces. Other anal cases could be

given.

Although an organ may not have been originally
formed for some special purpose, if it now serves for
this end, we are justified in saying that it is specially
adapted for it. On the same principle, if a man were
to make a machine for some special purpose, but were
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to use old wheels, springs, and pulleys, only slightly
altered, the whole machine, with all its parts, might bo
said to be specially contrived for its present purpose.
Thus throughout nature almost every part of each living
being has probably served, in a slightly modified con-
dition, for diverse purposes, and has acted in the living
machinery of many ancient and distinet specific forms.

In my examination of Orchids, hardly any fact has
struck me so mueh as the endless diversities of structure,
—the prodigality of resources—for gaining the very
same end, namely, the fertilisation of one flower by
pollen from another plant. This fact is to a large cx-
tent intelligible on the principle of natural selection.
As all the parts of a flower are co-ordinated, if slight
variations in any one part were preserved from being
beneficial to the plant, then tho other parts would
generally have to be modified in some corresponding
manner.  But these latter parts might not vary at all,
or they might not vary in a fitting manner, and these
other variations, whatever their nature might be, which
tended to bring all the parts into more harmonious
action with one another, would be preserved by natural
selection.

To give a simple illustration : in many Orchids the
ovarium (but sometimes the foot-stalk) becomes for a
period twisted, causing the labellum to assume the
position of a lower petal, so that insects can easily
visit the flower; but from slow changes in the form
or position of the petals, or from new sorts of inseets
visiting the flowers, it might be advantageous to the
plant that the labellum should resume its normal
position on the upper side of the flower, as is actually
the case with Malawis paludosa, and some species of
Catasetum, &e. This change, it is obvious, might be
simply effected by the continued selection of varicties

@ The Complete Work of Charles Darwin Online



Cuar. IX. CONCLUDING REMARKS. 285

which had their ovaria less and less twisted; but if
the plant only afforded varicties with the ovarium
more twisted, the same end could be attained by the
selection of such variations, until the flower was
turned completely round on its axis. This seems to
have actually occurred with Malaxis paludosa, for
the labellum has acquired its present upward posi-
tion by the ovarium being twisted twice as much as
is usual.

Again, we have seen that in most Vandew there is
a plain relation between the depth of the stigmatic
chamber and the length of the pedicel, by which the
pollen-masses are inserted ; now if the chamber became
slightly less deep from any change in the form of the
column or other unknown cause, the mere shortening
of the pedicel would be the simplest corresponding
change; but if the pedicel did not happen to vary in
shortness, the slightest tendency to its becoming bowed
from elasticity as in Phalmnopsis, or to a backward
hygrometric movement as in one of the Maxillarias,
would be preserved, and the tendency would be con-
tinually augmented by selection; thus the pedicel, as
far as its action is concerned, would be modified in
the same manner as if thad been shortened. Such
processes carried on during many thousand generations
in various ways, would create an endless diversity of
co-adapted structures in the several parts of the flower
for the same general purpose. This view affords, T
believe, the key which partly solves the problem of the
vast diversity of structure adapted for closely analogous
ends in many large groups of organic beings.

The more I study nature, the more I become
impressed with ever-increasing force, that the con-
trivances and beautiful adaptations slowly acquired
through each part occasionally varying in a slight
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degree but in many ways, with the preservation of those
variations which were beneficial to the organism under
complex and ever-varying conditions of life, transcend
in an incomparable manner the contrivances and
adaptations which the most fertile imagination of man
could invent.

The use of each trifling detail of structure is far
from a barren search to those who believe in natural
selection. When a naturalist casually takes up the
study of an organic being, and does not investigate
its whole life (imperfect though that study will ever
be), he naturally doubts whether each trifling point
can be of any use, or indeed whether it be due to any
general law. Some naturalists believe that number-
less structures have been created for the sake of mere
variety and beauty,—much as a workman would make
different patterns. I, for one, have often and often
doubted whether this or that detail of structuro in
many of the Orchidew and other plants could be of
any service ; yet, if of no good, these structures could
not have been modelled by the natural preservation of
useful variations; such details can only be vaguely
accounted for by the direct action of the conditions of
life, or the mysterious laws of correlated growth.

To give nearly all the instances of trifling detdils
of structure in the flowers of Orchids, which are cer-
tainly of high importance, would be to recapitulate
almost the whole of this volume. But T will recall
to the reader’s memory a few cases. I do not here refer
to the fundumental framework of the plant, such as
the remnants of the fifteen primary organs arranged
alternately in the five whorls; for almost everyone who
believes in the gradual evolution of species will admit
that their presence is due to inheritance from a remote
parent-form.  Innumerable facts with respect to the
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uses of the variously shaped and placed petals and
sepals have been given. So again, the importance of
as light difference in the shape of the caudicle of the
pollinium of the Bee Ophrys, compared with that of
the other species of the sume genus, has likewise been
referred to; to this might be added the doubly-bent
caudicle of the Fly Ophrys. Indeed, the important
relation of the length and shape of the caudicle, with
reference to the position of the stigma, might be cited
throughout many whole tribes. The solid projecting
knob of the anther in Epipactis palustris, which does
not include pollen, liberates the pollen-masses when it
is moved by insects. In Cephalanthera grandiflora, the
upright position of the almost closed flower protects
the slightly coherent pillars of pollen from disturb-
ance. The length and elasticity of the filament of the
anther in certain species of Dendrobium apparently
serves for self-fertilisation, if insects fail to transport
the pollen-masses. The slight forward inclination of
the crest of the rostellum in Listera prevents the
anther-case being caught as soon as the viscid matter
is ejected. The elasticity of the lip of the rostellum
in Orehis causes it to spring up again when only one
of the pollen-masses has been removed, thus keeping
the second viscid dise ready for action, which otherwise
would be wasted. No one who had not studied Orchids
would have suspected that these and very many other
small details of structure were of the highest importance
to each species; and that consequently, if the species
were exposed to new conditions of life, and the structure
of the several parts varied ever so little, the smallest
details of structure might readily be acquired through
natural selection. These cases afford a good lesson of
caution with respect to the importance of apparently
trifling particulars of structure in other organic beings.
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Tt may naturally be inquired, Why do the Orchidew
exhibit so many perfect contrivances for their fertili-
sation? From the observations of various botanists
and my own, I am sure that many other plants offer

