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OS THE 

FERTILISATION OF ORCHIDS 
BY INSECTS, 

INTRODUCTION. 

TUE object of the following work is to show 
that the contrivanccs by which Orchids nre 
fertilised, nre as varied and almost as perfect 
as any of the moat beautiful adaptations in the 
animal kingdom; and, secondly, to show that 
these COlltrivances have for their main object 
the fertiiis.'l.tion of each flower by the pollen 
of' another Dower. In my volume' On the 
Origin of Specics ' I have given only general 
reasons for my belief that it is apparently a 
ulli.ers.'l.1 law of nature that organic beillgs 
require an occasional cross with another indi. 
vidual; or, which is almost the same thing, that 
no hermaphrodite fertilises itself for a. per· 
pctuity of generations. IIaving been blamed 
for propounding this doctrine without giving 
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INTRODUOTION. 

ample facts, for which I had not, in that work, 
sufficient space, I wish to show that I have 
not spoken without having gone into details. 

I have been led to publish this little treatise 
separately, as it has become inconveniently 
large to be incorporated with the rest of the 
discussion on the same subject. And I have 
thought, that, as Orchids aTC universally ao­
knowledged to rank amongst the most singular 
and most modified forms in the vegetable king­
dom, the facts to be presently given might lead 
somc observers to look more curiously into the 
habits of our several native species. An ex­
amination of their many beautiful contrivances 
will exalt the whole vegetable kingdom in 
most persons' estimation. I fear, however, 
that the necess..'uy dctails will 00 too minute 
and complex for anyone who has not a strong 
taste for Na.tural 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
\'inced that the structure of each is due to 
secondary laws, as to one who ,,-jews every 
trifling detail of structure as the result of the 
direct interposition of the Creator. 
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L\'TUODUOTION. 

I must premise tllat Christian Konrad 
Sprcngcl, in his curious mld valuable work, 
'Das cntdcckte GeheUnnlss del' Natur,' pub­
lished in 1703, gave an excellent outline of 
the action of the several po'wts in Orchids; 
for he well knew the position of the stigma; 
and he discQ\'ered that insects were necessary 
to remove the pollen-masses, by pushing open 
Ihe ponch and coming into contact with the 
enclosed sticky glands. But he overlooked 
many curious contrivances,-a consequence, 
apparently, of his belief that the stigma 
generally rccci\,cs the pollen of the sume 
flower, Sprengel, likewise, has partially 
described the structure of Epipactis; but in 
the rose of Listera. he entirely misunderstood 
the remarkable phenomena characteristic of 
that genus, which has been SO well described 
by Dr, Hooker in the' Philosophical 'l'ranaao­
tions' fol' 1854. Dr. Hooker has given a. full 
and accurate account., with drawings, of the 
structure of the parts, and of what takes 
place; but from not having attended to the 
agency of' insects, he bas not fully under­
stood tJle object gained, Robert Brown,· in 

• 'Linll«'3n Transactions,'l838, \'01. :lVi. P. 704, 
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INTRODUCTION. 

his oolebrated p.."per in the 'Linnman Trang... 
actions,' 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 reconcileable 
with this belief: we shall hereafter see that 
this doubt is groundless. Many other authors 
have given L'lcts 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 informa­
tion which has not been granted, as far as 
possible, in the most liberal spirit. 

RlTh f hrl lin 



L"TRODUCTION. 

E.XPLA..";ATION OF TERMS. 

In rose a.ny 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. J n most flowers the 
stalllcns, or male organs, surround in a. ring 
the one or more female organs, called the 
pistils. In all common Orchids there is only 
one stamen, and this is confluent with the 
pistil fanning the Column. The stamens 
consist of a. filament, or supporting . thread 
(rarely seen in British Orchids), which carries 
tho anther; and within the anther the pollen, 
the male vivifying element, is included. The 
anther is divided into two cells, which fire 
very distinct in most Orchids, SO much so as 
to appear in some species like two scp<'\~e 
anthers. Tho pollen in all common plants 
consists of fine granular powder: but in most 
Orchids tho grains cohere in masses, which 
are often supported by a ve,ry curious ap­
pendage, rolled the Caudicle j as will hereafter 
be more fully explained. The pollen-m!\SSCs, 
with their ca.udicles and other appendages, are 
called tho PoUinia. 



lN1'RODUal'ION. 

'fhere are l)roperly in Orchids three united 
pistil>, or female organs. The upper part of 
the pistil has its anterior surface soft and 
viscid,' which fonus the stigma. The two 
lower stigmas are often completely confluent, 
so as to appear as one. The stigma. in the 
act of fertilisa.tion is penetrated by long tubes 
emitted by the poUen-grains, which carry the 
contents of the grains down to the ovules, or 
young seeds in the ovarium. 

Of the three pistils, which ought to be 
present, the stigma of the upper one has been 
modified into an ex.traordinary organ, called 
the Rostellum, which in many Orchids pre­
sents no rcsemblance to a true stigma. The 
rostellum eithor includes or is formed of' 
viscid matter; and in very many Orchids 
t"Qc pollen-masses are firmly att.-whed to a. 
portion of its exterior membrane, which is 
removed, together with the pollen-masses, by 
insects. This removcable portion consists in 
most British Oreh.ids of a. small piece of 
membranc, with a. layer or ball of viscid 
matter underue..'\th, and I shall call it the 
U t'iscid disc j " but in many exotic Orchids the 
portion removed is 80 large and so import-
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lSTUODUCTION. 

ant, that one part must be called, as before, 
the viscid disc, and the other part the pedietl 
of the rostellum, to the end of which pedicel 
the pollon-masses are attached. Authors have 
called that portion of the rostcllwn which is 
removed the "gland," or the "retinaculum," 
froro its apparent function of retaining the 
pollen-masses in place. The pedicel, or pro­
longation of the rosteUwn, to which in many 
oxotic Orchids the poUcn-masscs are attacbed, 
scems gencrally to have been confounded, 
undcr the name of caudicle, with the true 
caudicle of the pollen-masses, though their 
llatlU'C and origin are tot.1.lIy different. The 
[Xlrt of the rostellwn which is not removed, 
and whicb includes the viscid matter, is some­
times roBed the" bursicula," or "fovea," or 
u pouch." But it ,,;11 be found most conve­

nient to avoid a ll tbese tenns, and to call the 
whole modified stigma the rostelJ.uill-some­
tiules adding an adjective to define its shape; 
and to call that portion of the rostellum which 
i8 attnchcd to and removed with the pollen­
m~'1 the vi&id disc, together in some cases 
with itl! pedicel. 

LUistly, the three outer divisions of the 

.IL.. _ ___ h..(...,mDlete w'orY )fCharies arwl lin 



L."l'TRODUCTION. 

Bower are called Sepals, and form the calyx; 
but, instead of being green, as in most common 
Bowel"'8t they are generally coloured, like the 
three inner divisions or Petals of the Bower. 
The ono petal which commonly stands lowest 
is larger than the others, and often assumes 
most singular shapes; it is called tho lower 
lip, or Labellum. I t secretes nect.'l!', in order 
to attract insects, and is ofton l)roduccd into a 
long spUI'·Jike nectary. 

el The Comol t W rk of Charles Darw, 
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CHAPTER L 

Structure of Orchis-Power of mOl"cment of the pollinia­
l'crr~t adaptMion of tho part. in Orchis pyramidalis - On 
the inse<:t6 whieh visit Orohid .. and on tho frequency of their 
viBita- On the fertility and .rerility of lIe"eral Orchid. - On 
tho IIOOretion ofncctar, IUldon moths being purpoec\ydclaycd 
in oht.1ining It. 

FOR my purpose British Orchids ma.y be 
divided into three groups, and UlC arrong&­

mont is, for the most part, a natural one. 
But I leave out of consideration the British 
species of Cypripedium, with its two anthers, 
of which I know nothing. Of these three 
groups the first consists of the Ophrore, which 
have pollillia furnished at their lower ends 
with flo caudicle, congenitally attached to a 
viscid disc. The anther stands above the ros­
tellum. '1'he Ophrero include most of our 
oommon Orchids.. 

First, for the genus Orchis. The reader 
may find the following details rather difficu1t 
to understand; but I can assure him, if he 
will have patience to make out this first case, 
the succeeding cases will be easily intelligible. 

n 3 
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10 S'rRU(JI'um: OF C11A.p. l . 

The accompanying diagrams (Fig. 1., p. 18) 
show the I'eiative position of the more import­
ant orgnns in the flower of the Early Orchis 
(0. mus<nila). The sepals and the petals have 
been removed, excepting the Iabclhuu with its 
nectary. The nectary is shown only in the 
side view (n Fig. A); for its enlarged orifice 
is almost hidden in shade in (B) the front 
view. The stigma(s)is bilobcd, and consists 
of two almost confluent stigmas; it lies under 
the l)()u~h.formcd (r) rostellum. The anther 
(a in B and A) consists of two mther widely 
separated celis, which are longitudinally open 
in front: each cell includes a pollen-maSt! or 
pollinium. 

A pollinium rcmovoo out of' one of the two 
anthcr-rolls is rel)resented by Fig. C; it con­
sists of a number of wedge-formed packets of 
pollen-grains (sec Fig. F, in which the packets 
are rorcibly separated), united together by ex· 
ccssively clastic, thin t1ue..'\d.s. 'I'ileac threads 
become confluent at the lower end or each 
pollcll.nulss, and compose the (c C) stra.ight 
ela.stic caudicle. The end or the caudicle is 
firmly attached to the viscid disc (d 0), which 
consists (as may be seen in thc section, Fig. E) 
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c...lI'.I. ORCHIS MASCULA. II 

of 'a minute oval piece of membrane, with a 
ball of viscid matter 011 its under side. Each 
pollinium has its separate WSC j and the two 

'oolls of viscid matter lie enclosed together 
(Fig. D) within the rostellum. 

The rostellum is a nearly spherical, some­
what pointed projection Cr Figs. A and B) 
o\'crhanging the two almost confluent stigmas, 
and lUlhjt be fully described, as every <lehtil of 
it~ structure is full of signification. A sec­
tion through one of the discs and oolls of 
vii;Cid matter is given (Fig. E); and a front 
vicw of Loth viscid discs within the rostellum 
(Fig. D) is likewisc given. 'l'lus latter figure 
CD) proh'lbly best sen'es to explain the struc­
ture of the rostellum; but it must be under­
Btood that the front lip is hero considerably 
deprc!<:;(.>d. The lowest part of the anther is 
united to the baek of the rostellum, as may 
be sccn in Fig. B. At an early period of 
growth the rostellum consists of a mass of 
polygonal cells, full of brownish matter, which 
00118 soon resolve themselves into two balls of 
an extremely viscid semi-fluid substance, void 
of structure. These viscid masses arc slightly 
elongated, almost flat on the top, and com'OX 
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12 STRUGI'URE 0)" CHu.l. 

below. They lie quite free within the ros­
tellum (being surrounded by fluid), except at 
the back, where each viscid ball firmly adheres 
to a. small portion or disc of the exterior mem-­
brane of the rostellum. The ends of the two 
caudic1es arc strongly attached to these two 
little discs of membrane. 

The membrane forming the whole exterior 
surface of the rostellum is at first continuous; 
but as soon as the flower OpellS the slightest 
touch causes it to 11lpture transversely in a 
sinuous line, in front of the anther-cells and 
of the little crest or fold of membrauc (see 
Fig. D) between them. This act of rupturing 
makes no differellce in the shape of the ros­
tellum, but o:m\"crts the front part into a lip, 
which can easily be depressed. This lip is 
represented considerably depressed in Fig. D, 
and its edge is seon, Fig. E, in the front view. 
When the lip is thoroughly deprcssed, tbe two 
bulls of viscid matter are exposed. Owing to 
the elasticity of the hinder part or hinge, the 
lip or pouch, when not pressed down, springs 
up and again encloses the two viscid balls. 

1 will not affirm that the rupturing of the 
exterior membrane of the rostellum never 
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CIIu.l. ORClIIS MASCOLA. 13 

talres place sp::mt.'llloously j and no doubt the 
membrane is prepared for the rupture by 
having hccome very weak along defined lines ; 
but 8(weral times I saw the act ensue from 
an excessi"ely slight touch-so sljght that I 
oonclude that the action is not simply mecha.. 
nieal, but, for the want of a bettcr term, may 
be called vital. We shall hereafter Illoot with 
other C3FoCf1, in which the slightest touch or 
the vapour of chloroform causes the exterior 
membrane of the rostellum to rupture along 
certain defined Jines. 

At the same time that the rostellum becomes 
trall.8vel'8ely ruptured in front, it probably (for 
it was impossible to ascertain this fact from 
tJIC pcw;:ition of the parts) ruptures behind in 
two oval lines, thus separating and freeing 
from thc rest of the exterior surface of the 
I'U8tellum the two little discs of membrane, to 
which externally the two caudicles arc attached, 
and to which internally the two balls of viscid 
matter adhere. The lineof rupture is thus very 
complex, out strictly defined. 

As the two anther-cells open longitudinally 
in front from top to bottom, cven before the 
flower expands. as 800n as the rostellum is 
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properly ruptured from the eilects of a slight 
touch, its lip can be caail, depressed, und, the 
two little discs of membrane being already 
sep..1rate, tho two pollinia now lie abso lutely 
free, but are still embedded in their proper 
places. So that the packets of pollen find the 
caudiclcs lie 'within the anther-cella; the discs 
still form part of the posterior surfaoo of the 
rostell um, but are separate ; and the balls of 
viscid matter still lie concealed witbill the 
rostellum. 

Now let liS see how tlus complex mechanism 
acts. Let us suppose an insect to alight on 
the Iabellum, which forms a good Ianding­
place, and to push its head into tJ1C chamber 
(see side view Fig. L, A, or front view, B) at 
the back of which lies the stigma (8), in order 
to reach with its proboscis the end of the nec­
tary; or, which does equally weU to show the 
action, push a sharply-pointed common penciJ 
into the ncctary. Owing to the pouch-formed 
rostelJum projecting into the gangway of the 
nect:lry, it is scarcely possible tlmt any object 
can be pushed Ulto it without tho rostellum 
being touched. The exterior membrane of the 
rostellum then ruptures in the proper Jines, 
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ea.>.r.1 ORems llASCUL\.. I;} 

and" the lip or pouch is most easily depressed. 
Whcn this is cffected, one or both of the viscid 
Lolls will almost infallibly touch the intruding 
body. So \'iscid are these balls that whatever 
they touch they firm1y stick to. Moreover 
the viscid matter bas the peculiar chemical 
quality of setting, like a cement, hard and dry 
in a few minutes' time. As the anthcr-ccl1s 
are op .. 'n in front, when the insect withdraws 
iIB head, or when the pencil is withdrawn, one 
pollinium, ()T hath, will be withdrawn, firmly 
CCDltmh .. d to the object, projecting up Jjke 
horns, us shown (Fig. n.) by the upper figure. 

Fig. II. 

A. PUlit'lHUqI uf O. IIlMCula, ",hen first Rttlldwd. 
II. uo. do. IIfrerthoactofd"I'rt'lJ8iOll. 

The finnu(:1;S of the attachmcnt of the cement 
is very Ilt..'('t!-&ry, as we shall immediately BOO; 

for if the pollinia were to fulJ sideways.. or 
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bacl. .. wards they oould 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 let us 8UpJXlOO 
our insect to fly to another flower, or insert 
the pencil (A, F;g. II.), with the atlnched pel­
Iinium. into the same or into anotller noctary : 
by looking at the diagram (Fig. I., .A.) it wi ll 
be evident that the firmly attached poUinium 
will be simply pushed against or into its old 
position, namely, into its anther-ooll. TIow 
then can the flower be fertilised? This is 
effected by a beautiful oontrivanoo: though 
the viscid surface remains immovcably affixed, 
the appnrcntly insignificant and minute disc 
of membrane to which the candicle adheres 
is endowod with a. remarkable power of con­
traction (as will hereafter be more minutely 
described), which causes the polliniwn to sweep 
througb aoont 90 degrees, always in one 
direction, viz., towards the apex of the pro­
boscis or pencil, in the course, on an average, 
of thirty seconds. The position of the polli­
nium after the movement is shown at B in 
Fig. II . Now after this movement and 
inftrval of time (which would allow the insect 
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to fly to another flower), it will be seen, by 
turning to the diagram (Fig. I., A), that, if 
the pencil be inserted into the nectnry, the 
thick end of the pollinium will exactly strike 
the stigmatic surface. 

H ere ngnin comes into play nnother pretty 
adaptation, long ago noticed by Robert Brown,· 
The stigma is very viscid, but not so viscid 
as when touched to pull the whole pollinium 
off the ill&.'Ct·s head or off the penci.l, yet 
sufficicntly viscid to brenk the clastic Uueads 
(Fig. L,I") by which the packets of pollen­
grains nrc tied together, nnd leave some of 
them on the stigma. n ence a. polliniulU 
att.'\ched to an insect or to Ule pencil can be 
applied to mally stigmns, and will fertilise nil. 
I ha.ve seen the pollinia. of Orchis pymmidalis 
adheri.ng to the proboscis of a molll, with the 
stump-like caudicle alone left, aU tbe l)"'lckets 
of pollen having been left glued to the stigmas 
of the flowers successively visited. 

One or two little points must sti ll be 
notiCA..'d. The balls of viscid lllntter within 
the pou('h-fol'llled rostellmn arc surrounded 
with fluid; and this is very import.'l.llt, for, 

•• Tn.n.cu<J1lI of the LiDnean Society,' voL ni. p. is!. 
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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 have found that in a few 
minutes they entirely lost their power of ad· 
hesion. Again, the little discs of' membrane, 
the movement of which, as rousing the move-­
ment of the pollinium, is so abeolut.cly indis­
pensable for the fertilis.1.tioll of the flower, lie 
at the upper and back surface of tho rostellum, 
and arc closely enfolded and thus kept damp 
within tbe bases of the anther-ecUs; and this is 
vcry necessary, as an exposure of about thirty 
seconds causes the movement of depression to 
take plaoo; but as long as the disc is kept 
damp the pollinimll remains rendy for action 
whenever removed by au insect. 

Lastly, as I have shown, tho pouch, after 
being depressed, springs up to its former posi. 
tion j nnd this is of great service; for if this 
action did not take place, and an insect after 
depressing the lip failed to remove either viscid 
ball, or if it removed ODe alone, in the first case 
both, and in the second case oue of the viscid 
balls would be left exposed to the air; conse­
quently they would quickly lose all adhesin~ ... 

" 
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a.Mtber. 
r. n»telhlm. 
1.I,il!lDl. 
1.llIbelium. 

INc"ptionojFig.l. 

I ".IIfICW'). 

p. polliniumorpollen-mbS. 
c. eaudiel .. ofpullininm. 
d.viaeiddi&eofl'olliuium. 

A. Side view of flower, with all the 1lC!1l1, alld ICIIIIle cut off 
cxocpt the labellum, ofwhicb lhenear half ilcutaway, 
WlweU lUI the upper portion of the near.ide of the nectary. 

B. f'rvut vicw of Hower, with &11 sepallllln(1 petal, rcnlov~>d, 
exoepttholllbeUum. 

C. One I'0llinium or J)ollen-masa, ahowing the packeta of puUen­
gral..,thecaudide,aud vitciddi80. 

D. "'TQot\'ie"'ofthediae:e and caudiclllllof both l'0llini" within 
thefOl;teUlLm.wi'bitalipdel'~' 

E. Re<:tion through 000 ,ide of then»telhIlU, with the included 
dillOllUdcaudicleofonepullinium . 

• '. PacketlofpoUen-graina, tied together by ewticthmad., here 
extcndotl. (Copied from &uer.) 
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u. anther. 171 nectary 
, .. rostellum. p~ polliJ;liU;11 or polleIHnas-s . 
•. stigma. ,. <:aud .. leof pollinium. 
1. 1abcllum. d. visciddiscofpollinium. 

A. Side view of flower, with all the petals and sepals cut off 
except the labellum, of which the ncar balf is cut away, 
as well ns the upper portion of the ncar side of the nectary. 

B. l?ront view of flowe r, with all sepals and petals removed, ' 
excopt the labellum. 

C. One pollinium or pollen-mass, showing t.he packets of pollen­
groins, tbecaudiclc, and viscid disc. 

D. Front view of the discs and caudicles of both pollinia within 
t.heroslcllulll,withitslipdeprcssed. 

K Section through one side of the rostcllum, with the included 
disc and caudicIe of one pollinium. . 

F . ])acketsofpollcn-grains, tied together by cltLStic threads, here 
extcnded. (Copied from Bauer.) 
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ness, and tho poUinia. would be rendered abso-­
Intely useless. 'f hat insects often remove oue 
alolle of the two pollinia. at a timo in many 
kinds of' Orews is ccrt..'lin; it is even probable 
that they gellcraUy remove only one at a 
time, for the lower and older flowers a lmost 
always have both pollinia. removed, and the 
younger flowers close beneath the buds, which 
will have been seldomer visited, have fre­
quently only one pollinium removed. 1n a 
spike of Orcws macula!..'l. I found as many as 
ten flowers, chiefly the upper ones, whicll had 
only one poliinium removed; the other polli­
nium being in place, with the !.ip of the r0s­

tellum well closed up, and all the mechanism 
perfect for its subsequent removal by some 
insect. 

The description now given of the action 
of the organs in Orchis mascula applies to 
O. morio, fusca, maculata, and latifolia, and to 
~\ccra.s anthropomorpha,· These species pre-

• The lII!pu-ation of thi. genua is evidently anilicial. H is II 
true Orchis, but with a vet"y .hort necu.ry, Dr. WOOdell hllll 
dNcribed (' AnnaJcsdOll Sci. Nat.,' 8° IICr. 'Bot.,' tom. :niii. p. 6) 
the ot'CIlrrence of numerou.'hybrids, naturally produced, bet,,·oou 
thi.AoetU&ndOrcbi' galeata. 
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sent slight and apparently co-ordinatod differ· 
ences in the length of the caudide, in the 
direction of the nectary, in the shape and 
{X)Sition of the stigma, but they are not worth 
dct.'\iling. In nil, the pollinia. undergo, after 
removal from the anther-cclls, the curious 
mOvement of depression, which is so neoess.'lry 
to place them in a. right position on the insect's 
head to strike the stigmatic surface of another 
flower. In Accraa the cauclicle is unusually 
short; the ncctmy oonsists of t\VQ minute 
rounded depressions; the stigma. is trans­
versely elongated; the two viscid discs lie 90 

close together within the rostellum that they 
affect each other's outline ; this is worth notice, 
as a step towards the two becoming absolutely 
confiuent, as in O. pyramidalis. Neverthe­
less, in Aceras a single pollinium is sometimes 
removed by insccts, though more rarely than 
with the other species. 

We now oome to Orchis pyramidalis, one of 
the mOfit highly organised species which I 
have examined, and which is ranked'by several 
botanists in a. distinct genus. The relative 
}XlSition of'tho parts (Fig. III.) is hero consi. 

Th Ie 
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derobly different from what it is in O. maseula 
and its allies. There are two quite distinct 
rounded stigmatic surfaces (8, 8, ..A) placed on 
each side of the pouch-fonned rostell um. This 
latter organ, instead of standing some height 
above the nect..'uy, is brought down (sec side 
view B) 90 as to overhang and partially to 
close its orifice. The ante-chamber to the 
nectary fo~ed by the union of the edges of' 
Ule labcll um to the column, whieh is large 
in O. museula and its allies, is hero small. 
Tho pouch-formed rostellum is hollowed out 
on the under side in the middle : it is filled 
with fluid . 'i'he viscid disc is single, of the 
shape of a saddle (Figs. C and E), carrying 
on its llearly fiat top or scat the two caudicles 
of the poUinia; of which the two truncated 
ends firmly adhere to its upper surface. Before 
the mctnbrane of the l'ostelJum ruptures, ~t can 
be c1carly seen that the saddle-fanned disc 
fonn.'! part of the continuous surfaoo of the 
rostellum. Tho disc is partially hidden and 
kept damp (which is of great impOl't"lllOO) by 
tho largely o\'ol'-loldcd basal membranes of 
the two anther-cclls. l'he upper membrane 
of the disc consists of several layers of minute 
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cells, and is therofore rather thick j it is lined 
beneath with a layer of highly adhesive matter, 
which is formed within the rostellum. 'I'he 
single saddle-formed disc strictly anS'''\'ers to 
the two. minute, oval, scp.1rate discs of mem­
brane to which the two caudicles of O. mascula 
and its allies nre atL1ched: two separate discs 
have here become completely confluent. 

When tllO flower opens and the rostellum 
has become symmetric:ally nlptured, either 
from a touell or spontaneously (I know not 

Jk.:riptWm of Fig. 111. 

a. anther. 
""Itigma. 
r. J'OIItellum. I

/.labellum. 
l. guidingplateonthelabellum. 
'I. nectary. 

A. Front view, with llll ICpals and petals removed, except the 
labeUum. 

C. Side "iew, with all ICpala and petals removed, with the 
hbeHum longitudinally billCCtOO,andwith the nell.r aide 
ofthilupperpart.dthene(llBryeuta""y. 

C. The two pollioia attached to the OOdIe-ehaped viacid dillC. 
D. TIle disc after the first act of contraction, with no obje(lt 

leized. 
E. The dillC _n rrom above, and flattened hy fOfQe, with one 

pollinin!D removlod; sbowing the dcpression, by which 
these«Jndactoreontractioniseffected. 

F. The pollinium removed by the inaertion of a needle into tbe 
necta.ry,afler ith ... claspedthcnoodlebythefirstllCtor 
contraction. . 

G. The I!&me pollinium after the IIeCOIld act or oontnu;tion and 
depfl'llSion. 
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which), the slightest touch depresses the lip, 
that is, the lower and bilobed portion of the 
exterior membrane of the rostellum, which pro­
jects into the mouth of the nectary, When the 
lip is depressed, the under and viscid surface 
of tbe disc, still remaining in itll proper place, 
is unoovered, and is almost certain to adhere 
to tbe touching object. Even a human hair, 
when pushed into the nectary, is stiff enough 
to depress the lip or pouch; and the viscid sur~ 
face of the saddle adheres to it. If, howeyer, 
the lip be touched too slightly, it springs back 
and re-covers the under side of the saddle. 

The perfect adapt'ltion of the parts is well 
shown by cutting off the end of the nectary 
and inserting a bristle at that end; conse­
quently in a reversed direction to that in 
which nature intended moths to inscrt their 
probosces, and it will be found that tlle 1"0&­

tellum may easi ly be torn or penetrated, but 
that the saddle is rarely or never caught. 
When the saddle sticking to a bristle together 
with its pollinia is removed, the under lip 
instantly curls closely inwards, and leaves the 
orifice of the nectnry more open than it was 
before; but whether this is of any real use to 
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moths which 80 frequently visit the floWCI1l, 
and consequently to the plant, I will not pre­
tend to decide. 

Lastly, the labellum is furnished with two 
prominent ridges (l, Fig. A, B), sloping down 
to the middle and cxp.'kniling outwards like 
the mouth of a. decoy; these ridges perfectly 
scn'c to guide any flcxible body, like a fine 
bristle or bail', into the minute and rounded 
orifice of the nectary, which, small as it is, 
is partly choked up by the rostellum. 'This 
oontri,'unce of the guiding ridges Inay be com­
ptred to the little instrument sometimes used 
for guiding a thread into the fine eye of a 
needle. 

Yow let us see how tllCBe parts act. L<:t a 
moth insert its proboscis (and wo shall pre­
IlCntly sec bow frequently the £lowers arc 
visited by Lepidoptera) betwoon thc guiding 
ridges of tile Iabellum, or insert a fine bristle, 
and it is surely oonducted to the minute orifice 
of the nectary, and can hardly fail to depress 
the lip of the rostellum; this being effected, the 
bristle oomcs into contact with dle now naked 
and sticky under surface of the suspended 
aaddle-fonlloo disc. When the bristle is 
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removed, the &'\ddle with the attached pol. 
linin is removed. Almost instantly, us soon 
as the srl.ddlo is exposed to the ail', a l'ftpid 
moycmcnt takes place, and the two flaps curl 
inwards and embrace the bristle. When the 
poUinin are puUed out by their caudiclcs, by a 
pair of' pincers, so that the saddle has nothing 
to clasp, J observed that the tips curled inwards 
so as to touch each other in nine seconds (see 
Fig. D), and in nine morc seconds the saddle 
was converted by curling stil l more inwa.rds 
into an apparently solid bull. The probosccs 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 saddle just met 
on the under side. Hence a naturalist, who sent 
me a moth with several &1.ddles attached to its 
proboscis, and who did not know of this move­
ment, very naturally came to the extraordi­
nary conclusion that the moth had cleverly 
bored through the exact centres of the so-called 
sticJ.. .. y glands of some Orchid. 

Of course this rapid clasping movement 
helps to fix dle saddle with its pollinia upright 
on the l)roboscis, which is Yery important; but 
the viscid matter rapidly setting hard would 
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probably suffice for this end, and the real object 
gained is the divergence of the pollinia. The 
poUinia, being attached to the Bat top or seat 
of the saddle, project at first straight up and 
are nearly parallel to eadl other; but as the 
Hat top curls round the cylindrical and thin 
proboscis, or round a. bristle, the pollinia. 
ncccss:u'ily diverge. As soon as the 8.'\ddle 
has clasped the bristle and the pollinia. have 
diverged,a second movement commences, which 
action, like the last, is exclusi,ely due to the 
contraction of the 8.'\ddle-sbaped diBe of mcm· 
brune, as 'will be more fully described in the 
se\'"enth chapter. This second movement is the 
same as that in O. masculn. and its aUies, and 
causes tho divergent pollinia, which at first. 
projected at right angles to tho needle or 
bristle (800 Fig. F), to sweep through nearly 
go degrccs towards the tip of the needle (see 
Fig. G), 80 as to become depressed and finally 
to lie in the same plane with the needle. ] n 
three specimens this second movement was 
effected in from 30 to 34 seconds after the 
removal of the poUllin. from the antber..ceUs, 
and therefore in about 15 seconds ailer the 
saddle had clasped the bristle. 

o 2 
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Tho U60 of this double movement becomes 
evident if a. bristle with pollinia attached to 
it, wbich have diverged and become depressed, 
be pushed between the guiding ridges of the 
labellum into the nectary or the same or another 
flower (compare Figs . ..A. and G); for the two 
ends of tho pollinia. will be found to have ac­
quired exactly such a position that tho end of 
tJ1C one strikes against the stigma on the ono 
side, and the end of the other at tbe B..'lme mo­
ment strikes against the stigma. all the op}Xlsite 
side. These stigmas are so viscid that they 
rupture tbo clastic thre.'\ds by which the packets 
of pollen are bound together; and some dark· 
green grains will be seen, even by the naked 
eye, rcmailling on the two white stigmatic 
surfaccs. I have shown this little experiment 
to scveral persons, and all have expressed the 
liveliest admiration at the perfection of the 
contrivance by which this Orchid is fOl'tilised. 

As in no other plant., or indeed in hardly 
any animal, can adaptations of one part to 
another, and of the whole to other organised 
beings widely remote in the scale of nature, 
be mnlled more perfect than those presented 
by this Orchis, it may be worth while briefly 
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to sum them up. .A.s the flowers are visited 
both by day and night.flying· Lepidoptera, I 
do not tlullk that it is fanciful to belieYe 
tJlat the brighfi..purple tint (whetber or not 
specially developed for this purpose) attracts 
the day. fliera, and the strong foxy odour the 
nigbt.fliers. The upper sepal and two upper 
pct...'lls fonn a bood protecting the anther and 
stigmatic surfaces from the wcather. Tho 
labcUum is developed into a long nectary in 
onlcr to attract Lepidoptera, and we shall 
presently give reasons for suspecting tllat the 
nectar is purposely so lodged that it can be 
sucked ouly slowly (very differently from in 
most flowers of other families), in order to give 
time for tbe curious chemical quality of the 
~id matter on the under side of the saddle 
setting hard and dry. He who will insert a 
fine and flcxible bristle into the expauded 
mouth of the sloping ridges on the IabeUum 
will not doubt that they serve as guides; and 
that they effectually prevent the bristle or pro­
boscis from being inserted oblique ly into the 
ncct..'lry. Thi.s circUlllBtance is of manifest im· 
}Xlrt.'lncc, for, if the proboscis were inserted 
obliquely, the saddle-formed disc would become 
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attached obliquely, and after the compounded 
movement of the pollinia they could not strike 
the two lateral stigmatic surfaces. 

Theil we have the rostellum partiaUy closing 
the mouth of the nectary, like a trap placed in 
a run for game; and the tra p so complex and 
perfect, with ita symmetrical lincs of rupture 
forming the saddle-shaped disc above, and the 
lip of the p.:mch below; and, lustly, this lip so 
easily depressed that the proboscis of a moth 
could hardly fail to uno:wcr tho viscid disc and 
adhm'c to it. But if this aid fail to occur, the 
elastic lip would rise again and re-cover and 
keep damp the viscid surface. We see the 
viscid matter within the rostellum attn.ched to 
the &'\ddlc-sbaped disc alone, nnd surrounded 
by fluid, 80 that the yiscid matter does not 
set hard till the disc is withdrawn. 'l'hen 
we have the upper surface of the saddJe, 
with its attached caudicles, also kept damp 
within the bases of' the anther-ccUs, until with. 
drawn, when the curious clasping movement 
instantly commences, causing the pollillia to 

diverge, followed by the mo'·emeut of depree-­
SiOIl, which compounded movements together 
are exactly fitted to cause the ends of the 
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two pollinia to strike the two stigmatic SUI'· 

faces. These stigmatic snr£'l.ces are sticky 
enough not to tear off the whole pollinium from 
the proOOscis of the moth, but by rupturing 
the clastic threads to secure a few packets of 
pollen, leaving plenty for other flowers. 

But let it be observed that., altl19ugh the 
moth probably takes a. considerablo time to 
suck the ncctar of anyone flower, yet the 
movement of depression in the pollinia does 
not commence (as I know by h'ial) lUltil ihe 
pollinia aro fairly withdrawn out of their 
cells; nor will the movement be completed, 
and the poUinia. be fitted to strike the stig­
matic surfaces, until about half a. minute has 
elapsed, which will give ample time for the 
moth to fly to another plant, and thus effect a 
union between two distinct individuals. Lastly, 
we have the wonderful growth of tbo pollen. 
tubes amI their penetration of the stigma, as 
well as the mysteries of germination, though 
these arc common to all phanerogamic plants. 

Orchis ustulata· resembles O. pyramidalis 

• J am greatly iodchted to Mr. G. Cbichesttr Oxcnden of 
Brootllo I'ark tor fresh l pecimell8 of tbi. Orchis, and for his 
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in BOrne import:lDt respoctB, and differs in 
others. The labcllum is deeply channelled; 
this channel, which replaces the guiding ridges 
of O. pyramidalis, leads to the small trian­
gular orifice of the short noctary. The upper 
anglo of the triangle is overhung by the ros­
tellum, the pouch of which is rather pointed 
below. Owing to this position of the roste1ium, 
close to the mouth of tho nectary, the stigma, 
is necessarily double and lateral; but we here 
have an interesting gradation, showing how 
easily the single and slightly lobed medial 
stigma of O. macuhta. would pass through 
the bilobcd stigma of O. mascula. into that of 
O. llstuiata, and thence into the truly double 
stigma of O. pyramidalis; for in O. ustulata, 
directly under thc rostellum, there is a narrow 
rim, in direct continuity with tho two lateral 
stigmas, and which itself has the character of 
a true stigma, .'IS it is formed of utriculi, or 
true stigmatic tissue, e:'(actJy like that of the 
lateral stigmas. The viscid discs are some­
what elongated. The poUinia undergo the 

never.tiring kindnc. in 'lIpplying me lll'ith living plan ... with 
numerOlle .peciment, and inronnatioo regarding many of the 
rarer BritilhOrehida. 
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usual movement of depression, and in ucquir­
ing this position the two diverge slightly, so 
as to be ready to strike the lateral stigmas. 

The divergence seemed due to tho manner 
or direction in which the membrane forming 
the top of tho disc contracted obliquely; but 
I am not sure of this observation. 

I havo now described the structure, as seen 
in fresh specimens, of most of the British 
species of the genus Orchis. .All these species 
absolutely require the aid of insects for their 
fertilis..'ltioo. This is obvious fJ'ODl the filet 
that the poUuti3. are so closely embedded in 
their ant.ber-oclls, and the disc with its ball of 
viscid mattor in the pouch-formed rostellum, 
that they cannot be shaken out by violence. 
We havo also seen numerous contrivances by 
which iJ1C pollinia assume, after an inter\'al 
of time, a. position adapted to afrike the stig­
matic surface; and this inilicatcs that tbe 
pollinia arc habitually carried from one Bower 
to another. But to prove that insects are 
Ilecess..wl I covered np a plant of Orchis morio 
under a bell-glass, before any of its pollinia had 
heen removed, leaving three adjoining plants 
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uncovore(\ ; I looked at the latter evcry morn­
ing, and daily found some of the pollini..'\ 
removed, till all were removed with the ex­
ception of the poUinia in one flower low down 
on one spike, and with the exception of those 
in ono or t ..... o {Jowers at the apex of each 
spike, which were never removed. I then 
looked at the perfectly hea lthy' plant under 
the bell-glass, and it had, of course, all its 
pollinia. in their cells. I tried an analogous 
exper imen t with specimens of O. mascula with 
exactly the 8..'\roe result. It deserves notice 
that the spikes which had been covered up, 
when subsequently left uncovered, had not 
their pollinia removed, and did not, of course, 
set any seed, whereas the adjoining plants 
produced . plcot,y of seed; and from this fact 
I infer that probably there is a proper season 
for cach kind of Orchis, and that insects 
cease their visits aftcr the proper season has 
passed, and the regular secretion of nectar 
has ceased. 

I have been in the habit for twenty years 
of watcbing Orchids., and ha.ve ncver seen 
an insect visit a flower, excepting bl~tterfl.ies 
twice sucking 0, pyramidalis and Gymlladen ia 

© Th .. Complete Work of Charles Darwin Onhne 
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oonopsca. That bees sometimes visit Orchids· 
I have evidenoo in a humble and hi"c bee 
BCnt me by Professor Westwood, with pollinia 
att.'lchcd to tJleID; and )lr. F. Bond informs 
me that he has scen pol1inia attached to other 
species of bees; but I feel ulmost ccrtain that 
bees do not. habitually visit the common British 
species of Orchis, On the other hand, I have 
met with scveral acoounts in entomological 
works of' pollinia having been o~r"ed attached 
to moths. JUr, F. Bond was so kind as to senu 
me a large number of moths in tJlis condition, 
with pennission, at the risk of the destruction 
of the specimens, to remove the po llium; and 
tJlis is quite necessary, in order to ascertain to 

what species the pollinia belong. Singularly 
all tho pollinia (witIl tile e.'tccption of a few 
from Orchids of the genus Habcnaria, pre-

• ),1. ?!Il!Di~ (in Dull. Bot. Soc. de t'rance, tom. i. ISM, 
p. 370) -I' he ..... in Dr. Gu~pin '. collection, iJ.c.cI ooilt'(:ted at 
Saumur with tile pollinia of Orchidl atu..ched to their beads; and 
he ,talel that a pel"lOD who keJK iJ.c.cI Dear the Jardill de Ja 
!'acult6(RtTouloU86?)oomplainedthat hi, beet returned from 
the gardeD with their heads chargcd with yellow bodic-, of which 
they could DOt free themselveIJ. Thill i. good evidence how 
firmly tbe pollinia become attached. 11J.ere il nothing to BOOW 
.bo."-herthe"olliniainth(lll6euet1beloDgedtothB genU!~ 
or to other gcoera oJ the family, IIOIlle or 1\·hich I know are 
rilited bIbeee. 

Th. 
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6elltly to be mentioned) belonged to O. pyra­
midalis. 1 here give the list of twenty-three 
species of Lepidoptera, with the poUinia of O. 
pyramidalis attached to their probosces. 

l'olyommatlUlaiUia. 
Lyc8ma phl!l'q. 
ArgegalatlLea. 
llc.periasylvlUlUl 

" linea. 
SyrichthIUl81n'Olua. 
Authroc;e ... filipcndula!. 

trifolH.­
LithOl\iaoompl&IUI. 
Leucania Iitbargyrill. (two 

~pechncna). 

Canr.olrint. blanda. 
" I\lliut,.. 

Agrotilcataleuca. 

Euboliamenauraria(twospeci_ 
metU). 

liadcllIIdeul.ina. 
Heliothia margina'- (two 

IpecimetUl). 
Xylopha3ia lubluatri. (two 

IpecimcWl). • 
[uclidiaglyphica. 
TOXOCllUll*lll8tinurn. 
Mcianipperi ... rill.. 
Spilodetp\lealil. 

" eillctalis. 
Aoontialuctu,*" 

A hu'gc majority of these moths and butter­
flies had two or three pairs of pollinia. attached 
to them, and invariably to the proOOscis. The 
Acontia had seven pair, and the Caradrina no 
less than cleven pair! The probosccs of these 
two latter moths presented an extraordinary 

·!lWl.indcbtedtoMr.ParfittforaIlu&roinationo!thiaDlQth, 
which is mentioned in the' Entomol.ogist'e Wockly lntelJigecocr,' 
vol. ii. I~ 182, and vol iii. P. 3, Oct. 3, 1857. The polliu.iawere 
errouoouslythoughttobc.1ongtoO,lhr)'Iapiferr.. 'l'heJlOllenhad 
clanged (rom iUl natural green (Dloul' to yellow; 00 "_hing it, 
however, Ind drying it, the grwn tint returned. 
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arbol'cscentnppearanoo (Fig. IV.) The saddle­
formed discs adhered to 

Fig. IV. 
the proboscis, one be­
fore the other, with l'iilft::;;;,­
perfect symmetry (as 
necessa.rily follows from 
its insertion having 
been gu;dcd by tbe 
ridges ou the bOOI­
lUlU), each saddle bear-II~-:~:'!:,U!:"o:: 
ing its pair of jX)llinia. ~."""""'lOlIIopt<>boo<lt. 

The unfortunate Carndrina, with its proboscis 
thus encumbered, oould hardly have re..'\ched 
the extremity of the nectary, and would soon 
have been starved to death. These two moths 
must have sucked many more Ulan the seven 
and eleven flowers, of which they bore the 
trophies, for the earlier attached jX)Uinia had 
lost much of their pollen, showing that they 
had toucbed many viscid stigmas. 

This list shows, also, how many species of 
Lepidoptera. visit the same kind of Orchis. 
The JTadclla also frequents Haoonaria. Pro­
bably all tho Orchids provided with spur-like 
ncctaries arc visited indifferently by many 
l..-illds of moths. I have twice observed Gym-

Th ,mo1ete Work ofCh ... rl"" DoOr n' nine 
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noocnia conopsea., transplanted many miles 
from its nntive home, with nearly all its pol­
linia removed. lli. Marshall or Ely· has made 
the &,\IDC observation on transplanted specimens 
of O. maculata. I have not sufficient evidence, 
but I suspect that the Ncotte..'U and Malaxere, 
which have not tubular neetaries, arc fre­
q uouted by other orders of insects. Listern 
is generally fertilised by small Dymenoptera; 
Spirnnthcs by humble-bees. Mr. Marshall 
found that fifteen plants of Opbrys muscifera, 
transplanted to Ely, had not onc pollen-mass 
l'cmo\'oo j so it was during the first summer 
with Epipactia latifolia planted in my OWll 

garden; dtuing the following summer six 
flowers out of ten had their pollinia rcmoYed 
by some insect. These facts possibly indicate 
tlmt ccrtain Orchids require special insects for 
their fertilis.'ltioll . On the other hand, Mal­
axis paludos.'l, placed UI a bog about two miles 
from that in which it grew, had most of its 
pollinia immediately removed. 

The list which follows serves to show that 

• 'GmieDCl'" Chronicle,' 1861, p. 73. Mr. Man.h.al1'1 oom· 
munica.tion ........ in I.lUIwer to IIOIllII renlllrks oCroine 00 tbe lubjeet 
provioualy publilh«l. in the 'Gardener'. Cbroniek-,' ISGO. I). 528. 
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in most cases moths perfonn the work of 
fertilisation effectually. But the list by no 
means gh'es a fair idea 'how effectually it is 
done; for I have often.. found nearly all the 
pollil1ia removed; but generally I kept an 
exact record in exceptional cases alone, as may 
be seen by the appended remarks. Moreover, 
in most C<'lseS, the }X)llinia which had not been 
removed were in the upper Bowers beneath 
the buds, and many of these would probably 
have been subsequently removed. I hrwe 
often found abundance of pollen ou the stigmas 
of flowers which bad not their own }X)llinia 
removed, showing that they had been visited 
by illsectt:!; in many other flowers the pollinia 
had been removed, but no pollen had, as yet, 
been left on their stigmas. 

In the eecond lot of O. morio, given in the 
list, we 800 the injurious effects of the extra­
ordinary cold and wet season of 1360 in the 
infrequency of the visits of insects, and, con­
sequently, on the fertilisation of this Orchid. 
Very few seed-capsules were produced this 
year. 

In O. pyramidalis I have cxaminod spikes 
in which every single expanded flower had its 

.:l The C..;.molete W rk of Chari s a I hn 
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pollinia removed. The forty-nine lower flowers 
of a spike from Folkestone (sent me by Sir 
Charles LyeU) actually produced forty-eight 
fine secd-ropsules; and of the si:'<ty-nine lower 
flowers in three other spikes, seven ::done bad 
failed to produce capsules. 'l'hcse facts show 
conclusively how well moths had pcrfonned 
their office of marriage-priests. 

In the list, the third lot of O. pyr[lmidalis 
grew on a. stoop grassy oonk, overhanging 
Ule sc..'\ near 'l'orquay, and where there were 
no bushes or other shelter for moths; being 
surprised how few potlinia bad been removed, 
though tbe spikes were old, and very m[lny of 
the lower !lowenl had 'withered, I gathered, for 
comparison, six other spikes from two busby 
and sheltered vaIIeys, half a. mile on each 
side of the exposed bank; these spikes were 
certainly younger, and would probably have 
had 86veral 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. 'l'be Boo 
Ophrys and O. pyramidalis, in mallY parts of 
England, grow mingled together; and they did 

..:::t. The Compl e W rk of Charles Darw n nil 
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so here, but the Bee Ophrys, instead of being, 
as usual, the rarer species, was here much 
morc abundant than O. pyramidalis; no one 
would readily have suspected that probably 
one chief reason of this difference was, that 
the exposed situation was unfiwourable to 

moths, and therefore to the seeding of O. 
pyramidalis; whereas, as wo shall hereafter 
sec, the Boo Ophrys is independent of insects. 

I counted many spikes of O. iatifolia, be­
cause, being familiar with the usual state of 
the closely-allied O. maculata, I was surprised 
to observe in nine nearly withered spikes how 
few pollinia had been removed. In ono instance, 
however, I found O. maculata even worse 
fertilised; for seven spikes, which had oorne 
315 flowers, produced only forty-nine seed­
capsules-that is, each plant on an average 
produced only seven capsules: in this case the 
plants had grown in greater numbers close 
together, forming large beds, than 1 had ever 
before observed; and I imagined that there 
were too many plants for the moths to suck 
and fertilise. On some other plants, growing 
at no grcat distance, I found above thirty 
capsulcs on each spike. 

c The Complete Work f Charles Darwin Online 
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Orchis fusca. offers a more curious case of 
imperfect fertilisation . I examined ten fine 
spikes from two localities in South Kent, sent 
to me by :Mr. Oxenden and Mr. Malden: most 
of tho flowers on these spikes were partly 
withered, with the pollen mouldy even in the 
uppel1nost flowers; hence we may safely 
infer that no more pollinia would have been 
removed. I pxamined all the flowers only in 
two spikes, on account of tho trouble from their 
withered condition, and tho result may be seen 
in the list, namely, fifty-four flowers with both 
pollinia in place, and only eight with one or 
roth removed. We see in this Orchid, and in 
O. lutifolia, neither of which had been suffi­
ciently visited by moths, tllat thore are more 
flowers with one pollinium than with both re­
mo\·oo. 1 casually examined mally flowers in 
the other spikes of O. fusca, and the proportion 
of pollinia. remo\'"ed was evident1y not greater 
than in the two given in the list. 'The ten 
spikes had ooruo 358 flowers, hut, in accord­
ance with the few pollinia. removed, only 
eleven ca psulos had been formed: fi vo of the 
ten spikes oore not a single capsule j two 
spikes had only one, and one ooro as many as 
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four capsules. As corroborating what 1 have 
previously &lid on pollen being often found on 
the stigmas of flowers which have their own 
pollinia in place, I may add that, of the eleven 
flowers which had produced capsules, fixe had 
both pollinia. still within their now withered 
antber-oolls. 

From those £'\cta tho suspicion naturally 
arises that O. Fusca is so rarc a species in 
Britain from not being sufficiently attractive 
to our moths, and consequently not producing 
a sufficiency of seed. C. K. Sprcngcl· noticed, 
tJl3.t in Gennany O. militnris (ranked by 
Bentham as the same species with O. fusca) is 
likewise imperfectly fertilised, but more per­
fectly than our O. fusca; for be found five old 
spikes bearing 138 flowers, which had set 
thirty-ono capsules; and he conb-asts the state 
of these flowers with those of Gymnndenia 
oonopsca, in which almost overy flower pro-­
duces a capsule. 

