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PREFACE TO THE SECOND EDITION.

book
have appeared on the subjects
therein discussed, and many letters have been received
by me. I will here briefly state their nature, as an
aid to anyone who may afterwards pursue the same
subjects.
The text has been left as it originally
appeared, excepting that a few errors have been
8I^'CE the publication of the first edition of this

in 1877, several articles

corrected.

Dr. A. Ernst has proved in the clearest manner
{Nature, Jan.

which

The

is

a

1,

1880, p. 217), that Melochia parvifolia,
plant near Caracas, is heterostyled.

common

pollen-grains differ in the usual

manner

in size in

the two forms, as do the papillae on their stigmas.

The

illegitimate unions, especially

when

the same flower was employed, were

pollen from

much

less fertile

than the legitimate ones. A new^ family, the Byttneriaccce, is thus added to those including heterostyled
plants.

Errara and Gevaert have published a paper on the
heterostylism of Primula elatior in Bull. 8oc. K. Bot.
Belg., tom. xvii. 1879.
I have quoted (p. 100) Dr. Alefeld's statement that
none of the American species of Linum are heterostyled.
This statement was disputed by Kuhn (Bot. Zeit. 1866,
p. 201), but has since been confirmed by Dr. Ign.
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Urban in Linnaea, B, vii. p. 621.
Mr. Meehan (Bull.
Torrey Bot. Club, vol. vi. p. 189) has endeavoured
to throw doubts on my observations on the sterility of
the forms of L. ])erenne when fertilised with their ownform pollen, because a plant from Colorado yielded
seed, when growing by itself but as might have been
expected, and as is sufficiently clear from the remarks
of a well-known reviewer in the American Journal of
Science, Mr. Meehan mistook L. Lewisii, which is not
;

heterostyled, for L. perenne.

In the Boragineae, Lithospermum canescens

differs,

according to Mr. Erwin F. Smith {Bot. Gazette, United
States, vol. iv. 1879, p. 168), from the heterostyled
species of the

same genus by occasionally presenting

a mid-styled form, which has a short pistil like that
of the short-styled, and short stamens like those of the

All the forms seem variable, and

long-styled form.

the whole case requires further investigation.

Mr. Alex.

S.

Wilson informs

me

that on comparing

the pollen-grains from a long-styled plant of Erythraea
centaur lum with those from some short-styled plants

from the island of Arran, they differed in size and
shape, as in the case of the undoubtedly hieterostyled

member of the same family of
had myself formerly observed that

Menyantlies trifoliata, a

the Gentianese.
the

flowers

on

I

different

structure, but could not

plants

make

differed

much

in

out that they presented

two distinct forms.

The Eubiaceae contain many more

heterostyled

plants than any other family, and several additional

now be added. Mr. C. B. Clarke has been
kind as to send me sketches made in India of two
extremely distinct forms of Adenosacme longifolia. He
remarks " that the peculiarity of the case is not the
difference in the length of the style and stamens

cases can
so
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in the two forms, but the extreme difference in the

A mid-styled form
and short stamens seated on
only a little way up the tube of the

point of insertion of the stamens."

having a short

exists

the same level,

pistil

Mr. Clarke adds that heterostylism is quite
Mr. Hiern, in his observations on the llubiacea3 of tropical Africa (Journal
Linn. Soc. Bot., vol. xvi. 1877, p. 252), remarks that

corolla.

common

in the Coffee tribe.

dimorphism occurs commonly, or at

least in

some

species,

in four or five genera in the tribe of Hedyotideae.

M.

S.

Evans

states (Nature, Sept. 19, 1878, p.

Mr.
543)

Natal there is a heterostyled Kubiaceous
which occasionally though rarely presents a
third form, and in this the pistil and stamens are of
equal length and both are exserted from the mouth
of the Corolla.
He adds that he has found four
other lieterostyled dimorphic plants, and one of these
is a monocotyledon.
Lastly, I have given (p. 135) Bouvardia leianfha as
doubtfully heterostyled; Mr. Bailey has now sent
me dried specimens, and as far as the lengths of the
pistil and stamens are concerned the species is clearly
heterostyled but no difference could be detected in
the size of the pollen-grains so the case must remain
that

in

plant,

;

;

doubtful.

With

respect to trimorphic heterostyled plants. Dr.

Koehne, who has described the Lythraceae of Brazil,
has, with great kindness, sent me a long account of
them. He knows twenty-one species which are hetero-

styled,

me

and 340 which are homostyled.

that Lytlirum thymifolia

is

He

informs

not heterostyled, and

that I must have received

some other species under
name. There are many dimorphic species in
America. Fempliis acidida is distinctly dimorphic,
so are some species of Eotala and Nesaea
thus two

this

;
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new heterostyled genera are added to the family.
Dr. Koehne does not believe that any species of Lagerstroemia

He

or has been, heterostyled and trimorphic.

is,

has also sent

me an

outline of an important view,

well worth following out, namely, that heterostylism has
arisen through the modification of plants which were
tending to become polygamous or dioecious.
Tt is stated at p. 187 that Mr. Leggett felt some
doubt whether Pontederia cordata was trimorphic and
heterostyled but he has since written to me that his
;

doubts are removed

:

see

also to this effect, in Bull.

Torrey Bot. Club, vol. vi. 1877, p. 170. All three
forms of this Pontederia appear to be highly variable.
He informs me that humble-bees are the fertilisers.
With respect to the origin of the dioecious state,
which is discussed in the beginning of the seventh
chapter, Hermann Miiller has given some interesting
remarks in Kosmos, 1877, p. 290. The same author
shows (Ibid., p. 130) that Valeriana dioica exists under
four forms

closely

Khamnus,

much

allied

to

the four presented by

described in this same chapter.

as

to be desired that

It is

some one should experimentise

on these forms and make out their meaning.

Bornet

has published (Bull. Soc. Bot. France, torn. xxv. 1878)
a

paper

entitled,

*

Disjonction

des

dans

sexes

VEuomjmus Europseus' which may be compared with
my observations on the same plant. I have stated
298 that I could never find an hermaphrodite

at p.
l^lant

of

the

common

Hibberd (Gard.

3Ir.

such

occur

among

holly,

but

according

to

1877, pp. 39 and 776)
many cultivated varieties.

Cliron.

the

The evidence however

is

far

from conclusive,

for

it

does not appear that Mr. Hibberd ever observed under
the microscope pollen taken from a plant known
to

produce

berries.

Trees of Juglans cinerea in the
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U. States are monoecious, and like those of

/. regia

consist of two sets, one being proterandrous

and the

other proterogynous (Mr. C. G. Pringle, in Bot. Gazette,
vol. iv.

1879, p. 237)

;

and thus the

cross-fertilisation

S. Wilson
polygamous on Ben
Lawers, as he found hermaphrodite, male, and female
plants.
The case is here mentioned because the flowers
on the females are small like those on the females in
the gyno-dioecious sub-class. In an article in the Bull.
Torrey Bot. Club, July 1871, this Silene is, however,
said to be gyno-dioecious.
Asparagus officinalis is also
polygamous, and the female flowers are about half the
size of the male ones
see Gard. Chron. May 25, 1878

of distinct

informs

me

trees

insured.

is

that Silene inflata

Mr. Alex.

is

;

;

also Breitenbach in Bot. Zeitung, 1878, p. 163.

Several cases can

now be added

dioecious plants, or those

my

list of gynohermaphrodite
namely, according to Mr.

which

to

exist as

and female individuals
Whitelegge (Nature, Oct. 3, 1878, p. 588), Stachys
germanica, Ranunculus acris, repens and hulhosus.
H. Miiller found on the Alps (Nature, 1878, p. 519)
Geranium sylvaticum and Dianthus superhiis in this
state
and the female flowers of the former were of
small size.
So it is with Salvia pratensis, as he informs
me in a letter. I have received an additional account
of Plantago lanceolata being gyno-dioecious in England
and Dr. F. Ludwig of Greiz has sent me a description
of no less than five forms of this plant which graduate
into one another
the intermediate forms being comparatively rare, whilst the hermaphrodite form is the
commonest. With respect to the steps by which a
gyno-dioecious condition has been gained, H. MuUer
maintains by many able arguments (Kosmos, 1877,
pp. 23, 128 and 290) the view which he has propounded
and several botanists think it more probable than the
;

;

;

;

;

X
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one advanced by me,
Dec. 1877, p. 376.

see, for instance.

Journal of Botamj,

I have stated (p. 13) that after inquiring from several

botanists I could hear of no instance, except a doubtful
one, of plants in an andro-dioecious condition, or existing
as hermaphrodite

and male individuals.

But H.

Miiller

(Nature, Sept. 12, 1878, p. 159) has found on the Alps
Veratrum album, Bryas octopetala and Geum reiotans in
this condition.

It

is

an interesting

fact that the corollas

of the male flowers are not diminished in size like those

of the females of gyno-dioecious plants.

Asa Gray has

also reason to suspect that Biosjpyros virginiana

may

be andro-dioecious.
The eighth chapter is devoted to cleistogamic flowers,
and I have struck out of the list there inserted four
genera, owing to information given me by Mr. Bentham
and Asa Gray. On the other hand, fifteen genera have
been added. Mr. Bentham informs me that the S.

American TrifoUum polymorphum produces true cleistogamic flowers. Dalibarda, Milium and Vilfa have been
added to the list on the authority of A. Gray in a review of this book in the American Journal of Science.
The cleistogamic flowers of Danthonia are described by
Pringle in the American Naturalist, 1878, p. 248, and
those of another Gramineous genus, Diplachne, by
Ascherson in Sitzungsb. der Gesell. Natur. Freunde,
Berlin, Dec. 21, 1869. Krascheninikovia has been added

from some remarks made in Journal of Botany, 1877,
Batalin has published an essay (Act. Hort.
p. 377.
Petropol, tom. v., fasc. 2, 1878), " Kleistogamische
Bliithen ber Caryophylleen," namely, on Cerastium and
Polycarpon.

F.

Ludwig has described the cleistogamic

flowers of Collomia grandifiora in Sitzb. Bot. Vereins.

Brandenburg, Aug. 25, 1876 see also on same subject
Scharlok in Bot. Zeitung, 1878, p. 641. A. Grisebach
:

,

xi
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discussed fully (Nachrichten k. Gesell. der Wissen.
zu Gottingen, June 1, 1878) the cleistogamic flowers
produced by Cardamine chenopodifolia, which bury

lias

See also on same subject

themselves in the ground.

Drude

in Sitzb. der

1878.

From a note received from Dr. Koehne it is
Ammannia latifolia bears cleistogamic flowers.

Versamml.

Naturf. in Cassel,

d.

clear that

According

to

Mr. Bessey {The American Naturalist

1878, p. 69) this

is

likewise the case with Lithosper-

mum

Three genera of Orchideee have
longifiorum.
been added to the list, from information given me
by Mr. Spencer ^loore and from some remarks in
Journal of Botany, 1877, p. 377. Lastly, Mr. Bennett
has published (Journal Linn. Soc. Bot, No. 101, 1879)

some additional " notes on cleistogamic
on those of Viola and Impatiens.

With

respect to the

statement

flowers," chiefly

(p.

329) on the

Mr. Wallis, that Drosera rotuiidifolia
opens its flowers only early in the morning, Mr.
Conybeare informs me that he once saw in Cornwall,
at 2 P.M., the ground " starred over with the fully-

authority of

expanded flowers of
long endeavoured to

this plant."

He had

previously

find a plant with open flowers.
The number of species in which pods produced by

cleistogamic flowers bury themselves in the ground

is

remarkable.

I have attributed (p. 338) this action to
the advantage gained by their protection from various

enemies, and

but Mr.

W.

much may be

said in favour of this view

;

Thiselton Dyer in an interesting article

(Nature, April 4, 1878, p. 446) has called attention
some observations made long ago by Mr. Bentham

to

(Catalogue des Plantes indig. des Pyrenees, 1826, p. 85)
on the fruiting of Helianthemum prostratum.
He
believes, as does

Mr. Dyer, that the capsules of this

Helianthemum and

of

some other plants

(for instance, of

!
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Cyclamen) are kept cool and moist by being laid
on the ground they thus mature more slowly and
are enabled to grow to a larger size.
In this
;

simple action

w^e

probably see the

first

step

to

the

further development of the process, and to the capsules

In some
and subterranean pods on the same plant and both produced by

burying themselves beneath the surface.

cases the difference between the subaerial

cleistogamic flowers

me

is

Mr. Meehan sent
AmpMcarpwa monoica,
large seed
and my own

extraordinary

:

three subterranean pods of

each containing a single
plants produced several subaerial pods, each containing
from one to three small seeds.
These latter weighed
on an average only
of the subterranean seeds
This difference, however, is not quite accurate, as the
coats of the subterranean pods adhered so firmly to the
seeds that they were not removed and were weighed
with them
but from their thinness and lightness
they could not have much affected the result.
;

;

—
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IXTEODUCTION.
The

namely the difby certain
kinds of plants, either on the same stock or on distinct
stocks, ought to have been treated by a professed botanist, to which distinction I can lay no claim. As far as
subject of the present volume,

ferently formed flowers normally produced

the sexual relations of flowers are concerned, Linnaeus

long ago divided them into hermaphrodite, monoecious,
dioecious, and polygamous species.
This fundamental
distinction, with the aid of several subdivisions in each
but the
of the four classes, will serve my purpose
;

classification

is

artificial,

and the groups often pass

into one another.

The hermaphrodite
sub-groups, namely,
plants

;

class

two interesting-

contains

heterostyled

and

but there are several other

cleistogamic

less

important

subdivisions, presently to be given, in which flowers
differing in various

duced by the same

Some

ways from one another are pro-

species.

plants were described by

me

in a series of papers read before the
* "

Ou

the

Two Forms

morphic Condition

or Di-

in the Species

several years ago,

Linnean Society,*

of Primula, and on their remarkable Sexual Relations." Journal
'

B

:

INTRODUCTION.

2

under two or three

the individuals

of

\vhich exist

forms, differing

in

the length of their pistils and

stamens and in other respects. They were called by
dimorphic and trimorphic, but have since been
better named by Hildebrand, heterostyled.*
As I
have many still unpublished observations with respect

me

seemed

to these plants, it has

publish

my

to

me

advisable to re-

former papers in a connected and cor-

rected form, together with the

new

matter.

It will

shown that these heterostyled plants are adapted
reciprocal fertilisation

though

all

are

;

be
for

so that the two or three forms,

hermaphrodites, are related to one

another almost like the males and females of ordinary
unisexual animals.

I will also give a full abstract of
such observations as have been published since the
appearance of my papers but only those cases will be
;

noticed, with respect to which the evidence seems fairly

Some plants have been supjDosed to be
merely
heterostyled
from their pistils and stamens
varying greatly in length, and I have been myseK
more than once thus deceived. With some species the
satisfactory.

of the Proceedings of the Linnean
Society,' vol. vi. 1862, p. 77.
" On the Existence of Two
Forms, and on their Eeciprocal
Sexual Relation, in several Species
of the Genus Linum." Ibid. vol.

1863, p. 69.
" On the Sexual Relations of the
Three Forms of Lythrum salicaria'
Ibid. vol. viii. 1864, p. 169.
" On the Character and Hybridlike Nature of the Oifspring from
the Illegitimate Unions of Dimorphic and Trimorphic Plants."
Ibid. vol. X. 1868, p. 393.
*'
On tbe Specific Differences
vii.

between Primula

veris, Brit,

Fl.

(var. officinalis, Linn.), P. vulgaris,
Brit. Fl. (var. acaulis, Linn.), and

and on the
elatior, Jacq.
Hybrid Nature of the Common
Oxlip. With Supplementary Remarks on Naturally Produced Hybrids in the Genus Verbascum."
P.

;

Ibid. vol. X. 1868, p. 437.
* Tlie term " heterostyled " does
not express all the differences between the forms ; but this is a
failure common in many cases.

As

the term has been adopted by

writers in various countries, I am
unwilling to change it fur that of
heterogone or heterogonous, though
this has been proposed by so high
an authority as Prof, Asa Gray
see the 'American Naturalist,'
Jan. 1877, p. 42.
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pistil continues growing for a long time, so that if old
and young flowers are compared they might be thought
to be heterostyled. Again, a species tending to become
dioecious, with the stamens reduced in some individuals
and with the pistils in others, often presents a decep-

Unless

tive appearance.

it

be proved that one form

when it is fertilised with pollen
from another form, we have not complete evidence
But when the pistils
that the species is heterostyled.
is

fully fertile only

and stamens differ in length in two or three sets of
individuals, and this is accompanied by a difference in
the size of the pollen-grains or in the state of the
stigma, we

may infer with much

to a difference

of

safety that the species

I have, however, occasionally trusted

heterostyled.

is

between the two forms in the length

the pistil alone, or in the length of the stigma

together with

its

in one instance

proved by

trials

more

or less papillose condition

;

and

kind have been
made on the fertility of the two forms,
differences of this

to be sufficient evidence.

The second sub-group above referred to consists of
hermaphrodite plants, which bear two kinds of flowers
the one perfect and fully expanded the other minute, completely closed, with the petals rudimentary,
often with some of the anthers aborted, and the remaining ones together with the stigmas much reduced

—

—

in size

;

yet these

*

They

flow^ers are perfectly fertile.

have been called by Dr.

Kuhn*

Botauische Zeitiing,' 1867,
Several plants are known
occasionally to produce flowers
destitute of a corolla but they
belong to a different class of
cases from cleistogamic flowers.
'

p. 65.

;

This deficiency seems to result
from the conditions to which the
plants have beeu subjected, and

cleistogamic,

and they

partakes of the nature of a monAll the flowers on the
t-ame plant are commonly affected
in the same manner.
Such cases,
though they have sometimes beeu
ranked as cleistogamic, do not
come within our present scope
see Dr. Maxwell Masters, Vegestrosity.

:

'

table Teratology,' 1869, p. 403.
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be described in the

will

last

They are manifestly adapted

chapter of this volume.

for self-fertilisation,

which

effected at the cost of a wonderfully small expendi-

is

ture of pollen

;

whilst the perfect flowers produced

the same plant are capable of cross-fertilisation.

by

Cer-

when they flower beneath the
keep their corollas closed, apparently to protect
their pollen
they might therefore be called cleistotain aquatic species,

water,

;

gamic, but for reasons assigned in the proper place are
not included in the present sub-group. Several cleis-

togamic species, as we shall hereafter
ovaries or

young capsules

see,

in the ground.

bury their
Some few

plants produce subterranean flowers, as well as ordinary

ones

and these might have been formed into a small

;

separate subdivision.

Another interesting subdivision consists of certain
discovered by H. 3Iuller, some individuals
of which bear conspicuous flowers adapted for crossfertilisation by the aid of insects, and others much
smaller and less conspicuous flowers, which have often
been slightly modified so as to ensure self-fertilisation.
Lysimachia vulgaris, Euphrasia oMcinalis, Bliinanthus
crista-galli, and Viola tricolor come imder this head.*
The smaller and less conspicuous flowers are not closed,
but as far as the purpose which they serve is conplants,

cerned, namely, the assured propagation of the species,
they approach in nature cleistogamic flowers but they
difler from them by the two kinds being produced on
;

distinct plants.

"With

many plants,

the inflorescence are

the flowers towards the outside of

much

ous than the central ones.
*

H.

IMiiller,

'

Nature,' Sept. 25,

1873 (vol. viii.), p. 433, and Nov.
Also
20, 1873 (.vol. ix.), p. 44.

larger

As
'

and more conspicuhave occa-

I shall not

Die BefiTichtimg der Blmnen,'

&c., 1873, p. 294.
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sion to refer to plants of this kind in the following

chapters, I will here give a few details respecting them.
It is familiar to every one that the ray -florets of the

Compositse often differ remarkably from the others and
it is with the outer flowers of many Umbelliferae,
some Cruciferse and a few other families. Several
;

so

species

of

Hydrangea and Viburnum offer striking
The Kubiaceous genus

instances of the same fact.

Mussaenda presents a very curious appearance from
of the flowers having the tip of one of the sepals
developed into a large petal-like expansion, coloiu'ed

some

The outer

either white or purple.

flowers in several

Acanthaceous genera are large and conspicuous, but
sterile the next in order are smaller, open, moderately
;

fertile

and capable of

cross-fertilisation

central ones are cleistogamic, being

and highly
sists of

fertile

;

still

;

whilst the

smaller, closed

so that here the inflorescence con-

three kinds of flowers.*

From what we

know-

in other cases of the use of the corolla, coloured bractese,
&c.,

and from what H.

frequency of the

Miiller has observed f

visits of insects to

on the

the flower-heads of

the Umbelliferae and Compositae being largely detertheir conspicuousness, there can be no doubt

mined by
that the

increased

size of the

flowers, the inner ones

small, serves

to

being in

attract

insects.

corolla of the outer
all

the above cases

The

result is that

Most flowers wither
but Hildebrand states J that

cross-fertilisation is thus favoured.

soon after being

fertilised,

the ray-florets of the Compositae last for a long time,
until all those on the disc are impregnated
clearly shows the use of the former.

* J. Scott,

London, new

*

Journal of Botany,*
series, vol.

i.

1872,

pp. 161-164.

t

'

Die Befruchtung der Blu-

The

;

and

this

ray-florets.

men,' pp. 108, 412.
X See his interesting memoir,
Ueber die Geschlechtsverbaltnisse
bei den Compositen,' 1869, p. 92.
'
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however, are of service in another and very different
manner, namely, by folding inwards at night and
during cold rainy weather, so as to protect the florets
of the disc *
Moreover they often contain matter
which is excessively poisonous to insects, as may be
seen in the use of flea-powder, and in the case of
Pyrethrum, M. Belhomme has shown that the rayflorets are more poisonous than the disc-florets in the
ratio of about three to two. We may therefore believe
that the ray-florets are useful in protecting the flowers

from being gnawed by

insects.f

remarkable fact that the

It is a well-kno^vn yet

cumferential flowers of

many

cir-

of the foregoing plants

have both their male and female reproductive organs
aborted, as with the Hydrangea, Viburnum and certain
Compositse or the male organs alone are aborted, as
in many Compositse. Between the sexless, female and
hermaphrodite states of these latter flowers, the finest
gradations may be traced, as Hildebrand has shown. J
He also shows that there is a close relation between
the size of the corolla in the ray-florets and the degree
As we have
of abortion in their reproductive organs.
good reason to believe that these florets are highly
serviceable to the plants which possess them, more
;

especially

*

by rendering the flower-heads conspicuous

Kerner clearly

shows

that

this is the case ' Die Schatzmittel
des Pollens,' 1873, p. 28.
t ' Gardener's Chronicle,' 1861,
:

p.

1067.

Kingdom,'

Lindley,

on

'Vegetable

Chrysanthemum,
Kerner in his in-

1853, p. 706.
teresting essay (' Die Schutzmittel
der Bliithen gegen unberufene
Giiste,' 1875, p. 19) insists that
the petals of most plants contain
matter which is offensive to insects, so that they are seldom

gnawed, and thus the organs of
fructification

are protected.

My

grandfather in 17'J0 ('Loves of
the Plants,' canto iii. note to lines
184, 188) remarks that "The
flowers

or petals

of plants

are

perhaps in general more acrid
than their leaves hence they are
much seldomer eaten by insects."
;

X

'

Ueber

haltnisse

die Geschlechtsverbei den Compositen,'

1869, pp. 78-91.

;
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a natural inference that their corollas

have been increased in size for this special purpose
and that their development has subsequently led,
through the principle of compensation or balancement, to the more or less complete reduction of the
reproductive organs. But an opposite view may be
maintained, namely, that the reproductive organs
first began to fail, as often happens under cultivation,* and, as a consequence, the corolla became,
through compensation, more highly developed. This
view, however, is not probable, for when hermaphrodite
plants

become

dioBcious

or gyno-dioecious

—that

are converted into hermaphrodites and females

is,

—the

corolla of the female seems to be almost invariably

consequence of the abortion of the
difference in the result in these two
classes of cases, may perhaps be accounted for by the
matter saved through the abortion of the male organs in
the females of gyno-dioecious and dioecious plants being
reduced in

size in

The

male organs.

directed (as

we

shall see in a future chapter) to the for-

mation of an increased supply of seeds
case of the exterior florets

and

;

whilst in the

flowers of the plants

which we are here considering, such matter

is

expended

in the development of a conspicuous corolla.

Whether

in the present class of cases the corolla was

first

af-

seems to me the more probable view, or the
reproductive organs first failed, their states of develop-

fected, as

ment

are

trated in

now firmly correlated. We see this well
Hydrangea and Viburnum for when
;

illus-

these

plants are cultivated, the corollas of both the interior

and exterior

flowers

become largely developed, and

their reproductive organs are aborted.
* I

have discussed this subject
Variation of Animals and
Plants under Domestication.' chap.

in

my

'

xviii.

156.

2nd

edit. vol.

ii.

pp.

152,

—
8
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is

a closely analogous subdivision of plants,

including the genus Muscari (or Feather Hyacinth)
and the allied Bellevalia, which bear both perfect

and closed bud-like bodies that never expand.

flowers

The

latter

resemble

in

this

respect

cleistogamic

widely from them in being sterile
and conspicuous.
Xot only the aborted flower-buds
and their peduncles (which are elongated apparently
through the principle of compensation) are brightly
flowers,

but

but so

coloured,
all,

differ

no doubt,

the upper part of the spike

is

guiding insects to the
From such cases as

for the sake of

inconspicuous perfect flowers.
these

we may pass on

to certain Labiatse, for instance,

Salvia Hor7ninum, in which (as I hear from

3Ir. Thisel-

ton Dyer) the upper bracts are enlarged and brightly
coloured, no doubt for the

same purpose

as before, with

the flowers suppressed.

In the Carrot and some allied Umbelliferse, the cenhas its petals somewhat enlarged, and these
are of a dark purplish-red tint but it cannot be supposed that this one small flower makes the large white
tral flower

;

umbel

more conspicuous

at all

obtained by

to insects.

said* to be neuter or

tral flowers are

artificial fertilisation

The cen-

sterile,

but I

a seed (fruit) aj)pa-

rently perfect from one such flower.

Occasionally two

or three of the flowers next to the central one are simi-

and according

larly characterised;

to

Yauchert "cette

singuliere degeneration s'etend quelquefois a I'ombelle
entiere."

That the modified central flower

functional importance to the plant

is

is

of

no

almost certain.

may

perhaps be a remnant of a former and ancient
condition of the species, when one flower alone, the

It

*

'The EDglish

Flora,"

J. E. Smith, 1824, vol.

t 'Hist.

Phys.

ii.

des

bv Sir

p. 39.

Plantes

d'Europe,' 1841, torn. ii. p. 614.
On the Echinophora, p. 627.

;
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central one, was female

and yielded seeds, as in the
There is nothing

umbelliferous genus Echinophora.

surprising in the central flower tending to retain

its

former condition longer than the others for when irregular flowers become regular or peloric, they are apt
and such peloric flowers apparently owe
to be central
;

;

their origin either to arrested

development

—that

is,

the preservation of an early stage of development
to reversion.

to

— or

Central and perfectly developed flowers

in not a few plants in their normal condition (for instance, the

common Rue and Adoxa)

structure, as in the

flowers

number

differ slightly in

of the parts, from the other

on the same plant.

All such cases seem con-

nected with the fact of the bud which stands at the
end of the shoot being better nourished than the

most sap.*
mentioned relate to hermaphro-

others, as it receives the

The

cases hitherto

which bear differently constructed flowers
but there are some plants that produce difi'erently
formed seeds, of which Dr. Kuhn has given a list.f

dite species

With

the Umbelliferoe and Compositse, the flowers that

produce these seeds likewise

differ,

and the differences

in the structure of the seeds are of a very important

nature.

The

causes which have led to differences in

the seeds on the same plant are not

known

;

and

it

is

very doubtful whether they subserve any special end.

We now come

to our second Class, that of monoecious

which have their sexes separated but
borne on the same plant.
The flowers necessarily
differ, but when those of one sex include rudiments
species, or those

* This whole subject, including

pelorism, has been discussed, and
references given, in my Variation
of Animals and Plants under
'

Domestication,' chap. xxvi. 2nd
edit. vol. ii. p. 338.
t ' Bot. Zeitung,' 1867, p. 67.
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of the other sex, the difierence between the two kinds
is

as

When

usually not great.

we

largely on

the difference

catkin-bearing

in

see

many

is

great,

depends

this

of the species in this, as well as in

the next or dioecious
aid of the wind

plants,

;*

being fertilised by the
male flowers have in this

class,

for the

produce a surprising amount of incoherent
Some few monoecious plants consist of two
bodies of individuals, with their flowers differing in
function, though not in structure for certain individuals mature their pollen before the female flowers on
case

to

pollen.

;

the same plant are ready for fertilisation, and are called

proterandrous

whilst

;

conversely

other

individuals,

called proterogynous, have their stigmas mature before
their pollen

is

ready.

The

pui'poset of his curious func-

tional difference obviously is to favour the cross-fertili-

sation of distinct plants.

A

case of this kind was

first

observed by Delpino in the Walnut {Juglans regia), emd

common Xut

has since been observed with the

{Corylus

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

avellana).

;

;

The

third Class consists of dioecious species,

* Delpino,
Studi sopra uno
Lignaggio Anemofilo.'
Firenzo,
'

1871.
t Delpino,

'
Ult. Osservazioni
sulla Dicogamia,' part ii. fasc. ii.

837.
]Mr. Wetterhan and H.
Miiller on Corylus, Nature,' vol.

p.

'

xi.

p.

507,

and 1875,

and the

p.

On

26.

proterandrous and proterogynous
hermaphrodite individuals of the

same

species, see

H.

Miiller,

'

Die

Befruchtung,' &c., pp. 285, 339.
Gardener's Chron.' 1847, pp.
X
'

541, 558.
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remarks made under the last class with respect to the
amount of difference between the male and female
flowers are here applicable.
It is at present an in-

some dioecious plants, of
which the Kestiacese of Australia and the Cape of
Good Hope offer the most striking instance, the differentiation of the sexes has affected the whole plant
to such an extent (as I hear from Mr. Thiselton Dyer)
that Mr. Bentham and Professor Oliver have often
found it impossible to match the male and female specimens of the same species. In my seventh chapter
some observations will be given on the gradual conversion of heterostyled and of ordinary hermaphrodite
explicable fact that with

plants into dicecious or sub-dioecious species.

The fourth and last Class consists of the plants which
were called polygamous by Linnaeus but it appears to
me that it would be convenient to confine this term to
the species which co-exist as hermaphrodites, males and
females and to give new names to several other com;

;

binations of the sexes
follow.

Polygamous

—a

plan which I shall here

plants, in this confined sense of

may be divided into two sub-groups, according as the three sexual forms are found on the same

the term,

individual or on distinct individuals.
trioicous sub-group, the

Of

common Ash

this latter or

{Fraxinus

e^r-

examined dming
the spring and autumn fifteen trees growing in the
same field and of these, eight produced male flowers
alone, and in the autumn not a single seed
four produced only female flowers, which set an abundance of
seeds
three were hermaphrodites, which had a different aspect from the other trees whilst in flower, and
two of them produced nearly as many seeds as the
female trees, whilst the third produced none, so that it
celsior) offers

a good instance

:

thus, I

;

;

;

INTRODUCTION.

12

was in function a male. The separation of the sexes,
however, is not complete in the Ash for the female
flowers include stamens, which drop off at an earlyperiod, and their anthers, which never open or dehisce,
generally contain pulpy matter instead of pollen. On
some female trees, however, I found a few anthers containing pollen-grains apparently sound.
On the male
trees most of the flowers include pistils, but these likewise drop off at an early period and the ovules, which
ultimately abort, are very small compared with those
in female flowers of the same age.
Of the other or monoicous sub-group of polygamous
plants, or those which bear hermaphrodite, male and
female flowers on the same individual, the common
Maple (Acer camioestre) offers a good instance but
;

;

;

Lecoq

states * that

this shows

A

how

some

trees are truly dioecious,

and

easily one state passes into another.

number

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

considerable

polygamous

of plants generally

exist

;

;

desirable for them.

Again there are plants which produce hermaphrodite
and male flowers on the same individual, for instance, some species of Galium, Yeratrum, &-c.
and
If there
these might be called andro-monoecious.
exist plants, the individuals of which consist of hermaphrodites and males, these might be distinguished
;

*

'

Geographie Botanique,'

torn. v. p. 367.

INTKODUCTION.
as andro-dioecious.

But, after

13

making

inquiries from

several botanists, I can hear of no such cases.

Lecoq,

however, states,* but without entering into full details,
that some plants of Caltha paliistris produce only male

mingled with the herone
is remarkable, as the presence of hermaphrodite and
male flowers on the same individual is not an unusual occurrence
it would aj)pear as if nature did
flowers,

and that these

The

majDhrodites.

live

rarity of such cases as this last

;

not think it worth while to devote a distinct individual to the j)roduction of pollen, excepting when
this was indispensably necessary, as in the case of
dioecious species.

I have

now

my

brief sketch of the several
me,
in which flowers difi'ering
to
in structure or in function are produced by the same
species of plant.
Full details will be given in the following chapters with respect to many of these plants.
I will begin with the heterostyled, then pass on to
cases, as far as

finished

known

certain dioecious, sub-dioecious, and polygamous species,
and end with the cleistogamic. For the convenience of
the reader, and to save space, the less important cases
and details have been printed in smaller type.
I cannot close this Introduction without expressing

my warm

thanks to Dr. Hooker for supplying me with
specimens and for other aid; and to Mr. Thiselton

Dyer and Professor Oliver for giving me much information and other assistance. Professor Asa Gray,
also, has uniformly aided me in many ways.
To Fritz
Miiller of St. Catharina, in Brazil, I

many

am

indebted for

dried flowers of heterostyled plants, often accom-

panied with valuable notes.

*

'

Geograpliie Botauiqiie,' torn.

iv. p.

488.

—
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CHAPTEE

Chap.

I.

I.

Hetekosttled Dimorphic Plants

:

Primulace^.

—

Primula veris or the Cowslip Differences in structure between the
two forms Their degrees of fertility when legitimately and ille-

—

gitimately united

Summary on

—P.

elatior,

vulgaris,

Sinensis,

auricula, &c.

the fertility of the heterostyled species of Primula

Hpmostyled species

of

Primula

—Hottonia

palustris

—Androsace

VitaHiana.

It has long been known to botanists that the common
Cowslip [Primula veris, Brit. Flora, yar. officinalis,
Lin.) exists under two forms, about equally numerous,
which obviously difier from each other in the length
This difference has
of their pistils and stamens.*
hitherto been looked at as a case of mere variability, but this view, as we shall presently see, is far
from the true one. Florists who cultivate the Polyanthus and Auricula have long been aware of the two
kinds of flowers, and they call the plants which display the globular stigma at the mouth of the corolla,
" pin-headed " or " pin-eyed," and those which display
the anthers, " thrum-eyed." f I ""'iH designate the two
forms as the long-styled and short-styled.
The pistil in the long-styled form is almost exactly
twice as long as that of the short-styled.
The stigma
*

fa^^t. accordina: to von
(-Uot.Zeitmjg,' 1863, p. 326)

This

Mohl

was first observed by Persoon in
the year 1794.
Johnson's
Dictionary,
t In
tlirum is said to be the ends of
and I suppose
weaverjs' threads
;

that some weaver who cultivated
th : polyanthus invented this name,
from being struck with some degree
of resemblance between the cluster
of anthfis in the mouth of the
corolla and the ends
of his
thieads.

Chap.

PEIMULA

I.

stands in the

month
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of the corolla or projects just

above it, and is thus externally visible. It stands
high above the anthers, which are situated halfwaydown the tube and cannot be easily seen. In the
short-styled form the anthers are attached near the
mouth of the tube, and therefore stand above the
stigma, which is seated in about the middle of the
tubular corolla.

The

corolla itself

is

of a

different

Fig. 1.

Short-styled form.

Long-styled form.

Primula veris.

shape in the two
portion above

much

forms

;

the

throat

or

expanded

the attachment of the anthers being

longer in the long-styled than in the

styled form.

as they can best

slipping

make necklaces by threading and

the corollas of the long-styled

one another.
differences.

short-

Village children notice this difference,

But there
The stigma

are
in

flowers into

much more important
the

long-styled

form

16
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in the short-styled it is dejDressed on
summit, so that the longitudinal axis of the
former is sometimes nearly double that of the latter.
Although it is somewhat variable in shape, one difference is persistent, namely, roughness in some specimens carefully compared, the paj)ill8e which render
the stigma rough were in the long-styled form from
The
twice to thrice as long as in the short-styled.
anthers do not differ in size in the two forms, which
I mention because this is the case with some heteroThe most remarkable difference is in
styled plants.
I measured with the micrometer
pollen-grains.
the
dry and wet, taken from plants
both
specimens,
many
situations,
and always found a
different
o-rowinsf in
grains
distended with water
The
difference.
palpable
flowers
were
about -038 mm.
short-styled
from the
(l^-i-^l of an inch) in diameter, whilst those from the
^7000
of an inch),
long-styled were about 0254 mm. ( _
^
of
100
to
67.
The
pollen-grains,
which is in the ratio
therefore from the longer stamens of the short-styled
form are plainly larger than those from the shorter

is

globular

;

the

:

or?

^

„

•

stamens of the long-styled.

When

examined

dry,

the smaller grains are seen under a low power to
be more transparent than the larger grains, and

degree

than can be acThere is also a
difference in shape, the grains from the short-styled
plants being nearly spherical, those from the longstyled being oblong with the angles rounded; this
difference disappears when the grains are distended
The long-styled plants generally tend
with water.

apparently in a greater

counted for by their

less diameter.

to flower a little before the short-styled for instance
I had twelve plants of each form growing in separate
:

pots and treated in every respect alike and at the
time when only a single short-styled plant was in
;
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seven of the long-styled had expanded their

flowers.

We

shall, also, presently see that

plants produce

the short-styled

more seed than the long-styled.

It is

remarkable, according to Prof. Oliver,* that the ovules
in the unexpanded and unimpregnated flowers of the
latter are considerably larger

than those of the shortis connected with

styled flowers; and this I sup^oose

the

long-styled

flowers

that the ovules have

producing fewer

seeds,

so

more space and nourishment

for

rapid development.

To sum up the

differences

:

—The long-styled plants

have a much longer pistil, with a globular and much
rougher stigma, standing high above the anthers. The
stamens are short the grains of pollen smaller and
oblong in shape. The upper half of the tube of the
corolla is more expanded.
The number of seeds produced is smaller and the ovules larger. The plants
tend to flower first.
The short-styled plants have a short pistil, half the
length of the tube of the corolla, with a smooth de;

The
pressed stigma standing beneath the anthers.
stamens are long the grains of pollen are spherical
and larger. The tube of the corolla is of uniform
diameter except close to the upper end. The number
of seeds produced is larger.
I have examined a large number of flowers
and
though the shape of the stigma and the length of the
pistil both vary, especially in the short-styled form, I
have never met with any transitional states between
the two forms in plants growing in a state of nature.
There is never the slightest doubt under which form a
plant ought to be classed. The two kinds of flowers are
;

;

*

'

Nat. Hist. Review,' July 1862, p. 237.
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never found on the same individual plant. I marked
Cowslips and Primroses, and on the following

many

year all retained the same character, as did some in my
garden which flowered out of their proper season in the
autumn. Mr. W. Wooler, of Darlington, however, informs us that he has seen early blossoms on the Polyanthus,* which were not long-styled, but became so later
in the season. Possibly in this case the pistils may not
have been fully developed during the early spring. An
excellent proof of the permanence of the two forms may
be seen in nursery-gardens, where choice varieties of
the Polyanthus are propagated by division and I found
whole beds of several varieties, each consisting exclusively of the one or the other form. The two forms exist
in the wild state in about equal numbers I collected
522 umbels from plants growing in several stations,
taking a single umbel from each plant and 241 were
long-styled, and 281 short-styled.
Iso difference in
tint or size could be perceived in the two great masses
;

:

;

of flowers.

We shall presently see that most of the species of
Primula exist under two analogous forms and it may
be asked what is the meaning of the above-described
;

important differences in their structure?

The ques-

tion seems well worthy of careful investigation,
will give

my

The

idea which naturally occurred to

that

first

this

and I

observations on the cowslip in detail.

species

me

was,

was tending towards a dioecious

the long-styled plants, with their
rougher stigmas, and smaller pollengrains, were more feminine in nature, and would produce more seed; that the short-styled plants, with
their shorter pistils, longer stamens and larger polcondition;

longer

that

pistils,

—

* I have proved by numerous
experiments, hereafter to be given,

that the Polyanthus
of Primula veris.

is

a variety

—
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more masculine in nature. Accordmarked a few cowslips of both forms
garden, and others growing in an
my
growing in
in a shady wood, and gathered
others
open field, and
len-orains, were

ingly, in 1860, I

all

the lots the short-

styled plants yielded, contrary to

my expectation, most

and weighed the

Taking the

seed.
result

In

seed.

lots together, the following is

the

:

Table

1.

Number
of
Plants.

Number

Number

Weight

of Umbels of Ctpsules of Seed in
produced. produced.
grains.

Short-styled cowslips

.

9

33

199

83

Long-styled cowslips

.

13

51

261

91

we compare the weight from an equal number of
plants, and from an equal number of umbels, and from
an equal number of capsules of the two forms, we get
If

the following results

:

Table
Number
of
Plants.

Short-styled cowslips

.

Long-styled cowslips

So

that,

by

all

short-styled form

number
large

of

AVeight
of Seed

Number Weight Number

in
grains.

Umbels.

of

of
Seed.

ot

Cap-

sules.

Weieht
of Seed
in
grains.

10

92

100

251

100

41

10

70

100

178

100

34

these
is

2.

standards of comparison, the
if we take the

the more fertile

umbels (which

is

;

the fairest standard, for

and small plants are thus equalised), the shortmore seed than the long-styled,

styled plants produce

in the proportion of nearly four to three.

In 1861 the

trial

was made in a fuller and
C 2

fairer

—

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

was
Table

3.

Number

Number

Weigbt

of
Plants.

of

Umbels.

of Seed in
grains.

Short-styled cowslips

.

47

173

745

Long- styled cowslips

.

58

208

692

These figures give us the following proportions
Table

:

4.

Number

Weigbt

Number

Weigbt

of
Plants.

of Seed in
grains.

of
Umbels.

of Seed in

Short-styled cowslips

,

100

1585

Long-styled cowslips

.

100

1093

:

grains.

100

430

100

332

The season was much more favourable this year than
the plants also now grew in good soil, instead
of in a shady wood or struggling with other plants in

the last

;

the open field

consequently the actual produce of
Nevertheless we have
the same relative result; for the short-styled plants
produced more seed than the long-styled in nearly the
;

seed was considerably larger.

but if we take the fairest
standard of comparison, namely, the product of seeds

proportion of three to two

;

from an equal number of umbels, the excess is, as in
the former case, nearly as four to three.
Looking to these trials made during two successive
years on a large number of 23lants, we may safely conclude that the short-styled form is more productive
than the long-styled form, and the same result holds

—
Chap.

PRIMULA VERIS.

I.

21

Consegood with some other species of Primula.
quently my anticipation that the plants with longer
pistils, rougher stigmas, shorter stamens and smaller
pollen-grains, would prove to be more feminine in
is exactly the reverse of the truth.
In 1860 a few umbels on some plants of both the
long-styled and short-styled form, which had been
covered by a net, did not produce any seed, though
other umbels on the same plants, artificially fertilised,
produced an abundance of seed and this fact shows
that the mere covering in itself was not injurious.
Accordingly, in 1861, several plants were similarly
covered just before they expanded their flowers these

nature,

;

;

turned out as follows

:

Table

Short-styled

Long-styled

5.

Number

Number

of
Plants.

of Umbels
produced.

6

24

18

74

.

Product of Seed.

Jl'S grain weight of seed,
or about 50 in number.
\

Not one

seed.

Judging from the exposed plants which grew all round
in the same bed, and had been treated in the same
manner, excepting that they had been exposed to
the visits of insects, the above six short-styled plants

ought to have produced 92 grains' weight of seed
and the eighteen long-styled
plants, which produced not one seed, ought to have
produced above 200 grains' weight. The production of
a few seeds by the short-styled plants was probably due
to the action of Thrips or of some other minute insect.
It is scarcely necessary to give any additional evidence,
but I may add that ten pots of polyanthuses and

instead of only 1*3;

;
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cowslips of both forms, protected from insects in

I.

my

greenhouse, did not set one pod, though artificially
fertilised flowers in other pots

We

produced an abundance.

thus see that the visits of insects are absolutely

necessary for the fertilisation of Primula veris.
corolla of the long-styled form

If the

had dropped

stead of remaining attached in a withered

off,

in-

state

to

the ovarium, the anthers attached to the lower part of
the tube with some pollen

adhering to them

still

would have been dragged over the stigma, and the
flowers would have been partially self-fertilised, as is
the case with Primula Sinensis through this means.
It is a rather curious fact that so trifling a difference

as the falling-off of the withered corolla, should

make

a very great difference in the number of seeds produced by a plant if its flowers are not visited by
insects.

The flowers

of the cowslip

and of the other species of

the genus secrete plenty of nectar and I have often
seen humble-bees, especially B. liortorum and muscorum,
;

sucking the former in a proper manner,* though they
sometimes bite holes through the corolla. No doubt
moths likewise visit the flowers, as one of my sons
caught Cucullia verhasci in the act. The pollen readily
adheres to any thin object which is inserted into a
The anthers in the one form stand nearly, but
flower.
exactly,
on a level with the stigma of the other
not
distance
the
between the anthers and stigma in the
for
short-styled form is greater than that in the longThis difference is
styled, in the ratio of 100 to 90.
the result of the anthers in the long-styled form
standing rather higher in the tube than does the
stigma in the short-styled, and this favours their
* H. Miiller has also seen Au'
thophora pilipes and a Bombylius

sucking the flowers.
Dec. 10th, 1874, p. 111.

'
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It

follows from the

it.

organs that

if

the

proboscis

of

a

dead humble-bee, or a thick bristle or rough needle,
be pushed down the corolla, first of one form and
then of the other, as an insect would do in visiting
the two forms growing mingled together, pollen from
the long-stamened form adheres round the base of
the object, and is left with certainty on the stigma
of the long-styled form whilst pollen from the short
stamens of the long-styled form adheres a little way
above the extremity of the object, and some is
generally left on the stigma of the other form. In
accordance with this observation I found that the
two kinds of pollen, which could easily be recognised under the microscope, adhered in this manner
to the proboscides of the two species of humblebees and of the moth, which were caught visiting
the flowers
but some small grains were mingled
with the larger grains round the base of the proboscis,
;

;

and

conversely some

large

grains

with the small

Thus

grains near the extremity of the proboscis.

pollen will be regularly carried from

the one form

and they will reciprocally fertilise one
Nevertheless an insect in withdrawing its

to the other,

another.

proboscis from the

cannot

fail

corolla

flower on the stigma;

be

of the

long-styled form

same
and in this case there might
But this will be much more

occasionally to leave pollen from the

self-fertilisation.

likely to occur with the short-styled form

;

for

when

I

inserted a bristle or other such object into the corolla
of this form, and had, therefore, to pass it down between the anthers seated round the mouth of the
corolla, some pollen was almost invariably carried
down and left on the stigma. Minute insects, such
as Thrips, which sometimes haunt the flowers, would
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likewise be apt to cause the seK-fertilisation of both

forms.

The

several foregoing facts led

of the two kinds of

pollen on

me

to try the effects

the stigmas of the

two forms. Foiu' essentially different unions are possible
namely, the fertilisation of the stigma of the
long-styled form by its own-form pollen, and by that
of the short-styled and the stigma of the short-styled
form by its own-form pollen, and by that of the longstyled. The fertilisation of either form with pollen from
;

;

may

the other form

be conveniently called a legitimate

made clear and that
own-form pollen an illegitimate
"
I formerly aj)plied the term " heteromorphic

union, from reasons hereafter to be

;

of either form with its

union,

to the legitimate unions,

illegitimate unions

and

"

homomorphic

" to the

but after discovering the existence of trimorphic plants, in which many more unions
are possible, these two terms ceased to be applicable.

The

;

illegitimate unions of both forms

tried in three
fertilised

ways

;

might have been
form

for a flower of either

may

be

with pollen from the same flower, or with that

from another flower on the same plant, or with that
from a distinct plant of the same form. But to make
my experiments perfectly fair, and to avoid any evil
result from self-fertilisation or too close interbreeding,
I have invariably employed pollen from a distinct
plant of the same form for the illegitimate unions of
all the species
and therefore it may be observed that
I have used the term " own-form pollen " in sj^eaking
of such unions.
The several plants in all my experiments were treated in exactly the same manner, and
;

were carefully protected by fine nets from the access of
insects, excepting Thrips, which it is impossible to exclude.
I performed all the manipulations myself, and

weighed the seeds in a chemical balance

;

but during

—

))
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followed the more accurate

trials I

Some

plan of counting the seeds.

of the capsules con-

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

excluded in the column headed " good capsules " in
several of the following tables

Table
Primula
Number
Nature

of

of the Union.

Flowers
fertilised.

Long-styled by pollen)
of short-styled. Le->
gitimate union
.

:

6.

veris.

Number

Number

Weight

Calculated
\V^eight of

of

of good
Capsules.

of Seed in
grains.

Seed from
100 good

Total

Cap-iules

Capsules.

produced.

22

15

14

8-8

62

20

8

5

2-1

42

13

12

11

4-9

44

15

8

6

1-8

30

35

27

25

13-7

54

35

16

11

.

Long-styled by own-)

form

pollen.

Ille-[

gitimate union

.

.

j

Short-styled by pollen
of long-styled. Le->
gitimate union
j
.

.

Short-styled by own-)

form pollen.

Ille->

gitimate union.

Summary
The two
unions

The two
unions

The

.

:

legitimate'!
.

.

.

.

j

illegitimate"!
.

.

results

.

3-9
35

./

may

be given in another form (Table 7)

by comparing, first, the number of capsules, whether
good or bad, or of the good alone, produced by 100
flowers of both forms when legitimately and illegitimately fertilised secondly, by comparing the weight
of seed in 100 of these capsules, whether good or bad
or, thirdly, in 100 of the good capsules.
;

'
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Table
Xumber
2s

of

Nature of the
|

Union.

fertilised.

The two le-||
gitimatei
unions

The two

L

7.

Weieht

^S'uniber Weif'ht
of good of Seed

of

Cap-

Cap-

in

Cap-

sules.

sules.

grains.

sules.

'

Weight

of Seed

of good

in
grains.

Capsules.

of Seed
in
grains.

'

100

71

39

!

1

100

50

100

24:

100

54:

100

35

1

i

.

I

il-j

legitimate

unions

umber
of

Flowers

!

Chap.

>l

45

100

11

31

1

1

1

.

1

j

We

here see that the long-styled flowers fertilised
with pollen from the short-styled yield more capsules,
especially good ones (i.e. containing more than one
or two seeds), and that these capsules contain a greater
proportional weight of seeds than do the flowers of the

long-styled

when

fertilised

plant of the same form.

with pollen from a distinct

So

it is

with the short-styled

an analogous manner. Therefore

flowers, if treated in

I

have called the former method of fertilisation a legitimate union, and the latter, as it fails to yield the full
complement of capsules and seeds, an illegitimate
union.
These two kinds of union are graphically represented in Fig.
If

2.

we consider the

results

of the

two legitimate

unions taken together and the two illegitimate ones,
as shown in Table 7, we see that the former compared with the latter yielded capsules, whether containing many seeds or only a few, in the proportion of

But the

77 to 45, or as 100 to

58.

illegitimate unions

here perhaps too great, for on a

is

inferiority of the

subsequent occasion 100 long-styled and short-styled
and they together

flowers were illegitimately fertilised,

yielded 53 capsules
as

100 to 69,

is

:

therefore the rate of 77 to 53, or

a fairer one than that of 100 to 58.
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we consider only the good

capsules, those from the two legitimate unions were to

number as 71 to 31,
we take an equal number of

those from the two illegitimate in
or as 100 to 44.

Again,

capsules, whether

and illegitimately

if

good or bad, from the legitimately
fertilised flowers,

we

find that the

former contained seeds by weight compared with the
latter as

50 to 24, or as 100 to 48

;

but

if all

the

Fig. 2.

Legitimate union.

Complete

Long-styled
form.

fertility.

Short-styled

poor capsules are rejected, of which

form.

many

were pro-

duced by the illegitimately fertilised flowers, the proportion is 54 to 35, or as 100 to 65. In this and all other
cases, the relative fertility of the two kinds of union
can, I think, be judged of more truly by the average
number of seeds per capsule than by the proportion of
flowers which yield capsules.
The two methods might
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have been combined by giving the average number of
seeds produced by all the flowers which were fertilised,
whether they yielded capsules or not
but I have
thought that it would be more instructive always to
show separately the proportion of flowers which produced capsules, and the average number of apparently
good seeds which the capsules contained.
Flowers legitimately fertilised set seeds under con;

which cause the almost complete

ditions

illegitimately fertilised flowers.

Thus

failure

of

in the spring of

1862 forty flowers were fertilised at the same time in
both ways. The plants were accidentally exposed in
the greenhouse to too hot a sun, and a large

number

umbels perished. Some, however, remained in moderately good health, and on these there were twelve
flowers which had been fertilised legitimately, and
eleven which had been fertilised illegitimately. The
of

twelve legitimate unions yielded seven fine capsules,

containing on an average each 57 3 good seeds whilst
the eleven illegitimate unions yielded only two cap*

;

sules, of

which one contained 39

seeds, but so poor,

that I do not suppose one would have germinated, and

the other contained 17 fairly good seeds.

From

the facts

now given the

superiority of a legi-

timate over an illegitimate union admits of not the

doubt; and we have here a case to which no
exists in the vegetable or, indeed, in the
animal kingdom. The individual plants of the preleast

parallel

as

we

Primula,

are

sent species,

and

shall see

of

several

other

divided into two sets

species

of

bodies,

which cannot be called

distinct

sexes,

or
for

yet they are to a certain
both are hermaj^hrodites
extent sexually distinct, for they require reciprocal
;

union for perfect fertility.
As quadrupeds are divided into two nearly equal bodies of different sexes,
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we have two bodies, approximately equal in
number, differing in their sexual powers and related to
each other like males and females. There are many
hermaphrodite animals which cannot fertilise themselves, but must unite with another hermaphrodite.
So it is with numerous plants for the pollen is often
mature and shed, or is mechanically protruded, before
the flower's own stigma is ready and such flowers absolutely require the presence of another hermaphrodite for sexual union. But with the cowslip and various
other species of Primula there is this wide difference,
that one individual, though it can fertilise itself imperfectly, must unite with another individual for full
fertility
it cannot, however, unite with any other individual in the same manner as an hermaphrodite
plant can unite with any other one of the same species
or as one snail or earth-worm can unite with any other
hermaphrodite individual. On the contrary, an individual belonging to one form of the cowslip in order
to be perfectly fertile must unite with one of the other
form, just as a male quadruped must and can unite
SO here

;

;

;

;

only with the female.
I

have spoken of the legitimate unions as being
and I am fully justified in doing so, for

fully fertile

flowers

;

artificially fertilised

in this

manner yielded

rather more seeds than plants naturally fertilised in

a state of nature.

The

excess

may

be attributed to

the plants having been grown separately in good

With

respect to the illegitimate unions,

we

appreciate their degree of lessened fertility
following facts.

Gartner estimated the

soil.

shall best

by the

sterility of the

unions between distinct species,* in a manner which
allows of a strict comparison with the results of the

*

•

Versuche

iiber die

Bastarderzeugung/ 1849,

p. 216.

HETEKOSTYLED DIMORPHIC PLANTS.

30

Chap.

I.

With

legitimate and illegitimate unions of Primula.

every 100 seeds yielded by the two legitimate unions, only 64 were yielded by an equal

P.

veris, for

number

of

unions.

With P.

good capsules from the two illegitimate
Sinensis, as

we

shall hereafter see,

the proportion was nearly the same

—

namely, as 100
Gartner has shown that, on the calculation of Verhascum lychnitis yielding with its own pollen
100 seeds, it yielded when fertilised by the pollen of
by the pollen of V. nigrum,
F. Phoeniceum 90 seeds
hlattaria,
62 seeds. So again,
that
of
F.
63 seeds by
to 62.

Now

;

;

Dianthus harbatus

fertilised

by the pollen

of

D.

siiperbus

yielded 81 seeds, and by the pollen of D. Japonicus
66 seeds, relatively to the 100 seeds produced by its

We

—

and the fact is highly rePrimula the illegitimate unions
relatively to the legitimate are more sterile than
crosses between distinct species of other genera relaMr. Scott has given* a
tively to their pure unions.
still more striking illustration of the same fact
he
crossed Primula auricula with j)ollen of four other
species (P. Palinuri, viscosa, hirsuta, and veriicillata),
and these hybrid unions yielded a larger average
number of seeds than did P. auricula when fertilised
illegitimately with its own-form pollen.
The benefit which heterostyled dimorphic plants derive from the existence of the two forms is sufficiently
obvious, namely, the intercrossing of distinct plants
being thus ensured.f Nothing can be better adapted
for this end than the relative positions of the anthers
and stigmas in the two forms, as shown in Fig. 2 but to

own

pollen.

markable

thus see

—that with

:

;

*
viii.

Journ. Linn. Soc. Bot.,' vol.
1864, p. 93.

*

t I have shown in
on

tlie

'

my work

Effects of Cross and Self-

how greatly the offspring from intercrossed plants
profit in height, vigour, and
fertilisation

fertihty.

'
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doubt pollen

will

by insects or fall on the stigma
and if cross-fertilisation fails, such

occasionally be placed
of the

same flower

;

be advantageous to the plant, as
from complete barrenness. But
the advantage is not so great as might at first be
thought, for the seedlings from illegitimate unions do
not generally consist of both forms, but all belong to
the parent form they are, moreover, in some degree
weakly in constitution, as will be shown in a future
chapter. If, however, a flower's own pollen should first
be placed by insects or fall on the stigma, it by no
means follows that cross-fertilisation will be thus prevented. It is well known that if pollen from a distinct
species be placed on the stigma of a plant, and some
hours afterwards its own pollen be placed on it, the
latter will be prepotent and will quite obliterate any
effect from the foreign pollen; and there can hardly
be a doubt that with heterostyled dimorphic plants,
pollen from the other form will obliterate the effects of
pollen from the same form, even when this has been
placed on the stigma a considerable time before. To
test this belief, I placed on several stigmas of a longstyled cowslip plenty of pollen from the same plant,
and after twenty-four hours added some from a shortstyled dark-red polyanthus, which is a variety of the
self-fertilisation will

it

will thus be saved

;

cowslip.

From

the flowers thus treated 30 seedlings
all these, without exception, bore

were raised, and
reddish flowers

so that the efi'ect of pollen from the
same form, though placed on the stigmas twenty-four
hours previously, was quite destroyed by that of pollen,
;

from a plant belonging to the other form.
Finally, I may remark that of the four kinds of
unions, that of the short-styled illegitimately fertilised
with its own-form pollen seems to be the most sterile of
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judged by the average number of

the capsules contained.
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which

smaller proportion, also, of

these seeds than of the others germinated, and they

germinated more slowly. The
the more remarkable, as

it

sterility of this

union

is

has already been shown

number of
when both forms are fer-

that the short-styled plants yield a larger

seeds than the long-styled,
tilised, either

naturally or artificially, in a legitimate

manner.
In a future chapter, when I treat of the offspring
from heterostyled dimorphic and trimorphic plants
illegitimately fertilised with their own-form pollen, I
shall have occasion to show that with the present
species and several others, equal-styled varieties sometimes appear.

Primula elatioe,
Bardfield

OxUp

Jacq.

of English Authors.

This plant, as well as the last or Cowslip (P. veris,
and the Primrose {P. vulgaris, vel acaulis)

vel officinalis),

have been considered by some botanists as varieties of
the same species. But they are all three undoubtedly
distinct, as will be shown in the next chapter.
The
present species resembles to a certain extent in general

appearance the common oxlip, which is a hybrid between the cowslip and primrose. Primula elatior is
found in England only in two or three of the eastern
counties and I was supplied with living plants by Mr.
Doubleday, who, as I believe, first called attention to
It is common in some parts
its existence in England.
]Muller* has seen several
H.
Continent
and
the
of
;

;

kinds of humble-bees and other bees, and Bombylius,
visiting the flowers in
*

'

North Germany.

Die Befruchtung der Blumen,'

p.

347.

—

>>
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my

results of

the two forms,
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on the relative

trials

when legitimately and

given in the following table

fertilised, are

Table
Primula

fertility of

illegitimately
:

8.

elatior.
1

Number Number Maximum Minimum
Nature of Union.

Flowers
fertilised,

by

1

pollen of short-styled.

>

Long-styled

form,

Legitimate union
form,

by

own-form

pollen.

11-

j

.

of Seeds
of Seeds
Capsules in any one in any one
produced. Capsule.
Cap.sule.

of
Seeds per
Capeule.

34

46-5

2

27-7

61

37

47-7

3

19

9

20

14

62

37

37

7

10

6

62

20

4

49*

10

8

17

.J

Long-styled

legitimate union

Average

Number

of good

of

.

j

Short-styled form, by
pollen of long-styled. >
Legitimate union
j
1

.

Short-styled

form,

by

own-form

pollen.

11-

j

legitimate union.

,

The

two
legitimate!
unions together .
./

The

two

illegitimate"!

uniuns together

.

1

12-1

j

49*

47-1

35-5

'

./

1

* These seeds were so poor and small that they could hardly have germinated.

If

we compare the

fertility of

the two legitimate

unions taken together with that of the two illegitimate
unions together, as judged by the proportional number
of flowers

which when

two methods
100 to 27 so that by

fertilised in the

yielded capsules, the ratio

is

as

this standard the present species is

than P.

veris,

when both

;

much more

sterile

species are illegitimately fer-

tilised.
If we judge of the relative fertility of the two
kinds of unions by the average number of seeds per

capsule, the ratio is as 100 to 75.

But

this latter

D

34
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number is probably much too high, as many of the seeds
produced by the illegitimately fertilised long-styled
flowers were so small that they probably would not
have germinated, and ought not to have been counted.
Several long-styled and short-styled plants were protected from the access of insects, and must have been

spontaneously self-fertilised. They yielded altogether
only six capsules, containing any seeds
and their
average number was only 7 8 per capsule. Some,
;

*

moreover, of these seeds were so small that they could

hardly have germinated.

Herr W. Breitenbach informs me that he examined,
Lippe (a tributary of the Khine),
894 flowers produced by 198 plants of this species and
he found 467 of these flowers to be long-styled, 411
short-styled, and 16 equal-styled.
I have heard of no
in two sites near the

;

other instance with heterostyled plants of equal-styled

though far from
which have been long cultivated. It
is still more remarkable that in eighteen cases the
same plant produced both long-styled and short-styled
or long-styled and equal-styled flowers
and in two
out of the eighteen cases, long-styled, short-styled, and

flowers appearing in a state of nature,
rare with plants

;

The long-styled

flowers greatly

preponderated on these eighteen plants,

— 61 consisting

equal-styled flowers.

of this form, 15 of equal-styled,

and 9 of the

short-

styled form.

Primula vulgaris

(var. acaulis, Linn.),

The Primrose of English Writers.

Mr. J. Scott examined 100 plants growing near
Edinburgh, and found 44 to be long-styled, and 56
short-styled and I took by chance 79 plants in Kent,
so
of which 39 were long-styled and 40 short-styled
;

;
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that the two lots together consisted of 83 long-styled

and 96 short-styled
the pistil

is

plants.

In the long-styled form

to that of the short-styled in length, from

an average of five measurements, as 100 to 51. The
stigma in the long-styled form is conspicuously more
globose and
styled, in

much more

which

papillose than in the short-

latter it is depressed

on the summit

;

Fig. 3.

Outlines of pollen-grains of Priraula vuljaris, distended with water, much
magnified and drawn under the camera lucida. The upper and smaller
grains from the long-styled form ; the lower and larger grains from
the short-styled.

it is

equally broad in the two forms. In both

it

stands

nearly, but not exactly, on a level with the anthers of

the opposite form

was found, from an average
the distance between the
middle of the stigma and the middle of the anthers
in the short-styled form is to that in the long-styled
as 100 to 93.
The anthers do not differ in size in the
two forms. The pollen-grains from the short-styled
;

for it

of 15 measurements, that

D

2
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flowers before they were soaked in water were decidedly

broader, in proportion to their length, than those from
after being soaked they were relatively
from the long-styled as 100 to 71 in diameter,
and more transparent. A large number of flowers from
the two forms were compared, and 12 of the finest
flowers from each lot were measured, but there was no
sensible difference between them in size.
Nine longstyled and eight short-styled plants growing together in
a state of nature were marked, and their capsules coland
lected after they had been naturally fertilised
the seeds from the short-styled weighed exactly twice
as much as those from an equal number of long-styled
plants.
So that the primrose resembles the cowslip in
the short-styled plants being the more productive of
the two forms. The results of my trials on the fertility of the two forms, when legitimately and illegitimately fertilised, are given in Table 9.
We may infer from this table that the fertility of the
two legitimate unions taken together is to that of the
two illegitimate unions together, as judged by the proportional number of flowers which when fertilised in
the two methods yielded capsules, as 100 to 60. If we
judge by the average number of seeds per capsule produced by the two kinds of unions, the ratio is as 100
but this latter figure is perhaps rather too low.
to 54
It is surprising how rarely insects can be seen during the
day visiting the flowers, but I have occasionally observed
small kinds of bees at work I suppose, therefore, that

the long-styled

;

to those

;

;

;

they are commonly fertilised by nocturnal Lepidoptera.
The long-styled plants when protected from insects

number of capsules, and they thus
remarkably from the same form of the cowslip,
which is quite sterile under the same circumstances.
Twenty-three spontaneously self-fertilised capsules from
yield a considerable
differ

1>
)
>
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9.

vulgaris.

Maximum Minimum Average
Number Number Number
Number
Number of
of good
of
of Seeds
of Seeds in

Nature of Uaion.

Flowers

fertilised,

Capsules
produced.

3.ny oiiG

in

any one

Capsule.

Capsule.

Seeds per
Capsule.

Long-styled form, by pollen from short-styled.

Legitimate union

.

>

.

Long-styled

form,

by

own-form

pollen.

11-

j

legitimate union

Short-styled

.

iJllVl L— o L

ICl-l

own-form

The

ill,

two

The

two

.

.

21

14

66

30

52-2

8

7

75

48

65-0

18

7

43

5

18-8*

20

18

77

47

66-0

39

21

66

5

j

.

.j

illegitimate!

unions together

66-9

1

11-

legitimate)

unions together

47

.

pollen.

legitimate union

77

by

form,

lux

11

.

pollen from long-styled.

Legitimate union

12

j

.

.J

* This average

this

35-5*

j

is

perhaps rather too low.

form contained, on an average, 19*2 seeds.

The

short-styled plants produced fewer spontaneously selffertilised capsules,

and fourteen of them contained only

The self-fertilisation of both forms
was probably aided by Thrips, which abounded within
the flowers but these minute insects could not have
placed nearly sufiicient pollen on the stigmas, as the
6*2 seeds per capsule.

;

spontaneously self-fertilised capsules contained
fewer seeds, on an average, than those (as

may

much

be seen
in Table 9) which w^ere artificially fertilised with their
own-form pollen. But this difference may perhaps be
attributed in part to the flowers in the table having
been fertilised with pollen from a distinct plant be-

;
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whilst those which were
no doubt generally received
their own pollen.
In a future part of this volume some
observations will be given on the fertility of a red-

spontaneously

;

self-fertilised

coloured variety of the primrose.

Peimula Sinensis.
In the long-styled form the pistil is about twice as
long as that of the short-styled, and the stamens differ
The stigma
in a corresponding, but reversed, manner.
is

considerably more elongated and rougher than that

of the

which is smooth and almost
somewhat depressed on the summit

short-styled,

spherical, being

but the stigma varies

much

in all its characters, the

result, probably, of cultivation.

The

pollen-grains of

the short-styled form, according to Hildebrand,* are

7 divisions of the micrometer in length and 5 in
whereas those of the long-styled are only
breadth
;

4 in length and 3 in breadth.
fore,

of

The

grains, there-

the short-styled are to those of the long-

styled in length as 100 to 57.
Hildebrand also remarked, as I had done in the case of P. veris, that the
smaller grains from the long-styled are much more
transparent than the larger ones from the short-styled

form.

We

plant varies

shall

hereafter

much

Some

often equal-styled.

be sub-heterostyled

see

that

this

cultivated

in its dimorphic condition

;

individuals

may

and

is

be said to

thus in two white-flowered plants

the pistil projected above the stamens, but in one of them

* After the appearance of my
paper this author published some
excellent observations
on the
present species (' Bot. Zeitung,*
Jan. 1, 1864), and he shows

that I erred greatly about the
size of the pollen-grains in the
two forms. 1 suppose that by
mistake I measured twice over
pollen-grains from the same form.

))
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was longer and had a more elongated and rougher
stigma, than in the other and the pollen-grains from
the latter were to those from the plant with a more
elongated pistil only as 100 to 88 in diameter, instead
it

;

The

of as 100 to 57.

corolla of the long-styled

differs in shape, in

short-styled form

and

the same manner

plants tend to flower
forms were legitiboth
before the short-styled.
the short-styled
from
capsules
the
mately fertilised,
seeds than those
more
average,
an
on
plants contained,

The long-styled

as in P. veris.

When

from the long-styled, in the ratio of 12'2 to 9-3 by
In the following table
weight, that is, as 100 to 78.
of experiments tried
sets
two
of
results
we have the
at different periods.

Table
Primula

10.

Sinensis.

Average Number

Nature of Union.

Number

Number

of

of good

Average
Weight of

Flowera

Capsules
produced.

Seeds per
Capsule.

fertilised.

of Seeds per
Capsule, as
ascertained on a

subsequent
occasion.

Long-styled form, by pollen!
Legiti->
of short-styled.
mate union .
.
.

24

16

0-58

50

20

13

0-45

35

8

8

0-76

64

4

0-23

25

32

24

0-64

57

27

17

0-40

30

.

Long-styled form, by own-j

form pollen.
mate union .

lllegiti->
.

.

.

j

Short-styled form, by pollen of long-styled.
Le->
gitimate union .
.
.
j

Short-styled form, by own-

form pollen.
mate union

Illegiti-

....

The two legitimate
together

The two

unions'!
J

illegitimate unions'^

together

j
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the two legitimate unions

together to that of the two illegitimate unions, as judged

by the proportional number

of flowers which yielded
Judging by the average
weight of seeds per capsule produced by the two kinds
capsules,

is

as

100 to 84.

of unions, the ratio

sion a large

fertilised in the

number was

is

number

as

On

100 to 63.

another occa-

of flowers of both forms were

same manner, but no account of

kept.

The

their

seeds, however, were carefully

counted, and the averages are shown in the right-hand

The ratio for the number of seeds produced
by the two legitimate compared with the two illegitimate unions is here 100 to 53, which is probably more
accurate than the foregoing one of 100 to 63.
Hildebrand in the paper above referred to gives the
and
results of his experiments on the present species
these are shown in a condensed form in the following
column.

;

table (11).

Besides using for the illegitimate unions

pollen from a distinct plant of the same form, as was

always done by me, he tried, in addition, the effects of
the plant's own pollen. He counted the seeds.
It is remarkable that here all the flowers which
were fertilised legitimately, as well as those fertilised
illegitimately with pollen from a distinct plant be-

longing to the same form, yielded capsules and from
this fact it might be inferred that the two forms were
reciprocally much more fertile in his case than in
mine. But his illegitimately fertilised capsules from
both forms contained fewer seeds relatively to the
;

legitimately fertilised

ments

;

for

capsules than

the ratio in his case

is

in

my

experi-

as

42

to 100,

of, as in mine, as 53 to 100.
Fertility is a
very variable element with most plants, being deter-

instead

mined by the conditions
which

fact I

to which they are subjected, of
have observed striking instances with the

1
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Table

11.

Primula Sinensis (from Eildebromd).
Number

Number

Average

Number

of

of good

Flowers
fertilised.

Capsules
produced.

14

14

41

Long-styled form, by own-form pollen, fromi
Illegitimate union ./
a distinct plant.

26

26

18

Long-styled form, by pollen from same^
Illegitimate union.
flower.
.
,
./

27

21

17

Short-styled form, by pollen
Legitimate union
styled.

14

14

44

Short-styled form, by own-form pollen,"!
from a distinct plant. Illegitimate union/

16

16

20

Short-styled, by pollen from
Illegitimate union.
flower.

21

11

8

28

28

43

42

42

18

48

32

13

I

Xature of Union.

Long-styled form, by pollen of
Legitimate union .
styled.

.

.

of
.

two

The two

illegitimate

unions

.

long-1
.

.

.

./

./

.

together!

illegitimate unions together (pol-l

len from the

same flower)

.

.

.

Cai>sule.

.i

the same"!

The two legitimate unions together
The

short-

of
Seeds per

.j

and this may account for the difference between my results and those of Hildebrand. His
plants were kept in a room, and perhaps were grown in
too small pots or under some other unfavourable conditions, for his capsules in almost every case contained a
present species

;

number of seeds than mine, as may be seen
by comparing the right-hand columns in Tables 10
and 11.
The most interesting point in Hildebrand's experiments is the difference in the effects of illegitimate
fertilisation with a flower's own pollen, and with that
smaller

;
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from a distinct plant of the same form. In the latter
case all the flowers produced capsules, whilst only 67
out of 100 of those fertilised with their own pollen produced capsules. The self-fertilised capsules also contained seeds, as compared with capsules from flowers
fertilised with pollen

from a distinct plant of the same

form, in the ratio of 72 to 100.

In order to ascertain how

was
were
spontaneously self-fertile, five long-styled plants
protected by me from insects and they bore up to a
given period 147 flowers which set 62 capsules but
far the present species

;

;

many

showing that they had not
been properly fertilised. At the same time five shortstyled plants were similarly treated, and they bore 116
flowers which ultimately produced only seven capsules.

On

of these soon fell

off,

another occasion 13 protected long-styled plants

yielded by weight 25 9 grains of spontaneously
*

self-

At the same time seven protected

fertilised seeds.

short-styled plants yielded only haK-a-grain weight of
seeds.

Therefore the long-styled plants yielded nearly

24 times as many spontaneously self-fertilised seeds as
did the same number of short-styled plants. The chief
cause of this great difference appears to be, that

the corolla of a long-styled plant

falls off,

when

the anthers,

from being situated near the bottom of the tube are
necessarily dragged over the stigma and leave pollen
on it, as I saw when I hastened the fall of nearly
withered flowers whereas in the short-styled flowers,
the stamens are seated at the mouth of the corolla,
and in fallino; off do not brush over the lowlv-seated
stigmas.
Hildebrand likewise protected some longstyled and short-styled plants, but neither ever yielded
;

He thinks that the difference in our
be accounted for by his plants having
been kept in a room and never having been shaken

a single capsule.
results

may

;
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but this explanation seems to me doubtful his plants
were in a less fertile condition than mine, as shown by
the difference in the number of seeds produced, and
;

highly probable that their lessened fertility would
have interfered with especial force with their capacity
for producing self-fertilised seeds.
it is

Primula auricula.*
This species

amongst the

is

heterostyled, like the preceding ones; but

varieties distributed

by florists the long-styled form

not valued. There is a much greater relative inequality in the length of the pistil and stamens in the two forms
of the auricula than in the cowslip the pistil in the long-styled
being nearly four times as long as that in the short-styled, in
which it is barely longer than the ovarium. The stigma is nearly

is rare,

as

it is

;

same shape in both forms, but is rougher in the long-styled,
though the difference is not so great as between the two forms
of the cowslip. In the long-styled plants the stamens are very
short, rising but little above the ovarium.
The pollen-grains of
these short stamens, when distended with water, were barely
of an inch in diameter, whereas those from the long stamens of
the short-styled jDlants were barely g^oo' showing a relative difof the

ference of about 71 to 100. The smaller grains of the longstyled plant are also much more transparent, and before distention with water

more triangular in outline than those

of the

other form. Mr. Scott j compared ten plants of both foi*ms growing under similar conditions, and found that, although the longstyled plants produced more umbels

and more capsules than the

short-styled, yet they yielded fewer seeds, in the ratio of 66 to
100.

Three short-styled plants were protected by

* According to Kemer our garden auriculas are descended fromP.
puhescens, Jacq., which is a hybrid
between the true P. auricula and
hirsuta. This hybrid has now been

propagated

for

about 300 years,

and produces, when legitimately
number of seeds
the long-styled forms yielding an
average number of 73, and the
fertihsed, a large

me from

the

short-styled 98 seeds per capsule
see his " Geschichte der Aurikel,"
'
Zeitsclir. des Deutschen und Oest.
Alpen-Vereins,' Band vi. p. 52.
:

Also
'

'

Die Primulaceen-Bastarten,'

Oest. Bot. Zeitschrift,' 1835, Nos.

and

3, 4,

t
viii.

5.

Journ. Linn. Soc. Bot.' vol.
1864, p 86.

*
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and they did not produce a single seed. Mr.
Scott protected six plants of both forms, and found them excessively sterile.
The pistil of the long-styled form stands so

access of insects,

high above the anthers, that it is scarcely possible that pollen
should reach the stigma without some aid; and one of Mr.
Scott's long-styled plants which yielded a few seeds (only 18 in
number) was infested by aphides, and he does not doubt that
these had imperfectly fertilised

it.

I tried a few experiments by reciprocally fertilising the two
forms in the same manner as before, but my plants were unhealthy, so I will give, in a condensed foi-m, the results of Mr.
Scott's experiments.
For fuller particulars with respect to this
and the five following species, the paper lately referred to may
be consulted. In each case the fertility of the two legitimate
unions, taken together, is compared with that of the two illegitimate unions together, by the same two standards as before,
namely, by the proportional number of flowers which pro-

duced good capsules, and by the average number of seeds per
capsule.

The

fertility of

the legitimate unions

is

always taken

at 100.

By the first standard, the fertility of the two legitimate unions
of the auricula is to that of the two illegitimate unions as 100
to 80

;

and by the second standard as 100

to 15.

Primula Sikkimensis.
According to Mr. Scott, the

pistil of the long-styled

form

is

fully four times as long as that of the short-styled, but their

stigmas are nearly alike in shape and roughness. The stamens
do not differ so much in relative length as the pistils. The pollendifi'er in a marked manner in the two forms ; " those of
the long-styled plants are sharply triquetrous, smaller, and more
transparent than those of the short-styled, which are of a bluntly

grains

triangular form."

The

fertility of

that of the two illegitimate unions

the two legitimate unions to
is

by the

first

standard as

100 to 95, and by the second standard as 100 to 31.

Primula cortusoides.

The pistil of the long-styled form is about thrice as long as
that of the short-styled, the stigma being double as long and
covered with much longer papillae. The pollen-grains of the short-

Chap.
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styled form are, as usual, " larger, less transparent, and
bluntly triangular than those from the long-styled plants."
fertility of

the two legitimate unions to that of the two

gitimate unions

is

by the

first

more
The
ille-

standard as 100 to 74, and by

the second standard as 100 to 66.

Primula involucrata.
The

pistil of

the long-styled form

that of the short-styled

;

is

about thrice as long as

the stigma of the fonner

is

globular

and closely beset with papillae, whilst that of the short-styled
The pollen-grains of the
is smooth and depressed on the apex.
two forms differ in size and transparency as before, but not in
shape. The fertility of the two legitimate to that of the two
illegitimate unions is by the first standard as 100 to 72 and by
;

the second standard as 100 to 47.

Peimula farinosa.
According to Mr. Scott, the

pistil of

the long-styled form

is

The
only about twice as long as that of the short-styled.
stigmas of the two forms differ but little in shape. The pollengrains differ in the usual manner in size, but not in form. Tlie
fertility of the two legitimate to that of the two illegitimate
unions is by the first standard as 100 to 71, and by the second
standard as 100 to 44.

Summary on

the foregoing heterostyled species

of Prilong and short-styled plants
of the above species of Primula, when the two forms
are fertilised legitimately, and illegitimately with
pollen of the same form taken from a distinct plant,

mula.

has

— The

fertility of the

now been

given.

The

results are seen in the fol-

the fertility being judged

by two
by that of the proportional number
of flowers which yielded capsules, and by that of the
average number of seeds per capsule. But for full
accuracy many more observations, under varied conditions, would be requisite.
lowing

table

;

standards, namely,
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Table

Summary

on

the Fertility of the

Chap.

I.

12.

two Legitimate Unions, compared

with that of the two Illegitimate Unions, in the genus Primula.
The former taken at 100.

Illegitimate Unions.

^same of Species.

Juaged

01

Proportional
of Flowers

by the

which

produced Capsules.

(or

Weight

in some cases)
of Seeds per Capsule.

69

65

27

ffProbably
75] too high.)

60

P. vulgaris

Judged of by the

Number Average Number

(Perhaps
5.] too low.)
[

84
(sscond trial)

„

»

«

?

100

(after Hildebrand)

....

63
53

42

80

15

.

95

31

P. cortusoides (Scott)

.

74

66

P. involucrata (Scott)

.

72

48

71

44

88-4

61-8

P. auricula (Scott)

P. Sikkimensis (Scott)

P. farinosa (Scott)

....

Average of the nine species

With

.

plants of all kinds some flowers generally fail

to produce capsules,

from various accidental causes
but this source of error has been eliminated, as far as
possible, in all the previous cases, by the manner in
which the calculations have been made. Supposing,
for instance, that 20 flowers were fertilised legitimately and yielded 18 caj)sules, and that 30 flowers
were fertilised illegitimately and yielded 15 capsules, we may assume that on an average an equal
;

proportion of the flowers in both lots would fail to
produce capsules from various accidental causes and
or as 100 to 56 (in whole
the ratio of |f to
;

;

Chap.
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numbers), would show the proportional number of capand the
sules due to the two methods of fertilisation
;

number 56 would appear

in the left-hand

column of

With respect
Table 12, and in my other tables.
per
capsule
seeds
hardly
to the average number of
supposing that the legitianything need be said
mately fertilised capsules contained, on an average,
50 seeds, and the illegitimately fertilised capsules
25 seeds then as 50 is to 25 so is 100 to 50 and
the latter number would appear in the right-hand
column.
It is impossible to look at the above table and doubt
that the legitimate unions between the two forms of the
above nine species of Primula are much more fertile
than the illegitimate unions although in the latter
case pollen was always taken from a distinct plant of
the same form. There is, however, no close correspondence in the two rows of figures, which give,
according to the two standards, the difference of fertility between the legitimate and illegitimate unions.
Thus all the flowers of P. Sinensis which were illegitimately fertilised by Hildebrand j)roduced capsules
but these contained only 42 per cent, of the number
:

;

;

;

by the legitimately fertilised capsules.
So again, 95 per cent, of the illegitimately fertilised
flowers of P. Sikkimensis produced capsules
but these

of seeds yielded

;

contained only 31 per cent, of the number of seeds in
the legitimate capsules.
On the other hand, with

P.

elatior

only 27 per cent, of the illegitimately

tilised flowers yielded capsules

;

fer-

but these contained

nearly 75 per cent, of the legitimate

number

of seeds.