1 ions of high ion; but it seems
that they are really more numerous and perfect with
the Orchidew than with most other plants. To a
certain extent this inquiry can be answered. As each
ovule requires at least one, probably several, pollen-
grains,® and as the seeds produced by Orchids are so
inordinately numerous, we can see that it is necessary
that large masses of pollen should be left on the stigma
of each flower. Even in the Neottew, which have
granular pollen, with the grains tied together by weak
threads, T have observed that considerable masses of
pollen are generally left on the stigmas. This eir-
cumstance apparently explains why the grains cohere
in packets or large waxy masses, as they do in so
many tribes, namely, to prevent waste in the act of
transportal. The flowers of most plants produce pollen
enough to fertilise several flowers, 5o as to allow of or to
favour cross-fertilisation. But with the many Orchids
which produce only two pollen-masses, and with some of
the Malaxew which produce only one, the pollen from
a single flower cannot possibly fertilise more than two
flowers or only a single one; and cases of this kind
do not oceur, as I believe, in any other group of
plants, If the Orchidem had elaborated as much
pollen as is produced by other plants, relatively to the
number of seeds which they yield, they would have
had to produce a most extravagant amount, and this
would have caused exhaustion. Such exhaustion is
avoided by pollen not being produced in any great

* Girtuer, ‘ Beitriige zur Kenntuiss der Befruchtung,’ 1844, p. 185.”
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superfluity owing to the many special contrivances for
its safe transportal from plant to plant, and for placing
it securely on the stigma. Thus we can understand
why the Orchides are more highly endowed in their
mechanism for cross-fertilisation, than are most other
plants.

In my work on the “Effects of Cross and Self
Fertilisation in the Vegetable Kingdom,” I have shown
that when flowers are cross-fertilised they generally
receive pollen from a distinet plant and not that from
another flower on the same plant ; a cross of this latter
kind doing little or no good. T have further shown
that the benefits derived from a cross between two
plants depends altogether on their differing some-
what in constitution ; and there is much evidence that
each individual seedling possesses its own peculiar
constitution. The crossing of distinct plants of the
same species is favoured or determined in various
ways, as described in the above work, but chiefly
by the prepotent action of pollen from another
1\lnnt over that from the same flower. Now with the
Orchides it is highly probable that such prepotency
prevails, for we know from the valuable observa-
tions of Mr. Scott and Fritz Miller,* that with several
Orchids pollen from their own flower is quite im-
potent, and is even in some cases poisonous to the
stigma. Besides this prepotency, the Orchidew pre-
sent various special contrivances—such as the pollinia
not assuming a proper position for striking the stigma
until some time has elapsed after their removal from
the anthers—the slow curving forwards and then back-
wards of the rostellum in Listera and Neottia—the

* A full abstract of these ob-  Dor lcn(\zn, ch. xvii, 2nd edit.

servations is given in my ¢ Varia-  vol. ii. p. 1
tion of Animals and Plants under

U
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slow movement of the column from the labellum in
Spiranthes—the dicecious condition of Catasetum—
the fact of some species producing only a single
flower, &c.—all render it certain or highly probable
that the flowers are habitually fertilised with pollen
from a distinet plant.

That cross-fertilisation, to the complete exclusion of
self-fertilisation, is the rule with the Orchides, cannot
be doubted from the facts already given in relation to
many species in all the tribes throughout the world.
I could almost as soon believe that flowers in general
were not adapted for the production of seeds, because
there are a few plants which have never been known to
yield seed, as that the flowers of the Orchidex are not
as a general rule adapted so us to ensure cross-fertilisa-
tion. Nevertheless, some species are regularly or often
self-fertilised ; and I will now give a list of all the
cases hitherto observed by myself and others. In some
of these the flowers appear often to be fertilised by
insects, but they are capable of fertilising themselves
without aid, though in a more or less incomplete
manner; so that they do not remain utterly barren if
insects fail to visit them. Under this head may be
included three British species, namely, Cephalanthera
grandiflora, Neottia nidus-avis, and perhaps Listera
ovata. In South Africa Disa macrantha often fertilises
itself; but Mr. Weale believes that it is likewise cross-
fertilised by moths. Three species belonging to the
Epidendrem rarely open their flowers in the West
Indies: nevertheless these flowers fertilise themselves,
but it is doubtful whether they are fully femhsed
for a large proportion of the seeds
duced by some members of this tribe in a hothouse
were destitute of an embryo. Some species of Dendro-
bium, judging from their structure and from their
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occasionally producing capsules under cultivation,
likewise come under this head.

Of species which regularly fertilise themselyes with-
out any aid and yield fullsized capsules, hardly any
case is more striking than that of Ophrys apifera, which
was advanced by me in the first edition of this work.
To this case may now be added two other European
plants, Orchis or Neotinea intacta and Epipactis viridi=
Jlora. o North American_specics, Gymnadenia

identata and Pl borea appear to be in
the same predicament, but whethel when self-fertilised
they yield a full complement of capsules containing
good seeds has not been ascertained. A curious
Epidendrum in South Brazil which bears two additional
anthers fertilises itself freely by theiraid; and Dendro-
bium eretacewm has been known to produce perfect self-
fertilised seeds in a hothouse in England. Lastly,
Spiranthes australis and two species of Thelymitra,
inhabitants of Australia, come under this same head.
No doubt other cases will hereafter be added to this
short list of about ten species which it appears can
fertilise themselves fully, and of about the same
number of species which fertilise themselves imper-
fectly when insects are excluded.

