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PREFACE

T0O

THRE SECOND EDITION.

TrE first editior. of this work was published early in
the year 1862, and has been for some time out of print.
During the two or three years after its appearance
I received, through the kindness of various corre-
spondents in different parts of the world, a large
number of letters, especially from Fritz Miiller in South
Brazil, communicating to me many new and curious
facts, and calling my attention to some errors. Various
memoirs on the fertilisation of orchids have also since
been published, and I have myself examined several
new and striking forms. A large amount of matter
has thus been accumulated; but the present volume
would be rendered much too long if the whole were
introduced. I have, therefore, selected only the more
interesting facts, and have given a brief abstract of
the several published papers. The work has thus been
remodelled ; and the additions and corrections are so
numerous that I have found it impossible to follow my
usual plan of giving a list of them. I have, however,



-
s
]
=
fem |
=y
=l
=
.

o i X
. ’ -
=]
i N s
- - k) =
- F - .nl. -
= :
il Bl
! L = i
— =4
L= T
| - ks
) | 1
)
=] K
— =
i - - — F L 3 "
| It -
. ] e =3
: £
A..
| H =1
= Z |




List of Papers and Books bearing on the Fertilisation
of the Orchidese, which have been published since the
appearance of the First Edition of this Work in
1862, arranged in Chronological Order.

—_———

Broxx, H. G.—¢ Charles Darwin, iiber die Finrichtungen zur Be-
fruchtung Dbritischer und auslindischer Orchideen.” With
an Appendix by the Translator on Slanhopex devoniensis.
Stuttzart, 1862.

GrAY, Asa,—On Platanthera (Habenaria) and Gymmnadenia in
¢ Enumeration of Plants of the Rocky Mountains.—American
Journal of Science and Arts, Second Series, vol. xxxiv., No.
101, Sept. 1862, p. 33.

GRAY, AsA.—On Platanthera hookeri, in @ review of the first edi-
tion of the preseni work.—American Journal of Science and
Arts, vol. xxxiv. July 1862, p. 143.

Axpersox, J.—*¢ Fertilisation of Orchids.—Journal of Horticulture
and Cottage Gardener, April 21, 1863, p. 287,

Gosse, P. H.—* Microscopic Observation on some Seeds of Orchids.
—Journal of Horticulture and Cottage Gardener, April 21,

1863, p. 287.

GrAY, Asa.—On Platanthera (Habernaria) flave and Gymnadenia
tridentatu.—American Journal of Science and Arts, vol. xxxvi.
Sept. 1863, p. 292.

JOURNAL oF HorRTICULTURE AND CoTTAGE GARDENER.—March 17,
1863, p. 206. ¢On Orchid Cultivation, Cross-breeding, and
Hybridising.’

ScubpbER, J. H—On Pogonia ophioglossoides. Proceedines of the
Boston Society of Natural History, vol. ix. April, 1863,

TrEVIRANUS.— Ueber Dichogamie nach C. C. Sprengel und Ch.
Darwin, § 3. Orchideen.’—Dotanische Zeitung, No. 2, 1863,

p- 9.



vill LIST OF PAPERS AND BOOKS.

TrEvIRANUS.—* Nachtrigliche Bemerkungen iiber die Befruchtung
einiger Orchideen.'—Botanische Zeitung, No. 32, 1863, p.
241,

TrimEN, R.—*On the Fertilisation of Disa grandiflora, Linn.'—
Journal of Linnean Society, Botany, vol, vii. 1863, p. 144,

WesT oF ScoTLAND HorTicULTURAL MAGAZINE.—¢ Fertilisation of
Orchids,’ Sept. 1863, p. 65.

CriUfGER.—* A few Notes on the Fecundation of Orchids, and their
Morphology.—Journal of Linnean Society, Botany, vol. viii.
No. 31, 1864, p. 127.

Scort, J.—° On the Individual Sterility and Cross-impregnation of

certain Species of Onecidium.’—Jowrnal of Linnean Society,
vol. viii. No. 31, 1864, p. 162,

MogerIDGE, J. TiABERYE.—* Obs rvations on some Orchids of th-
South of France’—dJournal of Linnean Society, Botany, vol.
viii. No.32, 1865, p. 256.

TrIMEN, R.—°On the Structure of Bonafea speciosa, Linn., with
reference to its Iertilisation”—Journal of Linnecan Society,
vol. ix. 165, p. 156.

Roureach, P.— Ueber Epipogium gmelini’—Gekronte Preisschrift,
Géttingen, 1866.

Derrivo.—* Sugli Apparecchi della Fecondazione nelle Piante
antocarpee.” Florence, 1867.

HiLpEBRAND, F.—¢ Die Geschlechter-Vertheilung bei den Pflanzen,’
&c. Leipzig, 1867, p. 51, ef seq.

HinpepraND, F.—° Frederigo Delpino’s Beobachtungen iiber die
Bestiubungsvorrichtungen bei den Phanerogamen.'—Bota-
nische Zeitung, No. 34, 1867, p. 265.

MoGGRIDGE, J. TRAHERNE, on Ophrys.—* Flora of Mentone,” 1867 (?).
Plates 43, 44, 45.

WEALE, J. P. MaxseL.—* Notes on the Structure and Fertilisation
of the Genus Bonatea, with a special description of a Species
found at Bedford, South Africa.—dJournal of Linnean Society,
Botany, vol. x. 1867, p. 470.

IIiLDEBRAXD.— Notizen iiber die Geschlechtsverhiltnisse hrasili-
anischer Pflanzen. Aus einem Briefe won Fritz Miiller.-—
Botanische Zeitung, No. 8, 1868, p. 113,



LIST OF PAPERS AND BOOKS. X

MijLLER, Fritz.— Ueber Befruchtungserscheinungen bei Orclii-
deen,’—Botanische Zeitung, No. 89, 1868, p. 629,

MiiLLER, HERMANN.—¢ Beobachtungen an westfélishen Orchideen.’
—Verhandlungen des nat. Vereins fiir Pr. Rheinl. u. Westf.
1868 and 1869.

Darwin, Cnarpes.—* Notes on the Fertilisation of Orchids.’—
Annals and Magazine of Natural History, Sept. 186G9.

DErprixo.—* Ulteriori Osservazioni sulla Dicogamia nel Regno vege-
tale.” Parte prima. Milan, 1868-69, pp. 175-78.

Mog GrIDGE, J. TRAHERNE.—* Ueber Oplrys insectifera, L. (part).
—Verhandlungen der Kaiserl. Leop. Carol. Akad. (Nova
Acta), tom. xxxv. 1869.

MiLLEr, Fritz.—* Ueber einige DBefiuchtungserscheinungen.’—
Botanische Zeitung, No. 14, 1869, p. 224,

MurLer, Fritz.—° Umwandlung von Staubgefissen in Stempel bet
Begonia. Uebergang von Zwitterbliithigkeit in Getrenntblii-
thigkeit bei Chamissoa, Triandrische Varietit eines monan-
drischen Epidendrum.'—Botanische Zeitung, No. 10, 1870,
p. 149.

WEALE, J. P. MaxsenL.—* Note on a Species of Disperis found on
the Kageberz, South Africa.’—Journal of Linnean Society,
Botany, vol. xiii. 1871, p. 42.

WeALE, J. P. MaxseL.—* Some Observotions on the Fertilisation
of Disa macrantha’—Journal of Linnean Society, vol. xiii.
1871, p. 45.

WeALE, J. P. Maxser.—* Notes on some Species of Habenaria
found in South Africa.—Journal of Linnean Society, vol. xiii.
1871, p. 47.

CrEESEMAN, T. I''—‘0On the Fertilisation of the New Zealand
Species of Pterostylis.’—Transactions of the New Zealand Insti-
tute, vol. v. 1873, p. 352.

MorrER, HERMANN.—* Die Befruchtung der Blumen durch Insekten,’
&c. Leipzig, 1873, pp. 74-86.

CneesEmaw, T. F.—fOn the Fertilisation of Adcianthus eyrtostilis.’
—Transactions of the New Zealand Institute, vol. vii. 1874
(issned 1875), p. 349.



4 q Ut e - ' il
AL ] wT gl R LLEA R 1.7¢ 3 | A X
W = | T G : T 3 10 -
4 L. . - e = = B8 L= -
Oy T 7 - r | . 3
bt A1 - =18 11 L 1 Ha ! : 3 | 1
| TTET e T I ' | Ml trare | 1 - 3 1 |
F A LV 3L e L k LS ¥, L e 1L
3
Lo = N T T F ) = Tl [l o | [
il = & T T SIERLE - 2R 8 i 1 =, -
i 3 i | o] ] 10
o L A = | > . | L il
¥ SThb - oTLr Ta) oA oy e
) JLLICY o 3 1




CONTENTS.

T PRODE CETONE (ol est ash esi e e ew.  ws es Foges1-b

CHAPTER I
OPHREZ.

Structure of the flower of Orchis mascula — Power of movement of
the pollinia — Perfect adaptation of the parts in Orchis pyra-
midalis — Other species of Orchis and of some closely allied
genera— On the insects which visit the several species, and on
the frequency of their visits —On the fertility and sterility of
various Orchids— On the secretion of nectar, and on insects
being purposely delayed in obtaining it .. .. .. .. 6-44

CHAPTER Il

OPHREZE—continued,

Fly and Spider Ophrys— Bee Ophrys, apparently adapted for
perpetual self-fertilisation, but with paradoxical contrivances for
intercrossing — Herminium menorchis, attachment of the pol-
linia to the front legs of insects — Peristylus viridis, fertilisation
indirectly effected by nectar secreted from three parts of the
labellum—Gymnadenia conopsea, and other species—Habenaria
or Platanthera chlorantha and bifolia, their pollinia attached to
the eyes of Lepidoptera— Other species of Habenaria — Bonatea,
— Disa — Summary on the powers of movement in the pollinia

45-79



X1l CONTENTS.

CHAPTER IIL

ARETHUSERE.

Cephalanthera grandiflora; rostellum aborted ; early penetration of
the pollen-tubes; case of imperfect self-fertilisation; cross-
fertilisation effected by insects which gnaw the labellum —
Cephalanthera ensifolia — Pogonia — Pterostylis and other
Australian orchids with the labellum sensitive to a touch —
Vanilla—Sobralia .. .. .. .. . .. .. Pages80-92

CHAPTER 1IV.

NEOTTE.RE.

Epipactis palustris; curious shape of the labellum and its import-
ance in the fructification of the flower — other species of Epi-
pactis—Epipogium—Goodyera repens—Spiranthes antumnalis ;
perfect adaptation by which the. polien of a younger flower is
carried to the stigma of an older flower on another plant—
Listera ovata; sensitiveness of the rostellum; explosion of
viscid matter; action of insects; perfect adaptation of the
several organs — Listera cordata— Neottia npidus-avis; its
fertilisation effected in the same manner as in Listera—Thely
mitra, self-fertile ..: .. .. o G 5 4 PSSR

CHAPTER V.

MALAXEJE AND EPIDENDRE.E.

Malaxis paludosa — Masdevallia, curious closed flowers— Bolbo-
phyllum, labellum kept in constant movement by every breath
of air — Dendrobium, contrivance for self-fertilisation — Cattleya,
simple manner of fertilisation — Epidendrum — Self-fertile Epi-
dendrea G| R e U AaE e HSAT, e e S



CONTENTS. X111

CHAPTER VI
VASDEE,

Structure of the column and pollinia — Importance of the elastlicity
of the pedicel ; its power of movement — Elasticity and strength
of the caudicles — Calanthe with lateral stigmas, manner ot
fertilisation— Angreecum sesquipedale, wonderful lencth of nec-
tary — Species with the entrance into the stigmatic chamber
much coniracted, so that the pollen-masses can hardly bLe
inserted — Coryanthes, extraordinary manner of fertilisation

Pages 149-177

CHAPTER VILI

VANDERX confinted, —CATASETIDE.

Catasetide, the most remarkable of all Orchids— The mechanisir
by which the pollinia of Catasetum are ejected to a distance ana
are transported by insccts — Sensitiveness of the horns of the
rostellum — Extraordinary difference in the male, female, and
hermaphrodite forms of Catasetum tridentatum — Mormodes
jgnea, curious structure of the flowers; ejection of the pollinia
— Mormodes luxata— Cycnoches ventricosum, manner of fer-
tilisation MR e e R R e e L TR=205

CHAPTER VIIIL
CYPRIFEDE E—HOMOLOGIES OF THE FLOWERS OF ORCHIDS.

Cypripedium, differs much from all other Orchids — Labellum in
the form of a slipper with two small orifices by which insects
can escape — Manner of fertilisation by small bees of the genus
Andrena—Homological nature of the several parts of the flowers
of the Orchideee— Wonderful amount of modification which
they have undergone .. .. .. .. o we  226-246



]
= iFe 1
- = |
| -
-
Tl :

= 1 |
) B
)




o 1o

N o

= oG

LIST

(ORCHIS MASCULA ..

EE]

”

ORCHIS PYRAMIDALIS ..
MoTH's HEAD AND PROBOSCIS, WITH ATTACHED

OPHRYS MUSCIFERA

a3

¥

bk

ARANIFERA
ARACHEITES
APIFE R-l:‘l- @

PERISTYLUS VIRIDIS

HABENARIA CHLORANTHA
POLLINIA OF HABENARIA CHLORANTHA AND
CEPHALANTHERA GRANDIFLORA
PTEROSTYLIS LONGIFOLIA

C]

CI]

(GYMNADENIA COXOPSEA

EPIPACTIS FPALUSTRIS ..
LATIFOLIA ..
SPIRANTHES AUTUMNALIS .,
LISTERA OVATA ..
MALAXIS PALUDOSA
MASDEVALLIA FENESTRATA
DERDROBIUM CHRYSANTHUM
CaTTIEYA .. ..

DiscraMm

24, PorrixiA oF VANDEE

25.

Pornixiom or ORXITHOCEPHALUS

-

FOLLINIA OF

C

W

w

&

Y

ILLUSTRATIVE OF THE
VAXDEE ..

-

OF WOODCUTS

& -w #
Y] - P

- L] LR

o - L]
L] L] L]
- L] -
ER L -
Lt LA | LI
- . @ - -

L - a-

ETRUCTURE

L

& w " w

I'OLLIXIA

BIFOLIA ..

E EC]

- e

O THE

E] & w
C o

o

I'AGH

101
107
116
130
136
139
144

150
154
160



- 1 ] T -
o 1
=, g e . £ T T
1 _ | I | = :
- - Sk T - - -
a s i L L) K w I T Tl I
AL Asr Al LIl | L)
E 4T r I= "
LF T Al et L 178
i . 8 |
», TR T
X UFLE 2k T
5 . - B -
5, = E - __
J L AN !
=1 L i 11 0y 2 L2
| | - :




ON THE

FERTILISATION OF ORCHIDS

BY

INSECTS,

de. de.

[ i e o

INTRODUCTION.

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

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

B



2 INTRODUETION.

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

I must premise that Christian Konrad Sprengel, in
his curious and valuable work, ¢ Das entdeckte Geheim-
niss der Natur,” published in 1793, gave an excellent
outline of the action of the several parts in the genus
Orchis ; for he well knew the position of the stigma,
and he discovered that insects were necessary to remove
the pollen-masses.* But he overlooked many curious
contrivances,—a consequence, apparently, of his belief
that the stigma generally receives pollen from the
same flower. Sprengel, likewise, has partially described
the structure of Epipactis; but in the case of Listera
he entirely misunderstood the remarkable phenomena
charactcristic of that genus, which has been well de-
seribed by Dr. Hooker in the ¢ Philosophical Trans-

* Delpino has found (¢ Ult. Os-
gervazioni sulla Dicogamia,’ Part
ii, 1875, p. 150) a memoir by Waet-
cher, published in 1801 in Roe-
mer’'s ¢ Archiv fiir die Botanik” t.
i1. p. 11, which apparently has re-
mained unknown to everyone else,

In this memoir Waetcher, who
does not seem to have been ac-
quainted with Sprengel’s work,
shows that insects are necessary
for the fertilisation of warious
orchids, and describes well the
wonderful strueture of Neottia.



INTRODUCTION. 3

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

In the course of the following work I shall have the
pleasure of expressing my deep obligation to several
gentlemen for their unremitting kindness in sending
me fresh specimens, without which aid this work would
have been impossible. The trouble which several of
my kind assistants have taken has been extraordinary:
I have mnever once expressed a wish for aid or for in-
formation which has not been granted me, as far as
possible, in the most liberal spirit.

EXPLANATION OF TERMS.

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

* ¢ Linnean Transactions,” 1833, vol. xvi. p. 704.

Y B 2



4 INTRODUCTION.,

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

Orchids properly have three pistils or female organs,
united together, the upper and anterior surfaces of two
of which form the two stigmas. But the two are often
completely confluent, sc as to appear as one. The
stigma 1s penetrated in the act of fertilisation by long
tubes, emitted by the pollen-grains, which carry the
contents of the grains down to the ovules or young
seeds in the ovarium.

The upper stigma is modified into an extraordinary
organ, called the rostellum, which in many Orchids
presents no resemblance to a true stigma. When
mature it either ineludes or is altogether formed of
viscid matter. In many species the pollen-masses are
firmly attached to a portion of the exterior membrane,
which, when insects visit the flowers, is removed,
together with the pollen-masses. This removable
portion consists in most British Orchids merely of a
small piece of membrane, with a layer or ball of viseid
matter underneath, and I.shall call it the “wviscid dise;”
but in many exotic species the portion removed is so
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large and so important, that one part must be called,
as before, the viscid disc, and the other part the pedicel
of the rostellum, to the end of which the pollen-masses
are attached. Authors have called that portion of the
rostellum which is removed, the “gland ” or “ retina.
culum,” from its apparent function of retaining the
pollen-masses in their places. The pedicel, or pro-
longation of the rostellum, to which In many exotic
species the pollen-masses are attached. seems generally
to have been confounded, under the name of caudicle,
with the true caudicle of the pollen-masses, though
their nature and origin are totally different. The part
of the rostellum which is left after the removal of
the dises and viscid matter, is sometimes called the
“ bursicula,” or “fovea,” or “pouch.” But it will be
found convenient to avoid all these terms, and to call
the whole modified stigma the rostellum—sometimes
adding an adjective to define its shape; that portion
of the rostellum which is removed with the pollen-
masses being called the wiscid disc, together in some
cases with the pedicel.

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

OPHREE,

BStructure of the flower of Orchis mascula—FPower of movement of the
pollinia—Perfect adaptation of the parts in Orchis pyramidalis—
Other species of Orchis and of some-closely allied genera—On the
insects which visit the several species, and on the frequency of their
visits—On the fertility and sterility of various Orchids—On the
gecretion of neetar, and on insects being purposely delayed in
obtaining it.

TarouaHOUT the following volume I have followed, as

far as I conveniently could, the arrangement of the

Orchideze given by Lindley. The British species

belong to five of his tribes, the Ophrewe, Neotteze,

Arethuses, Malaxeee and Cypripedes, but the two

latter tribes contain each only a single genus. Various

British and foreign species belonging to the several

tribes are described in the first eight chapters. The

eighth also contains a discussion on the homologies of
the flowers of the Orchidee. The ninth chapter is
devoted to miscellaneous and general considerations.
The Ophrez include most of our common British
species, and we will begin with the genus Orchis. The
reader may find the following details rather difficult
to understand ; but I can assure him, if he will have
patience to make out the first case, the succeeding ones
will be easily intelligible. The accompanying diagrams

(fig. 1, p. 8) show the relative position of the more

important organs in the flower of the Early Orchis

(0. mascula). The sepals and the petals have been re-

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

A pollinium removed out of one of the two anther-
cells is represented by fig. C; it consists of a2 number
of wedge-formed packets of pollen-grains (see fig. I,
in which the packets are foreibly separated), united
together by excessively elastie, thin threads. These
threads become confluent at the lower end of each
pollen-mass, and compose the straight elastic caudicle
(¢, C). The end of the caudiele is firmly attached to
the viscid dise (d, C), which eonsists (as may be seen
in the section of the pouch-formed rostellum, fig. E)
of a minute oval piece of membrane, with a ball of
viscid matter on its under side. Each pollinium has
its separate disc; and the two balls of viseid matter
lie enclosed together (fig. D) within the rostellum.

The rostellum 1s a nearly spherical, somewhat
pointed projection (7, figs. A and B) overhanging the
two almost confluent stigmas, and must be fully de-
seribed, as every detail of its structure is full of signi-
ficance. A section through one of the dises and balls
of viscid matter is given (fic. E); and a front view of
both viscid dics within the rostellum (fig. D) is like-
wise given. This latter figure (D) probably best
serves to explain the structure of the rostellum ; but
1t must be understood that the front lip is here con-
siderably depressed. The lowest part of the anther is
united to the back of the rostellum, as may be seen
in fig. B. At an early period of growth the rostellum
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DescrirTION OF FI1a. L.

a. anther, consisting of two cells. n. Lectary.

7. rostellum. p. pollen-mass.

. stigma. ¢. caudicle of pollinium,

I. labellum. d. viscid disc of pollinium.

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

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

C. One pollinium, showing the packets of pollen-grains, the caudicle, and
viscid dise.

D. Front view of the caudicles of both pollinia with the discs lying within
the rostellum, its lip being depressed.

E. Section through one side of the rostellum, with the included disc and
caudicle of one pollinium, lip not depressed.

F. Packets of pollen-grains, tied together by elastic threads, here extended.
(Copied from Bauer.)
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consists of a mass of polygonal cells, full of brownish
matter, which cells soon resolve themselves into two
balls of extremely viscid semi-fluid matter, void of
structure. These viscid masses are slightly elongated,
almost flat on the top, and convex below. They lie
quite free within the rostellum (being surrounded by
fluid), except at the back, where each viseid ball
adheres to a small portion or disc of the exterior
membrane of the rostellum. The ends of the two
caudicles are strongly attached externally to these
two little discs of membrane.

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

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

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

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

Now let us see in the case of Orchis mascula (fig. 1)
how this complex mechanism acts. Suppose an insect
to alight on the labellum, which forms a good landing-
place, and to push its head into the chamber (see side
view, A, or front view, B), at the back of which lies the
stigma (s), in order to reach with its proboscis the end
of the nectary; or, which does equally well to show
the action, push very gently a sharply-pointed common
pencil into the nectary. Owing to the pouch-formed
rostellum projecting into the gangway of the nectary,



12 OPHRE 1L, Cuar. 1.

it is scarcely possible that any object can be pushed
into it without the rostellum being touched. The ex-
terior membrane of the rostellum then ruptures in the
proper lines, and the lip or pouch is easily depressed.
When this is effected, one or both of the viseid balls
will almost infallibly touch the intruding body. So
viscid are these balls that whatever they touch they
firmly stick to. Moreover the viscid matter has
the peculiar chemical quality of setting, like a
cement, hard and dry in a few minutes’ time. As the
anther-cells are open in front, when the insect with-
draws its head, or when the pencil is withdrawn, one
pollinium, or both, will be withdrawn, firmly cemented
to the object, projecting up like horns, as shown (fig. 2)

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

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

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

* Dr. H. Miiller (* Die Befrueli- flowers of Orehis mascula, and
tung der Blumen durch Insekten,” finds that this statement is correct.
1873, p. 84) has timed humble- + ¢ Transactionsof the Linnean
bees at work on the spikes of Society,’ vol. xvi. p. 731.
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pollinia of Orchis pyramidalis adhering to the pro-
boscis of a moth, with the stump-like caudicles alone
left, all the packets of pollen having been left glued
to the stigmas of the successively visited flowers.

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

Lastly, as T have shown, the pouch, after being
depressed, springs up to its former position ; and this
1s likewise of great service ; for if this action did not
take place, and an insect after depressing the lip
failed to remove the two viscid balls, or if it removed
one alone, then in the first case both, and in the
second case one would be left exposed to the air;
consequently one or both would quickly lose all
adhesiveness, and the pollinium would be rendered ab-
solutely useless. That with many kinds of Orchids
insects often remove only one of the two pollinia at
a time is certain; it is even probable that they
generally remove only one, for the lower and older
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flowers almost always have both pollinia removed,
whilst the younger flowers close beneath the buds,
which will have been seldomer visited, have frequently
only one pollinium removed. In a spike of Orchis
maculate, I found as many as ten flowers, chiefly the
upper ones, which had only one pollinium removed ;
the other pollinium being still in its proper place with
the lip of the rostellum well closed up; so that all the
mechanism was perfect for its subsequent removal by
some other insect.

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

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

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

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

* M. M. Girard caught a front of its mouth : * Annales de
longicorn beetle, Strangalia atra, la Soe. Entomolog. de France,
with a tuft of the pollen-masses tom. ix. 1869, p. xxxi.
of this orchis attached to the
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which I have examined, and which is ranked by several
botanists as a distinet genus. The relative position of
the parts (fig. 3) is here considerably different from
what it is in 0. maseulae and its allies. There are two
quite distinct rounded stigmatic surfaces (s, s, A)
placed on each side of the pouch-formed rostellum.
This latter organ, instead of standing some height
above the nectary, is brought down (see side view B)
so as to overhang and partially to close its orifice.
The ante-chamber to the nectary, formed by the
union of the edges of the labellum to the column,
which is large in O. mascula and its allies, is here
small. The pouch-formed rostellum is hollowed out
on the under side in the middle: it is filled with
fluid. The viscid dise is single and of the shape of a
saddle (figs. C and E); it carries on its nearly flat
top or seat the two caudicles of the pollinia, the ends
of which firmly adhere to its upper surface. Before
the membrane of the rostellum ruptures, the saddle-
formed dise can be clearly seen to be continuous with
the rest of the surface. The disc is partially hidden
and kept damp (which is of great importance) by the
over-folding bases of the two anther-cells. It consists
of several layers of minute cells, and is therefore rather
thick; it is lined beneath with a layer of highly ad-
hesive matter, which is formed within the rostellum.
It corresponds strictly to the two minute, oval, sepa-
rate discs to which the two caudicles of 0. mascula
and its allies are attached.

When the flower opens and the rostellum has
become symmetrically ruptured, either from a touch
or spontaneously (I know not which), the slightest
pressure depresses the lip, that is, the lower and bi-
lobed portion of the exterior membrane of the ros-
tellum, which projects into the mouth of the nectary.

C
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DescrirrioNn oF Fia. 3.

@, anmther. {.  labellum,
s,8. stigma. I". guiding plate on the labellum.
r. rostellum. ®. Dectary.

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

B. Side view, with all the sepals and petals removed, with the labellum
longitudinally bisected, and with the near side of the upper part
of the nectary cut away.

C. The two pollinia attached to the saddle-shaped viscid dise,

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

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

¥, The pollinia removed by the insertion of a needle into the nectary, after
the saddle has clasped the needle by the first act of contraction.

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

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

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

Now let us see how these parts act. Let a moth
insert its proboscis (and we shall presently see how
frequently the flowers are visited by Lepidoptera)
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between the guiding ridges of the labellum, or insert
a fine bristle, and 1t 1s conducted safely to the minute
orifice of the nectary, and can hardly fail to depress
the lip of the rostellum ; this being effected, the
bristle comes into contact with the now naked and
sticky under surface of the suspended saddle-formed
disc. When the bristle is removed, the saddle with
the attached pollinia is removed. Almost instantly,
as soon as the saddle is exposed to the air, a rapid
movement takes place, and the two flaps curl inwards
and embrace the bristle. When the pollinia are
pulled out by their caudicles, by a pair of pincers,
so that the saddle has nothing to clasp, I observed
that the flaps curled inwards so as to touch each
other in nine seconds (see fig. D), and in nine more
seconds the saddle was converted by the flaps curl-
ing still more inwards into an apparently solid ball.
The proboscides of the many moths which I have
examined, with the pollinia of this Orchis attached
to them, were so thin that the tips of the flaps just
met on the under side. Hence a naturalist, who
sent me a moth with several saddles attached to its
proboscis, and who did not know of this movement,
very naturally came to the extraordinary conclusion
that the moth had cleverly bored through the exact
centres of the so-called sticky glands of some
Orchid.

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

The use of this double movement becomes evident
if a bristle with pollinia attached to it, which have
diverged and become depressed, be pushed between
the guiding ridges of the labellum into the nectary
of the same or another flower (compare figs. A and
G); for the two ends of the pollen-masses will be
found mow to have acquired such a position that the
end of the one strikes against the stigma on the one
side, and the end of the other at the same moment
strikes against the stigma on the opposite side. The
secretion on the stigmas is so viscid that when the
pollinia are withdrawn, the elastic threads by which
the packets of pollen are bound together are ruptured ;
and some dark-green grains may be seen, even by the
naked eye, remaining on the two white stigmatic sur-
faces. I have shown this little experiment to several
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persons, and all have expressed the liveliest admiration
at the perfection of the contrivance by which this
Orchid is fertilised.

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

Then we have the rostellum partially closing the
mouth of the nectary, like a trap placed in a run for
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game ; and the trap so complex and perfect, with its
symmetrical lines of rupture forming the saddle-
shaped disc above, and the lip of the pouch below ;
and, lastly, this lip so easily depressed that the pro-
boscis of a moth can hardly fail to uncover the viscid
dise and adhere to it. But if this fails to ocecur, the
elastic lip rises and covers again the viscid surface,
so as to keep it damp. The viscid matter within the
rostellum is attached to the saddle-shaped dise alone,
and is surrounded by fluid, so that i1t does not set hard
till the disc is withdrawn. The upper surface of the
saddle, with the attached caudicles, is also kept
damp by the bases of the anther-cells, until it is
withdrawn, and then the curious clasping movement
instantly commences, causing the pollinia to diverge,
followed by the movement of depression, which move-
ments together are exactly fitted to cause the ends
of the two pollen-masses to strike the two stigmatic
surfaces. These stigmatic surfaces are not so sticky
as to tear off the whole pollinium from the proboseis
of the moth, but by rupturing the elastic threads to
secure a few packets of pollen, leaving plenty for other
flowers.*

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

* Tl late Prof. Treviranus has  but points out two unimportant
confirmed (¢ Botanische Zeitung,”  inaccuracies in the drawing which
1863, p. 241) all my observations, I have given.
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fly to another plant, and thus effect a union between
two distinet individuals,

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

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

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

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

Aceras (Orchis) longibracteata.—Mr. Moggridge has
given an interesting account, together with a figure,
of this plant which grows in the South of France.}
The pollinia are attached to a single viseid dise.
When they are removed they do not diverge as in
0. pyramidalis, but converge and then undergo the

* The separation of this genus
is evidently artificial. It is a true
Orchis, but with a very short
nectary. Dr. Weddell has de-
scribed (* Annales des Sc. Nat.]
8 ser. Bot. tom. xviii. p. 6) the

oceurrence of numerous hybrids,
naturally produced, between this
Aceras and Orehis galeata.

t+ ‘Journ. Linn, Soe. Bot.!
vol. viii. 1865, p. 256. He gives
also a figure of Orchis hircina.
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movement of depression. The most remarkable point
about this species is that insects seem to suck nectar
out of minute open cells in the honeycombed surface
of the labellum. The flowers are visited by various
hymenopterous and dipterous insects; and the author
saw the pollinia attached to the forehead of a large
bee, the Xylocopa violacea.

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

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

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

* ¢ Nature,’ Dec. 31, 1874, p. 169.
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alicht on the opposite sepals and petals. As a con-
sequence of this, when a butterfly inserts its proboscis
into the narrow entrance of the nectary, the viscid dises
become attached to the lower surface of the proboscis,
and the pollinia afterwards move upwards, instead of
as in all other orchids downwards. They are then in
the proper position for striking the stigma of the next
flower which is visited. Dr. Miller remarks that the
flowers are frequented by an extraordinary number of
butterflies.

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

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

* An abstract of their observa-  tieafion,” chap. xvii, 2nd edit. vol,
tions is given in my ‘ Variation of ii. p. 114
Animals and Plants under Domes-
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that various exotic species, both in this country and
in their native homes, invariably fail to yield seed-
capsules, when the flowers are fertilised with their own
pollen.

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

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

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

+ M. Meénitre (in ‘Bull. Bot.
Soe. de France, tom. i. 1854, p.
370) says he saw in Dr. Guépin’s
collection, bees collected at Sau-
mur with the pollinia of Orchids
attached to their heads; and he
states that a person who kept bees

near the Jardin de la Faculté (at
Toulouse ?) eomplained that his
bees returned from the garden
with their heads charged with
yellow bodies, of which they could
not free themselves. This is good
evidence how firmly the pollinia
are attached. There is, however,
nothing to show whether the pol-
linia in these cases belonged to
the genus Orehis or to some other
genus of the fumily.
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Polyommatus alexis.
Lycena phleeas.
Arge galathea.
Hesperia sylvanus,

»  linea,
Syrichthus alveolus.
Anthrocera ﬁhpcudulﬁ

- trifolii.*
Lithosia complana.
Leucania lithargyria (two speci-

mens).
Caradrina blanda.
- alsines.
Agrotis cataleuca,
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Eubolia mensuraria (two speci-
mens .

Hadena dentina.

Heliothis marginata (two speci-
mens).

Xylophasia sublustris (two speci-
mens).

Fuelidia glyphica.

Toxocampa pastinum,

Melanippe rivaria.

Spilodes palealis.

. cinctalis.
Acontia luctuosa.

A large majority of these moths and butterflies
had two or three pairs of pollinia attached to them,

and invariably to the proboscis.

seven pair (fig. 4), and the
Caradrinano lessthan eleven

pair! The proboscis of this

latter moth presented an ex-
traordinary arborescent ap-
pearance. The saddle-formed
dises, each bearing a pair of
pollinia, adhered to the pro-
boscis, one before the other,
with perfect symmetry ; and
this follows from the moth
having always inserted its

The Acontia had

Fig. 4.

Head and proboscis of .-lcnnfm (nc-
tuosa with seven pair of pollinia
of Orchis pyramidalis attached
to the proboscis.

proboscis into the nectary in exactly the same manner,
owing to the presence of the guiding plates on the
labellum. The unfortunate Caradrina, with its pro-
boscis thus encumbered, could hardly have reached
the extremity of the nectary, and would soon have

* T am indebted to Mr. Parfitt
for an examination of this moth,
which is mentioned in the ‘ En-
tumﬂlﬂn'lbt’s Weekly Intellizencer,’
vol. ii. 152, ang vol. iii. p. 3,
Oct. 3, 134?. The pollinia were

erroneously thought to belong to
Ophrys apifera. The pollen had
changed from its natural green
colour to yellow; on washing it,
however, and drying it, the green
tint returned.
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been starved to death. Both these moths must have
sucked many more than the seven and eleven flowers,
of which they bore the trophies, for the earlier at-
tached pollinia had lost much of their pollen, showing
that they had touched many viscid stigmas.

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

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

* ¢ Gardeners’ Chronicle,’ 1861, marks of mine on this subject
p.73. Mr, Marshall’s communi- previously published in the ‘ Gar
catlon was in answer to some re- deners’ Chronicle,” 1860, p. 528.
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had not been removed were in the upper flowers
beneath the buds, and many of these would probably
have been subsequently carried away. I have often
found an abundance of pollen on the stigmas of flowers
which had not their own pollinia removed, showing
that they had been visited by insects. In many other
cases the pollinia had been removed, but no pollen had
been as yet left on the stigmas.
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In the second lot of 0. morio, in the preceding list,
we see the injurious effects of the extraordinary cold
and wet season of 1860 on the visits of inseets, and,
consequently, on the fertilisation of this Orchid, very
few seed-capsules having been produced. '

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

The third lot of 0. pyramidalis in the above list
grew on a steep grassy bank, overhanging the sea near
Torquay, and where there were no bushes or other
shelter for Lepidoptera; being surprised how few pol-
linia had been removed, though the spikes were old
and very many of the lower flowers ﬂflthered L rrathel ed,
for comparison, six other spikes from two hushy '3nd
.sheltered valleys, half a mlle on each side of the
exposed bank ; these spikes were celtmni}f younger,
and would pmbabl}r have had several more of their
pollinia removed ; but in their present ‘condition we
see how much mme frequently they had been visited by
moths, and consequently fertilised, than these growing
on the much exposed bank. The Bee Ophn‘s and
0. pyramidalis grow mingled together, in many parts
of England ; and they did so heu}, but the Bee Ophrys,
mstead of being, as usual, the rarer species, was here

* Tn the summer of 1875, which  ing fertilised ; and on this necasion
was a very wet one, I gathered six only 119 flowers produced cap-
unusually fine spikes of 0. pyra-  sules, 183 having failed to do so.
midalis. These bore 802 flowers, '8ix spikes of (). maculata bhore 187
excluding fourteen which werestill  flowers, of which eighty-two pro-
fully expanded and capable of be-  duced capsules, 105 having failed,
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much more abundant than O. pyramidalis. No one
would readily have suspected that one chief reason of
this difference probably was, that the exposed situation
was unfavourable to Lepidoptera, and therefore to the
seeding of 0. pyramidalis ; whereas, as we shall here-
after see, the Bee Ophrys is independent of insects.

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

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

D 2
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flowers in the othe~ spikes of 0. fusca, and the propor-
tion of pollinia removed was evidently not greater
than in the two in the list. The ten spikes bore
altogether 358 flowers, and, in accordance with the
few pollinia removed, only eleven capsules had been
formed : five of the ten spikes produced not a single
capsule; two spikes had only one, and omne had as
many as four capsules. As corroborating what I have
before said with respect to pollen being often found on
the stigmas of flowers which retain their own pollinia,
I may add that, of the eleven flowers which had
produced capsules, five had both pollinia still within
their now withered anther-cells.

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

An allied and curious subject remains to be discussed.
The existence of a well-developed spur-like nectary
seems to imply the secretion of nectar. But Sprengel,
a most careful observer, thoroughly searched many
flowers of 0. latifolia and morio, and could never find
a drop of mectar; mnor could Krinitzf find nectar

* ¢Das entdeckte Geheimniss,” tung der Nektarien,” 1833, s. 28,
ete. 5. 404, See also “ Das entdeckte Geheim-
+ Quoted by J. G. Kurr in his  niss,” s, 403,
« Untersuchungen iiber die Bedcu-
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either in the nectary or on the labellum of 0. morio,
fusea, militaris, maculata or latifolia. I have looked
to all our common British species and could find no
trace of nectar; I examined, for instance, eleven
flowers of O. maculata, taken from different plants
orowing in different districts, and taken from the most
favourable position on each spike, and could not find
under the microscope the smallest bead of nectar.
Sprengel calls these flowers “ Scheinsaftblumen,” or
sham-nectar-producers ;—he believes that these plants
exist by an organized system of deception, for he well
knew that the visits of insects were indispensable for
their fertilisation. But when we reflect on the inecalcul-
able number of plants which have lived during a great
length of time, all requiring that insects should carry
the pollen-masses from flower to flower in each gene-
ration ; and as we further know from the number of the
pollen-masses attached to their proboscides, that the
same insects visit a large number of flowers, we can
hardly believe in so gigantic an imposture. He
who believes in Sprengel’s doctrine must rank the
sense or instinctive knowledge of many kinds of
insects, even bees, very low in the scale. To test
the intellect of moths and butterflies I tried the
following little experiment, which ought to have been
tried on a larger scale. I removed a few already

opened flowers on a spike of 0. pyramidalis, ana
then cut off about half the length of the nectaries
of the six next non-expanded flowers. When all the
flowers were nearly withered, I found that thirteen
of the fifteen upper flowers with perfect nectaries
had their pollinia removed, and two alone had their
pollimia still 1n the anther-cells; of the six flowers
with their nectaries cut off, three had their pollinia
removed, and three were still in place; and this in-
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dicates that moths do not go to werk in a quite sense-
less manner.*®

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

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

* Kurr (‘ Bedeutung der Nelk-
tarien,” 1833, p. 123) cut off the
nectaries of fifteen flowers of
Gymnadenia eonopsew, and they
did not produce & single capsule :
he also treated in the same man-

the corolla, leaving the nectary, of
forty flowers of Orchis morio, and
these set no capsules; and this
case shows that insects are guided
to the flowers by the corolla.
Sixteen flowers of FPlatanthera

ner fifteen flowers of Platanthera
or Habenaria bifolis, and these
get only five capsules; but then it
should be observed that the nec-
taries of both these orchids eon-
tain free nectar. He also cut off

treated in the same manner bore
only one capsule. Similar experi-
ments made by him on Gymna-
denia seem to me open to doubt,

t+ ‘Handbook of the British
Flora,’ 1858, p. 501. :
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and I determined to examine 0. morio rigorously. As
soon as many flowers were open, I began to examine
them for twenty-three consecutive days: I looked at
them after hot sunshine, after rain, and at all hours:
I kept the spikes in water, and examined them at
midnight, and early the next morning: I irritated
the nectaries with a bristle, and exposed them to
irritating vapours: I took flowers which had lately had
their pollinia removed by insects, of which fact I had
independent proof on one occasion by finding grains
of some foreign pollen within the nectary ; and 1 took
other flowers, which judging from their position on the
spike, would soon have had their pollinia removed ;
but the nectary was invariably quite dry. After the
publication of the first edition of this work, I one
day saw various kinds of bees visiting repeatedly the
flowers of this same Orchid, so that this was evidently
the proper time to examine their nectaries ; but I failed
to detect under the microscope even the minutest drop
of nectar. So it was with the nectaries of 0. maculata
at a time when I repeatedly saw {flies of the genus
Empis keeping their proboscides inserted into them
for a considerable length of time. Orehis pyramidalis
was examined with equal care with the same result,
for the glittering points within the nectary were abso-
lutely dry. We may therefore safely conclude that
the nectaries of the above-named Orchids neither in
this country nor in Germany ever contain nectar.
Whilst examining the nectaries of 0. morio and
maculata, and especially of 0. pyramidalis and hircina,
I was surprised at the degree to which the inner and
outer membranes forming the tube or spur were sepa-
rated from each other,—also at the delicate nature ot
the inner membrane, which could be penetrated very
easily,—and, lastly, at the quantity of fluid contained
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. between the two membrares. So copious is this fluid,
¢ that, after cutting off the extremities of the nectaries
of 0. pyramidalis, and gently squeezing them on glass
under the microscope, such large drops of fluid exuded
from the cut ends, that I concluded that at last I had
found nectaries which contained nectar; butwhen I care-
fully made, without any pressure, a slit along the upper
surface of other nectaries from the same plants, and
looked into them, their inner surfaces were quite dry.
I then examined the nectaries of Gymnadenia conopsea
(a plant ranked by some botanists as a true Orchis)
and of Habenaria bifolia, which are always full of nectar
up to one-third or two-thirds of their length. The
inner membrane presented the same structure and was
covered with papillee as in the foregoing species; but
there was a plain. difference in the inner and outer
membranes being closely united, instead of being in
some degree separated from each other and charged
with fluid. I was therefore led to conclude that insects
penetrate the lax inner membrane of the neetaries of
the above-named Orchids, and suck the copious fluid
between the two membranes. 'This was a bold hypo-
thesis; for at the time no case was known of insects
penetrating with their delicate proboscides even the
laxest membrane. But I have now heard from Mr.
Trimen, that at the Cape of Good Hope moths and
butterflies do much injury to peaches and plums by
puncturing their unbroken skins. In Queensland,
Australia, a moth, the Ophideres fullonica, bores
through the thick rind of the orange with its wonder-
ful proboscis, provided with formidable teeth.* There
is therefore not the least difficulty in believing that
Lepidoptera with their delicate proboscides, and bees

* My son Francis has described * Q. Journal of Mieroscopical
and figured this organ in the Beience,; vol. xv, 1875, p. 385,
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with their much stronger ones, could penetrate with ease
the soft inner membrane of the nectaries of the above-
named Orchids. Dr. H. Miiller is also convinced ® that
insects puncture the thickened bases of the standard
petals of the Laburnum,f and perhaps the petals of
some other flowers, so as to obtain the included fluid.
The various kinds of bees which I saw visiting the
flowers of Orchis morio remained for some time with
their proboscides inserted into the dry nectaries, and
I distinctly saw this organ in constant movement. I
observed the same fact with Empis in the case of 0.
maculata ; and on afterwards opening several of the
nectaries, I occasionally detected minute brown specks,
due as I believe to the punctures made some time
before by these flies. Dr. H. Miller, who has often
watched bees at work on several species of Orchis, the
nectaries of which do not contain any free nectar, fully
accepts my view.f On the other hand, Delpino still
maintains that Sprengel is right, and that insects are
continually deceived by the presence of a nectary,
though this contains no nectar.§ His belief is founded
chiefly on a statement by Sprengel that insects soon
find out that it is of no use to visit the nectaries of
these orchids, as shown by their fertilising only the

* ¢ Die Befruchtung,’ &e. p. 235,

t Treviranus cenfirms (¢ Bot.
Zeitung,” 1863, p. 10) a statement
made by Salisbury, that when the
filaments in the flowers of another
leguminous plant, Edwardsia, fall
off, or when they are cautiously
separated, a large quantity of
sweet fluil flows from the points
of separation; and as beforehand
there was no trace of any such
fluid, it must have been contained,
as Treviranus remarks, within the
cellular tissue. I may add an ap-
parently similar, but really dis-

tinet case, namely, the presence
of nectar in several monocotyle-
donous plants (as deseribed by
Ad. Brongniart in ¢ Bull. Soc. Bot.
de France,” tom. i. 1854, p. 75)
between the two walls (feuillets)
which form the divisions of the
ovarium. But the nectar in this
case is conducted to the outside
by a channel; and the seereting
surface is homologically an ex-
terior surface,

1 ‘ Die Befruchtung,’ &e. p. 84,

§ ¢ Ult. Osservazioni sulla Di-
cogamia,” 1875, p. 121.



42 OPHRE X, Cuar. L

lower and first opened flowers. But this statement is
completely contradicted by my observations previously
given, from which it follows that very many of the
upper flowers are fertilised; for instance, on a spike
of 0. pyramidalis with between fifty and sixty flowers,
no less than forty-eight had their pollinia removed.
Nevertheless, as soon as I learnt that Delpino still be-
lieved in Sprengel’s view, I selected during the un-
favourable season of 1875 six old spikes of 0. maculata,
and divided each into halves, so as to observe whether
many more capsules were produced by the lower than
by the upper half. This certainly was not always the
case ; for in some of the spikes no difference could be
detected between them ; in others there were more cap-
sules in the lower, while in others there were more in
the upper half. A spike of 0. pyramidalis examined
in the same manner produced twice as many capsules
in the upper as in the lower half. Bearing in mind
these facts and others before given, it appears to me
incredible that the same insect should go on visiting
flower after flower of these Orchids, although it never
obtains any nectar. Insects, or at least bees, are by
no means destitute of intelligence. They recognise
from a distance the flowers of the same species, and
keep to them as long as they can. When humble-
bees have bitten holes through the corolla, as they
often do, so as to reach the nectar more easily, hive-
bees immediately perceive what has been done and
take advantage of the perforations. When flowers
having more than a single nectary are visited by many
bees, so that the nectar 1s exhausted in most of them.
the bees which afterwards visit such flowers insert
their proboscides only into one of the nectaries, and
if they find this exhausted, they instantly pass on to
another flower. Can it be believed that bees which
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show this much intelligence, should persevere in
visiting flower after flower of the above-named Orchids,
and in keeping their proboseides in constant movement
for some time within the nectaries, in the hope of
obtaining nectar which 1s never present? This, as I
have said, seems to me utterly incredible.

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

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

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

OPHRE.E—continued.

Fly and Spider Ophrys—DBee Ophrys, apparently adapted for perpetual
self-fertilisation, but with paradoxical eontrivances for intererossing
—Herminium monorchis, attacliment of the pollinia to the front legs
of insects—Peristylus viridis, fertilisation indirectly effected by nectar
secreted from three parts of the labellum— Gymnadenia conopsea,
and other species — Habenaria or Platanthera chlorantha and
bifolia, their pollinia attached fo the eyes of Lepidoptera—Other
species of Habenaria—Bonatea—Disa—Summary on the powers ot

movement in the pollinia.