It appears that the setting of the flowers, that

is, the
production of capsules whether good or bad, is not
so much influenced by legitimate and illegitimate fer-

tilisation as is the

number

of seeds

which the capsules

—
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For, as

contain.

88*4 per

12,

may

I.

be seen at the bottom of Table

of

cent,

Chap.

the illegitimately

fertilised

but these contained only
61*8 per cent, of seeds, in comparison, in each case,
with the legitimately fertilised flowers and capsules
of the same species.
There is another point which deserves notice,
namely, the relative degree of infertility in the several
species of the long-styled and short-styled flowers,
when both are illegitimately fertilised. The data
may be found in the earlier tables, and in those given
by Mr. Scott in the Paper already referred to. If we
call the number of seeds per capsule produced by the
flowers

yielded capsules

;

illegitimately fertilised long-styled

flowers 100, the

seeds from the illegitimately fertilised short-styled
flowers will

bers

be represented by the following num-

:

Primula veris.

Primula auricula

71
(Probably

P. elatior

.

P, Sinensis

We thus

.

.

P. cortusoides

.

(Perhaps

P. involucrata

.

too low.)

P. farinosa

.

too low.)

P. vulgaris

.

P. Sikkimensis

119
57
93

74
63

71

see that, with the exception of P. auricula, the

long-styled flowers of all nine species are more fertile

than the short-styled

when both forms are
Whether P. auricula really

flowers,

illegitimately fertilised.

differs from the other species in this respect I can form
no opinion, as the result may have been accidental.
The degree of self-fertility of a plant depends on two
elements, namely, on the stigma receiving its own pollen
and on its more or less efficient action when placed

there.

Now as

the anthers of the short-styled flowers of

several species of Primula stand

stigma, their pollen

is

be carried down to

it

directly above the

more likely to fall on it, or
by insects, than in the case

to

of

Chap.
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It appears probable, therefore,

at first sight, that the lessened capacity of the short-

styled flowers to be fertilised with their own pollen, is
a special adaptation for counteracting their greater
liability

checking

to

receive

their

self-fertilisation.

own pollen, and thus for
But from facts with respect

view can
In accordance with the above
liability, when some of the species of Primula were
allowed to fertilise themselves spontaneously under
a net, all insects being excluded, except such minute

to other species hereafter to be given, this

hardly be admitted.

ones

as

standing

the

Thrips,
their

short-styled

greater innate

more seed than did the long-styled.
species, however,

when

a near approach to full

notwith-

flowers,

yielded

self-sterility,

None

of the

insects were excluded,

made

But the long-styled

fertility.

form of P. Sinensis gave, under these circumstances,
a considerable number of seeds, as the corolla in falling
off

drags the anthers, which are seated low

down

in

the tube, over the stigma, and thus leaves plenty of
pollen on it.
Homostylecl species of Primula.

—

It

has

now been

shown that nine of the species in this genus exist under
two forms, which differ not only in structure but in
function.

Besides these Mr. Scott enumerates 27 other

and to these probably
be hereafter added.
Nevertheless, some
that is, they exist only under
species are homostyled
a single form but much caution is necessary on this

species* which are heterostyled

;

others will

;

;

head, as several species

become equal-styled.

when

cultivated are

Mr. Scott

believes

apt to

that

P.

Scotica, verticillata, a variety of Silirica, elata, mollis,

and

Miiller has given in NaDec. 10, 1874, p. 110, a
drawing of one of these species,
*

H.

ture,'

'

the Alpine P. villosa, and
shows that it is fertilised exclusively by Lepidoptera.

viz.

E
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and to these may be
added, according to Axell, P. strida. Mr, Scott experimented on P. Scotica, mollis, and verticillata, and
found that their flowers yiekled an abundance of seeds

longifiora* are truly homostyled

when

fertilised

;

with their own pollen.

This shows

that they are not heterostyled in function.

P. Scotica
however, only moderately fertile when insects are
excluded, but this depends merely on the coherent
pollen not readily falling on the stigma without their

is,

Mr. Scott also found that the capsules of P.
contained rather more seed when the flowers
were fertilised with pollen from a distinct plant than
when with their own pollen and from this fact he inaid.

verticillata

;

they are sub-heterostyled in function, though
not in structure. But there is no evidence that two
fers that

sets of individuals exist,

tion

and are adapted

which

difi'er

slightly in func-

this is the essence of heterostylism.

plant being more

of a

fertile

distinct individual than with its

mon

to very

work

*

On

many

;

and

The mere

fact

for reciprocal fertilisation

species, as I

with pollen from a

own

pollen, is comhave shown in my

the Effects of Cross and Self-fertilisation.'

HOTTONIA PALUSTEIS.
This aquatic

member

of

the Primulaceae

is

con-

spicuously heterostyled, as the pistil of the long-styled

form projects

out of the flower, the stamens being

far

enclosed within the tube

;

whilst the stamens of the

short-styled flower project far outwards, the pistil being

enclosed.

This difference between the two forms has

attracted the attention of various botanists,

*

Koch

v,?is
aware that this
was homostyled see " Treviranus iiber Dichogamie nach

species

:

and that

Bprecgel und Darwin,"
tung,' Jan. 2, 1863, p. 4.

'

Bot, Zei-
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of Sprengel,* in 1793, who, with his usual sagacity,

adds that he does not believe the existence of the two
forms to be accidental, though he cannot explain their
purpose.
The pistil of the long-styled form is more
than twice as long as that of the short-styled, with the
stigma rather smaller, though rougher. H. Miillerf
gives figures of the stigmatic papillae of the two forms,
and those of the long-styled are seen to be more than
double the length, and

much

thicker than the papillae

The anthers

in the one form
do not stand exactly on a level with the stigma in
the other form for the distance between the organs is
greater in the short-styled than in the long-styled
flowers in the proportion of 100 to 71. In dried specimens soaked in water the anthers of the short-styled
form are larger than those of the long-styled, in the
ratio of 100 to 83.
The pollen-grains, also, from the
short-styled flowers are conspicuously larger than those
from the long-styled the ratio between the diameters
of the moistened grains being as 100 to 64, according
to my measurements, but according to the measurements of H. Miiller as 100 to 61 and his are probably
the more accurate of the two. The contents of the
larger pollen-grains appear more coarsely granular
and of a browner tint, than those in the smaller
grains.
The two forms of Hottonia thus agree closely
in most respects with those of the heterostyled species

of the short-styled form.

;

;

;

of Primula.

The flowers

of Hottonia are cross-fertilised,

according to Miiller, chiefly by Diptera.
Mr. Scott i made a few trials on a short-styled plant,
and found that the legitimate unions were in all ways

more
*
(ler

t

fertile

than the illegitimate

Das entdeckte
Natm-e,' p. 103.
'

'

Geheimniss

Die Befruchtung,'

%
viii.

'

;

but since the pub-

Journ. Linn. Soc. Bot.* vol.

186i, p. 79.

&c., p.350.

E 2

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

:

Table
EoUonia

palustris

13.

(from

Miiller),

JET.

Average

^ unibor

Number

of
Seeds per
Capsule.

of Capsules

Mature of Union.

examined.

Long-styled

form, by pollen of short-styled.'l

34

91-4

18

77-5

30

66-2

Short-styled form, by own-form pollen, from al
distinct plant.
Illegitimate union
.
./

19

18-7

The two legitimate unions together

64

78-8

3.

48-1

Long-styled form, by own-form pollen, from
distinct plant.
Illegitimate union
.

Short-styled form, by pollen

.

a"!
.

/

of long-styled.

.

The two

illegitimate unions together

.

The most remarkable point in this table is the
number of seeds from the short-styled
flowers when illegitimately fertilised, and the unusually
large average number of seeds yielded by the illegitismall average

mately

fertilised long-styled flowers, relatively in

both

to

the product of the legitimately fertilised

flowers.*

The two legitimate unions compared with

cases

*

H.

Miiller

says

('Die

Be-

fruclitung,' &c., p. 352) that the
long-styled flowers, when illegiti-

mately

fertilised, yield as

seeds as

when

many

legitimately fer-

but by adding up the
number of seeds from all the capsules produced by the two methods
of fertilisation, as given by him,
tilised

;

I arrive at the results

Table

shown

in

The average number
long-styled capsules, when
13.

in the
legitimately fertilised, is 91 "4,
and when illegitimately fertilised,
77-5 or as 100 to 85. H. Miiller
agrees with me that this is the
;

proper manner of
case.

viewing

the

Chap.
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the two illegitimate together yield seeds in the ratio
of 100 to 61.

H.

Miiller also tried the effects of illegitimately fer-

tilising the long-styled

and short-styled

flowers with

their own pollen, instead of with that from another
plant of the same form; and the results are very
striking.
For the capsules from the long-styled
flowers thus treated contained, on an average, only
15-7 seeds instead of 77*5; and those from the
short-styled 6*5, instead of 18*7 seeds per capsule.

The number 6 5 agrees closely with Mr. Scott's result
from the same form similarly fertilised.
From some observations by Dr. Torrey, Hottonia
*

inf ata, an inhabitant of the United States, does not
ap 3ear to be heterostyled, but is remarkable from prodi

cing cleistogamic flowers, as will be seen in the last

chapter of this volume.

Besides the genera Primula and Hottonia, Androsace
(vel Gregoria, vel Aretia)

vitalliana

is

heterostyled.

Mr. Scott* fertilised with their own pollen 21 flowers
on three short-styled plants in the Edinburgh Botanic
Gardens, and not one yielded a single seed
but
eight of them which were fertilised with pollen from one
of the other plants of the same form, set two empty
capsules. He was able to examine only dried specimens of the long-styled form. But the evidence seems
sufficient to leave hardly a doubt that Androsace is
heterostyled. Fritz Miiller sent me from South Brazil
dried flowers of a Statice which he believed to be heterostyled.
In the one form the pistil was considerably
longer and the stamens slightly shorter than the corresponding organs in the other form. But as in the
shorter-styled form the stigmas reached up to the anthers
;

See also Treviranus in
being dimorphic.

'

Bot. Zeitung,' 1863, p. 6, on this plant
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as I could not detect in the

dried specimens of the two forms any difference in their
stigmas, or in the size of their pollen-grains, I dare not

rank this plant as heterostyled. From statements made
by Vaucher I was led to think that Soldanella alpina was
heterostyled, but it is impossible that Kerner, who has
closely studied this plant, could have overlooked the
fact. So again from other statements it appeared probable that Pyrola might be heterostyled, but H. Miiller
examined for me two species in North Germany, and
found this not to be the case.

a
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CHAPTER

II.

Hybrid PRmrLAS.

The Oxlip a hybrid naturally produced between Primula veris and
vulgaris The differences in structure and function between the

—

—

two parent-species Efiects of crossing long-styled and short-styled
Oxlips with one another and with the two forms of both parentCharacter of the offspring from Oxlips artificially selfspecies
fertilised and cross-fertilised in a state of nature— Primula elatior
shown to be a distinct species Hybrids between other heterostyled
Supplementaiy note on spontaneously produced
species of Primula
hybrids in the genus Verbascum.

—

—

The

—

various species of Primula have produced in a

throughout Europe an extraordinaryFor instance, Professor
hybrid forms.
Kerner has found no less than twenty-five such forms
The frequent occurrence of hybrids in
in the Alps.*
this genus no doubt has been favoured by most of the
species being heterostyled, and consequently requiring
state of nature

number

of

cross-fertilisation

by insects

yet in some other genera,

;

species which are not heterostyled

respects

appear

and which in some

not well adapted for

hybrid-ferti-

have likewise been largely hybridised.
In
certain districts of England, the common oxlip
hybrid between the cowslip (P. veris, vel officinalis)

lisation,

—

—

and the primrose (P. vulgaris, vel acaulis) is frequently found, and it occurs occasionally almost every* "

Die Primulaceen-Bastarten,"

Oesterr. Bot. Zeitschrift,' Jahr
1875, Nos. 3, 4, and 5.
See also
Godron on hybrid Primulas in

'

Bull. See. Bot. de France,' torn. x.
1853, p. 178. Also in Kevue des
Sciences Nat.' 1875, p. 331.

'

'
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where. Owing to the frequency of this intermediate
hybrid form, and to the existence of the Bardfield
oxlip (P. elatior), which resembles to a certain extent
the common oxlip, the claim of the three forms to
rank as distinct species has been discussed oftener
and at greater length than that of almost any other
plant.
Linnaeus considered P. veris, vulgaris and
elatior to be varieties of the same species, as do some

distinguished botanists
others

who have

at

the present day

;

whilst

carefully studied these plants do not

doubt that they are distinct species.

The following

observations prove, I think, that the latter view

is

and they further show that the common oxlip
is a hybrid between P. veris and vulgaris.
The cowslip differs so conspicuously in general appearance from the primrose, that nothing need here
correct

;

be said with respect to their external characters.*

But some

less

obvious differences deserve notice.

As

both species are heterostyled, their complete fertiliThe cowslip is habitually
sation depends on insects.
visited during the day by the larger humble-bees
(viz. BomhiLS muscorum and hortorum), and at night
by moths, as I have seen in the case of Gucullia. The
primrose is never visited (and I speak after many
years' observation) by the larger humble-bees, and
only rarely by the smaller kinds; hence its fertilisation must depend almost exclusively on moths.
There is nothing in the structure of the flowers of the
two plants which can determine the visits of such
widely different insects. But they emit a different
odour, and perhaps their nectar may have a different
taste. Both the long-styled and short-styled forms of
* The Eev. W. A. Leighton
has pointed out certain differences
in the form of the capsules and

Ann. and Mag. of Nat.
2nd series, vol. ii. 1848,

seed, in
Hist.'
p. 164.

'
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when legitimately and naturally fertion an average many more seeds per capsnle
than the cowslip, namely, in the proportion of 100 to 55.
When illegitimately fertilised they are likewise more
fertile than the two forms of the cowslip, as shown by
the larger proportion of their flowers which set capsules, and by the larger average number of seeds which
the capsules contain. The difference also between the
number of seeds produced by the long-styled and shortstyled flowers of the primrose, when both are illegitimately fertilised, is greater than that between the
number produced under similar circumstances by the
two forms of the cowslip. The long-styled flowers of
the primrose when protected from the access of all insects, except such minute ones as Thrips, yield a considerable number of capsules containing on an average
19* 2 seeds per capsule whereas 18 plants of the longthe primrose,

lised, yield

;

styled cowslip similarly treated did not yield a single
seed.

The

primrose, as every one knows, flowers a little

than the cowslip, and inhabits
and districts. The primrose
generally grows on banks or in woods, whilst the cowslip is found in more open places.
The geographical
range of the two forms is different. Dr. Bromfield remarks * that " the primrose is absent from all the interior region of northern Europe, where the cowslip is
indigenous." In Norway, however, both plants range
to the same degree of north latitude, f
earlier in the spring

slightly different stations

The cowslip and

primrose,

' Phytologist,' vol. iii.
p. 694.
t H. Lecoq, ' Geograph. Bot. de
I'Europe,' torn. viii. 1858, pp. 141,
144.
See also Ann. and Mag. of
Nat, Hist.' ix. 1842, pp. 156,
515.
Also Boreau,
Flore du
'

'

when

intercrossed, be-

centre de la France,' 1840, torn. ii.
p. 376, With respect to the rarity
of P. veris in western Scotland,
see H. C. Watson, ' Cybele Britannica,' ii. p. 293.
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have like distinct species, for they are far from
being mutually fertile. Gartner* crossed 27 flowers
of P. vulgaris with pollen of P. veris, and obtained
16 capsules
but these did not contain any good
seed.
He also crossed 21 flowers of P. veris with
pollen of P. vulgaris ; and now he got only five
;

capsules,

containing

seed

in

a

less

still

perfect

knew nothing

about heterostylism
and his complete failure may perhaps be
accounted for by his having crossed together the
for such
same forms of the cowslip and primrose
condition.

Gartner

;

;

would have been of an illegitimate as well as
of a hybrid nature, and this would have increased
their sterility.
My trials were rather more fortunate.
Twenty-one flowers, consisting of both forms of the
cowslip and primrose, were intercrossed legitimately,
and yielded seven capsules {i.e. 33 per cent.), containing on an average 42 seeds
some of these seeds,
however, were so poor that they probably would not have
germinated. Twenty-one flowers on the same cowslip
and primrose plants were also intercrossed illegitimately, and they likewise yielded seven capsules (or
33 per cent.), but these contained on an average only
13 good and bad seeds. I should, however, state that
some of the above flowers of the primrose were fertilised
with pollen from the polyanthus, which is certainly a
variety of the cowslip, as may be inferred from the perfect fertility inter se of the crossed offspring from these
two plants, t To show how sterile these hybrid unions
crosses

;

*

'

Bastarderzeugung,' 1849,

p.

ciently numerous.

The degree

of

721.

infertility of a cross is liable to

t Mj. Scott has discussed the
nature of the polyanthus ('Proc.
Linn. Soc.' viii. Bot. 1861, p.
103), and arrives at a diflerent
conclusion
but I do not think
that his experiments were sufli-

much

;

Pollen from
appears rather
more efficient on the primrose tiian
that of the polyanthus
for 12
flowers of both forms of the primfluctuation.

the cowslip at

first

;

rose, fertilised

legitimately

and
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may remind

flowers of
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the reader that 90 per cent, of the

the primrose fertilised legitimately with

primrose-pollen yielded capsules,

average 66 seeds

and that 54 per

;

containing on

fertilised illegitimately yielded capsules

an average 35*5 seeds per

caj^sule.

especially the short-styled form,
cowslip,

less

is

sterile, as

an

cent, of the flowers

when

containing on

The

primrose,

fertilised

by the

Gartner likewise observed,

than is the cowslip when fertilised by the primrose. The
above experiments also show that a cross between the
same forms of the primrose and cowslip is much more
sterile than that between different forms of these two
species.

The seeds from the several foregoing crosses were
sown, but none germinated except those from the
short-styled

primrose fertilised with pollen of

the

and these seeds were the finest of the
whole lot. I thus raised six plants, and compared
them with a group of wild oxlips which I had transpolyanthus

;

planted into

my

garden.

One

of these wild oxlips

produced slightly larger flowers than the others, and
this one was identical in every character (in foliage,
flower-peduncle,

and

with

flowers)

my

six

plants,

excepting that the flowers of the latter were tinged of
a dingy red colour, from being descended from the
polyanthus.
We thus see that the cowslip and primrose cannot be crossed either way except with considerable
difficulty, that they differ conspicuously in external
appearance, that they differ in various physiological
illegitimately with pollen of the
cowslip gave five capsules, containing on an average 32 4 seeds
whilst 18 flowers similarly fertilised by polyanthus-pollen yielded
only five capsules, containing only
•

,

22 6 seeds. On the other hand,
the seeds produced by the polyanthus - pollen were much the
finest of the whole lot, and wer6
the only ones which germinated,
•

;
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characters, that they inhabit slightly different stations

and range differently. Hence those botanists who
rank these plants as varieties ought to be able to prove
that they are not as well fixed in character as are most
species
and the evidence in favour of such instability
of character appears at first sight very strong.
It
rests, first, on statements made by several competent
observers that they have raised cowslips, primroses, and
oxlips from seeds of the same plant; and, secondly,
;

on the frequent occurrence in a

state of nature of

plants presenting every intermediate gradation between

the cowslip and primrose.

The

is of little value
being formerly understood,
the seed-bearing plants were in no instance* protected from the visits of insects
and there would
be almost as much risk of an isolated cowslip, or of
several coAvslips if consisting of the same form, being
crossed by a neighbouring primrose and producing
oxlips, as of one sex of a dioecious plant, under similar
circumstances, being crossed by the opposite sex of
an allied and neighbouring species. Mr. H. C. Watfirst

statement, however,

heterostylism

for,

not

;

son, a critical

and most careful observer, made many

experiments by sowing the seeds of cowslips and of
various kinds of oxlips, and arrived at the following
conclusion,! namely, **that seeds of a cowslip can
produce cowslips and oxlips, and that seeds of an oxlip
can produce cowslips, oxlips, and primroses." This
conclusion harmonises perfectly with the view that in
*

One author states in the Phy'

703) that he
coveredwith bell-glasses some cowtologist

slips,

'

(vol.

iii.

p.

primroses, &c., on which he

experimented.
He specifies all
the details of his experiment, but
does not say that he artificially
fertilised his plants

;

yet

he ob-

an abundance of seed,
simply
which
is
impossible,
Hence there must have been
some strange error in these experiments, which may be passed
tained

over as valueless,
f

852 ;

'

Phytologist,'
iii.

p. 43.

ii.

pp.

217,
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have been obtained, the

unprotected cowslips have been crossed by primroses,
and the unprotected oxlips by either cowslips or

we might expect, by
which notoriously comes into
powerful action with hybrids, that the two parent-forms
in appearance pure, as well as many intermediate graNevertheless
dations, would be occasionally produced.
the two following statements offer considerable difficulty. The Eev. Prof. Henslow* raised from seeds of a
cowslip growing in his garden, various kinds of oxlips
and one perfect primrose but a statement in the same
paper perhaps throws light on this anomalous result.
Prof. Henslow had previously transplanted into his
garden a cowslip, which completely changed its appearance during the following year, and now resembled
an oxlip. Next year again it changed its character,
and produced, in addition to the ordinary umbels, a
few single-flowered scapes, bearing flowers somewhat
smaller and more deeply coloured than those of the
common primrose. From what I have myself observed
with oxlips, I cannot doubt that this plant was an oxprimroses
the aid

for in this latter case

;

of

reversion,

;

highly variable condition, almost like that of
This presumed oxlip was
propagated by offsets, which were planted in different
lip in a

the famous Cytisus adami.

parts of the garden
and if Prof. Henslow took by
mistake seeds from one of these plants, especially if it
;

had been crossed by a primrose, the result would be
quite intelligible. Another case is still more difficult
Dr. Herbert f raised, from the seeds of
to understand
:

a highly

cultivated red

various kinds,

cowslip, cowslips, oxlips of

and a primrose.

*

Loudon's

t

•

This case,

if

accurately

' Mag. of Nat. Hist.' iii.
1830, p. 409.
Transact. Hort. Soc' iv. p. 19.
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recorded, which I

much

doubt,
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explicable only on

is

the improbable assumption that the red cowslip was

not of pure parentage.
of

many

kinds,

when

With

species

and instances are
by another, producing

strongly prepotent over the other

*known*

and varieties
sometimes

intercrossed, one is

of a variety crossed

;

which in certain characters, as in colour,
have proved identical with the pollenbearing parent, and quite dissimilar to the motherplant but I do not know of any instance of the offoffspring

hairiness, &c.,

;

spring of a cross perfectly resembling, in a considerable number of important characters, the father alone.
It

is,

therefore, very improbable that a pure cowslip

by a primrose should ever produce a primrose
Although the facts given by Dr.
in appearance pure.
Prof.
Henslow
are difficult to explain, yet
Herbert and
until it can be shown that a cowslip or a primrose,
crossed

carefully protected from insects, will give birth to at
least oxlips, the cases hitherto recorded

have

little

weight in leading us to admit that the cowslip and
primrose are varieties of one and the same sj)ecies.
Negative evidence is of little value but the followSome cowslij^s which
ing facts may be worth giving
had been transplanted from the fields into a shrubbery
were again transplanted into highly manured land.
In the following year they were protected from insects,
;

:

—

and the seed thus procured was
sown in a hotbed. The young plants were afterwards
planted out, some in very rich soil, some in stiff poor
clay, some in old peat, and some in pots in the greenhouse so that these plants, 765 in number, as well as
their parents, were subjected to diversified and unartificially fertilised,

;

have given instances in my
On the Variation of Animals and Plants under Domes*

I

work

'

tication,' chap. XV.
ii.

p. 69.

2nd

edit. vol.
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but not one of them presented the
those in the peat at-

least variation except in size

—

taining almost gigantic dimensions, and those in the
clay being

much

dwarfed.

do not, of course, doubt that cowslips exposed
during several successive generations to changed conditions would vary, and that this might occasionally
occur in a state of nature. Moreover, from the law
of analogical variation, the varieties of any one species
of Primula would probably in some cases resemble
other species of the genus. For instance I raised a red
primrose from seed from a protected plant, and the
flowers, though still resembling those of the primrose,
were borne during one season in umbels on a long footI

stalk like that of a cowslip.

With regard

to the second class of facts in support

and primrose being ranked as mere
namely, the well-ascertained existence in a
state of nature of numerous linking forms*
If it can
be shown that the common wild oxlip, which is intermediate in character between the cowslip and primof the cowslip
varieties,

:

—

resembles in sterility and other essential respects
if it can further be shown that the
oxlip, though in a high degree sterile, can be fertilised
rose,

a hybrid plant, and

by

either parent-species, thus giving rise to

still finer

gradational links, then the presence of such linking

forms in a state of nature ceases to be an argument
any weight in favour of the cowslip and primrose

of

being varieties, and becomes, in fact, an argument on
the other side. The hybrid origin of a plant in a
state of nature can be recognised by four tests
first,
:

by

*

its

occurrence only where both presumed parent-

See an excellent article on
by Mr. H. C. Watson

this subject

in the
43.

'

Phytologist,' vol.

iii.

p.

:
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species exist or have recently existed

;

and

this holds

good, as far as I can discover, with the oxlip

P.

elatior of Jacq.,

common

;

but the

which, as we shall presently see,

constitutes a distinct species,

with the

II.

oxlip.

must not be confounded

Secondly, by the supposed

hybrid plant being nearly intermediate in character
between the two parent-species, and especially by its
resembling hybrids artificially made between the same
two species. Now the oxlip is intermediate in character, and resembles in every respect, except in the
colour of the corolla, hybrids artificially produced between the primrose and the polyanthus, which latter
Thirdly, by the supposed
is a variety of the cowslip.
hybrids being more or less sterile when crossed irder se
but to try this fairly two distinct plants of the same
parentage, and not two flowers on the same plant,
for many pure species are more
should be crossed
or less sterile with pollen from the same individual
plant and in the case of hybrids from heterostyled
species the opposite forms should be crossed. Fourthly
and lastly, by the supposed hybrids being much more
fertile when crossed with either pure parent-species
than when crossed i7iter se, but still not as fully fertile
;

;

as the parent-species.

For the sake
I

of ascertaining the two latter points,

transplanted

garden.

They

a

group

consisted

of

of

wild

one

oxlips

into

long-styled

my
and

plants, which, except in the cobeing slightly larger, resembled each
other closely. The trials which were made, and the

short-styled

three

rolla

of one

results
tables.

obtained, are

No

less

shown

in

the five

following

than twenty different crosses are

necessary in order to ascertain fully the fertility of

hybrid heterostyled plants, both inter se and with
In this instance 256 flowers

their two parent-species.

;
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were crossed in the course of four seasons. I may
mention, as a mere curiosity, that if any one were to
raise hybrids between two trimorphic heterostyled
species, he would have to make 90 distinct unions
to ascertain their fertility in all ways
he would have to try at least 10 flowers in
each case, he would be compelled to fertilise 900
This would probably
flowers and count their seeds.
exhaust the patience of the most patient man.

in

order

and

as

Table

14.

Crosses inter se hetween the two forms of the

Legitimnte union.

Illegitimate union.

common OxUp.
Legitimate union.

Illegitimate union.

\

Short-styled oxby pollen of
short-styled oxlip
20 flowers fertilised,
did not produce one
capsule.

'

lip,

:

Long -styled oxShort-styled oxLong -styled oxby pollen of lip, by its own lip, by pollen of
pollen: 24 flowers short-styled oxlip
long -styled oxlip
10 flowers fertilised, fertilised, produced 10 flowers fertilised,
did not produce one five capsules, con- did not produce one
taining 6, 10, 20, capsule.
capsule.
lip,

:

14
8, and
Average 11

Table
Both forms of

seeds.
•

6.

15.

the Oxlip crossed with Pollen of both

forms of

the

Cowslip, P. veris.

Illegitimate union.

Legitimate union.

Legitimate union.

Illegitimate union,
j

Short-styled oxlip,
by pollen of
short - styled cowslip
18 flowers fertilised, did not produce one capsule.
:

I

Short-styled oxLong -styled oxLong -styled oxlip, by
pollen of lip, by pollen of lip, by pollen of
long -styled cow- long - styled cow- short - styled cowslip
18 flowers slip
11
flowers slip
5
flowers
:

fertilised,

:

produced

fertilised,

:

produced

fertilised,

produced

three capsules, con- one capsule, con- two capsules, coutaining 7, 3, and 3 taining 13 wretched taining 21 and 28
wretched seeds, ap- seeds.
very fine seeds.
parently incapable
of germination.

:

'1
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Both forms of the 0x1 ip crossed with Pollen of hoth forms of
Primrose, P. vulgaris.
Illegitimate union.

Legitimate union.

II.

the

Legitimate union.

Illegitimate union.

Short-styled oxLong-styled oxShort-styled oxLong-styled oxby pollen of lip, by pollen of lip, by pollen of lip, by pollen of
short-styled prim- long - styled prim- long - styled prim- short-styled primrose
34 flowers rose
flowers
5
26 flowers rose
11 flowers rose
lip,

|

:

:

:

:

|

fertilised,

two

produced

fertilised,

capsules, con-

taining

5 and

produced

fertilised,

produced

'

12

capsules,

;

and 24 seeds. 6 wretched
Average lo'l. Many Average 7 0.
of the seeds very
poor, some good.
19,

seeds,

i

•

Table
Cowslip crossed

the

Illegitimate union.

produced

con- four capsules, con- five capsules, containing 16, 20, 5, 10, taining 10, 7. 5, and taining 26, 32, 23,
six

seeds.

Both forms of

fertilised,

I

icith

Legitimate union.

!

:

:

17.

Pollen of hoth forms of the Oxlip.
Legitimate union.

Illegitimate union.

Short-styled cowLong-styled cowslip, by pollen of slip, by pollen of
short-styled oxlip
short-styled oxlip
8 flowers fertilised, 8 flowers fertilised,
})roduced not one produced one cap
capsule.
sule, containing 26
!

28, and 34 seeds.
Average 28*6.

Short-styled cowby pollen of
long - styled oxlip
long - styled oxlip
8 flowers fertilised, 8 flowers fertilised,
produced three cap- produced eight capsules, containing 5, sules, containing 58,

Long-styled cow-

by pollen of

slip,

slip,

:

:

|

and 14
6,
Average 8 '3.

seeds,
j

38, 31, 44, 23, 26,
37, and 66 seeds.

Average 40*4.

Table
Both forms of

the

lilegitimate union.

Primrose crossed

18.

luith

Legitimate union.

Short-styled primLong-styled primrose, by pollen of rose, by pollen of
short-styled oxlip:
short-styled oxlip
8 flowers fertilised, 8 flowers fertilised,
produced not one produced two capsules, containing 5
capsule.
and 2 seeds.

\

Pollen of hoth forms of the Oxlip.
Legitimate union.

Illegitimate union.

Long-styled prim-

by pollen of

rose,

long

styled oxlip
8 flowers fertilised,
produced eight cap-

:

sules, containing 15,

Short-styled primby pollen of

rose,

long - styled oxlip
8 flowers fertilised,
produced four capsules,
containing
:

7, 12, 20, 22, 7, 16, 52, 52, 42, and 49
and 13 seeds. Ave- seeds,some good and
some bad. Average
rasre 14 "0.

48-7.
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number of capsules
by crossing both forms of the
oxlij) in a legitimate and illegitimate manner with one
another, and with the two forms of the primrose and
and

see in these five tables the

of seeds produced,

I

cowslip.

may

premise that the pollen of two of the
of nothing but minute

short-styled oxlips consisted

aborted whitish cells; but in the third short-styled
plant about one-fifth of the grains appeared in a sound

Hence

condition.

it

not surprising that neither

is

the short-styled nor the long-styled oxlip jDroduced a
single seed

when

fertilised

Nor did

with this pollen.

the pure cowslips or primroses

when

illegitimately fer-

with it but when thus le^ritimatelv fertilised
they yielded a few good seeds. The female organs of
the short-styled oxlips, though greatly deteriorated in
power, were in a rather better condition than the male
organs for though the short-styled oxlips yielded no
seed when fertilised by the long-styled oxlips, and
hardly any when illegitimately fertilised by pure
tilised

:

;

cowslips or primroses, yet

by these
primrose,

when legitimately fertilised
by the long-styled

latter species, especially

they yielded a moderate supply of good

seed.

The

long-styled oxlip was more fertile than the

three short-styled oxlips, and about half
grains appeared sound.

It bore

its

no seed when

pollenlegiti-

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

tables,

when

illegitimately fertilised by,

and when
F 2

;

HYBRID PRBIULAS.

68

illegitimately fertilising, pure cowslips
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and primroses.

The four corresponding legitimate unions, however, were
moderately

fertile,

and one

(viz.

that between a short-

styled cowslip and the long-styled oxlip in Table 17)
was nearly as fertile as if both parents had been pure.

A

short-styled primrose legitimately fertilised

by the

long-styled oxlip (Table 18) also yielded a moderately

good average, namely 48 7 seeds but if this shortstyled primrose had been fertilised by a long-styled
primrose it would have yielded an average of 65 seeds.
If we take the ten legitimate unions together, and the
ten illegitimate unions together, we shall find that 29
•

;

per cent, of the flowers fertilised in a legitimate manner
yielded capsules, these containing on an average 27

good and bad seeds
flowers fertilised in

;

*

4

whilst only 15 per cent, of the

an illegitimate manner yielded
on an average only 11*0

capsules, these containing

good and bad seeds.
In a previous part of this chapter it was shown that
illegitimate crosses between the long-styled form of
the primrose and the long-styled cowslip, and between
the short-styled primrose and short-styled cowslip, are
more sterile than legitimate crosses between these two
species and we now see that the same rule holds good
almost invariably with their hybrid offspring, whether
;

these are crossed inter

se,

or with either parent-species

so that in this particular case, but not as

we

shall pre-

sently see in other cases, the same rule prevails with

the pure unions between the two forms of the same
heterostyled species, with crosses between two distinct
heterostyled species, and with their hybrid offspring.

Seeds from the long-styled oxlip fertilised by its
own pollen were sown, and three long-styled plants
The first of these was identical in every
raised.
The second bore rather
character with its parent.
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smaller flowers, of a paler colour, almost like those of

the primrose

;

the scapes were at

but later in the season a

tall

first

single-flowered,

thick scape, bearing

many

was thrown up.
The third plant likewise produced at first only singleflowered scapes, with the flowers rather small and of a
but it perished early. The second
darker yellow
plant also died in September; and the first plant,
though all three grew under very favourable conditions, looked very sickly. Hence we may infer that
seedlings from self-fertilised oxlips would hardly be
able to exist in a state of nature.
I was surprised to
flowers, like that of the parent oxlip,

;

find that all the pollen-grains in the first of these seed-

and in the second only a
moderate number were bad. These two plants, however,
had not the power of producing a proper number of
seeds for though left uncovered and surrounded by
pure primroses and cowslips, the capsules were estimated to include an average of only from fifteen to
twenty seeds.
From having many experiments in hand, I did not
sow the seed obtained by crossing both forms of the
primrose and cowslip with both forms of the oxlip,
which I now regret; but I ascertained an interesting point, namely, the character of the offspring
from oxlips growing in a state of nature near both
primroses and cowslips. The oxlips were the same
plants which, after their seeds had been collected, were
transplanted and experimented on. From the seeds
thus obtained eight plants were raised, which, when
they flowered, might have been mistaken for pure
primroses but on close comparison the eye in the
centre of the corolla was seen to be of a darker yellow,
and the peduncles more elongated. As the season advanced, one of these plants threw up two naked scapes,
ling oxlips appeared sound

;

;

;
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7 inches in height, which bore umbels of flowers of
the same character as before.

This fact led

me

to ex-

amine the other plants after they had flowered and
were dug up and I found that the flower-peduncles
of all sprung from an extremely short common scape,
of which no trace can be found in the pure primrose.
;

Hence these plants

are beautifully intermediate be-

tween the oxlip and the primrose, inclining rather
towards the latter and we may safely conclude that the
parent oxlips had been fertilised by the surrounding
;

primroses.

From

the various facts

doubt that the

common

now

oxlip

given, there can be no
is

a hybrid between the

cowslip (P. veris, Brit. Fl.) and the primrose (P. vulgaris, Brit. FL),

botanists.

as

has been surmised by several

It is probable that oxlips

may

be produced

either from the cowslip or the primrose as the seedbearer, but oftenest

from the

latter, as I

judge from

the nature of the stations in which oxlips are generally
found,* and from the primrose

when

crossed

by the

cowslip being more fertile than, conversely, the cowslip

by the primrose. The hybrids themselves are also
rather more fertile when crossed with the primrose
than with the cowslip. Whichever may be the seedbearing plant, the cross is probably between different
forms of the two species for we have seen that legitimate hybrid unions are more fertile than illegitimate
hybrid unions. Moreover a friend in Surrey found
that 29 oxlips which grew in the neighbourhood of
his house consisted of 13 long-styled and 16 shortnow, if the parent-plants had been
styled plants
;

;

illegitimately united, either the long- or short-styled

form would have greatly preponderated, as we shall
* See also

114, 137.

on this head Hardwicke's 'Science Gossip,' 1867, pp.
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hereafter see

good reason to believe.

the oxlip

interesting;

stance

is

is

known

in such large

of a

for

The

case

hardly any other

of
in-

hybrid spontaneously arising
so wide an extent of coun-

numbers over

The common oxlip (not the P. elatior of Jacq.)
found almost everywhere throughout England, where
both cowslips and primroses grow. In some districts,
as I have seen near Hartfield in Sussex and in parts
of Surrey, specimens may be found on the borders of
almost every field and small wood. In other districts
the oxlip is comparatively rare
near my own residence I have foimd, during the last twenty-five years,
not more than five or six plants or groups of plants.
try.

is

:

what

It is difficult to conjecture

difference in their

number.

is

It is

the cause of this

almost necessary

same
grow near the
opposite form of the other parent-species
and it is
that a plant, or several plants belonging to the

form,

of one

parent-species,

should

;

further necessary

that

both species should be

fre-

quented by the same kind of insect, no doubt a moth.
The cause of the rare appearance of the oxlip in
certain districts may be the rarity of some moth,
which in other districts habitually visits both the
primrose and cowslip.
Finally, as the cowslip and primrose differ in the
various characters above specified,
as they are in a
high degree sterile when intercrossed, as there is no

—

—

trustworthy evidence that either species,

when un-

crossed, has ever given birth to the other species or

to

any intermediate form,

— and

as the intermediate

forms which are often found in a state of nature have
been shown to be more or less sterile hybrids of the
first

or

second generation,

— we

must

for the future

look at the cowslip and primrose as good and true
species.

;
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J acq., or the Bardfield Oxlip,

is

found in England only in two or three of the eastern
counties.
On the Continent it has a somewhat different range from that of the cowslip and primrose

and

some districts where neither of these
In general appearance it differs so
much from the common oxlip, that no one accustomed
to see both forms in the living state could afterwards
confound them
but there is scarcely more than a
single character by which they can be distinctly defined, namely, their linear-oblong capsules equalling
the calyx in length.! The capsules when mature differ
conspicuously, owing to their length, from those of the
inhabits

it

species

live.*

;

cowslip and primrose.
of the two forms

when

With

respect to the fertility

these are united in the four

possible methods, they behave like the other hetero-

styled species of the genus, but differ

somewhat

(see

Tables 8 and 12) in the smaller proportion of the

il-

legitimately fertilised flowers which set capsules. That

P. elatior

is

not a hybrid

certain, for

is

when the two

forms were legitimately united they yielded the large
average of 47 1 seeds, and when illegitimately united
•

35 5 per capsule whereas, of the four possible unions
(Table 14) between the two forms of the common oxlij) which we know to be a hybrid, one alone yielded
any seed and in this case the average number was
only 11-6 per capsule. Moreover I could not detect
a single bad pollen-grain in the anthers of the shortstyled P. elatior ; whilst in two short-styled plants of
the common oxlip all the grains were bad, as were
•

;

;

a large majority in a third plant.
* For England, see Hewett C.
Watson, Cybele Britannica,' vol.
ii.
For the Con1849, p. 292.
tinent, see Lecoq,
Geograph.
Botanique de TEurope,' torn. viii.
'

'

As

the

common

For the Alps, see
Ann. and Mag. Nat. Hist.' vol.
ix. 1842, pp. 156 and 515.
t Babington's Manual of Brit1858, p. 142,

'

'

ish Botany,' 1851, p. 258.

;
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is a hybrid between the primrose and cowslip, it
not surprising that eight long-styled flowers of the
primrose, fertilised by pollen from the long-styled

oxlip
is

common

oxlip,

produced eight capsules (Table 18),

however, only a low average of seeds
whilst the same number of flowers of the primrose,
similarly fertilised by the long-styled Bardfield oxlip,
containing,

produced only a single capsule
this latter plant
being an altogether distinct species from the primrose.
Plants of P. elatior have been propagated by seed in
a garden for twenty-five years, and have kept all this
time quite constant, excepting that in some cases the
flowers varied a little in size and tint.*
Nevertheless,
according to Mr. H. C. Watson and Dr. Bromfield,t
plants may be occasionally found in a state of nature,
in which most of the characters by which this species
can be distinguished from P. veris and vulgaris fail
but such intermediate forms are probably due to
hybridisation for Kerner states, in the paper before
referred to, that hybrids sometimes, though rarely,
arise in the Alps between P. elatior and veris.
Finally, although we may freely admit that Primula
;

;

veris,

vulgaris,

and

well as all the other

elatior, as

species of the genus, are descended from a

common

primordial form, yet from the facts above given, we

must conclude that these three forms are now as fixed
in character as are many others which are universally
ranked as true species. Consequently they have as
good a right to receive distinct specific names as have,
for instance, the ass, quagga, and zebra.
Mr. Scott has arrived at some interesting results by
* See Mr. H. Doubleday in the
Gardener's Chronicle,' 1867, p.
435, also Mr. W. Marshall, ibid.
'

p. 462.

t

and

'

Phytologist,' vol. I p. 1001,
iii. p. 695.

vol.
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I

have already alluded to his statement, that in four
instances (not to mention others) a species when crossed
with a distinct one yielded a larger number of seeds
than the same species fertilised illegitimately with its
own-form pollen, though taken from a distinct plant.
It has long been known from the researches of Kolreuter
and Gartner, that two species when crossed reciprocally
sometimes differ as widely as is possible in their fertility
thus A when crossed w ith the pollen of B will
yield a large number of seeds, whilst B may be crossed
repeatedly with pollen of A, and will never yield a single
seed.
Now Mr. Scott shows in several cases that the
same law holds good when two heterostyled species
of Primula are intercrossed, or when one is crossed
with a homostyled species. But the results are much
more complicated than with ordinary plants, as two
heterostyled dimorphic species can be intercrossed in
eight different ways. I will give one instance from
Mr. Scott. The long-styled P. hirsiita fertilised legitimately and illegitimately with pollen from the two
forms of P. auricula, and reciprocally the long-styled
P. auricula fertilised legitimately and illegitimately
with pollen from the two forms of P. hirsuta, did
not produce a single seed.
Nor did the shortstyled P. hirsuta when fertilised legitimately and
illegitimately with the pollen of the two forms of
:

P. auricula. On the other hand, the short-styled
P. auricula fertilised with pollen from the long-styled
P. hirsuta yielded capsules containing on an average
and the short-styled P.
no less than 56 seeds
auricula by pollen of the short-styled P. hirsuta
yielded capsules containing on an average 42 seeds
;

*

'

Journ. Linn. Soc. Bot.' vol.

viii.

1864, p. 93 to end.
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So that out of the eight possible unions
between the two forms of these two species, six
were utterly barren, and two fairly fertile. We have
seen also the same sort of extraordinary irregularity in
the results of my twenty different crosses (Tables
14 to 18), between the two forms of the oxlip, primper capsule.

rose,

and cowslip.

Mr. Scott remarks, with respect

to the results of his trials, that they are very surprising,
as they show us that " the sexual forms of a species

manifest in their respective powers for conjunction

with those of another species, physiological peculiarities which might well entitle them, by the criterion of
fertility, to specific distinction."

Finally, although P. veris and vulgaris,

when

crossed

and especially when their hybrid offspring
are crossed in this manner with both parent-species,
were decidedly more fertile, than when crossed in an
illegitimate manner, and although the legitimate cross
effected by Mr. Scott between P. auricula and hirsuta
was more fertile, in the ratio of 56 to 42, than the
legitimately,

cross, nevertheless it is very doubtful,
from the extreme irregularity of the results in the
various other hybrid crosses made by Mr. Scott, whether
it can be predicted that two heterostyled species are

illegitimate

generally more fertile

if

crossed legitimately

opposite forms are united) than

when

(i.e.

when

crossed illegiti-

mately.

Su^p'plementary Note on some wild htjhrid Verlascums.

In an early part of

this chapter I

remarked that few

other instances could be given of a hybrid spontane-

ously arising in such large numbers, and over so wide an

common oxlip but perhaps the number of well-ascertained cases of naturally
extent of country, as that of the

;
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produced hybrid willows is equally great.* Numerous
spontaneous hybrids between several species of Cistus,
found near Xarbonne, have been carefully described
by M. Timbal-Lagraye,t and many hybrids between an
Aceras and Orchis have been observed by Dr. Weddell.J
In the genus Yerbascum, hybrids are supposed to have
often originated § in a state of nature

some of these un-

;

doubtedly are hybrids, and several hybrids have originated in gardens but most of these cases require, as
Gartner remarks, verification.
Hence the following
case is worth recording, more especially as the two
;

||

species in question, V. thapsiis
fectly fertile

when

and

lijchnitis,

insects are excluded,

the stigma of each flower receives

its

are per-

showing that

own

pollen.

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

;

;

*

Max

Wichura,

befnichtimg,

&c.,

'

Die Bastardder

Weiden,'

1865.

Mem. de I'Acad. des Sciences
t
de Toulouse,' 5^ se'rie, torn. v. p. 28.
Annales de3 Sc. Nat.' 3®
X
'

'

se'rie,

Bot. torn, xviii. p. 6.

§ See, for instance,
lish Flora,' by Sir J.
1824, vol. i. p. 307.

the
EngE. Smith,
'

See Gatner,
Bastarderzeugung,' 1849, p. 590.
'
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uncovered near plants of

V. thapsus

77
and

lychnitis

;

but again it did not produce a single seed. Four
flowers, however, which were repeatedly fertilised
with pollen of F.

lychnitis, whilst

the plant was tem-

a net, produced four capsules,

porarily kept under

which contained five, one, two, and two seeds at the
same time three flowers were fertilised with pollen of
F. thapsus, and these produced two, two, and three
seeds. To show how unproductive these seven capsules
were, I may state that a fine capsule from a plant of
F. thapsus, growing close by contained above 700 seeds.
These facts led me to search the moderately-sized field
whence my plant had been removed, and I found in it
many plants of F. thapsus and lychnitis as well as
thirty-three plants intermediate in character between
These thirty-three plants difiered
these two species.
much from one another. In the branching of the stem
they more closely resembled F. lychnitis than F. thapsus,
but in height the latter species. In the shape of their
leaves they often closely approached F. lychnitis, but
some had leaves extremely woolly on the upper surface
and decurrent like those of F. thapsus ; yet the degree
of woolliness and of decurrency did not always go
together.
In the petals being flat and remaining
open, and in the manner in which the anthers of the
longer stamens were attached to the filaments, these
plants all took more after F. lychnitis than F. thapsus.
In the yellow colour of the corolla they all resembled
the latter species. On the whole, these plants appeared
to take rather more after F. lychnitis than F. thapsus.
On the supposition that they were hybrids, it is not an
anomalous circumstance that they should all have produced yellow flowers for Gartner crossed white and
yellow-flowered varieties of Yerbascum, and the ofi*spring thus produced never bore flowers of an inter;

,

,

i

;

—
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but either pure white or pure yellow

flowers, generally of the latter colour.*

My

made in the autumn so that
some half-matured capsules from
twenty of the thirty-three intermediate plants, and
likewise capsules of the pure V. hjchnitis and thcqjsus
growing in the same field. All the latter were filled
with perfect but immature seeds, whilst the capsules
observations were

;

I was able to collect

twenty intermediate plants did not contain one
These plants, consequently, were
absolutely barren. From this fact, from the one plant
which was transplanted into my garden yielding when
artificially fertilised with pollen from F. hjchnitis and
thapsus some seeds, though extremely few in number,
from the circumstance of the two pure sj^ecies growing
in the same field,
and from the intermediate character
of the sterile plants, there can be no doubt that they
were hybrids.
Judging from the position in which
they were chiefly found, I am inclined to believe they
were descended from F. thajmis as the seed-bearer, and
of the

single perfect seed.

—

—

F. hjchnitis as the pollen-bearer.

It is

known

the stem

is

that

many

species of Yerbascum,

jarred or struck

by a

when

stick, cast off their

This occurs with F. thapsus, as I have reThe corolla first separates from its
attachment, and then the sepals spontaneously bend

flowers.t

peatedly observed.

inwards so as to clasp the ovarium, pushing off the
corolla by their movement, in the course of two or
three minutes. Nothing of this kind takes place with

young barely expanded
nitis
*

'

flowers.

With Verhascum

and, as I believe, V. j^hoeniceiim the corolla
Bastarderzeiigung,' p. 307.

This was first observed by
Correa de Scrra: see Sir J. E.
Smith's English Flora,' 1824, vol.
also 'Life of Sir J. E.
i. p. 311
t

'

;

Smith,'

guided

is

lych-

not cast

vol. ii. p. 210.
I was
to these references by the

JKev. W. A. Leighton, who obeerved this same phenomenon with
V. virgaium.
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may be

off,

however often and severely the stem

In

this curious property the above-described hybrids

took after

when

V. thapsus; for I observed, to

struck.

my surprise, that

I pulled off the flower-buds round the flowers

which I wished to mark with a thread, the slight jar
invariably caused the corollas to fall

off.

These hybrids are interesting under several points of
view.
First, from the number found in various parts
of the same moderately-sized field. That they owed their
origin to insects flying from flower to flower, whilst colAlthough inlecting pollen, there can be no doubt.
sects thus rob the flowers of a most precious substance,
yet they do great good; for, as I have elsewhere
shown,* the seedlings of F. thapsus raised from flowers
fertilised with pollen from another plant, are more
vigorous than those raised from self-fertilised flowers.

But

in this particular instance the insects did great

harm, as they led to the production of utterly barren
plants.
Secondly, these hybrids are remarkable from
differing much from one another in many of their
characters
for hybrids of the first generation, if
raised from uncultivated plants, are generally uniform in character. That these hybrids belonged to
the first generation we may safely conclude, from the
absolute sterility of all those observed by me in a state
of nature and of the one plant in my garden, excepting
when artificially and repeatedly fertilised with pure
pollen, and then the number of seeds produced was
extremely small. As these hybrids varied so much, an
almost perfectly graduated series of forms, connecting
together the two widely distinct parent-species, could
easily have been selected.
This case, like that of
the common oxlip, shows that botanists ought to be
;

*

'

The

Effects of Cross

and

Self-fertilisation,' 1876, p. 89.
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cautious in inferring the specific identity of two forms
from the presence of intermediate gradations
nor
would it be easy in the many cases in which hybrids are
moderately fertile to detect a slight degree of sterility in
such plants growing in a state of nature and liable to be
fertilised by either parent-species. Thirdly and lastly,
these hybrids offer an excellent illustration of a statement made by that admirable observer Gartner, namely,
that although plants which can be crossed with ease
generally produce fairly fertile offspring, yet wellpronounced exceptions to this rule occur and here we
have two species of Yerbascum which evidently cross
with the greatest ease, but produce hybrids which are
;

;

excessively sterile.
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Heterostyled Dimorphic Plants

—continued.

grandifioriim, long-styled form utterly sterile with own-form
pollen— Linum perenne, torsion of the pistils in the long-styled
form alone Homostyled species of Linum Pulraonaria oflBciualis,
singular difference in self-fertility between the English and German
long-styled plants Pulmonaria angustifolia shown to be a distinct

Linum

—

—

—

species, long-styled

— Various

pyrum

repens,

fertility

remarkable

form completely

— Polygonum fagopairs— Houstonia — Faramea,

self-sterile

other heterostyled genera
of

the flowers

in

— RubiacefB—Mitchella

difi"erence in the pollen-grains of

the two forms

sion of the stamens in the short-styled form alone

;

tor-

;

development

as yet perfect— The heterostyled structure in the several
Eubiaceous genera not due to descent iu common.

not

It

lias

Linum

long been known* that

fact in L.

Primula, to examine the

met

species

of

flavum more than thirty years ago, I was

led, after ascertaining the

I

several

present two forms, and having observed this

nature of heterostylism in

first

with, namely, the

species of

Linum which

beautiful L. grandiflorum.

This plant exists under two forms, occurring in about
equal numbers, which differ little in structure, but
greatly in function.

The

foliage, corolla, stamens,

and

pollen-grains (the latter examined both distended with

water and dry) are alike in the two forms (Fig. 4).
The difference is confined to the pistil in the short
;

styled form the styles

and the stigmas are only about
half the length of those in the long-styled.
A more
* Treviianus
this

is

has shown that
the case in his review of my

paper,
1863, p. 189.

original

'Bot,

G

Zeitung,'
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that the five stigmas in the

is,

short-styled form diverge greatly from one another,

and pass out between the filaments of the stamens,
Fig. 4.

Long-styled form.

Short-styled form.

ss stigmas.

LlNUil GRAXDIFLORUM.

and thus

lie

within the tube of the corolla.

In the

long-styled form the elongated stigmas stand nearly
upright, and alternate with the anthers.

In this latter
form the length of the stigmas varies considerably,
their upper extremities projecting even a little above
the anthers, or reaching up only to about their middle.
Nevertheless, there is never the slightest difficulty in
distinguishing between the two forms for, besides the
;

difference in the divergence of the stigmas, those of

the short-styled form never reach even to the bases
of the anthers.

In

this

form the papillae on the

stig-

matic surfaces are shorter, darker-coloured, and more
crowded together than in the long-styled form but
these differences seem due merely to the shortening
;

of the stigma, for in the varieties of the long-styled

form with shorter stigmas, the papillae are more crowded
and darker-coloured than in those with the longer
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Considering the slight and variable

differ-

ences between the two forms of this Linnm, it is not
surprising that hitherto they have been overlooked.

In 1861 I had eleven plants in my garden, eight of
which were long-styled, and three short-styled. Two
very fine long-styled plants grew in a bed a hundred
yards off all the others, and separated from them by a
screen of evergreens. I marked twelve flowers, and
placed on their stigmas a little pollen from the shortThe pollen of the two forms is, as
styled plants.
appearance

stated, identical in

;

the stigmas of the

long-styled flowers were already thickly covered with

own

—

one
was late in the season, namely,
September 15th. Altogether, it seemed almost childish
Nevertheless from my experito expect any result.
ments on Primula, I had faith, and did not hesitate to
make the trial, but certainly did not anticipate the
The germens of these
full result which was obtained.
twelve flowers all swelled, and ultimately six fine capsules (the seed of which germinated on the following
year) and two poor capsules were produced only four
These same two long-styled
capsules shanking ofl*.
plants produced, in the course of the summer, a
vast number of flowers, the stigmas of which were
covered with their own pollen
but they all proved
absolutely barren, and their germens did not even

their

pollen

bare stigma, and

so thickly that I could not find

it

;

;

swell.

The nine other
short-styled,

garden.

plants, six long-styled

grew not very

far apart

in

and three

my

flower-

Foiu' of these long-styled plants produced no

seed-capsules the fifth produced two and the remaining one grew so close to a short-styled plant that
their branches touched, and this produced twelve capsules, but they were poor ones.
The case was different
;

;

G 2

;
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The one which grew

the long-styled plant produced ninety-four

imperfectly fertilised capsules containing a multitude

moderate number of good ones.
growing together
were small, being partly smothered by other plants
they did not stand very close to any long-styled yjlants,
yet they yielded together nineteen capsules. These
facts seem to show that the short-styled plants are more
fertile with their own pollen than are the long-styled,
and we shall immediately see that this probably is the
of

bad

seeds, with a

The two other

case.

But

short-styled plants

I suspect that the difference in fertility be-

tween the two forms was in

this instance in part

due to

a distinct cause. I repeatedly watched the flowers, and
only once saw a humble-bee momentarily alight on
If bees had visited the several
fly away.
cannot be a doubt that the four longstyled plants, which did not produce a single capsule,
would have borne an abundance. But several times I
and these
saw small diptera sucking the flowers
one,

and then

plants, there

;

though not visiting the flowers with anything
like the regularity of bees, would carry a little pollen
from one form to the other, especially when growing
and the stigmas of the short-styled
near together
plants, diverging within the tube of the corolla, would
be more likely than the uj)right stigmas of the longinsects,

;

styled plants, to receive a small quantity of pollen

brought to them by small

if

Moreover from the
greater number of the long-styled than of the shortstyled plants in the garden, the latter would be more
likely to receive pollen from the long-styled, than the
long-styled from the short-styled.
In 1862 I raised thirty-four plants of this Linum in a
hot-bed and these consisted of seventeen long-styled
and seventeen short-styled forms. Seed sown later in the
;

insects.
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flower-garden yielded seventeen long-styled and twelve
short-styled forms.

These

facts justify the statement

that the two forms are produced in about equal

The

bers.

num-

thirty-four plants of the first lot were kept

under a net which excluded all insects, except such
minute ones as Thrips. I fertilised fourteen long-styled
flowers legitimately with pollen from the short-styled,
and got eleven fine seed-capsules, which contained on
an average 8*6 seeds per capsule, but only 5"6 appeared
to be good.
It may be well to state that ten seeds is
the maximum production for a capsule, and that our
climate cannot be very favourable to this Xorth- African

On

plant.

three occasions the stigmas of nearly a

hundred flowers were fertilised illegitimately with their
own-form pollen, taken from separate plants, so as to
prevent any possible ill effects from close inter-breeding.

Many

other flowers were also produced, which, as

before stated,

pollen

;

must have received plenty of

their

own

yet from all these flowers, borne by the seven-

teen long-styled plants, only three capsules were produced. One of these included no seed, and the other
two together gave only five good seeds. It is probable
that this miserable product of two half-fertile capsules
from the seventeen plants, each of which must have
produced at least fifty or sixty flowers, resulted from
their fertilisation with pollen from the short-styled
for I made a great
by the aid of Thrips
mistake in keeping the two forms under the same net,
with their branches often interlocking and it is sur-

plants

;

;

prising that a

greater

number

of

flowers were not

accidentally fertilised.

Twelve short-styled flowers were in this instance
and afterwards fertilised legitimately with
pollen from the long-styled form and they produced
seven fine capsules.
These included on an average
castrated,

;
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7 G seeds, but of apparently good seed only 4 3 per
•

•

At

capsule.

three separate times nearly a hundred

illegitimately with their ownform pollen, taken from separate plants
and numerous other flowers were produced, many of which
must have received their own pollen. From all these
flowers on the seventeen short-styled plants only fifteen
capsules were produced, of which only eleven contained any good seed, on an average 4 2 per capsule.

flowers were fertilised

;

*

As remarked
some even of

in the case of the long-styled plants,

these capsules were perhaps the product

of a little pollen accidentally fallen from the adjoining
flowers of the other form

on

to the stigmas, or trans-

ported by Thrips.

Nevertheless the short-styled plants
slightly
be
more fertile with their own pollen
seem to

than the long-styled, in the proportion of fifteen capsules to three; nor can this difference be accounted
for by the short-styled stigmas being more liable to
receive their own pollen than the long-styled, for the
reverse

is

The

the case.

greater self-fertility of the

short-styled flowers was likewise

the plants in

my

shown in 1861 by

flower-garden, which were left to

themselves, and were but sparingly visited by insects.

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

greater,

Hildebrand tested
short-styled plant,

my

by

their own-form pollen

;

results,

fertilising

but only on a single
many flowers with

and these did not produce any
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suspicion that some of the

few capsules produced by the foregoing seventeen

were the product of accidental
legitimate fertilisation.
Other flowers on the same
plant were fertilised by Hildebrand with pollen from
the long-styled form, and all produced fruit.*
The absolute sterility (judging from the experiments of 1861) of the long-styled plants with their
own-form pollen led me to examine into its apparent
short-styled

cause

plants

and the

;

worth giving in

results are so curious that
detail.

they are

The experiments were

tried

on plants grown in pots and brought successively
into the house.
First.

on the

Pollen from a short-styled plant was placed
stigmas of a long-styled flower, and these,

five

were found deeply penetrated by a
multitude of pollen-tubes, far too numerous to be
counted
the stigmas had also become discoloured

after thirty hours,

;

and

I repeated this experiment on another
and in eighteen hours the stigmas were penetrated by a multitude of long pollen-tubes.
This is
what might have been expected, as the union is a
twisted.

flower,

The converse experiment was likewise
and pollen from a long-styled flower was placed
on the stigmas of a short-styled flower, and in twentyfour hours the stigmas were discoloured, twisted, and
penetrated by numerous pollen-tubes and this, again,
is what might have been expected, as the union was
legitimate one.
tried,

;

a legitimate one.
Secondly. Pollen from a long-styled flower

was placed
stigmas of a long-styled flower on a separate
plant after nineteen hours the stigmas were dissected,
and only a single pollen-grain had emitted a tube,

on

all five
:

* 'Bot. Zeitung,' Jan.

1,

1864, p. 2.

;
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was a very short one.
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sure that the

pollen was good, I took in this case, and in most of

the other cases, pollen either from the same anther or
from the same flower, and proved it to be good by
placing it on the stigma of a short-styled plant, and
found numerous pollen-tubes emitted.
Tliirdhj. Eepeated last experiment, and placed ownform pollen on all five stigmas of a long-styled flower
after nineteen hours and a half, not one single grain
had emitted its tube.
Fourthly. Eepeated the experiment, with the same
result after twenty-four hours.
Fiftlilij.

Eepeated

last

experiment, and, after leaving

pollen on for nineteen hours, put on an

quantity of own-form pollen on

additional

all five stigmas.

After

an interval of three days, the stigmas were examined,
and, instead of being discoloured and twisted, they
were straight and fresh-coloured. Only one grain had
emitted a quite short tube, which was drawn out of
the stigmatic tissue without being ruptured.
The following experiments are more striking
Sixthly. I placed own-form pollen on three of the
stigmas of a long-styled flower, and pollen from a
short-styled flower on the other two stigmas.
After
twenty-two hours these two stigmas were discoloured,
slightly twisted, and penetrated by the tubes of numerous pollen-grains the other three stigmas, covered
with their own-form pollen, were fresh, and all the
pollen-grains were loose
but I did not dissect the
whole stigma.
Seventhly. Experiment repeated in the same manner,
with the same result.
Eighthly. Experiment repeated, but the stigmas were
carefully examined after an interval of only five hours
and a half. The two stigmas with pollen from a
:

;
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penetrated by innumerable

as yet short,

and the stigmas them-

all discoloured.

The

three stigmas

covered with their own-form pollen were not penetrated

by a

Ninthly.

single pollen-tube.

Put pollen

of a short-styled flower

on a

single long-styled stigma, and own-form pollen on the

other four stigmas

;

after twenty-four hours the

one

stigma was somewhat discoloured and twisted, and
penetrated by many long tubes the other four stigmas
were quite straight and fresh but on dissecting them
I found that three pollen-grains had protruded very
:

;

short tubes into the tissue.

Repeated the experiment, with the same
two
own-form grains had penetrated the stigmatic tissue
with their tubes to a very short depth. The one
stigma, which was deeply penetrated by a multitude
of tubes from the short-styled pollen, presented a
conspicuous difference in being much curled, halfshrivelled, and discoloured, in comparison with the
other four straight and bright pink stigmas.
I could add other experiments
but those now
given amply suffice to show that the pollen-grains of
a short-styled flower placed on the stigma of a longstyled flower emit a multitude of tubes after an interval of from five to six hours, and penetrate the
tissue ultimately to a great depth
and that after
twenty-four hours the stigmas thus penetrated change
colour, become twisted, and appear half-withered.
On
the other hand, pollen-grains from a long-styled flower
placed on its own stigmas, do not emit their tubes
after an interval of a day, or even three days
or at
most only three or four grains out of a multitude emit
their tubes, and these apparently never penetrate the
Tenthly.

result after twenty-four hours, excepting that only

;

;

;
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stigmatic tissue deeply, and the stigmas themselves

do not soon become discoloured and twisted.
This seems to me a remarkable physiological fact.
The pollen-grains of the two forms are undistinguishable under the microscope the stigmas differ only in
length, degree of divergence, and in the size, shade of
colour, and approximation of their papillae, these latter
differences being variable and apparently due merely
to the degree of elongation of the stigma.
Yet we
plainly see that the two kinds of pollen and the two
stigmas are widely dissimilar in their mutual reaction
the stigmas of each form being almost powerless on
their own pollen, but causing, through some myste;

—

rious influence, apparently

by simple contact

(for I

could detect no viscid secretion), the pollen-grains of
the opposite form to protrude their tubes. It may be

and the two stigmas mutually
by some means. Taking fertility

said that the two pollens

recognise each other

as the criterion of distinctness, it is

no exaggeration to

say that the pollen of the long-styled Linum grandiflorum (and conversely that of the other form) has been

brought to a degree of differentiation, with respect to
its action on the stigma of the same form, corresponding with that existing between the pollen and stigma
of species belonging to distinct genera.
Linum pereyme, This species is conspicuously heterostyled, as has been noticed by several authors. The
pistil in the long-styled form is nearly twice as long as
that of the short-styled. In the latter the stigmas are

—

smaller and, diverging to a greater degree, pass out

low down between the filaments.

I could detect

no

difference in the two forms in the size of the stigmatic
papillae.

In the long-styled form alone the stigmatic

surfaces of the mature pistils twist round, so as to face

the circumference of the flower; but to this point I

;;
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from what occurs in

L. grandifiorum, the long-styled flowers have stamens

hardly more than half the length of those in the shortstyled.
after

The

size of the pollen-grains is rather variable

some doubt, I have come

to the conclusion that

there is no uniform difference between the grains in
the tAvo forms. The long stamens in the short-styled
form project to some height above the corolla, and
their filaments are coloured blue apparently from exposure to the light. The anthers of the longer stamens
correspond in height with the lower part of the stigmas
of the long-styled flowers; and the anthers of the
shorter stamens of the latter correspond in the same
manner in height with the stigmas of the short-styled
flowers.

I raised from seed twenty-six plants, of which twelve
proved to be long-styled and fourteen short-styled.
They flowered well, but were not large plants. As I

did not expect them to flower so soon, I did not transplant them, and they unfortunately grew with their

branches closely interlocked.

All the plants were

covered under the same net, excepting one of each

Of the flowers on the long-styled plants, twelve
were illegitimately fertilised with their own-form pollen, taken in every case from a separate plant
and not
one set a seed-capsule twelve other flowers were legitimately fertilised with pollen from short-styled flowers

form.

;

:

;

and they

set

nine capsules, each including on an

average 7 good seeds, ten being the

Of the

maximum number

on the short-styled
plants, twelve were illegitimately fertilised with ownform pollen, and they yielded one capsule, including
only 3 good seeds twelve other flowers were legitimately fertilised with pollen from long-styled flowers,
and these produced nine capsules, but one was bad
ever produced.

;

flowers
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the eight good capsules contained on an average 8
good seeds each. Judging from the number of seeds
per capsule, the fertility of the two legitimate to that
of the two illegitimate unions is as 100 to 20.
The numerous flowers on the eleven long-styled
plants under the net, which were not fertilised, produced
only three capsules, including 8, 4, and 1 good seeds.
Whether these three capsules were the product of accidental leo:itimate fertilisation, owins: to the branches
of the plants of the two forms interlocking, I will not
pretend to decide. The single long-styled plant which
was left uncovered, and grew close by the uncovered

short-styled plant, produced five good pods;

but it
was a poor and small plant.
The flowers borne on the thirteen short-styled plants
under the net, which were not fertilised, produced
twelve capsules, containing on an average 5 6 seeds.
As some of these capsules were very fine, and as five
were borne on one twig, I suspect that some minute
insect had accidentally got under the net and had
brought pollen from the other form to the flowers
which produced this little group of capsules. The one
uncovered short-styled plant which grew close to the
uncovered long-styled plant yielded twelve capsules.
From these facts we have some reason to believe, as
*

in the case of L. grandiflorum, that the short-styled

plants are in a slight degree

own pollen than are
we have the clearest
form require

mens

more

Anyhow

evidence, that the stigmas of each

for full fertility that pollen

from the

sta-

of corresponding height belonging to the opposite

form should be brought to them.
Hildebrand, in the paper lately referred

my

with their

fertile

the long-styled plants.

results.

He

to,

confirms

placed a short-styled plant in his

house, and fertilised about 20 flowers with their

own
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and about 30 with pollen from another plant
belonging to the same form, and these 50 flowers did
not set a single capsule. On the other hand he fertilised about 30 flowers with pollen from the long-styled
form, and these, with the exception of two, yielded
capsules, containing good seeds.
It is a singular fact, in contrast with what occurred
in the case oiL. grandiflorum, that the pollen-grains of
both forms of L. jperenne, when placed on their ownform stigmas, emitted their tubes, though this action
did not lead to the production of seeds. After an
interval of eighteen hours, the tubes penetrated the
stigmatic tissue, but to what depth I did not ascertain.
In this case the impotence of the pollen-grains on their
own stigmas must have been due- either to the tubes
not reaching the ovules, or to their not acting properly after reaching them.
The plants both of L.i^erenne imi[ grandiflorum grew,
as already stated, w ith their branches interlocked, and
with scores of flowers of the two forms close together
they were cgvered by a rather coarse net, through w hich
the wind, when high, passed and such minute insects
as Thrips could not, of course, be excluded yet we have
seen that the utmost possible amount of accidental fertilisation on seventeen long-styled plants in the one
case, and on eleven long-styled plants in the other,
resulted in the production, in each case, of three
poor capsules; so that when the proper insects are
excluded, the wind does hardly anything in the way of
carrying pollen from plant to plant.
I allude to this
fact because botanists, in speaking of the fertilisation
pollen,

;

;

;

of various flowers, often refer to the
as if the alternative

cording to
the wind

my experience, is

is

wind or

were indifferent.

to insects

This view, ac-

entirely erroneous.

When

the agent in carrying pollen, either from

—
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one sex to the other, or from hermaphrodite to hermawe can recognise structure as manifestly adapted to its action as to that of insects when these are
the carriers. We see adaptation to the wind in the incoherence of the pollen, in the inordinate quantity
produced (as in the Coniferae, Spinage, &c.), in the
dangling anthers well fitted to shake out the pollen,
in the
in the absence or small size of the perianth,
phrodite,

—

—
—

protrusion of the stigmas at the period of fertilisation,

—in the flowers being produced before they are hidden
—and in the stigmas being downy or
by the
leaves,

plumose

Gramineae, Docks, &c.), so as to

(as in the

In plants which are
fertilised by the wind, the flowers do not secrete nectar,
their pollen is too incoherent to be easily collected by
insects, they have not bright-coloured corollas to serve
as guides, and they are not, as far as I have seen,
secure the chance-blown grains.

insects. When insects are the agents of fer(and this is incomparably the more frequent
case with hermaphrodite plants), the wind plays no
part, but we see an endless number of ac^ptations to
ensure the safe transport of the pollen by the living

visited

by

tilisation

These adaptations are most easily recognised
but they are present in regular
flowers, of which those of Linum offer a good instance,
as I will now endeavour to show.
I have already alluded to the rotation of each separate stigma in the long-styled form of Linum perenne.
In both forms of the other heterostyled sj^ecies and in
the homostyled species of Linum which I have seen,

workers.

in irregular flowers

;

the stigmatic surfaces face the centre of the flower,

with the furrowed backs of the stigmas, to which the
This is the case

styles are attached, facing outwards.

with the stigmas of the long-styled flowers of L.
But by the time the flowers

perenne whilst in bud.
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stigmas twist round so as to
owing to the torsion of that
part of the style which lies beneath the stigma. I
should state that the five stigmas do not always turn
round completely, two or three sometimes facing

have expanded, the

five

face the circumference,

My observations were made
during October and it is not improbable that earlier
in the season the torsion would have been more complete
for after two or three cold and wet days the
The
movement was very imperfectly performed.
only obliquely outwards.
;

;

flowers

should be examined shortly after their exis brief;
as soon as they

pansion, as their duration

begin to wither, the styles become spirally twisted
all together, the original position of the parts being
thus

lost.

He who

compare the structure of the whole
and grandiflorum,
and, as I may add, of L.flavum, will not doubt about
the meaning of this torsion of the styles in the one
form alone of L. perenne, as well as the meaning of
will

flower in both forms of L. ferenne

the divergence of the stigmas in

form of
as

all

we know, that

the short-styled

It is absolutely necessary

three species.
insects

should carry pollen from

the flowers of the one form reciprocally to those of
the other.

Insects are

attracted

by

five

drops

of

nectar, secreted exteriorly at the base of the stamens,
so that to reach these drops they

must

insert their

proboscides outside the ring of broad filaments, be-

tween them and the petals. In the short-styled form
of the above three species, the stigmas face the axis of
the flower and had the styles retained their original
upright and central position, not only would the stigmas have presented their backs to the insects which
sucked the flowers, but their front and fertile surfaces
would have been separated from the entering insects
;

;
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by the ring of broad filaments, and would never have
received any pollen. As it is, the styles diverge
and pass out between the filaments. After this movement the short stigmas lie within the tube of the
corolla
and their papillous surfaces being now turned
upwards are necessarily brushed by every entering
insect, and thus receive the required pollen.
;

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

;

;

;

causes fertilisation.

In the case of L. j^ereniie, afi*airs are arranged more
for the stamens in the two forms stand at
different heights, so that pollen from the anthers of
the longer stamens will adhere to one part of an
insect's body, and will afterwards be brushed off by
the rough stigmas of the longer pistils whilst pollen
from the anthers of the shorter stamens will adhere to
a different part of the insect's body, and will afterwards
be brushed off by the stigmas of the shorter pistils
and this is what is required for the legitimate fertilisaThe corolla of L. jperenne is more
tion of both forms.

perfectly

;

;
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expanded than that of L. grandijlorumy and the stigmas
of the long-styled form do not diverge greatly from

one another;

Hence

nor do the stamens of either form.

insects, especially rather small ones, will not

between the stigmas of the

insert their proboscides

long-styled form, nor between the anthers of either

form (Fig.

5),

but will strike against them, at nearly

right angles, with the backs of their head or thorax.

Now,

in the long-styled flowers, if each stigma did
Fig. 5.

Long-styled form of L. perenne, var. Austriacum in its early condition
before the stigmas have rotated.
The petals and calyx have been
removed on the near side.*

not rotate on

its axis,

insects in visiting

them would

strike their heads against the backs of the stigmas
it is,

they strike against that surface which

* I neglected to get drawings

made from fresli flowers of the two
forms.
But Mr. Fitch has made
the above sketch of a long-styled
flower from dried specimens and

is

;

as

covered

from published engravings. His
well-known skill ensures accuracy
in the proportional size of
parts.

H

the
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with papilla?, with their heads already charged with

from the stamens of corresponding height
borne by the flowers of the other form, and legitimate
fertilisation is thus ensured.
Thus we can understand the meaning of the torsion
pollen

of the styles in the long-styled flowers alone, as well
as their divergence in the short-styled flowers.

One other point is worth notice. In botanical works
many flowers are said to be fertilised in the bud. This
statement generally rests, as far as I can discover, on
the anthers opening in the bud no evidence being
;

adduced that the stigma
that

it is

is at this

period mature, or

not subsequently acted on by pollen brought

from other

In the case of Cephalantliera
shown* that precocious and partial
with subsequent full fertilisation, is

flowers.

grandijiora I have
self-fertilisation,

the regular course
flowers of

many

of

events.

The

belief that the

plants are fertilised in the bud, that

is a most effectual bar
understanding their real structure. I am, however,
far from wishing to assert that some flowers, during
for I
certain seasons, are not fertilised in the bud
have reason to believe that this is the case. A good
observer, t resting his belief on the usual kind of
evidence, states that in Linum Austriacum (which is

is,

are perpetually self-fertilised,

to

;

heterostyled,

and

is

considered by Planchon as a variety

of L. perenne) the anthers

open the evening before

the expansion of the flowers, and that the stigmas are

then almost always fertilised. ]S"ow we know positively
that, so far from Linum perenne being fertilised by its

own pollen

in the bud, its

on the stio-ma

Linum

jiavum.

* 'Fertilisation
p.

108.— 2nd

as so

of

much

— The

pistil of

Orchids,'

edit. 1877, p. 84.

own pollen

is

as powerless

inoro^anic dust.

the long-styled form

f 'Etudes sur la Geogr. Bot.,*
H. Lecoq, 1856, torn. v. p. 325.
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nearly twice as long as that of

are longer and the
In the short-styled form the stigmas
diverge and pass out between the filaments, as in the
previous species. The stamens in the two forms differ
in length; and, what is singular, the anthers of the
longer stamens are not so long as those of the other
form so that in the short-styled form both the stigmas
and the anthers are shorter than in the long-styled
form. The pollen-grains of the two forms do not differ
in size.
As this species is propagated by cuttings,
generally all the plants in the same garden belong to
the same form. I have inquired, but have never heard

the short-styled;

the stigmas

papillae coarser.

;

its seeding in this country. Certainly my own plants
never produced a single seed as long as I possessed
only one of the two forms. After considerable search

of

I procured both forms, but from want of time only a few
experiments were made. Two plants of the two forms
were planted some way apart in my garden, and were

not covered by nets. Three flowers on the long-styled
plant were legitimately fertilised with pollen from the
short-styled plant,

and one of them
by

'No other capsules were produced

set a fine capsule.

Three
on the short-styled plant were legitimately
fertilised with pollen from the long-styled, and all
three produced capsules, containing respectively no
less than 8, 9, and 10 seeds.
Three other flowers on
this plant, which had not been artificially fertilised,
produced capsules containing 5, 1, and 5 seeds and
this plant.

flowers

;

it

is

quite

possible

that

pollen

may have been

brought to them by insects from the long-styled plant
growing in the same garden. Nevertheless, as they
did not yield half the number of seeds compared
with the other flowers on the same plant which had

been

artificially

and legitimately

fertilised,

and

H

2

as the
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short-styled plants of the two previous species appa-

rently evince some slight capacity for fertilisation with
their own-form pollen, these three capsules

been the product of

may have

self-fertilisation.

Besides the three species

now

described, the yellow-

corymhiferum is certainly heterostyled,
This
according to Planchon,* L. salsoloides.

flowered L.
as

is,

botanist

who seems

the only one

is

to

have inferred

that heterostylism might have some important func-

Dr. Alefeld, who has made a special
study of the genus, saysf that about half of the sixtyfive species known to him are heterostyled.
This is
the case with L. trigynum, which differs so much from
tional bearing.

the other species that

has been formed by

him

into

According to the same author,

genus. {

a distinct

it

none of the species which inhabit America and the
Cape of Good Hope are heterostyled.
I have examined only three homostyled species,
namely, L, usitatissimum, angustifolium^ and catliartieum.

I raised 111 plants of a variety of the first-named

and these, when protected under a net, all
produced plenty of seed. The flowers, according to
H. Muller,§ are frequented by bees and moths. With
respect to L. catharticum, the same author shows that
the flowers are so constructed that they can freely
fertilise themselves
but if visited by insects they
might be cross-fertilised. He has, however, only once
seen the flowers thus visited during the day but it
si^ecies,

;

;

*

Hooker's

'

London Journal

Botanv,' 1848, vol.

t 'i3ot. Zeitung/
p. 281.

of

174.

vii. p.

Sep.

18tli,

1863,

X It is not improbable that the
allied genus, Hugonia, is heterostyled, for one species is said

by Planchon (Hooker's

•

London

Journal

of Botany,' 1848, vol.
525) to be provided with
" staminibus exsertis ' another
with '' stylis staminibus longioribus," and another has "stamina
5, majora, stylos longe superantia."
§ ' Die Befruchtung der Blumen,' &c., p. 168.
vii.

p.

;

I

;
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may

be suspected that they are frequented during

the night by small moths for the sake of the five

minute drops of nectar secreted. Lastly, L. Lewisii
said by Planchon to bear on the same plant flowers
with stamens and pistils of the same height, and
others with the pistils either longer or shorter than
the stamens. This case formerly appeared to me an
extraordinary one but I am now inclined to believe
that it is one merely of great variability.*
is

;

PULMONARIA (BORAGINE^).
Pulmonaria
a

full

officinalis.

—Hildebrand

has published f

account of this heterostyled plant.

of the long-styled form

is

The

pistil

twice as long as that of the

short-styled and the stamens differ in a corresponding,
though converse, manner. There is no marked dif;

ference in the shape or state of surface of the stigma
in the two forms.

The

pollen-grains of the short-

styled form are to those of the long-styled as 9 to 7,
or as 100 to 78, in length, and as 7 to 6 in breadth.

They do not differ in the appearance of their contents.
The corolla of the one form differs in shape from that
of the other in nearly the same manner as in Primula
but besides this difference the flowers of the shortstyled are generally the larger of the two. Hildebrand collected on the Siebengebirge, ten wild longstyled and ten short-styled plants.
The former bore
289 flowers, of which 186 (i.e. 64 per cent.) had set
fruit, yielding 1*88 seed per fruit.
The ten shortstyled plants bore 373 flowers, of which 262 (i.e.
* Planchon, in Hooker's London Journal of Botany,' 1848, vol.
'

vii.

p. 175.

Asa Gray,

in

See on this subject
American Journal
'

of Science,' vol. xxxvi. Sept. 1863,
p. 284.

t

'

p. 13.

Bot. Zeitung,' 1865, Jan. 13,

—
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cent.) had set fruit, yielding 1'86 seed per
So that the short-styled plants produced many
more flowers, and these set a rather larger proportion

70 per

fruit.

of fruit, but the fruits themselves yielded a slightly

lower average number of seeds than did the longstyled plants.

on the

The

fertility of

lowing table

results of Hildebrand's experiments

the two forms are given in the

fol-

:

Table
Pulmonaria

19.

(from Hildehrand).

officinaJis

Number
of

Nature of Union.

Flowers

Number
of Fruits

Average

Number

produced.

of Seeds
per Fruit.

14

10

1-30

Long-styled flowers, 14 by own-pollen,
|
and 16 by pollen of other plant of same>
form.
Illegitimate union

30

0

0

Short-styled flowers, by pollen of long-^i
styled.
Legitimate union .
./

16

14

1-57

•

0

fertilised.

Long-styled flowers, by pollen of
styled.
Legitimate union
.

.

.

.

.

short-^l
.

.

./

.

.

Short-styled flowers, 11 by own pollen,)
14 by pollen of other plant of same)
Illegitimate union
form.
j
.

.

.

.

In the summer of 1864, before I had heard of Hildebrand's experiments, I noticed some long-styled plants
of this species

by themselves

(named
in

for

me by Dr. Hooker)

a garden in

Surrey;

growing
and to my

had set fruit, several
which contained 2, and one contained even 3 seeds.
These seeds were sown in my garden and eleven
seedlings thus raised, all of which proved long-styled,
surprise about half the flowers

of

in accordance with the usual rule in such cases.