An allied curious subject remains to be 
discussed, The existence of 3. wcll·c!cvcloped 
spm'.Jike nectary seems almost to imply the 

• 'Daa entdco;:kte Gebeimnies,' etc. I, 404, 
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accretion of nectar. But Sprengel, t\ most 
careful observer, thoroughly searched many 
flowers of O. Intifolia and of O. morio, and 
could nC\'er find a drop of nectar; nor oould 
Krlinitz· find nectar either in the nectary or 
OJl the labcllum of O. morio, fusca., militaris, 
maculata, and latifolia. I havo looked to all 
tlle species hitherto mentioned in this work, 
and amId find no signs of nectar; I c..xamined. 
for instancc, cleven flowers of O. maculata, 
t.'\kcn from different plants growing ill dif­
ferent (lisb'icts, and taken from the most 
favourable position on each spike, and could 
not find under the microscope the smallest 
Lead of nectar. Sprengel calls these flowers 
.; Scheinsaftblumen," or sham-necf.,\r-producers; 
that is, ho believes, for he welJ knew that the 
visits of insects were indispensable for their 
fertilisation, that these plants exist by an 
organized system of deception. But when we 
reflect on the incalculable number of plants 
which h.'l.\'e existed for enonnous periods of 
time, aU absolutely requiring for each generu-

• Qootod by J. G. Kurr in his • Unlel'lUChun~ tibet die 
Iledeul~deTNcktarieu;1833,!.28. Seealto'Dlllentdcektc 
Gebeimnia,'a. 403. 
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tion illscct- agency; when we think of the 
special contrivances clearly sho,,>i.ng that, after 
an insect has visited one flower and has been 
cheated, it must almost immediately go to 

a second flower, in order that impregnation 
may be effected (of which fact we have the 
plainest evidence in the large number of pol­
linin :lttnched to the prooosces of those moths 
which llUd visited O. pyramydalis), we cannot 
believe in so gigantic an impostUl'c. lle who 
believes in this doctrine must rank very low 
the instinctivtl knowledge of many ki~ds of 
moths. 

To test the intellect of moths I b"ied the 
following little experiment, which ought to 
havo been tried on a 1arger scale. 1 removed 
a few already-opened flowers on a spike of 
O. pyramidalis, and then cut off alxlUt half 
the length of the nectaries of the six next 
not-cxpanded [lowers. When all the flowers 
were nearly withered, I found that thirteen 
of the fifteen upper flowers with perfect. 
neclanes had their pollinia. removed, and two 
alone had their pollinia. still in their 3nther­
cells; of the six flowers with their nectal'ies 
cut ofT, threo had tboir pollinia l'cmove<l, and 

© The Comolete W..,rk of Charles Darwin Onhne 
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three \\'ero still in plaoe; and this seems to 

indicate that moths do not go to work in a 
quioo senseless manner. 

Nature may be said to have tried, but not 
quite fair ly, this same experiment; for Orchis 
pyramidalis, as shown by MI'. Bentham,­
often produces monstrous flowers without a. 
nectary, 01' with a. short and imperfect one. 
Sir C. Lyell sent me several spikes fl'OID Folke· 
stone with tlln.ny flowers in this condition; 
I found aix \\;thout a. vestige of a nectary, 
Ilnd their pollinia had not been removed. In 
about a dozen other flowers, having either 
short nectaries, or with the labcllum imperfect, 
with the guiding ridges either absent or deve­
loped in excess and rendered foliaooons, the 
pollinia. in one alone had been remo\-oo, and 
the ovariuDl of another flower was swelling. 
Yet I found that the saddle--formed discs in 
the first six and in the dozen other flowers 
wore perfect, and that they readily clasped a 
needle when inserted in tho proper place. 
lIoths had removed the . pollinia, and had 
thoroughly well fertilised the perfect flowers 
011 tho same spikes; so that they must have 

• 'UMdbook or the Britiab .1ora,' 1858, p. 501. 
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neglected tho monstrous flowers, or, if visiting 
them, the derangement in the oomplcx mecha­
nism had hindered the removement of the pol­
linin, and prcycntod their fertilis..'l.tion. 

From these sc"cral facts I still su.spected 
that ucct .. l.r must be secreted by our oommon 
Orchids, and I determined to examine O. morio 
rigorously. As soon as many flowers were 
open, I began to examino them for twenty­
three oonsccutivQ days: I looked at them after 
hot sunshine, aftor rain, and at all hours: I 
kept the spikes in water, and examined them 
at midnight, and early the next morning: I 
irritated the nectaries with a bristle, and ex­
posed them to irritnting vupours: I took 
flowers which had quite lately lmd their 
pollinin. removed by iusoots, of which I bad 
independent proof on ono OCCt'l.sion by finding 
with.in the nectary grains of some foreign 
pollen;· and I took other flowers whieh from 
their position on the spiko would soon have 
had their pollinia removed; but tho nectary 
waS invariably quite dry . 

.. I may mention that on soaking IIDd I!CpIITllting the !amine 
oftbeprollooilci8ofamoth,wbichba<i thepollillUlofa ilfloonarill 
attached to ita ll!~d, a lurprisiug number ofpolleu-gmina OfBOmC 
other I)but wcrcllCen in the wllter. 
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I sti ll thought that the secretiou might 
perhaps take place at the earliest da.wn, as I 
h3,\"e found that the secretion of nectar in 
flowers of other orders ceases and CQmmences 
in the moat rapid manner. Consequently, as 
O. pyramidalis is visited (as may be seeu in 
the foregoing list) by butterflies and by severnl 
day-flying moths (such as Anthrocel'a and 
Acolltia), I carefully examined its ncctary, 
taking plants from several loca lities and the 
most likely flowers, as just explained; but 
the glittering points within the ncctary were 
absolutely dry. Hence we may B..'lfcly con­
elude that the nectaries of the above-named 
Orchids neither ill this country nor in Gcrmany 
e"er contain nectar. 

In examining the nectaries of O. morio and 
maeulatn. and especially of O. })ynunidalis, I 
was slUlJl'ised at the degree to which the imler 
and outel' membranes forming the tuoo or spur 
were separated from each othcr,-also at the 
delicatc nature of the inner membrane, whiell 
could be most easily penetrated,-and, lastly, 
at the quantity of fluid contained between 
these two membranes. So copious is this 
fiuid, that, having at first merely eut off the 

It f h rl ~ I" 
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ends of the Dccta-ries of O. pyramidalis, and 
gently squeezing them on glass undel' the 
microscope, sHch large drops of fluid exuded 
from tho cut ends that I concluded that the 
nect..'lrics certainly did contaiu nectar; but 
when J carefully made, without any pressure, 
a slit along the upper snrf..'lcc, and looked into 
the tuoo, I found tbat the inner surface was 
quito dry. 

L then examined the nectarics of Gymna­
. deni:~ conopsca (a plant ranked by some 

botnniats as a. true Orchis) and of lIabcnuria. 
bifolia, which are always one-third or two.. 
thirds full of nectar; the inner mcmbmnc pro-. 

. scntod the same structure in being covered 
with papillro, but there was a plain difference 
in the inner and outer membranC8 being closely 
united, instead of being, as with tho above­
named species of Orchis, in some dcglw sepa­
rated from each other and charged with fluid. 
Hence T am led to suspect that moths pene­
tmte tho lax inner membrane of tbo Ileetaries 
of these Orchids, and suck the copious fluid 
between the two membranes. I am aware that 
t.his is a. bold hypothesis; for no case is re­
corded of neeL'l, being contained between the 
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two membranes of' a ncctmy,- or of Lepidop­
tera pcnetrating with their dcl.icatc probosees 
e,'cn the laxcst membrane. 

We have seen how numerous and beautifully 
adapted the contrivances are for the fertilisa­
tion of Orcbids. 'Ve know that it is of the 
highest importnnce that the pollillia,. when 
attached t,o the bead or proboscis of an insect, 
should not fall sideways or ooekwards. We 
know that the tnt! of viseid mattcr at Ole 
extremity of the pollinium rapidly becomes 
more and more viscid, and sets hard in a few 
minutes' time: therefore we can sec that it 
would be an advantage to the plant if the 
moth were delayed in sucking the nectar, so 
as to gi vo time for the viscid elise to become 
immovcably affixed. ..A.ssurcdJy moths would 
he delayed if they had to bore through sevcrnl 
points of the inner membrane of the nectary, 
and to suck Ole nectar from the intercellular 
spaces. This explanation of t.he good thus 
gained in some degree corroborates the hypo-

• Thc nmrOO; 'ppl'OllCh to this 8Uppo!l(ld cue, yet rCfllly dil­
liner, i8tbclIOOretion{,fnect&rin.scvcralmonoootylooououBplan" 
( .. deteribcd by Ad.l3rongniart ill Bull. Soc. 1.101. de f.'ranee, 
lUD.i.18M,I,·75)frombetweentbetl\·owal1a(fcuilletl)which 
rorm the divUiionl or the ovarium. But tile uectar ill tl,j~ cue is 
ClIOductcdtothcou~ideby,clanncJjandtheleCretil1gIUTQ 
wbornolcgicaUylUlext.criorsnrfaoe. 
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the~s that the nectaries of the above-named 
species of Orchis do not secrete nectar ester· 
nally, but into internal cavities. 

The following singular relation supports 
this vicw morc strongly. I have found nectar 
within Ole nect.'lries of only five British, species 
of Op)wcro, namely, in Gymnadenia conopse.a 
and albiela, ill Ifabcnaria. bifolia Hnd chIt? 
muthn, and in Pcristylus (or llabcnaria) 
viridis. The first four of these species have 
the viscid sUI'face of the discs of their pollinia. 
not enclosed within a pouch, but naked, which 
by itoelf shows that the viscid matter has a 
different chemic..'ll natlUe from that in the 
species of true Orchis, and does not ropidly 
set hard when exposed to the ail'. But to 

make SlIro of tllia I removed the pollinia from 
their anlher-cells, so that the upper as well 
as the under surfaces of the viscid discs were 
freely exposed to the air; in Gymnadenia 
conopsea. the disc remained sticky for two 
hours, and in IIabenaria. chlorantha. lor more 
than twenty-four hours. In Peristylus viridis 
the viscid disc is covered by a. pouch-formed 
membrane, but this is so minute that botanists 
have overlooked it. I did not, when examin­
ing this species, see the importance of oxactly 
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ascertaining how rapidly the viscid matter set 
hard; but 1 copy from my notes the words 
written at the time: "Disc remains sticJ.:y for 
some time when removed from its littlo pouch." 

No\~ the bearing of these facts is clear: if, 
as is certainly the case, the viscid matter of 
tho discs of these fi.e latter species is 80 viscid 
lUI to serve at once for the firm attachment of 
the pollinia to insects, and docs not quickly 
becomo more and more viscid and set hard, 
there could be no use in moths ooing delayed 
in sucking }he nectar by having to bore 
through the . inner membrano of the ncctaries 
at scvernl points; and in these five species, 
and in these alone, we find copious nectar 
re.'\dy storoo for their use in tho open tubular 
nect.1ries. If this relation, on the one hand, 
between the viscid matter requiring some little 
time to set hard, and the necf.1r being so 
lodged that moths are delayed in getting it; 
and, on tho other hand, between tho viscid 
matter being at first as viscid as ever it will 
become, and the nectnr lying all ready for 
rapid suctioll. be accidental, it is a. fortunate 
accident for the plant. If not accidentn l, and 
I cannot believe it to be accidental, what a. 
singular case of adaptation! 

u.o The C m Ie Work of Charles De lin 
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CIlAPTER II. 

Ophrem continued - Fly and Spider Ophrys - Bt'fl Ophrys. 
appan:ntly adapted for perpetual scif-fcrtililllltion, but with 
paradoxical contrivances for intererossing-The FrogOrchisj 
fertilisation effected by nectar secreted from two partaofth;; 
labellmll _ GyulDadcnia cotlopsca - Greater and Lesser 
BIlt(crilyOroitis; thcirdiffcrcnOO8andmenusoffertilisntion­
Summary on tlH' powers of movement in the po11inia. 

WE now come to those genera of Ophrcro 
which chiefly differ from Orchis in llfLving 
two separate pouch-fonned rostellums,· instead 
of the two being confluent, as in Orchis. 
First for the genus Ophrys . 

• It is not OOl'1'i'Ct tQ speak of two rostellums, but the inac­
cumey lDay be forgiven from ita OOIll'cniencc. ThO) roslclillrn 
strictly is a Bingle organ, formed from the modification of the 
dorsal stigma and pistil; 110 that in 0l'hry8 tho two pO\1ches 
and tho intermedinte s(lQW together form the true rostellum. 
Apin, in Orcllis I havo spoken of the l)Quch-formed organ as 
the roetel\um, but strictly the rostellum iucludes the little eJ"(s~ 
or fold of membrane projrei:ing betwoen the bAAe! of the amlwr-
00118. '}"his folded CJ"(st (90mctimes oou\"erted into a RQlid ridge) 
correspond! with the smooth ridge lying between tho two pouches 
in Oph!'ys, and owes its protuberant and folded condition in 
Orchis to tho two pOllch~'$ h:wing bo..-w brougllt togollhcr and be­
becomcoonfluent. 'l'hismodificationwillbemoTctullycxpiained 
inthe80nmthchaptcr. 
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Fig. v. 

OPIIRYB KUIJCIFl'!IU, OR "'LV OPIlIlY8. 

o. &lither. 
,.,.. I"Oftellum. 

..lII.igma. 
1. I.a.belluro. 

55 

A. Flower viell"ed in front; the t~o upper petall &1"(1 alwOtit 
cylindrical aDd hairy: the two roatellum. ,und & little in 
ad\"a!"lCeofthebat.e8oftheanther-.«>ILsjblltthilu.not 
Iholl"llfromtheforel!bortcnillgoflhednlwing. 

D. One of tho two pollini& removed from i~ IInther-.«>II, Ilnd 
yil'wed latcn\lIy. 

I n Ophrys muscijera, or the Fly Ophrys, the 
chief peculiarity is that the caudicle of the po l­
lillium (B) is doubly and almost roctangularl,V 
bent. Tho nearly circular piece of membrnne. 
to the under side of which the ball of viscid 
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matter is attached, is of considerable size, and 
plainly forms the summit of the rostellum, 
instead of forming, as in Orchis, the posterior 
and upper surface ; consequently the attached 
end of the candide, after the flower has ex­
panded, is exposed to the air. As might 
have boon expected from this circumstance, 
the c .... mdiclo is not capable of that movement 
of depression, characteristic of all the species 
of Orchis; for this movement is always excited 
when tht! upper membrane of the disc is first 
exposed to tho air. The ball of viscid matter 
is bathed in fluid within the pouch formed by 
the lower half of the rostellulll, and tlus is 
necc8s.'lI'Y, as the viscid matter rapidly sets 
hard in the air. The pouch is not clastic, and 
docs not apring up when the polliuium is 
removed. Such elasticity would ha.ve been 
of no usc, as there is here a separate pouch 
for each \'iscid disc; whereas i ll Orchis, after 
one polliniulll has been removed, tho other 
has to be kept covered up and ready for 
action. Hence it would appear as if nature 
were so economical as to saxe oven super­
fluous elasticity, 

The pollinia. cannot, as I have often tried, 
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be jarred out of the anther-ceJls by violence. 
That insects of some kind visit these flowers, 
though not frequently, and remove the pol. 
linia, is certain, as we shall immediately see. 
Twice I have found abundant pollen on the 
stigmas of flowers, in which both their own 
pollinia were still in their cells; and, 110 doubt, 
had I oftener looked, I should have oftener 
observed this fact . The clongated labellum 
affords a good st..·mding-place for insects: at 
its oose, just beneath the stigma, thero is a 
rather deep depression, representing tLe nec­
tary in Orchis; but I could nevcr sec a trace 
of nectar; nor have 1 observed any insects, 
often as I have watched thcse inconspicuous 
and scentlcss flowers, even approach them. 
On each side of the base of the labellum there 
is a shining knob, with 3n almost metaJlic 
lustre, appearing like two drops of fluid; and 
if I could in any case believe ill Spl'engei's 
sham·nect..'l.rics, .£ should believe it ill this 
instance. Wkl.t induces insects to visit these 
flowers 1 can at present only conjecture. The 
two pointed pouches, covering the viseid discs, 
stand not far apart, and project O\'er the 
stigma: any object gently pushed right flf,"3.illst 

D 3 
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one of them (in Orchis the push should be 
directed rather downwards) depresses the 
pouch, touches and adheres to the viscid ball, 
and the pollinium is easily removed. 

The structure of the flower leads me to 
believe that small insects (as we shall see in 
the C.'lSC of Listen\.) crawl along the labellum 
to its base, and that in bending their heads 
downwards or upwards they strike against 
one of the pouches; they then Hy to another 
flower with a pollinium att.'lcbed to their heads. 
and there bending down to the base of the 
labellum, the pollinium, owing to its doubly 
bent candicle, strikes the sticky stigmatic sur­
f.'lee, and leaves pollen on it. Under the next 
species we sImI! see good reason to believe 
t.hat the doubly bent candide of the Fly 
Ophrys serves instead of the usual movement 
of depression. 

That insects do visit the flowers of' the Fly 
Ophrys and remove the pollinia, though not 
effectually 01' sufficiently, the follo,,;n~ cases 
show. During sevcral years before 1858 I 
occasionally cxam.ined some flowers, and found 
that out of 102 only thirteen had one OJ' both 
pollinia removed. A !though at the time I 
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recorded in my notes that most of the flowers 
were partly withered, I now think that J must 
have included a good many young flowcr\<. 

which might perhaps have been subsequently 
visited; HO 1 prefer tmsting to the following 
observations. 

In~~~i.!~!bt.:~:~.~7 ~W~,} 30 27 

In,::~I!ri~g~~!.~ ~oth~~} 15 50 

In 1800, 17 platll4, bearing 61 flowcn "" " In 1861, 4- i,lants bearing 24 flOWl'nl~ 

I' from K.Kl'nt.,all therroviOUSplllnt8 
haringgrowninN. 'ent , ... 

Total 88 1~19 

We here see tImt, out of 207 fiowel"8 ex­
amined, not half had been visited by insect:,!, 
Of the eighty-cight flowers visited, thirty-onc 
had only olle pollinium removed. As the visits 
of insects are indispens.'l.ble to the fertilisatioll 
of this Orchid, it is remarkable (as in the caae 
of Orchis fusca) that this Ophrys has not been 
Tenden."(l more attractive to illscctl'{. The IlUIll-
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ber of sced-capsules produced is proportionably 
even less than the number of flowers visited 
by insects. The year 1861 was extraordi· 
narily fiwouroble to this species in this part 
of Kent, and I never s .. tW such numbers in 
flower; accordingly I marked cleven plants, 
which bore forty-nine flowers, but these pro­
duced only seven capsules. Two of the plants 
each bore two capsules, and three other plants 
each Lore one, so that no less than six: plants 
did not produce a single capsule! 'Vhat are 
we to conclude from these facts? Are the 
conditions of life unfavourable to Hus species, 
though it was so numerous in somo places 
this yeal' as to deserve being called quite com­
man? Could the plant nourish morc seed; 
and would it be of auy adnllltage to it to 
produce more seed? 'Yhy does it produce so 
many flowers, if a. larger number of seeds 
"-ould not be advant'lgeous to it? Something 
~eell1s to be out of joint in the machinery of 
its life. 'Ye shall presently sec what a, re­
markable contrast another species of this same 
genus, the Ophrys apifera or Bee Ophrys, pre­
sents in producing seed. 

Opllrys arallifera, or the Spider Ophrys.-I 

I I f h rles arw,n nlme 
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am indebted to Mr. Oxenden for a few spikes of 
this raro species. The . Fig. VI. 

caudido (Fig . .A) rises ( 
straight up from the 
viscid disc, and is then ~ 
curved 0 " bent forwards ~ 
in tho same manner, but 8 "-

not in so great a degree, "-.I'oII~::r:,",,,cf 
as iu the last species. IS.. l 'oIl ln::='" '"'" or 
The point of attachment cIoprHtIooo. 

of the cnudicle to the membrano of the disc is 
hidden within the bases of the anther-cells, and 
is thus kept damp; consequently, as soon as 
the pollini(\. arc cxposed to the air, the usual 
mO\'cmcnt of depression takes placc, al,ld the 
pollinia. swoop through an angle of about 
nincty degrees. By this movement the pol­
linin (supposing them to havo become attached 
to an insect's head) assume a. position exactly 
adapted to strike the stigmatic sm'facc, which 
is situated, relatively to tho pouch-formed ros­
tcllums, mther lower down in tho flower than 
in t.he Fly Ophrys. If wo compare the wood­
cut of the pollinium of the present species, or 
Spider Ophrys, after the movement, with that 
of the Fly Ophrys, which is incapable of 
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movement, it is impossible to doubt tbat the 
permanent rectangular bend ncar the disc of 
the latter serves the same end as the move-­
ment of depression. 

I examined fourteen Bowers of the Spider 
Ophrys,8CveraI of which were partly withered; 
both pollillia were removed in nono, and in 
three alone aile pollillium had boon removed. 
Hence thia species, like the Fly Ophrys, appa­
rently is not much visited by insects. 

The anlher-cells are remarkably open, so 
that, in travelling in a. box, two pair of pollinia 
had fallon out, and were sticking by their 
viscid discs to the flower. ITere we have, as 
t.hroughout nature, evidence of gradation; for 
though the wide opening of the anther-cells 
is of no use to this species, it is of the highest 
importance, [IS we shall immediately see, to 
the following species, namely, the Bee Ophrys. 
So, again, the flexure of the upper end of the 
caudicle of the pollinium towards the labcllum, 
though of' service to tbe Spider and Fly 
Ophrys, in order that the pollinium, when 
removed by insects and carried to another 
flower, should strike the stigma, is exag· 
gerated in the fol1o~llg species, and serves 
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for tLe vcry different purpose of self-ferti­
liSlltion. 

Opltr!/8 apifera.-lll the Bee Ophrys we 
meet with widely different menns of fertilisa­
tion 11101 compared with tho othel" species of the 
genus, und, indeed, as far as" know, with all 
other Ol'cilids. The two pouch-formed res­
tellums. the viscid discs, find tho posi'tion of the 

Fig. VII. 

OPIIII\'8 APIPKJU., OK lltK OPIIU\"II. 

(I.auther . 11. Iabel1um. 

. \. Side view uf Ilower, withtbeuppCrllCJlalllud the two upper 
petall removed. One polliuillm, with its dillC It ill in iii! 
pOllch,isrepl"CI!('uted1l8jUlltfallingolltofthe&uthcr'cc\l; 
and the other hMfallen almOlltto itIJfnllext.cnt,opposi1e 
to the hi,lden ~tigmatie'urfl\Ce. 

Il. I'olliniulII in th6JlO11ition in which itlic.embedded. 
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stigma, arc nearly the 8.'lme as in other species 
of Ophrys; but to my surprise, I have observed 
that the distance of the two pouches from each 
other, and tho shape of the mass of pollen­
grains, aro variable. The caudicles Df the 
pollinia are remarkably long, thin, and flexible, 
instead of bciJlg, as in all the other Ophrero, 
rigid euougl! to stand upright. They are 
necessarily curved forward at theiJ" upper ends, 
owing to the shape of the anther-<:eUs ; and 
the pear-shaped masses of pollen lio embedded 
high above and directly over the stigma. The 
anther-cells naturally open soon after the 
flower is fully expanded, and the thick ends of 
the poUillia fall out, the viscid discs still re­
maining in their pouches. Slight as is the 
weight of the pollen, yet the ca.udicle is so 
thin, and soon becomes so flexible, lhat, in the 
ooursc of a few hours, they sink down, '-\Ptil 
they hang freely in the air (see lower pollen­
mass in Fig. A) exactly opposite to and in 
front of the stigmatic surface. When in thjs 
position a breath of air, acting on the expanded 
petals, sets tho flexible and elalStic caudicles 
vibrating, and they almost immediately strike 
the viscid stigma, arid, being there sccured, 
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impregnation is effected. To make sure that 
no other aid wu.s requisite, though tho experi­
ment was superfluous, I covered up a. plant 
undor a. not, so that some wind, but no insects, 
could pass in, and in a few days the pollinia. 
had become attached to the stigmas j but the 
poilinia of a. spike kept in water in a still room, 
rcm.. .. \ined froo, suspended in thmt of the stigm.. .... 

Robert Brown· first observed that the 
structure of the Bee Opbrys i.s adapted for self­
fertilis. ... tioll. When we consider the unusual 
and' perfectly-adapted length, u.s well as the 
remarkable thinness, of the caudiciea of the 
pollinia j when we see that tho anther-cells 
naturally open, and that tho masses of pollen, 
from their weight, slowly h'1l1 down to the 
exact love1 of the stigmatic surface, and are 
there made to vibrate to and fro by the 
slightest Lreath of wind till tho stigma is 
struck; it is impossiblo to doubt that these 
1)()ints .of structure and function, which occur 
in no other British Orchid, aI'O specially 
adapted for self-fertilisation, 

• '1'raceaet. Linn. Soc.' voL J:\·i. p. 740. Brownerroneoualy 
believoo thllt lhll pecUliarity waf oommon to tho genua. Aa flU' 
.. thelJritish'pooieaareoonocrnoo,itllppiie.tot.hi&onealone 
oflhofonrlpccie.. 
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The result is what might have been antici­
pated. I have often noticed that the spikes of 
the Bee Ophrys apparently produced as many 
seed-capsules as flowers ; and ncar l'orquay I 
carefully examined many dozen plants, some 
time after the flowering season; and on all I 
found from onc to four, and occasionaJ ly five, 
fine capsules, that is, as many capsules as there 
had beon flowers; in extremely few cases 
(excepting a few defonncd flowers, genemUy 
on the summit of the spike) could a flower be 
found which had not produced a capsule. Let 
it be observed what a contrast this case pre­
sents with that of the Fly Ophrys, which 
requires lllscct agency, and which from forty­
nine flowers proouced only seven capsules ! 

From what I had seen of other British 
Orchids, I was 80 much surprised at the self­
ferti iis..'ttion of this species, that during many 
years 1 have looked at the state of the pollen. 
masses in hundreds of flowers, and I have 
never seen, in a single instance, reason to be-­
lieve tllnt pollen had becn brought from one 
flower to another. Excepting in a few mon· 
strous flowcrs, I have never seen an instance 
of the pollinia failing to reach their OW·11 stig· 
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In a very few cases I have found one 
JXlUinium removed, but in some of these cases 
the marks of slime led me to suppose that 
slugs had devoured them. For instance, in 
L860, I oxamined in North Kent twelve 
spikes bearing t.hirty.nine Howers, and three 
of these had oue pollinium remoyed, all the 
other polliuja being glued to their own stig­
mas, l n another lot, from anothel' locality, 
however, I found the unparalleled cnac of two 
flowers with both pollinia removed, and two 
others with One removed. I have examined 
some flowers from South Kent wilh the same 
result. Near 'l'orquay I examined twelve 
spikes bearing thirty-eight (Iowel's, and in 
these ono single poUinium alone had been 
removed. Wo must not forget that blows 
from animals or stonns of wind might occa­
sionally caU.8C the loss of a pollinium. 

In the laic of Wight Mr. A... n. More was 
80 kind as to examine carefully a liLrge num­
ber of flowers. He observed tlmt in plants 
growing singly both poUinia were invariably 
present, Hut on taking home severa l plants, 
from a large number growing in two places, 
and selecting plants which BOOmed to have had 
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some pollinia removed, 110. examined 136 
Bowers: of these ton bad lost both pollinia, 
and fourteen had lost one; so here there 
seems at fu'st evidence of the pollinia having 
been removed by tllcir adhesion to insects; 
but then M r. ~[ore found no less than eleven 
poUinia (not included in the above cases of 
removal) with their caudicles cut or g nawed 
through, hut with their viscid discs still in 
their pouches, and this proves that some other 
animals, not insects, probably slugs, had been 
at work. Three of the flowers were much 
gnawed. Two pollillia, which had apparendy 
been thrown out by strong wind, were sticking 
to the sepals, and three poUinia were found 
loose in his collecting box, so that it is very 
doubtful whether many, or indeed any, of the 
pollinia bad been removed by adhesion to 
insects. I will only add that I have never 
seen an insect visit these flowers.* Robert 
Brown imagined that the flowers resembled 
bees in order to deter insects from visiting 

* Mr. Gerard E. Smith, in his' C&taloguc of l'lllnu ors. Kent,' 
1829,p. 25, 6Ily:e: "?>Ir.Price has frequentlywitucillied Iltta.cb 
ma.de upon the Bee Orchis by II. '!.lee, simibr to thoec bf tbe 
troublesome Apis musoorum." What thi1l8Cl\wnce nlCllll8 I ca.n· 
notwujcc::turo. 
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them; J cannot think this probable. The 
equal or greater resemblanoo of the Fly 
Ophrys to an insect docs not deter the visits 
of some unknown inseet, which, in that species, 
are indispensable for the act of fertiiis..'\tion. 

Whether we look to the structure of the 
several parts of the flower as £'\1' as hitherto 
described, or to the actual state of the pollinia 
in numcrous plants taken during different 
seaBOns fl'Om different localities, or to the 
number of secd--capsules produced, the evidence 
SC()ms conclusive that we here hase a plant 
which is self-fertilised for perpetuity. But now 
let us look to the other side of the case. When 
an object is pushed (as in the case of the Fly 
Ophrys) right against one of the pouches of 
010 rostellum, the lip is depressed, and the 
large extremely viscid disc adheres firmly to 

010 object, and the pollinium is removed. Even 
aftcr the pollinia have naturaUy fallen out of 
their cells and are glued to the stigma, their 
removal can sometimes be thus eftectcd. .As 
8(X)n as Ole dise is drawn out of the pouch the 
movement of depression commences by which 
the pollinium would be brought in front of an 
insect's head ready to strike the stigma. ·When 

It 
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a pollen-mass is placed on the stigma and then 
withdrawn, the clastic tlll-eads by which the 
packets arc tied togetber, break, and le::n'e 
several packctB Oil the ,riscid surface. In all 
other Orchids the meaning of these scveral COll ­

trivances-name]y, the downward mo"cment 
of the Lip of the rostellum wben gently pushed 
-the viscidity of the disc-the act of depres-­
sian of the caudiclo after the disc has been 
removed-the rupturing of the clastic thren.ds 
by the viscidity of the stigma, 90 that pollen 
may be left on 8e\'cn11 Atigmas-is unmistak­
ably clear. Arc we to believe fhat these 
contrivances in the Bee Ophrys ure absolutely 
purpooeless, as would certainly be the case if 
this species is perpetually self-fertilised? If 
the discs had been small or only vi&:id in a 
Rlight degree, if the other related contrivances 
had been imperfect in any degree, we might 
have concluded that they bud begun to abort; 
that Nahrre, if I may use the expression, seeing 
that the Fly and Spider Ophrys were im· 
perfectly fertilised and produced few seed· 
capsules, had changed her plan and effccted 
complete and perpetual self:'jertilis..'ltioll, in 
order that more seeds might be produced. 
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The case is perplexing in an unpuralleled 
degree, for in the s.'lme Bower wo appnrently 
h<'I.ye elaborate oontrivnnces for directly opposed 
objeehl. 

'" e have already seen many curious struc­
tures and movements, as in Orchis pyramidaJjs, 
which evidently lead to the fertilisation of 
ono flower by the pollen of another flower, 
and we shall mcct with numerous other and 
very different contrivanccs for the &'\me object; 
throughout the whole great Orchidean Family. 
lIenee it is impossible to doubt that some great 
gocx1 is derived from the union of two distinct 
flowcrs, often borne on distinct plants; but the 
good in the case of the Fly and Spider Ophrys 
is gained at tJle expense of much leSl>cned 
fertility. In the Bee Ophrys great fettiJjty 
is gained at the expense of apparently per­
petua l self-fcrtili&'\tion; but the oontri,'anees 
arc still present which are assuredly adapted 
to give an occasional cross with another 
individual; and the safest conclusion, us it 
seems to me, is, that under certain unknown 
circumst::mccs, and perhaps at vcry long inter­
vals of time, one individu~J of the Beo Ophrys 
is erossed by another. Thus the generative 
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functious of this plant would be brought into 
hannony with those of other Orchidaccre, 
and, indeed, with those of all other plants, as 
far as I have been able to make out their 
structure. 

Opll1'ys {ll'aclmites.-'l'his form is eonsidered 
by some high botanical authorities as a mere 
variety of the varying Bee Ophrys. Mr. 
Oxendcn sent me two spikes bearing seven 
60wers. The anther-ccJis do not stand so high 
alxrvo the stigma, and do not overhang it so 
much, us in the Bee Ophrys. The muss of 
pollcll-gmins is generally more elongated. 
The uppel' part of the caudicle is curved for-

Fig. VJII. ward, and the lower part under-
goes the movement of' depression, r as in the Spider and Bee OphrY8. 
The caudide in length compared 
with that of the Bee Ophl'y8 is only 

1WlDI_ oI'OpIu'JoI as two to three, or even as hvo 
-- to four; though thus relatively 

shorter, it is as thick and broad as that of the 
Bee Ophrys: it is much more rigid, SO that, 
when the upper end of the pollinium is forced 
out of its anther-ccll, the sticky disc remaining 
in the lXlucb, it can only with difficulty be bent 
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down to the stigma. "We here sce no adapta­
tion for self-fertilisation. 

The scven flowers sent me had. evidently 
long been fully expanded, and the spikes, 
having travelled by railway, must have been 
well shaken, yet in six of the flowers both 
pollinia remained in their anther..cclls; in the 
seventh, both JXlllinia. adhered to the stigma 
with their discs still in their pouches; but 
this flower was much withered, und might 
ha\'e been crushed. Of the six flowet'St three 
werc fiO old that the pollen was mouldy and 
the petals discoloured; yet, as jm::;t stated, the 
poll inia were still in their cells. A /lcr having 
examined so many hundred flowers of the Bee 
Ophryfl, I, have never seen such a casco Con­
sidering this important functiona l diffcrence in 
O. apifcl'll- and Ul"acbnites, and t}lC lesser differ­
enccs in the structure of their pollillia, which 
are likcwise of fUllctional signification, and the 
slight differences in their flowers, it seems to 
me that, until these fOlms can be shown to be 
conllected by intermediate varietics, we must 
rank O. al'Uchnites as a good species, more 
closely allied to O. aranifera in its manner of 
fertili&'1tion than to O. apifel'U. 

(C) The Com~lete Work of Charles Darwin Online 
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Herminium monorchis.-The 1f usk Orchis 
is generally spoken of as having naked glands 
or discs, but this is not strictly correct. The 
disc is of unparalleled size, nearly equalling 
the mass of pollen-grains: it is subtriangular 
in shape, unsymmetrical, somewhat resembling 
a helmet, but with one Kide prohloornnt: it is 
fonned of hard membrane; the hollow base 
alone is viscid, and this rests on and is covered 
by a narrow strip ofmembronc, which is easily 
pushed away, and answers to the pouch in 
Orchis. 'l'hc whole upper part of tho helmet 
answers to the minute oval bit of membrane 
t{) wJlich the candide is attached in Orchis, 
and which is of larger size and COllva" in 
the Fly Ophrys. When the lower part of the 
helmet is moved by any pointed object, the 
point 80 readily slips into the hollow base, and 
is tlleTo so firmly held by the viscid matter, 
that it appears adapted to stick to some promi· 
!lent part of an insect's head. The caudicle 
is short and very elastic; it is attached 
not t.o the apex of the helmet, but to the 
hinder end; if it had been attached to the 
apex, t.he point of attachment would have been 
frooly exposed to the air, and would not have 
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oontracted and caused the moyement of de­
pression in the poUinin whell rcmoved from 
their nnther-cells. This movement is welJ 
marked, and is necessary to bring the end of 
the po!lcn-muss into a propel' position to 

strike the stigma. The two viscid discs stand 
wide np<'lrt. 'I'bere are two transverse stig­
matic surfaces, meeting by their point.s in the 
middle; but the broad part of each lics directly 
und~r the disc. 

The labcllum is upturned, making the flower 
almost tubular. As far as I could ascertain, 
an insect, in crawling out of, or into, the flower, 
would be apt to strike against the upper 
and extraordinarily protuberant ends of the 
helmet-like discs, and so displace the inferior 
\·iscid surfaces, which would adhere to its 
head or body. There is so doop a hoUowat 
the base of the JabelJrnn as almost to deserve 
to be called a nectary; but I could uot perceive 
any nectar. The flowers arc very small and 
inconspicuons, but emit a strong musky smell, 
especially at nigbt. They seem higWy attrac­
tive to insects; in a spike with only seven 
60wers recently open, four had both poUinia. 
and one had a single pollillium removed . 

• 2 
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Peri8tylus (or Habenaria) viridis. - The 
Fl'Og Orchis bas also been described as having 
its viscid discs naked, which is incorrect. The 

Fig. IX. two SllL.'l1i pouches stand 
wide apart. The ball of 
viscid matter is oval, and 
does not SOOI1 act hard; 
its surfilcc is protected 
by a minute pouch. The 
upper membranous sur­
face of the disc is large, 
and as in the Fly Ophrys 
(0. muscifera) the point 
of jUllction with the cau­

l\-rl.lll","Indlt,.Of . 'r<I!I On::.l .. <bele is freely exposed 
:.- ~;""wou........ to the air, al,ld, does not 

::. :'::1":": -laly. cause the polllluum to un­
/. ItoboUtua . dergo the often described 

movement of depression. But the c<'\udiclcs 
arc not doubly bent as in the Fly Ophrys. 
The stigmatic surface is small and medial ; 
and though the anther-cases are somewhat 
iuelined backwards and converge a. little at 
their upper ends, thus affecting tho position 
of the pollinia when attached to any object, 
yet it is at first difficult to understand how the 
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• poll.inia, when rcmo"ed by U1SOOtS, can strike 
tho stigma. 

The explanation is rather curious. The 
elongated labellum forms a rather deep hollow 
in front of the stigma, and in this hollow, but 
somo way iIi advance of tho stigma, a minute 
slit-like orifice (n) leads into tlle short bi lobod 
nectary. Ilenoo 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. Tho labellum has a medial ridge, wruch 
would probably induce the insect to alight on 
either side; but, apparently to make sure of 
this, besides the true nectary, there arc two 
spots (n') on each side at the base of the label­
hun, bordered by its prominent edges, directly 
under tho two pouches, which sccrete drops of 
nectar. ).low let us suppose an inscct to alight, 
probably on aIle side of the labellum, and first 
lick up the drop of nectar on either side; from 
tho position of the pouches exactly over these 
drops, it would almost certainly get tho polli­
llium of that side attached to its head; if it 
wero then to go to the mouth of the true nec­
tary, it would assuredly strike the pollinium 
agniust the stigma. 80 that we see this unique 

(C)The f h rlf'~ r I liw· 
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cnse of nectar being secreted from the basal 
edges of the labellum as well as within the 
short medial nectary, replaces the power of 
movement in the poUinia, so genera l with 
other Orchids, and replaces the doubly bent 
caudicles of the Fly Ophrys. 

As 1 have described the case, the flower 
would receive its own pollen; but if the insect 
first exhausted the richer source of nectar 
within the nectnry, and afterwards licked up 
the lateral drops, it would not till then get 
the pollil1ia attached to its head, und, £lying 
tQ another flower, a union would be effected 
between two distinct flowers or two distinct 
plants. If, indeed, the insect were to suck the 
lateral drops first, from what Spreng-eJ has 
observed in the case of Listera.,· the insect 
would perhaps be disturbed by tJ1C attach­
ment of the pollinium, and would not go 
on sucking immediately, but would fly to 
another flower, and thus a union between 
distinct individuals would ensue. 

I am indebted to the Rev . B. S. Malden 
of Canterbury for two spikes of the Frog 
Orchis. Several of the flowers had one pol-

• 'Das cndcckte GeheimoillS der Xatur,' s. 4{)7. 
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)iuium removed, and onc flower had both 
removed. 

W· e now come to two genom, namely, 
Gymnooenia and Habenaria, including four 
British species, which really have uncovcred 
viscid wscs. The viscid matter, as before 
remarked, is of a. somewhat diffcrent nature 
from that in Orchis, and docs not rapidly set 
hard. Their nectaries are stored with nectar. 
With respect to the uncovered condition of the 
WOO3, the last species, or Peristylus viridis, is 
in an almost intermediate condition. The four 
followillg forms compose a much broken seriel;. 
In Gymuadenia conopsea the viscid dises are 
narrow and much elongated, and La close 
together; in G. albida they arc loss elongated, 
but still approximate; in llabenaria. bifolia 
they are oval and far apart; and, Jastly, in 
IIab. chlorantha they are circu lar and much 
farther apart. 

Gymnadenia conop.sea.-In general appear­
ance this plant resembles pretty closely some 
species of true Orchis. The }>ollinia differ 
in having naked, narrow, stmr)-shaped discs, 
which arc nearly as long as the caudicles 
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(Fig. X .) . When the pollinia arc exposed to 
Fig. x. the air the caudicIe 

l
is depressed in from 

B 30 to 60 seconds; 
and as its anterior db:b4te surface is slightly 
hollowed Qut, it 

GJIIlI>III\mL&~ closely clasps the 
!: I\>ll~ium, ~~:~L:::"O;~:~=\"'L upper membranous 

Wore1tbucl_lydaopodtbodloe. surface of the disc. 

The mechanism of this movement will be de­
scribed in the last chapter. The elastic threads 
by which the packets of pollen are bound toge­
ther are unusually weak, as is likewise the case 
with the two following species of Habenaria : 
tllis 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 dryas in Orchis; SO that a moth with a 
pollinium attached to its proooscis might be 
enabled to visit several flowers and not haye 
the whole pollinium dragged off by the first 
f!tigma which was struck. The two strap­
shaped discs lie close together, and form the 
roof of the mouth of the nectary. 'l'hey nre 
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not enclosed, 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 rostellum we shall see that 
this difference is due to a small change, namely, 
to the lower and exterior cells of the rostel­
lum resolving themselves into viscid matter; 
whereas in Orchis the exterior surf..1OO retains 
ita enrly cellular or membranous condition. 

As the two viscid discs fonn the roof of the 
mouth of the nectary, and are thus brought 
down oem' to the labellum, the t"i'O stigmas, 
instead of being confluent and standing beneath 
the rostell um, are necessari ly lateral and sepa­
rate. They form two protuberant, almost 
hom-shaped, processes on each side of the 
mouth of the nectary. 'l'hat their surfilCCS are 
really stigmatic I ascertained by finding them 
deeply penetrated by a multitudo of pollen­
tubes. As ill the case of O. pyramidalis, it is 
a pretty little experiment to push a. fine bristle 
into tllO narrow mouth of the nectary, and to 
obscrvc how certainly the nal"l"Qw elongated 
viscid discs, forming the roof, stick to the bristle. 
When the bristle is withdrawn, the pollinia. 
are withdrawn, adhering to its upper side, and 

y. 3 
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slightly divergent owing apparcntly to their 
original position in the anther-cells. Thcy then 
quickly depress thernselves till they lie in the 
s..'Ulle plane with the bristle; and if tbe bristle, 
held in the same relative position, be now in­
serted into the nectary of another flower, the 
two ends of the JXlllinia accurately strike the 
two stigmatic 8ur£."lces lying close on each side 
of the mouth of the nectary. I am, howcver, 
not quite sure that I understand the cause of the 
divergence of the pollinia, for I find that moths 
often remove one pollinium alone; and this 
fact leads me to suspect that they insert their 
probasces obliqucly into 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-!1,·c open 
flowers, forty-one had their JXlllinia removed, 
or had pollen left on their stigmas: ill another 
spike with fifty-four flowers, thirty-sc\'en had 
both pollinia, and fifteen had one pollillium, 
removed j so that only two flowers in the 
whole spike had neither pollinium removed. 

Gymnadenia albida.-The structure of this 
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flower resemblca in most pointa that of the 
last species; hut, owing to the upturning of 
the labcllum. it is rendered almost tubular. 
The naked glands a.re minute, but elongated 
and approximate. The stigmatic surfaces are 
partly lateral and divergent. 'j'he nectary is 
Hhort, and full of nectar. Minuto as Ihe flowel"S 
are, they seem highly attractive t.o insects: of 
the eighteen lower flowers in one spike, ten 
had both pollinia, and seven had one, removed ; 
in some other and older spikes all the pollinia 
had been removed, except from two or three 
flowers at the summit. 

HabelUlria cldorantlta.-'fhc pollinia of the 
La.rge ButterSy Orchis differ considerably from 
those of the species hitherto mcntioned. The 
two ant.her-cells are separated from each other 
by a wide space of connective mcmbrane; the 
iXlllillil~ slope backwards (Fig. Xl.), and the 
viseid discs are brought out in advance of the 
stigmatic surface, and front each other. In 
relation to this position of the discs, the cau­
diclos and pollen-masses are much elongated. 
The vi&:id disc is circular, and, in the early 
bud, consists of a mass of celis, of which the 
exterior layers (answering to the lip or pouch 
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Fig,XI. 

llABP.:I1ARiA CIIJ.o~THJ., OR T""ROE DllTTKaFLY OllClns. 

aa.anlil('f. 
d, ditc. 
•. stigma. I 

o. '~"'l'. 
n'.orifioeofnectllry. 
I. ' I,bellum . 

A. t'lowor vio .... ed in front, with all tbo llepe.lt Mid lotlall removed 
oxoopt the labellum with ilSl!ectary. 

lI. A IlOlIinium. ('fllis hll!l hardly a aufficiently elongated ap. 
pearanoc.) '1110 dmm-likepcdicc\ it hidden behind the 
dile. 

C. Diagram, giviog D. IK'(;liOIl through the ,-iteid dillC, which is 
formed of an uJ'per membrane with • I"~'er of vim 
matter beIll'lltb, lIud through the drum-like pcdioel, and 
through the to\\·crendoftbecaudic\e. 
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in Orchis) resolve themselves into adhesive 
matter. This matter has the property of re­
maining a.d.hesive for at least twenty-four hours 
after tho pollinium has been romoved from its 
cell. Tho disc, externally covered with a 
thick layer of adhesi ve matter (see Sect. C, 
which stands so that the layer of viscid matter 
is below), is produced on its opposite and em­
bedded side into a. short drum-like pedicel. 
This pedicel is continuous with the mem­
branous portion of the disc, and is fOl1Ued of 
tho &'l.llle tissue. .At the embedded end of the 
pedicel, tJle C3.udicle of the polliniulll is attached 
in a transverse direction~ and its extremity is 
prolonged, as a bent rudimentary tail, just 
beyond the drum. The caudiele is thus united 
to the viscid disc in a very different manner, 
aud in a plane at right angles, to what occurs 
in other British Orchids. In the short drum­
like pedicel, we see a small development of 
the long l:.edicel of the rostellulll, which in 
lllallY exotic Yandere is so conspicuous, and 
which connects the viscid disc with the true 
caudiele of the pollinium. 

The drum-like pedicel is of the highest 
importance, not only by rendering tLe viscid 
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disc marc prominent and more likcly to stick 
to the faco of an insect whilst in.8Crting its 
proboscis into the nectary beneath the stigma, 
but on account of its power of contraction. 
The pollinia lie inclined backwards in their 
oolls (see l;'ig . ..A.), above and some way on 
en.ch side of the stigma.tic surface; if attached 
in this position to the head of an insect, the 
insect might visit any number of flowers, and 
no JXlllcn could be left on tho stigma. But 
observe what takes plaoo: in a few seconds 
after the inner end of the drum-like pedicel is 
removed b'Om its imbedded position and ex­
posed to the air, on~ side of' the drum COll­

tmcts, anel this contraction dra.ws the thick 
end of the pollinium inwards, so that the cau­
Jiele and t he viscid surface of f he disc are no 
longer parallel, as they were at first, and as 
they are represented in the section C. At the 
St'l.me timo the drum rota.tes through nearly a. 
<t uariel' of a circle, and this moves tho caudicle 
downwards, like the hand of' a clock, depressing 
the thick end of the pollinium or mass of' pollen­
graws. After this double moYcment, the right­
hand disc, for instance, being supposed to be 
affixed to thc right side of an insect' 8 face, 
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when the insect, after a short interval of time, 
visits another Hower, the pollen-bearing end 
of the pollinium will have IUOVOO downwards 
and inwards, and will now infallibly strike the 
viscid surface of the stigma, situated in the 
middle beneath and between the two anther­
cells. 

The little rudimentary tail of the caudiele 
projecting beyond the drum-like pedicel is an 
interesting point to those who believe ill the 
modification of' species; for it shows us that 
thc disc has moved a little inwards, and that 
primordially the two discs stood even still 
further in advance of the stigma than they do 
at prescnt. It sbows us that tho parent-fonn 
approoched a little more closely in structure to 

that cxtraordinary Orchid tho Bonatia speciosa 
of the Cape of Good H ope. 

