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PREFACE TO THE REPRINT OF 1884.

e

Tue text of the second edition has been left un-
touched, and I have merely given an aceount (which
does not pretend to be complete) of the progress of
the subject since 1880.

HETEROSTYLED PLANTE,

C. E. Bessey (‘ American Naturalist,! June, 1880,
p- 417) made careful measurements of the eorolla,
stamens, and style in & number of flowers of Litho-
spermum longiflorum. He shows that the length of
corolla, and especially the length of the style, is very
varigble. An appearance of dimorphism is thus pro-
duced ; but measurements of the pollen show that
there is no real heterostylism.

C. B. Clarke (* Journ. Linn. Soe.” xvil, p. 159) has
made the ecurious observation that in Adenosacme
Iangifaiim, the difference between the long- and
short-styled forms amounts to what wonld usually
be called a character of first-rate systematic im-
portance, PJ the short-styled flowers, the stamens are
on the corolla ; in the long-styled, they are at ita very
_ base, almost free from it. In this form the corolla

separates and leaves the stamens standing on the ovary,
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He also describes two forms of Randia wliginosa,
(i.) having large sessile flowers with separate stipmas
and producing a large froit ; (ii.) small pedufculated
flowers with clavate stigmas, and producing smaller fruit.

C. B. Clarke (‘Journ. Linn., Soe. xviii., p. 524)
shows that Macrotomia is dimorphic like Arnebin.
Mr. Clarke mentions as one of the earliest good
notices of heterostylism that Fischer and Meyer
(* Enum. PL Schrenk.,’ p. 84, published in 1841) speak
of Macrotomia as having specimina longistyla and
brevistyla.

Breitenbach (* Botanische Zeitung, 1880, p. 577)
believes that the ancestor of the heterostyled Primule
was homostyled. He grounds his belief on the ex-
amination of a large number of plants of P. elatior,

Jaeq., and on some facts connected with the onto-

genesis of the flowers. This opinion has been ad-
versely eriticised by W. Behrens (* Botanisches Central-
blatt,” 1880, p. 1082) and by Hermann Miller (* Bot.
Zeitung,” 1880, p. 738).

A. Ernst (Cardcas) (‘Nature,” xxi., 1880, p. 217)
shows by measurement and experiment that Melochia
parviflora is heterostyled (dimorphic).

According to J. Todd, (‘ American Naturalist, xv,,
1881, p. 997), Black mustard (B. nigra) has two
forms of flower, differing in the length of the pistil ;
the stamens being of approximately the same length
in the two forms.

Trelease (‘American Naturalist,’ xvi, 1882, fi. 13)
describes two forms of Oealis wiolaces, which appear
to be long and short-styled forms of a trimmphj,:_
species. No mid-styled flowers could be found, ang
Trelease is ineclined to believe that the species is
dimorphie.

4

Ig. Urban (*Sitz. Bot. Verein, Prov. Brandenburg,’
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xxiv., 1882) states that the Turneraces contain a large
proportion of dimorphic plants. His monograph on
this fantily T know only from the abstract in the * Botan.
Centralblatt, p. 207. He has made the following
interesting observations:—“In the Turneraces the
dimorphie species tend to be perennials, with eon-
spicuous flowers, while the monomorphic species have
smaller flowers, and are chiefly annuals.” Ile states
that a tendency to dimorphism in the monomorphic
species expresses itself only in elongation of the style.

In the subjects kindred to those considered in
Chapter VIL rather more work has been done.

F. Ludwig (‘Zeitschrift f. d. gesam. Naturwiss’
1870, p. 44) describes three plant-forms in Plantago
lanceolita.

1. Hermaphrodites with white anthers.

9 Semifemales, with small shrivelled yellow
anthers, containing a small quantity of pollen, of
which many grains are bad.

3. Purely female form.

Ludwig has noticed the tendency deseribed by
Delpino to entomophily in Plantago, the flowers being
often fairly conspicuous, and are visited by insects.

Ludwig draws some interesting general conclusions
on Gynodicecious plants.

1. They are all more or less dichogamic.

2. In the protandrons forms the females are more
numerous at the beginning of the season. In the
protogynous forms the reverse is the case.

3. Abortive anthers often degrade into perianth
segments.

4. Ho confirms the veceived opinion that female
flowers ave smaller than hermaphrodites.

He discusses the origin of diceciousness, assigning
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the first rank in the n!lain of éauses to dichogamy.
Similar vigws are given in the present edition, p. 283,
in connection with observations by Hildebrand.

In a subsequent paper (‘ Botan. Centralblatt,” 1880,
iv, p. 829) ‘he describes a similar gynodicecions
condition. in some Stellarias and Cerastinms. Here
there are pure female, semi-female, and hermaphrodite

‘plants, the flowers of the female form being smaller
than those of the others. This distribution of sex he
calls # gynodimorphism,” a condition which he des-
cribes (* Bot. Centralblatt.,’ 1880, p. 1021) as occurring
in drenaria ciliata and Alsine verng,

F. Ludwig (‘ Kosmos,"™ 1880-81, viii., 357) describes
two forms of Frodiwm ciewtarium. The first, which is
distinguished by having nectar-gnides, is protandrous,
and adapted for fertilisation by insects. The second
form is weakly protogynous and autogamic. This
form has no nectar-guides, and the petals are usually
shed during the day on which the flowers open. It
resembles B, moschatum, which is homogamie (or weakly
protogynous). The first form is more like E. macro-
denum, which is markedly protandrous, and where
autogamy is impossible,

Hermann Miller {‘ Hﬂt“_‘[‘g" xxiii., P. 337, 1881}
has shown that Syrings persica is gynomonecious,
having on the same inflorescence a majority of
hermaphrodite flowers of large size, and a minority of
small-sized females.

Stellaria glavea and  Sherardig arvensis are E.?F‘lﬂ*
digecions.

H. Miiller has also written an important paper on Cen-
taurea jacea (‘ Kosmos® x, and ¢ Nature ' xxv,) in which
lie publishes his change of opinion as to the origin of

* Beealso ¢ Trmischin,’ 1881, No, 1, and * Bat, Centralblntt,’ il p. 83
and viii, p. 87.

&
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gynodieciousness, Three different forms oceur, but on
any given plant the flowers are of one kind. There is.
a normil hermaphrodite form, and two divergent forms
which are practically male and female, and which are
distinguished from the hermaphrodite form by having
conspicuous sexless ray-florets ; of the two, the male
flowers are the more conspicuous. The female florets
have shrunken anthers devoid of pollen ; the male florets
have pistils which do mnot opem; and are therefore
funetionless. Numerous gradational forms exist
which render the wholg case especially instructive, and
it was a study of these gradations which induced Muller
to give up his theory of gynodiecious plants.
Miller formerly explained, the origin of gynodiecious-
ness by supposing that thode flowers which are smaller
and less conspicuons than the average tend to be visited
last by insects, so that their pollen is useless. In
Centanres the reduetion of anthers is found beginning
in flower-heads which are not less conspicuous than
the average. Miiller therefore gives up his former
theory and agrees with view proposed by my father®

Potonié (“Sitz. 4. Ges. naturforseh. Freunde zn
Berlin,' 1880, p. 85, quoted in the ‘Bot. Zeitung,'
1880, p. 749) believes that in the gynodicecious Salvie
pradensis the existence of a female form serves to ensure
fertilisation by a distinet plant.

But H. Miller (* Bot. Zeitung,’ 1880, p. 749) shows
that in_ the hermaphrodites, bees commonly visit the
lowdt and temporarily temale flowers before passing on
to the upper male flowers, and that this ensures
c“-fss'fﬂl'tiliun,tiun between different plants.

_ Bolms-Taubach (* Abhand. K. Gesell, Wiss. Got-
tingen, xx%iii,, and Kosmos,’ 1881) has given in his

.* A ehort paper by H. Miiller on gyuodicecionsness in the genus
Dianthus, appearad in ¢ Nature,! 1881, xxiv.,
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valuable work on eaprification an account of the rela-
tion of the sexes in the cultivated fiz and the caprificus.
L]

HEeTERANTHY,

The existence of different kinds of anthers in
homostyled flowers is of interest as bearing on hetero-
stylism. :

F. Ludwig (° Bot. Centralblatt, 1880, pp. 246 and
1210) gives an account of the heteranthy of Plantago
major, of which two forms exist, one with brown, the
other with vellow anthers ; the latter plants are much
raver than the brown-anthered form. In another
communication to the same journal (1880, p. 861),
he desecribes the heteranthy of Poterium sanguisorba,
and of a number of grasses, eg. Lolium dactylis,
Festuea, dira.

F. Miller (* Nature ' =xxiv., 1881, p- 307), has made
the curious observation that in the Melastomaceous
Heeria, sp., there are two sets of anthers: (1) yellow
ones serving as plunder to bees ; (2) red ones o placed
as to subserve cross-fertilisation.

. Miller (‘ Nature,’ 1882, p. 80) showed that in
Tinnantia wndate (Commelynacem), as in Heeria,
two sets of anthers exist; one set which attract pollen-
seeking inseets, the other which cover the insect with
pollen. The npper stamens have yellow tufts of hair,
which [:ﬂFI in TI‘IldBEEtll‘ltiﬂ.} BETVE as supports for "r'iSiti.T.lg
insects. The pollen-grains are smaller in the n per
gtamens. In Commelyna colestis and communis, there
is somewhat similar arrangement,

In a species of Melastoma, which has also two sets
of stamens, H. O. Forbes (* Nature,” 1882, p. 386), saw
bees going straight to the yellow stamens, 1.e. to those
which serve as an attraction, The yellow anthers have
the smaller pollen-grains, but those from the other set

_..n'.
;&
e
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of anthers were the only ones seen to exsert tubes in
the stigmas.

J. E. Todd (‘American Naturalist,! =xvi, 1832,
p. 281) gives a curious account of Solanum rostratum,
in which the pollen for fertilisation iz the product of
a single long-curved anther; while the four other
anthers are small, and serve to supply pollen to the
bees visiting the flower. The stigma is so placed that

it receives pollen from the part of the bee dusted by
the long anther.

CremisTrocamic FLoweRs.

According to P. Ascherson (‘ Bulletin Soe. Linn. de
Paris,” 1850, p- 250),* Helianthemum salieifolivin was
shown by Linnseus to produce ripe seed from closed
flowers.  Ascherson describes the cleistogamic flowers
of H. Kahiricum and H. Lippii «. micranthum, Boiss.
Schweinfurth is given as authority for the existence of
cleistogamic flowers in Salvia lanigera. The following
species are said to be “often cleistogamic ”: Lamium
amplezicaule, Juneus bufonius, Ajugas Iva, Campanula
dimorphantlia,

In a second paper (Sitz. d. Geseh. naturf, Freunde
zu Berlin,' 1880, p. 97, quoted in the ‘ Bot, Centralblatt ’)
Ascherson gives a further account of the cleistogamy
of Helianthemum Kahiriewm. The flowers are open in
the early morning, so that crossfertilisation is
Posfible ; the petals fall off in the course of the day,
and the sepals closely embrace the stamens and pistils,
and thus convert the flower into o cleistogamic one,

Baron T, Eggers (¢ Bot. Centralblatt,’ 188.}, Villsy
P-57) stat®s that Sinapis arvensis, when grown in West

les, produces cleistogamic flowers.

* Agabetracted in the * Bot Centralblatt.
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The following Acanthaces have cleistogamic flowers :
Stenandrium vupestre, Diclipetra assurgens, Stemona-
canthus cocoineus, Dianthera sessilis, Blechum Brownet,

Among other families: Hrithalis fruticosa, ( Rubia-
eex ), Polystachya luteola, are also cleistogamie.

The eurious flowers of Pavonia hastata ave described
by E. Heckel (* Comptes rendus,’ Ixxxix., p. 609). This
species has cleistogamic flowers, which chiefly differ
in appearance from the perfect flowers, in having no
nectar-guides; there are, as usnal, no nectaries. The
pollen is entomophilous in character, and it is said
that the tubes are protruded while the pollen is in the
anthers.

F. Ludwig (‘Bot. Centralblatt, 1880, p. 861)
mentions Planfago virginica as producing under eultiva-
tion only cleistogamic flowers.