Two

years afterwards the plants were left uncovered, no
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my

garden,

and the flowers were visited by many bees. They set
an abundance of seeds for instance, I gathered from a
single plant rather less than half of the seeds which it
had produced, and they numbered 47. Therefore this
illegitimately fertilised plant must have produced about
:

100 seeds that is, thrice as many as one of the wild
long-styled plants collected on the Siebengebirge by
Hildebrand, and which, no doubt, had been legitimately
;

In the following year one of my plants
was covered by a net, and even under these unfavourable conditions it produced spontaneously a
few seeds. It should be observed that as the flowers

fertilised.

stand either almost horizontally or hang considerably

downwards, pollen from the short stamens would be

on the stigma. We thus see that the
English long-styled plants when illegitimately fertilised were highly fertile, whilst the German plants
similarly treated by Hildebrand were completely
How to account for this wide discordance in
sterile.
our results I know not. Hildebrand cultivated his
plants in pots and kept them for a time in the house,
and he thinks
w^hilst mine w^ere grown out of doors
that this difference of treatment may have caused
the difference in our results. But this does not appear
to me nearly a sufficient cause, although his plants
were slightly less productive than the wild ones growing
on the Siebengebirge. My plants exhibited no tendency to become equal-styled, so as to lose their proper
long-styled character, as not rarely happens under
cultivation with several heterostyled species of Primula but it would appear that they had been greatly
affected in function, either by long-continued cultivalikely to fall

;

;

tion

or

by some other

cause.

We

shall

see

in

a

future chapter that heterostyled plants illegitimately

104

HETEROSTYLED DIMORPHIC PLANTS.

Chap.

III.

during several successive generations someself-fertile
and this may have
been the case with my stock of the present species
of Pulmonaria
but in this case we must assume

fertilised

times become more

;

;

that the long-styled plants were at
fertile to yield

some

first

sufficiently

seed, instead of being absolutely

the Glerman plants.
Pulmonaria angustifolia. Seedlings of this plant,
raised from plants growing wild in the Isle of Wight,
were named for me by Dr. Hooker. It is so closely

self-sterile like

—

allied to the last species, differing chiefly in the shape

and spotting of the leaves, that the two have been considered by several eminent botanists
for instance,
Bentham as mere varieties. But, as we shall presently
see, good evidence can be assigned for ranking them
Owing to the doubts on this head, I tried
as distinct.
whether the two would mutually fertilise one another.
Twelve short-styled flowers of P. angustifolia were

—

—

legitimately fertilised with pollen from long-styled

we have j ust seen, are
but they did not produce a

plants of P. officinalis (which, as

moderately
single

self-fertile),

fruit.

Thirty-six

long-styled

flowers

of

P.

angustifolia were also illegitimately fertilised during

two seasons with pollen from the long-styled P.
officinalis, but all these flowers dropped off unimpregnated. Had the plants been mere varieties of
the same species these illegitimate crosses would
probably have yielded some seeds, judging from my
success

in

illegitimately

fertilising

the long-styled

and the twelve legitimate
crosses, instead of yielding no fruit, would almost
certainly have yielded a considerable number, namely,
about nine, judging from the results given in the
Therefore P. officinalis and anfollowing table (20).
gustifolia appear to be good and distinct species, in
flowers of P. officinalis

;
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conformity with other important functional differences
between them, immediately to be described.
The long-styled and short-styled flowers of P. angus-

from one another in structure in nearly

tifolia differ

the same manner as those of P. officinalis. But in the
accompanying figure a slight bulging of the corolla
Fig. 6.

Short-styled form.

Long-Styled form.

PULMONARIA ANGUSTIFOLIA.

in the long-styled form, where the anthers are seated,

has been overlooked.

number

a large

My

son William,

who examined

of wild plants in the Isle of

Wight,

observed that the corolla, though variable in size, was
generally larger in the long-styled flowers than in the
short-styled

;

and certainly the largest

corollas of all

were found on the long-styled plants, and the smallest
on the short-styled. Exactly the reverse occurs, according to Hildebrand, with P. officinalis. Both the
pistils

and stamens

length

;

of P. angustifolia vary

much

in

form the distance
between the stigma and the anthers varied from 119
to 65 divisions of the micrometer, and in the longstyled from 115 to 112.
From an average of seven
so that in the short-styled
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measurements of each form the distance between these
organs in the long-styled is to the same distance in
the short-styled form as 100 to 69
so that the stigma
in the one form does not stand on a level with the
;

anthers in the other.

The long-styled

pistil is

times thrice as long as that of the short-styled

somebut
;

from an average of ten measurements of both, its
length to that of the short-styled was as 100 to 56.
The stigma varies in being more or less, though
slightly, lobed.
The anthers also vary much in
length in both forms, but in a greater degree in the
long-styled than in the short-styled form many in
the former being from 80 to 63, and in the latter
from 80 to 70 divisions of the micrometer in length.
From an average of seven measurements, the shortstyled anthers were to those from the long-styled as
100 to 91 in length. Lastly, the pollen-grains from
the long-styled flowers varied between 13 and 11*5
divisions of the micrometer, and those from the shortstyled between 15 and 13.
The average diameter of
25 grains from the latter, or short-styled form, was
to that of 20 grains from the long-styled as 100 to
91.
AVe see, therefore, that the pollen-grains from
the smaller anthers of the shorter stamens in the longstyled form are, as usual, of smaller size than those
in the other form.
But what is remarkable, a larger
proportion of the grains were small, shrivelled, and
worthless.
This could be seen by merely comparing
the contents of the anthers from several distinct plants
of each form.
But in one instance my son found, by
counting, that out of 193 grains from a long-styled
whilst out of
flower, 53 were bad, or 27 per cent.
265 grains from a short-styled flower only 18 were
;

;

bad, or 7 per cent.

From

in the long-styled form,

the condition of the pollen

and from the extreme

varia-

—
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both forms, we may perhaps
undergoing a change, and

tending to become dioecious.
My son collected in the Isle of Wight on two occasions 202 plants, of which 125 were long-styled and
77 short-styled
so that the former were the more
numerous. On the other hand, out of 18 plants raised
by me from seed, only 4 were long-styled and 14
;

short-styled.

The

seemed to

short-styled plants

number

son to produce a greater

my

of flowers than the

and he came to this conclusion before a
similar statement had been published by Hildebrand

long-styled

;

with respect to P. officinalis. My son gathered ten
branches from ten different plants of both forms, and

found the number of flowers of the two forms to be as
100 to 89, 190 being short-styled and 169 long-styled.
With P. officinalis the difference, according to Hildebrand, is even greater, namely, as 100 flowers for the
short-styled

following

ments

to 77 for the long-styled

table

shows

the

results

The

plants.

of

my

experi-

:

Table
Pulmonaria

20.

angustifolia.

Number
Nature of the Union.

Number

of

ot

Flowers

Fruits
produced.

fertilised.

Average

Number

Long-styled flowers, by pollen of short-^l
styled.
Legitimate union
.
.
./

18

9

2-11

Long-styled flowers, by own-form pollen.
Illegitimate union
J

18

0

0

Short-styled flowers, by pollen of long-|
styled.
Legitimate union
/

18

15

2-60

Short-styled flowers, by own-form pollen.
Illegitimate union

12

7

1-86

.

.

.

.

.

"1

J

of

Seeds
per Fruit.
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see in this table that the fertility of the two

to that of the two illegitimate
100 to 35, judged by the proportion of
flowers which j^roduced fruit and as 100 to 32, judged
by the average number of seeds per fruit. But the
small number of fruit yielded by the 18 long-styled
flowers in the first line was probably accidental, and

legitimate

together

is

unions
as

;

if so,

the difference in the proportion of legitimately

and illegitimately fertilised

flowers

which yield fruit is
by the ratio of

really greater than that represented

100 to 35.

The 18

long-styled flowers illegitimately

—

no seeds, not even a vestige of one.
Two long-styled plants which were placed under a net
produced 138 flowers, besides those which were artificially fertilised, and none of these set any fruit
nor
did some plants of the same form which were protected during the next summer.
Two other longstyled plants were left uncovered (all the short-styled
plants having been previously covered up), and
humble-bees, which had their foreheads white with
fertilised yielded

;

pollen, incessantly visited the flowers, so that their

stigmas must have received an abundance of pollen,
yet these flowers did not produce a single

may
are

therefore conclude that the

fruit.

We

long-styled plants

with their own-form pollen,

absolutely barren

though brought from a

distinct plant.

In

this

re-

spect they differ greatly from the long-styled English
plants of P. officinalis which were found by me to
but they agree in their
be moderately self-fertile
behaviour with the German plants of P. officinalis
experimented on by Hildebrand.
Eighteen short-styled flowers legitimately fertilised
yielded, as may be seen in Table 20, 15 fruits, each
having on an average 2 6 seeds. Four of these fruits
contained the highest possible number of seeds, namely
;

•
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and four other fruits contained each 3 seeds. The
12 illegitimately fertilised short-styled flowers yielded
7 fruits, including on an average 1 86 seed and one
of these fruits contained the maximum number of
This result is yery surprising in contrast
4 seeds.
with the absolute barrenness of the long-styled flowers
w hen illegitimately fertilised and I w^as thus led to
attend carefully to the degree of self-fertility of the
short-styled plants. A plant belonging to this form and
covered by a net bore 28 flowers besides those which
had been artificially fertilised, and of all these only
two produced a fruit each including a single seed. This
high degree of self-sterility no doubt depended merely
on the stigmas not receiving any pollen, or not a suffiFor after carefully covering all the
cient quantity.

4,

*

;

;

long-styled plants in

my

garden, several short-styled

plants were left exposed to the visits of humble-bees,

and

their stigmas will thus have received plenty of

short-styled pollen

;

and now about half the

thus illegitimately fertilised, set

fruit.

flowers,

I judge of this

proportion partly from estimation and partly from

having examined three large branches, which had borne
31 flowers, and these produced 16 fruits. Of the fruits
produced 233 were collected (many being left ungathered), and these included on an average 1*82
seed.
No less than 16 out of the 233 fruits included
the highest possible number of seeds, namely 4, and
31 included 3 seeds. So we see how highly fertile
these short-styled plants were when illegitimately fertilised with their own-form pollen by the aid of bees.

The

great difference in the fertility of the long and

short-styled flowers,
tilised, is

when both

are illegitimately fer-

a unique case, as far as I have observed with

heterostyled plants.
fertilised are

The long-styled

when thus
haK of the

flowers

utterly barren, whilst about
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and these include a
above two-thirds of the number of seeds yielded

short-styled ones produce capsules,
little

by them when legitimately

fertilised.

The

sterility of

the illegitimately fertilised long-styled flowers

is probably increased by the deteriorated condition of their
pollen nevertheless this- pollen was highly efficient
;

when a23plied to the stigmas of the short-styled flowers.
With several species of Primula the short-styled
flowers are

much more

when both

are illegitimately fertilised

than the long-styled,
and it is a
tempting view, as formerly remarked, that this greater
sterile

;

sterility of the short-styled flowers is a special adapta-

tion to check self-fertilisation, as their stigmas

are

eminently liable to receive their own pollen. This view
is even still more tempting in the case of the longstyled form of Linum grandiflorum.
On the other
hand, with Pulmonaria angustifolia, it is evident, from
the corolla projecting obliquely upwards, that pollen
is

much more

insects

down

likely to fall on, or to be carried

to the

the long-styled flowers
of being

more

lisation,

are

when both

sterile, as

far

by

stigma of the short-styled than of

more

;

yet the short-styled instead
a protection against

fertile

self-ferti-

than the long-styled,

are illegitimately fertilised.

Pulmonaria azurea, according

to Hildebrand, is not

heterostyled.*

From an examination of dried flowers of Amsinckia spectahilis,
me by Prof. Asa Gray, I formerly thought that this plant,
member of the Boragineae, was heterostyled. The pistil

sent

a

an extraordinary degree in length, being in some
specimens twice as long as in others, and the point of insertion
of the stamens likewise varies. But on raising many plants
from seed, I soon became convinced that the whole case was
one of mere variability. The first-formed flowers are apt to
varies to

*

'

Die Geschlechter-Vertheilung bei den Pflanzen,' 1867,

p. 37.
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POLYGONUM FAGOPYRUM.

Ill

have stamens somewhat arrested in development, with very
pollen in their anthers and in such flowers the stigma
projects above the anthers, whilst generally it stands below and
sometimes on a level with them. I could detect no difference
in the size of the pollen-grain or in the structure of the stigma
in the plants which differed most in the above respects and all
of them, when protected from the access of insects, yielded
plenty of seeds. Again, from statements made by Yaucher, and
from a hasty inspection, I thought at first that the allied
Anchusa arvensis and Echium vulgar e were heterostyled, but soon
saw my error. From information given me, I examined dried
flowers of another member of the Boraginese, Arnehia hispidissima, collected from several sites, and though the corolla, together with the included organs, differed much in length, there
was no sign of heterostylism.
little

;

;

Polygonum fagopyrum (Polygonace^).
Hildebrand has shown that this plant, the common
Buck- wheat, is heterostyled.* In the long-styled form
(Fig. 7), the three stigmas project considerably aboYO
the eight short stamens, and stand on a level with the
anthers of the eight long stamens in the short-styled

form and so it is conversely with the stigmas and
stamens of this latter form. I could perceive no difference in the structure of the stigmas in the two forms.
The pollen-grains of the short-styled form are to those
of the long-styled as 100 to 82 in diameter. This plant
is therefore without doubt heterostyled.
I experimented only in an imperfect manner on
the relative fertility of the two forms. Short-styled
flowers were dragged scYcral times over two heads
of flowers on long-styled plants, protected under a net,
which were thus legitimately, though not fully, fertilised.
They produced 22 seeds, or 11 per flower-head.
Three flower-heads on long-styled plants received
;

*

'Die Geschlechter-Vertheilung,' ^-c, 1S67,

p. 31.
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manner from other long-styled
and were thus illegitimately fertilised. They
produced 14 seeds, or only 4 66 per flower-head.
Two flower-heads on short-styled plants received
pollen in like manner from long-styled flowers, and
pollen in the same
plants,

*

were thus legitimately fertilised.
seeds, or 4 per flower-head.

They produced 8

Fig. 7.

Upper

form lower figure, the short-styled.
of the anthers have dehisced, others have not.

figure, the long-styled

Some

:

Polygonum fagoptrum.

Four heads on

(From H. Muller.)

short-styled plants similarly received

pollen from other short-styled plants, and were thus
illegitimately fertilised.

They produced 9

seeds, or

2 25 per flower-head.
•

The results from fertilising the flower-heads in the
above imperfect manner cannot be fully trusted
but
;

I

may

state that the four legitimately fertilised flower-

;
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heads yielded on an average 7 50 seeds per head
whereas the seven illegitiraately fertilised heads
yielded less than half the number, or on an average
*

The legitimately

only 3 28 seeds.
•

crossed seeds from

the long-styled flowers were finer than those from the

same

illegitimately fertilised flowers on the

plants, in

the ratio of 100 to 82, as shown by the weights of an

equal number.
About a dozen plants, including both forms, were
protected under nets, and early in the season they pro-

duced spontaneously hardly any seeds, though

at this

period the artificially fertilised flowers jiroduced an

but it is a remarkable fact that later
in the season, during September, both forms became
highly self-fertile. They did not, however, produce

abundance

;

many seeds as some neighbouring uncovered plants
which were visited by insects. Therefore the flowers
of neither form when left to fertilise themselves late

so

in the season without the aid of insects, are nearly so
sterile as

number

most other heterostyled plants.
A large
namely 41 kinds as observed by H.

of insects,

Muller,* visit the flowers for the sake of the eight

He

infers from the structure of the
would
be apt to fertilise them both
flowers that insects
illegitimately as well as legitimately but he is mistaken in supposing that the long-styled flowers cannot

drops of nectar.

;

spontaneously

fertilise

themselves.

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

*

'

to

Die Befruchtuug,'

&c., p. 175,

and

•

Nature,' Jau.

1,

1874,
I

p.

16G.

;

HETEROSTYLED DIMORPHIC PLANTS.

114

other species shows that P. historfa

is

Chap.

III.

so strongly pro-

terandrous (the anthers generally falling off before the

stigmas are mature) that the flowers mnst be crossfertilised

by the many

species bear

much

insects w^hich visit them.

less

Other

conspicuous flowers which

se-

no nectar, and consequently are rarely
visited by insects these are adapted for self-fertilisaAction, though still capable of cross-fertilisation.
crete little or

;

cording to Delpino, the Polygonaceae are generally
by the wind, instead of by insects as in the

fertilised

present genus.

Leucosmia Burnettiana (Thymeli^).

As
and

Prof.

Asa Gray has expressed
some

his belief * that this species

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

Dr^Tiiispermum, are

:

*

'

American Jouraal of Sciand Seemann's

ence,' 18G5,p. 101,

'

Journal of Botany,'

p. 305.

vol.

iii.

1865,
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grains from the sliort-stylecl flower was to that of twenty-four

The anthers of
grains from the long-styled, as 100 to 99.
the upper stamens in the short-styled form appeared to be
and contained a considerable number of
which were omitted in striking the above
average. Notwithstanding the fact of the pollen-grains from
the two forms not differing in diameter in any appreciable
degree, there can hardly be a doubt from the great difference in
the two forms in the length of the pistil, and especially of the
stigma, together with its more pai^illose condition in the shortpoorly developed,
shrivelled grains

This

styled form, that the present species is truly heterostyled.

Linum

case resembles that of
difference
pistils

yrandifiorum, in wliich the sole

between the two forms consists in the length of the

and stigmas.

From

corolla of Leucosmia, it is

the great length of the tubular
clear that

the flowers are cross-

by large Lepidoptera or by honey-sucking birds, and
the position of the stamens in two whorls one beneath the
other, which is a character that I have not seen in any other
heterostyled dimorphic plant, probably serves to smear the
inserted organ thoroughly with pollen.

fertilised

MeNYANTHES TKIFOLIATA (GENTIANEiE).
This plant inhabits marshes

my

son William gathered 217
and of these 110 were
long-styled, and 137 short-styled.
The pistil of the long-styled
form is in length to that of the short-styled in the ratio of about
3 to 2. The stigma of the former, as my son observed, is decidedly larger than that of the short-styled but in both forms it
varies much in size. The stamens of the short-styled are almost
double the length of those of the long-styled; so that their
anthers stand rather above the level of the stigma of the longflowers from so

many

:

distinct plants,

;

styled form.

The anthers

much

also vary

in size, but

made with

the camera

many drawings

of the

seem

My

often to be of larger size in the short-styled flowers.

son

pollen-grains,

and those from the short-styled flowers were in diameter

in

nearly the ratio of 100 to 81 to those from the long-styled
I know nothing about the capacity for fertilisation in
the two forms but short-styled plants, living by themselves in
the gardens at Kew, have produced an abundance of capsules,

flowers.

;

yet the seeds have never germinated
short-styled form was sterile with its

;

and

own

this looks as if the

pollen.
I

2
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LlMNANTHEMTJM InDICUM (GeNTIANE^).
This plant is mentioned by Mr. Thwaites in his Enumeration
of the Plants of Ceylon as presenting two forms and he was so
kind as to send me specimens preserved in spirits. The pistil
of the long-styled form is nearly thrice as long (i.e. as 14 to 5)
as that of the short-styled, and is very mnch thinner in the
ratio of about 3 to 5.
The foliaceons stigma is more expanded,
and twice as large as that of the short-styed form.
In the
latter the stamens are about twice as long as those of the longstyled, and their anthers are larger in the ratio of 100 to 70.
The pollen-grains, after having been long kept in spirits, were
of the same shape and size in both forms. The ovules, according to Mr. Thwaites, are equally numerous (viz. from 70 to SO)
;

two forms.

in the

YlLLAESIA

[SP. ?]

(GeNTIANE^).

me from

South Brazil dried flowers of this
Limnanthemum. In the
long-styled fonn the stigma stands some way above the anthers,
and the whole pistil, together with the ovary, is in length to
that of the short-styled fonn as about 3 to 2. In the latter
foi-m the anthers stand above the stigma, and the style is very
short and thick; but the pistil varies a good deal in length,
the stigma being either on a level with the tips of the sepals
The foLiaceous stigma in
or considerably beneath them.
the long- styled form is larger, with the expansions nmning
farther down the style, than in the other form. One of the most
remarkable differences between the two forms is that the anthers
of the longer stamens in the short-styled flowers are conspicuously longer than those of the shorter stamens in the long-styled
flowers.
In the former the sub-triangular pollen-grains are
larger
the ratio between their breadth (measui'ed from one
angle to the middle of the opposite side) and that of the grains
from the long-styled flowers being about 100 to 75. Fritz
Fritz Miiller sent

aquatic plant, which

is

closely allied to

;

Miiller

also

infoi-ms

me

that the jDoUen of the short-styled

flowers has a bluish tint, whilst that of the long-styled is yellow.

When we treat of Lythrum sah'caria we shall find a strongly
marked contrast in the colour of the pollen in two of the forms.
The three genera, Menyanthes, Limnanthemum, and Tillarsia,
now

described, constitute a well-marked sub-tribe of the Gen-

tianeEe.

styled,

All the species, as far as at present known, are hetero-

and

all

inhabit aquatic or sub-aquatic stations.
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FORSYTHIA SUSPENSA (OlEACE^).
Professor Asa Gray states that the plants of this species grow-

ing in the Botanic Gardens at Cambridge, U.S., are short-styled,

but that Siebold and Zuccarini describe the long-styled form,
and give figures of two forms so that there can be little doubt,
as he remarks, about the plant being dimorphic*
I therefore
applied to Dr. Hooker, who sent me a dried flower from Japan,
another from China, and another from the Botanic Gardens at
Kew. The first proved to be long-styled, and the other two
short-styled.
In the long-styled form, the pistil is in length
to that of the short-styled as 100 to 38, the lobes of the stigma
being a little longer (as 10 to 9), but narrower and less divergent.
This last character, however, may be only a temporary
one.
There seems to be no difference in the papillose condition
of the two stigmas. In the short-styled form, the stamens are
in length to those of the long-styled as 100 to 66, but the anthers
are shorter in the ratio of 87 to 100 and this is unusual, for
when there is any difference in size between the anthers of the
two forms, those from the longer stamens of the short-styled are
generally the longest. The pollen-grains from the short-styled
flowers are certainly larger, but only in a slight degree, than
those from the long-styled, namely, as 100 to 94 in diameter.
The short-styled form, which grows in the Gardens at Kew, has
never there produced fruit.
;

;

Forsythia viridissima appears likewise to be heterostyled
Professor

;

for

Asa Gray remarks that although the long-styled form

alone grows in the gardens at Cambridge, U.S., the published
figures of this species belong to the short-styled form.

never to produce seed with

COEDIA
Fritz Miiller sent

its

own

It is said

pollen.f

[SP.?] (COEDIACEJE).

me

dried specimens of this shrub, which he
believes to be heterostyled and I have not much doubt that
this is the case, though the usual characteristic differences are
not well pronounced in the two forms.
Linum grandiflorum
;

shows us that a plant may be heterostyled in function in the
highest degree, and yet the two forms may have stamens of
equal length, and pollen-grains of equal size. In the present
' The
American Naturalist,' July 1873, p. 422.
t Mr. Wilder, as quoted in Gard. Chronicle,' 1868, p. 1286.

*

'

:
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species of Cordia, the stamens of both forms are of nearly equal
length, those of the short-styled being rather the longest ; and

month of the corolla. Kor
could I detect any difference in the size of the pollen-grains,
when dry or after being soaked in water. The stigmas of the
long-styled form stand clear above the anthers, and the whole
pistil is longer than that of the short-styled, in about the ratio
of 3 to 2.
The stigmas of the short-styled form are seated beneath the
the anthers of both are seated in the

and they are considerably shorter than those of the
This latter difference is the most important
any between the two forms.

anthers,

long-styled form.

one of

GiLiA (Ipomopsis) pulchella vel aggregata (PolemoniACE^).
Professor Asa Gray remarks with respect to this plant " the
tendency to dimorphism, of which there are traces, or perhaps
:

i*ather incipient manifestations in various portions of the genus,

most marked in G. aggregata
He sent me some dried
and I procured others from Kew. They differ greatly
in size, some being nearly twice as long as others (viz. as 30 to
17), so that it was not possible to compare, except by calculation,
the absolute length of the organs from different plants. Moreover, the relative position of the stigmas and anthers is variable
in some long-styled flowers the stigmas and anthers were exserted only just beyond the throat of the corolla; whilst in
others they were exserted as much as y% of an inch. I suspect
also that the pistil goes on growing for some time after the
anthers have dehisced. Nevertheless it is possible to class the
flowers under two forms. In some of the long-styled, the length
of pistil to that of the short-styled was as 100 to 82 but this
result was gained by reducing the size of the corollas to the
same scale. In another pair of flowers the difference in length
between the pistils of the two forms was certainly greater, but
they were not actually measured. In the short-styled flowers
whether large or small, the stigma is seated low down within
the tube of the corolla. The papillae on the long-styled stigma
are longer than those on the short-styled, in the ratio of 100 to
The filaments in some of the short-styled flowers were, to
40.
is

flowers,

;

those of the long-styled, as 100 to 25 in length, the
*

'

Proc.

American Acad,

of Arts

and

Sciences,'

June

free,

or

14, 1870, p. 275.
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unattached portion being alone measured but this ratio cannot be trusted, owing to the great variability of the stamens.
The mean diameter of eleyen pollen-grains from long-styled
flowers, and of twelve from the short-styled, was exactly the
same. It follows from these several statements, that the difference in length and state of surface of the stigmas in the
flowers is the sole reliable evidence that this species is hetero;

styled; for

it

length of the

would be rash
seeing

pistils,

to trust to the difference in the

how

variable they are.

I should

had it not been for the
observations on the following species; and these leave little
doubt on my mind that the present i^lant is truly heterostyled.
Professor Gray informs me that in another species, G. coronopifolia, belonging to the same section of the genus, he can see no
have

left

the case altogether doubtful,

sign of dimorphism.

GiLiA (Leptosiphon) micrantha.

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

;

seated in the throat of the corolla.

Phlox subulata (Polemoniace^).
Gray informs me that the greater number of
the species in this genus have a long pistil, with the stigma
more or less exserted whilst several other species, especially the
annuals, have a short pistil seated low down within the tube of
Professor Asa

;

the corolla.

In

all

the species the anthers are arranged one
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below the other, the uppermost just protruding from the throat
of the corolla.
In Phlox suhulata alone he has " seen both long
and short styles and here the short-styled plant has (irrespective of this character) been described as a distinct species (P.
nivalis, P. Hentzii), and is apt to have a pair of ovules in each
cell, while the long-styled P. suhulata rarely shows more than
one."*
Some dried flowers of both forms were sent me by him,
and I received others from Kew, but I have failed to make
out whether the species is heterostyled.
In two flowers of
nearly equal size, the pistil of the long-styled form was twice as
long as that of the short-styled but in other cases the difference was not nearly so great.
The stigma of the long-styled
;

;

stands nearly in the throat of the corolla whilst in the
it is placed low down
sometimes very low down
in the tube, for it varies greatly in position. The stigma is

pistil

;

—

short-styled

and of greater length (in one instance in the
100 to 67), in the short-styled flowers than in the
long-styled.
My son measured twenty pollen-grains from a
short-styled flower, and nine from a long-styled, and the
former were in diameter to the latter as 100 to 93; and this
difference accords with the belief that the plant is hetero-

more

papillose,

ratio of

But the grains from the short-styled varied much in
He afterwards measured ten grains from a distinct
long-styled flower, and ten from another plant of the same form,
and these grains differed in diameter in the ratio of 100 to 90.
The mean diameter of these two lots of twenty grains was to
styled.

diameter.

that of twelve grains from another short-styled flower as 100 to

75

:

here, then, the grains

from the short-styled form were con-

siderably smaller than those from the long-styled, which
reverse of

what occurred

is

the

and of what
The whole case

in the former instance,

is

the general rule with heterostyled plants.
is
perplexing in the highest degree, and will not be understood
until experiments are tried on living plants.

and more

The greater length,

papillose condition of the stigma in the short-styled

than in the long-styled flowers, looks as if the plant was heterostyled for we know that with some species— for instance, Leucosmia and certain Eubiacese the stigma is longer and more
papillose in the short -styled form, though the reverse of this
holds good in Gilia, a member of the same family with Phlox.
The similar position of the anthers in the two forms is some;

*

*

Proc.

—

American Acad,

of Arts

aud Sciences,' June

14, 1870, p. 2-18.
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what opposed to the present species being heterostyled as is
the great difference in the length of the pistil in several shortstyled flowers. But the extraordinary variability in diameter of
the pollen-grains, and the fact that in one set of flowers the
;

grains from the long-styled flowers were larger than those from
is strongly opposed to the belief that Phlox

the short-styled,

Possibly this species was once heterobut is now becoming sul>dicecious the short-styled
plants having been rendered more feminine in nature. This
would account for their ovaries usually containing more ovules,
subulata is heterostyled.
styled,

and

;

for the variable condition of their pollen-grains.

the long-styled plants are

now changing

Whether
would

their nature, as

appear to be the case from the variability of their pollen-grains,

and are becoming more masculine, I will not pretend to conjecture; they might remain as hermaphrodites, for the coexistence of hermaphrodite and female plants of the same
species is by no means a rare event.

EeTTHROXTLUM

[SP. ?]

(ERYTHROXYLIDJa).

me from South Brazil dried flowers of this
with the accompanying drawings, which show the
two forms, magnified about five times, with the petals rem(5ved.
Fritz Miiller sent

tree, together

Fig. 8.

Erythroxylon

[sp. ?].

:
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In the long-styled form the stigmas project above the anthers,

and the

styles are nearly twice as long as those of the short-

styled form, in

The stigmas

in

which the stigmas stand beneath the anthers.
many, but not in all the short-styled flowers are

larger than those in the long-styled.

The anthers

of the short-

styled flowers stand on a level with the stigmas of the other

form

but the stamens are longer by only one-fourth or one-fifth
own length than those of the long-styled. Consequently
the anthers of the latter do not stand on a level with, but rather
above the stigmas of the other form.
Differently from what
occurs in the following closely allied genus, Sethia, the stamens
;

of their

are of nearly equal length in the flowers of the

same form.

The

pollen-grains of the short-styled flowers, measured in their dry
state, are a little larger

than those from the long-styled flowers

in about the ratio of 100 to 93.*

Sethia acuminata (Erytheoxtlid^).
Mr. Thwaites pointed out several years ago f that this plant
under two forms, which he designated as forma stylosa et
staminea ; and the flowers sent to me by him are clearly hetero
styled.
In the long-styled form the pistil is nearly twice as
long, and the stamens half as long as the corresponding organs
in the short-styled form. The stigmas of the long-styled seem
rather smaller than those of the short-styled. All the stamens
in the short-styled flowers are of nearly equal length, whereas
in long-styled they differ in length, being alternately a little
longer and shorter; and this difference in the stamens of the
two forms is jDrobably related, as we shall hereafter see in
the case of the short-styled flowers of Lytlirum salicaria, to the
manner in which insects can best transport pollen from the
exists

long-styled flowers to the stigmas of the short-styled.

The

pollen-grains from the short-styled flowers, though variable in
size, are to those of the long-styled, as far as I

as 100 to 83 in their longer diameter.

could

make

out,

Sethia oUusifolia is

heterostyled like S. acuminata.
* F. Miiller

remarks in his letthat the flowers, of which
he carefully examined many specimens, are curiously variable
in the number of their parts
5 sepals and petals, 10 stamens
and 3 pistils are the prevailing
ter to

me

numbers but the sepals and petals
;

often vary from 5 to 7

mens from 10

to 14,

;

the sta-

and the pistils

from 3 to 4.
Enumeratio Plantarum Zeyt
'

lanise/ 1864, p. 54.
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Ceatoxylon foemosum (Hypeeicine^).
Mr. Thiselton Dyer remarks that this tree, an inhabitant of
Malacca and Borneo, appears to be heterostylecl.* He sent me
dried flowers, and the difference between the two forms is conspicuous. In the long-styled form the pistils are in length to
those of the short-styled as 100 to 40, with their globular
stigmas about twice as thick. These stand just above the numerous anthers and a little beneath the tips of the petals. In the
short-styled form the anthers project high above the pistils, the
stigmas of which diverge between the three bundles of stamens,
and stand only a little above the tips of the sepals. The
stamens in this form are to those of the long-styled as 100 to 86
in length and therefore they do not differ so much in length
as do the pistils.
Ten pollen-grains from each form were
measured, and those from the short-styled were to those from
the long-styled as 100 to 86 in diameter. This plant, therefore,
;

is

in all respects a well-characterised heterostyled species.

-ffiGIPHILA

ELATA (YeEBENACE^).

Mr. Bentham was so kind as to send me dried flowers of this
and of
mollis, both inhabitants of South America.
The two forms differ conspicuously, as the deeply bifid stigma
of the one, and the anthers of the other project far above the
mouth of the corolla. In the long-styled form of the present
species, the style is twice and a half as long as that of the shortstyled.
The divergent stigmas of the two forms do not differ
much in length, nor as far as I could perceive in their papillae.
In the long-styled flowers the filaments adhere to the corolla
species

up to the anthers, which are enclosed some way down
within the tube. In the short-styled flowers the filaments are
free above the point where the anthers are seated in the other
form, and they project from the corolla to an equal height with
close

that of the stigmas in the long-styled flowers.

It is often

measure with accui-acy pollen-grains, which have
long been dried and then soaked in water; but they here
manifestly differed greatly in size. Those from the short-styled
flowers were to those from the long-styled in diameter in

difficult to

*

'

Journal of Botany,' London, 1872,

p. 26.

;
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about the ratio of 100 to 62.
The two forms of ^. mollis
present a like differeuce in the length of their pistils and
stamens.

-^GIPHILA OBDUKATA.
Flowers of this bush were sent me from St. Catharina in
Brazil, by Fritz Miiller, and were named for me at Kew.
They
appeared at first sight gi'andly heterostyled, as the stigma of
the long-styled form projects far out of the corolla, whilst the
anthers are seated halfway down within the tube; whereas in the
short-styled form the anthers project from the corolla and the
stigma is enclosed in the tube at nearly the same level with the
anthers of the other form.

The

pistil of

the long-styled

is to

that of the short-styled as 100 to 60 in length, and the stigmas,

taken by themselves, as 100 to 55. Nevertheless, this plant
cannot be heterostyled. The anthers in the long-styled form
are brown, tough, and fleshy, and less than half the length
of those in the short-styled form, strictly as 44 to 100
and
what is much more important, they were in a rudimentary
condition in the two flowers examined by me, and did not
;

contain a single grain of pollen. In the short-styled form, the
divided stigma, which as we have seen is much shortened,
is thicker and more fleshy than the stigma of the long-

and

covered with small ii'regular projections, formed
It had the appearance of having suffered from hypertrophy, and is probably incapable of fertilisation.
If this be so the plant is dioecious, and judging from
styled,

is

of rather large cells.

the two species previously described, it probably was once
heterostyled, and has since been rendered dioecious by the
pistil in the one form, and the stamens in the other having

become

and reduced in

size.
It is, however,
be in the same state as those of
the common thyme and of several other Labiatse, in which
females and hermaphrodites regularly co-exist. Fritz Miiller,
who thought that the present plant was heterostyled, as I
did at first, informs me that he foimd bushes in several places
growing quite isolated, and that these were completely sterile

functionless

possible that the flowers

may

whilst two plants growing close together were covered with
fruit.

This fact

agi-ees better

dioecious than that

with the belief that the species

consists of hermaphi-odites

is

and females

any one of the isolated plants had been an hermaphrodite,
would probably have produced some fruit.

for if
it

it

;
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KUBIACE^.
Tliis

number

much

larger

any other

one, as

great natural family contains a
of heterostyled genera than

yet known.
Mitchella repens.

—

Asa Gray sent me several
when out of flower, and nearly

Prof.

living plants collected

and the other half
which are fragrant
and which secrete plenty of nectar, always grow in
pairs with their ovaries united, so that the two together
half of these proved long-styled,
short-styled.

produce

"a

The white

flowers,

In

berry-like double drupe."*

my

first

experiments (1864) I did not suppose that
this curious arrangement of the flowers would have any
series of

influence on their fertility

;

and in several instances

only one of the two flowers in a pair was fertilised
and a large proportion or all of these failed to produce
berries.

In the ensuing year both flowers of each

pair were invariably fertilised in the

and the

latter

same manner

experiments alone serve to show the

proportion of flowers which yield berries,

when

legiti-

mately and illegitimately fertilised; but for calculating the average number of seeds per berry I have
used those produced during both seasons.
In the long-styled flowers the stigma projects just
above the bearded throat of the corolla, and the
anthers are seated some way down the tube. In the
short-styled flowers these organs occupy reversed positions.
In this latter form the fresh pollen-grains are
a little larger and more opaque than those of the longstyled form.
The results of my experiments are given
in the following table.

*

A. Gray, 'Manual of the Bot. of the X. United

p. 172.

States,'

1856,
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21.

MitchelJa repms.

Average

Number

Number

of
Pairs of

of

Number

of

Drupes progood Seeds
Flowers fer- duced during per Drupe in
tilised during
the second
all the Drupes

Nature of Union.

the second

Season.

during the

two Seasons.

Season.

Long-styled flowers, by pollen ofl
short-styled.
Legitimate union/

9

8

4--6

Long-styled flowers, by own-form
Illegitimate union
pollen.
/

8

3

2 "2

Short-styled flowers, by pollen ofl
long-styled.
Legitimate union.

g

7

4-1

Short-styled flowers, by own-form^
Illegitimate union
pollen.
/

g

0

2-0

^_

15

4-4

17

3

2-1

'I

.

.

)

.

The

two

The two

legitimate

unions

illegitimate

unions

It follows

.

to-1

to-^

from this table that 88 per cent, of the

paired flowers of both forias,
tilised,

when

legitimately fer-

yielded double berries, nineteen of which con-

tained on an average 4*4 seeds, with a

maximum

in

one of 8 seeds. Of the illegitimately fertilised paired
flowers only 18 per cent, yielded berries, six of which
contained on an average only 2*1 seeds, with a maximum in one of 4 seeds. Thus the two les^itimate
unions are more fertile than the two illegitimate,
according to the proj^ortion of flowers which yielded
and according to
berries, in the ratio of 100 to 20
the average number of contained seeds as 100 to 47.
;

Three

long-styled

and three short-styled plants

were protected under separate nets, and they produced
altogether only 8 berries, containing on an average

;

Chap.

BOKEEEIA.

III.

only 1*5 seed.

Some

which contained no
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additional berries were produced

seeds.

The plants thus treated were

and their slight degree of
be attributed in part to the action of the
individuals of Thrips which haunted the flowers.

therefore excessively sterile,
fertility

many
Mr.

may

J. Scott

informs

me

that a single plant (probably

a long-styled one), growing in the Botanic Gardens at

Edinburgh, which no doubt was freely visited by insects, produced plenty of berries, but how many of
them contained seeds was not observed.

BOEEEEIA, NOV.

SP.

NEAK VALEEIANOIDES (KuBIACE^).

Fritz Miiller sent

me

seeds of this plant, which

is

extremely abundant in St. Catharina, in South Brazil
and ten plants were raised, consisting of five longstyled and five short-styled.

The

pistil of

styled flowers projects just beyond the

the long-

mouth

of the

and is thrice as long as that of the shortstyled, and the divergent stigmas are likewise rather
The anthers in the long-styled form stand
larger.
low down within the corolla, and are quite hidden.
In the short-styled flowers the anthers project just
above the mouth of the corolla, and the stigma stands
corolla,

low down within the tube. Considering the great
difference in the length of the pistils in the two forms,
it is remarkable that the pollen-grains differ very little
in size, and Fritz Miiller was struck with the same
fact.
In a dry state the grains from the short-styled
flowers could just be perceived to be larger than those
from the long-styled, and when both were swollen by
immersion in water, the former were to the latter in
diameter in the ratio of 100 to 92. In the long-styled
flowers beaded hairs almost fill up the mouth of the
corolla and project above it
they therefore stand
above the anthers and beneath the stigma. In the
;
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situated

is

low down within the tubular corolla, above the stigma
and beneath the anthers. The presence of these beaded
hairs in both forms, though occupying such different
positions, shows that they are probably of considerable

They would serve to guard the
but in
stigma of each form from its own pollen
accordance with Prof. Kerner's view* their chief use
probably is to prevent the copious nectar being stolen
by small crawling insects, which could not render any
service to the species by carrying pollen from one form
functional importance.

;

to the other.

The

flowers are so small

and

so

crowded together

that I was not willing to expend time in fertilising

them

separately

;

but I dragged repeatedly heads of

short-styled flowers over three long-styled flower-heads,

which were thus legitimately fertilised and they produced many dozen fruits, each containing two good
I fertilised in the same manner three heads
seeds.
same
long-styled plant with pollen from another
the
on
;

long-styled plant, so that these were fertilised illegiti-

mately, and they did not yield a single seed.

Nor did

which was of course protected by a net,
bear spontaneously any seeds. Nevertheless another
long-styled plant, which was carefully protected, produced spontaneously a very few seeds
so that the
long-styled form is not always quite sterile with its
this plant,

;

own

pollen.

FaRAMEA

[sP. ?]

(EUBIACEiE).

Fritz Miiller has fully described the two forms of this

remarkable plant, an inhabitant of South Brazil, j
* 'Die

then

Schntzmittel der Bliiunberufene G'aste,'

gegen

1876, p. 37.

t

'

In

Bot. ZeituDg,' Sept. 10, 18G9.

p. 606.
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the long-styled form the pistil projects above the
corolla,

and

is

almost exactly twice as long as that of
is included within the tube.

the short-styled, which

The former

is

divided into two rather short and broad

stigmas, whilst the short-styled pistil

is

divided into

two long, thin, sometimes much curled stigmas. The
stamens of each form correspond in height or length
with the pistils of the other form.
The anthers of
the short-styled form are a little larger than those
of the

long-styled

;

and

those of the other form

their

pollen-grains are

to

100 to 67 in diameter.
But the pollen-grains of the two forms differ in a
much more remarkable manner, of which no other
as

Fig 0

Short-styled form.
Long-styled form.
Outlines of flowers from dried specimens.
Pollen-grains, magnified 180
times, by Fritz Miiller.

Faramea

[sp. ?].

is known
those from the short-styled flowers
being covered with sharp points ; the smaller ones

instance

;

;
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from the long-styled being quite smooth. Fritz Miiller
remarks that this difference between the pollen-grains
of the two forms is evidently of service to the plant
for the grains from the projecting stamens of the shortstyled form, if smooth, would have been liable to be
blown away by the wind, and would thus have been
lost
but the little points on their surfaces cause them
to cohere, and at the same time favour their adhesion
to the hairy bodies of insects, which merely brush
ao^ainst the anthers of these stamens whilst visiting?
the flowers. On the other hand, the smooth grains
;

of the long-styled flowers are safely included within

the tube of the corolla, so that they cannot be blown

away, but are almost sure to adhere to the j^roboscis of

an entering

insect,

which

is

necessarily pressed close

against the enclosed anthers.

may

be remembered that in the long-styled form
Linum perenne each separate stigma rotates on its
own axis, when the flower is mature, so as to turn its
papillose surface outwards.
There can be no doubt
that this movement, which is confined to the longstyled form, is effected in order that the proper surface of the stigma should receive pollen brought by
insects from the other form.
Now with Faramea, as
Fritz Miiller shows, it is the stamens which rotate on
their axes in one of the two forms, namely, the shortstyled, in order that their ]3ollen should be brushed off
by insects and transported to the stigmas of the other
form.
In the long-styled flowers the anthers of the
short enclosed stamens do not rotate on their axes,
but dehisce on their inner sides, as is the common
rule with the Eubiaceae
and this is the best position
for the adherence of the pollen-grains to the proboscis
of an entering insect.
Fritz Miiller therefore infers
It

of

;

that as the plant became

heterostyled,

and

as the
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stamens of the
they gradually
of rotating on
shown, by the

short-stylecl
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form increased in length,

acquired the highly beneficial power

own

their

axes.

But he has further

careful examination of

many

flowers,

that this power has not as yet been perfected

;

and,

consequently, that a certain proportion of the pollen

rendered useless, namely, that from the anthers
which do not rotate properly. It thus appears tliat
the development of the plant has not as yet been completed the stamens have indeed acquired their proper
length, but not their full and perfect power of rotation.*
The several points of difference in structure between
the two forms of Faramea are highly remarkable.
Until within a recent period, if any one had been
shown two plants which differed in a uniform manner
in the length of their stamens and pistils,
in the
form of their stigmas, in the manner of dehiscence
and slightly in the size of their anthers, and to an
extraordinary degree in the diameter and structure of
their pollen-grains, lie would have declared it impossible that the two could have belonged to one and the
same species.
is

;

—

—

—

SuTEEiA

(si^ecies

unnamed

in tlie lierbarimn at

Kew)

(EUBIACEiE).
I

owe

to the kindness of Fritz Miiller dried flowers of this

plant from

St.

Catharina, in Brazil.

stigma stands in the

month

* Fritz Muller gives another
instance of the want of absolute
perfection in the flowers of another
member of the Rubiaceae, namely,
Fosoqueria fragrans, which is
adapted in a most wonderful manner for cross- fertilisation by the
agency of moths.
Bot.
(See
Zeitung,' 1866, No. 17.)
In ac'

In the long-styled form the

of the corolla, above the anthers,

cordance with the nocturnal liabits
of tiiese insects, most of the flowers
open only during the night but
some open in the day, and the
pollen ot" such flowers is robbed, as
Fritz Miiller has often seen, by
humble-bees and other insects,
without any benefit being thus
conferred on the plant.
;

K 2

;
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within the tube, but only a short way
In the short-styled form the anthers are placed in the
mouth of the corolla above the stigma, which occupies the same

which
down.

latter are enclosed

position as the anthers in the other form, being seated only a

short

way down

the tube. Therefore the pistil of the long-styled

form does not exceed in length that of the short-styled in
nearly so great a degree as in many other Eubiaceae. Xevertheless there is a considerable difference in the size of the pollen-

grains in the two forms

;

for,

as Fritz Miiller informs me, those

of the short-styled are to those of the long-styled as 100 to

75 in diameter.

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

•

form as 100 to 72 in diameter.
Selected capsules from some long-styled plants growing in
the Botanic Gardens at Cambridge, U.S., near where i^lants
of the other form grew, contained on an average 13 seeds
but these plants must have been subjected to unfavourable
conditions, for some long-styled plants in a state of nature
yielded an average of 21 5 seeds per capsule. Some short-styled
plants, which had been planted by themselves in the Botanic
Gardens, where it was not likely that they would have been
visited by insects that had previously visited long-styled plants,
produced capsules, eleven of which were wholly sterile, but one
contained 4, and another 8 seeds.
So that the short-styled
form seems to be very sterile with its own pollen. Prof. Asa
Gray informs me that the other North American species of this
genus are likewise heterostyled.
•

OlDENLANDIA
Mr.

J.

Scott sent

[sP. ?]

me from

(RUBIACE^).

India dried flowers of a heterois closely alUed to the last.

styled species of this genus, wliich

'
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the long-styled flowers is longer by about a quarter
and the stamens shorter in about the same proportion, than the corresponding organs in the short-styled
flowers.
In the latter the anthers are longer, and the divergent
pistil in

of its length,

stigmas decidedly longer and apparently thinner than in the
O^ing to the state of the specimens, I could
not decide whether the stigmatic papillae were longer in the
one form than in the other. The pollen-grains, distended with
water, from the short-styled flowers were to those from the longlong-styled form.

styled as 100 to 78 in diameter, as deduced

from the mean of

ten measurements of each kind.

HeDYOTIS
Fritz Miiller sent

me from

of a small delicate species,

[sP. ?]

St,

(EUBIACE^).

Catharina, in Brazil, dried flowers

which grows on wet sand near the
In the long-styled form the stigma
and stands on a level with the pro-

edges of fresh-water pools.
projects above the corolla,
jecting anthers of the short-styled form; but in the latter the
stigmas stand rather beneath the level of the anthers in the
other or long-styled form, these being enclosed within the tube

The

of the corolla.

pistil of

as long as that of the

the long-styled form

is

nearly thrice

short-styled, or, speaking strictly, as

100 to 39; and the papillae on the stigma of the former are
3, but whether longer than those of
the short-styled, I could not decide. In the short-styled form,
the anthers are rather larger, and the pollen-grains are to those
broader, in the ratio of 4 to

from the long-styled flowers, as 100
Miiller sent

me

to

88 in diameter.

a second, small-sized species, which

is

Fritz

likewise

lieterostyled.

COCCOCTPSELUM
Fritz Miiller also sent
St.

Catharina, in Brazil.

me

[SP. ?]

(RUBIACE^).

dried flowers of this plant from

The exserted stigma

of the long-styled

form stands a little above the level of the exserted anthers of the
short-styled form and the enclosed stigma of the latter also
stands a little above the level of the enclosed anthers in the longstyled form. The pistil of the long-styled is about twice as long
as that of the short -styled, with its two stigmas considerably
longer, more divergent, and more curled. Fritz Miiller informs
;

;;
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me that he could detect no difference in the size of the pollengrains in the two forms. Nevertheless, there can be no doubt
that this plant is heterostyled.
LiPOSTOMA

(EUBIACE^).

[SP. ?]

Dried flowers of this plant, which grows in small wet ditches

me by Fritz
In the long-styled form the exserted stigma stands
rather above the level of the exserted anthers of the other form
whilst in the short-styled form it stands on a level with the
anthers of the other form. So that the want of strict correspondence in height between the stigmas and anthers in the two
forms is reversed, compared with what occurs in Hedyotis. The
long-styled pistil is to that of the short-styled as 100 to 36 in
length and its divergent stigmas are longer by fully one-third
of their own length than those of the short-styled form. In the
in St. Catharina, in Brazil, were likewise sent
Miiller.

;

latter the anthers are a little larger,

and the

pollen-gi-ains are

as 100 to 80 in diameter, compared with those from the longstyled form.

Cinchona micrantha (Eubiace^).
Dried specimens of both forms of this plant were sent me from
In the long-styled form the apex of the stigma stands
just beneath the bases of the hairy lohes of the corolla whilst
the summits of the anthers are seated about halfway down
the tube. The pistil is in length as 100 to 38 to that of the
short-styled form. In the latter the anthers occupy the same
jDosition as the stigma of the other form, and they are considerably longer than those of the long-styled form. As the
summit of the stigma in the short-styled form stands beneath
the bases of the anthers, which are seated halfway down the
corolla, the style has been extremely shortened in this form
its length to that of the long-styled being, in the specimens
The stigma, also, in the shortexamined, only as 5 3 to 100
styled form is very much shorter than that in the long-styled,
in the ratio of 57 to 100. The pollen-grains from the short-

Kew.*

;

•

!

My

attention was called to
by a drawing copied
irom Howard's Quinologia,' Tab.
*

this plant

'

given bv jMr. Markhani in his
Travels in Peru," p. 539.

3,
'

Chap.

RUBIACE^.

III.

135

styled flowers, after having been soaked in water, were rather
larger— in about the ratio of 100 to 91 than those from the longstyled flowers, and they were more triangular, with the angles
more prominent. As all the grains from the short-styled flowers
were thus characterised, and as they had been left in water for
three days, I am convinced that this difference in shape in the
two sets of grains cannot be accounted for by unequal distension
with water.
Besides the several Eubiaceous genera already mentioned,
Fritz Miiller informs me that two or three species of Psychotria
and Rudgea eriantha, natives of St. Catharina, in Brazil, are
heterostyled, as is Manettia hicoJor. I may add that I formerly
fertilised with their own pollen several flowers on a plant of
tliis latter species in my hothouse, but they did not set a single
fruit.
From \Yight and Arnott's description, there seems to be
Little doubt that Knoxia in India is heterostyled
and Asa Gray
is convinced that this is the case with Diodia and Spermacoce
in the United States. Lastly, from Mr. W. W. Bailey's description,* it appears that the Mexican Bouvardia leiantha is hetero-

—

;

styled.

Altogether we now

know

of 17 heterostyled genera

in the great family of the Kubiaceae

information

is

though more

;

necessary with respect to some of them,

more especially those mentioned in the
graph, before we can feel absolutely

last

para-

In the
Genera Plantarum,' by Bentham and Hooker, the
Rubiacese are divided into 25 tribes, containing 337
genera; and it deserves notice that the genera now
known to be heterostyled are not grouped in one or
two of these tribes, but are distributed in no less than
eight of them.
From this fact we may infer that
most of the genera have acquired their heterostyled
structure independently of one another that is, they
have not inherited this structure from some one or
even two or three progenitors in common. It further
safe.

*

;

* *Bull. of the Torrey Bot. Club,' 1876,

p. 106.
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deserves notice that in the homostyled genera, as I

am

informed by Professor Asa Gray, the stamens are

either exserted or are included within the tube of the
corolla, in

a nearly constant manner;

which

so that

this

not even of specific value in the
heterostyled species, is often of generic value in other
character,

members

is

of the family.

—
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Lythrum

salicaria

—Description

complex manner of

— Their
—

of the three forms

power and

one another Eighteen different
unions possible Mid-styled form eminently feminine in nature
Lythrum Grsefferi likewise trimorphie— L. thymifolia dimorphic
L. hyssopifolia homostyled Nessea verticillata trimorphie Lagerfertilising

—

—
—
— Oxalis, trimorphie species of— O. Valdiviana — O. Regnelli, the illegitimate unions quite barren — O. speciosa— O. sensitiva — Homostyled species of Oxalis— Pontederia,
stroemia, nature doubtful

the one monocotyledonous genus

known

to

include heterostyled

species.

In the previous chapters various heterostyled dimorphic plants have been described, and now we come to
heterostyled trimorphie plants, or those which present

These have been observed in three
and consist of species of Lythrum and of the
In
allied genus Nesaea, of Oxalis and Pontederia.
their manner of fertilisation these plants offer a more
remarkable case than can be found in any other plant

three

forms.

families,

or animal.

—

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

Two

of the three hermaphrodites

must

and

coexist,

pollen must be carried by insects reciprocally from one

two should be
but unless all three forms coexist, two
sets of stamens will be wasted, and the organisation of
the species, as a whole, will be incomplete. On the
other hand, when all three hermaphrodites coexist, and
pollen is carried from one to the other, the scheme
to the other, in order that either of the

fully fertile

;

no waste of pollen and no false comost comunion
marriage-arrangement,
namely
triple
plex
a
between three hermaphrodites, each hermaphrodite
being in its female organ quite distinct from the other
two hermaphrodites and partially distinct in its male
organs, and each furnished with two sets of males.
The three forms may be conveniently called, from
the unequal lengths of their pistils, the long-styled, midstyled, and sliort-styled. The stamens also are of unequal
lengths, and these may be called the longest, mid-length,
and shortest. Two sets of stamens of different length are
found in each form. The existence of the three forms
w^as first observed by Vaucher,* and subsequently more
carefully by Wirtgen but these botanists, not being

is

perfect

there

;

adaptation.

In

is

short, nature has ordained a

—

;

guided by any theory or even suspicion of their functional differences, did not perceive some of the most
I will

curious points of difference in their structure.
first briefly

describe the three forms

by the aid

accompanying diagram, which shows the

of the

flowers, six

times magnified, in their natural position, wdth their
petals

*

and calyx on the near

Phvs.

und dessen Formen,"

*

torn.' ii.

des naturhist. Vereins

fiir

Plantes
des
1841, p. 371.
Wiitgen,"JJehei Ly thrum salicaria
'

Hist.

d'Europe/

side removed.

Rheinl.'

5.

Verhand.
preuss.

Jahrgang, 1848,

S. 7.
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Fig. 10.

Diagram of the flowers of the three forms of Lythrum salicaria, in their natural
with the petals and calyx removed on the near side enlarged six times.
The dotted lines with the arrows show the directions in which pollen must be

position,

carried to each stigma to ensure

:

full fertility.
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Long-styled form.
This form can be at once recognised by the length of the pistil, which is (including

the ovarium) fully one-third longer than that of the
mid-styled, and more than thrice as long as that of the
short-styled form. It

is

so disproportionately long, that

bud through the folded petals. It
stands out considerably beyond the mid-length stamens; its terminal portion depends a little, but the
stigma itself is slightly upturned. The globular stigma
it

projects in the

considerably larger than that of the other two forms,
with the papillae on its surface generally longer. The
six mid-length stamens project about two-thirds the
length of the pistil, and correspond in length with the
is

pistil of

the mid-styled form.

Such correspondence

in this and the two following forms
close

;

the difference, where there

is

is

generally very

any, being usually

in a slight excess of length in the stamens.

The

shortest stamens lie concealed within the calyx

;

six

their

ends are turned up, and they are graduated in length,

The anthers of these stamens are smaller than those of the mid-length ones.
The pollen is of the same yellow colour in both sets.

so as to form a double row.

H. Miiller* measured the pollen-grain in all three
and his measurements are evidently more trustworthy than those which I formerly made, so I will
give them. The numbers refer to divisions of the
micrometer equalling -gj^ mm. The grains, distended
with water, from the mid-length stamens are
and those from the shortest stamens 6-6^ in diameter,
or as 100 to 86.
The capsules of this form contain
on an average 93 seeds how this average was obforms,

:

tained will presently be explained.

when

As

these seeds,

cleaned, seemed larger than those from the mid*

'

Die Befruchtung der Blumen,' 1873,

p. 193.
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them were placed
good balance, and by the double method of weighing were found to equal 121 seeds of the mid-styled or
142 of the short-styled so that five long-styled seeds
styled or short-styled forms, 100 of

in a

;

very nearly equal six mid-styled or seven short-styled
seeds.

—

Mid-styled form.
The pistil occupies the position
represented in the diagram, with its extremity con-

a variable degree

the

siderably

upturned, but to

stigma

seated between the anthers of the longest

is

and the shortest stamens.

The

correspond in length with the

form

;

six longest

pistil of

;

stamens

the long-styled

their filaments are coloured bright pink

;

the

anthers are dark-coloured, but from containing bright-

green pollen and from their early dehiscence they appear

Hence in general appearance these
stamens are remarkably dissimilar from the mid-length
stamens of the long-styled form. The six shortest stamens are enclosed within the calyx, and resemble in
all respects the shortest stamens of the long-styled
form both these sets correspond in length with the
short pistil of the short-styled form. The green pollen-grains of the longest stamens are 9-10 in diaemerald-green.

;

meter, whilst the yellow grains from the shortest
stamens are only 6 or as 100 to 63. But the pollengrains from different plants appeared to me, in this
case and others, to be in some degree variable in size.
The capsules contain on an average 130 seeds; but
perhaps, as we shall see, this is rather too high an
;

average.

The

seeds themselves, as before remarked,

are smaller than those of the long-styled form.
Short-styled form.

— The

pistil is

here very short, not

one-third of the length of that of the long-styled form.
It is enclosed within the calyx, which, differently

that in the other two forms, does not enclose

from

any an-

;

HETEKOSTYLED TRBIOEPHIC PLANTS.

142
thers.

The end

of the pistil

The

at right angles.

is
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generally bent upwards

six longest stamens, with their

pink filaments and green pollen, resemble the corresponding stamens of the mid-styled form. But according to H. Miiller, their pollen-grains are a little larger,
viz. 9J-10J, instead of 9-10 in diameter.
The six
mid-length stamens, with their uncoloured filaments
and yellow pollen, resemble in the size of their pollengrains and in all other respects the corresponding
stamens of the long-styled form. The difference in
diameter between the grains from the two sets of
anthers in the short-styled form is as 100 to 73.
The capsules contain fewer seeds on an average than
those of either of the preceding forms, namely 83 5
and the seeds are considerably smaller. In this latter
respect, but not in number, there is a gradation
parallel to that in the length of the pistil, the long*

styled having the largest seeds, the mid-styled the

next in

We

size,

and the short-styled the

thus see that

female forms, which

this

differ in the

ture of the style, in the size

and in the number and

smallest.

plant exists under three

and

length and curvastate of the stigma,

be divided into three

There are
and these can

size of the seed.

altogether thirty-six males or stamens,
sets of a

dozen each, differing

from one another in length, curvature, and colour of
in the size of the anthers, and especially
in the colour and diameter of the pollen-grains. Each
form bears half-a-dozen of one kind of stamens and
half-a-dozen of another kind, but not all three kinds.
the filaments

The

—

three kinds of stamens correspond in length with

the three pistils

:

the correspondence

is

always between

half of the stamens in two of the forms with the pistil
of the third form.

The following table

of the diameters

of the pollen-grains, after immersion in water, from

—

;
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both sets of stamens in all three forms is copied from
H. Miiller; they are arranged in the order of their
size

:

Pollen-o-rains

from longest stamens of short-stvled form
raid-styied

„
„
„

„ mid-length stamens of long-styled
short-styled
„
„
„
shortest stamens of long-styled
„
mid-styled
„
„

„
„
„
„
„

9h to 10^
„ 10
„ 7^

9
7
7
6
6

„
„
„

7|
6|
6

We

here see that the largest pollen-grains come from
the longest stamens, and the least from the shortest
the extreme difference in diameter between them

being as 100 to 60.
The average number of seeds in the three forms was
ascertained by counting them in eight fine selected
capsules taken from plants growing wild, and the
result was, as

we have

seen, for the long-styled (neg-

lecting decimals) 93, mid-styled 130,
83.

and short-styled

I should not have trusted in these ratios had I

not possessed a number of plants in my garden which,
owing to their youth, did not yield the full compleof seed, but were of the same age and grew
under the same conditions, and were freely visited by
I took six fine capsules from each, and found
bees.
the average to be for the long-styled 80, for the midLastly, legitistyled 97, and for the short-styled 61.
mate unions effected by me between the three forms
gave, as may be seen in the following tables, for the
long-styled an average of 90 seeds, for the mid-styled
So that we have
117, and for the short-styled 71.
good concurrent evidence of a difference in the average
production of seed by the three forms. To show that
the unions effected by me often produced their full
effect and may be trusted, I may state that one midstyled capsule yielded 151 good seeds, which is the
same number as in the finest wild capsule which I

ment

—
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artificially
fertilised short»

styled capsules produced a greater

me

was ever observed by
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and

loner-

o

number of seeds than

in wild plants of the

forms, but then I did not examine

many

same

of the latter.

This plant; I may add, ohers a remarkable instance, how
profoundly ignorant we are of the life-conditions of a
Naturally

species.

it

grows

in wet ditches, watery

and especially on the banks of streams," and
though it produces so many minute seeds, it never
spreads on the adjoining land yet, when planted in my
garden, on clayey soil lying over chalk, and which is so
places,

:

dry that a rush cannot be found, it thrives luxuriantly,
grows to above 6 feet in height, produces self-sown
seedlings, and (which is a severer test) is as fertile as
Nevertheless it would be almost
in a state of nature.
a miracle to find this plant growing spontaneously on
such land as that in my garden.
According to Yaucher and Wirtgen, the three forms
coexist in all parts of Europe.
Some friends gathered
for

me

Xorth Wales

in

a

number

of

twigs

from

separate plants growing near one another, and classified

here

3Iy son did the same in Hampshire, and

them.

is

the result

:

Table

North Wales

.

Hampshire
Total

.

.

.

22.

Long-styled.

Mid-styled.

Short-styled.

Total.

95

97

72

264-

53

38

38

129

US

135

110

393

If twice or thrice the

number had been

collected,

the three forms would probably have been
nearly equal
figures,

;

found
from considering the above
son telling me that if he had

I infer this

and from

my

;
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collected in another spot, he felt

sure that the mid-

styled plants would have been in excess.

I several

times sowed small parcels of seed, and raised

forms

all

three

but I neglected to record the parent-form,
excepting in one instance, in which I raised from
short-styled seed twelve plants, of which only one
;

turned out long-styled, four mid-styled, and seven
short-styled.

Two

plants of each form were protected from the

access of insects during two successive years,

and in the

autumn they yielded very few capsules and presented
a remarkable contrast with the adjoining uncovered

which were densely covered with capsules. In
1863 a protected long-styled plant produced only five
poor capsules two mid-styled plants produced together
the same number and two short-styled plants only a
single one.
These capsules contained very few seeds
yet the plants were fully productive when artificially
fertilised under the net.
In a state of nature the
plants,

;

;

;

by hiveand Lepidoptera.* The
nectar is secreted all round the base of the ovarium
but a passage is formed along the upper and inner
side of the flower by the lateral deflection (not repreflowers are incessantly visited for their nectar

and other

bees, various Diptera

sented in the diagram) of the basal portions of the

on the proand insert their proboscides
along the upper and inner margin of the corolla. We
can now see why the ends of the stamens with their
anthers, and the ends of the pistils with their stigmas,
filaments

;

so that insects invariably alight

jecting stamens and

H,

pistil,

Miiller gives a list of the

species,

Blumen,'

'

Die

Befruchtung

p. 196.

It

der

appears that

one bee, the CiUssa melanura,
almost confines its visits to this
plant.

L
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may
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be brushed by

the lower hairy surfaces of the insects' bodies.
shortest stamens

which

lie

The

enclosed within the calyx of

the long- and mid-styled forms can be touched only by

the proboscis and narrow chin of a bee hence they
have their ends more upturned, and they are graduated
in length, so as to fall into a narrow file, sure to be
raked by the thin intruding proboscis. The anthers of
the longer stamens stand laterally farther apart and are
more nearly on the same level, for they have to brush
against the whole breadth of the insect's body. In
very many other flowers the pistil, or the stamens, or
both, are rectangularly bent to one side of the flower.
This bending may be permanent, as with Lytlirum
and many others, or may be effected, as in Bictamnus fraxinella and others, by a temporary movement,
which occurs in the case of the stamens when the
anthers dehisce, and in the case of the pistil when
the stigma is mature
but these two movements do
;

;

not always take place simultaneously in the same
flower.
Now I have found no exception to the rule,

when the stamens and

pistil are bent, they bend
which secretes nectar, even
though there be a rudimentary nectary of large size
on the opposite side, as in some species of Corydalis.
When nectar is secreted on all sides, they bend to
that side where the structure of the flower allows the

that

to that side of the flower

easiest access to
nacea.',

and

when the

it,

others.

pistils

as in Lytlirum, various Papilio-

The

rule

consequently

is,

that

and stamens are curved or bent, the

stigma and anthers are thus brought into the pathway leading to the nectary. There are a few cases
which seem to be exceptions to this rule, but they are
not so in truth for instance, in the Gloriosa lily, the
stigma of the grotesque and rectangularly bent pistil
;

;
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is brought, not into any pathway from the outside
towards the nectar-secreting recesses of the flower, but
into the circular route which insects follow in proceed-

ing from one nectary to the other. In Scroi^hularia
aquatica the pistil is bent downwards from the mouth
of the corolla, but it thus strikes the pollen-dusted
breast of the wasps which habitually visit these

ill-

In all these cases we see the supreme
dominating power of insects on the structure of flowers,
especially of those which have irregular corollas.
Flowers which are fertilised by the wind must of
course be excepted
but I do not know of a single
instance of an irregular flower which is thus fertilised.
Another point deserves notice. In each of the three
forms two sets of stamens correspond in length with
scented flowers.

;

the pistils in the other two forms.

When bees suck the

flowers, the anthers of the longest stamens, bearing the

green pollen, are rubbed against the abdomen and the
inner sides of the hind legs, as is likewise the stigma of
the long-styled form. The anthers of the mid-length

stamens and the stigma of the mid-styled form are
rubbed against the under side of the thorax and between the front pair of legs. And, lastly, the anthers
of the shortest stamens and the stigma of the shortstyled form are rubbed against the proboscis and chin
for the bees in sucking the flowers insert only the front
part of their heads into the flower. On catching bees, I
observed much green pollen on the inner sides of the
hind legs and on the abdomen, and much yellow
pollen on the under side of the thorax.
There was
also pollen on the chin, and, it may be presumed, on
the proboscis, but this was diflicult to observe. I had,
however, independent proof that pollen is carried on
the proboscis for a small branch of a protected shortstyled plant (which produced spontaneously onlv two
;
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during several days

pressing against the net, and bees were seen inserting
tlieir proboscides through the meshes, and in consequence numerous capsules were formed on this one

small branch.

From

these several facts

it

follows that

insects will generally carry the pollen of each form from

the stamens to the pistil of corresponding length

we

;

and

shall presently see the importance of this adapta-

It must not, however, be supposed that the bees
do not get more or less dusted all over with the several
kinds of pollen for this could be seen to occur with
Moreover
the green pollen from the longest stamens.
a case will presently be given of a long-styled plant
producing an abundance of capsules, though growing quite by itself, and the flowers must have been
but
fertilised by their own two kinds of pollen
contained
seed.
these capsules
a very poor average of
Hence insects, and chiefly bees, act both as general

tion.

;

;

carriers of pollen,

and

as special carriers of the right

sort.

Wirtgen remarks * on the

variability of this plant in

the branching of the stem, in the length of the bracteae,

and in several other characters. The
grew in my garden had their leaves,

size of the petals,

plants which

which differed much in shape, arranged oppositely,
In this latter case
the stems were hexagonal those of the other plants
alternately, or in whorls of three.
;

being quadrangular. But we are concerned chiefly,
with the reproductive organs the upward bending of
the pistil is variable, and especially in the short-styled
form, in which it is sometimes straight, sometimes
slightly curved, but generally bent at right angles.
:

The stigma
*

'

of the long-styled pistil frequently has

Verhand. des naturhist. Veieins,

1848, pp. 11, 13.

fiir

Pi-.

Rlieinl.' 5.

Jahrgang,

;
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rougher than that of the midthan that of the short-styled
but this character, though fixed and uniform in the
two forms of Primula veris, &c., is here variable, for
I have seen mid-styled stigmas rougher than those
longer papillae or

and the

styled,

is

latter

The degree to which the longest
and mid-length stamens are graduated in length and
have their ends upturned is variable sometimes all

of the long-styled.*

;

The

are equally long.

the longest stamens

greenish-yellow

;

is

colour of the green pollen in
variable, being

sometimes pale
it was almost

in one short-styled plant

I examined
white. The grains vary a little in size
one short-styled plant with the grains above tho
average size and I have seen a long-styled plant with
the grains from the mid-length and shortest anthers of
the same size.
We here see great variability in many
important characters and if any of these variations
were of service to the plant, or were correlated with
:

;

;

useful functional
state in

differences, the species is

in

that

which natural selection might readily do much

for its modification.

On

the

Power of Mutual

Fertilisation between the three

Forms.

Nothing shows more clearly the extraordinary complexity of the reproductive system of this plant, than

the necessity of

making eighteen

distinct unions in

order to ascertain the relative fertilising power of the

* Tlie plants which I observed
in my garden, and probably
varied rather more than those
growing in a state of nature. H.
Miiller lias described the stigmas

grew

of all three forms with great care,

to have found the
stigmatic papillae differing constantly in lengtli and structure in
the three forms, being longest in
the long-styled form.

and he appears
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Thus the long-styled form has to be ferits own two kinds of anthers,
from the two in the mid-styled, and from the two in
the short-styled form.
The same process has to be
repeated with the mid-styled and short-styled forms.
It might have been thought sufficient to have tried on
three forms.
tilised

with pollen from

each stigma the green pollen, for instance, from either
the mid- or short-styled longest stamens, and not

from both
have been

;

but the result proves that this would
and that it was necessary to

insufficient,

on each stigma.
always be some

try all six kinds of pollen
fertilising flowers there will

As

in

failures,

would have been advisable to have repeated each of
the eighteen unions a score of times; but the labour
would have been too great as it was, I made 223
unions, i.e. on an average I fertilised above a dozen
flowers in the eighteen different methods. Each flower
was castrated the adjoining buds had to be removed,
so that the flowers might be safely marked with
thread, wool, &c. and after each fertilisation the stigma
was examined with a lens to see that there was sufficient pollen on it.
Plants of all three forms were
protected during two years by large nets on a framework two plants were used during one or both years,
in order to avoid any individual peculiarity in a parit

;

;

;

;

As soon

had withered,
and in the autumn the capsules were daily inspected and gathered, the ripe
seeds being counted under the microscope.
I have
ticular plant.

the nets were removed

as the flowers

;

given these details that confidence
in the following tables,

blunders which, I believe,
are referred

to,

may

be placed

some excuse for two
were made. These blunders

and

as

with their probable cause, in two
The erroneous numbers, how-

foot-notes to the tables.

ever, are entered in the tables, that it

may

not be sup-
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posed that I have in any one instance tampered with
the results.
A few words explanatory of the three tables must be
given. Each is devoted to one of the three forms, and
is divided into six compartments. The two upper ones

number of good seeds resulting
from the application to the stigma of pollen from the
two sets of stamens w^hich correspond in length with
the pistil of that form, and which are borne by the
Such unions are of a legitimate
other two forms.
nature.
The two next lower compartments show the
result of the application of pollen from the two sets of
in each table show the

stamens, not corresponding in length with the

pistil,

and which are borne by the other two forms. These
unions are illegitimate. The two lowest compartments
show the result of the application of each form's own
two kinds of pollen from the two sets of stamens belonging to the same form, and which do not equal the
pistil in length.
These unions are likewise illegitimate. The term own-form pollen here used does not

—

mean

pollen from the flower to be fertilised for this
was never used but from another flower on the same
plant, or more commonly from a distinct plant of the
same form. The figure (0) means that no capsule w^as
produced, or if a capsule was produced that it contained
no good seed. In some part of each row of figures in
each compartment, a short horizontal line may be seen
the unions above this line were made in 1862, and
below it in 1863.
It is of importance to observe this,
as it shows that the same general result was obtained
during two successive years but more especially because 1863 was a very hot and dry season, and the
plants had occasionally to be watered. This did not prevent the full complement of seed being produced from
the more fertile unions but it rendered the less fertile

—

;

;

;

—
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ones even more sterile than they otherwise would have
I have seen striking instances of this fact in

been.

making illegitimate and legitimate unions with Primula and it is well known that the conditions of life
must be highly favourable to give any chance of suc;

cess in producing hybrids

between species which are

crossed with difficulty.

Table

Long-styled Form.

23.

I.

II.

Legitimate union.

Legitimate union.

13 floAvers fertilised bvthe longest
stamens of the mid-styled. These
stamens equal in length the pistil

13 flowers fertilised bvthe longest
stamens of the short-styled. These
stamens equal in length the pistil

of the long-styled.

of the long-styled.

Product of good seed

in

each cap-

Product of good seed

sule.

36
81

53

0
0
0

0
0

159
43
96 poor
103
0
0

0

0
0

—

in each cap-

sule.

seed.

104
119
96
99
131
116

45
114

41
38

of

these flowers
yielded capsules. Each capsule contained, on an average, 51*2 seeds.

per

cent,

cent, of these flowers
yielded capsules. Each capsule contained, on an average, 107*3 seeds.

III.

IV.

Illegitimate union.

Illegitimate union.

14 flowers fertilised by the shortstamens of the mid-styled.

est

3

0

0
0

0
0
0
0
0

0
0

—
0
0
Too

84 per

sterile for

12 flowers fertilised by the midlength stamens of the short-styled.

20
,

0
0

—
0
0

0

any average.

0

Too

sterile for

0
0

0
0
0
0

any average.

——
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Lorig-styled

23.

—

continv.ed.

V.

VI.

Illegitimate union.

Illegitimate union.

15 flowers fertilised by own-form
mid-length stamens.
2

sterile for

15 flowers fertilised by
shortest stamens.

—

4

0
0

4

0
0
0
0
0

0
0
0
0
0

10
23
0
0
0
0
0
Too

Form
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own-form

8

Too

any average.

sterile for

any average.

Besides the above experiments, I fertilised a consi-

number of loug-styled flowers with pollen,
taken by a camel's-hair brush, from both the midlength and shortest stamens of their own form only
5 capsules were produced, and these yielded on an
average 14*5 seeds. In 1863 I tried a much better exderable

:

periment:

a long-styled plant was grown by

itself,

miles away from any other plant, so that the flowers

could have received only their

The

own two kinds

of pol-

and
must have received successive applications of pollen on the most favourable days and at the
most favourable hours all who have crossed plants
len.

flowers were incessantly visited

by

bees,

their stigmas

:

know

that this highly favours fertilisation.

This plant
produced an abundant crop of capsules; I took by
chance 20 capsules, and these contained seeds in

number

as follows

:

20

20

35

21

19

26

24

12

23

10

7

30

27

29

13

20

12

29

19

35
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This gives an average of 21-5 seeds per capsule. As
we know that the long-styled form, when standing
near plants of the other two forms and fertilised by
insects, produces on an average 93 seeds per capsule,

we

by its own two pollens,
and one-fifth of the full
I have spoken as if the plant had reown kinds of pollen, and this is, of

see that this form, fertilised

yields only between one-fourth

number

of seed.

ceived both

its

course, possible

but, from the enclosed position of the

;

shortest stamens,

is

it

much more

length stamens

and

;

this,

partment Y. in Table 23,

is

probable that the

pollen from

the midbe seen in comthe more fertile of the two

stigma received exclusively

as

may

self-unions.

Table IL—Mid-styhd Form.
II.

I.

Legitimate union.

Legitimate union.
12 flowers fertilised by the mid-

12 flowers fertilised by the mid-

length stamens of the long-styled.

length stamens of the short-stvled.

These stamens equal in length the

These stamens equal in length the

pistil of the mid-styled.

pistil of

Product of good seed

in

each cap-

the mid-styled.

Product of good seed in each capsule.

sule.

138

122

112

109

149

50

130

143

147

151

143

124

109

119

100

145

133

138

33

144

0

12

141

104
92 per cent, of the flowers (probably 100 per cent.) yielded cap-

Each capsule contained, on
an average, 127 '3 seeds.

sules.

100 per cent, of the flowers yielded
Each capsule contained,
on an average, 108*0 seeds; or, excapsules.

cluding capsules with less than 20
average is 116*7 seeds.

seeds, the

—
LYTHKUM

Chap. IV.

Table

Mid-styhd Form

24.

155

SALICAEIA.

— continued.

III.

IV.

Illegitimate union.

Illegitimate union.

13 flowers fertilised by the shortstamens of the long-styled.

est

83
0

12
19

85

—

[

130
115
14

and poor.

0
0
0
0

44
44
45
54 per

fseeds small

15 flowers fertilised by the lone
stamens of the short-styled.

est

86

113
29
17
113
79
128
0

6
2

9

.

132

cent, of the flowers yielded

capsules.
Each capsule contained,
on an average, 47-4 seeds; or, excluding capsules with less than 20
seeds, the average is 60*2 seeds.

93 per cent, of the flowers yielded
capsules.
Each capsule contained,
on an average, 69 5 seeds or, excluding capsules with less than 20
seeds, the average is 102 "8.
'

;

V.

VI.

Illegitimate union.

Illegitimate union.

12 flowers fertilised by own-form
longest stamens.

12 flowers fertilised by own-form
shortest stamens.

92
9

63

—
136?*
0
0

0

0
0
0

0'
O'

0
0

—
0
0
0

0

Excluding the capsule with 136
25 per cent, of the flowers
yielded capsules, and each capsule
contained, on an average, 54*6 seeds;

0
0
0
0
0
0

Not one flower yielded a capsule.

seeds,

or,

20

excluding capsules with less than
seeds, the average is 77*5.

* I have Imrdly a doubt that
this result of 136 seeds in compartment V. was due to a gross error.
The flowers to be fertilised by
their own longest sfeimens were
first marked by " white thread,"

and

those by the mid-length
stamens of the long-styled form
by "white silk
a flower fertilised
in the later manner would have
yielded about 186 seeds, and it may
be observed that one such pod is

missing,

viz.

at

the

bottom of

compartment I. Therefore I have
hardly any doubt that I fertilised
a flower marked with " white
thread
as if it had been marked
with " white

silk."

With

respect

to the capsule which yielded 92
seeds, in the same column with
that which yielded 136, I do
not know what to think.
I
endeavoured to prevent pollen
dropping from an upper to a lower
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Besides the experiments in the above table, I fertinumber of mid-styled flowers with

lised a considerable

by a camel's-hair brush, from both the
own form only
5 capsules were produced, and these yielded on an
pollen, taken

longest and shortest stamens of their

:

average 11*0 seeds.

Table 2d.— Short-styled Form.
I.

II.

Legitimate union.

Legitimate union.

12 flowers fertilised by the shortstamens of* the lonf-stvled.
These staineus ec[ual in length the
est

the short-styled.

pistil of

Q^i

fiQ

69
oo

111

77
TO
43

fio

(1

ft

100

0

0
0

ui.

OO
oo

OO

X J. -

66
ft

0

Ol7

13 flowers fertilised by the shortstamens of the mid-stvled.
These stamens equal in length the
pistil of the short-styled.
est

83 per cent, of the flowers yielded

Each capsule contained,
on an average, 81*3 seeds.
capsules.

—

61 per cent, of the flowers yielded
Each capsule contained,
on an average, 64-6 seeds.
capsules.

III.

IV.

Illegitimate union.

Illegitimate union.

10 flowers fertilised by the midlength stamens of the long-styled.

10 flowers fertilised by the longstamens of the mid-styled.

est

0

14-

0

0
0
0

0
0
0

0
0
0

—

—

0

sterile for

0
0
0
0
0

0

23

Too

9

any average.

Too

sterile for

any average.

plants, for in
a few
seconds' time they might have
done irreparable mischief. It was

flower, and I tried to remember to
wipe the pincers carefully after
each fertilisation but in making

covered

eighteen diSerent unions, sometimes on windy days, and pestered
by bees and flies buzzing about,
some few errors could hardly be
One day I had to keep
avoided.
a third man by me all the time to
prevent the bees visiting the un-

also extremely difficult to exclude

;

minute Diptera from the net. In
1862 I made the great mistake of
placing a mid-styleil and longstyled under the same huge net
in 1SG3 I avoided this error.

:

—

;
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V.

VI.

Illegitimate union.

Illerfitimate union.

10 flowers fertilised by own-form
stamens.

loncjest

10 flowers fertilised by own-form
mid-length stamens.

64?*
0
0
21
9

Too

sterile for

any average.

Too

sterile for

anv average.

Besides the experiments in the table, I fertilised a

number of flowers without particular care with their
own two kinds of pollen, but they did not produce a
single capsule.

Summary of the
Long-stijJed form.

Results.

— Twenty-six

flowers fertilised le-

gitimately by the stamens of corresponding length,
borne by the mid- and short-styled forms, yielded 61*5

per cent, of capsules, which contained on an average
89-7 seeds.

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

own-form two

very poor capsules

* I suspect that

sets of
;

by mistake

I

compartluent VI. with pollen from the
shortest stamens of the long-styled
form and it would then have
yielded about 61 teeds. Fjowers

fertilised this flower iu

stamens yielded only eight

but long-styled flowers fertilised

be thus fertilised were marked
with black silk those with pollen
from tlie mid-length stamens of
the short-styled with black thread
and thus probably the mistake

to

;

arose.
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by bees with pollen from their own stamens produced
numerous capsules containing on an average 21 '5
seeds.

Mid-styled form.

— Twenty-four

flowers legitimately

by the stamens of corresponding length,
borne by the long and short-styled forms, yielded 96
(probably 100) per cent, of capsules, which contained
(excluding one capsule with 12 seeds) on an average
fertilised

117-2 seeds.