It deserves especial attention that the flowers of all
the above-named self-fertile species still retain various
structures which it is impossible to doubt are adapted
for insuring cross-fertilisation, though they are now
rarely or never brought into play. We may therefore
conclude that all these plants are descended from
species or varieties which were formerly fertilised by
insect-aid. Moreover, several of the genera to which
these self-fertile species belong, include other species,
which are incapable of self-fertilisation. Thelymitra
offers indeed the only instance known to me of two

U2
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species within the same genus which regularly ferti-
lise themselves. Considering such cases as those of
Ophrys, Disa, and Epidendrum, in which one species
alone in the genus is capable of complete self-ferti-
lisation, whilst the other species are rarely fertilised
in any manner owing to the rarity of the visits of
the proper insects;—bearing also in mind the large
number of species in many parts of the world which
from this same cause are seldom impregnated, we are
led to believe that the above-named self-fertile plants
formerly depended on the visits of insects for their
fertilisation, and that from such visits failing they did
not yield a sufficiency of seed and vere verging towards

Under these ci it is probable
that they were gradually modified, so as to become
more or less completely self-fertile; for it would
manifestly be more advantageous to a plant to pro-
duce self-fertilised sceds rather than none at all or
extremely fow seeds. Whether any species which is
now never cross-fertilised will be able to resist the
evil effects of long-continued self-fertilisation, so as to
survive for as long an average period as the other
species of the same genera which are habitually eross-
fertilised, cannot of course be told. But Oplrys apifera
is still a highly vigorous plant, and Gymnadenia triden-
tata and Platanthera Typerborea are said by Asa Gray
to be common plants in North America. It is indeed
possible that these self-fertile species may revert in
the course of time to what was undoubtedly their
pristine condition, and in this case their various adap-
tations for cross-fertilisation would be again brought
into action. We may believe that such reversion is
possible, when we hear from Mr. Moggridge that
Ophrys scolopaz fertilises itself freely in one district
of Southern France without the aid of insects, and
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is completely sterile without such aid in another
district.

Finally, if we consider how precious a substance
pollen is, and what care has been bestowed on
its elaboration and on the accessory parts in the
Orchides,—considering how large an amount is
necessary for the impregnation of the almost innumer-
able seeds produced by these plants,—considering that
the anther stands close behind or above the stigma,
self-fertilisation would have been an incomparably
safer and easier process than the transportal of pollen
from flower to flower. Unless we bear in mind the
g2ood effects which have been proved to follow in most

cases from il i it is an fact
that the flowers of the Orchldem should not have been
regularly self-fertilised.

that there must be sumemmg injurious in this latter
process, of which fact T have elsewhere given direct
proof. It is hardly an exaggeration to say that Nature
tells us, in the most emphatic manner, that she abhors
perpetual self-fertilisation.

t3
@ The Complete Work of Charles Darwin Online



( 294 )

INDEX.

AcERAS.
Aceras anthropophora, 26; pollen-
tubes, 258

—— longibracteala, 26
, monstrous ﬂnwem, 255
Acianthus easerts
A ricatun, 30, 38
m:lalru, 96 ettsod by
insects, 280
Acontiu luetuosa with poll

uasses,

Acropera, polllnm of, 154, 136;

— lu w Y1 s of, 239
Adaptations, how far special, 267
diversity of, 282
Aerides movement of pllini, 156;
cretivn of nectar, 265
65

in Orchis mori
r., on I»mdmbmmﬂ

147
Angrascum, vmld muu in, 251
— distichum,
— eblnwnl, 15
esquipedale, 154,
acolary of, 265
Antenn of the tosellum of Cala-
setum, 184,
Auth mdlmsnmy, 240
Apostasia,

Ao, 8
Auricles, ‘or papillee, rudimentary,
241,242

162, 282;

Babington, Prot, on the rostellum,

M., on Catasetun, 191
Barkeria, 146

Bateman, Mr., obligations to, 103,
162; on Cyenaches, 224

BROWN.

Bnlmsb{i Dr., om.g.uem 0,106
pollen-grains in
Cephalanibera, 50,82 on pollen:
massesof Bleia, 143
Deo Opleys, 52
on, Oatasetum, 197; on

Vgt pollinia, 50
Belt, M. ngracun sesquipe-

Bentham on sonistzonn Somers.of
Orchis .38

Bird'sneat. Orel
Balbophylium, S i e
1 barbigerum, 138
— cvinun, 17
—— cuprowm, 137; nectary of,
rlrmnrbmm
ot e 11,76 el o,
D44 modified  struciure, 204

|c|, oy number f pollen-grains |

uudmle, 361
¥, on moths with at-
fachol pnllmu. 30; obligations
to, 72, 7
Bractem, tigtar 205
rassia, movement of pollinia,
of Ep.pwu

nectar, 41; l,'azw tum, 196 ;

peadevo-

ndone 171 elysifieation of or-
ganic beings

Brown,C. on Saratia macrantla, 91

o apifera,
of the wtigma, 502 hvmologn s of
Orehids, 234, 235, 237; rostellum
of Orehids, 47 ; Apostasia, 218 .

@ The Complete Work of Charles Darwin Online



BUTTERFLIES,

polln -tubes, 258 ;

Butierilios with attachod pollinia, |

Butterfly orchis, 69
=, lesser, 73

Caladenia dimorpha, 89
Caliena, 89
Calanthe dom- 161
tructare of flower,
wn 5 long nechry, 267, 269
erarifla, 250

— vetita, 162
Osrpenter, Dr.. on Myanthus and
Catasetum, 196
cammz- 178 o
b um, 236 ;
llbellnm,w
losim, 192, 105
e
— ..,m
e o sructuro of lower,
180-185; vemols o, 2

INDEX.