F. Miiller, (‘Nature ' xix. 1879, p. 463) shows that the
curious submerged Podostomaces of Brazil produce
flowers which are probably cleistogamie.

Solms Laubach, (* Gottingen Nachrichten,! June
1882) has written an interesting paper on Heteranthera,
a plant belonging to the Pontedereacem. He describes
the cleistogamy of some species of the genus, and
points out that the form and distribution of the cleisto-
gamic flowers serves as a specific character, withoug
which H. callzfolia could not be distinguished from
H. Kotselipana,

Franers Damwiy,
Jan., 1884, “



PREFACE TO THE SECOND EDITION.

————

Srvem the publication of the first edition of this book
in 1877, several articles 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 any one who may afterwards pursue the same
subjects. The text has been left as it originally
appeared, excepting that & few errors have been
corrected.

Dr. A. Ernst has proved in the clearest manner
(Nature, Jan. 1, 1880, p. 217), that Melochia parvifolia,
which is a common plant near Caracas, is heterostyled.
The pollen-grains differ in the usnal manner in size in
the two forms, as do the papille on their stigmas.
The illegitimate nnions, especially when pollen from
the same flower was employed, were much less fertile
than the legitimate ones. A mnew family, the Bytt-
neriaces, is thus added to those including heterostyled
plants.

Prrara and Gevaert have published a paper on the
heterostylism of Primula elatior in Bull. Soc. R. Bot.
Belg., tom, xvii. 1879,

1 hm'c.qunteﬂ (p- 100) Dr. Alefeld’s statement that
none of the American species of Linum are heterostyled.
This statement was disputed by Kuhn (Bot. Zeit. 1566,
p. 201), but has since been confirmed by Dr. Ign.
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Urban in Linnea, 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. perenne when fertilised with their own-
form pollen, because a plant from Colarado 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 Jowrnal of
Science, Mr. Meehan mistook I, Lewisii, which is not
heterostyled, for L. perenne,

In the Boraginem, Lithospermum eaneseens 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
long-styled form. All the forms seem variable, and
the whole case requires further investigation.

Mr. Alex. 8. Wilson informs me that on comparing
the pollen-grains from a long-styled plant of Erythraen
centaurium with those from some short-styled plants
from the island of Arran, they differed im size and
shape, as in the case of the undoubtedly heterostyled
Menyanthes trifoliata, a member of the same family of
the Gentianere. I had myself formerly observed that
the flowers on different plants differed much in
strueture, but could not make out that they presented
two distinet forms,

The Rubiacem contain many more heterostyled
plants than any other family, and several additiona]
cases can now be added. Mr, C. B, Clarke has been
so kind as to send me sketches made in India of two
extremely distinet forms of ddenosaeme longifolia. e
remarks * that the peculiarity of the case is not the

difforence in the length of the style and stamens

-
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in the two forms, but the extreme difference in the
point of insertion of the stamens.” A mid-styled form
exists having a short pistil and short stamens seated on
the same level, only a little way up the tube of the
corolla, Mr. Clarke adds that heterostylism is quite
ecommon in the Coffee tribe. Alr. Hiern, in his obzer-
vations on the Rubiaces of tropical Afriea (Journal
Linn. Sce. Bot., vol. xvi. 1877, p. 252), remarks that
dimorphism oceurs commonly, or at least in some spe-
eies, in four or five genera in the tribe of Hedyotidesw.
Mr. M. 8, Evans states (Nature, Sept. 19, 1878, p. 513)
that in Natal there iz a het&mstych Rubiaceons
plant, which oceasionally, 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 ecorolla. He adds that he has found four
other heterostyled dimorphic plants, and one of these
18 f1 momrcut}-‘lutlﬂm

Lastly, I have given (p. 135) Bouvardia leiantha 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
heterostvled ; but no difference could be detected in
the size of the pollen-grains; so the case must remain
doubtful. -

With respect to trimorphic heterostyled plants, Tir.
Koehne, who has deseribed the Lythraces of Braszil,
has, with great kindness, sent me a long account of
ther. He lknows twenty-one species which are hetero-
styled, and 340 which are homostyled. He informs
me that Lythrum thymifolia is not heterostyled, and
that T must have received some other species under
this namer There are many dimorphic species in
America. Pemphis acidula is distinetly dimorphie,
so are some species of Rotala anid I\'EHH:HE thus two



=Vl PREFACE.

new heterostyled genera are added to the family.
Dr. Koehne does not believe that any species of Lager-
streemia is, or has been, heterostyled and trinforphie,
He 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 polygzamous or dicecions.

It 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-hees are the fertilisers.

g

With respect to the origin of the dicecious state, |

which iz discussed in the beginning of the seventh
chapter, Hermann Miller has given some interesting
remarks in Kosmos, 1877, p. 200, The same author
shows (Ibid., p. 180) that Valeriana diciea exists under
four forms closely allied to the four presented by
Rhamnus, as deseribed in this same chapter. It is
much to be desired that some one should experimentise
on these forms and make out their meaning. Bernet
has published (Bull. Soc. Bot. France, tom. xxv,
1878) a paper entitled, ‘ Digjonetion des sexes dans
I Buonymus Euwropseus, which may be compared with
my observations on the same plant. I have stated
at p. 208 that I could never find an hermaphrodite
plant of the common holly, but uccurdin'gr to
Mr. Hibberd (Gard. Chron, 1877, pp. 89 and T76)
such occur among the many ecultivated varieties,
The evidence, however, is far from conclusive, for it
does not appear that Mr, Hibberd ever obsérved under
the microscope pollen taken from a plant knowy
to produce berries. Trees of Juglang einerea in the

w
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UJ. States are moncecious, and like those of J. 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 ecross-fertilisation
of distinet trees is insured. Mr Alex. 5. Wilson
informs me that Silene énflata is polygamous on Ben
Lawers, as he found hermaphrodite, male and female
plants, The caseis here mentioned because the flowers
on the females are small like those on the females in
the gyno-diceious sub-class.  In an article in the Bull.
Torrey Dbot. Club, July 1871, this Silene is, however,
said to be gyno-dicecious. Asparagus officinaliz is also
polygamous, and the female flowers are about half the
size of the male ones; see Gard. Chron. May 25, 1878 ;
also Breitenbach in Bot. Zeitung, 1878, p. 163.

Several cases can now be added to my list of gyno-
dieecions plants, or those which exist as hermaphrodite
and female individuals; namely, according to Mr.
Whitelegge (Nafure, Oct. 3, 1878, p. 588), Stachys
germimica, Ranunculus, acris, repens and bulbosus.
H. Miller found on the Alps (Nature, 1878, p. 516)
Qeranium sylvaticum and Dianthus superbus 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 aletter. I have received an additional account
of Plantago lanceolata being gyno-dicecions in England ;
and Dr. F. Ludwig of Greiz has sent me a description
of 110 loss than five forms of this plant which graduate
into Bne another; the intermediate forms being com-
paratively rare, whilst the hermaphrodite form is the
commonest, With tespect to the steps by which a
oyno-dicecious condition has been gained, I. Maller
maintains Dy many able arguments (Kosmos, 1877,
pp. 23,128 and 290) the view which he has propounded ;
| botaniste think it more probable than the

b
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one advanced by me, see, for instance, Journal of
Botany, Dee, 1877, p. 376.

I have stated (p. 13) that after inquiring fromfl several
botanists I could hear of no instance, except a doubtful
one, of plantsin an andro-dicecious condition, or existin g
as hermaphrodite and maleindividuals. But I Miller
(Nature, Sept. 12, 1878, p. 159) has found on the Alps
Veratrum album, Dryas octopetala and Geum veptans in
this condition. Ttis an interesting fact that the corollas
of the male flowers are not diminished in size like those
of the females of gyno-diecions plants. Asa Gray has
also reason to suspect that Diospyros wvirginiana may
be andro-dicecious,

The eighth chapter is devoted to cleistogamie 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 5.
American Trifolivin polymorphum prodnces true cleisto-
gamic flowers. Dalibarda, Milinm and Vilfa have been
added to the list on the authority of A. Gray in a re-
view of this book in the American Jowrnal of Science,
The cleistogamic flowers of Danthonia are deseribed by
Pringle in the American Naturalist, 1378, p. 248, and
those of another Gramineous genus, Diplachne, by
Ascherson in Siteungsh, der Gesell. Natur. Freunde,
Berlin, Dec. 21, 1869, Krascheninikovia hasbeen added
from some remarks made in Journal of Botany, 1877,
p. 877. Batalin has published an essay (Aet.'Hort.
Petropol, tom. v., fase. 2, 1878), « Kleistogamische
Bliithen ber Caryophylleen, namely, on Cerastinm an
Polycarpon. F. Ludwig has describad the eleistogamic
flowers of Collomin grandiffora in Sitzb, Bot. Vereins,
Brandenburg, Aug. 25, 1876 : see also on same subjeet
Scharlok in Bot. Zeitung, 1878, p. 641. A, Grisebach

O
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has discussed fully:(Nachrichten k. Gesell. der Wissen.
z1 Gottingen, June 1, 1878) the cleistogamic flowers
produced by Cardamine chenopodifolia, which bury
themselves in the ground. See also on same subject
Drude in Sitzb. der Versamml d. Naturf in Cassel,
1878. From a note received from Dr. Koehne it is
clear that Ammannia latifolic bears cleistogamic flowers,
According to Mr. Bessey (The American Noturalist,
1878, p. 69) this is likewise the case with Lithosper-
mum longiflorum. Three genera of Orchidem have
been added to the list, from information given me
by Mr. Spencer Moore and from some remarks in
Journal of Botany, 1877, p. 377. Lastly, Mr. Bennett
has published (Journal Linn. Soe. Bot., No. 101, 1879)
some additional # notes on cleistogamie flowers,” chiefly
~ on those of Viola and Impatiens.

With respect to the statement (p. 320) on the
authority of Mr. Wallis, that Drosera rotundifolia
opens its flowers only early in the morning, Mr.
Conybeare informs me that he once saw in Cornwall,
at 2 pa, the ground “starred over with the fully-
expanded flowers of this plant.” He had previously
long endeavoured to find a plant with open flowers.

The number of species in which pods produced by
eleistogamic flowers bury themselves in the ground is
remarkable. T have attributed (p. 338) this action to
the advantage gained by their protection from various
enemies, and much may be said in favour of this view;
but Mt. W. Thiselton Dyer in an interesting article
(Nature, April 4, 1878, p. 446) has called attention
to some observations made long ago by Mr. Bentham
(Catalogue des Plantes indig. des Pyrénées, 1826, p. 85)
on the frufting of Helianthemum prostrafum. H.e
believes, as does Mr. Dyer, that the capsules of this

* Helianthemum and 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 we probably see the first step to the
further development of the process, and to the capsules
burying themselves beneath the surface. In some
cases the difference between the subaérial and sub-
terranean pods on the same plant and both produced by
cleistogamic flowers is extraordinary : Mr. Mechan sent
me three subterranean pods of Amphicarpea monoica,
each containing a single large seed ; and my own
plants produced several subaérial pods, each containing
from one to three small seeds. These latter weighed
on an average only -4 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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DIFFERENT FORMS OF FLOWERS
ox 'r; g‘ 25
PLANTS OF THE SAME sproms. 277 &
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INTRODUCTION.

THE subject of the present volume, namely the dif-
ferently formed flowers normally produced by certain
kinds of plants, either on the same stock or on distinet
. stocks, onght to have been treated by a professed bota-
nist, to which distinetion I can lay no claim. Asfar as
the sexual relations of flowers are concerned, Linnmus
long ago divided them into hermaphrodite, moncecious,
dicecious, and polygamous species. This fundamental
distinetion, with the aid of several subdivisions in each
of the four classes, will serve my purpose; but the
classification is artificial, and the groups often pass
into one another.