Fifteen mid-styled flowers fertilised illegitimately
short-styled form yielded

by the longest stamens of the

93 per cent, of capsules, which (excluding four

cajD-

sules with less than 20 seeds) contained on an average

102-8 seeds.

Thirteen mid-styled flowers fertilised illegitimately
of the long-styled form

by the mid-length stamens

yielded 54 per cent, of capsules,

which (excluding
one with 19 seeds) contained on an average 60-2 seeds.
Twelve mid-styled flowers fertilised illegitimately
by their own-form longest stamens yielded 25 per
cent, of capsules, which (excluding one with 9 seeds)
contained on an average 77-5 seeds.
Twelve mid-styled flowers fertilised illegitimately
by their own-form shortest stamens yielded not a
single capsule.
Short-styled

form.

— Twenty-five

flowers

fertilised

by the stamens of corresponding length,
borne by the long and mid-styled forms, yielded 72

legitimately

per cent, of capsules, which (excluding one capsule

with only

9

seeds)

contained on an average 70-8

seeds.

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

Twenty

short-styled flowers fertilised illegitimately

—
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their own stamens yielded only two poor (or perhaps three) capsules.
If we take all six legitimate unions together, and

by

twelve illegitimate unions together, we get the
lowing results
Table 26.
all

fol-

:

Nature of Union.

The

legitimate

six

unions

.

.

.

.

Number
of Capsules

fertilised.

produced.

Average

Average

Number

of

Seeds per
Capsule.

Number

of
Seeds per

Flower

fer-

tilised.

"1

75

56

96-29

71-89

146

36

44-72

11-03

j

The twelve illegiti-)
mate unions
/
.

Nnml>er
of Flowers

.

Therefore the fertility of the legitimate unions to that

by the proportion of the
which yielded capsules, is as 100 to
and judged by the average number of seeds per
33
capsule, as 100 to 46.
From this summary and the several foregoing tables
we see that it is only pollen from the longest stamens
which can fully fertilise the longest pistil only that
from the mid-length stamens, the mid-length pistil;
and only that from the shortest stamens, the shortest
And now we can comprehend the meaning of
pistil.
the almost exact correspondence in length between
the pistil in each form and a set of six stamens
in two of the other forms
for the stio^ma of each
form is thus rubbed against that part of the insect's
body which becomes charged with the proper pollen.
of the illegitimate, as judged
fertilised flowers
;

;

;

It

is

also

fertilised

evident that the stigma of
in three

different

each form,
ways with pollen from

the longest, mid-length, and shortest stamens,

is

acted

on very differently, and conversely that the pollen from
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the twelve longest, twelve mid-lengtli, and twelve
shortest stamens acts very differently on each of the

three stigmas

and

;

so that there are three sets of female

male organs.

Moreover, in most cases the six
stamens of each set differ somewhat in their fertilising
power from the six corresponding ones in one of the
other forms. We may further draw the remarkable
conclusion that the greater the inequality in length
between the pistil and the set of stamens, the ]3ollen
of which is employed for its fertilisation, by so much
is the sterility of the union increased.
There are no
exceptions to this rule. To understand what follows
the reader should look to Tables 23, 24, and 25, and
to the diagram Fig. 10, p. 139. In the long-styled form
the shortest stamens obviously differ in length from
the pistil to a greater degree than do the mid-length
stamens
and the capsules produced by the use of
pollen from the shortest stamens contain fewer seeds
than those j)roduced by the jDollen from the midlength stamens. The same result follows with the
of

;

long-styled form, from the use of the pollen of the
shortest stamens of the mid-styled form

and of the

mid-length stamens of the short-styled form. The
same rule also holds good with the mid-styled and
short-styled forms, when illegitimately fertilised with
pollen from the stamens more or less unequal in
length to their

pistils.

Certainly the

sterility in these several cases is slight

we

are enabled to judge,

it

difference in
:

but, as far as

always increases with the

increasing inequality of length between the pistil and

the stamens which are used in each case.

The correspondence in length between the pistil in
each form and a set of stamens in the other two forms,
is probably the direct result of adaptation, as it is of
high service to the species by leading to full and
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legitimate fertilisation.
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rule of the increased

illegitimate unions according to the

sterility of the

greater inequality in length between the pistils and

stamens employed

With some

for the

union can be of no service.

heterostyled dimorphic plants the

dif-

ference of fertility between the two illegitimate unions

appears at

sight to be related to the facility of

first

self-fertilisation

;

when from the

so that

position of

the parts the liability in one form to self-fertilisation
is

greater than

has

other, a union of this

in the

been checked by

more

having

sterile of the two.

But

been

rendered

kind
the

this explanation does

Lythrum thus the stigma of the longform is more liable to be illegitimately fertilised with pollen from its own mid-length stamens,
or with pollen from the mid-length stamens of the
short-styled form, than by its own shortest stamens
or those of the mid-styled form
yet the two former
unions, which it might have been expected would
have been guarded against by increased sterility,
are much less sterile than the other two unions
which are much less likely to be effected.
The
same relation holds good even in a more striking
manner with the mid-styled form, and with the shortstyled form as far as the extreme sterility of all its
illegitimate unions allows of any comparison.
We
are led, therefore, to conclude that the rule of increased sterility in accordance with increased inequality in length between the pistils and stamens,

not apply to

;

styled

;

is a purposeless result, incidental on those changes
through which the species has passed in acquiring

certain

characters

fitted

to

ensure the

legitimate

fertilisation of the three forms.

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

M

;
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from both the

capacity for fertilisation

Not only did the twenty-four flowers
by the stamens of corresponding

legitimately fertilised

all, or all but one, yield capsules rich in
but of the other four illegitimate unions, that
by the longest stamens of the short-styled form was
highly fertile, though less so than the two legitimate
unions, and that by the shortest stamens of the longstyled form was fertile to a considerable degree
the remaining two illegitimate unions, namely, with
this form's own pollen, were sterile, but in different
degrees.
So that the mid-styled form, when fertilised
six
different possible methods, eyinces five
in the
fertility.
grades of
By comparing compartments III.
Table
24 we may see that the action of
and YI. in
the pollen from the shortest stamens of the long-styled
and mid-styled forms is widely different in the one
case, above half the fertilised flowers yielded capsules

lengths,

seed

;

;

containing a

fair

number

of seeds

;

in the other case

not one capsule was produced. So, again, the action
of the large grains from the longest stamens of

the short-styled and mid-styled forms (in compartments lY. and Y.) is widely different. In both these
cases the difference in action

is

so plain that it

be mistaken, but it can be corroborated. If
to Table 25 to the legitimate action of the
stamens of the long- and mid-styled forms
short-styled form, we again see a similar but
difference, the pollen of the shortest

cannot

we look
shortest

on the
slighter

stamens of the

mid-styled form yielding a smaller average of seed
during the two years of 1862 and 1863 than that from
the shortest stamens of the long-styled form. Again,
if we look to Table 23, to the legitimate action on

the long-styled form of the green pollen of the two

LYTHRUM
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sets of longest stamens,

we
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shall find exactly the

same

from the longest stamens of
the mid-styled form yielded during both years fewer
seeds than that from the longest stamens of the
short-styled form.
Hence it is certain that the two
kinds of pollen produced by the mid-styled form are
less potent than the two similar kinds of pollen produced by the corresponding stamens of the other two
result, viz. that the pollen

forms.

In close connection with the lesser potency of the
two kinds of pollen of the mid-styled form is the fact
that, according to H. Miiller, the grains of both are
a little less in diameter than the corresponding grains
produced by the other two forms. Thus the grains
from the longest stamens of the mid-styled form are
9 to 10, whilst those from the corresponding stamens
of the short-styled form are 9^ to 10 J in diameter.
So, again, the grains from the shortest stamens of the
6, whilst those from the corresponding
stamens of the long-styled are 6 to 6J in diameter.
It would thus appear as if the male organs of the
mid-styled form, though not as yet rudimentary, were
tending in this direction. On the other hand, the
female organs of this form are in an eminently efficient

mid-styled are

state, for

the naturally fertilised capsules yielded a

considerably larger average
those

of

number

the other two forms

of

—almost

seeds

than

every flower

which was artificially fertilised in a legitimate manner
produced a capsule and most of the illegitimate
unions were highly j^roductive. The mid-styled form
thus appears to be highly feminine in nature and al-

—

;

though, as just remarked, it is impossible to consider
its two well-developed sets of stamens which produce

an abundance of pollen as being in a rudimentary
condition, yet we can hardly avoid connecting as

M

2

1
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balanced the higher efficiency of the female organs
in this form with the lesser efficiency

and

lesser size

two kinds of pollen-grains. The whole case
appears to me a very curious one.
It may be observed in Tables 23 to 25 that some
of the illegitimate unions yielded dimng neither year
a single seed but, judging from the long-styled plants,
it is probable, if such unions were to be effected repeatedly by the aid of insects under the most favourable conditions, some few seeds would be produced in
every case. Anyhow, it is certain that in all twelve
illegitimate unions the pollen-tubes penetrated the
stigma in the coiu'se of eighteen hours. At first I
thought that two kinds of pollen placed together on
the same stigma would perhaj^s yield more seed than
one kind by itself but we have seen that this is not
so with each form's own two kinds of pollen nor is it

of its

;

;

;

any case, as I occasionally got, by the use
kind
of pollen, fully as many seeds as a
of a single
capsule naturally fertilised ever produces. Moreover
the pollen from a single anther is far more than suffi-

probable in

cient to fertilise fully a stigma
so

many

;

since, in this as with

other plants, more than twelve times as

of each kind of pollen

much

produced as is necessary to
ensure the full fertilisation of each form. From the
dusted condition of the bodies of the bees which I
caught on the flowers, it is probable that pollen of
various kinds is often deposited on all three stigmas
but from the facts already given with respect to
the two forms of Primula, there can hardly be a
doubt that pollen from the stamens of corresponding
length placed on a stigma would be prepotent over
any other kind of pollen and obliterate its effects,
even if the latter had been placed on the stigma
is

;

—

some hours previously.
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now been shown that Lythrum salicaria

extraordinary case of the same species

presents the

bearing three females, different in structure and function,

and three or even

five sets (if

are considered) of males

minor differences

each set consisting of halfa-dozen, which likewise differ from one another in
structure

Lythrum

;

and function.

—I

have examined numerous dried flowers
me from Kew.
Like L. salicaria, it is trimorphic, and the three forms apparently occur in about equal numbers. In the long-styled form
the pistil projects about one-third of the length of the calyx
beyond its mouth, and is therefore relatively much shorter than
the globose and hirsute stigma is larger than
in L. salicaria
that of the other two forms the six mid-length stamens, which
are graduated in length, have their anthers standing close above
and close beneath the mouth of the calyx; the six shortest
stamens rise rather above the middle of the calyx. In the midstyled form the stigma projects just above the mouth of the
calyx, and stands ahnost on a level with the mid-length stamens
of the long and short-styled forms; its own longest stamens
project well above the mouth of the calyx, and stand a little
above the level of the stigma of the long-styled form. In short,
without entering on further details, there is a close general
corresjoondence in structure between this species and L. salicaria,
but with some chfferences in the proportional lengths of the
parts.
The fact of each of the three pistils having two sets of
stamens of corresponchng lengths, borne by the two other forms,
comes out conspicuously. In the mid-styled form the pollengrains from the longest stamens are nearly double the diameter
of those from the shortest stamens so that there is a greater
difference in this respect than in L. salicaria.
In the longstyled form, also, the difference in diameter between the pollengrains of the mid-length and shortest stamens is greater than
in L. salicaria. These comj^arisons, however, must be received
with caution, as they were made on specimens soaked in water
after having been long kept dry.
Lythrum thymifolia. This form, according to Vaucher,* is
Grsefferi.

of this species, each from a separate plant, sent

;

;

;

—

* 'Hist. Phys. des Plantes d'Europe,' torn.

ii.

(1841), pp. 369, 371.

1G6

HETEPtOSTYLED TRIMOEPHIC PLANTS.

Chap. IV.

dimorphic, like Primula, and therefore presents only two forms.
I received two dried flowers from Kew, which consisted of- the
two forms in one the stigma projected far beyond the cah^x, in
;

the other it was included witliin the calyx in this latter form
the style was only one-fourth of the length of that in the other
form.
There are only six stamens these are somewhat graduated in length, and their anthers in the short-styled fonn stand
a little above the stigma, but yet by no means equal in length
the pistil of the long-styled form. In the latter the stamens
are rather shorter than those in the other form.
The six
;

;

stamens alternate with the petals, and therefore correspond
homologically with the longest stamens of L. salkaria and L.
Grxfferi.

Lythrum

liyssopifolia.

— This species

said

is

believe erroneously, to be dimorphic.

by Yaucher, but I

I have examined dried

flowers from twenty-two separate plants from various localities,

me by

Mr. Hewett C. "Watson, Professor Babington, and
These were all essentially alike, so that the species
cannot be heterostyled. The pistil varies somewhat in length,
Init when unusually long, the stamens are Likewise generally
long; in the bud the stamens are short; and Yaucher was
perhaps thus deceived. There are from six to nine stamens
graduated in length. The three stamens, which vary in being
cither jDresent or absent, correspond with the six shorter stamens
of L. salkaria and with the six which are always absent in L.
tliymifolia. The stigma is included within the calyx, and stands
he midst of the anthers, and would generally be fertilised
in
by ^hem but as the stigma and anthers are uptui-ned, and as,
according to Yaucher, there is a passage left in the upper side
of the flower to the nectary, there can hardly be a doubt that
the flowers are visited by insects, and would occasionally be
cross-fertilised by them, as surely as the flowers of the shortstyled L. salkaria, the pistil of which and the corresponding
stamens in the other two forms closely resemble those of L. liyssopifolia. According to Yaucher and Lecoq,* this species, which
is an annual, generally grows almost solitarily, whereas the
sent to
others.

;

three preceding species are social

;

and

this fact alone

would

almost have convinced me that L. hyssopifolia was not heterostyled, as such plants cannot habitually Live isolated any better
than one sex of a dioecious species.
*

'

Geograph. Bot. de I'Europe,'

torn. vi.

1857, p. 157.
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We

thus see that within this genus some species are heteroand trimorphic one apparently heterostyled and dimorphic, and one homostyled.
Nescea verticillata. I raised a nnmber of plants from seed
sent me by Professor Asa Gray, and they presented three forms.
These differed from one another in the proportional lengths of
their organs of fructification and in all respects, in very nearly
the same way as the three forms of Lythruin Greefferi.
The
green pollen-grains from the longest stamens, measured along
their longer axis and not distended with water, were yg'^ of an

styled

;

—

inch in length

;

those from the mid-length stamens

those from the shortest stamens

^

of an inch.

and

So that the

largest pollen-grains are to the smallest in diameter as 100 to
Tliis plant inhabits swampy ground in the United States.
According to Fritz Miiller,* a species of tliis genus in St. Catharina, in Southern Brazil, is homostyled.
Larjerstroemia IruUca.
This plant, a member of the Lythracese,
may perhaps be heterostyled, or may formerly have been so. It
is remarkable from the extreme variability of its stamens.
On
a plant, growing in my hothouse, the flowers included from
nineteen to twenty-nine short stamens with yellow pollen,
which correspond in position with the shortest stamens of
Lythrum and from one to five (the latter number being the
commonest) very long stamens, with tliick flesh-coloured filaments and green pollen, corresponding in position with the
longest stamens of Lythrum. In one flower, two of the long
stamens produced green, while a third produced yellow pollen,
although the filaments of all three were thick and flesh-colom-ed.
In an anther of another flower, one cell contained green and
the other yellow pollen. The green and yellow pollen-grains
from the stamens of different length are of the same size.
The pistil is a little bowed upwards, with the stigma seated
between the anthers of the short and long stamens, so that
this plant was mid-styled.
Eight flowers were fertilised with
green pollen, and six with yellow pollen, but not one set fruit.
This latter fact by no means proves that the plant is heterostyled, as it may belong to the class of self-sterile species.
Another plant growing in the Botanic Gardens at Calcutta, as
Mr. J. Scott informs me, was long-styled, and it was equally

65.

—

;

*

'

Bot. Zeitung,' 1868, p. 112.
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whilst a long-styled plant of
with its OTvn pollen
though growing by itself, produced fruit. I examined
dried flowers from two plants of L. parviflora, both of which
were long- styled, and they differed from L. Indica in having
eight long stamens with thick filaments, and a crowd of shorter
stamens.
Thus the evidence whether L. Indica is heterostyled is cui'iously conflicting the unequal nimiber of the short
and long stamens, their extreme variability, and especially the
sterile

L.

;

re;/ince,

:

fact of their pollen-grains not differing in size, are strongly

opposed to this belief; on the other hand, the difference in
length of the pistils in two of the plants, their sterility with
their own pollen, and the difference in length and structure of
the two sets of stcimens in the same flower, and in the colour of
We know that when plants of
their pollen, favour the belief.
any land revert to a former condition, they are apt to be highly

and the two halves of the same organ sometimes differ
much, as in the case of the above-described anther of the
Lagerstroemia we may therefore suspect that this species was
once heterostyled, and that it still retains traces of its former
state, together with a tendency to revert more completely to it.
It deserves notice, as bearing on the nature of Lagerstroemia,
that in Lythrum hyssopifolia, which is a homostyled species, some

variable,

;

of the shorter stamens vary in being either present or absent

and that these same stamens are altogether absent in L. thy miIn another genus of the Lythraceee, namely Cuphea, three
species raised by me from seed certainly were homostyled
nevertheless their stamens consisted of two sets, differing in
length and in the colour and thickness of their filaments, but

folia.

not in the size or colour of their poUen-gi-ains so that they
thus far resembled the stamens of Lagerstroemia. I found that
Cuphea purpurea was highly fertile with its own pollen when
artificially aided, but sterile when insects were excluded.*
;

me that
species of the geuus
Mollia (Tihacese) which he collected in South America, the
stamens of the five outer cohorts
have purplish filaments and grem
pollen, whilst the stamens of the
cohorts have yellow
five inner
pollen.
He therefore suspected
that these species might prove
to be heterostyled and trimor*

Mr. Speoce informs

in several

phic: but he did not notice the
length of the pistils.
In the
allied Luhea the outer purplish
stamens are destitute of anthers.
I procured some specimens of
Mollia lepidota and speciosa from
Kew, but could not make out that
their pistils differed in length
in difterent plants
and in all
I examined
the
those which
stigma stood close beneath the
;
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OxALis (Geraniace^).
In 1863 Mr. Eoland Trimen wrote to me from tlie
of Good Hope that he had there found species of
Oxalis which presented three forms and of these he
enclosed drawings and dried specimens. Of one species
he collected 43 flowers from distinct plants, and they
consisted of 10 long-styled, 12 mid-styled, and 21
short-styled. Of another sjDecies he collected 13 flowers,
consisting of 3 long-styled, 7 mid-styled, and 3 shortstyled.
In 1866 Prof. Hildebrand proved* by an examination of the specimens in several herbaria that 20
species are certainly heterostyled and trimorphic, and
51 others almost certainly so. He also made some interesting observations on living plants belonging to
one form alone for at that time he did not possess
the three forms of any living species. Dming the
years 1864 to 1868 I occasionally experimented on
Oxalis speciosa, but until now have never found time
to publish the results.
In 1871 Hildebrand published
an admirable paper t in which he shows in the case of
two species of Oxalis, that the sexual relations of the
three forms are nearly the same as in Lytlirum salicaria.
I will now give an abstract of his observations, and afterwards of my own less complete ones.
I may premise that in all the species seen by me, the

Cape

;

;

stigmas of the five straight

pistils of

the long-styled

form stand on a level with the anthers of the longest
stamens in the two other forms. In the mid-styled

uppermost anthers. The numerous
stamens are graduated in length,
and the pollen-grains from the
longest and shortest ones did not
present any marked difference in
diameter. Therefore these species
do not appear to be heterostyled.

* 'Monatsber. der Akad. der
Wiss. Berlin,' 1866, pp. 352, 372.
He gives drawings of the three
forms at p. 42 of his 'GeschlechterVertheilung,' &c., 1867.
t Bot. Zeitung,' 1871, pp. 416
'

and

432.
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form, the stigmas pass out between the filaments of
the longest stamens (as in the short-styled form of

Linum); and they stand rather nearer to the npper
anthers than to the lower ones. In the short-stvled
Fis. 11.

Long-styled.

Mid-styled.

Short-styled.

OxALis SPECIOSA (with the petals removed).

S S Sf

stigmas.
The dotted lines with arrows show which pollen
be carried to the stigmas for legitimate fertilisation.

must

form, the stigmas also pass out between the filaments

The

nearly on a level with the tips of the sepals.

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

same height

as the corresponding stigmas in the

other two forms.
Oxalis Valdiviana.

— This

an inhabitant of

species,

the west coast of South America, bears yellow flowers.

Hildebrand states that the stigmas of the three forms
do not differ in any marked manner, but that the pistil
of the short-styled form alone is destitute of hairs.

The diameters

of the pollen-grains are as follows

:

Divisions of the

Micrometer.

From

the longest stamens of short-styled

mid-length

„

„
„
longest stamens of mid-styled

„

shortest

„
„

shortest

„

.

„

.

.

....
....
....
...
....

„
„
mid-length stamens of long-styled

„

.

8 to 9
7 „ 8

8
6
7

6
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Therefore the extreme difference in diameter

The

to 6, or as 100 to 71.

is

as

8-5

results of Hildebrand's ex-

periments are given in the following table, drawn up
in accordance with my usual plan.
He fertilised each

form with pollen from the two sets of anthers of the
flower, and likewise from flowers on distinct
plants belonging to the same form but the effects
of these two closely allied kinds of fertilisation differ
so little that I have not kept them distinct.

same

;

Table
Oxalis Valdiviana

27.

(from Hildebrand).
Number

Number

Number

of

of

of

Flowers
fertilised.

Capsules
produced.

Seeds per
Capsule.

Legitimate)

28

28

11-9

Long-styled form, by pollen of longest!
stamens of mid -styled.
Legitimated

21

21

12-0

40

2

5-5

26

0

0

16

1

1

9

0

0

Nature of Union.

Long'Styled

stamens

form, by
of

pollen

short-styled.

of longest)

Long-styled form, by pollen of
own-form mid-length stamens.

own andj
Illegiti->

1

by pollen of own andj
own-form shortest stamens.
Illegiti->

Long-istyled form,

i

i

Long-styled form, by pollen of shortest)

stamens of short-styled.

Illegitimate)

Long-styled form, by pollen of shortest
stamens of mid-styled.
Illegitimate

1

—
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continued.

Oxalis Valdiviana {from Eildebrand).

Number

Number

1

Number

of

of

fertilised.

Capsules
produced.

Seeds per
Capsule.

Mid-styled form, by pollen of mid-length stamens of long-styled. Legitimate union jj

38

38

11-3

Mid-styled form, by pollen of mid-length
|[
stamens of short - styled. Legitimate >j

23

23

10-4

Mid-styled form, by pollen of own andji
own-form longest stamens. Illegitimate)

52

Mid-styled form, by pollen of own and)
own-form shortest stamens. Illegitimate >

form, by pollen of shortest)
Illegitimate)
of long-styled.

of

Nature of Union.

Flowers

1

.

Mid-styled

stamens

j

0

30

1

6

16

0

0

16

2

2-0

18

18

11-0

10

11-3

i

Mid-styled form, by pollen of longest sta-1

mens

0
{

of short-styled. Illegitimate union/

•
j

Short-styled form, by pollen of shortest sta-)
mens of long-styled. Legitimate union J

'

.

Short-styled form, by pollen of shortest sta-]
mens of mid-styled. Legitimate union .
J

Short-styled form, by pollen of own and
own-form longest stamens. Illegitimate y

i

21

1

0

0

0

0

1

i

Short-styled form, by pollen of
own-form mid-length stamens.

own and
22

Illegiti-

;

\

Short-styled form, by pollen of longest stamens of mid-styled. Illegitimate union }
Short-styled form, by pollen of mid-length
Illegitiinate
stamens of long -styled.

0

0

'

1

1

>

3

!

°

0
!

1
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here have the remarkable result that every one

of 138 legitimately fertilised flowers on the three forms

yielded capsules, containing on an average 11 '33 seeds.

Whilst of the 255 illegitimately fertilised flowers, only
6 yielded capsules, which contained 3*83 seeds on an
average.

Therefore the fertility of the six legitimate

judged
by the proportion of flowers that yielded capsules, is
as 100 to 2, and as judged by the average number of
It may be added that
seeds per capsule as 100 to 34.
some plants which were protected by nets did not
spontaneously produce any fruit nor did one which
was left uncovered by itself and was visited by bees.
On the other hand, scarcely a single flower on some

to that of the twelve illegitimate unions, as

;

uncovered plants of the three forms growing near
together failed to produce fruit.
This species bears white flowers
Oxalis Begnelli.
and inhabits Southern Brazil. Hildebrand says that
the stigma of the long-styled form is somewhat larger
than that of the mid-styled, and this than that of the

—

The

the latter is clothed with a
very hairy in the other two
The diameter of the pollen-grains from both
forms.
sets of the longest stamens equals 9 divisions of the
micrometer, that from the mid-length stamens of the

short-styled.

few

hairs,

whilst

pistil of

it

is

—

long-styled form between 8 and
styled

8,

—and that from

9, and of the shortthe shortest stamens of both

So that the extreme difference in diameter is
100 to 78. The experiments made by
Hildebrand, which are not so numerous as in the last
case, are given in Table 28 in the same manner as

sets 7.

as 9 to 7 or as

before.

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

{from Ilildebrand).

Nature of Union.

Number

Number

of
Flowers

Capsules

of
l)roduced.

fertilised.
\

Average

Number

of

Seeds per
Capsule.

Long-styled form, by pollen of longest sta-'l
mens of short-styled. Legitimate union/

6

6

10-1

Long-styled form, by pollen of longest sta-J
mens of mid-styled. Legitimate union \

5

5

10-6

Long-styled form, by pollen of own mid-)
length stamens. Illegitimate union
.
/

4

0

0

Long-styled form, by pollen of own short-1
Illegitimate union.
est stamen.
.
./

1

0

0

Mid-styled form, by pollen of mid-length sta-^l
mens of short-styled. Legitimate union/

9

9

10-4

Mid-styled form, by pollen of mid-length sta-1
mens of long-styled. Legitimate union./

10

10

10-1

Mid-styled form, by pollen of own longest
stamens. Illegitimate union]
.
.
./

9

0

0

Mid-styled form, by pollen of own shortest)
stamens. Illegitimate union
.
,
/

2

0

0

0

0

.

"1

.

Mid-styled form, by pollen of longest sta-'l
mens of short-styled. Illegitimate union/

-

Short-styled form, by pollen of shortest sta-"!
mens of mid-styled. Legitimate union./

9

9

10-6

Short-styled form, by pollen of shortest sta-">
mens of long-styled. Legitimate union. /

2

2

9 5

12

0

0

9

0

0-

1

0

0

Short-styled form, by pollen of
lonrrfn
o LdllJcJio,
IcU^LU. cfciTYiPTiG

own

mid-"l

Til Aorif imcit'^i nninTi
AllCglLllllrtLt:
UliiUIi

,

1
1

Short-styled form, by pollen of own long-'i
Illegitimate union
est stamens.
.
/
.

Short-styled form, by pollen of mid-length
stamens of long -styled. Illegitimate)
|
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10*31 seeds;

whilst 39

flowers fertilised illegitimately did not yield a single

Therefore the fertility of the six

capsule or seed.

legitimate to that of the several illegitimate unions,
as

judged both by the proportion of flowers which

yielded capsules and by the average
tained seeds,

as

is

100 to

number

of con-

0.

—

This species, which bears pink
speciosa.
was introduced from the Cape of Good Hope.
A sketch of the reproductive organs of the three
forms (Fig. 11) has already been given.
The stigma
Oxalis

flowers,

of the long-styled form (with the papillte on
face included)
styled,

The

is

and that

its sur-

twice as large as that of the short-

of the mid-styled intermediate in size.

pollen-grains from the stamens in the three forms

are in their longer diameters as follows

:

Divisions of the
Micrometer.

From

the longest stamens of short-styled.

mid-length

„
„

longest stamens of mid-styled

„
„

mid-length stamens of long-sytled

shortest

shortest

„

„

„

.,

„

„

.

.

...
...
...
...

„

.

.

15 to 16
12 „ 13
16
11 to 12

14
12

Therefore the extreme difierence in diameter

is

as

16 to 11, or as 100 to 69 but as the measurements
were taken at different times, they are probably only
approximately accurate. The results of my experiments
;

in fertilising the three forms are given in the following
table.
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29.

Oxalis speciosa.

i

Nature of Union.

Long-stvled

form,

Number

Number

Average

Number

of

of

Flowers
fertQised.

Capsules
produced.

Seeda per
Capsule.

19

15

57-4

by pollen of longest)

stamens of short

-

styled.

Long-styled form, by pollen
^tampTK c\f mJrl - cf vIpH

Legitimate

'

I

of longest)
T pcritimritp

59*0

4

>

Long-styled form, by pollen of own-form 1
mid-length stamens. Ille^'^itimate xinionj

9

2

Long-styled form, by pollen of own-forml
shortest stamens.
Illegitimate union ./

11

0

0

4

0

0

12

0

42-5

Long-styled form, by pollen of shortest)

stamens

IjUXlg-b L

>

of

mid -styled.

IcU. iUiXIi,

Illegitimate)

Uy UOilcll Ui lllltl-icIlgLll

stamens of short-styled.

1

Illegitimate)

Mid-styled form, by pollen of mid-length
stamens of long -styled.
Legitimate)

30-0

1

'

63-6

3

Mid-styled form, by pollen of mid-length
stamens of short- styled. Legitimate)
j

Mid-styled form, by mixed pollen from)
both own -form longest and shortest)
stamens. Illegitimate union .
.
j

56-3

19

9

.

Mid-styled form, by pollen of longest)
stamens of short-styled. Illegitimate)

12

1

8

of

—

)

.
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continued.

OxaJis speciosa.

Nature of Union.

'

Numb -r

Number

of

of

Number of

Flowers

Capsules

{*G r t i lis 8(1

prcxlui-Gil.

Seeds per
Capsule.

Average

Short-styled form, by pollen of shortest
|
/

3

2

07

Short-styled form, by pollen, of shortest
Legitimate)
stamens of long -styled.

3

3

54 3

Short-styled form, by pollen of own-fonn\
longest stamens.
Illegitimate union
/

5

1

8

Short-styled form, by pollen of own-forml
mid-lencth stamens. Illegitimate union j

3

0

0

Short-styled form, by both pollens mixed!
together, of own-form longest and mid->
length stamens.
Illegitimate union
.

13

0

0

Short-styled form, by pollen of longest)
stamens of mid -styled.
Illegitimate)

7

0

0

Short-styled form, by pollen of mid-length
stamens of long -styled. Illegitimate)

10

1

5-1-

st3.niGn.s

of

mid.

•

stvlcd.

Lc^itirn^tG

1

.

j

We here see that thirty-six flowers on the three
forms legitimately fertilised yielded 30 capsules, these
containing on an average 58*36 seeds. Ninety-five
flowers illegitimately fertilised yielded 12 capsules,
containing on an average 28*58 seeds. Therefore the
fertility

of the six legitimate to that of the twelve

as judged by the proportion of
which yielded capsules, is as 100 to 15, and
judged by the average number of seeds per capsule as
100 to 49. This plant, in comparison with the two
South American species previously described, produces

illegitimate unions,
flowers

N

;;
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many more

seeds,

and the illegitimately

Chap IV.
fertilised

flowers are not quite so sterile.

Oxalis rosea.

— Hildebrand possessed in a living state

only the long-styled form of this trimorphic Chilian
The pollen-grains from the two sets of
species.*
anthers differ in diameter as 9 to 7 5, or as 100 to 83.
'

He

has further

shown that there

difference between the grains from

is

an analogous

the two sets of

anthers of the same flower in five other species of Oxalis,
besides those

abeady described.

The present

species

remarkably from the long-styled form of the
three species previously experimented on, in a much
difters

larger proportion of the flowers setting capsules

when

Hildebrand fertilised 60 flowers with pollen from the mid-length
stamens (of either the same or another flower), and
they yielded no less than 55 capsules, or 92 per cent.
These capsules contained on an average 5 62 seeds
but we have no means of judging how near an approach
this average makes to that from flowers legitimately
fertilised.
He also fertilised 45 flowers with pollen
from the shortest stamens, and these yielded only 17
capsules, or 31 per cent., containing on an average
only 2*65 seeds. We thus see that about thrice as
many flowers, when fertilised with pollen from the
mid-length stamens, produced capsules, and these
fertilised

with their own-form pollen.

*

contained twice as many seeds, as did the flowers
fertilised with pollen from the shortest stamens.
It

thus

appears

(and

we

find

some evidence

of

the same fact with 0. speciosa), that the same rule

holds good with Oxalis as with Lythrum salicaria
namely, that in any two unions, tne greater the inequality in length between the pistils and stamens, or,

*

•

Monatsber. der Akad. der Wiss. Berlin,' 1S6G,

p. 372.

—
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OF.

the same thing, the greater the distance of

the stigma from the anthers, the pollen of which

is

used for fertilisation, the less fertile is the union,
whether judged by the proportion of flowers which
set capsules, or by the average number of seeds per
capsule.
The rule cannot be explained in this case

any more than

in that of

that wherever there
tion, this is
sterile

is

Lythrum, by supposing

greater liability to self-fertilisa-

checked by the union being rendered more

for exactly the reverse occurs, the liability to

;

self-fertilisation

being greatest in the unions between

the pistils and stamens which approach each other the

and these are the more

nearest,

I

fertile.

may add

that I also possessed some long-styled plants of this

one was covered by a net, and it set spontaneously a few capsules, though extremely few compared with those produced by a plant growing by
species

itself,

:

but exposed to the

With most

visits of bees.

of the species of Oxalis the short-styled

form seems to be the most

when

sterile of

the three forms,

and I will add
two other cases to those already given. I fertilised
29 short-styled flowers of 0. comjoressa with pollen from
their own two sets of stamens (the pollen-grains of
which differ in diameter as 100 and 83), and not one
produced a capsule.
I formerly cultivated during
several years the short-styled form of a species purchased under the name of 0. Bowii (but I have some
doubts whether it was rightly named), and fertilised
many flowers with their own two kinds of pollen,
which differ in diameter in the usual manner, but
never got a single seed. On the other hand, Hildebrand says that the short-styled form of 0. Deppei,
growing by itself, yields plenty of seed but it is not
these are illegitimately fertilised

;

;

positively

known

that this species

is

heterostyled

N 2

;

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

Some

communicated

facts

to

me by

Fritz Miiller

afford excellent evidence of the utter sterility of one

of the forms of certain trimorphic species of Oxalis,

He

has seen in St. Catharina,

in Brazil, a large field of

young sugar-cane, many

when growing

isolated.

acres in extent, covered with the red blossoms of one

form alone, and these did not produce a single seed.
His own land is covered with the short-styled form of
a white-flowered trimorphic species, and this is equally
sterile
but when the three forms were planted near
together in his garden they seeded freely. With two
other trimorphic species he finds that isolated plants
;

are always sterile.

Fritz
Oxalis,

JMuller

which

is

formerly believed that a species of
abundant in St. Catharina that it

so

borders the roads for miles, was dimorphic instead of
trimorphic.

Although the

pistils

and stamens vary

greatly in length, as was evident in some specimens
sent to me, yet the plants can be divided into two
sets,

according to the lengths of these organs.

A

large proportion of the anthers are of a white colour
others which are pale
with some good grains and
others again which are bright yellow have apparently
sound pollen but he has never succeeded in finding

and quite

destitute of pollen

yellow contain

;

many bad

;

;

any

fruit

on this

species.

The stamens

some of

in

the flowers are partially converted into petals. Fritz
Miiller after reading my description, hereafter to be
given, of the illegitimate offspring of various lieterostyled species, suspects that these plants

may

be the variable and

of

sterile offspring of

Oxalis

a single

form of some trimorphic species, perhaps accidentally
introduced into the district, which has since been

Chap. IV.
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propagated asexually. It is probable that this kind
of propagation would be much aided by there being
no expenditure in the production of seed.
This plant is ranked
Oxalis {Biophytum) sensitiva.
by many botanists as a distinct genus. Mr. Thwaites
sent me a number of flowers preserved in spirits from

—

The

Ceylon, and they are clearly trimorphic.
of the long-styled form
hairs,

is

clothed with

both simple and glandular

;

many

style

scattered

such hairs are

much

fewer on the style of the mid-styled, and quite absent from that of the short-styled form

plant resembles in this respect

0,

;

so that this

Valdiviana and

Calling the length of the two lobes of
stigma of the long-styled form 100, that of
the mid-styled is 141, and that of the short-styled
In all other cases, in which the stigma in this
164.
genus differs in size in the three forms, the difference is of a reversed nature, the stigma of the longstyled being the largest, and that of the short-styled
the smallest. The diameter of the pollen-grains from
the longest stamens being represented by 100, those
from the mid-length stamens are 91, and those from
the shortest stamens 84 in diameter. This plant is
Regnelli,

the

remarkable, as we

shall see in the last chapter of
volume,
this
by producing long-styled, mid-styled,

and short-styled cleistogamic

flowers.

—

Homosttjled Species of Oxalis.
Although the majority
of the species in the large genus Oxalis seem to be

trimorphic, some are homostyled, that

a single form

;

for

instance the

is,

exist

common

under

0,

aceto-

and according to Hildebrand two other widely
distributed European species, 0. stricta and corniculata.

sella,

Fritz

MuUer

tuted species

also informs
is

found in

me
St.

that a similarly consti-

Catharina, and that

it

is
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insects are ex-

and of another homocommonly stand on
with the upper anthers, and both these species
of 0. strida

styled species, viz. 0. iropeeoloides,

a level

are likewise quite fertile

With

when

insects are excluded.

respect to 0. acetosella, Hildebrand says that in

the many specimens examined by him the pistil
exceeded the longer stamens in length. I procured
108 floAvers from the same number of plants growing in
three distant parts of England of these 86 had their
stigmas projecting considerably above, whilst 22 had
them nearly on a level with the upper anthers. In
one lot of 17 flowers from the same wood, the stigmas in
every flower projected fully as much above the upper
anthers as these stood above the lower anthers. So
that these plants might fairly be compared with the
long-styled form of a heterostyled species and I at
first thought that 0. acetosella was trimorphic.
But
the case is one merely of great variability. The
pollen-grains from the two sets of anthers, as observed
by Hildebrand and myself, do not differ in diameter.
I fertilised twelve flowers on several plants with pollen from a distinct plant, choosing those with pistils
of a different length and 10 of these (i.e. 83 per cent.)
produced capsules, which contained on an average 7*9
seeds.
Fourteen flowers were fertilised with their own
all

;

;

;

pollen,
sules,

and 11 of these

(i.e.

79 per cent.) yielded cap-

containing a larger average of seed, namely

9*2.

These plants, therefore, in function show not the
I may add that 18
least sign of being heterostyled.
flowers protected by a net were left to fertilise themselves, and only 10 of these (i.e. 55 per cent.) yielded
capsules, which contained on an average only 6*3 seeds.
So that the access of insects, or artificial aid in placing
pollen on the stigma, increases the fertility of the

PONTEDERIA.
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and I found that this applied especially to
having shorter pistils. It should be remembered that the flowers hang downwards, so that those
with short pistils would be the least likely to receive
their own pollen, unless they were aided in some
flowers;

those

manner.
Finally, as Hildebrand has remarked, there is no
evidence that any of the heterostyled species of Oxalis
are tending towards a dioecious condition, as Zuccarini

and Lindley inferred from the

differences in the re-

productive organs of the three forms, the meaning of

which they did not understand.

PONTEDERIA

[SP. ?]

(PONTEDERIACE.E.)

Fritz Miiller found this aquatic plant, which

is

al-

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

*"Ueber den Trimorphismus
der

Pontederien "

;

'Jenaische

Zeitschrift,'
p. 74.

&c.,

Band

6,

1871,
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with water from the longer stamens of the short-styled
form are to those from the shorter stamens of the same
form as 100 to 87 in diameter, as deduced from ten
measurements of each kind. We thus see that the
organs in these two forms differ from one another
and are arranged in an analogous manner, as in the
long and short-styled forms of the trimorphic species
of Lythrum and Oxalis.
Moreover, the longer stamens
of the long-styled form of Pontederia, and the shorter
ones of the short-styled form are placed in a proper
position for fertilising the stigma of a mid-styled form.
But Fritz Miiller, although he examined a vast number
of plants, could never find one belonging to the midstyled form.

The

and short-styled
good fruit and
;

older flowers of the long-styled

had set plenty of apparently
might have been expected, as

j^lants

this

they could legitimately fertilise one another.
Although he could not find the mid-styled form of
this species, he possessed plants of another species
growing in his garden, and all these were mid-styled
and in this case the pollen-grains from the anthers of
the longer stamens were to those from the shorter stamens of the same flower as 100 to 86 in diameter, as
deduced from ten measurements of each kind. These
mid-styled plants growing by themselves never produced a single fruit.
Considering these several facts, there can hardly be
a doubt that both these species of Pontederia are
This case is an interestheterostyled and trimorphic.
ing one, for no other Monocotyledonous plant is known
to be heterostyled. Moreover, the flowers are irregular,
and all other heterostyled plants have almost symmetrical flowers. The two forms differ somewhat in
;

the colour of their corollas, that of the short-styled

being of a darker blue, whilst that of the long-styled

;

PONTEDEKIA.
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tends towards violet, and no other such case

is

known.

Lastly, the three longer stamens alternate with the
three shorter ones, whereas in Lythrum and Oxalis
the long and short stamens belong to distinct whorls.
With respect to the absence of the mid-styled form in
the case of the Pontederia which grows wild in Southern
Brazil, this would probably follow if only two forms

had been originally introduced there

;

for, as

we

shall

from the observations of Hildebrand,
Fritz Miiller and myself, when one form of Oxalis is
fertilised exclusively by either of the other two forms,
the offspring generally belong to the two parenthereafter

see

forms.

Fritz Muller has recently discovered, as he informs
me, a third species of Pontederia, with all three forms
growing together in pools in the interior of S. Brazil
so that no shadow of doubt can any longer remain
He
about this genus including trimorphic species.
In the longsent me dried flowers of all three forms.
styled form the stigma stands a little above the tips of
the petals, and on a level with the anthers of the
longest stamens in the other two forms. The pistil is
in length to that of the mid-styled as 100 to 56, and
to that of the short-styled as 100 to 16. Its summit is
rectangularly bent upwards, and the stigma is rather
broader than that of the mid-styled, and broader in
about the ratio of 7 to 4 than that of the short-styled.
In the mid-styled form, the stigma is placed rather
above the middle of the corolla, and nearly on a level
with the mid-length stamens in the other two forms
its summit is a little bent upwards.
In the shortstyled form the pistil is, as we have seen, very short,
and differs from that in the other two forms in being
straight.
It stands rather beneath the level of the
anthers of the shortest stamens in the long-styled and

;^

;
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of each set of

stamens, more especially those of the shortest stamens,
are placed one beneath the other, and the ends of the

filaments are

from

all

bowed a

little

upwards, so that the pollen

the anthers would be effectively brushed off

by the proboscis

The

of a visiting insect.

relative

diameters of the pollen-grains, after having been long

soaked in water, are given in the following
measured by my son Francis.

list,

as

Divisions of the

Micrometer.
.

.

.

13*2

.

.

.

.

9'0

.

.

.

.

16 "4

.

,

.

9*1

.

.

.

14*6

.

.

.

12*3

Long-styled form, from the mid-length stamens
(Average of 20 measurements.)
from the shortest stamens
„
„
(10 measurements.)
Mid-styled form, from the longest stamens
(15 measurements.)
from the shortest stamens .
„
„
(20 measurements.)
Short-styled form, from the longest stamens .
(20 measurements.)
from the mid-length stamens
„
„

(20 measurements.)

*

We

have here the usual rule of the grains from the

longer stamens, the tubes of which have to penetrate
pistil, being larger than those from the
stamens of less length. The extreme difference in
diameter between the grains from the longest stamens
of the mid-styled form, and from the shortest stamens
of the long-styled, is as 16-4 to 9-0, or as 100 to 55
and this is the greatest difference observed by me in

the longer

any heterostyled

plant.

It is a singular fact that the

grains from the corresponding longest stamens in the

two forms

differ considerably in

diameter

;

as

do those

in a lesser degree from the corresponding mid-length

stamens in the two forms whilst those from the corresponding shortest stamens in the long- and midTheir instyled forms are almost exactly equal.
depends
two
first
cases
on
the
grains
in
the
equality
;

;
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in both sets of anthers in the short-styled form being

smaller than those from the corresponding anthers in
the other two forms
and here we have a case parallel
;

with that of the mid-styled form of Lijthrum salicaria.
In this latter plant the pollen-grains of the mid-styled
forms are of smaller size and have less fertilising power

than the corresponding ones in the other two forms
whilst the ovarium, however fertilised, yields a greater
number of seeds so that the mid-styled form is altogether more feminine in nature than the other two
forms.
In the case of Pontederia, the ovarium includes only a single ovule, and what the meaning of
the difference in size between the pollen-grains from
the corresponding sets of anthers may be, I will not
pretend to conjecture.
The clear evidence that the species just described is
;

is the more valuable as
some doubt with respect to P. eordata, an inhabitant of the United States. Mr. Leggett suspects *

heterostyled and trimorphic
there
that

is

it

is

either

dimorphic or trimorphic,

pollen-grains of the longer stamens are

for

the

"more than

twice the diameter or than eight times the mass of

the grains of the shorter stamens.

Though minute,

these smaller grains seem as perfect as
ones."

On

mature

flowers,

the larger

the other hand, he says that in all the
" the style was

the longer stamens

;"

as

long at least as

" whilst in the

young

flowers

was intermediate in length between the two sets of
stamens
and if this be so, the species can hardly be
it

heterostyled.
* 'Bull, of the Torrey Botanical Club,' 1875, vol.

vi. p.

62.
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Y.

Illegitimate OrFSPRDfG of Heterostyled Plants.
Illegitimate offspring from all three forms of

dwarfed stature and

Lythrum

salicaria

—Their

some fertile
Oxalis, transmission of form to the legitimate and illegitimate
seedlings Primula Sinensis, illegitimate offspring in some degree
dwarfed and infertile— Equal-styled varieties of P. Sinensis, auricula, farinosa, and elatior
P. vulgaris, red-flowered variety, illegisterility,

some

utterly barren,

—

—

timate seedlings sterile

— P.

veris, illegitimate plants raised

several successive generations, their dwarfed stature

—

and

during

sterility

Transmission of form by Pulmonaria and Polygonum Concluding remarks Close parallelism
between illegitimate fertilisation and hybridism.

Equal-styled varieties of P. veris

—

We

haye hitherto treated of the

of heterostyled plants,

mately

when

—

fertility of

The present chapter

fertilised.

the flowers

legitimately and illegitiwill

be devoted

to the character of their offspring or seedlings.

Those

raised from legitimately fertilised seeds will be here

called

legitimate

seedlings

or i^lants,

and those from

illegitimately fertilised seeds, illegitimate seedlings or
plants.

and in

They

differ chiefly in their

degree of

fertility,

growth or vigour. I will begin
with trimorphic plants, and I must remind the reader
that each of the three forms can be fertilised in six
different ways
so that all three together can be fertilised in eighteen different ways.
For instance, a
long-styled form can be fertilised legitimately by the
longest stamens of the mid-styled and short-styled
forms, and illegitimately by its own-form mid-length
and shortest stamens, also by the mid-length stamens
of the mid-styled and by the shortest stamens of the
short-styled form so that the long-styled can be fertitheir powers of

;

;
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lised legitimately in

four ways.
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two ways and illegitimately in

The same holds good with

respect to the

mid-styled and short-styled forms. Therefore with
trimorphic species six of the eighteen unions yield
legitimate

and twelve yield illegitimate

offspring,

offspring.

I will give the results of

my

experiments in detail,

partly because the observations are extremely trouble-

some, and will not probably soon be repeated

—thus, I

was compelled to count under the microscope above
20,000 seeds of Lythrum salicaria but chiefly because
light is thus indirectly thrown on the important sub-

—

ject of hybridism.

Lythrum
Of the twelve

salicaria.

illegitimate unions two were com-

pletely barren, so that no seeds were obtained, and of

course no seedlings could be raised.

Seedlings were,

however raised from seven of the ten remaining

il-

Such illegitimate seedlings when
in flower were generally allowed to be freely and
legitimately fertilised, through the agency of bees, by
legitimate unions.

other illegitimate plants belonging to the two other

forms growing close by.

This is the fairest plan, and
was usually followed
but in several cases (which
will always be stated) illegitimate plants were fertilised with pollen taken from legitimate plants belonging to the other two forms
and this, as might
have been expected, increased their fertility. Lythrum
;

;

salicaria

is

much

of the season

affected in its fertility

and

by the nature

from this source,
as far as possible, my observations were continued
during several years. Some few experiments were
tried in 1863.
The summer of 1864 was too hot and
;

to avoid error
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dry, and, though the phmts were copiously watered,
some few apparently suffered in their fertility, whilst
others were not in the least affected.
The years
1865 and, especially, 1866, were highly favourable.
Only a few observations were made during 1867.

The results are arranged in classes according to the
parentage of the plants. In each case the average
number of seeds per capsule is given, generally taken
from ten capsules, which, according to my experience,
is

a nearly sufficient number.

The maximum num-

ber of seeds in any one capsule
this is

mal

is

also given

;

and

a useful point of comparison with the nor-

standard

produced by

— that

is,

legitimate

with the number of seeds
plants

legitimately

ferti-

minimum
number. When the maximum and minimum differ
greatly, if no remark is made on the subject, it may
lised.

I will give likewise in each case the

be understood that the extremes are so closely connected by intermediate figures that the average is a
Large capsules were always selected for
fair one.
counting, in order to avoid over-estimating the infertility of

the several illegitimate plants.

In order to judge of the degree of inferiority in
the several illegitimate plants, the following statement of the average and of the maximum
number of seeds produced by ordinary or legitimate

fertility of

when legitimately fertilised, some artificially
and some naturally, will serve as a standard of comparison, and may in each case be referred to.
But I
give under each experiment the percentage of seeds
produced by the illegitimate plants, in comparison
with the standard legitimate number of the same
form. For instance, ten capsules from the illegitimate
long-styled plant (Xo. 10), which was legitimately
and naturally fertilised by other illegitimate plants.

plants,

;

Chap.v.

heterostyled teimorphic plants.

contained on an average 44*2 seeds;
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whereas the

capsules on legitimate long-styled plants, legitimately
and naturally fertilised by other legitimate plants,

Therefore this
contained on an average 93 seeds.
illegitimate plant yielded only 47 per cent, of the
full

and normal complement

of seeds.

Standard Number of Seeds produced by Legitimate Plants
of the three Forms, idien legitimately fertilised.
Long-styled form
capsule, 93

;

:

average number of seeds in each

maximum number

observed out of twenty-

three capsules, 159.

Mid-styled form

maximum number

average number of seeds, 130

:

observed out of thirty-one capsules,

151.

Short-styled form

average number of seeds, 83 5
*

:

;

but we may, for the sake of brevity, say 83 maximum
number observed out of twenty-five capsules, 112.
;

Classes

and

I.

II.

Illegitimate

Plants raised from

Long-styled Parents fertilised with pollen

from

the

mid-length or the shortest stamens of other plants of
the

same form.

From

union I raised at different times three

this

amounting altogether to
must premise that, from not foreseeing
did not keep a memorandum whether the

lots of illegitimate seedlings,

56 plants.

I

the result, I

first lot were the product of the
mid-length or shortest stamens of the same form but
I have good reason to believe that they were the product of the latter. These eight plants were much more

eight plants of the

;

dwarfed, and

two

lots.

much more

The

latter

sterile than those in the other
were raised from a long-styled

:
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plant growing quite isolated, and fertilised by the
agency of bees with its own pollen and it is almost
certain, from the relative position of the organs of
fructification, that the stigma under these circumstances would receive pollen from the mid-length
;

stamens.

All the
styled

;

fifty-six plants in these three lots

now,

if

proved long-

the parent-plants had been legitimately

by pollen from the longest stamens of the
mid-styled and short-styled forms, only about one-

fertilised

third of the seedlings would have been long-styled,

the other two-thirds being mid-styled and short-styled.
In some other trimorphic and dimorphic genera we
shall find the

same curious

fact,

namely, that the longby its own-form

styled form, fertilised illegitimately

pollen, produces almost exclusively long-styled seedlings.*

The eight

plants of the

first lot

three which I measured attained,

were of low stature
fully grown, the

when

heights of only 28, 29, and 47 inches whilst legitimate
plants growing close by were double this height, one
;

being 77 inches. They all betrayed in their general
appearance a weak constitution they flowered rather
later in the season, and at a later age than ordinary
plants. Some did not flower every year and one plant,
;

;

behaving in an unprecedented manner, did not flower
In the two other lots none of
until three years old.
the plants grew quite to their full and proper height,
as could at once be seen by comparing them with the
adjoining rows of legitimate plants. In several plants
in all three lots, many of the anthers were either
shrivelled or contained brown and tough, or pnlpy
* Hildebrand first called attention ('Bot. Zeitung,' Jan. 1, 1864,
p. 5) to this fact in the case

of

Primula Sinensis ; but his rewere not nearly so uniform

suits

as mine.

8
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matter, without any good pollen-grains, and they never

shed their contents

by Gartner *

;

they were

as contabescent,

m the state designated

which term I

will for the

In one flower all the anthers were contabescent excepting two which appeared to the naked
eye sound but under the microscope about two-thirds
of the pollen-grains were seen to be small and shrivelled.
In another plant, in which all the anthers appeared
sound, many of the pollen-grains were shrivelled and
of unequal sizes. I counted the seeds produced by
future use.

;

seven plants (1 to 7) in the first lot of eight plants,
probably the product of parents fertilised by their
own-form shortest stamens, and the seeds produced by
three plants in the other two lots, almost certainly the

product of parents fertilised by their own-form mid-

length stamens.
Plant 1. This long-styled plant was allowed during 1863 to
be freely and legitimately fertilised by an adjoining illegitimate
mid-styled plant, but it did not yield a single seed-capsule. It
was then removed and planted in a remote place close to a
brother long-styled plant No. 2, so that it must have been freely
though illegitimately fertilised; under these circumstances it
did not yield during 1864 and 1865 a single capsule.
I should
here state that a legitimate or ordinary long-styled plant, when

and

though illegitimately fertilised by
an immense number of
capsules, which contained on an average 21 5 seeds.
Plunt 2. This long-styled plant, after flowering during 186
close to an illegitimate mid-styled plant, produced less than
twenty capsules, which contained on an average between four
and five seeds. When subsequently growing in company with
No. 1, by which it will have been illegitimately fertilised, it
yielded in 1866 not a single capsule, but in 1865 it yielded
twenty-two capsules the best of these, fifteen in number, were
examined eight contained no seed, and the remaining seven
contained on an average only three seeds, and these seeds were
growing

isolated,

insects with its

own

freely

pollen, yielded

•

:

;

* 'Beitrage zur Kenntniss dcr Befiuchtung,' 18i4, p. IIG.

O
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so small

shriyelled that I doubt whether they

genuinated.
Plants 3 and

Chap. V.

would have

These two loug-styled plants, after being
fertilised during 1863 by the same illegitimate mid-styled plant as in the last case, were as miserably
4.

and legitimately

freely

No. 2.
Plant 5. This long-styled plant, after flowering in 1863 close
to an illegitimate mid-styled plant, yielded only four capsules,
which altogether included only five seeds. During 1864, 1865,
and 1866, it was siUTOunded either by illegitimate or legitimate
plants of the other two forms but it did not yield a single
capsule. It was a superfluous experiment, but I likewise artificially fertilised in a legitimate manner twelve flowers
but not
one of these produced a capsule so that this plant was almost
sterile as

;

;

;

absolutely barren.

Plant

6.

This long-styled plant, after flowering during the

favourable year of 1866,i sui-rounded by illegitimate plants of
the other two forms, did not produce a single capsule.

was the most fertile of the
During I860 it was surrounded by
illegitimate plants of various parentage, many of which were
highly fertile, and must thus have been legitimately fertilised.
It produced a good many capsules, ten of which yielded an
average of 36 1 seeds, with a maximum of 47 and a minimum
of 22
so that this plant produced 39 per cent, of the full
number of seeds. During 1864 it was suiTOunded by legitimate
and illegitimate plants of the other two forms; and nine
capsules (one poor one being rejected) yielded an average of
41 9 seeds, with a maxim imi of 56 and a minimum of 28 so
that, under these favourable circmnstances, this plant, the most
Plant

1.

This long-styled

eight plants of the

jDlant

first lot.

•

;

•

;

fertile of

the

first lot,

did not yield,

when

legitimately fertilised,

quite 45 per cent, of the full complement of seeds.

In the second lot of jDlants in the present class,
descended from the long-styled form, almost certainly
fertilised with pollen from its own mid-length stamens,
the plants, as already stated, were not nearly so dwarfed
All produced 2)lenty
or so sterile as in the first lot.
I counted the number of seeds in only
of capsules.
three plants, viz. Xos. 8, 9, and 10.
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Plant 8. This plant was allowed to be freely fertilised in 1864
by legitimate and illegitimate plants of the other two forms,
and ten capsules yielded on an average 41 '1 seeds, with a
maximum of 73 and a minimum of 11. Hence this plant produced only 44 per cent, of the full complement of seeds.
Plunt 9. This long-styled plant was allowed in 1865 to be
freely fertilised by illegitimate plants of the other two forms,
most of which were moderately fertile. Fifteen capsules yielded
on an average 57 1 seeds, with a maximum of 86 and a minimum
of 23. Hence the plant yielded 61 per cent, of the full comple*

ment

of seeds.

Plant 10. This long-styled plant was freely fertilised at the
same time and in the same manner as the last. Ten capsules
yielded an average of 44*2 seeds, with a maximum of 69 and a
minimum of 25; hence this plant yielded 47 per cent, of the
full

complement of

The nineteen

seeds.

long-styled plants of the third

the same parentage as the last
ferently

;

for

lot,

of

were treated difthey flowered durijig 1867 by themselves
lot,

must have been illegitimately fertilised
by one another. It has already been stated that a
legitimate long-styled plant, growing by itself and
visited by insects, yielded an average of 21 5 seeds
so that they

*

per capsule, with a

maximum

judge
ought to have been observed
during successive seasons. We may also infer from
analogy that, if several legitimate long-styled plants
were to fertilise one another, the average number of
seeds would be increased but how much increased
I do not know hence I have no perfectly fair standard
of comparison by which to judge of the fertility of the
of 35;

but, to

fairly of its fertility, it

;

;

three following plants of the present

lot,

the seeds of

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

and in this respect was one of the most fertile of
the whole lot of nineteen plants. But the average from ten
capsules,

o 2
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capsules was only 35*9 seeds, with a

minimum

of

maximum

Chap. V.
of 60

and a

8.

Plant 12. This long-styled plant produced very few capsules
and ten yielded an average of only 15 "4 seeds, with a maximum
of 30 and a minimum of 4.
Plant I'd. This plant offers an anomalous case; it flowered
profusely, yet produced very few capsules; but these contained numerous seeds. Ten capsules yielded an average of
71 9 seeds, with a maximum of 95 and a minimum of 29. Considering that this plant was illegitimate and illegitimately fertilised by its brother long-styled seedlings, the average and the
•

maximum

are so remarkably high that I cannot at all understand the case. We should remember that the average for a
legitimate plant legitimately fertilised is 93 seeds.

Class

III. Illegitimate

styled

Parent

Plants raised

fertilised icith

i)ollen

from a Shortfrom oivnform

mid-length stamens.

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

plants.

Plant 14. This short-styled plant was allowed during 1865 to
be freely and legitimately fertihsed by illegitimate plants descended from self-fertilised mid-, long- and short-styled plants.
Fifteen capsules yielded an average of 28 "3 seeds, with a
maximum of 51 and a minimum of 11; hence this plant
l^roduced only 33 per cent, of the proper number of seeds. The
seeds themselves were small and ii-regular in shape. Although
so sterile on the female side, none of the anthers were contabescent.

Plant

15.

This short-styled plant, treated like the

last

during
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the same year, yielded an average, from fifteen capsules, of 27
But two
seeds, with a maximum of 49 and a minimum of 7.
poor capsules may be rejected, and then the average rises to
32 6, with the same maximum of 49 and a minimum of 20 so
that this plant attained 38 per cent, of the normal standard of
•

;

fertility,

and was rather more

fertile

than the

last,

yet

many

of

the anthers were contabescent.
Plard 16. This short-styled plant, treated like the two last,
yielded from ten capsules an average of 77*8 seeds, with a
maximum of 97 and a minimum of 60; so that this plant

produced 94 per
Plant

cent, of the full

17. This,

number

of seeds.

the one long -styled plant of the same parent-

age as the last three plants, when freely and legitimately fertilised in the same manner as the last, yielded an average from
ten capsules of 76*3 rather poor seeds, with a maximum of 88
and a minimum of 57. Hence this plant produced 82 per cent,
of the proper number of seeds.
Twelve flowers enclosed in a
net were artificially and legitimately fertilised with pollen from
a legitimate short-styled plant and nine capsules yielded an
average of 82 5 seeds, with a maximum of 98 and a minimum
of 51; so that its fertility was increased by the action of
pollen from a legitimate plant, but still did not reach the normal
;

•

standard.

Class IV.
Parent

from a Mid-styled
from own-form longest

Illegitimate Plants raised

fertilised with 'pollen

stamens.

After two

trials,

I succeeded in raising only four

plants from this illegitimate union.

These proved to
be three mid-styled and one long-styled but from so
small a number we can hardly judge of the tendency
in mid-styled plants when self-fertilised to reproduce
the same form. These four plants never attained their
;

full

and normal height; the long-styled plant had

several of its anthers contabescent.
Plant

This mid-styled plant, when freely and legitimately
during 1865 by illegitimate plants descended from
self-fertilised long-, short-, and mid-styled plants, yielded an
average from ten capsules of 102 6 seeds, with a maximum of
18.

fertilised

•

ILLEGITDIATE OFFSPRING OF

198

minimum

131 and a

of 63
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hence this plant did not produce

:

number of seeds. Twelve
and legitimately fertiHsed with pollen
from a legitimate long-styled plant, and yielded from nine
capsules an average of 116-1 seeds, which were finer than
in the previous case, with a maximum of 135 and a minimum
quite 80 per cent, of the normal
flowers were artificially

of 75

;

so that, as ^\dth

plant increased the

Plant 17, pollen from a legitimate
but did not bring it up to the full

fertility,

standard.

This mid-styled plant, fertilised in the same manner
same period as the last, yielded an average from
ten capsules of 73*4 seeds, with a maximum of 87 and a minimum of 64 hence this plant produced only 56 per cent, of the
Thirteen flowers were artificially and
full number of seeds.
legitimately fertilised with pollen from a legitimate long-styled
plant, and yielded ten cajDSules with an average of 95 6 seeds

Plant

and

19.

at the

:

'

;

from a legitimate plant added,
to the fertility, but did not bring

so that the application of iDollen

as in the
it

up

two previous

cases,

to the proper standard.

Plant 20. This long-styled plant, of the same parentage with
the two last mid-styled plants, and freely fertilised in the same
manner, yielded an average from ten capsules of 69 6 seeds,
with a maximum of 83 and a minimum of 52 hence this plant
•

:

produced 75 per cent, of the

Class Y.

full

number

of seeds.

Illegitimate Plants raised from a SJwrt-styled

Parent fertilised
stamens of

tvith

pollen

the Ion g -styled

for

from

the

mid-length

7n.

In the four previous

classes, plants raised from the
pollen from either the longer
forms
fertilised
with
three
the
same
form, but generally not
stamens
of
or shorter

from the same plant, have been described. Six other
illegitimate unions are possible, namely, between the
three forms and the stamens in the other two forms
which do not correspond in height with their pistils.
But I succeeded in raising plants from only three of
these six unions. From one of them, forming the present Class Y., twelve plants were raised these con;

sisted of eight short-styled,

and four long-styled

plants,
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These twelve plants never

with not one mid-styled.

attained quite their full and proper height, but by no

means deserved to be called dwarfs. The anthers in
some of the flowers were contabescent. One plant was
remarkable from all the longer stamens in every flower
and from many of the shorter ones having their
anthers in this condition.

The pollen

of four other

which none of the anthers were contabein one a moderate number of
scent, was examined
grains were minute and shrivelled, but in the other
three they appeared perfectly sound. With respect to
the power of producing seed, five plants (Xos. 21 to
25) were observed one yielded scarcely more than
half the normal number a second was slightly infertile
but the three others actually produced a larger
plants, in

;

:

;

;

average number of seeds, with a higher maximum,
than the standard. In my concluding remarks I shall
recur to this fact, which at first appears inexplicable.
This short-styled plant, freely and legitimately
during 1865 by illegitimate plants, descended from
self-fertilised long-, mid- and short -styled parents, jielded an
average from ten capsules of 43 seeds, with a maximum of 63
and a minimum of 26 hence this plant, which was the one
with all its longer and many of its shorter stamens contabescent,
produced only 52 per cent, of the proper number of seeds.
Plant 22. This short-styled jDlant produced perfectly sound
pollen, as viewed under the microscope.
Dm-ing 1866 it was
freely and legitimately fertilised by other illegitimate plants
belonging to the present and the following class, both of which
include many highly fertile plants. Under these circumstances
it yielded from eight capsules an average of 100 5 seeds, with
ajnaximum of 123 and a minimum of 86; so that it produced
121 per cent, of seeds in comparison with the normal standard.
During 1864 it was allowed to be freely and legitimately ferti-

Plant

21.

fertilised

:

•

lised

by legitimate and

illegitimate plants,

and yielded an

average, from eight capsules, of 104 2 seeds, with a
•

of 125

and a minimum of 90; consequently

normal standard, producing 125 per

it

maximum

exceeded the

cent, of seeds.

In this
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from legitimate plants
and the
fertility would, perhaps, have been still gTeater had not the
summer of
been very hot and certainly unfavourable to
some of the plants of Lythnim.
Plant 23. This short-styled plant produced perfectly sound
pollen.
During 1866 it was freely and legitimately fertilised by
tlie other illegitimate plants specified under the last experiment, and eight capsules yielded an average of 113 "5 seeds,
with a maximum of 123 and a minimum of 93. Hence this
plant exceeded the normal standard, producing no less than 136
case, as iu

cases, pollen

to the fertility of the plant

;

per cent, of seeds.
Plant 24. This long-styled plant produced pollen which
seemed under the microscope sound; but some of the grains
did not swell when placed in water.
During 1864 it was
legitimately fertilised

the same

manner

by legitimate and

illegitimate plants in

as Plant 22, but yielded an average, from ten

maximum

and a mininormal fertility
This low degree of fertility, I presume, was owing to the unfa voiu^able season
for during 1866, when legitimately fertilised
by illegitimate plants in the manner described under No. 22, it
yielded an average, from eight capsules, of 82 seeds, with a
maximum of 120 and a minimum of 67, thus producing 88 per
cent, of the normal nmnber of seeds.
Plant 25. The pollen of this long-styled plant contained a
moderate number of poor and shrivelled grains and this is a
surprising circumstance, as it yielded an extraordinary number
of seeds.
Dui'ing 1866 it was freely and legitimately fertilised
by illegitimate plants, as described under No. 22, and yielded
an average, from eight capsules, of 122 5 seeds, with a maximum
of 149 and a minimimi of 84.
Hence this plant exceeded
the normal standard, producing no less than 131 per cent, of

capsules, of only 55 seeds, with a

mum

of 88

of 24, thus attaining 59 per cent, of the

;

;

•

seeds.

Class YI.
Parents

Illegitimate Plants
fertilised

with

from Mid-styled
from the shortest

raised

pollen

stamens of the long-styled form.
I raised from this union twenty-five plants, which
proved to be seventeen long-styled and eight mid-

;
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one short-styled. None of these plants
were in the least dwarfed. I examined, during the
highly favourable season of 1866, the pollen of four
plants in one mid-styled plant, some of the anthers of
the longest stamens were contabescent, but the pollengrains in the other anthers were mostly sound, as
they were in all the anthers of the shortest stamens
styled, but not

:

in two other mid-styled

many

and in one long-styled plant
and shrivelled

of the pollen-grains were small

and in the

latter plant as

many

;

as a fifth or sixth part

appeared to be in this state. I counted the seeds in
five plants (Nos. 26 to 30), of which two were moderately sterile

and three

fully fertile.

Plant 26. This mid-styled plant was freely and legitimately
during the rather unfavourable year 1864, by numerous surrounding legitimate and illegitimate plants. It yielded
an average, from ten capsules, of 83 5 seeds, with a maximum
of 110 and a minimum of 64, thus attaining 64 per cent, of the
normal fertility. During the highly favourable year 1866, it

fertilised,

•

freely and legitimately fertilised by illegitimate plants
belonging to the j^resent Class and to Class V., and yielded
an average, from eight capsules, of 86 seeds, with a maximum
of 109 and a minimum of 61, and thus attained 66 per cent,
of the normal fertility. This was the plant with some of the
anthers of the longest stamens contabescent as above mentioned.
Plant 27. This mid-styled plant, fertilised during 1864 in the

was

same manner as the

last,

yielded an average, from ten capsules,

maximum

of 122 and a minimmn of 53,
thus attaining to 76 per cent, of the normal fertility. If the
season had been more favoui-able, its fertility would probably
have been somewhat greater, but, judging from the last experiment, only in a slight degree.
Plant 28. This mid-styled plant, when legitimately fertilised
during the favourable season of 1866, in the manner described
under No. 26, yielded an average, from eight capsules, of 89
seeds, with a maximmn of 119 and a minimum of 69, thus producing 68 per cent, of the full number of seeds. In the pollen
of both sets of anthers, nearly as many grains were small and
shrivelled as sound.

of 99 4 seeds, with a
•

202
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Plant 29. This long-styled plant was legitimately fertilised
during the unfavourable season of 1864, in the manner described
under No. 26, and yielded an average, from ten capsules, of
84 6 seeds, with a maximum of 132 and a minimum of 47, thus
attaining to 91 per cent, of the normal fertility. During the
highly favourable season of 1866, when fertilised in the manner
described under No. 26, it yielded an average, from nine capsules (one poor capsule having been excluded), of 100 seeds,
with a maximmn of 121 and a minimum of 77. This plant thus
exceeded the normal standard, and jDroduced 107 per cent, of
seeds.
In both sets of anthers there were a good many bad and
shrivelled pollen-grains, but not so many as in the last-described
•

'

plant.

Plant 30. This long-styled plant was legitimately fertilised
dm-iug 1866 in the manner described under No. 26, and yielded
an average, from eight capsules, of 94 seeds, with a maximum
of 106 and a minimum of 66 so that it exceeded the normal
;

standard, yielding 101 per cent, of seeds.
Plant 31. Some flowers on this long-styled plant were arti-

and legitimately fertilised by one of its brother illegitimate mid-styled plants and five capsules yielded an average of
90*6 seeds, with a maximum of 97 and a minimum of 79.
Hence, as far as can be judged from so few capsules, this plant
attained, under these favoui-able cii'cumstances, 98 per cent, of
the normal standard.

ficially

;

Class YII.

Illegitimate Plants raised

Parents fertilised

ivith pollen

from

from Mid-styled

the longest stamens

of the short-styled form.
It was shown in the last chapter that the union from
which these illegitimate plants were raised is far more
fertile than any other illegitimate union for the midstyled parent, when thus fertilised, yielded an average
(all very poor capsules being excluded) of 102-8 seeds,
with a maximum of 130 and the seedlings in the
present class likewise have their fertility not at all
lessened. Forty plants were raised and these attained
their full height and were covered with seed-capsules.
;

;

;
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any contabescent anthers.

I observe
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It de-

serves, also, particular notice that these plants, differ-

ently from what occurred in any of the previous classes,
consisted of all three forms, namely, eighteen shortlong-styled,

fourteen

styled,

As

plants.

and eight

mid-styled

these plants were so fertile, I counted the

seeds only in the two following cases.
This mid-styled plant was freely and legitimately
during the unfavourable year of 1864, by numerous
Eight capsurrounding legitimate and illegitimate plants.
sules yielded an average of 127 2 seeds, with a maximum of 144
and a minimum of 96 so that this plant attained 98 per cent,
of the normal standard.
Plant 33. This short-styled plant was fertilised in the same
manner and at the same time with the last and ten capsules
yielded an average of 113 '9, with a maximum of 137 and a
minimum of 90. Hence tliis plant produced no less than 137
per cent, of seeds in comparison with the normal standard.

Plant

32.

fertilised

•

;

;

Concluding Remarks on the Blegitimate Offspring of the
three forms of Lijthrtim salicaria.

From

the three forms occurring in approximately

equal numbers in a state of nature, and from the results of

sowing seed naturally produced, there

to believe that each form,

reproduces

when legitimately

that

reason

three forms in about equal numbers.

all

Now, we have seen (and the
one)

is

fertilised,

the

fifty-six

fact is a very singular

produced from the

j)lants

long-styled form, illegitimately fertilised with pollen

from the same form (Class

The

I.

and

II.),

were

all

long-

when

self-fertilised

(Class III.), produced eight short-styled

and one long-

styled.

short-styled form,

styled plant; and the mid-styled form, similarly treated

and one longtwo forms, when ille-

(Class lY.), produced three mid-styled

styled offspring

;

so that these
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gitimately fertilised with pollen from the same form,

evince a strong, but not exclusive, tendency to repro-

duce the parent-form. When the short-styled form
was illegitimately fertilised by the long-styled form
(Class v.), and again when the mid-styled was illegitimately fertilised by the long-styled (Class VI.), in
each case the two parent-forms alone were reproduced.
As thirty-seven plants were raised from these two
unions, we may, with much confidence, believe that it
is

the rule that plants thus derived usually consist of

both parent-forms, but not of the third form. When,
however, the mid-styled form was illegitimately fertilised by the longest stamens of the short-styled
(Class VII.), the same rule did not hold good for the
;

seedlings consisted of all three forms.

mate union from which these
raised

is,

The

illegiti-

latter seedlings

as previously stated, singularly fertile,

were

and

the seedlings themselves exhibited no signs of sterility

and grew

to their full height.

From

the consideration

and from analogous ones

to be
given under Oxalis, it seems probable that in a state
of nature the pistil of each form usually receives,
through the agency of insects, pollen from the stamens

of these several facts,

of corresponding height from both the other forms.

But the

case last given shows that the application of
two kinds of pollen* is not indispensable for the production of all three forms. Hildebrand has suggested
that the cause of all three forms being regularly and
naturally reproduced, may be that some of the flowers
are fertilised with one kind of pollen, and others
on the same plant with the other kind of pollen.

Finally, of the three forms, the long-styled evinces

somewhat the strongest tendency

to reappear

amongst

the offspring, whether both, or one, or neither of the
parents are long-styled.

—

—
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Table
Tabulated results of the

when

30.

fertility of

the foregoing illegitimate

by illegitimate
under each experiment. Plants 11, 12
and 13 are excluded, as they were illegitimately fertilised.

plants,

legitimately fertilised, generally

plants, as described

Xormal Standard of

Fertility of the three forms,

when

legitiraritehj

and naturally fertilised..
Maximum

Average

Number

of
Seeds per
Capsule.

Form.

Long-styled
Mid-stvled

....
....

93

159
151

83-5

L and

Illegitimate

II.

Parents fertilised

luith

Minimum Number

in

any one

in

any

one Capsule.

Capsule.

130

•Short-styled

Class

Number

'

No

record was kept, as
very poor capsules

all

•

were rejected.

112

Plants raised from Long-styled
from ovniforra mid-length or

polltii

shortest stamens.
Average NumAverage

Number

Plant

1

„
M
„
„
„
„
„
.

4

.

.

.

.

.

.

0 or
0

.

7

.

.

.

.

5>

.

.

?»

.

.

10

,

.

in

any one

Capsule.

Capsule.

?

0
0

?

;

86
69

I
0
0
22
11
23
25

from own-form mid-length

Short-styled

.
j

.

•
i

.

.

Number

any one

1

36-1
41-1
57-1
44-2

in

ber of Seeds,
expressed as
the percentage
of the Normal
Standard.

0
5
5
5

0 or
0
39

1

44
61
47

Illegitimate Plants raised from Short-styled Parents

III.

fertilised with pollen

Plant 14
„ 15
16
„
17
,,

^laximum Minimum

Number

0

0

4-5
4-5
4-5

.

.

of

Seeds per
Capsule.

Long-styled

.

.

5
6
8
9

Class

Form.

of Plant.

2
3

Number

Long-styled

.
j

28
32
77
76

3
6
8
3

51

11

49

20
60
57

97
88

stamens.

33
38
94
82

—

—

.
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continued.

Jlhgitimate Plants raised from Mid-styled Parents

fertilised with pollen from

own-form

longest stamens.

Average Num-

Average

Number of

Plant 18
19
»
20
„

Class Y.

Plant.

.

.

.

.

.

.

Number

Form.

any one

any one

Capsule.

Capsule.

102-6
73-4
69-6

131
87
83

Long-styled

—Illegitimate

Maximum Minimum
Number in Number in

Seeds per
Capsule.

Mid-styled.

fertilised ivith pollen

of

63
64
52

ber of Seeds,
expressed as
theperceniaee
of the Normal
Standard.

80
56
75

Plants raised from Short-styled Parents
the mid-length stamens of the long-

from

styled form.

Plant 21
„
„

„
„

22
23
24
25

.

.

.

.

.

.

.

.

.

.

Class \1.

Short-styled

?>

43-0
100-5
113-5
82-0-

Long-styled

122-5

)>

— Illegitimate

fertilised with pollen

63
123
123
120
149

26
86
93
67
84

52
121
136
88
131

Plants raised from Mid-styled Parents
the shortest stamens of the long-

from

sfyled form.

Plant 26
» 27

„
„
„
„

28
29
30
31

.

.

.

.

.

.

.

.

.

?>

.

.

?j

Class YII.

86-0
99-4

Mid-styled

.

n

100-0
94-0

109
122
119
121
106

90- 6

97

89- 0

Long-styled

— Illegitimate Plants

fertilised with p)ollen

from

raised

61
53
69
77

66
79

66
76
68
107
101
98

from Mid-styled Parents

the longest

stamens of the short-

styled form.

Plant 32
33
„

.

.

.

.

Mid-styled.
Short-styled

127-2
113-9

144
137

96
90

98
137
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The lessened
plants

is

in

nomenon.

fertility of

many

most of these illegitimate

respects a highly remarkable phe-

Thirty-three plants in the seven classes

were subjected to various

Some

trials,

and the seeds care-

them were artificially fertilised, but the far greater number were freely fertilised
(and this is the better and natural plan) through the
agency of insects, by other illegitimate plants. In the
fully counted.

of

right-hand, or percentage column, in the preceding
table, a

in the

wide difference in

first

four

and the

fertility

between the plants
may be per-

last three classes

In the first four classes the plants are deceived.
scended from the three forms illegitimately fertilised
with pollen taken from the same form, but only
rarely from the same plant. It is necessary to observe
for, as I have elsewhere
this latter circumstance
shown,* most plants, when fertilised with their own
polleuj or that from the same plant, are in some
degree sterile, and the seedlings raised from such
unions are likewise in some degree sterile, dwarfed,
and feeble. None of the nineteen illegitimate plants
in the first four classes were completely fertile one,
however, was nearly so, yielding 96 per cent, of the
proper number of seeds. From this high degree of
fertility w^e have many descending gradations, till we
reach an absolute zero, when the plants, though bearing many flowers, did not produce, during successive
years, a single seed or even seed-capsule. Some of the
most sterile plants did not even yield a single seed
when legitimately fertilised with pollen from legitimate plants. There is good reason to believe that the
first seven plants in Class I. and II. were the offspring
;

;

* 'The Effects of Cross

Kingdom,* 1876.

and

Self-fertilisation

in

the Vegetable
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of a long-stvled plant fertilised with pollen from its
own-form shortest stamens, and these plants were the
most sterile of all. The remaining plants in Class I.
and II. were almost certainly the product of pollen
from the mid-length stamens, and although yery steXone of the
rile, they were less so than the first set.
plants in the first four classes attained their full and
proper stature the first seven, which were the most
sterile of all (as already stated), were by far the most
;

them never reaching to half their
These same plants did not flower at so

dwarfed, several of

proper height.

early an age, or at so early a period in the season, as

they ought to have done. The anthers in many of
their flowers, and in the flowers of some other plants
in the first six classes, were either contabescent or included numerous small and shrivelled pollen-grains.
suspicion at one time occurred to me that the
lessened fertility of the illegitimate plants might be

As the

due to the pollen alone having been affected, I may
remark that this certainly was not the case for several
of them, when fertilised by sound pollen from legitimate plants, did not yield the full complement of
seeds hence it is certain that both the female and
male reproductive organs were affected. In each of
the seven classes, the plants, though descended from
the same parents, sown at the same time and in the
same soil, differed much in their average degree of
;

;

fertility.

Turning now to the fifth, sixth, and seventh classes,
and looking to the right-hand column of the table, we

many plants with a percentage of seeds
above the normal standard as beneath i^. As with
most plants the number of seeds produced varies much,
it might be thought that the present case was one
merely of variability. But this view must be rejected,
find nearly as
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as far as the less fertile plants in these three classes

are concerned

:

first,

because none of the plants in

Class V. attained their proper height, which shows
that they were in some manner affected and, secondly,
;

because

many

of the plants in Classes V.

and YI. pro-

duced anthers which were either contabescent or inAnd as in
cluded small and shrivelled pollen-grains.
these cases the male organs were manifestly deteriorated, it is by far the most probable conclusion that
the female organs were in some cases likewise affected,
and that this was the cause of the reduced number of
seeds.

With

respect to the six plants in these three classes

which yielded a very high percentage of seeds, the
thought naturally arises that the normal standard of
fertility for the long-styled and short-styled forms
(with which alone we are here concerned) may have
been fixed too low, and that the six illegitimate plants
The standard for the longare merely fully fertile.
styled form was deduced by counting the seeds in
twenty-three capsules, and for the short-styled form
from twenty-five capsules. I do not pretend that this
is

number

a sufficient

racy

very

;

but

my

of capsules for absolute accu-

experience has led

fair result

may

me

thus be gained.

maximum number observed

to believe that a

As, however, the

in the twenty-five capsules

of the short-styled form was low, the standard in this

case

may

But

possibly be not quite high enough.

it

should be observed, in the case of the illegitimate
plants, that in order to avoid over-estimating their infertility,

ten very fine capsules were always selected

;

and the years 1865 and 186G, during which the plants
in the three latter classes were experimented on, were

highly favourable for seed-production.

Now,
p

if

this

;
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plan of selecting very fine capsules during favourable
seasons had been followed for obtaining the normal
standards, instead of taking, during various seasons,

the

first

came

capsules which

to hand, the standards

been considerably higher
and thus the fact of the six foregoing plants appearing
to yield an unnaturally high percentage of seeds may,
perhaps, be explained. On this view, these plants are,
in fact, merely fully fertile, and not fertile to an abnormal degree.
Xevertheless, as characters of all
kinds are liable to variation, especially with organisms
unnaturally treated, and as in the four first and more
sterile classes, the plants derived from the same parents and treated in the same manner, certainly did
vary much in sterility, it is possible that certain plants
\\

ould undoubtedly have

and more fertile classes may have varied
have acquired an abnormal degree of fertility.
should be noticed that, if my standards err in

in the latter
so as to

But

it

being too low, the

sterility

of all the

by so much the higher.