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

In Ophrys muscifera, or the Fly Ophrys, the chief
peculiarity is that the caudicle of the pollinium
(B, fig. 5) is doubly bent. The nearly ecircular piece
of membrane, to the under side of which the ball of
viseid matter adheres, is of considerable size, and forms
the summit of the rostellum.

It is thus freely exposed

* It is not correct to speak of
two rostella, but the inaccuracy
may be forgiven from its conve-
nience. The rostellum strictly is
a single organ, formed by the
modification of the dorsal stigma
and pistil; so that in Uphrys the
two poucles, the two viseid dises,
and the space between them to-
gether form the true rostellum.
Again, in Orehis I Lave spoken of
the poneh-formed organ as the
rostellum, but strictly the rostel-
lum includes the little erest or

fold of membrane (sce B in fiz. 1)
projecting between the bases of
the anther-cells, This folded
erest (sometimes converted into a
solid ridge) corresponds with the
smooth surface lying between the
two pouches in Uphrys, and owes
its protuberant and folded condi-
tion in Orchis to the two ponches
having been brought together and
rendered confluent, This modi-
fication will be more fully exe
plained in a future chapter,
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to the air, instead of lying almost hidden at the base of
the anther, as in Orchis, and thus kept damp. Never-
theless, when a pollinium is removed, the caudicle
bends downwards in the course of about six minutes,
and, therefore, at an unusually slow rate; the upper

OPHRYS MUSCIFERA, OR FLY OPHRYS,

a. anther. s. stigma, of the bases of the anther-cells ;

r,r. rostella, . labellum. but this is not shown from the

A. Flower viewed in front: the two foreshortening of the drawing.
upper petals are almost cylin- | B. One of the two pollinia removed
drical and hairy : the two ros- trom its anther-cell, and viewed
tella stand a little in advance laterally.

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

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

Since the publication of the second edition in 1877,
Hermann Miiller has made the interesting observa-
tion* that the labellum of the Fly Oplrys is ocea-
sionally covered with drops of an excreted fluid, and
in one instance he actually saw a fly (Sarcophaga, sp.)
seated on the labellum and licking up the drops of
fluid. The fly flew away without removing the pol-
linia ; but if he had not been disturbed it is probuble
that he would have moved on and tried the sham
nectaries of Sprengel, in which case he would have
come in contact with the sticky disc of the pollen
masses, and would thus have been able to effect the
fertilisation of the next flower which he might visit.

Number of Flowers.
Both Pollinia :
Both Polll
or pne removed | i’ tnir Cells,
In 1858, 17 plants, bearing 57 ﬁuwera,} 30 97
growing near each other were examined
In 1858, 25 plants growing in another 15 50
apot, and bearing 65 flowers - -
In 1860, 17 plants, bearing 61 flowers . 28 33
In 1861, 4 plants from 8. Kent, bearing 24
flowers (all the previous plants having 15 9 i
grown in N. Kent) . . .
Total : . : 88 119

That insects visit the flowers of the Fly Ophrys
and remove the pollinia, though not effectually or svi-

* ¢ Nature,’ 1878, p. 221, January 27.
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ciently, the following cases show. During several
years before 1858 I occasionally examined some flowers,
and found that only thirteen out of 102 had one or
both pollinia removed. Although at the time I re-
corded in my notes that most of the flowers were
partly withered, I now think that I must have included
many young flowers, which might perhaps have been
subsequently visited ; so I prefer trusting to the fol-
lowing observations.

We here see that, out of 207 flowers examined, not
half had been visited by insects. Of the eighty-eight
flowers visited, thirty-one had only one pollinium re-
moved. As the visits of insects are indispensable for
the fertilisation of this Orchid, it is surprising (as in
the case of Orchis fusca) that the flowers have not been
rendered more attractive to insects. The number of
seed-capsules produced is proportionably even less than
the number of flowers visited by insects. The year
1861 was extraordinarily favourable to this species in
this part of Kent, and I never saw such numbers
in flower ; accordingly I marked eleven plants, which
bore forty-nine flowers, but these produced only seven
capsules. Two of the plants each bore two capsules,
and three other plants each bore one, so that no less
than six plants did not produce a single capsule!
What are we to conclude from these facts? Are the
eonditions of life unfavourable to this species, though
during the year just alluded to it was so numerous in
some places as to deserve to be called quite common ?
Could the plant nourish more seed ; and would it be of
any advantage to it to produce more seed ? Why does
it produce so many flowers, if it already produces a
sufficiency of seeds? Something seems to be out of
order in its mechanism or in its conditions. We shall
presently see that Ophrys apifera or the Bee Ophrys

E
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presents a wonderful contrast in every flower producing
a capsule,

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

debted to Mr. Oxenden for some spikes of this rare

Fig. 6. species. Whilst the pollinia

& remain enclosed within their

L5 cells, the lower part of the cau-

dicle projects up in a straight

line from the viseid dise, and

therefore has a very different

B form from the corresponding

Ophrys aranifera. part of the caudicle of 0. mus-

A, I-"ullfnljurn before the act of ﬂl:fﬁ?‘fb ; but the upper PﬂI‘t ( A’
Epl‘EESlﬂﬂ. . & a

B. Pollinivm nf’_ter the act of ﬁg* (}) is a little bent lel'WﬂI'd,

depression. that is, towards the labellum.

The point of attachment of the caudicle to the dise
1s hidden within the bases of the anther-cells, and
is thus kept damp; consequently, as soon as the
pollinia are exposed to the air, the usual movement of
depression takes place, and they sweep through an
angle of about ninety degrees. By this movement
they assume, supposing them to be attached to an
insect’s head, a position exactly adapted for striking
the stigmatic surface, which is situated, relatively to
the pouch-formed rostella, rather lower down in the
flower than in the Fly Ophrys.

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

# ¢ ULt Osserv. s. Dicecomia,” &c. Parte i. 1868-68, p. 177,
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capsule, though near I'lorence rather more capsules
are produced. The labellum does not secrete any
nectar. The flowers, however, must be occasionally
visited and fertilised by inseets, for Delpino found*
pollen-masses on the stigmas of some flowers which
still retained both their own pollinia.

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

Oplrys arachnetes.—This form, of which Mr. Oxenden
sent me several living specimens, is iz 7.
considered by some botanists as only a
variety of the Bee Ophrys, by others as a
distinet species. The anther-cells do not
stand so high above the stigma, and do
not overhang it so much, as in the Dee
Ophrys, and the pollen masses are more .. .
Elﬂngﬂtﬂd. The caudicle 1s ﬂﬂl}? tWo- Ophrysarachnites,
thirds, or even only half as long as that of the Bee

* ¢ Fecondazione nelle Piante Antocarpe,” 1867, p. 20.
E 2
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Ophrys, and is much more rigid; the upper part is
naturally curved forward; the lower part undergoes
the usual movement of depression, when the pollinia
are removed from their cells. The pollen-masses
never fall spontaneously out of their cells. This plant,
therefore, differs in every important respect from O.
apifera, and seems to be much more closely allied to
0. aranifera.

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

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

* ¢ Journ. Linn. Soe.” vol. viii.  symmetrically confluent as in the
1865, p. 258. genus Orchis, and with the iwo

+ I once found a single flower  viscid dises likewise confluent, as
on the summit of a spike, with  in Orchis pyramidalis or hircina.
the two restella as comp ctely and
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stigma. The anther-cells naturally open soon after
the flower is fully expanded, and the thick ends of
the pollen-masses then fall out, the viscid dises still
remaining in their pouches. Slight as is the weight
of the pollen-masses, yet the caudicles are so thin and
quickly become so flexible, that in the course of a few
hours they sink down, until they hang freely in the air

OPHRYS APIFERA, OR BEE OPHRYS.

a. anther. out of the anther-cell; and

(.1 labellum. ' the other has fallen almost to

A. Side view of flower, with the | its full extent, opposite to the
upper sepal and the two upper | hidden stigmatic surface.
petals removed. One pollinium, | B. Pollinium in the position in
with its dise still in its pouch, | which it lies embedded.

is represented as just falling |

(see lower pollen-mass in fig. A) exactly opposite to
and in front of the stigmatic surfzme In this position

a breath of air, acting on the expanded petals, sets
the flexible and elastic candicles vibrating, and they

almost immediately strike the viscid stigma, and,
being there secured, impregnation is effected. To
make sure that no other aid was requisite, though
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the cxperiment was superfluous, I covered up a plant
under a net, so that the wind, but no inseects, could
pass in, and in a few days the pollinia became attached
to the stigmas. DBut the pollinia of a spike kept in
water in a still room remained free, suspended in front
of the stigma, until the flowers withered.

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

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

— = — —

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

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

® Mr. Gerard E. Smith, in his ‘Catalogue of Plants of 8, Kent,
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that the flowers resembled bees in order to deter their
visits, but this seems extremely improbable. The
flowers with their pink sepals do not resemble any
British bee, and it is probably true, as T have heard it
said, that the plant received its name merely from the
hairy labellum being somewhat like the abdomen of a
humble-bee. We see how fanciful many of the names
are,—one species being called the Lizard and another
the Frog Orchis. The resemblance of 0. muscifera to
a fly is very much closer than that of O. apifera to a
bee; and yet the fertilisation of the former absolutely
depends on and is effected by the means of insects.

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

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

e

1529, p. 25, says: * Mr. Price cannot conjecture.

has frequently witnessed attacks * ¢ Bot. Zeitung,’ 1863, p. 241.
made upon the Bee Orchis by a  This botanist at first doubted my-
vee, similar to those of the observations on Ophrys apifera:
troublesome Apis  muscorum.”  and aranifera, but has since fully
What this sentence means I  confirmed them.
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drawn out of its pouch a movement of depression
commences, by which the pollinium if attached to
the front of an insect’s head would be brought into
a proper position for striking the stigma. When a
pollen-mass is placed on the stigma and then with-
drawn, the elastic threads by which the packets are
tied together break, and leave several packets on the
viseid surface. In all other Orchids the meaning of
these several contrivances is unmistakably clear—
namely, the downward movement of the lip of the ros-
tellum when gently pushed—the viscidity of the disc
—the depression of the caudicle as soon as the disc
1s exposed to the air—the rupturing of the elastic
threads—and the conspicuousness of the flower. Are
we to believe that these adaptations for cross-fertilisa-
tion in the Bee Ophrys are absolutely purposeless, as
would certainly be the case if this species has always
been and will always be self-fertilised ? It is, however,
just possible that insects, although they have never
been seen to visit the flowers, may at rare intervals
transport the pollinia from plant to plant, during such
seasons as that of 1868, when the pollinia did not all
tall out of the anther-cells so as to reach the stigmas.
The whole case is perplexing in an unparalleled degree,
for we have in the same flower elaborate contrivances
for directly opposed objects.

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

“ ¢ The Effects of Cross and Self-Fertilisation in the Vegetable
Kingdom,’ 1876.
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supply of seed; and we have seen with the other
British species of Ophrys which cannot fertilise them-
selves, how small a proportion of their flowers produce
capsules. Judging therefore from the structure of
the flowers of 0. apifera, it seems almost certain that
at some former period they were adapted for cross-
fertilisation, but that failing to produce a sufficiency
of seed they became slightly modified so as to fertilise
themselves. It is, however, remarkable on this view,
that none of the parts in question show any tendency
to abortion—that in the several and distant countries
which the plant inhabits, the flowers are still con-
spicuous, the dises still viscid, and the caudicles still
retain the power of movement when the dises are ex-
posed to the air. The metallic points at the base of
the labellum are however smaller than in the other
species; and if these serve to attract insects, this dif-
ference is of some signification. As 1t can hardly be
doubted that O. apifera was at first constructed so as
to be regularly cross-fertilised, it may be asked will it
ever revert to its former sta‘e; and if 1t does not so
revert, will it become extinet? These questions cannot
be answered, any more than in the case of those plants
which are now propagated exclusively by buds, stolons,
&e., but which produce flowers that rarely or never set
any seed ; and there 1s reason to believe that asexual
propagation is closely analogous to long-continued
self-fertilisation.

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

=

* These forms areillustrated by ¢ Verhandlungen der Kaiserl.
beautiful coloured drawings in  Leop. Car. Akad.’ (Nov. Aet.),
ihe ‘Flora of Mentone,” pl. 43 to  tom. xxxv. 1869.

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

Herminium monorchis.—The Musk Orchis, which is
a rare British plant, is generally spoken of as having
naked glands or dises, but this is not strietly correct.
The dise is of unusual size, nearly equalling the mass
of pollen-grains : it is subtriangular, with one side pro-
tuberant, and somewhat resembles a distorted helmet
in shape: it is formed of hard tissue with the basec
hollowed out, and viscid; the base resting on and
being covered by a narrow strip of membrane, which is
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easily pushed away, and answers to the pouch in
Orchis. The whole upper part of the helmet answers
to the minute oval bit of membrane to which the
caudicle of Orchis is attached and which in Ophrys
is larger and convex. When the lower part of the
helmet is moved by any pointed object, the point
readily slips into its hollow base, and is there held so
firmly by the viscid matter, that the whole helmet
appears adapted to stick to some prominent part of an
insect’s body. The caudicle is short and very elastic ;
it 1s attached not to the apex of the helmet, but to the
hinder end ; if it had been attached to the apex, the
point of attachment would have been freely exposed to
the air and not kept damp; and then the pollinium
when removed from its cell would not have been
quickly depressed.

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

When the first edition of this book appeared I did
not know how the flowers were fertilised, but my son
George has made out the whole process, which is
extremely curious and differs from that in any other
Orchid known to me. He saw various minute insects
entering the flowers, and brought home no less than
twenty-seven specimens with pollinia (generally with
only one, but sometimes with two) attached to them.
These insects consisted of minute Hymenoptera (of
which Tetrastichus diaphantus was the commonest),
of Diptera and Coleoptera, the latter being Malthodes
brevicollis. The one indispensable point appears to
be that the insect should be of very small size, the
largest being only the ;%5 of an inch in length. The
pollinia were always attached to the same place,
namely, to the outer surface of the femur of one of the
front legs, and generally to the projection formed by
the articulation of the femur with the coxa. The
cause of this peculiar mode of attachment is suffici-
ently clear : the middle part of the labellum stands so
close to the anther and stigma, that insects always enter
the flower at one corner, between the edge of the
labellum and one of the upper petals; they also almost
always crawl in with their backs turned directly or
obliquely towards the labellum. My son saw several
which began to crawl into the flowers in a different
position ; but they came out and changed their posi-
tion. Standing in either corner of the flower, with
their backs turned towards the labellum, they insert
their heads and fore legs into the short nectary, which
is seated between the two widely separated viscid dises.
I ascertained that they had occupied this position by
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finding three dead insects, permanently glued to the
dises. Whilst sucking the nectar, which takes two or
three minutes, the projecting joint of the femur stands
under the large helmet-like viscid dise on either side ;
and when the insect retreats, the disc exactly fits on
and 1s glued to the prominent joint, or to the surface
of the femur. The movement of depression in the
caudicle now takes place, and the mass of pollen-grains
then projects just beyond the tibia; so that the insect,
when entering another flower, can hardly fail to ferti-
lise the stigma, which 1s situated directly beneath the
disc on either side.

PrristyLus viripis, ok Frog ORrciis,
Front view of flower,

¢. anther. n'n'. lateral nectaries.
5. stiema. {. labellum.
n. orifice of central nectary.

Peristylus viridis—This plant, which bears the odd
name of the Frog Orchis, has been placed by many
botanists in the genus Habenaria or Platanthera; but
as the dises are not naked, it is doubtful whether this
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classification can be correct. The rostella are small
and widely separated from each other. The viseid
matter on the under side of the dise forms an oval ball
which is enclosed within a small pouch. The upper
membrane to which the caudicle is attached is of large
size relatively to the whole dise, and is freely exposed
to the air. Hence probably if is that the pollinia when
removed from their cases do not become depressed
until, as Mr. T. H. Farrer has observed, twenty or
thirty minutes have elapsed. Owing to this long
interval, I formerly thought that they did not undergo
any movement of depression. Supposing a pollinium
to be attached to the head of an insect, and to have
become depressed, it will stand at the proper angle,
vertically, for striking the stigma. But from the
lateral position of the anther-cells, notwithstanding
that they converge a little towards their upper ends,
it is difficult at first to see how the pollinia when
removed by insects are afterwards placed on the
stigma ; for this is of small size and is situated in the
middle of the flower between the two widely separated
rostella.

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

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

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

Fig. 10.

GYMNADENIA CONOPSEA,

A. Pollinium, before the act of

B. Pollinium, after the act of de-
depression.

pression, but before it has
closely clasped the disc.

discs, which are as long as the caudicles (fig. 10).
When the pollinia are exposed to the air the caudicle
1s depressed in from thirty to sixty seconds; and as
the posterior surface of the caudicle is slightly hol-
lowed out, it closely clasps the upper membranous
surface of the dise. The mechanism of this movement
will be described in the last chapter. The -elastic
threads by which the packets of pollen are bound to-
gether are unusually weak, as is likewise the case with
F
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the two following species of Habenaria: this was well
shown by the state of specimens which had been kept
in spirits of wine. This weakness apparently stands in
relation to the viscid matter of the discs not setting
hard and dry as in Orchis; so that a moth with a
pollinium attached to its proboscis might be enabled to
visit several flowers without having the whole polli-
nium dragged off by the first stigma which was struck.
The two strap-shaped dises lie close together, and form
the arched roof of the entrance into the nectary.
They are not protected, as in Orchis, by a lower lip or
pouch, so that the structure of the rostellum is simpler.
When we come to treat of the homologies of the ros-
tellum we shall see that this difference is due to a
small change, namely, to the lower and exterior cells
of the rostellum resolving themselves into viscid
matter ; whereas in Orchis the exterior surface retains
its early cellular or membranous condition.

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

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

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

F 2
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compel moths to insert their proboscides symmetrically
mto the nectary, and there would be no advantage in
their doing so.

Gymnadenia albida.—The structure of the flower of
this species resembles in most respects that of the
last ; but, owing to the upturning of the labellum, it
is rendered almost tubular. The naked elongated
discs are minute and approximate. The stigmatic sur-
faces are partially lateral and divergent. The nectary
i1s short, and full of nectar. Small as the flowers are,
they seem highly attractive to insects : of the eighteen
lower flowers on one spike, ten had both, and seven
had one pollinium removed ; on some older spikes all
the pollinia had been removed, except from two or
three of the uppermost flowers.

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

* ¢Nature, Dec. 31, 1874, p. note p. 260; and vol. xxxvi. 1863
169. p-293. In the latter paper he

+ ¢ American Journal of Science,” adds some remarkson G. flanzand
vol. xxxv. 1862, p. 426, and foot- nivea,
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of the pollinia by insects, including the movement of
depression, are as perfect as in the species which
depend upon insect aid.” Hence there can be little
doubt that this species is occasionally cross-fertilised.

Fig. 11.

HABENARIA CHLORANTHA, OR BUTTERFLY ORCHIS.

aa. anther-cells,

d. disc of pollinium,
s.  stigma,

n. nectary.

n'. orifice of nectary.
. labellum.

A,

Flower viewed in front, with all
the sepals and petals removed
except the labellum with its

nectary, which is turned to one
side.

B. A pollinium. (This has hardly
a sufficiently elongated appear-
ance.) The drum-like pedicel
is hidden behind the disec.

C. Diagram, giving a section
through the viscid dise, the
drum-like pedicel, and the
attached end of the caudicle.
The viscid disc is formed of an
upper membrane with a layer
of viscid matter beneath.

 Habenaria or Platanthera chlorantha.—The pollinia
of the Large Butterfly Orchis differ considerably from

those of any species hitherto mentioned.

The two
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anther-cells are separated from each other by a wide
space of connective membrane, and the pollinia are
enclosed in a backward sloping position (fig. 11). The
viscld dises front each other, and stand in advance of
the stigmatic surface. In consequence of their forward
position, the caudicles and pollen-masses are much
elongated. Xach viscid dise is eircular, and, in the
early bud, eonsists of a mass of cells, of which the
exterior layers (unswering to the lip or pouch in
Orchis) resolve themselves into adhesive matter. This
matter has the property of remaining adhesive for at
least twenty-four hours after the pollinium has been
removed from its cell. The dise, externally covered
with a thick layer of adhesive matter (see fig. C,
which stands so that the layer of viscid matter is below)
is produced on its opposite and embedded side into
a short drum-like pedicel. This pedicel i1s continuous
with the membranous portion of the disc and is formed
of the same tissue. The caudicle of the pollinium is
attached in a transverse direction to the embedded end
of the pedicel, and its extremity is prolonged, as a bent
rudimentary tail, just beyond the drum. The caudicle
is thus united to the viseid disc in a very different
manner, and in a plane at right angles, to what occurs
in the other British Orchids. In the short drum-
like pedicel, we have a small development of the long
pedicel of the rostellum, which is so conspicuous in
many Vandez, and which connects the viseid dise with
the true caudicles of the pollinia.

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

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

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

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

* ¢ Nature,’ Sept. 12, 1872, p. 393.
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no doubt is that the viscid discs cannot adhere to
a scaly or very hairy surface; the scales themselves
being easily detached. Variations in the structure of
the flower of an Orchid, unless they led to the viscid
dises touching some part of the body of an insect
where they would remain firmly attached, would be of
no service, but an injury to the plant ; and consequently
such variations would not be preserved and perfected.

Habenaria bifolia, or Lesser Butterfly Orchis—1 am
aware that this form and the last are considered by
Mr. Bentham and by some other botanists as mere
varieties of one another ; for it is said that intermediate
gradations in the position of the viscid dises occur.
But we shall immediately see that the two forms
differ in a large number of other characters, not to
mention general aspect and the stations inhabited, with
which we are not here concerned. Should these two
forms be hereafter proved to graduate into each other,
independently of hybridisation, 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
certainly differ from one another more than do most
species belonging to the same genus.

The viscid discs of the Lesser Butterfly Orchis are
oval, and face each other. They stand far closer
together than in the last species; so much so, that in
the bud, when their surfaces are cellular, they almost
touch. They are not placed so low down relatively to
the mouth of the nectary. The viscid matter is of
a somewhat different chemical nature, as shown by
Jits much greater viscidity, if after having been long
dried it is moistened, or after being kept in weak
spirits of wine. The drum-like pedicel can hardly be
said to be present, but is represented by a longitudinal
ridge, truncated at the end where the caudicle is
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attached, and there is hardly a vestige of the rudi-
mentary tail. In fig. 12 the dises of both species,
of the proper proportional
sizes, are represented as seen
vertically from above. The
pollinia, after removal from
their cells, undergo nearly the
same movements as in the last
species. In both forms the
movement 1s well shown by
removing a pollinium by the
thick end with a pair of pin-
cers, and holding it under the microscope, when the
plane of the viscid disc will be seen to move through
an angle of at least forty-five degrees. The caudicles
of the Lesser Butterfly Orchis are relatively very much
shorter than in the other species; the little packets
of pollen are shorter, whiter, and, in a mature flower,
separate much more readily from one another. Lastly,
the stigmatic surface is differently shaped, being more
plainly tripartite, with two lateral prominences, situ-
ated beneath the viscid dises. These prominences
contract the mouth of the nectary, making it sub-
quadrangular. Hence I cannot doubt that the Larger
and Lesser Butterfly Orchids are distinet species,
masked by close external similarity.*

As soon as I had examined the present species,

Fig. 12.

B. Disc and caudicle of H. chlo-
rantha, seen from above,
with the drum-like pedicel
fore-shortened.

A. Disc and caudicle of I, li-
Jolia, seen from above.

* According to Dr. H. Miiller,
Habenaria or Platanthera bifolia
of English authors is the P. sol-

stitialis of Boenninghausen; and .

he fully agrees with me that it
must be ranked as specifically
distinet from P. chlorantha. Dr.
Miiller states that this latter
species is connected by a series
of gradations with another form

which in Germany is called P.
bifolia. He gives a very full and
interesting account of the varia-
bility of these three forms of
Platanthera, and of their structure
in relation to their manner of fer-
tilisation: *Verhandl. d. Nat.
Verein, f. Pr. Rh. u. Westfal.
gah:;g. xxv. IIL. Folge, v. Bd. pp.
G- 38.
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I felt convinced, from the position of the viscid discs,
that it would be fertilised in a different manner from
the Larger Butterfly Orchis; and now, owing to the
kindness of Mr. F. Bond, I have examined two moths,
namely, Agrotis segetum and Anaitis plagiata, one with
three pollinia, and the other with five pollinia, attached,
not to the eyes and side of the face as in the last
species, but to the base of the proboscis. I may
remark that the pollinia of these two species of Habe-
naria, when attached to moths, can be distinguished at
a glance.

Professor Asa Gray has described® the structure of
no less than ten American species of Platanthera.
Most of them resemble in their manner of fertilisation
the two British species; but some of the species, in
which the viscid dises do not stand far apart, have
curious contrivances, such as a channelled labellum,
lateral shields, &c., compelling moths to insert their
proboscides directly in front. P. hookeri, on the other
hand, differs in a very interesting manner: the two
viseld dises stand widely separated from each other;
consequently a moth, unless of gigantic size, would be
able to suck the copious nectar without touching either
dise ; but this risk 1s avoided in the following manner:
—the central line of the stigma is prominent, and the
labellum, instead of hanging down, as in most of the
other species, is curved upwards, so that the front of
the flower is made somewhat tubular and is divided
into halves. Thus a moth is compelled to go to the
one or other side, and its face will almost certainly be
brought into contact with one of the discs. The drum
of the pollinium, when removed, contracts in the
same manner as I have described under P. chlorantha.

* ¢ American Journal of Science,’ wol. xxxiv. 1962, pp. 143, 259,
and 4:4, and vol. xxxvi. 1863, p. 292
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Professor Gray has seen a butterfly (Nisoniades) from
Canada with a pollinium of this species attached to
each eye. In the case of P. flava, moths are compelled
in a different manner to enter the nectary on one side.
A narrow but strong protuberance, rising from the base
of the labellum, projects upwards and backwards, so
as almost to touch the column; thus the moth, being
forced to go to either side, is almost sure to withdraw
one of the viscid discs. P. hyperborea and dilatata
have been regarded by some botanists as varieties of
the same species; and Professor Asa Gray says that
he was formerly tempted to come to the same con-
clusion; but on closer examination he finds, besides
vther characters, a remarkable physiological difference,
namely, that P. dilatata, like its congeners, requires
insect aid and ecannot fertilise itself; whilst in P.
hayperborea the pollen-masses commonly fall out of the
anther-cells whilst the flower is very young or in bud,
and thus the stigma is self-fertilised. Nevertheless, the
various structures adapted for erossing are still present.*

The genus Bonatea is closely allied to Habenaria,
and includes plants having an extraordinary structure.
DBonatea speciosa is an inhabitant of the Cape of Good
Hope, and has been carefully described by Mr. Trimen ;}
but it is impossible to explain its structure without
drawings. It is remarkable from the manner in which
the two stigmatic surfaces, as well as the two viscid
discs, project far out in front of the flower, and from
the complex nature of the labellum, which consists of
seven, or probably of nine distinet parts all fused

* Mr, J. Mansel Weale has de-  pollinia not undergoing any move-
geribed (‘*Journ. Lin. Soc. Bot’ ment or change of position when
vol. xiii. 1871, p. 47) the method of removed from their cases.
fertilisation of two South African t ‘ Journ. Linn. Soc. Bot." vol.
species of Habenaria: one of ix, 1865, p. 156,
these is remarkable from the
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together. As in Platanthera flava, there is a process
at the base of the labellum which compels moths to
enter the flower on either side. The nectary, accord-
ing to Mr. Trimen and Mr. J. Mansel Weale, does not
contain free nectar; but the latter author believes
that the tissue of which it is composed tastes sweet, so
that moths probably penetrate it for the sake of the
intercellular fluid. The pollinia are of astonishing
length, and when removed from their cases hang down
merely from the weight of the pollen-masses, and if
attached to the head of an insect would be in a proper
position for adhering to the stigma. Mr. Weale has
likewise described some other South African species
of Bonatea.* These differ from B. speciosa in having
their nectaries full of nectar. He found a small
butterfly, Pyrgus elmo, “ perfectly embarrassed by the
number of pollinia of this Bonatea attached to its
sternum.” But he does not specify whether the
sternum was naked or covered with scales.

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

* ¢ Journ. Linn. Soe. Bot. vol. t+ ¢Journ. Linn, Soc. Dot. vol
x. p. 470. vii, 1863. p. 1 4.
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nectar anc ‘hat the flowers are very conspicuous, it
is remarkab.e that they are rarely visited by insects.
Mr. Trimen wrote to me in 1864 that he had lately
examined seventy-eight flowers, and only twelve of
these had one or both pollinia removed by insects,
and only five had pollen on their stigmas. He does
not know what insects occasionally fertilise the flowers;
but Mrs. Barber has more than once seen a large fly,
allied to Bombylius, with the pollinia of Disa polygnoides
attached to the base of its proboscis. Mr. Weale states*
that D. macrantha differs from D. grandiflora and cornuta
in producing plenty of seed, and is remarkable from
often fertilising itself. This follows from “a very slight
jerk, when the flower is fully expanded, sufficing to
eject the pollinia from their widely open anther-cases,
and to bring them into contact with the stigma.
This in nature is not unseldom the case, as I have
repeatedly found many flowers thus fertilised.” He
has, however, no doubt that the flowers are likewise
cross-fertilised by nocturnal insects. He adds that
D. grandiflora in being so seldom fertilised by insects
offers a case like that of Ophrys museifera; whilst
D. macrantha in being often self-fertilised closely cor-
responds with Ophrys apifera ; but this latter species
seems to be invariably self-fertilised.

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

gecrete nectar.

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

* ¢ Journ. Lina, Soe. Bot. vol. + ‘Journ. Linn. Soec. Bot.” vol.
xiii, 1871, p. 45. xiii. 1871, p. 42.
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the chief facts with respect to the movements of the
pollinia, all due to the nicely regulated contraction of
that small portion of membrane (together with the
pedicel in the case of Habenaria) lying between the
layer or ball of adhesive matter and the extremity of
the caudicle. In a few cases, however, as with some
of the species of Disa and Bonatea, the caudicles when
removed from their cells do not undergo any movement ;
the weight of the pollen-masses sufficing to depress
them into a proper position. In most of the species of
Orchis the stigma lies directly beneath the anther-cells,
and the pollinia simply move vertically downwards.
In Orchis pyramidalis there are two lateral and inferior
stigmas, and the pollinia move downwards and outwards,
diverging to the proper angle, so as to strike the two
lateral stigmas. In Gymnadenia the pollinia move
only downwards, but they are adapted for striking the
lateral stigmas, by being attached to the upper lateral
surfaces of the proboscides of Lepidoptera. In Nigri-
tella they move upwards, but this depends merely on
their being always affixed to the lower side of the
proboscis. In Habenaria the stigmatic surface lies
beneath and between the two widely-separated anther-
cells, and the pollinia here converge, instead of diverg-
ing as in Orchis pyramidalis, and likewise move down-
wards. A poet might imagine that whilst the pollinia
were borne through the air from flower to flower,
adhering to an insect’s body, they voluntarily and
eagerly placed themselves in that exact position, in
which alone they could hope to gain their wish and
perpetuate their race.
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CHAPTER II1.

ARETHUSEX.

Cephalanthera grandiflora ; rostellum aborted ; early penetration of the
pollen-tubes ; case of imperfect self-fertilisation; cross-fertilisation
effected by insects which gnaw the labellum—Cephalanthera ensi-
folia—Pogonia—Pterostylis and other Australian orchids with the
labellum sensitive to a touch—Vanilla—Scbralia,

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

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

* This separation of the grains by Lindley in his magnificent
was nhaervﬁs, and is represented, ‘Illustrations of Orchidaceous
by Bauer in the plate published Plants/
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view B, and side view C, in fig. 13). 'Whilst the flower
is still in bud, the pollen-grains which rest against the
upper sharp edge of the stigma (but not those in the
upper or lower parts of the mass) emit a multitude of

Fiz, 13.

CEPHALANTHERA GRANDIFLORA.

a. anther; in the front view, B, | A. Oblique view of perfect flower,
the two cells with the included when fully expanded.
pollen are seen. - B, Front view of column, with all
0. one of the two lateral rudimen. the petals and sepals removed.
tary anthers, or auricles, C. Side view of column, with all the
p. masses of pollen. sepals and petals removed ; the
s. stigma. narrow pillars of pollen (p)
{. distal portion of the labellum. between the anther and stigma
can just be seen.

tubes ; and these deeply penetrate the stigmatic tissue.
After this period the stigma bends a little forward, and
the result is that the two friable pillars of pollen are
drawn a little forward and stand almost completely free

G
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from the anther-cells, being tied to the edge of the
stigma and supported by the penetration of the pollen-
tubes. Without this support the pillars would soon fall
down. .
The flower stands upright, with the lower part of
the labellum turned up parallel to the column (fig. A).
The tips of the lateral petals never become separated ;*
so that the pillars of pollen are protected from the
wind, and as the flower stands upright they do not
fall down from their own weight. These are points of
much importance to the plant, as otherwise the pollen
would have been blown or fallen down and been
wasted. The labellum is formed of two portions; when
the flower is mature, the small triangular distal portion
turns down at right angles to the basal portion ; and
thus offers a small landing-place for insects in front
of the triangular entrance, situated half-way up the
almost tubular flower. After a short time, as soon as
the flower is fully fertilised, the small distal portion
of the labellum rises up, shuts the triangular door, and
again perfectly encloses the organs of fruetification.
Although I have often searched for nectar within the
cup of the labellum, I have never found even a trace.
The terminal portion of the labellum is frosted with
globular papille of an orange colour, and within the
cup there are several transversely wrinkled, longi-
tudinal ridges of a darker orange tint. These ridges
are often gnawed by some animal, and I have found
minute, bitten-off fragments lying within the base of the
cup. In the summer of 1862 the flowers were visited
less frequently by insects than is usual, as shown by
the unbroken state of the pollen-masses; nevertheless,

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

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

G 2
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the sammit of one pillar in this latter flower, all the
other pillars still stood upright and unbroken. I looked
at the flowers of some surrounding plants, and every-
where found, as I had so often done before, broken-down
pillars and masses of pollen on the stigmas.

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

To ascertain how far the early penetration of the
upper edge of the stigma by the tubes of those grains
svhich rest on it, is effectual for fertilisation, I covered
up a plant, just before the flowers opened, and removed
the thin net as soon as they had begun to wither. From
long experience I am sure that this temporary cover-
ing could not have injured their fertility. The four
covered flowers produced seed-capsules as fine in ap-
pearance as those on any of the surrounding plants.
When ripe, I gathered them, and likewise capsules
from several of the surrounding plants, growing under
similar conditions, and weighed the seed in a chemical
balance. The seeds from the four capsules on the
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uncovered plants weighed 1'5 grain; whilst those
from an equal number of capsules on the covered plant
weighed under 1 grain; but this does not give a fair
idea of the relative difference of their fertility, for I
observed that a great number of the seeds from the
covered plant consisted of minute and shrivelled husks.
Accordingly I mixed the seeds well together, and took
four little lots from one heap and four little lots from
the other heap, and, having soaked them in water, com-
pared them under the microscope : out of forty seeds
from the uncovered plants there were only four bad
ones, whereas out of forty seeds from the covered-up
plants there were at least twenty-seven bad ; so that
there were nearly seven times as many bad seeds from
the covered plants, as from those left free to the access
of insects.

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

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

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

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

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

* «[Ult. Osservaz. sulla Dico- 1 ¢ Proc. Boston Soc. Nat. Hist.
gamia, part ii, 1875, p. 149. vol. ix. 1863, p. 182.
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which is thus temporarily imprisoned within the other-
wise almost completely closed flower. The labellum

PTEROSTYLIS LONGIFOLIA. (Copied from Mr, R. D. Fitzgerald’s ¢ Australian

Qrchids.”)

A. Flower in its natural state: the | column with its two shields,
outline of the column is dimly and the labellum in the position
seen within. which it occupies after having

B. Flower with the near lateral been touched.

petal removed, showing the

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

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

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

* ¢ Transict New Zealand Institute,” vol. v. 1873, p. 352; and vol,
vii, p. 351.
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flowers in a withered condition, and seventy-one of these
had pollen on their stigmas, and only twenty-eight had
all four pollinia still within their anthers. All the
New Zealand species bear solitary flowers, so that dis-
tinct plants cannot fail to be intercrossed. I may add
that Mr. Fitzgerald also placed a small beetle on the
labellum of P. longifolia, which was instantly carried
into the flower and imprisoned; afterwards he saw
1t erawl out with two pollinia attached to its back.
Nevertheless he doubts, from reasons which seem to
me quite insufficient, whether the sensitiveness of the
labellum is not as great a disadvantage as an advan-
tage to the plant.

Mr. Fitzgerald has described another Orechid belong-
ing to the same sub-tribe, Caladenia dimorpha, which
has an irritable labellum. He kept a plant in his room,
and says: “ A house-fly lighting on the lip was carried
by its spring against the column, and becoming en-
tangled in the gluten of the stigma, and struggling to
escape, removed the pollen from the anther and smeared
it on the stigma.” He adds, “ Without some such aid
the species of this genus never produce seed.” But
from the analogy of other Orchids we may feel sure
that insects usually behave very differently from the
fly which he saw caught on the stigma, and no doubt
they carry the pollen-masses from plant to plant. The
labellum of another Australian genus, Calena, one of
the Arethusez, is said by Dr. Hooker * to be irritable ;
so that when touched by an insect it shuts up suddenly
against the column, and temporarily encloses its prey
as 1t were within a box. The labellum is covered by
curious papille, which, as far as Mr. Fitzgerald has
seen, are not gnawed by insects.

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

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

e e e ————

* ¢« Transact. New Zealand Institute,” vol. vii. 1875, p. 349.
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in the proper manner.* I will mention only two pecu-
liarities in the structure of the flowers: the anterior
part of the pollen-masses is semi-waxy and the posterior
part somewhat friable; the grains are not cemented
together into compound grains, and the single grains
are not united by fine elastic threads but by viscid
matter ; this matter would aid in causing the pollen
to adhere to an insect, but I should have thought that
such aid was superfluous, as the viseid rostellum is
well developed. The other peculiarity is that the
labellum, in front of the stigma, and some way beneath
it, 1s furnished with a stiff hinged brush, formed of a
series of combs one over the other, which point down-
wards. This structure would allow an insect to erawl
easily into a flower, but would compel it whilst re-
treating to press close against the column; and in
doing so it would remove the pollen-masses, leaving
them on the stigma of the next flower which was
visited.

The genus Sobralia is allied to Vanilla, and Mr.
Cavendish Browne informs me that he saw a large
humble-bee enter a flower of S. macrantha in his
hothouse, and when it erawled out 1t had the two
large pollen-masses firmly fixed to its back, nearer to
the tail than to the head. The bee then looked about,
and seeing no other flower re-entered the same one of

* For Bourbon see *Bul. Soc.
Bot. de France,” tom. i. 1854, p.
290, For Tahiti see H. A. Tilley,
¢ Japan, the Amour, &ec.,” 1861, p.
375. For the East Indies see
Morren in “ Annals and Mag. of
Nat. Hist.’ 1839, vol. iii. p. 6. I
may give an analogous but more
striking case from Mr Fitzgerald,
who says “that Sarcochilus par-
viflorus (one of the Vande=) pro-
duces capsules not unfrequently

in the Blue Mountains of New
South Wales; removed from
thence to Sydney, a number of
plants, though flowerine well, have
not borne any seed if left to them-
selves, though invariably fertile
when the pollen-masses were re-
moved and placed on the stigma.”
Yet the Blue Mountains are legs
than one hundred miles distant
from Sydnoey.
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CHAPTER IV.
NEOTTEE.

Epipactis palustris; carious shape of the labellum and its importance
in the fructification of the flower—Other species of Epipactis—
Epipogium — Gooldyera repens—Spiranthes autumnalis; perfect
adaptation by which the pollen of a younger flower is carried to the
stigma of an older flower on another plant—Listera ovata; sensi-
tiveness of the rostellum; explosion of viseid matter; action of
insects; perfect adaptation of the several organs—Listera cordata—
Neottia nidus-avis; its fertilisation effected in the same manner as
in Listera—Thelymitra, self-fertile.

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

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

Epipactis palustris.*—The lower part of the large

* Tam much indebted to Mr. ing me fresh specimens of this
A. G More, of Bembridge, in the  beautiful Orchis.
Isle of Wight, for repeatedly send-
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anther, with the two open cells
seen in the front view D.

rudimentary anther, or auricle,
referred to in 2 future chapter.

rostellum.

stigma.

enlarged, with all the sepals
and petals removed, excepting
the labellum, of which the
near side has been cut away;
the massive anther is seen to
be of large size.

labellum. D. Front view of column, somewhat

Side view of flower, with the
lower sepals removed, in its
natural position.

Side view of flower, with the
distal portion of the labellum
depressed, as if by the weight
of an insect.

Side view of flower, somewhat

enlarged, with all the sepals
and petals removed: the ros-
tellum has sunk down a little
in the specimen figured, and
ought to have stood higher,
so as to hide more of the
anther-cells.
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stigma is bilobed and projects in front of the column
(see s in the side and front views, C, D, fig. 15). On
its square summit a single, nearly globular rostellum
1s seated. The anterior face of the rostellum (7, C, D)
projects a little beyond the surface of the upper part of
the stigma, and this is of importance. In the early bud
the rostellum consists of a friable mass of cells, with the
exterior surface rough : these superficial cells undergo
a great change during development, and become con-
verted into a soft, smooth, highly elastic membrane or
tissue, so excessively tender that it can be penetrated
by a human hair; when thus penetrated, or when
slightly rubbed, the surface becomes milky and in some
degree viscid, so that the pollen-grains adhere to it.
In some cases, though I observed this more plainly in
Epipactis latifolia, the surface of the rostellum appa-
rently becomes milky and viseid without having been
touched. This exterior soft elastic membrane forms
a cap to the rostellum, and is internally lined with a
layer of much more adhesive matter, which, when ex-
posed to the air, dries in from five to ten minutes.
By a slight upward and backward push with any object,
the whole cap, with its viscid lining, is removed with
the greatest ease; a minute square stump, the basis
of the rostellum, being alone left on the summit of the
stigma.

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

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

The flowers stand out (fig. A) almost horiozontally
from the stem. The labellum is curiously shaped, as
may be seen in the drawings: the distal half, which
projects beyond the other petals and forms an excellent
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landing-place for insects, is joined to the basal half by
a narrow hinge, and naturally (fig. A) is turned a little
upwards, so that its edges pass within the edges of the
basal portion. 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 state; but when the weight is removed it
instantly springs up to its former position (fig. A), and
with its curious medial ridges partly closes the entrance
into the flower. The basal portion of the labellum forms
a cup, which at the proper time is filled with nectar.

Now let us see how all the parts, which I have been
obliged to deseribe in detail, act. When I first ex-
amined these flowers I was much perplexed : trying in
the same manner as I should have done with a true
Orchis, I slightly pushed the protuberant rostellum
downwards, and it was easily ruptured ; some of the
viseid matter was withdrawn, but the pollinia remained
in their cells. Reflecting on the structure of the
flower, 1t occurred to me that an insect in entering one
in order to suck the nectar, would depress the distal
portion of the labellum, and consequently would not
touch the rostellum ; but that, when within the flower,
1t would be almost compelled, from the springing up
of this distal half of the labellum, to rise a little up-
wards and back out parallel to the stigma. 1 then
brushed the rostellum lightly upwards and backwards
with the end of a feather and other such objects ; and
it was pretty to see how easily the membranous cap
of the rostellum came off, and how well from its elas-
ticity 1t fitted any object, whatever its shape might be,
and how firmly it clung to the object owing to the
viscidity of its under surface. Large masses of pollen,
adhering by the elastic threads to the cap of the ros.
tellum were at the same time withdrawn.

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

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

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

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

H 2
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blunt, solid, upper end of the anther, thus freeing the
pollen-masses. Various other insects besides hive-bees
visit the flowers. My son saw several large flies (Sasr-
cophaga carnosa) haunting them; but they did not
enter in so neat and regular a manner as the hive-bees ;
nevertheless two had pollen-masses attached to their
foreheads. Several smaller flies (Caelopa frigida) were
also seen entering and leaving the flowers, with pollen-
masses adhering rather irregularly to the dorsal surface
of the thorax. Three or four distinet kinds of Hymen-
optera (one of small size being Crabro brevis) likewise
visited the flowers; and three of these Hymenoptera
had pollen-masses attached to their backs. Other still
more minute Diptera, Coleoptera, and ants were seen
sucking the nectar ; but these insects appeared to be
too small to transport the pollen-masses. It is re-
markable that some of the foregoing insects should
visit the flowers; for Mr. F. Walker informs me that
the Sarcophaga frequents decaying animal matter, and
the Cecelopa haunts seaweed, occasionally settling on
flowers. The Crabro also, as I hear from Mr. F. Smith,
collects small beetles (Halticee) for provisioning its
nest. It is equally remarkable, seeing how many
kinds of insects visit this Epipactis, that although my
son watched hundreds of plants for some hours on three
occasions, not a single humble-bee alighted on a flower,
though many were flying about. i

Epipactis latifolia. — This species agrees with the
last in most respects. The rostellum, however, projects
considerably further beyond the face of the stigma,
and the blunt upper end of the anther less so. The
viscid matter lining the elastic cap of the rostellum
takes a longer time to get dry. The upper petals and
sepals are more widely expanded than in E. palustris :
the distal portion of the labellum is smaller, and is



Caarp. IV. EPIPACTIS LATIFOLIA. 101

firmly united to the basal portion (fig. 16), so that it
is not flexible and elastic ; it apparently serves only as
a landing-place for insects. The fertilisation of this
species depends simply on an insect striking in an
upward and backward direction the highly-protuberant
rostellum, which it would be apt to do when retreating
from the flower after having sucked the copious nectar

EPIPACTIS LATIFOLIA.

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

a. anther. I 3. stigma,
r. rostellum. {. labellum,

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

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

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

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

* «Verhandl. d. Nat. Ver. f. Westfal.” Juhrg. xxv. IIL. Folge, v. Bd
Pp- 7-30.
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emitting, whilst still within the anther-cells, their
tubes, which penetrate the stigma ; and this occurs even
in the bud. This species, however, is probably visited
by insects, and occasionally crossed ; for the labellum
contains nectar. F. meerophylle is intermediate in
structure between E. latifolia, which is always fertilised
by the aid of insects, and E. viridiflora, which does not
necessarily require any such aid. The whole of this
memoir by Dr. H. Miller deserves to be attentively
studied.

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

Goodyera repens.t—This genus is rather closely re-
lated to Epipactis, in most of the characters with
which we are concerned. The shield-like rostellum is
almost square, and projects beyond the stigma; it is
supported on each side by sloping sides rising from
the upper edge of the stigma, in nearly the same
manner as we shall presently see in Spiranthes. The
surface of the protuberant part of the rostellum is rough,
and when dry can be seen to be formed of cells; 1t 1s
delicate, and, when slightly pricked, a little milky
viscid fluid exudes; it is lined by a layer of very
adhesive matter, which quickly sets hard when exposed

* ¢Ueber den Bliithenban von + Specimens of this rare High-
Epipogium,” &e. 1866; see also land Orehid were kindly sent me
Irmisch, ‘Beitrige zur Biologiec by the Rev, G. Gordon of Elgin,
der Orchideen,’ 1853, p. 53,
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to the air. The protuberant surface of the rostellum,
when gently rubbed upwards, is easily removed, and
carries with it a strip of membrane, to the hinder part
of which the pollinia are attached. The sloping sides
which support the rostellum are not removed at the
same time, but remain projecting up like a fork and
soon wither. The anther is borne on a broad elon-
gated filament; and a membrane on both sides unites
this filament to the edges of the stigma, forming an
imperfect cup or clinandrum. The anther-cells open
in the bud, and the pollen-masses become attached
by their anterior faces, just beneath their summits,
to the back of the rostellum. Ultimately the anther
opens widely, leaving the pollinia almost naked, but
partially protected within the membranous cup or
clinandrum. Each pollinium is partially divided
lengthways; the pollen-grains cohere in subtriangular
packets, including a multitude of compound grains, each
consisting of four grains; and these packets are tied
together by strong elastic threads, which at their uppexr
ends run together and form a single flattened brown
elastic ribbon, of which the truncated extremity adheres
to the back of the rostellum.