The hermaphrodite class contains two interesting
Sub—gmups, namaely, heterostyled and cleistogamic
plants; but there are several other less important
subdivisions, presently to be given, in which flowers
clil’[‘ering in various ways {rom one another are pro-
duced by the same species,

; Some plants were deseribed by me several years ago,
N in a series of papers read before the Linnean Society,*

* ®0n the Two Forms, or Di-  of Primuls, and on their remark-
anorphic Condition in the Bpecies  able Bexual Relations.” * Journal
I
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the individuals of which exist under two or three
forms, differing in the length of their pistils and
stamens and in other respects. They were called by
me dimorphie and trimorphie, but have since been
better named by Hildebrand, heterostyled.® As I
haye many still unpublished observations with respect
to these plants, it has seemed to me advisable to re-
publish my former papers in a conneeted and cor-
rected form, together with the new matter. Tt will be

shown that these heterostyled plants are adapted for -

reciprocal fertilisation; so that the two or three forms,
though all are hermaphrodites, are related to one
another almost like the males and females of ordinary
unisexual animals. T will also giye a full abstract of
such observations as have been published since the

appearance of my papers ; but only those cases will bglat.

b

noticed, with respect to which the evidence seems fairlys *

sutisfactory. Bome plants have been supposed to be
heterostyled merely from their pistils and stamens
varying greatly in length, and I have been myself
more than once thus deceived. With some species the

of the Proccedings of the Linnean P, elatior,

Society,’ vol. vi. 1862, p. 77.

“On the Existence of Twn
Forme, and on their Reciproeal
Bexonl Relation, in severnl Species
of the Genus Linum.™  ILid. vol,
vii. 1863, p. @9,

% Om the Bexoal Belations of tho
ThreaForms of Lythrum salisaria
Thid. wol, viii. 1864, p. 169,

*On the Charneter and Hyhbrid-
like Nature of the Ofspring from
the legitimate Unions of Timor-
phic and Trimorphiz  Plants"
Ihid. vol. x. 1868, p, $93,

“(n the Specific Differonces
holween Primule verds, Brit. FI,
(var. afficinalis, Linn.), P oulgaris,
Birjt, . (var. geaulis, Linn.), and

Jacq.: and on th
Hybrid Nature of the (_‘nmm-:-g
Oxlip. Wik Enpplementary Ro.
miarks on Natumlly Produesd Hy-
brids in the Genug Verbaseumy, "
Ihid. vol. x, 1868, p. 437, ]
* The term “heternstylod ey
nol expresa all the differvnees ba.
twoen the forma: byt this ia o
fuilure commeon. in gl ¥ By
As the term has been adopted by
wrltgrq in varions oomtrics, [ smF
unwilling to ehange it fop that n%‘
heteragone or Reteraganaye thongl
thiz has been Profnsad I:r-:rrm th!

an uuthority n*Prof. Agy (3,0
soe the * American Nutumliayt:"
] ¥/

Jun. 1877, p. 42,

@
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pistil continues growing for a long time, so that if gld
and young flowers are compared they might be thought
to be heterostyled. Again, a species tending to become
dicecious, with the stamens reduced in some individnals
and with the pistils in others, often presents a decep-
tive appearance. [nless it be proved that one form
is fully fertile only when it is fertilised with pollen
from another form, we have not complete evidence
that the species is heterostyled. But when the pistils
and stamens differ in length in two or three sets of
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 safety that the species
iz heterostyled. I have, however, occasionally trusted
to a difference between the two forms in the length
of the pistil alone, or in the length of the stigma
together with its more or less papillose condition ; and
in one instance differences of this kind have been
proved by trials made on the fertility of the two forms,
to be sufficient evidence.

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

#
* «Potanischo Zeitong, 1867,
p. 65. Beversl plants ure Enown
pecasionally to produce flowers

destitute of a eorolla; bub they
belong t» o different clasa of

partalies of the natnre of & mon-
gtrosity. All the flowers on the
same plant are commonly affected
in the same monner.  Buch enaes,
though they hive aometimes been
mnled as eleistogamie, do nob

rnees from cleistogamic flowers.
Thiz defiriency scems to result
from the conditions to which the
plants have been sabjeeted, aud

eome within onr present scope:

sea Dir. Maxwell Masters, © Vege-

table Teratology,” 1868, p. 403
B 2
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will be described in the last chapter of this volume.
They are manifestly adapted for self-fertilisation, which
is effected at the cost of a wonderfully small expendi-
ture of pollen ; whilst the perfect flowers produced by
the same plant are capable of cross-fertilisation. Cler-
tain aguatic species, when they flower beneath the
water, keep their corollas elosed, apparently to protect
their pollen; they might therefore be called cleisto-
gamic, but for reasons assigned in the proper place are
not included in the present sub-group. Several cleis-
togamic species, as we shall hereafter see, bury their
ovaries or young capsules in the ground. 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
plants, discovered by H. Miller, some individuals
of which bear conspicuous flowers adapted for eross-
fertilisation by the aid of insects, and others much
smaller and less conspicuous flowers, which have often
been slightly modified =o as to ensure self-fertilisation,
Lysimachia vulgaris, Buphrasia offieinalis, Rhinanthus
erista-galli, and Viola tricolor come under this head.*
The smaller and less conspicuous flowers are not closed,
but as far as the purpose which they serve is con.
cerned, namely, the assured propagation of the species,
they approach in nature cleistogamic flowers ; but they
differ from them by the two kinds bei ng produced on

.distinet plants. o

With many plants, the flowers towards the outside of
the inflorescence are much larger and more conspicn-
ous than the central ones. As I shall not haye 0Ceq-

* H. Miiller,* Nutum,’Sept. Eﬁr ! Thie Befruchtun

o

der e g ]
873 (vol. viii.), p. 485, and Nov.  &e, 1873, p. 294 © " Dlumen, S8

20, 1873 (vol. ix.), p. ¥4, Also

k]



INTRODUOTION, a3
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
Composite often differ remarkably from the others ; and
g0 it is with the outer flowers of many Umbellifers,
gome Cruciferm and a few other families. Several
species of Hydrangea and Viburnum offer striking
instances of the same fact. The Rubiaceous genus
Mussmenda presents a very curious appearance from
some of the flowers having the tip of one of the sepals
developed into a large petal-like expansion, coloured
either white or purple. The outer flowers in several
Acantaceons genera are large and conspicuons, but
sterile ; the next in order are smaller, open, moderately
fertile and capable of cross-fertilisation ; whilst the
central ones are cleistogamic, being still smaller, closed
and highly fertile ; so that here the inflorescence con-
sists of three kinds of flowers.* From what we know
in other cases of the use of the corolla, eoloured bractess,
&e., and from what H. Miiller has observedf on the
frequency of the visits of insects to the flower-heads of
the Umbelliferss and Compositee being largely deter-
mined by their conspicuonsness, there can be no doubt
that the inereased size of the corolla of the outer
flowers, the inner ones being in all the above cases
small, serves to attract insects. The result is that
crosse-fertilisation is thus favoured. Most flowers wither
soon after being fertilised, but Hildebrand states} that
the mf—ﬂurets of the Composite last for a long time,
until all those on the dise are impregnated ; and this
clearly shows the use of the former. The ray-florets,

#

# T Beott,* Journal of Botany,’  men,’ pp, 108, 412. .
London, new series, vol. i. 1872, 1 Bee his interssting momoir,
v pp. 161-164, Weber die Geschlechtsvorhiilinisse

4 Die Befruchtung der Blu-  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.* DMoreover they often contain mafter
which is excessively poisonous to insects, as may be
seen in the use of flea-powder, and in the case of
Pyrethrum, M. Belhomme has shown that the ray-
florets are more poisonous than the 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.}

It is a well-known yet remarkable fact that the cir-
cumférential flowers of many of the foregoing plants
have both their male and female reproductive organs

aborted, as with the Hydrangea, Viburnum and certain

Compositee ; or the male organs alone are absorted, ay
in many Compositm. Detween the sexless, female, and’
hermaphrodite states of these latter flowers, the finest
gradations may be traced, as Hildebrand has shown.}
He also ghows that there is a close relation between
the size of the corollain the ray-florets and the degree
of abortion in their reproduective organs. As we have
good reason to believe that these florets are highly
serviceable to the plants which possess them, more
especially by rendering the flower-heads conspicuous

* ermer clearly shows that
thizis tho case : * Die Schutzmittel
des Pollens,” 1878, p. 28.

¢ Gardener's Chroniole,” 1861,
p. 1067, Lindley, *Vegetable
Kingdom,' on U]]Ifﬁﬂ_u‘lh{'fllum,
18563, p. 706, Kerner in his in-
taresting essay (‘Die Schutzmittel
der Bliithen gegen unbernfenc
(Giste, 1875, p. 19) insisis that
the petals of most planits contein
matter which is offensive to in-
soots, po that they are scldom

guawed, and thus the organs of
ructification are protected. My
grandfather in 17 (®Loves of
the Planis,” canto iii. nofe to lipes
184, 188) remnrks that <1y,
flowers or petals of plunts arp
perhaps in general mom  porid
than their leaves; hence the:,r fre
much seldomer Suten by inseape »

1 ‘Ucber die Geschlechtsvor.
hiilltnisse  bei den Compositen
1564, pp. 78-91. :

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

 * T have disensacd this subject  xviii. 2od edit. vol. ik pp. 132,
I my * Varistion of Animals nnd 166
Plunts under Dumestication, chiap.
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There is a closely analogous subdivision of plants,
including the genus Muscari (or Feather Hyacinth)
and the allied Bellevalia, which bear both perfect
flowers and closed bud-like bodies that never expand.
The latter resemble in this respect cleistogamic
flowers, but differ widely from them in being sterile
and conspicuous. Not only the aborted flower-buds
and their peduncles (which are elongated apparently
through the prineiple of compensation) are brightly
coloured, but so is the upper part of the spike—
all, no doubt, for the sake of guiding insects to the
Inconspicuous perfect flowers. From such cases as
these we may pass on to certain Labiatee, for instance,
Salvia Horminum, in which (as I hear from Mr. Thisel-
ton Dyer) the upper bracts are enlarged and brightly

coloured, no doubt for the same purpose as before, with

the flowers suppressed.

In the Carrot and some allied Umbellifers, the cen-
tral flower has its petals somewhat enlarged, and these
are of a dark purplish-red tint; but it cannot be sup-
posed that this one small flower makes the large white
nmbel at all more conspicuous to insects. The cen-
tral flowers are said® to be neuter or stevile, but T
obtained by artificial fertilisation a seed (fruit) appa-
rently perfect from one such flower, Dcc&simai]y two
or three of the flowers next to the central one are simi-
larly characterised ; and according to Vaucher t “ gotta
singulitre dégénération s'étend quelquefois i Pombelle
entiere.” That the modified central flower is Bf 1o
fanetional importance to the plant is almost certain,
It may perhaps be a remnant of & former and ancient
condition of the species, when one flower alone, the

L]

* *The English Flom,' by Bir A" Eurape,' 1841, tom. if, P 614, n{g

J. B, Bmith, 1824, vol. {i. p, 39, On the Echinophn BT
t *Hist. Pliys. des Plantes i
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central one, was female and yielded seeds, as in the
nmbelliferous genus Fchinophora. There is nothing
surprising in the central flower tending to retain its
former condition longer than the others; for when ir-
regular flowers become regular or pelorie, they are apt
to be central ; and such pelorie flowers apparently owe
their origin either to arrested development—that is, to
the preservation of an early stage of development—aor
to reversion. Central and perfectly developed flowers
in not a few plants in their normal condition (for in-
stance, the common Rue and Adoxa) differ slightly in
structure, as in the number of the parts, from the other
flowers on the same plant. All such eases seem con-
nected with the fact of the bud which stands at the
end of the shoot being better nourished than the
* others, as it receives the most sap.®

The cases hitherto mentioned relate to hermaphro-
dite species which bear differently constructed flowers ;
but there are some plants that produce differently
formed seeds, of which Dr. Kuhn has given a list.f
With the Umbelliferss and Composite, 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 moncecious
species, or those which have their sexes separated but
borne on the same plant. The flowers necessarily
differ, but when those of one sex include rudiments

* This ﬁ'hﬁlﬁﬂ;lil)j!!("t, iilll.‘lll-:”rl% Domestication,’ ehap. xxvi. 2nd
pelorism, has been discussed, and  edit. vol. ii, p. 238,
referances given, in my * Variation t * Bot. Zeitung, 1867, p. 67,