Finally,

we

see that the ille-

classes are all

first

alone almost completely fertile
classes,

sterile

more or
some being absolutely barren, with one

gitimate plants in the four
less sterile,

many

have to be estimated

l)lants in the several classes will

some

of the

plants

;

are

in the three latter

moderately

sterile,

whilst others are fully fertile, or possibly fertile in
excess.

The

which need here be noticed is that,
means of comparison serve, some degree

last point

as far as the

of relationship generally exists

between the

infertility

of the illegitimate union of the several parent-forms

Thus the
and that of their illegitimate offspring.
two illegitimate unions, from which the plants in
Classes YI. and YII. were derived, yielded a fair
amount of seed, and only a few of these plants are in

Chap. Y.
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any degree sterile. On the other hand, the illegitimate unions between plants of the same form always
yield very few seeds, and their seedlings are very
sterile.

Long -

parent-plants

styled

when

fertilised

with pollen from their own-form shortest stamens, appear to be rather more sterile than when fertilised witli
their own-form mid-length stamens and the seedlings
from the former union were much more sterile than
those from the latter union.
In opposition to this re;

lationship, short-styled plants illegitimately fertilised

with pollen from the mid-length stamens of the longstyled form (Class V.) are very sterile whereas some
of the offspring raised from this union were far from
;

being highly

sterile.

It

may

be added that there

is

a

tolerably close parallelism in all the classes between

the degree of sterility of the plants and their dwarfed
stature.

As previously

fertilised

with pollen from a legitimate plant has

fertility slightly

stated,

increased.

an illegitimate plant

The importance

its

of the

several foregoing conclusions will be apparent at the

when the illegitimate unions between the forms of the same species and their illegitimate offspring, are compared with the hybrid unions
of distinct species and their hybrid offspring.
close of this chapter,

OXALIS.

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

this fact, as

*

'

Bot. Zeitung,' 1871, p. 433, footnote.

P 2

;
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for the seeds in this latter case

are often incapable of germination.

The following observations

relate to the nature of the

forms

which appear among the legitimate seedlings of Oxalis Valdiviana.
Hildebrand raised, as described in the paper just referred to,
211 seedlings from all six legitimate unions, and the three forms
appeared among the offspring from each union. For instance,
long-styled plants were legitimately fertilised with pollen from
the longest stamens of the mid-styled form, and the seedlings
consisted of 15 long-styled, 18 mid-styled, and 6 short-styled.
We here see that a few short-styled plants were produced, though
neither parent was short-styled and so it was with the other
legitimate unions. Out of the above 211 seedlings, 173 belonged
to the same two forms as their parents, and only 38 belonged
to the third form distinct from either parent.
In the case of
0. RegneUi, the result, as observed by Hildebrand, was nearly
the same, but more striking all the offspring from four of the
legitimate unions consisted of the two parent-forms, whilst
amongst the seedlings from the other two legitimate unions the
third form appeared.
Thus, of the 43 seedlings from the six
legitimate unions, 35 belonged to the same two forms as their
parents, and only 8 to the third form. Fritz MiiUer also raised
in Brazil seedlings from long-styled plants of 0. RegnelU legitimately fertilised with pollen from the longest stamens of the
mid-styled form, and all these belonged to the two parentforms.* Lastly, seedlings were raised by me from long-styled
plants of 0. speciosa legitimately fertilised by the short-styled
form, and from the latter reciprocally fertilised by the longstyled; and these consisted of 33 long-styled and 26 shortstyled jDlants, with not one mid-styled form.
There can, therefore, be no doubt that the legitimate offspring from any two
forms of Oxalis tend to belong to the same two forms as their
parents but that a few seedlings belonging to the third form
occasionally make their api^earance
and this latter fact, as
Hildebrand remarks, may be attributed to atavism, as some of
their progenitors will almost certainly have belonged to the
;

:

;

;

third form.

When, however, any one form

*

'

Jenaische Zeitschrift,' &c.

of Oxalis is fertilised illegiti-

Band

vi.

1871, p. 75.

;
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mately with pollen from the same form, the seedlings appear to
belong invariably to this form. Thus Hildebrand states * that
long- styled plants of 0. rosea growing by themselves have been
propagated in Germany year after year by seed, and have always
produced long-styled plants. Again, 17 seedlings were raised
from mid-styled plants of 0. hedysaroides growing by themselves,
and these were all mid-styled. So that the forms of Oxalis,
when illegitimately fertilised wth their own pollen, behave like
the long-styled form of Lythrum salicaria, which when thus fertilised always produced with me long-styled offspring.

Primula.

Primula Sinensis.
I raised during

February 1862, from some long-

styled plants illegitimately fertilised with pollen from

the same form, twenty-seven seedlings.
all

They proved

long-styled.

These were
or even

fully fertile

for ten flowers, fertilised with pollen
from other plants of the same lot, yielded nine capsules, containing on an average 39 75 seeds, with a
maximum in one capsule of 66 seeds. Four other
flowers legitimately crossed with pollen from a legitimate plant, and four flowers on the latter crossed with
fertile in excess

;

•

pollen from the illegitimate seedlings, yielded seven
capsules with an average of 53 seeds, with a

must here

maximum

difiiculty

have found some
in estimating the normal standard of fer-

tility for

the several unions of this species, as the

of 72.

results

I

difl'er

state that I

much during

successive

the seeds vary so greatly in size that

*

'Ueber den Trimorphismus

in der Gattung Oxalis: Monatsberichte der Akad. der Wissen.

it

years,
is

and

hard to

zu Berlin,' 21st June 1866,

and 'Bot. Zeitung,' 1871,

p.

373

p. 435.,
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In order

to avoid over-estimating the infertility of the several

illegitimate imions, I have taken the normal standard
as low as possible.

From

the foregoing twenty-seven illegitimate plants,

fertilised

with their own-form pollen, twenty-five seed-

and these were all
from the two illegitimate generations fifty-two plants w^ere raised, and all without
exception proved long-styled.
These grandchildren
grew vigorously, and soon exceeded in height two
ling grandchildren were raised

long-styled

;

;

so that

other lots of illegitimate seedlings of different parent-

age and one

lot of equal-styled seedlings presently to

Hence I expected that they would have
turned out highly ornamental plants but when they
flowered, they seemed, as my gardener remarked, to
have gone back to the wild state for the petals were
be described.

;

;

pale-coloured, narrow, sometimes
other,

not touching each

generally deeply notched in the middle,

flat,

but not flexuous on the margin, and with the yellow
eye or centre conspicuous. Altogether these flowers
were strikingly difl'erent from those of their pro-

and this, I think, can only be accounted
on the principle of reversion. Most of the anthers
on one plant were contabescent. Seventeen flowers
on the grandchildren were illegitimately fertilised
with pollen taken from other seedlings of the same
lot, and produced fourteen capsules, containing on an
but they ought to have conaverage 29 2 seeds
tained about 35 seeds. Fifteen flowers legitimately
fertilised with pollen from an illegitimate short-styled
genitors

;

for

•

;

plant (belonging to the lot next to be described) pro-

duced fourteen capsules, containing an average of 46
seeds they ought to have contained at least 50 seeds.
;

Hence these grandchildren

of illegitimate descent ap-
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though only in a very slight degree,

their full fertility.

We

will

now turn

form from a
own-form pollen,

to the short-styled

plant of this kind, fertilised with

its

:

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

of which were short-styled

;

;

;

;

;

crossed.
I succeeded in raising

from the above seven short-

styled illegitimate plants, fertilised with their own-

form pollen, only six plants
first

union.

stature,

—grandchildren

of the

These, like their parents, were of low

and had

so poor a constitution that four died

With

before flowering.

a rare event with

me

die out of a large

to

lot.

ordinary plants it has been
have more than a single plant
The two grandchildren which
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and twelve of

their flowers were fertilised with their own-form pollen

and j^roduced twelve capsules containing an average
so that these two plants, though belonging to so weakly a set, were rather more fertile
than their parents, and perhaps not in any degree
sterile.
Four flowers on the same two grandchildren
were legitimately fertilised by a long-styled illegitimate plant, and produced four capsules, containing
only 32-2 seeds instead of about 6-i seeds, which is
the normal average for legitimate short-styled plants
of 28 2 seeds
•

;

legitimately crossed.

By

looking back, it will be seen that I raised at
from a short-styled plant fertilised with its ownform pollen one long-styled and seven short-styled
illegitimate seedlings.
These seedlings were legitimately intercrossed, and from their seed fifteen plants
were raised, grandchildren of the first illegitimate
union, and to m}^ surprise all proved short-styled.
Twelve short-styled flowers borne by these grandchildren were illegitimately fertilised with pollen
taken from other plants of the same lot, and produced
eight capsules which contained an average of 21*8
These figures are
seeds, with a maximum of 35.
rather below the normal standard for such a union.
Six flowers were also legitimately fertilised with pollen
from an illegitimate long-styled plant and produced
only three capsules, containing on an average 23*6
first

seeds, with a

maximum

of 35.

Such a union in the

case of a legitimate plant ought to have yielded an

average of 64 seeds, with a possible

maximum

of

73

seeds.

Summary
and

on the Transmission of Form, Constitution,

Fertility of the Illegitimate Offspring of

Sinensis.

—In

Primula

regard to the long-styled plants, their
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which
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fifty-two were raised in

the course of two generations, were

all long-styled.*

These plants grew vigorously but the flowers in one
instance were small, appearing as if they had reverted
In the first illegitimate generation
to the wild state.
they were perfectly fertile, and in the second their
With
fertility was only very slightly impaired.
;

respect to the short-styled plants, twenty-four out of

twenty-five of their illegitimate offspring were short-

They were dwarfed

styled.

in stature,

and one

lot of

grandchildren had so poor a constitution that four out
of six plants perished before flowering.

when

vivors,

The two

sur-

illegitimately fertilised with their own-

than they ought
was clearly
shown in a special and unexpected manner, namely,

form pollen, were rather
to have been
but their

less fertile

loss of fertility

;

when legitimately
plants

:

fertilised

by other

illegitimate

thus altogether eighteen flowers were fertilised

in this manner,

included on

maximum

an

of 45.

and yielded twelve capsules, which
average only 28*5 seeds, with a

Now

a legitimate short-styled plant

would have yielded, when legitimately fertilised, an
average of 64 seeds, with a possible maximum of 74.
This particular kind of infertility will perhaps be best
appreciated by a simile
we may assume that with
mankind six children would be born on an average from
an ordinary marriage but that only three would be
born from an incestuous marriage. According to the
analogy of Primula Sinensis, the children of such
:

;

* Dr. Hildebrand, who first
called attention to this subject
(' Bot. Zeitung.' 18G4, p. 5), raised
from a similar illegitimate union
seventeen plants, of which fourteen were long-styled and three

short-styled. From a short-styled
plant illegitimately fertilised with
its own pollen he raised fourteen
plants, of which eleven were shortstyled and three long-styled.
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if they continued to marry inhave their sterility only slightly
increased but their fertility would not be restored by
a proper marriage
for if two children, both of incestuous origin, but in no degree related to each
other, were to marry, the marriage would of course be
strictly legitimate, nevertheless they would not give
birth to more than half the full and proper number

incestuous marriages,
eestuously, would
;

;

of children.

—

Equal-styled variety of Primula Sinensis. As any variation in
the structure of the reproductive organs, combined with changed
function, is a rare event, the following cases are worth giving
in detail. My attention was tirst called to the subject by observing, in 1862, a long-styled plant, descended from a selffertilised long-styled jDarent,

which had some of

its

flowers in

an

namely, with the stamens placed low down in
the corolla as in the ordinary long-styled form, but with the
pistils so short that the stigmas stood on a level with the anthers.
These stigmas were nearly as globular and as smooth as in the
short-styled form, instead of being elongated and rough as in
the long-styled form. Here, then, we have combined in the
same flower, the short stamens of the long-styled form with a
But
IDistil closely resembling that of the short-styled form.
the structure varied much even on the same umbel for in two
flowers the pistil was intermediate in length between that of
the long and that of the short-styled form, with the stigma
elongated as in the former, and smooth as in the latter and in

anomalous

state,

:

;

three other flowers the structm-e was in

all resjDects like

that of

These mochfications ajDpeared to me so
remarkable that I fertilised eight of the flowers with their own
pollen, and obtained five capsules, which contained on an average 43 seeds; and this number shows that the flowers had
become abnormally fertile in comparison with those of ordinary
long-styled plants when self-fertilised. I was thus led to examine the plants in several small collections, and the result
the long-styled form.

showed that the equal-styled variety was not

rare.

In a state of nature the long-and short-styled forms would no
doubt occur in nearly equal numbers, as I infer from the analogy
of the other heterostyled species of Primula, and fi-om having
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Table
Primula
Name

of

Owner

or Place.

Mr. Duck

31.

Sinensis.

Long- styled

Short-styled

Kqiial-stylf-d

Form.

Form

Variety.

0
20
30

16

0
0
18
9
12
0

1

5

13

7

17
9
15
2
0
0
0
0

134

51

43

12

42

My own plants from purchased seeds
Total

raised the two forms of

number from

tlie

present species in exactly the same

which had been

flowers
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legit imatehj

The

crossed.

preponderance in the above table of the long-styled form over
the short-styled (in the proportion of 134 to 51) results from gardeners generally collecting seed from self-fertilised flowers and
the long-styled flowers produce spontaneously much more seed
(as shown in the first chapter) than the short-styled, o-^ing to the
anthers of the long-styled form being placed low down in the
corolla, so that, when the flowers fall off", the anthers are dragged
over the stigma and we now also know that long-styled plants,
when self-fertilised, very generally reproduce long-styled offspring.
From the consideration of this table, it occurred to
me in the year 1862, that ahnost all the plants of the Chinese
primrose cultivated in England would sooner or later become
long-styled or equal-styled; and now, at the close of 1876, I
have had five small collections of plants examined, and almost
all consisted of long-styled, with some more or less well-characterised equal-styled plants, but with not one short-styled.
With respect to the equal-styled plants in the table, Mr. Horwood raised from purchased seeds four plants, which he remembered were certainly not long-styled, but either short-or
equal-styled, probably the latter.
These four plants were kept
separate and allowed to fertilise themselves from their seed the
seventeen plants in the table were raised, all of which proved
equal-styled. The stamens stood low down in the corolla as in
the long-styled form and the stigmas, which were globular and
;

;

;

;
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smooth, were either completely surrounded by the anthers, or
stood close above them. My son William made drawings for
me, by the aid of the camera, of the pollen of one of the above
equal-styled plants and, in accordance with the position of the
stamens, the gi-ains resembled in their small size those of the
long-styled form. He also examined pollen from two equal- styled
plants at Southampton and in both of them the grains differed extremely in size in the same anthers, a large number
being small and skrivelled, whilst many were fully as large as
;

;

those of the short-styled form and rather more globular. It is
probable that the large size of these grains was due, not to their

having assumed the character of the short- styled form, but to
monstrosity; for Max Wichura has observed pollen-grains of
monstrous size in certain hybrids. The vast number of the
small shrivelled grains in the above two cases explains the fact
that, though equal-styled plants are generally fertile in a high
degree, yet some of them yield few seeds. I may add that my
son compared, in 1875, the grains from two white-flowered
plants, in both of which the pistil projected above the anthers,
but neither were properly long-styled or equal-styled and in
the one in which the stigma projected most, the grains were
in diameter to those in the other plant, in which the stigma projected less, as 100 to 88; whereas the difference between the
grains from perfectly characterised long-styled and short-styled
plants is as 100 to 57. So that these two plants were in an
;

To return

intermediate condition.
line of Table 31

:

to the 17 plants in the first

from the relative position of their stigmas and

anthers, they could hardly

fail to

fertilise

themselves

;

and

ac-

cordingly four of them spontaneously yielded no less than 180
capsules of these Mr. Horwood selected eight fine capsules for
;

sowing

and they included on an average 54 8
•

;

maximum

of 72.

He gave me

seeds,

with a

thirty other capsules, taken

by hazard, of which twenty-seven contained good seeds, averaging 35 '5, with a maximimi of 70; but if six poor capsules, each with less than 13 seeds, be excluded, the average
rises to 42 "5. These are higher numbers than could be expected from either well-characterised form if self-fertilised and
this high degree of fertility accords with the view that the
male organs belonged to one form, and the female organs parso that a self-union in the case of the
tially to the other form
;

;

equal-styled variety

is

in fact a legitimate union.

The seed saved from the above seventeen

self-fertihsed equal-

;
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styled plants produced sixteen plants, which all proved equal-

and resembled their parents in all the above-specified
The stamens, however, in one plant were seated higher
up the tube of the corolla than in the true long-styled form
in another plant almost all the anthers were contabescent. These
sixteen plants were the grandchildi-en of the four original plants,
which it is believed were equal-styled so that this abnormal
condition was faithfully transmitted, probably through three,
and certainly through two generations. The fertility of one of
these grandchildren was carefully observed: six flowers were
fertilised with pollen from the same flower, and produced six
capsules, containing on an average 68 seeds, with a maximum
Thirteen capsules spontaneously
of 82, and a minimimi of 40.
self-fertilised yielded an average of 53 2 seeds, with the astonishing maximum in one of 97 seeds. In no legitimate union has
so high an average as 68 seeds been observed by me, or nearly
These plants, therefore, not
so high a maximum as 82 and 97.
only have lost their proper heterostyled structure and peculiar
functional powers, but have acquired an abnormal grade of fer-

styled,

respects.

;

•

tility

—unless, indeed,

may

their high fertility

be accounted for

by the stigmas receiving pollen from the circumjacent anthers
at exactly the most favourable period.
With respect to Mr. Duck's lot in Table 31, seed was saved
from a single plant, of which the form was not observed,
and this produced nine equal-styled and twenty long-styled

The equal-styled resembled in all respects those previously described; and eight of their capsules spontaneously

plants.

on an average 44 '4 seeds, with a
and a minimum of 23. In regard to the
twenty long-styled plants, the pistil in some of the flowers did

self-fertilised

maximum

contained

of 61

not project quite so high as in ordinary long-styled flowers;
and the stigmas, though properly elongated, were smooth so
that we have here a slight approach in structure to the pistil of
the short-styled form. Some of these long-styled plants also
approached the equal-styled in function for one of them produced no less than fifteen spontaneously self-fertilised capsules,
;

;

and

on an average, 31 "7 seeds, with
This average would be rather low for a
long-styled plant artificially fertilised with its own pollen, but
is high for one spontaneously self-fertilised.
For instance,
thirty-four capsules produced by the illegitimate grandchildren
of a long- styled plant, spontaneously self-fertilised, contained
a

of these eight contained,

maximum

of 61.
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maximum
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Some

of 46.

seeds indiscriminately saved from the foregoing twenty-nine
equal-styled and long-styled plants produced sixteen seedlings,

grandchildren of the original plant belonging to Mr.
these consisted of fourteen equal-styled

and two

Duck

;

and

long-stj^led

and I mention this fact as an additional instance of the
transmission of the equal-styled variety.
The third lot in the table, namely the Baston plants, are the
plants

;

which need be mentioned. The long-and short-styled plants,
and the fifteen equal-styled plants, were descended from two
distinct stocks.
The latter were derived from a single plant,
which the gardener is positive was not long-styled hence, probably, it was equal-styled. In all these fifteen plants the anthers,
occupying the same position as in the long-styled form, closely
surrounded the stigma, which in one instance alone was slightly

last

;

elongated.

Notwithstanding

tliis

position of the stigma, the

me, did not yield many seeds
and this difference from the foregoing cases may perhajDS have
been caused by the pollen being bad, as in some of the Southflowers, as the gardener assured

ampton equal-styled

j)lants.

Conclusions icith respect

P. Sinensis.

;

—That

to the equal-styled

this is a variation,

variety of

and not a third or
Lythrum and

distinct form, as in the trimorphic genera
Oxalis, is clear

;

for

we have seen

its

first

appearance

in one out of a lot of illegitimate long-styled plants

;

and in the case of Mr. Duck's seedlings, long-styled
plants, only slightly deviating from the normal state,
as well as equal-styled plants were

produced from the

same self-fertilised parent. The position of the stamens in their proper place low do™ in the tube of the
corolla, together

with the small size of the pollen-

grains, show, firstly, that the equal-styled variety

is

a

modification of the long-styled form, and, secondly, that

the pistil

is

the part which has varied most, as indeed

was obvious in

many

of the plants.

of frequent occurrence,
it

has once appeared.

and
It

is

This variation

strongly inherited

is

when

would, however, have pos-
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had consisted of a mere

but this is accompanied by modified fertility.
Its occurrence apparently stands in
close relation with the illegitimate birth of the parent
plant
but to this whole subject I shall hereafter

change of structure

;

;

recur.

Primula auricula.
Although I made no experiments on the illegitimate offspring
First, because
it for two reasons
I have observed two equal-styled plants in which the pistil
of this species, I refer to

:

—

resembled in all respects that of the long-styled form, whilst
the stamens had become elongated as in the short-styled form,
The
so that the stigma was almost surrounded by the anthers.
pollen-grains, however, of the elongated stamens resembled in
their small size those of the shorter stamens proper to the longstyled form. Hence these plants have become equal-styled by
the increased length of the stamens, instead of, as with P.
Sinensis, by the diminished length of the pistil.
'Mr. J. Scott
observed five other plants in the same state, and he shows * that
one of them, when self-fertilised, yielded more seed than an
ordinary long- or short-styled form would have done when
similarly fertilised, but that it was far inferior in fertility to
either form when legitimately crossed.
Hence it appears that
the male and female organs of this equal-styled variety have
been modified in some special manner, not only in structure,
but iu functional powers.
This, moreover, is shown by the
singular fact that both the long-styled and short-styled plants,
fertilised with pollen from the equal-styled variety, yield a
lower average of seed than when these two forms are fertilised
with theu' own pollen.
The second point wliich deserves notice is that florists always
throw away the long-styled jDlants, and save seed exclusively
from the short-styled form. Nevertheless, as Mr. Scott was
informed by a man who raises this species extensively in Scotland, about one-fourth of the seedlings appear long-styled so
that the short-styled form of the Auricula, when fertilised by
its own pollen, does not reproduce the same form in so large a
proportion as in the case of P. Siiiensis. ^Ye may further infer
;

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

been continued.

Primula
Mr. Scott says

*

that

it is

faels-osa.

not at

uncommon

all

styled plants of this heterostyled species.
size of the pollen-gi-ains, these plants

owe

to find eqnal-

Judging

fi'om the

their stmctui-e, as in

the case of P. auricula, to the abnormal elongation of the

stamens of the long-styled form. In accordance with this view,
they yield less seed when crossed with the long-styled form
than with the short-styled. But they differ in an anomalous
manner fi-om the equal-styled plants of P. auricula in being
extremely sterile with their own pollen.
PRIiirLA ELATIOR.
It was shown in the first chapter, on the authority of
Herr Breitenbach, that equal-styled flowers are occasionally
found on this species whilst gi'owing in a state of nature and
this is the only instcince of such an occui-rence known to me,
with the exception of some wild plants of the Oxlip— a hybrid
between P. veris and vulgaris which were equal-styled. Herr
Breitenbach's case is remarkable in another way; for equalstyled flowers were found in two instances on plants which bore
In every other
both long-styled and short-styled flowers.
instance these two forms and the equal-styled variety have been
produced by distinct plants.
;

—

PEIIMrLA YULGAEIS,

Brit. Fl.

Yar. acauUs of Linn, and P. acaulis of Jacq.

—

Yar. r libra. Mr. Scott statest that tliis variety, which
grew in the Botanic Garden in Edinburgh, was quite
sterile when fertilised with pollen from the common
primrose, as well as from a white variety of the same
*

'

Journal Proc. Liun. Soc'

t Ibid. p. 98.

viii.

(1864), p. 115.

;
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species, but that

some of the

plants,

when
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artificially

with their own pollen, yielded a moderate
supply of seed. He was so kind as to send me some
fertilised

of these self-fertilised seeds, from

which I raised the

plants immediately to be described.

I

may

premise

my

experiments on the seedlings,
made on a large scale, do not accord with those by
Mr. Scott on the parent-plant.
First, in regard to the transmission of form and
that the results of

colour.

The parent-plant was

From

rich purple colour.

plants were raised

;

long-styled,

and of a

the self-fertilised seed 23

of these 18 were purple of dif-

ferent shades, with 2 of

them a

little

streaked and

freckled

with yellow, thus showing a tendency to

reversion

;

and 5 were yellow, but generally with a

brighter orange centre than in the wild flower.

the plants were profuse flowerers.

All

All were long-

styled
but the pistil varied a good deal in length
even on the same plant, being rather shorter, or considerably longer, than in the normal long-styled form
;

and the stigmas likewise varied in shape. It is,
an equal-styled variety of the
primrose might be found on careful search
and I
therefore, probable that

;

have received two accounts of plants apparently in this
condition.
The stamens always occupied their proper
position low do^vn in the corolla
and the pollengrains were of the small size proper to the long-styled
form, but were mingled with many minute and
;

shrivelled grains.

The yellow-flowered and the purple-

flowered plants of this

first generation were fertilised
under a net with their own pollen, and the seed separately sown.
From the former, 22 plants were raised,
and all were yellow and long-styled. From the latter
or the purple-flowered plants, 24 long-styled plants
were raised, of which 17 were purple and 7 yellow.

Q

;
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we have an instance of reversion in
any cross, to the grand-

colour, without the possibility of

parents or more distant progenitors of the plants in

Altogether 23 plants in the

question.

and 46

first

generation

in the second generation were raised

;

and the

whole of these 69 illegitimate plants were long-styled
Eight purple-flowered and two yellow-flowered plants
of the first illegitimate generation were fertilised in
various ways with their own pollen and with that of
the common primrose and the seeds were separately
counted, but as I could detect no difference in fertility
between the purple and yellow varieties, the results
are run together in the following table.
(See next
!

;

page.)
If

we compare the

given in the

first

figures in this table with those

chapter, showing the normal fertility

of the common primrose, we shall see that the illegitimate purple- and yellow-flowered varieties are very
sterile.
For instance, 72 flowers were fertilised with
their own pollen and produced only 11 good capsules
but by the standard they ought to have produced 48
capsules and each of these ought to have contained
on an average 52*2 seeds, instead of only 11*5 seeds.
When these plants were illegitimately and legitimately fertilised with pollen from the common primrose, the average numbers were increased, but were far
from attaining the normal standards. So it was when
;

;

both forms of the common primrose were fertilised
with pollen from these illegitimate plants
and this
shows that their male as well as their female organs
were in a deteriorated condition. The sterility of these
plants was shown in another way, namely, by their not
producing any capsules when the access of all insects
(except such minute ones as Thrips) was prevented
;

for

under these circumstances the

common

long-styled

1
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Primula

Nature of Plant experimented on,
and kind of Union.

Purple- and yellow-flowered illegitimate long-styled plants, illegitimately fertilised with
from the same plant

pollen

Purple- and yellow-flowered illegi-)
timate long-styled plants, illegi-\
timately fertilised with pollen^
from the common long-styled
primrose
Or, if the ten poorest capsules,
including less than 15 seeds, be
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32.

vulgaris.

a 2

s s

72

11

11-5

72

39

31-4

72

29

40*6

26

18

36-4

26

16

41-2

20

14

15-4

_

rejected,

we

get

Purple- and yellow-flowered illegi
timate long-styled plants, legi
timately fertilised with pollen S
from the common short-styled

primrose
Or, if the two poorest capsules,
including less than 15 seeds, be
rejected, we get

The long-styled form of the common^
primrose, illegitimately fertilised
with pollen from the long-styled Sillegitimate purple- and yellowflowered plants
J
Or, if the three poorest capsules
he rejected, we get .
.
.
./
|

18-9

The short-styled form of the common
primrose, legitimately fertilised

with pollen from the long-styled
illegitimate purple- and yellow-

10

30-5

flowered plants

primrose produces a considerable number of capsules.

There can, therefore, be no doubt that the

fertility of

Q 2
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The

correlated with the colour of the flower

;

not
was to

loss is

and

it

made so many experiments.
As the parent-plant growing in Edinburgh was found
by Mr. Scott to be in a high degree sterile, it may
ascertain this point that I

have transmitted a similar tendency to its offspring,
independently of their illegitimate birth. I am, however, inclined to attribute some weight to the illegitimacy of their descent, both from the analogy of other
cases, and more especially from the fact that when the
plants were legitimately fertilised with pollen of the
common primrose they yielded an average, as may be
seen in the table, of only ^ more seeds than when
with the same pollen. Now we
eminently characteristic of the illegitimate offspring of Primula Sinensis that they yield but
few more seeds when legitimately fertilised than when
fertilised with their own-form pollen.

illegitimately fertilised

know

that

it is

Pkimula
Var.

officinalis of

veris, Brit. Fl.

Linn., P. officinalis of Jacq.

Seeds from the short-styled form of the cowslip
fertilised

with pollen from the same form germinate

from three successive sowings
only fourteen plants, which consisted of nine shortHence the shortstyled and five long-styled plants.

so badly that I raised

styled form of the cowslip,

when

self-fertilised,

does not

transmit the same form nearly so truly as does that

From

the long-styled form, always
own-form pollen, I raised in the
from their
first generation three long-styled plants,
seed 53 long-styled grandchildren, from their seed
4 long-styled great-grandchildren, from their seed
20 long-styled great-great-grandchildren, and lastly,

of P. Sinensis.
fertilised

with

its

—
—

—

—
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from their seed 8 long-styled and 2 short-styled greatIn this last generation
great-great-grandchildren.
short-styled plants appeared for the first time in the
course of the six generations, the parent long-styled
plant which was fertilised with pollen from another
plant of the same form being counted as the first
generation.
Their appearance may be attributed to

—

From two other long-styled plants, fertilised
with their own-form pollen, 72 plants were raised,

atavism.

which consisted of 68 long-styled and 4 short-styled.
So that altogether 162 plants were raised from illegitimately fertilised long-styled cowslips, and these
consisted of 156 long-styled and 6 short-styled plants.
We will now turn to the fertility and powers of
growth possessed by the illegitimate plants. From
a short-styled plant, fertilised with its own-form
pollen, one short-styled and two long-styled plants,
and from a long-styled plant similarly fertilised three
long-styled plants were at

first raised.

The

fertility

of these six illegitimate plants was carefully observed

;

but I must premise that I cannot give any satisfactory
standard of comparison as far as the number of the
seeds
of

is

many

concerned

;

for

though

I

counted the seeds

legitimate plants fertilised legitimately and

illegitimately, the

number varied

so greatly during

successive seasons that no one standard will serve well

unions made during different seasons.
Moreover the seeds in the same capsule frequently

for illegitimate

differ

so

to decide

much

in size

which ought

that

it

is

scarcely

to be counted

possible

good seed.
There remains as the best standard of comparison the
proportional number of fertilised flowers which produce capsules containing any seed.
First, for the one illegitimate short-styled plant.
In the course of three seasons 27 flowers were illegitias
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mately fertilised with pollen from the same plant, and
they yielded only a single capsule, which, however, contained a rather large number of seeds for a union of
this nature, namely, 23.
As a standard of comparison
I may state that during the same three seasons 44
flowers borne by legitimate short-styled plants were
self-fertilised, and yielded 26 capsules
so that the
fact of the 27 flowers on the illegitimate plant having
produced only one capsule proves how sterile it was.
To show that the conditions of life were favourable,
I will add that numerous plants of this and other
species of Primula all produced an abundance of
capsules whilst growing close by in the same soil with
the present and following plants. The sterility of the
above illegitimate short-styled plant depended on
both the male and female organs being in a deterioThis was manifestly the case with
rated condition.
the pollen for many of the anthers were shrivelled
;

;

Nevertheless some of the anthers

or contabescent.

contained pollen, with which I succeeded in fertilising

some flowers on the illegitimate long-styled plants
immediately to be described. Four flowers on this
same short-styled plant were likewise legitimately fertilised with pollen from one of the following longbut only one capsule was produced,
styled plants
and this is a very low number
containing 26 seeds
;

;

for a legitimate union.

With

respect to the five

plants of the
self-fertilised

their
years.

fertility

These

first

long-styled

and long-styled parents,
was observed during the same three

short-styled

five plants,

when

self-fertilised, differed

in their degree of
was the case with the illegitimate long-

considerably from one
fertility, as

illegitimate

generation, derived from the above

styled plants of

Lythrum

another

salicaria

;

and

their fertility

;
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premise,

as a standard of comparison, that during the

same

years 56 flowers on legitimate long-styled plants of

the same age and grown in the same
that

soil,

were

fer-

with their own pollen, and yielded 27 capsules

tilised
is,

On

48 per cent.

one of the

long-styled plants 36 flowers were

five illegitimate

self-fertilised

in

the course of the three years, but they did not produce

Many

a single capsule.

were

contahescent

;

on this plant
seemed to contain

of the anthers

but

some

sound pollen,
^or were the female organs quite
impotent; for I obtained from a legitimate cross one
capsule with good seed. On a second illegitimate
long-styled plant 44 flowers were fertilised during the
same years with their own pollen, but they produced
only a single capsule.

The

third

and fourth plants

were in a very slight degree more productive. The
fifth and last plant was decidedly more fertile; for
42 self-fertilised flowers yielded 11 capsules. Altogether, in the course of the three years, no less than

160 flowers on

these

five

illegitimate

plants were fertilised with their

own

long-styled

pollen, but they

yielded only 22 capsules. According to the standard
above given, they ought to have yielded 80 capsules.
These 22 capsules contained on an average 15*1 seeds
I believe, subject to the doubts before specified, that
with legitimate plants the average number from a
union of this nature would have been above 20 seeds.
Twenty-four flowers on these same five illegitimate
long-styled plants were legitimately fertilised with
pollen from the above-described illegitimate shortstyled plant, and produced only 9 capsules, which

is

an extremely small number for a legitimate union.
These 9 capsules, however, contained an average of 38
apparently good seeds, which is as large a number as

ILLEGITIMATE OFFSPRING OF

232

Chap. V.

legitimate plants sometimes yield. But this high average was almost certainly false and I mention the case
for the sake of showing the difficulty of arriving at a
fair result
for this average mainly depended on two
capsules containing the extraordinary numbers of 75
and 56 seeds
these seeds, however, though I felt
bound to count them, were so poor that, judging from
trials made in other cases, I do not suppose that one
would have germinated and therefore they ought not
to have been included. Lastly, 20 flowers were legitimately fertilised with pollen from a legitimate plant,
and this increased their fertility for they produced
10 capsules. Yet this is but a very small proportion
for a legitimate union.
There can, therefore, be no doubt that these five
long-styled plants and the one short-styled plant of
the first illegitimate generation were extremely sterile.
Their sterility was shown, as in the case of hybrids,
in another way, namely, by their flowering profusely,
and especially by the long endurance of the flowers.
For instance, I fertilised many flowers on these plants,
and fifteen days afterwards (viz. on March 22nd) I
;

;

;

;

;

numerous long-styled and short-styled flowers
on common cowslips growing close by. These latter
flowers, on April 8th, were withered, whilst most of the
illegitimate flowers remained quite fresh for several
days subsequently so that some of these illegitimate
plants, after being fertilised, remained in full bloom
for above a month.
fertilised

;

We

will

now turn

to the fertility of the 53 illegiti-

mate long-styled grandchilcben, descended from the
long-styled plant which was first fertilised with its
own pollen. The pollen in two of these plants included
Nevera multitude of small and shrivelled grains.
theless they were not very sterile

;

for

25 flowers,

fer-
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with their own pollen, produced 15 capsules,

containing an

average of 16 "3 seeds.

As already

stated, the probable average with legitimate

plants

union of this nature is rather above 20 seeds.
These plants were remarkably healthy and vigorous,
as long as they were kept under highly favourable
conditions in pots in the greenhouse
and such treatfor a

;

ment

greatly increases the fertility of the cowslip.

When

these same plants were planted during the next

year (which, however, was an unfavourable one), out
of doors in good

soil, 20 self-fertilised flowers produced only 5 capsules, containing extremely few and
wretched seeds.
Four long-styled great-grandchildren were raised
from the self-fertilised grandchildren, and were kept
under the same highly favourable conditions in the
greenhouse 10 of their flowers were fertilised with
own-form pollen and yielded the large proportion of 6
capsules, containing on an average 18 7 seeds.
From
these seeds 20 long-styled great-great-grandchildren
were raised, which were likewise kept in the greenhouse.
Thirty of their flowers were fertilised with their own
pollen and yielded 17 capsules, containing on an average no less than 32, mostly fine seeds. It appears,
;

•

therefore, that the fertility of these plants of the fourth

illegitimate generation, as

long as they were kept
under highly favourable conditions, had not decreased,
but had rather increased. The result, however, was
widely different when they were planted out of doors
in good soil, where other cowslips grew vigorously and
were completely fertile for these illegitimate plants
;

now became much dwarfed
sterile,

in stature and extremely
notwithstanding that they were exposed to the

and must have been legitimately ferby the surrounding legitimate plants. A whole

visits of insects,

tilised

!
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row of these plants of the fourth illegitimate generafreely exposed and legitimately fertilised,
produced only 3 capsules, containing on an average
only 17 seeds.
During the ensuing winter almost all
these plants died, and the few survivors were miserably
unhealthy, whilst the surrounding legitimate plants
were not in the least injured.
The seeds from the great-great-grandchildren were
sown, and 8 long-styled and 2 short-styled plants of
the fifth illegitimate generation raised.
These whilst
still in the greenhouse produced smaller leaves and
shorter flower-stalks than some legitimate plants with
which they grew in competition but it should be observed that the latter were the product of a cross with
a fresh stock, a circumstance which by itself would
have added much to their vigour.* When these illegitimate plants were transferred to fairly good soil
out of doors, they became during the two following
years much more dwarfed in stature and produced very
few flower-stems and although they must have been
legitimately fertilised by insects, they yielded capsules, compared with those produced by the surrounding legitimate plants, in the ratio only of 5 to 100
tion, thus

;

—

;

It is therefore certain that illegitimate fertilisation,

continued during successive generations, affects the
powers of growth and fertility of P. veris to an extraordinary degree more especially when the plants are
;

exposed to ordinary conditions of

life,

instead of being

protected in a greenhouse.

—

Equal-styled red variety of P. veris. Mr. Scott has described t
a plant of this kind growing in the Botanic Garden of Edinburgh. He states that it was highly self-fertile, although insects
*

For fuU

periment, see

and

details of tins ex-

mv

Effects of Cross
Self-fertilisation,' 1876, p. 220.
'

Proc. Linn.
f
(1864), p. 105.
'

Soc'

vol. viii.
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were excluded and he explains this fact by shoT\-ing, first, that
the anthers and stigma are in close apposition, and that the
;

stamens in length, position and size of their pollen-grains
resemble those of the short-styled form, whilst the pistil resembles that of the long-styled form both in length and in the
structure of the stigma. Hence the self-union of this variety is,
in fact, a legitimate union, and consequently is highly fertile.
Mr. Scott further states that this variety yielded very few seeds
when fertilised by either the long- or short-styled common
cowslip, and, again, that both forms of the latter, when fertilised

by the equal-styled variety, likewise produced very few seeds.
But his experiments with the cowslip were few, and my results
do not'-confirm his in any uniform manner.
I raised twenty plants from self-fertilised seed sent me by Mr.
Scott and they all produced red flowers, varying slightly in
tint.
Of these, two were strictly long-styled both in structure
and in function for their reproductive powers were tested by
;

;

crosses with both forms of the

common

cowslip.

Six plants

were equal-styled but on the same plant the pistil varied a
good deal in length during different seasons. This was likewise
the case, according to Mr. Scott, with the parent-plant. Lastly,
twelve plants were in appearance short-styled but they varied
much more in the length of their pistils than ordinary shortstyled cowslips, and they differed widely from the latter in
their powers of reproduction.
Their pistils had become shortstyled in structure, whilst remaining long-styled in function.
;

;

Short-styled cowslips, when insects are excluded, are extremely
barren for instance, on one occasion six fine plants produced
only about 50 seeds (that is, less than the product of two good
capsules), and on another occasion not a single capsule.
Now,
when the above twelve apparently short-styled seedhngs were
similarly treated, nearly all produced a great abundance of
capsules, containing numerous seeds, which germinated re:

markably

Moreover three of these plants, which during
pistils, on the
folloT^-ing year produced pistils of extraordinary length.
The
greater number, therefore, of these short-styled plants could not
be distinguished in function from the equal-styled variety. The
anthers in the six equal-styled and in the apparently twelve
short-styled plants were seated high up in the corolla, as in the
true short-styled cowslip; and the pollen-grains resembled
those of the same form in their large size, but were mingled
the

first

well.

year were furnished with quite short
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In function this pollen was

identical with that of the short-styled cowslip

;

for ten long-

common cowslip, legitimately fertilised
tme equal-styled variety, produced six cap-

styled flowers of the

with pollen from a
sules, containing on an average 34* 4 seeds; whilst seven capsules on a short-styled cowslip illegitimately fertilised with
pollen from the equal-styled variety, yielded an average of only
14 5 seeds.
As the equal-styled plants differ from one another in their
powers of reproduction, and as this is an important subject,
I will give a few details with respect to five of them. First, an
equal-styled plant, protected from insects (as was done in all
the following cases, with one stated exception), spontaneously
produced numerous capsules, five of which gave an average of
44 "8 seeds, with a maximum in one capsule of 57. But six
capsules, the product of fertilisation with pollen from a shortstyled cowslip (and this is a legitimate union), gave an average
of 28 5 seeds, with a maximum of 49 and this is a much lower
average than might have been expected. Secondly, nine capsules from another equal-styled plant, which had not been
protected from insects, but probably was self-fertilised, gave an
average of 45 2 seeds, with a maximum of 58. Thirdly, another
jilant which had a very short pistil in 1865, produced spontaneously many capsules, six of which contained an average of
33 9 seeds, with a maximum of 38. In 1866 this same plant
had a pistil of wonderful length for it projected quite above
the anthers, and the stigma resembled that of the long-styled
form.
In this condition it produced spontaneously a vast
number of fine capsules, six of which contained almost exactly
the same average number as before, viz. 34 3, with a maximum
of 38.
Foui- flowers on this plant, legitimately fertilised with
pollen from a short-styled cowslip, yielded capsules with an
Fourthly another short-styled plant
average of 30*2 seeds.
spontaneously produced in 1865 an abundance of capsules, ten
of which contained an average of 35 6 seeds, with a maximum
of 54. In 1866 this same plant had become in all respects longstyled, and ten capsules gave ahnost exactly the same average
Eight
as before, viz. 35*1 seeds, with a maximum of 47.
flowers on this plant, legitimately fertilised with pollen from
a short-styled cowslip, produced six capsules, with the high
Eight
average of 53 seeds, and the high maximum of 67.
flowers were also fertilised with poUen from a long-styled cow•

;

•

•

;

*

•

;
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(this being an illegitimate union), and produced seven
capsules, containing an average of 24*4 seeds, with a maximum
of 32. The fifth and last plant remained in the same condition

slip

during both years

:

it

had a

pistil

rather longer than that of the

true short-styled form, with the stigma smooth, as it ought to
be in this form, but abnormal in shape, like a much-elongated

inverted cone.

It

produced spontaneously many capsules,

five

of which, in 1865, gave an average of only 15 6 seeds and in
1866 ten capsules still gave an average only a little higher, viz.
•

;

Sixteen flowers were fertilised
1, with a maximum of 30.
with pollen from a long-styled cowslip, and produced 12 capsules, with an average of 24-9 seeds, and a maximum of 42.
Eight flowers were fertilised with pollen from a short-styled
cowslip, but yielded only two capsules, containing 18 and 23
of 22

•

Hence this plant, in function and partially in structure,
was in an almost exactly intermediate state between the longstyled and short-styled form, but inclining towards the shortstyled and this accounts for the low average of seeds which it
seeds.

;

produced when spontaneously self-fertilised.
The foregoing five plants thus differ much from one another in
the nature of their fertility. In two individuals a great difference
in the length of the pistil during two succeeding years made no
difference in the

number

of seeds produced.

As

all five

plants

possessed the male organs of the short-styled form in a perfect
state, and the female organs of the long-styled form in a more
or less complete state, they spontaneously produced a surprising

number

of capsules,

which generally contained a large average

With ordinary cowslips, legitimately
once obtained from j^lants cultivated in the greenhouse the high average, from seven capsules, of 58 7 seeds,
a maximum in one capsule of 87 seeds but from plants grown
out of doors I never obtained a higher average than 41 seeds.
Now two of the equal-styled plants, grown out of doors and
spontaneously st-lf-fertilised, gave averages of 44 and 45 seeds
but this high fertility may perhaps be in part attributed to the
stigma receiving pollen from the surrounding anthers at exactly
the right period. Two of these plants, fertilised with poiien
from a short-styled cowslip (and this in fact is a legitimate
union), gave a lower average than when self-fertilised. On the
other hand, another plant, when similarly fertilised by a cowslip,
yielded the unusually high average of 53 seeds, with a maximum
of 67. Lastly, as we have just seen, one of these plants was in
of remarkably fine seeds.

fertilised, I

*

;
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an almost exactly intermediate condition in its female organs
between the long- and short-styled fonns, and consequently,
when self-fertilised, yielded a low average of seed. If we add
together all the experiments which I made on the equal-styled
plants, 41 spontaneously self-fertilised capsules (insects having
been excluded) gave an average of 34 seeds, which is exactly the
same nmnber as the parent-plant yielded in Edinburgh. Thirtyfoui' flowers, fertilised with pollen from the short-styled cowslip
(and this is an analogous union), produced 17 capsules, containing an average of 33 8 seeds. It is a rather singular cii'cumstance, for which I cannot account, that 20 flowers, artificially fertilised on one occasion with poUen from the same plants yielded
only ten capsules, containing the low average of 26 7 seeds.
As bearing on inheritance, it may be added that 72 seedlings were raised from one of the red-flowered, strictly equalstyled, self-fertilised plants descended fi'om the similarly chaThese 72 plants were thereracterised Edinbm-gh plant.
fore gi'andchildren of the Edinbui-gh plant, and they all bore,
as in the fii'st generation, red flowers, with the exception of
one plant, wliich reverted in colour to the common cowsUp.
In regard to structure, nine plants were truly long-styled
and had their stamens seated low down in the corolla in the
proper position the remaining 63 plants were equal-styled,
though the stigTaa in about a dozen of them stood a little below
the anthers. We thus see that the anomalous combination in the
same flower, of the male and female sexual organs which properly
exist in the two distinct forms, was inherited with much force.
Thirty-six seedlings were also raised from long and short-styled
common cowslips, crossed with pollen from the equal-styled
Of these plants one alone was equal-styled, 20 were
variety.
short-styled, but with the pistil in thi-ee of them rather too
long, and the remaining 15 were long-styled. In this case we
have an illustration of the difference between simple inheritance
and prepotency of transmission for the equal-styled variety,
when self-fertiHsed, transmits its character, as we have just
seen, with much force, but when crossed with the common
cowslip cannot withstand the gi-eater power of transmission
•

•

;

;

of the latter.

PULAIOXARIA.
I obtained seeds of P. offiI have little to say on this genus.
cinalis from a garden where the long-styled form alone grew.
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and raised 11
plants were

seedlings,

named

for

which were

me by

long-styled.

all

Dr. Hooker.

They

These

differed, as

has

been shown, from the plants belonging to this species which in
Germany were experimented on by Hildebrand;* for he found that
the long- styled form was absolutely sterile with its own pollen,
whilst
fair

my

long-styled seedlings

when

supply of seed

and the parent-plants yielded a

self-fertilised.

Plants of the long-

styled form of Pulmonaria angustifoHa were, like Hildebrand's
plants, absolutely sterile with their own pollen, so that I could

never procure a single seed.

On

the other hand, the shortfrom those of P. offi-

styled plants of this species, differently

cinalis, were fertile with their own pollen in a quite remarkable
degree for a heterostyled plant. From seeds carefully self-fertilised I raised 18 plants, of which 13 proved short-styled and

5 long-styled.

Polygonum fagoptrum.

From

flowers on long-styled plants fertilised illegitimately

with pollen from the same plant, 49 seedlings were raised, and
and 4 short-styled. From
flowers on short-styled plants illegitimately fertilised -^ith pollen
from the same plant 33 seedlings were raised, and these consisted of 20 short-styled and 13 long-styled.
So that the usual
rule of illegitimately fertilised long-styled plants tending much
more strongly than short-styled plants to reproduce their own
form here holds good. The illegitimate plants derived from
both forms flowered later than the legitimate, and were to the

these consisted of 45 long-styled

latter in height as 69 to 100.

But as these

illegitimate plants

were descended from parents fertilised with their own pollen,
whilst the legitimate plants were descended from parents crossed
with pollen from a distinct individual, it is impossible to know

how much
is

due

of their difference in height

and period of flowering,
and how much

to the illegitimate birth of the one set,

to the other set being the

product of a cross between distinct

plants.

Concluding Bemarhs on the IllegUimate Offspnng of
Heterostyled Trimoyyhic and Dimorphic Plants,
It is

remarkable how closely and in how

many

points

illegitimate unions between the two or three forms of the
*

Bot. Zeitung,' 1865, p. 13.

ILLEGITIMATE OFFSPRIXG OF

240

Chap. V.

same heterostyled species, together with their illegitimate offspring, resemble hybrid unions between distinct
species together with their hybrid offspring.
cases

we meet with every degree

In both

of sterility, from very

slightly lessened fertility to absolute barrenness,

not even a single seed-capsule

is

cases the facility of effecting the

produced.
first

union

when

In both
is

much

influenced by the conditions to which the plants are

exposed.*

Both with hybrids and illegitimate plants

the innate degree of sterility

is

highly variable in
In both

plants raised from the same mother-plant.

male organs are more plainly affected than
and we often find contabescent anthers
enclosing shrivelled and utterly powerless pollengrains.
The more sterile hybrids, as Max "Wichura
has well shown,! are sometimes much dwarfed in
stature, and have so weak a constitution that they are
and we have seen exactly
liable to premature death
cases the

the female

;

;

parallel cases with the illegitimate seedlings of Lythrum

and Primula. Many hybrids are the most persistent
and profuse flowerers, as are some illegitimate plants.
When a hybrid is crossed by either pure parent-form,
it is notoriously much more fertile than when crossed
inter se or by another hybrid
so when an illegitimate
plant is fertilised by a legitimate plant, it is more
fertile than when fertilised inter se or by another illegitimate plant. When two species are crossed and
they produce numerous seeds, we expect as a general
;

rule that their hybrid offspring will be moderately

but if the parent species produce extremely
few seeds, we expect that the hybrids will be very
fertile

*

;

This has been remarked by

many experimentalists in

efiecdng

crosses between distinct species;
and in regard to illegitimate
unions I have given in the first

chapter a striking illustration in
the case of Primula veris.
Die Bastardbefruchtung im
t
'

Pflanzenreich,' 1865.

;;
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sterile.
But there are marked exceptions, as shown
by Gartner, to these rules. So it is with illegitimate
Thus the midunions and illegitimate offspring.
styled form of Lythrum salicaria, when illegitimately

fertilised

with pollen from the longest stamens of

the short-styled form, produced an unusual
of seeds
all,

;

and

number

their illegitimate offspring were not at

or hardly at

all,

On

sterile.

the other hand, the

illegitimate offspring from the long-styled form, fertilised with pollen

from the shortest stamens of the same

form, yielded few seeds, and the illegitimate offspring

but they were more
than might have been expected relatively to the
difficulty of effecting the union of the parent sexual
elements. No point is more remarkable in regard to
the crossing of species than their unequal reciprocity.
thus produced were very sterile

;

sterile

Thus
but

B

species

A

will fertilise

will not fertilise

A

B

after

with the greatest ease

hundreds of

trials.

We

have exactly the same case with illegitimate unions
for the mid-styled Lythrum salicaria was easily fertilised by pollen from the longest stamens of the shortstyled form, and yielded many seeds but the latter
form did not yield a single seed when fertilised by the
longest stamens of the mid-styled form.
Another important point is prepotency. Gartner
has shown that when a species is fertilised with pollen
from another species, if it be afterwards fertilised with
;

its
is

own

pollen, or with that of the

same

species, this

so prepotent over the foreign pollen that the effect

of the latter, though placed on the stigma some time
previously, is entirely destroyed.
Exactly the same
thing occurs with the two forms of a heterostyled
species.

Thus

several long-styled flowers of

Primula

were fertilised illegitimately with pollen from
another plant of the same form, and twenty-four hours
veris

;
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afterwards legitimately with pollen from a short-styled

dark-red polyanthus which

is a variety of P. veris ;
was that every one of the thirty seedlings thus raised bore flowers more or less red, showing plainly how prepotent the legitimate pollen from
a short-styled plant was over the illegitimate pollen
from a long-styled plant.
In all the several foregoing points the parallelism is
wonderfully close between the effects of illegitimate
and hybrid fertilisation. It is hardly an exaggeration

and the

result

to assert

that

seedlings from an illegitimately fer-

tilised heterostyled plant are hybrids formed within

the limits of one and the same species.
sion

is

This conclu-

important, for we thus learn that the difficulty

and the sterility
no sure criterion of so-called
specific distinctness.
any one were to cross two
varieties of the same form of Lythrum or Primula for
the sake of ascertaining whether they were specifically
distinct, and he found that they could be united only
with some difficulty, that their offspring were extremely
sterile, and that the parents and their oftspring resembled in a whole series of relations crossed species
and their hybrid offspring, he might maintain that his
varieties had been proved to be good and true species
but he would be completely deceived. In the second
place, as the forms of the same trimorphic or dimorphic
in sexually uniting two organic forms
of their offspring, afford

K

heterostyled species are obviously identical in general

with

the exception of the reproductive
they are identical in general constitution (for they live under precisely the same conditions), the sterility of their illegitimate unions and
structui'e,

organs,

and

as

that of their illegitimate offspring, must depend exclusively on the nature of the sexual elements

on their incompatibility

for uniting

and

in a particular
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And

manner.

as

we have just seen that
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distinct species

when

crossed resemble in a whole series of relations the
forms of the same species when illegitimately united,
we are led to conclude that the sterility of the former

must likewise depend exclusively on the incompatible
nature of their sexual elements, and not on any general
difference in constitution or structure.

led to this

We are, indeed,

same conclusion by the impossibility of de-

tecting any differences sufficient to account for certain
species crossing with the greatest ease, whilst other
closely allied species cannot be crossed, or can be crossed

only with extreme difficulty.

We

are led to this con-

more forcibly by considering the great
difference which often exists in the facility of crossing
reciprocally the same two species for it is manifest in
this case that the result must depend on the nature of
the sexual elements, the male element of the one
clusion

still

;

species acting freely on the female element of the

And now we
same conclusion is independently and
strongly fortified by the consideration of the illegitimate unions of trimorphic and dimorphic heterostyled
plants. In so complex and obscure a subject as hybridism it is no slight gain to arrive at a definite conclusion, namely, that we must look exclusively to funcother, but not so in a reversed direction.

see that this

tional differences in the sexual elements, as the cause

of the sterility of species
their hybrid offspring. It

led

me

to

chapter,

make

the

many

and which in

when

first

crossed

and

of

was this consideration which
observations recorded in this

my

opinion

make them worthy

of publication.
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Concluding Remarks on Heterosttled Plants.

The

essential

character

of

heterostyled

plants

— Summary

of

the

between legitimately and illegitimately ferDiameter of the pollen-grains, size of anthers and

differences in fertility
tilised plants

—

structure of stigma in the different forms

— Affinities of the genera

—Nature of the advantages
derived from heterostj'lism— The means by which plants became
heterostyled — Transmission of form — Equal-styled varieties of
heterostyled plants— Final remarks.
which include heterostyled

species

In the foregoing chapters all the heterostyled plants
knowTi to me have been more or less fully described.
Several other cases have been indicated, especially by
Professor Asa Gray and Knhn,* in which the individuals of the same species differ in the length of
their stamens and pistils but as I have been often deceived by this character taken alone, it seems to me
the more prudent course not to rank any species as
heterostyled, unless we have evidence of more important differences between the forms, as in the diameter
;

of the pollen-grains, or in the structure of the stigma.

The individuals of many ordinary hermaphrodite

plants

habitually fertilise one another, owing to their male

and female organs being mature

at different periods,

or to the structure cf the parts, or to self-sterility, d'c.

and

so it

is

with

many hermaphrodite

instance, land-snails or earth-worms
oases
*

any one individual can

Asa Grav, American Journ.
*

of Science,' 1865,

p.

101

;

and

;

animals, for

but in

all these

fully fertilise or be ferti-

elsewhere as already referred to.
Kuhn, Bot. ZeitungV 1867, p. 67.
'
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lised
is

by any other individual of the same

not so with heterostyled plants

:

245

species. This

a long-styled, mid-

cannot fully fertilise or
individual,
but only by
other
be fertilised by any
Thus
the essenform.
another
one belonging to
tial character of plants belonging to the heterostyled
class is that the individuals are divided into two or
styled or short-styled plant

three bodies, like the males and females of dioecious
plants or of the higher animals, which exist in approxi-

mately equal numbers and are adapted
fertilisation.

The

for reciprocal

existence, therefore, of two or three

bodies of individuals, differing from one another in the

above more important characteristics, offers by itself
But
good evidence that the species is heterostyled.
absolutely conclusive evidence can be derived only
from experiments, and by finding that pollen must b<'
applied from the one form to the other in order to
ensure complete fertility.
In order to show how much more fertile each form
is when legitimately fertilised with pollen from thtother form (or in the case of trimorphic species, witli
the proper pollen from one of the two other forms)
than when illegitimately fertilised with its own-form
pollen, I will append a Table (33) giving a summary
of the results in all the

The

fertility

cases

of the unions

standards, namely,

hitherto ascertained.

may

be judged by two
of flowers which,

by the proportion

when

fertilised in the two methods, yield capsules, and
by the average number of seeds per capsule.
When
there is a dash in the left-hand column opposite to

the

name

of the species, the proportion of the flowers

which yielded capsules was not recorded.
The two or three forms of the same heterostyled
species do not differ from one another in general habit
or foliage, as sometimes, though rarely, happens with

.

CONCLUDING REMAKES

246

Table

Chap. VI.

33.

Fertility of the Legitimate Unions taken together,

that of the Illegitimate Unions together.

compared with
of the
taken as 100.

Tlie fertility

Legitimate Unions^ as judged hyhoth standards,

is

Illegitimate Unions.

Name

Proportional
^ umber of

of Species.

Flowers
which produced

Averatre
of
Seeds per
Capsule.

Number

Capsules.

69
27
60
84
P. Sinensis (second trial)

....
.

.

.

.

0

100
80
95
7-i

72
71

Average of the nine species of Primula
Hottonia palustris (H. Miiller)
Linum grandiflorum (the difference probably\
.

88-4

.

.

officinalis

(German

stock, Hilde-|

Oxalis Valdiviana (Hiklebrand)
0. Regnelli

48
44
69
69

./

0

Pulmonaria

15
31
66

61

,

.

65
75
54
63
53
42

20
0

0

0

35
20

3.3

32
47
0
46
46

2

34

0
15

49

0

Nor does the calyx
but the corolla sometimes differs slightly in shape,

the two sexes of dioecious plants.
differ,

owing

to the different position of the anthers.

In Bor-

reria the hairs within the tube of the corolla are differ-

ently situated in the long-styled and short-styled forms.

In Pulmonaria there

is

a slight difference in the size of
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the corolla, and in Pontecleria in
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In the

its colour.

productive organs the differences are

much

re-

greater and

more important. In the one form the stamens may be
all of the same length, and in the other graduated in
The filalength, or alternately longer and shorter.
ments may differ in colour and thickness, and are
sometimes nearly thrice as long in the one form as in the
They adhere also for very different proportional
lengths to the corolla.
The anthers sometimes differ
much in size in the two forms. Owing to the rotation
other.

when mature, dehisce towards the circumference of the flower in one form of
Faramea, and towards the centre in the other form. The
pollen-grains sometimes differ conspicuously in colour,
of the filaments, the anthers,

and often

an extraordinary degree in diameter.
somewhat in shape, and apparently in
their contents, as they are unequally opaque.
In the
short-styled form of Faramea the pollen-grains are

They

to

differ also

covered with sharp points, so as to cohere readily together or to an insect whilst the smaller grains of the
long-styled form are quite smooth.
;

With

respect to the pistil, the style

may

be almost

thrice as long in the one form as in the other.

In
sometimes differs in hairiness in the three
forms.
In Linum the pistils either diverge and pass
out between the filaments, or stand nearly upright and
parallel to them.
The stigmas in the two forms often
Oxalis

it

much

and shape, and more especially
and thickness of their papillae so that
the surface may be rough or quite smooth.
Owing

differ

in the length

in size

;

to the rotation of the styles, the papillose surface of
is turned outwards in one form of Linum
and inwards in the other form. In flowers of
the same age of Primula veris the ovules are larger in
the long-styled than in the short-styled form.
The

the stigma

l^erenne,

—
;

COXCLUDIXG REMARKS

248

Chap. YI.

seeds produced by the two or three forms often differ

number, and sometimes in size and weight thus,
from the long-styled form of Lythrum salicaria equal in weight six from the mid-styled and
Lastly, shortseven from the short-styled form.
styled plants of Fulmonaria officinalis bear a larger
number of flowers, and these set a larger proportional number of fruit, which how^ever yield a lower
average number of seed, than the long-styled plants.
in

;

five seeds

With

heterostyled plants w-e thus see in

how many

and in what important characters the forms of the
same undoubted species often differ from one another
characters which with ordinary plants would be amply
sufficient to distinguish species of the same genus.

As the
to the

pollen-grains of ordinary species belonging

same genus generally resemble one another

closely in all respects,

it is

worth while to show, in the

following table (34), the difference in diameter be-

tween the grains from the two or three forms of the

same heterostyled species in the forty-three cases in
which this was ascertained. But it should be observed
that some of the following measurements are only
approximately accurate, as only a few grains were
measured. In several cases, also, the grains had been
dried and were then soaked in water. Whenever they
were of an elongated shape their longer diameters
were measured.
The grains from the short-styled
plants are invariably larger than those from the longstyled, whenever there is any difference between them.
The diameter of the former is represented in the table

by the number 100.

We

here see that, with seven or eight exceptions

out of the forty-three cases, the pollen-grains from one
form are larger than those from the other form of the

same

species.

The extreme

difference

is

as

100 to 55
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34.

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

Dimorphic

Species.

From

the Long*
styled form.

From

the Longstyled form.

Primula veris

....

Cordia(sp.?)

67

.

.

.

(self)
„
Linum grandiflorum

.

.71

„ micrantha
Sethia acuminata

64-

.

100

riable).

.

./

.

.

....
.

„ flavum
Pulmonai-ia officinalis

angustitblia

„

.

Leucosmia Burnettiana

.

iEgiphila elata

Menyanthes

....

trifoliata

.

j^QQ ^'^

.
.

.75

.

.

.

...

Forsythia suspensa

.

(sp. ?)

.

.

.

92

.67
75
~
72
78
88

Suteria (sp. ?) (Fritz Muller)
Houstonia coerulea .
.
Oldenlandia (sp. ?)
.
Hedyotis (sp. ?)
Coccocypselum (sp.?) (F.l
MiiUer)
J
Lipostoma (sp. ?)
.
.
Cinchona micrantha
,

.

62
84
100

Villarsia (sp. ?)

.

.

repens,
pollenMitchella
grains of the long-styled
a little smaller.
Borreria (sp.

Faramea

91
82
99

Limnanthemum ludicum

.

100
81
83
93
86

?)....

100
78

.

Polygonum fagopyrum.

.

Erythroxylum (sp. ?)
Cratoxylon formosum

perenne(diameterva-'l

„

.

Gilia pulchella

.

.100

....
....
...

.

.71

vulgaris
.
„
Sinensis(Hildebrand) 57
„
auricula
„
Hottoniapalustris(H.Miiller) 61

.

.

....

100

80
91

,

94

Trimorphic Species.
Ratio expressing the extreme differences
in diameter of the pollen -grains from the
two sets of anthers in the three forms.

Ratio between the diameters of the pollengrains of the two sets of anthers in the
same form.

Lythrum

Oxalis rosea, long-styled form\

salicaria

....
....

Nesaea verticillata
Oxalis Valdiviana (Hildebrand)
Regnelli
„
„ speciosa

„ sensitiva
Pontederia (sp. ?)

....
.

.

.

60
65
71
78
69
84

.55

(Hildebrand) .
.
.]
compressa, short-styled

„

i

form

I

Pontederia (sp.

?) short-styled |

form

„

other

.

.

sp.,

.

.

mid-styled

form.

.

.

r,„

/
~1

^„

./

and we should bear in mind that in the case of
spheres differing to this degree in diameter, their
contents differ in the ratio of six to one.

With

all

the species in which the grains differ in diameter,
there

is

no exception

to the rule that those

from the
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anthers of the short-styled form, the tubes of which

have

to penetrate the longer pistil of the long-styled

form, are laro^er than the orrains from the other form.

This curious relation led Delpino* (as

me)

it

formerly did

to believe that the larger size of the grains in

is connected with the o-reater
supply of matter needed for the development of their
longer tubes.
But the case of Linum, in which

the short-stvled flowers

the grains of the two forms are of equal
the pistil of the one
the

of

other,

made

size,

whilst

about twice as long as that
me from the first feel very

is

doubtful with respect to this view.

My

doubts have

by the cases of Limnantheand Coccocypselum, in which the grains are of

since been strengthened

mum

equal size in the two forms

;

whilst in the former

and in the latter
In those species
unequal
size in the two
in which the grains are of
between
the deforms, there is no close relationship
gree of their inequality and that of their pistils.
Thus in Pulmonaria officinalis and in Erythroxygenus the

pistil

is

nearly thrice

twice as long as in the other form.

lum the

pistil in the long-styled form is about
twice the length of that in the other form, whilst

in the former species the pollen-grains are as 100 to

In
78, and in the latter as 100 to 93 in diameter.
the two forms of Suteria the pistil differs but little
in length, whilst the pollen - grains are as 100 to
75 in diameter. These cases seem to prove that the
difference

in size

between the grains in the two

not determined by the length of the pistil,
That with
down which the tubes have to grow.

forms

is

plants in general there

*

'

p. 17.

is

no close relationship between

Sull' Opera, la Diatribuzione dei Sessi nelle Piante,' &c., 1867,
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the size of the pollen-grains and the length of the
pistil is manifest
for instance, I found that the distended grains of Datura arhorea were '00243 of an
inch in diameter, and the pistil no less than 9*25
inches in length now the pistil in the small flowers
of Folygonum fagopjrum is very short, yet the larger
pollen-grains from the short- styled plants had exactly
the same diameter as those from the Datura, with its
enormously elongated pistil.
Notwithstanding these several considerations, it is
:

;

difficult quite to

give up the belief that the pollen-grains

from the longer stamens of heterostyled plants have
become larger in order to allow of the development of
longer tubes and the foregoing opposing facts may
The
possibly be reconciled in the following manner.
tubes are at first developed from matter contained
within the grains, for they are sometimes exserted
to a considerable length, before the grains have
touched the stigma but botanists believe that they
afterwards draw nourishment from the conducting
tissue of the pistil.
It is hardly possible to doubt
that this must occur in such cases as that of the Datura, in which the tubes have to grow down the whole
length of the pistil, and therefore to a length equalling 3,806 times the diameter of the grains (namely,
•002-13 of an inch) from which they are protruded.
I may here remark that I have seen the pollen- grains
of a willow, immersed in a very weak solution of honey,
;

;

protrude their tubes, in the course of twelve hours, to
a length thirteen times as great as the diameter of the
grains.

ISTow if

we suppose that the tubes

heterostyled species are

in

some

developed wholly or almost
wholly from matter contained within the grains, while
in other species from matter yielded by the pistil, we
can see that in the former case it would be necessary

252
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that the grains of the two forms should differ in size

which the tubes
have to penetrate, but that in the latter ease it would
not be necessary that the grains should thus differ.
Whether this explanation can be considered satisfactory must remain at present doubtful.
There is another remarkable difference between
relatively to the length of the pistil

the forms of several heterostyled species, namely in the
anthers of the short-styled flowers, which contain
the larger pollen-grains, being longer than those of the
This is the case with Hottonia

long-styled flowers.

With Limnanthemum Indicum the ratio is as 100 to 70. With the
allied Menyanthes the anthers of the short-styled form
are a little and with Yillarsia conspicuously larger
than those of the long-styled. With Pulmonaria

palustris in the ratio of 100 to 83.

angustifolia they vary much in size, but from an
average of seven measurements of each kind the ratio
is as 100 to 91.
In six genera of the Eubiaceae there
is

a similar difference, either slightly or well marked.

Lastly, in the trimorphic Pontederia the ratio
to 88

;

100

is

the anthers from the longest stamens in the

short-styled

form being compared with those from

On

the shortest stamens in the long-styled form.
other hand, there

is

the

a similar and well-marked differ-

ence in the length of the stamens in the two forms
of Forsijtliia suspensa

and

of

Linum jlavum

;

but in

these two cases the anthers of the short-styled flowers
are shorter than those of the long-styled.
tive size of the anthers

The

rela-

was not particularly attended

two forms of the other heterostyled plants,
but I believe that they are generally equal, as is
certainly the case with those of the common primrose
to in the

and

cowslip.

The

pistil differs in

length in the two forms of every
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heterostyled plant, and although a similar difference
is

very general with the stamens, yet in the two
Linum grandiflorum and of Cordia they are

forms of

There can hardly be a doubt that the relaan adaptation for the
safe transportal by insects of the pollen from the one
form to the other. The exceptional cases in which
these organs do not stand exactly on a level in the two
forms may probably be explained by the manner in
which the flowers are visited. With most of the
species, if there is any difference in the size of the
stigma in the two forms, that of the long-styled, whatever its shape may be, is larger than that of the shortequal.

tive length of these organs is

styled.

But here again there

are

some exceptions

form of Leucosmia
Burnettiana the stigmas are longer and much narrower
than those of the long-styled the ratio between the
lengths of the stigmas in the two forms being 100 to 60.
In the three Kubiaceous genera, Faramea, Houstonia
and Oldenlandia, the stigmas of the short-styled form
are likewise somewhat longer and narrower
and in
the three forms of Oxalis sensitiva the difference is
strongly marked, for if the length of the two stigmas
of the long-styled pistil be taken as 100, it will be
represented in the mid- and short-styled forms by
the numbers 141 and 164.
As in all these cases the
to the rule, for in the short-styled

;

;

stigmas of the short-styled pistil are seated low
within a more or less tubular corolla,

it

that they are better fitted by being long
for

an

brushing the pollen

off

is

down

probable

and narrow

the inserted proboscis of

insect.

With many

heterostyled plants the stigma differs

and when this is the
no known exception to the rule that the
on the stigma of the long-styled form are longer

in roughness in the two forms,

case there
papillae

is
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and often thicker than those on that of the shortFor instance, the papillae on the long-styled
styled.
stigma of Rottonia palustris are more than twice the
length of those in the other form. This holds good
even in the case of Houstonia coerulea, in which the
stigmas are much shorter and stouter in the longstyled than in the short-styled form, for the papillae

on the former compared with those on the latter are
The length of the pistil
as 100 to 58 in length.
in the long-styled form of Linum grandiflorum varies
much, and the stigmatic papillae vary in a corresponding manner. From this fact I inferred at first
that in all cases the difference in length between the
stigmatic papillae in the two forms was one merely of
but this can hardly be the true
correlated growth
;

or general explanation, as the shorter stigmas of the

long-styled form of Houstonia have the longer
It is a

more probable view that the

jDapillae.

papillae,

which

render the stigma of the long-styled form of various
species rough, serve to entangle effectually the largesized pollen-grains brought

styled form, thus ensuring

by

insects from the short-

legitimate fertilisation.

its

This view is supported by the fact that the pollengrains from the two forms of eight species in Table
34 hardly differ in diameter, and the papillae on their
stigmas do not differ in length.

The

species

which

are

at

present

positively

or

almost positively known to be heterostyled belong, as
shown in the following table, to 38 genera, widely distributed throughout the world.
These genera are
included in fourteen Families, most of which are very
distinct from one another, for they belong to nine of

the several great

Series,

into

plants have been divided by

w^hich

phanerogamic

Bentham and Hooker.
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35.

List of Genera including IleterostyJed Species,

Dicotyledons.

Dicotyledons.
Cratoxylon.

Erythroxylum.

Hypericinese.
Erythroxyleae.

Mitchella.
Diodia.
Borreria.

Geraniaceae.

Spermacoce.
Primula.
Hottonia.
Androsace.

Sethia.

Linum,
Oxalis.

Lythrum.

Lythraceae.

isesaea.

Cinchona.
Bouvardia.
Manettia.
Hedyotis.
Oldenlandia.
Houstonia.
Coccocypselum.
Lipostoma.
Knoxia.
Faramea.

Rubiaceae.

Rubiaceae.

Primulaceae.

Forsythia.

Oleaceae.

Menyanthes.

Gentianaceae.

Limnanthemum.
Yillarsia.
Gilia.

Polemoniaceae.

Cordia.

Cordieae.

Pulmonaria.

Boragineae.
Yerbenaceae.
Polygoneae.
Thymeleae.

iEgiphila.

Polygonum.
Thymelea.

Psychotria.

Monocotyledons.

Rudgea.

Pontederia.

Suteria.

Pontederiaceae.

In some of these families the heterostyled condition
must have been acquired at a very remote period.
Thus the three closely allied genera, Menyanthes,
Limnanthemum, and Yillarsia, inhabit respectively
Heterostyled
Europe, India, and South America.
the
in
temperate
Hedyotis
are
found
regions
species of
regions
of
South
and
tropical
the
America.
of North
Trimorphic species of Oxalis live on both sides of
the Cordillera in South America and at the Cape of
Good Hope. In these and some other cases it is not
probable that each species acquired

its

heterostyled

structure independently of its close allies.

did not do

so,

If they

the three closely connected genera of

the Menyanthese and the several trimorphic species

must have inherited their structure from a
But an immense lapse of time
will have been necessary in all such cases for the
modified descendants of a common progenitor to have
of Oxalis

common

progenitor.
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spread from a single centre to such widely remote and
separated areas. The family of the Kubiacese contains

not far short of as

many

heterostyled genera as all

the other thirteen families together

no doubt other Eubiaceous genera

;

and hereafter

will be

found to
be heterostyled, although a large majority are homostyled.
Several closely allied genera in this family
probably owe their heterostyled structure to descent
in common
but as the genera thus characterised are
distributed in no less than eight of the tribes into
which this family has been divided by Bentham and
Hooker, it is almost certain that several of them
must have become heterostyled independently of
one another. What there is in the constitution or
structure of the members of this family which favours
their becoming heterostyled, I cannot conjecture.
Some families of considerable size, such as the Bo;

and Verbenacese, include, as far as is at
known, only a single heterostyled genus.
Polygonum also is the sole heterostyled genus in its
family and though it is a very large genus, no other
species except P. fagopyrum is thus characterised. We
may suspect that it has become heterostyled within
a comparatively recent period, as it seems to be less
strongly so in function than the species in any other

raginese

present

;

genus, for both forms are capable of yielding a con-

number of spontaneously
Polygonum in possessing only a
siderable

species

is

an extreme case

;

self-fertilised seeds.

single heterostyled

but every other genus of

considerable size which includes some such
likewise contains homostyled species.

species

Lythrum

in-

cludes trimorphic, dimorphic, and homostyled species.
Trees, bushes,

and

and herbaceous

plants, both

large

small, bearing single flowers or flowers in dense

spikes

or

heads,

have been rendered heterostyled.
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So have plants which inhabit alpine and lowland sites,
dry land, marshes and water.*
When I first began to experimentise on heterostyled plants it was under the impression that they
were tending to become dioecious but I was soon forced
;

to relinquish this notion, as the long-styled plants of

Primula which, from possessing a longer pistil, larger
stigma, shorter stamens with smaller pollen-grains,
seemed to be the more feminine of the two forms,
yielded fewer seeds than the short-styled plants which
appeared to be in the above respects the more mascuMoreover, trimorphic plants evidently
come under the same category with dimorphic, and
the former cannot be looked at as tending to become
With Lythrum salicaria, however, we have
dioecious.
line of the two.

the curious and unique case of the mid-styled form

being more feminine or less masculine in nature than
the other two forms. This is shown by the large

Out of the 38 genera known
include heterostyled species,
about eight, or 21 per cent., are
more or less aquatic in their
habits. I was at first struck with
this fact, for I was not then aware
how large a proportion of ordinary plants inhabit such staHeterostyled plants may
tions.
be said in one sense to have their
sexes separated, as the forms must
mutually fertilise one another.
Therefore it seemed worth while
to ascertain what proportion of
the genera in the Linnean classes,
MoncEcia,
Dioecia
and Polygamia, contained species which
"
live
in water, marshes, bogs or
watery places."
In Sir W. J.
Hooker's 'British Flora' (4th
edit. 1838) these three Linnean
classes include 40 genera, 17 of
*

to

which

(i.e. 43 per cent.) contain
species inhabiting the just-specified stations. So that 43 per cent,
of those British plants which
have their sexes separated are
more or less aquatic in their
habits, whereas only 21 per cent,
of heterostyled plants have such
habits.
I may add that the her-

maphrodite

classes,

from Monan-

dria to Gynandria inclusive, contain 447 genera, of which 113 are
aquatic in the above sense, or only
25 per cent. It thus appears, as
far as can be judged from such
imperfect data, that there is some
connection between the separation
of the sexes in plants and the
watery nature of the sites which
they inhabit but that this does
not hold good with heterostyled
;

species.

S
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number
it

may

of seeds ^yllich

be

fertilised,

it

Chap. Y1.

yields in whatever

and by

its

manner

pollen (the grains of

which are of smaller size than those from the corresponding stamens in the other two forms) when
applied to the stigma of any form producing fewer
seeds than the normal number.
If we suppose the
process of deterioration of the male organs in the midstyled form to continue, the final result would be the
production of a female plant and Ly thrum salicaria
would then consist of two heterostyled hermaphrodites
and a female. No such case is known to exist, but it
is a possible one, as hermaphrodite and female forms
of the same species are by no means rare,
xllthough
there is no reason to believe that heterostyled plants
are regularly becoming dioecious, yet they offer singular facilities, as will hereafter be shown, for such
conversion and this appears occasionally to have been
;

;

effected.

We may feel

sure that plants have been rendered

heterostyled to ensure cross-fertilisation, for

know

we now

that a cross between the distinct individuals of

the same species
fertility of

is

highly important for the vigour and
The same end is gained by

the offspring.

dichogamy or the maturation of the reproductive
ments of the same flower at different periods,

ele-

—by
dioeciousness —
—the prepotency of pollen
from another individual over a plant's own
— and
self-sterility

j)ollen,

by the structure of the flower in relation to the
visits of insects. The wonderful diversity of the means
for gaining the same end in this case, and in many
lastly,

others, depends on the nature of all the previous
changes through which the species has passed, and on
the more or less complete inheritance of the successive
adaptations of each part to the surrounding conditions.
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Plants which are already well adapted by the structure
of their flowers

by the aid of
which has
visits
and it would

for cross-fertilisation

insects often possess

an irregular

corolla,

been modelled in relation to their
have been of little or no use to such plants to have
become heterostyled. We can thus understand why
it is that not a single species is heterostyled in such
great families as the Leguminosae, Labiatae, Scrophulariacese, Orchidese, &c., all of which have irregular
Every known heterostyled plant, however,
flowers.
depends on insects for its fertilisation, and not on the
wind so that it is a rather surprising fact that only
one genus, Pontederia, has a plainly irregular corolla.
Why some species are adapted for cross-fertilisation,
whilst others within the same genus are not so, or
if they once were, have since lost such adaptation
and in consequence are now usually self-fertilised, I
have endeavoured elsewhere to explain to a certain
limited extent.* If it be further asked why some
species have been adapted for this end by being made
heterostyled, rather than by any of the above specified
means, the answer probably lies in the manner in
which heterostylism originated, a subject immedi;

;

—

ately to be discussed.

Heterostyled species, however,

have an advantage over dichogamous species, as

all

the flowers on the same heterostyled plant belong to
the same form, so that when fertilised legitimately by
insects two distinct individuals are sure to intercross.

On

the other hand, with dichogamous plants, early or

on the same individual may intercross
kind does hardly any or no good.
Whenever it is profitable to a species to produce a

late flowers

and a

*

;

cross of this

'The Effects

of Cross

and

Self-fertilisation,' 1876, p. 441.
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large

number

coramon

of seeds,

and

case, heterostyled

over dioecious plants, as

this obviously is a very

will

all

only half of the

females,

seeds.

On

have an advantage

the individuals of the

former, whilst

yield
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latter, that

the other

is

the

hand, hetero-

styled plants seem to have no advantage, as far as
cross-fertilisation is concerned, over those

which are

with their own pollen. They lie indeed under
a slight disadvantage, for if two self-sterile plants
grow near together and far removed from all other

sterile

plants of the same species, they will

mutually and

perfectly fertilise one another, whilst this will not be

the case with heterostyled dimorphic plants, unless
they chance to belong to opposite forms.
It may be added that s]Decies which are trimorphic
have one slight advantage over the dimorphic for if
only two individuals of a dimorphic species happen
to grow near together in an isolated spot, the chances
are even that both will belong to the same form, and
in this case they will not produce the full number of
vigorous and fertile seedlings
all these, moreover,
will tend strongly to belong to the same form as their
parents.
On the other hand, if two plants of the same
trimorphic species happen to grow in an isolated spot,
the chances are two to one in favour of their not belonging to the same form and in this case they will
legitimately fertilise one another, and yield the full
;

;

;

complement

of vigorous offspring.

The Means hy which Plants may have heen rendered
Heterostyled,

This

is

a very obscure subject, on which I can throw

little lights

but which

is

worthy of discussion.

It has
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been shown that heterostyled plants occur in fourteen
natural families, dispersed throughout the whole vegetable kingdom, and that even within the family of the
Kubiacese they are dispersed in eight of the tribes. We
may therefore conclude that this structure has been
acquired by various plants independently of inheritance
from a common progenitor, and that it can be acquired
without any great difficulty that is, without any very
unusual combination of circumstances.

—

It is probable that the first step towards a species

becoming heterostyled is great variability in the length
of the pistil and stamens, or of the pistil alone. Such
variations are not very rare

:

with Amsinchia spedabilis

and Nolana prostrata these organs

differ so

much

in

length in different individuals that, until experiment-

ing on them, I thought both species heterostyled.
The stigma of Gesneria pendulma sometimes protrudes
far

beyond, and

anthers; so

it

other plants.

amount

is

is

sometimes seated

with Oxalis

acetosella

beneath the

and various

I have also noticed an extraordinary

of difference in the length of the pistil in cul-

tivated varieties of Primula veris and vulgaris.