Sproagers

‘DENDROBIU. 205

| Glinandrua, the, o
|

homologien i Oronide 608 zaa,
Tt et i Jabellum, 27

Oy
| 120-23

m giganteun, 155: pol-
, 200; modifieation of

| Cypn‘lmixum, Mructuro of flower,
| seorelion from, 229 pollen,

— tabulare, 19 | lum,
i iyt i | — acaule, 229
" Bower, 191; thive forms on the | —— barbatum, vessels of, 239
same plant, 100; o malo o us,’ 220-231 ; fertilised
197; ‘vessels of, 289; peculiar |  ouly by small bees, 252
form of rostellum, 236; nectar- candidum,
recoptacl —— pubescens, 2

Oatiee, stracture of fower, 148
1485 vl of, 200 néctary,

29, 23
pmyumluu, vessels of, 239
Cywﬂi«

o, Pratele, on the movernent

l}-ndmle- llnh in the Vandes, o! the awn of Stipa,
lopment of 232; strue- | —, George,i Sasooksferiiss
minium monorchis, 61;
iber of seeds, 277 der
—oq. Wi, on Epipactispaltrs
ndiflora, structure of flower,
80-86; vessels, 289, 242 ; change Delplna on inseots being deceived hy
of eolour in vimid ion, 249; a mﬂhry ot con-
len, 259; 11 rs; ‘num- sterility of
rnf nsed. 2 7, uy it pmnvn n-
S R | e
7, E :
Cheeseman, Mr., Ptawl lis ypn
trullifolia, 88 foriliation of Ophrye umnij—m
clairii, 90 ; i Hecl ’lnll\lnhnn in 280
of Pterostylis, 280 Dendrobium, length of anther, 257
Chysis, 146 —— bigibbum,® 1
1

Cirrhaa, contracted stigma, 171

@ The Complete Work of Charles Darwin Online



296 DENDROBIUM, INDEX. HAVENARIA.

Dendrobium chrysanthum, structure | Fitzgorald, R. D., on  Plerostylis
of, nss—m nnhry 265 longifolia, 80 Calo

denia dimor-
=5 ially sterile, 281 d exserts Mnn"“ 41‘
upwia-,pn le, and exsertus, ‘anilla aroma-
—— tortile, 142 - tica, 91; Spiras uau-u(mu-,u.‘,
Descent, lines of, 262-265 | mzy..um carnea and longioli
Dickie, Prof, obligations o, 124 | 127 numbers of Orchidem ool
Disa, sceretion of nectar, 265 | o, g SUSE
—— cornuta, 78 g T | fnrﬁ.llnlmn of m;- itra carnea,
Wu, ly self- um speciosum, 281
et 281 e m-m poaph g envelopes,
o acrantha, 78; partally self
ertile, m
n..c, viseidity of, in the Ophres, |
; in Catasetum,

90 ; double in
Gymnadenia

the o»mmm: o

oonopeed, fu

Disporis, sooretion of nootar, 65 | Gtrtmer on' visoid matter o i

ﬁm M., on Cataselum wnd 3‘33' pollen-grains in Orchids,

Dyer,ur m-uon. obligations &, | Garerd, M. B, pnmm. adhering to
lnn‘mamz

Bptdendrom, 143; fow soed capeules Gmwm lnbel!umnf. 276
‘produced, irpurea, 16
idendrum

oae”u(um, viseid se- —maa
_erotion of, 49 e 100,

indum, 1463 visoid - | Goodyera: volael of, 289; cnudicle
ltion, 260

en:on RJD ‘ in a naseent condit
—— discolor, 105
Epipactis, 2;le-el- of, 289; viseid | — pulescens, 105
repens, 1
- ,/uz.a, 100, 101; pollen, 259 ; n-minn, Rev. G., nbhgul!vmln,llB
fertilised 282; seels
use of knob nf’.nmw. bt i mamue st

147,
Eﬁum o nmn-, 247
93-100; labellum, 27

| Gi

—— palustris, ltrumn- of flower, | Gray, Dynladzm'u
1‘ lndsnfam (;s Plaa-
|

02
102
— viridiflora, 102; self-fertile,
jum gmelind, 108
BRI iy

5..1,,.. of, 265
—cau'l!.ln, 146 vessels of, 239;
clinandrum, 241

255, movements of
pnlhnu, 71 dise 272
issima, 65
l'-mri‘: é‘!a Biigutions dn 40: —m.umu,es, sel-fertile, 291
sation, summary on, 200 secretion of
Pemmy of English Orchids, 33 ‘matter, 251

@ The Complete Work of Charles Darwin Online



297

HABENARIA. INDEX. o
Habenaria hloranila, £3,69; vessels | Liparis ndula, vessls of, 239;
of, t.n m viseidity of plavorsoal g e n, 2

sul
Hance, 1 u: o Catamtuan 107
Herbes 1, on Colasta
S o M
Herminium monoreh

m luri-

s, “{9 fertilised

)y insects,
Hildebrand,

Orchids, 172
‘Homologies of Orchids, 232

goker, Dr., on_Listera, 8 15

n
Libellum of Cala

Toseks, froquency of visits to Or-

33, , &
Horwood, Mr., assistanco from, 129 ‘
racted by bright ‘

ipogium, 103; Neottia
mdlu-avll».“.’\ flower-bud of Cy-
pripedium, 2

Kriinitz, secretion of nectar by
Orchis, 36 |
Kur, on Orchids secreting nectar, |
 scorction from hairs in Cy-
pripedium calceolus, 229; nectar
secreted from bractare, 206

Labellun casily vibratle, 135; oup
Dot ng. neskr i the |

S 58 on,
269 gnawed by insects, 270
lﬂmpmtunee to the flower, 275
urcanthus, 27

Ladics’ .x.,.,u 227

¥

of

Talia, 146"

— cinnabarina, 148
Lepidoptera i atached pollinia,
.