* of Animals and Flants under
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of the othér sex, the difference between the two kinds
is usually not great, When the difference is great,
as we see in ecatkin-bearing plants, this depends
largely on many of the species in this, as well as in
the next or dicecious class, being fertilised by the
aid of the wind;* for the male flowers have in this
case to produce a surprising amount of incoherent
pollen. Some few moncecious plants consist of two
bodies of individuals, with their flowers differing in
tunetion, though not in structure; for certain indivi-
duals mature their pollen before the female flowers on
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 purpose of this curious fune-

tional difference obviously is to favour the cross-fertili- -
gation of distinet plants. A ease of this kind was first

observed by Delpino in the Walnut (Juglans regia), and
has since been observed with the common Nut (Corylus
avellana). According to H. Miller the individual
plants of a few hermaphrodite species differ in a like
manner; some being proterandrous and others pro-
terogynous.f On cultivated trees of the Walnut and
Mulberry, the male flowers have been observed to abort
on eertain individuals I which have thus been converted
into females ; but whether there are any species in a
state of nature which co-exist as moncecious and female
individuals, I do not know.,

The third Class consists of dicecions species, and the

* Delping, *Btudi sopra uno =i p. 507, and 1875, p. 26, On
Lignaggio Ancmafilo.” Firenze, leﬁrnndrmw and proterogynous
1871 ermaphrodite infividoals of the

+ Delpino, ‘Ult. Osservazioni snme species, see FL Miiller, * Dig
sulla Dieogamin,” part ii. fase, ii.  Befruchtung,” &e., pp. 285 8330,
P 857, Mr. Weiterhan and H. i * Gardener's Chron," 1847, pp.
Miiller on Corylus, * Nuture,” vol. 541, 538,

'1.;-,_'
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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-

explicable fact that with some dicecions plants, of
which the Restiacem of Australia and the Cape of
Good Hope offer the most striking instance, the dif-
ferentiation of the sexes has affected the whole plant
to such an extent (as I hear from Mr. Thiselton Dyer)
that Mr, Bentham and Professor Oliver have often
found it impossible to match the male and female spe-
cimens of the same species. In my seventh chapter
some observations will be given on the gradual con-
version of heterostyled and of ordinary hermaphrodite
plants into dieeeious or sub-dicecious species.

The fourth and last Class consists of the plants which
were called polygamous by Linngeus; butitappears 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 geveral other com-
binations of the sexes—a plan which I shall here
follow, Polygamous plants, in this confined sense of
the term, may be divided into two sub-groups, aceord-
ing as the three sexual forms are found on the same
individual or on distinet individuals. Of this latter or
trioicous sub-group, the common Ash (Frazinus et
eefsior) offers o gumlinalancc 'thus, I examined duaring
the 5 ring and autumn fiftecn trees growing in the
same field : and of these, eight produced male flowers
alone, and in the autnmn not a single gepd ; four pro-
duced only female flowers, which set an abundance of
seeds: three were hermaphrodites, which had a dif-
ferent aspc:it 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
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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 early
period, and their anthers, which never open or dehisce,
generally contain pulpy matter instead of pollen. On
some female trees, however, I found a few anthers con-
taining pollen-grains apparently sound. On the male
trees most of the flowers include pistils, but these like-
wise drop off at an early period ; and the ovules, which
ultimately abort, are very small compared with those
in female flowers of the same age.

Of the other or monmeions sub-group of polygamous
plants, or those which bear hermaphrodite, male and
female flowers on the same individual, the common

Maple (Acer campestre) offers a good instance; but |

Lecoq states * that some trees are truly diceciouns, and
this shows how easily one state passes into another.

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

Again there are plants which produce hermaphro-
dite and male flowers on the same individual, for in-
stance, some species of Galinm, YVeratrum, &e. ; and
these might be ecalled andro-monweeions. If there
exist plants, the individuals of which congist of her-
maphrodites and males, these might be distinguished

= ¢ Géographie Botanique,” tom. v. p. 367,

1
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as andro-dicecious. But, after making inguiries from
several botanists, I can hear of no such cases. Lecoq,
however, states,” but without entering into full details,
that some plants of Caltha palustris produce only male
flowers, and that these live mingled with the her-
maphrodites. The rarity of such cases as this last one
is remarkable, as the presence of hermaphrodite and
male flowers on the same individual is not an un-
usual oceurrence; it would appear as if Nature did
not think it worth while to devote a distinet indi-
vidual to the production of pollen, excepting when
this was indispensably necessary, as in the case of
dicecious species.

I have now finished my brief sketch of the several
cases, as far as known to me, in which flowers differing
in strueture or in funetion are produced by the same
species of plant. Full details will be given in the fol-
lowing chapters with respect to many of these plants.
I will begin with the heterostyled, then pass on to
certain dicecious, sub-dieecious, 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 elose this Introduction without expressing
my warm thanks to Dr. Hooker for supplying me with
gpecimens and for other aid; and to Mr, Thiselton
Dyer and Professor Oliver for giving me much in-
formation and other assistance. Professor Asa Gray,
also, has uniformly aided me in many ways. To Fritz
Miiller of St. Catharina, in Brazil, I am indebted for
Inany dried flowers of heterostyled plants, often accom-
Panied with valuable notes.

* (xdorraphie Botanique,' toin. iv, p. 488
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14 HETEROSTYLED DIMORPHIC PLANTE,

CHAFTER T.
HETEROSTYLED DiMonpiie PLasTs: PRIMULACEE.

Primula veris or the Cowelip—Differences in structura between the
two forms—Their degrees of fertility whon legitimately and ille-
gitimately united—F. elatior, vulgaris, Sincnsis, auricule, Se—
Enmmary on the fertility of the heterostyled species of Primula—
Homostyled species of Primula—Hottonia palustris—Androsace
Yitallinna,

It has long been known to botanists that the common

Cowslip (Primula veris, Brit. Flora, var. officinalis,

Lin.) exists under two forms, aboul equally numerons,
which obviously differ from each other in the length
of their pistils and stamens® This difference has
hitherto been locked at as a case of mere varia-
bility, but this view, ns we shall presently see, is far
from the true one. Tlorists who ecultivate the Polyan-
thus and Auricula have long been aware of the two
kinds of flowers, and they call the plants which dis-
play the globular stigma at the mouth of the corolla,
“ pin-headed ™ or “ pin-eyed,” and those which display
the anthers, “ thrum-eyed.”t I will designate the two
forms as the long-styled and short-styled.

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

* This fact, acearding to von
Mahl (‘Dof. Zeitung. 1863, p. 326)
was firat observed by Persoon in
the year 1794 Y

+Tn Johnson's  Dietionsry,
thrum is said to be the ends of
weavers' threads; nmd I supposs

that some wesver who cultivated
the polyanthns invented thisname,
from being struck withsome degres
of resemblonee between the oluster
of anthers in the mouth of the
corolla and the ends of his
thireads.

-
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stands in the mouth of the corolla, or projects just
above it, and ig thus externally visible. It stands
high above the anthers, which are situated halfway
down the tube and cannot be easily seen. In the
short-styled form the anthers are attached near the
month 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

Long-styled form, Bhort-styled form.

PriMoLA VERIS

shape in the two forms; the throat or expanded
portion above the attachment of the anthers being
much longer in the long-styled than in the short-
styled form. Village children notice this difference,
a5 they can best make necklaces by threading and
slipping th® corollas of the long-styled flowers into
one another, But there are much more important
differences. The stigma in the long-styled form
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is globular; in the short-styled it is depressed on
the summit, so that the longitudinal axis of the
former is sometimes nearly double that of the latter.
Although it is somewhat variable in shape, one differ-
ence is persistent, namely, roughness : in some speci-
mens carefully compared, the papille which render
the stigma rough were in the long-styled form from
twice to thrice as long as in the short-styled. The
anthers do not differ in sizetin the two forms, which
1 mention, because this is the case with some hetero-
styled plants. The most remarkable difference is in
the pollen-grains. I measured with the micrometer
many speeimens, both dry and wet, taken from plants
growing in different situations, and always found a
palpable difference. The grains distended with water
from the short-styled flowers were about ‘038 mm.
(2e-11 of an inch) in diameter, whilst those from the
long-styled were about ‘0254 mm. (yy%q of an inch),
which isin the ratio of 100 to 67. The pollen-grains,
therefore, from the longer stamens of the short-styled
form are plainly larger than those from the shorter
stamens of the long-styled. When examined dry,
the smaller grains are seen under a low power to
be more transparent than the larger grains, and
apparently in a greater degree than can be ae-
counted for by their less diameter. There is also a
difference in shape, the grains from the short-styled
plants being nearly spherical, those from the long-
styled being oblong with the angles rounded; this
di'ﬂbruncu disappears when the grains are distended
with water. The long-styled plants generally tend
to flower a little before the short-styled: for instance
I had twelve plants of each form gmwiug‘in separate
pots and treated in eyery respect alill:e-; and at the
time when only a single short-styled plant was in

v

b

;
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flower, seven of the long-styled had expanded their
flowers.

We shall, also, presently see that the short-styled

L plants produce 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 ave considerably larger than those of the short-
styled flowers; and this 1 suppose is connected with
the long-styled flowers ]%Elmlucing fower seeds, so
that the ovules have mor® space and nourishment for
rapid development.

To sum up the-difference :—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
bblong in shape. The upper half of the tube of the
corolla is more expanded. The number of seeds pro-
duced is smaller and the ovules larger. The plants
tend to flower first.

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

[ have examined n 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 onght t#be clussed. Thu.twu kinds of flowers are

# «Wat. Hist. Beview,' July 1862, p. 237.
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never found on the same individual plant. I marked
many Cowslips and Primroses, and on the following
year all retained the same character, as did some in my
garden which flowered out of their proper season in the
antnmn. Mr. W. Wooler, of Darlington, however, in-
forms us that he has seen early blossoms on the Polyan-
thus,* which were not long-styled, but became so later
in the season. Puossibly 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 exelu-
sively of the one or the other form, The two forms exist
in the wild state in about equal numbers: I collected

522 umbels from plants growing in several stations

taking a single nmbel from each plant ; and 241 werg
long-styled, and 281 short-styled. No difference in
tint or size conld be perceived in the two great masses
of flowers,

We shall presently see that most of the species of
Primula exist under two analogons forms; and it may
be asked what iz the meaning of the above-deseribad
important differences in their structure 7 The ques-
tion seems well worthy of careful investigation, and I
will give my observations on the cowslip in detail,
The first idea which naturally occurred to me wag,
that this species was tending towards a dicecions
condition ; that the long-styled. plants, with thajy
longer pistils, rougher stigmas, and smaller pollen-
orains, were more feminine in nature, and would pro-
duce more seed ;—that the short-styled plants, wit}
their shorter pistils, pngcr stamens and larger pok

* T hove proved by numerous  that the Polyanthus is o vagiel
experiments, hereafter to begiven,  of Frimula veris. A
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len-prains, were more masculine in nature. Accord-
ingly, in 1860, I marked a few cowslips of both forms
growing in my garden, and others growing in an
open field, and others in a shady wood, and gathered
and weighed the seed. In all the lots the short-
styled plants yielded, contrary to my expectation, most
seed, Taking the lots fhgether, the following is the

result :—
Tapre 1.

Mumber Weight
af Capsules! of Seedl in
produced. |' gradns,

Homber | Number
of of Umbels
Plﬁu_ produesd.

Short-styled cowslips . . . f 23 | 149 84
Long-styled cowslips . . . 13 51 [ 261 91

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

TisLE 2.

1 1 _
IVelghE o mbarl Wedhit ;!:cm:-.mr’‘“"“"%'“b

.\.uE:'hrrg of :‘al-ed of s | uf E':“]
1 4, i
Plante. | e, | Umbels) Seed. || sules. | (0,

_.—-I I I

w |Tee || 100 251 | 100 | 41

70 i| 100 | 178 H.lu| 34
|

—

Short-styled cowslips .+
Long-stylad cowslips . 10

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

In 1861 the trial was made in a fuller unza'l fairer
¢
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A number of wild plants had been trans-

planted during the previous autumn into a large bed

in my garden, and all were treate
was—

d alike; the result

Tampe 8.

Number | Number | Welght
= af afl al Bewd in

Plants; Umbels. | grains,

Bhort-styled cowslips . 47 ‘ 178 T45

Long-styled cowslips . a8 208 Gi2

|
1

These figures give us the following proportions :—

Tanrg 4.