The remarkable length of tho nectary, COIl­

taining much nectar, the white colour of the 
conspicuous Oower, and the strong sweet odour 
emitted at night, all show that this plant de­
pends for its fertilisation on the iargel'noctul'Ilal 
Lepidoptera. [have often found spikes with 
almost aU the (Xlllinia removed. From the 
lateral poaition and distance of the two viscid 
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discs from each other, the same moth would 
generally remove only one polliniom at a. 
time; and in a spike which had not as yet 
been much visited, three flowers bad both 
pollinia, and eight flowers had only one poUi. 
nium, removed. From the position of t.he 
discs it might have been allticipfl.too that they 
would adhere to the side of the head or face of 
moths; and Mr. F. Bond sent me a specimen 
of Radena. dentina with one eye covered and 
blinded by a. disc, and a specimen of Plusia 
v. aurcum with a disc nUnched to the edge of 

the eye. Although the discs are so extremely 
adhesive that almost all the polliniil' of a bunch 
of flowers, when carried in the hand, win be 
removed Ly the shaken petals and sepals touch. 
iug the discs, yet it is certain that moths, per. 
haps the smaller species, often yis.it these Bowers 
without removing the pollinia; for all care­
fully examining the discs of a large number 
of pollinia still in their cells I found minute 
Lcpidopterous scales glued to them. 

fJahelUlJ'ia bifoliu, or Lesser Butterfly Orchis. 
-I am aware that this fonn and the last are 
considered by Mr. Bentham and 80me other 
botanistd as mere varieties of each other; for 

<TO It 
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it is So.'l.id that intennediate gradations occur in 
the position of the viscid discs. But we shaU 
immediately sec that the two fonus differ in a. 
great number of characters, not to mention the 
differcnces in gcneral aspect and in the stations 
inhabited, with which we are not bcre con· 
corned. ShouJd these hvo forms: be hcreafter 
proved to graduate at the prcscnt day into 
each otJler, it would be a remarkable case of 
variation; and I, for one, should be as much 
pleased as surprised at the fact, for these two 
forms ccrtainly differ from each other more 
than do most species of the genus Orchis. 

The viscid discs of the Lesser Butterfly 
Orchis are oyal ; they face each other, and 
stand f.'l.r closer together than in tbe last 
species; 80 much so, that in the bud, when 
their surfaces are cellular, they almost touch . 
They are not placed 80 low down relatively to 
the mouth of the nectary. The viscid matter 
is of a somewhat different chemicnI nature, as 
shown by its much g .·cater viscidity, when 
moistened, after having been long dried, or 
after being kept in weak spirits. The drum· 
like pedicel can hardly be s.'lid to be present, 
and is represcnted by a longitudinal ridge, 
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truncated at the end where the cauclicle is 
att.'l.chcd, and there is hardly a vestige of the 
rudimentary tail of the caudicle, In Fig, XII. 
the discs of both species, of the proper pro­
portional sizes, are represented as seen from 

Fi:t:. xu. 
vertically above. The 
pollinia, after removal 

~ 6\11 fromtheirccUs,undergo 
~ the same movements; 
~ J. but tJle inward move-

II. 1)1: ... -:"-=,oI.l~-:"-= ment seemed to be 
A. o!u.:a~ greater than in the last 

l>ifolla, .... ~ ..... n. species, in conformity 

with tI10 position of tho stigma. In both 
lonlls tho movement is well seen by removing, 
with a pair of pincers, a poIIiuiuDl by the 
thjek end, and holding it motionless under the 
mieroecopc, when the plane of the "iscid disc 
will Lc seeD to move through an angle of at 
lea.st 45, The caudicles of tho Lesser Butter­
fly Orchis arc relatively \'ery much shorter 
than in tho other species j the little packets 
of pollen are shorter, whiter, and, ill a mature 
flower, scpru'Ute much more readily from each 
uther. Lastly, the stigmatic surface is differ­
ently shaped, being more plainly tripartite. 

(c) The ComDlete Work of Charlf'~ Darwin Onl ne 
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with two lateral prominenCC8, situated beneath 
the "iscid discs. These prominenocs contract 
the mouth of the nect.1.ry, making it sub­
quadrangular. nence I cannot doubt that the 
Lru'ger and Lesser Butterfly Orchids are dis­
tinct species, masked by close external simi­
larity. 

As soon as I had examined the Lesser 
Butterfly Orchis, I felt convinood, from the 
position of the viscid discs, that it would be 
fertilised in :\. different manner from the 
Larger Butterfly Orchis; and now, owing to 
the kinclness of Mr. F. Bond, 1 hu.,·e examined 
two motllS, namely, Agrotis segetum and 
Allaitis plagiat..'l, ono with three pollinia, and 
the other with five pollinia, attached, not. to 
the side of the face as in the last species, but 
to tJle base of the proboscis. I may remark 
that tile pollinia of these two species of llabe­
na.ria, when attached to moths, could be dis­
tinguished at a glance. 

We have now finished with tbe Oplll"Cre; 
but before passing on to the next Division, 1. 
will reeapitullltc the chief facts on the move­
ments of the pollinia, all due to the nicely 
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regulated contraction of that small portion of 
membrane (together with the pedicel in tho 
case of IIabcnaria) lying between tho layer or 
ball of adhesive mattcr and the extremity of 
the candide. In most of the species of Orchis 
the stigma lies directly beneath the anther­
cells, and the pollinia ~imply mov~ vertically 
downwards. In Orchis pyramidalis and in 
Gymnadellia there arc two lateral and inferior 
stigmas, and tho pollinia move downwards and 
outwards, diverging at the proper angle (by a 
different mechanism in the two cases). so as to 

strike the two lateral stigmas; in llabenaria 
the stigmatic surface lies beneath and between 
tho two widely separated anther-ccl1s, and the 
pollirua here again move downwards, but, at 
the same time, converge. A poet might ima­
gine, that whilst the pollinia are borne from 
flower to flower through the air, adhering to a 
moth's body, they voluntarily and eagerly place 
themselves, in each case, in that exact position 
in which alolle they can hope to gain their 
wish and perpetuate their race. 
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CllAPTER III. 

Epiracti, ~lu~tris; curious shpe of the lRocUuru lI.lLd it. Bp)'IIrent 
irnportnuce in the fruclificaliou of the tlowcr-Cephalllllthem 
grandiflorJ,l'OI!lel1umabortedjearlypmctrationoftllepollen_ 
tulx>!Jj CM(I of im]lI'1'fcctllelf.fertili$l.!iollj fertilisation aided 
by ineecl.-Goodycrn repellll-Sl'inullitceautllmnalisj per­
f~'Ct adal'tation by ..... hich the pollen of. younger flower i, 
carried lothe~tig:m. of 1111 older tlower on another "lant. 

WE now come to another great tribe of British 
Orchids, the Neotte::c, which have a free anther 
standing behind the stigma: their poUen-grains 
are tied together by fine elastic threads, which 
partialJy cohere and project at the tlj;pe1' end 
of the pollen-mass, and are attached (with 
some exceptions) to the back of the rostellum. 
Consequently the pollen-masses have no true 
and distinct caudiclcs. In one, genus alone 
(Goodyera.) the pollen-grains are collected into 
packets as in Orchis. Epipactis and Goodyera 
agreo llretty closely in tlleil' manner of' ferti­
lisation with the Ophrere, but are more simply 
organised: Spimnthes comes under the same 
category, but in some respects is differently 
modified. Cepbaluntllera seems to be a d~ 
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EPIPACTIB PALt18TlllI. 

oellllCenin tbefront futuroehaptcr. 
a. anthc.r, with the two open I auricle. refcrn!(\ to in:l. 

view D. r. I'QIlellum. ,. 'tigmll. 
a'. rudimentary anther, or I. Jabcllum. 

A. Side "Iew of flower (with the lower ICpali alone remoHlIi) in 
1t. llJ,tumlpDllition. B. Side 

© The C m Ie Work of Charles De I hn 
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graded or simplified Epipactis; as it docs Dot 
possess a rostellum-that eminently chara<>­
teristje organ-and as its pollen-grains are 
Ringle, it bears almost the s.'\mc sort of relation 
to other Orchids, which a wingless bird does 
to other birds. 

Epipacti! palustris.· -The lower part of the 
stigma is bilobed and projects in front of the 
column (sees in the side and front views, 0, D, 
Fig. XlII.). On its square summit a single, 
smal l, ne.'lrly globular rostellum is seated. The 
anterior face of the rostellum (r, 0, D) projects 
a. little beyond the surface of the upper part of 
the stigma, and this is of importance. In the 
e.'lrly bud the rostelJum consists of a friable 
mass of cells, with the exterior surfaoo rough: 

B. Sidevicwof 6ower, with the distal portion 0( the labeUom 
depreaed, .. ifbythe",·eightofaninaect. 

C. ~id~ viow of Hower, with all the !lerall and peW, remo\'cd, 
excepting the labellum,o(whieh the neAr I!i(lehuboen 
cut away i thcllUISIIi'l"eantherilllC(.'1l tobcofllll'b'Caiw. 

D. ~·ront\· icl\·ofcolumn,withanthelepa1.and pet&18rrnJovoo; 
the IUItellum hu 8hnmk down a liule in the apooimcn 
figurOO,andoughtto hl\'C8tood highcr, 10 .. to hide 
moreorthe.nther-oe!!6 . 

• I am much indebted to Mr. A. O. M~. of Uembrid:re in 
the hie or Wight, ror repeatedly lIeIlding me (relil 8pecimena or 
thiI beautiful Orehia. 
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these superficial cells undergo a great chang~ 
during development, und beoome converted 
into a soft, smooth, highly elastic melll~ranc 
or tissue, so excessively tender that it can be 
penetrated by a human hair; wben thus pene­
trated, or when slightly Tubbed, the surface 
becomes milb.-y and in some degree viscid, so 
that the pollen-grains adhere to it. I n some 
cases, though I observed this morc plainly in 
E. latifolia, the surface of the rostellum appa­
rently becomes milky and \'iscid without hav­
ing been touched. This exterior soft. elastic 
membrane forms a cap to the T06tellum, and 
is internally lined with a layer of much morc 
!\dhesivc matter; this matter, when exposed to 
the air, dries ill 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 caSQ j and a. 
minute square stump, the basis of the ros­

tel/urn, alone is left on the summit of the 
stigma. 

In the bud-state the anther stands quite free 
behind the roetcllum and stigma; it opens 
longitudinally whilst the flower is still unex­
panded, and exposes the two oval pollen-masses. 

© The Comp1et .. Work of Charle5 Darw,n Onhne 
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whieh aTe now loose in their cells. The pollen 
consists of sphel'ical granules, cohering in 
fours, but not affecting each other"s shapes; 
and these compound grains are tied together 
by fine clastic threads. These threads are 
collected into buudles,extending 10ngitudinaUy 
along the middle line of the front f..1ce of each 
polliuiulll, 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 ;'\ tendency to be di .... idcd longitudinally 
into two halves: iu all these respects there is 
a close general resemblance to the pollinia of 
the Ophrere. 

The line where the parallel threads are the 
most numerous is the line of greatest strength; 
elsewhere the pollinia. are extremely friable, 
90 that masses of pollen can be easily broken 
off. In the bud-state the rostellum is eurved a 
little backwards, and is pressed against the 
rcccntly~pelled anther; and the aoove-men­
tioned slightly projecting bundles of threads 
become finnly aUnched to the posterior flap 
of the membranous cap of the rostellum. 
The point of attachment lies a little beneath 
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the summit of the pollen-masses; but the 
exact point is somewhat yariable, for I have 
met with \ pecimens in which the attachment 
was one-fifth of the length of the pollen­
masses from their summits. This variability is 
so far interesting, as it is a stcp leading to the 
structure of the Ophrere, in which the confluent 
threads, or caudicles, spring from the lower 
ends of the pollen-masses. .After the pollinia 
:ue firmly attached by their threads to the 
back of the rostellum, the rostellum bends 
a little forwards, and this partly ru-aws the 
poll..inia out of their anther-cells. Tile upper 
end of the anther consists of a blunt, solid 
point, not including pollen; this blunt point 
projects slightly beyond the f.'lce of the ros­

teUum, whiel} circumstance, as we shall see, is 
important. 

The flowers stand out (Fig. A) horizontally 
from the stem. The labellum is curiously 
shaped, as may be seen in the drawings : the 
distal half~ which projects beyond the other 
pet<."lls and forms an excellent 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 

Th k f hrl lin 
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edges of the basal portion. So 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 st..'lto; but when the weight is removed it 
instantly springs up to its former (Fig . .A.) and 
ordinary position, and with its curious med.ial 
l-idges part ly closes the entrancc into the flower. 
The lxusfd portion of the Jabellum forms a cup, 
which at the proper time is fi lled with nectar. 

Now let us see how all the p.'\rt8, which 1 
have been obliged to describe in detail, act. 
When 1 first cxn.mined these flowers I was 
much perplexed : trying in the &'11110 way as 1 
should have done with a true Orchis, I slightly 
pushed tho protuberant rostellum downwards, 
and it was vCI·y easily ruptured; some of the 
viscid Ill.'\Uer was withdrawn, but tho pollinia 
remained in their cells. Heflecting on the 
structure of the flower, it occurred to me that 
an insect in entering to suck tho nectar, from 
depressing the distal portion of the labellum, 
would not touch the rostellum; but that, wben 
within the flower, from the springing up of 
this distal half of the labellum, it would be 
almost compclJed to back out plll1l.lIcl to the 

,. 2 
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stigma. by the higher part of the flower. 
then brushed the rostellum lightly upwards 
and b..'1ckwards 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 great elasti. 
city, it fitted the object, whatever its shape 
might be, and how firmly it clung to it from 
the viscidity of its under snrf..'lce. 'l'ogcUler 
with the cap large masses of' pollen, adhering 
by the threads, were necessarily withdmwn. 

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

I W Ii< f 
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Tho large tUltber stfl.llds nearly paralJel and 
behind the stigma (Sect. C), so that the poll i­
nia when withdrawn by an insect would natu­
rally udllere to its body in a. position fitted to 

strike, as soon as it visited another flower, the 
almost parallel stigmatic surface. lienee we 
have not here, or in any Neottero, that move­
mentofdeprcssion so common with the pollinia 
of the Ophrere. ' Vhen an insect with tJle pol­
linia attacbed to its back or head enters another 
flower, the' easy depression of tho dist.'ll portion 
of the labellum probably plays an important 
part; for the pollen-masses arc extremely 
friable, and, if struck against the tips of the 
petala in the act of entering, much of the pollen 
would be lost; but as it is, an open gangway 
is offered, and the viscid stigma, with ita lower 
part protuberant, lying in front, is the first 
object against whicb the pollen-ma8SC8 pro­
jecting fonvarde from the insect's oock would 
naturally strike.· I did not count the flowers, 

• All it i, quite poesible that [ may have OVcm\tI!d the 
importanooofthepeouliarstructllnloftbelabelhulI,lmoo 
Mr. A. O. More to remo,'e the illata! half of tlle labellum from 
lIOIIle f1ow~Ill OOfo", they bad expanded, but I WM 1.00 late in 
my 'Ilplication. lIe ,,"'III able to try only two ftowera, which 
Wl're ,itll8ted DO&!' the lummit of tho ,pike, 'J11eB$ flowel'll 
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but in one lot of spikes sent me by Mr. More 
a large majority of the pollillia had lx!en natu­
rally and cleanly removed by some unknown 
insect. 

Epipactis latlfolia.-Tills species agrees with 
the last in all the foregoing specified dMails, 
excepting that tho rostellum projects consi­
derably further beyond the faoo of the stigma, 
and the blunt upper end of the anther projects 
less. The viscid matter lining the elastic cap 
of the rostellum takes a longer time in setting 
dry. The upper petals and sepals are more 
widely expanded. than in E. palustris : the dis­
tal portion of the labellum is smalJer, and is 
finnly united to the basal portion (Fig. X LV.); 
so that it is not flexible and elastic; it appa­
rently serves ollly as a landing-place for in­
·sects. 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 in 

fomled eecd-c!lp$\lICll, which wcre certainly small; but thi8 may 
ha,'e been owing to their position. Unfortunately also these 
CIIp!ule!l shed mOlit of their sood in being sent to mc ;!lO that I 
could not ascertllin whether the $I.."Cd>l were well formed. Of the 
few sc008 which did remain within these two capsules many wera 
shri\"clled and bad. 

Th k f h rl 
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retreating after h~l.\"ing sucked the copiolls 
nectar in the cup of the labeUum. Apparcntly 
it is not at all necessary that tllC insect should 
push back tho less protuberant blunt upper end 
of the anther; at least I found that the pollinitt 
could be easi ly removed by simply dragging oft" 
the c.."l.p of the rostellum in an upward and 
backward direction. 

Fig. XlV. 

[PlPJ.CT18UTU'OLlA, 

Flower vie,,·ed aideway., with all the IIC~ and (Jela!. N!rnoved, 
eJ:(:Clltthel&bellum. 

II. anther. 
r.l'OIItellum. 

In Germany C. K. Sprengel caught a fly 
with tho poUillia of this species attached to its 
back. In England the flowers are much visited 
by insects; during the wet and cold Beason of 
1860 a friend in Sussex examined five spikes 
bearing eighty-five expanded flowers: of these, 
fifty-three bad the pollinia removed, and thirty-

I W rk f 
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two had them in place; but as many of the 
latter wero immediately beneath the buds, ulti­
mately a. larger proportion would almost cer­
tainly havo been renewed . In Deyoll..shire J 
found a spike with nine open flowers, and the 
poliinia in all wero removed with one excep­
tion, in which a fly, too small to remove the 
polJinia, had become glued to it and to the 
stigma, ancl had there miserably perished. 

Ceplwlalltlttra .qralldijlora.-This Orchid ap­
pears to 00 closely allied to Epip .. 'lctis, though 
it has been ranked by some authors in a widely 
difl:'erent p08itio~ . Tho stigma. holds tho same 
relative position to the anther as in Epipactis; 
but we havo here the unique case (my remarks 
never apply to tho very different group of the 
Cypripodim) of there being no rostellum. The 
anther resembles that of Epipactis, but stands 
rather bigher up relatively to the stigm<'l . 
The pollen is extremely friable, and readily 
adheres to any object rubbed against it; the 
sJ)herical grains arc separate, instcad of being 
united by throes or fours, as in aU other 
Orchids;· they aro tied together by a few 

• TI,illI('l)lU'atiouofthe(:fllintwlISo\leen-oo,audiAreplllIentOO, 
by&llcr in 1110 plato puhli1hl'd by Lindleyinbi'lllllgnificcnt 
'JllIl8tratioraofOrchidacoollJll'lanta.' 

~ rwn nli 
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Fig. xv. 

Q. amhuilnthe frontview. 
n.thet .... ooelb,,·ithtbe 
pollcnal'ClCtn. 

o. rudimeolaTy anther. or 
auricle.' ! 

p. lTlUIIeIIolpolien. 
•. stigma. 
1.dillA11JOrtion oltbeJa· 

bel1um. 

A. Oblique view of perfect flower, when fully expauded. 
B. }'ront viow of oolumn, with all the lICl:.l, and petal, re­

moved. 
C. Sideviewofoolumn, with all the lICJlfIlaand pctalsretIlO\·oo; 

the narrow pillara of pol.len between tbe anther and stigma 
canjulltbollt'Cn. 

F 3 
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weak clastic threads; 80 ihat in the state of 
the pollen, as well as in the abortion of the 
rostellum, we haye degradation of structure. 
Tho anther opens whilst the flower is in bud 
ancl partly expels the pollen, which stands in 
two almost free upright pillars, each nearly 
divided longitudinally into two halves. 'l'hese 
subdivided pillars rest in front against the 
upper square edge of the atigma, which rises 
to about one-third of their height (see front 
view B and side view C). 

Whilst the Rowel' is still in bud, or before it 
is as fully open as ever it becomes, the pollen­
grains which rest against the upper sharp 
edge of the stigma (but not those in the upper 
01' lower parts of the mass) emit a multitude 
of tubes, deeply penetrating the stigmatic 
tissue. After this period the stigma bends a. 

little forward, and the result is that the two 
friable pillars of poUen stand almost free from 
their anther-cclls, being tied to and supported 
in front by the penetration of their pollen-tubes 

into the edge of the stigma. Without this 
support the pillars would BOon filII down. 

Differently f]'om Epip<'l.ctis, the flower stands 
upright; the lower part of the lahellum is 
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turne<l up parallel to the column (Fig. A), 
and tho tips of the lateral petals nover become 
quito sepal1\te;· so that the piUars of pollen 
ure protected from the wind, and as the 
flower stands upright they do not tumble 
down Ii'om their weight. Thesc arc points of 
high importance to the plant, as the polJen 
would ot herwise be blown or fil II down and 
be w3sted. The labellum is formed of two 
portioos, as in Epipactis ; and when the 
flower is mature, the small tri:mgular distal 
portion turns down at right angles to the 
bas.'\l portion; thus fonning a small landing­
plaeo in front of a triangular door, situated 
half-way up tho almost tubula r flower, by 
which insects cun enter. I did not observe 
any llocta l' ; but as the lower cup-formed 
portion of the JabeJlum presents the s.'lme 
structure as in Epipactis, I presumc it is 
secreted. After a short time, as aoon as the 
flower is fully fertilised, the smaU dista l 
portion of tho labellum rises up, shuts the 
triUllgu lar door, and again perfectly encloses 
the organs of fructification . 

• Ilfluer figlLn:s the Dowel'll much more widely expaudcd: all 
that I can .a.y it that I ha"e not IICeI1 them iuthi,c();uditiou. 

(c) Th .. ComDiete Work of Ch"lrlf'~ O"rw'n Onl ne 
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In the carly penetration of the stigma. by a. 
multitude of pollen-tubes, which I traced far 
down the stigm<'l.tic tissue, we apparently have 
another case, like that of the Bee Ophrys, of 
perpetual scU:fcrtilisatioD. I was much sur­
prised at this fact, and asked m.'I'tlelf: Why 
docs the distal portion of the labellum open for 
t\ short period? what is the use of tho great 
mass of pollen above and below that layer 
of grams, the tubes of which alone penetrate 
the upper edge of the stigma? The stigma 
has a large flat viscid sur£'\oo ; and during 
several years I have almost invariably found 
masses of pollen adhering to its surface, and 
the friable pillars of pollen by some means 
broken down. It occurred to me that, 
although the flowers stand upright, and the 
pillars are well protocled from the wind, 
yet that the pollen-masses might ultimately 
topple over from their own weight, and so 
filII on the stigma, thus completing the act 
of seIUertilis..'l.tion. Accordingly, I covered 
up with a net a plnnt with four buds, and 
examined the flowers as soon as they had 
withered; the broad stigmas of three of these 
flowers were perfectly free from pollen, but 
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a little had fi,llen on one corner of'the fourth. 
'Vith the exception, also, of tbe summit of 
the pillar of pollen in .this latter flower, aU the 
othel' pillars still stood upright and unbroken. 
I looked at the Bowers of some surrounding 
plants, and everY'vhere found, as 1 had so 
often done before, broken-down pillal'a and 
masses of pollen on the stigmas. 

nence we may safely infer that insects visit 
the flowers, disturb the polleu, and leaxe 
masses of it on the stigmas. ,\re thus see 
that the refiexion of the distal portion of 
the IabeUum, by which a temporary landing. 
place and door arc formed,-tho upturned 
labelIulll, by which the flower is made tubular 
and insects are compelled to crawl close 
by the stigmatic sW·£'l.ce,-tbe pollen rcacWy 
cohering to any object, and standing in 
friable pillars protected from the wind,-and, 
lastly, tbe large masses of pollen standing 
above and below that layer of pollen.grains, 
of which alone the tubes penetrate the edge of' 
the stigma,-are all co-ordinated structures, 
far from uselcss; and useless they would be 
if these flowers were capable of perfect self: 
fertilis.'l.tioll. 

(E) The Com~lete Work of Charles Darwin Online 
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'1'0 ascertain how far tbe early and invari­
able penetration of the upper edge of the 
stigma by the pollen-grains, which rest on 
it, is effectual for fertilis.. ... tion, J covered up 
a plant, just before tIle flowers opened, and 
removed the thin net as soon as they had be­
gun to wither. From long experience I am 
sure that this temporary covering could not 
have injured their fertility. The four covcred 
flowers produced as fine seed-capsules as any 
on the surrounding plants. When ripe, I 
gathered them, and likewise capsules from 
several surrounding plants, growing under 
similar conditions, and weighed the seed in 
a chemical balance. 'fhe seed from the fOUl' 
capsules of the uncovered plants weighed 1-5 
grain, from the covered plant the seed of 
un equal number of capsules weighed under 
one grain; but this does not give a fair idea 
of the relative difference of fertility, for 1 
observed that a great number of the seeds 
from the covered plant were mere minute 
and shrivelled husks. Accordingly I mixed 
the seeds well togetber, and took four little 
lots fi'om one beap and four little lots from 
the other heap, and, having soaked them in 

Rl The Complete Work of Charles Darwin Onl;ne 
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water, compared them under the compound 
microscope: out of forty seeds from the 
uncovered plants there wero only four bad, 
whereas of forty seeds from the covered-up 
plants there were at least t\venty-scven bad; 
so that there were nearly scven times as 
many bad seeds in the covered-up plants as 
in those left to the free access of insects. 

Hence we have the following curious and 
complex case. Perpetual self-fertilisation, 
but in an extremely imperfect degree, by the 
early penetration of the pollen-tubes; this 
would be useful to the plant, if insects f~liled 
to visit the flowers. l'ho penetration of the 
pollen-tubes, however, is apparent ly more 
important ill retaining the pilla;s of poUen 
in their })roper places, so that insects, in 
crawling into the Bowers, might get dusted 
with pollen. This imperfect sclf-fcrti lis..'lljon 
is habitually and largely aided by insects, 
wruch may carry a flower's own pollen on 
to its stigma; but an insect thus smeared 
with pollcn could not fail likewise to cross 
distinct individuals. From the relative posi­
tion of the parts, it seems indeed probable 
(but I omitted to prove this by the early 
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rcmovnl of the anthers, so as to obsen-e 
whether pollen was brought to the stigma. 
from other Bowers) that an insect would 
more frequently get dusted by crawling out 
of a flower Umn by crawling into onc; and 
this would of course faciJjtate a union be­
twccn two distinct individuals. ncnce Cepha­
lanthem offers only' a partial exception to 
the almost tmivers.'\l rule that the flowers of 
Orchids are fertilised by the pollen of other 
flowers . 

GQOdlJera repens.·-Tbis genus, in most of 
its characters with which we arc collccrned, 
is rather closely related to Epipactis. 'l'be 
shield-like rostellum is almost square, and 
projects beyond the stigma; it is supported on 
each side by sloping sides rising from the upper 
oob'"C of the stigma, in nearly tho s..'unc manner 
as we shall presently see in Spir::lllthcs. The 
surface of the protuberant part of the rostellum 
is rough, and when dry can be soon to be 
fonnooofccUs; it is delicate, and, when slightly 
pricked, exudes a little milky viscid fluid; it is 
lined by a layer of very adhesive matter, which 

• Speciment or thill rare Highland Orchid werc moat kindly 
tent me by the itcv. O. Gwdon or Elgin. 
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quickly sets harel when exposed to t.he air. 
The protuberant surface of the rostellum, when 
gently rubbed upwards. is easily removed, and 
carries with it a strip of membrane, to the hind 
part of which the pollinia are attached, The 
sloping sides which support the rostellum are 
not removed at the same time, but remain pro­
jecting up like a fork and soon wit.her. The 
anther is borne all an elongated broad .fila­
ment; n. membrane on both sides unites this 
filament to the edges of the stigma, fanning an 
imperfect cup 01' clinandrum. The a.llther-cel1s 
open in the bud, and the pollinia become 
attachod by their anterior faces, just benc..'lth 
their summits, to the back of tho 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 length­
ways; the poUcll-grains ooherc in suhtri:l.1lguJar 
p..'1ckets, including a multitude of grains, each 
grain cons.isting of four granules; and these 
packets arc tied together by sb'ong elastic 
threads, which at their upper ends run to­
gether and form a single flattened brown clastic 
ribbon, of which the truncated cxh'cmity ad­
heres to the bock of the rostellum, 
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The 8Urk'l.OO of the orbicular stigma is 
remarkably viscid, which is necessary in order 
that the unusually strong threads connecting 
the packets of' pollen should be ru pturcd. The 
labellum is partially divided into two portions; 
the terminal portion is reflexed, and the b..1s.'l.1 
portion is cup-formed and filled with nectar. 
The passage into the flower between the 
rostellum and labellum is contracted. Since 
my examination of Spiranthes, immediately 
to be described, I have suspected that the 
labeUum moves further from the column in 
mature flowers, in order to allow insects, with 
the pollinia adhering to their heads or pro-­
bosces, to enter the flowers morc freely. In 
many of tho specimens received, the pollinia. 
had been removed by insects, and the fork .. 
shaped supporting sides of the rostellum were 
partially withered. 

Goodyera. is an intcresting connecting link 
between several very distinct forms . ] 11 no 
other member of the Ncottero havo I seen so 
ncar an approach to the fOnllatioll of a truo 
caudiclo,· like that in the Ophrom; and it 

• ]n a fOl'l'ign alICCi<la, the Goodytml di.eoolor, lent mo by 
Mr. Bateman, tile pollium approach iu .Imelun! atill c10eer to 

. thOleoftbeOpbnll8jfor thepolliuialhinoutiutolongcaudic1es. 
c10eely relembling in form lbotio of au Orehi •• 'lllccaudic\e i. 
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is curious that in this genus alone (as far as 
( haxe secn) the pollen-grains cohere in large 
p..'l.ckets, as in the Ophrero. JT the nascent 
caudiclcs had been attached to the lower ends 
of the pollinia , and they arc attached a little 
beneath the summit, the poUillin. would ha.ve 
been almost identical with those of a true 
Orchis. In the rostellum being supported by 
sloping sides, which wither when the viscid 
disc is rcmovoo,-in the membranous cup or 
clinandrum between the stigma and anther,­
and in some other respects, we hase a clear 
affinity to Spirnnthes. In the anther having 
a broad filament we see a relation to Cepha­
lanthera. In the structure of the rostellum, 
with the exception of the sloping sides, and in 
the shape of the Iabellum, we 800 the affinity 
of Goody era to Epipactis. Goodyera probably 
shows us the st.ate of the organs of fruetifica-

fonlltli!ofa bund!oor e!utic threads, with '·err .mall and thin 
packcts of!x.>llcn-grailll attached to them, and arranged Iikctiles 
one over the other. 1betwocaudicleeareunitcdtogcthernear 
their ba&ee, where they are attached to '" disc or ll1embr:me 
lined ,,;th vi5Cid matter. }<'rom the 1IIllll1l8izo Bnd extreme 
thinn .. of til.., bAa! packets of polJen, and from the strength of 
theirattaclunenttothethf'C!\d!!,Ibelicvethattheyareiua 
fuuclionlClltoolidition jiftlO,theeeprololigatiOlllofthopoUinia 
aretrueanldicies. 
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tion in a large group of Orchids, now mostly 
extinct, but the p.1.rents of many living de­
scendants, 

Spiranthes autumnalis.-'l'his Orchid, with 

its pretty name of Ladies'·tresscs, presents 
some interesting peculiarities.- 'l'he rostelJum 
is a long, thi.n, fiat., projection, joined by sloping 
shoulders to the summit of the stigma. In the 
middJe of the rostellum a lh'lrrow vertical brown 
object (Fig. XVI., C) may be sccn, bordered 
on cach side and covered by transparent mem· 
b1'3.ne. This brown object I will call "the 
boat.formed disc." It forms the middJe por· 
tion of the posterior surface of the rostellum, 
and consists of a nanow sU'ip of the exterior 
membrane ill a modified condition. Its sum· 
mit (Fig. E) is pointed, its lower end rounded, 
and it is slightly bowed, so us altogether to 
resemble a boat or canoe. It is rather more 
than -rto of an inch in length, and less than 
$ in breadth. It is nearly rigid, and appears 
fibrous, but is really formed of elongated and 
thickened cells, partially connuellL 

• I am much indebted to Dr. iJr.ttenby of TOrqUfly, and to 
Mr. A. G. liOn! 0( Bembridge, fur sending me . pec::itnelll; but 1 
hueaubeequclltlye:u.minedmanygrowiu;;: plautt. 

© The Comolete Work of Chell1e~ Derwin Online 
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Fig. XVI. 

!=:l'lnASTJlJt8 AUTU)(SALI!I, OR LADlI"JI' TRUStS, 

(I. Miller. I d. m&rginofclinalldrum. 
p. pollell-grains. r. TOIte!luUl, 
t. tbreadlor thepollen. •. atignu.. 

m-. .... nl!ctar.rooeptacic. 

A. Side view of flomor in its natural poaition, with the two lower 
__ I_Is alone fl'IUOVI":\' The Iallellum can be rocoguillOd by 
itlfringed and l'('flexed lip. 

B. Side\'!ewof amaturefl",,'er, with &II the IIeJlIla and petal. 
relnOl'OO, The ]lOO>itiou of the labelJum (whieb iw moved 
from theroetelJum) audof the upperlJeJ'*1 i • .ehown hy 
thedottedlillC8. 

C. Fron~ I'jew of tho stigma., and of tho l'08tellum with its em. 
beddod Cflntrai dillC. 

D. Jo'ront vicw of the stigma and of the l'08tellum .ner tho vi]]()id 
di]]()haabe<>uremoved. 

E, VillCid di8c, removed from the f08I(ollum, greatly magnified, 
vie"·ec.lllOllteriorly,and with tho attached elastiethreada 
of the pollen·IlllIIIICS; the pollen-grailla hal'e been romol'Ed 
from the thrtadti. 

~ The ComDlete Work of Charles Derwin Online 
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This boat., standing vertically up on its 
stern, is filled with thick, milky, extremely 
adhesive fluid, which, when e.-..:posed to the 
air, rapidly turns brown, and in about one 
minute sets quite bard. An object is well 
glued to the boat in four or five seconds, and 
when the cement is dry the attachment is "Won­
derfully strong. The transparent sides of the 
rostellum, on each side of the disc, consist of 
membrane, attachod behind to the edges of the 
boat, and folded ovor in front, so as to form 
the anterior face of the rostellum, '1'bi8 folded 
membrane, therefore, covers, aJmost like a deck, 
the cargo of viscid matter within the boat. 

The anterior face of the rostellum is sl ightly 
furrowed in (\ longitudinal Ijne over the mid­
dle of the boat, and is endowed with (\ remark­
able vital propert.y; for, jf the furrow be 
touched very gently by a. needle, 01' if a 
bristle ,be laid along the furrow, it instantly 
splits along its wbole length, and a. little 
milky adhesive fluid exudes, This action is 
not mechanical, or due to simple violence. 
The fissure Iuns up the whole length of the 
tostellum, from the stigma beneath to the 
summit: at the summit the fissure bifurcates, 

© The Co mDlete Woti<. of Charles Darwin Online 
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and runs down the back of tho rostellum on 
e..'\eh side and round tho stern of the boat­
formed disc. lience after, this splitting action 
tho boat-formed disc lies quite free, but em­
bedded in 3. fork in the rostellum. The act of 
splitting apparently never takes place spon­
tancously. I covored up undor 3. net a. plant 
with unexpanded flowers, and five of these 
flowers remained fully expanded for exactly a 
week under the net: I then examined their 
rostella, and not one had split; whereas almost 
evory flower on the surrounding and WICo-­

vercd spikes, which had been visited and 
t.ouched by insccts, after remaining expanded 
for only twenty-four hours, had their rostella 
fissured. Exposure for two minut.es to the 
vapour of a little chloroform causes the ros­
tellum 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 t.he furrow of the rostellum, and 
the membrane has consequently become fis­
sured, the viscid matter within the boot-formed 
disc lies so close to the surf.'\cc, and, indeed, 
slightly exudes, that the disc is almost sure 
to be glued longitudinally to the bristle and 

© The ompl te Work of Charles In 
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to be withdrawn with it. When the disc is 
,dthdrawn the two sides of the rostellum 
(Fig. D), whieh ,have been described by 
some botanists as t\'\"o distinct foliaceous pro­
jections, arc left sticking up like a. fork. This 
is the common condition of the flowers after 
they havo been open for t\vo or three days, 
and have been visited by insects. Tho fork 
soon withers. 

When tho flower is in bud the back of the 
boat-formed (lise is covered with a layer of 
large rounded cells, so that the disc does not 
strictly form the exterior surt'\oo of the back 
of the rostellum. These cells contain slightly 
viscid mntter: they remain unaltered (as may 
be seen at Fig. E) towards tho apex of the 
disc, but at tho point where the pollinia are 
attached they disappear. Hence I concluded 
that the viscid matter contnined ill these 
cells, when they burst, served to fasten the 
threads of the pollinia to the disc; but, as 
in several largo exotic Orchids I could sec no 
trace of such cells, I presume that this view is 
erroneous. 

The stigma lies beneath the rostellum, and 
projects with a sloping surface (see side-view, 

e 0 I W 
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B); its lowcr margin is rounded and fringed 
with hairs, On each side a mcmbranc (c I, B) 
extcnds from the edges of the stigma to the 
filament of tlle anther, thus forming a. mem­
branous cup or clinandrum, in which the 
lower cnds of the pollen-masses lie protected. 

Each pollinium consists of two leaves of 
pollen, quitc disconnected at their lower ends, 
and with their summits distinct, but they are 
united by elastic threads for about half of 
their length: a very slight modification would 
com'ert the two pollinia into four Ica\'cs of 
pollen, as occurs in the genus Malaxis and 
in many foreign Orchids. Each of the four 
leaves, moreover, consists of a double layer of 
pollen-grains, united only along their edges. 
'fhe pollen-grains (each consisting of forn· 
granulcs) arc united by elastic threads, which 
are marc numerous along the edges of the 
Icaves, and converge at the summit of each 
pollinium. The leaves of . pollcn are very 
brittle, and, when placed on the viscid stigma 
of a flower, large sheets arc easily broken off. 

Long before the flower expands, the anther­
cells, which are pressed against the back of 
the rostellum, open in their upper pnrt, so that 

~ [) I 1 hn 
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the included pollinia come cxactly into contact 
with the back of the ooat-fonned disc; the 
projecting threads then become firmly attached 
to rather above the middle pnrt of the back 
of the disc. The anther-cells afterwards 
open lowcr down, and their membranous 
walls contract and become brown; so that by 
the time the flower has fully expanded the 
upper parts of the pollinia lie quite naked, 
their bases rest in little cups formed by the 
withered anthet·-cells, and they arc laterally 
protected by the clinandrum. As the pollinia 
thus lie loose, they are easily removed. 

The tubulnr flowers are elegantly arranged 
in a. spire round the spikc, extending hori­
zontally (Fig. A) from it. The labellum is 
chanllclled down the middle, and is furnis.hed 
with a. reflexed and fringed lip, on whieh bees 
alight; its oos.'ll internal angles arc produced 
into two globular processes, which secrete an 
abundance of neGtar. The nectar is collected 
(n, Fig. B) in a small recept.'lCle beneath. 
Owing to the protuberance of the lower 
margin of the stigma, and of the two lateral 
inflexed nectaries, ihe orifioo into the nectar­
receptacle is much contracted, and is central. 
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When the Bower first opens the rcwpt..'\c1e 
contains nectar, and at this period the front 
of the rostellum, which is slightly furrowed, 
lies close to the channened labellum; conse­
quentlya passage is left, but so narrow that 
only a fine bristle can be pnsscd down it.­
In a day or two the labellum moves a 
li ttle farther from the rostcllum, and a wider 
passage is left to the stigmatic surf.'\ce. On 
this slight movement of the labellum the fer· 
tilisation of the Bower absolutely depends. 

With most Orchids the flowers remain open 
for some time before they are visited by 
insects; but with Spiranthes I have gene­
rally found the boat· formcd disc removed very 
soon a fter the expansion of the /Jower. For 
example, in the two last spikes which I 
happened to examine there werc in onc 
numerous buds on the summit, with the seven 
lowest flowers alone expanded; of which six 
had their discs and pollinia removed; the 
othel' spike had eight expanded flowers, with 
the pollini(\ of all removed. We have scen 

• l'rof_r Aea Gmy was 90 kind as to examine Spiranth~ 
pili. and cernua in the United State.. l1e fcund the lame 
generalltnLcturo as in cur S. autumnalil, and he wlllitruck 
with the nDrroWllca or the passage into the Ho,,·er. 

G 2 
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that when the flower first opens it would be 
attractivc to inseCts, for the receptacle already 
contains nectar; and the ro8teUwn at this 
period lies so close to the channelled lubellum 
that a. bee or moth could not p .. 'l8S down its 
proboscis without touching the media.! furrow 
of the rostellum. This I know to be the case 
by repeated trials with a bristle. 

Let it be observed how beautifully every. 
thing is contrived that the pollinia. should be 
withdrawn by an insect -visiting the flower. 
The polrinia. are already attached to the disc 
by their threads, and, frorp. the early withering 
of the anther-cells, they hang loosely sus-­
ponded but protected within the c1inalldrum. 
The touch of the proboscis causes lhe rostellum 
to split in front and behind, and frees the 
long, naITOW, boat-formed disc, which is loaded 
with extremely -viscid matter, sure to adhere 
longitudinally' to the proboscis. When the 
bee flies away, so surely will it carry away 
the pollinia. As the pollinia. arc attached 
parallel to the disc, they will become attached 
parallel to the proboscis. Here, however, 
appears a difficulty; when the flower first 
opens and is best adapted for the removal of 
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the pollinia, the labellum lies 80 close to the 
rostellum, that the pollinia, when att..'\ched to 
the proboscis of an insect, could not possibly be 
forced into the flower 80 as to reach the stigma; 
they would be either upturned or broken ofr; 
but we have seen that after two or three 
days tho labellum becomes more refiexed and 
moves from the rostelJum,-a wider passage 
being thus Jeft. When in this condition, I 
have b·ied with the polJinia attached to a 
fine bristle; and by inserting the bristle into 
the ncct..'lr-rcceptacle (n, Fig. B), it is pretty 
to sec how sheets of pollen are left adhering 
to the viscid stigma. It may be observed ill 
the diagram, n, that the orifice into the 
nectar-receptacle lies, o,,;ng to the projection 
of the stigma, close to the lowel' side of the 
(loweI'; hence insects would insert their 
probosces on this side, and nn open space is 
thus afforded for the attached pollinia. to be 
carried down to the stigma, without being 
brushed oft'. The stigma evidently project.<; 
so that the ends of the pollillia may sh·ike 
against it. 

H ence, in Spiranthes, not only the pollen 
must he carried from one flower to another, as 

(E) The ComDlet~ Work of Ch'lrl .. · DArwin Onl n~ 
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in most Orchids, but a lately expanded flower, 
which has its pollinia in the best state for 
removal, callnot then be fertilised. Generally 
old flowers will be fertilised by the pollen of 
yOlWger flowers, borne, as we shall see, on 
a separate plant. In conformity with this 
I observed that the stigmatic surfaces of the 
older flowers were far more viscid than those 
of the younger flowers. Nevertheless, 1\ 

flower whjch 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 probosces, bow them for· 
wards, and would thus often strike the furrow 
in the rostellum. I imitated this action with 
a bristle, and often succeeded in withdrawing 
the pollillia. I was led to try this from at 
first choosing older flowers for examination ; 
and pass.ing a bristle, or fine culm of grass, 
straight dowll into the nectary, the pollinia 
were llever withdrawn; but when I bowed 
it forward, I succeeded. Those flowers which 
have not their own pollinia removed can of 
course be fertilised , and I have seen not a. 
few cases of flowers with their pollinia still 
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in place, with shoots of pollen on their 
stigmas. 

At 'l'orquay I watched a number of these 
flowers growing together for about half an 
hour, and saw three humble-bees of two kinds 
visit them. I caught one and examined its 
proboscis: on the superior lamina, some little 
way from the tip, two perfcct poUinia wcre 
aUnched, and three other boat-formed discs 
without pollen; so that this bee had removed 
thc pollinia from five flowers, and bad pro­
b..'l.bly left thc pollen of tlu'ee of them on the 
stigmas of other flowers. The next day I 
watched tho same flowers for a quarter of 
un hour, and caught another humble-bee at 
work; one perfect pollinium and four boat­
fonned discs adhered to its proboscis, one on 
tl10 top of the other, showing how exactly 
tile s.. .. me part had each time touched the 
rostellum. 

The bees always alighted at the bottom of 
tJ1e spike, and, crawling spirally up it, sucked 
one flower "foor the other. I believe humble­
bees generally act thus when visiting a. dense 
spike of flowers, as it is most convenient fol' 
them; in the same manner as a woodpecker 
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always climbs up a tree in search of insects. 
This seems a most insignificant observation; 
but see the result. In the early morning, 
when the bee starts on her rounds, Jet us sup­
pose that she alighted on the summit of the 
spike; she would surely extract the pollinia. 
from the uppermost and last opened flowers; 
but when visiting the next succeeding flower, 
of which the labellum in all probability would 
not as yet have moved from the column (foJ" 
this is slowly and very gradually effected), 
the pollen.masses would often be brushed off 
her proboseis and be wasted. But nature 
suffers no such wast.e. The bee goes first to 
t.he lowest flower, and, crawling spirally up 
the spike, effects notlling on the first spike 
which she visits till she rcachcs the upper 
flowers, then she withdraws the pollinia : she 
t;oon flies to another plant, and, alighting on 
the lowest and oldest flower, into which there 
will be a wide passage from the greater ro-­
flexion of the labellum, the pollinia. will 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 
rmrface; but on the next succeeding flower, 

Rl The Complete Work of Charles Darwin OnPne 
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of which the stigma is viscid, large sheets of 
pollen will be left. Then as soon as the 
boo arrives near the summit of the spike 
she will again withdraw fresh pollinia, will 
fly to the lower flowers on allother plant, 
and ferti lise them j and thus, as s11e goes her 
rounds and adds to her store of honey, she 
wi ll continually fertilise fresh flowers and pel'­
petuate Ole race of our autulllllal Spiranthes, 
which will yield honey to future generations 
of bees. 

G 3 
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CUAPTER IV. 

M~laJ.i8 1_lud,*,; simple meallll of fertilisation _ Li8tcra omUl; 
senlitiveuCIIII of the n)$te!!um; clpiollioll of \"i1lcid matter 
IIctionofiIlIk'CU;perfectadapl.4ltionofthclJeveralorgntls_ 
Li3!Craoordala.-NoottianidulloD.VUI; i~fertilillQtion effcctol. 
in the IIlmcUJaunera.sill Listcra. 

WE now come to the last of the British 
Orchids, those in which no portion of the 
exterior mcmbr.tnous surface of the rostellum 
is pClmanently attached to the polli nia. This 
subdivision includes only three genera known 
to mc, namely, Malaxis, Listcra, and Neottin, 
which nre here grouped together merely for 
conveuience. Malaxis in its fertilis..'\tion is an 
uninteresting form; Listera and Ncottia, on 
the other hand, are amongst the most remark­
able of all Orchids from the maDDer in which 
their polli nia are removed by insects, through 
the sudden explosion of \'iscid ma.tter contained 
within their rostellums. 

jJlala.ri8 paludosa.-l'his rare Orchid,· the 
least of tho British species, differs from the 

• I am grea.tlyil"lcbtOO to ~lr. W~11i", ofUart6e\d, in StllI8eX, 
for numcro .... Ii\"inglpecimens of thi. Orchid. 
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others in the position of its flowers. In 
Malaxis the labellum is turned upwards,­
instead of downwards, .so as to afford, as in 
other Orchids, a landing-placo for in.sects; its 
lower margin clasps the column, making the 
entrance into the flower tubular. From its 
position it partially protects the 9rgnns of 
fructification. [Fig. XVII.] In most Orchids 
the upper sepal and the two upper petals 
afford protection; but here they arc reflexed 
in a. singular manner (as may be seen in 
the drawing, Fig. A..), apparently to allow 
insects freely to visit tho flowcr. This posi. 
tion of the flower is the more remarkable, 
because it has bcen purposely acquired, as 
shown by the ovarium being spirally twisted. 
In all Orchids tho labell um is properly directed 
upwards, but assumes its usual position as the 
ioU1C1' iii) by the twisting of the ovarium; but 
in Malaxis the twisting has been carried to 
that degree that the flower occupies the posi. 
tion which it would have held if the ovarium 

• 8ir James Smith, ] bcliC\'e, fiMlt notioed thi, fact in the 
'Englilh nOIll,' \'01. il'. p.47, 1828. 'l'owllrtlf the ~ummit of 
lhe11JiketheupperlCpaldOO!lootdepend,a.tTCpretentedinthe 
w<piCllt (~·i~. A). but stich out nca.rly at right angles; nor is 
tllefiQwerslw,yslOcompletclytwisloorouod. 
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Fig. XVII . 

("lIrtly oopiod rrom Bauer, but modified from Hving Bl)CCiwt'IlOI.) 

II. 11111 her. 

J,_,:roliell. 
(/. ciinandnlln. 
v. Ilnnl"eAI'l& 

r.lOIItelium. 
..lIligma. 
I. !&be\lum. 
u,ul)pel'tepal. 

A.I'erfecl 
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had not boon at all twisted, and which the 
ovarium ultimately assumes when ripe, by a 
process of gradual untwisting. 

'Vllen the minute flower is dissected, the 
column is seen to be longitudinally tripartite; 
the middle portion of the upper Ilalf(see Fig. B) ' 
is the rostellum. 'I'he upper edge of the lower 
part of tbe column projects where united to 
the base of the rostellum, and forms a rather 
deep fold. This fold is the stigmatic cavity, 
and may be compared to a waistcoat-pocket. 
I found pollen-masses which had theil' broad 
ends pushed by insects into this pocket; and 
!\ bundle of pollen-tubes had here penetrated 
the stigmatic tissue. 