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

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

* ¢« Amer. Journal of Science,
vol. xxxiv. 1862, p. 427. I for-
merly thought that with this plant
and Bpiranthes, it was the label-
lum which moved from the eolumn
to allow of the more free entrance
of insects; but Professor Gray is
convinced that it is the column
which moves.

1 In a foreign species, Goodyera
discolor, sent me by Mr. Bateman,
the pollinia approach in structure
still more closely those of the
Ophre : for the pollinia extend
into long caudicles, resembling in
form those of an Orchis. The
caudicle is here formed cf a

bundle of elastic threads, with
very small and thin packets of
pollen-grains attached to them
and arranged like tiles one over
the other. The two caudicles are
united tozether near their bases,
where they are attached to a dise
of membrane lined with visecid
matter. From the small size and
extreme thinness of the basal
packets of pollen, and from the
strength of their attachment to
the threads, I believe that they
are in a functionless condition ;
if so, these prolongations of the
pollinia are true caudicles.
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and anther,—and in some other respects, we have a
clear affinity with Spiranthes. In the anther having
a broad filament we see a relation to Cephalanthera.
In the structure of the rostellum, with the exception
of the sloping sides, and in the shape of the labellum,
Goodyera resembles Epipactis. Goodyera probably
shows us the state of the organs in a group of Orchids,
now mostly extinct, but the parents of many living
descendants.

Spiranthes autwmnalis.—This Orchid with its pretty
name of Ladies'-tresses, presents some interesting
peculiarities.* The rostellum is a long, thin, flat pro-
jection, joined by sloping shoulders to the summit of
the stigma. In the middle of the rostellum a narrow
vertical brown object (fig. 17, C) may be seen, bordered
and covered by transparent membrane. This brown
object I will call “the boat-formed dise.” It forms
the middle portion of the posterior surface of the
rostellum, and consists of a narrow strip of the exterior
membrane in a modified condition. When removed
from its attachment, its summit (fig. E) is seen to be
pointed, with the lower end rounded; it is slightly
bowed, so as altogether to resemble a boat or cance.
It is rather more than ¢4 of an inch in length,
and less than -l in breadth. It isnearly rigid, and
appears fibrous, but is really formed of elongated
and thickened cells, partially confluent.

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

* Tamindebted to Dr. Battersby me specimens. I subsequently
of Torquay, and to Mr. A. G. examined many growing plants.
More of Bembridge, for sending
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cement is dry the attachment is wonderfully strong.
The transparent sides of the rostellum consist of mem-
brane, attached behind to the edges of the boat, and
folded over in front, so as to form the anterior face
of the rostellum. This folded membrane, therefore,
covers, almost like a deck, the cargo of viscid matter

p— e
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within the boat.

SPIRANTIES AUTUMNALLS, OR LADIES-TRESSES.

anther.
pollen-masses.
threads of the pollen-masses.

. margin of clinandrum,

rostellum.
stigma.
nectar receptacle.

. Side view of flower in its natural

position, with the two lower
sepals alone removed. The
labellum can be recognised by
its fringed and reflexed lip.
Side view enlarged of a mature
flower, with all the sepals and
petals removed, The positions
of the labellum and of the

upper sepal are shown by the
dotted lines.

C. Front view of the stigma, and

of the rostellum with its em-
bedded, central, boat-formed
disc.

D. Front view of the sticma and of

the rostellum after the disc has
been removed.

E. Dise, removed from the rostel-

lum, greatly enlarged, viewed
posteriorly, with the attached
elastic threads of the pollen-
masses ; the pollen-grains have
been removed from the threads.

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

When a bristle is laid for two or three secondsin the
furrow of the rostellum, and the membrane has con-
sequently become fissured, the viscid matter within
the boat-formed dise, which lies close to the surface
and indeed slightly exudes, 1s almost sure to glue the
disc longitudinally to the bristle, and both are with-
drawn together. When the dise, with the pollinia
attached to 1t, 1s withdrawn, the two sides of the ros-
tellum (fig. D), which have been described by some
botanists as two distinet foliaceous projections, are left
sticking up like a fork. This is the common <on-
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dition of the flowers after they have been open for a
day or two, and have been visited by insects. The
fork soon withers.

Whilst the flower 1s in bud, the back of the boat-
formed dise is covered with a layer of large rounded
cells, so that the dise does not strictly form the exterior
surface of the back of the rostellum. These cells
contain slightly viscid matter: they remain unaltered
(as may be seen at fig. 1) towards the upper end of
the dise, but at the point where the pollinia are at-
tached they disappear. Therefore I at one time con-
cluded that the viscid matter contained in these cells,
when they burst, serve to fasten the threads of the
pollinia to the disc; but, as in several other genera,
in which a similar attachment has to be effected, 1
could see no trace of such cells, this view may be
eIToneous.

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

Each pollinium consists of two leaves of pollen,
quite disconnected at their lower and upper ends, but
united for about half their length in the middle by
clastic threads. A very slight modification would
convert the two pollinia into four distinet masses, as
occurs in the genus Malaxis and in many foreign
Orchids. Each leaf consists of a double layer of
pollen-grains, joined hy fours together, and these
united by elastic threads, which are more numerous
along the edges of the leaves, and converge at the
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summit of the pollinium. The leaves are very brittle,
and, when placed on the adhesive stigma, large pieces
are easily broken off.

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

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



——

Cuar. IV. SPIRANTHES AUTUMNALIS, 111

passage 1s left for insects to deposit pollen on the
stigmatic surface. On this slight movement of the
eolumn the fertilisation of the flower absolutely
depends.*

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

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

* Professor Asa Gray was so
kind as to examine for me Spi-
ranthes gracilis and cernua in the
United States. He found the
game general structure as in our
8. autumnalis, and was struck
with the narrowness of the passage
into the flower. He has since
confirmed (* Amer. Journ. of
Science,’ vol. xxxiv. p. 427) my
account of th2 structureand action

of all the parts in Spiranthes, with
the exception that it is the column
and not the labellum, as I former-
ly thought, which moves as the
flowers become mature. He adds
that the widening of the passagze,
which plays so important a part
in the fertilisation of the flower,
“is go striking that we wonder
how we overlooked it.”
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proboseis causes the rustellum to split in front and
behind, and frees the long, nwrrow, boat-formed dise,
which is filled with extremely viscid matter, and is sure
to adhere longitudinally to the proboseis. When the
bee flies away, so surely will it carry away the pollima.
As the pollinia are attached parallel to the dise, they
adhere parallel to the proboscis. When the flower
first opens and is best adapted for the removal of the
pollinia, the labellum lies so close to the rostellum,
that the pollinia attached to the proboseis of an insect
cannot possibly be forced into the passage so as te
reach the stigma; they would be either upturned or
broken off: but we have seen that after two or three
days the column becomes more reflexed and moves
from the labellum,—a wider passage being thus left.
When I inserted the pollinia attached to a fine bristle
into the nectar-receptacle of a flower in this condition
(n, fig. B), it was pretty to see how surely the sheets
of pollen were left adhering to the viscid stigma. It
may be observed in the diagram, B, that owing to the
projection of the stigma, the orifice into the nectar-
receptacle () lies close to the lower side of the flower;
insects would therefore insert their proboscides along
this lower side, and an open space above is thus left
for the attached pollinia to be carried down to the
stigma, without being brushed off. The stigma evi-
dently projects so that the ends of the pollinia may
strike against it.

Hence, in Spiranthes, a recently expanded flower,
which has its pollinia in the best state for removal,
cannot be fertilised ; and mature flowers will be ferti-
lised by pollen from younger flowers, borne, as we
shall presently see, on a separate plant. In con-
formity with this fact the stigmatic surfaces of the
older flowers are far more viscid than those of the



Cuar. IV, SPIRANTHES AUTUMNALIS. 113

vounger flowers. Nevertheless, a flower which in its
early state had not been visited by insects would not
necessarily, in its later and more expanded condition,
have its pollen wasted; for insects, in inserting and
withdrawing their proboscides, bow them forwards or
upwards, and would thus often strike the furrow in the
rostellum. T imitated this action with a bristle, and
often succeeded in withdrawing the pollinia from old
flowers. I was led to make this trial from having at
first chosen old flowers for examination ; and on passing
a bristle, or fine culm of grass, straight down into
the nectary, the pollinia were never withdrawn ; but
when 1t was bowed forward, I succeeded. Ilowers
which have not had their pollinia removed can be
fertilised as easily as those which have lost them ; and
I have seen not a few cases of flowers with their
pollinia still in place, with sheets of pollen on their
stigmas.

At Torquay I watched for about half an hour a
number of these flowers growing together, 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 perfect
pollinia were attached, and three other boat-formed
discs without pollen; so that this bee had removed
the pollinia from five flowers, and had probably left
the pollen of three on the stigmas of other flowers.
The next day I watched the same flowers for a quarter
of an hour, and caught another humble-bee at work ;
oune perfect pollinium and four boat-formed dises ad-
hered to its proboscis, one on the top of the other,
showing how exactly the same part of the rostellum
had each time been touched.

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

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

Spiranthes australis—This species, an inhabitant



Cuar. IV: LISTERA OVATA. 115

of Australia, has been described and figured by Mr.
Fitzgerald.* The flowers are arranged on the spike
In the same manner as in S. aufumnalis; and the
labellum with two glands at its base closely resembles
that of our species. It is therefore an extraordinary
fact that Mr. Fitzgerald could not detect even in the
bud any trace of a rostellum or of viscid matter. He
states that the pollinia touch the upper edge of the
stigma, and fertilise it at an early age. Protecting a
plant from the access of insects by a bell-glass made
no difference in its fertility ; and Mr. Fitzgerald,
though he examined many flowers, never noticed the
slightest derangement of the pollinia, or any pollen
on the surfaces of the stigmas. Here then we have
a species which fertilises itself as regularly as does
Ophrys apifera. It would, however, be desirable to
ascertain whether insects ever visit the flowers, which
it may be presumed secrete nectar, as glands are
present; and any such insects should be examined, so
as to make certain that pollen does not adhere to some
part of their bodies.

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

The rostellum is of large size, thin, or foliaceous

* ¢ Australian Orchids,” part ii. t ¢ Philosophical Transactions,
1876. 1854, p. 259.
I .2
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convex in front and concave behind, with its sharp
summit slightly hollowed out on each side; it arches
over the stigmatic surface (fig. 18, A, r, s). Internally,

LISTERA OVATA, or Tway-blade, (Partly copied from Hooker.)

. summit of column.

anther.

pollen.

rostellum.

stigma.

labellum,
nectar-secreting furrow.

| A. Flower viewed laterally, with
all the sepals and petals, except
the labellum, removed.

B. Ditto, with the pollinia re-
moved, and with the rostelium
bent down after the ejection
of the viscid matter.

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

As soon as the flower opens, if the crest of the
rostellum be touched ever so lightly, a large drop
of viscid fluid is instantaneously expelled ; and this,
as Dr. Hooker has shown, is formed by the coalescence
of two drops proceeding from two depressed spaces on
each side of the centre. A good proof of this fact
was afforded by some specimens kept in weak spirits
of wine, which apparently had expelled the viscid
matter slowly, and here two separate little spherical
balls of hardened matter had been formed, attached to
the two pollinia. The fluid is at first slightly opaque
and milky; but on exposure to the air for less than
a second, a film forms over it, and in two or three
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seconds the whole drop sets hard, soon assuming 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
under water. Exposure to the vapour of chloroform
for about one minute also caused an explosion; but
the vapour of sulphuric ether did not thus act, though
one flower was exposed for five, and another for
twenty minutes to a strong dose. The rostellum of
these two flowers when afterwards touched exploded in
the usual manner, so that sensitiveness had not been
lost in either case. The viscid fluid when pressed
between two plates of glass before it has set hard is
seen to be structureless; but it has a reticulated
appearance, perhaps caused by the presence of glo-
bules of a denser immersed in a thinner fluid. As the
pointed tips of the pollinia lie on the crest of the
vrostellum, they are always caught by the exploded
drop : I have never seen this once to fail. So rapid
is the explosion and so viscid the fluid, that it is
difficult to touch the rostellum with a needle, however
quickly this may be done, without removing the
pollinia. Hence, if a bunch of flowers be carried
home in the hand, some of the sepals or petals will
almost certainly touch the rostellum and withdraw the
pollinia ; and this gives the false appearance of their
having been ejected to a distance.

After the anther-cells have opened and the naked
pollinia have been left resting on the concave back of
the rostellum, this latter organ curves a little forwards,
and perhaps the anther also moves a little backwards.
This movement is of much importance; if it did not
occur, the tip of the anther, within which the pollinia
are lodged, would be caught by the exploded viseid
matter, and the pollinia would be for ever locked up
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and rendered useless. I once found an injured fiower
which had been pressed and had exploded before fully
expanding, and the anther with the enclosed pollen-
masses was permanently glued to the crest of the ros-
tellum. The rostellum, which 1s naturally somewhat
arched over the stigma, quickly bends forwards and
downwards at the moment of the explosion, so as then
to stand (fig. B) at richt angles to the surface of the
stigma. The pollinia, if not removed by the touching
object which causes the explosion, become fixed to the
rostellum, and by its movement are likewise drawn a
little forward. If their lower ends are now freed by a
needle from the anther-cells, they spring up; but they
are not by this movement placed on the stigma. In
the course of some hours, or of a day, the rostellum
not only slowly recovers its original slightly-arched
psoition, but becomes quite straight and parallel to
the stigmatic surface. This backward movement of
the rostellum is of service; for if after the explosion it
had remained permanently projecting at right angles
over the stigma, pollen could not readily have been
deposited by insects on the viscid surface of the
stigma. When the rostellum is touched so quickly
that the pollinia are not removed, they are, as I have
just said, drawn a little forward ; but by the subse-
quent backward movement of the rostellum they are
pushed back again into their original position.

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

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

To show how delicate a touch suffices to cause
the rostellum to explode, I may mention that I found
an extremely minute Hymenopterous insect vainly
struggling to escape, with its head cemented by the
hardened viseid matter, to the crest of the rostellum



Cauar. IV. LISTERA OVATA. 11|

and to the tips of the pollinia. The insect was not
so large as one of the pollinia, and after causing the
explosion had not strength enough to remove them ;
it was thus punished for attempting a work beyond
its strength, and perished miserably.

In Spiranthes the young flowers, which have their
pollinia in the best state for removal, cannot possibly
be fertilised ; they must remain in a virgin condition
until they are a little older and the column has
moved away from the labellum. Here the same end
is gained by widely different means. The stigmas of
the older flowers are more adhesive than those of the
younger flowers. These latter have their pollinia
ready for removal ; but immediately after the rostellum
has exploded, it curls forwards and downwards, thus
protecting the stigma for a time; but it slowly be-
comes straight again, and now the mature stigma 1is
left freely exposed, ready to be fertilised.

I wished to know whether the rostellum would
explode, if never touched ; but 1 have found it difficult
to ascertain this point, as the flowers are highly at-
tractive to insects, and it is scarcely possible to exclude
very minute ones, the touch of which suffices to cause
the explosion. Several plants were covered by a net
and left till the surrounding plants had set their
capsules; and the rostella in most of the covered-up
flowers were found not to have exploded, though their
stigmas were withered, and the pollen mouldy and
incapable of removal. Some few of the very old
flowers, however, when roughly touched, were still
capable of a feeble explosion. Other flowers under
the nets had exploded, and they had the tips of their
pollinia fixed to the crest of the rostellum ; but whether
these had been touched by some minute insect, or had
exploded spontaneously, it was impossible to deter
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mine. It should be observed, that although I looked
carefully, not a grain of pollen could be found on the
stigmas of any of these flowers, and their ovaria had
not swollen. During a subsequent year, several plants
were again covered by a net, and I found that the
rostellum lost its power of explosion in about four
days ; the viscid matter having turned brown within
the loculi of the rostellum. The weather at the time
was unusually hot, and this probably hastened the
process. After the four days the pollen had become
very incoherent, and some had fallen on the two
corners, and even over the whole surface of the stigma,
which was penetrated by the pollen-tubes. But the
scattering of the pollen was largely aided by, and
perhaps wholly depended on, the presence of Thrips
—insects so minute that they could not be excluded
by any net, and which abounded on the flowers. This
plant, therefore, is capable of occasional self-fertilisa-
tion, if the access of winged insects be prevented ; but
I have every reason to believe that this occurs very
rarely in a state of nature.

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

I will recapitulate the several special adaptations
for the fertilisation of this plant. The anther-cells
open early, leaving the pollen-masses free, protected
by the summit of the column, and with their tips
resting on the concave crest of the rostellum. The
rostellum then slowly curves over the stigmatic
surface, so that its explosive crest stands at a little
distance from the summit of the anther; and this
1s very necessary, otherwise the summit would be
caught by the viscid matter, and the pollen for ever
locked up. The curvature of the rostellum over the
stigma and over the base of the labellum is excellently
adapted to favour an insect striking the crest when it
raises its head, after having crawled up the labellum
and licked the last drop of nectar. The labellum, as
C. K. Sprengel has remarked, becomes narrower where
it joins the column beneath the rostellum, so that
there is no risk of an insect going too much to either
side. The crest of the rostellum is so exquisitely
sensitive, that a touch from a very minute insect
causes it to rupture at two points, and instantly two
drops of viseid fluid are expelled, which coalesce. This
viseid fluid sets hard in so wonderfully rapid a manner
that it rarely fails to cement the tips of the pollinia,
nicely laid on the crest of the rostellum, to the fore-
head of the touching insect. As soon as the rostellum
has exploded it suddenly curves downwards so as to
project at right angles over the stigma, protecting it
from impregnation at an early age, in the same manner
as the stigmas of the young flowers of Spiranthes are
protected by the labellum clasping the column. But
as the column of Spiranthes after a time moves from
the labellum, leaving a free passage for the introduc-
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tion of the pollinia, so here the rostellum moves back-
wards, and not only recovers its former arched position,
but stands upright, leaving the stigmatic surface, now
rendered more adhesive, perfectly free for pollen to be
left on it. The pollen-masses, when once cemented to
an insect’s forehead, will remain attached to it, until
they are brought into contact with the stigma of a
mature flower; and then these encumbrances will be
removed, by the rupturing of the weak elastic threads
which tie the grains together; the flower being at the
same time fertilised.

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

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

Neottia nidus-avis.—1 made numerous observations
on this plant, the Bird’s-nest Orchis,* but they are not
worth giving, as the action and structure of every
part is almost identically the same as in Listera ovata
and cordata. On the crest of the rostellum there are
about six minute rough points, which seem particularly
sensitive to a touch, causing the expulsion of the
viscid matter. The exposure of the rostellum to the
vapour of sulphurie ether for twenty minutes did not
prevent this action, when it was touched. The label-
lum secretes plenty of nectar, which I mention merely
as a caution, because during one cold and wet season
I looked several times and could not see a drop, and
was perplexed at the apparent absence of any attrac-
tion for insects ; nevertheless, had I looked more per-
severingly, perhaps I should have found some.

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

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

* This unnatural sickly-looking  lives; but, according to Irmisch
plant has generally been supposed  (* Beitriige zur Biologie und Mor-
to be parasitic on the roots of the phologie der Orchideen,” 1853, s.
trees under the shade of which it  25), this ecertainly is not the case,
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sion caused, the pollen-masses are not-so neatly caught
by their tips as those of Listera. Thus a good deal of
the friable pollen is often left behind in the anther-
cells and is apparently wasted. Several plants were
protected from the access of winged insects by a net,
and after four days the rostella had almost lost their
sensitiveness and power to explode. The pollen had
become extremely incoherent, and in all the flowers
much had fallen on the stigmas which were penetrated
by the pollen-tubes. The spreading of the pollen
seems to be in part caused by the presence of Thrips,
many of which minute insects were crawling about the
flowers, dusted all over with pollen. The covered-up
plants produced plenty of capsules, but many of these
were much smaller and contained fewer seeds than
those produced by the adjoining uncovered plants.

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

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

* ¢ Variation of Animals and Plants under Domestication,” 2nd edit.
vol. ii. p. 309.
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CHAPTER Y.
MALAXEZE AND EPIDENDREZ.

Malaxis paludosa— Masdevallia, curious closed flowers—Bolbophyllum,
labellum kept in constant movement by every breath of air—Dendro-
bium, contrivance for self-fertilisation—Cattleya, simple manner of
fertilisation—Epidendrum—=Self-fertile Epidendrez,

I HAVE now described the manner of fertilisation
fifteen genera, found in Britain, which belong, accord-
ing to Lindley’s classification, to the Ophrez, Arethu-
sex, and Neotteze. A brief account of several foreign
genera belonging to these same tribes has been added,
from observations published since the appearance of
the first edition of this book. We will now turn to
the great exotic tribes of the Malaxez, Epidendrez,
and Vandes, which ornament in so wonderful a
manner the tropical forests. My chief object in
examining these latter forms has been to ascertain
whether their flowers were as a general rule fertilised
by pollen brought by insects from another plant. I
also wished to learn whether the pollinia underwent
those curious movements of depression by which, as
I had discovered, they are placed, after being removed
by insects, in the proper position for striking the
stigmatic surface.

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

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

MALAXEZX.

Malaxis paludosa.—This rare orchid* is tbe sole
representative of the tribe in this country, and it is
the smallest of all the British species. The labellum
is turned upwards,t instead of downwards, so that it
does not afford a landing-place for insects as in most

other Orchids.

making the entrance into the flower tubular.

sion has given me his invaluable
advice, and has never become
weary of sending me specimens
from the Royal Gardens at Kew.
Ir. James Veiteh, jun., has
generously given me many beaun-
tiful Orchids, some of which were
of especial service. Mr. R. Parker
also sent me an extremely valu-
able geries of forms. Lady Dorothy
Nevill most kindly placed Ler
magnificent eollection of Orehids
at my disposal. Mr.
West Hill, Wandsworth, sent me
repeatedly luree spikes of Catase-
tum, a Mormodes of extreme value
and some Dendrobiums.  Mr.
Rodgers of Sevenoaks has given
me interesting information. Mr,
Bateman, so well known for his
magnificent work on Orchids,
sent me a number of interesting
forms, including the wonderful
Angraeum sesquipedale. I am
greatly indebted to Mr. Turnbull
of Down for allowing me the free
use of his hothouses, and for
giving me some interesting Or-
chids ; and to his gardener, Mr.

Rucker of

Its lower margin clasps the column,

From

Horwood, for his aid in some of
my observations.

Professor Oliver has kindly
assisted me with his large stores
of knowledze, and has called my
attention to several papers. Lastly,
Dr. Lindley has sent me fresh
and dried specimens, and has in
the kindest manner helped me in
various ways.

To these gentlemen I can only
express my cordial thanks for
their unwearied and generous
kindness.

* 1 am greatly indebted to Mr.
Wallis, of Hartfield, in Sussex,
for numerous living specimens of
this Orchid.

+ 8ir James Smith, I believe,
first noticed this fact in the
‘English Flora,” vol. iv. p. 47,
1828, Towards the summit of
the spike the lower sepal does not
depend, as represented in the
woodeut (fiz. 194, A), but projects
nearly at rlwht angles. Nor are
the flowers ﬂlwuys so completely
twisted round as here represented.

K



MALAXIS 'ALUDOSA.
(Partly copied from Bauer, but modified from living specimens.)

anther., v, spiral vessels.
pollen. r. rostellum.
clinandrum. s stigma,

I. labellum.
the sepal which in most orchids
stands on the upper side of the
flower,
Perfect flower viewed laterally,
with the labellum in its natu-
ral position, upwards.

. Column viewed in front, showing

the rostellum, the pocket-like
stigma, and the anterior late-
ral portions of the clinandrum,

C. Back view of the column in a
flower-bud, showing the anther
with the included pear-shaped
pollinia dimly seen, and the
posterior edges of the elinan-
drum,

D. Back view of an expanded flower,
with the anther now contracted
and shrivelled, exposing the
pollinia.

E. The two pollinia attached to a
little transverse mass of viscid
matter, hardened by spirits of
¥ine,
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its position it partially protects the organs of fructi-
fication (fig. 19). In most of the Orchideze, the upper
sepal and the two upper petals afford protection ; but
here these two petals and all the sepals are reflexed
(as may be seen in the drawing, fig. A), apparently to
allow insects freely to visit the flower. The position
of the labellum is the more remarkable, because it
has been purposely acquired, as shown by the ovarium
being spirally twisted. In all Orchids the labellum
is properly directed upwards, but assumes its usual
position on the lower side of the flower by the twist-
ing of the ovarium ; but in Malaxis the twisting has
been carried so far that the flower occupies the posi-
tion which it would have held if the ovarium had
not been at all twisted, and which the ripe ova-
rium afterwards assumes, by a process of gradual
untwisting.

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

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

K 2
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rostellum above, 1s united on each side behind to a
green membranous expansion, convex exteriorly and
concave interiorly, of which the summits on each side
are pointed and stand a little above the crest of the
rostellum. These two membranes sweep round (see
back views, figs. C and D), and are united to the
filament or base of the anther; they thus form a cup-
like clinandrum behind the rostellum. The use of this
cup is to protect laterally the pollen-masses. When
I have to treat of the homologies of the different parts,
it will be shown by the course of the spiral vessels
that these two membranes consist of the two upper
anthers of the inner whorl, in a rudimentary condition,
but utilised for this special purpose.

In a flower before it expands, a little mass or drop
of viscid fiuid may be seen on the ecrest of the ros-
tellum, rather overhanging its 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 fully exposed to the air. From these facts
I concluded that the viscid fluid exuded from the
crest of the vostellum; but fortunately I examined
a closely-allied Indian form, namely, the Mierostylis
rhedii (sent me from Kew by Dr. Hooker), and in
this, before the flower opened, there was a similar drop
of viscid matter ; but on opening a still younger bud,
I found a minute, regular, tongue-shaped projection
on the crest of the rostellum, formed of ecells, which
when slightly disturbed resolved themselves 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 cells ﬁllerl
with similar brown viscid matter; so that there can

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

The anther opens widely whilst the flower is in
bud, and then shrivels and contracts downwards, so
that, when the flower is fully expanded, the pollinia
are quite naked, with the exception of their broad
lower ends, which rest in two little cups formed by
the shrivelled anther-cells. This contraction of the
anther is represented in fig. D in comparison with fig.
(, which shows the state of the anther in a bud.
The upper and much pointed ends of the pollinia
rest on, but project beyond, the crest of the rostellum;
in the bud they are unattached, but by the time the
flower opens they are always caught by the posterior
surface of the drop of viseid 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
natural position) when removed by a needle from a
specimen kept in spirits of wine, in which the irre-
gular little mass of viscid matter had become hardened
and adhered firmly to their tips.

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

~ When an insect inserts its proboscis or head into
the narrow space between the upright labellum and
the rostellum, it will infallibly touch the little pro-
jecting viscid mass, and as soon as it flies away it
will withdraw the pollinia. I easily imitated this
action by inserting any small object into the tubular
flower between the labellum and rostellum. When
the insect visits another flower, the very thin pollen-
leaves attached parallel to the proboseis, or head, will
be forced into the pocket-like stigma with their broad
ends foremost. I found pollinia in this position glued
to the upper membranous expansion of the rostellum,
and with a large number of pollen-tubes penetrating
the stigmatic tissue. The use of the thin layer of
viseid matter, which coats the surface of the rostellum
in this genus and in Microstylis, and which is of no
use for the transportal of the pollen from flower to
flower, seems to be to keep the leaves of pollen fixed
in the narrow stigmatic cavity when their lower ends
have been inserted by insects. This fact is rather
interesting under a homological point of view, for, as
we shall hereafter see, the primordial nature of the
viscid matter of the rostellum is that which is common
to the stigmatic secretion of most flowers, namely, the
retention of the pollen, when placed by any means on
1ts stigma.

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

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

The allied Muasdevallia fenestrata bears an extra-
ordinary flower. The three sepals instead of closing,
as in the case of Stelis after the flower has remained
for a time expanded, cohere together and never open.
Two minute, lateral, oval windows (hence the name
Jfenestrata), are seated high up the flower opposite each
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other, and afford the only entrance; but the presence
of these two minute windows (fig. 20) shows how neces-
sary it is that insects should visit the flower in this
case as in that of most other Orchids, How insects
perform the act of fertilisation I have failed to under-
stand. At the bottom of the roomy and dark chamber
formed by the closed sepals, the minute column stands,
and in front of it is the furrowed labellum, with a
highly flexible hinge, and on each side the two upper
petals; a little tube being thus formed. When there-
fore a minute insect enters, or
which is less probable, a larger in-
sect inserts its proboscis through
either window, 1t has to find by
the sense of touch the inner tube
in order to reach the nectary at
the base of the flower. Within
the little tube, formed by the
Maspevariia rpxes.  column, labellum, and lateral
TRATA. petals, a broad and hinged rostel-
Themiilon kt]l}esr;eijezi:le lnm projects at right angles,
which can easily be upturned.

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

Fig. 20,

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

Of Bolbophyllum I examined the curious little
flowers of four species, which I will not attempt fully
to deseribe. In B. cuprewm and cocoinum, the upper and
lower surfaces of the rostellum resolve themselves into
viseid matter, which has to be forced upwards by insects
into the anther, so as to secure the pollinia, I effected
this easily by passing a needle down the flower, which
is rendered tubular by the position of the labellum,
and then withdrawing it. In B. rhizophora the anther-
case moves backwards, when the flower is mature.
leaving the two pollen-masses fully exposed, adhering
to the upper surface of the rostellum. They are held
together by viscid matter, and, judging from the
action of a bristle, are always removed together. The
stigmatic chamber is very deep with an oval orifice,
which exaectly fits one of the two pollen-masses. After
the flower has remained open for some time, the sides
of the oval orifice close in and shut the stigmatic
chamber completely,—a fact which I have observed in
no other Orchid, ana 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 stigmatie chamber,
one of the two glided into the small orifice more readily
than could have been anticipated. Nevertheless, it is
evident that insects must place themselves on suc-
cessive visits to the flowers in precisely the same
position, so as first to remove the two pollinia, and
then force one of them into the stigmatic orifice. The
two upper filiform petals would serve as guides to
the insect; but the labellum, instead of making the
flower tubular, hangs down just like a tongue out of a
widely open mouth,
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The labellum in all the species which T have seen,
more especially in B. rnizophora, is remarkable by
being joined to the base of the column by a very
narrow, thin, white strap, which is highly elastic and
flexible ; it is even highly elastic when stretched,
like an india-rubber band. When the flowers of this
species were blown by a breath of wind the tongue-like
labella all oscillated to and fro in a very odd manner.
In some species not seen by me, as in B. barbigerum,
the labellum is furnished with a beard of fine hairs,
and these are-said to cause the labellum to be in
almost constant motion from the slightest breath of
air. What the use can be of this extreme flexibility
and liability to movement in the labellum, I cannot
conjecture, unless it be to attract the notice of insects,
as the flowers of these species are dull-coloured, small,
and inconspicuous, instead of being large, brightly-
coloured, and conspicuous or odoriferous, as in so many
other Orchids. The labella of some of the species are
sald to be irritable, but I could not detect a trace of
this quality in those examined by me. According to
Lindley, the labellum of the allied Megaclinium falea-
tum spontaneously oscillates up and down.

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

Fig. 21.

DENDROBIUM CHRYSANTHUM.

B. Outline of column, viewed later-

r. rostellum. {. labellum. ally,after the anther hasejected
n. nectary. the pollinia.

A. Lateral view of flower, with the | C. Front view of column, showing

a. anther. s. stigma.

anther in its proper position,
before the ejection of the pol-
linia. All the sepals and petals
are removed except the label-

the empty cells of the anther,
after it has ejected its pollinia.
The anther is represented hang-
ing too low down, and covering

lum, which is longitudinally more of the stigma than it
bisected. really does,

ment of the anther is of considerable length, but is
hidden in the side view, A, behind the middle of the
anther; in the section, B, it is seen, after it has
sprung forward : it is elastic, and presses the anther
firmly down on the inclined surface of the clinan-
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drum (see fig. B) which lies behind the rostellum.
When the flower is expanded the two pollinia,
united into a single mass, lie quite loose on the
clinandrum and under the anther-case. The labellum
embraces the column, leaving a passage in front. The
middle portion of the labellum (as may be seen in
fig. A) 1is thickened, and extends up as far as the
top of the stigma. The lowest part of the column
is developed into a saucer-like nectary, which secretes
honey. :

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

Owing to the inclination of the base of the elinan-
drum, and owing to the length and elasticity of the
filament, as soon as the anther is lifted up it always
springs forward, over the rostellum, and remains
hanging there with its lower empty surface (fig. C) sus-
pended over the summit of the stigma. The filament
now stretches across the space (see fig. B) which
was originally covered by the anther. Several times,
having cut off all the petals and labellum, and laid
the flower under the microscope, I raised the lip of the
anther with a needle, without disturbing the rostellum,
and saw the anther assume, with a spring, the position
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represented sideways in fig. B, and frontways in fig.
C. By this springing action the anther scoops the
pollinium out of the concave clinandrum, and pitches
it up in the air, with exactly the right force so as to
fall down on the middle of the viscid stigma, where 1t
adheres.

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

This view of the use of the elastic filament, seeing
how complicated the action must be, may appear
fanciful ; but we have seen so many and such curious
adaptations, that I cannot believe the strong elasticity
of the filament and the thickening of the middle part
of the labellum to be useless points of structure. If
the action be as I have described, we can perceive
their meaning, for it would be an advantage to the
plant that its single large pollen-mass should not be
wasted, supposing that it failed to adhere to an insect
by means of the viscid matter from the rostellum.
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This contrivance is not common to all the species of
the genus; for in neither D. bigibbum nor D. formosum
was the filament of the anther elastie, nor was the
middle line of the labellum thickened. In D. ¢ortile
the filament is elastic; but as I examined only a
single flower, and before I had made out the structure
of D. chrysanthum, 1 cannot say how it acts.

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

EPIDENDRE.E.

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

* ¢ Journal of Horticulture,” 1863, pp. 206, 287.



Coar, V, CATTLEYA. 143

two great tribes might have been run together; as the
- distinetion drawn from the presence of caudicles does
not always hold good. Dut difficulties of this nature
are frequently encountered in the -classification of
largely developed or so-called natural groups, in which
there has been comparatively little extinetion.

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

—_—

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

Fig. 22

CATTLEYA.

a. anther.

L. spring at the top of the column.

g pollen-masses.

r.. rostellum.

s. stigma,

col. column.

. labellum.

n. nectary.

. ovarium, or germen.

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

| B. Section and lateral view of the

flower, with all the sepals and
petals removed, except the bi-
sected labellum shown only in
outline.

C. Anther viewed on the under side,
showing the four caudicles with
the four pollen-masses beneath.

D. A single pollinium, viewed later-
ally, showing the pollen-mass
and caudicle.

way out of the anther-case (see fig. A) lying on the
base of the upper membranous lip of the rostellum.
The labellum enfolds the column, making the flower

- e B i il

M i it
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tubular, and its lower part is produced into a ncetary,
which penetrates the ovarium.

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

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

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

In Epidendrum floribunduwm there is a rather greater
difference : the anterior horns of the clinandrum (1. e.
the cup on the summit of the column in which the
pollinia lie) approach each other so closely as to
adhere to the two sides of the rostellum, which con-
sequently lies in a nick, with the pollinia seated over
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it ; and as, in this species, the upper surface of the
rostellum resolves itself into viscid matter, the cau-
dicles of the pollinia become glued to it without any
mechanical aid. The pollinia, though thus attached,
cannot, of course, be removed from their anther-cells
without the aid of insects. In this species it seems
possible (though, from the position of parts, not
probable) that an insect might drag the pollinia out
and leave them on the stigma of the same flower. In
all the other species of Epidendrum which I examined,
and in all the above-mentioned genera, it is evident
that the viscid matter has to be forced upwards into
the lip of the anther by a retreating inseet, which
would thus necessarily carry the pollinia from one
flower to the stigma of another.

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

* ¢ Journ. Linn. Soc, Bot.” vol.  paper Mr. Gosse gives an account
viii. 1864, p. 151, ¢f his microseopical examination
t ‘Journal of Hortieulture.” of the self-fertilised seeds.
1863, p. 206 and 287 : in the latter
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only about one per cent. contained an embryo. Similar
seeds were more carefully examined by Mr. Gosse, who
found that two per cent. contained an embryo. About
twenty-five per cent. of the seeds from a self-fertilised
capsule of Lzlia cinnabarina, also sent to me by
Mr. Anderson, were found to be good. If is therefore
doubtful whether the capsules spontaneously self-ferti-
lised in the West Indies, as described by Dr. Criiger,
were fully and properly fertilised. Fritz Miiller in-
forms me that he has discovered in South Brazil
an Epidendrum which bears three pollen-producing
anthers, and this is a great anomaly in the order.
This species 1s very imperfectly fertilised by insects ;
but by means of the two lateral anthers the flowers
are regularly self-fertilised. Fritz Miiller assigns good
reasons for his belief that the appearance of the two
additional anthers in this Epidendrum, is a case of
reversion to the primitive condition of the whole
group.*

* See also ‘ Dot, Zeitung,’ 1869, p, 226, and 1870, p, 132.
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CHAPTER VL

VANDE 1.

Structure of the column and pollinia—Importance of the elasticity of
the pedicel; its power of movement—Elasticity and strength of the
caudicles—Calanthe with lateral stigmas, manner of fertilisat.on—
Angrecum sesquipedale, wonderful length of nectary—Species with
the entrance into the stigmatic chamber much contracted, so that
the pollen-masses can hardly be inserted —Coryanthes, extraordinary
wanner of fertilisation. '

WE now come to the immense tribe of the Vandewm,
which includes many of the most magnificent produc-
tions of our hothouses, but like the Epidendrese has
no British representative. I have examined twenty-
nine genera. JThe pollen consists of waxy masses, as
in the two last tribes, and each ball of pollen is
furnished with a caudicle, which becomes, at an early
period of growth, united to the rostellum. The cau-
dicle is seldom attached directly to the viscid dise, as
in most of the Ophrewe, but to the upper and posterior
surface of the rostellum ; and this part i1s removed by
insects, together with the disc and pollen-masses. The
sectional diagram (fig. 23), with the parts separated,
will best explain the type-structure of the Vandez.
As in the rest of the Orchidex there are three con-
fluent pistils; of these the dorsal one (2) forms the
rostellum arching over the two others (3) which unite
to form a single stigma. On the left hand we have
the filament (1) bearing the anther. The anther opens
at an early period, and the tips of the two caudicles
(but only one caudicle and one pollen-mass are re-
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presented in the diagram) protrude in a not fully-
hardened condition through a small slit, and adhere to
the back of the rostellum. The upper surface of the
rostellum is generally hollowed out for the reception
of the pollen-masses ; it is represented as smooth in
the diagram, but is really often furnished with crests

Fig. 23.
anther. caudicle.
N I _ pedicel of
pellen. * ' - rostellum.
viscid disc.
filament eremmeem sigma,
of anther.

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

VaANDEZE,

(1.) The filament, bearing the an- | (2.) The upper pistii, with the
ther with its pollen-masses ; upper part modified into the
the anther is represented after rostellum. o
it has opened along its whole | (3.) The two lower confluent pistils,
under surface, so that the bearing the two confluent
section shows only the dorsal stigmas,
surface.

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

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

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

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

Although the stigmatic surface is astonishingly
adhesive at the proper period in many of these Orchids,
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for instance, in Phalenopsis and Saccolabium, yet when
I inserted their pollinia attached to a rough object into
the stigmatic chamber, they did not adhere with suffi-
cient force to prevent their removal from the object. 1
even left them for some little time in contact with the
adhesive surface, as an insect would do whilst feeding ;
but when I pulled the pollinia straight out of the
stigmatic chamber, the caudicles, though they -were
stretched to a great length, did not rupture, nor did
their attachment to the object yield so that the balls
of pollen were withdrawn. It then occurred to me
that an insect in flying away would not pull the
pollinia straight out of the chamber, but would pull
at nearly right angles to its orifice. Accordingly I
imitated the action of a retreating insect, and dragged
the pollinia out of the stigmatic chamber at right
angles to its orifice; and now the friction on the
saudicles thus caused, together with the adhesiveness
of the stigmatic surface, generally sufficed to rupture
them ; the pollen-masses being left on the stigma.
Thus, it seems that the great strength and extensi-
bility of the caudicles, which, until stretched, lie em-
bedded within the pollen-masses, serve to protect the
pollen-masses from being accidentally lost by an insect
whilst flying about, and yet, by friction being brought
into play, allow them at the proper time, to be left
adhering to the stigmatic surface; the fertilisation of
the flower being thus safely effected.

' The discs and pedicels of ‘the pollinia present great
diversities in shape, and an apparently exhaustless
number of adaptations. Even in species of the same
genus, as in Oncidium, these parts differ greatly. I
here give a few figures (fig. 24), taken almost at hazard.
The pedicel generally consists, as far as I have seen,
of a thin ribbon-shaped membrane (fig. ) ; sometimes
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it 13 almost eylindrical (fig. C) but often of the most
diversified shapes. The pedicel is generally nearly
straight, but in Miltonia clowesii it is naturally curved ;
and in some cases, as we shall immediately see, it
assumes, after removal, various shapes. The extensible
and elastic caudicles, by which the pollen-masses are
attached to the pedicel, are barely or not at all visible,
being embedded in a cleft or hollow within each
pollen-mass. The dise, which is viscid on the under
side, consists of a piece of thin or thick membrane of

PoOLLINIA OF VANDE.Z.

d. wiseid disc. B. Pollinium of Brassic maculata
ped. pedicel. (copied from Bauer).
p-  pollen-masses C. Pollinium of Stanhopea saccata
The caudicles, being embedded within after depression.

the pollen-masses,arenot shown, | D. Dollinium of Sarcanthus fereti-
A. Pollinium of Oncidivm grande folius after depression.

after partial depression.

varied forms. In Aecropera it is like a pointed cap;
in some cases it is tongue-shaped, or heart-shaped
(fig. C), or saddle-shaped, as in some Maxillarias, or
like a thick cushion (fig. A), as in many species of
Oncidium, with the pedicel attached at one end, instead
of, as is more usual, nearly to the centre. In Angracum
distichum and sesquipedale the rostellum is notched,
and two separate, thin, membranous dises can be
removed, each carrying by a short pedicel a pollen-
mass. In Sarcanthus teretifolius the dise (fig. D) is
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1)

very oddly shaped; and as the stigmatic chamber
1s deep and likewise curiously shaped, we are led to
believe that the disc is fastened with great precision
to the square projecting head of some insect.*

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

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

* I may here remark that Del- dium, Epidendrum, Phaius, and
pino (* Fecondazione nelle Piante,”  Dendrobium, and is able te con-
Firenze, 1867, p, 19) says he has  firm in general my statements.
examined flowerg of Vanda, Onci-
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the stigma to be seated at the bottom of a deep cavity,
low down in the column, or the anther to be seated
higher up, or the pedicel of the rostellum to slope
more upwards, &e.—all of which contingencies occur
in various species,—in such cases, an insect with a
pollinium attached to its head, if it flew to another
flower, would mnot place the pollen-masses on the
stigma, unless their position had become  greatly
changed after attachment.

This change is effected in many Vandes in the same
manner as is so general with the Ophree, namely, by a
movement of depression in the pollinium in the course
of about half a minute after its removal from the
rostellum. I have seen this movement conspicuously
displayed, generally causing the pollinium to rotate
through about a quarter of a cirele, in several species
of Oncidium, Odontoglossum, Brassia, Vanda, Aerides,
Sarcanthus, Saccolabium, Acropera, and Maxillaria.
In Rodriguezia suaveolens the movement of depression
is remarkable from its extreme slowness; in Eulophia
viridis from its small extent.” Mr. Charles Wright, in
a letter to Professor Asa Gray, says that he observed
in Cuba a pollinium of an Oncidium attached to a
humble-bee, and he concluded at first that I was
completely mistaken about the movement of depres-
sion ; but after several hours it moved into the proper
position for fertilising the flower. In some of the
cases above specified in which the pollinia apparently
undergo no movement of depression, I am not sure that
there was not a very slight one after a time. In the
various Ophrez the anther-cells are sometimes seated
exteriorly and sometimes interiorly with respect to
the stigma ; and there are corresponding outward and
inward movements in the pollinia: but in the Vandez
the anther-cells always lie, as far as I have seen,
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directly over the stigma, and the movement of the
pollinium is always directly downwards. In Calanthe,
however, the two stigmas are placed exteriorly to the
anther-cells, and the pollinia, as we shall see, are made
to strike them by a peculiar mechanical arrangement
of the parts.

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

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

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

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

In Phalznopsis grandiflora and amabilis the stigma
is shallow and the pedicel of the rostellum long.
Some compensating action is therefore requisite, which,
differently from that in Maaillaria ornithorhyncha is
effected by elasticity. There is no movement of de-
pression ; but, when the pollinium is removed, the
straight pedicel suddenly curls up in the middle, thus
( = —=): the full-stop on the left hand may re-
present the balls of pollen, and the thick hyphen to
the right may be supposed to represent the triangu-
larly shaped disc. The pedicel does not straighten
itself when placed in water. The end carrying the
balls of pollen is a little raised up after this elastic
movement, and the pedicel, with one end raised, and
with the middle part upwardly bowed, is well adapted
to drop the pollen-masses into the deep stigmatic
cavity, over a ledge in front. Fritz Miller informs
me of a case in which the shortening of a very long
pedicel is effected partly by elasticity and partly by a
hygrometric movement. A small Ornithocephalus,
growing in South Brazil, has a very long pedicel,
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which is shown closely attached to the rostellum in
the accompanying figure A.

I'oLLIiNICM OF ORNITHOCEPHALUS. (From a sketch by Fritz Miiller.)

A. Pollinium still attached to the | it first assumes from the elas-
rostellum with the pollen- ticity of the pedicel.
mass still lying in the cli- | C. Pollinium in the position wul-
nandrum on the summit of | timately assumed from the
the column. hygrometric movement.

B. Pollinium in the position which |

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

Fig. 26.

CALANTHE MASUCA.

p. pollen-masses. B. Pollen-masses attachel to the
g5 the two sticmas. viscid dise, seen from the
n. mouth of nectary. under side.
L. labellum. C. Flower in same position as in A,
d. viscid dise. but with the disc and pollen-
¢l. in fig. C, clinandrum, the pol- masses removed, and now
len-masses being removed. showing the deeply notched
A. Flower viewed from above, with rostellum and the empty clin-
the anther-case removed, andrum in which the pollen
showing the eicht pollen- masses lay. Within the left-
masses in their proper position hand stigma two pollen-
within the clinandrum. All masses may be seen adhering
the sepals and petals have been to its viscid surface.
cut away except the labellum.

easily ruptured caudicles. These pollen-masses radiate
from the dise like the leaves of a fan. The rostellum
i3 broad, and its sides slope on each side towards the
lateral pit-like stigmas. When the disc is removed
the rostellum is seen (fiz. C) to be deeply notched
in the middle. The labellum is united to the column
almost up to its summit, leaving a passage (n, A) to
M
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the long nectary close beneath the rostellum. The
labellum is studded with singular, wartlike, globular
excrescences.