Number | Weighe ! Humyber ] Weight
e of of Heed in ol af Benl i ;
Plunts. | grains, || Umbils, ! Erains; "ﬁ

Shortestyled cowslips | g 100 iS85 | 100 r 430

Long-styled cowslips . | 100 | 1083 || 100 333

|
The season was much more favourable this vear than

the last; the plants also now grew

in good soil, instead

of in a shady wood, or strugeling with other plants in
the open field ; consequently, the actual produce of
seed was considerably larger. Nevertheless we have

the same relative result: for the
produced more seed than the long-

short-styled plants
styled in nearly the

proportion of three to two; but if we take the fairest
standard of comparison, namely, the product of sepds

from an equal number of umbels,

the former case, nearly as four to three.

Looking to these trials made
years on a large number of plants,
¢lude that the short-styled form

than the long-styled form, and the same

the excess is, ag i

during two su Ceessiye

we may safely ey
18 more Productive
result holds
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wood with some other species of Primula. Conse-
quently my anticipation that the plants with longer
pistils, rougher stigmas, shorter stamens, and smaller
pollen-grains, would prove to be more feminine in
nature, is exactly the reverse of the truth.

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

Ce
P AL

TasLE b : v e Eﬂ &
; /i,
Nuomber l Humber | { ok
L4 T | Ombels| Prldl qpseany 3 1
Plants. | produced. | \ !,t | 11 O-é
|I 144 grniu\%h} wi zend {?
Short-styled . - 8 261 or abuat 50 nmﬁ'ﬁ;?.'!'ﬁ"‘-“ .
3 S, ___,,..-""’
Long-styled . . - 13 (L] LELET S ST

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 shurtfs%tyied plants
ought to have produced 92 gmi_us’ weight of seed
instead of only 1-3; and the eighteen long-styled
plants, which produced not one seed, ought to .lmm_
produced above 200 grains’ weight, The production of
a few seeds by the short-styled plants was 1{ruhah}:,r due
to the action of Thrips or of some other minute insect.
It is scarcely necessary to give any additional evi-
dence, but I may add that ten pots of polyanthuses and
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cowslips of both forms, protected from inseets in my
greenhouse, did not set one pod, though artificially
fertilised flowers in other pots produced an abundanes,
We thus sce that the visits of insects are absolutely
necessary for the fertilisation of Primula veris, If the
corolla of the long-styled form had dropped off, in-
stead of remaining attached in a withered state to
the ovarium, the anthers attached to the lower part of
the tube with some pollen still adhering to them
would have been dragged over the stigma, and the
flowers would have been partially self-fertilised, as is
the case with Primulae Sinensis through this means.
It is a rather curious fact that so trifling a difference
as the falling-off of the withered corolla, should malke
b very great difference in the number of seeds pro-
duced by a plant, if its flowers are not visited h:"j
nseets.

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 5. hortorum and muscorim,
sucking the former in a proper manner,* though they
‘sometimes bite holes through the corolla. No doubt
moths likewise visit the flowers, as one of my sons
caught Cucullia verbasei in the act.  The pollen readily
adheres to any thin object which is inserted into y
flower, The anthers in the one form stand nearly, but
not exactly, on a level with the stigma of the other:
for the distance between the gnthers and stigma in e
short-styled form is greater than that in the long-
styled, in the ratio of 100 to 90. This difference jg
¢ 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 theip \'

* H. Milller luis also seen An-  sucking  the flowers, h
Hsphora pilipes und o Bombylive Do, IE“'- 1874, l]}ﬁl. Nature,
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pollen being deposited on it. It follows from the
position of the organs that if the proboseis of a
deal humble-bee, or a thick bristle or rough needle,
be pushed down the corolla, first of one form and
thep 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
aecordance with this observation I found that the
two kinds of pollen, which ecould easily be recog-
nised under the miseroscope, adhered in this manner
to the proboscides of the two species of humble-
bees and of the moth, which were caught visiting
the flowers; but some small grains were mingled
with the larger grains round the base of the proboseis,
and conversely some large grains with the small
grains near the extremity of the proboseis. Thus
pollen will be regularly eurried from the onme form
to the other, and they will reciprocally fertilise one
another. Nevertheless an insect in withdrawing its
proboseis from - the corolla of the long-styled form
eannot fail occasionally to leave pollen from the same
Aower on the stigmd; and in this ease there might
be self-fertilisation. ' But this will be much more
likely to oecur with the short-styled form; for when I
inserted a bristle, or other such objects in the corolla
of this form, and had, therefore, to pass it down be-
fween the anthers seated round the mouth of the
corolla, some pollen was almost invariably carried
down and loft on the stigma. Minute insects, such
as Thrips, which sometimes haunt the flowers, would
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cowslips of both forms, protected from insects in my
greenhouse, did not set one pod, though artificially
fertilised flowers in other pots produced an abundanee,
We thus see that the visits of insects are absolutely
necessary for the fertilisation of Primula veris. 1f.the
corolla of the long-styled form had dropped off, in-
stead of remaining attached in a withered state to
the ovarium, the anthers attached to the lower part of
the tube with some pollen still adhering to them
would have been dragged over the stigma, and the
flowers would have been partially self-fertilised, as is
the case with Primula Sinensis through this means.
1t is a rather curious fact that so trifling a difference
as the falling-off of the withered eorolla, should make
a very great difference in the number of seeds pro-
duced by a plant, if its flowers are not visited by
insects,

The flowers of the cowslip and of the other species of
the genus secrete plenty of nectar; and I have often
seen humble-bees, especially &5, hortorum and muscorum,
sucking the former in a proper manner,® though they
sometimes bite holes through the corolla. No doult
moths likewise vizit the flowers, as one of my sons
cought Cucullic verbasei in the act. The pollen readily
atdheres to any thin object which is inserted into a
flower. T'he anthers in the one form stand nearly, but
not exactly, on a level with the stigma of the other;
for the distance between the gnthers and stigma in the
short-styled form is greater than that in the long-
styled, in the ratio of 100 to 80. This difference js
« the result of the anthers in the long-styled form
standing rather higher in the tube ttllau loes the
stigma in the short-styled, and this favours thejr

* H. Miiller has also seen dn-  socking the flowers, * Naippg?
fh-'r.u.i'.-un: _pr'[r'j..ll-.t wid w ﬂ'l.llull}.'JELl;! D, 1000y 1874, m 111, .
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pollen being deposited on it. It follows from the
position of the organs that if the proboscis of a
dead humble-bee, or a thick bristle or rough needle,
be pushed down the corolla, first of one form and
thep of the other, as an insect wounld 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
acoordance with this observation I found that the
two kinds of pollen, which could easily be recog-
nised under the miscroscope, adhered in this manner
to the proboscides of the two species of humble-
bees and of the moth, which were caught visiting
the flowers; but some small grains were mingled
with the larger grains round the base of the proboscis,
and eonversely some large prains with the small
grains near the extremity of the proboseis. Thus
pollen will be regularly carried from the one form
to the other, and they will reciprocally fertilise one
another, Nevertheless an insect in withdrawing its
proboseis from the corolla of the long-styled form
cannot fail oecasionally to leave pollen from the same
flower on the stigma; and in thiz case there might
be self-fertilisation. ' But this will be much more
likely to oceur with the short-styled form; for when 1
inserted o bristle, or other such objects in the corolla
of this form, and had, therefore, to pass it down be-
tween the anthers seated round the mouth of *thc
corolla, some pollen was almost invariably carried
down and left on the stigma. Minute insects, such
a8 Thrips, which sometimes haunt the flowers, wonld
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likewise be apt to cause the self-fertilisation of both
forms.

The several foregoing facts led me to try the effects
of the two kinds of pollen on the stigmas of the
two forms. Four essentially different unions are pos-
sible ; namely, the fertilisation of the stigma of the
long-styled form by its own-form pollen, and by that
of the short-styled; and the stigma of the short-styled
form by its own-form pollen, and by that of the long-
styled. The fertilisation of either form with pollen from
the othe r form may be conveniently ealled a legitimate
union , from reasons hereafter to be made clear ; and that
of ei ther form with its own-form pollen an illegitimate
union, I formerly applied the term ¢ heteromorphic ”
to the legitimate nnions, and homomorphie ” to the

illegitimate unions; but after discovering the exist-"

ence of trimorphic plants, in which many more unions
are possible, these two terms ceased to be applicable,
The illegitimate union of both forms might have been
tried in three ways; for a flower of either form may be
tertilised with pollen from the same flower, or with that
from another flower on the same plant, or with that
from a distinet plant of the same form, But to make
my experiments perfectly fair, and to avoid any evil
result from self-fertilisation or too close interhrm:rllng,
I have invariably employed pollen from a distinet,
plant of the same form for the illegitimate unions of
all the species ; and therefore it may be obseryed that
I have used the term “own-form pollen ” in speaking
of such unions. The several plants in all MYy experi-
ments were treated in cxuct,ly the same manner, apd
were carefully protected by fine nets from the acoess of
insects, excepting Thrips, which it is impoSsible to ex-
clude. I performed all the manipulations myself, and
weighed the seeds in a chemical balance : hut during
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many subsequent trials I followed the more accurate
plan of counting the seeds. Some 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:—

Tapnne 6.

Primuwda veris,

Total | Caloulaied

E";” Number | Number | Weight | Weight of
Nature of the Unlate | plawers | Mug uﬂfnmr nf‘-‘tl:—d in | Besd I‘L:dm
i AT apsules, | pralnE 100 g
festilised. | ppiinesd, { Capsules,
Long-styled by pollen A
of short-styled. Le- 23 15 14 88 (]

pitimate union .« .

Longestyled by own- | |

E.ﬁ'::;}l]mllenf l?[nu—p £0 8 5 E 21 42
l
1
|

gitimate union . .

Shart-styled by pellen
of long-styled. Le- 18 | 12 11
pitimate union . .

4-9 44

Short-styled by ewn-
form pollen. Ille-p 13
gitimate union . .

e T e e
SUAMMARY ;

The two Iegitimu.la;} a5 o7 a5

unions . R

15-7 a4

The two illegitimate a5 16 11 ‘ 39 5
UNLOTS - * ~ ¥

The results may be given in another form (Table T)
by comparing, first, the number of capsules, whether
ool or bad, or of the good alone, produced by 100
flowers of both forms when legitimately and illegiti-
mately fertilised ; secondly, by comparing the weight
of seed in 100 of these capsules, whether good or bad ;
or, thirdly, in 100 of the good eapsules.
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Tanry 7.

o T
SO D b S umber| Weight (N amber| Weight | Sumber| Welahit
Matnre of the Fl'hﬂ'ETll wf ul!:ym.rd ol Beed of of Beed | of guod | of Seed
Unboa. Tars | Cap- | Cap- in Cap- i Cap- in
i fules. | sulés - | grains, || sules, | grains, || soled, - | grains.
tilkeed, | | | |
The two le- ! |
gitimate 100 | 77 71 39 100 G0 1040 v
uniens | |
The two il-|| l ﬁ
legitimate = 100 40 ol 11 100 24 100 an
nions . | ‘ fl
|

We here see that the li}llg-sty]ml flowers fertilized
with pollen from the short-styled yield more {_'.u,l:nsules,
especially good ones (i.e. containing more than one

or two seeds), and that these capsules contain & grr:'n.'ter. .
proportional weight of seeds than do the flowers of the
long-styled when fertilised with pollen tfrom a distinet

plant of the same form. So it is with the short-styled
flowers, if treated in an analogous manner, Therefore L
have called the former method of fertilisation a legiti-
mate union, and the latter, as it fails to yield the full
complement of capsules and seeds, an illegitimate
union. These two kinds of union are graphieally
represented in Fig. 2.

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

Fig,

Legliimate wiion,
Caanplete fertiiiey,

Iitegitimate | 1 Meglitmute

(FIFIE TR 1 ankon-
Incomplete i+ Tmeoaplets
fertility. ; fortiliey.

Tezitimate nalan,
Commpless fartilite.