As most

plants are at least occasionally cross-fer-

by the aid of insects, we may assume that this
was the case with our supposed varying plant but
that it would have been beneficial to it to have been
more regularly cross-fertilised. We should bear in
mind how important an advantage it has been
proved to be to many plants, though in different
degrees and ways, to be cross-fertilised. It might
well happen that our supposed species did not vary
in function in the right manner, so as to become
either dichogamous or completely self-sterile, or in
tilised

;

structure so as to ensure cross-fertilisation.

If it

had
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would never have been rendered heterowould then have been superfluous.

it

styled, as this state

But the parent-species

of our several existing hetero-

may have been, and j^robably

were (judging from their present constitution) in some degree
self-sterile
and this would have made regular cross-

styled plants

;

fertilisation still

Now

let us

more

desirable.

take a highly varying species with most

or all of the anthers exserted in

some individuals, and

low down in the corolla with the
stigma also varying in position in like manner. Insects
which visited such flowers would have diflerent parts
of their bodies dusted with pollen, and it would be a
mere chance whether this were left on the stigma of
the next flower which was visited. If all the anthers
could have been placed on the same level in all the
plants, then abundant pollen would have adhered to
the same part of the body of the insects which frequented the flowers, and would afterwards have been
deposited without loss on the stigma, if it likewise
stood on the same unvarying level in all the flowers.
But as the stamens and pistils are supposed to have
already varied much in length and to be still varying,
it might well happen that they could be reduced much
more easily through natural selection into two sets of
difl'erent lengths in different individuals, than all to
the same length and level in all the individuals. We
know from innumerable instances, in which the two
in others seated

;

young of the same species differ, that
no difficulty in two or more sets of individuals
being formed which inherit different characters. In
our particular case the law of compensation or balancement (which is admitted by many botanists) would
tend to cause the pistil to be reduced in those indisexes and the

there

is

Chap.
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which the stamens were greatly developed,
be increased in length in those which had their
stamens but little developed.
Now if in our varying species the longer stamens
vicluals in

and

to

were to be nearly equalised in length in a considerable
body of individuals, with the pistil more or less reduced
and in another body, the shorter stamens to be simi;

larly equalised, with the pistil

more

or less increased in

length, cross-fertilisation would be secured with little

change would be so highly
no difficulty in believing that it could be effected through natural selection.
Our plant would then make a close approach in
structure to a heterostyled dimorphic species
or to a
trimorphic species, if the stamens were reduced to two
lengths in the same flower in correspondence with that
of the pistils in the other two forms. Bat we have not
as yet even touched on the chief difficulty in understanding how heterostyled species could have origiloss of pollen

;

and

this

beneficial to the species, that there is

;

nated.

A

completely

self-sterile

gamous one can

fertilise

other individual

of

plant or a dicho-

and be fertilised by any
the same species; whereas the

essential character of a heterostyled plant is that

an

individual of one form cannot fully fertilise or be fer-

by an individual of the same form, but only
by one belonging to another form.
H. Midler has suggested* that ordinary or homostyled plants may have been rendered heterostyled

tilised

merely through the effects of habit. Whenever pollen
from one set of anthers is habitually applied to a pistil
of particular length in a varying species, he believes
that at last the possibility of fertilisation in any other
*

'

Die BefruGhtung der Blumen,'

p. 352.
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manner

will

be nearly or completely

Chap. VI.
lost.

He

was

led to this view by observing that Diptera frequently
carried pollen from the long-styled flowers of Hottonia
to the

stigma of the same form, and that this

ille-

gitimate union was not nearly so sterile as the corre-

sponding union in other heterostyled species. But
conclusion is directly opposed by some other

this

cases,

for

instance

by that

of

Linum

grancliflorum

;

form is utterly barren with
although from the position

lor here the long-styled
its

own-form

of the anthers

the

stigma.

pollen,
this
It

is

pollen

is

invariably applied to

obvious that with heterostyled

dimorphic plants the two female and the two male
for if the same kind of pollen
be placed on the stigmas of the two forms, and again
if the two kinds of pollen be placed on the stigmas of
the same form, the results are in each case widely different.
Nor can we see how this differentiation of the
two female and two male organs could have been
effected merely through each kind of pollen being
habitually placed on one of the two stigmas.
Another view seems at first sight probable, namely,
that an incapacity to be fertilised in certain w^ays has
been specially acquired by heterostyled plants. We
may suppose that our varying species was somewhat
sterile (as is often the case) with pollen from its own
stamens, whether these were long or short and that
such sterility was transferred to all the individuals
with pistils and stamens of the same length, so that
these became incapable of intercrossing freely but
that such sterility was eliminated in the case of the
individuals which differed in the length of their pistils
organs differ in power

;

;

;

and stamens. It is, however, incredible that so peculiar
a form of mutual infertility should have been specially

r

;
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acquired unless

and although

it
it

higUy beneficial to the species
may be beneficial to an individual

were

plant to be sterile with

its

tion being thus ensured,

own pollen, cross-fertilisahow can it be any advan-

tage to a plant to be sterile with half
that

with

is,

all
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the

its

brethren,

individuals belonging to the

same form ? Moreover, if the sterility of the unions
between plants of the same form had been a special
acquirement, we might have expected that the longstyled form fertilised by the long-styled would have
been sterile in the same degree as the short-styled
fertilised by the short-styled
but this is hardly ever
the case.
On the contrary, there is sometimes the
widest difference in this respect, as between the two
illegitimate unions of Pulmonaria angustifoUa and of
;

Hottonia palustris.
It is a more probable view that the male and female
organs in two sets of individuals have been by some

means

specially adapted

for reciprocal

action

;

and

that the sterility between the individuals of the same
set or

form

an incidental and purposeless result.
of the term " incidental " may be illus-

is

The meaning

by the greater or less difficulty in grafting or
budding together two plants belonging to distinct

trated

species

;

for as this capacity is quite

the welfare of either,

it

immaterial to

cannot have been specially

acquired, and must be the incidental result of differ-

ences in their vegetative systems.
But how the
sexual elements of heterostyled plants came to differ

from what they were whilst the species was homostyled, and how they became co-adapted in two sets of
individuals, are very obscure points.

We

know

that

in the two forms of our existing heterostyled plants

the

pistil

differ

always

in length;

differs,

so

and the stamens generally

does the

stigma in structure,
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size,

It
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and the pollen-grains in diameter.

appears, therefore,

at

first

probable

sight

that

organs which differ in such important respects could
act on one another only in some manner for which
they had been specially adapted. The probability of
this

view

is

supported by the curious rule that the

greater the difference in length between the pistils

and stamens of the trimorphic species of Lythrum and
Oxalis, the products of which are united for reproduction, by so much the greater is the infertility of the
union.
The same rule applies to the two illegitimate
unions of some dimorjDhic species, namely, Primula
vulgaris and Piilmonaria angustifolia ; but it entirely
fails in other cases, as with Hottonia palustris and

We

shall, however, best perceive
Linum grandiflorum.
the difficulty of understanding the nature and origin

of the co-adaptation between the reproductive organs
of the two forms of heterostyled plants, by considering the case of Linum grandiflorum : the two forms of
this plant differ exclusively, as far as we can see, in

the length of their pistils

;

in the long-styled form,

the stamens equal the pistil in length, but their
pollen has no more effect on

organic dust

;

it

whilst this pollen

than so
fully

much

fertilises

in-

the

Now, it is scarcely
mere difference in the length of the

short pistil of the other form.

credible that a
pistil

can

make

a wide difference in

its

capacity for

We

can believe this the less because
with some plants, for instance, Amsinchia spectahilis,
the pistil varies greatly in length without affecting
beins: fertilised.

the fertility of the individuals which are intercrossed.
So again I observed that the same plants of Primula
veris

and vulgaris

differed to

an extraordinary degree

in the length of their pistils during successive seasons

;

nevertheless they yielded during these seasons exactly

;
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left to fertilise

themselves spontaneously under a net.
We must therefore look to the appearance of inner
or

hidden constitutional differences between the indi-

viduals of a varying species, of such a nature that the

male element of one

set is

enabled to act efficiently

only on the female element of another

We need

set.

not doubt about the possibility of variations in the
constitution of the reproductive system of a plant, for

we know that some
self-sterile or

rently spontaneous

conditions of

species vary so as to be completely

completely
life.

self-fertile, either in

manner

or from slightly

an appachanged

Gartner also has shown* that the in-

dividual plants of the same species vary in their sexual

powers in such a manner that one will unite with a
distinct species much more readily than another. But

what the nature of the inner constitutional differences
be between the sets or forms of the same varying
species, or between distinct species, is quite unknown.
It seems therefore probable that the species which
have become heterostyled at first varied so that two
or three sets of individuals were formed differing in
the length of their pistils and stamens and in other
co-adapted characters, and that almost simultaneously
their reproductive powers became modified in such a
manner that the sexual elements in one set were
adapted to act on the sexual elements of another set
and consequently that these elements in the same set
or form incidentally became ill-adapted for mutual
interaction, as in the case of distinct species.
I have
elsewhere shown f that the sterility of species when

may

* Gartner, ' Bastarderzeugung
Pflanzenreich,' 1849, p. 165.
t 'Origin of Species,' 6tli edit.
p. 247 ; • Variation of Animals and

im

Plants under Domestication,' 2nd
edit. vol. ii. p. 169
The Effects of
Cross and Self-fertilisation,' p. 463.
It may be well here to remark
'

;
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crossed and of their hybrid offspring must also
be looked at as merely an incidental result, following
from the special co-adaptation of the sexual elements
first

of the

same

species.

We

can thus understand the

striking parallelism, which has been shown to exist

between the
styled plants

effects

and

of illegitimately uniting hetero-

of crossing distinct species.

The

great difference in the degree of sterility between the
various heterostyled species
tilised,

when

illegitimately fer-

and between the two forms of the same species

when similarly fertilised, harmonises well with the
view that the result is an incidental one which follows
from changes gradually effected in their reproductive
systems, in order that the sexual elements of the distinct forms should act perfectly on one another.

Transmission of the

Two Forms

—The transmission of the

lij

Heterostyled Plants,

two forms by heterostyled
plants, with resj)ect to which many facts were given in
the last chapter, may perhaps be found hereafter to
throw some light on their manner of development.
Hildebrand observed that seedlings from the longstyled form of Primula Siriensis when fertilised with
pollen from the same form were mostly long-styled,
and many analogous cases have since been observed
by me. All the known cases are given in the two
following tables.

judging from the remarkable power with which abruptly
changed conditions of life act on
the reproductive system of most
organisms, it is probable that the
close adaptation of the male to the
that,

female elements in the two forms of
the same heterostyled species, or
in all the individuals of the same
ordinary species, could be acquired
only under long-continued nearly

uniform conditions of

life.
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36.

Illegitimately fertilised

Dimorphic

Plants.

Number Xumber
of J-iOllg"
styled
styled
Offspring. Offspring.

Long-styled form, fertilised

own-form pollen during

Primula veris

.

by"j

five!

.<

successive

generations, pro-|

156

6

5

9

69

0

25

75

52

0

14

3

1

24

11

0

13

20

1

'Short-styled form, fertilised by"!
^

own-form

pollen, produced ./

'Long-styled form, fertilised byj
own-form pollen during two
successive generations, proI

Primula vulgaris

[

'Short-styled form, fertilised by^
1

Primula auricula

.*

[

own-form

pollen,

is

said to

produce during successive^
generations offspring in about
the following proportions

'

'Long-styled form, fertilised by]
own-form pollen during two]
successive generations, pro-j
1

1

1

j

'

Long-styled form, fertilised by)
own -form pollen (Hilde->
brand), produced.
,
.
.J

i

!

!

1

f

[

Short-styled form, fertilised byl

own-form

pollen,

produced

.

J
j

Pulmonaria

f

officinalis
[

Long-styled form, fertilised by)
own-form pollen, produced .J
1

Long-styled form, fertilised byl

Polygonum fagopyrum
^

»

own-form

pollen,

produced

.

J

'Short-styled form, fertilised byl
>»
^

own-form

pollen,

produced

1

i

.J
i

^
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37.

lUegitimatdy fertilised Trimorphic

Plants.

Number Number Number
i

of Longof Midof Shortstyled
styled
styled
Offspring. Offspring. Offspring.
j

I

;

1

Ljthrum

[Long-styled form, fertilised,
by own-forin pollen, pro-

u

salicaria.<

[

Short -styled form, fertilised,
by own-form pollen, pro-

1

0

8

/Short-styled form, fertilised
by pollen from mid-length
stamens of long - styled
form, produced
.
.
[
.J

4

0

8

JMid-styled form, fertilised by)
own-form pollen, produced/
1

1

3

0

17

8

0

14

8

18

during several generations]
by own-form pollen, pro-^
duced offspring in the]

100

0

0

/Mid-stvled form, fertilised hj\
,
J
nedysaroidesj
^^^.f^^.^ poUen, produced/

0

17

0

„

.<

,,

1

|

"

"

'

j

j

"

"

'

"

"

TMid-styled form, fertilised by^
pollen from shortest sta*)
likens of long-styled form,|

"

"

I'Mid-styled form, fertilised by
j
pollen from longest sta-l
'j
mens of short-styled form,

1

j

1

fLong-styled
j

Oxalis rosea

.-^

.

form,

fertilised)

I

,

„

.
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We

see in these two tables that the offspring from
form illegitimately fertilised with pollen from
another plant of the same form belong, with a few
For
exceptions, to the same form as their parents.
instance, out of 162 seedlings from long-styled plants
of Primula veris fertilised during five generations in
this manner, 156 were long-styled and only 6 shortstyled.
Of 69 seedlings from P. vulgaris similarly
raised all were long-styled. So it was with 56 seedlings
from the long-styled form of the trimorphic Lythrum
salicaria, and with numerous seedlings from the longThe offspring from the
styled form of Oxalis rosea.
short-styled forms of dimorphic plants, and from both
the mid-styled and short-styled forms of trimorphic
plants, fertilised with their own-form pollen, likewise
tend to belong to the same form as their parents, but

a

not in so marked a manner as in the case of the longstyled form.
There are three cases in Table 37, in
which a form of Lythrum was fertilised illegitimately
with pollen from another form and in two of these
cases all the offspring belonged to the same two forms
as their parents, whilst in the third case they belonged
;

to all three forms.

The cases hitherto given relate to illegitimate unions,
but Hildebrand, Fritz Muller, and myself found that
a very large proportion, or all of the offspring, from a
legitimate union between any two forms of the trimorphic species of Oxalis belonged to the same two
forms. A similar rule therefore holds good with unions
which are fully fertile, as with those of an illegitimate nature which are more or less sterile. When
some of the seedlings from a heterostyled plant belong
to a different form from that of its parents, Hildebrand
accounts for the fact by reversion. For instance, the
long-styled parent-plant of Primula veris, from which.
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the 162 illegitimate seedlings in Table 36 were derived
in the course of five generations, was itself no doubt
derived from the union of a long-styled and a shortstyled parent and the 6 short-styled seedlings may be
;

attributed to reversion to their short-styled progenitor.

But

is

it

a surprising fact in this case, and in

other similar ones, that the

number

of the offspring

which thus reverted was not larger. The fact is rendered still more strange in the particular instance of
P. veris, for there was no reversion until four or five
generations of long-styled plants had been raised. It
may be seen in both tables that the long-styled form
transmits its form much more faithfully than does the
short-styled,

when both

form pollen

and why

;

are fertilised with their

this should

be so

it is

o^^"n-

difficult

to conjecture, unless it be that the aboriginal parentform of most heterostyled species possessed a ^Distil
which exceeded its own stamens considerably in
length.*
I will only add that in a state of nature
any single plant of a trimorphic species no doubt
produces all three forms; and this may be accounted
for either by its several flowers being separately fertilised by both the other forms, as Hildebrand supposes or by pollen from both the other forms being
deposited by insects on the stigma of the same flower.
Equal-styled varieties.
The tendency of the dimorphic species of Primula to produce equal-styled
varieties deserves notice.
Cases of this kind have
;

—

* It

may

be suspected that this

was the case with Primula, judging from the length of the pistil
several allied genera (see
in
IMr. J. Scott, Journal Linn. Soc.
'

Bot.' vol. viii. 1864, p. 85;.

Breiteubach found
of

Primula

Herr

many specimens

elatior

growing in a

state of nature with some flowers
on the same plant long-styled,

others short-styled and others
equal-styled and the long-styled
form greatly preponderated' in
number; there being 61 of this
form to 9 of the short-styled and
15 of the equal-styled.
;
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YL

ON HETEROSTYLED PLANTS.

273

been observed, as shown in the last chapter, in no less
than six species, namely, P. veris, vulgaris, Sinensis,
In the case of P. veris,
auricida, farinosa, and elatior.
the stamens resemble in length, position and size
of their pollen-grains the stamens of the short-styled
form whilst the pistil closely resembles that of the
long-styled, but as it varies much in length, one proper
to the short-styled form appears to have been elongated
and to have assumed at the same time the functions
Consequently the flowers are
of a long-styled pistil.
capable of spontaneous self-fertilisation of a legiti;

mate nature and yield a full complement of seed, or
even more than the number produced by ordinary
flowers legitimately fertilised.
With P. Sinensis, on
the other hand, the stamens resemble in all respects
the shorter ones proper to the long-styled form, whilst
the pistil makes a near approach to that of the shortstyled, but as it varies in length,
if

it

would appear as

a long-styled pistil had been reduced in length and

modified in function.

The

flowers in this case as in

the last are capable of spontaneous legitimate

ferti-

and are rather more productive than ordinary
legitimately fertilised.
With P. auricula and

lisation,

flowers

farinosa the stamens resemble those of the short-styled

form in length, but those of the long-styled in the
size of their pollen-grains the pistil also resembles that
of the long-styled, so that although the stamens and
pistil are of nearly equal length, and consequently
pollen is spontaneously deposited on the stigma, yet
;

the flowers are not legitimately fertilised and yield
only a very moderate supply of seed. We thus see,
that equal-styled varieties have originated in
various ways, and, secondly, that the combination of
the two forms in the same flower differs in completefirstly,

T
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plant have

them
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elatior some of the flowers ou the same
become equal-styled, instead of all of

as in the other species.

Mr. Scott has suggested that the equal-styled varieties arise through reversion to the former homostyled
condition of the genus. This view is supported by
the remarkable fidelity with which the equal-styled
I
variation is transmitted after it has once appeared.
shown
in
XIII.
Variation
of
have
Chapter
of my
Animals and Plants under Domestication,' that
any cause which disturbs the constitution tends to
induce reversion, and it is chiefly the cultivated
Illespecies of Primula which become equal-styled.
gitimate fertilisation, which is an abnormal process,
is likewise an exciting cause
and with illegitimately
descended long-styled plants of P. Sinensis, I have
observed the first appearance and subsequent stages
*

;

of this variation.

With some

other plants of P. Si-

flowers appeared
have reverted to their original wild condition.
Again, some hybrids between P. veris and vulgaris
were strictly equal-styled, and others made a near
approach to this structure. All these facts support
the view that this variation results, at least in part,
from reversion to the original state of the genus,
On the
before the sj)ecies had become heterostyled.
nensis

of

similar

parentage

the

to

other hand, some considerations indicate, as previously

remarked, that the aboriginal parent-form of Primula
had a pistil which exceeded the stamens in length.
The fertility of the equal-styled varieties has been
somewhat modified, being sometimes greater and sometimes less than that of a legitimate union. Another
view, however, may be taken with respect to the origin
of

the equal-styled varieties, and their appearance

may be compared with

that of hermaphrodites amongst
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animals which properly have their sexes separated;
for the two sexes are combined in a monstrous hermaphrodite in a somewhat similar manner as the
two sexual forms are combined in the same flower of

an equal-styled variety of a heterostyled

species.

—

Final remarks. The existence of plants which have
been rendered heterostyled is a highly remarkable
phenomenon, as the two or three forms of the same
undoubted species differ not only in important points
of structure, but in the nature of their reproductive
powers.
sexes of

As far as structure is concerned, the two
many animals and of some plants differ to an

and in both kingdoms the same
species may consist of males, females, and hermaphroextreme degree
dites.

;

Certain hermaphrodite cirripedes are aided in

by a whole cluster of what I have
males, which differ wonderfully
complemental
called
hermaphrodite
form.
AYith ants
from the ordinary
and
two
or three castes of
females,
we have males and
their reproduction

sterile

females or workers.

With Termites

there are,

as Fritz Muller has shown, both winged and wingless
males and females, besides the workers. But in none

of these cases

is

there any reason to believe that the

several males or several females of the

same species

except in the atrophied
condition of the reproductive organs in the workers of
differ in their sexual powers,

social

insects.

Many

hermaphrodite animals

unite for reproduction, but

must

such
union apparently depends solely on their structure.
On the other hand, with heterostyled dimorphic
species there are two females and two sets of males,
and with trimorphic species three females and three
sets of males, which differ essentially in their sexual
the necessity of
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We shall, perhaps, best j)erceive the complex
and extraordinary nature of the marriage arrangements
of a trimorphic plant by the following illustration.
Let us suppose that the individuals of the same species
of ant always lived in triple communities; and that

powers.

in one of these, a large-sized female (differing also in

other characters) lived with six middle-sized and six
small-sized males

;

in the second

community a middleand six small-sized

sized female lived with six large-

males
and in the third, a small-sized female lived
with six large- and six middle-sized males. Each of
these three females, though enabled to unite with any
;

male, would be nearly sterile with her

own two

sets of

males, and likewise with two other sets of males of the

same

size

with her own w^hich lived in the other two
but she would be fully fertile when

communities

;

own size. Hence the thirtyby half-dozens in the three com-

paired with a male of her
six males, distributed

munities, would be divided into three sets of a dozen

and these sets, as well as the three females,
from one another in their reproductive
powers in exactly the same manner as do the distinct
But it is a still more
species of the same genus.
remarkable fact that young ants raised from any one
of the three female ants, illegitimately fertilised by a
male of a different size, W'ould resemble in a whole
series of relations the hybrid offspring from a cross
between two distinct species of ants. They would be
dwarfed in stature, and more or less, or even utterly

each

;

would

barren.

differ

Naturalists are so

much accustomed

to behold

great diversities of structure associated with the two
sexes, that they feel no surprise at almost any amount

but differences in sexual nature have
been thought to be the very touchstone of specific
We now see that such sexual differences
distinction.

of difference

;
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greater or less power of fertilising and being

fertilised

— may characterise the co-existing individuals

same species, in the same manner as they
characterise and have kept separate those groups of
individuals, produced during the lapse of ages, which
we rank and denominate as distinct species.

of the

—
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P0LTGA3I0rS, DiCECIOUS, AND GyXO-DICECIOUS PlANTS.

The

conversion in various ways of hermaphrodite into dioecious plants

— Heterostyled plants rendered dioecious —Rubiacese —Yerbenacese
— Polygamous and sub-dicecious plants — Euonymus — Fragaria
The two sub-forms of both sexes of Rhamnus and Epigsea — Hex
G}Tio-dioecious plants— Thymus, difference in
of the hermaphrodite and female individuals — Satureia — Manner in which
the two forms probably originated — Scabiosa and other gynodioecious plants —Difference in the
of the corolla in the forms
fertility

size

of polygamous, dicecious,

There

and gyno-dio3cious

plants.

which all the
and these exhibit no rudiments

are several groups of plants in

species are dioecious,

in the one sex of the organs

About the

proper to the other.

It
is known.
be descended from ancient
lowly organised forms, which had from the first their
sexes separated
so that they have never existed as
hermaphrodites.
There are, however, many other
groups of species and single ones, which from being
allied on all sides to hermaphrodites, and from exhibiting in the female flowers plain rudiments of
is

origin of such plants nothing

possible that they

may

;

male organs, and conversely in the male flowers rudiments of female organs, we may feel sure are descended
from plants which formerly had the two sexes combined in the same flower. It is a curious and obscure
problem how and why such hermaphrodites have been
rendered bisexual.
If in

some individuals of a species the stamens

alone were to abort, females and hermaphrodites would
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left existing, of wliicli

many

279

instances occur

;

and

the female organs of the hermaphrodite were after-

wards to abort, the result would be a dioecious plant.
Conversely, if we imagine the female organs alone to
abort in some individuals, males and hermaphrodites
left
and the hermaphrodites might afterwards be converted into females.
In other cases, as in that of the common Ash-tree
mentioned in the Introduction, the stamens are rudi-

would be

;

mentary in some individuals, the pistils in others,
Here the
others again remaining as hermaphrodites.
modification of the two sets of organs appears to have
occurred simultaneously, as far as we can judge from
If the hermaphrodites
were supplanted by the individuals having separated
sexes, and if these latter were equalised in number, a
their equal state of abortion.

would be formed.
There is much difficulty in understanding why hermaphrodite plants should ever have been rendered
dioecious.
There would be no such conversion, unless
pollen was already carried regularly by insects or by the
wind from one individual to the other for otherwise
every step towards dioeciousness would lead towards
sterility.
As we must assume that cross-fertilisation
was assured before an hermaphrodite could be changed
into a dioecious plant, we may conclude that the conversion has not been effected for the sake of gaining
the great benefits which follow from cross-fertilisation.
We can, however, see that if a species were
subjected to unfavourable conditions from severe competition with other plants, or from any other cause, the
production of the male and female elements and the
strictly dioecious species

;

maturation of the ovules by the same individual, might
prove too great a strain on its powers, and the separation of the sexes would then be highly beneficial.
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This, however, would be effected only under the contingency of a reduced number of seeds, produced by
the females alone, being sufficient to keep up the
stock.

There

is

another way of looking at the subject which

partially removes a difficulty that appears at

sight

first

insuperable, namely, that during the conversion of an

hermaphrodite into a dioecious plant, the male organs
in some individuals and the female organs
in others.
Yet as all are exposed to the same conditions, it might have been expected that those
which varied would tend to vary in the same manner.
As a general rule only a few individuals of a
and
species vary simultaneously in the same manner
there is no improbability in the assumption that
some few individuals might produce larger seeds
than the average, better stocked with nourishment. If
the production of such seeds were highly beneficial to
a species, and on this head there can be little doubt,*
the variety with the large seeds would tend to inBut in accordance with the law of compensacrease.
tion we might expect that the individuals which produced such seeds would, if living under severe conditions, tend to produce less and less pollen, so that
their anthers would be reduced in size and might ultimately become rudimentary. This view occurred to
me owing to a statement by Sir J. E. Smith t that
there are female and hermaphrodite plants of Serratula
tinctoria, and that the seeds of the former are larger
than those of the hermaphrodite form. It may also

must abort

;

be worth w^hile to recall the case of the mid-styled
form of Lytlirum salicaria, which produces a larger
* See the facts given in ' The
Effects of Cross and Self-fertilisation,' p. 353.

t

'

Trans. Linn.

p. 600,

Soc.,' vol. xiii.
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number

of seeds than the other forms, and has somewhat smaller pollen-grains which have less fertilising
power than those of the corresponding stamens in the
other two forms but whether the larger number of
seeds is the indirect cause of the diminished power
;

know not. As soon
number of individuals bethe manner just suggested or

of the pollen, or vice versa, I
as the anthers in a certain

came reduced in size in
from any other cause, the other individuals would have
and such into produce a larger supply of pollen
creased development would tend to reduce the female
organs through the law of compensation, so as ultimately to leave them in a rudimentary condition
and the species would then become dioecious.
Instead of the first change occurring in the female
organs we may suppose that the male ones first varied,
so that some individuals produced a larger supply of
pollen.
This would be beneficial under certain circumstances, such as a change in the nature of the
insects which visited the flowers, or in their becoming more anemophilous, for such plants require an
enormous quantity of pollen. The increased action of
the male organs would tend to affect through compensation the female organs of the same flower and the
final result would be that the species would consist of
males and hermaphrodites. But it is of no use considering this case and other analogous ones, for, as
stated in the Introduction, the co-existence of male
and hermaphrodite plants is excessively rare.
It is no valid objection to the foregoing views that
changes of such a nature would be effected with extreme slowness, for we shall presently see good reason
;

;

;

to believe

hermaphrodite plants have
becoming dioecious by many and excessively small steps.
In the case of polygamous

become

that various

or are
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and hermaphrowould have to be supplanted before
the species could become strictly dioecious but the
extinction of the hermaphrodite form would probably
not be difficult, as a complete separation of the sexes
appears often to be in some way beneficial. The males
and females would also have to be equalised in
number, or produced in some fitting proportion for the
species,

exist as males, females

dites, the latter

;

effectual fertilisation of the females.

There are, no doubt, many unknoT\Ti laws which
govern the suppression of the male or female organs
in hermaphrodite plants, quite independently of any
tendency in them to become monoecious, dioecious, or
polygamous. We see this in those hermaphrodites
which from the rudiments still present manifestly
once possessed more stamens or pistils than they
now do, even twice as many, as a whole verticil has
often been suppressed.
Eobert Bro^vn remarks* that
"the order of reduction or abortion of the stamina
in any natural family may with some confidence be

—

predicted,"

by observing in other members of the
number is complete, the order

family, in which their

of the dehiscence of the anthers

manence

of an organ

is

;

for the lesser per-

generally connected with

its

and he judges of perfection by
priority of development.
He also states that whenever there is a separation of the sexes in an hermaphrodite plant, which bears flowers on a simj)le
spike, it is the females which expand first
and this
he likewise attributes to the female sex being the
more perfect of the two, but why the female should
be thus valued he does not explain.
lesser

perfection,

;

ii.

* 'Trans. Linn. Soc' vol.
pp. 278-81.

xii. p.

98,

Or 'Miscellaneous "Works/

vol,
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Plants under cultivation or changed conditions of
life

are

frequently become sterile

much

and the male organs
though the

;

oftener affected than the female,

latter alone are

the stamens
in their size

is
;

The

sometimes affected.

sterility of

generally accompanied by a reduction

and we may feel

sure,

from a wide-spread

analogy, that both the male and female organs would

become rudimentary

in the course of

many

genera-

tions if they failed altogether to perform their proper

functions.

According

to Gartner,* if the anthers

when

a plant are contabescent (and

on

this occurs it is

always at a very early period of growth) the female
organs are sometimes precociously developed.
I

mention

as

it

appears to be one of com-

So again

is

the well-known fact, that

this case

pensation.

by stolons or other such
means are often utterly barren, with a large proportion
plants which increase largely

of their pollen-grains in a worthless condition.

Hildebrand

has

shown that with hermaphrodite

plants which are strongly proterandrous, the stamens

and
first sometimes abort
seems to follow from their being useless, as no
pistils are then ready to be fertilised.
Conversely
the pistils in the flowers which open last sometimes
abort as when they are ready for fertilisation all the
pollen has been shed. He further shows by means of
a series of gradations amongst the Composit9e,t that
a tendency from the causes just specified to produce
either male or female florets, sometimes spreads
to all the florets on the same head, and sometimes
in the flowers which open

;

this

;

* 'Beitrage zur Kenntniss,' &c.

llTetseq.

The whole

subject
of the sterility of plants from
various causes has been discussed
in my
Variation of Animals
and Plants under Domestication,'
p.

'

chap, xviii.
pp. 146-56.
t

'

—2nd

edit.

vol.

ii.

Ueber die Geschlechtsverden Compositen,'

haltnisse bei
1869, p. 89.

;
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even to the whole plant and in this latter case the
becomes dioecious. In those rare instances mentioned in the Introduction, in which some of the individuals of both monoecious and hermaphrodite plants
are proterandrous, others being proterogynous, their
conversion into a dioecious condition would probably be
much facilitated, as they already consist of two bodies
;

species

of individuals, differing to a certain extent in their

reproductive functions.

Dimorphic

heterostyled

plants

offer

still

strongly marked facilities for becoming dioecious

more
;

for

they likewise consist of two bodies of individuals in
a23proximately equal numbers, and what probably is
more important, both the male and female organs
differ in the two forms, not only in structure but in
function, in nearly the same manner as do the reproductive organs of two distinct species belonging to
the same genus. Xow if two species are subjected to

changed conditions, though

of the

same nature,

it is

notorious that they are often affected very differently
therefore the male organs, for instance, in one form of

a heterostyled plant might be affected by those un-

known

causes which induce abortion, differently from

the homologous but functionally different organs in

the other form
organs.

much

;

and

so conversely with the female

Thus the great

difficulty before alluded to is

lessened in understanding

how any cause what-

ever could lead to the simultaneous reduction and

ultimate suppression of the male organs in

haK

the

individuals of a species, and of the female organs in

the other half, whilst all were subjected to exactly the

same conditions of life.
That such reduction or suppression has occurred
in some heterostyled plants is almost certain.
The
Eubiacea) contain more heterostyled genera than any

;
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infer that

many
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may

them became heterostyled at a
so that there will have been ample time
of

re-

mote period,
for
some of the species to have been since rendered dioecious. Asa Gray informs me that Coprosma is dioecious,
and that it is closely allied through Nertera to Mitchella, which as we know is a heterostyled dimorphic
In the male flowers of Coj^rosma the stamens
species.
are exserted, and in the female flowers the stigmas
so that, judging from the affinities of the above three
genera, it seems probable that an ancient short-styled
form bearing long stamens with large anthers and
large pollen-grains (as in the case of several Eubia-

ceous genera) has been converted into the male Coprosma; and that an ancient long-styled form with short
stamens, small anthers and small pollen-grains has

been converted into the female form. But accordinor
Meehan,* Mitchella itself is dioecious in some
districts
for he says that one form has small sessile

to Mr.

;

anthers without a trace of pollen, the pistil being
perfect while in another form the stamens are perfect
;

pistil rudimentary.
He adds that plants
be observed in the autumn bearing an abundant

and the

may

crop of berries, and

others

without a single one.

Should these statements be confirmed, 3Iitchella will
be proved to be heterostyled in one district and
dioecious in another.

Asperula is likewise a Eubiaceous genus, and from
the published description of the two forms of A. scoparia, an inhabitant of Tasmania, I did not doubt that

was heterostyled

it

sent

The
*

'

;

but on examining some flowers

me by

Dr. Hooker they proved to be dioecious.
male flowers have large anthers and a very small

Proc. Acad, of Sciences of Philadelphia,' July 28, 1868, p. 183.
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ovarium, surmounted by a mere vestige of a stigma
whilst the female flowers possess
without any style
a large ovarium, the anthers being rudimentary and
;

apparently quite destitute of pollen.
Considering
how many Eubiaeeous genera are heterostyled, it is a
reasonable suspicion that this Asperula is descended
but we should be
from a heterostyled progenitor
cautious on this head, for there is no improbability in
a homostyled Eubiaeeous plant becoming dicecious.
Moreover, in an allied plant, Galium cruciatum, the
female organs have been suppressed in most of the
lower flowers, whilst the upper ones remain hermaand here we have a modification of the
phrodite
sexual organs without any connection with hetero;

;

stylism.

Mr. Thwaites informs me that in Ceylon various
Eubiaeeous plants are heterostyled but in the case
of Discospermum one of the two forms is always
barren, the ovary containing about two aborted ovules
in each loculus whilst in the other form each loculus
;

;

contains several perfect ovules

;

so that the sj^ecies

appears to be strictly dioecious.
Most of the species of the South American genus
jJEgiphila, a

member

of the Yerbenacese, apparently

Miiller and myself
obdurata, so
thought that this was the case with
closely did its flowers resemble those of the heterostyled
But on examining the flowers, the anthers of
species.
the long-styled form were found to be entirely destitute of pollen and less than half the size of those in
the other form, the pistil being perfectly developed.
On the other hand, in the short-styled form the stigmas are reduced to half their proper length, having
whilst the stamens are
also an abnormal appearance

are heterostyled;

and both Fritz

;

perfect.

This plant therefore

is

dioecious

;

and we
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think, conclude that a short-styled progenitor,

bearing long stamens exserted beyond the corolla, has
been converted into the male and a long-styled pro;

genitor with fully developed stigmas into the female.

From

the

number

of

bad pollen-grains in the small

anthers of the short stamens of the long-styled form
of Pulmonaria angustifolia, we may suspect that this
form is tending to become female but it does not
appear that the other or short-styled form is becoming
more masculine.
Certain appearances countenance
the belief that the reproductive system of Phlox siibulata is likewise undergoing a change of some kind.
I have now given the few cases known to me in
which heterostyled plants appear with some considerable degree of probability to have been rendered
dioecious.
Nor ought we to expect to find many such
cases, for the number of heterostyled species is by no
means large, at least in Europe, where they could
hardly have escaped notice. Therefore the number of
dioecious species which owe their origin to the transformation of heterostyled plants is probably not so
large as might have been anticipated from the facilities
which they offer for such conversion.
In searching for cases like the foregoing ones, I have
been led to examine some dioecious or sub-dioecious
plants, which are worth describing, chiefly as they
show by what fine gradations hermaphrodites may
;

pass into polygamous or dioecious species.

Polygamous, Dioecious and Sub-dioecious Plants.

Euonymus Eurojjseus (Celastrinese).
is

—The spindle-tree

described in all the botanical works which I have

consulted as an hermaphrodite.

Asa Gray

S23eaks of

the flowers of the American species as perfect, whilst

DIOECIOUS
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genus Celastrns are said to be
If a number of bushes of our
spindle-tree be examined, about half will be found to
have stamens equal in length to the pistil, with ^vellthe pistil being likewise to all
developed anthers
appearance well developed. The other half have a
perfect pistil, with the stamens short, bearing rudithose in

the allied

" polygamo-dioecious."

;

so that these
mentary anthers destitute of pollen
bushes are females. All the flowers on the same plant
The female corolla is
present the same structure.
The
smaller than that on the polleniferous bushes.
two forms are shown in the accompanying drawings.
;

Fig. 12

Hermaphrodite or male.

Female.

EUOXYMUS EUROP^US.
I did not at first doubt that this species existed
under an hermaphrodite and female form but we shall
presently see that some of the bushes which appear
to be hermaphrodites never produce fruit, and these
;

males.

are in fact

gamous
oicous.

The

in the sense in

The

species, therefore,

is

poly-

which I use the term, and triby many Diptera

flowers are frequented

and some small Hymenoptera for the sake of the
nectar secreted by the disc, but I did not see a single
nevertheless the other insects sufficed to
bee at work
;
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female bushes growing at a

dis-

tance of even 30 yards from any polleniferous bush.

The small anthers borne by the

short stamens of

the female flowers are well formed and dehisce properly, but I could never find in

of pollen.

It is

length of the

somewhat

somewhat

pistils

them a

difficult

to

single grain

compare the

in the two forms, as they vary

in this respect

the anthers are mature.

and continue

The

to

grow

after

pistils, therefore, in

old

flowers on a polleniferous plant are often of consider-

ably greater length than in young flowers on a female
plant.

from so

On this account the pistils from five flow^ers
many hermaphrodite or male bushes were

compared with those from five female bushes, before
the anthers had dehisced and whilst the rudimentary
ones were of a pink colour and not at all shrivelled.
These two sets of pistils did not differ in length, or if
there was any difference those of the polleniferous
flowers were rather the longest. In one hermaphrodite
plant, which produced during three years very few
and poor fruit, the pistil much exceeded in length
the stamens bearing perfect and as yet closed anthers and I never saw such a case on any female
;

plant.

It is a surprising fact that the pistil in the

male and in the semi-sterile hermaphrodite flowers
has not been reduced in length, seeing that it performs very poorly or not at all its proper function.
The stigmas in the two forms are exactly alike and
;

some of the polleniferous plants which never produced any fruit I found that the surface of the stigma
was viscid, so that pollen-grains adhered to it and had

in

exserted their tubes.
in the two forms.

The ovules

are of equal size

Therefore the most acute botanist,

judging only by structure, would never have susj^ected

U
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some of the bushes were in function exclusively

that

males.

Thirteen bushes growing near one another in a
hedge consisted of eight females quite destitute of
pollen and of five hermaphrodites with well-developed
In the autumn the eight females were well
anthers.
covered with fruit, excepting one, which bore only a
moderate number. Of the five hermaphrodites, one
bore a dozen or two fruits, and the remaining four

bushes several dozen but their number was as nothing
compared with those on the female bushes, for a single
branch, between two and three feet in length, from
one of the latter, yielded more than any one of the
hermaphrodite bushes. The difference in the amount
of fruit produced by the two sets of bushes is all the
more striking, as from the sketches above given it is
;

obvious that the stigmas of the polleniferous flowers

can hardly

fail to

receive their

own pollen

;

whilst the

female flowers depends on pollen
being brought to them by flies and the smaller
Hymenoptera, which are far from being such efficient

fertilisation of the

carriers as bees.

I

now determined

successive seasons

to observe more carefully during
some bushes growing in another

about a mile distant. As the female bushes
were so highly productive, I marked only two of them
with the letters A and B, and five polleniferous bushes
with the letters C to G. I may premise that the
place

year 1865 was highly favourable for the fruiting of

all

the bushes, especially for the polleniferous ones, some
of which were quite barren except under such favourable conditions. The season of 1864 was unfavourable.

In 1863 the female A produced " some fruit ;" in 1864
only 9 and in 1865, 97 fruit. The female B in 1863
in 1864 it bore 28 and in
was " covered with fruit
;

;

—
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1865 " innumerable very fine fruits." I may add,
that three other female trees growing close by were
observed, but only during 1863, and they then bore
abundantly.

With

the one marked

C

respect to the polleniferous bushes,

did not bear a single fruit during

the years 1863 and 1864, but during 1865

it produced
than 92 fruit, which, however, were very poor.
I selected one of the finest branches with 15 fruit, and
these contained 20 seeds, or on an average 1 33 per
fruit.
I then took by hazard 15 fruit from an adjoining female bush, and these contained 43 seeds
that
is more than twice as many, or on an average 2*86

no

less

•

;

per

fruit.

Many

of the fruits from the female bushes

included four seeds, and only one had a single seed

;

whereas not one fruit from the polleniferous bushes
contained four seeds. Moreover when the two lots of
seeds were compared, it was manifest that those from
The second
the female bushes were the larger.
polleniferous bush, D, bore in 1863 about two dozen
fruit,

—in 1864 only 3 very poor

a single seed,

— and

fruit,

each containing

in 1865, 20 equally poor fruit

Lastly, the three polleniferous bushes, E, F, and G,
did not produce a single fruit during the three years

1863, 1864, and 1865.

We

thus see that the female bushes differ somewhat

and the polleniferous ones
We have a perfect
gradation from the female bush, B, which in 1865 was
covered with " innumerable fruits,"
through the
female A, which produced during the same year 97,
through the polleniferous bush C, which produced

in their degree of fertility,
in

the most marked manner.

—

this year

92 fruits, these, however, containing a very
low average number of seeds of small size, through
the bush D, which produced only 20 poor fruit, to

—

—

the three bushes, E, F, and G, which did not this

U 2
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the two previous years, j)roduce a

If these

single fruit.
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latter

bushes and the more

female ones were to supplant the others, the
spindle-tree would be as strictly dioecious in function
fertile

any plant in the world. This case appears to me
very interesting, as showing how gradually an hermaphrodite plant may be converted into a dioecious one.*
Seeing how general it is for organs which are
as

almost or quite functionless to be reduced in size, it is
remarkable that the j^istils of the polleniferous plants
should equal or even exceed in length those of the
highly fertile female plants. This fact formerly led
me to suppose that the spindle-tree had once been
heterostyled the hermaphrodite and male plants having been originally long-styled, with the pistils since
reduced in length, but with the stamens retaining
their former dimensions whilst the female plant had
been originally short-styled, with the pistil in its present state, but with the stamens since greatly reduced
and rendered rudimentary. A conversion of this kind
is at least possible, although it is the reverse of
that which appears actually to have occurred with
some Eubiaceous genera and ^giphila for with these
;

;

;

plants the short-styled form has become the male, and
It is, however, a more
simple view that sufficient time has not elapsed for the

the long-styled the female.

* According to Fritz Muller
('Bot. Zeituug,' 1870, p. 151), a
Chamistoa (Amarantbacese) in
Southern Brazil is in nearly the

state as our Euonynius. The
ovules are equally developed in the

same

two forms. In the female the

pistil

whilst the anthers are
In
entirely destitute of pollen.
the polleniferous form, the pistil
ia short and the stigmas never
is perfect,

separate

from

one

another,

so

that, altliough their surfaces are
covered with fairly well-developed

they cannot be fertilised.
do not commonly yield any fruit, and are
therefore in function males. Nevertheless, on one occasion Fritz
Muller found flowers of this kind in
which the stigmas had separated,
papillse.

These

latter plants

and they produced some

fruit.

—
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reduction of the pistil in the male and hermaphrodite
flowers of our

Euonymus

account for the

pistils

being sometimes

though

;

in

longer

this

view does not

the polleniferous flowers

than

those in the

female

flowers.

Fragaria vesca, Virgmiayia, Chiloensis, &c. (Rosaceae).
tendency to the separation of the sexes in the
cultivated strawberry seems to be much more strongly
marked in the United States than in Europe and
this appears to be the result of the direct action of
climate on the reproductive organs. In the best account which I have seen,* it is stated that many of the
varieties in the United States consist of three forms,
namely, females, which produce a heavy crop of fruit,
of hermaphrodites, which " seldom produce other than
a very scanty crop of inferior and imperfect berries,"
and of males, which produce none. The most skilful
cultivators plant " seven rows of female plants, then
one row of hermaphrodites, and so on throughout the
field."
The males bear large, the hermaphrodites
mid-sized, and the females small flowers.
The latter
plants produce few runners, whilst the two other forms
produce many consequently, as has been observed
both in England and in the United States, the polleniferous forms increase rapidly and tend to supplant

—A

;

—

;

We may

therefore infer that much more
expended in the production of ovules
and fruit than in the production of pollen. Another
species, the Hautbois strawberry {F. elatior), is more
strictly dioecious
but Lindley made by selection an

the females.

vital force is

;

hermaphrodite stock.f

Bhamnus
*

catharticus (Rhamnese).

Mr. Leonard Wray in

'

Gard.

Chron.' 1861, p. 716.
t For references and further

—This plant

is

well

information on this subject, see
'Variation under Domestication,*
chap. x. 2nd edit. vol. i. p. 375.

:
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to be dioecious.
My son William found the
two sexes growing in about equal numbers in the Isle
of Wight, and sent me specimens, together with observations on them.
Each sex consists of two sub-forms.
The two forms of the male differ in their pistils
in some plants it is quite small, without any distinct
stigma in others the pistil is much more developed,
with the papillae on the stigmatic surfaces moderately
large.
The ovules in both kinds of males are in an
aborted condition. On my mentioning this case to Pro-

known

;

fessor Caspary,

he examined several male plants in

the botanic gardens at Konigsberg, where there were

no females, and sent

me

the accompanying drawings.
Fig. 13.

Long-styled male.

Short-styled male.

Rhsinaus CATHARTicus. (From Caspary.)

In the English plants the petals are not so greatly
reduced as represented in this drawing. My son observed that those males which had their pistils moderately well developed bore slighly larger flowers, and,
what is very remarkable, their pollen-grains exceeded
by a little in diameter those of the males with greatly
reduced pistils. This fact is opposed to the belief that
the present species w as once heterostyled for in this
;

might have been expected that the shorterstyled plants would have had larger pollen-grains.
In the female plants the stamens are in an extremely rudimentary condition, much more so than
case

it
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The pistil varies consithe pistils in the males.
derably in length in the female plants, so that they

may

be divided into two sub-forms according to the
Fig.

Long-styled

U.

Short-styled
female.

female.

Rhamnus catharticus.

Both the petals and sepals are

length of this organ.

decidedly smaller in the females than in the males
and the sepals do not turn downwards, as do those of
;

when mature. All the flowers on the
same male or same female bush, though subject to
some variability, belong to the same sub-form and
as my son never experienced any difficulty in deciding under which class a plant ought to be included,
he believes that the two sub-forms of the same sex
I can form no
do not graduate into one another.

the male flowers

;

satisfactory theory

how the

four forms of this plant

originated.

Bhamnus

lanceolatiis

exists in

the

United

States,

am

informed by Professor Asa Gray, under two
hermaphrodite forms. In the one, which may be called
the short-styled, the flowers are sub-solitary, and inas I

clude a pistil about two-thirds or only half as long as
it has also shorter stigmas. The
stamens are of equal length in the two forms but the

that in the other form

;

;

anthers of the short-styled contain rather less pollen,
as far as I could

judge from a few dried

flowers.

My
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son compared the pollen-grains from the two forms,
and those from the long-styled flowers were to those

from the short-styled, on an average from ten measurements, as 10 to 9 in diameter so that the two
hermaphrodite forms of this species resemble in this
respect the two male forms of R. catharticus.
The
long-styled form is not so common as the short-styled.
The latter is said by Asa Gray to be the more fruitful
of the two, as might have been expected from its
appearing to produce less pollen, and from the grains
being of smaller size it is therefore the more highly
feminine of the two. The long-styled form produces
a greater number of flowers, which are clustered together instead of being sub-solitary they yield some
fruit, but as just stated are less fruitful than the other
form, so that this form appears to be the more masculine of the two.
On the supposition that we have
here an hermaphrodite plant becoming dioecious, there
are two points deserving notice firstly, the greater
length of the j)istil in the incipient male form and
we have met with a nearly similar case in the male
and hermaphrodite forms of Euonymus compared with
;

;

;

:

;

Secondly, the larger size of the pollen-

the females.
grains in the

more masculine

flowers,

which perhaps

may

be attributed to their having retained their normal size
whilst those in the incipient female flowers have been
;

The

form of R. lanceolatus seems
males of R. catharticus which
have a longer pistil and larger pollen-grains. Light
will perhaps be thrown on the nature of the forms
in this genus, as soon as the power of both kinds of
pollen on both stigmas is ascertained.
Several othjer
species of Khamnus are said to be dioecious* or sub-

reduced.

lono--stvled

to correspond with the

* Lecoq,

'

Geogr. Bot.' torn.

v.

1856, pp. 420-26.
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dioecious. On the other hand, B. frangida is an ordinary hermaphrodite, for my son found a large number
of bushes all bearing an equal profusion of fruit.
This plant appears to
Epiggea repens (Ericaceae).

—

be in nearly the same state as Bhamnus catharticus.

under four
and short
abortive stamens.
(2) Shorter style, but with stigma
equally perfect, short abortive stamens. These two
female forms amounted to 20 per cent, of the specimens received from one locality in Maine but all
the fruiting specimens belonged to the first form.
(3) Style long, as in No. 1, but with stigma imperfect, stamens perfect.
(4) Style shorter than in
the last, stigma imperfect, stamens perfect. These
two latter forms are evidently males. Therefore, as
Asa Gray remarks, "the flowers may be classified
into two kinds, each vAih. two modifications
the two
main kinds characterised by the nature and perfection
It is described

forms.

(1)

by Asa Gray*

With long

as existing

style, perfect stigma,

;

;

of the stigma, along with

the stamens

more

or

their modifications,

;

less abortion

of

by the length of

Mr. Meehan has described f the extreme
and calyx in this plant, and
shows that it is dioecious. It is much to be wished
that the pollen-grains in the two male forms should
be compared, and their fertilising power tried on the
two female forms.
Ilex aqiiifolium (Aquifoliacese).
In the several
works which I have consulted, one author alone J says

the style."

variability of the corolla

—

that the holly

*
'

is

dioecious.

American Journal of Science,'
Also The American

July 1870.

'

Naturalist,' 1876, p. 490.
t " Variations in Epigaea repens,'"
Proc. Acad. Nat. Soc. of Pliila-

During several years I

delphia,'

May

1868, p. 153.

Vaucher,
Hist. Phys. des
Plantes d'Europe,' 1841, torn. ii.
I

p. 11.

'
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have examined many plants, but have never found
one that was really hermaphrodite. I mention this
genus because the stamens in the female flowers, although quite destitute of pollen, are but slightly and
sometimes not at all shorter than the perfect stamens
in the male flowers.
In the latter the ovary is small

and the

pistil is

almost aborted.

The

filaments of the

stamens adhere for a greater length to the
than in the female flowers. The corolla of
the latter is rather smaller than that of the male.
The male trees produce a greater number of flowers
than the females. Asa Gray informs me that I. opaca,
perfect
petals

which represents in the United States our common
holly, appears (judging from dried flowers) to be in a
similar state
and so it is, according to Vaucher, with
;

several other but not with all the species of the genus.

Gyno-dioecious Plants.

The
to

plants hitherto described either show a tendency

become

dioecious,

or

apparently have become so

But the species now to be
hermaphrodites and females
without males, and rarely show any tendency to
be dicBcious, as far as can be judged from their
present condition and from the absence of species
having sej)arated sexes within the same groups.
Species belonging to the present class, which I have
within a recent period.
considered

consist

of

are found in various widely
but are much more common in the
Labiatae (as has long been noticed by botanists) than
in any other group.
Such cases have been noticed
by myself in Thymus serpyllum and vulgaris, Satureia

called

gyno-dioecious,

distinct families

hortensis,

by

;

Origanum

others

vidgare,

and Mentha hirsuta ; and
Mentha vulgaris and

in Nepeta glechoma,

;
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In these two latter
H. Miillery is
infrequent.
To these must be added Dracocephalum
Moldavicum, Melissa officinalis and clinipodiiim, and
Hj/ssopus officinalis* In the two last-named plants the
female form likewise appears to be rare, for I raised
many seedlings of both, and all were hermaphrodites.
It has already been remarked in the Introduction that
andro-dioecious species, as they may be called, or those
which consist of hermaphrodites and males, are extremely rare, or hardly exist.
Thymus serpyUum. The hermaphrodite plants present nothing particular in the state of their reproductive organs
and so it is in all the follow ing cases. The
females of the present species produce rather fewer
flowers and have somewhat smaller corollas than the
hermaphrodites
so that near Torquay, where this
aquatica,

and Prunella

vulgaris.

species the female form, according to

—

;

;

plant abounds, I could, after a

little practice, distin-

guish the two forms whilst walking quickly past them.
According to Vaucher, the smaller size of the corolla

common to the females of most or all of the abovementioned Labiatse. The pistil of the female, though
somewhat variable in length, is generally shorter,
with the margins of the stigma broader and formed
of more lax tissue, than that of the hermaphrodite.
The stamens in the female vary excessively in length
they are generally enclosed within the tube of the
is

*

H.

Miiller,

'

Die Befruchtung

der Blum en,' 1873 and 'Nature,'
Vaucher, 'Plantes
1873, p. 161.
d'Europe,' torn. iii. p. 611.
For
Dracocephalum,
Schimper,
as
;

quoted by Braun,

Mag,

'

Annals and

of Nat. Hist.' 2nd series, vol.
xviii. 1856, p. 380.
Lecoq, ' Geographic Bot. de I'Europe,' torn. viii.
Both Vaucher
pp. 33, 38, 44, &c.

and Lecoq were mistaken in thinking that several of the plants
named in the text are dioecious.
They appear to have assumed that
the hermaphrodite form was a
male
perhaps they were deceived by the pistil not becoming
fully developed and of proper
length until some time after the
anthers have dehisced.
;
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with

and

tlieir

anthers
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not contain any sound

but after long search I found a single plant
the stamens moderately exserted, and their
;

anthers contained a very few full-sized grains, together

with a multitude of minute empty ones. In some
extremely short, and their
minute anthers, though divided into the two normal

females the stamens are
cells or loculi,

contained not a trace of pollen

:

in

others again the anthers did not exceed in diameter

the filaments which supported them, and were not

Judging from what I have
myself seen and from the descriptions of others, all
the plants in Britain, Germany, and near Mentone,
are in the state just described
and I have never
found a single flower with an aborted pistil. It is,
therefore, remarkable that, according to Delpino,* this
plant near Florence is generally trimorphic, consisting
of males with aborted pistils, females with aborted

divided into two loculi.

;

stamens, and hermaphrodites.
I found

number

it

very

difficult to

of the two forms

judge of the proportional
at Torquay.

They

often

grow mingled together, but with large patches consisting of one form alone.
At first I thought that the
two were nearly equal in number but on examining
every plant which grew close to the edge of a little
overhanging dry cliff, about 200 yards in length, I
found only 12 females all the rest, some hundreds
Again, on an
in number, being hermaphrodites.
extensive gently sloping bank, which was so thickly
covered with this jDlant that, viewed from the distance
of half a mile it appeared of a pink colour, I could
;

;

not discover a
*

'

Suir Opera,

la

single

female.

Distribnzione

dei Sessi nelle Painte, &c.' 1867,
With respect to Germany,
p. 7.

H.

Therefore the herMiiller,

&c.,' p. 327.

'

Die BefrucLtung,
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greatly

exceed

females, at least in the localities
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number the

in

examined by me.

A

very dry station apparently favours the presence
With some of the other aboveof the female form.
nature of the soil or climate
the
named Labiatse
likewise seems to determine the presence of one or

thus with Nejpeta glechoma, Mr. Hart
both forms
found in 1873 that all the plants which he examined
near Derry in Ireland were females whilst all near
Bath were hermaphrodites, and near Hertford both
forms were present, but with a preponderance of
hermaphrodites.* It would, however, be a mistake to
suppose that the nature of the conditions determines
for I sowed
the form independently of inheritance
bed
small
seeds
of
T.
serpjllum,
gathered
in the same
female
the
alone,
and
from
these
produced
at Torquay
an abundance of both forms. There is every reason
to believe, from large patches consisting of the same
;

;

;

form, that the same individual plant, however

much

same form. In two
it may
distant gardens I found masses of the lemon-thyme
(T. citriodorus, a var. of T. serpyllum), which I was
informed had grown there during many years, and
spread, always retains the

every flower was female.

With
marked

respect to the fertility of the two forms, I

Torquay a large hermaphrodite and a large
female plant of nearly equal sizes, and when the seeds
at

were ripe I gathered all the heads.
The two heaps
were of very nearly equal bulk but the heads from
the female plant numbered 160, and their seeds
weighed 8 '7 grains; whilst those from the her;

maphrodite plant numbered 200, and their seeds
w^eighed only 4 9 grains
so that the seeds from the
'

*

;

•

Nature,'

June 1873,

p. 162.
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female plant were to those from the hermaphrodite
If the relative weight of
as 100 to 56 in weight.
the seeds from an equal number of flower-heads from
the two forms be compared, the ratio

is

as 100 for the

female to 45 for the hermaphrodite form.

—

Tliymus vulgaris. The common garden thyme resembles in almost every respect T. serpyllum. The
same slight differences between the stigmas of the
two forms could be perceived. In the females the
stamens are not generally quite so much reduced as
In some specimens
in the same form of T. serpijUiim.
sent me from Mentone by Mr. Moggridge, together
with the accompanying sketches, the anthers of the
Fig. 15.

Females.

Hermaphrodite.

Thymus vulgaris

(magnified).

female, though small, were well formed, but they contained very little pollen, and not a single sound grain

could be detected. Eighteen seedlings were raised
from purchased seed, sown in the same small bed
and these consisted of seven hermaphrodites and
They were left freely exposed to
eleven females.
;

the visits of bees, and no doubt every female flower
for on placing under the microwas fertilised
;

scope a large

number

of stigmas from female plants,
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not one could be found to which pollen-grains of
thyme did not adhere. The seeds were carefully col-

and they weighed
from the seven hermaThis gives for an equal
phrodites 36 "5 grains.
number of plants the ratio of 100 to 58 and we
lected from the eleven female plants,

98 7
•

grains

;

and

those

;

here see, as in the last case,

how much more

the females are than the hermaphrodites.

fertile

These two

were sown separately in two adjoining
and the seedlings from both the hermaphrodite

lots of seeds

beds,

and female parent-plants consisted of both forms.
Eleven seedlings were raised in
Satureia hortensis.
separate ])ots in a hotbed and afterwards kept in the
green-house. They consisted of ten females and of

—

a single hermaphrodite.

Whether

or not the condi-

which they had been subjected caused the great
excess of females I do not know. In the females the
pistil is rather longer than that of the hermaphrodite,
and the stamens are mere rudiments, with minute
colourless anthers destitute of pollen.
The windows
of the green-house were left open, and the flowers
were incessantly visited by humble and hive bees.
Although the ten females did not produce a single
grain of pollen, yet they were all thoroughly well
fertilised by the one hermaphrodite plant, and this
It should be added that no
is an interesting fact.
other plant of this species grew in my garden. The
seeds were collected from the finest female plant,
and they weighed 78 grains whilst those from the
hermaphrodite, which was a rather larger plant than
the female, weighed only 33 2 grains that is, in the
ratio of 100 to 43. The female form, therefore, is very
much more fertile than the hermaphrodite, as in the two
but the hermaphrodite was necessarily selflast cases
fertilised, and this probably diminished its fertility.
tions to

;

*

;

;
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may now consider the probable means by which
many of the Labiata3 have been separated into two

AYe
so

and the advantages thns gained.

forms,

H. Miiller*

supposes that originally some individuals varied so as
to produce

more conspicuous

habitually visited these
their pollen visited

and

and that insects
and then dusted with

flowers

first,

;

fertilised the less

The production

by the
would thus be rendered superfluous, and
flowers.

of pollen

conspicuous
latter plants

it would be
advantageous to the species that their stamens should

abort, so as to save useless expenditure.

They would

thus be converted into females. But another view

be suggested

:

seeds evidently

and

is

of

high importance to many plants,

have seen in the three

as'^we

that the females produce

forea-oing^

many more

more probable cause

of the formation

From

cases

seeds than the

hermaphrodites, increased fertility seems to
the two forms.

may

as the production of a large supply of

me

the

and separation of

the data above given

it

follows

Thymus seiyijllum, if half consisted
of hermaphrodites and half of females, would yield
seeds compared with ten hermaphrodite plants in the
Under similar circumstances the
ratio of 100 to 72.
that ten plants of

ratio with Satureia hortensis (subject to the

doubt from

the self-fertilisation of the hermaphrodite) would be as

100 to

Whether the two forms originated in cermore seed than

60.

tain individuals varying and producing
usual,

and consequently producing

less pollen

;

or in

the stamens of certain individuals tending from some
unknown cause to abort, and consequently producing

more

but in either
is impossible to decide
tendency to the increased production of
seed were steadily favoured, the result would be the
seed,

it

;

case, if the

*

'Die Befrucbtung der Blumen,' pp. 819, 326.

GYXO-DICECIOUS PLAXTS.

305

complete abortion of the male organs.

I shall pre-

Chap. YII.

sently discuss the cause of the

smaller size of the

female corolla.
shown by H. Miiller
Germany under an hermaphrodite and

Scahiosa arveiisis (Dipsacese).— It has been

that this species exists in

female form.* In my neighbourhood (Kent) the female plants
do not nearly equal in number the hermaphrodites. The stamens
of the females vary much in their degree of abortion in some
plants they are quite short and produce no pollen in others
they reach to the mouth of the corolla, but their anthers are not
half the proper size, never dehisce, and contain but few pollen;

;

grains, these being colourless

and

of small diameter.

The her-

maphrodite flowers are strongly proterandous, and H. Midler
shows that, whilst all the stigmas on the same flower-head are
mature at nearly the same time, the stamens dehisce one after
the other so that there is a great excess of pollen, which serves
to fertilise the female plants. As the production of pollen by
one set of plants is thus rendered superfluous, their male organs
have become more or less completely aborted. Should it be
hereafter proved that the female plants yield, as is probable,
more seeds than the hermaphrodites, I should be inclined to
extend the same view to this plant as to the Labiatse. I have
also observed the existence of two forms in our endemic
succim, and in the exotic S. utro-pnrpurea. In the latter plant,
;

*S',

differently to

what occurs

in S. arvensis, the female flowers,

especially the larger circumferential ones, are smaller than those

of the hermaphrodite form. According to Lecoq, the female
flower-heads of S. s'icdsa are likewise smaller than those of

what he

calls

the male plants, but which are probably her-

maphrodites.

Echiam vih/are (Boragineffi).— The ordinary hermaphrodite
form appears to be proterandrous, and nothing more need be said
about it. The female differs in having a much smaller corolla
and shorter pistil, but a well-developed stigma. The stamens
*

Befruehtung: der Bluraen,'
The two forms occur
not only in Germany, but in
Englanil and France.
Lecoq,
('Ge'ographie B..t.' 1857, tom. vi.
pp. 478, 477) SMvs that male
plants as well as liermap.iio lites
*

&c., p. '66S.

and females co-exist it is, however, possible tliat he may have
been deceived by the flcwers being
so strongly proterandrous.
From
wliat Lecoq says, ,S'. succisa likt;

wise appears to occur under two
forms in France.

X
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tlie anthers do not contain any sound pollen-grains,
but in their place yellow incoherent cells which do not swell
in water. Some plants were in an intermediate condition that
is, had one or two or three stamens of proper length vrith perfect anthers, the other stamens being rudimentary. In one such
plant half of one anther contained green joerfect pollen-grains,
and the other half yellowish-green imperfect grains. Both forms
l^roduced seed, but I neglected to observe whether in equal
numbers. As I thought that the state of the anthers might be

are short

;

;

due to some fungoid growth, I examined them both in the bud
and mature state, but could find no trace of mycelium. In 1862
many female plants were found and in 1864, 32 plants were
collected in two localities, exactly half of which were hermaphrodites, fourteen were females, and two in an intermediate condition. In 1866, 15 plants were collected in another locality,
and these consisted of four hermaphrodites and eleven females.
I may add that this season was a wet one, which shows that the
abortion of the stamens can hardly be due to the dryness of the
sites where the plants grew, as I at one time thought probable.
Seeds from an hermaphrodite were sown in my garden,
and of the 23 seedhngs raised, one belonged to the intermediate
form, all the others being hermaphrodites, though two or three
of them had unusually short stamens. I have consulted several
botanical works, but have found no record of this plant varying
;

manner here described.
PJantago lanceolata (Plantagine^e).

in the

—Delpino states

that this

plant presents in Italy three forms, which graduate from an

anemophilous into an entomophilous condition. According to
H. Mliller,* there are only two forms in Germany, neither of
which show any sj^ecial adaptation for insect fertilisation, and
both appear to be hermaphrodites. But I have found in two
localities in England female and hermaphrodite forms existing
together and the same fact has been noticed by others. f The
females are less frequent than the hermaphrodites their stamens
;

;

and their anthers, which are of a brighter green
whilst young than those of the other form, dehisce projDcrly, yet
contain either no pollen, or a small amount of imperfect grains
of variable size. All the flower-heads on a plant belong to
are short,

*

'Die

Befruchtung,'

(Sec,

p.

342.
t 3Ir.

C.

W. Crocker

in

'

The

Gardener's Chronicle,' 18G4, p. 294.
Mr. W. Marshall writes to me to
the same elfect from Ely.

SIZE OF

Chap. VII.

THE COROLLA.

307

the same form. It is well known that this species is strongly
proterogvnous, and I found that the protruding stigmas of both
the hermaphrodite and female flowers were penetrated by pollentubes, whilst their own anthers were immature and had not

escaped out of the bud. Flantago media does not present two
forms but it appears from Asa Gray's description,* that such
is the case with four of the North American species.
The corolla does not properly expand in the short-stamened form of
;

these plants.
Ciiicus,

Eriophorum.

tierratula,

—In

the Compositae, Cnicus

palmfris and acuulis are said by Sir J. E. Smith to exist as hermaphrodites and females, the former being the more frequent.

With

may

Serratula tindoria a regular gradation

be followed

from the hermaphrodite to the female form in one of the latter
plants the stamens were so tall that the anthers embraced the
style as in the hermaphrodites, but they contained only a few
grains of pollen, and these in an aborted condition
in another female, on the other hand, the anthers were much more
reduced in size than is usual. Lastly, Dr. Dickie has shown
that with Eriophorum angustifoUura (Cyperacete) hermaphrodite and female forms exist in Scotland and the Arctic regions,
both of which yield seed, f
;

;

It is a curious fact that in all the foregoing poly-

gamous, dioecious, and gyno-dioecious plants in which
any difference has been observed in the size of the
corolla in the two or three forms, it is rather larger in
the females, which have their stamens more or less or
quite rudimentary, than in the hermaphrodites or males.
This holds good with Euonymus, Rhamnus catharticus,
Ilex, Fragaria, all or at least most of the before-named
Labiatae, Scahiosa atro-piirjmrea,

So

it

is,

according to

Von

* 'Manual of the B »tany of
the N. United States,' 2nd edit.

85G, p. 269. Set- also American
Journal of Science,' Nov. 1862,
Proc. American
419, and
p.
Academy of Science,' Oct. 14,
'

1

*

and Echium vulgare.
with Cardamine

3Iohl,

1862, p. 53.
t Sir J.

Linn. Soc'
Dr. Dickie,

E.
vol.
'

Smith,
xiii.

'

Trans.

p.

599.

Journal Linn. Soc.

Bot.' vol. ix. 1865, p. 161.
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sylvaticum,

the other hand, as

2Tyosotis,

Yon Mohl
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and

remarks,

Salvia.

when

a

hermaphrodite flowers and others
which are males owing to the more or less complete
abortion of the female organs, the corollas of the
males are not at all increased in size, or only exceptionally and in a slight degree, as in Acer. * It seems
therefore probable that the decreased size of the female
corollas in the foregoing cases is due to a tendency to
abortion spreading from the stamens to the petals. We
see how intimately these organs are related in double
flowers, in which the stamens are readily converted
into petals. Indeed some botanists believe that petals
do not consist of leaves directly metamorphosed, but of
metamorphosed stamens. That the lessened size of the
corolla in the above case is in some manner an indirect
result of the modification of the reproductive organs is
supported by the fact that in Rhamnus catharticus not
only the petals but the green and inconspicuous sepals
of the female have been reduced in size and in the
strawberry the flowers are largest in the males, midsized in the hermaphrodites, and smallest in the females.
These latter cases, the variability in the size
of the corolla in some of the above species, for instance
in the common thyme,
together with the fact that it
never difters greatly in size in the two forms make
me doubt much whether natural selection has come
that is whether, in accordance with H.
into play;
Muller's belief, the advantage derived from the polleniferous flowers being visited first by insects has
been sufficient to lead to a gradual reduction of the
corolla of the female. We should bear in mind that as
the hermaphrodite is the normal form, its corolla has
plant

produces

;

—

—

—

—

* 'Bot. Zeitung,' 1863, p. 326.

Chap. VII.

SIZE OF

probably retained

its

THE COROLLA.

original size.*

309

An

objection to

namely, that
the abortion of the stamens in the females ought to
have added through the law of compensation to the
size of the corolla
and this perhaps would have occurred, had not the expenditure saved by the abortion of the stamens been directed to the female reproductive organs, so as to give to this form increased
the above view should not be passed over

;

;

fertility.

* It does not appear to me
that Kerner's view (' Die Schutzmittel des Pollens,' 1873, p. 56)
can be accepted in the present
cases, namely that the larger
corolla in the hermaphrodites and

males serves to protect their pollen
from rain. In the genus Thymus,
for instance, the aborted anthers
of the female are much better
protected than the perfect ones of
the hermaphrodite.

;
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Cleistogamic Flowers.

—

General character of cleistogamic flowers List of the genera producing
such flowers, and their distribution in the vegetable series— Yiola,
description of the cleistogamic flowers in the several species, their
fertility

compared

acetosella

— O. sensitiva, three forms of

—

with

—

that of

—

the

perfect

flowers

— Oxalis
—Van-

cleistogamic flowers

—
—

Ononis Impatiens Drosera Miscellaneous observations
on various other cleistogamic plants Anemophilous species producing cleistogamic flowers Leersia. perfect flowers rarely developed
Summary and concluding remarks on the origin of cleistog&mic
flowers The chief conclusions which may be drawn from the
dellia

—

—

—

observations in this volume.

It was

known even

before the time of Linnaeus that
produced two kinds of flowers, ordiand this fact
nary open, and minute closed ones
formerly gave rise to warm controversies about the
These closed flowers have been
sexuality of plants.
certain plants

;

approjDriately

They

named

cleistogamic

by Dr. Kuhn.*
and from

are remarkable from their small size

never opening, so that they resemble buds
are rudimentary or quite aborted

;

;

their petals

their stamens are

often reduced in nimiber, with the anthers of very

small

size,

containing few pollen-grains, which have

remarkably thin transparent

coats,

and generally emit

their tubes whilst still enclosed within
cells

;

and, lastly, the pistil

is

the

anther-

much reduced

in size,

with the stigma in some cases hardly at

all develojDed.

These flowers do not secrete nectar or emit any odour
from their small size, as well as from the corolla being
rudimentary, they are singularly inconspicuous. Con*

'

Bot. Zeitung,' 1S67, p. 65.
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sequently insects do not visit them

nor

;

311
if

they did,

coukl they find an entrance. Such flowers are therefore
invariably self-fertilised yet they produce an abundance of seed. In several cases the young capsules
bury themselves beneath the ground, and the seeds
are there matured. These flowers are developed before,
or after, or simultaneously with the perfect ones.
;

Their development seems to be largely governed by
the conditions to which the plants are exposed, for

during certain seasons or in certain

only

localities

cleistogamic or only perfect flowers are produced.

Dr. Kuhn, in the article above referred

to,

gives a

44 genera including species which bear flowers
To this list I have added several and
of this kind.
omitted some genera, from reasons given in a footnote and in the preface to this second edition. But
it is by no means easy to decide in all cases whether
certain flowers ought to be ranked as cleistogamic.
For instance, Mr. Bentham informs me that in the
South of France some of the flowers on the vine do
not fully open and yet set fruit; and I hear from
two experienced gardeners that this is the case with
but as the flowers do
the vine in our hot-houses
not appear to be completely closed it would be imprudent to consider them as cleistogamic.
The
flowers of some aquatic and marsh plants, for instance of Banimculus aqiiatilis, Alisma natans, SubuIllecebrum, Menyanthes, and Euryale,* relaria,
main closely shut as long as they are submerged,
and in this condition fertilise themselves.
Thev

list

of

;

* Delpmo,'Sull' Opera, la Distribuzione dei Ses>i nelle Fiante,' «Scc.
Subularia, however,
1867, p. 30.
sometiines has its flowers fully
expanded beneath the water, see
Sir J. E. Smith, English Flora,'
'

vol. iii. 1825, p. lo7.
For the
behaviour of Menyanthes in Rus.sia
seeGilliliert in 'Act. Acad. St. Petersb.,'

1777, part

Eur5'ale,

'

ii.

p.

45.— On

Gardener's Chronicle,'

1877, p. 280.
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behave iu this manner, apparently as a protection
pollen, and produce open flowers when exposed to the air; so that these cases seem rather
different from those of true cleistogamic flowers, and
have not been included in the list. Again, the flowers
of some plants which are produced very early or very
late in the season do not properly expand
and these
might perhaps be considered as incij^iently cleistogamic but as they do not present any of the remarkable peculiarities proper to the class, and as I have
not found any full record of such cases, they are not
entered in the list. When, however, it is believed on
fairly good evidence that the flowers on a plant in its
native country do not open at any hour of the day or
night, and yet set seeds capable of germination, these
may fairly be considered as cleistogamic, notwithstanding that they present no peculiarities of structure.
I will now give as complete a list of the genera
containing cleistogamic species as I have been able
to their

;

;

to collect.

Table

38.

List of Genera including Cleistogamic Species (chiefly after Kuhit)*

DICOTYLEDONS.

DICOTYLEDONS.

i

Eritrichium (Boragineae).

Eranthemum

Lithospermum

Daedalacanthus

„
Collomia (PolemoniaceEe).
Cuscuta (Convolvulaceae).
Scrophularia (Scrophularineae).

Linaria
Vandellia

„
„

* I have omitted Arachis from
the list, because Correa de Mello
('Journal Linn. Soc Bot.' vol. xi.
1870, p. 254) observed this plant
in Brazil, and could never find
Plantago
eleibtogamic flowers.
has been omitted because as far as
I can discover it produces only
hermaphrodite and female flowerheads.

(AcanthaceEe).

^Echmanthera
Ruellia

Lamium

„
„
„

(Labiatae).

Salvia

„

j

Oxybaphus (Nyctagineaj).
I have added to the list the following cases: some Acantliacese,
for which see J. Scott in Journal
of Bot.' (London), new series, vol.
'

With respect to
1872, p. 161.
Salvia see Dr. Ascherson iu Bot.
For OxyZeitung,' 1871. p. 555.

i.

'

baphus and Nyctaginia see Asa
Gray in American Naturalist,'
From Dr.
Nov. Ib73, p. 692.
'

—
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Table 38

continued.

DICOTYLEDONS.

DICOTYLEDONS.
Nyctaginia (Xyctagineae).

Lathyrus (Leguminosae).

Stapelia (Asclepiadae). (?)
Specularia (Campanulacese).

Martinsia vel

i

Neurocarpum

|

Campanula

„
Hottonia (Primulaceae).
Anandria (Compositae).

Amphicarpaea
Glycine
Galactia

„

Cardamine

Voandzeia

„

(Cruciferae).

Viola (Yiolaceae).

Helianthemum

"
„
„

Drosei'a (Droseraceae).

(Cistineae).

MONOCOTYLEDONS.

Lechea
,,
Pavonia (Malvaceae).

Juncus (JuncccE).

Gaudii'haudia (Malpighiaceas).
Aspicarpa
„
Camarea
„
Janusia
„
Polygala (Polygalea).
Krascheninikovia (Caryophylleae).
Cerastium
„
Polycarpon
„
Impatiens (Balsamineae).

Leersia (Gramineae).

Hordeum

„

Cryptostachys „
Milium
„
Danthonia
„
Vilfa

Diplachne

„

Commelina (Commelineas).

Oxalis (Geraniaceae).

Monochoria (Pontederaceae).
Schomburgkia (Orchideae).

Dalibarda (Rosaceae).

Cattleya

Ammanuia

Epidendron
Thelymitra

(Lythraceae).

Ononis (Leguminosae).
Parochastus
Trifolium
Lespedeza
Vicia

Tlie
list

Maxillaria
V^anda

.,

„
„
„

first

Polystachya

point that strikes us in considering this

of 67 genera,

is

that they are very widely distri-

account of Hottonia
(' Bull, of Torrey Botan.
Club,' vol. ii. June 1871) it is
manifest that this plant produces
true cleistogamic flowers.
For
Pavonia see Bouche' in Sitzungsberichte d. GeselLch.
Natur.
Freunde,' Oct. 20, 1874, p. 90. I
have added Thelymitra, as from the
Torrey's
inflata

'

account given by Mr. Fitzgerald in
his magnificent work on Australian Orchids
it appears that the
flowers of this plant in its native
home never open, but they do not
appear to be reduced in size. Nor
'

'

„
„
„
„
„
„

the case with the flowers of
certain species of Epidendron,
Cattleya, &c. (see second edition
Fertilisation of Orchids,'
of my
is this

'

which without expanding
produce capsules. It is therefore

p. 147),

doubtful whether these Orchideae
to
be included in the
list. From what Duval-Jouve says
about Cryptostachys in Bull. 8oc.
Bot. de France,' tom. x. 1863, p.
195, this plant appears to produce
cleistogamic flowers. The other
additions to the list are noticed
in my text and in the Preface.

ought

'
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buted in the vegetable series. They are more common
in the family of the Leguminosse than in any other,
and next in that of the Graminese and Orchideae.

A

large number, but not all the species, in certain

genera, as of Oxalis and Yiola, bear cleistogamic as
well as ordinary flowers.
second point which de-

A

serves notice

is

that a considerable proportion of the

genera produce more or less irregular flowers this is
the case with about 32 out of the 67 genera, but to
;

this subject I shall recur.

made many observations on cleistogamic
but only a few of them are worth giving,
since the apjDcarance of an admirable paper by Hugo
von Mohl,* w^hose examination was in some respects
much more complete than mine. His paper includes
also an interesting history of our knowledge on the
I formerly

flowers,

subject.

Viola canina.

—The calyx of the cleistogamic flowers

no respect from that of the perfect ones. The
petals are reduced to five minute scales the lower one,
which represents the lower lip, is considerably larger
than the others, but with no trace of the spur-like
nectary its margins are smooth, whilst those of the
differs in

;

;

other four scale-like petals are papillose.

D. Miiller of

Upsala says that in the specimens which he observed
the petals were completely aborted.f The stamens are
very small, and only the two lower ones are provided
with anthers, which do not cohere together as in the
perfect flowers.
The anthers are minute, with the two
cells or loculi remarkably distinct
they contain very
little pollen in comparison with those of the perfect
flowers.
The connective expands into a membranous
;

* 'Bot. Zeitung,' 1863, p. 30928.

t Ibid.

1857,

p.

730.

This

paper contains the first full and
satisfactory account of any cleisto-

gamic

flower.
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hood-like shield which projects above the anther-cells.

These two lower stamens have no vestige of the curious
appendages which secrete nectar in the perfect flowers.
The three other stamens are destitute of anthers and
have broader filaments, with their terminal membranous expansions flatter or not so hood-like as those of

The pollen-grains have
remarkably thin transparent coats when exposed to
the air they shrivel up quickly when placed in water
they swell, and are then f^J^ of an inch in diameter,
and therefore of smaller size than the ordinary pollengrains similarly treated, which have a diameter of
-f^o^ of an inch. In the cleistogamic flowers, the
pollen-grains, as far as I could see, never naturally fall
out of the anther-cells, but emit their tubes through a
pore at the upper end. I was able to trace the tubes
from the grains some way down the stigma. The pistil
is very short, with the style hooked, so that its extremity, which is a little enlarged or funnel-shaped
and represents the stigma, is directed downwards,
being covered by the two membranous expansions of
the antheriferous stamens. It is remarkable that there
is an open passage from the enlarged funnel-shaped
extremity to within the ovarium this was evident, as
slight pressure caused a bubble of air, which had been
drawn in by some accident, to travel freely from one
end to the other a similar passage was observed by
Michalet in V. alba. The pistil therefore difl'ers considerably from that of the perfect flower for in the
latter it is much longer, and straight with the exception of the rectangularly bent stigma
nor is it perforated by an open passage.
The ordinary or perfect flowers have been said by
some authors never to produce capsules but this is an
error, though only a small proportion of them do so.

the two antheriferous stamens.

;

;

;

:

;

;

;
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This appears to depend in some cases on their anthers
not containing even a trace of pollen, but more generally on bees not visiting the flowers.
I twice covered
with a net a group of flowers, and marked with threads
twelve of them which had not as yet expanded. This
precaution

is

necessary, for though as a general rule

the perfect flowers appear

considerably before the

cleistogamic ones, yet occasionally some of the latter
are produced early in the season, and their capsules
might readily be mistaken for those produced by the
Not one of the twelve marked perfect
perfect flowers.

under the net
which had been artificially fertilised produced five
capsules and these contained exactly the same average number of seeds as some capsules from flowers
outside the net which had been fertilised by bees. I
have repeatedly seen Bomhus hortorum, lapidarius, and
a third species, as well as hive-bees, sucking the
I marked six which were thus
flowers of this violet
the
visited, and four of them produced fine capsules
two others were gnawed off by some animal.
I
for
liortorum
some
time,
and
whenwatched Bomhus
ever it came to a flower which did not stand in a convenient position to be sucked, it bit a hole through the
spur-like nectary.
Such ill-placed flowers would not
yield any seed or leave descendants and the plants
iDcaring them would thus tend to be eliminated through
flowers yielded a capsule, whilst others

;

:

;

;

natural selection.