If a thick needle be inserted into the mouth of the
nectary (fig. A), and then withdrawn, the viscid disc
is removed, bearing with it the elegant fan of radiating
pollen-masses. These undergo no change in position.
But if the needle be now inserted into the nectary of
another flower, the ends of the pollen-masses neces-
sarily hit the upper and laterally sloping sides of the
rostellum, and, glancing off both ways, strike down
into the two lateral pit-like stigmas. The thin cau-
dicles being easily ruptured, the pollen-masses are left
adhering like little darts to the viscid surface of both
stigmas (see left-hand stigma in fig. C), and the fertili-
sation of the flower 1s completed in a simple manner
pleasing to behold.

I should have stated that a narrow transverse rim of
stigmatic tissue, beneath the rostellum, connects the
two lateral stigmas; and it is probable that some ot
the middle pollen-masses may be inserted through the
notch in the rostellum, so as to adhere to this rim.
I am the more inclined to this opinion from having
found in the elegant Calanthe vestita the rostellum
extending so widely over the two lateral stigmas, that
apparently all the pollen-masses must be inserted
beneath 1its surface.

The Angracum sesquipedale, of which the large six-
rayed flowers, like stars formed of snow-white wax,
have excited the admiration of travellers in Madagascar,
must not be passed over. A green, whip-like nectary
ct astonishing length hangs down beneath the label-
lum. In several flowers sent me by Mr. Bateman I
found the nectaries eleven and a half inches long, with
only the lower inch and a half filled with nectar.
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What can be the use, it may be asked, of a nectary of
such disproportionate length ?  'We shall, I think, see
that the fertilisation of the plant depends on this
length, and on nectar being contained only within the
lower and attenuated extremity. It is, however, sur-
prising that any insect should be able to reach the
nectar. Our English sphinxes have proboscides as long
as their bodies; but in Madagascar there must be
moths with proboscides capable of extension to a length
of between ten and eleven inches! This belief of
mine has been ridiculed by some entomologists, but we
now know from Fritz Miller * that there is a sphinx-
moth in South Brazil which has a proboscis of nearly
sufficient length, for when dried it was between ten
and eleven inches long. When not protruded it is
coiled up into a spiral of at least twenty windings.

The rostellum is broad and foliaceous, and arches
rectangularly over the stigma and over the orifice of
the nectary : it is deeply notched by a cleft enlarged
or widened at the inner end. Hence the rostellum
nearly resembles that of Calanthe after the disc has
been removed (see fig. 26, C). The under surfaces of
both margins of the cleft, near their ends, are bordered
by narrow strips of viseid membrane, easily removed ;
so that there are two distinct viseid dises. A short
membranous pedicel is attached to the middle of the
upper surface of each dise; and the pedicel carries a
pollen-mass at its other end. Beneath the rostellum
a narrow, ledge-like, adhesive stigma is seated.

I could not for some time understand how the
pollinia of this Orchid were removed, or how the
stigma was fertilised. I passed bristles and needles

* See letter with a drawing by Hermann Miiller, * Nature, 1373,
I

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

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

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

* Mr. Belt suggests (* The Na-
turalist in Nicaragua,' 1874, p.
133) that the great length of the
nectary of this plunt serves to
prevent other moths which are
not well-adapted for the fertiliza-
tion of the tlowers from sucking
the neclar, and that its develop-

ment can thus be accounted for.
I have no doubt of the truth of
this principle, but it is hardly
applicable here, as the moth has
to be compelled to drive its pro-
boseis as deeply down ae pessible
into the flower,
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nectary had been acquired by successive modifications,
As certain moths of Madagascar became larger threugh
natural selection in relation to their general conditions
of life, either in the larval or mature state, or as the
proboscis alone was lengthened to obtain honey from
the Angreecum and other deep tubular flowers, those
mdividual plants of the Angreecum which had the
longest nectaries (and the nectary varies much in
length in some Orchids), and which, consequently,
compelled the moths to insert their proboscides up to
the very base, would be best fertilised. These plants
would yield most seed, and the seedlings would
eenerally inherit long nectaries; and so it would be
in successive generations of the plant and of the moth.
Thus it would appear that there has been a race in
gaining length between the nectary of the Angrecum
and the proboseis of certain moths; but the Angrecum
has trimmphed, for it flourishes and abounds in the
forests of Madagascar, and still troubles each moth
to insert its proboscis as deeply as possible in order to
drain the last drop of nectar.

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

The thin and elongatedrostellum of Acropera projects
at right angles to the column (see diagram, fig. 23, p.
150); and the pedicel of the pollinium is of course
equally long and mueh thinner. The dise consists of
an extremely small cap, viscid within, which fits on
the extremity of the rostellum. The viscid matter
sets hard but slowly. The upper sepal forms a hood
enclosing and protecting the column. The labellum
i1s an extraordinary organ, baffling all deseription: it
is articulated to the column by a thin strap, so elastic
and flexible that a breath of wind sets it vibrating.
It hangs downwards; and the retention of this posi-
tion seems to be of importance, for the footstalk (ova-
rinm) of each flower is curved into a semicircle, so
as to compensate for the pendulous habit of the plant.
The two upper petals and the lateral lobes of the
labellum serve as guides leading into the hood-like
upper sepal.

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

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

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

* ¢ Journ. Linn, Soc. Bot.” vol. viii. 1864, p. 131.
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flowers being fertilised with pollen from a distinct
plant.

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

The entrance into the stigma is in like manner,
as I hear from Fritz Miller, T so much contracted in
Cirrheea and Notylia, which belong to another sub-
division of the Vandez, that the pollinia can be inserted

* ‘Journ. Linn. Soc. Bot.” vol. translation of the first edition of
viii. 1864, p. 130. Bronn has  this work.
described the structure of Stan- t ¢ Bot. Zeitung,” 1868, p. 630,
hopea devoniensis, in his German

e
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into it only with extreme difficulty. In the case of
Cirrheea, he found that this could be effected more
easily, after they had shrunk a little from being left
to dry for half an hour or an hour. He observed two
flowers with pollen-masses naturally inserted by some
means into their stigmas. On several occasions after
forcing the end of a pollen-mass into the mouth of the
stigma, he witnessed a most curious process of deglu-
tition. The extremity of the pollen-mass swells from
imbibing moisture, and as the chamber gradually
widens downwards, the swelling part is forced down-
wards ; so that the whole is at last drawn inwards and
disappears. In the case of Notylia, Fritz Miller ob-
served that the entrance into the stigma became a
little larger after the flower had remained expanded
for abcut a week. In whatever manner this latter
plant 1s fertilised, it is certain that it must be im-
pregnated with pollen from a distinet plant; as it
offers one of those extraordinary cases in which its own
pollen acts like poison on the stigma.

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

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

Coryanthes.—1 will conclude this chapter by giving
an account of the fertilisation of the flowers of Cory-
anthes, which is effected in a manner that might perhaps
have been inferred from their structure, but would have
appeared utterly incredible had it not been repeatedly
witnessed by a careful observer, namely, the late Dr.
Criiger, Director of the Botanical Gardens at Trinidad.
The flowers are very large and hang downwards. The
distal portion of the labellum (L) in the following wood-
cut, fig. 27, is converted into a large bucket (B). Two
appendages (H), arising from the narrowed base of the
labellum, stand directly over the bucket and secrete so
much fluid that drops may be seen falling into it.
This fluid is limpid and so slightly sweet that it does
not deserve to be called nectar, though evidently of the
same nature ; nor does it serve to attract insects. M.
Méniere estimates that the total quantity secreted by
a single flower is about an English ounce.f When
the bucket is full the fluid overflows by the spout (P).

* ¢ Bot. Zeilung,’ 1868, p. 164,
t ¢ Bulletin de la Soe. Bot. de France,” tom. ii. 1855, p. 35L
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Fig, 27.

CorvANTHES SPECIOSA. (Copied from Lindley’s ¢ Vegetable Kingdom.”)

B. bucket of the labellum. the end of the column, heurinlg

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

* ¢ Journal of Linn. Soc. Bot” drawing of C.feildingii in * Jour-
vol. viii. 1864, p. 130. There is nal of Hort. Soc.’ vol. iii. p. 16,
a drawing of this species in Pax- I am indebted to Mr. Thiselton
ton’s ‘Mag. of Botany,” vol. v. p. Dyer for informing me of these
31, but it is too complicated to  fizures.
be reproduced. There is alsc a
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of the pollen-mass glued to its back. The insect then
generally gets through the passage, and comes out
with this peculiar appendage, to return nearly imme-
diately to its feast, when it is generally precipitated a
second time into the bucket, passing out through the
same opening, and so inserting the pollen-masses into
the stigma while it forces its way out, and thereby im-
pregnating either the same or some other flower. I
have often seen this; and sometimes there are so many
of these humble-bees assembled that there is a continual
procession of them through the passage specified.”
There cannot be the Jeast doubt that the fertilisation
of the flower absolutely depends on insects crawling
out through the passage formed by the extremity of
the labellum and the over-arching column. If the
large distal portion of the labellum or bucket had been
dry, the bees could easily have escaped by flying away-
Therefore we must believe that the fluid is secreted by
the appendages in such extraordinary quantity and is
collected in the bucket, not as a palatable attraction
for the bees, as these are known to gnaw the labellum,
but for the sake of wetting their wings, and thus
compelling them to crawl out through the passage.

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

VANDEZX eontinued.—CATASETID.A,

Catasetide, the most remarkable of all Orchids—The mechanism by
which the pollinia of Catasetum are ejected to a distance and are
transported by insects—Sensitiveness of the horns of the rostellum
— Extraordinary difference in the male, female, and hermaphrodite
forms of Catasetum tridentatum—Mormodes ignea, eurious structure
of the flowers; ejection of the pollinia—Mormodes luxata—Cye-
noches ventricosum, manner of fertilisation. ;

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

I will begin with Catasetum. A brief inspection of
the flower shows that here, as with most other Orchids,
some mechanical aid is requisite to remove the pollen-
masses from their cells, and to carry them to the
stigmatic surface. We shall, moreover, presently see
that Catasetum 1s exclusively a male form; so that
the pollen-masses must be transported to the female
plant, in order that seed should be produced. The
pollinium is furnished with a viseid disc of huge size ;
but this, instead of being placed in a position likely
to touch and adhere to an insect visiting the flower, is
turned inwards and lies close to the upper and back
surface of a chamber, which must Le called the stig-
matic chamber, though functionless as a stigrea. There
is nothing in this chamber to attract insects ; and even
if they did enter it, the viscid surface of the disc could
not possibly come into contact with them.
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How then does Nature act? She has endowed these
plants with, what must be called for want of a better
term, sensitiveness, and with the remarkable power of
forcibly ejecting their pollinia even to a considerable
distance. Hence, when certain definite points of the
flower are touched by an insect, the pollinia are shot
forth like an arrow, not barbed however, but having
a blunt and excessively adhesive point. The insect,
disturbed by so sharp a blow, or after having eaten its
fill, flies sooner or later away to a female plant, and,
whilst standing in the same position as before, the
pollen-bearing end of the arrow is inserted into the
stigmatic cavity, and a mass of pollen is left on its
viscid surface. Thus, and thus alone, can the five
species of Catasetum which I have examined be
fertilised.

In many Orchide, as in Listera, Spiranthes, and
Orchis, the surface of the rostellum is so far sensitive,
that, when touched or when exposed to the vapour of
chloroform, 1t ruptures in certain defined lines. So it
is in the tribe of the Catasetid@, but with this re-
markable difference, that in Catasetum the rostellum is
prolonged into two curved tapering horns, or, as I shall
call them, antenne, which stand over the labellum
where insects alight. If these are touched even very
lightly, they convey some stimulus to the membrane
which surrounds and connects the dise of the pol-
linium with the adjoining surface, causing it instantly
to rupture; and as soon as this happens the dise is
suddenly set free. We have also seen in several
Vandea that the pedicels of the pollinia are fastened
flat down in a state of tension, and are highly elastie,
so that, when freed, they immediately spring up, appa-
rently for the sake of detaching the pollen-masses from

the anther-cells. In the genus Catasetum, on the
N 2
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other hand, the pedicels are fastened down in a curved
position ; and when freed by the rupture of the attached
edges of the disc, they straighten themselves with such
force, that not only do they drag the balls of pollen
together with the anther-cells from their places of
attachment, but the whole pollinium is jerked forward,
over and beyond the tips of the so-called antennz, to
the distance sometimes of two or three feet. Thus,
as throughout nature, pre-existing structures and capa-
cities are utilised for new purposes.

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

In front of the column, in the middle, the deep
stigmatic chamber (fig. 28, A, s), may be seen ; but this
is best shown in the section (fig. 29, C, s), in which all

* T am much indebted to Mr. magnificent collection of Orchids,
James Veitch of Chelsea for the  generously sent me two fine spikes.
first specimen which I saw of and has aided me in the kindest
this Orchid ; subsequenrtly Mr. manner with other specimens.

&, Rucker, go well Enown for his
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the parts are a little separated from each other, in
order that the mechanism may be intelligible. In
the middle of the roof of the stigmatic chamber, far
back (d, in A, fig. 28), the upturned anterior edge of
the viseid disc can just be seen. The upper mem-
branous surface of the dise, before it is ruptured, is
continuous with the fringed bases of the two antenna
between which it lies. The rostellum projects over
the disc and stigmatic chamber (see section C, fig. 29),
and 1s prolonged on each side so as to form the two
antennze ; the middle part is covered by the ribbon-
like pedicel (ped.) of the pollinium. The lower end of
the pedicel is attached to the dise, and the upper end
to the two pollen-masses (p) within the anther-cell.
The pedicel in its natural position is held much
bowed round the protuberant rostellum ; when freed
it forcibly straightens itself, and at the same time its
lateral edges curl inwards. At an early period of
growth, it is continuous with the rostellum, but sub-
sequently becomes separated from it by the solution
of a layer of cells.

The pollinium when set free and after it has
straightened itself, is represented at D, fig. 29. Its
under surface, which lies in contact with the rostellum,
is shown at E, with the lateral edges of the pedicel
now curled inwards. In this latter view, the clefts 1n
the under sides of the two pollen-masses are shown.
Within these clefts, near their bases, a layer of strong
extensible tissue is attached, forming the caudicles, by
which the pollen-masses are united to the pedicel.
The lower end of the pedicel is joined to the disc by a
flexible hinge, which occurs in no other genus, so that
the pedicel can play backwards and forwards, as far as
the upturned end (fig. D) of the dise permits. The
dise 1s large and thick ; it consists of a strong upper
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Fig. 29.

CATASETUM SACCATUM.

anther.

. antenna of the rostellum.
disc of pollinium.
filament of anther.
germen or ovarium.
labellum.

pollen-masses.

Mg?ﬁ%%ag?

stagmatlc chamber.
A. Front view of column.

. or ped. pedicel of pollinium.

' B. Side view of flower, with all the

sepals and petals removed ex-
cept the labellum.

e Diagrammatic section through

the column, with all the parts
a little separated.

D. Pollinium, upper surface.

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

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

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

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

The antennee are the most singular organs of the
flower, and occur in no other genus. They form rigid,
curved horns, tapering to a point. They consist of a
narrow ribbon of membrane, with the edges curled in-
wards so as to touch; each horn therefore is tubular,
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with a slit down one side, like an adder’s fang. 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 with nucleoli. The antenn are prolonga-
tions of the sides of the anterior face of the rostellum.
As the viscid dise is continuous with a little fringe of
membrane on each side, and as this fringe is continuous
with the bases of the antennz, these latter organs are
put into direct connection with the dise. The pedicel
of the pollinium passes, as already stated, between the
bases of the two antenne. The antenn® are not free
for their whole length; but their exterior edges are
firmly united to and blend for a considerable space
with the margins of the stigmatic chamber.

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

Now for the action of the parts. When the left-
hand antenna of this species (or either of the antennwx
in three of the following species) is touched, the edges
of the upper membrane of the dise, which are con-
tinuously united with the surrounding surface, instantly
rupture, and the dise 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



186 VANDE.E. Cuar. VIIL,

Lalls of pollen, and tearing the loosely attached spike-
like anther from the top of the column. The pollinium
1s always ejected with its viseid dise foremost. I
imitated the action with a minute strip of whalebone,
slightly weighted at one end to represent the disc;
this was then bent half round a cylindrical object,
the upper end being at the same time gently held by
the smooth head of a pin, to represent the retarding
action of the anther, the lower end was then suddenly
set free, and the whalebone was pitched forward, like
the pollinium of the Catasetum, with the weighted
end foremost.

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

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

* ¢ Iull. de la Soc. Dot. de France,’ tom,. i, 1854, p. 367.
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C. saccatum a gentle touch from a fine needle wasg
necessary ; but in four other specimens a slight blow
was requisite. In C. tridentatum a stream of air and
of cold water from a small pipe did not suffice; nor
in any case did a touch from a human hair; so that
the antenna are less sensitive than the rostellum of
Listera. Such extreme sensitiveness would indeed
have been useless to the plant, for, as is now known,
the flowers are visited by powerful insects.

That the dise does not separate owing to the simple
mechanical movement of the antenns is eertain; for
they adhere firmly for a considerable space to the
sides of the stigmatic chamber, and are thus im-
movably fixed near their bases. If a vibration is
conveyed along them, it must be of some special
nature, for ordinary jars of manifold greater strength
do not excite the act of rupture. The flowers in some
cases, when they first arrived, were not sensitive, but
after the cut-oft spikes had stood for a day or two in
water they became sensitive. Whether this was owing
to fuller maturity or to the absorption of water, I know
not. Two flowers of C. callosum, which were completely
torpid, were immersed in tepid water for an hour;
and then the antennz became highly sensitive ; this
indicates either that the cellular tissue of the antennse
must be turgid in order to receive and convey the
effects of a touch, or, as is more probable, heat in-
creases their sensitiveness. Two other flowers placed
in hot water, but not so hot as to scald my fingers,
spontaneously ejected their pollinia. A plant of C.
tridentatum had been kept for some days in a rather
cool house, and the antennz were consequently in a
torpid condition; a flower was cut off and placed in
water at a temperature of 100° F. (37-7° C.), and no
effect was immediately produced; but when it was
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looked at after an interval of 1™ 30™ the pollinium was
found ejected. Another flower was placed in water at
90° . (32:2° C.), and after 25™ the pollinium was found
ejected : two other flowers left for 20™ in water at
87°F. (30-5° C.) did not explode, though they were after-
wards proved to be sensitive to a slight touch. Lastly,
four flowers were placed in water at 83° I'. (28:3° C.) ;
two of these did not eject their pollinia in 45™, and
were then found to be sensitive ; whereas the other two,
when looked at after 1™ 15™, had spontaneously ejected
their pollinia. These cases show that immersion in
water raised to a temperature only a little higher than
that to which the plant had been exposed, causes the
membrane by which the discs are attached to rupture.
A thin stream of almost boiling water was allowed to
fall through a fine pipe on the antenne of some flowers
on the above plant; these were softened and killed,
but the pollinia were not ejected. Nor did sulphuric
acid, dropped on the tips of the antenne, cause any
action ; though their upper parts which had not
been injured by the acid were afterwards found to be
sensitive to a touch. In these two latter cases, I
presume that the shock was so sudden and violent
that the tissue was instantly killed. Considering
the above several facts, we may infer that it must
be some molecular change which is conveyed along
the antenne, causing the membrane round the discs to
rupture. In C. #ridentatum the antenna were one inch
and a tenth in length, and a gentle touch from a bristle
on the extreme tip was conveyed, as far as I could
perceive, instantaneously throughout this length. I
measured several cells in the tissue composing the
antenne of this species, and on a rough average it
appeared that the stimulus must travel through no less
than from seventy to eighty cells.
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We may, at least, safely conclude that the antennse,
which are characteristic of the genus Catasetum, are
specially adapted to receive and convey the effects of
a touch to the disc of the pollinium. This causes the
membrane to rupture, and the pollinium is then ejected
by the elasticity of its pedicel. If we required further
proof, nature affords it in the case of the so-called
genus Monachanthus, which, as we shall presently see,
is the female of Catasetum tridentatum, and it does not
possess pollinia which can be ejected, and the antenna
are here entirely absent.

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

From the large size of the flower, more especially
of the viscid dise, and from its wonderful power of
adhesion, I formerly inferred that the flowers were
visited by large insects, and this is now known to be
the case. The viscid matter sticks so firmly after it
has set hard, and the pedicel is so strong (though very
thin and only one-twentieth of an inch in breadth at
the hinge), that to my surprise a pollinium attached
to an object supported for a few seconds a weight of
1262 grains, or nearly three ounces; and it supported
for a considerable time a slightly less weight. When
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the pollimum is shot forth, the large spike-like anther
is generally carried with it. If the disc strikes a flat
surface like a table, the momentum from the weight
of the anther often carries the pollen-bearing en
beyond the dise, and the pollinium 1s thus affixed in
a wrong direction for the fertilisation of another
flower, supposing it to have been attached to an
insect’s body. The flight of the pollinium is often
rather crooked.* DBut it must not be forgotten that
under nature the ejection is caused by the antennwm
being touched by a large insect standing on the la-
bellum, which will thus have its head and thorax
placed near to the anther. A rounded object thus
held is always accurately struck in the middle, and
when removed with the pollinium adhering to it, the
weight of the anther depresses the hinge of the pol-
linium ; and in this position the anther-case readily
drops off, leaving the balls of pollen free, in a proper
position for fertilising the female flower. The utility

* BI. Baillon (* Bull. de la Soe.
Bot. de France,’ tom. i, 1854, p.
285) states that Catasetum luridum
ejects its pollinia always in a
straizht line, and in such a direc-
tion that it sticks fast to the
bottom of the concavity of the
labellum ; and he imagines that
in this position it fertilises the
flower in a manner not clearly
explained. Ina subsequent paper
in the same volume (p. 367) M.
Méniere justly disputes M. Bail-
lon’s conclusion. He remarks
that the anther-case is easily de-
tached, and sometimes naturally
detaches itself; the pollinia then
swing downwards by the elasticity
of the pedicel, the viscid dise still
remaining attached to the roof
of the stigmatic chamber. DI,
Méniére hints that, by the subse-

quent and progressive retraction
of the pedicel, the pollen-masses
might be carried into the stigmatie
chamber. This is not possible in
the three species which I have
examined, and would be useless.
But M. Méniere himself then goes
on to show how important insects
are fur the fertilisation of Orchids :
and apparently infers that their
agency comes into play with
Catasetum, and that this plant
does not fertilise itself. Both M.
Baillon and M. Méniére correctly
deseribe the eurved position in
whieh the elastic pedicel lies
before it is set free. Neither of
these botanists seems to be aware
that the species of Catasetum
(at least the five which I have
examined) are exclusively wale
plants.
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of so forcible an ejection no doubt is to drive the soft
and viscid cushion of the disc against the hairy thorax
of the large hymenopterous insects which frequent the
flowers. When once attached to an insect, assuredly
no force which the insect could exert would remove
the disc and pedicel ; but the caudicles are ruptured
without much difficulty, and thus the balls of pollen
might readily be left on the adhesive stigma of the
female flower.

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

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

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

Catasetum planiceps (2).—This species does not differ
much from the following one, so I will describe it
briefly. The green and spotted labellum stands on
the upper side of the flower; it is jar-shaped, with
a small orifice. The two elongated and roughened
antennae lie coiled up some little way apart and
parallel to one another, within the labellum. They
are both sensitive to a touch.

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

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

0
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C. saccatum. In other respects there is no important
difference. The antenne are of greater length ; their
tips for about one-twentieth of their length are
roughened by cells produced into papille.

Fiz. 30.

CATASETUM TRIDENTATUM.

a. anther. | A, Side view of flower in its natural

pd. pedicel of pollinium. . position, with two of the sepals.

an. antenne. cut off.

{. labellum. ' B. Front view of column, in pesition
{

reverse of fig, A.

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

I need not further describe the present species,
except as to the position of the antennz. They oc-
cupied exactly the same position in all the many
flowers which were examined. DBoth lie curled within
the helmet-like labellum ; the left-hand omne stands
higher up, with its inwardly bowed extremity in the
middle ; the right-hand antenna lies lower down and
crosses the whole base of the labellum, with the tip
just projecting beyond the left margin of the base of
the column. Both are sensitive, but apparently the
one which is coiled within the middle of the labéllum
is the more sensitive of the two. IFrom the position
of the petals and sepals, an insect visiting the flower
would almost certainly alight on the crest of the la-
bellum; and it could hardly gnaw any part of the
great cavity without touching one of the two antennze,
for the left-hand one guards the upper part, and the
right-hand one the lower part. When either of these
1s touched the pollinium is ejected and the dise will
strike the head or thorax of the insect.

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

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

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

* ¢Transactions of the Linnean
Soe vol. xvii. p. 522, Another
account by Dr. Lindley appeared
in the ‘Botanical Register,’ fol,
1951, of a distinet species of My-
anthus and Monachanthusappear-
inz on the same seape : he alludes
also to other cases. Some of the
flowers in these cases were in an in-
termediate condition, which is not
surprising, seeing that in dicecious
plants we sometimes have a partial
resumption of the characters of
both sexes. Mr. Rodgers of River-
hill informs me that he imported
from Demerara a Myanthus, and
that when it flowered a second
time it was metamorphosed into
a Catasetum, Dr. Carpenter
(‘ Comparative Physiology,” 4th
edit. p. 633) alludes to an ana-
logous case which oceurred at

Bristol. Lastly Dean Herbert
informed me many years ago that
Catasetum luridum flowered and
kept true for nine years in the
Botanic Garden at York; it then
threw up a scape of a Myanthus,
which as we shall presently see is
an hermaphrodite, intermediate in
form between the male and female.
M. Duchartre has given a full his-
torical account of the appearance
of these forms on the same plant,
in ‘Bull. de la Soc. Bot. de
France,’ vol. ix. 1862, p. 113.

t The *Vegetable Kingdom,’
1853, p. 178.

1 Brongniart states (‘ Bull. de
la Soc. Bot. de France,’ tow. ii.
1859, p. 20) that M. Neumann, a
skilful fertiliser of Orchids, could
never succeed in fertilising Cata-
setum,
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he was surprised at the gigantic seed-vessels of the
Monachanthus; and he correctly remarks that “ here
we have traces of sexual difference in Orchideous
flowers.” Dr. Criiger also informs me that in Trinidad
he never saw capsules naturally produced by the
flowers of this Catasetum ;* nor when they were fer-
tilised by him with their own pollen, as was done
repeatedly. On the other hand, when he fertilised
the flowers of the Monachanthus wviridis with pollen
from the Catasetum, the operation never failed. The
Monachanthus also commonly produces fruit in a state
of nature.

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

* Dr. Hance writes to me that often occurred. J. G. Beer says

he has in his collection a plant of
Catasetum tridentatum from the
West Indies bearing a fine capsule ;
but it does not appear to hLave
been ascertained that this par-
ticular flower was that of Cata-
gelum, and there is no great im-
probability in a single flower of
Monachanthus being produced by
a plant of Catasetum, as well as a
whole scape, which we know has

(quoted by Irmisch, * Beitrige zu
Biologie der Orchideen,” 1853, p.
22) that during three years he
tried in vain to fertilise Catasetum,
but on one occasion, by placing
only the viscid disc of a pollinium
within the stigma, a ripe fruit
was produced ; but it may be
asked, Did the seeds contain
embryos?
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and are more transparent; I examined for comparison
those of many kinds of Orchids which had been kept
in spirits, and in all found them much less transparent.
In C. tridentatum, the ovarium is shorter, much less
deeply furrowed, narrower at the base, and internally
more solid than in Monachanthus. Again, in all
three species of Catasetum the ovule-bearing cords
are short; and the ovules present a considerably dif-
ferent appearance, in being thinner, more transparent,
and less pulpy than in the numerous other Orchids
examined for the sake of comparison. Perhaps these
bodies hardly ought to be called ovules, although they
correspond closely in general appearance and position
with true ovules, for I was unable in any case to make
out the opening of the testa and the included nucleus;
nor were the ovules ever inverted.

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

With respect to Monuchanthus viridis, and Myanthus
barbatus, the President of the Linnean Society has
kindly permitted me to examine the spike bearing
these two so-called genera, preserved in spirits, which
was sent home by Sir R. Schomburgk. The flower of
the Monachanthus (A, fig. 31) resembles pretty closely
in external appearance that of Cafasetum tridentatum
(fig. 30). The labellum, which holds the same relative
position to the other parts, is not nearly so deep
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especially on the sides, and its edge is erenated. The
other petals and sepals are all reflexed, and are not so
much spotted as in the Catasetum. The bract at the
base of the ovarium is much larger. The whole column,

Fig. 31.

3. MYAXNTHUS BARBATUS. f A. MONACHANTHUS VIRIDIS,
a. anther. A. Side view of Monachanthus viri=
an. antennp. dis in its natural position. (The
e elln shading in both drawinzs has

y been added from Mr. Reiss®
p. pollen-mass, rudimentary. drawing in the ‘ Linnean Trans=
s stigmatic cleft. actions.”)

sep. two lower sepals. B. Side view of Myanthus barbatus
in its natural position.

[

especially the filament and the spike-like anther, are
much shorter; and the rostellum is much less protu-
berant. The antenna are entirely absent, and the
pollen-masses are rudimentary. These are interesting
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facts from corroborating the view taken of the function
of the antennsz; for as there are no pollinia to eject,
an organ adapted to convey the stimulus from the
touch of an insect to the rostellum would be useless.
I could find no trace of a viscid dise or pedicel, and
no doubt they had been lost; for Dr. Criiger says*
that “the anther of the female flower drops off imme-
diately after the opening of the same, i. e. before the
flower has reached perfection as regards colour, size,
and smell. The disc does not cohere, or very slightly,
to the pollen-masses, but drops off about the same
time, with the anther;” leaving behind them the rudi-
mentary pollen-masses.

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

* ¢Journ Linn. Soc. Bot.” vol viii. 1864, p. 127,
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remarkable manner from that of the male Catasetuin
tridentatum, and 1t 1s no wonder that the two plants
were formerly ranked as distinct genera.

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

In Monachanthus, on the other hand, the two mem-
branous sacks containing the rudimentary pollen-
masses never open ; but they easily separate from each
other and from the anther. The tissue of which they
are formed is thick and pulpy. Like most rudi-
mentary parts, the pollen-masses vary much in size
and form ; they are only about one-tenth of the bulk
of those of the male; they are flask-shaped (p, fig. 31),
with the lower end greatly produced so as almost to
penetrate the exterior or membranous sack. There is
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no fissure along their lower surfaces for the protrusion
of the caudicles. The exterior pollen-grains are square
and have thicker walls than the interior grains, just as
in the proper male pollen ; and, what is very curious,
each cell has its nucleus. Now, R. Brown states* that
in the early stages of the formation of the pollen-grains
of ordinary Orchids (as with other plants) a minute
nucleus is often visible ; so that the rudimentary pollen-
grains of Monachanthus apparently have retained—as
is so general with rudiments in the animal kingdom—
an embryonic character. Lastly, at the base, within
each flask-shaped pollen-mass, there is a little mass of
brown elastic tissue,—that is, a vestige of a caudicle,—
which runs far up the pointed end of the flask, but
does not (at least in some of the specimens) come to
the surface, and could never be attached to any part of
the pedicel. These rudimentary and enclosed caudicles
are, therefore, utterly useless. Notwithstanding the
small size and almost aborted condition of the female
pollen-masses, when they were placed by Dr. Criiger
within the stigma of a female plant they emitted * here
and there a rudimentary tube.” The petals then faded
and the ovarium enlarged, but after a week it turned
yellow and finally dropped off without bringing any
seeds to perfection. This appears to me a very curious
instance of the slow and gradual manner in which
structures are modified ; for the female pollen-masses,
which can never be naturally removed or applied to
the stigma, still partially retain their former powers
and function. _

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

* ¢ Transactions of the Linnean Soe.” vol. xvi. p. 7T11.
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every naturalist, but can never be observed without
renewed interest. At a period not far distant, natura-
lists will hear with surprise, perhaps with derision, that
grave and learned men formerly maintained that such
useless organs were not remnants retained by inherit-
ance, but were specially created and arranged in their
proper places like dishes on a table (this is the simile
of a distinguished botanist) by an Omnipotent hand
“to complete the scheme of nature.”

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

It is a highly remarkable fact, that this sterile
hermaphrodite form resembles in its whole appearance
and structure the males of two other species, namely,
C. saccatum and mcre especially C. callosum, much
more closely than it does either the male or female
form of the same species. As all orchids, with the
exception of a few in the present small sub-family, as
well as all the members of several allied groups of
plants, are hermaphrodites, there can be no doubt
that the common progenitor of the Orchidez was
an hermaphrodite. We may therefore attribute the
hermaphrodite condition and the general appearance
of Myanthus to reversion to a former state; and if
g0, the ancestors of all the species of Catasetum must
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have resembled the males of C. saccatum and callosum,
for as we have just seen, 1t 1s to these two plants that
Myanthus presents so many striking resemblances.*
Lastly I may be permitted to add that Dr. Criiger,
after having carefully observed these three forms in
Trinidad, fully admits the truth of my conclusion that
Catasetum tridentatum 1s the male and Monachanthus
viridis the female of the same species. He further
confirms my prediction that insects are attracted to
the flowers for the sake of gnawing the labellum, and
that they carry the pollen-masses from the male to the
female plant. He says “the male flower emits a
peculiar smell about twenty-four hours after opening,
and the antenna assume their greatest irritability at
the same time. A large humble-bee, noisy and quarrel-
some, is now attracted to the flowers by the smell,
and a great number of them may be seen every morning
for a few hours disputing with each other for a place in
the interior of the labellum, for the purpose of gnawing
off the cellular tissue on the side opposite to the column,
so that they turn their backs to the latter. As soon as
they touch the upper antenna of the male flower, the
pollen-mass, with its disc and gland, is fixed on their
back, and they are often seen flying about with this
peculiar-looking ornament on them. I have never
seen it attached except to the very middle of the

* The male of the Indian ante-
lope (A. bezoartica) after castration
produces horns of a widely dif-
ferent shape from those of the
perfect male; and larger and
thicker than those occasionally
produced by the female. We see
something of the same kind in the
horns of the common ox. I have
remarked in my * Descent of Man’
(2nd edit. p. 506), that such
cases may probably be attributed

to reversion to a former sfate of
the species; for we have good
reason to believe that any cause
which disturbs the constitution
leads to reversion. Myanthus,
though having the organs of both
sexes apparently perfect, is sterile;
it has therefore had its sexual
constitution disturbed, and this
secms to have caused it to revert
in character to a former state.
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thorax. When the bee walks about, the pollen-mass
lies flat on the back and wings; but when the insect
enters a female flower, always with the labellum turned
upwards, the pollinium, which is hinged to the gland
by elastic tissue, falls back by its own weight and rests
on the anterior face of the column. When the insect
returns backwards from the flower, the pollinia are
caught by the upper margin of the stigmatic cavity,
which projects a little beyond the face of the column ;
and if the gland be then detached from the back of
the insect, or the tissues which connect the pollinia
with the caudicle, or this with the gland, break, fecun-
dation takes place.” Dr. Criiger sent me specimens
of the humble-bees which he caught gnawing the
labellum, and these consist of Euglossa nov. spec., ca-
jennensis and piliventris.

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

* ¢ Bot. Zcitung,” 1868, p. 630.
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stigma of the male Catasetum, they emitted their
tubes.

The genus Catasetum is interesting to an unusual
degree in several respects. The separation of the
sexes 1s unknown amongst other Orchids, except per-
haps in the allied genus Cycnoches. In Catasetum
we have three sexual forms, generaily borne on sepa-
rate plants, but sometimes mingled together on the
same plant; and these three forms are wonderfully
different, from one another, much more different than,
for instance, a peacock is from a peahen. But the
appearance of these three forms now ceases to be an
anomaly, and can no longer be viewed as an unparal-
leled instance of variability.

This genus 1s still more interesting in its manner of
fertilisation. We see a flower patiently waiting with
its antennee stretched forth in a well-adapted position,
ready to give notice whenever an insect puts its head
into the cavity of the labellum. The female Mona-
chanthus, not having true pollinia to eject, is destitute
of antenne. In the male and hermaphrodite forms,
namely Catasetum tridentatum and Myanthus barbatus,
the pollinia lie doubled up, like a spring, ready to be
instantly shot forth when the antennwz are touched.
The disc end is always projected foremost, and is coated
with viscid matter which quickly sets hard and affixes
the hinged pedicel firmly to the insect’s body. The
insect flies from flower to flower, till at last it visits a
female plant : it then inserts one of the pollen-masses
into the stigmatic cavity. As soon as the insect flies
away the elastic caudicle, made weak enough to yield
to the viscidity of the stigmatic surface, breaks, and
leaves behind a pollen-mass; then the pollen-tubes
slowly protrude, penetrate the stigmatic canal, and the
act of fertilisation is completed. Who would have
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been bold enoungh to have surmised that the propaga-
tion of a species depended on so complex, so apparently
artificial, and yet so admirable an arrangement ?

I have examined three other genera placed by
Lindley in the small sub-family of Catasetidz, namely,
Mormodes, Cycnoches and Cyrtopodium. The latter
plant was purchased by me under this name, and bore
a flower-stem about four feet in height with yellowish
bracts spotted with red; but the flowers presented
none of the remarkable peculiarities of the three other
genera, with the exception that the anther was hinged
to a point projecting from the summit of the column,
as 1n Catasetum.

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

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

* T must express my cordial two fine spikes, bearing an abun-
thanks to Mr. Rucker, of West dance of flowers, and for having
Hill, Wandsworth, for having lent  allowed me to keep the plant for
we a plant of this Mormodes with & considerable time.
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and then resumes an upright position to near its
summit, where it i1s again bent. It is, also, twisted in
a unique manner, so that its front surface, including

H Y
Fiz. 32.

MoORMODES IGNEA.

Lateral view of flower, with the upper sepal and the near upper petal
cut off.

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

a. anther. I labellum.
gd. pedicel of pollinium. l.s. lateral sepal.
5. stigma.

1

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

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

The pollinium does not differ much from that of
Catasetum (see fig. 29, D, p. 183); and it lies in like
manner curved round the rostellum, which is less protu-
berant than in that genus. The upper and broad end of
the pedicel, however, extends beneath the pollen-masses
within the anther; and these are attached by rather
weak caudicles to a medial crest on its upper surface.

The viseid surface of the large disc lies in contact
with the roof of the stigmatic cavity, so that it cannot
be touched by an insect visiting the flower. The
anterior end of the dise is furnished with a small de-
pendent curtain (dimly shown in fig. 32); and this,
before the act of ejection, is continuously joined on
each side to the upper margins of the stigmatie cavity.
The pedicel 1s united to the posterior end of the disc ;
but when the disc is freed, the lowermost part of the
pedicel becomes doubly bent, so that it then appears
as if attached by a hinge to the centre of the dise.

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

P 3
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likewise attractive to insects. In the drawing (fig. 32)
the labellum has been foreibly raised a little up, so as
to show the depression and the bent filament. In its
natural position i1t may almost be compared to a huge
cocked-hat, supported by a footstalk and placed on the
head of the column.

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

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

When the flower is mature the three sepals hang
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down, but the two upper petals remain nearly upright.
The bases of the sepals, and especially of the two
upper petals, are thick and swollen and have a
yellowish tint; when quite mature, they are so gorged
with fluid, that, if punctured by a fine glass tube, the
fluid rises by capillary attraction to some height in it.
These swollen bases, as well as the footstalk of the
labellum, have a decidedly sweet and pleasant taste ;
and I can hardly doubt that they are attractive to
nsects, for no free nectar i1s secreted.

I will now endeavour to show how all the parts of
the flower are co-ordinated and act together. The
pedicel of the pollinium is bowed round the rostellum,
as 1n Catasetum; in this latter genus, when freed,
it merely straightens itself with force, in Mormodes
something more takes place. If the reader will look
forward to fig. 34 (p. 223), he will see a section of the
flower-bud of the allied genus of Cycnoches, which
differs only in the shape of the anther and in the viscid
disec having a much deeper dependent curtain. Now
let him suppose the pedicel of the pollinium to be so
elastic that, when freed, it not only straightens itself,
but suddenly bends back on itself with a reversed
curvature, so as to form an irregular hoop. The
curved surface which was before in contact with
the protuberant rostellum now forms the outside
of the hoop. The exterior surface of the curtain,
which depends beneath the dise, is not viscid; and
1t now lies on the anther-case, with the viscid surface
of the disc on the outside. This is exactly what takes
place with Mormodes. But the pollinium assumes
with such force its reversed curvature (aided, appa-
rently, by a transverse curling outwards of the margins
of the pedicel), that it not only Jorms itself into a
hoop, but suddenly springs away from the protuberant
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face of the rostellum. As the two pollen-masses
adhere, at first, rather firmly to the anther-case, the
latter is torn off by the rebound; and as the thin
hinge at the summit of the anther-case does not yield
so easily as the basal margin, the pollinium together
with the anther-case is instantly swung upwards like a
pendulum. But in the course of the upward swing
the hinge yields, and the whole body is projected
perpendicularly up in the air, an inch or two above and
close in front of the terminal part of the labellum. If
no object is in the way, as the pollinium falls down,
it generally alights and sticks, though not firmly, on
the folded crest of the labellum, directly over the
column. I witnessed repeatedly all that has been
here described.

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

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

Now let us suppose an insect to alight on the
folded erest of the labellum, and no other convenient
landing-place is afforded, and then to lean over the
front of the column so as to gnaw or suck the bases of
the petals swollen with sweet fluid. The weight and
movements of the insect would disturb the labellum
and the bent underlying summit of the column; and
the latter, pressing on the hinge in the angle, would
cause the ejection of the pollinium, which would in-
fallibly strike the head of the insect and adhere to
it. I tried by placing my gloved finger on the summit
of the labellum, with the tip just projecting beyond
its margin, and then gently moving my finger it was
really beautiful to see how instantly the pollinium
was projected upwards, and how accurately the viseid
surface of the dise struck my finger and firmly
adhered to 1t. Nevertheless, I doubt whether the
welght and movements of an inseet would suffice to
thus act indirectly on the sensitive point; but look
at the drawing and see how probable it is that an
insect leaning over would place 1its front legs over the
edge of the labellum on the summit of the anther-
case, and thus touch the sensitive point. The pol-
linium would then be ejected, and the wviscid dise
would certainly strike and adhere to the insect’s head.

Before proceeding, it may be worth while to mention
some of the early trials which I made. I pricked
deeply the column in different parts, including the
stigma, and cut off the petals, and even the labellum,
without causing the ejection of the pollinium ; this,
however, once happened when I cut rather roughly
through the thick footstalk of the labellum, the fila-
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mentary summit of the column no doubt having been
thus disturbed. When I gently prised up the anther-
case at its base or on one side, the pollinium was
ejected, but then the sensitive hinge would necessarily
have been bent. When the flower has long remained
expanded and is nearly ready for spontaneous ejection,
a slight jar on any part of the flower causes the
action. Pressure on the thin pedicel of the pollinium,
and therefore on the underlying protuberant rostellum,
is followed by the ejection of the pollen-masses; but
this is not surprising, as the stimulus from a touch
on the sensitive hinge has to be conveyed through
this part of the rostellum to the disc. In Catasetum
slicht pressure on this point does not cause the act
of ejection ; but in this genus the protuberant part of
the rostellum does not lie in the course along which
the stimulus has to be conveyed from the antennee
to the dise. A drop of chloroform, of spirits of wine, or
of boiling water placed on this part of the rostellum
produced no effect ; nor, to my surprise, did exposure
of the whole flower to vapour of chloroform.

Seeing that this part of the rostellum was sensitive
to pressure, and that the flower was widely open on
one side, and being pre-occupied with the case of Cata-
setum, I at first felt convinced that insects entered the
lower part of the flower and touched the rostellum.
Accordingly I pressed the rostellum with variously-
shaped objects, but the viscid dise never once adhered
in a proper manner to the object. If I used a thick
needle, the pollinium, when ejected, formed a hoop
round it with the wviscid surface outside; if I used a
broad flat object, the pollinium strnggled against it
and sometimes coiled itself up spirally, but the dise
either did not adhere at all, or very imperfectly. At
the close of the twelfth trial = was ir Jdespair. The
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strange position of the labellum, perched on the summit
of the column, ought to have shown me that here was
the place for experiment. I ought to have rejected
the notion that the labellum was thus placed for no
good purpose. This plain guide was overlooked, and
for a long time I completely failed to understand the
structure of the flower.

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

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

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

The flowers are hermaphrodites. The pollinia are
perfectly developed. The elongated stigmatic surface
is extremely viscid and abounds with innumerable
utriculi, the contents of which shrink and become
coagulated after immersion for less than an hour in
spirits of wine. When placed in spirits for a day, the
utriculi were so acted on that they disappeared, and this
I have not noticed in any other Orchid. The ovules,
after exposure to spirits for a day or two, presented
the usual semi-opaque, pulpy appearance common to
all hermaphrodite and female Orchids. From the
unusual length of the stigmatic surface I expected
that, if the pollinia were not ejected from the excite-
ment of a touch, the anther-case would have detached
itself, and the pollen-masses would have swung down-
wards and fertilised the stigma of the same flower.
Accordingly, I left four flowers untouched ; after they
had remained expanded from eight to ten days, the
elasticity of the pedicel conquered the force of attach-
ment and the pollinia were spontaneously ejected, hut
they did not fall on the stigma and were consequently
wasted.
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Although Mormodes ignea 1s an hermaphrodite, yet
it must be as truly dicecious in function as Catasetum ;
for as it takes from twelve to fifteen minutes before
the pedicel of an ejected pollinium straightens itself
and the anther-case drops off, it is almost certain that
within this time an insect with a pollinium attached
to its head would have left one plant and flown to
another.

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

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

Cyenoches ventricosum.—Mr. Veitch was so kind as to
send me on two occasions several flowers and flower-
buds of this extraordinary plant. A sketch of a
flower in its natural position, with one sepal cut off,
is shown at fig. 33 (p. 222), and a longitudinal section
through a young bud at fig. 34 (p. 223).

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

Neither the labellum nor the protuberances on the
sides of the stigma are at all sensitive ; but when on
three occasions I momentarily touched the filament,
between the little leaf-like appendages, the pollinium
was ejected in the same manner and through the
same mechanism as in Mormodes ; but it was thrown
only to the distance of about an inch. If the filament
had been touched by an object which had not been
quickly removed, or if by an insect, the viscid dise
would certainly have adhered to it. Mr. Veitch informs
me that he has often touched the end of the column,
and the pollinium has adhered to his finger. When
the pollinium is ejected, the pedicel forms a hoop, with
the exterior surface of the curtain of the disc resting
on and covering the anther. In about fifteen minutes
the pedicel straightens itself, and the anther-case
drops off ; and now the pollinium is in a right position
for fertilising another flower. As soon as the viscid
matter on the under surface of the disc 1s exposed to
the air it quickly changes colour and sets hard. It
then adheres with surprising force to any object.
From these various facts and from the analogy of the
other Catasetide, we may conclude that insects visit
the flowers for the sake of gnawing the labellum :
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but it cannot be predicted whether they aligcht on the
surface which is uppermost in the drawing (fig. 33) and

Fig. 33.

CYCNOCHES VENTRICOSUM.

Flower viewed in its natural dependent position.

¢. column, after the ejection of s stigmatic cavity.
the pollinium together with I L. labellum.
the anther. | pet. the two lateral petals.

f. filament of anther. | sep. sepals.

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

The specimens which I examined were certainly

Fie. 34.