oplotes
Lindley, Dr. obligations to, 129;
arrangement of Orebids, 138 on
n,m,hu of Catasctum,

; of Cye-
hnmnhwﬁec:nl'Orvhlds,
e number of goners

Lmh on humologle- of Orchids, 235, |

41
Listera, viseid matter, 231; erest
of rostellum, 257

cordata, 124
orata, structure of, 115-124;
Al

lab. 2
Lyguste deinnerii, 135 pollen of

Malazew, 12

Molazgo'vtaid matir, 251 uppe

petals, 276

—— paludosa, travsplanted, 32;

siructure of lower, 120 185
casls, 299, 241; clinandrum,
; pollon-tubes, 258; position
ke ook by ovarium,

34
Malden, Ror. B. 8, obligations to,

N v of Catasetum, 193
Marantaces,
Murahal, e o stellity of trans-
planed Orohids, 32;
ntha, 72

M 3

clinandrum_of,

156; number of
auther, 275
ornithorhyncha, movement of
pollini

egactniim Jaleatum, labellum of,

ll.emue M., on insects visiting Or-
chids, 807 scretion of neetar y
nthes,

‘Pollen-ghains i

ent of
a.mmmu, 187, Iot; '} the Sncctar-

lbvocyton e, 15
Millnia clovweii i o, 154,

Modifations in Orchids, 246

Moggridge, J. Traherne, on Ophrys
g”'m,m« Oplys apifera,
36, lowering of )

50;

Ophrea, 59

Monachanthus viridis, 196, 197, 198,
201

Mr. A, G_en fautltly of Bao

i oipactis yalusris,

o
a5, 07, 99 cbigations o 106

© The Complete Work of Charles Darwin Online



MORNODES.

298

ignaa, structure of lower,
208-210; vieid seostion, 940
use of lu,bell 776, 283

Mnmn. on i i

o Oncidium sesreting
abellun guawed by
rof_seeds in
capsale of llazdlam., 278 -
ber of Orchides in South Brazi
270; tho orchideous tribes f in

i
Mgt st ifoli /oéw

igritella._angustifolia, 271
fertilisation of Orchids, 29; in-
Socka punetaring Iburuun dow-

Musk Orchis, structure of flower,

Myanthous barbatus, 192, 199, 203
quite sterile, 205

Nedtar, secrston of, by Drish
Ophrem, 57, 39; in foreign Or-
e B30 o b,.cma, 229
ectary cut 1
lect of moths,

e

Neotinia n

Neottea, 93 vml- or.

ootz midacants, Lo, pollen-
tubes, 258; p.m..ny self-fertile,

Nou, Lady Dorothy, obligations
to, 12

Nicotiana, stigma of, 249

INDEX.

g |

ORGANS.

Nig ulaangm/am 27
Nobglia, ontracted stigaas, 171

Odontoglossum, 156
i s end w10
Oucullum. pollin ) 1585
Vessels of, 29; visciaity, 251
‘ bructeze secreting noctar, 266
— unguiculatum, development of
caudicles, 252
rece, 6 vessels of, 241
v apifer, struchuce of fiower,
teriilit pollen,

gy

4-58 ;
59; elf- fenlhnl.mm 279, 201
—— arachnites,
— aranijera, 50
tilisation, 280
— maciferytransplanted, 82;
structure, 43 fertility, 4

; imperfect fer-

it
d by

onism A
6; movement of pnmm.. 273 ;
‘mumber of

pollen-grain, 278
staclty of, 36; o-

crlxhly o in

33;
secha, 7, 893 el e
grains,

— pymmldalu, structure of
flower, 16; movements of pollinia,

fertility in different

coretion of nectar,
37, nstrous flowers, 38
e in 204; rosellum, 236;
pollen-grains, 2 ; contriv-
Saces for It femhnnon. 254
— uat

Organs, grulunun of, 247

@ The Combplete Work of Charles Darwin Online



ORNITHOCEPHALTS.

INDEX.

299

SPRENGEL.

ruithocephalus, 160

Ovaria of Orchids, 284

Oxouden, Mr. G. C, obligations to,
5; o

Epipactis purpurata, 102
Parft, Mr. o attached ed po
Parker, blgnions to 10,

eﬂu) of polllmum 26; elsticity

f, 28
I‘my, Dr., analysis of labellum of
irrea, 270

I'm-tyhu Ceiridis, seerstion of ntar,
45, 63 ; rostellim,

ifolius, 280

is, viscidity of stigu
motement of ‘palliia, o
fum,

163
Tabell
amwv.’:;m 9; r
159; projection o
Tabellum, 260 "
thera, 75

—— b 7G ..-ll fertile, 201
Pleurothallis ligulata, 135
prolifera, 135
Pogonia ophioglossoides, 86
Pollen-r m-ue-. md.mnmy in Mono-

chanthus, 201; gradation of, 257,
288
Pallen-tubes emittod from anther,

Pollinis, movements of, in Orchis
12-15;

pyrami

21; of the Vam e
o Caiosemn elooion. o184
attachment o rostellum
radation, 347, movemonts, £71

I‘Lemafyhﬂ. neumy o282

— lngifors, 87,

relifotie, o, 88 imperfect

Tt in Now Zealand, 250

Shids, 285 in Vaaills, 208
Bolrigueria secunda, 1

linia, 136, 159

movnmnt of pol- ]

Ralrbach, Dr., on Epipogium gme-
lini, 103
ugle organ in the
rted, m; gradation of,
of Apostasia, 248 diversity
uf structure, 2190' crest
in

the

26
er, Mr, ol

lsn 192, 208

Samnlaln'um, viscidity of stigm
Slnt-Hinire,
On:hldl. ‘259

s, labellum of, 276

A. de, on pollen of

= i poll f, 154,
156 vuudll
Schei

Sellnmburgk, B Cileien,

Soate e} on Sowennd .
168, 172’ of Gongora, 169; neo-
. 209; number_of
sceds in capsule of Acropera, 278 ;
seliepotency of polln. 289
., ou Pogouia ophio-
glossoides, 86
Seerction of nectar, 36, 220, 265
beed.\ production and number of,

R mifolium, 282
Self- M.u.m?.:’.' summary on, 203
s of,
Serapias cordigera, x7
Sexc of Orehids, 190
Smith, Sir Jlms-, n, yosition of
Sowers n Malaz

Sophy
Spier Oplrys,
Spiranthes au-tmﬁt. lH labellum,
e e
oo v
114 ; vessels of, 239

mil
of nectar by Orchis, 36; on Epi-

@& The Complete Work of Charles Darwin Online



300

STAMENS.