The

seeds produced

by the cleistogamic and perfect

number. On
two occasions I fertilised several perfect flowers with
pollen from other individuals, and afterwards marked
some cleistogamic flowers on the same plants and the
result was that 1-i capsules produced by the perfect
flowers contained on an average 9 85 seeds and 17
flowers do not differ in appearance or

;

•

;
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capsules from the cleistogamic ones contained 9*64

—

an amount of difference of no significance. It
remarkable how much more quickly the capsules
from the cleistogamic flowers are developed than those
from the perfect ones for instance, several perfect
flowers were cross-fertilised on April 14th, 1863, and a
seeds,

is

;

(May 15th) eight young cleistogamic
marked with threads and when the two
sets of capsules thus produced were compared on
June 3rd, there was scarcely any difference between
them in size.

month

afterwards

flowers were

;

Viola odorata (white-flowered, single, cultivated variety).

— The

petals are represented

by mere

scales as

but differently from in the last,
all five stamens are provided with diminutive anthers.
Small bundles of pollen-tubes were traced from the

in the last species

five

;

anthers into the somewhat distant stis^ma.

The

capsules produced by these flowers bury themselves in

the

be loose enough, and there mature themLecoq says that it is only these latter capwhich possess elastic valves but I think this

soil, if it

selves.*

sules

;

must be a misprint, as such valves w^ould obviously be
of no use to the buried capsules, but would serve to
scatter the seeds of the sub-aerial ones, as in the other

species of Viola.

It is

remarkable that this plant, ac-

cording to DelpinOjt does not produce cleistogamic
flowers in one part of Liguria, whilst the perfect flowers

are

there

abundantly

fertile

;

on the other

cleistogamic flowers are produced

Another

fact is

it

hand,

near Turin.

worth giving as an instance of corre-

* Vaucher says ('Hist. Pl)ys. des
Planted d'Europe, torn. iii. 1844,
p. o09) that 1'. liirta and collina
likewise bury tlieir capsules.
See also Lecoq, Ge'ograph. Bot.'

—

'

by

turn. v. 18.56, p. 180.

f ' Sull' Opera, la Distribuzione
dei Sessi nelie Piante,' &c., 1867,
p. 30.
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development
I found on a purple variety,
had produced its perfect double flowers, and
whilst the white single variety was bearing its cleistogamic flowers, many bud-like bodies which from their
position on the plant w^ere certainly of a cleistogamic
nature.
They consisted, as could be seen on bisecting
them, of a dense mass of minute scales closely folded
over one another, exactly like a cabbage-head in
miniature. I could not detect any stamens, and in the
place of the ovarium there was a little central column.
lated

:

after it

The doubleness
dered quite
Viola

had thus sj^read
which therefore were ren-

of the perfect flowers

to the cleistogamic ones,
sterile.

liirta.

—The

five

stamens of the cleistogamic

flowers are provided, as in the last case, with small

anthers, from all of which pollen-tubes proceed to the

stigma.

The

petals are not quite so

much reduced

and the short pistil instead of being
hooked is merely bent into a rectangle. Of several
perfect flowers which I saw visited by hive- and humble-

as in F. canina,

bees, six were

capsules,
injured.

marked, but they produced only two

some of the others having been accidentally
M. Monnier was therefore mistaken in this

case as in that of V. odorata, in supposing that the
perfect flowers always withered

away and aborted.

He

states that the peduncles of the cleistogamic flowers

curve downwards and bury the ovaries beneath the
soil.*
I may here add that Fritz Miiller, as I hear
from his brother, has found in the highlands of Southern Brazil a white-flow^ered species of violet which

bears subterranean cleistogamic flowers.

* These statements are taken
from Professor Oliver's excellent

the Nat. Hist. Review,'
July 1862, p. 238. With respect

article in

'

to the supposed sterility of the
perfect flowers in this genus see
also
Timbal-Lagrave in ' Bot.
Zeitung,' 1854, p. 772.

Viola nana.
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3Ir.

Scott sent

me

seeds of this Indian

which I raised
and from these other seedlings during
They produced an
several successive generations.
abundance of cleistogamic flowers during the whole of
each summer, but never a perfect one. When Mr. Scott
wrote to me his plants in Calcutta were behaving similarly, though his collector saw the species in flower in
This case is valuable as showing that
its native site.
we ought not to infer, as has sometimes been done,
species from the

many

Sikkim

Terai, from

plants,

that a species does not bear perfect flowers

ing naturally, because

it

when grow-

produces only cleistogamic

under culture. The calyx of these flowers is
two being
sometimes formed of only three sepals
actually suppressed and not merely coherent with the
this occurred with five out of thirty flowers
others

flowers

;

;

which were examined for this purpose. The petals are
represented by extremely minute scales. Of the stamens, two bear anthers which are in the same state as
in the previous species, but, as far as I could judge,

each of the two

cells

contained only from 20 to 25 de-

licate transparent pollen-grains.

tubes in the usual manner.

These emitted their

The three other stamens

bore very minute rudimentary anthers, one of which

was generally larger than the other two, but none of
them contained any pollen. In one instance, however,
a single cell of the larger rudimentary anther included a little pollen. The style consists of a short
flattened tube, somewhat expanded at its upper end,
and this forms an open channel leading into the
ovarium, as described under V. canina. It is slightly
bent towards the two fertile anthers.
Viola Roxburgliiana.
This species bore in my hothouse during two years a multitude of cleistogamic
flowers, which resembled in all respects those of the

—

320

CLEISTOGAMIC FLOWEKS.

last species

;

Scott informs

Chap. YIII.

but no perfect ones were produced. Mr.
me that in India it bears perfect flowers

only during the cold season, and that these are quite
During the hot, and more especially during
the rainy season, it bears an abundance of cleistofertile.

gamic

flowers.

Many

now

other species, besides the five

described,

produce cleistogamic flowers this is the case, according to D. Miiller, Michalet, Von Mohl, and Hermann
Miiller, with V. elatior, lancifolia, sylvatica, jpalustris,
;

mirahilis, hicolor, ionodium,

and

But

hiflora.

Y, tricolor

does not produce them.

Michalet asserts that F. palustris produces

near

Paris only perfect flowers, which are quite fertile

that

;

but

when the plant grows on mountains cleistogamic

flowers are produced

and

it is with V. hiflora.
he has seen in the case
of F. alba flowers intermediate in structure between
the perfect and cleistogamic ones. According to M.
Boisduval, an Italian species, F. Ruppii, never bears
in France " des fleurs bien apparentes, ce qui ne I'empeche pas de fructifier."

The same author

;

so

states that

It is interesting to

observe the gradation in the

abortion of the parts in the cleistogamic flowers of
It appears

the several foregoing species.

statements by D. Miiller and

Yon Mohl

from the

that in F. mi-

the calyx does not remain quite closed all five
stamens are provided with anthers, and some pollengrains probably fall out of the cells on the stigma,
instead of protruding their tubes whilst still enclosed,
In F liirta all five staas in the other species.
rahilis

mens
so

;

are likewise antheriferous

much reduced and

;

the petals are not

the pistil not so

as in the following species.

In

F.

much

modified

nana and

elatior

only two of the stamens properly bear anthers, but
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sometimes one or even two of the others are thus provided.
Lastly, in V. canina never more than two of
the
the stamens, as far as I have seen, bear anthers
hirta^
and
than
in
reduced
F.
more
much
petals are
according to D. Miiller are sometimes quite absent.
;

Oxalis
flowers

acetosella.

on

—The

this plant

They have been

existence

cleistogamic

of

was discovered by Michalet.*

fully described

by Von

3Iohl,

and

I

can add hardly anything to his description. In my
specimens the anthers of the five longer stamens were
nearly on a level with the stigmas whilst the smaller
and less plainly bilobed anthers of the five shorter
;

stamens stood considerably below the stigmas, so that
had to travel some way upwards. According to Michalet these latter anthers are sometimes quite aborted. In one case the tubes, which
ended in excessively fine points, were seen by me
stretching upwards from the lower anthers towards
the stigmas, which they had not as yet reached.
My
plants grew in pots, and long after the perfect flowers
had withered they produced not only cleistogamic but
a few minute open flowers, which were in an intermediate condition between the two kinds. In one of
these the pollen-tubes from the lower anthers had
their tubes

reached the stigmas, though the flower was open.
The footstalks of the cleistogamic flowers are much
shorter than those of the perfect flowers,

and are so

much bowed downwards that they tend, according to
Yon Mohl, to bury themselves in the moss and dead
leaves on the ground.
are often hypogean.

ber of seeds produced
of

them
*

;

two

failed,

Michalet also says that they
In order to ascertain the num-

by these
one cast

flowers, I

its

'BuU. Soc. Bot. de France,'

marked eight

seed abroad, and the

torn. vii. 1860, p.

465.

T

;
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contained on an average 10*0 seeds

is rather above the average 9*2,
which eleven capsules from perfect flowers fertilised
with their own pollen yielded, and considerably above
the average 7 '9, from the capsules of perfect flowers
fertilised with pollen from another plant
but this
latter result must, I think, have been accidental.
Hildebrand, whilst searching various Herbaria, ob-

per capsule.

This

;

served that

many

other species of Oxalis besides 0.

produce cleistogamic flowers;* and I hear
from him that this is the case with the heterostyled
trimorphic 0. incarnata from the Cape of Good Hope.
Oxalis {Biopliytum) sensitiva.
This plant is ranked
many
botanists
as
a
distinct
genus, but as a subby
genus by Bentham and Hooker. Many of the early
flowers on a mid-styled plant in my hot-house did not
open properly, and were in an intermediate condition
betw^een cleistogamic and perfect.
Their petals varied
from a mere rudiment to about half their proper size
nevertheless they produced capsules.
I attributed
their state to unfavourable conditions, for later in the
season fully expanded flowers of the proper size apBut Mr. Thwaites afterwards sent me from
peared.

acetosella

—

Ceylon a number of long-styled, mid-styled, and shortand on the
same stalks with the perfect flowers, some of which were
fully expanded and others still in bud, there were
small bud-like bodies containing mature pollen, but
with their calyces closed. These cleistogamic flowers
do not differ much in structure from the perfect ones

styled flower-stalks preserved in spirits;

of the corresponding form, with the exception

that

their petals are reduced to extremely minute, barely
visible scales,

*

'

which adhere firmly

to

the rounded

Monatsberioht der Akad. der Wiss. zu Berlin,' 1866,

p.

869.
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bases of the shorter stamens.

Their stigmas are

much

and smaller in about the ratio of 13 to
20 divisions of the micrometer, as measured transversely from apex to apex, than the stigmas of the
less papillose,

perfect flowers.

The

styles are furrowed longitudinally,

and are clothed with simple

as well as glandular hairs,

but only in the cleistogamic flowers produced by the
long-styled and mid-styled forms.

longer stamens are a

little

The anthers

of the

smaller than the correspond-

ing ones of the perfect flowers, in about the ratio of
11 to 14.
They dehisce properly, but do not appear
contain
much pollen. Many pollen-grains were
to

but many
adhering to the anthers, had emitted
their tubes to a considerable length, without having
come in contact with the stigmas. Living plants
ought to be examined, as the stigmas, at least of the
attached by short tubes to the stigmas
others,

;

still

long-styled

by

form, project

beyond the calyx, and

insects (which, however,

if

very improbable)
might be fertilised with pollen from a perfect flower.
The most singular fact about the present species is

visited

is

that long-styled cleistogamic flowers are produced

by
and mid-styled as well as
short-styled cleistogamic flowers by the other two

the long-styled plants,

forms

;

so that there are three kinds of cleistogamic

and three kinds of perfect flowers produced by this
Most of the heterostyled species of
one species
Oxalis are more or less sterile, many absolutely so, if
illegitimately fertilised with their own-form pollen.
!

It is therefore probable that the pollen of the cleisto-

gamic flowers has been modified in power, so as to act
on their own stigmas, for they yield an abundance of
We may perhaps account for the cleistogamic
seeds.
flowers consisting of the three forms, through the principle of correlated growth, by which the cleistogamic
Y 2
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have

Chap. VIII.

been

rendered

double.

—

VandeUia nummularifolia. Dr. Kuhn has collected*
the notices with respect to cleistogamic flowers in
this genus, and has described from dried specimens
Mr. Scott
those produced by an Abyssinian species.
sent me from Calcutta seeds of the above common
Indian weed, from which many plants were successThe cleistogamic
ively raised during several years.
flowers are very small, being when fully mature under
2^ of an inch (1 27 mm.) in length. The calyx does

all

*

not open, and within

it

the delicate transparent corolla

remains closely folded over the ovarium. There are
only two anthers instead of the normal number of foui*,
and their filaments adhere to the corolla. The cells of

much at their lower ends and are
an inch ( 181 mm.) in their longer diameter.
They contain but few pollen-grains, and these emit

the anthers diverge

only

j^-Q of

•

their tubes whilst still within the anther.

The

pistil

very short, and is surmounted by a bilobed stigma.
As the ovary grows the two anthers together with the
shrivelled corolla, all attached by the dried pollenis

tribes to the stigma, are torn

in the shape of a little cap.
rally appear

ofi"

The

and carried upwards
perfect flowers gene-

before the cleistogamic, but sometimes

During one season a large
produced no jDerfect flowers. It has
been asserted that the latter never yield caj^sules but
this is a mistake, as they do so even when insects are
excluded. Fifteen capsules from cleistogamic flowers
on plants growing under favoui^able conditions contained on an average 64*2 seeds, with a maximum of

simultaneously with them.

number

of plants

;

87

;

whilst

20 capsules from plants growing
*

'

Bot. Zeitung,' 1867, p. 65.

much
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crowded yielded an average of only 48. Sixteen capsules from perfect flowers artificially crossed with pollen
from another plant contained on an average 93 seeds,
with a maximum of 137. Thirteen capsules from selffertilised perfect flowers gave an average of 62 seeds,
with a maximum of 135. Therefore the capsules from
the cleistogamic flowers contained fewer seeds than
those from perfect flowers when cross-fertilised, and
slightly more than those from perfect flowers selffertilised.

Dr.

Kuhn

believes that the Abyssinian V. sessiflora

does not differ specifically from the foregoing species.

But

cleistogamic flowers apparently include four

its

anthers instead of two as above described.

The

plants,

sessiflora produce subterranean runners
which yield capsules and I never saw a trace of such
runners in V. nummularifolia, although many plants
were cultivated.
lAnaria spuria. Michalet says* that short, thin,
twisted branches are developed from the buds in the
axils of the lower leaves, and that these bury themThey there produce flowers
selves in the ground.

moreover, of V.

;

—

not offering any peculiarity in structure, excepting
that their corollas, though properly coloured, are de-

These flowers

formed.

may

perhaps be ranked as
and not merely

cleistogamic, as they are developed,

drawn, beneath the ground.
Ononis columnse. Plants were raised from seeds sent
me from Northern Italy. The sepals of the cleisto-

—

gamic

flowers are elongated

gether

the petals are

;

and closely pressed

much reduced

to-

in size, colour-

less, and folded over the interior organs.
The filaments of the ten stamens are united into a tube, and

*

'

Bull. Soc. Bot. de France/ torn.

vii.

1860, p. 468.
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Von Mohl,

with the

Five of

cleistogamic flowers of other Leguminosse.

the stamens are destitute of anthers, and alternate with

the five thus provided.
are minute, rounded

The two

cells of the anthers

and separated from one another

by connective tissue they contain but few pollengrains, and these have extremely delicate coats.
The
;

pistil is

which
fore

is

hook-shaped, with a plainly enlarged stigma,
curled down, towards the anthers it there-

differs

;

much from

that

of the

During the year 1867 no perfect

perfect

flower.

were produced, but in the following year there were both
perfect

and cleistogamic

flowers

ones.

—My plants

produced both perbut I did not examine
the latter. Some of the former were crossed with
pollen from a distinct plant, and six capsules thus obtained yielded on an average 3 66 seeds, with a maxiOnonis minutissima.

fect

and cleistogamic

flowers

;

'

mum

Twelve perfect flowers were marked
and allowed to fertilise themselves spontaneously under
a net, and they yielded eight capsules, containing on
an average 2*38 seeds, with a maximum of 3 in one.
of 5 in one.

produced by the cleistogamic
on an average 4'1 seeds, so that
these were the most productive of all and the seeds
themselves looked finer even than those from the
According to Mr. Bentham
crossed perfect flowers.
and
0. parviflora likewise bears cleistogamic flowers
he informs me that these flowers are produced by all
Fifty-three

capsules

flowers contained

;

;

three species early in the spring

;

whilst the perfect

ones appear afterwards, and therefore in a reversed
order compared with those of Viola and Oxalis. Some
of the

species,

for instance

Ononis columnse, bear a

fresh crop of cleistogamic flowers in the

autumn.

Lathi/rus nissolia apparently offers a case of the

first
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stage in the production of cleistogamic flowers, for on
plants growing in a state of nature,

many

of the flowers

never expand and yet produce fine pods. Some of
the buds are so large that they seem on the point of

expansion others are much smaller, but none so small
as the true cleistogamic flowers of the foregoing
species.
As I marked these buds with thread and
examined them daily, there could be no mistake about
;

their j^roducing fruit without

having expanded.

Several other Leguminous genera produce cleisto-

gamic

may

be seen in the previous list but
known about them. Yon
^lohl says that their petals are commonly rudimentary,
that only a few of their anthers are developed, their
filaments are not united into a tube and their pistils

much

flowers, as

;

does not appear to be

In three of the genera, namely Yicia,
Amphicarpaea, and Yoandzeia, the cleistogamic flowers
are produced on subterranean stems.
The perfect
are hook-shaped.

flowers of Yoandzeia,

which

said never to produce fruit

how

often fertility

is

is

a cultivated plant, are

but we should remember

;*

affected

by

cultivation.

— Mr. A. W. Bennett

has published
an excellent description, wit_. ^gures, of this plant.!
He shows that the cleistogamic and perfect flowers
Iriipatiens fulva.

difi"er

in structure at a very early period of gTowth, so

that the existence of the former cannot be due merely

—

development of the latter, a conclusion
which indeed follows from most of the previous descriptions. Mr. Bennett found on the banks of the Wey
that the plants which bore cleistogamic flowers alone
were to those bearing perfect flowers as 20 to 1 but
to the arrested

;

* Correa de Mello ('Journal
Linn, See. Bot.' vol. xi. 1870, p.
254) particularly attended to the
flowering and fruiting of this

African plant, which is sometimes
cultivated in Brazil.
Journal Lina. Soc. Bot.' vol.
t
xiii. 1872, p. 147.
'
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we should remember that this is a naturalised species.
The perfect flowers are usually barren in England but
Prof. Asa Gray writes to me that after midsummer in
the United States some or many of them produce
;

capsules.

Impatiens noU-me-tangere.

Yon

portance to

—I can add nothing of im-

^lohl's description, excepting

that

one of the rudimentary petals shows a vestige of a
nectary, as Mr. Bennett likewise found to be the case
with J. fulva. As in this latter species all five stamens

produce some pollen, though small in amount
a
single anther contains, according to Yon Mohl, not
more than 50 grains, and these emit their tubes
;

while

still

enclosed within

it.

The

perfect flowers are tied together
so as far as I could

flowers

been

;

see,

and a provision

pollen-grains of the

by

threads, but not,

those of the cleistogamic

of this kind

would here have

can never be transported
by insects. The flowers of I. halsamina are visited by
humble-bees,* and I am almost sure that this is the
case with the perfect flowers of 1. noli-me-tangere. From
the perfect flowers of this latter species covered with
a net eleven spontaneously self-fertilised capsules were
useless, as the grains

produced, and these yielded on an average 3 45 seeds.
•

Some

perfect flowers with their anthers

still

containing

an abundance of pollen were fertilised with pollen from
a distinct plant and the three capsules thus produced
contained, to my surprise, only 2, 2, and 1 seed. As
I. halsamina is proterandrous, so probably is the present species and if so, cross-fertilisation was effected
by me at too early a period, and this may account for
;

;

the capsules yielding so few seeds.

Drosera rotundifolia.
*

—The

first

flower-stems which

H. Muller, 'Die Befruchtung,'

&c. p. 170.
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were thrown up by some plants in my green-house
bore only cleistogamic flowers. The petals of small
size remained permanently closed over the reproductive organs, but their white tips could just be
seen between the almost completely closed sepals.
The pollen, which was scanty in amount, but not so
scanty as

in

Viola

or

Oxalis,

remained

enclosed

within the anthers, whence the tubes proceeded and

As the ovarium swelled the
withered corolla was carried upwards in the

penetrated the stigma.
little

form of a cap. These cleistogamic flowers produced
an abundance of seed. Later in the season perfect
flowers appeared.

With

plants in a state of nature the

open only in the early morning, as I have been
informed by Mr. Wallis, who particularly attended to
the time of their flowering. In the case of D. Anglica,
the still folded petals on some plants in my greenhouse opened just sufiiciently to leave a minute
flowers

aperture

;

the anthers

dehisced

properly,

pollen-grains adhered in a mass to them,

but

the

and thence

emitted their tubes, which penetrated the stigmas.

These

flowers, therefore,

dition,

and could

were in an intermediate con-

not be called either perfect

or

cleistogamic.

A few miscellaneous observations may be added
with respect to some other species, as throwing light
on our subject. Mr. Scott states* that Eranihemum
ambigumn bears three kinds

of flowers,

— large, con— others

spicuous, open ones, which are quite sterile,
of intermediate size, which are open
fertile

—and

and moderately

lastly small closed or cleistogamic ones,

which are perfectly fertile. Buellia tuherosa, likewise
one of the Acanthaceae, produces both open and cleis* 'Journal of Botany,'

London, new

series, vol.

i.

1872, pp. 161-4.
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togamic flowers the latter yield from 18 to 24, whilst
the former only from 8 to 10 seeds these two kinds of
flowers are produced simultaneously, whereas in several
;

;

other members of the family the cleistogamic ones
According to
appear only during the hot season.
Torrey and Gray, the North American species of Helianthemum, when growing in poor soil, produce only

cleistogamic

flowers.

The cleistogamic

flowers

of

Specularia perfoUata are highly remarkable, as they
are closed by a tympanum formed by the rudimentary corolla, and without any trace

The stamens vary from 3
the sepals.* The collecting

to

5

of

an opening.

in number, as do

hairs on the pistil, which
play so important a part in the fertilisation of the
Sir J. Hooker
perfect flowers, are here quite absent.
and Dr. Thomson state f that some of the Indian

species of

Campanula produce two kinds

of flowers

;

the smaller ones being borne on longer peduncles
with differently formed sepals, and producing a more

globose ovary.

The

flowers are closed

like that in Specularia.

Some

by a tympanum

of the plants produce

both kinds of flowers, others only one kind both yield
an abundance of seeds. Professor Oliver adds that he
;

has seen flowers on Campanula colorata in an intermediate condition between cleistogamic

The

and perfect

ones.

solitary almost sessile cleistogamic flowers pro-

duced by Monochoria vaginalis are differently protected
from those in any of the previous cases, namely, within
" a short sack formed of the membranous spathe, without any opening or fissure." There is only a single
* Yon Mohl, 'Bot. Zeitung,'
1863, pp. 314 and 323. Dr. Bromvol. iii. p.
field
(' Phytologist,'
530) also remarks that the calyx
of the cleistogamic flowers is
usually only 3-cleft, while that

of the perfect

flower

is

mostly

5-cleft.

t 'Journal Linn. Soc' vol. ii.
See also Professor
p. 7.
in ' Nat. Hist. Eeview,'

1857,
Oliver

1862, p. 240.
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almost obsolete, with the

is

Both

three stigmatic surfaces directed to one side.

the perfect and cleistogamic flowers produce seeds.*

The cleistogamic flowers on some of the 3Ialseem to be more profoundly modified than

pighiaceae

those in any of the foregoing genera.

According to

A. de Jussieut they are differently situated from the
perfect flowers
they contain only a single stamen,
;

and it is a strange fact that this
stamen is not developed in the perfect
flowers of the same species.
The style is absent or
rudimentary and there are only two ovaries instead
of three.
Thus these degraded flowers, as Jussieu
remarks, " laugh at our classifications, for the greater
instead of 5 or 6

;

particular

;

number

of the characters proper to the species, to the

genus, to the family, to the class disappear."

The

calyces of the perfect flowers are studded with glands,

and their absence on the cleistogamic flowers may
probably be explained by an observation of Fritz
Miiller,

^\ho

informs

me

in the

that

one

species,

huncliosia Gaudiehaudiana, the fertilisation of which

he has often witnessed, the perfect flowers are regularly visited by bees belonging to the genera Tetrapedia and Epicharis. These bees sit down on the
flowers, gnawing the glands on the outside of the

and in doing so the under sides of their bodies
dusted with pollen, by which afterwards other

calyx,

are

flowers are fertilised.

flowers

would be

Such

visits to

the cleistogamic

useless.

As the Asclepiadous genus Stapelia is said to produce cleistogamic flowers, the following case may be
worth giving. I have never heard of the perfect flowers
of Hoija carnosa setting seeds in this country, but some
* Dr. Kirk,

'

Journ. Linn. Soc.'

vol. viii. 186i, p. 147.

f
iii. 1

'

Archives du Museum,'

torn,

843, pp. 35-38, 82-86, 589, 598.
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hot-house

;

and the gardener detected that they were the product
of minute bud-like bodies, three or four of which
could sometimes be found on the same umbel with the
perfect flowers.
Thev were quite closed and hardly
thicker than their peduncles.
The sepals presented
nothing particular, but internally and alternating
with them, there were

five small flattened heart-shaped
rudiments of petals but the homological
nature of which appeared doubtful to 3Ir. Bentham
and Dr. Hooker. No trace of anthers or of stamens
could be detected and I knew from having examined
many cleistogamic flowers what to look for. There
were two ovaries, full of ovules, quite open at their
upper ends, with their edges festooned, but with no
In all these flowers one of
trace of a proper stigma.
the two ovaries withered and blackened long before
The one perfect capsule, 3J- inches in
the other.
length, which was sent me, had likewise been deThis capsule conveloped from a single carpel.
tained an abundance of plumose seeds, many of which
appeared quite sound, but they did not germinate
Therefore the little bud-like
when sown at Kew.
flower which produced this capsule probably was as
destitute of pollen as were those which I examined.
All the species
Junciis hufonius and Hordeum.
mentioned which produce cleistogamic
hitherto
but Juncus and seven
flowers are entomophilous
genera of Gramineae are anemophilous.
Juncus
iufonius is remarkable* by bearing in parts of Eussia
only cleistogamic flowers, which contain three instead
of the six anthers found in the perfect flowers.
In the
genus Hordeum it has been shown by Delpino* that

papilla?, like

;

;

—

;

* See
p. 551.

Dr. Asoherson's interesting paper in

Also 1872,

p. 697.

'

Bot. Zeitung,' 1871,
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the majority of the flowers are cleistogamic, some of

the

expanding

others

and apparently allowing of

from Fritz Muller that
Brazil, in which the
Southern
a grass in
sheath of the uppermost leaf, half a metre in length,
envelopes the whole panicle
and this sheath never
opens until the self-fertilised seeds are ripe. On the
roadside some plants had been cut down, whilst the
cleistogamic panicles were developing, and these
plants afterwards produced free or unenclosed panicles
cross-fertilisation.

there

I

hear

is

;

of small size, bearing perfect flowers.

Leersia

oryzoides.

—

It

has long been known that

this plant produces cleistogamic flowers, but these were

described with care by M. Duval-Jouve.f I procured plants from a stream near Keigate, and cultivated

first

them

for several years in

my

green-house.

The

cleis-

togamic flowers are very small, and usually mature
their seeds within the sheaths of the leaves.
These
flowers are said by Duval-Jouve to be filled by slightly
viscid fluid
but this was not the case with several
that I opened
but there was a thin film of fluid
between the coats of the glumes, and when these were
pressed the fluid moved about, giving a singularly
deceptive appearance of the whole inside of the flower
being thus filled. The stigma is very small and the
filaments extremely short
the anthers are less than
of
an inch in length, or about one-third of the
5^
length of those in the perfect flowers. One of the
three anthers dehisces before the two others.
Can
this have any relation with the fact that in some other
;

;

;

*

Bollettini del Comizio agraMarzo e Aprile,
1871.
abstract of this valuable
paper is given in ' Bot. Zeitung,'
1871, p. 537. See also Hildebrand

rio

'

Parmense.'

An

on Hordeum, in Monatsbericlit d.
K. Akad. Berlin,' Oct. 1872, p. 760.
t 'Bull. Bot. Soc. de France,'
*

torn. X. 1863, p. 194.
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of Leersia only two stamens are fully developed ? * The anthers shed their pollen on the
stigma at least in one instance this was clearly the
ease, and by tearing open the anthers under water

species

;

the grains were easily detached.

Towards the apex of

the anther the grains are arranged in a single row and

down in two or three rows, so that they could be
counted and there were about 35 in each cell, or 70
in the whole anther and this is an astonishingly small
number for an anemophilous plant. The grains have
very delicate coats, are spherical and about yooq of
an inch (-0181 mm.), whilst those of the perfect flowers
are about yoVo
mch ('0254 mm.) in diameter.
M. Duval-Jouve states that the panicles very rarely
protrude from their sheaths, but that when this does

lower

;

;

happen the flowers expand and exhibit well-developed
ovaries and stigmas, together with full-sized anthers
containing apparently sound pollen
flowers are invariably quite sterile.

fertile.

is

Schreiber had pre-

only half protruded,
included half is
plants which grew in a large tub of

viously observed that
this half

nevertheless such

;

sterile,

Some

if

a panicle

whilst the

is

still

my

green-house behaved on one occasion in
They protruded two very
large much-branched panicles
but the florets never
opened, though these included fully developed stigwater in

a very different manner.

;

mas, and stamens supported on long filaments with
If these florets
large anthers that dehisced properly.

had opened for a short time unperceived by me and
had then closed again, the empty anthers would
have been left dangling outside. Nevertheless they
yielded on August 17th an abundance of fine ripe
Here then we have a near approach to the
seeds.
*

Asa Gray, Manual
'

of Bot. of United States,' 1856, p. 540.
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single case as yet

known* of this grass producing in
Germany) perfect flowers which

a state of nature (in

yielded a copious supply of
cleistogamic flowers were
in Calcutta,

who

Seeds from the
to Mr. Scott

fruit.

sent

by me

there cultivated the plants in various

ways, but they never produced perfect flowers.
In Europe Leersia oryzoides is the sole representative of its genus,

and Duval-Jouve,

several exotic species, found that

it

after

examining

apparently

is

the

one which bears cleistogamic flowers. It ranges
from Persia to North America, and specimens from
Pennsylvania resembled the European ones in their
concealed manner of fructification. There can theresole

fore

be little doubt that this plant generally propa-

immense area by cleistogamic seeds, and that it can hardly ever be invigorated
by cross-fertilisation. It resembles in this respect
those plants which are now widely spread, though they
increase solely by asexual generation.!
Concluding Remarks on Cleistogamic Flowers. That
these flowers owe their structure primarily to the
arrested development of perfect ones, we may infer
gates itself throughout an

—

from such cases as that of the lower rudimentary petal
in Viola being larger than the others, like the lower
lip of the perfect flower,
from a vestige of a spur in
the cleistogamic flowers of Impatiens, from the ten

—

—

stamens of Ononis being united into a tube,
other such structures.

The same

inference

—and

may

be

drawn from the occurrence, in some instances, on the
same plant of a series of gradations between the
cleistogamic and perfect flowers. But that the former
owe their origin wholly to arrested development is
* Dr. Ascherson, Bot. Zeitung,'
1864, p. 350.
t I have collected several such
'

cases

in

my

Variation

Domestication,'
edit. vol.

ii.

p.

cli.

153.

xviii.

under

— 2nd
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for various parts

;

have been

specially modified, so as to aid in the self-fertilisation

of the flowers,

and

as a protection to the pollen

instance, the hook-shaped pistil in Yiola

and

in

;

for

some

other genera, by which the stigma
to

the fertile anthers,

—the

is brought close
rudimentary corolla of

Specularia modified into a perfectly closed

tympanum,

and the sheath of Monochoria modified into a closed

—the excessively thin
the pollen-grains,
—the anthers not being equally aborted, and other
sack,

coats of

all

such

cases.

Moreover Mr. Bennett has shown that

the buds of the cleistogamic and perfect flowers of

Impatiens differ at a very early period of growth.
The degree to which many of the most important
organs in these degraded flowers have been reduced
or even wholly obliterated, is one of their most remarkable peculiarities, reminding us of many parasitic
animals.
In some cases only a single anther is left,
and this contains but few pollen-grains of diminished
size
in other cases the stigma has disappeared,
leaving a simple open passage into the ovarium. It
;

is

also interesting to note the complete loss of trifling

points in the structure or functions of certain parts,

which though of service to the perfect flowers, are of
none to the cleistogamic for instance the collecting
hairs on the pistil of Specularia, the glands on the
;

calyx of the Malpighiaceae, the nectar-secreting ap-

pendages to the lower stamens of Yiola, the secretion
of nectar by other parts, the emission of a sweet odour,
and apparently the elasticity of the valves in the

buried capsules of Viola odorata.

We

here see, as

throughout nature, that as soon as any part or
character becomes superfluous it tends sooner or later
to disappear.

Another peculiarity

in these

flowers

is

that

the
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pollen-grains generally emit their tubes whilst

enclosed within the anthers

markable a

but this

;

still

not so re-

is

was formerly thought, when the
It is, however,
to behold the tubes directinoj them-

fact as

case of Asclepias was alone kno^Mi.*

a wonderful
selves

sio^ht

in a straight

line to the

stigma,

when

this

from the anthers.
As
soon as they reach the stigma or the open passage
leading into the ovarium, no doubt they penetrate it,
guided by the same means, whatever these may be,
I thought that
as in the case of ordinary flowers.
they might be guided by the avoidance of light some
pollen-grains of a willow were therefore immersed in
an extremely weak solution of honey, and the vessel
was placed so that the light entered only in one
direction, laterally or from below or from above, but
the long tubes were in each case protruded in every
at

is

some

little

distance

:

possible direction.

As cleistogamic
are

necessarily

flowers are completely closed they

self-fertilised,

not

to

mention

the

absence of any attraction to insects; and they thus
differ widely from the great majority of ordinary
flowers.
Delpino believes t that cleistogamic flowers
have been developed in order to ensure the production
of seeds under climatic or other conditions which tend

* Tlie case of Asclepias was described by R. Brown. Baillon asserts (' Adansonia,' torn. ii. 1862,
p. 58) that with many plants the
tubes are emitted from pollengrains which have not come into
contact with the stignna and that
they may be seen advancing horizontally through the air towards
the stigma. I have observed the
emission of the tubes from the
;

pollen-masses whilst still within
the anthers, in three widely distinct
Orchidean genera^ namely Aceras,
IMalaxis, and Xeottia
see The
Various Contrivances by which
'

:

Orchids are

Fertilised,'

2nd

edit,

p. 258.

t

dei

'

SuU' Opera

Sessi
p. 30.

nelle

la Distribuzione

Piante,'

Z

1867,

;
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to prevent the fertilisation of the perfect flowers.

I

do

not doubt that this holds good to a certain limited extent,
but the production of a large supply of seeds with little

consumption of nutrient matter or exj^enditure of vital
more efficient motive power.
The whole flower is much reduced in size but what
is much more important, an extremely small quantity
of pollen has to be formed, as none is lost through the
action of insects or the weather and pollen contains
much nitrogen and phosphorus. Yon Mohl estimated

force is probably a far

;

;

that a single cleistogamic anther-cell of Oxalis acetosella

we

contained from one to two dozen pollen-grains
and if so the whole flower can have

will say 20,

with Impatiens the
produced at most 400 grains
whole number may be estimated in the same manner
at 250
with Leersia at 210 and with Viola nana at
only 100. These figures are w^onderfully low compared with the 243,600 pollen-grains produced by a
flower of Leontodon, the 4,863 by an Hibiscus, or the
;

;

;

We

thus see that cleisto3,654,000 by a Peeony.*
flowers produce seeds with a wonderfully small

gamic

expenditure of pollen
rule quite as

many

;

and they produce

as a general

seeds as the perfect flowers.

That the production of a large number
necessary or beneficial to

many

of seeds is

plants needs no evi-

So of course is their preservation before they
and it is one of the many
are ready for germination
remarkable peculiarities of the plants which bear
cleistogamic flowers, that an incomparably larger proportion of them than of ordinary plants bury their
an action which it
young ovaries in the ground
may be presumed serves to protect them from being
dence.

;

;

*

The

—

authoiities for these statemeiitis are given in
p. 376.

Cress and Self-Fertilisation.'

my

'

Effects of

CiiAP.
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dpYoured by birds or other enemies. But this advanis accompanied by the loss of the power of wide
dissemination.
Xo less than ei^ht of the genera
in the list at the beginning of this chapter include
species which act in this manner, namely, several
kinds of Viola, Oxalis, Yandellia, Linaria, Commelina,
and at least three genera of Leguminosjc. The seeds
also of Leersia, though not buried, are concealed in
the most perfect manner within the sheaths of the
Cleistogamic flowers possess great facilities
leaves.
for burying their young ovaries or capsules, owing to
their small size, pointed shape, closed condition and
the absence of a corolla and we can thus understand
how it is that so many of them have acquired this
tage

;

curious habit.
It has already

been shown that in about 33 out of

the 67 genera in the

just referred to, the perfect

list

and

this implies that they have
been specially adapted for fertilisation by insects.
Moreover three of the genera with regular flowers are
adapted by other means for the same end. Flowers
thus constructed are liable during certain seasons to
be imperfectly fertilised, namely, when the proper

flowers are irregular;

insects are

scarce

;

and

it

is

difficult

to

avoid

tiie

the production of cleistogamic flowers,
which ensures under all circumstances a full supplv
belief

that

of seed, has been in part determined

by the perfect
But
one, it must be of

flowers being liable to fail in their fertilisation.

if this determining cause be a real
subordinate importance, as eight of the genera in the
list are fertilised by the wind
and there seems no
;

reason

why

their

perfect

flowers

should

fail

to

be

more frequently than those in any other
anemophilous genus. In contrast with what we here
fertilised

see with respect to the large proportion of the perfect
z

2
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genus alone out of the 38

heterostyled genera described in the previous chapters
bears such flowers

;

yet all these genera are absolutely

dependent on insects
I

know not how

for their legitimate fertilisation.

to account for this difierence in the

proportion of the plants bearing regular and irregular
flowers in the two classes, unless

it

be that the hetero-

styled flowers are already so well adapted for cross-

through the position of their stamens
and the difference in power of their two or
three kinds of pollen, that any additional adaptation,
namely, through the flowers being made irregular,
has been rendered superfluous.
Although cleistogamic flowers never fail to yield
fertilisation,

and

pistils

number

a large

of seeds, yet the plants bearing

them

usually produce perfect flowers, either simultaneously
or

more commonly

at a different period

and these

;

are adapted for or admit of cross-fertilisation.

From

the cases given of the two Indian species of Yiola,

which produced in

this country

during several years

only cleistogamic flowers, and of the numerous plants

and of some plants

of Ononis which
in
the
whole
season
same manner,
behaved during one
such
cases
as that of
it appears rash to infer from
Salvia cleistogama not having produced perfect flowers
during five years in Germany,* and of an Aspicarpa
not having done so during several years in Paris, that
these plants would not bear perfect flowers in their

of Yandellia

native homes.

Yon

3Iohl and several other botanists

have repeatedly insisted that as a general rule the
perfect flowers produced by cleistogamic plants are
but it has been shown under the head of the
sterile
;

several species that this

* Dr.

Ascherson,

'

is

not the case.

The

Bot. Zeit.' 1871, p. 555.

perfect

;
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are indeed sterile unless they are
but when thus visited they yield the
full number of seeds.
As far as I have been able to
discover there is only one absolute exception to the
rule that the perfect flowers are fertile, namely, that
flowers of Viola

visited

by bees

of Voandzeia

;

and in

;

that cultivation often

this case

Although

ductive organs.
Leersia sometimes

yield

we should remember

injuriously the

affects

the

seeds,

repro-

flowers

of

yet this occurs

so

perfect

rarely, as far as hitherto observed, that

it

practically

forms a second exception to the rule.

As cleistogamic

flowers are invariably fertilised,

and

they are produced in large numbers, they yield
altogether a much larger supply of seeds than do
the perfect flowers on the same plant. But the latter

as

flowers will occasionally be cross-fertilised,

and their

be invigorated, as we may infer
from a wide-spread analogy. But of such invigoration
I have only a small amount of direct evidence
two
offspring will thus

:

crossed seedlings of Ononis minutissima were put into

competition with two seedlings raised from cleisto-

gamic

flowers

;

they were at

first all

the crossed were then slightly beaten

of equal height

but on the following year they showed the usual superiority of their
class, and were to the self-fertilised plants of cleisto-

gamic origin

as

;

100 to 88 in mean height.

With

Vandellia twenty crossed plants exceeded in height

twenty plants raised from cleistogamic seeds only by
little, namely, in the ratio of 100 to 94.

a

It is a natural inquiry how so many plants belonging to various very distinct families first came to have

the development of their flowers arrested, so as ulti-

mately to become cleistogamic.

That a passage from
difficult is shown
by the many recorded cases of gradations between the

the one state to the other

is far

from

342
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two states on the same plant, in Viola, Oxalis, Biophytum, Campanula, &c. In the several species of Viola
the various parts of the flowers have also been modified
in very different degrees. Those plants which in their
own country j^roduce flowers of full or nearly full size,
but never expand (as with Thelymitra), and yet set
fruit, might easily be rendered cleistogamic.
Lathyrus
nissolia seems to be in an incipient transitional state,
as does Drosera Anglica, the flowers of which are not
perfectly closed.
There is good evidence that flowers
sometimes fail to expand and are somewhat reduced
in size, owing to exposure to unfavourable conditions,
but still retain their fertility imimpaired. Linneeus
observed in 1753 that the flowers on several plants
brought from Spain and grown at Upsala did not
show any corolla and yet produced seeds.
Asa
Gray has seen flowers on exotic plants in the Northern United States which never expanded and yet
fruited.
With certain English plants, which bear
flowers during nearly the whole year, Mr. Bennett
found that those produced during the winter season
were fertilised in the bud whilst with other species
having fixed times for flowering, but "which had
been tempted by a mild January to put forth a few
wretched flowers," no pollen was discharged from the
The flowers of
anthers, and no seed was formed.
Lysimachia vulgaris if fully exposed to the sun expand
properly, while those growing in shady ditches have
smaller corollas which open only slightly and these
two forms graduate into one another in intermediate
Herr Bouche's observations are of especial
stations.
interest, for he shows that both temperature and the
amount of light affect the size of the corolla and he
gives measurements proving that with some plants
the corolla is diminished by the increasing cold and
;

;

;
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darkness of the changing season, whilst with others
it is diminished by the increasing heat and light.*

The

belief that the first step towards flowers being

rendered cleistogamic was due to the conditions to
which they were exposed, is supported by the fact
of various plants belonging to this class either not producing their cleistogamic flowers under certain conditions, or, on the other hand, producing them to the
complete exclusion of the perfect ones. Thus some
species of Viola do not bear cleistogamic flowers when
growing on the lowlands or in certain districts. Other
plants when cultivated have failed to produce perfect
flowers during several successive years
and this is
the case with Juncus hiifonim in its native land of
Cleistogamic flowers are produced by some
Russia.
species late and by others early in the season and this
agrees with the view that the first step towards their development was due to climate though the periods at
which the two sorts of flowers now appear must since
have become much more distinctly defined. We do not
know whether too low or too high a temperature or the
amount of light acts in a direct manner on the size of
the corolla, or indirectly through the male organs being
However this may be, if a plant were
first affected.
prevented either early or late in the season from fully
expanding its corolla, with some reduction in its size,
but with no loss of the power of self-fertilisation, then
natural selection might well complete the work and
;

;

;

*
see

For the statement by Linnaeus,

Mohl

in

'

Bot. Zeitutig,' 18G3.

:^27.
Asa Gray, American
Journal of Science,' 2 ad St-ries,
Bennett
vol. xxxix. 18U5, p. 10.3.
*

p.

in

'Nature,' Nov.

1869, p. 11.
also says
(* Gardener's Chronicle,' 1S77, p.
271 also Nature,' Oct. 19, 1876,

The Rev. G. Henslow
'

:

p.

543)

«'

that

when

the

autumn

draws on, and h ibitiiaily in wmter
for such of our wild flowers as
blossom at that season," the floweis
are self-fertilised.
On Lysimuehia, H. Miiller,
Nature/ Sept.
1873, p. 433. Bouche. Sitzungs'

'

bericht der Gesell. Naturforsch.
Freunde,' Oct. 1874, p. 90.
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The various organs
be modified by the peculiar
conditions to which they are subjected within a comrender

would

strictly cleistogamic.

it

also, it is probable,

also by the principle of correand by the tendency in all reduced
The result would be the
to disappear.

pletely closed flower
lated growth,

organs finally

;

production of cleistogamic flowers such as we
see

them

;

and these are admirably

now

fitted to yield

a

copious su23ply of seed at a wonderfully small cost to

the

j^lant.

I will

now sum up very

which seem

briefly the chief conclusions

from the observations given in
this volume.
Cleistogamic flowers afi'ord, as just
stated, an abundant su23ply of seeds with little expenditure and we can hardly doubt that they have
had their structure modified and degraded for this
special purpose
perfect flowers being still almost always produced so as to allow of occasional cross-fertilisation.
Hermaphrodite plants have often been rendered
but as the sepamonoecious, dioecious or polygamous
ration of the sexes would have been injurious, had not
to follow

;

;

;

been already transported habitually by inby the wind from flower to flower, we may
assume that the process of separation did not commence and was not completed for the sake of the
advantages to be gained from cross-fertilisation. The
sole motive for the separation of the sexes which
occurs to me, is that the production of a great number
of seeds might become superfluous to a plant under
changed conditions of life and it might then be highly
beneficial to it that the same flower or the same individual should not have its vital powers taxed, under
the struggle for life to which all organisms are subAA'ith
jected, by producing both pollen and seeds.
pollen

sects or

;
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respect to the plants belonging to the gyno-dioecious
sub-class, or those

and females,

may

which co-exist as hermaphrodites

has been proved that they yield a

larger supply of seed than they would have

much
done

it

they had all remained hermaphrodites and we
feel sure from the large number of seeds proif

;

duced by many plants that such production
necessary or advantageous.

It is therefore

often

is

probable

that the two forms in this sub-class have been sepa-

rated or developed for this special end.

Various hermaphrodite plants have become heteroand now exist under two or three forms and

styled,

;

we may confidently believe that
in

order that cross-fertilisation

For the

full

and legitimate

been effected
should be assured.

this has

fertilisation of these plants

pollen from the one form must be applied to the

stigma of another. If the sexual elements belonging
same form are united the union is an illegitimate one and more or less sterile. With dimorphic
species two illegitimate unions, and with trimorphic
species twelve are possible. There is reason to believe
that the sterility of these unions has not been specially
acquired, but follows as an incidental result from the
sexual elements of the two or three forms having been
adapted to act on one another in a particular manner,
so that any other kind of union is inefficient, like
that between distinct species.
Another and still more
remarkable incidental result is that the seedlino^s
from an illegitimate union are often dwarfed and
more or less or completely barren, like hybrids from
the union of two widely distinct species.
to the

;

(
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pollen-grains
Coccocypselum, 133
of, 250
Coprosma, 285
Cordia, 117 pistil of, 253
ticus',

!

;

j

;

;
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I
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in
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;
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prepotency
of pollen, 62
insects fertilising
flowers, 79
Cephalanthera granEpidendron and Catdiflora, 98
tleya, 313; number of pollengrains, 3H8
W., on Pulmonaria angustifolia, 105, 107
Datura arborea, 251
Delpino, plants fertilised by the
wind, 10; on the walnut, 10:
Folygonacex, 114 pollen-graiiis,
Tlnjmus serpyllum, 299
250

Faramea, 128 pollen-grains of, 129
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I
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;

;

;

;

j

I
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I
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;
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;

;

foil urn, 307

;
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Dyer, Thiselton, on Salvia Horminum, 8 Cratoxylon formosum,
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;
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I

'
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[

Gesneria pendidina, 261
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;
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;

;

;
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119;

Phlox subulata, 119; Mit-

becoming unisexual, 283 Hordeum, 333
Homostyled species of Primula, 49
Hooker, Dr., on Campanula, 330
phrodite

chella repens, 125
heterostyled
plants, 244
Coprosma, 285 Eu;

;

;

;

onymus, 287
Rhamnus lanceolatus, 295, 296
Epigxa repens,
297 Ilex opaca, 298 Plantago
media, 307; Oxyhnphus and Nyctaginia, 313; Impatiensfulva, 328;
Leersia, 334 cleistogamic flowers,
342
G)Tio-dioecious plants, 298
;

Hordeum, 332

;

;

plants

Hottonia

inflata, 53, 313
palustris, 50 relative fertility,
52 anthers of, 252 papillae on

;

;

;

;

stigma, 254

;

Houstonia

Hoya

ccerulea, 132,

254

carnosa, 331

Hybrid Primulas, 55-71
Hydrangea, 6, 7
Hypericinese, 123

Hyssopus
Hart, Mr., on Nepeta glechoma, 301
Hautbois Strawberry, the, 293
Hedyotis, 133
Henslow, Kev. Prof,, on hybrid Primula, 61

I.

aquifolium, 297
opaca, 298
Illegitimate offspring of heterostyled

;

;

i

,

|

;

I

!

means
by which plants became hetero;

j

transmission of form,
268 equal-styled varieties, 272
final remarks, 275
dimorphic plants. 14-54, 81;

;

136
trimoi-phic plants, 137-187
Hibiscus, pollen-grains, 338
Hildebrand, Prof., introduces the
word " heterostyled, 2 on the
ray-florets of the Compositse, 5, 6
Primula Sinensis, 38, 40-43, 192,
217 Linuni grandiflorum, 86, 87
L. perenne. 92 Pidmonaria oMcinalis, 101-103, 107, 239; P.
azurea, 110; Polygonum fagopy-

!

|

171-174,

178, 182, 211-213,

322; herma-

Juglans regia, 10

Juncus hufonius, 332, 343
Jussieu, A. de, on Malpighiaceae,
331

;

Oxalis',

rum, 111;

;

j

;

;

;

i

'

;

;

;

difierences of fertility between
legitimately and illegitimately fertilised plants, 246; diameter of
pollen-grains, 249 ; size of anthers,
structure of stigma. 252
list of
genera, 255; advantages derived

260

Lythrum salicaria,
188
dwarfed stature and sterility, 192
Oxalis, transmission of form to
seedlings, 212 Primula Sinensis,
in some degree dwarfed, 215
equal-styled varieties, 218-223
Primula vulgaris, 224
transmission of form and coloiu*, 225
seedlings, 227; P. veris, 228;
dwarfed stature and sterility,
229-234
equal-stvled varieties.
234, 238; parallelism between
illegitimate fertilisation and hybridism, 242
Hlecehrum, 311
Impatiens, pollen-grains of, 338
halsamina, 328
fulva, 327
noU-me-tangere, 328
plants,

!

61
Heterostyled plants, illegitimate oflfspringof, 188-243; essential character of, 244; summary of the

styled,

299

Hex

Henslow, Eev. G., on flowers selffertilised during the winter, 343
Herbert, Dr., on hybrid Primulce,

from Heterustylism, 258

officinalis,

,

E.

:

•

Kerner, Prof., on ray-florets, 6 Auricula, 43 hybrid forms of Primula,
on use of hairs within
55, 73
;

;

;

;

;
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KIRK.

Linum, Austriacum, 97

the corolla, 128 size of corolla in
male flowers, 309 use of glands
as a protection to flowers, 331
Kirk, Dr., on Monochoria vaginalis,
331
Knoxia, 185
Koch on Primula longijlora, 50
Krascheninikovna, 312
Kubn, Dr., on cleistogamic flowers,
3, 310, 311; list of plants producing differently formed seeds,
9 heterostyled plants, 244 Vandellia nummular ifolia, 324
F.
;

catharticum, 100
corymhiferum, 100
flavum, 81, 98 stamens, 252
grandiflorum, 81
various experiments, 87-89, 96 pistils and
stamens, 253, 254 sterile with its
own-form pollen, 264, 266
Lewisii, 101
perenne, 90; torsion of the
styles, 95
long-styled form, 97
stigma, 247

;

;

•,

;

;

;

;

;

100
trigynum, 100
usitatissimum, 100
Lipostoma. 134
Lysiinarhia vulgari>!, 4, 342
Li, thrum Gr»'fferi, 165
hyssopifolia, 166
salicaria, 116, 137; power of
mutual fertilisation between the
salsoloides,

;

sessijlora,

325
L.

Lag erst roimia Indica, 167
parviflora, 1G8
regime, 1G8
Lathyr'us ni.^soMa, 326, 342

Lecoq, H., on the

common maple,

three forms, 149-157; summary
of results, 157-165; illegitimate
offspring from the three forms,
191-2(»3
concluding remarks on,
20.3-211; mid-stvled form, 241,
280
seeds, 248
257, 258,

]2; cowslips and primroses, 57;
Primula elaiior, 72 Liuum ArisiriacAim, 98
Lythrum hyssopi;

:

gynoJolia, 166: Phanmus, 296
diceciou-s plant.-?, 299; Scahiosa
succisa, 305
Viola odorata, 317
Leersia ory. aides, 333-335 iJuUcngrains of, 338
Leggett, ]Mr., Pontederia cordata,
187
Legitimate unions, summary on the
fertility of the two, compared with
that of the two illegitimate in Primula, 46-49
fertilit}' of, compared with illegitimate, 246
Leighton, Rev. W. A., on the cowslip and primrose, 56
Verhascum
virgatum, 78
Leontodov, pollen-grains, 338
Leptosiplion, 119
Leucomiia acuminata, 114
Burnettiana, 114; stigma, 253
lily, the Gloriosa, H^i
Limnardhemum Indicum, 116; pollen-grains, 250; anthers, 252
Li liar ia spuria, 325
Lindley on Fragaria elatior, 293
Linnaeus on Primula veris, vulgaris,
and elatior, 56
Linum angustij'olium, 100

;

:

:

thymij'olia,

:

165

;

M.
Malpighiacese. 331

Manettia

hiculor, 1.35

the common, 12
Marshall. W., on Primula elatior,
73 I'lantago Innreolala, 306
Masters, Dr. :Maxwell, on cleistogamic flowers, 3
Maximowicz on Krascheninilcowia,
jNIaple,

:

:

'

;

312

Meehan, Mr., on Mitchella, 285;
\

i

i

1

EpigcPa repens, 297
Melissa dinipodium, 299
oMcinalis, 299
Mello.'^Correa de, on Arachis, 312
Voandzeia. 327
Mentha aquatica, 299
hirsiita,

298

vulgaris, 298

Menyanthes, 311
trifoliata, 115

;

;
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Michalet on Oxalis acetosella, 321
Linan'a spuria, 325
Mitchella, 285
repens, 125
Mohl, H. von. on the common
cowslip, 14 size of corolla in the
sexes of the same species, 307,
308; Trifolium and Arachis, 312;
cleistogamic flowers, ol-t. 342
Oxalis acetnsella. 321
Imfiatiens
noli-me-tungere, 320
Specularia
perfoliata. 330
MoUia lepldota, 168
speciosa, 168
Monnier, M., on Viola, 318
Monor-horia vaginalis, 330
Mulben-y, the/lO
Miiller, 1).. on Viola canina, 314
Miiller, Fritz, on pollen of the Villarsia, 116: Farnnen, 128-130;
Nesxa,
Po^oquei-ia fraqrans, 131
167 Oxalis, 180, 181 Pontederia,
183-185; Oxalis Regnelli, 212
Chamissoa, 292
Miiller, H., on the frequency of
visits by insects to the Umhelliferx and Composita^, 5 on dichoon Antliophora and
iramy, 10
Bomhylius sucking the cowslip,
32 P. villosa,
Primula
elatior,
22
table
49; Hottonia palustris, 51
of relative fertility of, 52, 53
Linum catliarticum, 100 Polygonnm fagopyrum, 1 13 Lythrum
salicaria, 145
on the oriirin of
on the Laheterostylism, 263
6?af^,299,304 Thymus serpyllum,
3u0; Scahiosa arvensis, 305 Plantago lanceolata, 306; size of corolla in the two sexes of the same
Impatiens halsaspecies. 308
viina, 328; LysimacMa, 343
Myosotis, 308
;

0.

OMenlandia, 132
Oleacex, 117
Oliver, Prof., on ovules of Primula
veris, 17
Viola, 318 ; Campanula
colorata. 330

;

;

Ononis columnx, 325
miiiutissima, 326, 341
parvijiora, 326
Origanum vulgare, 298
Oxalis acetosella. 181, 182 pistil of,
cleistogamic flowers, 321
261
pollen-grains. 338
Boxcii, 179

;

;

;

;

compressa, 179
corniculata, 181

Deppei, 179
j

;

i

;

;

\

;

;

,

;

j

I

'

;

;

;

181,

Valdiriana, 170-172, 211, 212
Oxlip, the Bard well, 32, 72
the common. 55
difierences
in structure and function between
the two parent-species, 56 effects
of crossing, 60
a hybrid between
the cowslip and primrose. 70
,

;

;

;

hedysaroides, 213
homostyled species, 181
incarnata, 322
Eeqnelli, 173-175, 212
rosea, 178, 213
(Biophytum) sensitiva.
322 stigma, 253
speciosa, 169, 175, 212
stricta, 181, 182
tnpxoloides, 182
;

:

;

;

;

:

;

|

I

Oxyhaphus, 313
[

;

;

N.
Nejjeta glechorna, 301
Kertera, 285
Nesfta vertinllata, 167
Nohnia proy'trata, variability

length of stamens and
Xyctaginia, 313

pistil,

P.

Paeony, pollen-grains of, 338
Parallelism between illegitimate and
hybrid fertilisation, 239
Pavonia, 313
Phlox Rentzii, 120
nivalis, 120
suhulata, 119, 287
Planchon on Linum salsoloides. 100;
L. Lewisii. 1<'1 on Hugonia, 100
Plantago lanceolata, 306
;

in

261

media, 307
Polemoniacex, 118

;;
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SETHL&..

Pollen-grains, relative diameter

249
Polyanthus, 18
Polygouacex, 111

Polygonum

114
fagopyrum. 111, 239; pollengrains, 251
Pontfderid, 183 pollen-grains, 18G
size of anthers, 252
cordata, 187
Posoqueria fragrans, 131
Primrose, the common. 34, 57-71
Primula, the, heterostyled species of,
14; summary on, 45-49; homostyled species, 49
auricula, 30, 43, 48, 74, 223
equal-stj^led varieties, 273
cortusoides, 44
elata, 49
elatior, Jacq., 32; relative fertility (*f the two forms, 33, 47
not a hybrid, 72, 73 equal-stvled
btstorta,

;

var. of, 224,

273

farinosa, 45
224, 273

;

equal-styled var.,

:

relative

39-43,

47, 49; longshort-styled. 215

transmission of form, constitution
and fertility, 216; equal-styled
variety, 218-223, 273, 274

50

14; difference in structure between the two forms, 15
degrees of fertility when legitiveris,

;

mately or illegitimately united,
25-32 fertility possessed by illegitimate plants, 228-234 equalstyled red variety, 234-238 longstyled, 241
length of pistil, 2G1,
266
verticillata, 49, 50
villosa, 49
vulgaris
var. acnvlis Linn.,
34 pollen-grains, 35 relative fer;

;

;

;

<

;

;

pistil,

;

number

of

250

B.

Banunculus
i

j

aquatilis, 311
Kay-florets, their use, 5, 6

Mhamnus

307

catliarticus, 294,

;

size

of corolla, 308
I

frangula, 297

{

j

;

lanceolatus, 295
Bhinanthus crista-galli, 4
Eubiacex, 125, 131-136
size of
anthers,
stigmas, 253
252
;

number

;

of heterostyled

genera.

S.

Sinensis, 22, 30, 38

stricta,

248

Rue, the common, 9
Ruellia tuberosa, 329

Sikkimensis, 44, 47

;

flowers,

;

284, 285
eriantha, 135

50
50
Scotica, 49, 50
Sibirica, 49

213

I

i

angustifolia,
104, 239
'

anthers, 252, 287
azurea. 110
officinalis, 101, 238

Pudgea

longiflora,
mollis, 49.

styled,

Prunella vulgaris, 299
Psychotria, 135

Pulmonaria
;

;

;

hirsuta, 74
involucrata, 45

fertility,

!

;

;

the two forms, 37

length
of pistil, 266
Primula vulgar is, var. rubra, 224-228
tility of

of,

;

Salvia, 308
cleistogama, 340
Horminum, 8
Satureia hortensis, 303, 304

Scdbiosa arvensis, 305
atro-purpurea, 305, 307
succisa,
Scott, J., on

305

Primula auricula,

30,

223; P. vidgaris, 34; (var.
rubra), 224
P. Sikkimensis, 44
P. farinosa, 45, 224 homostylcd
Primulx, 49, 50 hybrids. 74,' 75
length of pistil, 272; Hottonia
palustris, 51
Androsace vitalliana, 53
Pohjanthus, 58
Mit43,

;

;

;

;

;

;

;

chella

repens, I'll;

;

Acanthacese,
313; Eranthemum ambiguum bearing three kinds of flowers, 329
Scrophularia aguatica. 147
Serratula tinctoria, 280, 307
Sethia acuminata, 122

;
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Sethia ohtusifolia, 122

Smith, Sir j. E., on the carrot, 8
hybrid Verhascums, 76, 78; Serratula
tinctoria, 280
Cnicus,
307; Suhularia, 311
Soldanella alpina, 54
Specularia perfoUata, 330
Spence, Mr., on Mollia, 168
Spermacoce, 135
Sprengel on Hottonia palustris, 51
Sfellaria graminea, 313
Strawberry, the Hautbois, 293
Suhularia, 311
Siiteria, 131
;

;

|

\

j

T.

Thehjmitra, 313

!

Thomson. Dr., on Campanula, 330
Thrum-eyed, origin of term, 14
Thwaites, iNIr., on ovules of Limnanthemum Indicum, 116 Sethia

I

'

Thymus

Discospeimum,

;

301

citricdoi-us,

serpyllum, 299, 301, 302, 304
vulgaris, 302

Timbal-Laijrave, M., on hybrids in
genus Cistus, 76
Torrev. Dr., on Hottonia inflata,
53, 313
Transmission of the two forms of
heterostyled plants, 268-270
Treviianus on Androsace vital-

liana, 53;

Linum, 81

V.

VandelUa nummular ifolia, 324
sessiflora. 325
Vaucher on the carrot, 8 Solda;

nella alpina, 54; Lythrum salicaria, 138, 144; L. tJiymifolia,

165

;

Hex

aquifolium,
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297

;

on

;

;

|

;

acuminata, 122
286
Tlujmelia. 114

Viola hirta and
299
collina, 317
Verhascum, wild hybrids of, 75-80
lychnitis, 30, 76-78
phceniceum, 78
thapsus, 76-79
virgatum, 78
Viburnum, 6, 7
Ftcta, 327
Villarsia, 116: anthers, 252
FtoZa alba, 315, 320
62co/or, 320
biflora, 320
canina, 314, 321
collina, 317
e/a^ior, 320
hirta, 318, 320
ionodium, 320
lancifoUa. 320
mirabilis. 320
nana, 319, 320 pollen-grains
of, 338
odorata, 317, 336
palustris, 320
JRoxburghiana, 319
320
sylratica, 320
tricolor, 4, 320
Voandzeia, 327
Lahiatfe,

j

\

W.
'

Walnut, the, 10
Watson, H. C, on cowslips, primroses, and oslips, 57, 60, 63
Primula elatior, 72, 73
Weddell, Dr., on hybrids between
Aceras and Orchis, 76
Wetterhan, Mr., on Corylus, 10
Wichura, Max. on hybrid willows,
76 sterile hybrids, 240
Wirtgen on Lythrum salicaria, 138,
144, 148
Wooler, W., on Polyanthus, 18
Wray, Leonard, on Fragaria, 293
;
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Post 8vo.

(Rev.

History and

8vo.

12s.

of Ethnology

York and Oxford,

1831-32, 13s. 6d.

Cambridge, 1833, 12s.
Edinburgh, 1834, 15s.

j

Dublin, 1835, 13s. 6d.
Bristol, 1836, 12s.

Liverpool, 1837. 16s.
Newcastle, 1838^ 15s.

Pharaohs.

Israelites.

Dublin, 1857, 15s.
Leeds, 1858, 20s.
Aberdeen, 1859, 15s.
Oxford, 1860, 25s.
Manchester, 1861, 15«.
20s.

Birmingham,

1865, 25s.

Nottingham, 1866, 24s.
Dundee, 1867, 26s.
Norwfch, 1868, 25.».
Exeter, 1869, 22*.
Liverpool, 1870, 18s.

Edinburgh, 1871,

16*.

Brighton, 1872, 24s.
Bradford, 1873, 25s.
Belfast, 1874, 25s.
Bristol, 1875, 25s.
1876, 25/'.
Plymoutli, 1S77, 24?.
Dut)lin, 1378, 24s.
Sheffield, lb79, 24s.
Swansea. 1880, 24s.

Glasgow,

York. 1S81,

A

Derived entirely

Exodus of the

8vo.

Newcastle, 1863, 25s.
Bath, 1864, 18s.

1&39, 13s. fid.
Glasgow, 1840, 15s.
Plymouth, 1841, 13s. 6d.
Manchester, 1842, 10s. M.
Cork, 1843, 12s.
York, 1&44, 20s.
Cambridge, 1845, 12s.
Southampton, 1846, 15s.
Oxford, 1847, ISs.
Swansea, 1848, 9s.
Birmingham, 1849,10s.
Edinburgh, 1850,15s.
Ipswich, 1851, 16s. 6<i.
Belfast, 1S5J, lbs.
Hull, 1853, 10s. M.
Liverpool, 1854, 18s.
Glasgow, 1855, 15s.
Cheltenham, 1856, 18*.

(Professor).

or Essays on English

Cambridge, 1862,

6cf.

Birmingham,

8vo.

or the Races of the Old

English Studies,
J. S.).
Literature. 8vo.
lis.

BRITISH ASSOCIATION REPORTS.

BRUGSCH

;

6s.

21s.

History of Egypt, under the
from Monuments, with a Memoir on the

NeAv and revised Edition.

Maps.

2 vols.

32s.

BUN BURY (E. H.). A History of Ancient Geography, among
BURBIDGE

BURCKHARDT'S

BURN

the

Greeks and Romans, from the Earliest Ages till the Fall of the Koman
Empire. With Index and 20 Maps. 2 Vols. 8vo. 42s.
The Gardens of the Sun: or
(F. W.).
Naiuralist's
Journal on the Mountains and in the Forests and Swamps of Borneo and
With Illustrations. CrownSvo. 14a.
tlie Sulu Archipelago.
Cicerone ; or Art Guide to Painting in Italy.
Translated from the German by Mus. A. Clough. New Edition, revised
by J. A. Croave. Post8vo. 6s.
Dictionary of Naval and Military Technical
(CoL.).
Terms, English and French— French and English. Crown 8vo. 15«.
Lexilogus ;
a
Critical Examination
of the
Meaning of numerous Greek Words, chiefly in Homer and Hesiod.
R.
Fishlake.
8vo.
12s.
By Rev. J.

BUTTMANN'S

A

WORKS

LIST OF

6

BUXTON

Memoirs

(Charles).
Portrait.

Bart.

8vo.

of Sir

Thomas Fowell Buxton,
Fcap. Svo.

Fopul-ur Edition.

16*.

5*.

(Sydket C). a Handbook to the Political Questions
with the Arguments on Either Side. Svo. 6«.
of tbe Day
BYLES (Sir John). Foundations of Eeligion in the Mind and
;

Post 8vo. 6*.
of Man.
WORKS :—
(Lord) LIFE
By Thomas ]>roop.E. Cabinet
Life, Letters^ akd Journals.
I85.
or One Volume, Portraits.
Edithr.. Plates. 6 Vols. Fcap.Svo

Heart

AND

BYRON'S

;

Eoyal

Svo., 7s. 6d.

Life and
2 vols.

Poetical

Koyal Svo.

Poetical Works.
Poetical Works.
Poetical AVoRKS.
Poetical Works.
Poetical Works.
Boards.

Popular Edition.

Works.

Portraits.

15s.

Library Edition. Portrait. 6 Vol?. 8vo. 45«.
Cabinet Edition. Plates. 10 Vole. 12mo. 305.
Pocket Ed. 8 Vols. 16mo. In a case. 2I5.
Popular Edition. Plates. Royal Svo. 7^. 6(?.
Pearl Edition. Crown Svo. 2s, 6d. Cloth

3s. 6d.

CniLDE Harold. With 80 Engravings. Crown Svo. 12^.
CniLDE Harold. 16mo. 2s. Qd.
CniLDE Harold. Vignettes. 16mo. Is.
CniLDE Harold. Portrait. 16mo. 6d.
Tales and Poems. 16mo. 2^. 6d.
Miscellaneous. 2 Vols. 16mo. 5s.
Dramas and Plats. 2 Vols. 16mo. 68.
Don Juan and Beppo. 2 ^""018. 16mo. 5s.
Beauties. Poetry and Prose. Portrait. Fcap. Svo. 35.6c?.
CAMPBELL (Lord). Life: Based on his Autobiography, with
selections from Journals, and Correspondence.
Portrait. 2 Vols. Svo. 3}s.

Edited by Mrs.

Hard-

castie.

—

Lord

and

Chancellors

Keepers

of the Great
the Death of Lord Eldon

Seal of England. From the Earliest Times to
10 Vols.
Crown Svo. 6s. each.

in 1838.

of England.
From the Norman
Death of Lord Tenterden. 4 Vols. Crown Svo. 6a. each.
(Tnos.)
E=say on English Poetry.
With Short

Chief Justices

Conquest

to the

Lives of the British Poets.

CARNARVON

(Lord).

Provinces.

Post Svo.

Post Svo.

Portugal,

3s. 6d.

Gallicia,

and

the

Basque

3s. 6d.

The Agamemnon:

Translated

from

-<Eschylu8.

Sm. Svo.

CARNOTA

Memoirs

(CoNDE da).
P.M. the Duke

of the Life and Eventful Career
of
of Saldanha
Soldier and Statesman.
With
Selections from his Correspondence. 2 Vols. Svo. 32«.

CARTWRIGHT
Teaching.

;

(W. C).

An

The

Jesuits: their Conetitution

Historical Sketch.

CAVALCASELLE'S WORKS.

Svo.

and

9s.

[See Crowe.]

CESNOLA

(Gen.).
Cyprus; its Ancient Cities, Tombs, and Temples. Researches and Excavations during Ten Years" Residence in that
Island.

With

Medium

400 Illustrations.

CHILD-CH A PLIN (Dr.).

Benedicite

;

or,

Svo.

Song

50«.

of the

Three Children;

being Illustrations of the Power, Beneficence, and Design manifested
the Creator in his Works.
Post Svo. 6a.

by

PUBLISHED BY MR. MURRAY.

CHISHOLM

7

Perils of the Polar Seas; True Stories of
Illustrations. Post Svo. 6/.

(Mrs.).

Arctic Discovery and Adventure.

CHURTON

Poetical Kemains, Translations and

(Archdeacon).

Imitations.

Post Svo.

Porcrait.

li. 6d.

PREACHERS OF THE

CLASSIC

ENGLISH CHURCH.

Being Lectures delivered at St. James', Westminster, ia 1877-8.
With Introduction by J. E. Kemps. 2 Tcls. Post, fcva. 7-5. 6-.?. each.

CLIYE'S

CLODE

(Lord) Life.

By Rev.

Post Svo.

G. R. Gleiq.

3s. Gi.

Military Forces of the Crown ; their Administration and Government. 2 Vols. 8to. 21?. eacii.
Administration of Justice under Military and Martial
Law, as applicable to the Army, Isavy, Marine, and Auxiliary Forces.
(C. M.).

8vo.

12s.

COLERIDGE'S (Samuel Taylor) Table-Talk. Portrait. 12mo. 3s. 6c?.
COLONIAL LIBRARY. [See Home and Colonial Library.]

COMPANIONS FOR THE DEVOUT
known Devotional Works.

Crown

LIFE.

8vo.

Lectures on well-

65.

CONVOCATION PRAYER-BOOK. (Sec Prayer-Book.)
COOKE (E. W.). Leaves from my Sketch-Book. Being
tion

from Sketches made during
2 Vols. Small folio.

many

50 Plates.

COOKERY

(Rev. George).

Royal Svo.

CRAIK

Life

&

By

for Private Families.

Poetical

Works.

a

Illustrations.

7s.

(Henry), M.A.

CRIPPS

a Selec-

Descrip'.ive Text.

(Modern Domestic). Founded on Principles of Economy

and Practical Knowledge, and Adapted
Lady. Woodcuts. Fcap. Svo. 5s.

CRABBE

With

Tours.

3l5. Cd. each.

Life of Jonathan Swift.

(Wilfred). Old English Plate

:

Svo.

[in the in css.

Ecclesiastical, Decorative,

its Makers and Marks.
With a Complete Ti-.ble of Date
New Eiition. With 70 Illustralions. ^lediura Svo. 16a-.
Old French Plate Furnishing Tables of the Paris Date
Letters, and Facblmiles of Other Marks. With Illustrations. Svo. Si. 6'/.
CROKER (J. W.). Progressive Geography for Children,

and Domestic,
Letters, &c.

.

;

,

ISmo.

Is. 6d.

Boswell's Life of Johnson.
Hebrides.

Seventh Edition.

Including the Tour to the

Portraits.

Svo.

12s.

Historical Essay on the Guillotine.

CROWE

and

CAVALCASELLE.

Painters.

Woodcuts.

History
16th Century.

Life

,

of

With

Post Svo,

Fcap. Svo.

Lives of the
7s. 6(/.; or

Large Paper, Svo,

15s.

Painting in North Italy, from 14th
Illustrations.

and Times

of

2 Vols.

Titian, with

Svo.

to

42s.

some Account

Family, chiefly from new and unpublished records.
Illustrations. 2 vols. Svo. 21s.

1«.

Early Flemish

With

of

his

Portrait and

GUMMING

(R. Gordon).
Five Years of a Hunter's Life in the
Far Interior of South Africa. "Woodcuts. Post Svo. 6s.

CUN YNGHAME

(Sir Arthur). Travels in the Eastern Caucasus,
on Ihe Caspian and Black Seas, in Daghestan and the Frontiers of
Persia and Turkey. Illustrations. Svo. ISs.

CURRIE

An

(C. L.)
Argument for the Divinity of Jesus Christ.
Translated from " Le Cbristianisme et les Temps Presents," of the
ABBfi Em. Bougaud. Post Svo. 6s.

LIST OF WORKS.

CURTIUS'

(Professor) Student's Greek Grammar, for the Upper
Edited by Db. Wm. Smith. Post 8vo. 6s.
Translated by
Elucidations of the above Grammar.

Forms.

EvKLYK Abbot. Post 8vo. 75. 6d.
Smaller Greek Grammar

for the Middle
12mo. 3s. 6cJ.

and Lower

Abridged from the larger work.

Forms.

Extracted from

Accidence of the Greek Language.
the above work.

12mo.

2s. 6d.

Translated by A. S.
Principles of Greek Etymology.
WiLKiNS, M.A., and E. B. Ekglakd, M.A. 2 vols. 8vo.

The Greek Verb,

its

Structure and

TranslHted by A. S. Wilkik?, M.A., and E.
Sto.

CUEZON

B.

Development.
England,

M.A.

185.

(Hon. Egbert).

Illustrations.

A^isits to

Post Svo.

the Monasteries of the Levant.

7s. 6d.

GUST (General).

——
DAYT

Warriors of the 17th Century— The Thirty Years'
War. 2 Vols. 16s. Civil Wars of France and England. 2 Vols. 16s.
Commandersof Fleets and Armies. 2 Vols. IBs.
Annals of the Wars 18th & 19th Century.
With Maps. 9 Vols. Post Svo. 5s. each.
(Sir Humphry).
Consolations in Travel; or, Last Days

—

Woodcuts.

of a Philosopher.

Salmonia;
Fcap. Sto.

Fcap. Svo.

Days

or,

of

3s. Qd.

Ply

Woodcuts.

Fishing.

3s. 6d.

(Charles) WOEKS :—
Journal of a Naturalist during a Yoyage round the

DAKWIX'S

WoELD.

Crown

Svo.

9s.

or, the
OiiiGiN OF Species by Means of Natural Selection
Preservation of Favoured Races in the Struggle for Life. Woodcuts.
;

Crown

Svo.

7s.

6d.

Yariation of Animals and Plants under Domestication.
Wocdcuts.

Descent

2 Vols.

of

Crown

Svo.

IBs.

Man, and Selection

Crown Svo. 9s.
Expressions of the Emotions in
Illustrations.
Crown Svo. V2s.

in

Eelation

to

Sex.

"Woodcut?.

Man and

Animals.

With

Yarious Contrivances by which Orchids are Fertilized
BY Insects. Wocdcuts. down Svo. 9s.
Movements and Habits of Climbing Plants.
CroAvn Svo.

Woodcuts.

6.-.

Insectivorous Plants.

Woodcuts.

Crown

8vo.

145.

Effects of Cross and Self-fertilization in the Yegetable
KiXGDOM.

Crown

Svo.

12s.

Different Forms of
Species.

Crown

Svo.

Flowers on Plants

of

the

same

10s. €d.

Power of Movement in Plants. Woodcuts. Cr. Svo. 15^.
The Formation of Yegetable Mould through the Action of
Worms;
Svo.

with Observations on their Habits. With Illustrations.

Post

9s.

Life of Ebasmus Darwin.
Ernest Krause.

Portrait.

With a Study of his
Crown Svo. 7s. 6d.

Facts and Arguments for Darwin.
By Fritz
Translated by W. S. Dallas. Woodcuts. Post Svo. 6s.

Works by
Muller.

PUBLISHED BY MR, MURRAY.
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DE COSSON

The Cradle of the Blue Nile; a Journey
(E. A.).
through Ahyssinia and Soudan, and a Residence at the Court of King
Johnof Ethiopia. Map and Illustrations. 2 vols. PostSvo. 21s.

DENNIS

The

(George).

new

and Cemeteries of Etmria.

Cities

A

With 20

Edition, revised, recording; all (he latest Discoveries.
425.
2 vols. Medium 8vo,

Plans and 200 Illustrations.

DENT

Annals of Winchcombe and Sudeley.

(Emma).

Portraits, Plates

DERBY

(Earl

With

4to.

Portrait.

"With 120

42.s.

Homer

of

Iliad

of).

Blank Verse.

DEERY

and Woodcuts.

rendered
Post 8vo.

2 Vols.

into

English

10s.

(Bishop of). Witness of the Psalms to Christ and ChrisThe Bampton Lectures for 1S76. 8vo. lis.

tianity.

DEUTSCH

Talmud, Islam, The Targums and other

(Emanuel).

With a brief Memoir. Svo. 125.
DILKE (Sir C. AY.). Papers of a Critic. Selected from the
Writings of the late Chas. Wentwoeth Dilke. With a BiographiLiterary Remains.

Svo.

2 Vols.

cal Sketch.

24s.

DOG-BREAKING. [See Hutchinson.]
DOUGLAS'S (Sir Howard) Theory and
Svo.

Plates.

DRAKE'S

(Sir Francis) Life, Voyages,

By John Babbow.

Land.

DRINKWATER

Practice of Gunnery.

2 Is.

(John).

Post Svo.

and Exploits, by Sea and

2s.

History of the Siege of Gibraltar,

1779-1783. With a Description and Account of that Garrison from the
Earliest Periods. Post Svo. 2s.

DU CHAILLU

(Paul B.). Land of the Midnight Sun Summer
and Winter Journeys through Sweden, Norway, Lapland, and Northern
;

Finland, with De.scriptions of the Inner Life of the People, their
Manners and Customs, the Primitive Antiquities, &c., &c. With Map
and 235 Illustrations. 2 Vols. Svo. 36;?.

Equatorial
Gorilla, the Nest-building
Svo. 21s.
trations.

Africa, with Accounts of the
Ape, Chimpanzee, Crocodile, &c. Illus-

Journey to Ashango Land
tration into Equatorial Africa.

DUFFERIN

;

and Further PeneSvo.

21s.

Letters from High Latitudes; a Yacht
Iceland, Jan Mayen, and Spitzhergen. Woodcuts. Post

(Lord).

Voyage
Svo.

Illustrations.

to

7s. 6i.

Speeches and Addresses, 'Political and Literary,
delivered in the House of Lords, ia Canada, and elsewhere. Svo.

DUNCAN

(Major).

History

of

piled from the Original Records.

Com-

the Royal Artillery.
Portraits.

2 Vols.

Svo.

War

18s.

English in Spain; or, The Story of the
of
cession, 1834-1840.
Compiled from the Reports of the British
missioners. With Illustrations. Svo.
16s.

Suc-

Com-

DURER

(Albert); his Life and Work.
By Dr. Thausing,
Keeper of the Albertina Art Collection at Vienna. Translated from
the, German.
Edited by F. A. Eaton, M.A. \Yith Portrait and
Illustrations.

EASTLAKE

2 vols.

Medium

Svo.

42s.

(Sir Charles).
Contributions to the Literature of
the Fine Arts. With Memoir of the Author, and Selections from hia
Correspondence. By Lady Eastlake. 2 Vols. Svo. 24s.

WORKS

LIST OF
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EDWATIDS
ELDON'S

Post 8vo.

By Horace

With

Walkosd.

Two

Dean

Translated from the German.

Vienna by the Turks.

of

Post Svc.

2s.

The Persecutions and
Madagascar Eevisited.
(W.).
Heroic Sufferings ot the Native Christians. Illustrations. 8vo. IGs.
With his Character and
By His Son.
Memoir.
Work. By Kev. Hexry Allox, D.D. Portrait, Svo. Ids. 6d.
(Kcbikson) Poems and Fragments of Catullus. 16mo. 5s.

ELPHINSTOXE

—

Post 8vo. 2l5.

8vo. 145.

Stanley.

Sieges

2 "Vols.

Edited by Theodore

Journals.

Preface by

(Lord).

Portrait.

Tvriss.

and

Letters

(Lokd).

ELLESMEKE
ELLIS

a

2s.

(Lord) Public and Private Life, with Selections from

his Diaries, &c.

ELGIN

Yojage up the River Amazon, including

(W. H.).

Visit to Para.

History of India— the
Edited by Pkofessor Cowell.

(Hon. Mountstuart).

Hindoo and Mahomedan Periods.
Map. 8to. 18s.

Patterns

(H. W.).

Turning

for

;

Comprising

Elliptical ar.d other Figures cut on the Lathe without the use of
Ornamental Chuck. With 70 Illustrations. Small 4to. 15s.

ELTON

(Capt.)

Discoveries
Africa.

and H. B. COTTEEILL. Adventures and
Among the Lakes and Mountains of Eastern and Central

With Map and

ENGLAND.

any

Illustrations.

2l5.

8v-o.

Artrur, Croker, Hume, Mareham, Smith,

[See

and Stan-hope.]

ESSAYS OX CATHEDKALS.
By Deax Howsox.

Svo.

an Introduction.

with

Edited,

12s.

FERGUSSON

(James).
Histoiy of Architecture in
Countries
from the Earliest Times. With 1,^;00 Illustrations. 4 Vols. Medium Svo.
I. & II. Ancient and Mediaeval.
63*.

IIL Indian & Eastern.

—

lY. Modern. dls.Gd.

42.S.