DIAGRAMMATIC SECTION OF A FLOWER-BUD, THE COLUMN PLACED
UPRIGHT.

a. anther. ; . d. disc of pollinium with the depen-
f. filament of anther. | dent curtain.
p-  pollen-mass. | s. sticmatic chamber.
pd. pedicel of pollinium, barely se- 1 g. stigmatic canal leading to the
parated as yet from the ros- | ovarium.
tellum. _

male plants, for the pollinia were well developed. The
stigmatic cavity was lined with a thick layer of pulpy
matter which was not adhesive. But as the flowers
cannot possibly be fertilised until the pollinia have
been ejected, together with the great curtain which
covers the whole stigmatic surface, it may be that
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this surface becomes at a later period adhesive so as to
secure the pollen-masses. The ovules when kept for
some time in alcohol were filled with brownish pulpy
matter, as 1s always the case with perfect ovules.
Therefore 1t appears that this Cycnoches must be an
hermaphrodite ; and Mr. Bateman, in his work on the
Orchidese, says that the present species produces seeds
without being, as I understand, artificially fertilised ;
but how this is possible is unintelligible to me. On
the other hand, Beer says* that the stigma of Cye-
noches is dry, and that the plant never sets seeds.
According to Lindley C. ventricosum produces on the
same scape flowers with a simple labellum, others with
a much segmented and differently coloured labellum
(viz., the so-called C. egerionianum), and others in an
intermediate condition. From the analogous differ-
ences in the flowers of Catasetum, we are tempted to
believe that we here have male, female, and herma-
phrodite forms of the same species of Cycnoches. f

I have now finished my description of the Catasetida
as well as of many other Vandee. The study of these
wonderful and often beautiful productions, with all
their many adaptations, with parts capable of move-
ment, and other parts endowed with something so like,
though no doubt different from, sensibility, has been to
me most interesting. The flowers of Orchids, in their
strange and endless diversity of cshape, may be com-

* Quoted by Irmisch, ¢ Beitrige
zur Biologie der Orchideen,’ 1833,
p- 22.

t Lindley’s ¢ Vegetable King-
dom,” 1853, p. 177. He has also
published in the * Botanical Liegis-
ter,’ fol. 1951, a case of two fors
appearing on the same scape of
another species of Cyenoches,

Mr. Bateman also says tlat C.
egertonianwm has been known to
produce in Guatemala and once
in England scapes of a purple-
flowered and widely different spe-
cies of Cycnoches; but that it
generally produces in England
gcapes of the common yellow C.
ventricosum,
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pared with the great vertebrate class of Fish, or still
more appropriately with tropical Homopterous insects,
which appear to us as if they had been modelled
in the wildest caprice, but this no doubt is due to

our ignorance of their requirements and conditions
of life.
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CHAPTER VIII.

CYPRIPEDEE—HOMOLOGIES OF THE FLOWERS OF
ORCHIDS.

Cypripedium differs much from all other Orchids—Labellum in the
form of a slipper with two small orifices by which insects can escape
—DManner of fertilisation by small bees of the genus Andrena—
Homologieal nature of the several parts of the flowers of the Orchidese
—Wonderful amount of modification which they have undergone.

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

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

CYPRIPEDIUAM.

«. anther, surface of the stigma is ex-
a'. rudimentary, shield-like anther, posed ; the edges of the label-
5. stigma. lum have thus become a little
[. labellum. separated and the toe or ex-
A, Flower viewed from above, with tremity stands lower than is
the sepals and petals, excepting natural.
the labellum, partly cut off. | B. Side view of column, with all
The labellum has been slightly the sepals and petals removed.
depressed, so that the dorsal

column, so that its edges nearly meet along the dorsal

surface ; and the broad extremity is folded over in a

peculiar manner, forming a sort of shoe, which closes

up the end of the flower. Hence arises the English

name of Ladies’-slipper. The overarching edges of the

labellum are inflected or sometimes only smooth and
Q 2
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polished internally ; and this is of much importance,
as it prevents insects which have once entered the
labellum from escaping through the great opening in
the upper surface. In the position in which the flower
grows, as here represented, the dorsal surface of the
column is uppermost. The stigmatic surface is slightly
protuberant, and is not adhesive; it stands nearly
parallel to the lower surface of the labellum. With a
flower in its natural state, the margin of the dorsal
surface of the stigma can be barely distinguished be-
tween the edges of the labellum and through the
notch in the rudimentary, shield-like anther (a') ; but
in the drawing (s, fig. A) the margin of the stigma has
been brought outside the edges of the depressed la-
bellum, and the toe is a little bent downwards, so that
the flower is represented as rather more open than it
really is. The edges of the pollen-masses of the two
lateral anthers («) can be seen through the two small
orifices or open spaces in the labellum (fig.A) on
each side, close to the column. These two orifices are
essential for the fertilisation of the flower.

The grains of pollen are coated by and immersed in
viscid fluid, which is so glutinous that it can be drawn
out into short threads. As the two anthers stand be-
hind and above the lower convex surface (see fig. B) of
the stigma, it is impossible that the glutinous pollen
can without some mechanical aid get on to this, the
efficient surface of the stigma. The economy here
shown by Nature in her manner of gaining the same
end is surprising. In all the other Orchids seen by
me, the stigma is viscid and more or less concave, by
which means the dry pollen, transported by means of
the viscid matter secreted by the rostellum or modified
stigma, is retained. In Cypripedium the pollen is
glutinous, and assumes the function of viscidity, which
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in all other Orchids except Vanilla belongs exclusively
to the rostellum and the two confluent stigmas. These
latter organs, on the other hand, in Cypripedium en-
tirely lose their viscidity, and at the same time become
slightly convex, so as more effectually to rub off the
glutinous pollen adhering to the body of an insect.
Moreover in several of the North American species,
as in C. acaule and pubescens, the surface of the stigma
is beset, as Professor Asa Gray remarks,® “ with
minute, rigid, sharp-pointed papille, all directed for-
wards, which are excellently adapted to brush off the
pollen from an insect’s head or back.” There is one
partial exception to the above rule of the pollen of
Cypripedium being viscid while the stigma is not
viscid and is not convex; for in C. acaule the pollen
is more granular and less viscid, according to Asa
Gray, than in the other American species, and in
C. acaule alone the stigma is slightly concave and
viscid. So that here the exception almost proves the
_truth of the general rule.

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

Formerly I supposed that insects alighted on the
labellum and inserted their proboscides through either

* ¢ American Journal of Science, t ‘Bedeutung der Nektarien,
vol. xxxiv, 1862, p. 428. 1833, p. 29.



230 CYPRIPEDE.E. Crar. VIIL,

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

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

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

* ‘Fecondazione nelle Piante =xxv, III. Folge, v. Bd. p. 1: see
Antoearpee,” 1867, p. 20. also ‘¢ Befruchtung der Blumen,
t *Verh, d. Nat. Ver, fiir Pr. 1873, p. 76.
Rheinland und Westful." Jahrg,
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msect which enters the labellum is thus compelled to
crawl out by one of the two narrow passages, on the
sides of which the pollen-masses and stigma are placed.
We have seen that exactly the same end is gained in
the case of Coryanthes by the labellum being half-
filled with secreted fluid ; and in the case of Pterostylis
and some other Australian Orchids by the labellum
being irritable, so that when touched by an entering
insect it shuts up the flower, with the exception of a
single narrow passage.*

Homological Nature of the several Parts of the Flowers of
the Orchidee.

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

The homologies of any being, or group of beings,

* Selenipedium palmifolium is
one of the Cypripedee, and
according to Dr, Criiger (‘ Journ.
Linn, Soe. Bot.! vol. viii. 1864, p.
134) bears very fragrant flowers,
which “in all probability are
always impregnated by insects.
The labellum is, like some Aris-
tolochia-flowers, constructed after

the fish-pot system, i. e. a funnel-
shaped opening conducts into it,
and insects find it difficult to
escape through the same. The
only other opening near the base
of the labellum is partly closed
by the sexual apparatus, and the
insect has. to force its way out
there.”
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can be most surely made out by tracing their embryo-
logical development when that is possible; or by the
discovery of organs in a rudimentary condition ; or by
tracing, through a long series of beings, a close gradation
from one part to another, until the two parts or organs,
though employed for widely different functions and
most unlike each other, can be joined by a succession
of short links. No instance is known of a close gradation
between two organs, unless they are homologically one
and the same organ.

The importance of the science of Homology rests on
its giving us the key-note of the possible amount of
difference in plan within any group; it allows us to
class under proper heads the most diversified organs ;
it shows us gradations which would otherwise have
been overlooked, and thus aids us in classification ; it
explains many monstrosities; it leads to the detection
of obscure and hidden parts, or mere vestiges of parts,
and shows us the meaning of rudiments. DBesides
these uses, Homology clears away the mist from such
terms as the scheme of nature, ideal types, archetypal
patterns cr 1deas, &e. ; for these terms come to express
real facts. The naturalist, thus guided, sees that all
homologous parts or organs, however much they may
be diversified, are modifications of one and the same
ancestral organ; in tracing existing gradations he
gains a clue in tracing, as far as that is possible, the
probable course of modification through which beings
have passed during a long line of generations, He
may feel assured that, whether he follows embryo-
logical development, or searches for the merest rudi-
ment, or traces gradations between the most different
beings, he is pursuing the same object by different
routes, and is tending towards the knowledge of the
actual progenitor of the group, as it once grew and
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lived. Thus the subject of Homology gains largely
in interest.

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

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

* T believe his latest views are  the ‘ Linnean Transactions, vol,
given in his celebrated paper,read  xvi. p. 683,
Nov. 1-15,1831,and published in
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the whorls, R. Brown offers no sufficient evidence, but
believes that they are combined with the labellum,
whenever that organ presents crests or ridges. In
these views Brown is followed by Lindley.*

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

The result of my dissections is given in the following
diagram (fig. 36). The fifteen little circles represent

* Professor Asa Gray has de-

the union of one petal with two
seribed in the * American Journal

petaloid stamens.

of Seience.’ July 1866, a monstrous
flower of Cypripedium candidum,
and remarks on it, ** here we have
(and perhaps the first direct)
demonstration that the orchideous
type of flower has two staminal
verticils, as Brown always in-
sisted.” Dr. Criiger also,advances
evidence (*Journ. Linn. Soec.
Bot.” vol. viii. 1864, p. 132) in
favour of the presence of five
whorls of organs; but he denies
that the homologies of the parts
can be deduced from the course of
the vessels, and he does not admit
that the labellum is formed by

t ‘ Linn. Transaet.” vol. xvi. p.
£96-701. Link in his *‘Bemer-
kungen iiber der Bau der Orchi-
deen’ (* Botanische Zeitung,” 1849
p. 745) seems to have also trusted
to transverse sections, Had he
traced the vessels upwards I ean-
not believe that he would have
disputed Brown's view of the
nature of the two anthers ip
Cypripedium. DBrongniart in his
admirable paper (‘ Annales des
Sciences Nat.! tom. xxiv. 1831)
incidentally shows the course of
some of the spiral vessels.
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so many groups of spiral vessels, in every case traced
down to one of the six large ovarian groups. They
alternate in five whorls, as represented ; but I have not
attempted to give the actual distances at which they
stand apart. In order to guide the eye, the three
central groups running to the three pistils are con-
nected by a triangle.
Fig. 36.

Upper or posterior sepal.

A
Upper _ 6 Upper
petal. - etal.

“\.___h‘ . '_/’ P
8
Oﬁi_r =0
'
" 3 oy
Lower Lower
sepal, sepal.
Lakbellum.

SeerioN oF THE FLOWER oF AN ORCHID,
The little circles show the position of the spiral vessels.

S58. Stigmas; S,, stigma modified | a,a,. Rudimentary anthers of the
into the rostellum. inner whorl (fertile in Cypri-

A,. Fertile anther of the outer pedium), generally forming
whorl; A, A,, anthers of the the clinandrum j; a,, third
same whorl combined with anther of the same whorl,
the lower petal, forming the when present, forming the
labellum. front of the column.

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

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

* See Brown's observations ‘Planta Asiatica rariores,” 1830,
ander Apostasia in Wallich’s p. 74.
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scences on the labellum ; but I find the corresponding
vessels invariably present in the labellum of every
Orchid examined,—even when the labellum is very
narrow or quite simple, as in Malaxis, Herminium,
or Habenaria.

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

* Link remarks on the manner the column in his “ Bemerkunger ’
of coherence of the labellum to  in * Bot. Zeitung,’ 1849, p. T45.
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as in Calanthe, Orchis morio, &c., to the bifurcation of

its extremity.

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

in some Vandese and Epidendrea.*

In the Malaxes

* It may be advisable to give a
few details on the flowers which
1 dissected ; but I looked to special
points, such as the course of the
vessels in the labellum, in many
cases not worth here giving, In
the Vandes I traced all the ves-
sels in Catasetum tridentatum and
saccatum ; the great group of
vessels going to the rostellum
separate (as likewise in Mormodes)
from the posterior ovarian group,
beneath the bifurcation supplying
the upper sepal and fertile anther;
the anterior ovarian group runs
a little way along the labellum
before it bifurcates and sends a
group (a;) up the front of the
column; the vessels proceeding
from the postero-lateral group run
up the back of the column, on
each side of those running to the
fertile anther, and do not go to
the edges of the clinandrum. In
Aeropera luteola the baze of the
column, where the labellum is
attached, is much produeced, and
the vessels of the whole aunterior
ovarian group are similarly pro-
duced; those (a;) going up the
front of the column are abruptly
reflected back ; the vessels at the
point of reflexion are curiously
hardened, flattened, and produced
into odd crests and points. In
an Oneidium I fraced the vessels
S, to the viscid gland of the polli-
nium. Among the Epidendres I
traced all the vesselsin a Cattleya ;
and all in Evelyna carivata except
a,, which I did not search for. In
the Malaxese I traced allin Liparis
Eenflﬂl@ except a;, which I do not

elieve is present. In Malazis
paludosa I traced nearly all the

vessels. In Cypripedium barbatum
and pupuratum 1 traced all except
a,, which I am nearly sure does
not exist. In the Neottem I traced
in Cephalanthera grandiflora all
the vessels, excepting that to the
aborted rostellum and those to
the two auricles a, and a., which
were certainly absent. In Epi-
pactis I traced all excepting a,, a,,
and a,, which are certainly absent.
In Spiranthes aulumnalis the
vessel S, runs to the bottom of
the fork of the rostellum: there
are no vessels to the membranes
of the clinandrum in this Orchid
nor in Goodyera. In none of the
Ophrew do the vessels a,, a,, and
a; occur. In Orehis pyramidalis
I traced all the others, including
two to the two separate stigmas:
in this species the contrast between
the vessels of the labellum and
of the other sepals and petals is
striking, as in the latter the ves-
gels do not branch, whilst the
labellum has three vessels the
lateral ones running of course into
the antero-lateral ovarian group.
In Gymnadenia conopsea I traced
all the vessels: but I am not sure
whether the vessels snpplying the
sides of the upper sepal do not, as
in the allied Habenaria, wander
from their proper course and enter
the postero-lateral ovarian group :
the vessel S, going to the rostel-
lum, enters the little folded crest
of membrane, which projects be-
tween the bases of the anther-cells.
Lastly, in Habenaria chlorantha I
traced all the vessels, execepting
as in the other Ophres the three
of the inner staminal whorl, and I
looked carefully for a,: the vessel
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all were observed excepting a, which is the most
difficult one to trace, and apparently is oftenest absent.
In the Cypripedez, again, all were traced except a,,*
which, 1 feel pretty sure, was here really absent: in
this tribe the stamen (A,) is represented by a con-
spicuous shield-like rudiment, and @, and a, are
developed into two fertile anthers. In the Ophre=
and Neottee all were traced, with the important
exception of the vessels belonging to the three stamens
(a,, a,, and a;) of the inner whorl. In Cephalanthera
grandiflora, I clearly saw a, proceeding from the
anterior ovarian group, and running up the front of
the column. This anomalous Orchid has no rostellum,
and the vessel marked S, in the diagram was entirely
absent, though seen in every other species. '

Although the two anthers (a, and a,) of the inner
whorl are not fully and normally developed in any
Orchid, excepting Cypripedium, their rudiments are
generally present and are often utilised ; for they often
form the membranous sides of the cup-like clinandrum
on the summit of the column, which includes and pro-
tects the pollen-masses. These rudiments thus aid
their fertile brother-anther. In the young flower-bud

tion of a free filament in front of

supplying the fertile anther runs
up the connective membrane be-
tween the two anther-cells, but
does not bifurcate : the ves=el to
the rostellum runs up to the top
of the shoulder or ledge beneath
the connective membrane of the
anther, but does not bifurcate and
extend to the two widely-separated
viseid dises.

* From Irmisch’s (‘Beitrige
zur Biologie der Orchideen,’ 1853,
pp. 78 and 42) description of the
development of the flower-bud of
Cypripedium, it would appear that
there 1s a tendency to the forma-

the labellum, as in the case of
(iloszodia before mentioned ; and
this will perhaps account for the
absence of spiral vessels, proceed-
ing from the anterior ovarian
group and coalescing with the
column. In Uropedium, a genus
which A. Brongniart (* Annal,
des. Se. Nat.,” 3rd series, Bot. tom,
xiil. p. 114) considers closely allied
to, and even perhaps a monstro-
sity of, Cypripedium, a third fer-
tile anther occupies this same
position,
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of Malaxis paludosa, the close resemblance between the
two membranes of the clinandrum and the fertile
anther, in shape, texture, and in the height to which
the spiral vessels extended, was most striking : it was
impossible to doubt that in these two membranes we
had two rudimentary anthers. In Evelyna, one of the
Epidendrea, the clinandrum was similarly formed, as
were the horns of the elinandrum in Masdevallia, which
serve in addition to keep the labellum at the proper
distance from the column. In Liparis pendula and
some other species, these two rudimentary anthers form
not only the clinandrum, but likewise wings, which
project on each side of the entrance into the stigmatic
cavity, and serve as guides for the insertion of the
pollen-masses. In Acropera and Stanhopea, as far as
I could make out, the membranous borders of the
column, down to its base, were also thus formed; but
in other cases, as in Cattleya, the wing-like borders of
the column seem to be simple developments of the two
pistils. In this latter genus, as well as in Catasetum,
these same two rudimentary stamens, judging from the
position of the vessels, serve chiefly to strengthen
the back of the column; and the strengthening of the
front of the column is the sole function of the third
stamen of the inner whorl (a;), in those cases in
which 1t was observed. This third stamen runs up
the middle of the column to the lower edge, or lip,
of the stigmatic cavity.

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

R



242 HOMOLOGIES OF THE Crarp. VIII,

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

Finally, then, with respect to the six stamens which
ought to be represented in every Orchid: the three
belonging to the outer whorl are always present, the
upper one being fertile (except in Cypripedium), and
the two lower ones invariably petaloid and forming
part of the labellum. The three stamens of the inner
whorl are less plainly developed, especially the lower
one, a,, which, when it can be detected, serves only to
strengthen the column, and, in some rare cases, accord-
ing to Brown, forms a separate projection or filament ;
the two upper anthexs of this inner whorl are fertile
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in Cypripedium, and in other cases are generally
represented either by membranous expansions, or by
minute auricles without spiral vessels. These auricles,
however, 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 la-
bellum,—the origin of the clinandrum,—the relative
position of the single fertile anther in most of the
genera, and of the two fertile anthers in Cypripedium,
—the position of the rostellum, as well as of all the
other organs,—and lastly, the frequent occurrence of a
bilobed stigma, and the occasional occurrence of two
distinet stigmas. I have encountered only one case of
difficulty, namely in Habenaria and the allied genus,
Bonatea. These flowers have undergone such an
extraordinary amount of distortion, owing to the wide
separation of their anther-cells and of the two viscid
dises of the rostellum, that any anomaly in them is
the less surprising. The anomaly relates only to the
vessels supplying the sides of the upper sepal and
of the two upper petals; for the vessels running into
their midribs and into all the other more important
organs pursue the same identical course as in the other
Ophreee. The vessels which supply the sides of the
upper sepal, instead of uniting with the midrib and
entering the posterior ovarian group, diverge and enter
the postero-lateral groups. Again, the vessels on the
anterior side of the two upper petals, instead of uniting
with those of the midrib and entering the postero-
lateral ovarian groups, diverge, or wander from their
proper course, and enter the antero-lateral groups.

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

* In Bonatea speciosa, of which
I have examined only dry speci-
mens sent me by Dr. Hooker, the
vessels from the sides of the upper
sepal enter the postero-lateral
ovarian group, exactly as in
Habenaria. The twoupper petals
are divided down to their bases,
and the vessels supplying the
anterior segment and those supply-
ing the anterior portion of the
posterior segment unite and then
run, as in Habenaria, into the
antero-lateral (and therefore
wrong) group, The anterior seg-

ments of the two upper petals
cohere with the labellum, causing
it to have five segments, which is
a most unusual fact. The two
wonderfully protuberant sticmas
also eohere to the upper surface of
the labellum ; and the lower sepals
apparently also cohere to its under
side. Consequently a section of
the base of the labellum divides
one lower petal, two petaloid
anthers, portions of the two upper
petals, and apparently of the two
lower sepals and the two stigmas:
sltogether the section passes

e e W N



Ceap. VIIT. FLOWERS OF ORCHIDS. 245

from the sides of the upper sepal and of the two upper
petals, which enter the wrong ovarian groups, cannot
possibly represent any lost but once distinct organs.

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

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

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

GRADATION OF ORGANS, &C.—CONCLUDING REMARKS.

Gradation of organs, of the rostellum, of the pollen-masses—Formation
of the caudicle—Genealogical affinities—Secretion of nectar—
Mechanism of the movement of the pollinia—Uses of the petals—
Produetion of seed—Importance of trifling details of structure—
Cause of the great diversity of structure in the flowers of Orchids
—Cause of the perfection of the contrivances—Summary on inseot-
agency—Nature abhors perpetual self-fertilisation,

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

On the gradation of certain Organs—The rostellum,
the pollinia, the labellum, and, in a lesser degree,
the column, are the most remarkable points in the
structure of Orchids. The formation of the column
and labellum, by the confluence and partial abortion of
several organs, has been discussed in the last chapter.
With respect to the rostellum, no such organ exists
in any other group of plants. If the homologies of
Orchids had not been pretty well made out, those
who believe in the separate creation of each organism
might have advanced this as an excellent instance of
a perfectly new organ having been specially created,
and which could not have been developed by suc-
cessive slow modifications of any pre-existing part.
But, as Robert Brown long ago remarked, it is not a
new organ. It is impossible to look at the two groups
of spiral vessels (fig. 26) running from the bases of
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the midribs of the two lower sepals to the two lower
stigmas, which are sometimes quite distinet, and then
to look at the third group of vessels running from the
base of the mid-rib of the upper sepal to the rostellum,
which occupies the exact position of a third stigma,
and doubt its homological nature. There is every
reason to believe that the whole of this upper stigma,
and not merely a part, has been converted into the
rostellum ; for there are plenty of cases of two stigmas,
but not one of three stigmatic surfaces being present
in those Orchids which have a rostellum. On the
other hand, in Cypripedium and Apostasia (the latter
ranked by Brown in the Orchidean order), which are
destitute of a rostellum, the stigmatic surface 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 indications of such a change
having been effected. With respect to function the
change has not been so great as it at first appears.
The function of the rostellum is to secrete viscid matter,
and it has lost the capacity of being penetrated by
the pollen-tubes. The stigmas of Orchids, as well as
of most other plants, secrete viscid matter, the use of
which is to retain the pollen when brought to them by
any means, and to excite the growth of the pollen-
tubes. Now if we look to one of the simplest rostel-
lums,—for instance, to that of Cattleya or Epidendrum,
—we find a thick layer of viscid matter, not distinetly
separated from the viscid surface of the two confluent
stigmas : its use is simply to affix the pollen-masses to
a retreating insect, which are thus dragged out of the
anther and transported to another flower, where they
are retained by the almost equally viscid stigmatic
surface. So that the office of the rostellum is still to
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secure the pollen-masses, but indirectly by means of
their attachment to an insect’s body.

The viscid matter of the rostellum and of the
stigma appear to have nearly the same nature; that
of the rostellum generally has the peculiar property of
quickly drying or setting hard ; that of the stigma,
when removed from the plant, apparently dries more
quickly than gum-water of about equal density or
tenacity. This tendency to dry is the more remarkable,
as Girtner * found that drops of the stigmatic secre-
tion from Nicotiana did not dry in two months. The
viseid 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 slower change of colour in the
viseid secretion of the stigmas of some Orchids, as of
Cephalanthera grandiflora. When the viseid disc of an
Orchis, as Bauer and Brown have observed, is placed
in water, minute particles are expelled with violence
in a peculiar manner; and I have observed exactly
the same fact in the layer of viscid matter covering
the stigmatic utriculi in an unopened flower of Mor-
modes ignea.

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

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

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

The nature of the viseid matter differs remarkably
in different Orchids: in Listera it sets hard almost
instantly, more quickly than plaster of Paris; in
Malaxis and Angrecum it remains fluid for several
days; but these two states pass into each other by
many gradations. In an Oncidium 1 have observed
the viseid matter to dry in a minute and a half; in
some species of Orchis in two or three minutes; in
Epipactis in ten minutes; in Gymnadenia in two
hours ; and in Habenaria in over twenty-four hours.
After the viscid matter of Listera has set hard, neither
water nor weak spirits of wine has any effect on it;
whereas that of Habenaria bifolia, after having been
dried for several months, when moistened became as
adhesive as ever 1t was. The viscid matter in some
species of Orchis, when remoistened, presented an
intermediate condition.

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

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

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

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

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

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

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

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

* Professor Babington (* Manual from the other genera of Ophres.
of British Botany,” 3rd edit.) uses The group of spiral vessels, pro-
the existence of this “rostellate perly belonging to the rostellum,

rocess * as a character toseparate  runs up, and even into, the base
%mhiﬂ, Gymnadenia, and Aceras  of this erest or process.
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0. mascula the two sides of the hood partly adhere;
and in O. pyramidalis and in Aceras it is converted
into a solid ridge. These facts are intelligible only
on the view, that, whilst the two discs were gradually
brought together, during a long series of generations,
the intermediate portion or summit of the rostellum
became more and more arched, until a folded crest,
and finally a solid ridge was formed.

Fig. 87.

ROSTELLUM 0OF CATASETUM,

an. antenna of rostellum, ped. pedicel of rostellum, to which
d. viscid disc. the pollen-masses are attached.

Whether we compare together the state of the ros-
tellum in the various tribes of the Orchides, or com-
pare the rostellum with the pistil and stigma of an
ordinary flower, the differences are wonderfully great.
A simple pistil consists of a eylinder surmounted by
a small viseid surface. Now, see what a contrast the
rostellum of Catasetum, when dissected from all the
other elements of the column, presents; and as I
traced all the vessels in this Orchid, the drawing may
be trusted as approximately accurate. The whole organ
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has lost its normal function of being fertilised. Its
shape is most singular, with the upper end thickened.
bent over and produced into two long tapering and
sensitive antennw, each of these being hollow within,
like an adder’s fang. Behind and between the bases
of these antennz we see the large viscid dise, attached
to the pedicel ; the latter differs in structure from the
underlying portion of the rostellum, and 1s separated
from it by a layer of hyaline tissue, which spontaneously
dissolves when the flower is mature. The dise, attached
to the surrounding parts by a membrane which ruptures
as soon as it is excited by a touch, consists of strong
upper tissue, with an underlying elastic cushion,
coated with viscid matter; and this again in most
Orchids is overlaid by a film of a different nature.
What an amount of specialisation of parts do we
here behold! Yet in the comparatively few Orchids
deseribed in this volume, so many and such plainly-
marked gradations in the structure of the rostellum
have been deseribed, and such plain facilities for the
conversion of the upper pistil into this organ, that, we
may well believe, if we could see every Orchid which
has ever existed throughout the world, we should find
all the gaps in the existing chain, and every gap in
in many lost chains, filled up by a series of easy
transitions.

We now come to the second great peculiarity in the
Orchidez, namely their pollinia. The anther opens
early, and often deposits the naked masses of pollen on
the back of the rostellum. This action is prefigured
in Canna, a member of a family nearly related to the
Orchidez, in which the pollen is deposited on the pistil,
close beneath the stigma. In the state of the pollen
there is great diversity: in Cypripedium and Vanilia

S
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single grains are embedded in a glutinous fluid ; in
all the other Orchids seen by me (except the degraded
Cephalanthera) the grains are united three or four
together.* These compound grains are tied one to
the other by elastic threads, but they often form
packets which are tied together in like manner, or
they are cemented into the so-called waxy masses.
The waxy masses graduate in the Epidendreze and
Vandex from eight to four, to two, and, by the co-
hesion of the two, into a single mass. In some of the
Epidendrez we have both kinds of pollen within the
same anther, namely, large waxy masses, and caudicles
formed of elastic threads with numerous compound
grains adhering to them.

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

* In several cases I have ob-
gerved four tubes emitted from
the four grains which form one of
the compound grains. In soma
sami-monstrous flowers of Malaxis
paludosa, and of Aeceras anthropo-
phora, and in perfect flowers of
Neottia nidus-avis, I have observed
tubes emitted from the pollen-
graing, whilst still within the
- anther and not in contact with
the stigma. I have thought this
worth mentioning as R. Brown
{* Linn. Transact.” vol. xvi. p. 729)
states, apparently with some sur-
prise, that the pollen-tubes were
emitted from the pollen, whilst
still within the anther, in a decay-
ing flower of Aseclepias. These
cases show that the protruding

tubes are, at least at first, formed
exclusively at the expense of the
contents of the pollen-grains.

Having alluded to the monstrous
flowers of the Aceras, I will add
that I examined several (always
the lowest on the spike) in which
the labellum was hardly developed,
and was pressed close against the
stigma. The rostellum was not
developed, so that the pollinia did
not possess visecid dises; but the
most eurious feature was, that the
two anther-cells had become, appa-
rently in consequence of the posi-
tion of the rudimentary labellum,
widely separated, and wure joined
by a connective membrane, alinnst
as broad as that of IHaberaria
chlorantha !

NN
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tied together in the Ophrem, and which run far up
inside the waxy masses of the Vandes, are also of a
ifferent nature from the cementing matter; for the
threads are acted on by chloroform and by long im-
mersion in spirits of wine; whilst these fluids have no
particular action on the cohesion of the waxy masses.
In several Epidendre® and Vandes the exterior grains
of the pollen-masses differ from the interior grains, in
being larger, and in having yellower and much thicker
walls. So that in the contents of a single anther-cell
we see a surprising degree of differentiation in the
pollen, namely, grains cohering by fours, then being
either tied together by threads or cemented together
into solid masses, with the exterior grains different
from the interior ones.

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

* Auguste de Saint Hilaire
(* Lecons de Botanique,’ &ec., 1841,
p.447) says that the elastic threads
exist in the early bud, after the
pollen-grains have been partly
formed, as a thick ereamy fluid.
He adds that his observations on
Ophrys apifera have shown him
that this fluid is secreted by the
vostellum, and is slowly forced

drop by drop into the anther.
Had not s0o eminent an authority
made this statement, I should not
have noticed it. It is certainly
erroneous. In buds of Epipactis
latifolia I cpened the anther,
whilst perfectly closed and free
from the rostellum, and found the
pollen-grains united by elastie
threads, Cephalanthera grandi-

e
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The caudicle, when largely developed and destitute
of pollen-grains, is the most striking of the many pecu-
liarities presented by the pollinia. In some Neottes,
especially in Goodyera, we see it in a nascent con-
dition, projecting just beyond the pollen-mass, with
the threads only partially coherent. In the Vandew
by tracing the gradation from the ordinary naked
condition of the caudicle, through Lycaste in which
it is almost naked, through Calanthe, to Cymbidium
gigantewm, in which it is covered with pollen-grains, it
seems probable that its ordinary condition has been
arrived at by the modification of a pollinium like
that of one of the Epidendres ; namely, by the abor-
tion of the pollen-grains which primordially adhered to
separate elastic threads, and afterwards by the cohesion
of these threads.

In the Ophreae we have better evidence than is

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

flora has no rostellum to secrete
the above thick fluid, yet the
pollen-grains are thus unifed. In
a monstrous specimen of Orchis
pyramidalis the auricles, or rudi-
mentary anthers on each side of
the proper anther, had become
partly developed, and they stood
quite or one side of the rostellum

and stigma; yet I found in ome
cf these auricles a distinet eaudicla
(which necessarily had no dise at
its extremity), and this caudicle
could not possibly have been
scereted by the rostellum or
stigma. I could advance addi-
tional evidence, but it would ba
superfluous.

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

As the caudicle plays an important part in the
fertilisation of the flower, it might have been deve-
loped from one in a nascent condition, such as we see
in Epipactis, to any required length merely by the
continued preservation of varying inerements in its
length, each beneficial in relation to other changes in
the structure of the flower, and without any abortion
of the lower pollen-grains. But we may conclude
from the facts just given, that this has not been the
sole means,—that the caudicle owes much of its length
to such abortion. That in some cases it has subse-
quently been largely increased in length by natural
sclection, 1s highly probable; for in Bonatea speciosa
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the caudicle is actually more than thrice as long as the
elongated pollen-masses ; and it is highly improbable
that so lengthy a mass of grains, slightly cohering
together by the aid of elastic threads, should ever have
existed, as an insect could not have safely transported
and applied a mass of this shape and size to the
stigma of another flower. ;

We have hitherto considered gradations in the state
of the same organ. To any one with more knowledge
than I possess, it would be an interesting subjeect to
trace the gradations between the several species and
groups of species in this great and closely-connected
order. But to make a perfect gradation, all the extinct
forms which have ever existed, along many lines of
descent converging to the common progenitor of the
group, would have to be called back into life. It is

due to their absence, and to the consequent wide gaps

in the series, that we are enabled to divide the exist-
Ing species into definable groups, such as genera,
families, and tribes. If there had been no extinetion,.
there would still have been great lines or branches of
special development,—the Vandez, for instance, would
still have been distinguishable as a great body, from
the great body of the Ophrez ; but ancient and inter-

mediate forms, very different probably from their

present descendants, would have rendered it utterly
impossible to separate by distinct characters the one
great body from the other.

I will venture on only a few more remarks. Cypri-
pedium, in having three stigmas developed, and there-

fore in not possessing a rostellum, in having two fertile:

anthers with a large rudiment of a third, and in the
state of its pollen, seems a remnant of the order whilst
in a simpler or more generalised condition. Apostasia.

e
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is a related genus, placed by Brown amongst the
Orchidez, but by Lindley in a small distinet family.
These broken groups do not indicate to us the structure
of the common parent-form of all the Orchidez, but
they serve to show the probable state of the order in
ancient times, when none of the forms had become so
widely differentiated from one another and from other
plants, as are the existing Orchids, especially the
Vandez and Ophrese; and when, consequently, the
order made a nearer approach in all its characters,
than it does at present, to such allied groups as the
Marantaceze.

With respect to other Orchids, we can see that an
ancient form, like one of the sub-tribe of the Pleuro-
thallidee, some of which have waxy pollen-masses with
a minute caudicle, might have given rise, by the entire
abortion of the caudicle, to the Dendrobize, and by an
increase of the caudicle to the Epidendree. Cymbi-
dium shows us how simply a form like one of our
present Epidendrez could be modified into one of the
Vandez. The Neottew stand in nearly a similar relation
to the higher Ophree, which the Epidendrez do to the
higher Vandez. In certain genera of the Neottee we
have compound pollen-grains cemented into packets
and tied together by elastic threads, which project and
thus form a nascent caudicle. But this caudicle does
not protude from the lower end of the pollinium as in
the Ophrese, nor does it always protrude from the ex-
treme upper end in the Neottese, but sometimes at an
intermediate level ; so that a transition in this respect
1s far from impossible. In Spiranthes, the back of the
rostellum, lined with viscid matter, is alone removed :
the front part is membranous, and ruptures like the
pouch-formed rostellum of the Ophrez. An ancient
form combining most of the characters, but in a less
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developed state, of Goodyera, Epipactis, and Spiranthes,
all members of the Neottex, could by further slight
modifications have given birth to the tribe of the
Ophrez.

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

* The fullest and the most able  his ¢ Entwickelungs-Gesetze det
discussion on this diffieult subject  Organischen Welt,” 1858,
is by Profescor H. G. Bronn in
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elaborate mechanism for the ejection and transportal
of the pollinia of Catasetum, with the sensitive ros-
tellum so wonderfully modified, with the sexes borne
on distinet plants, we may perhaps give the palm of
victory to this genus.

SECRETION OF NECTAR.

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

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

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

* This subject has been fully 1876, p. 402.
discussed in my work *On the t Kaurr, ‘ Ueber die Bedeutung
Effects of Cross and Self-fertilisa-  der Nektarien,” 1833, p. 28,
tion in the Vegetable Kingdom,’
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the tender inner coat with their proboscides, and suck
the fluid contained in the inter-cellular spaces. This
conclusion has been confirmed by Hermann Miiller,
and I have further shown that even Lepidoptera are
able to penetrate other and tougher tissues. It is an
interesting case of co-adaptation that in all the British
species, in which the nectary does not contain free
nectar, the viscid matter of the disc of the pollinium
requires a minute or two in order to set hard; and
it would be an advantage to the plant if insects were
delayed thus long in obtaining the nectar by having
to puncture the nectary at several points. On the
other hand, in all the Ophrez which have nectar ready
stored within the nectary, the dises are sufficiently
viseid for the attachment of the pollinia to insects,
without the matter quickly setting hard; and there
would therefore be no advantage to these plants in
insects being delayed for a few minutes whilst sucking
the flowers.

In the case of cultivated exotic Orchids whieh have
a nectary, without any free nectar, it is of course
impossible to feel absolutely sure that it would not
contain any under more natural conditions. Nor have
I made many comparative observations on the rate of
the setting hard of the viscid matter of the disc in
exotic forms. Nevertheless it seems that some Vandeswm
are in the same predicament as our British species of
Orchis ; thus Calanthe masuca has a very long nectary,
which in all the specimens examined by me was quite
dry internally, and was inhabited by powdery Coeci ;
but in the intercellular spaces between the two coats
there was much fluid; and in this species the viseid
matter of the disc, after its surface had been disturbed,
entirely lost its adhesiveness in two minutes. In an
Oncidium the dise, similarly disturbed, became dry in
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one minute and a half; in an Odontoglossum in two
minutes; and in neither of these Orchids was there
any free nectar. On the other hand, in Angracum
sesquipedale, which has free nectar stored within the
lower end of the nectary, the dise of the pollinium,
when removed from the plant and with its surface
disturbed, was strongly adhesive after forty-eight
hours.

Sarcanthus teritifolius offers a more curious case.
The dise quite lost its viscidity and set hard in less
than three minutes. Hence it might have been ex-
pected that no fluid would have been found in the
nectary, but only in the intercellular spaces; never-
theless there was fluid in both places, so that here we
have both conditions combined in the same flower. It
is probable that insects would sometimes rapidly suck
the free nectar and mneglect that between the two
coats; but even in this case I strongly suspect that
they would be delayed by a totally different means
in sucking the free nectar, so as to allow the viseid
matter to set hard. In this plant, the labellum with
its nectary is an extraordinary organ. I wished to
have had a drawing made of its structure; but found
that it was as hopeless as to give a drawing of the
wards of a complicated lock. Even the skilful Bauer,
with numerous figures and sections on a large scale,
hardly makes the structure intelligible. So eom-
plicated is the passage, that I failed in repeated
attempts to pass a bristle from the outside of the
flower into the nectary; or in a reversed direction
from the cut-off end of the nectary to the outside. No
doubt an insect with a voluntarily flexible proboseis
could pass it through the passages, and thus reach
the nectar; but in effecting this, some delay would
be caused ; and time would be thus allowed for the
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curious square viscid disc to become securely cemented
to an insect’s head or body.

As in Epipactis the cup at the base of the labellum
serves as a nectar-receptacle, I expected to find that
the analogous cups in Stanhopea, Acropera, &e., would
serve for the same purpose; but I could never find
a drop of nectar in them. According, also, to M.
Méniére and Mr. Scott * this is never the case in these
genera, or in Gongora, Cirrhza, and many others. In
Catasetum tridentatum, and in the female form Mona-
chanthus, we see that the upturned cup cannot
possibly serve as a nectar-receptacle. What then
attracts i sects to these flowers? That they must be
attracte 1s certain ; more especially in the case of Cata-
setum, in which the sexes stand on separate plants. In
many genera of Vandee there is no trace of any nectar-
secreting organ or receptacle ; but in all these cases
(as far as I have seen), the labellum is either thick and
fleshy, or is furnished with extraordinary excrescences,
as in the genera Oncidium and Odontoglossum. In
Phalznopsis grandiflora there i1s a curious anvil-shaped
projection on the labellum, with two tendril-like pro-
longations from its extremity which turn backwards
and apparently serve to guard the sides of the anvil, so
that insects would be forced to alight on its crown.
Even in our DBritish Cephalanthera grandiflora, the
labellum of which never contains neectar, there are
orange-coloured ribs and papillze on the inner surface
which faces the column. In Calanthe (fig. 26)a cluster
of odd little spherical warts projects from the labellum,
and there is an extremely long nectary, which does
not include nectar ; in Eulophia viridis the short nec-
tary is equally destitute of nectar, and the labellum

* ¢ Bulletin Bot. Soc. de France,” tom. ii. 1855, p 352.
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1s covered with longitudinal, fimbriated ridges. In
several species of Ophrys, there are two small shining
protuberances, at the base of the labellum, beneath the
two discs. Innumerable other cases could be added of
the presence of singular and diversified exerescences
on the labellum; and Lindley remarks that their use
1s quite unknown.

From the position, relatively to the viscid discs,
which these excrescences occupy, and from the absence
of any free nectar, it formerly seemed to me highly
probable that they afforded food and thus attracted
either Hymenoptera or flower-feeding Coleoptera.
There is no more inherent improbability in a flower
being habitually fertilised by an inseet coming to
feed on the labellum, than in seeds being habitually
disseminated by birds attracted by the sweet pulp in
which they are embedded. But I am bound to state
that Dr. Percy, who had the thick and furrowed
labellum of a Warrea analysed for me by fermentation
over mercury, found that it gave no evidence of con-
taining more saccharine matter than the other petals.
On the other hand, the thick labellum of Catasetum
and the bases of the upper petals of Mormodes ignea,
have a slightly sweet, rather pleasant, and nutritious
taste. Nevertheless, it was a bold speculation that
insects were attracted to the flowers of various Orchids
in order to gnaw the excrescences or other parts of
their labella; and few things have given me more
satisfaction than the full confirmation of this view by
Dr. Criiger, who* has repeatedly witnessed in the West
Indies humble-bees of the genus Euglossa gnawing
the labellum of Catasetum, Coryanthes, Gongora, and
‘Stanhopea. Fritz Miller also has often found, in

—

* ¢ Journ. Linn. Soc. Bot.” 1864, vol. viii. p. 129.



. Crap. IX. MOVEMENTS OF THE POLLINIA. |

South Brazil, the prominences on the labellum of
Oncidium gnawed. We are thus enabled to under-
stand the meaning of the various extraordinary crests
and projections on the labellum of many Orchids ; for
they invariably stand in such a position that insects,
whilst gnawing them, would be almost sure to touch
the viscid dises of the pollinia and thus remove them,
afterwards effecting the fertilisation of another flower.

MOVEMENTS OF THE POLLINIA

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

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

That the power of movement lies exclusively in the
surface of the disc is well shown in the case of the
saddle-shaped dise of Orchis pyramidalis ; for whilst it
was held under water Iremoved the attached caudicles
and the layer of viscid matter from the inferior surface,
and immediately that the disc was exposed to the air
the proper contraction ensued. The disc i1s formed of
several layers of minute cells, which are best seen in
specimens that have been kept in spirits of wine,
for their contents are thusrendered more opaque. The
cells in the flaps of the saddle are a little elongated.
As long as the saddle is kept damp, its upper surface
is nearly flat, but when exposed to the air (see fig. 5,

Fie. 38,

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

Some pollinia which had been gummed on card for
several months, when placed in water, rose up and
afterwards underwent the movement of depression.
A fresh pollinium, on being alternately damped and
exposed to the air, rises and sinks several times alter-
nately. DBefore I had ascertained these facts, which
show that the movement is simply hygrometrie, 1
thought that it was a vital action, and tried vapour
of chloroform and of prussic acid, and immersion in
laudanum ; but these reagents did not check the
movement. Nevertheless, there are some difficulties
in understanding how the movement can be simply
hygrometric. The flaps of the saddle in Orchis pyra-
nidalis (see fig. 3, D, p. 18) curl completely inwards
in nine seconds, which is a surprisingly short time
for mere evaporation to produce an effect;* and the

e ——

* Tlis fact does not now appear
tn me 8o surprising as it formerly
dlid, for my son Francis has shown
. = Transaet. Linn. Soe.” 2nd series,
Bot. vol. i. 1876, p. 149) with
" what extraordinary quickness the

awn of Stipa twists and untwists
when exposed to dry and dawp air,
These movements being due, as
he has shown, to the twisting and
untwisting of the separate cells,

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

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

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

—

* This autkor’s eunrious work,
with its quaint title of ¢ Das Ent-
deckte Geheimniss der Natuor,
until lately was often spoken
lightly of. No doubt he was an
enthusiast, and perhaps carried
seme of his ideas to an extreme
length. But I feel sure, from my

own observations, that his work
containg an immense body of
truth. Many years ago Robeit
Brown, to whose judgment all
botanists defer, spoke highl» of it
to me, and remarked that only
those who knew little of the sub-
jeet wenld laugh at him,

T 2
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the introduction of the pollen-masses attached to the
proboscis of a humble-bee. In Mormodes ignea the
labellum is perched on the summit of the column,
and here insects alight and touch a sensitive point,
causing the ejection of the pollen-masses. The la-
bellum is often deeply channelled, or has guiding
ridges, or is pressed closely against the eolumn; and
in a multitude of cases it approaches closely enough
to render the flower tubular. By these several means
insects are forced to brush against the rostellum. We
must not, however, suppose that every detail of struc-
ture in the labellum is of use: in some instances, as
with Sarcanthus, its extraordinary shape seems to be
partly due to its development in close apposition to
the curiously shaped rostellum.

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

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

To give an idea what the above figures really mean,
I will briefly show the possible rate of increase of O.
maculate : an acre of land would hold 174,240 plants,
each having a space of six inches square, and this
would be just sufficient for their growth; so that,
making the fair allowance of 400 bad seeds in each
capsule, an acre would be thickly clothed by the pro-
geny of a single plant. At the same rate of increase,
the grandchildren would cover a space slightly ex-
ceeding the i1sland of Anglesea ; and the great grand-
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children of a single plant would nearly (in the ratio of
47 to 50) clothe with one uniform green carpet the
entire surface of the land throughout the globe. Bu*
the number of seeds produced by one of our common
British orchids is as nothing compared to that of some
of the exotic kinds. Mr. Scott found that the capsule
of an Acropera contained 371,250 seeds; and judging
from the number of flowers, a single plant would some-
times yield about seventy-four millions of seeds.
Fritz Miller found 1,756,440 seeds in a single eapsule
of a Maxillaria; and the same plant sometimes bore
half-a-dozen such capsules. 1 may add that by
counting the packets of pollen (one of which was broken
up under the microscope) I estimated that the number
of pollen-grains, each of which emits its tube, in a
single anther of Orchis mascula was 122,400, Amieci*
estimated the nmumber in 0. morio at 120,300. As
these two species apparently do not produce more
seed than the allied O. maculata, a capsule of which
contained 6200 seeds, we see that there are about
twenty pollen-grains for each ovule. According to
this standard, the number of pollen-grains in the
anther of a single flower of the Maxillaria which
yielded 1,756,440 seeds must be prodigious.