INDEX.

ZYGOPLTALUN,

,mm Latifolia, 1015 Listera,
us, 1 /enlmln attracting in
value of his work,

i
Stamens in Oreli
Stanhopea, pnmm- oi, 155; label-
_ lum, 276
iensis, 171
—— oculata, 17

Stliyuse of the sepaln 274

Stunlnm, divunhy o’ z:{z, =
importance of trilling
S ais 286,557

Thelymitra, sl ertile, 291
—carnea, 127; self.fertile, 280
— longiy
Thnmnon R.'B, on Goodyera
Tilioy, . A., on Vanilla aromatica,

ol
Trovlown, Stz O, on Beubas with
ttached polle n-masses from
'm 145
Trovinan oo dhe sretice of
Ophrys, 56
‘Trimen, R, obllg».nom to. 40; on
Bonatea_speciosa,

Disa
grandifora, 71,78

LDON: FRINTRD WY WILLIAM cLow:
AND CHARING ©

Turnbull, Mr., obligations to, 120
Tway-blade, 115

Uropedium, 240

Utriculi of stigma, 197, 218
Vandea, 156

g l;?aﬁm of, 149; pollinia,

255,
Vanilla aromatica, 90
Vanillidew, 90 ; fow sced capsules

uced,
v«':'u:: Mr.J., obligations to, 129,
180,

Vessels, ...L Orchids, 235

Visoldily o{ dite in British Ophrem,
fum, 1

o i . g 5,

Moskcher on Suilionifn o/ the
Wl‘ker, Sie e, obligations to, 100
Wallis, Mr., obligations to, 129
Warrea, 155; analysis of labellum,
We-le, 3. Mansll, on Habenari,

Bonstes, T1
Ww" gt g
‘eddell, Dr., on hybrids of Aceras,
6
Wright, Mr. C,, on the movement
of pollinia, 156
Zygopetalum mackai, 155

AXD SONS, STANIUED STRERT,
oss.