'l'he rostellum, or middle portion, is a tall 
membranous projection of a whitish colour, 

A. PcrfllCl. flower viewed laterally, witb the ~bellum in iLl 
"'tll .... 1 J'!O'itioo, upward&. 

n. Column viewed in front, ahowiog the ro.teUum, the pocket. 
Iilte ltigma, IWd the anterior late .... 1 portiOUl of the ell­
nandrum. 

C. &cit. .. iew of the oolumo in a flower-bud, ,bowing the anth"r 
with the pcar-lihaped includoo. pollinia diluly !lCCU, and 
thC I*terioredgt'llofthccliDilDdrum. 

D. &cit .. icwof llII expe.nded flower, with the Illlthcr now 000-
trllctoo.lludahrivelled,expclIIingthcl'ollini/l. 

E. Thell'l·opolliniallttllchoo.lDllliuietran",·eracUl!lllllOrvillCi(\ 
matter,hardened by apiriLtor ",·iue. 
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formed of square cells, and is covered with a 
Olin layer of viscid matter: it is slightly con­
cave posteriorly, and its crest is SUMnounted 

by n. minute tongue-shaped mass of viscid 
matt(ll'. 'l'he column, with its narrow pocketr 
like stigma and with the rostellum above, is 
united on each side to a green membranous 
expansion, convex exteriorly and COllca:ve in­
teriorly. of which the summits on each side 
arc pointed, and stnnd a little above the crest 
or the rostellum. These two membranes sweep 
round (see back views, Figs. C and D), and are 
united to tlle filament or base of the anther; 
thus forming a deep cup or clinandrum behind 
the rOt:!wllum. The use of this cup is to afford 
protection, as we shall immediately see, to the 
pollen-masses. 'When I have to treat of the 
homologies of the different parts, it will be 
showll by the course of the spiral vessels that 
these two membranes, forming the clin:lndrum, 
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 expnnds, a little mass 
or drop of viscid fluid may be seen 011 the 
crest of the rostellum, rather overhanging its 
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front surface. After the flower has remained 
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 ful ly exposed to the air. From 
these facts I concluded that the '·iscid fluid 
exuded from the crest of the rostellum; but 
fortunately I examined a closely-allied Indian 
fonn, namely, the Microstylis Rhedii (sent 
me from R ew by Dr. llooker), and in this, 
before the flower opened, there was a simi lar 
drop of viscid matter j but on opening a 
still younger bud, I found a minute, regular, 
tongue-shaped projection on the crest of the 
l'08telhtt;u, formed of cells, which when sl ightly 
disturbed resolved themselvcs into a drop of 
viscid matter. At this age, also, the front 
surface of the whole rostellum, between its 
crest and the pocket-like stigma, was coated 
with ceLis filled with similar brown viscid 
matter; so that there can be no doubt, had I 
examined a. young enough bud of Mala.xis, 
I should have found a s.imilar minute tongue­
shaped cellular projection on the crest of the 
rostellum. . 
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The anther opens widely whilst the flower 
is in hud, and then shrivels and contracts 
downwards, SO that, when the flower is fully 
expanded, the poUinia are quite naked, with 
the exception of their broad lower ends, which 
rcstin two little cups formed by the shrivelled 
anther-cells. 'l'his contraction of the anther 
is represented in Fig. D in comparison with 
Fig. 0, which shows the state of the anther in 
a bud. The upper and much pointed ends of 
the pollinia Test on, but project beyond, the 
crest of the rostellum; in the bud they are 
unattached, but by the time the flower opens 
they arc 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 I 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 natuml posi­
tion, when removed by a. needle from a. speci­
men kept in spirits of wine, in which the irre­
gular little ma.ss of viscid matter had. become 
hardened and adhered firmly to thoir tips. 

The pollinia consist of two pair of very 
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thin leaves of waxy pollen; these four leaves 
are formed of angular grains (each apparently 
subdivided intQ four granules), which never 
separate. As the pollinia. are almost loose, 
being retained merely by tbeir tips adhering 
tQ the viscid fluid, and by t11eir bases resting 
in the shriveUed antber-cells, alld ns the petals 
and sepals are so much reflexcd, tho poUinia 
would be exposed in a remarkable degree 
when the flower is fully expanded, and would 
be liable to be blown out of their proper posi­
tion, had it not been for the membranous 
expansions on eaeh side of the column forming 
the clinandrum, within whieh they safely lie. 

When an insect inserts its proboscis, or 
head, into the narrow space uetwecn the 
upright lahellum and the rostellum, it will 
infallibly touch the little projecting viscid 
mass, and when it 8ies away it will withdraw 
the pollinia, already attached to the viscid 
matter, but otherwise loose. 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 
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forced in, and their broad ends wi ll enter the 
pocket-like stigma. I found pollinia in this 
position glued to the upper membranous ex­
pansion of the rosteiJum, and with ~ large 
number of pollen-tubes penetrating tbe stig­
matic tissue. '1'hc use of the thin layer of 
viscid matter, which coats the surface of the 
rostellum in this genus and in Microstylis, and 
which is of no usc in the transportal of the 
pollen from flower to flower, seems to be to 
keep the leaves of pollen, wben brought by 
insects, in a proper position for entering and 
remaining in the narrow stigmatic cavity. 
This fact is rather interesting under a homo­
logical point of view, for, as we allaH hereafter 
sec, the primordial nature and purpose of 
the viscid matter of the rostellum is that 
common to the viscid matter all the stigmas 
of most flowers, namely, the retention of the 
pollen, when brought by any means to its 
sUlface. 

The flowers of the ){alaxis, though so small 
and inconspicuous, are highly attractive to 
insects; for the polljnia. bad been removed 
from all the Bowers on each spike, excepting 
from one or two close under the buds. In 
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some old Oower-spikes every single pollinium 
had been removed. Insects sometimes re­
move only one of the two pairs. I noticed 
one £lower with all its four pollinia. in place, 
with a. single pollen-leaf within the stigmatic 
cavity j and this must clearly have been 
brought by some insect. I found pollen­
leaves on the stigmas of many other flowers. 
The plant produces plenty of seed: on one 
spike, thirteen of the twenty-one lower flowers 
bad formed large capsules. 

Listera Qoota, or Tway·blade.- The structure 
and action of tbe rostellum of this Orchid has 
boon the subject of a high ly remarkable paper 
in the Philosophical Transactions, by Dr. 
Hooker,· 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 this flower. C. K. 
Sprengel well knew the importance of insect­
agency, but he misunderstood both the struc· 
ture and the action of tlm rostellum. 

The rostellum is of large sil'.c, thin, or 
foliaceous; convex in front and concave .be­

• 'j'hiloeophicaITnmu.ctious,' 185',r.~9. 
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hind, with its sharp summit slightly hollowed 
out on each side; it arches over the stigmatic 
surface (Fig. XYIII. r, 8 .A.). Internally, ac­
cording to Dr. Hooker, it is divided by longi­
tudinal septa into a series of loculi, which 
contain and tmbacquently expel with violence 
viscid matter. These loculi show traces of 
their original ecJiular structure. I bave met 
with this structure of the rostellum in no other 
genus excepting the closely allied Ncottia. 
The anther, situated behind the rostellum, 
and protected by a broad expansion of th{1 
top of the column, opens in the bud. The 
pollinia, when the flower is fully expanded, 
are left quito free, supported behind by the 
anther-cclls, and lying in front against the 
concave back of the rostellum, with their 
upper and pointed ends resting on its crest. 
Each pollinium is almost divided into two 
masses. The pollen-groins arc attached to­

gether in the usual manner by a few elastic 
threads; but the threads arc weak, and large 
masses of pol len can be easily broken off. 
After the flower has long remained open, 
the pollen becomes more friable. The In­
bellum is much elongated, contracted at the 
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Fig.XVUI. 

1.!.ST£1U.OVATA,or'l'way.blade(l_rtiycoviedfrom Hooker). 

col. summit of mlumn. \ . uigm. 
u. IUItber. 1: Iabellu;n. 
1'. pollen. n. noelal"-llOCretingfurrow. 
r . T'OIItelium. 

A. no,..~rvic,,·ed Iater.IlY,withailthel8Cl_l.and petalll,exoept 
thelabeJlum,remoyed. 

U. Ditto, with the pollinill removed, and with the T'OIItellum 
lDOrtl rellcxcd after it~ IlXplOliion. 
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base, and bent downwards, 3.8 represented 
in the drawing j it is furrowed along the 
middle, from its bifurcation close up to the 
oose of the stigma; and the borders of the 
furrow are glandular and secrete much neeL'lr . 

.dS soon 3S the flower opens, if the crest of 
the rostellum be toudled ever so lightly, a 
large drop of viscid fluid is instantaneously 
expelled; this, as Dr. llookcl' has shown, is 
formed by the coalescence of two drops pr~ 
oecding from the two depressed spaces on 
each side of the crest. A good proof of this 
fact was afforded by some specimens kept in 
weak spirits of winc, which had apparently 
expelled the viscid matter slowly, and in 
which two separate little spherical balls of 
viscid matter had hardened and had become 
attached to the two pollinia. l'ho fluid is 
Itt first slightly opaque and mi lky; but as 
soon as exposed to the air, in less time than 
a seoond, a film is formed over it, and in two 
or three seconds the whole drop sets hard, 
and soon assumes a purplish-brown tint. So 
exquisitely sensitive is the rostellum, that a 
touch from the thinnest human hair suffices 
to cause the explosion. It will take place 
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under water. Exposure to the vnpour of 
chlol'oforlll for about one minute also causes 
the explosion. 'l'he viscid fluid when pressed 
between two plates of glass before it has set 
hard is seen to be struetureless; but it assumes 
a reticulated appearance, perhaps caused by 
the presence and union of globules of a, denser 
fluid immersed in a thinner fluid. As the 
pointed tips of the loose pollinia, lie on the 
crest of tho rostellum, they are always caught 
by the E'xploded drop: I have never once seen 
this fail. So rapid is the explosion and 1:10 

viscid the fluid, that it is difficult to tOllch 
the rostellum with a needle quickly enough 
not to catch the poJlinia already att..'\cbcd to 
the ptntially-hardened drop. n ence, if ~ 
bunch of Bowers be carried home in the 
hand, some of the sepals or petals, being 
shaken, will be almost BUI'C to touch the 
rostellum and withdraw the polJilJia, whieh 
will cause the false appearancc of their hav­
ing been violently ejected to a distance. 

After the anthel'-cells have opened and 
have left the naked pollinia resting on the 
concave back of the rostellum, the rostellum 
eurves a little forwards, and r:erhaps the 
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anther also moves' a little .ba.ckwards. This 
movement is of much importance, as the tips 
of the anther would otherwise be caught by 
the exploded viscid matter, and the pollinia 
wou1d for ever be locked up and rendered 
useless. I once found an injured flower which 
had been pressed and had explodcd before 
fully expanding, and the anther, with the 
enclosed pollen-masses, was permanently glued 
down to the crest of the rostellum. At the 
moment of the explosion the rostellum, which 
already stands arched over the st.igma, quickly 
bends fon ..... ards and downwards so as to stand 
(Fig. B) at right angles to its surface. 1'he 
pollinia, if not removed by the touching 
object that causes the explosion, become 
fixed to thc rostellum, and by ita movement 
arc drawn a little forward . If their lower 
enas arc 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 llOurs, or of a day, the 
rostellum not only slowly recovers its original 
slightly-arched position, but becomes quite 
stmigllt and parallel to the stigmatic surface. 
This backward movement of the rostellum is 
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of importance; for if after the explosion it 
permanently remained projecting at right 
angles close over the stigma, pollen could with 
difficulty have becn left on its viscid surface. 
When the rostellum is touched so quickly 
that the pollinia are not removed, they are, 
as I have said, drawn at the moment of ex­
plosion a little forward by the movement of 
tho rostellum; but by il:8 subsequent back­
ward mo\"ement the pollinia are pushed back 
into their original position. 

From the aecount hero given we may safely 
infer how the fertilisation of this Orchid is 
effected. Small insects alight on the broad 
lower end of the labellum for the sako of the 
nectar copiously secreted by it; as they ' lick 
up the 11eetar thoy slowly crawl up its 
narrowed surface until their heads stand 
directly wder the over-arched crcst of the 
rostellum; as they mise their heads they 
touch t he crest, which explodes, and the 
pollinia become firmly cemented to them. 
'fhe insect in Hying away withdraws the 
pollinia, carnes them to another Hower, and 
leaves masses of the friablo poJlen on its 
viscid stigma. 
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In order to witness what I felt sure would 
take place, I watched a group of plants on two 
or three occasions for an hour; each day I srLW 

numerous specimens of two small Hymen-
0pterous insects, namely, a ITremiteles and a 
Cryptus, Hying about the plants and licking 
up the nectar; most of the flowers, which were 
visited over and over again, had already had 
their pollinia removed, Lut at last I saw both 
these insect-species crawl into younger flowers, 
und suddenly rerrent with a pair of bright 
yellow poUinia sticking to their foreheads; I 
caught them, and found the point of attach­
ment 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 had subsequently in all proba­
bility left them on the stigma of one of the 
flowers. .Ai3 I caught these insects, I did not 
witness the act of fertilisation; but C. K. 
Sprengel actually 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 att?ched 
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poBinia, and he saw Diptera. also visiting the 
flowers. He was struck with the number of 
spider-webs spread o,'er these planls, as if the 
spiders wcre aware how attractive the Listera 
was to insects, and how necessary they weUl 
to ita fertilisation. 

To show how dclicate a touch suffices to 

cause the rostellum to explode, I may men­
tion that I found an extremely minute Hy­
menopterous insect vainly struggling with it.s 
wbole head buried in tho hardened viscid 
matter, thus cemented to the crest of the 
rostellum and to the tips of pollinia; the 
insect was not so large as one of the pollinia, 
and after causing the explosion it had not 
force to remove them, and was thus punished 
for attempting a work beyond ita strength, 
and perished miserably. 

In Spiranthes the young flowers, which 
ha'·o their pollinia in the best state for re­
moval, cannot. possibly be fertilised; they 
must remain in a virgin condition until they 
are a little older and the labellum has moved 
from tho column. Here the same thing 
apparently occurs, for tho stigmas of the 
older flowers were more viscid than those of 

n 2 
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the younger OowaTa. These latter havo their 
pollinia quite ready for removal; but imme­
diately after the explosion the rostellum, as 
wo have seen, curls forwards and downwards, 
thus protecting the stigma for a time, until 
tho rostellum. s10wly becomes quite straight, 
wholl the stigma in its morc mature con­
dition is left freely exposed, and 18 ready for 
fertilisation. 

I was curious to ascertain whether the 
rostellum would ultimately explode, if never 
touched; but I have found it dillieult to ascer­
tain this fact, as tho flowers are so attractive 
to insects, and the touch OfSllCh minute insects 
suffices to cause the explosion, that it was 
scarcely po&;:iblc to exclude them. 

I have covered up plants several times, and 
left them till long after all uncovered plants 
had set their pods; and without going into 
unnecessary det.'\i1s, I ma.y positively st.'l.te 
that the rostella. in severnl flowers had not 
exploded, though the stigma was withered, 
the pollen quite mouldy and incapahle of re­
moval. Some few of the very old flowers, 
however, when roughly touched, were still 
capable of feeble explosion. Other flowers 
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under the nets had exploded, and the tips 
of their pollinia. were fixed to the crest of 
the rostellum; but whether these had been 
kluchcc1 by some exccssively minuto insect, or 
had exploded spontanoously, it is impossible 
to &'1y. In tJle case of these latter flowers, it 
is of some importance to note that not a grain 
of pollen had got on their stigmas (and 1 
looked carefully). and their ovaria had not 
swollen. 'fhcse several facts clearly show that 
the remo"al of tho pollinia by insect-agency 
is absolutely necessary to the fertilisation of 
this species. 

That insecta do their work effectually, the 
following cases show :-A rather young spike, 
with many buds in the upper part, had the 
pollinja ullremoved from the seven uppcr 
flowers, but they had been completely removed 
from the ten lower flowers: thero was pollen 
on the stigmas of six of these ten lower 
flowerEt In two spikes taken together, the 
twenty-seven lower flowers had their pollinia 
removed, with pollen on the stigmas of all ; 
these weJ"C succeeded by five open flowers 
with pollinia not removed, and with no 
pollen on their stigmas; and these were 
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suooccded by eighteen buds. Lastly, in an 
older spike with forty-four flowers, all fully 
expanded, the pollinia had been removed from 
everyone; and on all the stigmas that I ex­
amined there was pollen, generally in large 
quantity. 

I t will perhaps be worth whi le to reca.pitu­
late the several special adaptations for tho 
fertilisation of this Orchid. The anther-cells 
open early, leaving the pollen.masses quite 
loosc, 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 dis­
tance from tho anther; and this is very 
necessary, otherwise the anther would be 
caught by the viscid matter, and the pollen 
for ever locked up. This curvature of 
the rostellum over the stigma and base of 
the labellum is excellently well adapted to 
favour nn insect striking the crest when it 
raises its head, after having crawled up the 
labellum, and licked up the last drop of nectar 
at its base. The labcllum, as C. K. Sprengel 
has remarked, becomes narrower where it 
joins the column beneath the rostellum, so 
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that there is no risk of the insect going too 
much to either side. The crest of the ros· 
tcUum is so exquisitely sensitive, that a touch 
from a most minute insect causes it to rupture 
at two points, and instantaneously 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 insect's fore-­
head. As soon as the rostellum has exploded 
it suddenly curves downwards till it projects 
at right angles over the stigma, protecting it 
in its early state from impregnation, in the 
same manner as the stigma of Spironthes 
is protected by the labellum clasping tlle 
oolumn. But as in Spiranthes the labcllum 
after ~ time moves from the colwnn, leaving 
a free passage for the introduction of the pol­
Iinia, so here the rostellum moves back, and 
not on ly recovers its former arched position, 
but stands upright, lea.ving the stigmatic sur­
face, now become mOre viscid, perfectly free 
for pollen to be left on it. 'l'he pollen-masses, 
when .once cemented to an insect's forehead, 
will generally remain firmly attached to it 
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until the viscid stigma of a. mature flower re­
moves these encumbrances from the insect, by 
rupturing the weak elastic threads by which 
the grains nre tied together-receiving at the 
same time the benefit of fertilisation. 

Limera cordata.-Pl'ofessor Dickie of Aber­
deen was so kind as to send me two sets of 
specimens, but I applied rather too late in the 
season . Tbe structure is cllSential1y thc same 
as in the last species, and the loculi of the 
rostellum were very plain. In the middle, on 
the crest of the rostellum, two or tbroo little 
hairy points: project; whether these have 
any functional importance I know not. The 
labellulll has two basal lobes (of which vestiges 
may be seen in L. ovata) which curve up on 
each side, and would COIllIXlI an insect to 

approach the rostellum straight in front. Two 
flowers had been touched either during the 
journey, or too quickly by some insect, and 
had exploded; and their pollinia in conse­
quence were firmly C€'mented to the Cl'est of 
the rostellum; but in' most of the spikes 
all the pollen-masses had been removed by 

insects. 
Neottia nidttS..attis.-I made numerous ob-
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iJCrvations on this, the Bird's-ncst Orch.is,· but 
thoy are not worth giving, as tho action and 
structure of overy pt'U't is almost idontically 
the 8l1me as in Listera. ovata. TllO labellunl 
sccrotes plenty of nectar, which I mention 
merely as a caution, because during one cold 
and wet season I looked iJCveml times and 
could not sec a drop, and was perplexed at 
tho apparent abaenoo of any attraction for 
insects; nevertheless, had 1 looked more per­
severingly, I should probably have found 
nectar. 

Whether the rostellum ultimately explodes, 
if not touched, I could not ascertain; that it 
long remains unexploded, though ready to 
act, is certain; but 1 found in 1860 so many 
flowers exploded, with a. bead of tho purplish 
hardened cement attached to the crest of the 
rostellum and to the noremoved pollinia, that 
I suspect that it docs explode, after a time, 
spontaneou.sly, without the excitement of a 
touch. In one large spike, every flower had 

• This unnatural .!icily.looking pbnt hu generally been 'UI~ 
l~tobePll'IL8iticontberool.lofthf!l"*uiitlerthelhadoof 
which it lin.; but, IIOXIrding to Irmisch (' Deitrii~ lur Biologic 
wid MOfphologie der Orchitleen,' 1853, •• 25), thUi certainly Ui 
nutthe(:Ul". 
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been visited by insects, and all the pollinia 
had been removed. Another unusually fine 
spike from South Kent, sent me by Mr. 
Oxenden, had borne forty~ne flowers, and 
produced twenty--scvell large seed-ropsules, 
besides somo smaller ones. 

Tho pollen resembles that of Listera., in 
consisting of grains (formed of four granules) 
tied together by a few weak threads; it 
differs in being much more incoherent, so that 
after a few days it sweUs and overhangs the 
sides and summit of the rostcllum: hence, 
if the rostellum of a rather old flower be 
touched, and an explosion be caused, the pol­
linia are not so neatly caught by their tips 
as in Listera; consequently a good deal of 
the friable pollen is often left behind in the 
anther-cells and is apparently wasted. Por­
tions of this fall on the corolla; and as the 
pollen in this stato readily adheres to any 
object, it is not improbable that inseets 
crawling about would thus get dusted, and 
leave some on the viscid stigma, without 
having touched the rostellum and caused it 
to explode. Certainly if the labellum were 
more upturned, so that insects were forced to 
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brush against the anther and column, they 
would get smeared with the pollen as soon 
as it had become friable, and might thus 
effectually fertilise the flower. 

This observation interested me, because, 
when previously examining Cephalantbera, 
with its aborted rostellum, iUl upturned label­
lum, and its friable pollen, I had speculated 
how a transition, with each gradation useful 
to the plant, could possibly have been effected 
from the state of the pollen and flower in tbe 
allied Epipactis, with its pollinia attached to 
a wcll-developed rostellum, to the present con­
dition of Ccphalanthera. Neottia nidus-avis 
shows to a. certain extent how such a transi­
tion might have been effected. l'his Orcbid 
is at present mainly fcrtilised by mcans of 
the explosive rostellum, which acts effectually 
only as long as the pollen remains in mass; 
hut unlcss we suppose that the circumstance 
of the pollen soon becoming friable is a mere 
injury to the plant, we may believe that the 
pollen in this condition is sometimes trans­
ported to the stigma. by its adhesion to the 
hairy bodies of insects. If this be so, we can 
see 'that by a slight change in the form of the 
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flower, and by the pollen becoming friable at 
a still earlier age, this means of fertilisation 
might be rendered more and more effectual, 
and the explosive rostellum less and less 
useful. Ultimately the rostellum would be­
come a superfluity; and then, on the great 
principle of the economy of organisation, ren· 
dered so necessary by the struggle for life, by 
which every part of every being tends to be 
saved, the rostellum would be absorbed or 
aborted. In this case we should have the 
production of a new Orchid in the condition 
of Cephalanthera, as far as its means of 
fertilis..1.tioll are concerned, but in general 
structure still closely allied to Neottia and 
Listera. 
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Caulcya, 8impie manner of fcrtiliiation-Maadc\'alHa, CUrloU! 
oI0.0d Hower - Dendrobium, eoo.triVllIlCie for .elf-fertilisation­
VA/Idea, dj,'en;ified structure or tho poIliniaj imllOrtaIlCd of 
theel .. ticityolthe pedicel; it. po'll'erormo~ment- t:la..ticity 
and .trength orthe caudic1e-CaLantbe with Ial.enl .etigmu, 
maImer of rertiliatioo. - ADgra!cum ~uipedale, wooderful 
length of Dectary- Acropera, perpluiDg _." male Orchid. 

li.H ISG examined the means of fertilisation 
in 80 many British Orchids, bcionging to 
fourteen genera, I was anxious to ascertain 
wbother the C'xotic forma, belonging to quite 
distinct Tribes, equally required inscct-agency. 
1 especially wished to ascertain whether the 
rule holds good that each flower is necessarily 
fertilised by pollen brought from a distinct 
flower; and in a secondary degree I was 
curious to know whether the pollinia under­
wcnt those curious movements of depression 
by which they are 1)laced, after transportal 
by insects, in the proper position to strike 
the stigmatic surface. 

By the kindness of many friends and 
strangers I ha>c been enabled to examine 
fresh flowers of several species, belonging 
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to forty-three exotic genera, well dispersed 
through the sub-families of the vast Orcbideall 
series.- It is not my intention to describe the 
means of fertilisation in all these genera, but 
merely to pick out a few curious cascs, and 
other cases which illustrate tho foregoing de­
scriptions. The diversity of the contrivances, 
almost all adapted to favour the intcrcrossing 
of distinct flowers, seems to be ex.haustless. 

~ am~~~I:I~~~~~:bI~:vi!~~~·!:,";n.:: 
weary r:i .. nding IDOlpccimcDS from the Royal Garden. at Kew. 

Mr. JIll1lCll Veitch, juu., 111Ie genel"OllSly given me ll'UUIy beftutiful 
Orchids, lOme Qf which were of eIIpcci.fll aervioo. ?tlr. R. l'srkcr 
aleo lent me an extremely valuable .. riCIIQrrQrma. Lady Dorothy 
Nevill IDOIIt kindly plaoed her magllifioellt oollection ofOrchida 
.. tmy di$pOlllll. llr.l!uckcrof Weat aill, W'OO"'·orth, IeIIt me 
repeatedly Iarge lpit: .... of Catallelum, • llormode. of extI(!Jlll8 
value tome,andlIOIlleDendrobiunu.. llr. ~dSe ... eooab 
hM gi"en me intel'l'lting infonnation. Mr. Ilateman, 110 well 
known for his magnificent work on Ol'l,lllid3. .cnt me a number 
of interesting fr;>mll, ineluding the wonderful Angra"Cum lICI!qui­
]lOdalc. 

I am gmtotly indebtoo to llr. Turnbull of Down for allowing 
me the free 118e d hi, hot-houac6, and for giving me lOme into­
reeling OrchiW!;and to his gardener, Mr. Honrood, for hi, aid in 
lDlUeofmyob.crn.tiom. 

Profe8lOTOli"er h ... kindly aided me with hit larg-e IWro.of 
knowlooge. and 11M .:.1100 my attention to l16 ... eral p&pen, Lutly. 
Dr. Lindley halllICnt me fl'Cllh anddricd Ipecimelll,and hall in 
thc kindest manner helped me in "ariOlUl ways. 

To aU thet18 gentlemen I ClUJ only exrre- my cordial thanks 
rortheirunweariedaod~kindn,.. 
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EPIDENDRElE. 

In the arrangement given by LindJey in 
that invaluable work the Vegetable Kingdom, 
we first meet with the two great tribes of 
the Malaxero and Epidelldrere. They are 
characterised by the pollen-grains cohering 
into large waxy masses, not congenitally 
attached to the rostellum. In the Mala.xere (of 
which one British form has boon described) 
the pollinia properly have no caudicle; 
whereas, in the Bpidendrere (of which tribe 
no British representative exists), they have 
an unattached caudide. 

For my purpose these two tribes might 
have been run together; and as the pollinia 
of some of the Malaxcre have a minute 
but perfectly efficient caudicle, the division 
between them, in this their leading character, 
blends away. But this is a misfortune which 
every naturalist encounters in attempting to 
classify a largely - developed or SO - called 
Jlatural group, in which, relatively to other 
groups, there has been little extinction. In 
order that the naturalist may be enabled to 
give precise and clear definitions of his 
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divisions, whole ranks of intermediate or 
gradational forms must have be'en utterly 
swept away: if here and thero a member 
of the intermediate ranks has escaped an­
nihilation, it puts an effectual bar to any 
absolutely distinct definition. 

I will begin with the genus Cattlcya, of 
which I bave seen several species, and 
which is fertilised in a very simple manner, 
different from tlm.t in any British Orchid. 
The rostellum (r, Fig. A, B) is a broad, 
tongue-shaped projection, which arches slightly 
over the stigma: the upper surface is formed 
of smooth membrane j the lower surface and 
the central portions (originally a mass of 
ccl1s) consist of a very thick layer of viscid 
maUer. This viscid mass is hardly separated 
from the viscid matter thick ly coating the 
stigmatic surface which lies closo beneath the 
rostellum. The generally projecting upper 
lip of the anther rests on, and opens close 
over, the base of the upper membranous 
surface of tho tonguc-shaped rostellum. The 
anther is kept closed by a. sort of spring at 
the back, at its point of att..1.Chmcllt to the 
top of the column. The polliuia consist of 
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Fig. XIX. 

b. f l,ringatthetopofthe col.oolumn. 
ooIumn. 1. labtllum. 

p. IJOIlen.ma-.. n. neo::tary. 

"."'h~. I" """, .. 
r. roItelium. g. onrium, or germen. 

A. Front view of column, with an Ihe .epalJ and retail! removed. 
n. Sectiooaodlaleraiviewofthefto\\"(!T,withailthelMlpaIa and 

lletals removed, exoopt the bi80cted labellum Ihownonly 
inouiline. 

C. Anlher viewed on tile underside. lilowing the four ea.udicles 
with the ronrpollen-mllSllo'llbencath. 

D. A &in~lc llOllinium, "iewoo laterally, .howing !-he pollcn-mllll6 
Il.uJcaudicle. 
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four (or eight in Cattleya crispa) waxy 
masses, each furnished (see Fig. C and D) 
with a ribbon-like tail, formed of a bundle 
of highly elastic threads, with numerous 
pollen-grains adhering to them. lienee the 
pollen is of two kinds, waxy masses and 
separate grains (each, as usual, consisting 
of four granules) united by elastic threads: 
tbis latter kind of pollcn is identical with 
tbat of Epipactis and other Ncottcro.- These 
tails, though consisting of good pollen, act 
also as caudiclcs, and are thus designated, 
for they serve as the means of removal of 
the larger waxy masses from the anther-cells. 
The tips of the caudic1cs are generally 
reBc.xe<l, and in the mature flower protrude 
a little way out of the anthcr-case (sec 
Fig. A), and lie on the base of the upper 
membranous lip of the rostellum. The 
labellum enfolds the column, making the 
flower tubular, and its lower part is pro­
duced into a. nectary, which penetrates the 
ovarium . 

• The pollcn-IDaIIIIeII of Dletia aroadmirabiyrcpreecni.cdona 
gigantic _Ie in &UCr'8 drawingt. publWlcd by Lindley in hUI 
'Il1mtration&.' 
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Now for the action of these parta. If any 
body of size proportional to that of the 
tubular · flower be forced into it- a. dead 
humble·bce acted best - the tongulHhaped 
rostellum is depressed, and the object often 
gets slightly smeared with yiscid ma.tter; 
but in withdrawing the object., the tougue-­
formed rostellum is upturned, and a sur· 
prising quantity of viscid matter is forced 
over its edges and sides, and at the same 
time into the lip of the anther, which 
is slightly raised by the upturning of the 
rostellum. 'l'hus the protruding tips of the 
caudicles are instantly glued to the retreating 
body, and the pollinia arc withdra.wn. This 
hardly ever failed to occur in my repeated 
trials. .A. living bee or other large insect 
alighting on the fringed edge ofthe labellum, 
and scrambling into the flower, would de­
press the labellum and would be less likely 
to disturb tho 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 
these balls are surely caught by the broad, 
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shallow, and very viscid stigmatic surface, 
whlch likewise tears off the grains of pollen 
from the threads of the caudicles. • 

That living humble-bees can thus remove 
the pollinia is ccrt.'lin. Sir W. C. Trevelyan 
sent to Mr. Smith of the British :\Iuseum 
(who forwarded to me) a Bombus hortorum 
-mught in his hot-house, where a Cattleya 
was in £lower-with its whole back, between 
the wings, smeared with dried viscid matter, 
and with the four pollinia. attached to it by 
their caudic1cs, and ready to be caught by 
the stigma of another flower if the bee had 
entered one. 

The caudic1es of the pollinia being free, 
and the viscid matter from the rostellum not 
coming into contact with them without 
mechanical aid, as well as the general 
manner of fertilisation, are the same in 
those species which I have aeon of Lrelia, 
Leptotes, Sophronitis. Barkeria, Phain~ 

E"elyna, Blctia, and Crelogyne. In Cmlo­
gyne cristata the upper lip of the rostellum 
is much elongated. In Evelyna camvata 
eight balls of waxy pollen arc all united to 
one caudide. In the Barkeria the labellmn, 

c The C mplete Work of Charles DarwIn Onhne 



OIlAI'. ,'. EPIDE:vnnUll.. 165 

instead of epfolding the column, is pressed 
against it, and this would even morc effec­
tually compel insects to brush against the 
rosteiJum.· In Epidendrum we have a slight 
difference; for the upper surface of the ros­
tellum, instead of permanently remaining 
membranous, as in the above-named genera, 
is so tender that by a touch it breaks up, 
together with the whole lower surfacc, into 
a mass of viscid matter. In this case the 
whole of the rostellum, with the adherent 
pollinia, is removed by insecta wben they 
reb'eat from the flower. I observed in E. 
glaucum that viseid matter exuded from the 
upper surface of the rostellum when touched, 
as I havo seen in Epipactis; in fact it is 
difficult to 8.'\y, in these cases, whether the 
upper surface of the rostellum should be 
called n'lembrane or viscid matter. 

In Epidendrum floribundum there is a 
rather greater difference: the anterior horns 
of .the clinandrum (i. e. the cup at the sum­
mit 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 tbe pollinia over 
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it: and as, in tbis species, the upper surface 
of the rostellum resolves itself into viscid 
ma.tter, the pollinia become glued to it without 
any mechanical aid. The pollinia, though 
thus attac1l00, cannot, of course, be removed 
Qut of their anther· cells without the aid 
of insects. In this species it seems possible 
(though, from the position of parts, not pro­
bable) that an insect might drag the pollinia 
on to its own stigma. In all the other species 
of Epidendrum which I have examined, and 
in all the above-mentioned genera, as the 
pollinia lie unattached above the rostellum, 
it is evident that the viscid matter bas to 
be forced upwards into the lip of the anther 
by a retreating insect, which would thus no­
cess.'l.rily carry the JXlllinia from one flower to 
the stigma of another flower. 

lIlALA .... '.;:E.&. 

Turning now to the Malaxem: in Pleuro­
thallis prolifcra and ligulat .... (1) the pollinia 
ha.ve a minute ea.udicle, 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 
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remove the pallinia. On the other hand, in 
our British Malaxis and in the },Iicrostylis 
Rhedii from Indja, the upper surface of the 
minute tongue - shaped rostellum becomes 
viscid and adheres to the pollinia. without me­
chanical aid. Tn these two genera we have 
the curious case of the lower and flat surface 
of the rostellum being coated with a thin layer 
of viscid matter, apparently for the purpose 
of securing the pollinia in a proper position 
when brought by insects, 80 as to enter or 
remain in the slit-like stigma. In Stelis race­
miflora the polliuia had also apparently (for 
the flowers were not in a good condition) 
become spont.."lDeously attached to the rostel­
lum; and I mention this latter flower chiefly 
because some insect in tn. hot-house at Kew 
had removed most of the pallinia, and bad left 
some of them adhering to the laternl stigmas. 
These curious little flowers are widely ex­
panded and much exposed; but after a time 
the three Sepals close with perfect exactness 
and shut up the {lower, so that it is scarcely 
possible to distinguish an old flower from a 
bud: yet, to my surprise, I found thnt the 
closed flowers opened under water. 
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The allied Masdevnllia. fenestrata is an 
extraordinary flower j for the three sepals, 
instead of closing, as in the Stelis after tbe 
Hower has remained for a time expanded, 
always cohere together and never open. 
Two minute, lateral, oval windows (hence 
the name fencstrata), seated high up the 
flower and opposite each other, afford the 
only entrance into the flower; but the pre­
sence of these two minute windows (Fig. 
XX.) shows how necessary it is tllat insects 

Fig. XX. 
should have access in tbis 
case as with all other Or­
chids. TIow insects per­
form the act offertiiis..'l.tion 
I have failed to undcrst .. md . 

...A t the bottom ofthe roomy 
and dark chamber formed 

Tile 111_ on n .. ,.,..,..~ II b~ the closed ~pals, the 
""""'n darkl"''',,''od. minute column IS placed, 

... -....,.. in front of which the fu r-

rowed labellum sbods, with 3. highly flexib le 
hinge, and on each side the two upper petals; 
a little tube being thus formed. Hence, when 
a minute insect enters, or a larger insect inserts 
its llroooscis through either window, it has by 
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touch to find the inner tube in order to reach 
the curious nectary at its base. "rithill this 
little tube, formed by the column, labellum, 
and lateral petals, a very broad and hinged 
I'08tdlun~ projects at right angles, the under 
surface of which is viscid; the minute cau· 
dides of the pollinia, projecting out of the 
anther-case. rest on the base of the upper 
membmnot1.8 surface of the rostellum. The 
Rtigmatic cavity is deep. After cutting away 
the sepals I vainly endeavoured, by pushing 
• brutle into the tubular flower, to remove the 
pollinia. The whole structure of the flower 
eeemed carefully intended to prevent the with· 
drawal of the pollinia, as well as their subS4? 
quent insertion into the stigmatic chamber! 
Some new and curious contri vanoo has here 
to be made out. 

Of Bolbophyllum I examined the curious 
little flowers of four species, whieh 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 
ilUleCta into the anther, so as to secure the pol. 
linia . I effected this easily by passiug a needle 
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down and withdrawing it from the flower, 
which is rendered tubular by the position of 
the labellum. In B. rhizophorro the anther­
case moves back, when the flower is mature, 
and leaves the two pollen-masses fully exposed 
and adhering spontaneously to the upper sur­
face of the rostellum. l 'he two pollen-masses 
adhere together by viscid matter, and, judging 
fi'om the action of a bristle, are always re­
moved together. 'The stigmatic chamber is 
very deep, and its orifice is oval, and is exactly 
fitted by one of the two pollen-masses. After 
the flower has remained open for some time, 
the sides of the oval orifice of the stigmatic 
chamber close in and shut it completeiy,-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 masses 
glided into the small orifice more readily than 
could have been anticipated. Nevertheless it 
is evident that insects must place themselves 
on successive visits in precisely the same posi. 
tion, so as first to remove the two pollinia, 
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and then force one of them into the stigmatic 
orifice. 'rhe two upper filiform pet,'lls would 
serve as guides to the insect; but the labcllum, 
instead of making the flower tubular, hangs 
just like a tongue out of a widely open meuth. 

The bbellum in all the species which I 
have seen, more especially in B. rbizophorre, 
is remarkable by being joined to the base of 
the column by a v~ry nan-ow, thin, white 
strap, which is highly elastic and flexible; it 
is even highly elastic when stretched, like an 
india-rubber band. 'When the flowers of this 
latter species were blown by a breath of wind 
the tongue-like labellums all waggled about 
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 cause the labellum to be in almost con­
stant motion from every breath of air. What 
the use can be of this extreme flexibility and 
liability to movement in the labellum, I can­
not conjecture, unless it be to attract the notice 
of insects to their dull-coloured, smail, and in­
conspicuous flowers, in the &'\.me manner as the 
bright colours and strong odours of many other 
Orchids apparently serve to attract insects. 

I 2 
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Of the many singular properties of Orchids, 
the irritability of the labellum in several 
distautly.allied forms is highly remarkable. 
When touched, it is described as quickly 
moving. This is the case with SOme of the 
8pecies of Bolbophyllum, but I could . not 
detect any irritability in the species which I 
examined; nor have I , much to my regret, 
seen any Orchid with an irritable lubell urn . 
The Australian genus Calmna. is endowed 
witb this property in a most remarkable de­
gree; for wheu an insect alights on its label . 
lum it suddenly shuts up against the column, 
and encloses its prey as it were in a box. 
Dr. IIaokeI'- believes that this action aids in 
some manner in the fertilisation of the plant. 

The last genus of the Malaxere which I will 
mention is Dendrobium, of which one at least 
of the species, namely D. chrysanthum, is 
interesting, from being apparently connived 
to effect its own fertilisation, if an insect, 
when visiting the flower, should accidentally 
fail to remove the pollen~:!l1asses. The rostellum 
has an upper and a small lower surface com­
posed of membrane; and between these a thick 

.. 'l-'loraof'l'nslll&llia,'vol. ii. p.17, underCalreml.. 
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Dl:<:I)RQnJU)lCIIRUA:<:TII1J)l. 

!I. anther. 
r. rostellum. 
••• nigm.a.. I 1.1abel1llm. 

JI.nectAry • 

.\.I..ateralviewofllower,withtht!antherinit3prop:r l)()jjilion, 
beforo the ejection of the rollinia. AU the M'1 ... 1~ llDd 
petalaare romoved except the labellum, which i$lon:;i. 
tudinllllybieected. 

n. OutlillO of column, viewed laterally, after the anther hall 
cJOC!((llhcpoUinia. 

C. Front view of column. showing the empty oell'l of tho anther, 
after it hasejoctOO ita pollillia.. The 'other i, Tl'PmI('IIted 
hanging too lo .... ,aDdco\"erin~moreoi the Iti:ma than it 
I"1'11l1ydoe.. 
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mass of milky-white matter is included, which 
can be very easily forced out. '!'his white 
matter is less viscid than usual; when ex­
posed to the air a film forms over it in less 
than half a minute, and it soon sets into a 
waxy or cheesy substance. Beneath the ros­
tellum the large concave but shallow viscid 
stigmatic surface is seated. '1'he produced 
anterior lip of the anther (see A) almost 
entirely covers thc upper surface of the ros­
tellum. The filament of the anther is of COll­

siderable 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 t.he 
clinandrum (see section B) which lies behind 
the rostellum. When the flower is expanded 
the two pollinia, united iuto a single mass, 
lie quite loose on the clinandl"lIm and under 
the anther-case. The labellum embraces the 
column, leaving a tubular passage in its front; 
the middle portion (as may be seen in its 
section, in Fig. A) is thickened; the thickened 
portion extends up as far as the top of the 
stigma. The lowest part of the labellum .is 
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dc"elopcd into a saucer-like nectary. which 
secretes honey. 

If an insect forced its way into one of these 
flowers, the labellum, which is clastic, would 
yield, and the project.ing lip of the ant.her 
would protect the rostellum from being dis­
turbed; but when the insect retreats, the lip 
of the anther will be lifted up, and the viscid 
matter from the rostellum will be forced into 
the anther, gluing the pollen-mass to the 
insect, which will thus transport it to another 
flower. 1 easily imitated this action; but as 
the pollClHnasses have no caudiele. and lie 
mther far baek within the clinandrum under 
the anther, and as the matter from the rostel­
lum is not highly viscid, they were sometimes 
left behind and not caught. 

Owing to the inclination of the base of the 
c1inandrum, and owing to the length and 
elasticity of the fi1ament, when the anther was 
lifted up it was always shot over the rostellum, 
and remained hanging there, with ita lower 
empty surface (Fig. C) suspended over the 
summit of the stigma. The filament now 
8tretches across the space (see Fig. B) which 
was originally covered by the anther. Several 
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times, having cut off all the peta.ls and label­
lum, and laid the Bower under the microscope, 
I raised with a needle the lip of' the anther, 
without disturhing the rostellum, and &'\w the 
anther assume, with a spring, the position 
represented sideways in Fig. B, and frontways 
in Fig. C. By this springing action the 
anther scoops the pollen-mass out of tha con­
cave 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 
sticks. 

Under natme, however, the action cannot 
he as thus described; for the lahellum hangs 
downwards; and to understand what follows, 
the drawing should be placed nearly upside 
down, in an almost reversed position. If an 
inscct 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 labcllum, 
placed immediately beneath the stigma. But 
it must be remembered that the lahellum is 
elastic, and that at the same instant that the 
insect, in the act of leaving the Bower, lifted 
up the lip of the anther, and so caused the 
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pollen-mass to be shot out, the labcllum would 
rebound back, and striking the pollen-ma.<IS 
would pitch it upwards, so as to hit the sticky 
stigma. Twice I succeeded in effecting this, 
with the flower held in its natural position, 
by imitating the retreat of an inscet; and on 
opening the flower I found the pollen-mass 
glued to the stigma. 

This view of the usc of the elastic filament. 
sceing how complicated the action must be. 
may appear fanciful; but wo have secn so 
mauy and such curious adaptations, that I 
canuot believe the strong elasticity of the 
filament and the thi.ckening of thc middle of 
the labcllum to be useless points of structure. 
If the action be as I lmvo described. it might 
be an advantage to the plan t that its sin~le 
large pollen-mass should not be wasted, if 

it failed to adhere to an insect by means of 
the viscid matter from the rostellum. Thiii 
contrivance is not common to all the specie!! 
of the genus; for in neither D. bigibbllffi nol' 
D. formosum was the filament of the anthel' 
clastic. nor was the middle line of the Iabel­
lum thickened. In D. torti le the fi lament 
wa."I elastic; but as r saw only one Rower. 

I 3 
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before I had made out the structure of D. 
chrysanthum, T cannot say how it acts. 

VANDE.I:. 

We now come to Lindley's immense Tribe 
of the Vandere, which includes mnny of tile 
most extraordinary productions of our hot­
houses, but has no Brit.ish representative. 
I have examined twenty-four genera, 'fhe 
pollen consists of waxy masses, as in the two 
last Tribes, and each ball of pollen is fur­
nished with a. caudicle, which becomes, at 
an early period of growth, united to the 
rostellum. The caudicle is seldom attached 
directly to the viscid disc, as in the Ophrere, 
but to the upper and posterior surface of the 
rostellum; and this part, together with the 
disc, is removed by insects. The imaginary 
diagram (Fig: XXH.), with the parts sepa­
rated, wilt best explain the type-structure 
of the "Vandc::c. The middle organ (2) is 
the dorsal or posterior pistil of the three 
pistils always present in Orchids; its upper 
part is modified into and forms the rostel­
lum, and is curved over t11e stigma. The 
stigma consists of two stigmas belonging to 
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l<'ig.XXII. 

f 
... ~· poIb. . ....1eI1 .... -... 

:=. ---- ...... 

DU.ORAII:, iIIu8tl'1ltivc of thc structUI'l) of Ibc oo]umn in the 
V.ANDlt.E. 

(1.) 11lcfilflnlcnt, bearing the Ruthcrwith its pollcn-ml\!l!llil: 
IhellnthcrilrepTl'll!'ntedRfieritllllllopcnoolllongits 
whole under 'UTrace, Wllich ooneequently dOCl) not 
.ppellrilltlle~tionherogiven. 

(2.) The upper pbtil modilied into thc I'OIItcllum. 
(3.) 'llletwo]o,,·ertonftucntl'iltil., bearing lhe twooonHuent 

Btigmas. 

the two other confluent (3) pistils. On the 
left hand \Ve ha.ve the filament (1) bearing 
the anther. The anther opens at an early 
period, and the tips of the two caudicles 
protrude through a small slit (only one 
caudicle and one pollen-mass is represented 
in the diagram) in a not fully-hardened 
condition, and adhere to the back of the 
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rostellum. The surface of the rostellum is 
generally hollowed Qut for the reception of 
the pollen-masses; it is represented as smooth 
in the diagram, but is really often furnished 
with crests or knobs for the attachment of 
the two c..1.udiclcs. '1'1e anther afterwards 
opens more widely on its under surface, and 
leaves the two pollen-masses unattached, ex­
cepting by their caudicles to the rostellum. 

During this early period of growth, 1\ 

remarkable change has been going on in the 
rostellum: either its extremity or its lower 
surface becomes excessively viscid, and a line 
of separation, at first appearing as a mere 
hyaline zone of tissue, gradually is formed, 
which separates the viscid extremity or disc, 
as· well as the wbole upper surface of the 
rostellum, as far back as the point of attach­
ment of the caudicles. If any object now 
touches the viscid disc, it, the whole back 
of the l'ostellulU, the caudides and pollen­
masses, can all be readily removed together. 
[n bot..'lnical works the whole structure be­
tween the disc (generally called the gland) 
and the waxy baJls of pollen is designated 
as the caudide; but. as these parts play an 
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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 
caudic1es; and tho portion of the rostellum to 

which the caudiclesare attached (sec diagram), 
and which is not viscid, tho pedicel. The 
viscid portion of the rostellum I shaH call, 
as heretofore, tho viscid disc. The whole may 
be coll\-cniently spoken of as the poll inium. 

I n the Ophrcro we always have (except in 
O. pyramidalis) two separate viscid discs. 
In tho Vandero, with the exception of An­
gnccum, we have only one disc. Tho disc 
is naked, or is not enclosed in a pouch. In 
Rabenaria. the discs, as we havo SC(!n, are 
separated from tho two caudicles by short 
drum-like pcilicels, answeri ng to the single 
and generally much more largely devoloped 
pedicel in the Vandcre. I n Ophrere the 
caudicles of the poUinia, though elastic, are 
rigid, and serve to place tho packets of 
1x>lIen at tho right distanoo from the insect's 
head or proboscis, so as to re..'l.ch the stigma. 
I n the Vandere this end is gained by the 
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pedicel of the rostellum. The two caudicles 
in the Vandem are attached and embedded 
within a deep cleft in the pollen-masses, 
and until stretched are rarely visible, for the 
pollen-masses lie close to the pedicel of the 
rostellum. These c..'\.udicles answer both in 
position and function to the elastic threads, 
by which the l)ackets of pollen are tied 
together in the Ophrere, at the point where 
they become confluent and where they form 
the upper part of the c.. .. udiclc; for the func­
tion of the true candicIe in the Vandere is to 
break when the masses of pollen, transported 
by insects, adhere to the stigmatic surface. 