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

* Mohl, ¢ The Vegetable Cell, t Mr. Bree, in ¢ Loudon’s Mag
translated by Henfrey, p. 133. of Nat. Hist,” vol. ii. 1829, p. 70.
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appearing at the distance of between eight and ten
miles from any place where it grew. Notwithstanding
the astonishing number of seeds produced by Orchids,
it is notorious that they are sparingly distributed ; for
instance, Kent appears to be the most favourable county
in England for the order, and within a mile of my
house nine genera, including thirteen species, grow ;
but of these one alone, Orehis morio, is sufficiently
abundant to make a conspicuous feature in the vege-
tation ; as is O. maeulate in a lesser degree in open
woodlands. Most of the other species, though not
deserving to be called rare, are sparingly distributed ;
yet, if their seeds or seedlings were not largely de-
stroyed, any one of them would immediately cover the
whole land. In the tropics the species are very much
more numerous; thus Fritz Miller found in South
Brazil more than thirteen kinds belonging to several
genera growing on a single Cedrela tree. Mr. Fitz-
eerald has collected within the radius of one mile of
Sydney in Australia no less than sixty-two species, of
which fifty-seven were terrestrial. Nevertheless the
number of individuals of the same species 1s, I believe,
in no country nearly so great as that of very many
other plants. Lindley formerly estimated that there
were in the world about 6000 species of Orchidez,
included 1n 433 genera.®

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

* ¢« Gardeners’ Chron." 1862, p. 192
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England as those of 0. muscifera, which cannot fer-
tilise itself and is imperfectly fertilised by insects, so
that a large proportion of the flowers drop off unim-
pregnated. Ophrys araniferais found in large numbers
in Liguria, yet Delpino estimates that not more than
one out of 3000 flowers produces a capsule.* M.
Cheeseman sayst that with the New Zealand Plero-
stylis trullifolin much less than a quarter of the flowers,
which are beautifully adapted for cross-fertilisation,
yield capsules; whereas with the allied Acianthus
sinclairiz, the flowers of which equally require insect-
aid for their fertilisation, seventy-one capsules were
produced by eighty-seven flowers; so that this plant
must produce an extraordinary number of seeds ; never-
theless in many distriets it 1s not at all more abundant
than the Pterostylis. Mr. Fitzgerald, who in Aus-
tralia has particularly attended to this subject, remarks
that every flower of Thelymitra carnea fertilises itself
and produces a capsule; yet it is not nearly so common
as Acianthus fornicatus, “the majority of the flowers
of which are unproductive. Phajus grandifolius and
Calanthe veratrifolia grow in similar situations. Every
flower of the Phajus produces seeds, only occasionally
one of the Calanthe, yet Phajus is rare and Calanthe
common.”

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

* (Ult. Qsservaz. sulla Dico- t  Transact. New Zealand Inst,
gamia,’ part i. p. 177, vol. vii. 1873, p’ 251,
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he visited a site where Vanilla creeps over almost every
tree, and although the plants had been covered with
flowers, yet only two seed-capsules were produced. So
again with an Epidendrum, 233 flowers had fallen oft
unimpregnated and only one capsule had been formed ;
of the still remaining 136 flowers, only four had their
pollinia removed. In New South Wales Mr. Fitzgerald
does not believe that more than one flower out of a
thousand of Dendrobium speciosum sets a capsule; and
some other species there are very sterile. In New
Zealand over 200 flowers of Coryanthes triloba yielded
only five capsules; and at the Cape of Good Hope only
the same number were produced by 78 flowers of Disa
grandiflora. Nearly the same result has been observed
with some of the species of Ophrys in Europe. The
sterility in these cases is very difficult to explain, It
manifestly depends on the flowers being constructed
with such elaborate care for eross-fertilisation, that they
cannot yield seeds without the aid of insects. From
the evidence which I have given elsewhere * we may
conclude that it would be far more profitable to most
plants to yield a few cross-fertilised seeds, at the
expense of many flowers dropping off unimpregnated,
rather than produce many self-fertilised seeds. Profuse
expenditure is nothing unusual under nature, as we see
with the pollen of wind-fertilised plants, and in the
multitude of seeds and seedlings produced by most
plants in comparison with the few that reach maturity.
In other cases the pauecity of the flowers that are im-
pregnated may be due to the proper insects having
become rare under the incessant changes to which the
world is subject; or to other plants which are more

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

I have now nearly finished this volume, which is
perhaps too lengthy. It has, I think, been shown that
the Orchidea exhibit an almost endless diversity of
beautiful adaptations. When this or that part has been
spoken of as adapted for some special purpose, it must
not be supposed that it was originally always formed
for this sole purpose. The regular course of events
seems to be, that a part which originally served for one
purpose, becomes adapted by slow changes for widely
different purposes. To give an instance: in all the
Ophrea, the long and nearly rigid caudicle manifestly
serves for the application of the pollen-grains to the
stigma, when the pollinia are transported by insects
to another flower; and the anther opens widely in
order that the pollinium should be easily withdrawn ;
but in the Bee Ophrys, the caudicle, by a slight in-
crease in length and decrease in its thickness, and by
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the anther opening a little more widely, becomes
specially adapted for the very different purpose of
self-fertilisation, through the combined aid of the
weight of the pollen-mass and the vibration of the
flower when moved by the wind. Every gradation
between these two states 1s possible,—of which we have
a partial instance in 0. aranifera.

Again, the elasticity of the pedicel of the pollinium
i some Vandex is adapted to free the pollen-masses
from their anther-cases ; but by a further slight modi-
fication, the elasticity of the pedicel becomes specially
adapted to shoot out the pollinium with considerable
force so as to strike the body of the visiting insect.
The great cavity in the labellum of many Vandes
is gnawed by insects and thus attracts them; but
in Mormodes ignea 1t is greatly reduced in size, and
serves in chief part to keep the labellum in its new
position on the summit of the column. From the
analogy of many plants we may infer that a long
spur-like nectary is primarily adapted to secrete and
hold a store of nectar; but in many Orchids it has so
far lost this function, that it contains fluid only in the
intercellular spaces. In those Orchids in which the
nectary contains both free nectar and fluid in the inter-
cellular spaces, we can see how a transition from the
one state to the other could be effected, namely, by
less and less mnectar being secreted from the inner
membrane, with more and more retained within the
intercellular spaces. Other analogous cases could be
given.

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

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

To give a simple illustration : in many Orchids the
ovarium (but sometimes the foot-stalk) becomes for a
period twisted, causing the labellum to assume the
position of a lower petal, so that insects can easily
visit the flower; but from slow changes in the form
or position of the petals, or from new sorts of insects
visiting the flowers, it might be advantageous to the
plant that the labellum should resume its normal
position on the upper side of the flower, as is actually
the case with Malazis paludosa, and some species of
Catasetum, &e. This change, it is obvious, might be
simply effected by the continued selection of varieties
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which had their ovaria less and less twisted; but if
the plant only afforded wvarieties with the ovarium
more twisted, the same end could be attained by the
selection of such variations, until the flower was
turned completely round on its axis. This seems to
have actually occurred with Malazis paludosa, for
the labellum has acquired its present upward posi-
tion by the ovarium being twisted twice as much as
is usual.

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

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

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

To give nearly all the instances of trifling details
of structure in the flowers of Orchids, which are cer-
tainly of high importance, would be to recapitulate
almost the whole of this volume. But 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 arranged
alternately in the five whorls; for almost everyone who
believes in the gradual evolution of species will admit
that their presence is due to inheritance from a remote
parent-form. Innumerable facts with respect to the
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uses of the variously shaped and placed petals and
sepals have been given. So again, the importance of
a slight difference in the shape of the caudicle of the
pollinium of the Bee Ophrys, compared with that of
the other species of the same genus, has likewise been
referred to; to this might be added the doubly-bent
caudicle of the Fly Ophrys. Indeed, the important
relation of the length and shape of the caudicle, with
reference to the position of the stigma, might be cited
throughout many whole tribes. The solid projecting
knob of the anther in Epipactis palustris, which does
not include pollen, liberates the pollen-masses when it
is moved by insects. In Cephalanthera grandiflora, the
upright position of the almost closed flower protects
the slightly coherent pillars of pollen from disturb-
ance. The length and elasticity of the filament of the
anther in certain species of Dendrobium apparently
serves for self-fertilisation, if insects fail to transport
the pollen-masses. The slight forward inelination of
the crest of the rostellum in Listera prevents the
anther-case being caught as soon as the viscid matter
is ejected. The elasticity of the lip of the rostellum
in Orchis causes it to spring up again when only one
of the pollen-masses has been removed, thus keeping
the second viscid dise ready for action, which otherwise
would be wasted. No one who had not studied Orchids
would have suspected that these and very many other
small details of structure were of the highest importance
to each species; and that consequently, if the species
were exposed to new conditions of life, and the structure
of the several parts varied ever so little, the smallest
details of structure might readily be acquired through
natural selection. These cases afford a good lesson of
caution with respect to the importance of apparently
trifling particulars of structure in other organie beings.
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It may naturally be inquired, Why do the Orchidez
exhibit so many perfect contrivances for their fertili-
sation? From the observations of various botanists
‘and my own, I am sure that many other plants offer
analogous adaptations of high perfection; but it seems
that they are really more numerous and perfect with
the Orchides than with most other plants. To a
certain extent this inquiry can be answered. As each
ovule reguires at least one, probably several, pollen-
grains,* and as the seeds produced by Orchids are so
inordinately numerous, we can see that it is necessary
that large masses of pollen should be left on the stigma
of each flower. Even in the Neottese, which have
granular pollen, with the grains tied together by weak
threads, I have observed that considerable masses of
pollen are generally left on the stigmas. This ecir-
cumstance apparently explains why the grains eohere
in packets or large waxy masses, as they do in so
many tribes, namely, to prevent waste in the act of
transportal. The flowers of most plants produce pollen
‘enough to fertilise several flowers, so as to allow of or to
favour cross-fertilisation. But with the many Orchids
which produce only two pollen-masses, and with some of
the Malaxes which produce only one, the pollen from
a single flower cannot possibly fertilise more than two
flowers or only a single one; and cases of this kind
‘do not occur, as I believe, in any other group of
plants. If the Orchidez had elaborated as much
pollen as is produced by other plants, relatively to the
number of seeds which they yield, they would have
had to produce a most extravagant amount, and this
would have caused exhaustion. Such exhaustion is
avoided by pollen not being produced in any great

* Giirtner, ‘ Beitriige zur Kenntniss der Befruchtung,” 1844, p. 135.
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superfluity owing to the many special contrivances for
its safe transportal from plant to plant, and for placing
it securely on the stigma. Thus we can understand
why the Orchides are more highly endowed in their
mechanism for cross-fertilisation, than are most other
plants.

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

* A full abstract of these ob- Domestication,’ ch. xvii. 2nd edit.
servations is given in my ‘ Varia-  vol. ii. p, 114,
tion of Animals and Plants under

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

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

Of species which regularly fertilise themselves with-
out any aid and yield full-sized capsules, hardly any
case 1s more striking than that of Ophrys apifera, which,
was advanced by me in the first edition of this work:
T'o this case may now be added two other European
plants, Orchis or Neotinea intacta and Epipactis viridi-
Jlora. Two North American species, Gymnadenic
tridentata and Platanthera hyperborea appear to be in
the same predicament, but whether when self-fertilised
they yield a full complement of capsules containing
oood seeds has not been ascertained. A curious
Epidendrum in South Brazil which bears two additional
anthers fertilises itself freely by their aid ; and Dendro-
biuwm eretacewm has been known to produce perfect selt-
fertilised seeds in a hothouse in England. Lastly,
Spiranthes australis and two species of Thelymitra,
inhabitants of Australia, come under this same head.
No doubt other cases will hereafter be added to this
short list of about ten species which it appears can
fertilise themselves fully, and of about the same
number of species which fertilise themselves imper-
fectly when insects are excluded.

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

U 2
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species within the same genus which regularly ferti-
lise themselves. Considering such cases as those of
Ophrys, Disa, and Epidendrum, in which one species
alone in the genus is capable of complete self-ferti-
lisation, whilst the other species are rarely fertilised
in any manner owing to the rarity of the visits of
the proper insects;—bearing also in mind the large
number of species in many parts of the world which
from this same cause are seldom impregnated, we are
led to believe that the above-named self-fertile plants
formerly depended on the visits of insects for their
fertilisation, and that from such visits failing they did
not yield a sufficiency of seed and were verging towards
extinetion. Under these circumstances it is probable
that they were gradually modified, so as to become
more or less completely self-fertile; for it would
manifestly be more advantageous to a plant to pro-
duce self-fertilised seeds rather than none at all or
extremely few seeds. Whether any species which is
now never cross-fertilised will be able to resist the
evil effects of long-continued self-fertilisation, so as to
survive for as long an average period as the other
species of the same genera which are habitually eross-
fertilised, cannot of course be told. But Ophrys apifera
is still a highly vigorous plant, and Gymnadenia triden-
tate and Platanthera hyperborea are said by Asa Gray
to be common plants in North America. It is indeed
possible that these self-fertile species may revert in
the course of time to what was undoubtedly their
pristine condition, and in this case their various adap-
tations for cross-fertilisation would be again brought
into action. We may believe that such reversion is
possible, when we hear from Mr. Moggridge that
Ophrys scolopax fertilises itself freely in one district
of Southern France without the aid of insects, and
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is completely sterile without such aid in another
district.

Finally, if we consider how precious a substance
pollen is, and what care has been bestowed on
its elaboration and on the accessory parts in the
Orchidew,—considering how large an amount is
necessary for the impregnation of the almost innumer-
able seeds produced by these plants,—considering that
the anther stands close behind or above the stigma,
self-fertilisation would have been an incomparably
safer and easier process than the transportal of pollen
from flower to flower. Unless we bear in mind the
good effects which have been proved to follow in most
cases from cross-fertilisation, it is an astonishing fact
that the flowers of the Orchidez should not have been
regularly self-fertilised. It apparently demonstrates
that there must be something injurious in this latter
process, of which fact I have elsewhere given direct
proof. It is hardly an exaggeration to say that Nature
tells us, in the most emphatic manner, that she abhors
perpetual self-fertilisation.
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Coryanthes, 90, 173 ; nectary, 232;
secretion of ne-tar, 265

fieldingii, 175

—— macrantha, 175

—— speciosa, structure of flower,
174

{riloba, partiallv self-sterile, 281

Criiger, Dr., on the Epidendrea,
147; Gongora maculafa, 168;
Stanhopea, 171 ; Coryanthes, 173 ;
C. macrantha, 175 ; Catasetum,
197, 200; female pollen-masses,
202 ; Selenipedium palmifolium,
232 ; homologies in Orchids, 235 ;
bees gnawing the labellum, 270

Cycnoches egertonianum, 224

ventricosum, structure of flower,
220-224

Cymbidium giganteuwm, 155: pol-
linia, 252, 260; modification of
form, 263

Cypripedium, structure of flower,
226 ; secretion from, 229 ; pollen,
262 ; labellum, 275

acaule, 229

—— barbatum, vessels of, 239

calceolus, 229-231; fertilised

only by small bees, 282

candidum, 235

pubescens, 229, 230

—— purpuratum, vessels of, 239

Cyrtostyliz, 90

Darwin, Francis, on the movement
of the awn of Stipa, 273

, George, insects fertilising Her-

miniwm monorehis, 61; Gymna-

denia conopsea, 67

, William, on Epipactis palustris,
99, 100

Delpino on inzects being deceived hy
the presence of a nectary not con-
taining nectar, 41; sterility of
Spider Ophrys, 50, 51 ; Cephalan-
thera ensifolia, 86 ; movements of
pollinia, 155; fertilisation of Cypri-
pedium ealeeolus, 231 ; imperfect
fertilisation of Ophrys aranifera
in Liguria, 280

Dendrobium, length of anther, 287

—— bigibbum, 142

— erefaceum, 142, 201
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HAHEXARTA,

Dendrobium echrysanthum, structure
of, 138-142 ; nectary, 265

— formosum, 142

speciosum, partially sterile, 281

tortile, 142

Descent, lines of, 262-265

Dickie, Prof., oblizations to, 124

Disa, seeretion of nectar, 265

cornuta, 78

grandiflora, 77 ; partially self-

sterile, 281

macrantha, 78 partially self-
fertile, 290

Dise, viscidity of, in the Ophre=,
43 ; in Catasetum, 190 ; double in
the Ophrex, 254 ; of Gymnadenia
eonopsed, 272

Disperis, secretion of neetar, 265

Duchartre, M., on Cafasefum and
Myanthus, 196

Dyer, Mr. Thiselton, obligations to,
175

—m

Ipidendrez, 142; few seed capsules
produced, 281

Epidendrum cochleatum, viseid se-
cretion of, 249

foribundum, 146; viscid se-

cretion, 249

glawcum, 146

Epipactis, vessels of, 239; viseid
matter, 251

—— latifolia, 100, 101; pollen, 259 ;
fertilised only by wasps, 282;
use of knob of anther, 287

—— mierophylla, 102

palustris, structure of flower,
93-100; labellum, 275

— purpurata, 102

—— rubiginosa, 102

virtdiflore, 102;
201

Epipogium gmelint, 103

Lulophia viridis, 156 ; nectary of,
264

Lvelyna, nectary of, 265

carivata, 146 ; vessels of, 239;

clinandrum, 241

self-fertile,

Farrer, T. H., obligations to, 46;
on Bee Ophrys, 55; Peristylis
viridis, 63

Fertilisation, summary on, 290

Feitility of English Orzhids, 33

Fitzgerald, R. D., on Pferostylis
longifolia, 82 ; Caladenia dimor-
pha, 89; Acianthus fornicatua,
and exsertus, 90; Vanilla aroma-
tica, 91 ; Spiranthes australis, 115 ;
Thelymitra enrnea and longifoliu,
127; numbers of Orchidex col-
lected near Sydney, 279; self-
fertilization of Thelymitra carnea,
280 ; Dendrobium speciosum, 281

Flgﬂfrs, use of external enveclopes,

-,

Fly Ophrys, 46

Frog Orchis, structure of flower, 62;
secretion of nectar, 63

Galeandra funkii, 155

Girtner on viscid matter of stigma,
249; pollen-grains in Orchids,
258

Gerard, M. M., pollinia adberiog to
longicorn beetle, 16

Glossodia, 237

Gongora, labellun: of, 276

atro-purpurea, 169

maculotue, 168

—— truncata, 169

Goodyera, vessels of, 239; eaudicle
in a nascent condition, 260

discolor, 105

—— pubescens, 105

repens, 103, 105

Gordon, Rev. G., obligations to, 103

Gosse, Mr., on self-fertilised seeds of
Epidendree, 147, 148

Gradation of organs, 247

Gray, Prof. Asa, on Gymnadenia
tridentata. 68; Platantheru, 75
Goodyera repens, 105 ; Spiranthes
gracilis and cernua, 111; Cypri-
pedivm, 229, 230, 235

Gymnadenia, viccid matter, 251

albida, 43, 68

eonopsea, transplanted, 32; se-

cretion of nectar, 40,43; structure

of flower, 65; vessels, 238, 239;

rostellum, 255; movements of

pollinia, 271 ; dise, 272

odoratissima, 68

—— tridentuta, 68 ; self-fertile, 201

Halenaria bifolia, 78 ; secretion of
nectar, 40, 43 ; viscid matter, 251
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MORE,

Habenaria chlorantha, 43, 69; vessels
of, 239, 244 ; vieridity of exterior
surface, 251

Hanee, Dr., on Cutasetum, 197

Herbert, Dean, on Cafasefum luri-
dum and Myanthus, 196

Herminium monorchis, 59 ; fertilised
by insects, 61 ; rostellum, 255

Hildebrand, F., on the ovules in
Orehids, 172

Homologies of Orchids, 232

Hooker, Dr., on Listera, 3, 115;
labellum of Calzna, 89; obliga-
tions to, 115, 128, 244 ; spiral
vessels in Orehids, 235; varia-
Lility of the labellum of Orchids,
238 ; on the rostellum, 254
orwood, Mr., assistance from, 129

.nsects, frequency of visits to Or-
chids, 33; attracted by bright
colours, 275

Irmisch on Epipogium, 103; Neottia
nidus-avis, 125 ; flower-bud of Cy-
pripedium, 240

Kriinitz, secretion of nectar by
Orchis, 36

Kurr, on Orchids gecreting nectar,
38; secretion from hairs in Cy-
pripedium calceolus, 229; nectar
secreted from bractes, 266

Labellum easily vibratile, 138; cup
of, not secreting nectar in the
Vandez, 269; excrescences on,
269 ; gnawed by insects, 270; its
importance to the flower, 275 ; of
Sarcanthus, 276

Ladies’ slipper, 227

tresses, 106

Lzlia, 146

cinnabarina, 148

Lepidoptera with attached pollinia,
30, 31

Leptotes, 146

Lindley, Dr., oblizations to, 129;
arrangement of Orchids, 128; on
forms of Catasetum, 197 ; of Cye-
noches, 224 ; homologiesof Orchids,
235: on the numﬁe.r of genera
and species, 279

Ligétsnn homologies of Orchids, 235. |

Liparis peadula, vessels of, 239;
clinandrum, 241

Listera, viscid matter, 251; erest
of rostellum, 257

—— cordata, 124

ovata, structure of, 115-124;
labellum, 276

Lyeaste skinnerii, 155; pollen of,
260

Malazxea, 128

Malazxis, viscid matter, 251 ; upper
petals, 276

paludosa, transplanted, 32;
structure of flower, 129-135;
vessels, 239, 241 c<linandrum,
241; pollen-tubes, 258; position
of labellum affected by ovarium,
284

Malden, Rev. B. 8., obligations to,
35, 6¢

Male flowers of Catasefum, 198

Marantacea, 238

Marshall, Mr., on sterility of ‘rans-
planted Orchids, 32; Habenaria
chlorantha, 72

Masdevallin, clinandrum of, 241;
sepals, 274 ; upper petals, 276

fenestrata, 133, 136, 142

Mazxillaria, movements of pollinia,
156 ; number of pollen-grains in
anther, 278

ornithorhyncha, movement of
pollinia, 157, 159

Melg:;asciim'um Sfalcatum, labellum of,

Méniére M., on insects visiting Or-
chids, 30 ; secretion of nectar by
Coryanthes, 173:; movement of
Catasetum, 187, 191; the nectar-
receptacle, 269

Microstylus rhedii, 132, 135

Miligﬂnia clowesii, pollinia of, 154,

3

Modifications in Orchids, 246

Moggridge, J. Traherne, on Ophrys
scolopazx, 52,292; Ophrys apifera,
56, 58, 59; flowering of the
Oplirea, 59

Monachanthus viridis, 196, 197, 198,
201

More, Mr. A. G., on fertility of Bee
Ophrys, 55 ; Epipactis palustris,
39, 97, 99 ; obligations to, 106
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Mormodes ignea, structure of flower,

208-219; viseid seeretion, 249 ; |

use of labellum, 276, 283

—— luzata, 219

Morren, on Vanilla aromuatica, 91

Moths with attached pollinia, 21,
30, 31 ; intellect of, 37

Movements of pollinia, 271

Miiller, Fritz, on Epidendrezx, 148;
pollininm of Ornithocephalus, 159,
1t0; Sphinx moth, 163; con-
tracted stioma, 171, 172; ovules
of Epidendrex and Vandes, 173 ;
Catasetum mentosum, 206; brae-
tem of the Oncidium secreting
nectar, 266 ; labellum gnawed by
insects 271 ; numbecr of seeds in
capsule of Mazillaria, 278 ; num-
ber of Orchidem in South Brazil,
279; the orchideous tribes failing
to be fertilised, 280 ; prepotency
of pollen, 289

——, Hermann, on fertilisation of
Orchis maseula, 13; bees visiting
the flowers of Orchis latifolia,
16; Nigritella anqustifolia, 27 ;
fertilisation of Orchids, 29; in-
sects punecturing laburnum flow-
ers, 41; Gymnadenia odoratis-
sima, G68; Habenaria bifolia
and chlorantha, T4; Epipactis
rubiginosa, microphylla, and vird-
diflora, 102; Neottia nidus-avis,
125 ; Cypripedium calceolus, 231 ;
secrebion of nectar, 267

Mlﬁlsgk Orchis, structure of flower,

Myanthus barbatus, 192, 199, 203 ;
quite sterile, 205

Nectar, secretion of, by Dritish
Ophres, 37, 39; in foreign Or-
chids, 229 ; from bracteze, 229

Nectary cut off to test the intel-
lect of moths, 37 ; length of, in
Angrazeum sesquipedale, 265

Neotinta intacia, 27, 291

Neottex, 93; vessels of, 241

Neottia nidus-avis, 125; pollen-
tubes, 258 ; partially self-fertile,
290

Nevill, Lady Dorothy, obligations
to, 129

Nicotiana, stigma of, 249

Nigritelle angustifolia, 27
Notylia, contracted stigma, 171

Odontoglossum, 156

| Oliver, Prof., obligations fo, 129

Oneidium, pollima, 153, 156, 158;
vessels of, 239; viseidity, 251 ;
bractese secreting nectar, 266

unguiculatum, development of
caudicles, 252

Ophrez, 6; vessels of, 241

Oplirys apifera, structure of flower,
02 ; ftertility of, 54-58; pollen,
259 ; self-fertilisation, 279, 291

—— arachnites, 51

aranifera, 50; imperfeet fer-
tilisation, 280

—— museifera, transplanted, 32;
strueture, 45 ; fertility, 49; self-
sterile, imperfectly fertilised by
insects, 280

seolopazx, 52, 292

Orchidez, modificalions in, 246

Orelis fusea, 15 ; imperfeet fertili-
gation, 35 ; seeretion of nectar, 37

—— hireina, 25 ; nectary, 39; move-
ment of pollinia, 273

—— latifolia, 15; imperfect fer-
tilisation, 35; secretion of nectar,
37; two distinet discs, 255

—— maculata, 15, 34 ; transplanted,
32; imperfect fertilisation, 35;
secretion of nectar, 37, 39;: two
distinet dises, 255; rostellum,
255; number of seeds, 277, 278 ;

Orchis mascula, structure of flower,
6; movement of pollinia, 273 ;
number of pollen-graing, 278

militaris, sterility of, 36; se-

cretion of nectar, 37

morio, 15, 128; fertility of, in

cold season, 33; secretion of

nectar, 37, 39; number of pollen-

grains, 278

pyramidalis, structure of

flower, 16 : movements of pollinia,

21, 272, 273 ; fertility in different

stationg, 34; secretion of nectar,

37, 39; monstrous flowers, 38;

single dise, 254; rostellum, 256;

pollen-grains, 260, 261; contriv-

ances for its fertilisation, 264

ustulata, 25

Organs, gradation of, 247
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SPFRENGEL.

Ornithocephalus, 160

Ovaria of Orchids, 284

Ozenden, Mr. G. C., obligations to,
25; on Lpipactis purpurata, 102

Parfitt, Mr., on attached pollinia, 31

Parker, Mr, K., obligations to, 129

Pedicel of pollinium, 253 ; elasticity
of, 283

Percy, Dr., analysis of labellum of
Warrea, 270

Peristylus viridis, secretion of nectar,
43, 63 ; rostellum, 255

Petals, uses of, 271

Plaius, 146G

grandifolius, 280

Phalanopsis, viscidity of stigma,
153; movement of pollinia, 159 ;
labellum, 276

—— amalilis, 159

—— grandiflora, 159 ; projection of
labellum, 269

Platanthera, 75

—— chlorantha, 69

—— dilatata, TT

Hava, 76, 77

—— hookeri, 75

—— hyperborea, 76 ; self-fertile, 291

Pleurothallis ligulata, 135

—— prolifera, 135

Pogonin ophioglossoides, 86

Pollen-masses, rudimentary in Mono-
chanthus, 201 ; gradation of, 257,
288

Pollen-tubes emitted from anther,
258

Pollinia, movements of, in Orehis
mascylg, 12-15; in 0. pyrami-
dalig, £]; of the Vande=, 154 ;
of. Cafagetum, ejection of, 184:
atfachment to rostellum, 251:
gradation, 257 ; movements, 271

Pterostylis, nectary of, 232

—— longiflora, 87, 89

trullifolia, 86, 88; imperfect

fertilisation in New Zealand, 280

Rodgers, Mr., obligations to, 129;
on Myanthus and Monochanthus,
196: secretion of nectar in Or-
chids, 265 ; in Vanilla, 266

Hodriguezia secunda, 159

—— suaveolens, movement of pol-
liniay 136, 153

|
1

—

Rohrbach, Dr., on Epipogium gme-
lini, 103

Rostellum, a single organ in the
Ophree, 45; of the TVander,
150 ; aborted, 242; gradation of,
247 ; of Apostasia, 248 ; diversity
of structure, 250; crest of, in
the Ophrez, 255; in Catasetum,
256

Rucker, Mr., obligations to, 129,
180, 192, 208

Saccolabium, viscidity of stigma,
123, 156

Saint-Hilaire, A. de, on pollen of
Orchids, 259

Sarcanthus, labellum of, 276

—— parishii, 142

teretifolius, pollinia of, 154,
156 ; viscidity, 268

Scheinsaftblumen, 37

Schomburgk, Sir R., on Catasetun,
196

Scott, Mr., on flowers of Aderopera,
168, 172 ; of Gongora, 169 ; nec-
tar-receptacle, 269; number of
seeds in capsule of Acropera, 278 ;
prepotency of pollen, 289

Seudder, Mr., on Pogonia ophio-
glossoides, 86

Secretion of nectar, 36, 229, 2635

Seeds, production and number of]
276, 277

Selenipedium palmifolivm, 252

Self-fertilisation, summary on, 293

Sepals, uses of, 274

Serapias cordigera, 27

Sexes of Orchids, 196

Smith, Sir James, on position of
flowers in Malaxis, 129

—, Mr. G. E, on bees visiting
the Bee Ophrys, 55

Sobralia macrantha, 91

Sophronitis, 146

Spider Ophrys, 50

Spiranthes australis, 114 ; labellum,
275 : self-fertile, 291

—— autumnalis, structure of flower,
106-114; vessels of, 239

eernua, 111

—— gracilis, 111

Sprengel, C. K., on fertilisation of
Orchis militaris, 36; secretion
of nectar by Orchis, 36; on Epi-
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ZIGOPETALTM,

pactis latifolia, 101; Listera,
115, 123; colours attracting in-
sects, 275; value of his work,
275

Stamens in Orchids, 242

Stanhopea, pollinia of, 155; label-
lum, 276

devoniensis, 171

— oculata, 171

Stelis, use of the sepals, 274

racemiflora, 135

Sterility of English Orchids, 35

Stigma, viseidity of, in the Vandex,
152; utriculi, 197; gradation,
248 : structure, 249

Stipa, movements of, 273

Structure, diversity of, 282, 285

Structure, importance of trifling
details, 286, 287

Thelymitra, self-fertile, 201

earnea, 127 ; self-fertile, 280

—— longiflora, 127

Thomson, R. B., on
repens, 105

Tilley, H, A, on Vanilla aromatica,
91

Guodyera

Trevelyan, Sir C., on Bombus with
attached pollen-masses from Catf-
leya, 145

Treviranus on the secretion of
nectar, 41 ; on Bee Ophrys, 56

Trimen, R., obligations to, 40; on
Bonatea speciosa, 76, 77; Disa
grandiflora, 77, 78

Turnbull, M., obligations to, 129
Tway-blade, 115

Uropedium, 240
Utriculi of stigma, 197, 218

Vandezx, 156

——, structure of, 149; pollinia,
253, 258

Vanilla aromatiea, 90

Vanillidez, 90; few seed capsules
produced, 281

Veitch, Mr. J., obligations to, 129
180, 220

Vessels, spiral, of Orchids, 235

Viseidity of dise in British Ophres,
35 : in Catasetum, 190

-__Eii;}f rostellum and stigma, 248,

Waetcher on fertilisation of the
Orchids, 2

Walker, Mr. F., obligations to, 100

Wallis, Mr., obligations to, 129

Wg%ea-, 155 ; analysis of labellum,

Weale, J. Mansell, on Habenaria,
76; Bonatea, 77; Disa and Dis-

erts, 78; Disa macrantha, 200

eddell, Dr., on hybrids of Aeeras,
26

Wright, Mr. C, on the movement
of pollinia, 156

Zygopetalum mackai, 155
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Tue Stupent's Epirion. Abridged and Edited

by Rev. J. M. FuLrer, M.A. 6 Vols. Crown 8vo, 7s. 6d. each,
OLp TeEsTaMENT. 4 Vols, NEw Tesrament. 2 Vols.

BIRD (Isaserua). Hawaiian Archipelago; or Six Months among

the Palm Groves, Coral Reefs, and Volcanoes of the Sandwich Islands.
Illustrations. Crown Bvo, 7s. 6d.

——— A Lady's Life in the Rocky Mountains. Illustrations.
Post 8vo. Tz Bd.

———— The Golden Chersonese and the Way Thither. Illustra-
tions, Post Svo, 1ds.

Unbeaten Tracks in Japan; Including Visits to the

Aborigines of Yezo and the Shrines of Nikko and Isé. Illustra-
tions. Crown 8vo. T7s Bd.

——— Journeys in Perzia and Kurdistan: with a Summer in the
Upper Karun Region, and a Visit to the Nestorian Rayahs. Maps and
36 Illustrations. 2 vols. Crown Bvo. 24w

BLACHFORD (Frepk., Lorp), Under Secretary for the Colonies,
1860—71, Letters. Edited by G. E. Manixpix., Svo. 18z

BLACKIE (C.). Geographical Ktymology; or, Dictionary of
Place Names. Third Edition. Crown Evo. Ts.

BLUNT (Rgev. J. J.). Undesigned Coincidences in the Writings of
the Old and New Testaments,an Argnment of their Veracity. Post 8vo. 6s.

History of the Christian Church in the First Three
Centuries. Post 8vo. 8.

The Parish Priest; His Duties, Acquirements, and
Obligations. Post Svo. 6s.

BOAS (F. 8.). Shakspere and his Predece:sors in the Englich
Drama. Crown 8vn, &z (University Extension Eeries.) Also
Library Edition on larger paper. 7s. 6d.

BOOK OF COMMON PRAYER. Illustrated with Coloured
Borders, Initial Letters, and Woodcnts. S8vo. 18s.

BORROW (Groree). The Bible in Spain. Fortrait. Post 8vo.
é’r:a‘. Ed,m.-!.':su New Edition, Edited by UrLick Burke. 2 vols. Crown
Vi 5.

The Zinecali. An Account of the Gypsies of Spain ;
Their Manners, Customs, Religion, and Language. 2s Gd.

—— Lavengro; Scholar—Gypsy—and Priest. 2s. 6d,

———-—— Romany Rye. A Sequel to Lavengro. Post 8vo. 2s. 6d.

Wirp Wangs: its People, Language, and Scenery,
Post Bvo. 25 6d.

BOSWELL'S Life of Samuel Johnson, LL.D. Including the
Tour to the Hebrides. Edited by Mr. Croxgr. Seventh Edition.
Portraits. 1 vol. Mediom Svo. 1%2s,

BOWEN (Lorp). Virgil in English Verse, Eclogues and Aineid,
Books I.—VI. Map and Frontispiece. fvo. 12s

A Biographical Eketeb, with Selcctions from his un-
published Poems. By &Sir H. Stewart Cosxincuam, K.C.1E.
Feap. 4to. 10s. Gd.

BRADLEY (Deaw). Arthur Penrhyn Stanley; Biographical
Lectures. Crown 8vo. 3s. 6d,

BREWER (Rev. J. 8.). The Endowments and Establishment of
the Chuarch of England, Edited by L. T. Disoix, M.A. Post 8vo. #s.

BRIDGES (Mgs. F. D.). A Lady’s Travels in Japan, Thibet,
Yarkand, Kashmir, Java, the Straits of Malacea, Vancouver's Island, &e,

With M ap and 1llustrations from Sketches by the Author, Crown 8vo, 16s.
B3

—_—

—_—
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BRITISH ASSOCIATION REPORTS. S8vo.

*s" The Reporis for the years 1831 to 1875 may be obtained at the Offices
of the British Association.

Glasgow, 1876, 25s. Southport, 1883, 24s, Leeds, 1880, 24s.
Plymouth, 1877, 2ds. | Canada, 1884, 24s. Cardiff, 1891, 24a,
Dublin, 1878, 24s. | Aberdeen, 1885, 24s. Edinbureh, 1892, 24s.
Sheffield, 1879, 24s. | Birmingham, 1886, 243, | Nottingham, 1893, 24s.
Swaneen, 1880, 245, | Manchester, 1887, 24, Oxford, 1804, 24s.
York, 1881, 24s. | Bath, 1888, 245, Ipswich, 1595, 24s.

Southampton,1882, 245, | Newcastle, 18589, 24s.

BROCELEHURST (T. U.). Mexico To-day: A Country with a
Great Futura, Flates and Woodents, Mediom 8vo, 21s.

BRODRICK (Miss). Outlines of Egyptian History : Based on the
Work of Mariette Bey. Trarslated and Edited by MARY BroDRICK.
A new and Revised Edition. With Maps. Crown Bvo. B5s.

BROOKE (Sir Vicror). A Memoir. Edited by 0. Lesue

BreraEN. Portraits and Illustrations. Crown 8vo. 19s

BROWNE (Bismor Ep. Harorn): A Memoir. By the Very Rev.
&. W. Kircuaix, Dean of Durham. With Portraits. Svo. 18s.

BRUGSCH (Proressor). A History of Egypt under the

Pharaohs. Derived entirely from Monuments. A New and thoroughly
Revised Edition, Edited by M. Broprick. Maps. 1 Vol. 8vo. 18s.

BUCKINGHAM AND CHANDOS (Ducusss or). Glimpses of

Four Continents. Letters written during a tour in fAustralia, New
Zealaud and North America in 1883, Crown 8vo. 95 mnet.

BUCKLAND (Dgax). Life and Correspondence. By his
daughter, Mrs. Gorpox. Crown Svo. 123

BUNBURY (Siw E. H.). A History of Ancient Geography, among
the Greeks and Romans., Maps. 2 Vols, 8vo. 2ls.

BURBIDGE (F. W.). The Gardens of the S8un: or A Naturalist's

Journal in Borneoand the Suln Archipelago. Illustrations, Cr. 8vo. 14s,

BURGHERSH'S (Lapy) LETTERS from Germany and France
during the Campaign of 1513—14. Edited by her daughter, Lapy
Rose WreigaLL. Fortraits., Crown Evo. 6s.

BURGON (Dear). A Biography. By E. Mevsiok GovLeusw,
D.D. Portraits. 2 Vols. &vo. 24s.

— The Revision Revised. 8vo. 14s.

Lives of Twelve Good Men. Martin J. Ronth,
H. J. Roee, Chas. Marriott, Edward Hawkins, Saml. Wilberforce,
E. L. Cotton, Richard Gresswell, H. (0. Coxe, H. L. Mansal, Wm.
Jacobson, C. P. Edern, C. L. Higgins. New Edition. With Portraits.
1 Vol. 8wo, 16z,

BRUTLER (Samver, D.D.), Headwaster of Shrewsbury School, and
afterwards Bishop of Lichfield (1790—1840). Life, by his Grandson,
SanmpeL BuTLErR, With Portraits. 2 Vols. Bvo., 24s.

BUTTMANN’S LEXILOGUS; a Critical Examination of the
Meaning of numerous Greek Words, chiefly in Homer and Hesiod.
By Rev. J. B. FIsHLAEE. B&va. 12s.

BUXTON (Cmaries). Memoirs of Sir Thomas Fowell Buxton,
Bart. Portrait. Bvo. 16s. Popular Edition, Feap. Bvo. b1,
Notes of Thought. With a Biographical Notice.
Second Edition. FostBvo. bs.
(Sypxey C.). A Handbook to the Political Questions
of the Day ; with the Arpuments on Either Side. 8vo. 10s. 8d.
Finance and Polities, 1783-1885. 2 Vols. 26s.

Handbook to the Death Duties. Post 8vo. 8, 6d,

_—
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BYRON’S (Lorp) LIFE AND WORKS :—

Porricarn axp Prose Works., Hdited by the Earl of Love-
LACE. 12 Yols. Crown 8vo.

Lire, LEerrErs, axp Jourwars. By Toomas bMoone., One
Volume, Portraits. Royal 8vo. Ta. 6.

Lire axp Poericarn Works. Popular Edifion. Portraita.
3 Vols, Royal 8va. 155,

Porrican Worgs. Library Edition. Portrait. 6 Vols. 8vo. 45s.

Porrroar Works. Popular Edition. Plates. Royal 8vo. 7s. 6d.

Poerrcar Worgs. Pearl Edition. 2s. 6d. Cloth, 3s. Gd.

Porrroar Worgs. [Pocket I'd., 8 Vols. 16mo. In a case, 21s.
or separately, viz.,

Caitpe Harorn. 16mo. 2s. 6d. Vignettes. 16mo. 1la.
Portrait. 16mo. 06d. Tares anp PoEms. 16mo. 2s. 6d,
MisceLLanEous, 2 Vols, 16mo. 5s. Dramas anp Pravs,
92 Vols., 16mo. 0s. Dox Juan awp Bepro. 2 Volsa

16mo. Bs.
CAILLARD (E. M.). Electricity. A Sketch for General Readers.
With Illustrations. Crown 8vo. 7s 6d.
The Invisible Powers of Nature. Some
Elementary Lessons in Physical Science for Begioners. Post 8vo. 6s.
Progre:sive Revelation, or through Nature to
God. Crown Svo., Ga.
CALDECUTT (Auvreen). Eoghsh Colonization and Empire,
Coloured Maps and Plans. Crown 8vo. 3s. 6d. (Univ. Extension Series.
CAMPBELL (Lorp). Autobiography, Journals and Correspon-
dence. By Mrs., Hardcastle. Portrait. 2 Vols. 8vo. 30s.
————— Lord Chancellors and Keepers of the Great

Seal of England. From the Earliest Times to the Death of Lord Eldon
in 1838. 10 Vols. Crown 8vo. 6s. ench.

Chief Justices of England. From the Norman

Uonguest to the Death of Lord Tenterden. 4 Vols. Crown Bvo. 8s. each,
- (Tmos) Essay on English Poetry. With Short

Lives of the British Poets. Post 8vo. 3s. 6d.
- (Rev. LeEws, M.A,, LL.D.). Sophocles. The Seven
Plays in English Verse. New Edition, revised, Crowa 8vo. 10s. 8d.

CAREY (Life of), [See Grorer Smirs,]

CARNARVON (Lorp). [See Home aua Colonial Library.]

(Fourth Harl of). Prometheus Bouud, translated
inty English Verse. Crown Svo. Gs.
The Defence of the Fmpire, A S:lection from

Letters and Speeches, Edited by Lient.-Co!. Sir . SypExHAM CLARKE,
R.E. With Map. Crewn nvo.

CARNEGIE (Rev. W. H.). Some Principles of Relivions Educa-
tion. Foor addresses in Worcester Cathedral. Crown 8vo. 2 Gd.

CAVALCASELLES WORKS. [See Crows.]

CECIL (Everyx). Primogeniture. A short history of its
development and practical effect, Svo, 10s, 6. 5

CHARLES (Mgs. Rovpre). Oar Seven Homes, Autobiographical
Reminizcences. Illustrations, Crown Svo. T Gd.

CHILD-CHAPLIN (Dr.), Benedicite ; or, Song of the Three Children;
being Illustrations of the Power, Beneficence, and Des gn manileated
by the Creator in his Works. Post Bvo. Hs.

CHISHOLM (Mrs.), Perils of the Polar Seas; True Stmies of

Arctic Discovery and Adventure, Illustrations, PostSvo, Gs
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CHURTON (Arcapeacow). Poetical Remains, Post 8vo, 7s.6d
CLARKE (Lievur.-Con. Sir G. Sypermam), RE. Fortification;

Its Past Achievements, Recent Development, and Future Progress.
With Illustrations, Medinm 8vo, 21z

————— The Navy and the Nation. With Maps. 8&vo.
CLARENCE (H.R.H. tae rate Duke or). A Memoir written

with the sanction of FL.E.H. the Prince of Wales. By Jaues EDWARD
Vincert. With Portraits and Illustrations. Crown 8vo. 9s

CLASSIC PREACHERS OF THE ENGLISH CHURCH.
Lectures delivered at St. James’. 2 Vols. Post 8vo. Ts 6d. each,

CLEVELAND (Dvucngrss or), The Battle Abbey Roll, With

gome account of the Norman Lineages. 3 Vols. Bm. 4to. 48s.

CLODE (C.M.). Military Forces of the Crown ; their Administra-

tion and Government. 2 Vols. 8vo. 21s, each,

Administration of Justice under Military and Martial
Law, asapplicable to the Army, Navy, and Auxiliary Forces. Bvo. 12a

COLERIDGE (Samuer Taviror), and the English Romantic School,
By Pror. Bravpr, With Portrait, Crown 8vo. 12s,

Table-Talk. Portrait. 12mo. 3s. 6d.

COLES (Jorxw). Summer Travelling in Iceland. With a Chapter
on Askja by E. D. Moreax. Map and [llustrations. 18s,

COLONIAL LIBRARY. [See Home and Colonial Library.]

COOK (Canon F. C.), The Revised Version of the Three First

Gospels, considered in its Bearings upon the Record of Our Lord's
‘Words and Incidents in His Life. 8vo. 95

The Origins of Language and Religion. 8vo. 15s.
COOKE (W. H.). History and Antiquities of the County of

Hereford, Vol. II1I. In continuation of Duncumb’s History. 4to.
£2 125, 6.

Additions to Duneumb’s History. Vol, IT. 4to. 15s.
———— The Hundred of Grimsworth, PartI, 17s 6d., Pt. II,
Lhe., dto,

COOKERY (Moperw Domestic). Adapted for Private Fawilies.
By & Lady. Wondeouts. Feap. Bvo., Bs,

COOLEY (Tmomas M.). [See Amerrca, Rarnwavs or.]
CORNEY GRAIN. By Himself. Post 8vo. 1s.
COURTHOPE (W. J.). [See Pore.]

CRIPPS (Wirrren). Old Foglich Plate : Ecclesiastical, Decorative,
and Domestic, its Makers and Marks. Fifth Edition. Resired and
enlarged, With 122 Illustrations and 2500 facsimile Plate Marks.
Medinm 8vo. 21a

2 .®* Tahles of the Date Letters and Marks sold separately, Ba

Old French Plate: Its Makers and Marks. A New snd

Revized Edition. With Tables of Makers’ Marke, in additicn to the

Plate Marks., Bvo. 10s. 6d,

CROKER (Rr. How. J. W.). Correspondence and Journals.
Edited by the late Lovis J. Jesxixcs. Portrait. 3 Voels. 8vo. 4bs.

—————— Boswell's Life of Johnson. [See BosweLL.]
—————— Historical Essay on the Guillotine. Feap. 8vo. la.

—_—
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CROWE awp CAVALCASELLE. Life and Times of Titian,
with some account of his Family. [llustrations. 2 Vola. Bvo. 21s,

Raphael ; His Life and Works, 2 Vols, 8&vo. 33,

(Sir Joserm A.) Reminiscences of Thirty-Five Years
of my Life. With Plans, Svo. 16s.
CUMMING (R. Gorvon). Five Years of a Hunter’s Life in the
Far Interior of South Africa. Woodents., Post 8vo. 6as.
COUNNINGHAM (Pror.W.), D.D, The Use and Abuse of Money.
Crown Bvo, 3s. (University Extension Series.)
CURTIUS’ (Proressor) Student’s Greek Grammar, for the Upper
Forms. Edited by Sie Wu. SmiTH. Post 8vo. 6s.
Elucidations of the above Grammar. Translated by
EveLyy Aspor. Post Svo. Ts. 6d.
== - Smaller Greek Grammar for the Middle and Lower
Forms. Abridged from the larger work. 12mo. 3s. 6d.
Accidence of the Greek Language. Extracted from
the above work., 12mo. 2s. Bd.
Principles of Greek Etymology. Transzlated by A. 8.
WiLtzine and E. B, ExarAavn, New Edition. 2 Vols. Bvo. 28s.
The Greek Verb, its Strueture and Development.
Translated by A. 5. WiLkmws, and E, B. EscrLaxnp, 5vo. 123
CURZON (How. Roeert). Visits to the Monasteries of the Levant.
IMlustrations, Post 8vo. 7s. 6d.
CUST (GeweraLn). Warriors of the 17th Century—Civil Wars ol

France and England. 2 Vols. 16:. Commanders of Fleets and Armies.
2 Vols, 18s.