Long-styled Ehort-styled
Tar. farm.

poor capsules are rejected, of which many were pro-
duced by theillegitimately fertilised flowers, the propor-
tion is 54 to 85, or as 100 to 65. Inthis and all other
cases, the relative fertility of the two kinds of union
can, I t-hinlE, 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 wyielded capsules or not; but I have
thought that it would be more instructive always to
show separately the proportion of flowers which pro-
duced capsules, and the average number of apparently
good seeds which the capsules contained.

Flowers legitimately fertilised set seeds under con-
ditions which cause the almost complete failure of
illegitimately fertilised flowers. Thusin 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
of umbels perished. Some, however, remained in mo-
derately good health, and on these there were twelve

flowers which had been fertilised legitimately, and

eleven which had been fertilised illegitimately. The
twelve legitimate unions yielded seven fine capsules,
containing on an average each 573 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
least doubt; and we have here a ecase to which no
parallel exists in the vegetable or, indeed, in the
animal kingdom. The individual plants of the pre-
sent species, and as we shall see of several other
species of Primula, are divided into two sets or
bodies, which cannot be ealled distinet sexes, for
both are hermaphrodites; yet they are to a certain
extent sexually distinet, for they require reciproeal
union for perfect fertility. As quadrupeds are di-
vided into two nearly equal bodies of different sexes,

c
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so here we have two bodies, approximately equal in
number, differing in their sexual powersand related to
each other like males and females. There are many
hermaphrodite animals which cannot fertilise them-
selves, 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 ab-
solutely require the presence of another hermaphro-
dite for sexual union. But with the cowslip and various
other species of Primula there is this wide difference,
that one individnal, though it can fertilise itself im-
perfectly, must unite with another individual for full
fertility ; it cannot, however, unite with any other in-
dividual 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 indi-
vidual 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 quadroped must and can unite
only with the female.

I have spoken of the legitimate unions as being
fully fertile ; and I am fully justified in doing so, for
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 soil.
With respect to the illegitimate union, we shall best
appreciate their degree of lessened fertility by the
fl;rl]m'.'ing facts. Girtner estimated the sterility of the
unions hetween distinet species,* in & manner which
wllows of o strict COmpATison with the results of the

* ¢ Versuche iiber die Bastarderzeugung.” 1849, p. 216
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legitimate and illegitimate unions of Primula.  With
P. veris, for every 100 seeds yielded by the two le-
gitimate unions, only 64 were yielded by an equal
number of good capsules from the two illegitimate
unions.  With P. Sinensis, as we shall hereafter see,
the proportion was nearly the same—namely, as 100
to 62, Now Giirtner has shown that, on the caleula-
tion of Verbascum lychnitis yielding with its own pollen
100 seeds, it yielded when fertilised by the pollen of
V. Pheeniceum 90 seeds by the pollen of V. nigrum,
63 seeds; by that of V. battaria, 62 seeds, So again,
Dianthus bavbatus fertilised by the pollen of D. superlus
yielded 81 seeds, and by the pollen of D, Japonicus
66 seeds, relatively to the 100 seeds produced by its
own pollen.  We thus see—and the fact is highly re-

markable—that with Primula the illegitimate unions >

relatively to the legitimate are more sterile than
crosses between distinet species of other genera tela-
tively to their pure unions. Mr, Scott has given® a
still more 'striking illustration of the same fact: he
crossed Primula awrieuls with pollen of four other
species (P. Palinwri, viscosa, hirsuta, and verticillata),
and these hybrid unions yielded a larger averaee
number of seeds than did £ awrienly when fertilised
illegitimately with its own-form rollen,

The benefit which hemmst,}rlnd dimorphie plants de-
rive from the existonce of the two forms is sufficient]
obvious, namely, the mtererossing of distinet
being thus ensured.t  Nothing ean be bette
for thiz end than the relative Pusitions of
and stigmas in the two forms, as shown in

plants
I adapted
the anthers

iz, 2; but t

o
* tJeurn. Linn, Soe. Bobk,' vol.  fertilisation” how Ereatly
viii, 1864, p. 98. spring from intererossi
t I have shown in my work Fm]it in height, v
on the * Effects of Cross and Self  fertility,

the ofl-

Plants
‘-'lgUur, and

5
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this whole subject I shall recur. No doubt pollen will
occasionally be placed by insects or fall on the stigma
of the same flower; and if cross-fertilisation fails, such
self-fertilisation will be advantageons to the plant, as
it will thus be saved from complete barrenness. But
the advantage is not so great as might at first be
thought, for the seedlings from illegitimate unions do
not gencrally consist of both forms, but all helong 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-fertilization will be thus pre-
ventad, It is well known that if pollen from a distinet
species be placed on the sticma of a plant, and some
hours afterwards its own pollen be placed on it, the
latter will be prepotens atd will quite obliterate any
effect from the foreign pollen; and there can hardly
be a doubt that with heterostyled dimorphic plants,
pollen from the ather form will obligate 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 long-
styled cowslip plenty of pollen from the same plant,
and after twenty-four honrs added some from a short-
styled dark-red polyanthus, which is a variety of the
cowslip. From the flowers thus treated 30 seedlings
were raised, and all these, without exeeption, bore
reddish Aowers ; so that the effect of pollen from the
came form, thongh placed on the stigmas twenty-four
hours previously, was quite destroyed by that of pollen
from a plant belonging to the other form,

Vinally, ¥ 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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- all, as judged by the average number of seeds, which
the capsules contained. A smaller proportion, also, of
these seeds than of the others germinated, and they
germinated moreslowly. The sterility of this union is
the more remarkable, as it has already been shown
that the short-styled plants yield a larger number of
seeds than the long-styled, when both forms are fer-
tilised, either naturally or artificially, in a legitimate
mANNer.

In the 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 some-
times appear,

Primuna EnaTior, Jaecq.
Bardficld Oxlip of English duthers.

This plant, az well as the last or Cowslip (P. veris,
vel officinalis), and the Primrose ( P.vulgaris, vel acaulis)
have been considered by some botanists as varieties of
the same species. But they are all three undoubtedly
distinet, 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 be-
tween 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 My,
Doubleday, who, as I believe, first called attention to
its existence in England. Tt is common in sOme parts
of the Continent ; and H. Mialler * has seen: severy]

kinds of humble-bess and other bees, [m__t?. BU‘IJ.I.'J}'HH_E, \

visiting the flowers in North Germany.

* ¢Die Befruchtung der Blumen,' p. 347.
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The results of my trials on the relative fertility of
the two forms, when legitimately and illegitimately
fertilised, are given in the following table :—

”‘!\ TasLe 8.

Primula elatior.

T | Sgood | of Seeds. | ‘o Seeas | uenber of
! af Be ol B Humiber
LR U non- Flowers E.blpﬁuleﬂ in any n:l.e in anmy one | EH:L‘I'EPE::
fertilised. |produced, | Capsule, | Capsule, | Capsole,
Long-styled  form, by
E:l]en of short-styled. 10 i 63 a4 46-3
pitimate union .
Long-stvled form, b
own-form pollen. -3 20 4 45 2 a7 -7
legitimate union, .
Short-styled  form, by
- 1.|u1||.'l'.'1 of long-styled. 10 ] Bl av 477
q Logitimnte union . ||
Bhort-styled form, by
own-form pollen.  1l- 17 3 14 9 g
legitimnts union .
The two legitimate 3
untons together . } 5 i 28 £1 St
Tha two illegitimate - I i+ D
unisns together .} 4 T 43 2 diner

* These soeds were so poor and small that they could handly 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 fertilised in the two methods
yielded capsules, the ratio is as 100 to 27 ; so that by
this standard the present species is mneh more sterile

n than P, veris, when both species are illegitimately fer-
tilised, If wéjudge 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

i
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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 pro-
tected from the access of insects, and must have been
spontaneously self-fertilised. They yielded altogether
only six eapsules, 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,
in two sites near the Lippe (a tributary of the Rhine),
894 flowers produced by 198 plants of this species ; and
he found 467 of these flowers to he long-styled, 411
short-styled, and 16 equal-styled. I have heard of Th,,
other instance with heterostyled plants of equal-styleg
flowers appearing in a state of nature, though far from
rare with plants which have been long cultivated. Tt
15 still more remarkable that in eighteen cases the
same plant produced both long-styled and short-styled,
or long-styled and equal-styled flowers: and in two
out of the eighteen cases, long-styled, short-styled, and
equal-styled flowers, The long-styled flowers greatly
preponderated on these eighteen plants,— 61 consisting

of this form, 15 of equal-styled, and 9 of the short-
styled form.,

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

Mr. J. Seott examined 100 plants growing peg,
Edinburgh, and found 44 to be long-styled, anq 56
short-styled ; and I took by chance 79 plants in Keng
of which 39 were long-styled and 40 shm‘t-st-}'le{l; %0

T
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that the two lots together consisted of 83 long-styled
and 96 short-styled plants. In the long-styled form
the pistil is to that of the short-styled in length, from
an average of five measurements, as 100 to 51. The
stigma in the long-styled form is conspicuously more
globose and much more papillose than in the short-
styled, in which latter it is depressed on the summit;

Fig. 3.

Outlines of polien-grains of Primula rwiperis, distended with water, much
macrnified and drawn under the caméra Iucida,  The upper and smaller
rains 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 o-ppoaitc form ; for it was found, from an average
of 15 measurcments, that 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
D 2
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flowers before they were soaked in water were decidedly

broader, in proportion to their length, than those from

the long-styled ; after being soaked they were relatively

to those from the long-styled as 100 to 71 in diameter,

and more transparent. A large number of flowers from

the two forms were compared, and 12 of the finest

flowers from each lot were measured, but there was no

sensible difference between them in size. Nine long-
styled and eight short-styled plants growing together in
a state of nature were marked, and their capsules col-
lected after they had been naturally fertilised ; and

the seeds from the short-styled weighed exactly twice
as much as those from an equal number of long-styled
plants. So that the primrose resembles the eowslip in
the short-styled plants being the more productive of
the two forms. The results of my trials on the fep~
tility of the two forms, when legitimately and illegi-
timately fertilised, are given in Table 9.

We may infer from this table that the fertility of the
two legitimate unions taken together is to that of the
two illegitimate unions together, as judged by the pro-
portional number of flowers which when fertilised in
the two methods yielded capsules, as 100 to 60, If we
judge by the average number of seeds per capsule pro-
duced by the two kinds of unions, the ratio is as 100
to 54; but this latter figure is perhaps rather too low.
- Itis surprising how rarely insects can be seen during the
day visiting the flowers, but I have oceasionally obseryed
small kinds of bees at work; 1 suppose, therefore, that
they are commonly fertilised by nocturnal Lepidoptera,
The long-styled plants when protected from insects
yield a considerable number of capsules,and they thyg
differ remarkably from the same form of the cowslip,

which is quite sterile under the same circumstanees_

Twenty-three spontancously self-fertilised eapsules from

3
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TapLe 9.
Primada vulgaris,

|
| Maximom | Alindmum [

Number | Muamber Avorege

Number | Number
of i : : Nunilier of
Naotire of Unlon. Fli é‘;p?‘;ﬂl;, niﬁ}mtljﬁln n::}r::sulu g:(:'j'_s 'i_";
feriilisel | prodaced. Capsule. | Cojsuln, Unpmnle.
I..ﬂ]l.gdh}'ll.'ll form, by pol-
lon from short-styled, 12 11 77 47 Gi -9
Legitimnte union ,
Long-styled  form, bl}'
own-form pellen. [ 21 14 i a0 ba=2
legitimate upion ,
Short-styled  form, by
pollen from long-styled. }| 8 7 73 48 650
Legitimate union
Short-styled form, by
own-form pollen, 1= 13 7 43 b 13-8¢
legitimate union .
The two legitimate P 5 e
upions together }i 20 18 i 47 6610
The two illegitimate : 1 Forg
e } 88 | m 66 5 855

* This avernge is perbaps milser Lon low,

this form contained, on an average, 19+2 zeeds, The
short-styled plants produnced fewer spontaneously self-
fertilised capsules, and fourteen of them contained only
6-2 seeds per capsule. The self-fertilisation of both forms
was probably aided by Thrips, which abounded within
the flowers; but these minute insects could not have
placed mearly sufficient pollen on the stigmas, as the
spontaneously self-fertilised capsules contained much
fewer seeds, on an average, than those (as may be seen
in Table 9) which were artificially fertilised with their
own-form pollen. Dut this difference may perhaps be
attributed in part to the flowers in the table having
been fertilised with pollen from a distinet plant be-
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longing to the same form; whilst those which were
spontaneonsly self-fertilised no doubt generally received
their own pollen. In a future part of this volume some
observations will be given on the fertility of a red-
coloured variety of the primrose.