I n many Yandere the caudicles nre easily 
ruptured, and the fertilisation of the flower, 
as far as th is point is concerned, is a simple 
affair ; but in other cases the strength of the 
caudiclcs and the length to which they can be 
stretched before they break is surprising. I 
was at fi rst perplexed to understand what 
good purpose the great strength of the 
caudicles and their capacity of extension 
could serve. It is obvious that, when 
projecting far out from an insect's head, 
whilst flying about (and the insect, in the 
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case of the larger Orchids, must be of con­
siderable size), the strength of the caudicles 
would protect the pollen-masses from being 
brushed off and lost. So again, when an 
insect transporting a pollinium visit.s a flower 
either too young, with its stigma. not yet 
sufficiently viscid, or one already impreg­
nated, with its stigma beginning to dry, the 
strength of the candicle would prevent the 
pollen-masses from being uselessly removed. 
It should be remembered that the pollen­
masses are precious objects, for each flower, 
in most of the genera, produces only two; 
and in many cases, judging from the size of 
stigma, both pollen-masses would be left on 
olle stigma, though in other cases the size of 
the orifice of the stigma allows the introduc­
tion of one pollelHnass alone; so that., in 
this latter case, the pollen from one flower 
probably suffices to fertilise two flowcrs. 

Although at the propel' period the stig­
matic surface is astonishingly viscid in many 
cases, as in Phalronopsis and Saccolabium, 
yet when, baving removed the pollinia 
adhcring to a rough scalpel by their viscid 
discs, I inserted the balls of pollen into 
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the stigmatic chamber, they did not adhere 
to the surface with sufficient force to prevent 
their withdrawal. I even left them for some 
little time in cont.'\ct with the viscid surface, 
as an insect would do whilst feeding; but 
when I pulled the pallinia straight out of 
the stigmatic chamber, the candides, though 
they were stretched to a great length, did 
not rupture, nor did the viscid disc separate 
from the scalpel; consequently the balls of 
pollen were not left on the stigma. It then 
occurred to me that an insect in flying away 
would not pull the pollinia straight Qut of 
t.he chamber, but would pull at nearly right 
angles to its orifice. When I thus acted, the 
stretched caudicles were necessarily dragged 
over the mUJ'gin of the chamber, and the 
friction thus caused, together with the 
viscidity of the stigmatic surface, generally 
ruptured tbem and left the pollen-masses on 
tbe stigma. Thus, it seems that tho great 
strengtb and extensibility of the caudic1es, 
which, until stretched, lie embedded within 
the pollen-masses, serve to protect the 
pollen-masses from being wasted, and yet, 
by friction being brought into play, allow 
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them, at the proper time and by means of 
insectsJ to be left adhering to the stigmatic 
surface, and the fertilisation of the flower to 
be safely effected. 

The discs ancI pedicels of the rostellum in 
the Vandero present great diversities in 
shape, and an apparently exhaustless number 
of adaptations. Even in species of the 
same genus, as in Oncidium, thcso parts 
differ greatly. I have here given a few 
figures (Fig. LTIIL), taken almost .at 
hazard. The l>ooiccl generally consiski (as 
f."\r as I have seen) of a. piece of thin .ribbon. 

Fi;.x...'\.ln. 

d. vilciJdise. ped. pedioel p.poIlen-~. 

'l11t1 c&udicies, being embcddedwithin the poI.!en-I1lM8CII,are 
uot ~howu. 

A. I'olliniurn ofOncldium grande after l.nial depl'I!Uion. 
B. l'oIHllium of l3rn.8liia maculata (oopied (rom Bauer). 
C.l'olliniumofStanhopM!lll('lCataaficr del'lll!IIIion. 
n.l'olliniumof&r.rcanthlUlteretifoliusafterdcpression. 
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shaped membrane (Fig. A), long or short; 
but sometimes it is almoiSt (Fig. C) cylindrical 
and often of all sorts of shapes. The pedicel 
is generally nearly straight, but in Miltonia 
Clowesii it is naturally curved; and in some 
other cases, as we shaH immediately see, it 
3RSumes, after removal, various shapes. The 
extensible and clastic c..'ludic1cs, by which the 
pollen ~ masses are att..1.ched to the pedicel, 
are here not visible, being embedded in a 
cl~ft or hoUow within each pollen-mass. 'fhe 
disc, which is viscid on the under side, con­
sists of a piece of thin or thick membrane of 
the most diversified shn.pcs. In Acropora it 
is like a pointed cap; in some cases it is 
tongue-shaped, or heart-shapcd (Fig. e), or 
saddle-shaped, as in some Ma...xillarias. 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 its 
centre. In .A.ngr.:ccum distichum and sesqui­
pedale the rostellum is notched, and two 
separate, thin, membranous discs can be re­
moved, each carrying by a short pedicel its 
pollen-mass. In Sarcnllthus teretifolius the 
disc (Fig. D) is very oddly shaped; and as 
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the stigmatic chamber is very deep, and like­
wise curiously shaped, one is tempted to 
believe that the disc has to be fastened with 
great precision on to the square projecting 
head of some insect. 

In most cases there is a plain relation 
between the length of the pedicel and the 
depth of the stigmatic chamber, into which 
tho poUen-masses have to be inserted; in 
some few cases, however, in which there is 
a long pedicel and a shallow stigma, we shall 
meet with curious compensating actions. 
After .the disc and pedicel have been re­
moved, the shape of the rostellum is alter~, 
being generally only ilightJy shortened and 
made thinner: sometimes it becomes 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 originally ran up its centre. 

If we now turn to the former imaginary 
diagram (Fig. x..'\:IJ., p. 179), and suppose the 
rectangularly bent rosteiJum to be thinner and 
the stigma to lie closer under it, we shall see 
that, if an insect with the pollinium attached 
to its head were to fly to another flower and 
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occupy almost exactly the same position 
which it held when the attachment of the 
disc was effected, the pollen-masses would 
strike the stigma, especially if, from their 
weight, they had become in the least degree 
depressed. This is all that t..'lkes place in 
Lycaste Sl-innerii. Cymbidium gigantcnm, 
Zygopetalum :llackai, ...A.ngrrocum cburneum, 
)fil tollia Clowcsii , in a Warrea, and, I believe, 
in GaJcaudra Funkii. But if in our diagmm 
we suppose the stigma to be seated lower down 
at the bottom of a deep cavity, or suppose 
the anther to be seated higher up so that the 
p~dicel of the rostellum s10ped upwards, and 
under other contingencies not wort.h detailing, 
all of which occnf,-in such cases, an insect, 
with the pollinium attached to its head, on 
flying to another flower would not strike the 
stigma with the pollen-masses un less some 
great chnnge had intervened in their position 
after attachment. 

This change is effected in many Vandere 
in the same manner as is so general with 
the Ophre..~, namely, by a movement of 
depression in the pollinium in the course of 
about half a minute after its removal from 
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the rostellum. [ have seen this movement 
conspicuously displayed, generally causing 
the l)()lIinium after detachment to rotate 
through about a quarter of a circle, or 90°, 
in several species of Oncidium, Odonto­
glossum, Yanda, Aerides, Sarcanthus, Sacco­
labium, Acropera., and MaxiJIaria. In Rodri· 
guezia suaveolens the movement of depression 
is remarkable from its extreme slowness; in 
Eulophia viridis from its small extent. In 
some, indeed, of the cases specified of the 
pollinia undergoing no movement, I am not 
sure tbat there is not a very slight depres­
sion. In the Ophrere the anther-cells are 
somctimes seated exteriorly and sometimes 
interiorly with respect to the stignm; and 
we accordingly have outward and inward 
movements in the pollinia: Lut in the Yandere 
the anther-cells lie directly over the stigma, 
and the movement of the pollinium is always 
directly downwards. I n Calanthe, however, 
the two stigmas are placed exteriorly to the 
anther-cells, but the pollinia, as we shaU see, 
arc made to strike them by a mechani<!l.! 
arrangement of the parts. 

I n the Ophrero the seat of contraction, 
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which causes the act of depression, is in the 
upper surface of the viscid dil';C, Dcar the 
point of attachment of the caudide: in the 
Vandern the scat is likewise in the upper 
surface of the viscid disc, but at the point 
where the pedicel is united to it, and there­
fore at a considerable diatn.nee from the point 
of attachment of the true crmdicles. '1'be 
contraction and consequent movement is 
hygrometric in its nature (but the subject, as 
we shall see in the seventh chapter, is rather 
obscure), and consequently does not take 
place until the pollinium is removed from the 
rostellum, and the point of union of the disc 
and pedicel has been exposed for a few 
seconds 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 the 
same position with respect to the viscid disc 
which it held when forming part of the 
rostellum. When taken out of water, it again 
undergoes the movement of depression. It is 
of importance to notice these facts, as we thus 
get a test by which this movement can be 
distinguished from certain other movements. 
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In one species of :Maxillaria, ,·iz. in the "Y. 
ornithorhyncha, we have a unique case. The 
pedicel of the rostellum is much elongated, 
and is entirely covered by the produced 
front li p of the anther, and is thus kept 
damp. When removed thero is no move­
ment at tb~ junction of the diec and pedicel; 
but the pedicel itself, at a point rather more 
than half.way up, quickly bends backwards 
on itself, in a reversed direction compared 
with all other cases. When the pedicel is 
placed in water it resumes its original straight 
form . If .we suppose the long upright neck 
of a bird to represcnt the pedicel, the head 
rel)resenting the balls of pollcn, tben in all 
ordinary cases the movement is that of a bird 
picking up food from the ground, but bending 
only tbe lower vertebrro close to its body; 
whereas, in this Maxillaria, the movement is 
as if the bird throw its head backwards so 
as nearly to touch its own hack, the middle 
vcrtcbrre of the neck being alone bent. I 
stated above that, when the pedicel is long 
and tho stigmatic cavity sballow, as in this 
Muxillaria, we have a compensatillg action; 
and hero we have ono instanoo. The labellum 
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has a square projection in front of the stigma, 
the passage into the flower being thus con­
tracted j and jf the pedicel of the rostellum 
did not somehow become shortened, the flower 
could hardly be fertilised. After the reversed 
moyement just described, and the consequent 
shortening of the pedicel, the pollinium, when 
attached to any small object, can be inserted 
into the £lower, and the halls of pollen nre 80 

placed as readily to adhere to the stigmatic 
surface. 

In some cases, besides these hygrometric 
movements, elasticity comes into play. I n 
.A.eridcs odorata and virens, a.nd in Oncidium 
(roseum?), the pedicel of the rostellum is 
fastened down in a straight line, by the disc 
at one extremity and by the anther at the 
other; it has, however, a strong natural elastic 
tendency to spring up at right angles to the 
disc. Consequently, when tho pollinium is 
removed by its viscid disc sticking to any 
object, the pedicel instantly springs up and 
stands at nearly right angles to its fanner 
position, with the pollen-masses carried aloft. 
This has been noticed by other observers; 
nnd I agree with them that the object gained 
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is to free the pollen-m.'lSSes from their anther­
cells. After this upward clastic spring, the 
downward hygrometric movement immediately 
commences, which, oddly enough, carries the 
pedicel back again into almost tIle same posi­
tion, relatively to the disc, whieh it held 
whilst adhering to the rostellum. The end 
of the pedicel, however, which in Aerides 
carries the pollen-mass by short dangling 
cnudicles, remains curved a little upwards; 
and this seems well adapted to drop the 
pollen-masses into the deep stigmatic cavity 
OVOI' a ledge in front. '1'ho difference be­
tween the first elastic and tho second or 
reversed hygrometric movement, was well 
seen (I tried it only in the Oncidium) by 
placing the pollinium, after both movements 
had taken place, into water, when the 
pedicel moved into the position which it 
had at first acquired by elasticity, which 
latter position was not in any way affected 
by the water. ,Vhen taken out of water 
the hygrometric movement of depression soon 
recommenced. 

In Hodriguezia secunda t.bere was no slow 
movement of depression in tbe pedicel as in 

f h rlf'~ II 



19! VANDE"£' CIIAF. V. 

the before-mentioned R. suaveolens, but there 
was a rapid downward movement, due, appa­
rently, in this ODC case, to elasticity; for 
when the pedicel was put into water it 
showed nO tendency to recover its original 
positioll, as occurs with all the many other 
Orchids which I have examined. 

In Phahcnopsis grandiflora and amabilis 
the stigma is shallow and the pedicel of the 
rostellum long. Consequently a compensating 
action is requisite, which, differently from the 
cuse of the Ma.xillaria, is effectcd by elasticity. 
There is no movement of depression; but, 
when the pollinium is removed, the straight 
pedicel suddenly curls up, thus ('-"""-). The 
full-stop on the left hnnd may represent the 
balls of pollen, but the disc on the right 
hand must be imagined to be a triangular 
piece of membrane. The pedicel does nOt 
straighten itself in water. The end carrying 
the balls of pollen after the contraction is a 
little raised up, and the pedicel, with one 
end raised, and with the middle part up­
wardly bowed, seems well adapted to drop 
the pollen-masses, over a ledge in front, into 
the deep stigmatic cavity. 
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[n Calanthe Masuca and the hybrid C. 
Dominii the structure is very different. ·We 
here h:we two oval, pit-like stigmas standing 
quite laterally on each side of the rostellum 
(Fig. XXIV.) . The viscid disc is oval 
(Fig. B), and has no pedicel, but eight masses 

p. polJen-maues. 
I t. the two .tigmaa. 
".. ruouthofnectary. 
i. I.bellum. 

Fig.x... .. GV. 

d . .... itciddiec. 
d. clinandrnm with pollen­

~removed. 

A. Flower .... ie ... ed from .bove, with tbe antber-c:3lle removed, 
ahowing the eight pollen_maaee in their Ilroper po6ition 
witllin the clinandrum. All the 1I/!].'8ls and petals have 
boon cutaway except the l.bclluDl. 

B.l'ollenm8lllle.attachedtolhevi.ciddiiC,aeenfromtheunder 
.ide. 

C. ~'lowCT in tame poiIition .. in A, hut with the diAc and pollen­
mua. removoo., showing the now divided ro.tellnm.Dd 
the empty clinandrum in which the pollen-mlll8Cll lay. 
Within the left-hand stigma 1"'.0 pollcn.maeI!('lJ maJ be 
I«!nadberiugtoiuvillCidlurface. 

K 2 

.© The Complete Work of Charles DarWin Online 



196 CHAP. \' 

, 
of pollen rn:e attached to it by very short 
and easily ruptured caudicles. These pollen­
masses radiate from the disc like the spokes 
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 rostelIum is seen (Fig. C) to be deeply 
divided in the middle. The lo.bellum is 
united to the column almost up to its summit, 
leaving a passage (n, .A.) to the IOllg nectary 
close beneath the rostellum. The labellum 
is studded with singular, wart-like, globular 
excrescences. 

If a thick needle be inserted into the mouth 
of the nectary (Fig. A). and then withdrawn, 
the viscid disc will be withdrawn, bearing 
with it the elegant fan of radiating pollen. 
masses. These undergo no change in posi­
tion . But if the needle be now inserted into 
the nectary of another Hower the ends of the 
pollen-masses necessarily hit the upper and 
laterally sloping sides of the rostellum, and, 
glancing ofT both ways, they strike down into 
the two lateral pit-like stigmas. 'I'he thin 
cnudicles being easily ruptured, the pollen­
masses are left adhering like little darts (sec 
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Icff...hand stigma in Fig. C) to the viscid ,;nn·face 
of both stigmas, and tho fertilisation of the 
flower is completod in a simple manner pleas­
ing to behold. 

I should have stated that a narrow trans­
verse rim of stigmatic tissue, running be­
neath tho rostellum, connects tho two lateral 
stigmas; and it is probable that some of the 
middle pollen-maascs may be insertod through 
the notch in the rostellum or beneath its 
surface. I am more inclined to this opinion 
from having found in the elegant Calanthe 
vcstita that the rostellum extends so widely 
over the two lateral stigmas, that apparently 
all tho pollen-masses would have to be inserted 
beneath ita surface. 

I fear that the reader will be wearied, but 
I must say a few words on tho Angr:ecum 
scsquipedalo, of which the large six-rayed 
flowers, like stars formed of snow-white wax, 
have excited the admiration of travellors in 
Madagascar. A whip-like green nect.ny of 
astonishing length hangs down beneath the 
labellum. In several flowers sent me by 
Mr. Bateman I found tho Ilectariea eleyen 
and a half inches long, with only the lower 
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inch and a half filled with very sweet nectar. 
What can he the use, it may be asked, of a 
nectary of such disproportional length? We 
shall, I think, see that the fertilisation of the 
plant depends on tbis 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 
probosces as long as their bodies; but in 
Madagascar there must be moths with pro­
bosces capable of extension to a length of 
between ten and cleven inches! 

The rostellum is broad and foliaceous, and 
arches rectangularly over the stigma and 
over the orifice of the nect.'l.ry: it is deeply 
cleft, with ' the cleft enlarged or widened at 
the end. Hence the rostell;lm pretty closely 
resembles (see F ig. XXIV" ~ C) that of 
Calanthe after the disc has been removed. 
The under surfaces of both margins of the 
cleft near its end are bordered by narrow 
strips of \'iscid membrane, easily removed; 
so that there are two distinct vi~id discs. 
To the middle of each disc a short mem­
branous pedicel is attached j and each pedicel 
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carries at its otbcr end a pollen-mass. 
Beneath the rostellum a narrow, ledge-like, 
viscid stigma is seated. 

I could not for so~e time understand how 
the pollinia of this Orchid were removed, 
or how it could be fertilised. I passed 
bristles and needles down the open entrance 
into the nectary and through the cleft in the 
rostellulll 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 force its proboscis as far down 
as possible. '1'0 effect this, whether or not the 
moth first inserted its proboscis by the open 
entrance in to the nectary (as is most probable, 
from the shape of the flower, &c.) or through 
the cleft in the rostellum, it would ultimately 
force its proboscis into this cleft, for this is 
the straightest course, and by slight pressure 
the whole foliaceous rostellum can be de­
pressed: the distance from the outside of the 
flower to the extremity of the nectary can be 
thus shortened by about a quarter of an inch. 
nence I took a cylinder, one-tenth of an inch 
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in diameter, and pushed it down through the 
cleft in the rostellum: the margins readily 
separated, and were pushed downwards ~ 
gcther with the whole rostellum. When I 
slowly withdrew the cylinder the rostellum 
rose from its elasticity, and tbe margins of 
the cleft wero upturned and clasped the 
cylinder. Thus the viscid strips of mem­
brane all the under sides of the cleft rostellum 
came into cont.'lct with the cylinder, and 
firmly adhered to it; and the pollen-masses 
were withdrawn. By this means alone I 
succeeded in each case in \vithdrawing the 
pollinia; and it cannot, I think, be doubted 
that a large moth must thus act; namely, 
by dri"ing ita proboscis up to tho very base, 
through the cleft of the rostellum, so as to 
reach the extreuuty of the nectary; and then 
withdrawing its proboscis with the pollinia 
attached to it. 

I did not succeed in imitating the femli· 
&'\tion of the flower so welJ as I did in 
withdrawing the pollinia, but I effected it 
twice. As the margins of the cleft rostellum 
must be upturned before tho discs adhere to 
the cylinder, they become, during its with-
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drawnl, affixed some little way from its actual 
base. The two discs did not always adhere 
at exactly corresponding points. Now, when 
a moth inserts its proboscis, with the pollinia 
affixed to it near the base, into the mouth of 
the nectary, the pollen-masses will probably 
be first inserted beneath the rostellum; and 
during the final exertion, when the moth 
pushes its proboscis through the cleft of the 
rostellum, the pollen-masses wiU almost neees-
8..'\rily be placed on the nalTOW, ledge-like 
stigma. projecting beneath tho rostellum. By 
acting thus with the pollinia attached to the 
cylinder the pollen-masses wero twiee torn off 
and left glued to the stigmatic surface. 

If the Angr.ecum in its native forests 
secretes morc nectar than did the vigorous 
plants sent me by Mr. Bateman, so that the 
nectary becomes filled, small moths might 
obtain their share, but they would not benefit 
the plant. 'l'he pollinia. would not be with­
drawn until some huge moth, with a. wonder­
fully long proboscis, tried to drain the last 
drop. If such great moths wero to become 
extinct in Madagascar. assuredly the An­
grrecum would become extinct. On the other 

K 3 
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hand, as the nectar, at. least in tho lower part 
of the nectary, is stored safe from depreda­
tion by other insects, the extinction of the 
Angrreeum would probably be a serious ]oss 
to these moths. We can thus partially 
understand how the astonishing length of the 
nectary ma.y have been acquired by snccessive 
modifications. As certain moths of Mada­
gascar bccame larger through llo.tural selec­
tion in relation to their general conditions 
of life, either in the larval or mature state, 
or as tho proboscis alone was lengthened 
to obtain honey from the Angroocum and 
other deep tubular flowers, those individual 
plants of the .. A .. ngrrecum which had the 
longest ncct.'\ries (and the nectary varies much 
ill length in some Orchids), and which, 
consequently, compelled the moths to insert 
their probosccs up to the very base, would 
be best fertilised. These plants would yield 
most seed, and the seedlings would generally 
inherit longer nectaries; and so it would be 
in successive generations of the plant and 
moth. 'l'hu.s it would appear that there has 
Leen a race in gaining length between the 
nectary of tbe Angrrecum and the proboscis 
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of certain moths; but the .A.ngrrocum bas 
triumphed, fQr it flourishes and abounds in 
the forests of Madagascar, and still troubles 
eaeh moth to insert its proboscis as far as 
possible in order to drain the last drop of 
ncct..'l.r. 

Finally, another genus, Acropcm, must be 
noticed from an independent reason. AI· 
though Dr. Hooker sent me, over and over 
again, fresh flowers of two species (A. 
lllteola· and Loddigesii), this genus for a long 
time remained the opprobrium of my work. All 
the parts scemed determinately contrived that 
the plant should never be fertilised. I believe 
I have at last partly solved the mystery; yet 
the use of some important parts remains quite 
unintelligible. But I do not suppose that I 
completely understand the contrivances in 
anyone Orchid; for I find that the more I 
study our commonest British species, continu­
ally now and admirable adaptations become 
apparent. 

• Dr. I.iudley infomu me th.t he kno",. of no .peciC!! 110 
named j nor i, tho origin of the nMl6 knoll'O .t Kew. Thil 
epeciel or vt.rietydiO'ers in little or in nothing from A. Loddigeaii, 
uceptinginittunifonnyellowoo!our. 
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The rostellum of Aeropera is tbin and 
elongated, projecting at right angles to the 
column (see diagram, Fig. XXIJ., p. 179); 
the pedicel of the pollinium is of course 
equally long and very thin; the disc is 
extr.aordinarily smnll, and forms a little cap, 
viscid within, fitting the extremity of the ros.­
tellum. A fter repeated trials I find that the 
disc does llot adhere to :my object until it is 
drawn quite off the tip of the rostellum; and 
this can only be well effected by the whole 
rostellum being pushed upwards 80 as to slide 

over and against tbe touching object: when 
the small disc is thus removed it adheres 
well to the object. '1'be upper sepal forms 
a hood enclosing and protecting the column. 
The labcllum jaan extraordinary organ, baffiing 
description: it is articulated to the base of 
the column by a thin strap, so elastic and 
flexible that a breath of wind seta it vibrat­
ing. It hangs downwards; and this seems 
to be of importance, for the plant is pen­
dulous, and to place the la.bellum in tb is 
position the footst.'l.lk (ovarium) of each 
flower is curved into a semicircle. '1'he two 
upper petals serve as lateral guides leading 
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into the hood.liko upper sepal. But how all 
these parts concur in leading an inscet to 
push some part of ita body into the hood·1ike 
upper sepal and then to raise the rostellum, 
thus brushing off the little sticky disc, I do 
not in the leust understand. 

The poninium, when adhering by its disc to 
an object, undergocs the common movement of 
depr(>ssion; and this seems superfluous, for the 
stigmatic cavity lies (see diagram, Fig. L",{II.) 
high up at the baso of the rectangularly pro­
jectiug rostellum. But this is a comparatively 
trifling difficulty; the real difficulty lies in 
the orifice of the stigmatic chamber being 80 

narrow that the pollen.masscs can hardly be 
forced in. I repea.tedly tried, and succeeded 
only three or four times. Even after allow. 
illg the pollen. masses to dry for an hour, and 
thus to shrink a little, I rarely succeeded in 
forcing them in. I examined young flowers 
and almost withered flowers, for I imagined 
that the mouth of the chamber at different 
periods of growth might become larger or 
smaller, Jar we have seen that the mouth 
actually closes up in one species of Bolbo­
pbyllum; but tho difficulty of insertion 
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always remained the same. Now when wo 
observe, that tho viscid disc is extrnordinarily 
small, and consequently its power of attach­
ment not so firm as with Orchids having a 
large disc, and that the pedicel is long and 
thin , it would seem almost indispensable that 
the stigmatic chamber should be4 unusually 
large for the easy insertion of the pollinium. 
Far from this being the case, it is, as just 
stated, so much contracted that rarely by any 
force could even one pollen-mass be forced in. 
Moreover the stigmatic surface, as Dr. llooker 
also observed, is singularly little viscid! 

I had given up the whole case as inexpli­
cable. when it occurred to me that, although 
no instance of the separation of the two-sexes 
was known in Orchids, yet that .Acropera 
might be a male plant. I first examined the 
utriculi of the stigmatic surface from speci­
mens which had been kept in spirits of wine, 
and I found them empty like little glass 
cases, but generally with a faint {neola or 
nucleus visible.- Now I have looked at the 

• See n. Brown in ' Linn. TranMCt.,' vol. ][\'i. p. 710, Oll the 
nueleul of the ltigmatio utriculi; and Bauer's beautiful drawing 
in Lindlcy'. gret.twork. 
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utriculi of very many Orchids, and ha.ve 
hitherto found no exception to the rule that 
spirits of wine causes a considerable quantity 
of yellowish~brown matter to coagulate within 
them. I havc taken fresh Orc11ids and placed 
them in spirits, and in twenty.four hours have 
found the contents coagulated and the nuclei 
much darkened. 1.10re numerous observations 
would be requisite for much stress to be laid 
on this fact, but I must at present infer tha.t 
the utriculi of Acropera. are in a different con. 
Jition from those of all other Orcllids. The 
state of the ovarium ofiers better evidence. 

When a thin transverse slice of the ovarium 
is taken and examined under a quite weak 
power, small projections arc scen on the 
three proper ovule-bearing cords or segments, 
which at first seem like truo ovules. But 
when these arc more closely examined, they 
arc sccn to consist of sub--branched, qui te thin 
and transparent fringes of membrane, which 
in some specimens exhibited cellular structure 
far morc plainly than in otbers. If these 
frillges are placentre, they nrc moro largely 
de~elopcd than in other Orchids; if they are 
ovules (or rather the testro of ovules) in an 
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atrophied condition, as I believo to be the 
case, they nre more firmly fixed to the pla­
ccntro than in other cases; they do not exhibit 
the proper opening at their free ends, and 
no nucleus is visible; nor were any of them 
inverted. I examined six ova-ria of young 
and old flowers of the Acropera, some fresh 
and some which bad been kept in spirits of 
wine, and all the ovule-bearing cords were 
nearly in the Srl.illC condition. I examined , 
for comparison, the o\'3.ri3o of Orchids belong­
ing to nearly all the main Tribes, of young 
and old (but not fertilised) flowers, some of 
wbich were fresh, and some kept in spirits, 
and invariably the ovules presented a widely 
different appearance. 

From these several facls-namely, the nar­
rOWlless of tho mouth of the stigmatic chamber, 
into which the pollen-masses can hardly be 
forced, whereas the length and thinness of 
the pedicel of the rostellum, the smallness of 
the viscid disc, and tho movement of depres­
sion, all indicate the necessity of a large 
stigmatic cavity seated low down-the slight 
viscidity of the stigmatic surface-the empty 
oondition of the stigmatic utriculi-and espe-
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cially the condition of the ovule-bearing 
cords-lead me to infer that the plant at 
Kew, from which the many flowers of the 
.Acropera luteola were at different times 
gathered, is a male plant. From having 
examined many Orchids grown in hot­
houses,· I have no reason to believe that 
cultivation affects the female organs in the 
manner described. It is scarcely possible to 
believe that cultivation could contract the 
solid edges of the stigmatic chamber. There­
fore I see no reason to doubt my conclusion 
on the male sex of this plant. 

'fhat the female or hermaphrodite form of 
the Acropora luteola may prove to be­
whether resembling in most respects the 
male, or \vhether it be at present namcd and 
masked as some distinct genus-it it impos­
sible to sa.y. In Acropora Loddigesii, which 
closely resembles, in all respects except in 
colour, A. luteola, I found the same almost 
insuperable difficulty in inserting the pollen-

• In a ~pike of t.ho BJ"I\:!:iiian Goodyem dillOOiOl', eenL me by 
Mr.i3aU!maJI,wliichhadaliitsDol'o'cl'8mon&troutanddistorted, 
with tho ~tigma3 imperfect, 1 found tho oVlliet "'ith their nudei 
projectiu; far out oftbo test::e(e:uctlyasligun:d by Urollgniart 
int:pipllCtis in'Annaics dcsSciences,'tolll.Z4,183I,I'J.9),and 
ap~rentlyl\'Cllde\'eloped. 
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masses into the stigmatic cavity, but I did not 
at tha.t time suspect the masculine nature of 
the genus, and did not examine the ovarium. 

1 have now described, perhaps in too much 
detail, a few of the many contrivances by 
which the Vandem are fertilised. The re­
lative position of the parts-friction, viscidity, 
elastic and hygrometric movements, all nicely 
related to each other-come into play. But 
all these appliances are subordinate to the 
action of insects. Without their aid, not a 
plant in this tribe, in the twenty-four genera 
examined, would set a seed. It is also evi­
dent that, in a vast majority of cases, insects 
would withdraw the pollinia.. only when re­
treating from a flower, and, carrying them 
away, would thus effect a union between 
two distinct flowers. This fact is conclusively 
shown in all those many cases in which the 
pollinia undergo a change of position, after 
removal from the rostellum, in order to stand 
in a proper direction to strike the stigma; 
for this could only be effected after tho insect 
had left one flower, which would serve as the 
male, and before it visited a second flower, 
which would serve as the female. 
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Catasetidtll, the mo.t remarkable of&ll Orchids - The mecbanilm 
by which the poIHnill of Oataletum are ejected to .. distanoe, 
IUld are transported by insootll-SetWti\'cnc- of the bon'll of 
the TOIItcllum - Extrnordinary differenoo in tile male, female, 
and hermllphrodite forma of c.tuctum Iridcutatum - Mor­
modell\gnea, curiout ,tructW'6 Qf Hower ; ejection of iUl pomnia. 
- Cypripedium, importance of tho slipper-like form of the 
labellurn-Secretion of nectar -AdYlUltage derived from 
ill.!leCUI being delayed in Btlckingtbe ncctllr-Singularex­
~DOOIonthe1abellum , .pparentlyattraclil'etoinlectl. 

I IlA n; reserved for separate description one 
sub-family of the Vandcm, namely, the Cnta­
seti<ire, which may, I think, be considered as 
the most remarkable of all OrclUds. 

I will begin with the most complex genus, 
Catasetum. A brief inspection of the flower 
shows that here, as with other Orchids, some 
mechanical aid is requisite to remove the 
pollen-masses from their receptacles, and to 

carry them to tho stigmatic surface. ' Ve 
shall , moreover, presently see tbat the three 
following species of Catasetum aro malo 
plants; hence it is certain that their pollen. 
masses must be transported to female plants, 
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in order that seed may be produced. The 
pollinium is furnished with a viscid disc, in this 
genus of lmge size; but the disc, instead of 
being placed, as in other Orchids, in a position 
likely to touch and adhere to an insect ,isi~ 
ing the Bower, is turned inwards and }jes dose 
to the upper and back surface of a chamber, 
which must be called the stigmatic chamber, 
though functionless as a stigma. There is 
nothing in this chamber to attmct insects; 
and even if they did enter it, it is hardly 
possible that the disc should adhere to them, 
for its viscid surface lies in contact with the 
roof of the chamber. 

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 to a distance. Hence, 
when certain definite points of the flower are 
touched by an insect, the pollinia are shot out 
like an arrow which is not barbed, but has a. 
blunt and excessively adhesive point. The 
insect, disturbed by so sharp a blow, or after 
having eaten its fill, £lies sooner or later to 
a female plant, and, whiJst standing in the 
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same position as it did when struck, the pollen. 
bearing end of tho arrow is insorted into the 
stigmatic cavity, and a. mass of pollen is left 
on its viscid surface. '1.'hu8, and thus alone, 
at least three species of the genus Catasetum 
are fertilised. 

In many Orchids, as in List.era, Spiranthes, 
Orchis, we havo soen that the surface of the 
rostelhun 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 Catasetidre, but with this 
remarkable difference, that in Ca.tasetum the 
rostellum is prolonged into two curved taper· 
ing horns, or, as I shall call them, antcnnre, 
which stnnd over the labcUum w~erc insects 
alight, fmd the excitement of a touch is 
conveyed along these untennre to the mem· 
brane which has to be ruptured; and when 
this is effected, the elisc of tho pollinium is 
suddenly set free. We have also seon that in 
so"oral Vandem tho pedicels of the poUillia. are 
fastened down fiat, but are elastic and tond to 
spring up, so that, as soon as they arc freed. 
they suddenly curl upwards, apparently for 
the pUl'pObC of detaching the pollen·massea 
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pollen and anther-cells from Uleir places of 
attrlchmcnt, but the whole pollinium is jerked 
forward, over and beyond the tips of the so­
called antennro, to the distance of two or 
three feet. Thus, as throughout nature, pre­
existlllg structures and capacities arc utilised 
for ncw purposes. 

Cata&tU1n saccatum.·-I will now enter on 
details. The general appeamnce of this species 
is represented in the following woodcut, Fig. 
XXV.; n,' being a. side view of the whole 
flower, but with all the petals and sepals 
excepting tho labcllum cut ofT, and A, being 
a front view of the column . 'fhe upper sepal 
and two upper petals surround and protect 
the column; the two lower sepals project out 

• fILm much indebUd to Mr. J&llleA Veitch orChe~ for the 
til'\l!> .pecimeu which 111M" of this Orehid; IUbJeilucntly Mr. S. 
Hucker, so well known for his mRgnificent oollcclion of Orchids, 
generoue!y fSent me two fina spikes, a.nd h.(1.8 aided me in th~ 
kindestma.nncr with other apcciwcn!. 
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at right flngles. The Bower stands more or 
less inclined to either side, but with the 
labellum downwards. The dull coppery find 
orange-spotted tints,-the yawning chasm in 
the great fringed labellum,-the one antenna 
stuck out with the other hanging down-give 
to these flowers a strange, lurid, and reptilian 
appearance. 

In front, in the middle of the column 
(Fig. A), the deep stigmatic chamber (8) 
may 00 seen; this is sbown in the section 
(Fig. XXVI. C), in which all the purts are 
It little scp.'\r3.ted from each other, in order 
that the mechanism may be made intell igible. 
Ln the middle of the roof of the stigmatic 
rhamber, far back (d, in A), the upturned 
anterior end of the viscid disc of the pollinium 
may be discerned. The disc is continuous on 
eac'h side with a little fringe of membrane, 
which joins the bases of the two antenna:!. 
Over the disc the protuberant heart-shaped 
rostellum projects, and this is closely covered 
by It thin membrane. This membrane ill the 
pedicel of the pollinium, WiOl its lower end 
attached (ped in sect. 0, and in A) to the 
superior surface of the viscid disc, and with 
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Fig.L~VI . 

C ... TAlIrrux II..U:C ... TUJI. 

1.labellum. 
p. pollen·lllUtCII. 
pdor ~. l)Cdiecl 0( pol· 

Hoium . 
,. !t.igmatieelmmber. 

A. Fl'OII t view of oolumn. 
B. Side view of flower, with aU the ~ll and petals "mOI·cd 

execptlhela.bellum. 
C. SecUoo through theoolumn, with.U the pM~ a lillie lI!p6l1ltOO. 

D.l'ollinium,upperlurfaoe. 
E.l'ollinium, lower mrfaoe, whieh liet in oont~t WIth the 

rottellum. 
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its upper cnd running under the anther­
cells (a) , find there united to the two pollen­
masses. In its natural position the pedicel 
lies much bowed round the protuberant 
rostellum; when freed it forcibly straightens 
itself, and at the same time its lateral edges 
curl inwards. In the bud, at an early period 
of growth, the membranous pedicel forms part 
of the rostellum, but subsequently becomes 
separated from it by the solution of a layol' of 
ceUs. 

The pollinium when let free, and after it 
has stroightened itself, is represented at D, 
Fig. XXVI.; and its under surface, which 
lies in ccnt..'lct with the rostellum, is shown at 
E, with the lateral edges of the pedicel now 
much curled inwards. In this latter yicw, 
the clefts in the under sides of tbe two pollen­
masses are shown. 1'\ithin the cleft, at its 
base, n. layer of strong extensible tissue is 
attached, forming the ca.uclicle, by which the 
pollen-masses are united to the pedicel. The 
lower end of the pedicel is joined to the disc 
by a fl exible hinge, which aeclUS in no other 
genus, SO that the pedicel can play backwards 
and forwards as far as the upturned end 
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(Fig. D) of the disc permits. 'The disc is 
large and thick; it consists of a strong upper 
membI"fUle, to which the pedicel is united, 
with an inferior cushion of great thickness, of 
pulpy, flocculent., and viscid matter. The 
posterior margin (or lower margin in Fig. D) 
is much the most viscid portion, and this 
necessarily first strikes any object when the 
pollinium is ejected. The ,~iscid matter soon 

sets hard. '1'he whole surface of the ruse 
is kept damp before ejection, by resting 
against the roof of the stigmatic chamber; 
in the section (Fig. C) it is represented, like 
the other parts, a little separated from the 
roof. 

'1'he connective membrane of the anther 
(a in all the figures) is produood into a spike, 
which adheres loosely to the pointed end of 
the column; thi, pointed end (J, Fig. V) 
homologic.1l1y is the filamcnt of the anther. 
The anthel' is thus shaped app..'1l"cntly to give 
leverage, so 1hat it may be easily torn oft· by 
a pull at its lower end, when 1110 pollinium 
is let free and is jerked out by tho elasticity 
of its pedicel. 

The Iabcllum stands at right angles to the 
L 2 

I.CJ The ComDlete Work of Charles DarWin Online 



220 CATASETUlI SACCATUlt. CnA!'. YI. 

column, or hangs a. little downwards; its 
lateral find basal lobes are turned under the 
middle portion, so that an insect can stand 
only in front of the column. In the middle of 
the Iabcllum there is a deep cavity, bordered 
by crests: this cavity docs not secrete nectar, 
but its walls arc thick and fleshy, and have a 
slightly swoot nutritious taste. I believe, as 
we sha ll hereafter sec, that insecta 'visit tbe 
flowers to gnaw these fleshy walls and crests. 
The extremity of the left.-hand antenna stands 
immediately over the cavity, and would almost 
certainly be touched by an insect visiting this 
part of the labellum for any purpose. 

The nnteullro arc the most singular organs 
of the f1owCI', and occur in no other genus. 
They form rigid, curved horns, t .. tpcring to a 
point. They consist of a narrow ribbon of 
membrane, with the edges curled inwards so 
as to touch, but the edges arc not united; 
henco each horn is tubular, like an adder's 
fimg, with a slit down ono side. They are 
composed of numerous, much elongated, 
generally hexagonal cells, pointed at both 
ends; and these cells (like those in most of 
the other tissues of the flower) have nuclei 
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with nucleoli . The antennro arc prolonga­
tion.s of the sides of Ole anterior face of the 
rostellum, As the viscid disc is continuous 
with tbe uttle fringe of membrane on ~aeh 
side, and as this fringe is continuous with the 
bases of the antennro, these latter organs are 
put in direct connection with tho disc, 'l'he 
pedicel of the poUinium passes between the 
bases of the two antennre, The antennro are 
not freo for their whole length; but their 
exterior edges, for a considerable space, arc 
finnly united to and blended with the margins 
of the stigmatic chamber. 

Tn all the flowers which I have examined, 
gathered from three plants, both antenna~ 
occupied the S:lme position; but though other­
",iso alike, they do not stand synunetrically. 
The extreme p.."lrt of the left-hand antenna 
bends upwards (see Fig. B, in wbich the 
position is shown plainer than in .A), and a.t 

the same time a little inwards, 80 that its tip 
is medial and guards the entrance into the 
pit of the labellum. The right-ha.nd antenna 
hangs downwards, with its tip turned a. little 
outwards; owing to this position, the crellse 
or furrow formed by its inflexed edges is 
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externally visible in this antenna; whilst in 
the other it is hidden along the under side. 
As we shall immediately see, the depending 
right-hand antenna is almost paralysed, and is 
apparently functionless. 

Kow for the action of the parts. When the 
left-hand antenna of this species (01' either 
antcmm. of tho two following species) is 
touched, the edges of the upper membrane of 
the dioo, which arc continuously united to the 
surrounding surface, instant.'l.neousiy 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, bringing away 
with it the two balls of pollen, and tearing the 
loosely fLUacllcd spike--like anther from the 
top of the column. 'rho pollinium is always 
ejected with its viscid disc foremost. I imitated 
th is action with a minute strip of whalebone, 
sl ightly weighted at one end to represent the 
disc; and by bending it round a cylindrical 
object, gently holding at the same time the 
upper end under the smooth head of' a pin, to 

represent the ret.'l.l'ding action of the anther, 
I then let the lower end suddenly froe, and 
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the whalebone was pitched forward, like the 
poUinium of the Catasetum, with the weighted 
end foremost. 

That the disc is first jerked out,l ascertained 
by pressing with a scalpel 011 the middle of 
tlle pedicel and by then touching tho antenna; 
instant.·:mcously out came tho disc, but, owing 
to the pressure on the pedicel, the poUin.iulll 
was not ejected. Besides the sprillg from the 
straightening 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, imme­
diately the pressure is removed the quill 
jumps off; and an analogous action takes 
place with the peWcel of the pollinium, owing 
to the sudden inward curling of its edges. 
These combined forces suffice to eject the poI­
IiniulD with considerablo force to the wstance 
of two or three feet. Several persons have 
told me that, when touching the flowers of 
this genus in their hot-houses, the pollinia. 
ha ye struck their faces. I touched the an­
tenure of C. callosum whilst holding the 
flowel' at about a yard's distance from the 
window, and the polliniulll hit the pane of 
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glass, and adhered to the smooth vertical 
surface by its adhesive disc. 

Tho following observations on the nature 
of the excitement which causes the disc to 
Reparate from the surrounding parts, include 
some made on tho t\\10 succeeding species. 
Several flowers were Rent me by post and 
railroad, and must have been much jarred, 
but had not exploded. I let t\vo flowers fall 
from a height of two or throo inches on the 
table, but the pollinia were not ejected. I cut 
off the ovarium close under the flower, and the 
sepals, and in some cases the thick labellum, 
with a crash by a. pair of scissors; but this 
violence produced no effect. Nor did deep 
pricks in various p<trts of the column even 
within the stigmatic chamber. A blow, 
sufficiently hard to knock off the anther 
suddenly, Ct"l.USCS the ejection of the pollinium, 
as occurred to me oncc by accident. Twice 
1 pl'essed rather hard on tho pedicel, and can· 
sequently on the underlying rostellum, without 
any effect. 'Whilst pressing on tho pedicel, I 
gently removed the anther, and then the 
pollen.be..'\ring end of the pollinium sprang up 
from ita elasticity, and this movemeut roused 
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the disc to separate. )L Mcnicrc,. howeyer, 
has stated that the anther-case sometimes de­
taches itself, or can be gently detached, with­
out the disc separating, and that then the 
pedicel s,vings downwards in front of the stig­
matic chamber . 

. A ftcr trials made on fifteen flowers of three 
species, I find that no moderate degree of 
"iolencc on any part of the flower, excepting 
the 3ntcnn:e, produces any effect. But when 
the right-hand antenna. of C. saeeatum, or 
either antenna of the two following species, 
is touched, the pollinium is instantly ejected. 
The extreme tip and the whole length of the 
lUltennro are sensitiye. In ono specimen of 
C. tridentatum 3. touch from a bristle sufficed ; 
in five specimens of C. s. .... cca.tum a g'Cntle touch 
from a fine needle was necessary; but in four 
other specimens a. slight blow was requisite. 
£n C. tridentatum a. stream of air and of cold 
water from a smaH pipe did Dot suffice; nor in 
any case did a. touch from a human hair; so 
that the flntcnnro are less sensitiye than the 
rostelhun of Listera.. Such extreme sensitive­
ness would indeed ha.ve been useless to the 

• 'Bull. de 1& Soc. Dot. de Franoe,' tom. i. 1854, P. 367. 
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plant, for we llave reason to believe that the 
flowers are visited by bulky insects. 

That the disc does not separate by the 
simple mechanical movement of the antennro is 
almost certain; for the antennro firmly adhere 
for a considerable space to the sides of the stig­
matic chamber, and are tbus immovcably fi.."{cd 
Dear their bases. The flowers in some cases, 
when they first arrived, were not sensitive, but 
after the spikes had stood for a day or two in 
water they became sensitive. W]lcther this 
was owing to fuller maturity or to the ab­
sorption of water, I know not. Two flowers 
of C. callosum, which werc completely torpid, 
were immersed in tepid water for an hour; 
and then the untenllre became highly sensitive; 
this indicates that the cellular tissue of the 
antennro must be turgid in order to receive 
and cOllvey the effects of a touch; and it would 
lead to the suspicion that a vibration is con­
veyed along them; if this be so, the vibration 
must be of some special nature, for ordinary 
jars of manifold greater force do not cause the 
act of ntpture. Two flowers placed in hot 
water, but not so hot as to scald my fingers, 
spontaneously ejected their pollinia. The loss 
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of a plant, on which I intended to try other ex­
periments, prevented my ascert.'l.ining whether 
drops or vapour of acrid fluids would act. From 
these latter facts it may be doubted whether 
it can be a vibration fl'Olll tho gentlo touch of 
a needJo which is conveyed along the nutellnre. 
In C. tridentatum I found that tho antennre 
were one inch and one-tenth of an inch in 
length, and a. gentle touch fl'Om a. bristle on 
the extreme tip was conveyed, as far as I 
could pcrooive, instant:meously throughout 
this length. I measured the length of 8O\·c1'al .. 
cells in the tissue composing the antcnnre, 
and on a. rough average it appeared that the 
stimulus must travel through no less than 
fJ'Om seventy to eighty closed cells. 

Wo may, at least, safely conclude that the 
antemltC, which are characteristic of the genus 
Catasetum, are specially adapted to receive and 
convey the cOccts of a touch to tho disc of the 
pollinium; causing the membrane to rupture, 
and the wholo pollinium to be ejected by its 
elasticity. If wo required further proof, nature 
has afforded it in the c..'lSe of the so-called genus 
Monachanthus, which, as we 8ball soc, is the 
female plant of Cata80tum tridentatum, and 
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has no pollinia to eject, and hero the nntennre 
arc entirely absent. 

I have stated that in C. saccatum the right­
hand antomm invariably bangs down, with 
the tip tumcU slightly outwards, and that it is 
almost paralysed. I ground my belief on five 
trials, in which I violently hit, lxmt, and 
pricked this antenna, and produced no effect; 
but immediately afterwards touching tho left­
hand anteTma with much Jess foroo, tho polli­
nium was shot forth. In a sixth case a forcible 
blow on the right-hand antenna did cause the 
act of ojection, 80 that it is not completely 
paral.vsed. As this antenna does not guard 
the Iabellum, which seems in all Orchids to be 
the Jl..'1lt attroeti,'o to insects, its sensitiveness 
would be useless. 