_ ——  Annals of the Wars—18th & 19th Century,
With Maps. 9 Vols. Post 8vo, Bs. each.

DARWIN’S (CrarLEs) Life and Letters, with an autobiographieal
Chapter. Edited by his Son, Fravcis Darwix, F.R.8. Portraits.
3 Vols. Bvo. 36s.

Or popular Edition, condensed in 1 Vol., crown Bvo, Ta 6d.

An Illustrated Edition of the Voyage of a
MNaturalist Kound the World in H.M.5, Beagle, With Views of Places
Visited and Described. By R. 1. Prircaerr. 100 Illustrations.
Medium Svo, 21s,

JOURFNAL oF A NATURALIST DURING A VOYAGE ROUND THE
Worep., Popular Edition. With Portiait. 35 6d.

Oriein oF Species BY MEeaws or Narurar S8eveorion. Library
Edition. 2wols. 12s, ; or popular Edition. 6s.

Descent or Maw, axp SeLecrion 18 Revarion To Sex.
Woodeuts, Library Ed. 2 vols. 15s.; or popular Ed. 7s. 6d.

VarraTion oF Awimars axp Prawnts owpEr DomEsTicsaTion,
Woodeuts, 2 Vols. 15s,

ExprEssions o THE Emorions v Max anp Awrmars. With
Ilustrations. 12.,

Varrovs Contrivawces By wHIcH OrcHIDS ARE FERTILIZED
BY InsecTs. Woodeuts, 7s. €d.

MoveEmENTs AND HABITS 0F ULIMBING PLants. Woodeuts. 6s.

Inseorivorous Prawrs. Woodeuts, 9s.

Cross Anp SELF-FerTILIZATION IN THE VEGETARLE KINaDOM. O,

DirrerenT Forms oF Frowers on PrLawrs oF THE 8SAME
SPECIES. Ts. Bd.

Power oF MovemenT 18 Prants. Woodeunts.

TaE ForMATION 0F VEGETABLE McULD THROUGH THE AOTION oF
Woaorss. Illustrations, Post Svo. Gz,

DAVY (Six Humprry). Consolations in Travel; or, Last Day-
of a Philosopher, Woodcuta. Feap.8vo. 3. 68d.




8 LIST OF WORKS

DAVY (Sm Humpary)., Salmonia; or, Days of Fly Fishing.
Woodcuts, Feap.Bvo. 3s. 6d.

DE COSS0ON (Masor E. A)). The Cradle of the Blue Nile; a
Journey through Abyssinia and Sondan. 2 Vols. Post 8vo. 21s.

Days and Nights of Service with Sir Gerald Graham’s

Field Force at Suakim. Planand Illustrations. Crown8vo. l4s

DE CRESPIGNY (Rose). [See New Forgsr.]

DENNIS (Grorge). The Cities and Cemeteries of Etruria,
20 Plans and 200 Illustrations. 2 Vols. Mediom Bvo. 21s,
———— (Rosert). Industrial Ireland. Suggestions for a Prac-
tical Policy of ‘ Ireland for the Irish.” Crown 8vo. 6s.

DERBY (Earu or). Iliad of Homer rendered into English
Blank Verge, With Portrait. 2 Vols. Postfvo. 10s.

DE ROS (Georerawra Lapy). A Sketch of the Life of: With

some Reminigcences of her Family and Friends, including the Duke of
Wellivgton, by her Danghter, the Hon. Mrs, SwinToxy., With Portrait
and Illustrations. Crown S8ve. Ts Gl

DICEY (Pror. A. V.., Why England Maintains the Union,
Feap. 8vo.  1s
A Leap in the Dark. Crown 8vo. 3s. 6d.

(Epwarnp). A Peasant State. An Account of Bulgaria
in 1804, Svo. 12s

DOLLINGER (Dg.). Studies in European History, being Acade-
mical Addresses. Translated by Marcarer Warne, Portrait. Svo. 14s,

Addresses on Historical and Literary Subjects, trans-
lated by MARGARET WARRE. Bvo. lds

DRINKWATER (Jomn). History of the Siege of Gibraltar,
1779-1788. With a Description of that Garrison. Post 8vo. 24,

DU CHAILLU (Pavn B.). Land of the Midnight Sun; Illus-
trations. 2 Vols. Bvo, 86s. .

The Viking Age. The Early History, Manners,

and Cnstoms of the Ancestors of the English-speaking Nations. With

1,300 Ilustrations. 2 Vaols. Bvo. 42s

Equatorial Africa and Ashango Land. Adven-

tures in the Great Forest of Equatorial Africa, avd the Country of the

Dwarfs. Popular Edition. With Ilustrations. FPost Svo, Ta, Bd,

Ivar the Viking. A Romantic History based on
authentic facts of IIT. and IV, Centuries. Crown 8vo. 6s.

DUFF (Rr. Hon. Sir M. E. Grawr, G.C.5.1.). Notezs fr m a
Diary. 2 Vols. Crown Bve.

DUFFERII'-. (Lorp). Letters from High Latitudes ; a Yacht Voy-
age to Iceland. Woodents. Crown 8vo. 7s. 6d,

Speeches in India, 1884—8. 8vo. 9s,

(Lapy), Our Viceregal Life in India, 1884—1888.

Portrait. Crown 8vo, 7s. €d. Also 2 Vols,, large crown Svo, 21s,

My Canadian Journal, 1872—78. Extracts from

Home Letters written while Ld. '.Duffenn was Gov.-Gen. Portraits, Map,

and Illustrations. Crown 8vo. 125,

Lapy, Countess of Gifford). Songs, Poems

and Verses. Edited by her son, the MARQUEss oF DUFFERIN AND

Ava, Third Edition. Crown 8vo. 12s

(Lapy, Countess of Gifford). The SBongs, cet to
Music by herself and others. Companion volume to the above. Words
and Music, Crown 8vo. 9s,

DUNCAN (Cor). Eunglish in Spain; or, The Story of the War
of Buccession, 1834-1840. 8vo, l6s.

DUNMORE (Lorp). The Pamirs: a Narrative of a Year's
Ezxpedition on Horseback thronzh Kashmir, Western Tibet, Chinesa
Tartary, &c. With Maps and 1llustrations. 2 Vols. Crown 8vo. 24s,

—.
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DURER (Auserr); his Life and Work. By Dg. TmausinG.
Edited by F. A. Eaton. Illustrations. 2 Vols. Medium 8Svo. 42s,

EARLE (Professor Jouw), The Psalter of 1539 : A Landmark

of English Literature. Comprising the Text, in Black Letter Type.
With Notes, Bvo. 16s

EASTLAKE (Lapy). The Journals and Correspondence. Edited
by C. Eastrage SmiTh. 2 vols. Crown Svo. Z2ls.

EILEEN’S JOURNLEY. A Fairy Tale for Children and Young
Readers. By Erxest ArTour JELF. lllustrations. 10s. Gd.

ELLIOT (Mgs. Minto). The Diary of an Idle Woman in Constan-
tinople. With Plan and Illustrations, Crown 8vo. 14s.

Roman Gossip. New Cheaper Edition. Crown 8vo. 6s.

ELLIS (Roemmson)., Poems and Fragments of Catullus. 16mo. Bs.
ELPHINSTONE (How, M.). History of India—the Hindoo and

Mahommedan Periods. Edited by ProFessor CowerLn. Map. 8vo. 18s.

— Rise of the DBritish Power in the HEast. A

Continuation of his History of India. Maps. Svo. 16s

————— Life of. [See CoLEBROOEE. ]

ELWIN (Rev. Warwick). The Minister of Baptism, A History of
Church (pinion from the time of the Apostles. 8ve. 123,

ELWORtHY (F. T.). The Evil Eye. An Account ¢f this
Ancient Superstition. With Illustrations. Svo. 21s

ETON LATIN GRAMMAR  For use in the Upper Forms,
By F. H. RawtLins, M. A, and W. E. Inag, M.A. CrownBvo. 6s.

ELEMENTARY LATIN GRAMMAR. For use in

the Lower Forms. Compiled by A. C. Aixgeg, ML.A., and H. G.
WistLe, M.A. Crown 8vo. 3s Gd.

-———— PREPARATORY ETON GRAMMAR. Abridged
irom the above Work. By the same Editors. Crown 8vo. 2s.
FIRST LATIN EXERCISE BOOK, adapted to the

Elementary and Preparatory Grammars. By the same Editors.
Crown Bvo. 25, 6d,

FOURTH FORM OVID. Selections from Ovid and
Tibullur, With Notes by H. G. WinrtLE., Fost 8vo. 2s 6d.
~-—— HORACE. The Odes, Epodes, and Carmen Szeculare.
With Notes. By F. W, Corwyisa, M. A. Maps., Crown 8vo. 6s.
EXERCISES IN ALGEBRA, by E. P. Rousg, M.A,, and

Arrapr CocHsAorT, M. A, Crown Svo, 3s
ARITHMETIC. By Rev.T. Davron, M.A., Crown 8vo, 3s.

FERGUSSON (James). History of Architecture in all Countries
from the Earliest Times. A New and thoronghly Revised Edition.
With 1,700 Iliustrations. 5 Vols. Medium Svo,
Vols. I. & II. Ancient and Medieval. 2 Vols. 63s. New Edition.
Edited by PHENE SPIERS.
I[1. Indian & Eastern, 31s. 64, IV. Modern. 2 Vols. 3Sls. 6d.

FITZMAURICE (Lorp E.). [See Prrry.]

FITZPATRICK (Wirtiax J.). The Correspondence of Daniel
U'Connell, the Liberator. With Portrait. 2 Vols, Svo. 3is

FLEMING (ProrEssor). Student’s Manual of Moral Philosophy.
With Quotations and Referencea. Post Svo. Ts. 64,
FLOWER GARDEN. By Rev. Toos. James, Feap. 8vo. 1s.

FORD (IsaBerra 0.). Miss Blake of Monkshalton, A Novel,
Crown 8vo. fs.

FORD (Ricmarp). Gatherings from Spain. Post 8vo. 3s. 6d.

FORSYTH (WiLLram). Hortensius; an Historical Essay on the
(ffice and Duties of an Advocate., Ilinstrations. Swo, Ts, 84,
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FRANCE (Hisrory or). [See ArTHUR — MARKHAM — SMITH —

SrupeNTs'—TOCQUEVILLE,]

FRANKLIN (Sir Jomx), Admiral, K.C.H., &ec. The Life, By
H. D. Tratrs., Maps and Porfraits. 8vo. 16s.

FREAM (W.), LL.D. Elements of Agriculture; a text-book pre-
pared under the authority of the Royal Agrienltural Society of England.
Enlarged Edition. With 256 Illustrations. Crown §vo. 8s. 6d.

FRENCH (Bismor T. Varry). Lifeand Correspondence. By the
Rev. HerseErT Birnks, M.A. With Maps, Portrait, &c. 2 vols. 8vo. 30s.

FRERE (S1r Barrie), Bart.,, G. C.B. Lifs and Correspondence,

by Joax MarTineav. 2 Vols. 8vo. 32s.

FRERE (Mary). Old Deccan Days, or Hindoo Fairy Legends

current in Southern India, with Introduction by Sir BARTLE FEERE,
With Illustrations. Post 8vo. B&s.

GALTON (F.). Art of Travel ; or, Hints on the Shifts and Con-
trivances available in Wild Countries., Woodeuts., Poat Bvo. Ts. 84,

GARDNER (Pror. Perov). New Chapters in Greek History.

Historieal results of recent excavations in Greece and Asia Minor
YWith 1llustrations. 8wo. 1bs.

GEDDES (Pror. P.). Outlines of Modern Botany. With Illus-

trations. LUni;.r. Extension Series.) Js €d.

GEOGRAPHY. [See Smira—Srupentd, &e. |

GEOGRAPHICAL SOCIETY'S JOURNAL. (1846 to 1881)

SUPPLEMENTARY PAPERS. Royal Svo.

Vol. I, Part i. Travels and Researches in Western China, By E.
CoLeorNE BAgEr., Maps., Bs

Part ii.—1. Recent Geography of Central Asia; from Russian
Sonrces, By E. Deumar Moraaw. 2, Progress of Dis-
covery on the Coasts of New Guinea. By C. B, MAREHAM.
Bibliographical Appendix, by E. C. Rye, Maps. b4

Part iii.—1. Report on Part of the Ghilzi Conntry. &c. By
Lieut. J. 8. Broaprootr. 2. Journey from Shiraz to Jashk.
By J. R, PREECE. 25 Bd.

Part 1v.—Geographical Education, By J. 8. KeLTie, 25 6d.

Vol. II., Part i. —1. Exploration in 8. and 8. W. China. By A. R,
Covrgueous, 2, Bibliography and Cartography of His-
paniola. By H. Lixe Rorn. 3. Explorations in Zanzibar
Dominions by Lieut. C. Stewant Sarre, KN, 25 6d.

Part ii,—a Bibliography of Algeria, from rhe Expedition of
Charles V. in 1541 to 1887. By Sir R, L. PLAYFAIR. d4s.

Part iii.—1. On the Measurement of Heights by the Earometer.
By Jons Baur, F.R.S. 2. River Entrances. By H. RoperT MI1LL,
3. Mr. Needham's Journey in South- Eastern Tibet. 2s. 6d.

Part iv.—1. The Bibliography of the Barbary States. Part i.
By Sis R. L. Prayrair, 2. Hudson's Bay and Strait. By
Commodore A, H, Massman, R N, das,

Vol. IIL,, Part i.—Journey of Carey and Dalgleish in Chinese Turkestan
and Morthern Tibet; and General Prejevalsky on the Oro-
graphy of Northern Tibet. 4s,

Part il.—Vaughan's Persia, &e. 4s

Part iii.—Playfair's Bibliography of Moroceo. 5s.

Part iv.—Milne's Jezo, &ec.

Part v.— Hogarth's Asia Minor.

Vol. IV.—Ramsay's Asia Minor. 18s.

GEORGE (Ersssr). Loire and South of France; 20 Etchings.
Folio. 42s.

GERMANY (Hisrory o). [See MArEHANM.]

GIBBON’S History of the Decline and Fall of the Roman Empire.
Edited with notes by Miumaw, Guizor, and Sir Wu, SmrTe. Maps,
8 Vols. Bvo. 60s. Student's Edition. 7s 6d. (See STUpENTS.)



PUBLISHED BY MR. MURRAY. 1l

GIBBON (Enwarp). The Unpublished Weorks of Edward Gibbon,
ineluding Seven Autobiographies, Journals, &c. With a Preface
by Lord SueFriErLD. 3 Vols. 8vo. 36z, (Vol. 1 sold separately, 123.).
GIFFARD (Epwagrp). Deeds of Naval Daring; or, Anecdotes of
the British Navy. Feap.8vo. 3s. 6d.
GILBERT (Josiam). Landscape in Art: before the days of Clande
and Salvator. With 150 Illustrations. Medium 8vo. 30s.
GILL (Capr.). The River of Golden Sand. A Journey through
China to Burmah, Edited by E. C. Baper. Post 8vo. Tes. 6d.
GLADSTONE (W. E.). Gleanings of Past Years, 1843-78.
7T Vols. Small 8vo. 2s. 8d. each,
— Special Aspects of the Irish Question ; A Series of
Reflections in and since 1886. Crown Svo. Js. 6d.
The Odes of Horace and Carmen Seculare. Crown
S8vo. Gz, Cheap Edition, 18mo. 3s Gd. Also large paper, 21s. net.,
The Psalter, according to the Prayer - Book
Version, with a Concordance. 15mo. Moroceo, 55 Hoan, 3s. 64,
Also New Popular Edition, 1s. net.
GLEIG (4. R.). Campaigns of the British Army at Washington
and New Orleans. Post 8vo. 2i.
———— Story of the Battle of Waterloo. Post 8vo. 3s. 6d.
Narrative of Sale’s Brigade in Affechanistan. Post 8vo. 2s,
— Life of Lord Clive. Post 8vo. 3s. 6d.
Sir Thomas Munro. Post 8vo. 3s. 6d.

GOLDSMITH’S (Ouiver) Works, Edited with Notes by Prrer
CoxsivaEaM. Vignettes. 4 Vols. Bvo. 30s.
GOODWIN (Brsmor Harveyv). Life of. By Cawow H. D.

RawxsLey. With Portraits. 8vo. 163,
The Foundations of the Creed.

Svo.  1ds,
GORE, Rev, Cmaries (Edited by). Lux Mundi. A Series of

Studies in the Keligion of the Incarpation. By various Writers.
Popular Edition, Crown 8vo. Bs.

The Bampton Lectures, 1891 ; The Incarna-

tion of the Son of God. Svo. 7s. €d.

The Mission of the Church. Four Leetures

delivered in the Cathedral Chureh of 8t, Asaph. Crown 8vo. 25, 6d,

— Dissertations on Subjects connected with

the Incarnation. 8vo. 7Ts Gd.

The fermon ¢n the Mount. A Practiecal

Explanation. Crown 8vo. 2s. 6d,

(F. Sr. J.) Lights and Shades of Indian Hill Life. With
numerous Illustrations, Maps, &e. 8vo, 31s. 6d.

GOSSE (Evmusp). The Jacobean Poets. Crown 8vo. 3s 64,
(University Extension Series).

GOULBURN (Deax). Three Counsels of the Divine Master for
the conduct of Spiritnal Life, Crown 8vo. 9s. (See also BURGON.)

GRANT (A. J.). Greece in the Age of Pericles, Crown 8vo.
(University Extension Series.) 2s. 6d.

Herodotus. The Text of Canon Rawlinson's
Translation. With the Notes abridged. 2 Vols. Crown 8vo.

GRANVILLE (Cras.). [See Saremire Rine.]

GREECE (History or). |See GRoTE—SmiTH—STUDENTS'.]

GREGORY (Sir Wa). An Autobiography. FEdited by Lapy
GREGORY. With Portrait. Svo. 16s.

(J. W.). The Great Rift Valley. A Journey to

Baringo and Mount Kenya. With Maps and Illustrations. Svo. 21s.
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GROTE'S (Georer) WORKS :—

Hisrory oF Greece. From the FEarliest Times to the
Death of Alexander the Great. New FEdition. Portrait, Map, and
Plans, 10 Vols, Post8vo. bs. each. (The Folumes may be had Separately.)

Prato, and other Companions of Socrates, 3 Vols. 8vo, 45a. ;
or, Mew Edition, Edited by ArEx, Baix, 4 Vols. Crown Svo. Hs. each.
Mivor Worgs. Portrait. 8vo. 1ds.

(Mgrs.). A Sketeh. By Lapvr Eastuage. Crown 8vo. 6s.

GRUNDY (G. B.) The Topography of the Battle of Plateea.
With Maps and Plans, Svo. Ts 6d.

GUILLEMARD (F. H.), M.D. The Voyage of the Marchesa to

Kamschatka and New Guinea, With Maps and 150 Illustrations,
Med. Bvo, 21s.

HALL'S (T. D.) School Manual of English Grammar, With
Illnstrations and Practical Exercises. 12mo. 3s. 6d.

——— Primary English Grammar for Elementary Schools.
With numerous Exercises, and graduated Parsing Lessons. 16mo. 1s.

Manual of English Composition, With Copious Illustra-

tions and Practical Exercises. 12mo. 3a. 6d.

— Child’s First Latin Book, comprising a full Practice of

Nouns, Proncuns, and Adjectives, with the Verbs. 16mo. 2s.

[ntroduction to the Study of the Greek Testament, com-

prising a connected Narrative of onr Lord's Lifs from the Synoptic
Gospels in the original Greek, with concise gremmar, notes, &e. With
facsimiles of texts. Crown 8vo, 2s. 6d.

—————— Translation at Sight, or Aids to Facility in the Transla-
tion of Latin, Crown 8vo. 2s.

HALLAM'S (Hengy) WORKS :—

Tre Cowsrirurionan History or Ewerawn., Library Edition,

3 Vols. Bvo. 30s. Cabinet Edition, 3 Vols. Post Bvo, 123, Sixdent's
Edition, Post Bvo. Ts. 6d.

History orF EurorE purine THE Mipoie Acrs, Cabinet
Edition, 3 Vols. Post 8vo. 12s. Student's Edition, Post 8vo. Ts. 6d.
Lirerary Histrory or EvroPE pURING TEE 15TH, 16TH, AND

17TH CexTURIES. Lilrary Edition, 3 Vols. 8vo. 86s. (abinet Edilion
4 Vols. Post Bvo. 16z,

HART'S ARMY LIST. (Published Quarterly and danually.)
HAY (Sir Joun Droummonn). A Memoir. With Preface by Gext.
B8ir Tras. pE WinTon, K.C.M.G. Portrait and Illustrations. 8vo. 16s.
HAYWARD (A.). Sketches of Eminent Statesmen and Writers,
2 Vols. 8vo. 28s.
The Art of Dining, Post 8vo. 2s.

A Selection from his Correspondence, By H. E,
Canrigne, 2 vola, CrownSvo. 248,

HEABANE THE WITNES83. A Poem by an anonymous writer,
Royal 8vo. 10s Gd.

HEAD'S (318 Frawois) WORKS :
TeE Rovan Exeineger. Illustrations. 8vo. 12s.
Rarip Jourweys across THE Paumpas, Post 8vo. 2s.
SToEERS AND PoEERs ; or, the L.and N. W, R. Pozt 8vo. 2s.
HEBER'S (Bismor) Journale in India. 2 Vols. Post 8ve. 7a.
— Poetical Works. Portrait. Feap. 8vo. 3s. 6d.
——— Life of. [See Smira, Dr. GEORGE.]
HERODOTUS. A New English Version. Edited, with Notes

and Essays by Ca¥oN Rawriwsow,Sik H. Rawrinsox and SieJ G.
WiLkisaon, Maps and Woodents. 4 Vols. Bvo. 48s. Also New
Popular Edition. 2 vels. Crown Svo.

o




PUBLISHED BY MR. MURRAY, 13

FOREIGN HAND-BOOKS.

HAND-BOOK—TRAVEL-TALK. English, French, German, and

Ttalian. Mew and Revised Edition., 18mo.
— HOLLAND AND BELGIUM. Mapand Plans, 6s.

——— NORTH GERMANY and THE RHINE, —

The Black Forest, the Hartz, Thiiringerwald, Saxon Switzerland,
Riigen, the Giant Mountains, Taunus, Odenwald, Elsass, and Loth-
ringen. Map and Plans, Post 8vo., 10s.

SOUTH GERMANY AND AUSTRIA,—Wurtem-

berg, Bavaria, Austria, Tyrol, Styria, Salzburg, the Dolomites, Hungary
and the Danube, from Ulm to the Black Sea. Maps and Plans. Post
8vo. Two Parts. Part[I., 7s. 6d. PartII, 6s.

SWITZERLAND, Alpe of Savoy, and Piedmont,

Edited by W. A. B. CoorinGg, M.A. In Two Parts. New Maps and
Flans. FPost Bvo. 6s. each part,

FRANCE, Part I. Normandy, Brittany, French
Alps, the Loire, Seine, Garonne, Pyreneas, &c. Maps and Plans. 7s, 64,

FRANCE, Part II. Central France, Auvergne, the

Cevennes, Burgundy, the Rhona and Saone, Provence, Nimes, Arles,
Marseilles, the French Alps, Alsace, Lorraine, Champagne, &c¢. Maps
and Plans. Fost Bvo. Ts. 64,

THE RIVIERA. From Marseilles to Pisa, and the

Routes thither. A new Editin, thoroughly revised, and in a great
measure re-written on the spot. With numerous Maps engraved ex-
pressly on a large scale. Gs.

MEDITERRANEAN — its  Principal Islands,

Cities, Seaports, Harbours, and Border Lands. Tor Travellers and
Yachtsmen, with nearly 50 Maps and Plans. Two Parts, Post 8vo, 21s.

ALGERIA AND TUNIS., Algiers, Constantine,
Oran, Tlemcen, Bougie, Tebessa, Biskra, the Atlas Range. Edited by
Sir R. LauperT PravrFale. Maps and Plans. Post Svo. 10s 6d.

SPAIN, Madrid, The Castiles, The Basque Provinces,
Leon, The Asturias, Galicia, Estremadura, Andalusia, Ronda, Granada,
Murcia, Valencia, Catalonia, Aragon, Navarre, The Balearic Islands,
&re. ¢, Maps and Plans. Two Parts. Post 8vo. 20s.

PORTUGAL, Liseon, Oporto, Cintra, Mafra,
Madeira, the Azores, Canary Islands, &c. Map and Plan. 123,

NORTH ITALY, Turin, Milan, Cremona, the

Italian Lakes, Bergamo, Brescia, Verona, Mantua, Vicenza, Padua,
Ferrara, Bologna, Ravenna, Rimini, Piacenza, Genoa, the Riviera,
Venice, Parma, Modena, and Romagna. Maps and Plans. Post 8vo, 10s,

—— CENTRAL ITALY, Florence, Luceca, Tuscany, The
Marshes, Umbria, &c. Maps and Plans, Post 8vo. 6Ge.
ROME awp 178 Exvirons. Maps and Plans. New

and thoroughly Revised Edition. With Contributions from Sir H.
Layard, A. 8. Murray, D.D., Prof. Lanciani, &ec. 10s.

- BOUTH ITALY, including Naples and its Environs,
Pompeii, Herculaneum, Vesuvius, Brindisi, &c. Maps. Post 8vo, 8a.

SICILY, Palermo, Messina, Syracuse, &e. Maps,

Post 8vo, 6s.

- NORWAY, Christiania, Bergen, Trondhjem. The
Fields and Fjords. An entirely new Edition. Edited by THos.
Micaern, C.B. Maps and Plans. 7s. Gd.

SWEDEN, Stockholm, Upsala, Gothenburg, the
Shored of the Baltic, &c. Maps and Plan. Pos 8vo. 6a.
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HAND-BOOK—DENMARK and ICELAND, Schleswig, Holstein,

Copenhagen, Jutland, Maps and Plans, New Edition. 7s. 6d.
— RUSS1A, Sr, PereErssure, Moscow, Poranp, and

Fivnasp. Maps and Plaps. New and Revised Edition. Post 8vo. 18s,
GREECE, the lonian lslands, Athens, the Pelopon-
nesus, the Islands of the /HEgean Sea, Albania, Thessaly, Macedonia,
&e. Maps, Plans, and Views, New Edition. 20s.
CONSTANTINOPLE, BRUSA, axp teE TROAD.
Edited by Colonel Sir CeArpLEs Wirson, R.E.,, G.UC.B. Numerous
Maps and Plans, Post 8vo, 7s. 6d.

— EGYPT. The Course of the Nile through Egypt
and Nubia, Alexandria, Cairo, Thebes, Suez Canal, the Pyramids,
Sinai, the Fyoom, &c. Maps and Plans. Post 8vo. 15s. ]

— HOLY LAND—Syr1a, Paresting, Moas, Hauran,

Syrian Deserts, Jerusalem, Damascus; and Palmyra. Maps and
Plans. Post Bvo. 18s.

BOMBAY — Poonah, Beejapoor, Kolapoor, Goa,
Jubulpoor, Indore, Surat, Baroda, Ahmedabad, Bommnauth, Kurraches,
d&re. Map and Plans. Post Bvo. 15s.

MADRAS—Trichinopoli, Madura, Tinnevelly, Tuti-
corin, Bangalore, Mysore, The Nilgiris, Wynaad, Ootacamund, Calicut,
Hyderabad, Ajanta, Elura Caves, &c. Maps and Plaps. Post 8vo. 156s.
BENGAL — Caleutta, Orissa, British Burmah,
Rangoon, Moulmein, Mandalay, Darjiling, Dacea, Patna, Benares,
N.-W. Provinces, Allahabad, Cawnpore, Lucknow, Agra, Gwalior,
Naini Tal, Delhi, &c, Maps and Plans, Post 8vo. 20s.

THE PANJAB—Amraoti, Indore, Ajmir, Jaypur,
Rohtak, Saharanpur, Ambala, Lodiana, Lahore, Kulu, SBimla, Sialkot,
Peshawar, Rawul Pindi, Attock, Karachi, 8ibi, &c¢. Maps. 15s.

— INDIA AND CEYLON, including the Provinees
of Bengal, Bombay, and Madras (the Punjab, North-west Provinces,
Rajputana, the Central Provinces, Mysore, &c.), the Native States and
Assam, With 55 Maps and Plans of Towns and Buildings, Post 8vo. 20s.
JAPAN, Revised and for the most part Rewritten.
With 15 Maps. Post 8vo. 15s. aef.

NEW ZEALAND. An entirely new work. Edited
by F. W. PEsseraTner, LL.D. With Maps and Plans, Post 8vo. 7s. 6d.
ASIA MINOR. An Entirely New Work. Edited

by Maj.-Gen, Sir Crarres Wicsow, R.E,, K.C.B. With Maps and
Plans. Post 8vao. 18s

=

ENGLISH HAND-BOOKS.

HAND-BOOKE—ENGLAND AND WALES. An Alphabetical
Hand-Book. In One Volume. With Map. Post8vo. 12s.
ENVIRONS OF LONDON within a ecircuit of 20

miles. 2 Vols. Crown 8vo.. 21s.

ST. PAUL'S CATHEDRAL. 20 Woodeuts. 10s. 64d.

EASTERN COUNTIES, Chelmsford, Harwich, Col-
chester, Cambridge, Ely, Ipswich, Felixstowe, Lowestoft, Norwich,
Yarmouth, Cromer, &c. Maps and Plans, FPost 8vo. 125
CATHEDRALS of Oxford, Peterborough, Norwich,
Ely, and Lincoln. With 80 Illustrations. Crown Bvo. 2ls.

KENT, Canterbury, Dover, Ramsgate, Sheerness,
Rochester, Chatham, Woolwich, Maps and Plans, ant Bvo. 'n: Bd.
SUSSEX, Brighton, Chichester, Worthing, Hastings
Lewes, Arundel, &. Maps and Plans. Post 8vo. 6a.
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HAND-BOOK—SURREY AND HANTS, Kingston, Croydon,
Reigate, Guildford, Dorking, Winchester, Southampton, New Forest,
Portsmouth, IsLE oF WioaT, &¢. Maps and Plans. Poat 8vo. 103,

OXFORDSHIRE, Oxfoerd with its Colleges. Henley,

Blenheim:, the Thames, &c. Maps and Plans. Post 8vo. 63,

WILTS, DORSET, AND SOMERSET, Salisbury,

Chippeubam, Weymouth, Sherborne, Wells, Bath, Bristol, Taunton,

dc, Map. Post Bvo. 1is

DEVON, Exeter, Ilfracombe, Linton, Sidmouth,

Dawlish, Teignmouth, Plymouth, Devonport, Torquay. MMaps and Plans,

PostBvo. 7s. 6d.

CORNWALL, Launceston, Penzance, Falmouth,

the Lizard, Land's End, &e¢. Thoroughly Revised Edition. Maps.

Post 8vo. 6s.

CATHEDRALS of Winchester, Salisbury, Exeter,
Wells, Chichester, Rochester, Canterbury, and 8t. Albans. With 130
Tllustrations. 2 Vols, Crown 8vo. 36s. 8t. Albans separately. 6s.

———————— WORCESTER awxp HEREFORD, Leominster, Ross,
Malvern, Kidderminster, Dudley, Ewvesham, The Wye, &c. Map.
Post 8vo. bBs.

- CATHEDRALS of Bristol, Gloucester, Hereford,
Worcester, and Lichfield. With 50 Illustrations., Crown Svo. 16s.

NORTH WALES, Bangor, Carnarvon, Beaumaris,

Snowdon, Llanberis, Dolgelly, Conway, &e¢. Maps, Post 8vo. 6Gs.

SOUTH WALES, Monmouth, Llandaff, Merthyr,

Valeof Neath, Pembroke, Carmartben, Tenby, Swansea, The Wye, &e.
Map. Post 8vo. 6s.

CATHEDRALS OF BANGOR, ST. ASAPH,
Llandaff, and 8t. David's. With Illustrations. Post 8vo. 15s.
NORTHAMPTONSHIRE AND RUTLAND—
Northampton, Peterborough, Towcesier, Daventry, Market Har-
borough, Kettering, Wellingborough, Thrapston, Stamford, Uppiog-
ham, Qakham. Maps. Post Svo. 7s. 6d.

DERBY, NOTTS, LEICESTER, STAFFORD,

Matlock, Bakewell, Chatsworth, The Peak, Buxton, Hardwick, Dove Dale,
Ashborne, Bouthwell, Mansfield, Retford, Burton, Belvoir, Melton Mow
bray, Wolverhampton, Lichfield, Walsall, Tamworth. Map. Post8vo. §s.

SHROPSHIRE axp CHESHIRE, Shrewsbury, Lud-

low, Bridgnorth, Oswestry, Chester, Crewe, Alderley, Stockport,
Birkenhead. Maps and Plans. FPost 8vo. 6s.

LANCASHIRE, Warrington, Bury, Manchester,

Liverpool, Burnley, Clitheroe, Bolton, Blackburne, Wigan, Preston, Roch-
dale, Lancaster, Southport, Blackpool, &e. Maps & Plans. Post Svo. 6.

THE ENGLISH LAKES, in Cumberland, West-
moreland, and Lancashire; Lancaster, Furness Abbey, Ambleside,
Kendal, Windermere, Coniston, Keswick, Grasmere, Ulswater,
Carlisle, Cockermouth, Penrith, Appleby, &ec. Maps. Post 8vo. Gs.
YORKSHIRE, Doncaster, Hull, Selby, Beverley,
Searborough, Whithy, Harrogate, Ripon, Leeds, Wakefield, Bradford,
Halifax, Huddersfield, Sheffield. Map and Plans. Post 8vo. 12s,

-CATHEDRALS of York, Ripon, Durham, Carlisle,
Chester, and Manchester. With 60 Illustrations. 2 Vols. Cr. 8vo. 21s.

———— DURHAM axp NORTHUMBERLAND, New-

castle, Darlington, Stockton, Hartlepool, Shields, Berwick-on-Tweed,
Morpeth, Tynemouth, Coldstream, Alnwick, &c. Map. Post 8vo, 10s.

LINCOLNSHIRE, Grantham, Lincoln, Stamford,

Sleaford, Bpalding, Gainsborough, Grimsby, Boston. Maps and Plans.
Post Svo.  Ts. 6d.

HERTS, BEDS awp HUNTS. Maps and Plans.
GLOUCESTERSHIRE. Map: and Plans. 6s.

Ts. Gd,
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HAND-BOOKE—SCOTLAND, Edinburgh, Melroze, Kelso,Glasgow,

Dumfries, Ayr, Stirling, Arran, The Clyde, Oban, Inverary, Loch
Lomond, Loch Katrine and Trossachs, Caledonian Canal, Inverness,
Perth, Dundee, Aberdeen, Braemar, 8kye, Caithness, Ross, Suther-
land, &e. Maps and Flans. Post 8vo. 9s.

IRELAND, Dublin, Belfast, the Giant’s Cause-

way, Donegal, Galway, Wexford, Cork, Limerick, Waterford, Killar-
ney, Bantry, Glengariff, &c. Maps and Plans. Post 8vo. 9s.

HEBER (Brsmor). [See Smirm, Dr. GEORGE.]
HICESON (Dr. Syoseyr J.). A Naturalist in North Celebes ; a

Narrative of Travels in Minahassa, the SBangir and Talaut Islands,
&c, Map and Illustrations. Bvo. 16s.

HISLOP (SrepmEN). [See Smita, GEoreE.]

HODGSON (Brrax). The Life by Sir Wrctian W. Huxrer,
K.C.5. 1. With Portraits. 8vo. 14s.

HOGARTH (Davip G.). A Wandering Scholar.
Edition. Crown Bvo. 7s. 6d.

Philip and Alexander of Macedon., Two Eseays in

Biography. With Map and Illustrations. B8vo.

HONEY BEE. By Rev. THomas James. Feap. 8vo. 1ls

HOOK (Deaxw). Church Dietionary. A Manual of Reference for
Clergymen and Students. New Edition, thoroughly revised. Edited by
Wavrer Hook, M.A,,and W. R. W. 8TeraENs, M.A, Med. 8vo. 12s

(TaEODORE) Life. By J. G. Lookmarr. Feap. 8vo. 1s.

HORACE ; a New Edition of the Text. Edited by Dean MiLmMaAR,
With 100 Woodeuts. Crown 8vo. 7a. 6d.

Second

[See Erox.]
HOUGHTON'S (Lorp) Monographs. Portraits. 10s. 6d.
—~-——— (RosErr Lorp) Stray Verses, 1889-90. Second

Edition, feap. 8vo. Os,

HOME AND COLONIAL LIBRARY. A Series of Works

adapted for all circles and classes of Readers, having been selected
for their acknowledged imterest, and ability of the Anthors. Post Bvo.
Published at 2s. and B8s. 8d.each, and arranged under two distinctive

heads a8 follows :—
CLASS A,

HISTORY, BIOGRAPHY, AND HISTORIC TALES.

SIEGE OF GIBRALTAR. By THE WAYSIDE CROBSS. By
JoEN DRINEWATER. 2s. CAPT. MILMAN. 2,

THE AMBER-WITCH. By SKETCHES or GERMAN LIFE,
Lapy Durr Goepon. 25, By 81 A. GORDON, 8. 6d.

LIFEoF 81 FRANCIS DRAEKE. THE BATTLE or WATERLOO,
By Rev. G. R. GLela, 38s.6d.
AUTOBIOGRAPHY OF S8TEF-
FENS, 2s.

THE ERITISH FOETB. By
THoMAS CAMPBELL. 58s. 8d.

HISTORICAL ESSAYS. By
Loerp Mamow. 3s. 64

LIFE OF LORD CLIVE. By
Rev. G. R. GLE1G. 8s. 6d.

NORTH WESTERN ERAIL-
WAY. BySis F. B. HEAD, 2s.

LIFE OF MUNRO. By REev. G.
R. GLEIG. Ba. 84,

By Joax BagBOow. 24,

CAMPAIGNS AT WASHING-
TON. By Rev.G. R. GLE1a, 2s.

THE FRENCH IN ALGIERS.
By Lapy Durr GORDON. 2s.

THE FALL OF THE JESUITS.
2s.

LIVONIAN TALES 2.

LIFE OF CONDE. By Lorp Ma-
Aow, s 6d.

SALE'S BRIGADE. By ERev.
. R.GLEIG. 28

THE SIEGES OF VIENNA.
By Loep ErLLRSMERE 25
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CLASS B.
VOYAGES, TRAVELS, AND ADVENTURES.

JOURNALS IN INDIA. By
BisHor Heger. 2 Vols. Ts.

TRAVELS wTnE HOLY LANID,
By Irey and MaxGLEs., 24

MOROCCO AND THE MOORS.
By J. Drummorxp Hav. 2.

LETTERS FROM Tag BALTIC,
By A Lapy. 2s.

NEW SOUTH WALES. By Mas.
MEREDITH. 25

THE WEsT INDIES. Ey M. G.
LeEwis. Y.

SKETCHES OF PERSIA. By
Sie Joaxw MAncoLsm. 3s. Gd.

MEMOIRS OF FATHER RIFA.
2.

MISSIONARY LIFE IN CAN-
ADA. By Rev. J. AnsorT. 28,

LETTERS FKOM MADRAS. Hy
A Lapw, 23

HIGHLAND SPORTS. By
CHARLES ST. JoEN. 8s 6d.
FAMPAS JOURNEYS. By
F. B. HEan, 2z
GATHERINGS FROM SPAIN,
By RicHARD FomRD, 35 Bl
THE RIVER AMAZON. By
W. H. Epwarps., 2,
MANNERS & CUSTOMS OF
INDIA. By REv, €. ACLAND. 2s,
ADVENTURES IN MEXICO.
By G. F. Ruxrox. 3s. 6d.
FPORTUGAL AND GALICIA.
By LoRD CARNARVON. 35 6d.
BUSH LIFE IN AUSTRALILA.
By Rev. H. W. HavaartHE. 23.
THE LIBYAN DESERT. By
BayLE 8Br. JorN. 28,

*.* Each work may be had separately.

HUME (The Student's). A History of England, from the Inva-
sion of Julins Cmsar to the Revolution of 1688, New Edition, revised,
corrected, and contivued to the ‘U'reaty of Berlin, 1878, By J. &.
BrEweRr, M.A. With 7 Coloured Maps & 70 Woodents, Crown8vo. Tz 6d.

*.* Bold also in 3 parts. Price 2. 6d. ench.
HUTCHINSON (Ger.). Dog Breaking, with Odds and Ends for

those who love the Dog and the Gun, With 40 Illustrations. Crown
Bvo, Ts Bd. *,* A Summary of the Rules for Gamekeepers., 1s,

(Horace). [See New Forgsr. |
HUTTON (H. E.). Principia Graeca; an Introduction to the Study
of Greek. Sixth Edifion. 12mo, 3s Gd.

HYMNOLOGY, Dicrronary or. [See Juniaw.]
ICELAND. [See CoLes—DuFFERIN.]

IMPERIAL INSTITUTE YEAR BOOK for 1895,

10s. net.
INDIA, [E’-e& Broaproor—DurrErRIN—ELPAINSTORE—H AND-BOOE

—LyarLt.—8miTH—TEMPLE—MoxiER WiILLIAMS.]
JAMES (F. L.). The Wild Tribes of the Soudan : with an aceount

of the route from Wady Halfa to Dongola and Berber. With
Chapter on the Soudan, by s1r 8, BAKER. Illustrations. Cr. Svo, 7s. 6d.

JAMESON (Mes,), Lives of the FEarly ltalian Painters—
and the Progress of Painting in Italy—Cimabue to Bassano. With
60 Portraits. ost Bvo. 12s,

JANNARIS (Pror. A. N.). A Pocket Dictionary of the Modern
Greek and English Languages. Feap. Bvo. 104, 6d.

JAPAN, [See Biro—Hawspeoox, ]

JEEKYLL (Joserm). Correspondence with his Sister-in-Law, Lady
Gertrude Bloane Stanley, 1518 —1828. Edited by the Hon, A LGERNON
Bounke. 8vo, 16s.

JELF (Exxest Arraur). [See EiLeex's Jourwey.]

JENNINGS (L. J.). Field Pachs and Green Lancs: or Walks in
Burrey and Sussex. Popular Edition, With Illustrations. Cr.8vo, Bs.

JESSE (Epwagrp). Gleaningsin Natural History. Fep.8vo. 3s. 6d.
JOHNSON'S (Dr. SamuELr) Life. [See BoswEpLL.]

JOURNAL of an English Spy in Paris, from January to July, 1794,
By Raorr Hespin, Feap, 8vo.  5s.

Royal 8vo.

[
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JOWETT (B.). The Epistles of 5t. Paul to the Theesalonians,
Galatians and Homans., Edited and cundensed by Lewis U&mphell
M.A..LL.D, 2wola, Crown 8vo. 7s, 6d. nef, ench vol.

College Sermons. With some short addresses to Com-
municants, Crown 8vo. Ts 6d,
Life by Everyr Aseorr, M.A,, LL.D. and Rev. Lewis
CawppeELL, M.A,, LL.D. With Poit:aits and Illugtrations. 2 Vols.
Demy Bva.
JULIAN (Rev.Jorn J.),D.D. A Dictionary of Hymnology. Setting

forth the Origin and History of the Hymns in the Principal Hymnals,
with Moticws of their Authors, &ec., &e. Mediom 8vo. 42s.

KEENE (H. G.). The Literature of France, 220 pp. Crown
8vo, 3s (University Extension Maouals.)

EENDAL (Mgs.) Diamatic Opinions, Post 8ve. 1s.

KERR (Rosr.). The Consulting Architect: Practical Notes on
Administrative Uifficulties. Crown 8vo. 9a.

EIRKES' Handbhook of Physiology. New and thoroughly

revised Edition. By Professor W oD, Hartvuisurron, With over 800
Ilstrations, Larze Crown 8vo. 14s.

ENIGHT (Pror.). The Philosophy of the Beautiful, Two Parts.
Crown 8Svo, 3s. €d. each. (University Extension Series,)
—————— The Christian KEthic. Crown 8vo. 3s. 6d.

EUGLER'S HANDBOOK OF PAINTING.—The Italian Echunla.

A New Edition, revized. By Sir Hewsy Lavarp. With 200 1llustra-
tioms., 2 vole. Crown Bwvo., d0a.

]

e —

The German, Flemish, and
Dutech Schools, New Edition revised., By SirJ, A, CRowe. With
t llluatrations. 2 Vols. Crown S8vo. 241,

LANDOR (A. H, Savaee). Alone with the Hairy Aiuu, or 3,800
Miles on a Pack Faddle in Yezo, aod a Cruise to the Kurile Islands.
With Map, and many 1llustrations by the Author. Medium S8vo, 18s.

LANE (K. W.). Account of the Manuers and Cnstoms of Modern
Egyptians. With Illnatrations, 2 Vols. Post Bvo. 12s.

Cairo Fifty Years Ago. Ydited by Sramiey

Laxe-PoolLE. Crown 8vo. Gs.

LAUD (Arcupissor). Life and Timwes of. By Rev. C. H.
Simprissons. With Portrait. Crown 8vo. 10s. Gd.

LAWLESS (Howx. Eminy). Major Lawrence, F.L.8.: a Novel.
3 Vols. Crown 8vo. 3ls, 6d. Cheap Edition, 6s.

Plain Frances Mowbray, ete. Crown 8vo, 63,

LAYARD (Sir A. H.). Nineveh and its Remains., With Illustra-
tions. Post Bvo. Ts. 6d.

Nineveh and Babylon. Illusts. Post 8vo. 7a. 6d.

Early Adventures in Persia, Babylonia, and Susiana,

including a residence among the Bakhtiyari and other wild tribes.
Portrait, [Illustrations and Maps. 2 Vols. Crown 8vo. 245, New
Popular Edition. Crown 8vo. Ts. Gd.

LEATHES (SranLEy). FPractical Hebrew Grammar. With the

Hebrew Text of (Genesis i.—vi., and Psalms i.—vi. Grammatical.
Analysis and Vocabulary. FPostB8vo. 7s. 6d.

LESLIE (C. R.). Handbook for Young Painters. Fost8vo. 7s.6d.
LEVI (Leows). History of British Commerce; and Ecounomie
Progreas of the Nation, froin 1763 1o 1578, Svo., 18s,

LEWIS (1. Haxrer), The Holy Places of Jerusalem. Illustrations,
dvo. 10s. 6d. '

LEX SALICA ; the Ten Texts with the Glosses and the Lex
Emendata. Synoptically edited by J. H. Hraaxrs, 4to. 42s.

LIDDELL (Dean). Student’®s History of Kome, from the earliest
Times to the establishment of the Empire. Woodeuts. Post 8vo, Ts. 8d.

A o =




PUBLISHED BY MR. MURRAY. 19

LILLY (W. 8.). The Great Enigma. 8&vo. 14-.

—~ Four Humouri=ts of the Nmeteenth Century.
Dickens, Thackeray, George Eliot, Carlisle. Svo. 10s Gd.

LIND (Jesxy), Tre Artist, 1820—1551. Her early Art-life and
Dramatic Career. From Original Documents, Letters, Diavies, &e.,
in the possession of Mr. GoLpscasior. By Canon H. Scoit HoLLAXD,
M.A, and W. 8. Rocrstro. FPopular Edition. With Portraits
and I[lustrations. Crown 8vo. 9i

LINDSAY (Lorp). Sketches of the History of Christian Art.
2 Vols. Crown 8vo. Zia.