Eude Stone Monuments

Countries;

in all

their

With 230 Illustrations. Medium 8vo. 24s.
Holy Sepulchre and the Temple at Jerusalem.

Age and Uses.
Woodcuts.

Svo.

7^. 6d.

Temples
the

Haram Area

of the

at Jerusalem.

Jews and other buildings in
With

Illustrations.

4to.

42.s.

FLEMING

(Professor).
Student's Manual of Moral Philosophy.
With QurtatioDS and References. Post Svo. 75. dd.

FLOWER GARDEN.

By Rev.

Thos. James.

FORBES

(Capt.)
British
Burma and
Manners, Customs, and Eeligion. Cr. Svo.

FORD (Richard).
FORSTER (John).
With

FORSYTH
Office

Portrait.

Gatherings from Spain.

The Early
Svo.

(William).

Illustration of

(History

TOCQUEVILLK.]

People;

IC^.

U.
Native

6c?.

Post Svo.

Jonathan Swift.

35. 6d.

1667-171L

15s.

Hortensius; an Historical Essay on the

and Duties of an Advocate.

Novels

FRANCE

Life of

Fcap. Svo.
its

Illustrations.

and Novelists

Svo.

7s. 6i.

the 18 th Century, in
the Manners and Morals of ihe Age. Post 8vo. 10s. 6d.
of).

[See

of

Markham

— Smith — Students'—
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FRENCH IN ALGIERS

The Soldier of the Foreign Legion—
;
and the Prisoners of Abd-el-Kadir. Translated by Lady Duff Gobdoh.
Post 8vo.

FRERE

2s.

Indian Missions. Small 8vo. 2s. 6d.
Eastern Africa as a Field for Missionary Labour. With

(Sir Bartle).

Map.

CroT7n 8vo.

55.

How

Famine.

Bengal

be

it will

Met and How

to

With Maps. Crown 8vo. 5s.
(Mart). Old Deccan Days, or Hindoo Fairy Legends
current in Southern India, with Introduction by Sir Baetlk Fbere.
Prevent Future Famines in India.

Post 8vo.

"With 50 Ilhistrations.

7s. 6d.

G ALTON

(F.).
Art of Travel ; or, Hints on the Shifts and ConWoodcuts. Post Bvo. 7s. 64.
trivances available in Wild Countries.

GEOGRAPHY.

[See

— Students'.

Bunbdry

— Croker — Richardson — Smith

J

GEOGRAPHICAL SOCIETY'S JOURNAL.

(1816 to 1881.)

Supplementary Papers (i), Travels and Researches in
Western Cuina. By E. Coluoene Bader. Maps. Koyal 8vo. 55.
GEORGE (Ernest). The Mosel a Series of Twenty Etchings, with
;

Descriptive Letterpress.

Loire

and

Imperial

GERMANY
GIBBON

(History

8 Vols.

[See

of).

;

Folio.

a

Series of

Twenty

42s.

Markham.]

History of the Decline and Fall of the
Edited by Milman, Guizot, and Dr. Wm. Smith.

(Edward).

Koman Empire.
Maps.

42s.

4to.

South of France

Etchings, with Descriptive Text.

8vo.

60s.

The Student's Edition

an Epitome of the
;
work, incorporating the Researches of Recent Commentators.
Woodcuts.
Post
8vo.
Wm. Smith.
7s. 6d.

GIFFARD

(Edward).

the British Navy.

GILL

(Capt.

Wm).

Deeds of
Fcap. 8vo.

The

Naval Daring;

or,

above
By Dr.

Anecdotes of

3s. 6d.

River

of

Golden Sand.

Narrative

of a Journey through China to BurmaVi. With a Preface by Col.
Yule, C.B. Maps and Illustrations. 2 Vols. 8vo. 30s.

An

Six Months in Ascension.
(Mrs.).
Unscientific
count of a Scientific Expedition, Map. Crown 8vo. 9s.

GLADSTONE

(W.

E.).

Three Tracts.

Religion.

Rome and
&vo.

the

Newest Fashions

11.

Acin

7s. 6d.

Gleanings of Past Years, 1843-78.

7 vols.

Small

8ro. 2s. (?•/. eacl).
I. The Throne, the Prince Consort, tlie Cahinet ani
Constitution. II. Personal and Literary.
III. Historical and Speculative.
IV. Foreign. V. and VI. Ecclesiastical. VII. Miscellaneous.

GLEIG

Campaigns of the British Army at
(G. R.).
New Orleans. Post 8vo. 2s.
Story of the Battle of Waterloo.
Post 8vo.

Washington

and

Narrative of Sale's Brigade in Aflfghanistan. Post 8ro.
Lord Clive. Post 8vo. Zs. 6d.
Sir Thomas Munro.
Post 8vo. 3s. 6d.

2-s.

Life of

GLYNNE

(Sir Stephen R.).
Notes on the Churches of Kent,
With Preface by W. II. Gladstone, M.P. Illustrations. 8vo. 12s.

GOLDSMITH'S

(Oliver) Works.
Edited with Notes by Peter
CoNNiNOHAM. Vignettes. 4 Vols. 8vo. 30s.

LIST OP
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GOMM

(Sir ^yM. M.),

WORKS

Commander-iQ-Chief ia India, Constable

of the Tower, and Colonel of tlie CoMstrcam Guards. His Letters and
Journals.
1793 to IS15.
Edited by F. C. Carr Gomm. With Portrait.
8vo.

12$.

GORDON

(Sir Alex.).
Sketches of
from the "War of Liberation. Post Svo.

(Lady
Post Svo.

crafl.

German

and Scenes

Life,

3s. 6d.

Duff) Amber- Witch

A

:

Trial

Witch-

for

2s.

French in Algiers.
1. The Soldier of the Foreign
2. The Prisoners of Abd-el-Kadir.
Post Svo. 2s.
GEAMMARS. [See Curtius Hall Hutton King Edward
Legion.

;

;

;

;

Leathes; Maetzxeb; Matthi.-e; Smith.]

GREECE
G ROTE'S

(History

of).

[See Grote

— Smith — Students'.]

(George) WORKS :—
History of Greece. From the Earliest Times to the cloge

of the generation contemporary vith the Death of Alexander the Great.
Library Edition. Portrait, Maps, and Plans. 10 Vols. Svo. 120«.
Cabinet Edition.
Portrait and Plans. 12 Vols.
Post Svo. 65. each.
Plato, and other Companions of Socrates. 3 Yols. 8vo. 45«.

Aristotle. With additional Essays.
Minor Works. Portrait. 8ro. 14s.

Svo.

ISs.

Letters on Switzerland in 184T. 6-5.
Personal Life. Portrait. Svo. 12.s.
GROTE (Mrs.). A Sketch. By Lady Eastlake.

HALL'S

(T. D.) School
Manual of
Copious Exercises. 12mo. 35. 6d.

English

Manual
tions

Crown Svo. Qs.
Grammar. With

With Copious

of English Composition.
and Practical Exercises. 12mo. 3s.

Illustra

€d.

Primary English Grammar for Elementary Schools.
Based on the larger woik. 16ino. l.y.
Child's First Latin Book, comprising a full Practice of
Nouns, Pronouns, and Adjectives, with the Active Verbs. 16mo. 2?.

HALLAM'S

(Henry)

WORKS :—

The Constitutional History

of England, from the Acces-

Library
sion of Henry the Seventh to the Death of George the Second.
Cabinet Edition, 3 Vols. Post Svo. 12s. StuEdition, 3 Vols. Svo. 30s.
dent's E'Jition, Post Svo. Is. fid.

History

of

Europe during the Middle Ages.

Edition, 3 Vols. Svo. 305. Cabinet
Student's Editio-d, Post Svo. 7s. 6i.

E-dition,

Library

Post Svo. 12s.

3 Vols.

Literary History of Europe during the] 15th, 16th, and
17x11

Cexturtes.
Post Svo.

4 Vols.

Library Edition, 3 Vols. Svo. 36a.

Fcap. Svo.

Portrait.

HAMILTON

3s.

(Andrew). Rheinsberg

ARMY

HATCH

(W. M.).

LIST.

in Yerae

and Prose.

ed.

Great and Piince Henry of Prussia.

HART'S

Cabinet Edition,

IGs.

(Arthur) Literary Remains;
;

Memorials of Frederick the

Cro^^ n Svo. 21s.
{Published Quarterly a7id Annually.)

2 Vols.

The Moral Philosophy

of

Aristotle,

con-

sisting of a translation of the Nichomachean Ethics, and of the Paraphrase attributed to Andronicus, with an Introductory Analysis of each
book. Svo. ISs.

HATHERLEY
by

(Lord).

The Continuity

of Scripture, as Declared

the Testimony of our Lord and of the Evangelists and Apostles.

Post Svo.

2?. 6d.

PUBLISHED BY MR. MURRAY.

HAY

Western Barbary,
(Sir J. H. Drummokd).
and Savage Animals. Post 8vo. 2s.

HAYWAED

(A.).
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Wild Tribes

its

Sketches of Eminent Statesmen and AYriters,
Keprinted from t\ e " Quarterly Review." Contents:
Cavour, iletternicli, Monta^ember^, Melboun e,

witli other Essays.
Tliierp, Uisniarck,
"VVeilesley, Byron

Du

and Tennyson, Venice, St. Simon, Stvign^,
Svo. 28;.
Deffand, Holland House, Strawberry Hill. 2 Vo's.

HEAD'S

WORKS

(Sir Francis)

The Eoyal Ekgineer.

:—

Illustrations.

Life of Sir John Borgoyne.

Svo.

Pest Svo.

12?.

1.9,

Rapid Journeys across the Pampas. Post Svo. 2.'.
Bubbles from the Brunnen op Nassau. Illiiztrations.
8vo.

Stokers and Pokers;
Kailway.

HE BER'S

Post

Gd.

7?.

Post Bvo.

or,

London and Xorth Western

the

2s.

(Eituop) Journals in^^India.
Poetical Works.

Hymns

adapted

HERODOTUS. A New

to the

2 Vols.

f cap.

Portrait,

Post Svo.

Svo.

Church Service.

7s.

3s. 6d.

16mo.

1*.

6d.

English Yersion.

Edited, with Notes
and Essays, IHstorical, Etlinograrhicnl, and Geographical, by C a\(«nRawunson, Sir H. Rawlixso.v and Sir J. (;. VVii.kknsox. Map. and
Woodcuts. 4 Vols. Svo. 4Ss.

HERRIES

(Rt. Hon. John).

Memoir

of his Public Life daring

the Reigns ofdrtorge III and IV., William IV., and Queen Victoria.
Founiled (n his Letters and oilier Unpublished Documents. By his
Svo.
24.<f.
2 V^ols.
son, Edward Herries, C. li.

HERSCHEL'S

(Caroline)

Mrs. John Herscukl.

JEemoir and Correspondence.
With Portrait. Crown Svo. 7s. Gd.

By

FOREIGN HANDBOOKS.
HAND-BOOK— TRAVEL-TALK.
New

Italian.

English, French,
and Revised Edition. 18rao. 3s. 6d.

German, and

HOLLAND AND BELGIUM. Map
Post Svo.

and Plans.

6s.

NORTH GERMANY

and

THE RHINE,—

The Black Forest, the Ilartz, Thiiringerwald, Saxon Switzerland,
Riigen, the Giant Mountains, Taunu.^^, Odenwald, Elass, and Lothringen. Map and Plans. Post Svo. l^s.

SOUTH GERMANY, — Wurtemburg,

Bavaria,

Austria, Styria, Salzburg, the Alps, Tyrol, Hungary, and the Danube,
from Ulm to the Black Sea. Maps and Plans. Post Svo. 10s,

PAINTING. German,
Illustrations. 2 Vols.

LIVES
Painters.

AND WORKS OF EARLY FLEMISH

Illustrations.

Post Svo.

SWITZERLAND,
In

Two

Elemish, and Dutch Schools.

Post Bvo. 24s.

7s. 6c?.

Alps of Savoy, and Piedmont.

Maps and Plans. Post Svo. 10s.
Part L Normandy, Brittany, the French
Loire, Seine, Garonne, and Pyrenees.
Maps and P.'ans.

Parts.

FRANCE,
Alps, the
Post Svo. 7s. 6d.

WORKS

LIST OF

HAND-BOOK— FRANCE,

Part

Central France, Auvergnc, the

11.

Cevennes, Burprundy, the Rhone and Saone, Provence, Nimes, Arle-,
Marseilles, the French Alps, Alsace, Lorraine, Champagne, &c.
Maps
and Plans. Pest 8vo. 7s. eJ.

MEDITEiaiANEAN—

its Principal Islands, Cities,
Seaports, Ilaibonr^--, and B rder L>inds. For travellers and yachtsmen,
with nearly 50 Maps and Pians. Pott 8vo. 20*.

ALGERIA AND TUNIS.
Maps and

Oran, the Atlas Kar.ge.

Constuntine,

Algiers,

Plans.

Post 8vo.

lOi.

FARIS, and its Environs. Maps and Plans. 16rao.
SPAIN, Madrid, The Casiiles, The Basque Provinces,
Leon, The Asturias, Galicia, Ehtremadura, Andalusia, lioiiJa, Granada,
Murcia, Valencia. Catalonia, Aragon, Navarre, The Balearic Islands,
Maps and Plans. PostSvo. 2(«.

&C.&C.

PORTUGAL,
Map and

Plan.

Lisbon,

Post Svo.

NORTH

Porto,

Mafra, ic.

Cintra,

12s.

ITALY,

Turin,

Milan,

Cremona,

the

Italian Lakes, Bergamo, Brescia, Verona, Mantua, Vic«nza, Padua,
Ferrara, Bologna, Kavenna, Rimini, Piacenza, Genoa, the Riviera,
Venice, Parma, Modena, and Romagna. Maps and Plans. PostSvo. 10s

CENTRAL ITALY,

Florence, Lucca, Tuscany, The
Maps and Plans. Post 8vo. 1C«.
Willi 50 Maps and
IIS
EnviRoxs,

Marches, Umbria, &c.

ROME

AHD

Post 8vo.

Plans.

10?.

SOUTH ITALY,
and Vesuvius.

Maps and

PAINTING.
Post 8vo.

2 Vols.

Naples, Pompeii, Herculaneum,
Post Svo.

Plans.

The

Italian

10s.

Schools.

Illustrations.

3C«.

LIVES OF ITALIAN PAINTERS, from Cimabuk
to

Bassaxo.

By

Mrs. Jamesox.

Portraits.

Post Svo.

NORWAY,

Christiania, Bergen,
Maps and Plans. Post Svo.

Fjelds and Fjords.

12s.

Trondhjem. The
9«.

SWEDE.N", Stockholm, Upsala, Gothenburg, the
Maps and

Shores of the Baltic,

DENMARK,
land, IcelanJ.

Maps and

RUSSIA,
Maps and

FiXLAND.

PI m.

Post Svo.

Plans.

St.

Post Svo.

6s.

Copenhagen, Jut-

Sleswig, Holstein.
6s.

Petersburg. Moscow, Poland, and

Post Svo.
18s.
Islands, Continental Greece,
Athens, the Feh^ponuesus, the Islands of the JEge&n Sea. Albania,
Thessaly, and Macedonia. Map.s, Plans, and Views. Post Svo.
Plans.

GREECE,

TUHKEY

the Ionian

IN

ASIA— CojisTASTiNuPLE,

the

Bos-

phorus, Dardanelles, Brou-!-i, Plain of Troy, Crete. Cyprus, Smyrna,
Ephesus, the Seven Chuiches, Coasts or the Black Sea. Armenia,
Euphrates Valley, Route to India, &c Maps and Plans. Post Svo. 15s.

EGYPT, includiiig Descriptions of the Course of
the Nile through Egypt and Nubia, Alexandiia, Cairo, and Thebes, the
Suez Canal, the Pyramids, the PtuinsulH of Sinai, the Oases, the
Fyoom, &c. In Two Parts. Maps and Plans. Post Svo. 15s.

HOLY LAND —

Syria, Palestine, Peninsula of
Sinai. Edom, Syrian Deserts, Peaa, Damascus and Palmyra. Maps
and Plans. Post Svo. 20s. *** Travelling Map of Palestine. la a
;

case.

lis.

INDIA.
BoiiBAY,
20s.

155.

Fart

Maps ard
II.

Madeas,

15s.

Post Svo.
Part I.
Part III Bengal. "With 4 Maps.

Plans.
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ENGLISH HAND-BOOKS.
HAND-BOOK— ENGLA]^D AND WALES. An
Iland-Book. Condensed into One
"With a Map. Post 8vo. ICs.

Volume

Alpliabetica
Use of Travellera

for the

3*. 6d.

MODERN LONDON. Maps and
ENVIRONS OF LONDON withia

mile^.

2

Crown

8vo.

Crown

V'^ols.

ST.

8vo.

Plans,

leaio.

a circuit of 20

21.5.

PAUL'S CATHEDRAL.

20

Ilhistration?.

10s. 6d.

EASTERN COUNTIES,

ChelmsforJ, Harwich, ColNewmarket, liuiy St. Edmunds

chest^'r, Maldon, Cambridge, Ely,
Norwich, Yarmouth,
Ip.swich, Woodbridge, Felixstowe, Lowestoft,
Cromer, &c. Map and Flans. Post 8vo. I2s.
of Oxford, Peterborough, Norwich,
Ely, and Lincoln. With 90 Illustrations. Crown 8vo. 2 Is.

CATHEDRALS

— KENT,

Dover, Ramsgate, Sheerness,
Maps and PLuls. Post Svo. 7s. 6d,
SUSSEX, Brighton, Chichester, Worthing, Hastings,
Lewe3, Arundel, <fec. Maps and Plans. Post 8vo. 6.?.
HANTS, King.?ton, Croydon, Rei
SURREY
Caaterbury,

Rochester, Chatham, Woolwich.

AND

^ate,

Dorking, Boxhill,
Portsmouth, Isle of Wigut,

Guildford,

Poorest,

10s.

BERKS, BUCKS,

Winchester, Soiifliampton, New
Maps and Pl.ins. Post Svo.

&:c.

AND OXON,

Windsor, Eton,

Reading, Aylesbury. Uxbridge, Wycombe, Henley, the City and University of Oxford, Blenheim, and the Descent of the Thames. Maps
and Plans. Post Svo.

AND

^

SOMERSET, Salisbury,
WILTS, DORSET,
Chippenham, Weymouth, Sherborne, Wells, Bath, Bristol, Taunton,
&c. Map. Post Svo.
DEVON, Exeter, Ilfracombe, Linton, Sidmouth,
Dawlish, Teignraouth.. Plymouth, Devonport, Toiquay. Maps and Plats.
7s.6d.

Post Svo.

CORNWALL,
the Lizard, Land's End,
Well.>J, Cliichester,

lUuUialijns.

Penzance,

Launceston,

<fec.

CATHEDRALS

.

Map-J.

Post Svo.

of Winchester,

Rochester, Canterbury, and

2 Vols.

Cr.

Si'o. 'Mj.

St.

Falmouth,

6s.

Salisbury, Exeter,
St.

Albarn?.

With

Albans separately,

cr.

130
Svo.

6s.

GLOUCESTER, HEREFORD, and WORCESTER,
Cirencester, Chelteuliam, S'rond, Tewke.sbui v, Lco.i insft-r, Ko s, Malvern, Kidderminstei-. Dudtev, Biomsgrovr, Evesham. Man- Post Svo.

CATHEDR.ALS
Worce-ter,

aiid Lie! fi"M.

North

—

—

of

With

Bristol,
.^0

,

AVALES, Bangor, Carnarvon, Beaumar:s,

Snowdoo, Llanberi-, Dolgtlly, Cader
Svo.

Gloucester, "Hereford
Crown Sv.>. IPs.

lliustra-ions.

Idris,

Conway, &c.

Map.

Post

Is.

SOUTH WALES,

Monmouth,

Llandaff, Merthyr,
Vale of Neath, Pembroke, Carmarthen, Tenby, Swansea, Tte Wye, &c.

Map.

Post Svo.

7s.

CATHEDRALS OF BANGOR,
Liandaff,

and

St.

David's.

With

Illustratiuns.

NORTHAMPTONSHIRE
Northampton,

ST.

Post Svo.

AND

ASAPH,
1.5s.

RUTLAND—

Peterborough, Towcesier, Daventry, Market Harborough, Kettering, Wallingborough, Thrapston, Stamford, Uppingham, Oakham. Maps. Post Svo. 7s. Gd.

WORKS

LIST OF
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HAND-BOOK— DERBY, NOTTS,

LEICESTER, STAFFORD,

Matlcck, Bakfcwell, Chatsworth, The Peak. Buxton, Hardwick, l^ove
Dale, Ahhborne,S<-uth-H-ell, Mansfield, Rstford, Burton, Belvoir, Melton
Mowbray, Wolveihamptop, Lichfieid, Walsall, Tamwortli. M^p. Post
8vo. is.

SHROr SHIRE
low,

AND

Oswestry,

Biidgnorili,

Maps and

Birkenhead.

Plan?.

LANCASHIRE,

CHESHIRE,

Chester, Crewe,
Post Svo. Cs.

AVarriigton,

Shrewsbury, LudStockport,

Alderley,

Bury,

Manch(ster,

Liverpool, Buinley, Clilberoe, B«lton, Blacklurn, Wigan, Prpston,
Rochdale, Lancaster, Soulhi-ort, Blackpool, &c. Maps aLd Plans.
Post Svo. 7s. Cd.

YORKSHIRE,

Hull,

Donca.s(er,

Eeverley,

Selby,

Fcarhorough, Whitby, Harrogate, Ripon. Leeds, Wakefield, Bradfoid,
Halifax, llud(]ersfield, Sheffield. MapaudPLns. Post Svo. 12s.

CATHEDRALS

DURHAM

cf York, RipoD,

With

Chester, and Manchester.

60 Illusfi ations.

ru;ham,
2 Vols.

Carlisle,

Cr. Svo.

KORTHUMBtRLAXD,

AKD

21s.

New-

Gateshead, Bishop Aucklai.d, Stockton, Hartlepool,
Snndeiland, Shields, Eerwick-on-Tweed, Morpeth, Tjnemouth, Coldst; earn, Alnwick, &c.
Map. Post Svo. 9^.

castle, Darlington,

CUMBERLAND — Lan-

AVEfeTMORLAKD and

Furness Abbey, Ambleside, Kendal, V\ indeimere, Cmiston,
Ktswick, Grasmeio, Ulswater, Carlisle, Ccckermtn h, Ptnritli, Appleby.
Map. Post Svo.
MuRK.w's Map of the L.ake Distbict, on canva°. 3s. C.J.
caster,

SCOTLAND,. Edinburgh, Melrcse, Kel.so, Gla.^gow,
Diimfjiep, Ajr, Stilling, Arran, Tie Clyde, Oban, Inverary, Lo( h
Lomond, Loch Katrine and TrossacliP, Caledonian Canal, Inverness,
Perth, Dundee, Aberdeen, Braeniar, Skye, Caithness, Ross, Suilurland,

Maps and

(tc.

Post Svo.

Plans.

9^.

IRELAND, Dublin, Belfast, Ibe GiaEt's Causeway, Donegal, Galway, Wexford, Cork, Limerick, Waterford, KillarEey, Bantry, Glengariff, &c. Maps and Plans.
Post Svo. 10.^

HOLLWAY (J.
HONEY BEE.
HOOK (Dean).

A

G.).

Month

Norway.

Church Dictionary.

(Theodore) Life. By

HOPE

in

By Rev. Thomas James.

J.

Fcap. Svo.

Svo.

G. Lockhakt.

(A. J. Beresford).
Worship in the
8vo. 9s., or, Popular Selections from. Svo,

HORACE

;

With

a

New

100

Edition of the Text.
Woodcuts. Crjwn Svo. 7s.

2a.

Fcap. Svo.

Is.

16*.

Fcap. Svo.

Church
2s.

of

Is.

England.

6d.

Edited by Dean Milman.
6d.

HOSACK

(John).
The rise and growth of the Law of Nations ss
established by general usage and by treaties, from the earliest times
:

to the tieaty of Utrecht.

HOUGHTON'S
Portraits.

Svo.

(Lord) Monographs, Personal and Social
Crown Svo, 10s. 6d,

Poetical Works.
trait.

2 Vols.

HOUSTOUN

[In the Press.

Fcap. Svo.

(Mrs.).

CcUeded Edition.

With Por-

12s.

Twenty Years

or Life in Connaught.

With

Post Svo.

dt.

in the_Wild

West

of Ireland,

—
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AND COLONIAL LIBRARY. A

Series of Works
all circles and classes of Readers, haviug been selected
acknowledged interest, and ability of the Authors. Post 8vo.
Published at 2s. and 3s. 6d. each, and arranged under two distinctive
heads as follows

HOilE

adapted for
for their

:

CLASS

A.

1.

HISTORY, BIOGRAPHY, AND HISTORIC TALES.
IL THE SIEGES OF VIENNA.
SIEGE OF GIBRALTAR. By

2.

THE AMBER-WITCH.

John Deixkwateb.

2s.

Lady Duff Goedon.

By

12.

By LoKD Ellesmerk. 2s.
CROSS.

THE WAYSIDE
Capt. Milman.

2s.

By

2s.

13.

SKETCHES OF GERMAN LIFE.

LIFE OF Sir FRANCIS DRAKE,
By John Barbow.

14.

THE BATTLE of WATERLOO.

CAMPAIGNS AT WASHING-

15.

AUTOBIOGRAPHY OF STEF-

6.

16.

THE BRITISH POETS.

6.

TON. By Rev.G.R. Gleig. 2«.
THE FRENCH IN ALGIERS.

7.

By Ladv Duff Gordon. 2s.
THE FALL OF THE JESUITS.

CROMWELL AND BUNYAN.

3.

By ROBEBT SOUTHEY.
4.

By

2s.

Sir A. Gordon.

By Rev. G.

2,';.

FENS.

3s.

R. Gleig.

2.'.

Thomas Campbell.
17.

M.
3j.6d.

HISTORICAL

By

3s. 6i.

By

ESSAYS.

Lord Mahon.

3s. 6d.

I

2s.
'

8.
9.

LIVONIAN TALES. 2s.
LIFE OF COND^;. By LOBu MaHON.

18.

LIFE OF LORD CLTVE.

19.

NORTH - WESTERN RAILWAY. By Sir F.B. Head. 2$.

20.

LIFE OF MUNRO. By Rev.

Rev. G.R. Gleig.
i

3s. Qd.

SALE'S BRIGADE.
G. R. Gleig.

By Rev.

2s.

!

a Lady.

GYPSIES of SPAIN. By George
Bishop Heber.

2 Vols.

MOROCCO AND THE MOORS.
By

Drumjiond Hay, 2s.
LETTERS FROM the BALTIC.
By a Lady.
SOUTH WALES. By Mrs.
Meredith. 2s.

11,

2s.

John Malcolm.

&

13.

W,

2 Vols. 7a.

MISSIONARY LIFE IN CANADA. By Rev.

J.

Abbott.

H. Edwards.

3s. 6<i

By

2s.

20.

MANNERS & CUSTOMS OF

21.

ADVENTURES

22.

PORTUGAL AND GALICIA.

23.

BUSH LIFE

24.

THE LIBYAN DESERT.

25.

SIERRA LEONE,

i

INDIA, ByREv.C.AcLAND. 2s.
IN MEXICO.
By G. F, Ruxtox, 3s, M.

By Loud Carnarvon.
IN

3s. 6d.

AUSTRALIA.

By Rev. H. W. Hatgabth.

TYPEE AND OMOO. By

Hermann Melville.
14.

By Richard Ford.

MEMOIRS OF FATHER RIPA.
2s,

12

THE RIVER AMAZON.

By

3s, 6cf.

Sia

2s.

GATHERINGS FROM SPAIN.

THE WEST INDIES. ByM. G.
Sib

Head.

By

3s. &d.

19.

NEW

SKETCHES OF PERSIA.

SPORTS,
John.

18

J.

Lewis.
10.

St.

PAMPAS JOURNEYS. By
F. B.

6.

9.

17.

7s.

the HOLY LAND.
By Irby and Mangles. 2s.
in

By

2.s.

HIGHLAND
Charles

TRAVELS

8.

16.

3s. Qd.

& 4. JOURNALS IN INDIA. By

6,

7.

B.

3s. 6d.

Borrow.
8

G.

3s. 6d.

VOYAGES, TRAVELS, AND ADVENTURES.
BIBLE IN SPAIN. By George
15. LETTERS FROM MADRAS.
Borrow.

2.

R. Gleiq.

1

CLASS
1.

3s. 6i.

j

I

10.

By

Bayle

St.

John.

3«,6d.

2s.

Each work may be had

separately,

2s.

By

2s.

By A Lady.

LIST OF

HUME

A

(The Student's).

WORKS

History of England, from the Inva-

sion of Julius Caesar to tlie Revolution of 1688. New Edition, revised,
corrected, acd continued to tli« Treaty of Berlin, 1878.
By J. S.
Bbewer, M.A. With 7 Coloured Maps 70 Woodcuts. Post 8vo. 7«. 6(f.

&

HUTCHINSON

those Kho love the
Svo. 7s. 6d.

HTJTTON

Dog

Breaking, with Odds and Ends for
Dog and the Gun. With 40 Illustrations. Crown

(Gen.).

Principia Gr^ca; an Introduction to the Study

(H.E.).

of Greek. Comprehending Grammar, Delectus, and Exercise-book,
with Vocabularies. Sixth Edition. 12mo. 3«. 6d.

HUTTON

(.James).
James and Philip van Artevelde.
T«-o
remarkable Episodes in the annils of Flanders
witli a description of
Croivn Svo.
the state of Society in Flanders in the 14th Century.
:

[//I

HYMNOLOGY,
INDIA.

Dictionary

of.

the irrtss.

See Julian.

[See Elphixstone, Hand-book, Temple.]

IRBY AND MANGLES'
the

Holy Land.

Travels

Post 8vo.

Egypt,

in

Nubia, Syria, and

25.

JAMESON

(Mrs.).
Lives of the Early Italian Painters—
and the Progress of Painting in Italy— Cimabue to Bassano. With
50 Portraits. Post Svo. 12s.

JAPAN.

[See Bird, Mossman, Moukset, Peed.]

JENNINGS

(Louis

and Sussex.

J.).

Field Paths and Green Lanes in Surrey

Illustrations.

Post Svo.

Pambles among the
and on the South Downs.

Post Svo.

23 Illustrations.

JERYIS

(Kev.

W.

With

H.).

The Galilean

Peak

of Derbyshire
v.

ay.

With

Church, from the ConWith an Introduction.

Kevolution.

Gleanings in Natural History. Fcp.Svo. Zs.Qd.

JEX-BLAKE
at

6cf.

sketches of people by the

12s.

cordat of Bologna, 1516, to the
Portraits. 2 Vols. Svo. 28s.

JESSE (Edward).

IDs.

Hills in the

(Eev. T. AV.).
Cheltenham and Rugby.

Life in Faith:
Fcap. Svo. 3s. Qd.

Sermons Preached

JOHNSON'S

By James Boswell. Including
(Dr. Samuel) Life.
the Tour to the Hebrides. Edited by Me. Cbokke. 1 Vol. Koyal
Svo. 125.

A

A Dictionary of Hymnology.
(Kev. John J.).
Companion to Existing Hvmi.i Book? Setting forth the Origin and
Kist-'^ry of the Hymns contained in thn Principal Hymnals used by the
Churches of England, Scotland, and Ireland, and various Dissenting

JULIAN

Bodies, with Notices of their Authors.

Post 8vc.

[Tn the Press.

J D NIFS' Handwriting Professionally investigated. By Mr. Cha bot,
Expert. With Preface and Collateral Evidence, by the Hon. Epward
TwisLETON. With Facsimiles, Woodcuts, &c. 4to. £3 3s.
KERR (R. Malcolm). Student's Blackstone. A Systematic
Abridgment
of the law.

of the entire Commentaries, adapted to the present state
Post Svo. 7s. 6d.

KING EDWARD

KING

(R. J.).

VIth's Latin Grammar. 12mo. 3s. 6o?.
First
Latin Book. 12mo. 23. 6d.
ArcliEeology, Travel and Art
being Sketches and
;

Studies, Historical and Descriptive.

KIRK

(J.

Foster).

gundy.

Portrait.

KIRKES' Handbook
Baker, F.R.C.S.

Svo.

12s.

History of Charles the Bold,
3 Vols.

Svo.

Duke

of Bur-

45.'.

of Physiology.
Edited by W.
With 400 Illustrations. Post Svo. 14s.

Morrakt

PUBLISHED BY MR. MURRAY.
KUGLER'S Handbook

Painting.— The Italian Schools.

Re-

vised and Remodelled from the most recent Researches. By
Eastlkke. With 140 Illustrations. 2 Vols, Crown 8vo. 305.

Lady

of

—

Handbook

of Painting.
The German, Flemish, and
Revised aod in part re-written. By J. A. Ceovte.

Dutch Schools.

With

LAXE
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"With Illustrations.

(Sir

245.

Crown

Svo.

Nineveh and

(A. H.).

2 Vols.

Post 8vo.

12.'.

Reminiscences of Forty-three Yeara'

Geo.).

Service in India.

LA YARD

8vo.

Account of the Manners and Customs of Modern

(E. ^y.).
Egyptians.

LAWRENCE

Crown

2 Vols.

60 Illustrations.

IOj. 6d.

Remains;

its

of Researches and Discoveries amidst the
Post Svo, 7s. 6d.
Illustrations.

Nineveh and Babj'lon

A

;

Popular Account
With

a

Ruins of Assyria.

Popular Account of Dis-

coveries in the Ruins, with Travels in Armenia, Kurdistan and the
With Illustrations.
Desert, during a Second Expedition to Assyria.
Post Svo. 7s. 6d.

LEATHE3

(Stanley).

Hebrew Grammar.

Practical

of Genesis i.—vi., and Psalms
Vocabulary. Post Svo. 7s. 6d.

Hebrew Text
Analysis and

With the
Grammatical

i.— vi.

LENNEP

Missionary Travels in Asia Minor.
(Rev. H. J. Van).
With Illustrations of Biblical History and Archaeology. Map and

Woodcuts.
Illubtratiun

2 Vols.

Post Svo.

Handbook
(C. R.).
Post Svo. 7s. Sd.

LESLIE

and Works

Life
2 Vols.

LETO

Svo.

Svo.

LETTERS From
'

(Leone).

Young

for

Painters.

Illustrations.

Joshua Reynolds.

of Sir

Portraits.

42s.

(Pomionio).
Council.

LEVI

24s.

^lodern Customs and Manners of Bible Lands in
Maps and Illustrations. 2 Vols. Svo. 2Is.
of Scripture.

Eight Months at

Rome

during the Vatican

12s.

THE Baltic. By a Lady. Post 8vo. 2s.
Madras. By a Lady. Post Svo. 28.
Sierra Leone. By a Lady. Post 8vo. Sa'. 6d.
History of British Commerce
and Economic
:

Progress of the Nation, from 1763

to 1S78.

Svo.

IBs.

LEX SALICA;

the Ten Texts with the Glosses and the Lex
>3-n'^pticaliy edited by J. H. 1Ies3kl>.
With Notes on
WorJs in the Lex Salica. by H. Kerx, of Levden. 4to. 42s,
LIDDELL (Dean). Student's History of Rome, from the earliest
Times to the establishment of the Empire. Woodcuts. Post Svo. 7s. 6d.
LATITUDES; or. the Journal of the Hon.
LISPINGS from
ImpulsiaGushington. Edited bv Lord Dcfferix. Wiih24 PIates.4to.21s.
Eraendata.

the Prankish

LOW

LIVINGSTONE

First

(Dr.).

Post Svo.

Illustrations.

Expedition to Africa,

Second Expedition to Afiica, 1858-64.
tions.

Post Svo.

1840-56.

7s. 6d.

Illustra-

7s. 6d.

Last Journals in Central Africa, from 1865 to
his Death. Continued by a Narrative of his last moments and suflferings.
By Rev. Horace Walleb. Maps and Illustrations. 2 Vols. Svo. 15s.
Personal Life.
From his unpublished Journals
and Correspondence.
By Wm. G. Blaikie, D.D. With Map and
Portrait.

Svo.

15s.

LIVINGSTONIA.

Journal of Adventures in Exploring Lake
Nyassa, and Establishing a Missionary Settlement there. By E. D.
VousG, R.N. Maps. PostSvo. 7s. 6d.

LI VON IAN TALES.
Baltic."

PostSvo.

By

the

Author

of

" Letters

from

2s.

'

c 2

the

WORKS

LIST OF
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LOCKHART

(J.

Romantic.

—

G.).
Ancient Spanish Ballads.
Translated, with Notes. Illustrations.

Historical

Crown 8vo.

and
5«.

Theodore Hook. Fcap. 8vo. Is.
Grardening for Ladies.
With Directions and
Every IVIonth. "Woodcuts. Fcap. 8vo. 3s. 6d.
(Sir Alfred C), K.C.B.
Atiatic Studies; Eeligious and

LOUDOi!^

Life of

(Mrs.).

Calf^Tidar of Operations for

LYALL

Svo.

Social.

[In the press.

LYELL

(Sir Charles).
Principles of Geology; or, the Modern
Changes of the Earth and its Inhabitants cousidered as illustrative of

Geolfgy.

With

2 Vols.

Illustrations.

8vo.

32s.

Student's Elements of Geology.
With Table of British
Fossils and 600 Illustrations. Third Edition, Revised. Post 8vo. 95.
Life, Latters, and Journals.
Edited by his sister-in-law,
Mes. Lyell. With Portraits. 2 Vols. Svo. 30.:'.

Geographical Handbook of Ferns.

(K. M.).
to

show

LYTTON

(Lord).

8vo.

Post 8vo.

their Distribution.

A Memoir

With Tables

7s. 6d.

With Portrait. Post

of Julian Fane.

5-?.

McCLINTOCK

(Sir L.).
Narrative of the Discovery of the
Fate of Sir John Franklin and his Companions in the Arctic Seas.
With Illustrations. Post Svo. 7s. 6d.

M ACDOUGALL

MACGREQOU

(Col.). Modern Warfare as Influenced
Plans. Post 8vo. 12s.

by

Modem

With

Artillery.

Eob Eoy on the Jordan, Nile, Eed
A Canoe Cruise in Palestine and Egypt and

(J.).

nesareth, &c.

Sea,

Gen-

the Waters

With 70 Illustrations. Crown Svo. 7s. 6d.
cf Damascus.
English Grammar.
Methodical, Analytical,
and Historical Treatise on the Orthography, Prosody, Inflections, and
Syntax. By Claie J. Grece, LL.D. 3 Vols. Svo. 36s.
(Lord), see Stanhope.

A

MAETZNER'S

MAHON
MAINE

(Sir H. Sumner). Ancient Law: its Connection with the
Early History of Society, and its Relation to Modem Ideas. Svo. 12s,

Tillage Communities in the East and West.
Svo.
125.
Early History of Institutions.
Svo. 125.
(Sir John).
Sketches of Persia. Post Svo. 3«. 6d.

MALCOLM
MANSEL (Dean).

Limits of

Post 8vo. 8s. 6d.
Letters, Lectures,

MANUAL OP

Eeligious

and Eeviews.

Thought Examined.
Svo.

SCIENTIFIC ENQUIRY.

Travellers. Edited hy Ret. E. Maij?. Post Svo.
order of the Lords cf tic Adr.iira.Uv.)

MAECO

POLO.

12-5.

For the Use of
3s. 6d.

(Published by

The Book

of Ser Marco Polo, the Venetian.
Concerning the Kingdoms and Marvels of the East. A new English
Version. Illustrated hy the light of Oriental Writers and Modern
Travels. By Col. Hesev Yule. Maps and Illustrations. 2 Vols.

Medium

Svo.

63s.

MAEKHAM

(Mrs.). History of England.
From the First Inv£«
by the Romans. Woodcuts. 12mo. 3s. 6(7.
History of France.
From the Conquest by the
Gauls. Woodcuts. 12mo. 3s. 6d.
History of Germany. From the Invasion by Marius.
Woodcuts. 12mo. 3s. 6d.
(Clements E.).
Popular Account of Peruvian
Bark and its introduction into British India. With Maps. Pest
sion

A

Svo.

14s.

PUBLISHED BY MR. MURRAY.

21

MARRYAT

History of Modern and Mediaeval Pottery
(Joseph).
and Porcelain. With a Description of the Manufacture. Plates and
Woodcuts. 8vo. 425,
Student's Manual of the English Language.
(G. P.).
Edited with Additions. By De. Wji. Siiixn. Post 8vo. 7s. 6d.

MARSH

MASTERS

Lectures delivered at Kiug's
by Eminent Divines. With Introduction by

in English Theology.

College, London, in 1877,
Canon Barry. Post 8vo.

MATTHIiE'S

7s. 6d.

Grammar.

Gjreek

Revised by E. S. Cbooke.

MAUREL'S

Cliaracter,
Fcap. 8vo. Is. M.

MAYO

12mo.

Abridged

and

Actions,

by

Blomfield,

4s.

Writings

of

Wellington

Sport in Abyssinia; or, the Mareb and TackWith Illustrations. Crowu Svo. 12s.
(Hermann).
Marquesas and South Sea Islands.

(Loed).

azzee.

MELVILLE

Post Svo.

2 Vols.

MEREDITH

7a,

Wales.

Post Svo.

MICHAEL ANGELO,
and Works.
Index.

By

Svo.

C.

New

Notes and Sketches of

(Mrs. Charles).

South

2s.

Sculptor, Painter,

Heath

VVilson.

His Life

and Architect.

Wiih

Portrait.

Illustrations

and

15s.

A

MIDDLETON

(Chas. H.)
Descriptive Catiilcgue of the
Work of Rembrandt, with Life and Introductions. With

Etcheil

Explatiatory Cuts.

Medium

Svo.

31s. Qd.

MILLINGTON
Ham,

or

(Rev. T. S.). Signs and Wonders in the Land of
the Ten Plagues of Egypt, with Ancient and Modern Illustra-

Woodcuts.

tions,

MILMAN'S

Post Svo,

7s, 6c?,

WORKS:—

(Dean)

History of the Jews, from the
Times.

Post Svo.

3 Vols.

earliest Period

down

to

Modern

13s.

Early Christianity, from

the Birth of Christ to the AboliPaganism in the Roman Empire. 3 Vols. Post Svo. IS*.
Christianity, including iliat of the Popes to the

tion of

Latin

Pontificate of Nicholas V.

Handbook
8vo.

10.-!.

to

St.

9 Vols." Post Svo. 54s.

Woodcuts.

Paul's Cathedral.

QuiNTi HoRATii Flacci Opera. Woodcuts.
Fall of Jerusalem. Fcap. Svo. Is.

MILMAN'S

Crown

erf.

(Capt. E. A.) Wayside Cross.

(Bishop,

With

D.D.,)

Life.
Correspondei.ce and Journals.

Sm,

Post Svo.
a

Svo.

7-5.

6c7.

2s.

Selection from
Map. Svo. 12s.

his

By his Sister.
Lessons from Nature; as manifested in

MIVART

(St. George).
Mind and Matter. Svo. 15.?.
The Cat. An Introduction to the Study of Backboned
Animal?, especially Mammals. With 200 Illustrations. Medium Svo. iOs.
MOORE (Thomas). Life and Letters of Lord Byron. Cabinet
'Edition.
With Plate-;. 6 Vols. Fcap. Svo, 18s. Fopular Edition,

—

;

with

Porti-aits.

jMORESBY

(Capt.),

Royal Svo.

R.N.

Torres Straits, &c.,
Illustrations, Svo.

MOSSMAN

7s.

Sd.

Discoveries in

during the cruise of

New

Guinea, Polynesia,
II. M.S. Babilisk.
Map and

15s.

New

Japan ; the Land of the Rising Sun ;
its Annals during the past Twenty Years, recording the remarkable
Progress of the Japanese in Western Civilisation, With Map. Svo. 15s
(Samuel).

LIST OF
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MOTLEY

WORKS

History of the United Netherlands from the
Twelve Years' Truce. 1609. Portraits.

(J. L.).

:

Death of William the Silent to the
4 Vols. Post 8vo.
65. each.

and Death of John of Barneveld,
Life
Advocate of Holland.
With a View of the Primary Caubes and
of the Thirty Years' War.
Illustrations.
2 Vols.

Movements
Post 8vo.

MOZLEY

12s.

(Canon).

on the Augustinian

Treatise

Crown

Predestination.

8vo.

doctrine

of

9s.

MUIRHEAD

(Jas.). The Yaux-de-Vire of Maistre Jean Le Houx,
Advocate of Vire. Translated and Edited. With Portrait and Illustrations. Svo.
21s.

MUNRO'S

(General) Life and Letters.

Post Svo.

MURCHISON

By Rev.

G. E. Gleiq.

3s. 6d.

(Sir Roderick).

Siluria ;
Oldest Pvocks containing Organic Remains.

or,

Map

a History of the
and Plates. Svo. 18s.

With Notices

Memoirs.

of his Contemporaries,
and Rise and Progress of Palajozoic Geology, By Archibald Geikie.
Portriiits.

2 Vols.

Svo.

305.

MURRAY (A. S.). A History of Greek Sculpture, from the Earliest
Times down to the Age of Pheidias. With Illustrations. Roy. 8vo. 21s.
(Capt.) Patagonians ;
a Year's Wanderings over
Untrodden Ground from the Straits of Magellan to the Rio Negro.

MUSTERS'

Post Svo.

Illustrations.
2n

APIER

'War.

Post Svo.

Portrait.

NAPOLEON

Svo.

9s.

AND

FoKTAiNEBLEAU

AT

Occurrences and
Portrait.

7s. 6d.

English Battles and Sieges of the Peninsular

(Sir Wm.).

Elba.
Joumal of
By Sir Neil Campbell.

Notes of Conversations.

15s.

NARES

(Sir George), R.N.
Official
the recent Aicti^: Expedition. Map.

NAUTICAL ALMANAC

(The).

Report to the Admiralty of
Svo.

2s. 6d.

(By Authority.)

NAVY LIST. (Monthly and Quarterly.) Post Svo.
NEW TESTAMENT. With Short Explanatory

2s.

6d,

Commentary.

By Archdeaco^j Chubtox, M.A., and the Bishop of St. David's.
With 110 authentic Views &c. 2 Vols. Crown Svo. 21s. bound.
NEWTH (Samuel). First Book of Natural Philosophy; an Introduction to the Study of Statics, Dynamics, Hydrostatics, Light, Heat,

and Sound, with numerous Examples. Small Svo. 3i. 6d.
Elements of Mechanics, including Hydrostatics,
with numerous Examples. Small Svo. &s. 6i.

A

Graduated Series
ilathematical Examples.
Examples in Arithmetic, Algebra, Logarithms, Trigo-

of Elementary

nometry, and Mechanics.

NICOLAS

(Sir Harris).

Small Svo.

Ss. 6d.

Historic Peerage

of England.

Exhi-

biting the Origin, Descent, and Present State of every Title of Peerage which has existed in this Country since the Conquest.
By
William Courthope. 6vo. 30s.

NILE GLEANINGS. See Siuart.
NiMROD, On the Chace— Turf— and

Road. With Portrait and
Or with Coloured Plates, 7s. 6d.
Communistic Societies of the United
(Cnis.).
including Detailed Accounts of the Shakers, the Amana,
Slates
With
Oueida, Beihell, Aurora. Icarian and other existing Societies.
Crown Svo.

Plates.

5s.

NORDHOFF
;

4'j

Illustrations.

NORTHCOTE'S

Svo.

15s.

(Sir John) Notebook in the Long Parliament.
Containing Proceedings during its First Session, 1640. Edited, with
a Memoir, by A. H. A. Hamiltcn. Crown Svo. 9s.

'

:

PUBLISHED BV MK. MC'KKA^
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.

OWEN (LiEux.-CoL.).

Principle^} and Practice of Modern Artiliery,
including Artillery Ma'ei ial, Gunnery, and Oiganisation and Use of

With

Artillery in Warfare.

OXENHAM (Rev. W.)-

Illust^aiiohs.

8vo.

155.

English Notes for Latin Elegiacs

for early Proficients in the Art of Latin Versrtication,
Rules of Composition iu Elegiac Metre. 12mo. 35. bd.

PAGET

;

designed

with Prefatory

The Light Cavalry Brigade in the
Containing Extracts from Journal and Correspondence. Map.

(Lord George).

Crimea.

Crown

8vo.

PALGPtAVE
Ireland.

105. Bd.

(R.

H.

8vo.

Local Taxation of Great Britain and

L).

5.'.

PALLISER

(Mrs.). Mottoes for Monuments, or Epitaphs selected
General Use and Study. With Illustrations. Crown 8vo. 7s. 6d.

for

PARIS

made Science

Philosophy in Sport

(Dr.)

in Earnest ;
by aid of the

the First Principles of Natural Philosophy inculcated
Toys and Sports of Youth. Woodcuts. Post 8vo. 7s. 6d.

or,

PARKYNS'

(Maksfield) Three Years' Residence in Abyssinia
with Travels in that Country. "With Illu^trations. Post 8vo. 7*. 6d.
PEEL'S (Sir Robert) Memoirs. 2 Vols. Post 8vo. 155.

PENN

Maxims and Hints

(Richard),

Woodcuts.

player.

PERCY

Eire-Clays,

for

an Angler and Chess-

Is,

Metallurgy.

(John, M.D.).

Charcoal, Coke,

PERRY

Fcap. 8vo.

Fuel,

Illustrations,

Wood,
8vo.

Peat,

Coal,

30'.

Lead, including part of Silver. Illustrations. 8vo. ZOi.
Part I. Illustrations. 8vo. 30^.
Silver and Gold.
(Rev. Canon). Life of St. Hugh of Avalon, Bishop of

Lincoln.

Post Svo.

IC's.

€d.

History of the English Church. See Students' Manuals.
PHILLIPS (Samuel). Literary Essays from " The Times." AVith
Fcap. Svo,

2 Vols,

Portrait.

POLLOCK

a

7s.

book

of Family Piayers.
Selected
the Liturgy of the Church of England.
16mo.
'3s, Gd.
(C, E.).

POPE'S (Alexander) Works.

from

With Introductions and Notes,

by Rev. Whitwell Elwik, and W.

J.

Coubthope.

Vols.

I., II.,

III.,

With Portraits. 8vo. lus. 6£i. each.
PORTER (Rev. J. L,). Damascus, Palmyra, and Lebanon. With
Travels among the Giant Cities of Bashan and the Hauran. Map and
VI., VII., VIII.

Woodcuts.

Post Svo,

PRAYER-BOOK

It. 6d.

with Borders, Initials, VigEdited, with Notes, by Rev. Thos. Jawks. Medium
18s. cloth ; 31s. 6d. calf; 36s. morocco.

nettes,

Svo.

(Illustrated),

«S:c.

(The Convocation), with altered rubrics, showing the book if amended in conformi'y with the recomn endaiions of
the Convocations of Canterbury and York in 1879. Post 8vo. 5s.

PRINCESS CHARLOTTE
With

OF WALES.

A

Brief

Memoir.

Selections from her Correspondence and other unpiiblibhed
By Lady Rose Weigall. With Portrait. Svo, 8s. 6d.

Papers.

PRIVY COUNCIL JUDGMENTS

in Ecclesiastical Cases relating to Doctrine and Discipline.
With Historical Introduction,
by G. C. Beodeick and W. H. Freuaxtlk. Svo. lOs. 6d.

PSALMS OF DAVID,
the

With Notes Explanatory and

Dean of Wells, Canon

PUSS IN BOOTS.
16mo,

1«. 6d.

Elliott,

With 12
Or

Illustrations.

coloured. 2s. 6d.

QUARTERLY REVIEW

(The).

Critical

and Canon C-ok, Medium Svo.

Svo.

69.

by

10s. 6ii.

By Otto Speckter,

LIST OF
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RAE

WORKS

Country of the Moors. A Journey from Tripoli
of Kairwan.
Map and EtcLings. Crown 8vo. 12s.
Journey to ihe White Sea, and
Kola Peninsula. "With Map and lUustiations. Crown Svo. 15?.

(Edward).
to the

Holy City

The White Sea Peninsula.
the

RAMBLES in the Syrian Deserts. Post Svo. 10s. 6d.
EASSAM (Hokmuzd). British Mission to Abyssinia.
Svo.

2 Vols.

tions.

Illustra-

'28s.

(Canon) Herodotus. A New English Vertion.
Maps and Woodcuts. 4 Vole. Svo. 48*.
Five Great Monarchies of Chaldaea, Assyria, Media,
Babylonia, aud^ Persia. With Maps and Illustrations. 3 Vols. Svo. 42-.
(Sir Henry) England and Russia in the East ; a

RAWLINSON'S

Edited with Notes and Essays.

Series of Papers on the Poliiical and Geographical Condition of Central
Asia. Map. Svo,
123.

REED

(Sir E. J.) Iron Clad Ships; their Qualities, Performances,
and Cost. With Chapters on Turret Ships, Iron-Clad Ilams,d:c. With
Illustrations.

8vo.

12s.

Letters from Ru.«sia in 1875.
Svo.
5-?.
Japan
Its History, Traditions, and Religions.

With

:

Narrative of a Visit in 1879.

REJECTED ADDRESSES
Woodcuts.

Post Svo,

Illustratioi'.s.

(The).

3s. 6d.

;

2 Vols. 8vo.

285,

By James and Horace Smith.

or Popular Edition, Fcap. 8vo.

Is.

REMBRANDT.

See Middleton.
(Sir Joshua) Life and Times.

REYNOLDS'

By

C. R. Leslie,

Ton Tatlor. Portraits. 2 Vols, Svo. 42s.
RICARDO'S (David) Political Works. With a Notice of his
Life and Writings. By J, R, M'Cttlloch. Svo, los.
RIPA (Eather). Thirteen Years at the Court of Peking. Post
R.A. and

Svo,

2s.

ROBERTSON

History of the Christian Church, from the
Age to the Reformation, 1517. 8 Vols, Post Svo. 6f each.
ROBINSON (Rev. Dr,). Biblical Researches in Palestine and the
Adjacent Kc-gicEs, 1S38—52. Maps. 3 Vols. Svo. 42s.
ROBINSON (Wm.) Alpine Flowers for English Gardens. With
70 Illustrations. Crown Svo. 7s. Cd.
Sub-Tropical Garden. Illustrations. Small Svo. 55.
ROBSON (E. R.). School Architecture. Remarks on the
(Canon).

Apostolic

.

Planning, Designirg,

Building,

^Medium Svo.

Illustrations.

and Furnishing of School-houses.

ROME (History of). See Gibbon— Liddell— Smith — Students',
ROYAL SOCIETY CATALOGUE OF SCIENTIFIC PAPERS.
8 vols,

Svo.

18s.

each.
Half morocco, 28s. each.
Travels inMexico; with Adventures

20v'.

RUXTON (Geo. P.).

among Wild

Tribes and Animals of the Prairies and Rockv Mountains. Post Svo. 3s.6d.
Bishop of Lincoln; his Life by G. G.
Perry, Caucn of Lincoln. Post Svo, 10s. 6d,

ST.

HUGH OF AVALON,

ST.

JOHN

(Charleb).

Wild Sports and Natural History of the

Highlands of Scoilar.d. Illustrated Edilion.
Editiop, Pest Svo. 3s. 6d.

Crown

Svo.

15s.

Cheap

(Batle) Adventure.* in the Libyan Desert. Post Svo. 2-5.
SALDANHA (Dcke of). See Carnota.
SALE'S (Sir Robert) Brigade in AfFghanistan. With an Account of
the Defence of Jelialabad. By Rev. G. R. Gleig. Post Svo. 2s.
SCEPTICISM IN GEOLOGY^• and the Reasons for It. An
assemblage of facts from Nature combining to refute the iheory of
"Causes UQW in Action." By Verifier. NYoodcuts. Crown Svo. 6s.
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(Dr. Henry).

tive of Researches

Its

aad Discoveries made on
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A

Remaias.

Site ot ilium,
Medium 8vo. 423.
tlie

Narra-

and

iu the

With 50j Illustrations.
Ancient Mycenae and Tiryns. With 500 IllusMedium
8vo. 50s.
trations.
Ilios; the City and Country of tie Tnjans,
including rII Kecent Discoveries and Researches made on the Site
of Troy and the Troad.
With an Autobiogiapliy. With 20(0 IllusTrojan Piain.

Imperial 8vo.

trations.

SCHOMBEKG

into English verse.

SCOTT

50?.

The Odyssey

(General).
2 vols.

of

Homer, rendered

245.

Lectures on the Rise and Development
Delivered at the Royal Acudemy. With

(Sir Gilbert).

of Mediuival Arcliitecture.
400 lllubtratioLS. 2 Vols.

SEEBOHM

Bvo,

Medium

8vo.

i2s.

Siberia in Europe ; a Naturalist's Visit to
the Valley of the Petchora in N.E. Russia. "With notices of Birds and
their migrations.
With M?!p and Illustrations. Crown 8vo. Ws.

(Henry).

Siberia in Asia.

Travels,

Adventures ana Ornitho-

logical Researches on the Eastern side of the Ural Mountains.
With
Illustrations.
Crown 8vo.
[/n the 'presf.

SELBORNE

(Lord).
Notes on some Passages in the Liturgical
Bvo. 6s.
tlie Reformed English Cliurch.
OF
Preface by Canon Liddon.
SICK ROOM.

History of

SHADOWS
16mo.

SHAH OF

A

2s.

M.

PERSIA'S Diary during

his

Tour through Europe

1873.
Translated from the Original.
By J.
Portrait and Coloiiicd Title. Crown 8vo. 12s.

SHAW

Manual

(T. B.).

of English Literature. Post 8vo.

Specimens of English Literature.
Chief Writers.

W. Redhouse.

Post 8v0.

Selected

75.

in

With
Qd.

from the

7*. Qd.

SHAW

(Robert). Visit to High Tartary, Yarkaud, and Kashgar
(formerly Clsinese Tartary), and Return Join iiey over the Karakorum
Pass.
With Map and Illustrations. 8vo. \Qs.

SIERRA LEONE
A

Described in Letters to Fi lends at Home.
Bj
;
Post Svo. 3s. &d.
(Capt.). Constitution and Practice of Courts-Mar-

Lady,

SIMMONS

8vo.

tial.

15s.

SMILES' (Samuel, LL.D.) WORlvS :—
British Engineers from the Earliest Period to the death of
the Stephenson'--. With Illustrations. 5 Vols. Crown Bvo. 7s. &d each.
Life of George Stephenson. Pocst Svo, ?^s. 6d.
Life of a Scotch Naturalist (Thos. Edward). Illuttrations.
;

Post Svo.

[In the P)-e!s.

Life op a Scotch Geologist and Botanist. (Robert Dick).
Illustrations, Crown Bvo.
12s.
Huguenots in England and Ireland. Crown Svo. 7s. 6d.
Self-Help.
With Illustrations of Conduct and Perseverance.

Post Bvo. 6s.

Character.

Or

A Book

in French,

53.

Noble Characteristic?. Post Svo. 6s.
Thrift, A Book of Domestic Counsel. Post Svo. 6^.
Duty. With lUnstrations of Courage, Palience, and Endurance.
Post Bvo.

of

6s.

Industrial Biography;
Post Svo,

Boy's

or,

Iron Workers and Tool Makers,

6s.

Voyage Round the World.

Illustrations.

Post Svo.

6s.
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SMITH

(Dr. George) Student's Manual of the Geography of India.

Post 8vo,

Life

John "Wihon, D.D. (Bombay), Miseionary and

of

Pbilautliropist.

Portrait.

Post 8vo.

9s,

(Philip). History of the Ancient World, from the Creation
to the Fall of the Roman Empire, a.d. 476. 3 Vols. 8vo.
3l5. 6d.

SMITH'S

(Dk. Wm.)

dictionaries :—

of the Bible;
Geography, and Natural History.

Dictionary

With 300

Concise Bible Dictionary.
8vo.

Biography,

Antiquities,

its

3 Vols. 8vo. lObs.

Illustrations.

Medium

lUu-^trations.

21s.

Smaller
Svo.

Bible

With

Dictionary.

Illustrations.

Post

History,

Ineti-

6i.

7^-.

Christian

Antiquities.

Comprising

the

With Illustrations.
Medium Svo. 3'. I3s. 6d.
Christian Biography, Literature, Sects, and Doctrines
from ihe Times of the Apcstles to the Age of Charlemagne. Medium 8vo.
and Ar.tiquities of the Christian Church.

tn:ion3,

2 Vols.

:

Vtls.

I.

nr.

II.

(To be completed in 4 Vols.)

31s. 6c/. each.

Greek and Eoman Antiquities.
^lediuni Svo.

Greee

Illustrations.

Roman Biography and Mythology.

ani>

Illustriitiei.s.

3 Vols.

Medium

8ro.

il.

Greek and Roman Geography.
Medium 8to.
Atlas of Ancient
tions.

Folio.

With 500

28s.

With 600

is.

With 500

2 Vols.

Illustra-

56s.

Geography— Biblical and

Classical.

61. 6*.

Classical Dictionary op Mythology, Biography,
Geography. 1 Vol. With 750 Woodcuts. Svo. ISs.

Smaller Classical Dictionary.
8vo.

7s. 6d.

Smaller Greek and Roman Antiquities.
cuts.

and

With 200 Woodcuts. Crown

Crown Svo.

With 200 Wood-

7s. Qd.

Complete Latin-English Dictionary. With Tables of. the
Eoman Calendar, Measures, Weights, and Money. Svo. 21s.
Smaller Latin-English Dictionary. 12mo. 7s. 6d.
Copious and Critical English-Latin Dictionary, 8yo, 21.?.
Smaller English-Latin Dictionary. 12mo. 7s. 6d.

SMITH'S

(Dr. Wm.)

ENGLISH COURSE :—

School Manual of English Grammar, with Copious Exercises.
Post Svo.

3.1. fcc7.

Proiary English Grammar.

16mo.

1.?.

Manual

AVith Copious
of English Composition.
12mo. 3s. 6J,
tions and Practical Exercises.
Primary History of Britain. 12mo. 25. 6d.

School Manual
Political.

Modern Geography, Physical and

of

Post Svo.

Illustra-

5s.

A

Smaller Manual of Modern Geography. 16mo. 2^. Qd.
SMITH'S (Dr. Wm.) FREXCH COURSE:—
Part I. A First Course, containing a
French Principia.
Grammar, Delectus,

Exercises, and Vocabularies.

Appendix to French Principia.
ditional E.xercises, with

Part

Examination Papers.

I.

12mo.

3s. 6d,

ContainiDg ad-

12mo.

2.^ ed.
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(Di?. Wii.) French Course— continued.
French Principia. Part H. A Reading Book, containing

SMITH'S

Fables, Stories, and Anecdotes, Natural Hittory, and Scenes from the
History of France. With Grammatical Questions, Notes and copious
Etymological Dictionary. 12mo. 4s. Qd.

French Principia.

Part

III.

Prose Composition, containing

a Systematic Course of Exercises on the Syntax, with the Principal
[7>i the Press.
Rules of Syntax. 12mo,
By C. Heron- Wall. With
Student's French Grammar.
Introduction by M. Littrc. Post 8vo. 7s. C'7.

Smaller Grammar of the French Language.
from the above.

12mo.

Abridged

3v. Qd.

GERMAN

COURSE :—
(Dr. Wm.)
Principia.
Part I. A First German Course, containing a G rammar, Delectus, Exercise Book, and Vocabularies. 12mo. 3s. 6c?.
Reading Book ; containing
German Principia. Part II.

SMITH'S

German

A

Fablep, Sti/ries, aiid Arocdotes, Natural History, and Scenes from the
History of Germany. With Grammatical Questions, Notes, and Dic12mo. 3s. 6cZ.
tionary.

Practical German Grammar.

SMITH'S

Post

8\'0.

Ss. 6t?.

ITALIAN COURSE:—
Principia. An Italian Course, containing

(Dr. Wm.)

Italian

a

Grammar,

Delectu", Exercise Book, with Vocabularies, and Materials for Italian
By ^^IG^OR Bicci, Professor of Italian at the City of
Cot.versation.
London College. 12mo. 3s. Gc/.

A

Part II.
First Italian Reading Book,
containing Fables, Anecdote."^, History, and Passages from the best
Italian Authors, with Grammatical Questicns, Nctes, and a Copious
By Sigsor Bk ci. 12mo. 3s, 6t/.
Etymological Dictionary.

Italian Principia.

SMITH'S (Dr. Wm.) LATIN COURSE:—
The Young Beginner's First Latin Book

:

Containing the

JUidimeiits of Grammar, Easy Grammatical Qiiesiions and Exercises,
with Vocabularies. Being a Stepping stote to Principia Latina, Part I.
for Young Children.
12mo. 2'.

The Young Beginner's Second Latin Book: Containing an
e'sy Latin Bendifg Book, with an Analysis of the Sentences, Notes,
and a Lictionary. Being a Stepping-stoi-e to Principia Latina, Part IT.
ti

r

Young

Childien.

12mo.

2s.

Principia Latina. Part I. First Latin Course, containing a
Grammar, Deledus, and Exercise Book, with Vocabularies. 12mo. 3s.6d.
In tLis Edition the Cases of the Nouns, Adjectives, and Pronouns
pre arrargtd both as in tl:e ordinary Grammars and as in the Public
School Primer, logetlier with the corresponding Exercises.

Appendix to Principia Latina. Part
Exercises, with

Examination

Principia Latina.

Part

Piipers.

11.

A

Part

A

III.

2s. 6d.

Reading-book of Mythology,

Geography, Roman Antiquities, and Histoiy.
tionary. l2mo. 3s. 6rf.

Principia Latina.

being Additional

I.;

12mo.

"With Notes and Dic-

Poetry Book.

Hexameters

and Pentameters; Eclog. Ovidianae; Latin Prosody. 12mo.

3s. 6d.

Principia Latina.

Part lY. Prose Composition.
Rules of
Syntax with Examples, Explanations of Synonyms, and Exercises
on the Syntax. 12mo. 3s. 6c?.
Principia Latina. Part Y. Short Tales and Anecdotes for
Translation into Latin.

Latin-English

12mo.

3s.

YocABrLAEY

and

Fiest

Latin-English

DiCTioxAET for Ph^deu?^ CORNELIUS Nepos, AND C-esar, 12mo,

3s. 6d.
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SMITH'S

continued.
(Dr. Wm.) Latin Course
Student's Latin Grammar, For the Higher
8vo.

Forms.

Post

6s.

Smaller Latin Grammar.
12mo.

For the Middle and Lower Forma.

3s. 6cZ.

Germania, Agricola,

Tacitus,
12mo.

With

&c.

English

Notes.

35, 6ti.

(Dr. Wm.) GREEK COURSE:—
InitiaGr-eca. Parti. A First Greek Course, containing a Grammar, Delectus, and Exercise-book. With Vocabularies. 12mo. 35. 6i.
Appexdix to Initia Gr^ca. Part I. Ctntaining additional

SMITH'S

\Yith Exaaiinition Papers.

Exerci^^es.

Initia

Part

GRiECA.

Short Tales, Anecdotes,

12mo.

II.

A

Fables,

Post 8vc.

Reading

2.-.

6t/.

Book.

Mythology, and

Containing

Grecian History

3s. 6d.

Prose Composition.

Initia Grj.ca. Part III.
Rules of Syntax,

Greek Grammar.

Student's

Post 8vo.

CcETius.

Containing the

copious Examples and Exercises.

witli

12Lnc.

3s. 6i.

For the Higher Forms.

By

6s.

Smaller Greek Grammar. For the Middle and Lower Forois.
Ivmo.

3s.

Qd.

Greek Accidence.

12mo.

25,

Qd.

Plato, Apology of Socrates, &c, "With Notes.

12mo.

3.y.

Qd.

(Dr. Wm.) SMALLER HISTORIES:—
Scripture History. Woodcuts. 1 61110. 3s. Qd.
Woodcuts. 16mo. 33. Qd.
Ancient History.

SMITH'S

'

Ancient Geography. Woodcuts. 16mo. Zs. Qd.
Modern Geography. 16mo. 25. Qd.
Maps and Woodcuts^ 16mo. 3s. 6(Z,
Greece.
Rome. Maps and AVoodcuts. 16mo. 3s. Qd.
Classical Mythology. Woodcuts. 16mo. 3s. Qd.
England. Maps and Woodcuts. 16mo. 3s. Qd.
16mo.
3s, 6d.
English Literature.
Specimens op English Literature. 16mo. 3s. 6d.

SOMERVILLE
to

(Mary).

Old Age.

Portrait.

Personal Recollections from Early Life
Crown 8vo. 12*.

Physical Geography.

Molecular

&

Post Svo.

Microscopic

SOUTHEY

Science.

9s.

PostSvo.

9-^.

Illustrations.

21s.

Household
F.).
AVilh Woodcuts. Fcap.

(John

cies.

Post 8vo.

of the Physical Sciences.

2 Vols.

SOUTH

Portrait.

Connexion

(Robt). Lives of

Surgery
Svo.

;

or,

Hints for Emergen-

3s. ed.

Bunyan and Cromwell. Post

Svo.

2s.

STAEL (Madame de). See Stevens.
STANHOPE'S (Earl) WORKS :—
History of England from the Reign of Queen Anne to
THE Peaci; OF Yelsailles,

Life of William Pitt.
Miscellanies.

2 Vols.

l7<.l-83.

Post Svo.

PostSvo.
3 Vols.
Svo.

9 vols.

Portraits.

13s.

5s.

each.

36s.
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Work^— continued :—

British India, from its Origin to 1783.

Post 8vo.

Qd,

3s.

History of " FoRiY-riVE." Post Svo. 8-s.
Historical and Critical Essays. Post Svo. 3s. Qd.
The Retreat FROM Moscow, AND OTHER Essays. PostSv^o. 7?.G/.
Life of Beltsarius. Post Svo. IOn. 6c7.
LiFK of Condk. Post Svo. 35. Gc?.
Story of Joan of Arc, Feap. Svo. 1^
Addresses ON Various Occasions. 16mo. Is.

STANLEY'S

(Dean)

WORKS :—

Sinai and Palestine.

Maps. Svo,
14s.
Bible in the Holt Land Extracted from the above Wurk.
;

Fcap. 8vo.

"\V©odcu;s,

2s 6d.

Eastern Church. Svo, 12s.
Jewish Church.
From the Earliest Times
Era.

3 Vols. Svo.

to the

Christian

384.

Church of Scotland.
Epistles of St. Paul
Life of Dr. Arnold.

Svo.

7s. 6c/.

to the Corinthians.
Portrait.

2 Vols.

Svo.

ISs.

Cr. Svo.

125.

Canterbury Cathedral. Illustration='. Post Svo. 7s. Qd.
Westminster Abbey. Illustrationa. Svo. 15s.
Sermons during a Tour in the East. Svo. 9s.
ON Special Occasions, Preached ia Westminster
Abbey.

Memoir

Svo.

of

12s.

Edward, Catherine, and Mart Stanley.

Christian Institutions.
Svo.

Cr. Svo. 9s.

Es-ays on Ecclesiastical Subjects.

12 s.

STEPHENS

(Rev.

Chrysostom.
Century.

A

W.

Life and Times of St. John
R. W.).
Sketch of the Church and the Empire in the Fourth

Portrait.

Svo.

12*'.

STEVENS

(Dr. A.),
Madame de Stasl a Study of her Life
andTInies. The First Revolution and the First Empire. Portraits. 2
\oU. Crown Svo. 21>.
;

STRATFORD

de REDCLTFFE (Lord>. The Eastern Question.
Being a Selection from his Writings during the last Five Years of bis
Life.
With Map, Svo. 0«.
"With a Preface by Dean Si ;uilcy.

STREET

(G. E.). Gothic Architecture
Royal Svo. 30s.

in

Spain.

Illustrationa.

in Brick and Marble,
Notes on North of Italy. Ilhistraticns. Royal Svo, 26s.

With

STUART

(Villiers). Kile Gleanings: The Ethnology, History,
and Art of Ancient Egypt, as Revealed by Paintings and BasWith Descriptions of Nubia and its Great Rock Temples,

Reliefs.

53 Coloured

Iliii3tration=!, (kc.

The Funeral Tent

Medium

Svo,

SI."!.

6rf.

of an Egyptian Queen, discovered at
Thebes. Priniel in colours from the a^'athors original drawings. With
Translations and Explanations of the hieroglyphic?, kc. Royal Svo.

.
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WORKS

STUDEI^TS' MANUALS:—
Old Testament History from

the Creation to the Return of
;
Jews from Captivity. Maps and Woodcuts, Post 8vo. 7s. 6J.
Kew Testament History. With an Introduction connecting
the History of the Old and New Testaments. Maps and Woodcuts.
the

Post 8vo.

7s. ed.

Evidences of Christianity.

By Kev. H.

Post

AVacr, "D.D,

"

S^o.

[111

the press.

Ecclesiastical History. By Pailii' Smitu, B.A.
Part I.— First Ten Centuries. From the Foundation of the Christian
Church to the full establishment of the Holy Koman Empire and the
Papal Power.

Wondci;ts.

Post 8vo.

Part II.— The Middle Ages and
8vo.

7s. 6a.
the Reformation.

Post

Woodcuts.

7i.6d.

[In the Press'

English Church History.

By Canon Perry.

Post

2 Vols.

8vo. 7s. Gd. each.
First Period, from the planting of the Church in Britain to the Accession of Henry YIII.
S'^cond Period, from the accession of Henry YIII. to the silencing ot
Convocation in the 18th Century.

Ancient History of the East

Egypt, Assyria, Babylonia,

;

Media, Persia, Asia Minor, and Phoenicia. Woodcuts. Post8vo.

By Canon Bevan.

Ancient Geography.
Svo.

7s.

7s. 6d.

Woodcuts.

Post

6d.

History of Greece
Conquest. By Wm.

from the Earliest Times to the
SiiiTU, D.C.L.
Woodcuts. Crown 8to.

;

Foman
7s. 6<i.

Work, 12mo. 2s.
from the Earliest Times to the EstablishHistory of
;
ment of the Empire. By Deas Liddell. Woodcuts. Crown Svo. 7s. 6d.
Gibbon's Decline and Fall of the Roman Empire. Woodcuts.
*** Questions on the above

Rome

Post 8vo.

Hallam's
Post8v0.

7s. 6d.

History
7s.

of

Europe

during the Middle Ages.

6d.

History of Modeen Europe, from the end of the ^Middle
Ages

to the

Hallam's

Treaty of Berlin, 1878.

History of

Pest 8ro.

England

from

[In the Press.

Accession

of
Death of George II. Post Svo. 7s. 6d.
Hume's History of England from the Invasion of Julius
Cffisar to the Revolution in 1688.
Revised, corrected, and continued
down to the Treaty of Berlin, 1878. By J. S. Beeweb, M.A, With
Post Svo. 7s. 6d.
7 Coloured Maps i 70 Woodcuts.
'^^* Questions on the above Work, 12mo.
2>.
History of France
from the Earliest Times to the Establishment of the Second Empire, 1852. By H. W. Jebvis. Woodcuts.

Henry VII.

;

the

to the

;

Post Svo,

7s. 6d.

English Language.
By Geo. P. Marsh. Post 8yo. 7s. 6d.
English Literature. Bj T. B. Shaw, M.A. Pott 8to. 7s. 6d.
Specimens of English Literature. By T.B.Shavt. Post Svo. 7s.6(l.

Modern Geography

Mathematical, Physical and Descriptive.
By Caxox Bevax. Woodcuts. Post Svo. 7s. 6d.
Geography of India. By Dr. George Smith, LL.D. Post Svo.
;

[Pa the Press.

7t. 6d.

Moral Philosophy. By Wm. Fleming. Post Svo.
Blackstone's Commentaries. By Malcolm Kerr.

7s. 6d.

Post Svo.

7t. 6d.

SUMNER'S

(Bishop) Life and Episcopate during 40 Years.

Rev. G. H. ScuNER,

Portrait.

Svo.

lis.

By
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Literary History ; together with some AccouEt of
Athanasius." Svo. 165.

SWIFT (Jonathan). Life
SYBEL (Yon) History of
Tj^O-mS.

SYMONDS'

4 Vols.

of.

By Henry Craik, B.A.

Europe during

8vo.

tlie

Frencli Revolution,

485.

(Rev. W.) Records of the Rocks; or Notes on the

Geology, Natural History, and Antiquities of North and South Wales,
Siluria, Devon, and Cornwall.
With Illustrations. Crown 8vo. 12s.

TALMUD. See BARCLiY; Deutsch.
TEMPLE (Sir Richard). India in 1880. With Maps.
Men and Events of My Time in India. 8vo.
THIBAUT'S

8vo.

165.

165.

Translated from
Musical Art.
Memoir by W. H, Gladstone, 31. P.

(Antoine) Purity in
the Genuan. With a prefatory
Post 8vo. 75. 6d.

THIELMANN

(Baron).
Journey through the Caucasus to
Tabreez, Kurdistan, down the Tigris and Euphrates to Nineveh and
Babylon, and across the Desert to Palmyra. Translated by Cja3.
Heneaoe. Illustrations. 2 Vols. Post 8vo. I85.

THOMSON

Lincoln's Inn Sermons.

(Archbishgi-).

Life in the Light of God's

Word, Work, k Will

:

Word.

8vo. 10s. 6d.

Post Svo.

55.

Crown

Collected Essays.

Svo. 95.

AND

TITIAN'S LIFE

TIMES.
With some account of his
Family, chiefly from new and unpublished Records. By CnowE and
With Portrait and Illustrations. 2 Vols. Svo. 21s.

Cavalcaselle,

TOCQUE VILLE'S

State of Society in France before the Revolution,
1789, and on the Causes which led to that Event. Translated by Uexey
Reeve. 8vo. 14s.

TOMLINSON(Chas.); TheSonnet;

Its Origin, Structure, and Place
With translations from Dante, Petnurb, &c. Post Svo. [)s.
TOZER (Rev. H. F.) Highlands of Turkey, with Visits to Mounts
Ida, Athos, Olympus, and Pelion.
Crown 8vo. 24s.
2 A'ols.
Lectures on the Geography of Greece. Map.
Post
in Poetry.

8vo.

9a.

TRISTRAM

(Canon).

Great Sahara.

TRURO

Illustrations.

Svo. 155.

;

The Cathedral:

(Bishop of).

the Life and

Work

its

of the Chnrcli.

Crown

TWENTY YEARS' RESIDENCE

among

Turks, Armenians, and Bulgarians.

Crown

Crown

of Moab
Travels and Discoveries on the East
Dead Sea and the Jordan. Illustrations. Crown Svo. 155,

Land
Side oi thw

Svo.

Necessary Place in

Svo.

6".

the Greeks, Albanians,
By an Exglisii Lady. 2 Vols.

2I5.

TWINING (Rev. Tnos.\

Records of a Life of Studious Retirement.
Being Selections from His Correspondence. Crown Svo. [Li the Press.
TWISS' (Horace) Life of Lord Eldon. 2 Yols. Post Svo. 21*.

TYLOR

(E. B.) Researches into the Early History of Mankind,
and Development of Civilization. 3rd Edition Revised. Svo. 12s.

Primitive Culture

;

the Development of Mythology,

Philosophy, Religion, Art, and Custom.

2 Vols.

VATICAN COUNCIL. See Leto.
VIRCHOW (Professor). The Freedom
Modern

State.

Fcap. Svo.

2s.

of

Svo.

24s.

Science

in

the
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WAGE

The Gospel and

(Rev. Hexky}, D.D.

Pi-incipal Facts in the Life of our Lord,

the
its "Witnesses
and the Authority of the Evange-

Crown 8vo.
Despatches during

:

[In the Preas.

lical Is'arratives.

WELLIKGTON'S

Campaigns in India,

his

Denmark, Portugal, Spain, the Low Countries, and France.
Bvo.

—

8 Vols.

20s. each.

Supplementary Despatches, relating to India,
Ireland, Denmark, Spanish America, Spain, Portugal, France, Congress of Vienna, "Waterloo and Paris.
8vo.
20*. each.
14 Vols.
*^(* An Index.
8vo. 205.

Civil
VIII.

8vo.

and

Speeches in Parliament.

WHAETOX

(Gait.

J. L.),

R.N.

Icini? a description of tli^ means and
Marine Charts. With Illustrations.

to

Svo._

Choice of a Dwelling,

"WHITE (W.

H.).

Manual

42«.

8vo.

15^.

"post 8vo.

Is.Qd.

of Naval Architecture, for the use of
Shipowners, Shipbuilders, and Yachtsmen. Illustra-

Officers,
8vf>.

2 Yols.

methods employed in constructing

(G.).

Naval

I.

HydrograpMcal Surveying,

WHEELEPt
tions.

Yols.

Political Correspondence.

20s. each.

24.5.

WHYIyIPER

(Edwaed^.
The Ascent of the Matterhorn. "With
100 111 litrations.
Medium Svo. 10s. Qd.
WILBEPFOECE'S (Bishop) Life of William Wilbcrforce. Portrait.
Crown

Svo.

6s.

(Samuel, LL.D.}, Lord Bishop of Oxford and
"Winchester; h:s Life. By C^non AtH'.vELL, D.D.. and K. G. WilberFOECE. "With Portraits aiid Woodcuts. Vols. I. and II. Svo. 15s. each.

"WILKINSON

{Sir J. G.). Manners and Customs of the Ancient
Efryptians, their Private Life. Laws, Arts, Eeligion, &c.
new edition.
Edited by Samitel Birch, LL.D. Illustrations. 3 Vols. Svo. 84s.

A

—

Popular Account of the Ancient Egyptians.

500 Woodcuts.

"WILLIAMS

Post Svo.

2 Vols.

OIoxier).

Pveligious Life

"With

12s.

and Thought

in Ind'a.

An

Account of the Religions of the Indian People. Based on a Life's Study
of their Liierature and on personal investigations in their own country.
Svo.
[In the press.

WILSON

(John, D.D.).

WOOD'S

(Captain)

of the Valley of

See Smith (Geo.).

Source of the Oxus.
the Uxns. By Col. Yule.

WOEDS OF HUMAN WISDOM.

With the Geography
Map.

Svo.

12s.

Collected and Arranged by

With

a Preface by Canox Liddox. Fcap. Svo. 3s. 6d.
(Bishop} Greece j Pictorial, Descriptive, and
With an introduction on the Characteristics of Greek Art
by Geo. Schaef. New Edition revised by the Piev. H. F. Tozep., M. A.
With numerous lllustrali .ns. E iyal Sro.
[hi tlie press.
(Archbishop of). Collected Essays. Contents. Sjnoptic
Gospels. Death of Christ. God Exists. Worth of Life. Design in
E. S.

WOPDSWORTH'S
Historical.

YORK

—

Nature. Sports and Pastimes.
Emotions in Preaching.
Defects in
Missionary Work. Limits of Philosophical Enquiry. Crown Svo. 9s.

YULE

(Colonel).

Book

of

Marco Polo.

of Oriental Writers and Modem Travels.
2 Vols.
Medium Svo. 63s.

(A. F.)
Svo.

A

Little

Iliustrated

by the Light

With Maps and

Light on Cretan Insurrection.

25. 67.

BRADBURY, AGXEW,

80 Plates.

&

CO.,

PRUTTERS, WHITEFKIARS.

Post

Date Due
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5
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