From tho large size of the flower, more 
especially of the viscid disc, and from it.s 
wonderful power of adhesion, we may 8.'\fely 
infer that tho flowers are visited by large 
insects. The viscid matter sticks so firmly 
when it has set hard, and the pedicel is 80 

strong (though very thin and only one­
twentieth of an inch in breadth at the hinge), 
that to my surprise it supported for a few 
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seconds a. weight of 1262 grains, that is 
nearly three ounces; and it supported for 
a eonsidernble time a slightly less weight. 
'¥hen the pollinium is shot forth, the large 
spike-like anther is generally carried with it. 
When the disc strikes a flat surface like a 
table, the momentum from the weight of the 
anther often carries tbe poUen-bearing end 
beyond the disc, and the pollinium is thus 
affixed in a wrong direction, supposing it to 
have been attached to an insect's body, for 
the fertilis.'\tion of another flower. The flight 
is also often rather crooked.- But it must not 

• It Baillon (' Bull. do III. Soc. Bot. do France,' 10m. i. 1854, 
p. 285) statellha t Cat.uetum luridwn ejecta ita Jdlinia always 
in a Ihaight Ilnc,aud in luch adireclion that i~.ticks fast to the 
bottomoftheOOllCllvityofthe labellum; when in this potition 
he imagines that it fertiU- the Ilo'l'n in a manner not elearly 
explained. In a anbsequent paper in tho I18mo work (p. 367) 
M.lMnierejul tlydilputei M. BOOllon'. c:onelUllion. Ho I'('marks 
thllt tho anther~ il eMily detached, lind lOmetimes naturally 
detachKit3elf; in thiBe&IIG tho pollinie. Bwing dOWllwarilil by the 
elas(icityofthcpedioeJ,andthevlacid disQatilll'('nlllinlattached 
to the roof of the Itism-tic chamber. M. lt~nim then hinta 
WI, by the .u,-,!Ul'llt and rrogn.ivo I'('t~tion of the pedioel. 
tha pol1en.rn_mightbecarried into the Iligmatie ehllrn'ber. 
'I'hil il not poIIible in tbo throo ,!lecieawhich lhavoexamined, 
and wOlild be 1IR1-. Bu~ M. ll~ni\\"" hinuelf tben 8001 on to 
abowhowimportanti~tlarotothefcrtiliiationofOrohids; 

and apparcnllyhe infert that their agency rome. illto play with 
Cataaetum, and that this plant doea not fert.ilile itself. Doth iU. 
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be forgotten that under Dature the ejection 
is caused by the antennre being touched by a. 
large insect standing all the labell um, which 
will thus have its bead and thora.x placed 
llenT 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 tho anther de­
presses the hinge of the pollinium ; and in 
tbis position the anther readily drops off, 
leaving the balls of pollen free and in a 
proper position for the act of fertil isation. 
The utility of so forcible an ejection may be 
to drive the soft and viscid cushion of the 
disc against the hairy thorax of a large hy­
menopterous insect, or the seul pturcd thorax 
of a flower-feeding beetIe. When attached, 
assuredly no force which the insect could exert 
would remove the disc and pedicel; but t1;le 
caudicles are ruptured without much difficulty, 
and thus the balls of pollen would be left on 
the viscid stigmatic surface of a female flower. 

Bail1onflndM.?iUniheoorroctlydellCriootbecurvodJlOflitioniD. 
wllich the elastic pedicel tiel! before it is let free. Neit.her of 
theecbotani8ll1l1f('ln.stoooflWIU'I) that the 'peeiel!OfCatWletum 
(at lca.t the three which I have enmined) &nl cxcluBivc!y male 
phwta. 
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CatlL8l'tum rollMtm.-This species- is smaller 
than the last, but resembles it in most respects. 
The edgo of the labellum is covered with 
papillru; tho pit in its middle is smal l, and 
behind it there is an elongated anvil~like 
projection, - facts which I mention from 
the relation of this form to Myanthus 
barbatus, presently to be described. The 
yellow-coloured pedicel is much bowed, and 
is joined by a. hinge to tho extremely viscid 
disc. When either antenna is touched, the 
pollinia are ejected with much force. The 
two antcnnro stand symmetrically on each 
side of the anvil~like projection, with their 
tips lying within the pit of tho labellum. 
Tho walls of this pit have a pleasant nutri. 
tious taste. The antennro arc remarkable, 
from their whole surface being roughened 
with papillro. The plant is a male. 

CaJasetwn tridentatum.-The general appear­
ance of this species, which is very different 
from that of the two former species, is repre­
sented by Fig. XXVII., with a scpal on each 
side cut ofT . 

• A fil<6 'llike of80wel1 oCthia .pecie.wall molt kindly aent 
me by Mr. Ilucker, and wu na.med lOt me by Dr. Lindley. 
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a. anthcr. 

. Fig.XXVII. 

~~ .. J! 
H 

CAT.u~UIll TlllDE~TATUli. 

pd. peWQC\ofpollinium. I " •. '""",re. 
T. Ia.be\lum. 

A. Side view of Dower in ita natural poeitiOD l\ith tho (properly) 
lower sepa\8cut ofT. 

B. Front vicw ofoolumu, 1)laood upright. 

The flower st..'mds with the bbeIlum upper­
most, that is in a reversed position compared 
with most Orchids. The label1um forms a 
helmet or bucket., with the distal portion 
represented by three minute points. It is 
clear from ita position that the labellum can­
not hold nectar; but it.s walls are thick, and 
have, as in the other species, a pleasant 
nutrit.ious taste. The stigmatic chamber, 
though functionless as a. stigma, is of large 
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size. l'he summit of the column, and the 
spike-like anther, arc not so much elongated 
as in C. saccatum. In other respects there 
is no important difference. The antennro are 
of greater length; their tips for about one­
twentieth of their length are roughened by 
cells produced into papiUm. 

The pedicel of the pollinium is articulated 
as before by a binge to the disc; the anterior 
end of tho disc is upturned, so tbat, when 
attached to an insect's head, the pedicel can­
not move backwards, only forwards,-a move­
ment which apparently comes into pla.y in 
the fertilisation of the female plant. 'l'he 
disc is, as in the other species, of large size, 
and its posterior end, which during ejection 
first strikes any object, is much more viscid 
than the rest of the surface. 'I'his lattcr 
surface is drenched with a milky fluid, which 
rapidly turns brown when cxposed to the 
air, and sets into a cheesy consistence. l'he 
upper surface of the disc consists of strong 
membrane formed of polygonal cells, each 
containing one or several balls of brown 
translucent matter. This membrane rests 
on, and adheres to, a. thick cushion, formed 
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of rounded balls of brown matter (which 
lower down in the cushion become extremely 
irregular in shape) separated from each other, 
and embedded in transparent, structureless, 
highly elastic matter. This cushion towards 
the posterior end of the disc passes into the 
extrcmely viscid matter. This latter matter 
when consolidated is brown, translucent, and 
homogeneous. Altogether the disc presents 
a much more complex structure than in the 
other Vandere. 

I need not further describe this species, 
excepting the position of the antennoo. They 
occupied exactly the same position in the six 
flowers examined. They do not stand sym­
metrically. They are both sensitive,-whether 
in an equal degree I will not s,'l.y. They both 
lie curled within the bucket-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 
its tip just projecting beyond the lcft margin 
of the base of the column. From the position 
of the petals and sepals, an insect visiting the 
flower would almost cer tainly alight on the 
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crest of the labellum; but it <xmld hardly 
gnaw any part of the great cavity of the 
labellum without touching ono of the two 
antenna::, for the left-hand one guards the 
upper IJRrt, and the right-hand one the 
lower part; and when these are touched 
the poUinium will infallibly be ejected and 
strike the head or thorax of the inscct. 

The position of the antennro in this Car 
tasetum may be compared with that of a man 
with his left arm raised and bent 80 that his 
hand stands in front of his chest, and with 
his right arm crossed lower down so that the 
fingers project just beyond his left side. In 
Catasctum callosum both arms arc heJd lower 
down, and are extended symmetrically. In 
C. saccatwn the left arID is bowed and held 
in front, as in the C. tridentatum, but rather 
lower down; whilst the right arm hangs 
down almost paralysed, with the band turned 
a little outwards. In every case notice will 
be given in an admirable manner, when 
an insect visits the labellum, and tho time 
has at last arrived for the ejection of the 
pol1inium and for its transportal to the femalo 
l)lant. 
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Catasctum tridentatum is interesting under 
a.nother point of view. Botanists were as­
tonished when Sir R. Scbomburgk - stated 
that ho had seen three forms, believed to 
constitute three distinct genera, namely, Ca­
tasetum tridentatum, Monachanthus viridis, 
and Myanthus barhatus, all growing on the 
same plant. Lindley remarked t 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 bun­
dreds of plants of C. tridentatum in Essequibo 
without ever finding one specimen with seeds,t 
but that he was surprised at the gigantic seed-

•• 'l 'rantactionl of the LiIlD.a2ll Soc.'voL xvii. p. 622. Another 
aooount by Dr. Liudley has appeared ill the ' Botanical Begi.Bter; 
fo!. 195L, ofa diltinet IpeciCII oCMY'lnthut and lI(onaehanthus 
'lll()elring in the tame _pe: be allud(ll alao to other (:aIil'I. 

Some of lile flo ... en ""ere in an intennediato condition, whicb is 
noc.lUrpriaiDg, l('(!iug lhatind.i~pIaUtl ... elDUletimc>& 
ba\'e a partial l'eIIumptiou of the clwaewl'I ofbotb leXe-.. Mr, 
llodgel'l of l!il'erhill iufotnlll me that he imported from Demerara 
!\ MyanthulI, but that when it flo1fered 8. ICOOIld time it WlUI 
metamO!]lhOlild into II Cataaetum. Dr. CarpentC\' (' Compa.rative 
Phyaiology: 4th edit. p. 633)alludea to an Ilnillogou. caae which 
ooeurredrot Bristol. 

t 'nil' Vegetable Kingdom,' 1853, p, 178. 
t Brongniar~ IlatcIJ (' Bull. de III Soc. Bot. de ~'ral\oe, tom. ii. 

1855, p. 20) lba~ M. l'\'eulllllnu, 8. .kilrul {ertiliaeT of Orchids, 
could never IUooeed in feniJi.singCatasctum. 
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vessels of the Monachanthus ; and he correctly 
remarks that" here we have traces of sexual 
difference in Orchideous Bowers." 

From what I had myself previously ob­
served, I was led to examine carefully the 
female organs of C. trident..'l.tum, callosum, 
and sacca tum. In no case was the stigmatic 
surface viscid, as it is in all other Orchids 
(except as we shall see in C)1)ripedium), 
and as is indispensable for the securing tile 
pollen-masses by the rupture of the caudicles : 
T carefully looked to tbis point both in young 
and old Bowers of C. tridentatum. When 
the surface of the stigmatic chamber and of 
the stigmatic canal of the above-named three 
species is scraped off, after having been kept 
ill spirits, it is found to be composed of utri­
culi, with nuclei of the proper sbape, but not 
nearly so numerous as with ordinary Orchids. 
The utriculi cohere more together and are 
more transparent; I examined for comparison 
the utriculi of many kinds of OI'chide which 
had been kept in spirits, and in all found 
them much less transparent. In C. triden­
tatum, the ovarium is shorter, much less 
deeply furrowed, narrower at the base, and 
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internally more solid than in the Monachan­
thus. .t\ gain, in all three specie~ of Cata-­
setUIU the ovule-bearing cords are short; and 
the ovules present a considerably different 
appearance, in being thinner, more trans­
parent, and less pulpy than in the numerous 
other Orchids examined for comparison. 
They were, however, in not so completely 
an atrophied oondition as in Acropora. Al­
though they correspond SO closely in general 
appearance and position with true ovules, 
perhaps I have no strict right so to designate 
them, as 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 
sbortness, smoothness, and narrowness of the 
ovarium, the shortness of the ovule-bearing 
cords, the state of the ovules themselves, the 
stigmatic surface not being viscid, the empty 
condition or the utricuii,-and from Sir R. 
Schomburgk never baving seen C. tridell­
tatum producing seed in its native home, we 
may confidently look at this species, as well as 
the other two species of Caiasetum, as male 
plant.s. 
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Fig. XXVIll. 

lrVANTIiUB BAII.BATU8. Alos"'C1IANTllua \'11I1D18. 

II. anther. 
an.antenlUl!. 
1. I.bellum. 

p. pollen'Iu-,n.ldimentary. 
I. Itigmatieeleft. 
~p. two lo1I'er 1ICpe.r.. 

A, Side "iew Or MOllaehanthU8 viridi6 in iunatural p06itioll. 
(Tho 8hading ill both drawings 1183 ~n lidded from 
l'II,lIeia 'druwingin the 'Linnrenn ']·l'I.nsaetiOIlB.') 

B, Side view ofl'llyauthus barbatus in iUD.8turai position. 

With respect to Monachanthus viridis and 
Myanthus barbatus, the President and officers 
of the Linnman Society ha\'e kindly permitted 
me to examine the spike bearing these two 
flowers, preserved in spirits, and sent home 
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by Sir R. Scbomburgk. They arc here re­
presented (Fig. XXVIII.). The flower of 
the l\:fonachanthus, like that of the Catasetum, 
grows lower side uppermost. 'The labellum 
is not nearly 80 deep, especially on the sides, 
and its edge is crenated. Tho other petals 
and sepals are all reflexed, and are not so 
much spotted as in the Catasetum. '!'he bract 
nt the base of tho ovarium is much larger. 
The wbole column, especially tho filament 
and the spike-like anther, are much shorter; 
and the rostellum is much less protuberant. 
The antennro are entirely absent, and the 
pollcn.masses are rudimentary. These are 
interesting facts, from corroborating the view 
taken of the function of the antenn:n; for as 
there are no proper pollinia to eject. there 
could be no use in an organ to convey the 
stimulus from 8, touch to the rostellum. I 
could find no trace of a viscid disc 01' pedicel; 
if they exist, they must be extremely rudi­
mentary, for there is hardly any space for the 
embedment of the disc. 

Instead of a large stigmatic chamber, there 
is a narrow transverse cleft close beneath the 
small anther. I was able to insert one of the 
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pollen-masscs of the male Catasetum into this 
eleft, which from baTIng been kept in spirits 
was lined with coagulated beads of viscid 
matter, and with utriculi. The utriculi, 
differently from those in Cll.tasetum, were 
charged (after having been kept in spi ri ts) 
with brown matter. The ovarium is longer, 
thicker ncar the base, and more plainly fur­
rowed than in Catasetum; tho ovulc-beaIing 
cords are also much longer, and the ovulcs 
more opaque and pulpy, as in all common 
Orchids. I bclie.e that I saw tho opening at 
tho partially inverted end of tho tcsta, with 
a large nucleus projecting; hut as the speci­
mens had been kept many years in spirits and 
were somewhat altered, I dare not speak posi­
tively. From these £'\ctsalone it is almost eer­
t.'\in that Monacbanthus is a female plant; and 
Sir R. Schomburgk saw it seeding abundantly. 
Altogether this flower differs in a most remark­
able manner from that of the malo Catasetum 
tridentatum, and it ia no wonder that they were 
formerly ranked as distinct genera. 

Tho pollen-masses offer so curious and g~ 
an illustration of a structure in a rudimentary 
condition that they are worth dcscri ption j 

)( 
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but first I must briefly describe the perfect 
pollen-masses of the male Cata.sctum. These 
may be seen at D and E, Fig. XXVI. (p.217), 
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 (E) 
along the lower surface; into this slit cellular 
tisslle enters wbilst the pollen is in the course 
of development. Within the lower and pro­
duced end of each pollen-mass a layer of highly 
elastic tissue, forming the caudide, is att..'lched; 
the other end being attached to the pedicel of 
the rostellum. The exterior grains of pollen 
are more angulal') 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 
then tbe ends of the caudicles adhere to the 
pedicel. Before the Hower expands the mem­
branous sacks inc1uding the two poJlen-masses 
open, and leave them resting naked on tbe 
back of the rostellum. 

In Monachanthus the two membranous sacks 
containing the rudimentary pollen-masses on 
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the contrary never open; they easily separate 
from each other and from the anther. The 
tissue of which they are formed is thick and 
pulpy, Like most rudimentary parts, they 
vary greatly in size and in form. The in­
cluded and therefore useless pollen-masses are 
!lot one-tenth of the bulk of the pollen-masses 
of the male; they are flnsk-shaped (P. p. 239, 
Fig. XXVII!.), with the lower and produced 
end greatly exaggerated and almost pene­
trating through the exterior or membranous 
sack. The flask is closed, and there is no fissure 
along the lower surface. The exterior pollen­
grains arc square and ha.ve thicker walls than 
the interior grains, just 3.8 in the proper male 
pollen; a.nd, what is very curious, each cell 
has its nucleus, Now, R. Brown has stated • 
that in the early stages of the formation of 
the pollen - grains in ordinary Orchids a 
minute areola or nucleus is ofton visiLle; so 
that the rudimentary pollen-grains of the 
l !onachanthus apparently have rctained-as 
is so general with rudiments in the animal 
kingdom-an embryonic character. Lastly, 
at the base, within the flask of pollcn, there 

• 'TranlactiOO80(theLinnleanSoc.'vol.ni. p. 711. 

M 2 



t-l-t CATASJ-;TlJM TRIDE!I'TATUlI. (JIl.O.P. YL 

is a litllo mass of brown elastic tissue,-that 
is, a vestige of a caudicle,-which runs far up 
the pointed end of the flask, but does not (at 
least in some of the specimens) come to the 
smfaoe, and could not have been attached to 
any part of the rostel1um. These rudimentary 
ca.udicJes nro, therefore, . utterly useless. 

We thus see that every single detnil of 
l)i:nlotUrc which characterises the male pollen. 
mnBSeS is represented, with some parts cxag· 
gemted and some parts slightly modified, by 
the mere rudiments in the female plant. Such 
cases aro familiar to every observer, but can 
nevor be exa.mined without renewed interest. 
At a period not far distant, naturalists will 
hear with surprise, perhaps with derision, that 
grave and learned men formerly maintained 
that such useless organs were not remnants 
retained by the principle of inheritance at 
corresponding periods of early growth, but 
were spceially created and arranged in their 
proper places like dishes on a table (this is the 
comparison of a distinguished naturalist) by 
an Omnipotent hand j, to complete the scheme 
of nature." 

We now come to the third form, Myanthus 

©Th f h rlf'~ I" 



Our. VI. ITS SEXUAL Jo'ORlIS. 24.5 

barbatus (Fig. XXVIII., B), often borne on 
the same plant . with the hyo .preceding 
forms. Its flower, in external appearance, 
but not in essential structure, is the most 
different of all three. I t generally stands ill 

, a reversed position, compared with Catasctum 
and Monachanthus, that is, with the labeUulH 
downwards. 'l 'he labellum is fringed in all 
extraordinary manner with long pupillm; it 
has a. quite insignificant medial cavity, at 
the hinder margin of which a curious curved 
and flattened horn projects. The other petals 
and sepals are spotted and elongated, with 
the two lower sepals alone refiexed. The 
antennro are not so long as in the male 
C. tl'idcntn.tum, and they project symmetric· 
ally on each side of the horn.liko projection 
a.t the base of the labellum, with their tills, 
which are Dot roughened with papillm, almost 
enterillg the medial cavity. The stigmatic 
chamber is of nearly intermediate size be· 
tween that of the male and femalt:l forms; 
it is lined with utriculi charged with brown 
matter. 'I'he straight and well · furrowed 
ovarium is nearly twice as long as in Mona. 
chan thus, but is not so thick where it join~ 
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the flower; the ovules are · not 80 numerous 
as in the female form, but are opaque and 
pulpy after having been kept in spirits, and 
resemble them in aU respects. I believe, but 
dare not, as in the case of the Monachanthus, 
speak positivcly, that I saw tho nucleus. 
projecting from the testa. 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 spef:imens examined 
by me j but fortunately Mr. Reiss has given, 
in the Linnroan Transactions, a drawing of 
them, showing that they are of due propor­
tional size and have the proper folded or cleft 
structure: so that there can hardly be a doubt 
that they were functionally perfect. As we 
thus see that both male and female organs are 
apparently perfect, Myanthus b.'l.rhatus may 
be considered as the hermaphrodite form of 
the same species, of which the Catasetum is 
the male and Monachanthus the female. 

It is not a little singular that the bcr­
maphrodite Myanthus should resemble in its 
whole structure much more closely the male 
form of two distinct species (namely, C. 
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sa.ccatum, and more especially O. callosum) 
than eithcr its own male or female form . 

.Fina.lly, the genus Catasetum is interesting 
in an unusual degree in several respects. The 
separation of the sexes is unknown in other 
Orchids, excepting as we shall sec probably 
in the allied genus Cycnochcs and in the 
before - given case of Acropera. In Oata­
setum we Lave three sexual fonns, generally 
borno on separate plants, but sometimes 
mingled together j and tbese three forms are 
wonderfully different from each other, much 
morc different than, for instance, a peacock is 
from a. peahen. But the appearance of these 
three forms on the same plant DOW ceases to 
be an anomaly, and can no longer be viewed 
as an unparalleled inst.'\ncc of variability. 

Still more interesting is this genus in its 
mechanism for fertilisation. We see a flower 
patiently waiting with its antennro stretched 
forth in a well-adapted position, ready to 
give notice whenever an insect puts its head 
into tho cavity of the labellum. The female 
Monacbanthus, not having pollinia to ejcct, 
is destitute of antennre. In the male and 
hennaphrodite fonns, namely Ca.tasctllm tri-

~ Ttl .. Co mplete Work of Charl .. ~ DarWin Online 



248 GE:iUS CATASETUlI. elL'p. VL 

den tatum and Myanthu.s, the pollinia lie 
donblcd up, like a spring, ready to be in­
stantaneously shot forth when the antennro 
are touched; the disc end is always projected 
foremost., and is coated with viscid matter 
which quickly sets hard and firmly affixes 
the hinged pedicel to the insect's body. The 
insect flies from Hower to Hower, till at last 
it visits a female or hermaphrodite plant: it 
then inserts one of the masses of pollen into 
the stigmatic cavity. 'Vhen the insect flies 
away the clastic caudide, made weak enough 
to yield to the viscidity of the stigmatic sur­
face, breaks, and leaves behind the pollen­
mass; then the pollen-tubes slowly protrude, 
penetrate the stigmatic canal, and the act of 
fertilisation is completed. Who would have 
been bold enough to have surmised that the 
propagation of a species should have depended 
011 so eomplex, so apparently artificial, and 
yet so admirable an arrangement? 

I have seen two other genera belonging 
to the su!'family of Catasetidro, namely, )for­
modes and Cycnoches; but the latter arrived 
in a broken condition. 
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JIormodes ignea.-To show how difficult it 
sometimes is to underst..'lnd the manner of 
fertilisation of Orchids, I lUay state that 
I had carefully examined twelve flowers,. 
trying various experiments and recording 
the results, before I could at all make out 
the meaning and action of the several parts. 
I t was plain that the pollinia were ejected, 
as in Catt'l.sctum, but how each part of the 
flower played its proper part I amId not 
even conjecture. I had given up the caw 
as hopeless, until, summing up my observa. 
tions, the explanation presently to be given, 
and subsequently proved by repeated experi­
ments to be correct, suddenly occurred to me. 

The flower presents an extraordinary ap­
pearance, and its mechanism is more curious 
even than its appearance (Fig. XXIX.). 
The base of the column is bent backwards, 
at right angles to the ovarium or footst..'lJk, 
and then resumes an upright position to ncar 
its summit, where it is again bent. It is, also, 
twisted in a unique manner, so that its front 

* I must upreaa my cordial thanb to lIr. !lucker, of We\!t 
Hill, WfUllkororth, for having lent me a plau~ oftbit lIonnode!o 
with t,,'O tint 'piklS, bearing an abundance of Bo"'cra, IIll(I for 
bavingallowoo me tokcep the plant for aoontidel'll.ble time. 
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Fig. XXIX. 

La.tcralvillwofflower,withtheupper sepal audthe near upper 
l'0taleutoll'. 

N.B. The Labc!lum in the drawing is a little lifted up, to ahow 
the dcpreasion in its !lIlrfaee. which ought to be pressed 
clOlie down on the bent summit of the oolumn. 

B, IUlther. \ 1.labellum. 
pd. pedicel of pollinium, l ~. lower scJ*l. 
I,Btigros. 
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surface, including the anther, rostellum, and 
the upper part of the stigma, faces laterally 
to either the right or left hand in the 
flowers on the opposite sides of the spike. 
The twisted stigmatic surface, in an equally 
peculiar manner, extends down to the base 
of the column: at its upper end it fonns 
a deep cavity, beneath the protuberant 
rostellum (pd in the drawing), in which 
the large viscid disc of the pollinium is 
lodged. 

The anther-case (a in the drnwing) is 
elongated and triangu1ar, closely resembling 
that of Ca6setum: it does not extend up to 
the apex of the column. This apex consists 
of a thin flattened filament, which in the bud 
is straight, but before the flower expands 
becomes much bent by the pressure of the 
labeUum. .A group of spiral vessels runs up 
the cohunn as far as the BUlllmit of the anther· 
case; they are then rcflcxed and !"un some 
way down the anther~e. The point of 
reflexion forms a short thread·like hinge by 
which the notched top of the anther-case is 
articulated to the column cloec beneath its 
bent summit. The hinge, although less than 
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a. pin's head in size, is of paramount import­
ance, for it is sensitive and conveys the 
stimulus from no touch to the disc of the 
pollillium: it serves also as a guide in the 
act of ejection. .As it conveys the necessary 
stimulus to the disc, one may suspect that 
part of the tissue of the rostellum, which 
lies iu close contact with the filament of the 
anther, runs up to this point; but I could 
detect no difference in structure in com­
p..'lrison with the same parts in Catasetum. 
The cellular tissue round the hingo is gorged 
with fluid, for a large drop exudes when the 
anther is torn oft' during the ejeCtion of the 
pollinium. 'I'his gorged condition may per­
haps facilitate the ultimate rupture of the 
binge. 

The pollinium docs not differ much from 
thatofCat.'lSetum (see Fig. XXVI. D, p. 217): 
it lies curved round the rostellum, which 
is less protuberant than in that genus. 
The upper aud broad end of tho pedicel, 
however, extends beneath the pollen-masses, 
and they are attached by rather weak cau­
dides to a medial crest on ita upper surface. 

The viscid surface of the large disc lies 
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in contact with the roof of the stigmatic 
cavity, so that it cannot be touched by 
insects. The anterior end of the disc is 
furnished with a small dependent curtain 
(dimly shown in Fig. XXIX.); and this, 
before the act of ejection, is continuously 
joined on each side to the upper margins of 
the stigmatic depression. The pedicel is 
united to the posterior end of the disc; but 
when the disc is freed, the lower part of the 
pedicel becomes doubly bent, so that it then 
appears as if attached to the centre of the disc 
by a hinge. 

'l'he labcllum is truly remarkable : it is 
narrowed at its base into a nearly cylindrical 
footstalk, and its sides arc so much reflexoo 
as almost to meet at the back, After rising 
up perpendicularly it fcrms an arch, over and 
behind the summit of the column, against 
which it is firmly pressed. The labellum at 
this point (even in the bud) is depressed 
into a slight cavity. which receives the ulti­
mately bent summit of the column. This 
slight depressioll manifestly represcnts the 
large hollow, with thick fleshy walls, in the 
labcllum of the several species of Catasetum 

It 
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and other Vandere, which serves to attract 
insects; here, by a singular change of func­
tion, it merely keeps the labellum in its 
proper position on the summit of the column. 
In the drawing (Fig. XXIX.) the labellum is 
represented as forcibly raised so as to show 
the depression and the bent filament. The 
labellum in its natural position may almost 
be compared to a huge cocked-hat, supported 
by a footatalk and placed on the head of the 
column. 

The twisting of the column, which I have 
seen in no other Orchid, causes all the im­
portant organs of fructification to face to the 
left in the flowers on the left side of the 
spike, and to face to the right in all those 
on the right side. So that two flowers taken 
from opposite sides of the spike and held in 
the same relative position are seen to be 
twisted in opposite directions. Ono single 
flower, which was crowded by the others, was 
barely twisted, 60 tha.t its column faced the 
labellum. The labellum is also slightly 
twisted: for instance, in the flower figured 
which faces to the left, the midrib of the 
labellum first bends to the right hand, and 
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then back again, but in a lesser degree, to 
the left, so as to press against the posterior 
surface of the summit of the column. The 
twisting of all the parts of tho Hower com­
mences in the bud. 

'fhe position thus acquired by the several 
organs is of the highest importance; for if 
the column and labellum had not been 
twisted laterally, the poUinia, when shot 
forth, would have struck the overarcbing 
labellum and been thrown back, as actually 
oocurred with the single abnormal ,flower 
having a nearly straight column. If all the 
organs had not been twisted in opposite 
directions on the two sides of the crowded 
spike, so as to face always to the outside, 
there would not have been a clear apace for 
the ejection of the poUinia. and their adhesion 
to insects. 

When tho Hower is mature the three sepals 
hang down, but the two upper petals remain 
nearly upright, l'1e bases of the sepals, and 
especially of the two upper petals, are t.bjck 
::wd swollen and have a yellowish tint; they 
are so gorged, when quite mature, with fluid, 
that, when punctured by a fine g1aStl tube, the 
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fluid rises to some height in it by capillary 
attract.ion. These swollen bases, as well as 
the footstalk of the labellum, have a decidedly 
sweet and pleasant taste; and I can hanUy 
doubt that they are attractive to insects, for 
no free nectar is secreted. 

I will now endeavour to show how all 
the palis of the flower are co-ordinated and 
act together. The pollinium, as in Cata­
setmu, lies bowed rOUllel the rost.ellum; in 
that genus when freed it merely stra igMens 
itself with force, in this Mormodes something 
more takes place. If the reader will look 
forward to Fig. XXX., p. 26'1, he will see a 
section of the flower·bud of another species of 
Mormodes, which differs only in the shape of 
the anther and in the viscid elisc having a 
much deeper dependent curtain. Now let him 
supposc the pedicel of the pollinium to be so 
elastic that when freed it not only straightens 
itself, but suddenly bends backwards with a 
reversed curvature, so as to fonn an irregular 
hoop; he will then see that the exterior sur· 
face of the curtain, which is not viscid, will 
lie on the anther-ease, and the viscid surface 
of the disc will be on the outside of the hoop. 
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This is exactly wbat takes place with our 
present Monuodes. But the pollinium as­
sWlles with such force its reversod cun'ature 
(aided, apparently, by a transverse curling 
outwards of the two margins of the pedicel), 
that it instantaneously rebounds from the 
protuberant face of the rostellum. As the 
two pollen - masses adhere, at first, rather 
finnIy to the anther-cnse, tho latter is torn 
off by its base by the rebound; and as the 
thin hinge at the summit of the allthcl'-cnsc 
does not at first break, the pollinium with 
the allther-<:ase is instantly swung upwards 
like a pendulum: but in the course of the 
upwllrd swing the hinge yields and tbe 
whole body if! projected perpendiclllnl'ly up in 
the air, nu inch or two above and close in 
front of the tenllillnl p.'lrt of the Iabellum. 
When no object is in the way, and the 
pollinium falls down, it generally alights and 
sticks, though not finnIy, in the fold on the 
crest of the labellum, directly over the column. 
I witncascd repeatedly all that has been hcre 
described. 

The curtain of the disc, which, after the 
polliniulll has fonned itself into a hoop, lies 
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on the anther-case, is of considerable service 
in preventing the viscid matter from the disc 
adhering to the anther, and thus perma­
nently retaining the pollinium in the form of 
a hoop. This would have been fatal, as we 
shall presently 800, to a. subsequent movement 
in the pollinium necessary to the fertilisation 
of the flower. In some of my experiments, 
when the free action of the parts was checked, 
this did occur, and the polliniulll, with the 
anther, remained glued together in the shape 
of an irregular hoop. 

I have already stated that the minute hinge 
by which the anther-case is articulated to the 
oohunn, a little way beneath its bent filn­
ment..'lry apex, is sensitive 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, 
instantaneously the membrane which unites 
the disc to the edges of the cavity in which it 
is lodged, ruptured, and the pollinium was 
sbot upwards and aljghted on the crest of the 
labellum as just described. 

N ow let us suppose an insect to alight on 
the crest of the laoollum (and no other con-
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venient landing-place is afforded), and then 
to lell11 oyer in front of the column to gnaw 
or suck the bases of the pet.'l.ls swollen with 
sweet fluid. The weight and movements of 
the insect would press and move tho labellum 
together with the bent underlying summit of 
the column; and the latter, pressing on the 
hinbre in the angle, would cause the ejection 
of the pollinium, which would infallibly 
striko tho head of the insect and adhere to 
it. I tried by placing my glo\~cd finger 
on the summit of the labellum, with the tip 
just projecting beyond its margin, and then 
gently moving my finger it was really beau­
tiful to BOO how instantly the pollinium 
was projected upwards, and how accurately 
the whole viscid surface of the disc struck 
my finger and finnly adhered to it. Never­
theless, I doubt whether tho weight and 
movement of an insect would suffice to thus 
act indirectly on the sensitive point; but look 
at the d.ro.wing and see how probable it is 
that an insect leaning over would place its 
front legs over the edge of the labellum on 
tho summit of the anther-case, and would 
thus touch the sensitive point; the pollinium 
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would then be ejected, and the viscid disc 
would certainly strike and adhere to the 
insect's head. 

Before proceeding, it will be worth while 
to mention some of the early trials which I 
made. I pricked deeply the column in dif­
ferent parts and the stigma, and cut off the 
petals, and even the labellum, without causing 
the ejection of the pollinium; once, however, 
in cutting rather roughly through the thick 
footstalk of the lahelIum, the ejection ensued, 
no doubt caused by the filamentary summit of 
the column being disturbed. When I gently 
prised up the antber-case at its base or at 
one side, the pollinium was ejected, but then 
the sensitive hinge must necessarily bave 
been bent. 'Vhen the Bower has long 
remained expanded and is nearly ready for 
spontaneous ejection, a slight jar on any part 
of the flower causes the action. Pressllre on 
the thin pedicel, and tbcrefore- on the under­
lying protuberant rostellum at the basal edge 
of the anther-case, is followed by the ejection 
of the pollinium; but this is not surprising, 
as the stimulus from a touch on the sensitive 
hinge has to be conveyed through this part 
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of the rostellum to the disc. In Catasetum 
slight pressure on this point docs not cause the 
ejection; but ill this genus the protuberant 
part of the rostellum docs not lie in the line 
of conveyed stimulus between the a.ntennre 
and the disc. A drop of chloroform, of spirits 
of wine, and of boiling water placed on this 
llart of the rostellum produced 110 effect; nor, 
to my surprise, did exposure of the whole 
flower to vapour of cblorofonn. 

Secing tbat this part of the rostellum was 
sensitive to pressure, and that the flower 
was laterally widely open, and being pre­
occupied with the case of Catasetum, I at 
first felt convinced that insects entered the 
lower part of the flower and touched the 
rostellum. .Accordingly I pressed tbe ros­
tellum with variously-shaped objects, but the 
viscid disc' never once well adhered to the 
object. If I used a thick needle, the pol_ 
linium, when ejected, formed a hoop round 
it with the viscid surface outside; jf I used 
a broad fiat object, the pollinium struggled 
against it and sometimes coiled itself up 
spirally, but the disc either did not adhere 
at aU or very imperfectly. At the close of 
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the twclfth trial I was in despair. The 
strange position of the labellum, perched on 
the summit of the column, ought to have 
shown me that here was the place for expe­
riment. I ought to ha\'e scorned the notion 
that the labellum was thus placed for no 
good purpose: I neglected this plain guide, 
and for a long time completely failed to 
understand the structure of the flower. 

We have seen tbat when the pollinium is 
freely ejected upwards it adheres by the 
whole viscid surface of the disc to any object 
projecting beyond the edge of the labellllID 
directly over the column. When thus at;.. 
tached, it forms an irregular hoop, with the 
torn.off anther-case still covering the pollen­
masses and lying in close contact with the 
disc, hut protected from adhering to it by the 
curtain. Whilst in tllis position the project;.. 
ing and bowed pedicel would effectually pre­
vent the pollen-masses from being placed on 
the stigma of a flower, 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 by the act 

Rl The Complete Work of Charles Darwin Onl;ne 



O ..... r.n. MORMODES roXEA. 263 

of cjection from the rostellum is quite wet 
on its inferior surfaoe: as this surface dries, 
the pedicel slowly straightens itself, and when 
perfectly straight the anther-case readily drops 
off. The pollen-masses arc now naked, and 
they arc attached by easily ruptured caudicles 
to the end of the pedicel, at the right distance 
and on tha.t eurface which would naturally 
be placed in contact with the viscid stigma 
when the insect visited another flower, so 
tbat every detail of structure is now perfectly 
well adapted for the act of fertilisation. 

'Vhen the anther-case drops ofT, it has 
performed its triple function; namely, its 
hinge as an organ of sense, its weak attach­
ment to the column as a guido causing the 
pollinium to be at first swung perpendicularly 
upward~ and its lower margin, together with 
the curtain of the disc, as a protection to the 
pollen-mn.sses from being permanently glued 
to the viscid disc. 

From observations made 011 fifteen flowers, 
the straightening of the pedicel takes from 
about twelvc to fifteen minutes. The first 
movement causing the act of ejoctiou is due 
to elasticity; the second slow movement, 
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which counteracts the first, is due to the dry­
ing of the outer and convex surface; but this 
movement differs from that observed in the 
pollinia of so many Vandere and Ophrere, 
for, when the pollinium of tbis Mormodes 
is placed in water, it does not recover the 
hoop-like form which it had acquired by 
elasticity. 

Mormodes ignca is an hermaphrodite. The 
pollinia are well developed. '1'he curiously 
elongated stigmatic surface is extremely viscid 
and abounds with innumerable utriculi, the 
coutents of which shrink and become coagu­
lated after immersion for less than an hour 
in spirits of wine. When placed in spirits 
for a day, the utriculi are so acted on that 
they disa.ppear, and this I have noticed in 
no other Orchid. The ovules, after exposure 
to spirits for a day or two, present 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 excitement of a touch,- the 
anther-case would detach itself, and that the 
pollen-masses would swing downwards and 
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fertilise their own flower. Accordingly, I 
left four flowers untouched; after remaining 
expanded from eight to ten days, the elas­
ticity of the pedicel conquered the force of 
attach ment and the pollinia were spontane­
ously ejected, but they were always wasted . 

Although Mormodes ignea is an l1er­
maphrodite, yet it must be, in fact, as tmly 
dicecious as Catasetum as fa r as the con­
currence of two individuals is concerned in 
the act of reproduction; for, as it takes 
from twelve to fifteen minutes, afte r the act 
of ejection, before the pedicel of the pollinium 
straigbtens itself and the anther-case drops 
otl~ it is almost ccrtain that an insect with 
the JXlllinium attached to it.s head would 
within this time leave one plant and fly to 
another. 

A second species of .l[ormooes, sent me, 
unnamed, by "Mr. leitch, is ycry different 
from "M. ignea both in general appearance 
and in structure. 'rhe yellow petals and 
!!Cpals arc reflexed; the thick labellum is 
singularly shaped, with its upper surface 
convex, like a shallow basin turned upside 

N 
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dowu. The thin column is of extraordinary 
length, and arches over the labcllum. '1'be 
appearance of the flower is like that of 
Cycnoches represented on the cover of this 
volume; but the column in the m\ving is too 

much foreshortened. 
The specimens unfortunately arrived brokeD; 

but some large flower-buds, ofwbich a section 
is here given, show the essential structure. 
We see the elastic pedicel of the pollinium 
bowed as in the last species j but at the period 
of growth here represented, the pedicel was 
still united to the rostellum, the future line of 
separation being shown by a layer of hyaline 
tissue, indistinct towards the upper end of tbe 
disc. The disc is of gigantic size, and its lower 
end is' produced into a great fi:inged curtain, 
which hangs in front of the stigmatic chamber. 
'l'he adhesion of this disc, when mature, to any 
object is surprisingly strong. Tho margins 
of the stigmatic chamber on each side are 
slightly protuberant; and these protuber. 
ances, like tho autennm in Catasetum, are 
cO;ltinuous with the rostellum. The anther 
is widely different in shape from that in the 
last species and in Catasetum, and apparently 
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would rct3in the pollen-masses with 
force. 

Fig.x..U. 

Sr:CTlOli Of' TilE !'LOWER- BUD Of''' .MOR/IIODr:B. 

f. filament of . Utllet'. •. ItipnAtie eh.mber. 
II. pollen-1lWIf. 9 .• tigma.tieCl\nal l~ingto 

u. /lnther. I d. dillCo("ollillium. 

pd. pedicel of IJOllinium, tbaov.rium. 
ban,oly .. paratedrrom 
thtTOlltellum. 

From inform3tion given mc by Mr. Veitch 
it appears that, ,,,hen the cnd of the column 
is touched, somc movement takes plaoo; and, 
from the analogy of Catasctum, it is probable 
that the protuberances on the margin of the 
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stigmalie ellamber are sensitive. These pro­
tuberances may be provisionally conside,red as 
nascent antennoo. It is obvious, from the sec­
tion gi"en, that the disc, as long as its viscid 
surface rests against the roof of the stigmatic 
chamber, cannot adhere to any object; but 
Mr. Yeitch informs me that, when he has 
touched the end of the column, the disc has 
adhered 1.0 hi s fingers. These facts pcrhaps 
suffice to show what takes place under nature. 
A large insect visits the thick and fleshy 
labcllum, which is overarched by the column, 
and touches with its back the sensitive and 
protuberant edges of the stigmatic chamber: 
wben thus excited the disc alone is flirted out 
and adheres to the insect's back; the insect 
flies away, drags the pollen-maRSCs from 
under the anther, and carries them to another 
flower. 'l'he insect, standing in the same 
position, inserts the pollen-masses into the 
stigmatic chamber, and the flower is ferti ­
!;sed. 

When 1 received the flowers of this second 
species of Monnodes and of Cycnoches, I did 
not examine their ovaria and stigmas, for I 
knew nothing at that time about tho sexual 
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forms of Cat.."lsctum. )Iormodes igllea is an 
hermaphrodite; if the second species is an 
hennaphroditc, it cannot be fertilised, owing to 
the size of the curtain of the disc, until it.s own 
pollinium has been removcd. With I·CSpect 
to Cycnoches, it is known, from an account 
published by Lindley,- that C. vcntrioosum 
produces on the same scape flowers with a 
simple labeUum, others with a much segmented 
Iabellum, and others in an intermediate con~ 

ditioll. From the analogolls differences in the 
labellum of the sexes in Catasctum, wo may 
believe that we here see the male, female, anJ 
hermaplu·odite forms of the Cycnoches. 

Of Lindley'S fourth and sixth 1'ribe8, viz. 
the Ophrere and Neottere, plenty of British 
forms have been described. Of the fifth 
Tribe, the ...A.rethusere, I huxe not seen any 
living flowers. Judging from statements 
with respect to three distantly all ied forms 
in this tribe, mechanical aid is requisite for 
their fcrtilisation. Irmisch makes this remark 

• 'Veg.·tabloe Kingdom,' 1853, p. li7. Lindley hu aIM) pub­
lishtd in the 'Ilotanica1 Register,' roJ. lOOt,. aimit.r QlAC of 
thlllpl'Oduttion oI'tlrofomu on the_peinanother'ptocil'llof 
CycnocbeL 
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with respect to the Epipogium aphyllum.· 
Mr. Rodgers, of Sevenoaks, informs me that 
ill his hot-house species of Limodonlm did not 
set their fruit without aid; and this is like­
wise well known to be tbe case with the 
Vanilla. 'l'his latter genus is cultivated for 
it.s aromatic pods in Tahiti, Bourbon, and 
the East Indies; but docs not fruit without 
artificial aid.t This fact shows that some 
insect in ita own American home is specially 
adapted for its fertilisation; and that the 
insects of the above-named tropical regions, 
where the Vanilla flourishes, either do not 
visit the flowers, though they secrete an 
abundance of nectar, or do not visit them in 
the proper method. 

'Ve. have DOW arri,-cd at Lindley's l3st 
and seventh Tribe, including only one genus, 
Cypripedium, which differs from all other 
OI'Cbids far morc than any other two do 
from each other. .An enormous amount of 

• 'BeitragezurBiologiedcrOrchideen,'181iS ... 5ii. 
t For Bourbou _ 'Bull. Soc. Bot. de ~'ranoe: tom. i. 18ii4, 

p.290. J<'or TRhiti _ II. A. Tilley, ·JIIJlII.U, the ,\monr, .te.; 
186 1, p. 375. }'or the ER3t IudiCli tIQO 1I10rreu in.AnWllsBud 
Mag. orNBt. lli~t. , 1839, \'01. iii. p.G. 
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extinction must have swept away a multitude 
of intermediate forms, and left this single 
gellus, now widely disseminated, as a record 
of a former and more simple state of the great 
OI'Chidean Order. Cypripedium possesses no 
rostellum; all three stigmas being fully de­
veloped, but confluent. That anther, which 
is prel:lCDt ill aU other Orchids, is here rucli­
mentnry, 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 in~cr 
whorl, represented in ordinary Orchids by 
various rudiments. The pollen-grains do not 
consist of tbree or four united granules, as 
in all other genera, excepting the degraded 
Cephalanthera. 'I'he grains are not united 
into waxy masses, nor tied together by elastic 
threads, nor furnished with a caudicle. The 
labellum is of large size, and as in aU other 
Orchids is a compounded organ. 

The following remarks apply only to the 
f~)Ur species which I have scen, namely, C. 
barbatum, purpuratum, insigne, and vcnus­
tum. The manner of fertilisation is hcre 
widely Jjfferent from that in all the many 
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before-given cases. The labell um is folded 
round the short column, so that its edges 
nearly meet along the dorsal surface j and 
its broad extremity 1S folded over and back­
wards in a peculiar manner, so as to form a 

Fig. XXXI. 

CYPBIl'EDlUlI. 

a. anther. I &.stiZllla. 
a'. mdimentary, shield-like 1.lakllum. 

anther. 
A. Flower viewed from above,exhibiting the dorsalllllrface, with 

the sepals and petals,exoopting the la.bcUum, pRrtlycut 
off. T1H~labenumillslightlydep~,!IOthatthedorsal 
surface of tho stigllla is brought out8ide; tbe edges of the 
labcllumha\"ethUllbcoomealittlOllCpIltIltcd,withthotoe 
depre6i!OO. 

B. Side view of column, with all the IICpillB aud petals removed. 

sort of shoe, whieh closes up the end of the 
flower. Hence arises the English name of 
Ladies'-slivper. In the position in wllich the 
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the dorsal surface, with the edges of the 
labellum almost meeting, is uppermost. The 
stigmatic surface is slightly protuberant, and 
is not viscid; it fronts the basal surface of 
the labellum. The margin of the upper and 
dorsal surfaee of the stigma can be barely dis­
tinguished between the edges of the labellum 
and through the notch in the rudimentary, 
shield-like anther(a'); but in the drawing 
(8, Fig. A) this margin is brought outside the 
edges of tIle labellum by their depression; the 
toe also of the labellum is a little bent dOWll, 
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 (a) 
can be seen lying low down within the label­
lum and projecting a little beyond the columlJ. 
The grains of pollen are immersed jn, aud 
coated by, viscid fluid, which is so glutilJoUS 
that it cau be drawn out into threads. As 
the two anthers stll.Dd behind and aOOn:: 
the lower convex surface (see F ig. B) of'the 
stigma, it is impossible that the glutinous 
pollen can get on to trus, the fcrtilo surface, 
without mechanical aid. 

, 3 
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An insect could rea.ch the extrcmity of the 
labellum, or the toe of the slipper, throngh 
the longitudinal dOl"&1.1 slit; but according to 
all analogy the basal portion in front of the 
stigma ,.,.ould be the most attractive part. 
Now, as the flower is closed at the end, owing 
to thc toe of the labcllum being upturned, and 
as the dorsrtl surface of t.he stigma, together 
with the large shield-like rudimentary anther, 
almost close the basal part of the medial slit, 
two convenient pas.<;ages alone are left for an 
insect to reach with its proboscis the lower 
part of the labellum; namely, directly over 
and close outside the two lateral anthers. If 
an insect were thus to act, and it could hardly 
act in any othcr way, it would infallibly 
get its proboscis smeared with the glutinous 
pollen, as I found to occur with a bristle thus 
inserted. When the bristle smeared with 
pollen was pushed further into the flower, 
especially if pushed in by the little notch 
outside the anther, some of the glutinous 
pollen was generally left on the slightly 
convex stigmatic surface. The proboscis of 
an insect would effect this latter operation 
better than a bristle, owing to its flexibility 
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and power of movement. Thus au insect 
would place either the flower's own pollen 
on to the stigma, or, flying away, would 
carry the pollen to anot.her flower. 'Vhieh 
of these two contingencies commonly occurs, 
will depend on whether the insect first inserts 
ita proboscis directly over the anther, or out­
side by the little notch. 

'Wc thus sec how import.'\ut, or rather how 
necessary for the fertilisation of the plant, 
is the curious slipper-like shape of the label­
Jum, in leading insects to insert their pro­
bosces by the lateral passages close to the 
anthers. '1'he upper, shield-like, rudimentary 
anther is equally, and in the same manner, 
necessary. 

The economy shown by nature in her re­
sources is striking: in all Orchids seen by 
me, excepting Cypripediulll, the stigma is 
more or less conca.ve and is viscid, so as to 
secure the dry pollen, brought to it by means 
of the viscid matter secreted by the modified 
stigma, called the rostellum. In Cypripcdium 
alone the pollen is glutinous, and takes on 
itself the function of viscidity, which in other 
Orchids belongs to both the true stigma and 
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the modified stigma or rostellum. 'rhe stigma 
itself, on the other hand, in Cypripedium en· 
tirely loses its viscidity, and at the same time 
becomes slightly convex, 80 as more effectually 
to rub off the glutinous pollen adhering to an 
insect's proboscis. Thus the act of fertilisa­
tion is completed, and there is no superfluity 
in the means employed. 

SECRE1'ION 01" NECTAR. 