PrRmMULA SINENSIS.

In the lIong-styled form the pistil is about twice as
long as that of the short-styled, and the stamens differ
In a corresponding, but reversed, manner. The stigma
18 considerably more elongated and rougher than that
of the short-styled, which is smooth and® almost
spherical, being somewhat depressed on the summit ;

but the stigma varies much in all its characters, the ;

result, probably, of cultivation. The pollen-grains of
the short-styled form, according to Hildebrand,* are
7 divisions of the micrometer in length and 5 in
breadth; whereas those of the long-styled are only
4 in length and 3 in breadth. The grains, there-
fore, of the short-styled are to those of the long-
styled in length as 100 to 57. Hildebrand also re-
marked, as I had done in the ease of P, veris, that the
smaller grains from the long-styled are much more
transparent than the larger ones from the short-styled
form. We shall hereafter see that this eultivated
plant varies much in its dimorphic condition and ig
often equal-styled. Some individnals may be said to
be sub-heterostyled ; thus in two white-flowered plants
the pistil projected above the stamens, but in oneol them,

* After the nppearnnce of my I erred greafly siout the size gp

paper this puthor publishied some  the pollen-gming in  the twn
exoellent observations on  the forms. I suppose that by mistake
present spocics g: Bot. Zeltung,” 1 I'II'IE:!.HI'I]‘F& twice over pollan.
Jan, 1, 18643, and he shows that  grains from the game form,

!
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it was longer and had a more elongated and rongher
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
of as 100 to 57. The corolla of the long-styled and
short-styled form differs in shape, in the same manner
as in P. veris. The long-styled plants tend to flower
before the short-styled. When both forms were legiti-
mately fertilised, the capsules from the short-styled
plants contained, on an average, more seeds than those
from the long-styled, in the ratio of 12:2 to 9-3 by
welght, that is, as 100 to 78. In the following table
we have the results of two sets of experiments tried
at different periods.

TasLe 10,
Primula Sinensis.
"||average Number
Number | Number | Averapge of Berds per
Noture of Union, af of good  |'Welght off| Capeule, a8
Flowers | Capsules | Seeds per |[ascértained on a
fertilized. | produced. | Capsule. suhsequent
v,
Lﬂn?—sl:.'!ed form, by pollen
of short-styled. Legiti- 24 16 058 a0
mita unicl . . . -
Long-styled form, bi' owT-
form  pollen,  Illegiti- 20 13 043 33
mate nnion ,, .+ =
SBhort-styled form, by pol-
len of long-styled. Le- 8 -] 076 G4
gitimate nnion . . .
Bhort-styled form, by own-
form  pollen. lljngm-’ 7 = 0:28 25
mate union .
The two le:;l.hmntc ﬂmu:-mi} g4 a4 o-cs | 57
together .
jnetuujl]eg:umﬁta unions a9 T,
it } 27 | 040 30
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The fertility, therefore, of the two legitimate unions

together to that of the two illegitimate unions, as judged
by the proportional number of flowers which yielded
capsules, is as 100 to 84, Judging by the average
weight of seeds per eapsule produced by the two kinds
of unions, the ratio is as 100 to 63, On another oeeg-
sion a large number of flowers of both forms were
fertilised in the same manner, but no account of their
number was kept. The seeds, however, were carefully
counted, and the averages are shown in the right-hand
column. The ratio for the number of seeds produced
by the two legitimate compared with the two illegiti-
mate unions is here 100 to 53, which is probably more
accurate than the foregoing one of 100 to 63.

Hildebrand in the paper above referred to gives the
results of his experiments on the present species ; ang’

these are shown in a condensed form in the following

table (11). Besides using for the illegitimate unions
pollen from a distinet plant of the same form, as wys
always done by me, he tried, in addition, the effects of
the plant’s own pollen. He counted the seeds,

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

!
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Tapre 11,
Primula Sinensis (Sfrom Hildahyrand ),

Nlmrmer Néunlgr |\_.-\1'--1rn|:t'ur
Natare of Union, ¥iwern | Caperios :-H:'.’;,;;n,
Tertilised, | produced. { Capsnle.
Long-stylad form, by pollen of short- : ; |
styled.  Legitimate union B ‘} 14 £ | ==
Lang-stwled form, by own-form pollen, from a6 o4 18
n distinet plant.  Illegitimate union ¥ - i
Long-stylad form, by pellen from same) T " i
flower.  Illegitimate wnion, . . ,} B < =
Short-styled form by pollen of Inng-t
styled. Legitimate union i } 1% 14 s
o« ohort-styled form, by own-form pollen, 5
from a distinet plant. [legitimate union e ab e
Short-styled, by pollen from the =ame a1 I 11 &
flower. Illegitimate union . 5 |
1
The two legitimate unions together . . | 22 L 8 l 43
The two illegitimate wunions togﬂthu]'! 4
(own-formpollen) . . . . } s - L
The two illegitimnte unions together (pol-
len from the same flower) . . . ,} = i ie

present species; and this may account for the differ-
ence 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 condi-
tions, for his eapsules in almost every case contained a
gmaller number of seeds than mine, as may be seen
by comparing the right-hand columns in Tables 10
and 115

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

In order to ascertain how far the present species was
spontaneously self-fertile, five long-styled plants were
protected by me from insects ; and they bore up to a
given period 147 flowers which set 62 capsules; but
many of these soon fell off, showing that they had not
been properly fertilised. At the same time five short-
styled plants were similarly treated, and they bore 116
flowers which ultimately prodnced only seven capsules,
On another oceasion 13 protected long-styled plants
yielded by weight 25-9 grains of spontaneously self-
fertilised seeds. At the same time seven protected
short-styled plants yielded only half-a-grain weight of
seeds. Therefore the long-styled plants yielded nearly
24 times as many spontaneously self-fertilised seeds as
did the same number of short-styled plants. The chief
cause of this great difference appears to be, that when
the corolla of a long-styled plant falls off, the anthers,
from 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 falling off do not brush over the lowly-seated
stigmas. Hildebrand likewise protected some long-
styled and short-styled plants, but neither ever yielded
a single capsule. He thinlks that the difference in our
results may be accounted for by his plants having
been kept in a room and never having been shaken ;
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but this explanation seems to me doubtful ; his plants
were in a less fertile condition than mine, as shown by
the difference in the number of seeds produced, and
it is highly probable that their lessened fertility wounld
have interfered with especial force with their capacity
tor producing seli-fertilised seeds,

PRIMULA AURIOGLA?

This species is heterostyled, like the preceding ones; buf
amongst the varieties distributed by florists the long-styled form
is rare, as it is not valued. There is a much greater relative in-
equality 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 mearly four times as long as that in the short-styled, in
which it is barely longer than the ovarinm. The stigma is nearly
of the 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 ghort stamens, when distended with water, were barely ;g
of an ineh in diameter, whereas those from the long stamens of
the short-styled plants were barely 55, showing a relative dif-
ference of about T1 to 100. The smaller grains of the long-
etyled plant are also much more transparent, and before disten-
gion with water more trinngular in outline than those of the
other form, Mr. SBcottt compared ten plants of both forms grow-
ing nnder similar conditions, and found that, althongh the long-
styled plants produced more nmbels and more capsules than the
Bhort-styled, yet they yielded fewer sceds, in the ratio of G6 to
100. Three short-styled plants were protected by me from the

* According to Eerner, our  of 78, and the short-styled 98
parden aurieulas are deseended  sesds per capsule @ e his * Gos-
from P, pubescens, Jaeq., which is  echiclits der Aurikel,” *Zeitschr,
A hybrid between the truo P, des Deutschen und Oeet. Alpen-
ourieuls and hirsute, Thishybrid ~ Vereing’ Bund vi. p. 52 Aleo

Bsnow been propegated forabout  * Die  Primulaceen - Bastarton,
300 yenrs, and produees, when  * Oest. Bot. Zeitschrift,’ 1835, Nea,
legitimate]y fertilised, & large 3, 4, ond 5 :
numbor of ‘seeds; the loug-styled % “Journ. Linn, 8oe. Bot." vol.
forms ylolding an average number  viii. 1864, p. 86.
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accesz of insects, and they did not produce a single seed.  Mr.
Scott protected six plants of both forms, and fonnd theny ex-
cessively sterile. The pistil of the long-styled form stands so
high above the anthers, that it is scarcely possible that pollen
should reach the stigma without some aid: and one of Mr.
Beott's long-styled plants which yielded a fow seeds (only 18 in
number) was infested by aphides, and ho does not doubt that
these had imperfectly fertilized it

I tried fuw experiments by reciproeally fortilizsing the two
forms in the same manner as before, Imt my plants were un-
healthy, so I will give, in a condensed form, the results of Mr,
Scott's experiments. For fuller particulars with respect to this
and the five following species, the paper lately referred to may
be consulted. Tn each case the fertility of the two legitimate
unions, taken together, is compared with that of the two ille-
gitimate - ons together, by the same two standards as before,
namely, by the proportional number of flowers which pro-
duced gorw capsules, and by the average number of seeds per

|

\
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capsule. The fertility of the legitimate unions is always taken =

at 100,

By thoe first standard, the fertility of the two lpgitimate nnions
of the anricula is to that of the two illegitimate unions as 100
to 80 and by the second standard as 100 to 15,

PRIMULA BIEEIMENSIS.

According to Mr. Scott the pistil of the long-styled form ig
fully four times as long as that of the short-styled, but their
stigmas are nearly alike in shape and ronghness, The stameng
do not differ so much in relative length as the pistils, The pollen-
graing differ in & marked manner in the two forms; “those of
the long-styled plants are sharply triquetrons, smaller, and more
transparent than those of the short-styled, which are of a blunt] ¥
triangular form.® The fartility of the two legitimate nnions tg
that of the two illegitimate unions is by the first standard ag
100 to 95, and by the second standard az 100 to 31,

PRINULA CORTTEOIDES, 1

The pistil of the leng-styled form is about thrice as long ag
that of the short-styled, the stigma being donble as long and
covered with much longer papille. The pollen-grainsof the short-

N\
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gfyled form are, ns nsual, * larger, less transparent, and more
bluntly triangular than those from the long-styled plants.” The
fertility of the two legitimate unions to that of the two ille-
gitimate unions is by the firet standard as 100 to 74, and by
the second standard as 100 to 66,

PrIMULA INVOLUCRATA.

The pistil of the long-styled form is about thrice aes long ns
that of the short-styled; the etigma of the former is globular
and closely besef with papills, whilst that of the short-styled
is gmooth and depressed on the apex. The pollen-grains of the
two forms differ in size and transparency as before, but not in
ghapw. The fertility of the two legitimate to that of the two
illegitimate nnions is by the first standard as 100 to 72 and by
the eceond standard as 11]_'[! to 47.

PRIMULA FARINOSA.