@& The Complete Work of Charles Darwin Online



@ The Complete Work of Charles Darwin Online



@ The Combplete Work of Charles Darwin Online



@ The Complete Work of Charles Darwin Online












	1877_Orchids_F801_001.jpg
	1877_Orchids_F801_002.jpg
	1877_Orchids_F801_003.jpg
	1877_Orchids_F801_004.jpg
	1877_Orchids_F801_005.jpg
	1877_Orchids_F801_006.jpg
	1877_Orchids_F801_007.jpg
	1877_Orchids_F801_008.jpg
	1877_Orchids_F801_009.jpg
	1877_Orchids_F801_010.jpg
	1877_Orchids_F801_011.jpg
	1877_Orchids_F801_012.jpg
	1877_Orchids_F801_013.jpg
	1877_Orchids_F801_014.jpg
	1877_Orchids_F801_015.jpg
	1877_Orchids_F801_016.jpg
	1877_Orchids_F801_017.jpg
	1877_Orchids_F801_018.jpg
	1877_Orchids_F801_019.jpg
	1877_Orchids_F801_020.jpg
	1877_Orchids_F801_021.jpg
	1877_Orchids_F801_022.jpg
	1877_Orchids_F801_023.jpg
	1877_Orchids_F801_024.jpg
	1877_Orchids_F801_025.jpg
	1877_Orchids_F801_026.jpg
	1877_Orchids_F801_027.jpg
	1877_Orchids_F801_028.jpg
	1877_Orchids_F801_029.jpg
	1877_Orchids_F801_030.jpg
	1877_Orchids_F801_031.jpg
	1877_Orchids_F801_032.jpg
	1877_Orchids_F801_033.jpg
	1877_Orchids_F801_034.jpg
	1877_Orchids_F801_035.jpg
	1877_Orchids_F801_036.jpg
	1877_Orchids_F801_037.jpg
	1877_Orchids_F801_038.jpg
	1877_Orchids_F801_039.jpg
	1877_Orchids_F801_040.jpg
	1877_Orchids_F801_041.jpg
	1877_Orchids_F801_042.jpg
	1877_Orchids_F801_043.jpg
	1877_Orchids_F801_044.jpg
	1877_Orchids_F801_045.jpg
	1877_Orchids_F801_046.jpg
	1877_Orchids_F801_047.jpg
	1877_Orchids_F801_048.jpg
	1877_Orchids_F801_049.jpg
	1877_Orchids_F801_050.jpg
	1877_Orchids_F801_051.jpg
	1877_Orchids_F801_052.jpg
	1877_Orchids_F801_053.jpg
	1877_Orchids_F801_054.jpg
	1877_Orchids_F801_055.jpg
	1877_Orchids_F801_056.jpg
	1877_Orchids_F801_057.jpg
	1877_Orchids_F801_058.jpg
	1877_Orchids_F801_059.jpg
	1877_Orchids_F801_060.jpg
	1877_Orchids_F801_061.jpg
	1877_Orchids_F801_062.jpg
	1877_Orchids_F801_063.jpg
	1877_Orchids_F801_064.jpg
	1877_Orchids_F801_065.jpg
	1877_Orchids_F801_066.jpg
	1877_Orchids_F801_067.jpg
	1877_Orchids_F801_068.jpg
	1877_Orchids_F801_069.jpg
	1877_Orchids_F801_070.jpg
	1877_Orchids_F801_071.jpg
	1877_Orchids_F801_072.jpg
	1877_Orchids_F801_073.jpg
	1877_Orchids_F801_074.jpg
	1877_Orchids_F801_075.jpg
	1877_Orchids_F801_076.jpg
	1877_Orchids_F801_077.jpg
	1877_Orchids_F801_078.jpg
	1877_Orchids_F801_079.jpg
	1877_Orchids_F801_080.jpg
	1877_Orchids_F801_081.jpg
	1877_Orchids_F801_082.jpg
	1877_Orchids_F801_083.jpg
	1877_Orchids_F801_084.jpg
	1877_Orchids_F801_085.jpg
	1877_Orchids_F801_086.jpg
	1877_Orchids_F801_087.jpg
	1877_Orchids_F801_088.jpg
	1877_Orchids_F801_089.jpg
	1877_Orchids_F801_090.jpg
	1877_Orchids_F801_091.jpg
	1877_Orchids_F801_092.jpg
	1877_Orchids_F801_093.jpg
	1877_Orchids_F801_094.jpg
	1877_Orchids_F801_095.jpg
	1877_Orchids_F801_096.jpg
	1877_Orchids_F801_097.jpg
	1877_Orchids_F801_098.jpg
	1877_Orchids_F801_099.jpg
	1877_Orchids_F801_100.jpg
	1877_Orchids_F801_101.jpg
	1877_Orchids_F801_102.jpg
	1877_Orchids_F801_103.jpg
	1877_Orchids_F801_104.jpg
	1877_Orchids_F801_105.jpg
	1877_Orchids_F801_106.jpg
	1877_Orchids_F801_107.jpg
	1877_Orchids_F801_108.jpg
	1877_Orchids_F801_109.jpg
	1877_Orchids_F801_110.jpg
	1877_Orchids_F801_111.jpg
	1877_Orchids_F801_112.jpg
	1877_Orchids_F801_113.jpg
	1877_Orchids_F801_114.jpg
	1877_Orchids_F801_115.jpg
	1877_Orchids_F801_116.jpg
	1877_Orchids_F801_117.jpg
	1877_Orchids_F801_118.jpg
	1877_Orchids_F801_119.jpg
	1877_Orchids_F801_120.jpg
	1877_Orchids_F801_121.jpg
	1877_Orchids_F801_122.jpg
	1877_Orchids_F801_123.jpg
	1877_Orchids_F801_124.jpg
	1877_Orchids_F801_125.jpg
	1877_Orchids_F801_126.jpg
	1877_Orchids_F801_127.jpg
	1877_Orchids_F801_128.jpg
	1877_Orchids_F801_129.jpg
	1877_Orchids_F801_130.jpg
	1877_Orchids_F801_131.jpg
	1877_Orchids_F801_132.jpg
	1877_Orchids_F801_133.jpg
	1877_Orchids_F801_134.jpg
	1877_Orchids_F801_135.jpg
	1877_Orchids_F801_136.jpg
	1877_Orchids_F801_137.jpg
	1877_Orchids_F801_138.jpg
	1877_Orchids_F801_139.jpg
	1877_Orchids_F801_140.jpg
	1877_Orchids_F801_141.jpg
	1877_Orchids_F801_142.jpg
	1877_Orchids_F801_143.jpg
	1877_Orchids_F801_144.jpg
	1877_Orchids_F801_145.jpg
	1877_Orchids_F801_146.jpg
	1877_Orchids_F801_147.jpg
	1877_Orchids_F801_148.jpg
	1877_Orchids_F801_149.jpg
	1877_Orchids_F801_150.jpg
	1877_Orchids_F801_151.jpg
	1877_Orchids_F801_152.jpg
	1877_Orchids_F801_153.jpg
	1877_Orchids_F801_154.jpg
	1877_Orchids_F801_155.jpg
	1877_Orchids_F801_156.jpg
	1877_Orchids_F801_157.jpg
	1877_Orchids_F801_158.jpg
	1877_Orchids_F801_159.jpg
	1877_Orchids_F801_160.jpg