Many exotic Orchids secrete plenty of 
nectar in our hot-houses. I have found the 
horn-like nect'l.rics of Aerides filled with 
fluid; and Mr. Rodgers, of Sevcnoaks, in­
forms me that he has taken crystals of sugar 
of considerable size from the nect.'l.ry of A . 
cornutum. In nearly all the flowers of 
Angrrecum distichum sent me from Kew, 
insects had bitten holes through the nectaries, 
80 as to get more readily at the nectar: if 
insects were invariably to follow this bad 
habit in the plant's native African home, 
undoubtedly it would soon become extinct, 
for it would never produce a seed. 'fhe 
nectar-secreting organs present great diver-
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sity in structure and position in the various 
genera; but apparently always form part of 
the base of the labellum. In Dendrobium 
chrysanthum the nectary consists of a shal. 
low saucer; in EvelYlla of two large united 
cellular balls; in Bolbophyllum cupreum of 
a medial furrow. In Cattleya the nectary 
penetrates the ovarium; in Angroocum oos­
quipedale it attains, as we have soon, the 
astonMling length of above eleven inches; 
but I will not detail the several cases. The 
nectar - secreting apparatus of Coryanthes, 
however, is 80 remarkable, as described by 
) L MCniere,· that it must not be quite passed 
over; two little horns near the stra~like 

junction of the labellum with the base of 
the column, secrete so much limpid nectar, 
with a slightly sweet taste, that it slowly 
drops down. M. Meniere estimates the total 
quantity secreted by a single £lower at about 
an English ounce. But the remarkable point 
is that the deeply-h~llowed end of the label­
lum hangs some way down, exactly beneath 
the two little horns, and catches the drops as 

• • Bulletin de 1a Soc. Bot. de t'ranoe,' tom. ii. 1865, 
p.351. 
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they fall, just like a bucket suspended some 
way beneath a. dripping spring of water. 

Altbough the secretion of nect .... "r is of the 
highest importance to Orchids by attracting 
insects, which are indispensable to their fer. 
tiiisation, yet it would seem that the secre­
tion acts also, at least in some cases, as an 
excretion. One may suspect this to be the 
case with the Coryanthes from the immense 
quantity secreted; but the bractere Jt some 
Orchids have been observed· to secrete 
nectar; and as these lie outside the flower, 
the secretion cannot serve any useful purpose 
by attracting insects. Mr. Rodgers infonns 
me that he has obscn'cd much nectar secreted 
at the base of the footstalks of the flowers in 
Vanilla. It is in perfect accordance with the 
scheme of nature, as worked out by natural 
selection, that matter excreted to free the sys­
tem from superfluous or injurious substances 

• J. G. Kutr, 'Ueber die 13OO(>uluu£ der Nektarien,' 1833, 
s.28, on lhe aulhorityof 'Jreviranu8 and Curt.Spnmgcl. 'l'he 
calyx of cerL1in species of lri~ abo (idcm, 8. 25) secrelCII neclar. 
I hsve obf!cn'ed much nectar secreted by the stipules ofVieill 
8Iltiva aud faba, which is eagelly eollecled by bees. Glands on 
the uuder side of the lca.Vc8ortheoommolllllu~1 aiBOlK'Crete 
u«:tar,whlch,thoughlhedrop6arecxlremclymiDuw,islJOught 
for by variouBin&'Cts. 
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should be utilised for purposes of the highest 
importance. '1'0 give an example in strong 
contrast with flowers and honey, the Iarvre of 
certain beetles (Cassidro, &c.) use their own 
excrement to make an umbrella-like protection 
for their tender bodies. 

In Cypripedium the slipper-like labelIum 
seems well adapted to hold and collect nectar; 
but I have found no such collection in the 
four previously named species; nor does C. 
ca.lccolus ever secrete nectar according to 
Kurr.- The labellum, however, in these four 
species is studded with hairs; and I have 
almost always noticed on their tips little 
drops of slightly viscid fluid, which if sweet 
would certainly suffice to attract insects; this 
viscid fluid when dried fo rms a brittle crust, 
but I could Dot perceive in it any traces of 
crystallisation. 

It may be remembered that in the first 
chapter evidence was given proving that 
nectar is never found within the spur-like 
nectary of several s~ies of Orchis, but that 
between its two membranes there is an 
abundant supply of fluid . In all the species 

• 'Dedcutung der Ncktaricn,' 1833, B. 29. 
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thus characterised the viscid matter of the 
disc of the pollinium sets hard in a minute 
or two, and it would be an advantage to the 
plant if an insect were delayed in getting the 
nectar by having to puncture the nectary at 
several points, so that time should be allowed 
for the setting of the viscid matter. On the 
other hand, in all the Ophl'cre which have 
nectar ready stored within the nect..'try the 
viscid matter does not rapidly set hard, and 
there would be no advantage in insects ~ing 
delayed. 

In the case of cultivated exotic Orchids 
which have a nectary, without nectar, it is of 
course impossible to feel sure that it would be 
empty under more natural conditions. Nor 
have I made many comparative observations 
on the rate of setting of the viscid matter of 
the disc in exotic forms. Nevertheless it seems 
that certain Vandcro are in the same predica­
ment as our British species of Orchis; thus 
Calanthe masuca has a very long nectary, 
which in all the specimens examined was 
internally quite dry, and was inhabited by 
powdery Cocci; but in the intercellular spaces 
between its two coats there was much fluid; 
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in this species the viscid matter of the disc, 
after its surface had been disturbed, entirely 
lost its adhesiveness in two minutes. In an 
Oncidium the disc, similarly disturbed, became 
dry ill one minute and a half; in an Odon· 
toglossum in two minutes; ncither of these 
Orchids have free nectar. 011 the other hand, 
in Angrrocum sesquipedale, which has free 
nectar stored within the lower end of its nec­
t..'\ry, the disc of the polJinium, removed from 
the plant, and with its surfaoo disturbed, was 
strongly adhesive after forty-cight hours. 

Sarcanthus teritifolius offers a marc curious 
case. The disc quite lost its viscidity, after 
the removal of the pollinium from the rostel. 
lUlU, in less than three minutes. ficnoo it 
might have been expected that fluid would 
have occurred in the intercellular sp,'\.CCsofthe 
ncctary, but none within the nectary; never­
theless there was fluid in both places, so that 
we -here 800 the t,\,O condi tiolls of the necw.r· 
secreting organs combined in the same flower. 
I t might perhaps have been thought that 
insects would pave rapidly sucked the free 
nectar and neglected that between the hvo 
coats. But,.I strongly suspect that insects are 
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delayed in sucking the free nectar, so as to 
allow the viscid matter to set hard, by totally 
different means. In this Orchid the labellum 
with its nectary is an extraordinary organ. I 
wished to have had a drawing of its structure; 
hut found that it was as llOpeless as to give 
one of the wards of a complicated lock: even 
the skilful Bauer, with numerous figures and 
sections on a large scale, 1l3.rdly makes the 
structure intelligible. So complicated is the 
passage that I failed in repeated attempts to 

pass a bristle from the outside of the flower 
into the nectar-receptacle; or in a reversed 
direction from the cut-off end of the nectar­
receptacle to the outsiuc. No doubt all insect 
with a voluntarily flexible proboscis could 
wind it through the passages, and thus get 
the nectar; but in effecting this, some delay 
would be caused; and time would be allowed 
for the curious square viscid disc to become 
securely cemented to the insect's head or body. 

As in Epipactis the cup at the base of 
the labeJIum serves as a nect..'lr.receptac1e, I 
expected to find that the analogous cup in 
Stanbopea, Acropera, &c., would serve for the 
same purpose; but I could never find a' drop 
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of nectnr in it. According, also, to lL i\[C'niere: 
this is never the case in these genera, nor in 
Gongom, Cirrhroa, and others. In Catasetum 
tridcntatum, and in its female the Monnchan­
thus, we sce that the upturned cup cannot pos­
sibly serve ns a nectar-receptacle. What then 
attracts insects to these flowers? That they must 
be attracted is certain; more especially in the 
case of Cat..'lSetllm, in which the sexes stand 
on separate plants. In many gencm of Van­
dero there is no trace of ally nectar·secreting 
organ or receptacle; but in all these cases, as 
far as I have seen, the labcllulU is either thick 
and fleshy or is furnished with excrescences. 
l'he labellum, for instance, of Oncidium and 
of OdontoglosslllU offers all sorts of si ngular 
protubernnccs. In Calanthe we have (Fig. 
xx [V.) a cluster of odd little spherical warts 
on the lahellum. together with an cxtremely 
long nectary, which does not include nectar; 
in Eulophia viridis the short nectary is in the 
samc condition, and the labellum is covered 
with longitudinal and fimbriated ridges. In 
some also pf the Ophrc:e, which have no nec­
tary, the labcllum,as in the Fly Orphys, has two 

• 'Bulletio Uot.Soe.dG Pl'1loee.'totn.ii.l855, [1.352. 
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shining protuberances at its base, l)laccd be· 
nea.th the two pouches. Lindley has remarked 
that the use of these strange and diversified 
excrescences is quite unknown. 

From the position, relatively to the viscid 
disc of the pollinium, which these excrescences 
hold, and from the absence of nectar, it seems 
to me highly probable that they afford food, 
and thus attract either Hymenoptera or flower­
fceding Coleoptera. I mention this belief 
because a close examination of the flowers of 
the Vandcre, which in their native country 
have had their pollinia. removed, would soon 
settle this point. There is no morc inherent 
improbablity in a flower being l1abituaUy 
fertilised by an insect coming to feed on the 
labellum, than in seeds being habitually dis­
seminated by birds attracted by the sweet 
pulp in which they are embedded. But I am 
bound to state that Dr. Percy had the thick 
and furrowed la.beUum of a Warren analysed 
for me, by fermentation over mercury, and it 
gave no evidence of containing more saccha,­
rine matter than the other petals. On the other 
hand, the thick labellum of Catasctum, and 
even the bases of the upper petals in ) Iormodcs 
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ignc.'\, had, as pre,'iously stated, a slightly 
sweet, rather pleasant, and nutritious taste. 

,\re have now done with exotic Orchids. 
To me the study has been most interesting of 
these wonderful and often beautiful produc­
tions, so unlike common flow~rs, with aU 
their many adaptations, with parts capable of 
monroent, and other parts endowed with 
something so like, though no doubt really 
different from, sensibility. '1'he flowers of 
Orchids, in their strange and endless diversity 
of shape, may be compared with the great. 
vertebrate class of Fish, or still more appro­
priately with tropical lIomopterou8 insects, 
which seem to us in our ignomnce as if 
modelled by the wildest caprice. 
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CHAPTER VII. 

llomologiel of Orehid-fioW6rlJ -1'hc gTt'llt modifieMion which 
they hlwe undergone - Gradation of organ!, of the I'(lIIte\Ium, 
of the pollen-~- FortJUltion of the CBudielc-Genl'B­
logicr.J .. mnitie.-Meo:::ha.nisRl of the mo\"cment of the pol­
Iinia_U~.olthepetall_Production or8eed-lmporlanee 
of trifling detaib of 'trueture- Caute of the 1'ut diveraity of 
ul'UCturerortMIIaIlle general purpoee-Cauteol't!leperfee­
lion of the oonlrivaO(;(,8 in Orehidl - Summ.ry 00 iMeCt­
agency_ Naluroabbolll perpetual eelf-fertili.tion. 

TUE theoretical structure of few flowers bas 
been so largely discussed as that of Orchids ; 
nor is this surprising, seeing how unlike 
they arc to common flowers. No group of 
organ.ic beings can be well understood until 
their homologies are roado out; that is, lmtil 
the general pattern, or, as it is often called, 
the ideal type, of the several members of 
the group is intelligible. No one member 
may DOW exist exhibiting the fu ll pattern; 
but this does not make the subject less impor­
tant to the naturalist,-probably makes it 
more import .. mt for the full understanding of 
the group. 

© The Com lete Work f Charles Darw,n Onl,ne 



CBAP. VlI. HOllOLOGIES OF OUCBIDS. 287 

'I'he homologies of any being, or group of 
beings. can be most surely made out by tracing 
their embryological dcvelopment wLen that is 
possible; or by the discovery of orgun.s in a 
rudimentary condition; or by tracing, through 
n long series of beings, a close gradation from 
one part to another, until the two parts, or 
organBt employed for widely different func· 
tions, and most unlike each other, can be 
joined by a succession of short links. K 0 

instance is known of a close gradation be-­
tween two organs, unless they be homologic. 
ally one and the same organ. 

'I'he importance of the science of ITomology 
rests On its giving us the key.notc of the 
possible amount of difference in plan within 
any group; it aUows us to class under proper 
heads the most diversified organs; it shows 
us gradations which wonld othen\'ise have 
boon o\'erlooked, and thus aids us in our 
classification; it explains many monstrosi· 
tics; it leads to the detection of obscure and 
hidden parts, or mere vestiges of parts, and 
show8 us the meaning of rudiments. Besides 
these practical uses, to the naturalist who 
believes in the gradual modification of organic 
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beings, the science of Homology clears away 
the mist from sucb terms as the scheme of 
nature, ideal types, archetypal patterns or 
ideas, &c.; for these tenns come to express 
real facts . The naturalist, thus guided, sees 
that all homologous parts or orgalH~, how­
ever much diversified, are modifications of 
one and the same ancestral organ; in tracing 
existing gradations 11e gains a clue in tracing, 
as far as that is possible, the probable course 
of modification during a long line of genera­
tions. He may feel assured that, whether 
he follows embryological dewlopment, or 
searches for the merest rudiments, or traces 
gradations between the most different beings, 
he is pursuing the same object by different 
routes, and is tending towards tbe knowledge 
of tho actual progenitor of tIle group, as it 
once grew and lived. Thus the subject of 
Homology gains largely in interest. 

Although this subject, under whatever 
aspect it be viewed, will always be most inte­
resting to the student of nature, it is very 
doubtful whether the following details on the 
homological nature of the flowers of Orchids 
will be endured by the general reader. If, 
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indeed, he should care to sec how much light, 
though far from perfect, homology throws on 
a subject, this will, perhaps, be nearly as 
good un instance as could be given. ITe will 
SCQ how curiously a flower may be moulded 
out of many separate orga~8,-how perfect 
the cohesion of primordially distinct })<'l.rts 
may become,-how organs may be used for 
purposes ,vidcly different from thcir propel' 
function,-how other org-,lIls may be entirely 
supprc!lSCd, or leaye mere uselesS emblems of 
their former existence. Finally, he will see 
how enormous has been the tota.l amount of 
change from the simple parental or typical 
structme which these flowcrs have undergone. 

Robert Brown first clearly discussed the 
homologies of Orchids,· and left, as might be 
expected, littJe to be done. Guided by the 
geneml structure of monocotyledonous plants, 
and by ynr;ous considerations, he propolUldcd 
the doctrine that the flower properly consistll 
of three sepals, three petals, six anthers in two 
whorls 01' circles (of which only one anther 
belonging to the outer whorl is perfect in all 

-lbelieTehillatcstviewsaregiveninhi.«k-bratOOpaper,rmd 
Nov.1-15,l83I,inthe'LillIUl:anTranaactioDl,'I·ol.xvi.p.G85. 
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common forms), and of three pistils, with one 
of them modified into the rostellulIl . 'l'hese 
fifteen organs are aITanged as usual, alter­
nately, three within three, in five whorls. 
Of the eristcnoo of three of the anthers in 
two whorls, R. Brown offers no sufficient 
evidence, but believes tbat they arc combined 
with the labellum, whenever that ol'gan pre-· 
scnts crests or ridges. In these views Brown 
is followed by the greatest li ving authority 
on Orehids, namcly, Lindley. 

Brown traced the spiral vessels in the 
Hower by making transverse sections,· and 
only occasionally, as far as it appCfll'S, by 
longitudinal sections. .As spiral vessels are 
dO\'eloped at a very early period of growth, 
which always givcs much value to an organ 
in making out homologies; and as they are 
apparently of high functional importance, 
though their function is not well known, it 

• 'Linn. Traneact.· .. oI.][vi. p.600..701. Link in hill' Bemer­
kungen tiber der llaudl'l"Orehideen' (' Botaniache Zeitung,' 184~, 
.. 745) IICeIIlI 10 hanl abo trusted to tr.ns\·e .... IIlCtiona. Had 
be 1,..,00 tbe ,. __ b Up"..rol J CIlIloot belie,.e that be would 
ha,·e di!!plltcd Bro,,·u'lyiewofibe nature of the twoanthl'Tll in 
CypripediUlD. Ilroogninrt in hi8a.dmirablefll\llCr('Annall'$dal 
&ieuct'll Nnt: tom. xxiv. 1831) iocidcotaUy shows the OOUI1lC of 
1IOIll6 of tim Il,il'lll ,·_11. 
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appeared to me, guided also by the advice 
of Dr. Hooker, to be worth while to trace 
upwards all the spiral vcssels from the sL"( 
groups surrounding the ovarium. Of the six 
ovarian groups of vessels, I will call (though 
not corrcctly) that undcr the labellum the 
anterior group; that under the upper sepal 
the p06tel'ior group; and the two groups on 
roth sides of the ovarium the antcro-iateral 
and poswro-lateral groups. 

The result of my dissections is given in 
the following diagram. The fifteen little 
circles rcpresent so many groups of spiral 
\'easels, in every case traced. down to olle of 
the six !t\l'go O\'urian groups. They altemate 
in five whorls, as represented; but I haw 
not attempted to give the actual distances at 
which they stand apart. In order to guide 
the eye, the three centml groups nilluing to 
the throo pistils are connccted by a triangle. 

Five groups of vessels run into the three 
sepals and two upper petals; three ente r the 
Ia.bcUum; and seven run up the g1'eat central 
cohmm. These vessels are arranged, as may 
be seen, in rays proceeding from the axis of 
the flower; and all on the same ray inval'i-

o 2 
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ably run into tho same o\"arian group: thus 
the vessels SUPl)lying the upper sepal, the 

Fig. XXXII. 
Upper or pootorlor oeptJ. 

SV.CTIO~ 01/ THE FL(lWv.n OF 4N OneIllD. 
The little .. rcl ... how the polition of the Ipin! ..-10 

SS. Stigml\ll; S., 8tigmamodified into tho TOIIte1\nm. 
AI. {"crlile (luther or the outer whorl; Ail A:J, antheTll or the fI!Ime 

whorl oombined with the lower petal, fonning Ihe bbellum. 
(fl«:1. RlldimentaryantheTllorthoinncrwhorl(rcrtiioinCypripe­

dium), generally fonning the c1inandrum; (73, third anther of 
thefl!lme whorl, wlwn present, forming the front of the oolumn. 

fertile anther (.A 1), and the upper pistil or 
stigma. (i.e. rostellum S r), all unite and fonn 
the posterior ovarian group. Again, the 
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vessels supplying one of the lower sepu.ls, the 
corner of the lubellum, and one of the two 
stigmas (8), unite and fonn the autcro-Iateral 
group; and 80 with all the other vessels. 

Hence, if the existence of groups of spiml 
vessels can be trusted, and Dr. IIookcl' informs 
me that he has never known them to speak 
falsely, the flower of an Orchid certainly 
oonsista of fifteen organs, in a much modified 
and confluent condition. We see three stigmas, 
with the two lower ones generally conBuent, 
and with the upper one modified into the 
rostellum. We see six stamens, arranged in 
two whorls, with one alone (A.. 1) generally 
fertile. In Cypripedium, however, two 
stamcns of the inner whorl (a 1 and a 2) are 
fertile, and in other Orchids these two arc 
represcnted in various ways more plainly 
than the remaining stamens, The third stnmen 
of the inner whorl (a 3), when its vessels 
can be traced, fonns the front of the column : 
Brown thought that it often fanned a medial 
excrescence, or ridge, cohering to the Inbellum; 
or, in the case of Glossodia,· a filamentous 

• See Brown', obeervations uuder ApotlMia in Wallieh's 
'Plauue Asiatice rariores,' 1830, 1" 7-t. 
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organ, freely projecting in front of the 
labellum. 'l' be former conclusion does not 
agree with my dissections; about Glossodia I 
know nothing. The two infertile stamens of 
the outer whorl (A 2, A 3) were believed by 
Brown to be sometimes represented by lateral 
excrescences on the labellum ; I find these 
vessels invariably present in the labellum of 
every Orchid examined,---even when the label­
lum is very narrow, or quite simple, as in 
Mala.-.us, Henmnium, and Habenaria. 

" Te 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 labcllurn. The 
column is formed of three pistils, and gene­
rally of four stamens, all completely conflu­
ent. The labellum is formed of one petal and 
two petaloid stamens of the outer whorl, like­
wise completely confluent. I may remark, as 
making this fact more probable, that in the 
allied Marantaccro the stamens, eyen the fer­
tile stamens, are often petaloid, and partially 
cohere. This vicw of tho nature of the label­
lum explains its large size, its frequently 
tripartite form, and especially its manner of 
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coherence to the column, unlike that of the 
other petals.- As rudimentary organs yary 
much, we can thus also probably underst.-md 
the variability, which Dr. Hooker infonns 
me is charncteristic of the excrescences on 
the labellum. In some Orchids whieh have a 
spur-like nectary, the two sides arc apparently 
fonned by the two modified st.'uncns; thus 
in Gymnadenia conopsea (but not in Orchis 
pymmidalis), the vessels, procccd.illg from the.. 
antero-Iatcrnl ovarian group, run down tbe 
sides of the nectary; those fl'om the anterior 
group nm down the exact midd le of the 
nectal'y, then returning up the opposit.c side 
form the mid-rib of tbe labeUum. The exten­
sion of these lateral elements of the nectary 
apparently explains the tClldency, as in ea,. 
lauthe, Orchis morio, &c., to the bifurcation 
of its extremity. 

The number, position, and course of the 
spira l vessels exhibited in the diagram (Fig. 
x..."'W."XCI.), were observed ill somc Yandcro 
and .Epidendrero.t In the Mala...."'{cro all were 

• Link rcmarkton the manner of coherence of the labellum to 
tlleoolumninbi.'J3emerkuDgen'iD 'Bot.7..citunR.' 1849, •. Hil. 

t 1~llUIybeadvi .. blelogi\·e .. rewdetai[.on tbe flowers wbich 
I dialectcd; but 1 looked to speciAl point&, .Ilch .. the count! 
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observed excepting a 3, which is the most 
difficult of all to truce, and which apparently 

of the v_la iu the labellum,in mauyClLllCluot\vorth here 
briving. In the Vau,lellJ I tmOO(1 all the ve.acil in Oatal!>tllm 
Iri<kntatllm and ~tIl11l; the great group of ve.cll going to the 
I"OBtellmu tcparnte (113 likcwifle ill:Monnodel) from the posterior 
o\'arian group, bcncath thebifurostiou WI'I'lyingthcupperllep$l 
and {('rlile auther; the anterioro\'arian gT"OU\)runl a little .... ay 
along thelabellum be{orcbi{ureating,.rnl IIC'ndingagtOO\l(a.) ul' 
the front of the rolumuj the \'eMelttlTOOlleding from thepc.tero­
iateralgroupt1IU up the back of the column, oUelICh aide of 
th .. "\DRing to the fertile auther, and do not go to the edgCII of 
the clillllndnnn. III Acroptm /uttda the \Qc of the column, 
where Ibn Iabelilim is attached, is milch produced, and the \"(_1, 
of the wholn autcrior ovarian group are aimilarlY]\J(l(luocd; thQ6() 
(a,) going up the front of tho column II.r6 IIbnl]>lly rclIcctcd 
back; the ,·etI8el,1It the point of rclI.exion are curioWily haroenoo. 
Hattelloo,au<il'roJucediutooddCTIIIIlslludpoints. l ullnQucidium,. 
T traoed lhev(lMIela&totheviacidglandoftl.epollinium. Inthe 
Epideudro.!ll traoedall thev_lainIlCaUleya; audall iuEudyrw 
cariwta exeept CI. which I did not _reb for. In the 1I11iaXM' 
I trJOed all in LipaN ~ula except. a" which I do not believe 
i. pretent. In Ma1ar.i. paludom I t!"llCtd nearly all the veI$elll. 

In Cypripediurn. barba/urn. aud P"'l'"ralum I traoed IlIi CJ:eept 0 .. 

which I am nC1lrly 1!lI~ doea not exist. In the Noottt'lle I traced 
in CqJw.kAFithua !JN1F1difl(1ro ali the v_hi, CXOCI'ting that to the 
abortc<i T"(1IItellum lind th()lle to tho t\\·oauric1eal.l , .ndCl.,which 
were eertainly llbacnt. In Epipacti, [traoedallexocptinga"a., 
I\od a .. wilich are certainly I\bacnt. In Spinml~tl aulumFioli. 
the veucl s,. rullS to the bottom of the fork of the TOIItelium , 
there are nO'·1$Ie1ll to the mcmbrnnea of the clinanJrum io tllis 
OrchidllorinGoodytro.. JnooneoftheOpbreredotbev_lsl.l" 
"., and a, occur. In Qry;Aj, pyramU/(JJ;, I tl1lCed all the otben, 
includinglwo to the 1111'0 ICJlIIrate ,ligm"': in thi' 'IJecieathe 
(lOntran bct,,·ten the vemel$ ef tbe IIIbeltum .nd of the other 
lCf*1aand petaa ia ,triking,u in the latter tbe\·_ladouOl. 

'c e m W rk rwn nil" 
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is oftenest absent. In the Cypripooe:.e, again, 
all were traced except a 3,· which, I feel 
pretty sure, was bere really abecnt: in this 
tribe the stamen (A 1) is represented by a 
conspicuous shield-like rudiment, and a 1 and 
a 2 are developed into two fertilo anthers, In 
the Ophrero and Neottero aU woro traced, with 

bNIIlCh, whilsttJlelabellumhuthT't'e\'_Is,thelaternlones 
running of OOUJW inw tbe antero,latel'1l1 ovarian group. In 
GYPlllIOdtfl ia COMf«C I tmood all the v~1a j but I am not mre 
whether tho "_1, lupplying 1M rida of the npper .tepal do not., 

~ in tile allied Habenaria, wander from their proper cour.ee and 
entertbe-rc-tero-1a.teral ovarian group: the ,'_1 s,..going to 
tho .... tellum, cnlen! the little folded Cre!lL of membrane, which 
proJectl between tho oo.se. of the anther·celli. Lutly, in Rabeoi­
!lriach[qmllth(ll traood an theveaeels,exooptingofoounethe 
throo of tho inner Btruninal whorl,and I looked Cllrefully fora,: 
thevClll!elluJ)plyingthefertileantherrunBuptheoouue<:live 
mCHlbranebetwoon thetwoanthcr-ceUs, but does not bifnrcate: 
theveaeitotherostellllmruns IIp to the top of the I!houlder Or 

ledgebcnee.th tiM! oonnecth'e membrane of the anther, hut does 
not bifurcate and extend to the two widcly-.eeparated viK:i.d 
d'-. 

• From IrmilCh'. (' Beit~"Il zur Biol~.'ie der OrchiUem: 1853, 
•. i8I1nd.2)d~pdODoftbede,·elopmentofthefiower.hud 
of CYl'ripedillrn, it would IIppesr thllt there i. a tendency to the 
fQrtllIItion oCafree filament in front of tile la\.!cllum, IL8 in the 
~orOIOlMOdla before mentioned; lind t.hi~ will perilaJ_ acconnt 
for lilca\)eeneeoflpiml vesse15, procoo<:ling from the IInterior 
oVBrhn group, lind coaJCllCing with the oolumn. lu UTOpedinm, 
agenUi whi~h A. llrongni.lU't('Annlll. del. Sc. Nat,' 3rd series, 
Bot. tom.xiii.p. 1l4)conaiderael0llClYlllied to, and e"cu perhll~ 
/I monstrosity of, Cypripedium, II third fertile anlher occupiel thi~ 
SIllDceuctpo, ition. 

o 3 
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the import..'l.nt exception of the vessels belong­
ing to the three stamens (a 1, a 2, and a 3) 
of the inner whorl. In Cephalantbern grnndi­
flol'a, however, I clearly saw a 3 proceeding 
Conn the anterior ovarian group, and running 
up the front of the column; thi!! anomalous 
member of the Neotte:e has no rostellum, and 
the vessel marked S r in the diagram was 
(:utirely ab3cnt, though seen in every other 
Orchid. 

Although in no true Orchid, excepting Cy­
pripedium, the two anthers (a 1 and a 2) of 
the inner whorl are fully developed, their 
rudiments arc generally present and are often 
utiliRCd; tOI' they genera lly fonn the mem­

branous sides of the clinandrum, or cup on 
the summit of the column, which includes 
and protccts the pollen - masses. 'These 
rudiments thus aid their fertilc brother­
anther. In the young flower-bud of Ma laxis 
paludosa, the close resemblance between 
the membranes of the clinandl'um and the 
fert ile anther, in shape, textuI'C, and in the 
height to which the spiral vessels extend, is 
most striking: it is impossible to doubt that 
in these two membranes we sec two I'udimen-

© The Comolete Work of Charle~ DarwIn Online 
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tary anthers, In Eyelyna, one of the Epiden. 
drero, the clinandrum was similarly fonned, 
as wcre the horns of the clinandl1.lm in 
Masdevallia, which likewise &en'e to keep the 
lahellum at the proper dist:mcc from the 
co lumn. In Liparis pendula and some other 
forms, these two rudimentary anthers formed 
not only the clinandrum, but likewise wings, 
projecting on each side of the entrance to the 
stigmatic cavity, and serving as guides for the 
insertion of the pollen-masses. In Acropera 
and Stanhopea, as far as I could make out. 
the membranous borders of the col umn, down 
to its base, were also thus fOlmed; but in 
other cases, as in Cattleya, the wing-like 
borders of the column seemed to be simple 
developments of the two pistils. In this latter 
genus, as well as in Catasetulll, these same two 
rudimentary stamens, judging from the posi­
tion of the vessels, served chiefly to at,"Cngthen 
the back of the column; and the strengthening 
of the front of the column is the sole function 
of the third stamen · a 3) of the imler whorl, in 
those cases ill which I observed it. This third 
stamen rWlS up the middle of the column to 
the lower edge, or lip, of the stigmatic cavity. 

© The Com[llete Work of Charles Darwrn Onhne 
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I llave said that in the Ophreoo and Neot. 
tero the spiral vessels, marked a I, a 2, a a in 
the diagram, are entirely absent, and I looked 
carefully for them; but in nearly all the 
members of these two tribes, two small papillre, 
or auricles as they have been often called, 
stand in exactly the position which the two 
first of these three anthers would have oc­
cupied, had they been developed. Not only 
do they st:'\nd 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 positioll of the 
filaments of these two sL.'l.meIlS. It is, again, 
impossible to doubt that the membranes of 
the clinandrum in Malaxis are fanned by 
these two anthers in a rudimentary and 
modified condition. Now, from the perfect 
clinandrum of Malaris, through that of' Spi­
ranthes, Goodyera, Epipactis latifolia, and 
E. palustris (see Fig. XIV., p.IOa, and XIII., 
p. 94), to the minute and slightly flattened 
auricles in the genus Orchis, a perfect grada­
tion can be traced. Hence I conclude that 
tbe~e auricles are doubly rudimentary j that 
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is, that they are rudiments of the membran· 
ou.s sides of the clinandrum, these membranes 
them.sch-es being rudiments of the two anthers 
so often referred to. The absence of spiral 
vessels running to the auricles by no means 
seems sufficient to overt.hrow these severa l 
arguments on their llluch.disputod nature; 
that such \"essels may quite dis..1.ppcar, we 
have proof in Cephalanthem gmndiflora. in 
which the rostellum and its vessels arc com· 
plcwly al)(lI1OO. 

Finally, then, with respect to the six 
stmnens or anthers which ought t.o be repre­
scnted in every Orchid: the three belonging 
to the outer whorl are always proscnt, with 
the upper one generally fertile, and the two 
lower ones invariably petaloid and forming 
part of the L1.bellum; the thrcc stamens of 
the inner whorl are less plainly developed, 
especially the lower one, a 3, which, when it 
cun Le detected, serves only to strengthen the 
eolumll, and, in some rare cases, accorwng to 
Brown, forms a separate projection, or fila· 
ment; the upper two anthers of this inner 
whorl are ferti le in Cypripcdiulll, and in other 
cases are generally represented either by mern-

© The Com[>lete Work of Charles Darwin Onhne 



302 UQMOLOOIES OF ORCHIDS. CIIAP. Vll. 

branous expansions, or by minute auricles 
without spiral vessels. These auricles, bow­
ever, are sometimes quite absent, as 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 iaoollum,-the 
origin of the c1inaudrum,-the relative posi­
tion of the single fertile anther in most 
Orchids, and of the two fertile anthers in 
Cypripedium,-the position of the rostellum, 
as weU as of all the other organs, - and, 
lastly, the frequent occurrence of a. bilobed 
stigma, and the occasional occurrcnce of two 
distinct stigmas. 

I have encountered only one case of diffi­
culty on the foregoing views, namely in Ha­
oonaria, and in the allied Bonatea. These 
flowers have undergone such an extraordinary 
amount of distortion, owing to the wide sepa­
ration of their anther-eelLs 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 
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of the upper sepal and of the two upper 
petals; the vessels running into their mid·ribs 
and into all the other more important organs 
pursue the same identical course as in all the 
othor Ophrere. The vessels on the aides of the 
upper sepal, instead of uniting with the mid· 
rib, and entering the posterior ovarian group, 
diverge and enter the postero.lat.cml groups: 
again, the vessels on the anterior side of the 
upper petals, instead of uniting with the mid· 
rib and entering the postero.lateml o"\"arian 
groups, diverge, or wander from their proper 
course, and enter the antoro--Iaterlll groups. 

This anomaly is so far of importance, as it 
throws some doubt on the view whieh I have 
taken of the labellum being always an organ 
compounded of one pcb)1 and two petaloid 
stamens; for if anyone were to assume that 
from some wll"llOWn cause the latera l yessels 
of the lower petal in an early progenitor of 
the Orchidean order had wandered from their 
proper course into the antero--Iateral oyarian 
groups, and that this structure had been inhe­
rited by aU existing Orchids, even by those 
with the smallest and simplest labellums, I 
could answer only as follows; but the answer 
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is, I think, satisfactory. From the analogy 
of other monocotyledonous 1)lant8, we might 
expect the hidden presence of fifteen organs in 
the flowers of Orchids, arranged alternately 
in fh'e whorls; and in Orchid-flowers we do 
find fifteen groups of vessels exactly thus 
arranged. llence there is a strong proba­
bility that the vessels, A 2 and ..A. 3, which 
enter the sides of the labclIum, not in one 
or two cases, but in all the Orchids seen by 
me, and which occnpy the precise position 
which they would have occupied had they 
supplied two normal stamens, do really repre­
sent modified and petaloid st. .. unens, and are 
not lat.eml vessels of the lower petul which 
have wandered from their proper course. In 
Habcnaria and Bonatea,- on the other hand, 

• In Bonatca ..mOl:\, of which I ha,'o cumined only dry 
Ipcciru~ IICnt mo oy Dr. Hooker, tho ,._1. from the aidel5 
of the upper llepal enter the poHtero-latert.1 ovaria.n group, 
oxactlyaain lIabenaria. Thetwoupperpetaullfedh'ideddown 
to their t..c., am! the l"esseb supplying tho anterior .egmcnt 
andlhOlOlupplyingtheanten"orportionoflltepolillcriorseg_ 
mentunitoRnd then mn,BllinUabenaria,intotholntero-lal.('ral 
(o.nd thereforowrong) groupe.. The anterior ICglllcnta of the t,..o 
upper petau cohern with tbe bbellum, making it, in /I. 1Il000L 

unusual IIllllDer, fiv6-lJegIllented. 1110 t ... o wonderfnlly p~ 
tubera.nt "ilmlU IJ.J cohere to tbe upper ,urfaoo of the labcllum; 
IWdtboIOwctllef4'luappBI'('DIIYllflOoobcrotoitaUDd('rsidc . 
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the Yessels from the sides of the upper sepnl 
and of the two upper petals, which enter the 
wrong oV31;an groups, canllot possibly repre­
sent nny now lost and onCQ distinct organs. 

Wc hrwe now finished with the general 
homologies of the flowers of Orchids. It is 
intercsting to look nt one of tho magnificent 
exotic species, or, indeed, at one of our 
humblest forms, and observe how profoundly 
it has been modified, as compared with all ordi­
nary fiowers,-with its usually great Iabcllum, 
fanned of one pctnl and two petnloid stnmcns, 
-with its singular pollen-masses, prescntly 
to be reforred to,-with its column formed 
of scvcn cohering organs, of' which three 
alone perfonn their proper function, namely, 
one anther and boyo generally confiuent 
stigmas,-with the third stigma. incnpable of 
fertilisation and modified into the wonderful 
rostellum, - with three of the anthei"S no 
longer capable of producing pollen, but serv­
CouBCquently a IIOOtion of the ba&c of tllf~ lilbellum diviJes <In., 
lower petal, two petaloid antheI1l, portion. of tb~ two upper 
petalt, and ~Jlparelltly or the two lower !lellal, aud the two 
ItigmlUl: altogether theaection pa&eeII through the whole of or 
through portioll8 of no lest tha.n aeven or nineor;am. 'lllel:ue 
orthelalJellurui. here lUI ooml,lex &II organ u the column of 
otherOrchida. 
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ing either to protect the pollen of the fertiJe 
:luther, or to strengthen the column, or exist­
ing as mere rudimenta, or entirely suppressed. 
What an amount of modification, change of 
function, cohesion, and abortion do we here 
see! Yet hidden in that column, with its 
surrounding petals and sepals, wc know that 
thcre are fifteen groups of vessels, arranged 
throe within three, in altemating order, which 
probably have been preserved to the present 
time from having been developed in each 
flower at a very early pcriod of growth, before 
the shape 01' existence of this 01' that part 
signifieJ to the well-being of the plant. 

Can we, in truth, feel s..'ltisfied by &'lying 
that each Orchid was created, exactly as we 
now sec it, on a certain "ideal typo;" that 
the Omnipotent Creator, ha.ving fixed on one 
plan for the whole Order, did not please to 

depart from tllls plan; that ITe, therefore, 
made the &'Ulle organ to pel·fonn divel'Be func­
tions-often of trifling importance compared 
with their proper function-convertcd otber 
organs into mere purposeless rudiments, and 
arranged all as if they had to stand separate, 
and tben made them cohere? Is it not a more 
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simple nnd intelligible view thnt all Orchids 
owo what they have in common to descent 
from some monocotyledonous p lant, which, 
like so many other plants of tho samo division, 
possessed fifteen organs, anangcd altel1late ly 
throo within three in five whods; and that 
the now wonderfully changed structure' of 
the flower is due to a long course of slow 
modification,-e..1.cb modificl\tion having been 
preserved which was useful to eneh plant, 
during tho incessant changes to which the 
organic and the inorganic world has been 
exposed ? 

On tile gradation of OrgalV3.-'!'ho rosteUum, 
the pollinia, the labellum, and, in a lesser 
degree, the column, m'e the most remarkable 
points in the structure of Orchids. Of the 
two latter pi'll1s enough has been already said. 
No organ like the rostellum exists in any 
other flower. If the homologies of Orchids 
had not been pretty well known, those who 
believe in the separate creation of each being 
might have advanced this us a case of a 
perfectly new organ specially created, and 
which cou ld not Itave been doveloped by suc­
cessive slow modifications of any pre-existing 
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part. But, as Hobert Brown long ago re­
marked, it is not fl. new organ. It is im­
possible to look at the two groups of spiml 
vessels (Fig. XXXII.) running from the mid­
ribs of the two lower sepals to the two, 
sometimes quite distinct, lower stigmas, and 
then to look at the third group of "Vessels 
running from the mid-rib of the upper sepal 
to the rostellum, which occupies exactly the 
position of' the third stigma, and doubt its 
homological nature. 1'here is every reason to 
believe tLat the whole of this upper stigmn, 
and not merely a part, has been converted 
into the rostellum j for there arc plenty of 
cases of two stigmas, but not one instance 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 is 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; but let us 
see what are the £'lcilities and indications of 
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such 0. change having been effected. The 
change of f\mction has not been 80 great as 
it at first appears. The function of the 
rostellum is to seerete no quantity of viscid 
matter; it has lost that of fertility, but tbis 
loss is so colUmon with planta that it is hardly 
worth notice. The stigmas of Orc)J.jds, as 
well as of most other plants, secrete viscid 
matter, tho use of which in all cascs is to 
ret..'lin tho pollen when brought by any means 
to its surface. Now, if we look to one of the 
simplest rostellu:ID$,-for inst.'lnce, to that of 
Cattleya or Epidendnun,-we find a thick 
layer of viscid matter, not distinctly sep.'lrated 
from the viscid surface of tho two confluent 
stigmas: its action is simply to smear and 
affix to the back of a retreating insect the 
pollen-masses, which are thus dragged out of 
the anther and trorn;ported to another flower, 
where they are ret..,\ined by the almost equally 
viscid stigmatic surface. So that the otlicc 
of the rostellum is still to secure the pollen­
masses, but indirectly by means of their attach­
ment to an iuscct's body. 

The viscid matter of the rostellum and of 
the stigma appears to have nearly the same 
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character: that of the rostellum generally has 
tho peculiar property of quickly drying or 
setting hard; that of the stigma, when ~ 
moYoo from tllC plant, apparently dried more 
quickly than gum-water of about equal 
tenacity. 'l'lus tendency to dry is the more 
remnl'kable, as Giirtncr· found that drops of 
the stigmatic secretion from Niootiana did 
not dry in two months. The viscid matter of 
the rostellum in many Orchids when exposed 
to the air changes colour with remarkable 
quickness, and becomes brownish-purple; and 
I have noticed a similar but slow change of 
colour in the viscid secretion of the stigmas of 
somo Orchids, as of Cephalanthcm gmndiUora. 
WbOll the viscid disc of an Orchis, as Bauer 
and Brown Lave also observed, is ])Iaced in 
water, minute particles arc expelled with 
violence in a peculiar manner; and I hase 
obeorY(xl exactly the same fact in the layer of 
viscid matter coyering the stigmatic utriculi 
in an unopened flower of Monnodes ignea. 

In orde r to compare the minute structure of 
the rostellum and stigma, I examined young 
flower·buda of Epidcndnun cochlcatum and 

* 'l.Ieitriig~ zur Kcnntniss dcr Ilerruebtung,' 1844., I. 236. 
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fiOl'ibundum, which, when matur'C, h:\\'e a 
simple rostellum. The posterior surfhoo was 
the 8..'lme in both organs: the rostellum at 
this early age consisted of a mass of nearly 
orbicular cells, containing spheres of brown 
matter, wh ich resolve themselves into the 
viscid matter : the stigma was covered. with 
a thinner layer of simi lar oolls, and beneath 
them wero the coherent spindle-,foI1ned utri­
culi. The utriculi are believed to be COI)­
Ilcctcd with the penetration of tho pollen-tubes ; 
and their ab.ence in the rostellum probably 
accounts for its infertility. As I do not find 
the exterior layer of nearly orbicular cells 
on the stigma in the bud-state (whieb appa­
l'CUtly secrete the viscid matter), mentioned 
by mOI'C experienced oOOervcrs, I cmmot help 
feeling some doubt on the subject; though I 
have no other reason to doubt my accuracy. 
If the structure of the rostellum, ill one of the 
simplest Orchids, and of the stigma, be as I 
havo described them, their only difference is, 
that ill the rostellum the layer of ceLIs, which 
secretes the viscid matter, is thicker, and the 
utl'iculi havo disappeared.. 

Hence, during a course of slow modifica-
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tion, it is quite conceivable that the upper 
stigma, whilst still in some degree fertile or 
capable of penetration by the poUen-tubes, 
might secrete a. superfluity of viscid matter; 
and that llLSeCts smeared with this might re­
move and transport the pollen-masses to the 
stigmas of other flowers. In this case an 
incipient rostellum would brwe been formed. 

The following details on the rostellum and 
pollini.'t will have no interest to anyone, unless 
he cares much about the structure of Orchids, 
or wishes to see how far very different states 
of the same organ can be graduated together 
within the limits oftle same order. In the 
several Tribes, the rostellum presents a mar­
vellous amount of diversity of structure; but 
most of the differences can be connected 
without vcry wide breaks. One of the most 
striking differences is, that either the whole 
anterior surface to some depth or only the 
central portion becomes viscid, in the latter 
case the surface retaining, as in Orchis, a 
membranous condition. But these two s't.:"ttes 
so graduate into each other, that it is scarcely 
possible to draw any line of separation: thus, 
in Epipactis, the exterior surface undergoes a 
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vast chonge from its early cellular condition, 
and becomes converted into n highly elastic 
and tender membrane, which is in itself 
slight ly "Viscid, and allows the underlying 
,·iscid matter readily to exude; yet it acts 
as a membrane, with its under surface lined 
with much more viscid matter: in Babenaria 
ch lorantha the exterior sm'fore is hi~lly 

viscid, but still closely resembles, under the 
microscope, the exterior membrane of Epi­
poctis. Lastly, in some species of Oncidium, 
l\:;C., the viscid exterior sw'face differs, as far 
as appearance under the microscope b1'QCS, 
from the underlying viscid layer' only in 
colour; but it must have some essentia l dif­
ference; for I find that, until this very thin 
exterior layer is disturbed, the underlying 
matter remains viscid; whilst, after it has 
boon disturbed, it rapidly sets hard. The 
gradation in the state of the surface of the 
rostellum is not surprising, for in all cases in 
the bud the surface is cellular; so that an 
early condition has only to be more or less 
perfectly retained. 

'fhe nature of the "Viscid mntter differs 
remarkably in different Orchids: in Listera 
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it seta hard almost instantaneously, more 
quickly than plaster of Paris; in Malaxis 
and Angrrocum it remains fluid and viscid for 
several days; but these two states pass into 
each other by many gradations: in an Onci­
dium 1 have observed the viscid matt(lr t.o 
dry in a minute and a half; in some species 
of Orchis in two or three minutes; in Epi­
pactis in ten minutes; in Gymnadenia. in two 
hours; and in Habenaria. in over twenty-four 
hours. After the viscid matter of Listera has 
set hard, neither water nor wea.k spirits of 
wine has any effect on it ; whereas that of 
flabenaria bifolia, aftcr being kept in spirits, 
'and aftcl' having been dried for several 
months, when moistened was as sticky as 
ever; the 'Viscid matter in some species of 
Orchis, when remoistened, presented an inter­
mediate condition. 

One of the most important differences in 
the st.rLte of the rostellum is, whether or not 
the poUinia are congenitalJy attached to it. I 
do not allude to those cases in which the upper 
surface of the rostellum. becomes viscid, as in 
Malaxis and some Epidendrums, and adheres 
without mechanical aid to the poUen-masses; 
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for these cases present no difficulty, and can 
be graduated together. But I refer to the 
so-called congenital attachment of the pollinia. 
by their caudicles. It is not, however, strictly 
COl'rect to speak of congenital att<'lChment, for 
the pollinia at an early period arc invariably 
free, and become attached either cal'lier or 
later in different Orchids. No actual grada .. 
tiOIl is at present known in the process of 
attachment; but it can be shown to depend 
on very simple conditions and modifications. 
In tbo Epidendrere the pollinia. consist of a 
ball of waxy pollen, with a long caudicle 
(fonned of elastic threads with adherent paUen­
grains), which never becomes spontaneously 
attached to tbe rostellum. Cymbidium gigan­
OOum, on the other hand, has a congenitally 
attached caudide, but its structul'O is identi­
cally the same, with this sole difference, that 
the clastic threads near ita base adhere to, 
instead of simply lying on, tho upper lip of 
the rostellum. 

In an allied form, the Oncidimn unguicu­
latum, I examined the development of the 
eaudicles. At an early period the pollen­
masses arc enclosed in membranous cases; 

p 2 
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which soon rupture at one point. At this 
eady period, within the cleft of each pollell­
mass, a. layer of cellular matter may be 
detected, with the cells of mther large 8i7.0, 

including remarkably opaque matter. 1'ho 
contained matter may be traced undergoing 
all the stages of development into the translu­
cent substance .forming the threads of the 
caudicles. As this change progresses, the 
cells themselves disappear. The threads at 
one end finally adhere to the waxy pollen, 
and at the other end, whilst still in a semi­
developed state, they protrude through the 
small opening of the membranous case, and 
adhere to the rostellum, against which the 
anther is pressed. So that tbe adhesion of 
the caudicle to the back or the rostellum seems 
to depend solely on the early rupturing of 
the anther-case, and on a slight protrusion 
of the caudiclcs, before they have become 
fully developed and hardened. 

Tn a11 Orchids a portion of the rostellum is, 
in fact, removed by insects when the pollinia 
are removed; for the viscid matter, though 
conveniently spoken of as a secretion, is a 
part of the rostellum in a modified condition. 
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But in those Orchids, which have their cau· 
diclos at an early period att..'lched to the ros­
telluUl, a membranous or solid portion of its 
exterior surface in an unmodified condition 
is likewise removed. In the Yandere this 
portion is sometimes of considerable size 
(fonning the disc and pedicel of the polli­
Ilium), and gives to their pollinia their most 
remarkablc character; hut the differences in 
the sha J)C and size of the removed portions 
of the rostellum can be finely graduated to-­
brether, even within the Yundero j and still 
marc closely by commencing with the minute 
oval atom of membrane to which the caudicle 
of Orchis adheres, passing thence to that of 
IIalxmaria bifolia., to that of IT. chlorl.lntha 
with its drum-like pedicel, and thence through 
many fOl1llS to the great disc and pedicel of 
Cutnsctum. 