LISPINGS from LOW LATITUDES; or, the Journal of the Hon,

impulsiaGushington. Edited by Loep Du¥rERIN. With24 Plates.dto 21s.,

LIVINGSTONE (Dz.). First Expedition to Africa, 1840-56.
Illustrations. Crown 8vo. 7 6d.

~Second Expedition to Africa, 1858-64, [llustra-
tions. Crown Bvo. Ts. 6d,

—————— Last Journals in Central Afriea, to his Death,
By Rev. Horaoe WarLLER. Maps and Illustrations. 2 Vols. 8vo, 16s.

Personal Life. By Wm. G. Blaikie, D.D. With
Muap and Portrait, Crown Svo. Bs.

LOCKHART (J. G.). Ancient Spanish Ballads. Historical and
Romantie. Translated, with Notes. Illustrations, CrownSvo. bBa.

Life of Theodore Hook. Feap. 8vo. 1s,

LONDON : Past and Present; its History, Associations, and
Traditions. By Heway B. WaeaTLey, F.5.A PBased on Cunningham's
Handbook. Library Edition, on Laid Paper 3 Vols, Medium Svo. 3!.3s.

LOUDON (Mgs.), Gardening for Ladies. With Directions and
Calandar of Operations for Every Month, Waondents., Feap. Bvo. 3z, 6d,

LUBBOCK (Mrss)., Some Poor Relief Questions, With a Preface
by the Right Hon, Sir J. Luesock, Bart., M.P. Crown 8vo. 7s. 6d,

LUFFMANN (C. B.). A Vagabond in Spain. An Account of
a Journey on Foot. Crown 8vo. 6s

LUMHOLTZ (Dg. C.), Among Cannibals; An Account of Four

Years' Travels in Aunstralia, and of Camp Lifs amoug the Aborigines
of Queensland. With Maps and 120 Illustrations. Medium 8vo, 24s

LYALL (Sir Avrrep C,), K.C,B, Asiatic Studies; Religious and
Bocial. Ewvn, 124,

The Riee of the British Dominion in
India. From the Early Days of the East India Company. (University
Extension =eries.) With eoloured Maps. Crown Svo. 4s 6d.  Also
Library Edition with ¢ nsiderable additions, Swvo. 125 net.

LYELL (Six CHaries). sStudents Klements of Geology. A new
Edition, entirely revised by ProFessor J. W. Juop, C.B., F.R.5. With
600 [Nlustrations, Post 8vo. 9s,

Life, Letters, and Journals, Kdited by
his sister-in-law, Mgs. LyerrL. With Portrails. 2 Vols. Bvo. 30s,

LYNDHURST (Lorp). [See MARTIN.]

LYSONS (Sig Dawier). The Crimean War from first to last.
With Illustrations and Plans. Crown 8vo. 12z
Farly Reminiscences. lllustrations. Crowa 8vo. 9.

MeULINTOCK (Six L.. Narrative of the Discovery of the

Fate of 8ir John Franklin and bis Companions in the Arctic Seaa.
With [linstrations. Crown Svo. T7s. 8d.

McKENDRICK (Pror.) and Dr. 8xoperass, The Physiology of the
Senses. With Illu-trations. (Univ. Extension Series ) Crown 8vo. 4s. Gd.
MACGREGOR (J.). Rob Roy on the Jordan, Nile, Red i3ea, Gen-

nesareth, &c, A Canoe Cruise in Palestineg and Egypt and the Waters
of Damascus, With 70 Illustrations, Crown 8vo. 7s. 6d.

o4
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MACKAIL (J. W.). Latin Literature (University Extension
Beries). Crown 8vo. 3s. 6d.
MACKAY (Teomas). The English Poor. A Sketch of their

Social and Econemie History ; and an attempt to estimate the influ-
ence of private property oncbaracter and habit. Crown 8vo. 7s. 6d.

A Flea for Liberty : an Argument against Socialism and

Socialistic Legislation. Essays by various Writers. Introduction by
HerBerT SPENCER. Third and Popular Edition. Post Svo. 2s

A Policy of Free Exchange. Escays hy various Writers
01 the Economical and Soecial Aspects of Free Exchange and varions
matters. 8Svo. 12s :

Methods or Social Reform, or the true and falee

methods of dealing with the Bocial Condition of the Poor. Crown Bwo.
75 Gd,

MACNAGHTEN (Cugsrer). Common Thoughts on Serious
Subjects. Addresses to the Elder Students of Raj Rumar College, Katty-
war Edited by Ropert WaiTELAW, Crown &vo, 9s.

MACPHERSON (Wu. Crarreris). The Baronage and the Senate,
or the House of Lords in the Past, the Present, and the Future. 8vo. 18

MADISON (Dororay Paywe). By Mavp Witper Goopwin.
With Portrait. Crown 8vo. Bs.

MAHON (Loep). [See sTansoPE.]

MAINE (S8ix H. Somner). A brief Memoir of his Life. By the
Right Hon. 8ir M. E. GraxT Durr, G.C.8,I. With some of his Infian

Speeches and Minntes. Selected and Edited by WaITLEY STOKES,
D.C.L. With Portrait. 8ve. 14s.

———-— Ancient Law: its Connection with the Early History
of Sopiaty, and its Relation to Modern Tdeas, Bvo. 9s.

Village Communities in the East and West. 8vo. 9x

Early History of Institutions. 8vo. 9s.

Dissertations on Early Law and Custom. 8vo. 8s.

Popular Government, 8vo, 7s. 6d.

————— International Law, 8vo. 7s. 6d.

MALLET (C. E.). The French Revolution. Crown 8vo. 3s. 6d.
(Univ, Exteosion Series.)

MARKHAM (Mugs.). History of England. From the First lnva-
sion by the Romans, continued down to 1860 Woodcuts. 12mo. 3s. 6d,

History of Frauce. From the Conquest of Gaul by

Julius Cmsar, continued down to 1878, Woodcuts. 12mo. 3s. 8d.

History of Germany. From its Invasion by Marius
to the completion of Cologne Cathedral. Woodents. 12mo. 8s, Ad,

MARLBOROUGH COLLEGE. A History of, during Fifty
Years. By A. G. BrapLey, A, C. CHameneys, and J. W. Baises.
With numerous illustrations. Ciown 8vo. 7s. €d. vet.

MARSH (G. P.). Student's Manual of the Knglish Langnage,
Edited with Additions. By Dr. Wy, Smite. Post Bvo. 7z, 64,

MARTIN (Sir Teeopore). Life of Lord Lyndhurst. With
Portraits. Svo. 16s.

MARTINEAU (Jorx). [See Frere, Traxsvaan TrousLE.]

MAUREL’S Character. actinns, &e., of Wellingwou, 1s. 6d.

MELVILLE (Hermans). Typee: or the Marquesas Islanders.
With Memeoir, Maps and Illustrations. Crown 8vo. 3s. 6d.

-—— Owoo: Adventures in the South Seas. With Memoir,
Maps and llustraiions, Crown Svo, 35 6d.

MENZIES (Arnaw). History of Religion. (University Extenrion
Beries.) Crown 2vo. 58

MICHAEL ANGELUV, Sculptor, Painter, and Architect. His Life
and Works. By C. Heats Wirsow. 1llustrations. 8vo. 1bs
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MILL (Dg. H. R.). 'The Realm of Nature: An Outline of Physio-

graphy. With 19 Coloured Maps and 68 Illustrations and Diagrams
(380 pp.). Crown 8Svo. 65 (University Extension Manuals.)

MILLER (Wmn.). A Dictionary of English Names of Plants
apphed among English-speaking People to Plants, Trees, and Shiruba.
Latin-English and English-Latin. Medium 8vo, 12s,

MILMAN'S (Dean) WORKS :—

History oF THE JEWS, from the earliest Period down to Modern
Times. 3 Vols. Post8vo. 124,

Barny CHiistiawity, from the Birth of Christ to the Aboli-
tion of Paganism in the Roman Empire. 8 Vols. Post8vo, 12,

Lariy CeristianiTy, including that of the Popes to the
Pontificate of Nicholas V. 9 Vols. Post Bvo. 36

HaxpeooE 1o S1. Paur's Caroepran. Woodeats, 10s. 64.

Quintt Horariz Fracer OrEra. Woodcuts. Sm. 8vo. 7s. 6d,
Faiu oF JErRusaLEM., Feap. 8vo. 1s
(Bismop, D.D.) Life. @ With a Selection from his

Correspondence and Journals. By his Sister, Map. 8vo, 12s.

MILNE (Davip, M.A.). A Readable Dictionary of the English
Language. Etymologically arranged. Crown 8vo. Ts 6d

MINTO (W), Logic, Inductive and Deduetive. With Diagraws.
Crown Svo. 4s. 6d. (University Extension Series.)

MISS BLAKE OF MONKSHALTON. By Isaeiia Forp, A
New Novel. Crown Svo. Bs.

MIVART (St. GEoreg). The Cat. An Introduction to the Study
of Backboned Animals, especially Mammals, 200 Illus. Med, Bvo. 30s.

MOORE (Taomas). Life and Letters of Lord Byron. [See Bynrox.]

MORELLI (Grovawxi). Italian Painters. Critical Studies of their
Works, Translated from the German by Coxstaxce JooELyN FrouLkes,
with an Introductory Notice by Sir Hexry Lavarp, G.C.B. With
numerous llustrarions. Swo,

Vol. 1.—The Borghese & Doria Pamphili Galleries. 13s.
Veol. 11, —The Galleries of Munich and Dresden, 15s,

MOSELEY (Pror. H. N.). Notes by a Naturalist during

the voyage of H M. 8. * Challenger " round the World in the years
1872-T6. A New and Cheaper Fdil., with & Memnir of the Author.
Portrait, Map, and numerous Woodeuts. Crown 8vo. 9s.

MOTLEY (Jomn Lormror). The Correspondence of, With
Portrait. 2 Vols. 8vo. 30a. ;
———— History of the United Netherlands: from the
Death of William the Silent to the Twelve Years' Truce, 1608. Portraits,
4 Vols. Post 8vo. 6s. each.
= Life and Death of John of Barneveld,
Illustrations. 2 Vols. Post 8vo, 12s,
MUIRHEAD (Jorx H.). The Elements of Ethics. Crown 8vo. 3s,
(University Extension Series.)
MUMMERY (A.F.) arvp J. A. HOBSON. The Physiology of
Industry : Being an Exposure of certain Fallacies in existing Theories
of Political Economy. Crown 8vo. 635,
MUNTHE (Axew)., Letters from a Mourning City. Naples dur-
ing the Autumn of 1884. Translated by MavbDe Varerie WHITE.
With a Frontispiece. Crown 8vo. #s.
MURRAY (Jomw). A Publisher and his Friends : Memoir and
Correspondence of the seemd John Muarray, with an Account of tho
Origin and Progress of the House, 1768—15843. DBy BawueL Smiues,
LL.I). With Portraits. 2 Vols. B8vo. 32s.
(A. 8.). A History of Greek Sculpture from the
Earliest Tumes, With 130 Illustrations. 2 Vols, Medium 8vo, 36s
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MURRAY (A. 8.). Handbook of Greek Archsology. Sculpture,
Vases, Bronzes, Gems, Terra-cottas, Arzhitecture, Mural Paintings,
d&re. Many Illustrations. Crown Bvo. 18s.

MURRAY'S MAGAZINE. Vols. L. to £. 7s. 6d. each,

NADAILLAC (Marquis pE). Prehistoric America. Translated
by W. 'AxvERs. With Illustrations. Bvo. 186s.

NAPIER (Gewerar Sir Cuaries). His Life. By the Hon,
Wwu. Narier Bruce. With Portrait and Maps, Crown Bwo., 12s,
- (Guneran Sir Georee T.). Passages in hiz Early

Military Life written by bimself. Edited by his Son, GENERAL WM
C. E. Naripkn. With Portrait. Crown Bvo. 7Tz, 6d.

~———— (S18 Wu.). English Battles and Sieges of the Peninsular
War, Portrait. Post8vo. bs.
NASMYTH (James). An Autobiography. Edited by Samuel

Smiles, LL.D., with Portrait, and 70 Illustrations. Post 8vo, 65 ; O
Large Paper, 16s.

The Moon: Considered as a Planet, a World, and a
Satellite. With 26 Plates and numerous Woodeuts. Medium 8vo. 21s.

NEWMAN (Mgs.). DBegun in Jest. 3 vols. 3ls. 6d.
NEW FOREST (THE). By Rose C. De Ckeseiery and Horack

G. Horenissox, With Ilustrations. Crown Svo. Ts 6d.

NEW TESTAMENT. With Short Explanatory Commentary.

By Arcupeacoy CHurTON, M.A,, and the Bismor orF 81. Davip's,
With 110 anthentic Views, &c. 2 Vols. Crown 8vo, 21s. bound.

NEWTH (Samuer). First Book of Naturzl Philosophy ; an lntro-
duction to the Study of Staties, Dynamics, Hydrostatics, Light, Heat,
and Sound, with numerous Examples, Crown 8vo. 8s. 6d.

Elements of Mechanics, including Hydrostatics,
with numerous Examples. Crown 8vo. B8s. éd.
Mathematical Examples. A Graduated Series

of Elementary Examples in Arithmetic, Algebra, Logarithms, Trigo-
nometry, and Mechanics. Crown 8Svo. B8s. 6d.

NIMROD, On the Chace—Turf—and Road. With Portrait and
FPlates. Crown 8vo. 6s. Or with Coloured Plates, Ts. 6d.

NORRIS (W. E.). Marcia. A Novel. Crown 8vo, 6s.
O’CONNELL (Daxigs), [See Firzpatrick. ]
OVID LESSONS. [See Eron. ]

OWEN (Lieor.-Con). Principles and Practice of Modern Artillery,
With Illnstrations. Bvo. 1b6s.
OWEN (Proressor). Life and Correspondence, Edited by his

Grandson Rev. R, Owex, Portraits and Illusins, 2 vols. Crown 8vo. 24s.
OXENHAM (Rev. W.). English Notes for Latin Elegiaes ; with
Prefatory Rules of Compoaltion in Elegiac Metre. 12mo. 35 6d.
PAGET (Lorp Georee). The Light Cavalry Brigade in the
Crimea. Map. Crown 8vo, 105 6d.
PALGRAVE (R. H. L.). Local Taxation of Great Britain and

Ireland. Swvo. B&s.

PALLISER (Mgs.). Mottoes for Monuments, or Epitaphs selected
for General Use and Study. With Tllustrations, Crown Bvo. 7s. 84,

PARKER (C. 8.), M.P. [See Pgrer.]
PARRY (T. Gaxpier). The Ministry of Fine Art to the

Happiness of Life. Revised Edition, with an Index. 8vo. 14s.
(Mas.Gausier), The Combat with Suffering. Feap.8vo.3s.6d.,
Day-Dreams ; being Thoughts from the
Notebook of a Cripple. Crown Svo. Ta. G,
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PEEL'S (Sik Roeerr) Memoirs. 2 Vols. Post 8vo. 15s.

Life of ; Early years; as Secretary for Ireland, 1812-18,
and Secretary of State, 1822-27. Edited by CHARLES STUART PAREER,
M.P. With Portraut. SHvo, 16s.

PENN (Riomarp). Maxime and Hints for an Angler and Chess
player. Woodcuts. Fcap. 8vo. 1s,

P‘ERGY {JUHH M.D.). Megranivrey. Fuel, Wood, Peat, Coal,
Charcoal, Coke, Fire-Clays. [Illustrations. Bvo. 30s,

Liead, including part of Silver. Illustrations. 8vo. 30a.

- Silver and Gold. Part I. Illustrations. 8vo, 30s.

Iron and Steel. A New and Revised Edition, with the

Author's Latest Corrections. and brought down to the present time,
By H. Baveruax, F.G.8. Illustrations. 8vo.

PERRY (J. Tavevor). The Chronology of Medieval Architec-
ture. A Date Book of Architectural Art. Illlustrations. 8vo. 16s.
(REVv. Cawox). History of the HKnglish Church., See

STUupesT 5 Manuals.

PETTY (Sig Wituiam). The Life derived from Private Docu-

ments. By Lord Epmoxp Frremavrice. With Maps and Portraits.
8vo, 1is,

PHILLIPS (Samuer). Literary Essays from “ The Times.” With
Portrait. 2 Vola., Fcap.8vo, 7a
PINCENEY (Eriza). By Harerorr Horrv-Ravesen. With a

facsimile. Crown 8vo. bs.
PLEA FOR LIBERTY. =See Mackavy.
POLICY OF FREE EXCHANGE. Sece Macrav,
POLLOCK (C. E.). A Book of Family Prayers. selected from
the Liturgy ot the Church of England. 16mo, 3s. 6d.

POPE'S (Arexanner) Life and Works. With Introductions and

Notes, by J. W, Croxer, Rev. W. Evwin, ane W, J. COUBTHOFPE.
10 Vols. With Portraits. Svo. 10s. 6d. each.

PORTER (Rev. J. L..). Damascus, Palmyra, and Lebanon. Map
and Woodeuts. FPost8vo. 7, 6d,

PRAYER-BOOK (Bravurirviiy IinusrraTep). With Notes, by
Rev. Tros. James, Mediom 8vo. 18s. cloth,

PRITCHARD (Cmaries, D.D.). Occasional Thoughts of an
Astronomer on Naure and Revelation, 8vo, Ta 6d.

PROTHERO (Rowrawp K.)., Lifc and Correspoudence of Archur

Penrhyn Stanley, late Dean of Westminster. With Portraits and
Lilustrationd, 2 vols. 8vo, 32

Letters and Verses of Arraur P. Sraniey, late Dean
of Westminster. 8vo. 16s.

PSALMS OF DAVID. With Notes Explanatory and Critical by
Dean Johnson, Canon Elliott, and Canon Cook. Medinm 8vo. 10z 8d.
PSALTER OF 1539. [See Earie (Professor Joha.)]

PULLEN (Rev. H. W.). Handbook of Roman Marbles.

Feap. 8vo. Is.

PUSS IN BUUTb With 12 Illustrations, By Orro SPEOKTER,
16mo. 1s. 64. Or coloured, 25 64d.

QUARTERLY REVIEW (THE}. 8vo., 6a.

RAE (Epwarp). Country of the Moors. A Journey from Tripoli
to the Holy City of Kairwan, Etchings, Crownp 8vo. 12s.

— The White Sea Peninsula. Crown 8vo. 15s.

—— (GeorGe). The Country Banker; His Clients, Cares, and
Work, from the Experieuce of Forty Years. Crown Bvo. 7s. 6d.

RALEIGH (Pror. W.). The English Novel. Crowa 8vo. 32s. 6d.
(Univ. Extension Series.)
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RAMSAY (Pror. W, M.). The Historical Geography of Asia
Minor. With 6 Maps, Tables, &c, S8vo. 18s. .

RASSAM (Hogrmuzp), British Mission to Abyssinia. Illustra-
tions. 2 Vols. Svo, 28s.

RAWLINSON'S (Cawon) Five Great Monarchies of Chaldea,

Assyria, Media, Babylonia, and Persia. With Maps and Illustrations,
3 Vols. 8vn, 42z,

Herodotue, a new English Version. See page 12,
RAWLINSON'S (81r Henry) England and Russia in the East; a
Beries of Papers on the Condition of Central Asla, Map. B8vo. 12s.
RAWNSLEY (Canox H. D.). [See Goopwix, Hp, H.]
REJECTED ADDRESSES (Teg). By James axp Horace Smita.
Woodeuts, Fost 8ve, 38s. 8d.; or Popular Edition, Feap. 8vo, 1a.
RENTON (W.). Outlines of English Literature, With Illustra-
tive Diagrams. Crown 8vo, 8z Gd. (Univ, Exteosion Series.)
RICARDO'S (Davip) Works, With a Notice of bis Life and
Writings. By J. R. M‘CuLrocE. 8vo. 16s.
ROBERTS (Dr. R. D.). An Introduction to Modern Geology.

With Coloured Maps and Illustrations. Crown Bvo. 5s. (Univ.
Extension Series.)

ROBERTSON (Caroxn). History of the Christian Church, from the
Apostolic Age to the Reformation, 15617. 8 Vols, Post 8vo. 6s. each.

(G. C.) LElements of Philosophy. Edited from

Notes of Lectures at University College, London, by Mrs, C. A. F.

KEuys Davips, B.A. CrownB8vo. 3s 6d. (University Extension Series).

(G. C.) Elements of Psychology. Crown 8vo,
3 . Bd. (University Extension Series.)

ROBINSON (W.). English Flower Garden. An Illustrated

Dictionary of all the Plants used, and Directions for their Culture and
Arrangement, With numercus Illustrations. Medium Svo. 15s,

The Vegetable Garden ; or, the Edible Vegetables,

Salads, and Herbs cultivated in Europe and America, By M. Viv-
MORIN-AXDRIEUX. With 750 Illustrations. 8vo. 1B6s.

The Wild Garden. Illustrations. 8vo. 12s,
Sub-Tropical Garden. Illustrations. Crown 8vo. 5s.
Parks and Gardens of Paris, considered in
Relation to other Cities. 360 Illustrations. 8vo. 18s.

God's Acre Beautiful; or, the Cemeteries of the

Future. With 8 Illustrations, 8vo. 7s. 6d.

(Garden Design, Illustrations, 8vo. b5s.

ROMANS, St. Paul’s Epistle to the. With Notes and Commentary
by E. H. Grrrorp, D.D. Medium 8vo. 7s. 6d.

ROME. [See GiBBoN— L1ppELL—SMITH—STUDENTS'

ROMILLY (Huverm H.), The Western Pacific and New Guinea.
2nd Edition. With a Map. Crown Bvo. 7z 6d,

ROSS (Mrs.) The Laud of Manfred, Prince of Tarentum and King
of Bicily. Illustrations. Crown 8vo. 10s. Gd.

RUMBOLD (Sir Horace). The Great Silver River: Notes of a
Residence in the Argentine Republic. Second Edition, with Additional
Chapter, With Illustrations. 8vo. 12s.

RUXTON (Geo.F.). Travelsin Mexico; with Adventuresamong Wild
Tribes and Animals of the Prairies and Rocky Mountains, Post 8vo. 8s, 6d.

RYAN (Ceakies B.). With an Ambulance during the Franeo-
German War, 1870-T1. With Portrait and Maps. Crown 8vo. Os

ST. JOHN (Cmarues). St. John’s Wild Sports and Natural History

of the Highlands of Scotland. A New Edition, thoroughly revised.
Edited, with a Memoir of the Author, by the Hev. M. G. WATKINS.
Portrait and several new Illustrations. Medium Svo. 1%
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ST, MAUR (Mgrs. Areerxon), Ducurss oF SowERsET. lmpres.

sions of a Tenderfoot, during a Joursey in search of Sport in the Far
West, With Map and Illustrations, Crown 8vo. 12s.

SALMON (Geo., D.D.). An Introduction to the Study of the New
Testament. Crown 8vo. 95  Appendix (1894), 1s.

Leectures on the Infallibility of the Chureh. Post 8vo. 8s.

Some Thoughts on the Criticisms of the New Testa-

ment. Crown 8vo.

SANDEMAN (Sik Roperr). His Life and Work on our Indi;n
Frontier. By T. H. Taorxton, C.8.1., D.C.L. With Map, Portrait,
and Illustrations. Svo. 18s.

SAPPHIRE RING (THE). A Novel. By CmarLEs (ARANVILLE.

Crown 8vo. Ba

SCEPTICISM IN GEOLOGY; and the Rearons for it. An

assemblage of facts from Nature combining to refute the theory of
“ Causes now in Action.” By VemiFigr. Woodeuts. Crown Svo. 65,

SCHREIBER (Lapy Cuarrorre). English Fans and Fan Leaves.
Collected and Described. With 160 Plates. Folio. TI. 7s. Net.
Foreign Fans and Fan Leaves.

French, Italian snd German. 150 Plates. Folio, Tl Ts Net.
Playing Cards of Various Ages and

Countries. Vol. I., English and Scottish ; Dutch and Flemish, With
144 Plates, Folio. 3L 13s. 6d, Net. Vol II., French and German.
With 186 Plates. Folio. 31. 13s. 64. Nef. Vol. I11., Swiss, Bwedish,
Russian, S3panjsh, &e. 31 135 64, Net.

SETOUN (Ga BRIEL), Barneraig. Episcdes in the life of a Scottish
Yillage. Crown 8vo, 5s.

Sunshine and Haar. Furtber Glimpses into Barncraig.
Crown 8vo. 6s.

SHAIRP (Priworpar) axp m1s Friewps, By Professor Wa

KxiguT, of 5t. Andrews. With Portrait. Bvo. 15s.
SHAW (T. B.)). Manual of English Literature. Post 8vo. Ts. fid.
Specimens of English Literature. Post 8vo. 5s.
SHAW (R. Norman). [See ARCHITECTURE. |

SIEMENS (Sik Wa.). The Scientific Works of : a Collection of
Papers and Discourses. Edited by E. F. Bamper, C.E. Vol. i.—
Heat and Metallurgy; ii. — Electricity, &c.; iii. — Addresses and
Lectures. Plates. 3 Vols. 8vo. 125 each.

(Dr. WernER vox). Collected Works of Translated

by E. F. BaumpEr. Vol. i.—Becientific Papers and Addresses. ii.—
Applied Science. With Illustrations. Swo. 14s.

SIMPKINSON (Rev. C. H.). [See Laun.]

SMEDES (Susan Dasxev). A Southern Planter. Memoirs of
Thomas Dabney. Preface by Mge. Grapstoxg. Post Bvo.  Ts, 8.

SMILES’ (SamueL, LL.D.) WORKS :—

Bririse Exeineers; from the Earliest Period to the Death of
the Stephensons. [ilustrations. 5 Vols, Crown Bvo, 7. 84, each,

Georek STepHENSON. Post 8vo. 2s. 6d.

James Nasmyra, Portrait and Illustrations. Post 8vo, 6s,
Jasmin: Barber, Poet, Philanthropist. Post 8vo. 6s.
ScorcE Narurarist (Taos. Epwarp). Illnstrations. Post 8vo. 6s.
SoorcH Georooist (Roserr Dick). Illustrations. 8vo. 12s,

M
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SMILES’ (Samven, LL.D.) Works —continued.

Segrp-Hewe. With [lustrations of Conduet and Persever-
ance. Post Bvo, 6s. In French. B5s.

CraractiER. A Book of Noble Characteristics, Post 8vo. 6s.
TariFr. A Book of Domestic Counsel. Post 8vo. 6s.

Dury. With Illustrations of Courage, Patience, and Endurance.
Post Bvo., 63,

InpustRIAL BroeraraY. Iron-Workers and Tool-Makers. 6s.
Men or Invewnrtion. Post 8vo. 6s.
Lire anp Larsour. Poat 8vo. 6s.

Josiam Wepewoop. The great Artistic Pouter., Cr. 8vo. 6s.

Tae Hueuesors; Their Settlements, Churches, and Indus-
tries in England aud Ireland. Crown Bvo. Ts. 8d.

Boy’s Vovaee Rounp THE WorLp, Illustrations. Post 8vo. 6s.

SMITH (Dr. Georer) Student’s Manual of the Geography of Britisb

India, Physical and Political. Maps. Post8vo. 7s. 6d.

——— Life of Wm. Carey, D.D., 1761 —1834. Shoemaker and

Missionary. Professor of Sanscrit, Bengalee and Marathee at the College
of Fort William, Caleutta. Illustrations, PostBvo. Ts. 6d.

Life of Stephen Hislop, Pioneer, Missionary,and Naturalist
in Central Jndia, 1844-1863. Portrait. Post 8vo. 7s. 6d.

The Conversion of India, from Pantsenus to the present
time, 193—1893. With Illustrations. Crown Svo. 9s.

———— The Life of Bishop Heber. Poet and Missionary. With

Portrait, Maps, and Illustrativns, Crown 8vo” 10s. Gd.

— —— (Paivir ). History of the Ancient World, from the Creation

to the Fall of the Roman Empire, A.p. 476. 3 Vols. 8vo. 81s. 6d.

(R. Bosworrm). Mohammed and Mohammedanism.
Crown 8vo. Ts, 6d.

SMITH’S (S1r Wa.) DICTIONARIES :—

DiorrorarY oF THE Bisue; its Antiguities, Biography,
Geography, and Natural History. Tllustrations. 8 Vole, Bwvo, £4 ds,

The New and Revised Edition of Vol, I. sold separately, 2[. 25. Vols.
11. and I1L., 21, 25,

Cowcise BisrLe Diorronary. Illustrations. 8vo. 21s.

SmALLER BieLe Drorionary. Illusirations. Post 8ve. 7Ts. 6d.

CrristiaN Awriqurities. Comprising the History, Insti-

tutions, and Antiquities of the Christian Church. Illustrations, 2 Vols.
Medium Bvo. 31 13s. 6d.

Caristian Bioeraray, LiTERATURE, Sgcrs, AND DocTRINES;

from the Times of the Apostles to the Age of Charlemagne. Medium Bvo.
Now complete in 4 Vols, 61 16z 6d.

GreEE aND Romaw Awrrquiries. Including the Laws, Institu-

tions, Domestic Usages, Painting, Sculpture, Music, the Drama, &c.
Third Edition, Revised and Enlarged. 2 Vols. Med.8vo. 3is. tid. each.

GrEEE AND Romaw Biosrarmvy AND Myrroroey. Illustrations,
3 Vols, Medium S8vo. 4l 4s,

GREEE aAND Roman GroerarEYy. 2 Vola. Illustrations,
Medinm Svo. 66z,

ATLAS OF ANCIENT G(EoorRAPHY—BIBLIcAL AND CLABSIOAL.
Folio. 6. 6s.

Crassican  Dierrowary oF Myrmovocy, BIOGRAPHY, AND
GeoaraPEY. 1 Vol, 3200 Woodeuts. New Edition. 8wo. 18s.

SMALLER Crassioan Dior. Woodeuts. Crown 8vo. 7s. 6d.

SMALLER DiorTioNarRY oF GREEE aAND RoMAN ANTIQUITIES,
Woodents, Crown Svo. 7Ts. 6d.



PUBLISHED BY MR. MURRAY. 27

SMITH'S (Sir Wu.) Dicrionaries—continued,
SMALLER LaATIn-Ewxerisg Dioriowary., 12mo, 7s. 6d.

CompLETE LaTIN-Enerisg Dicrionary. With Tables of the

Roman Calendar, Measurss, Weights, Money, and a Dictionary o
Proper Mames. Bvo. 18s,

Corrous anD CriticAL Ewerisa-Latin Dior. 8vo. 16s.
SMALLER Excrisg-Larmin Dicrionary. 12mo. 7s 6d.

SMITH’S (Sir Wx.) ENGLISH COURSE :—

SoH00L ManvaL oF Exerisa Graummar,witH Corrovs EXERCISES,
Appendices and Index., Post8vo, 38s. 6d.

Primary Encuisa Grammar, for Elementary Schools, with
carefully graduated Parsing Lessons. 16mo. 1s.

Manvan oF Ererise Composition. With Copious Illustra-
tions and Practical Exercises. 12mo. 3s. 6d.

Primary History oF Brirain. 12mo. 2s. 6d.

SMITH'S (Sir Wu.) FRENCH COURSE :—

Frewen Priverpia. Part I. A First Course, containing a
Grammar, Delecrns, Exercises, and Vocabularies, 12mo. 3s. 64,

Aprerpix 10 FmrEwcm Privoipia. Part I. Containing ad-
ditional Exercises, with Examination Pupers. 12mo. 2. 6d,

Frence Priwcirra. Part II. A Reading Book, containing

Fables, Stories, and Anecdotes, Natural History, and Scenes from the
History of France, With Grammatical Questions, Notes and copious
Etymological Dictionary. 12mo. 4s, 6d.

Frewcr Princieia. Part IIl. Prose Composition, containing

Hints on Translation of English into French, the Principal Rules of
the French Syntax compared with the English, and a Systematic Course
of Exercises on the Syntax. 12mo,. 4s. 6d. [Post Bvo.  Bs.

StuperTs FRENCH GRAMMAR, With Introduction by M. Littre.

SMALLER GRAMMAR oF THE FREwcE Lancuaee. Abridged
from the above. 12mo. 3s. 6d.

SMITH'S (8ir Wn.) GERMAN COURSE :—

GErMAN Princrpra. Part I. A First German Course, contain-
ing a Grammar, Delectus, Exercize Book, and Vocabularies, 12mo. 3s, 6d,
GERMAR Privcripra. Part II. A Reading Book ; containing

Fables, Anecdotes, Natural History, and Scenes from the History of
Germany. With Questions, Notes, and Dictionary. 12mo. 32, 6d.

Pracrican GeErmMan GraMmar., Post 8vo. 3s. 6d.

SMITH'S (S1r Wu.) ITALIAN COURSE :—

ITavian Privcrpia. Part I An Italian Course, containing a

Grammar, Delectus, Exercise Book, with Voecabularies, and Materials
for Italian Conversation. 12mo. 32 6d.

Iraviay Privorpia. Part II. A First Italian Reading Book,
containing Fables, Anecdotes, History, and Passages from the best
Italian Authors, with Grammatical Questions, Notes, and a Copious
Etymological Dictionary, 12mo. 3s.64d.

SMITH'S (Sir Wu.) Youne Breinner's Finst Larin Courss,

I. A Figst Larin Boox. The Rudiments of Grammar, Easy
Grammatical Questions and Exercises with Vocabularies. 12mo. 2s,

II. A Seconp Larin Book. An HEasy Latin Reading Book,
with an Analysis of the Sentences, Notes, and a Dictionary. 12mo. 2=
III. A Tairp Lamin Book. The Principal Rules of Syntax,

with Easy Exermises, Questions, Vocabularies, and an English-Latiu
Dictionary. 2s,

IV. A Fourre Latiy Boog. A Latin Vocabulary for Beginners.

Arranged according to 3ubjects and Etymologies. 12mo. 2s.
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SMITH’S (Sir Wu.) LATIN COURSE.

Privorrra Larina. Part I. First Latin Course, containing a

Grammar, Delectus, and Exercise Book, with Voeabularies, 12mo. 8s, 64,

*+* In this Edition the Casesof the Nouns, Adjectives, and Pronouns
are arranged both asin the oRDINARY GRAMMARS and as in the PuBrio
ScHOoOL Priven, together with the corresponding Exercises.

AppEnpIX To Prinorpra Lamiwa, Part L ; being Additional
Exercises, with Examination Papers. 12mo. 2s. 6d.
Priwcreia Latina. Part II. A Reading-book of Mythology,

Geography, Roman Antiguities, aund History. With Notes and Dic-
tionary. 12mo. 3s. 6d.

Privorpia LaTina. Part III. A Poetry Book. Hexameters
and Pentameters; Eclog. Owvidians ; Latin Progody. 12mo. 3s. 6d.

Priwcrpia LaTiwa. Part IV. Prose Composition. Rules of

Byntax, with Examples, Explanations of Synonyms, and Exercises
on the Syntax. 12mo. 3s.

B,
Prircrrra LiaTina. Part V. Short Talee and Anecdotes for
Translation into Latin, A New and Enlarged Edition., 12mo. 3s. 6d.

LaTin-Ewvcrisge  Vocasvrnary anxp Firsr Lamin-Exenism
Dicrionary For PEEDRUS, CORNELIDS NEFOR, AXD C.£8AR, 12mo, 38 64,

SrupENT’s LATiN GrRAMMAR. For the Higher Forma, A new
and thoroughly revised Edition. Post Bvo. s,

SMALLER LaTin Gramymar, New Edition, 12mo. 3s. 6d.

SMITH'S (Sik Wu.) GREEK COURSE:—

InrTIA Grmoa. Partl. A FirstGreck Course,containinga Gram-
mar, Delectus, and Exercige-book. With Vocabularies, 12mo. 3s. 8d.

ApPENDIX To INiTIA Gr=EcA., Part 1. Containing additional
Exercises. With Examination Papers. Post Bvo. 28 6d.

IviTia Grzmeoa. Part 1. A Reading Book. Containing

Short Tales, Anecdotes, Fables, Mytholegy, and Grecian History,
12mo. 3. 6d.

Ivitia Grmoa. Part III. Prose Composition. Containing the
Rules of Syntax, with copious Examples and Exercises. 12mo. 3s. 64.

Sropent's Grerrx GraMMAR., For the Higher Forms.
Poat 8vo. 6.

SMALLER GREEE GramMmagr. 12mo. 35 6d.
GREEE AccIDENCE, 12mo. 2s. 6d.
Prato, Apology of Socrates, &e. With Notes, 12mo, 3s. 64,

SMITH'S (Sis Wx.) SMALLER HISTORIES :—
Sorrerure History. Maps and Woodeuts. 16mo. 3s. 6d.
Anocient History., Woodeute. 16mo. 3s. 6d.
Ancient GeoerarEY, Woodcuts, 16mo. 3s. 6d.
MopeErN GrogrAPHY. 16mo, 2s. 6d.
Greeor. With Coloured Map and Woodcuts. 16mo. 3s. 6d,
Rome. With Coloured Maps and Woodcuts, 16mo. 3s. 6d.
Crasstoar MyrHoLoey, Woodeuts. 16mo. 3s. 6d.
Excrawp., With Coloured Maps and Woodeuts. 16mo. 3s. 6d.
Excrisa LiTEraATURE, l16mo. 3. 6d.
SproIMENS oF ENGLISH LITERATURE. 16mo. 3s. 6d.

SMYTH (T. Warriserox). Note: of a Journey on the Upper

Mekong, Siam, (Royal Geographical Journal.) With Maps and
Ilustrations. Crown svo. 7Ts. Gd.

SOMERVILLE (Mary). Physical Geography. Post8vo. 9s.
_—— (Connexion of the Physical Sciences. Fost 8vo. 9s,
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STANHOPE'S (Eart) WORKS :—

History oF Ewcraxp FroM THE REeleN oF QuEeN ANNE TO
THE PEACE OF VERSATILLES, 1701-83. 9 Vols., Post 8vo. 6z, each.

Nores or ConvErsaTions WITH THE Duke oF WELLINGTON.
Crown Svo. 7s 6d.

MisorLLawies, 2 Vols. Post 8ve. 133,

BriTisE InDIA, FROM ITS ORIGIN TO 1783, Post 8vo. 3s. 6d.

Hisrory oF * Forry-Five.” Post 8vo. 3s.

HisroricAL ANp Critioan Essavs. Post 8vo. 35 6d.

RerrEAT FROM Moscow, AND oTHER Hssavs. Post 8vo. 7s. 64,

Lirk or Cowpe. Poat 8vo. 3s. 6d.

Stor¥ oF Joaw oF Aro. [Ieap. 8vo. 1s.

AppREssES oN Varrous QOcoasrons. 16mo. 1s.

STANLEY'S (Dean) WORKS :—

S1NAT AND PaLestiNe. Coloured Maps. 8vo. 12s,

BisLe 1x THE Hony Lamp; Extracts from the above Work.
Woodents, Post Svo, 32 6d,

Easrerny Cavuron. Plans, Crown 8vo. 6s.

JeEwisg CrurcH. From the Earliest Times to the Christian
Era. Portrait and Maps. 3 Vols. Crown 8Bvo. 18s.

CHuRrcH oF Scornawp. 8vo. Ts. 6d.

ErisTiEs oF St. PAvL To THE CoRINTHIANS. 8vo. 18s.

Lire or Dr. ArnoLp. Portrait. 2 Vols. Cr.8vo. 12s.

CanTerBURY. Illustrations, Crown 8vo. #s.

WesrMinsTer AeBeyY. Illustrations., 8vo. 15s.

SErMoNS PrEacHED In WesTMInsTER ABBEY. 8vo. 123,

MEeumoIR oF EpwARD, CATHERINE, AND MARY STaANLEY. Cr, 8vo. 9s.

CHrIsTIAN INstiTUTIONS. Crown 8vo. 6s.

Essays on CHURcH AND StaTe; 1850—1870. Crown 8vo, 6e.

Sermons To CHILDREN, including the Beatitudes; the Faichful

Bervant. Post Bvo., 3s. 6d.
SELEcTIONS FroM. By Arcapeacow AcLew. Cr. 8vo. 7s. 6d.

STANLEY (Dgaw) Life of. [See Prornrro and BrapLey,]
STRATHEDEN AND CAMPBELL (Lorp). Speeches on the

Eastern Questicn. 8vo. 12s.

STREET (G. E.), R.A. Memoir of. By A. E. Streer. 8vo. 15s.

STUART (Vinurers). Egypt after the War. With Descriptions of

the Natives, &e. Illustrations and Woodents. Royal 8vo. 31s. 6d.
Adventures Amidst the Equatorial Forests and
Rivers of Sonth Ameriea, also in the West Indies and the Wilds of
Florida, Map and Illustrations. Royal Bvo. 21s.

STUDENTS' MANUALS. Crowx 8vo. Ts. 6d. EacH VOLOME :—

Huume's Hisrory oF Excrawp from the Invasien of Julius

Cmsar to the Revolution in 1688, Rewvised, and continued to the
Treaty of Berlin, 1878. By J. 8. BRewer, M.A, Coloured Maps and
Woodents. Orin 3 parts, price 2s. 6d. each.

*.*® Questions on the above Work, 12mo. 2s.

History oF MopErr Eurorg, from the Fall of Constantinople
to the Treaty of Rerlin, 1878, By R. Lopag, M.A.

Oup Tesrament History ; from the Creation to the Return of
the Jews from Captivity. Woodeuts.

New Testament History. With an Introduction connecting
the History of the O1d and New Testaments, Woodcuts.
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STUDENTS' MANUALS, 7s 6d. gaca VoruoMe '— continued.

Eccresiastical History ; a History of the Christian Chureh,

By Privir S8urrA, B.A. With numerous Woodeuts. 2 Vols. Partl.
A.D. 30—1003. Part II., 1003—1614.

Ewarisn Caurce Hisrory, By Caxon Perry. 3 Vole
15t Period,s.n.596—15609. 2nd Period,1509—1717, 3rd Period 1717—1884.

Ancient HistorY oF THE Hast; Egypu, Assyria, Babylomla,
Media, Persia, Asia Minor, and Phenicia, By Privie 3miTa, B.A,

GrooraPHY, By Canow Bevan, Woodecnta,

Moperr GeoerAaPHY ; Mathematical, Phyeical and Descriptive.
By Cavoxw Bevaw, M.A. Woodcnts,

History oF GREECE ; from the Harliest Timee to the Roman

Conquest. By Wa. Saita, D.C.L. Woodcnta,
*.* Questions on the above Work, 12mo. 2.

Hisrory or Rome; from the Earliest Times to the Establish-
ment of the Empire. By Deaw Lipvenn. Woodenta,
Hisrory or THE Romax Emrire; from the Establishment of

the Empire to the reign of Commrdus. By J. B. Bury. With Coloured
Maps and many Illnstrations.

Gipson's DEcLINE aAND FaLL oF THE Roman Expire,. Woodcuts.

Harrawm's Hisrory oF Eurork during the Middle Ages.

Hartiaxm's History oF Ewerawxp; from the Accession of
Henry VIIL. to the Death of George 11.

Histrory oF Frawce; from the Earliest Times to the Fall

of the Second Empire. By H. W. Jervis. With Coloured Maps and
Woodeuts.

Enovise Larcuace. By Geo. P. MagsH,
Ewcrisa Lireraruvre. By T. B. 8maw, M.A.
SpeciMENS oF Ewerisa Literatvre, By T. B.Smaw. bs.
GroarapHY oF BririsE Iwpra.  Political and Physieal. By
Georee SwmrrH, LL.D, Maps.
Morat Prinosorry. By Wi, FrEMing,
STURGIS (Jurraw). Comedy of a Country House, 6s.
———— Count Julian. A Tragedy. Crown 8vo, 2.
SULIVAN (Apm. Sir B. J.), K.C.B. Life ant Letters. By his
son, H, N. Surivaw. DMaps, Plans, and Illustratiors. Svo. lés.

SWAINSUON (Canow). Nicene and Apostles’ Ureeds; 'Their

Literary History : together with some Account of “ The Cread of St
Athanasing." Bwvo. 16s.

TALLEYRANT. By Lapy BreEnwsruassert (Covwress Levpen).
Translated by FreEpenrick CLARKE. 2 vols. Crown 8vo. 24s.

TAYLOR (Tmomas E.). Running the Blockade. A personal
narrative of adventures during the American Civil War. With Intio-
duction by Jurtas Corserr, Ilnstrations and Maps. Crown 8vo. Ts, £d,

TEMPLE (Sir RicEarp). Indiain 1880. With Maps. #vo. 16s,

—————— Men and Events of My Time in India. 8vo. 16s.

Oriental Experience. Essays and Addresses delivered
on Various Oceasiong. With Maps and Waodeuts, Svo. 18s. -

Life in Parliament. From 1862 to 1892 inclusive.

Crown 8vo, Ts, 6d.

THOMAS (Sioxey Gincerist), Inventor; Memoir and Letters.
Edited by . W. Bogxie. Portraits. Crown 8vo. 9s.

THOMSON (J. Arravr). The Study of Animal Life. With many
Ilnstrations, Crown 8vo. 5s. (University Extension Mannals.)

THORNHILL (Marg). The Personal Adventures and Experiences
of a Magistrate during the Indian Mutiny. Crown 8vo. 12s.
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THURSFIELD (James R.). The Navy and the Nation. By J.
R. THUursFiELD and Sir Geo. SBypeEspaM CLarke,  With Maps, 8vo.

TITIAN’S LIFKE AND TIMES. [See Crowk and CaAVALCASELLE. |

TOCQUEVILLE’S State of Society in Franee before the Kevolution,
1789, and on the Canses which led to that Event. Bva, 12,
TRANSVAAL TROUBLE, THE. Anextract from the Life of

8ir Bartle Frere. By Jous MarTixkav., Crown 8vo., 2s
TRISTRAM (Canon). Great Sahara. [llustrations. Crown 8vo, 15

TYLOR (E. B.). Researches into the Early History of Mankind,
and Development of Civilization. 3rd Edition. Svo. 12s

Primitive Culture: the Development of Mythology,

Philosophy, Religion, Art, and Unstom, 2 Veols, Bva. 3rd Edit. 21s.

UNIVERSITY EXTENSION MANUALS., Edited by Pro-

FEssok WM. KNigHT (3f. Andrew's). A series of Manuals dealing
with Literature, Science, Fhilosophy, History, Art, &e. Crown Svo

Ax Ixrropuvorion To MopeErN Grorocy. [See Roperts.)
Tae Reaum oF Narure. [See MiuL.]
Tae Stupy oF Awniman Lire, [See TrHomsox.]
Tar Eiements oF Ermics. [See MurraEAD ]
Excrisa Coronizatiow axp Exmprre. [See Carprcorr.]
Tur Five Arrs. [Sze Barpwin Brown.]
Tre U'se AND ABusE oF MonNEv. [Jee CunNiNeHaM.]
Tae PHivosorHY oF THE Bravutirun. [See Knienr.]
Fresca LiTerature. [See Kerwe.]
Tae Rise or rHe Bririsa Doxiniox 1x Ixpra. [See Lyvanw.|
Tuae PrvsioLoey o¥ THE SENsSES. [See McKrewprick.]
Cuaprers 1N MopeEry Borawy. [See Grppes.)
Tre Frevce Revoruvrion. [See Mannmt.]
Exerise LiTEraTURE. [See Renton.]
Loero, Inpucrive axp Depuvcrive. [See Mixro.]
GrEEcE IN THE AGE oF PERIoLEs. [See GrANT.]
Jacoeean Porrs. [See (Gosse.]
Tae EvarisE Novern. [See Ranvien.]
History oF Revreron. [Se: MEewzies,
Lariy Lirerature. [See Mackain.]
SHARSPERE AND His PrepEcessors. [See Boas,|
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