	1877_Orchids_F801_161.jpg
	1877_Orchids_F801_162.jpg
	1877_Orchids_F801_163.jpg
	1877_Orchids_F801_164.jpg
	1877_Orchids_F801_165.jpg
	1877_Orchids_F801_166.jpg
	1877_Orchids_F801_167.jpg
	1877_Orchids_F801_168.jpg
	1877_Orchids_F801_169.jpg
	1877_Orchids_F801_170.jpg
	1877_Orchids_F801_171.jpg
	1877_Orchids_F801_172.jpg
	1877_Orchids_F801_173.jpg
	1877_Orchids_F801_174.jpg
	1877_Orchids_F801_175.jpg
	1877_Orchids_F801_176.jpg
	1877_Orchids_F801_177.jpg
	1877_Orchids_F801_178.jpg
	1877_Orchids_F801_179.jpg
	1877_Orchids_F801_180.jpg
	1877_Orchids_F801_181.jpg
	1877_Orchids_F801_182.jpg
	1877_Orchids_F801_183.jpg
	1877_Orchids_F801_184.jpg
	1877_Orchids_F801_185.jpg
	1877_Orchids_F801_186.jpg
	1877_Orchids_F801_187.jpg
	1877_Orchids_F801_188.jpg
	1877_Orchids_F801_189.jpg
	1877_Orchids_F801_190.jpg
	1877_Orchids_F801_191.jpg
	1877_Orchids_F801_192.jpg
	1877_Orchids_F801_193.jpg
	1877_Orchids_F801_194.jpg
	1877_Orchids_F801_195.jpg
	1877_Orchids_F801_196.jpg
	1877_Orchids_F801_197.jpg
	1877_Orchids_F801_198.jpg
	1877_Orchids_F801_199.jpg
	1877_Orchids_F801_200.jpg
	1877_Orchids_F801_201.jpg
	1877_Orchids_F801_202.jpg
	1877_Orchids_F801_203.jpg
	1877_Orchids_F801_204.jpg
	1877_Orchids_F801_205.jpg
	1877_Orchids_F801_206.jpg
	1877_Orchids_F801_207.jpg
	1877_Orchids_F801_208.jpg
	1877_Orchids_F801_209.jpg
	1877_Orchids_F801_210.jpg
	1877_Orchids_F801_211.jpg
	1877_Orchids_F801_212.jpg
	1877_Orchids_F801_213.jpg
	1877_Orchids_F801_214.jpg
	1877_Orchids_F801_215.jpg
	1877_Orchids_F801_216.jpg
	1877_Orchids_F801_217.jpg
	1877_Orchids_F801_218.jpg
	1877_Orchids_F801_219.jpg
	1877_Orchids_F801_220.jpg
	1877_Orchids_F801_221.jpg
	1877_Orchids_F801_222.jpg
	1877_Orchids_F801_223.jpg
	1877_Orchids_F801_224.jpg
	1877_Orchids_F801_225.jpg
	1877_Orchids_F801_226.jpg
	1877_Orchids_F801_227.jpg
	1877_Orchids_F801_228.jpg
	1877_Orchids_F801_229.jpg
	1877_Orchids_F801_230.jpg
	1877_Orchids_F801_231.jpg
	1877_Orchids_F801_232.jpg
	1877_Orchids_F801_233.jpg
	1877_Orchids_F801_234.jpg
	1877_Orchids_F801_235.jpg
	1877_Orchids_F801_236.jpg
	1877_Orchids_F801_237.jpg
	1877_Orchids_F801_238.jpg
	1877_Orchids_F801_239.jpg
	1877_Orchids_F801_240.jpg
	1877_Orchids_F801_241.jpg
	1877_Orchids_F801_242.jpg
	1877_Orchids_F801_243.jpg
	1877_Orchids_F801_244.jpg
	1877_Orchids_F801_245.jpg
	1877_Orchids_F801_246.jpg
	1877_Orchids_F801_247.jpg
	1877_Orchids_F801_248.jpg
	1877_Orchids_F801_249.jpg
	1877_Orchids_F801_250.jpg
	1877_Orchids_F801_251.jpg
	1877_Orchids_F801_252.jpg
	1877_Orchids_F801_253.jpg
	1877_Orchids_F801_254.jpg
	1877_Orchids_F801_255.jpg
	1877_Orchids_F801_256.jpg
	1877_Orchids_F801_257.jpg
	1877_Orchids_F801_258.jpg
	1877_Orchids_F801_259.jpg
	1877_Orchids_F801_260.jpg
	1877_Orchids_F801_261.jpg
	1877_Orchids_F801_262.jpg
	1877_Orchids_F801_263.jpg
	1877_Orchids_F801_264.jpg
	1877_Orchids_F801_265.jpg
	1877_Orchids_F801_266.jpg
	1877_Orchids_F801_267.jpg
	1877_Orchids_F801_268.jpg
	1877_Orchids_F801_269.jpg
	1877_Orchids_F801_270.jpg
	1877_Orchids_F801_271.jpg
	1877_Orchids_F801_272.jpg
	1877_Orchids_F801_273.jpg
	1877_Orchids_F801_274.jpg
	1877_Orchids_F801_275.jpg
	1877_Orchids_F801_276.jpg
	1877_Orchids_F801_277.jpg
	1877_Orchids_F801_278.jpg
	1877_Orchids_F801_279.jpg
	1877_Orchids_F801_280.jpg
	1877_Orchids_F801_281.jpg
	1877_Orchids_F801_282.jpg
	1877_Orchids_F801_283.jpg
	1877_Orchids_F801_284.jpg
	1877_Orchids_F801_285.jpg
	1877_Orchids_F801_286.jpg
	1877_Orchids_F801_287.jpg
	1877_Orchids_F801_288.jpg
	1877_Orchids_F801_289.jpg
	1877_Orchids_F801_290.jpg
	1877_Orchids_F801_291.jpg
	1877_Orchids_F801_292.jpg
	1877_Orchids_F801_293.jpg
	1877_Orchids_F801_294.jpg
	1877_Orchids_F801_295.jpg
	1877_Orchids_F801_296.jpg
	1877_Orchids_F801_297.jpg
	1877_Orchids_F801_298.jpg
	1877_Orchids_F801_299.jpg
	1877_Orchids_F801_300.jpg
	1877_Orchids_F801_301.jpg
	1877_Orchids_F801_302.jpg
	1877_Orchids_F801_303.jpg
	1877_Orchids_F801_304.jpg
	1877_Orchids_F801_305.jpg
	1877_Orchids_F801_306.jpg
	1877_Orchids_F801_307.jpg
	1877_Orchids_F801_308.jpg
	1877_Orchids_F801_309.jpg
	1877_Orchids_F801_310.jpg
	1877_Orchids_F801_311.jpg
	1877_Orchids_F801_312.jpg
	1877_Orchids_F801_313.jpg
	1877_Orchids_F801_314.jpg
	1877_Orchids_F801_315.jpg
	1877_Orchids_F801_316.jpg
	1877_Orchids_F801_317.jpg
	1877_Orchids_F801_318.jpg
	1877_Orchids_F801_319.jpg
	1877_Orchids_F801_320.jpg
	1877_Orchids_F801_321.jpg
	1877_Orchids_F801_322.jpg
	1877_Orchids_F801_323.jpg
	1877_Orchids_F801_324.jpg
	1877_Orchids_F801_325.jpg
	1877_Orchids_F801_326.jpg
	1877_Orchids_F801_327.jpg