In all the cases in which a portion of the 
exterior surface of the rostellum is removed 
attached to the caudic1es, definite and often 
complicated lines of separation are formed, or 
are at least prepared by being weak, in order 
to allow of the easy separation of the remove­
able portions. But the fonnatioll of the lines 
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of weakness does not differ much from certain 
definite portions of the exterior surface of the 
rostellum assuming a condition intermediate 
between that of unaltered membrane and of 
viscid matter, which has been already alluded 
to. The actual separation of the lines depends 
in many, perhaps in all, cases on the excite­
ment of a touch; and how this is effected is 
at present inexplicable. But sensitiveness to 

touch in the stigma (and the rostellum, as we 
know, is a modified stigma), and indeed in all 
the organs of vegetn,tion, is not a very rare 
ath~bute of many plants. 

In Listera and Neottea, when the rostellum 
is touched, even by a human hair, two points 
rupture, and the included viscid matter is in~ 
stantaneously expelled. Here v.:e bave a case 
towards which as yet no gradation is known. 
But Dr. Hooker has shown that the stmcture 
of the rostellum is at first cellular (as in other 
Orchids), and that the viscid matter originally 
developed within these cells is contained, 
apparently in a state of tension, in the loculi, 
ready to be expcllod as soon as the exterior 
surface ruptures. 

The last and conspicuous difference in the 
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state of the rosteUum which I will mention 
is the existence, in many Ophrcre, of two 
widely-separated viscid discs, sometimes in­
cluded in two separate pouches. Here it at 
first appea.rs as if there were two rostella; 
but there is never more than onc medial group 
of spiral yessela. In the Vandem we can see 
how a single viscid disc and single pedicel 
might become divided into two; for in some 
Stanhopcas the beart.-shaped disc shows a 
trace of a. tendency to division; and in 
Angrrecum we have two distinct discs and 
two pcdicela, either standing close together or 
removed a little way apart. 

It might be thought that a. similar gra­
dation from a single rostellum into what 
a.ppears like two distinct rostella. was still 
morc plainly shown in the Oplu"Cro; for we 
have the foUo'v;ng series,-in OI"Chis pynt­
midalis a. single disc enclosed in a single 
pouch; in ..Acerns two dises touching and 
affecting each other's shapea, but not actually 
joined; in Orchis la.tifolia. and maculata two 
quite distinct discs with the pouch still showing 
plain traces of division; and, lastly, in Ophrys 
we have two perfectly distinct pouches, in-
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eluding of course two perfectly distinct discs. 
But this series does not indicate the fonner 
steps by which a single rostellum has become 
divided into two distinct organs; but shows, 
on the contrary, how the rostellum, after hav. 
ing 00c11 anciently divided into two organs, 
has now in several cases been reunited into a. 
single organ. 

Thia conclusion is founded on the nature of 
the little medial crest (sometimes called the 
rostellate process) betwccn the buses. of the 
anther-<:clIs (sec Fig. I., Band D, p. 18). 
[n both divisions of the Ophrere (those with 
naked dises and those with discs enclosed in 
a pouch), whenever the two discs come into 
close juxt..'l.position, this medial crest 01' process 
appeal'S.- On the other hand, when the two 
discs sbnd widely separate, the summit of the 
rostellum between them is smooth, or nearly 
smooth. In the Frog Orchis (Pcristylus viri. 
dis) the overarching summit is bent like the 

• I'rofeaor &bington (' ~lrulUal of Dritish BotllIlY,' 8n1 edit.) 
u_theeIi.tenceoftl,is"rostellat.eprooea." .... chal'll(:terto 
tcpMlOO OrehiB, GymnadCllia, and Aoeru from the other gcnera 
or Ol'hl'M!. The group of spiral vessell, properly beiooging to 
tho rostellum, runaup,and evcn into, the bale oftllil crest or 
I~' 

te) The Comolete Work of Charles DarwIn Onhne 



Cu.\Po VII. STRUCTURE OF TilE nOSTEI,LUM, 321 

roof of a house j and here we see the first 
st.'lge of the formation of the fo lded crest. 
In Henninium, however, which has two 
separate and large discs, a crest, or solid 
ridge, is rather more plainly developed than 
might have been expected. I n Gymnadenia 
conopse<l, Orchis maculata, and others, the 
crest consists of a hood of thin membrane; in 
O. moscula the two sides of the hood hove 
pa_ltly adhered; ond in O. pyramidalis a~d 
in Accrns it has been converted into a solid 
ridge. 'l'hese facts are intelligible only on 
the view, that, whilst the two discs were 
gradually, during a long line of generations, 
brought together, the intermediate p011ion or 
summit of the rostellum became moro and 
morc arched, until a folded crest, and finany 
a ,solid I'idge, was formed. 

Whether we compare together the state of 
the rostellum in the various Orchid-tribes, 01' 

compare tho rostellum with the pistil and 
stigma of' ordinary flowers, the differences 
are wonderfully great. .A. simple pistil of a 
common plant consists of a cylinder sur­
mounted by a small viscid surfhce. Now, see 
what a contrast the rostellum of Catasctum, 

I' 3 
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when dissected from the other elements of 
the column, presents; and as I traced al1 the 
vessels in this Orchid, the drawing may be 
trusted as approximately accurate. The whole 
organ bas lost its normal function of fertility. 
Its shape is most singular, with its upper end 

Fig. XXXIII. 

IloeTELLUIl 011' CATJ.8IM'UII, 

"". ~~~~ or rtWI~l- I ptd, ~:~hor :tell~~~: 
d, vi»cidditc. IllU8S l ", lttached. 

thickened, bent over and produced into two 
long tn.poring and sensitive 3ntclmro, hoUow 
within like adder's fangs. Behind and 1» 
tween the bases of these Ulltennro we see the 
lal'ge viscid disc, attached to the pedicel, which 

" 
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diffeJ's in structure from the underlying 
portion of the rostellum, and is separated 
from it by a layer of hyaline tissue, that 
spontnneously dissolves. The dise, .'lUnched 
to the surrounding pnrts by membrane which 
ruptures when excited by a t.ouch, consists of 
strong upper tissue, with nn underlying elastic 
cushion, conted with viscid matter; and this 
again in most Orchids is overlaid by a fihn 
of a different nature. What an amount of 
specialisation of pnrts do we here behold! 
Yet we have seen in tho comp..'l.rotivcly few 
Orchids described in this volume, so many 
and such plainly-marked gradatioDs in the 
sb'ucture of this organ, and such plaiu facili ­
ties for the original conversion of the upper 
pistil iuto the rostellum, that it becomes far 
from incredible, if we had evcry Orchid which 
has ever existed throughout the world, tbat 
every gap in the existing chain, and every 
gap in many lost chains, would be amply 
filled up by a series of easy transitiolls, 

'Ve now come to the last great peculiarity 
in Orchids, namely, their pollen-masses. The 
anther opens early, and ollen deposits ihc 
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naked masses of' pollen on the oock of the 
I'ostellum. This action is prefigured in Canna, 
a member of the family nearest allied to 
Orchids, in which the pollen is deposited on 
the pistil, close beneath the stigma. In the 
state of the poUen there is great diversity; 
in the anomaJous Cypripedium single grains 
are embedded in a glutinous fluid; inaU other 
Orchids (except tho degraded Cephalanthcm) 
each grai n consists of generally four united 
granules.- 'l'hcse compound grains arc tied 

• In .even.] ~ I have oblen'OO four tuoo. emitted from 
the toor granules. In lOme aem.i·lIIOMlrou. Ilowenlot 1I.1uis 
paludolla,.ndof Aoeru .othropopho ..... andin perfect fIowenlot 
Neottia nidua-avis, 1 hllovo oblen'eIl Jlollon-tubell emitted from 
the pollen·graillll, whilill It ill witbin tile .nther and not in 
oontllCtwithtb(lltigma. 1 havetboughtthilworthmentiOlliog. 
II.'! H. Brown (in' Linu. Tran8aCt.' "'01. xvi . I'. 729) .tate.. ap­
l)(1rently wilh IIOme aurl'rilK'. that tho Jlollen-tubell wera emitted 
from the pollen, whila~ atill within the anther, in a decaying 
floWeTOfAlIQlellias . 'l'heaeCllSellsllowthattlleprotrudingtubel! 
are.atlc • .uatfil1lt,fomlooat!heUpelJleor the oonrenliofthe 
polJen-grai1l1 

Ha\'ing alluded to the monatrolUl flower. of the AoelM. I will 
add that I elaroinodllCvcral,lllwaysthelowl.'llt on the $l'ike; in 
lheee the labellum w .. hardly dcl'doped, and wu I,reaed cio6e 
aglLilJl!t Ihe &tigma. The TOItelium ...... uot dcveIopro.1IO that 
the pollinia bad notvi.(:id dillCll; but the IlIOIItcurioua ht.ture 
was, that the t..·oanther-eellil had hooome,apparcntlyinoon_ 
sequence of the JlOtition of the rudimentary labellum, widely 
!lepoon.ted. and wero Joined by II. oonnoot;"e membrane, alm08t as 
broad uthater llabenariacblonwtha! 
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together by elastic threads, or arc cemented 
together into so-called waxy masses by some 
nnknown substance. 'I'he waxy masses thus 
fonned are numerons in the Ophrero; and 
graduato in tbo Epidendrero and Vandero from 
eight, to four, to two, and, by tho cohesion of' 
the two, into a single mass. In tho Epi­
dendrero wo have both kinds of poUen within 
the samo anther, namely, wa.x:y masses, and 
caudicles consisting of clastic threads, ".,-jtb 
numerous compound graills adheril1g to them. 

I can throw no light on the nature of the 
cohesion of the pollen ill . these waxy masses; 
wheD they aro placed in water for three or 
four days, the compound grains readily faU 
apart; but the granules forming each grain 
still finnly cohere; so that the nature of the 
cohesion ill the two cases is different, The 
elastic tlu'Cads by which the packets of pollen 
arc tied together in the Oplu'Coo, and which 
run fur up inside the waxy ma.sscs of the 
Vandere, arc also of a different nature; for 
they arc acted on by chloroform, and by long 
immersion in spirits of wino; Lut these fluids 
have no particular action on the cohesion 
of' the waxy masses, In several Epidendrcre 
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and Vandcro the exterior pollen-grains of 
t.hese masses differ from the interior grains, 
ill being larger, and in ha,-ing yellower and 
much thicker walls. So that in the contents 
of a single anther-ceU we sec 1.\ surprising 
dcgl'Cc of differentiation of stl'uctttre in the 
poUen, namely, granules cohering by fours, 
apparently due to their manner of early 
development, and the compound grains partly 
tied together by threads and partly cemented 
together, with the exterior groins different 
from the interior grains. 

In the Vandere, the caudicle, coO).posed of 
fine coherent threads, is developed from the 
semi-fluid contents of a layer of cellular mem­
brane. As I find that chloroform has a pecu­
liar and energetic action on the cuudicles 
of aU Orchids, and likewise on the glutinous 
matter enveloping the policll--grains in Cy· 
pripcdium, and which caD easily 00 drawn 
out into threads, one ma.y suspect that in tills 
simpler Orch.id we see the primordial cond.ition 
of tho clastic threads by which the poUen. 
grains in so many other morc highJy-developed 
Orchids are tied together. * 

• Augwro de Saint Uilaire 8tates (' Leo;onl de Botanique,' .te., 
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The c .... mdicle. when largoly developed and 
destitute of pollen-grains, is tho most stri1.-ing 
peculiarity of the pollinia. In some Neottere, 
especially in Goodyera. we see it in a nascent 
condition, projecting just beyond the pollen­
mass, with the threads only partially confluont. 
By tracing in the Vandem tho gradation from 
the ordinary naked condition of toe caudicle, 
throu'gh Lycaste in which it is almost naked. 
through Calanthe. to Cymbidium giganteum, 
in which it is covered with pollen-grains, it 
seems probable that its ordinary condition 
haa been arrived at by the modification of a 

1841, p. 447) that the elastic threads (ll[i,t in the C&l"iybud, 
after tho poll~n-grains have been partly formed, u a thick creamy 
fluid. Jle Ildd, that his observatiolllI on Ophryt IIpifcrn ha,·c 
shown him tlL.t tht. fluid ill BOOl"(ltcd by tho I"()I:l(l1lum,and is 
Ilowlyforced drop by drop into tllCanthcr. lJadnotfl(lcminent 
an authority made this statement] illIQUid notlul\·enotiood 
it. It it eertainlyerroneous. In bud!! of Epiputit latifolia I 
opened the anther, whilst perfectly dOlled and froo from the 
rQIIwllum, and found the poUen-gnins unitcd by elutic threads. 
Cephalanthera grandiflorn has no fOIItellum to ICCrete the thick 
Buid, yet tbe pollcn-gruns are thus united. In a monstrnua 
lpecimen of Orchis pyramidalis the auricles, Of nldimeutary 
anthen on el.(:h lido of the proper anther, had booome partly 
developed,anu they ltood quite on one lide of the rQlltI)llum and 
stigmJ1.j yet I found;n one of theee auric1c. II distincteaudic\e 
(which nooea:arily Ilad no dillC at i ta cxtn::mity), and this 
eaudiclooollldootpossiblyhavebeenaecl"llted from tho .tigmll. 
I oould give additional evidenoe, but it would beIUPOrfluOWl. 
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poUinium liko that of onc of the Epidcndrero ; 
namely, by the abortion of the pollen-grains 
which primordially adhered to separate clastic 
threads, and by the cohesion of these threads. 

In the Ophrere we have better evidence 
than that offered by mere gradation, that the 
long, rigid and naked caudicle haa been thus 
partly fonDed. I had often observed a cloudy 
appearance in the middle of the translucent 
caudiclc; and on carefully opening that of 
Orchis pyramidalis, I found in 80vcral speci­
meDS in the centre, fully half-way down 
between tho packets of pollen and the viscid 
disc, se"cml pollen - grains (consiating, as 
usual, of foul' united granules), lying quite 
loose. These grains, from their embedded 
position, could never by any possibility have 
been left 011 tbe stigma. of a flower, and wore 
a~lutcly useless. Those who can persuade 
themselves that purposeless organs have been 
specially created, will think little of this lact. 
Those, on the contrary, who believe in the 
slow modification of organic beings, will fecI 
no surprise that the process of change should 
not always have been perfectly cfiicient,­
that., during and after the many inherited 
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stnges of the abortion of the lower pollen­
grains and of the coherencc of the elastic 
threa.ds, there should still exist a .tendency 
to the production of no few pollcn-grains 
where they were fOl'merly developed, and 
that these should consequently be lcft entan­
gled within the now coherent threads of the 
caudide. They will look at the littJe clouds 
fOlnlOO by the loose pollen-grains within the 
caudicles of Orems pyramidalis, as good 
evidence that the pollen-mass of its parent­
fonn was originally like that of Epipactis or 
Goodycra, and that the grains slowly dis­
appeared from the lower palis of the mass, 
leaving the elastic threads naked and ready to 
cohere into a true caudide. 

As the caudiclc, whether longer or shorter 
in the several species, plays an important 
part in the fertilisation of the flower, it appa­
rently might have been fonned from a nascent 
condition, as in Epipactis, by the continued pre­
servation of varying increments in its length, 
each beneficial in relhtioll to other changes in 
the structrn"C of the flower. But we may con­
clude from the facts given, that this has not been 
the sole means,-that the candicle owes much 
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of its length to the abortion ortbe lower polJen­
grains. That it has subsequently in some cases 
been largely increased in length by natural 
selection, is highly probable; for in Bounten 
spccios.'\ the caudicle is actualJy morc than 
thrice as long as the elongated mass of pollen­
grains; and it is improbable that so lengthy a 
mass of slightly cohering grains should have 
existed, as an insect could not have lS.'lfely 
transported and applied to the stigma a paUen­
mass of this shape and slZC. 

We have lutherto considered the grodations 
in the state of the same organ. 1'0 anyone 
with much more knowledge than I l)ossess, 
it would be an interesting subject to b-ace, 
in this gl'Cut and closely-connected order, tbe 
gradations, as far as possible, between the 
several species and groups of species. To 
make a perfect gradation, all the extinct fonns 
which have ever existed, along mnny lines of 
descent converging to the common progenitor 
of the order, would have· to be cnlled into life. 
It is due to their absence, and to the conse­
quent wide gaps .in the series, thnt we are 
enabled to divide the existing species into 
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definable groups, such as genera, families, and 
tribcii. If there had been no extinction, there 
would still have been great lines, or branches, 
of special development, - tbe Valldere, for 
instance, would still, as a great body, have 
been distinguishable from the great body of 
the Ophrem; but ancicnt and intermediate 
fonIUl, very different prooo.bly fl'om their 
present descendants, would have rendered. it 
utterly impossible to separate by Uistinct 
characters the one great body from the other. 

I will venture on only a few remarks. Oy­
pripedium, in having three stigmas dcyeloped, 
and therefore in not having a rostellum, in 
having two fertile anthers with a large rudi­
ment of a third, and in the state of its l~llen, 
seems a remnant of the order whilst in a 
simpler condition. .A postasia is a related 
genus, placed by Brown amongst Oreruds, but 
by Lindley in a small distinct family. 'l'hese 
broken groups do not indicate to us the 
structure of the common parent-fonn of all 
Orchids, but they probably serve to show the 
state of tho order in ancient times, when none 
of the forms had become so widely differ­
entiated from each other and from other 
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planta, as are the existing Orchids, especially 
the Yandere and Ophrere; and wben, conse­
quently, the order made a. nearer approocll in 
all ita chaructel's, than at present, to such 
allied groups as the l[aruntaccre. 

With respect to other Orchids, we can see 
that an UJlcient form, like one of the Pleuro­
thaUidre, some of which bave waxy pollen­
masses with a minute caudicle, might gi,-e 
rise, by the entire abortion of the candicle, 
to the Dendrobidre, and by an increase of 
the caudicle to the Epidendl'ere. Cymbidium 
shows us how simply a form like one of our 
present Epidendrere could be modified into 
one of the Yandere . '!'be Ncottero stand in 
ncar(y a similar rclation to the Ophreoo, which 
the Epidendrcre do to the Yandere_ J n ccrt.1.in 
genera of the Neottere we have the pollen­
grains cemented into packets, tied together 
by elastic throads, which project and fOlm a. 
nascent caudicle. But this caudicle does not 
protrude fl'om the lower end of the polli­
nium as in the Ophrere, nor does it always 
protrude from the extreme upper end in the 
Neottero; so that we can sec that a transition 
in this respect would be far from impossible. 
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In Spiranthes, the back of the rostellum, lined 
with yiscid maUer, is alone l-CmO\'ed ; the front 
1><'\11. is membranous, and ruptures like the 
pouch-fonned rostellum of the Ophrere. An 
ancient form, combining most of the cha­
racters, but in a. less developed state, of 
Goodycra, Epipactis, ancl Spirantbes, wouJd. 
by further slight modifications, gi\'c rise to 
the wholc tribe of the Ophrere. 

ITardly any question in Natural History is 
more vague and difficult to decide than what 
fonns within any large group ought to be 
considered as the highest;· for all arc excel­
lently adapted to their conditions of life. If 
we look to traces of successive modification, 
witb differentiation of parts and consequent 
complexity of structure, as tho standard of 
comparison, the Ophrero and Yandero will 
stand the highest. A.re we to lay much stress 
on the size and beauty of the flower, and on 
the si7..e of the whole plant? if so, the Vandere 

• '1110 fullf.'lltand the mOllt abledilCu"ion on thiadifficult 
aubject i. by Profe6$Or II. G. Bronn in hi, • Entwickelungll_ 
Geactw der Organischeu Welt,' 1858. I b,,-,'o read the }'rench 
tranalation I,ublilbed in 1861, Supl'lement, 'Coml'tQl Rendus,' 
tom. ii. p. 520 et eeq. Tbis great work lYucro ... ·ned by the 
French Academy of ScicnCl!S. 
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are pnH!minent. They hayc, also, rather 
marc complex poUinia, with the polien-maS8('s 
often reduced to two. The rostellum, on the 
other hand, in the Ophrere, has apparently 
been more modified from its primordial stig­
matic nature than in tbe Vandcm. In all the 
Ophrcro the anthers of the inner whorl are 
almost entirely suppressed,-tho auricles­
mere rucliments of rudiments-being retained : 
these anthers have, therefore, undergone a 
gl-eater amount of modification; but can such 
suppression be considered as a sign of high­
ness? I should doubt whether allY member 
of the Orchidean order has been more pro­
foundly modified in its whole structure than 
Bonntea spcciosa, one of the Ophrero. So 
again, within this tribe, nothing can be more 
perfect than the contrivances in Orchis pyra­
midalis for its fertilisation. Yet an ilI-defined 
feeling tells me to rank the magnificent 
Vandcm as tho highest. 'Vhen we look 
within this tribe at the elaborate mechanism 
of Catasetum for tho ejection and trans­
portal of the pollinin, with tho scllsiti\·c 
rostellum so wonderfully modified, with the 
sexes home on distinct plants, wc IDay 
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perhaps give to this genus the palm of 
victory . 

A few miscellaneous points, which could 
not elsewhere have been conveniently intro­
duced, descrve to be noticed. First, for the 
mechanism by which the pollinia. in so many 
Orchids undergo a movement of depression, 
when removed from their plaoos of att~lCh­
ment and exposed for a. few BOCOnds to the 
air. 'This is always due to the contraction 
of a. portion, sometimes, as in Orchis, to an 
exceedingly minute poItion, of the exterior 
sUl-face of the rostellum, which has retained a 
membranous condition. '!'his membrane, as 
we ha.ve seen, is likewise sensitive to a touch . 
In ono Uaxillaria tbe middle of the pedicel, 
and in lIalxmaria. the whole drum-like pewool, 
contracts. 'The point of contraction in all 
othel' 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 disc and 
pedicel are parts of the extel'io(' sU l'face of the 
rostellum. In these remarka I do not refer 
to tho movements simply duo to the elasticity 
of the pollinia in the Vandem. 
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Tho long strap-formed disc of Gymnadenia 
conopsca is well adapted to show tho mechan­
ism or the movement of depression. The 
whole poIIinium, both in its upright and 
depressed (but not closely depressed) position, 
has been shown (p. 80) by Fig. X. The disc, 
highly magn~.fied, in its uncontracted condi­
tion, is seen fl'OID above in the upper figure 
here giv~n, with the caudicIo removod; and in 
the low~r figure we have a longitudinal sec-

fo'lS. XXXIV. 
tion or the uncontracted 
disc, together with the 
base of the attached and 
upright calldiclc. At the 

L broad end ortha disc there 
is a deep crescent-shaped 

flIoo"'(llmnodtt!.la~ depression, bordered by 
a. slight r idge ronned of 

elongated cells. The end or the caudicle is 
attached to the steep sides or this depression 
and ridge. Now, wben the disc is exposed 
to the ail' for about thirty seconds, the ridge 
contracts and sinks flat down; in sinking, 
it drags with it the candicIe. When plac-ecl 
again in water the ridge rises, and when re­
exposed to lhe ail' it sinks: but each time with 

" lin 
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somewhat enfccbled power. ,Yith each sink­
ing and rising of the caudicle, the whole 
pollinium is depressed and elevated. 

'That the power of movement lies exclu­
sively in the surface of the rostellum is well 
shown by the saddle-shaped disc of Orchis 
pymmida lis; for I removed under water the 
attached caudicles, as well as the layer of 
viscid matter from its under SUr/lice, and im­
mediately that it was exposed to the air the 
proper contraction ensued. The elisc is here 
fomle<l of se\"erai layers of minute cells (and I 
believe this to be the case with the disc of the 
Gymnadenia), which are best seen in speci­
mens kept in spirits of wine, for their contents 
are thus rendered more opaque. The cells in 
the flaps of the saddle arc f\. little elongated . 
As long us tbe &"\ddle is kept damp its upper 
surf."\ce is nearly fiat, but when exposed to 

the air (see Fig. III. E, p. 22) tbe surface 
contracts immediately bencath the point of 
attachment of the truncated end of each 
enudielc, and becomes oblique; and two 
valleys are likewise formed ill front of the 
two caudiclcs. By this contraction the 
caudides are thrown down, almost in the 

<TO It 
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aame way as if trenches wero dug in front 
of two upright poles, and the ground at the 
same time undcnnined beneath them. As far 
as I could perceive, an analogous oonb-uction 
causes the depression of the polJinia. in Orchis 
mascula. 

Some pollinia which had been gummed on 
cn.rd for several months, when placed in water, 
underwent the movement of depression; and 
a fresh I>oUinium, when alternatcly damped and 
exposed to tho air, can be made to rise and 
8illk severol timcs. .Before I had ascertained 
these facts, which seem to show that the 
movement is hygrometric, I thought that it was 
a ,-ital action, and tried vapour of ch.loroform 
and prussic acid, and immersion in laudanum; 
but these reagents did not check the move­
ment. Nevertheless, there am considerable 
difficulties in understanding how the move-­
ment can be simply hygrometric. 'I'he flaps 
of the saddle in Orchis pyramidalis (see 
Fig. III. D, p. 22) curl completely inwards 
in nine seconds, which is surprisingly quick 
for tho action of mere evaporation; and it is 
the undcr surface which curls inwards and 
ought to dry SO quickly; hut this cannot 
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happen, ns it is covered with a. thick la.yer of 
viscid ma.tter: the edges, however, of the 
saddle might become slightly dry in the nine 
seconds. 'When the saddle-fonned disc is 
placed in spirits of wine it contracts energetic­
ally, and when placed in water opens again. 
This doc!! not look as if the action was 
silr.ply hydrometric. Whether the contraction 
is hygrometric, or is due to enclosmose, or to 

some other unknown causc, the movements 
of depress.ion in the pollinia thus produced ~ 
admimbly regulated in each species, 60 that 
the pollen-masses, when transported by insects 
from flower to flower, should assume a posi­
tion fitted to strike the stigmatic surface. 

'l'h?sc movements would 00 quite useless, 
unless the pollinia. first became attached to the 
insect in a unifonn position relfttively to the 
flower, ISO as to become after the movement 
of depression inYariably directed towards tbe 
stigma.; and this necessitates that insects 
shou ld be led to visit all tlle flowers of the 
same species in a unifonn manner. Hence I 
must a..'\.y a few words on tbe sepals and 
petals. Their primary function, no doubt, 
is to protect the organs of fructification ~ 

Q 2 
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the bud. Even after the flower has fully 
expanded, the upper sepal and two upper 
petals often continue the s..1lIle office. We 
cannot doubt that this protection is of' service, 
when we see in Stelis the sepals so !leatJy 
closing and reprotecting the flower after its 
expansion; in )fasdevallia the sepals soldered 
together, with two little windows alone left 
open; and when we sec, in the open and 
exposed flowers of the Bolbophyllum, that the 
mouth of t,he stigmatic chamber after a time 
closes. Analogous facts in Malaxis, Oopha­
lanthera, &c., could be given. But the hood 
limned by the upper sepal and two upper 
petals, besides aflording protection, evident ly 
fonns a guide, compelling insects to visit the 
flower in front. I do not believe that C. K. 
Spl'engel's view,- that the bright and con­
spicuous colour of' the flower serves to attmct 
insects from a. dist..'l.llcc, is a. fanciful notion; 

• 1 Ilin IlWflro that thi. author'$ curioua work, with it3cllrious 
title of' Du Entdeck.te Oehcimniss del Natur,' hu often been 
spoken lightly of. So doubt he wu au entbUliast, and probably 
carried, lIOIIIe of hil idea. toao exlrcme length. i feel l ure,from 
my own obaervation., that his work rontaint a la~ body of 
truth. Many yeal'$ ago Hobert Brown, to wh()$(l judgment all 
botani3~ dcrcr, 8pokc highly of it to me, lind rcmark(l(i that only 
those who knew litUe of the .ubjoot would laugh at thil work. 

(c) The Co mDlete Work of Charles Darwin Online 



Ctu.I',VlL PETALS AXD SEI'ALS, 341 

tJlOugh some Orchids have singu larly illcon. 
spicuous and greenish flowers,-perbaps in 
order to escape some danger. :.\laDy of ihese 
inconspicuous flowers nre, however, strongly 
scented, which would equally weU serve to 
attruct insccts. 

But the labellum is by far the most impOlt. 
ant of the external envelopes of the flower, 
It secl'Ctes, and often collccta in a rcce}ltucle, 
nectar; or is fleshy, and is fUl1lished with 
excrescences, which prolxtbly at'C attractiye 
to insects. Unless the flowers were by some 
means rendered attractive, they would be 
curscd with perpetual sterility. The label· 
lum 'fllways stands in front of the rostelJum, 
and its outer portion often serves, as I have 
seen, as a landing-place for the necessary 
visitors: in Epipactis palush;s this pmt is 
flc.xiblc and elastic, and apparently compels 
iu.sects in retreating to brush against the 
l'ostelhun: in Cypl'ipcdium this end is folded 
o\'C!' like the end of a sJippel', and compels 
insects to insert their probosccs oyer and Ileal' 
the anthers, In the older flowe rs ofSl)il1lnthes 
the JabcJlum moves fl'om the column, and 
leaves a wider passage for the safe introduc. 
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tion of the pollinia, whcn attached to the pro­
boscis of a bee. In certain cxotic Orchids 
the lahellum suddenly moves and catches 
insects as if in a box. In :Monnodes ignea 
it is perched on the summit of the column, 
and hCl-o insects alight and touch tho sensitive 
hinge of the anther. Tho lahellum is often 
deeply channelled, or has guiding ridges, or is 
prcssocl clo.-;ely against tho column, and in a 
multitude of eases it approaches closely enough 
to rolldcr the Hower tubular. By these several 
means insects are forced to brush against the 
rostellum. ' Ye must not, howe\·er, suppose 
that every dOL"lil of structure in the labcllum 
is of U/iC: ill some instances, as in Sarcanthus, 
part of its extraordinary shape seems due to 
its llaxing been de\'eloped in the bud in close 
apposition to the curiously shaped rostellum. 

In Listera o\'ata the labelluUl stnnds ('lr 
from the colunUl, but its bnsc is narrow, so 
that insects are led to SL'llld exactly beneath 
the middle of the rostellum: in other cnses, as 
ill Stanhopea, Phnlrenopsis, &c., the labell um 
is furnished with upturned basal lobes, which 
manifestly act as lateral guidos. I n some 
cases, us in Malnxis, the two upper petals are 
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curled oockwards so as to be out of the way; 
in otLer cases, 8S in AcropeTa, Masdevallia, 
and eome Bolbophyllums, these upper petals 
plainly serve as lateral guides, compelling 
insects to visit the flower, or to insert their 
pl'obosecs directly in front of the rostellum. 
I n other cases, wings from the mru-gins of 
the clilluncll"um, or from f he sides of the 
COlUlllil, serve as latera l guides both in the 
withdrawal of the poUinia, and in their su~ 
sequent insertion into the stigmatic cavity. 
So that there can be no doubt that the petals 
and sepals and rudimentary anthers do good 
service in several ways, besides in affording 
protection to the bud. 

The final end of the whole flower, with alJ 
its parts, is the production of seed; and these 
are produced by Orchids in vust profusion. 
Not that this is anything to boast of in the 
order; for the production of an almost infi­
nite nwnber of eggs, or seeds, is lmdoubtedly 
a sign of lowness of organisa.tion. That a 
plant, not an annual, should escape destruction 
at some period of its life simply by the pro­
duction of a vast munbcr of seeds or seedlings, 
shows a poverty of contri\"uncc, or a want of 

(c) The ComDlete Work of Ch"lrl .. - DArwin Onl ne 
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some fitting protection against some danger. 
I was curious to estimate the number of seeds 
produced by Orchids; sO I took a. ripe capsule 
of Cephalanthera grandiflora, and arranged 
the secds as equably as I could in a narrow 
hillock, on a long ruled line; and then counted 
the secds in <t length, accurately measured, 
of one-tenth of an inch. 'fhey were 83 in 
number, and this would give for the whole 
capsulc 6020 seeds; and for the foul' capsules 
borne by the plant 24,000 seeds. Estimating 
in the same manner the smaller seeds in 
Orchis macula!..'!, I found the number nearly 
the same, viz. 6'200; and, as I have often seen 
above 30 capsules on the same plant, the 
total amount will be 186,300,-0. prodigious 
number for one small plant to bear. As this 
Orchid is perennial, and cannot in most places 
be increasing in number, one seed alone of this 
large number, once in every few years, pro­
duces a mature plant. I examined many seeds 
of the Cephalanthera, and very few seemed 
bad. 

'1'0 give an idea what tho above figures 
really mean, I will briefly show the possible 
rate of illcrease of O. maculata: an acre of 
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land would hold 174,240 plants, each having 
a. space of six inches square, which is rather 
closer than they could flourish together; so 
that, allowing t""'elve thousand bad seeds, all 

acre would be thickly clothed by the progeny 
of a t;i11gle plant. At tho same m.te of in· 
crease, the grandchildren would COver a space 
slig htly exceeding the island of Anglesea.; and 
tho great grandchildren of a. single plant would 

nearly (ill the proportion of 47 to 50) clothe 
with one uniform green cnq:>et the entire 
surface of the land throughout the globe. 

'What checks this unlimited multiplication 
uUlIlot be told . 'I'he minuto seeds within 
theil' light coats are well fitted for wiele dig.. 
semination; and I have seveml times observed 
seedlings in my orchard, and in a newly. 
planted wood, which must Imvo come from 
some little distance. Yet it is notorious that 
Orchids are sparingly distributed; for in· 
stance, this district is highly favourable to the 
order, for within a mile of my house nine 
genera, including thirteen species, gl'Ow ; but 
of these one alone, 0rchis mOl'io, is sufE· 
eicntly abundant to make a conspicuolls 
fo..'l.tul'c in the vegetation; at; is O. ma.culata 
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in a lesser degree in open woodlands. Most 
of the other species, though not descrving to 

be c:\Ued rare, are sparingly distributed; yet, 
if their sccd.s or seedlings wore not largely and 
habitually dc~troyed, anyone of them would, 
as we have just seen, immediately covor the 
whole land. 

I have now nearly finished this too lengthy 
volume. ]t has, I think, been shown that 
Orchids exhibit an almost endless diycrsity 
of beautiful adaptations. When this or that 
part has been spoken of as contrived for 
some sflCdal purpose, it must not be supposed 
that it was originally always fonned for this 
sole purpose. The regular course of events 
seems to be, that a. part which originally 
served for one purpose, by slow chanb"CS 00-
comes adapted for widely different purposes. 
'1'0 give all instance: in all tho Ophrcre, the 
long and nearly rigid candicle manifestly 
serves for the application of the poUen-grains 
to the stigma, when tlle poUinjnm att.'\ched to 

an iu.scct is transported from flower to flower; 
and the anther opens widely that the pollinium 
may be eUally withdrawn; but in the Boo 
Ophrys, the eaudicle, by a. slight increase in 
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length, and decrease in thickness, and by the 
anther opening a little more widely, becomes 
specially adapted for the very different purpose 
of self-fertilisation, through the combined aid 
of the gravity of the pollen-mass and the 
vibration of the flower. Every gradatio ll 
botween these two st.'ltes would be possible, 
-of which we have seen partial proof in O. 
arachnites. 

Again the elasticity of the pedicel of the 
pollinium in some Yandero is adapted to free 
the pollcn-m.'l.sscs out of their anther-cases; 
but by furtber slight modifications, the elas­
ticity of the pedicel becomes specially adapted 
to shoot out the pollinia to a d.istlmce. 1'he 
gtoot cavity in the labellum of many Vandere 
servcs to attract insects, but in Monnodes 
ignea. it is greatly reduced in sim, and only 
serves to keep the labelhun in its proper posi­
tion on tJ1C summit of the column. From the 
analogy of many plants we may infer that a. 
long spur-like nectary is primari ly adapted to 
secrete and hold a. store of nectar; but in 
many Orchids it has so far lost thil:l function, 
as only to contain fluid between its two conb:l. 
In those Orchids, in which the nectary con-
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tains both free nectar and fluid in the inter­
cellu lar spaces, we can sec how a pass.'\gc from 
onc state to the other could have been effected, 
namely, by less and less nectar being secreted 
from the iuner membrane, and more and more 
being retained within the illtercellu lnr spaces. 
Other analogous cases could be given . 

Although rm organ may not have beell 
originally fonned for some special pm'pose, if 

it now scrvCf3 for this end we are justified in 
saying that it is specially contrived for it. 
On the same principle, if a man were to make 
a machine for some special purpose, but were 
to use old wheels, springs, and pulleys, only 
slightly altered, the whole machi,nc, with all 
its parts, might be &'\id to be specia lly con­
trived for that PUl1XlSC. Thus throughout 
nature almost every part of each living being 
has probably scn-ed, in a. slightly modified 
condition, for di\-erse PUll>OSes, and has acted 
in the li ving machinery of many ancient and 
distinct specific fonns , 

in my examination of Orchids, hardly any 
fact has so much struck me as the endless 
diversity of structure,-the prodif,rnlity of re­
sources, - fOl' gaining the very s..'l.me end, 
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namely, the fertilisation of one flower by the 
pollcn of another. The fuct to a certain ex· 
tent is intelligible on the principle of natural 
selection. .As all tbe parts of a flower are 
co·<.m:1inatoo, jf slight variations in anyone 
palt arc preserved from being beneficial to the 
plant, then the other parts will gencrally have 
to be modified in some col1'Csponding manner. 
But ccrtuin parts may not vary at all, or may 
not vary in tbe simplest col1'C8pondillg manner, 
and those variations, whatever their nature 
may be, which will bring aU the parts int.o more 
perfect harmony with each otLer, will be seized 
on and preserved by natural selection. 

To give a simple illustmtion: in many 
Orchids the ovarium (but sometimes the foot­
stnlk) becomes for n period twisted, causing 
the Jabellulll to hang downwards, SO that in­
sects cun easily visit the flower; but from slow 
changes in the form and position of the pet 'lIs. 
or from new sorts of insects visiting the Bower, 
it might become advantageous to the plant 
that the labellum should resume its nonnal 
upward position, as is actually the case with 
Malux.is paludosa; this change, it is obvious, 
might be simply effected by the continued 
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selection of varieties which had their OVUriUIll 

a little less twisted; but if tho plant only 
afforded varieties with the ovariuID more 
twisted, tho same end could be attained by 
their selection until the flowor had turned 
completely round on its ax.is: tltis seems to 
have occurred with the Malaxis, for tbo label­
lum has acquired its present upward position, 
and the oVflrium is ~-isted to excess. 

Again, we have seen that in m06t Vandere 
thero is a. plain relation between tho depth of 
the stigmatic chamber and tho length of the 
petlicel, by which the pollen-masses are in­
serted; now if the chamber became slightly 

less doop from any change i.n the f011)1 of the 
column or any other unknown Ct"lU8C, the 
shortening of the pedicel would be the simplest 
conesponding change; but if tlle pedicel did 
not happen to vary in length, any the slightest 
tendency to an upward curvature from cJa~ 
ticity as in Phalrenopsis, or to a backward 
hygrometric mO\'ement as in ono of the :.\Iaxil­
Iarias, would be preserved, and tho tendency 
would be continually augmented by selection; 
thus the pedicel, as far as its actioll is COIl­

cerned, would be modified in the same manner 
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aa if it had been shortened. Such processes 
C,'l,rried 011 during many thousand generations 
in various ways, with the scveral parts of the 
flower, would create an endlcss diveT'Sity of 
coadapted structures for the same genera l 
purpose, This view affords, I oolieye, the 
key which partly solves the p roblem of the 
vast diversity of structure adapted for closely 
analogous ends in many large g roups of 
organic ooings. 

The more I study nature, the more I be­
come impressed ,vith ever - increasing force 
with the conclusion, that the contrivances and 
bc..'\utiful adaptations slowly acquired through 
each palt occasiona lly varying in 0. slight 
degree but in many ways, with the preserva­
tion 01' natura l selection of those variations 
which are beneficial to the organism uncler the 
complex and ever-varying conditions of life, 
transoend in an incomp<uuble degree the con­
trivances and adaptations which the most 
fertile imagination of the most imaginative 
man conld suggest with unlimited time at his 
di,poIk'l. 

'I'he use of cach trifling detail of structure is 
far from a barren search to those who believe 
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in natural selection. 'Vhen a naturalist casu­
ally takes up an organic being, and docs not 
study its whole life (imperfect though that 
study will ever be), he naturally doubts whe­
ther each trifling point can be of ally use, or 
indeed whether it be due to any general law. 
Some naturausts believe that numberless struc­
turos have been created for the sake of mere 
variety and beauty,-much as a workman 
would make a set of different pattel1ls. I , for 
one, ha.ve often and often doubted whether 
this or that detail of structure could be of any 
service; yet, if of no good, these sflllctures 
could not have been modelled by the natural 
preservation of useful variations; such details 
could only be vaguely accounted fOI" by the 
direct action of the conditions of life, or the 
mysterious laws of correlation of growth. 

'1'0 give nearly all the instances of trifling 
details of structure in the flowers of Orchids, 
which are ccrtainly of high importance, would 
be to recapitulate a great pOition of this 
volume. But I will recall to the reader's 
memory a few cases. I do not here refer to 
the fundamental framework of the plant, such 
as the remnants of the fifteen primary organs 
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al1'unged alternately in the five whorls; for 
neal'ly aU those who believe in the modification 
of organic beings will admit that their presence 
is duo to inheritance from a remote p.'lrent­
form. A. series of facts with respect to the 
usc of the variously shaped and placed petals 
and sepa ls has just been enulllerated. So, 
ngain, the importance of the slight di flcl'ences 
in t.he shape of the caudicle of the pollinium 
of the Bee Ophrys, compared with that of the 
other species of the genus, has just been re­
ferred to; to this might be added the doubly­
bent caudicle of the Fly Ophl'ys: indeed, the 
important relation of the length and shape of 
t.he caudicle, with reference to the position of 
the stigma, might be eited throughout whole 
tribes. Tho solid projecting knob of the an­
ther in Epipactis palusb'is, which docs not in­
clude pollen, wben moved by insects, liberates 
the pollen-masses. In Cephalanthcm grandi­
flora, the upright position of the flower, and 
its ahuost closed condition, protect frolll dis­
turbancc the slightly coherent pillars of pollen. 
The length and elasticity of the filament of 
the anther in certain species of Dendrobium 
apparently serves for self-fertilisation, if in-

e )m I W 
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sects fa il to transport the pollon-masses. The 
slight forward inolination of the Cl"Cst of the 
rosteUmll ill Listera prevents the anther-rose 
being caught when the viscid matter explodes. 
'1'he elasticity of the lip of the rostellum in 
Orchis causes it to spring up again when one 
pollen-mass is removed, thus keeping ready 
for action the second viscid disc, which other­
wise wou ld be wasted. The two nectal'-secret­
ing spots in the Frog Orchis, beneath the viscid 
discs at the base of the labellum, and the 
medial necta.ry in fl"ont of the stigma, are ap­
parently necessary for the fertilisation of the 
flower. No one who had not studied Orchids 
would !Iave suspected that U1Cse and many 
other small det..'lils of structure were of the 
highest import .. mce to each species; and that 
consequently, if the species were exposed to 
new conditions of life, and the structure of the 
sc\"eml parts varied ever so little, such small 
details of structure might be modified by 
natuml selection. These cases afford a good 
lesson of caution with respect to the import­
ance, in other organic beings, of apparently 
trifling particubrs of structure. 

It may naturally be inquired, why do 
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Orchids exhibit so many perfect contriyances? 
From the obseryutions of C. K. Sprengel. and 
from my own, I am sure that many other 
plants offer, in the means of fertilisation, 
analogous adaptations of high perfection; but 
it SC()ms that they are really morc numerOllS 
with Orchids than with most othel' plants, To 
Il oort.ain extent the inquiry em be answered . 
.i.\ s each ovule requires at least one, probably 
more than one, pollen-groin, - and as tbe seeds 
produced by Orchids are so inordinately nu­
merous, we can see that large ma~ of pollen 
would have to be left on the stigma of each 
flower. E"en in the Noottcre, which hu'-e 
gmllu lal' pollen, with the gra ins tied together 
only by weak threruls, I have observed that 
collsidcruble masses of pollen arc gcnern lly 
left on the stigmas. Ilellcc we cnn perhaps 
understand the use of the grains cohering in 
large wn..'<y masses, as they do ill so lImny 
tribes, so as to preyent waste in the act of 
trnnsportal. 1I0st plants produce pollen enough 
to ferti lise severn I flowers, even when each 
flower hus several stigmas. llut as t he two 

• Giirtntr, 'Beitriige Tour Kennlniu der Ikfmchtung.' 1844, 
~. 136. 
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confluent stigmas of Orchids require 80 much 
pollen, its elaboration, if proportional in 
amount to that in most other plants, would 
have been extravagant in the highest degree, 
and exhausting to tbe indiyidual. To saxe 
this wnste and exhaustion, special and admir­
able contrivances were necessary for safely 
placing the pollen-masses on tho stigma; and 
thus we can partially understand why Orchids 
h3\'e been more highly endowed in this I"C­

spect than most other plants. 

The simple fact that many Vandero have 
only two pol1en-masses, and that, from their 
coherence, some llalaxero have on ly a single 
pollen-mass. necessitates that extraordinary 
pains should have been taken in t iloir fortilis. .... -
tion, otherwise these plants would have been 
barren. Tho existence of a single pollon-mass, 
80 that all the poUen-grains from onc flower 
cannot possibly fertilise more than a single 
stigma, occurs, I belien, in no other plants. 
The case is partially analogous with that of 

seeds : many flowers produce a multitude of 
seeds, sevcral produce a sillgIc seed; very 
many flowers produce a countless number of 
pollen-grains; some Orchid-flowers produce, 
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as f..'lr as the power of fertilising other flowers 
is concerned, a. single pollen-mass, though 
really consisting of a multitude of pollen­
grains. 

Notwithstanding tha.t such care has been 
taken that the pollen of Orcbids should not 
be wasted, we see that throughout the vast 
Orchidean order, - including, according to 
Lindley: 433 genera, and probably about 
6000 species,-the act of fertilisation is almost 
invariably left to insects. This assertion can 
hardly be considered rash, after the exami­
nation of so many British and exotic genera 
scattered through the main Tribes, which 
generally have a nearly ulli/ol'm structure. 
In aU plants in which insects play an im­
portant part in the act of fertilisation, there 
will bo a good chance of pollen being canied 
from one flower to another. nut in Orchids 
we have seen numerous adaptations,-such 
as the movements of the poUillin. after their 
removal in order to acquire a propel' position, 
-tJ1e slow movement of the labcllum or 
rostellum to allow the entmncc of'the pollcn­
masses,-the separation of thc sexes in some 

• 'Ollrdener'~Chronicle: March I, 18G2, p.192 . 
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instanccs-which render it certain that in 
these c.'\SC8 the pollen of onc flower or of 
one plant is habitually transported to another 
flower or plant. .As tllls transportal increases 
the lisk of 1088, it necessitates and atiJI further 
explaius the extraordinary care bestowed on 
the contrivanccs for fertilis.'l.tion. 

Self-fertilisation is a rare event with Or­
chids. In Cephalanthera gralldiAora it occurs, 
but in a very imperfect degree; and the early 
penetration of the stigma by the flower's own 
pollen-tubes seems to be fully as much deter­
mined by the support thus given to the pillars 
of pollen, as by the production of n. small 
proportion of seed: certainly the fertilisation 
of this Orchid is aided by insects. J n some 
species of Dendrobium self-fertilisation appa­
rently occurs, but only if insects nccident­
ally fail in removing the flower's own single 
pollen-mass. In Cypripcdium, the Frog Or­
chis, and perhaps in a few other cases, it will 
depend on the manner (at present unknown) 
in which insects first insert their probosces by 
the one or the other entrance,-whether the 
Bower's own poUen, or that of another flower, 
is habitually placed on the stigma; but in 
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these roscs there will assuredly 1),1",a,)"s be a 
good chance of the stigma. being fertilised by 
pollen brought from another flower. In the 
Bee Ophr)'s alone, as far as I have seen, there 
are special and perfectly efficient contrivances 
101' self-fertilisation, combined, howover, in 
thc most paradoxical manner, with manifest 
adaptations for the occasional transport by 
insects of tbe pollinia from ono flower to 

another, as in tbe' other species of the same 
genus. 

Considering how precious the pollen of 
Orchids evidently is, and what care has been 
beatowcd on its organis..'l.tion and on the ac­
cessory parts; - considering that the anther 
always stands close behind 01' above the 
fltigllla, self-fertilisation would have been an 
incompnrably safer process than the trans­
portal of the pollen from flower to flower. It 
is au astonishing fact that self-fertilisation 
should not have been an habitual occurrence. 
I t apparently demonstrates to us that there 
must be something injurious in the process. 
Nature thus tells us, in tho moat empbatic 
mannor, that she nbhors perpetua l sell~fertlli­
s..'\tion. This conclusion seems to he of high 
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import..'lIlcc, and perhaps justifies the lengthy 
details given in tlus volume. For may we 
not further infer as probable, in accordance 
with the belief of the vast majority of the 
breedelll of our domestic productions, that 
marriage between near relations is likewise 
in some way injurious,-that some unknown 
great good is derived from the union of indi. 
viduals which have been kept distinct for many 
generatiolls ? 
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