According to Mr. Scotf, the pistil of the long-styled form is
only sbont twice as long ns that of the short-styled. The
stigmns of the two forms differ but little in ehape. The pollen-
graing differ in the nsual manner in siZe, but notin form. The
fertility of the two legitimate to that of the two illegitimate
uniong is by the first standard as 100 to 71, and by the zacond
standard as 100 to 44

Summary on the foregoing heterostyled species of Pri-
mula.—The fertility of the long 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 distinet plant,
has now been given, The results are secn in the fol-
lowing table; the fertility being judged by ftwo
standards, namely, 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
Aceuracy many more observations, under varied condi-
tons, would be requisite,
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TasnE 1%

Suminary on the Fertility of the two Legitimate Unions, compared
with that of the two Megitimate Cadons, in the genus Primula.
The former taken at 100,

Tilegltimate Unions.
Namp of Species, Judged of by the Juilged of by tho
Proportional Number | Average Numbor (or
of Flowers which  |Weight insome cases,
produced Capsules. | of Secds per Capsule.
Frimuole-vens o000 o) . & G G :
T i = [(Probably
Poalabinrs ol U s e B a7 'D{trm hight)
: = Perha
. vulgaris . . 60 (Ferhaps
I, vulgaris . {tnn Tow)
PEEMBRIR, o5 i e 1 a4 [
w (mecond trialy . .o S 5
5 (nfter Hildebrand) . 10 42
P. avrienls (Scott) . .. + . 80 15
P Bikkimensis (Seott) . . . 5 a1
P. cortusoides (Scott) . . . T+ i
P, involuerata (Scott). « . . 72 43
Pl farinoss (Scott) & o0 . - 71l 4t
Average of the nine species . BE-4 61-8

With plants of all kinds some flowers generally fail
to produce ecapsules, from various aceidental causes ;
but this source of error has been eliminated, as far as
possible, in all the previous eases, by the manner in
which the caleulations have been made. Euppoaing,
for instance, that 20 flowers were fertilised legiti-
mately and yielded 18 capsules, and that 30 flowers
were fertilised illegitimately and yiclded 15 cap.
gules, we may assume that on an average an equal
proportion of the flowers in both lots would fail to
produce capsules from various accidental causes; and
the ratio of 1§ to 1§, or as 100 to 36 (in whele

A

v
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numbers}, would show the proportional number of cap-
stles due to the two methods of fertilisation ; and the
number 56 would appear in the left-hand column of
Table 12, and in my other tables. With respect
to the average number of seeds per capsule hardly
anything need be said: supposing that the legiti-
mately fertilised capsules contained, on an average,
50 seeds, and the illegitimately fertilised capsules
295 seeds; then as 50 is to 25 sois 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 distinet plant of

. the game form. There is, however, no close corre-
spondence in the two rows of figures, which give,
according to the two standards, the difference of fer-
tility between the legitimate and illegitimate unions.
Thus all the flowers of P. Sinensis which were lllﬁgltl'
mately fertilised by Hildebrand produced capsules ;
but these contained only 42 per cent. of the number
of seeds yielded by the legitimately fertilised capsules.
So again, 95 per cent. of the illegitimately fertilised
flowers of P. Sikkimensis produced capsules; but these
contained only 81 per cent. of the number of secds_ in
the legitimate capsules. On the other hand, with
P. elatior only 27 per cent. of the illegftimﬂhﬂﬁ'_ fer-
tilised flowers yielded capsules; but these contained
nearly 75 per cent, of the legitimate number of ‘s.eeds.

v It appears that the setting of the flowers, that is, the
production & 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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contain. For, as may be seen at the bottom of
Table 12, 834 per cent. of the illegitimately fertilised
flowers yielded eapsules; 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.

illegitimately fertilised long-styled flowers 100, the
seeds from the illegitimately fertilised short-styled

flowers will be represented by the following num.»

bers :—
Primnln veris. 71 l‘rirnuh? agricula . . . 119
1% olail “{{I’rnhabiy P, Blkkimensis . . . &7
RIS Htoo low.) ', cortusoidea B oh e R
P. vulgaris an] (Perhaps | P.involoerats . . . 72
¢ & ) { too low.) | P.farivosn o » - . 63

P. Sinensis 71
We thus gee that, with the exception of P, auricula, the
long-styled flowers of all nine species are more fertile
than the short-styled flowers, when both forms are
illegitimately fertilised. Whether P. aurieula really
differs from the other species in this respeet L can form
no opinion, as the result may have been accidental,
The degree of self-fertility of a plant depends on two
slements,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 direetyy above the
stigma, their pollen is more likely to fall on it, or to
be earried down to it by insects, than in the ease of

i
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the long-styled form. It appears probable, therefore
at first sight, that the lessened capacity of the short-

a special adaptation for ecounteracting their greater

: styled flowers to be fertilised with their own pollen, is

liability to receive their own pollen, and thus for
checking self-fertilisation. But from facts with respect
to other species hereafter to be given, this view can
hardly be admitted. In accordance with the above
linbility, when some of the species of Primula were
allowed to fertilise themselves spontaneously under
a net, all insects being excluded, except such minute
ones as Thrips, the short-styled flowers, notwith-
standing their greater innate self-sterility, yielded
more seed than did the long-styled. Nome of the
~ species, however, when insects were excluded, made
A 4 near approach to full fertility. But the long-styled
form of P. Sinensis gave, under these circumstances,
a eonsiderable 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,

Homostyled speeies 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
species® which are heterostyled ; and to these probably
others will be hereafter added. Nevertheless, some
species are homostyled ; that is, they exist only under
a single form; but much caution is necessary on this
head, as soveral gpecies when cultivated are apt to
1_"3(“-'“1& equal-styled. Mr. Seott believes that L.

* H. Miiller has given in * Na-
ture,’ Dee, 10, 1874, p. 110, &
drawing of one of these gpecics,

#K‘\S{'ﬂﬁm: verticd !‘1::.!.::-, a variety of Sibirica, elata, mollis, and

1ot i 1
viz. the Alpine P. wuillosa. ane
ghows that it 18 fartilized exelu-

gively by Lepidoptera.
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longiflora,® are truly homostyled; and to these may be
added, according to Axell, P. siricfn. Mr. Scott ex-
perimented on P. Scofica, mollis, and verticillata, and
found that their flowers yielded an abundance of seeds
when fertilised with their own pollen. This shows
that they are not heterostyled in function. P. Seofica
is, however, only moderately fertile when insects are
excluded, but thiz depends merely on the coherent
pollen not readily falling on the stigma without their
aid. Mr. Seott also found that the capsules of P
verticillata contained rather more seed when the flowers
were fertilised with pollen from a distinet plant than
when with their own pollen ; and from this fact he in-
fers that they are sub-heterostyled in function, though
not in structure. But there is no evidence that two

sets of individunals exist, which differ slightly in fung.>

tion and are adapted for reciprocal fertilisation; and
this is the essence of heterostylism. The mere finct
of a plant being more fertile with pollen from =
distinet individual than with its own pollen, is com-
mon to very many species, as I have shown in my
work ¢ On the Effects of Cross and Self-fertilisation.’

HoTroN1Aa PALUSTRIS.

This aquatic member of the Primulaces is con-
spi(:uuual}r heterostyled, as the pistil of the long-styled
form projects far out of the flower, the stamens being
ppclosed within the tube ; whilst the stamens of the
short-styled flower project far forwards, the pistil heing
enclosed. This difference between the two forms has
attracted the attention of various botapists, and that

A

|
2o,
o

# Tsoch was aware that this  Bprengel und Darwin,” ¢ Bot Zap r"}

ppecies wos hnmmtilvd:uﬂ “Tre-  tung,’ Jan. 2, 1863, p. 4.
virauus iibur Dichogamis nach

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

adds that he does not believe the existence of the two

A\ 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, thongh rongher. H. Miller t

gives fizures of the stigmatic papille of the two forms.

and those of the long-styled are seen to he more than

double the length, and much thicker than the papilla

of the short-styled form. The anthers in the one form

do not stand exactly on a level with the stigma in

the other form ; for the distance between the organs is

greater in the short-styled than in the long-styled

flowers in the proportion of 100 to 71. In dried speci-

™mens soaked in water the anthers of the short-styled

’ﬂ: form are larger than those of the long-styled, in the

ritio 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

“uf the moistened grains being as 100 to 64, according

10 my measnrements, but according to the measure-

Ments of H. Miller 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

aud‘ of a browner tint, than those in the smaller

Srans.  The two forms of Hottonia thus agree closely

M most respects with those of the heterostyled species

Of Primula,  The flowers of Hottonia are cross-fertilised,
according Miiller, chiefly by Diptera.

T. Beott! made a few trials on a short-styled plant,

- 2nd foung that the legitimate unions were in all ways

"ore fortile than the illegitimate ; but since the pub-

f]:; I:IDH entdeckie Gehelmniss % ¢ Journ. Linn. Soe. Bot.” vol.
3 Lstur’ p, 10, viii. 1864, p. 79.
" t 'Diu }.:lni'mclltung.‘ &e., 850 9
E
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lication of his paper H, Miller has made much fuller
experiments, and I give his results in the following
table, drawn up in accordance with my usual plan :—

TasiE 13

Hottonia palusteis (from I AT,

i Avitage
|  Eumher o
Kature of Unlon. of Capsules I;..':gf"‘];':_r
exnmined. Capstile,
Ln;lg-qtglnd form, by pollen of short-styled. a4 a1-4
AGILIMALE Wbl + &« . . . )
Loug-styled form, by own-form pollen, from a 1% - S
distinet plant.  llegitimate union . . . . e
Bhort-styled form, by pollen of Iung—st_-r!nd.-} a0
Legittptaramion o> 0 0, . G & s
Short-styled form, § f llen, fro >
Short-styled form, by own-form pollen, from a ‘ 7 o
distinct plant, Ilegitimate union . .l’ 2 S 1 .
The two legitimnte unions together . | | G4 788
The twae illegitimate unions together . . . ar 481

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

* H. Miller soys (*Die Be- I arrive ol the resn

fruchtung,’ &v., po 852) that the Takle 13,

long-giyled flowers, when illegiti- o the long-giyled
mntely fertilised, yield ns many  legitimately ferti
reads as when legitimately for-  ond when ilopt;

lig sliown iy,

The averigs mumber

tilised ; but by adding up the I7-5; or as 100 to 85,
pumber of seeds from all the rrt]l]- agreed with me that g is ﬂ?:

gules produced by the two methods  proper manner of Viewing gh

of fertilisation, o8 given by him,  case,

eapaules, wlan
lised, ja gy,
inately forilisg!

H. Miijfg

-
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the two illegitimate together yield seeds in the ratio
of 100 to G1.

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
157 seeds instead of 77:5; and those from the
short-styled 6°5, instead of 18:7 seeds per capsule.
The number 65 agrees elosely with Mr, Scott’s result
from the same form similarly fertilised.

From some observations by Dr. Torrey, Hottonia
inflata, an inhabitant of the United States, does not
appear to be heterostyled, but is remarkable from pro-
ducing eleistogamic flowers, as will be seen in the last
chapter of this volume.

Besides the general Primula and Hottonia, Androsace
(vel Gregoria, vel Aretia) vitalliana is heterostyled,
Mr. Seott* 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 speci-
mens of the long-styled forms. But the evidence seems -
sufficient to leave hardly a doubt that Androsace 18
heterostyled. Fritz Miiller sent me from South Brazil
dried flowers of a Statice which he believed to be hete-
rostyled. In the one form the pistil was eonsiderably
longer and the stamens slightly shorter than the cor-
responding organs in the other form. Buat asin the
shorter-styled form the stigmasreachedup to the anthers

* Sooalso Treviranus in ¢ Bot, Zeitung,’ 1863, p, 6, on this plant
being dimorphie.
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of the same flower, and as I could not detect in the
dried specimens of the two forms any difference in their .
stigmas, orin the size of their pollen-grains, 1 dare not I,J
rank this plant as heterostyled. From statements made A
by Vaucher I was led to think that So'danella alpina was
heterostyled, but it is impossible that Kerner, who has
closely studied this plant, eould have overlooked the

fact. So again from other statements it appeared pro-
bable that Pyrola might be heterostyled, but H. Maller
examined for me two species in North Germany, and
found this not to be the case.

&
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CHAPTER II.

Hyemp Pridunas.

The Oxlip a hybrid paturally produced between Primuola veris and
vulgnris—The differences in structure and fonetion hetwsen the
two parent-species—Effocts of erossing long-styled and short-styled
Oxlips with one another and with the two forms of both parent-
“spacies—Chnracter of the offspring from Oxlips artificially self-
Tortilized and eross-fertilised in o state of nature—Primula elatior
ehown to be a distinet gpecies—Hybrids between other heterostyled
gpecies of Primula—Supplementary note on apontancously produced
Liybride in the genus Verbascum.

THE various species of Primula have produced in a
state of nature throughout Europe an extraordinary
number of hybrid forms. For instance, Professor
Ecl'ner has found no less than twenty-five such forms
n the Alps.* The frequent occurrence of hybrids in
this genus no doubt has been favoured by most of the
8pecies being heterostyled, and consequently requiring
cross-fertilisation by inseets ; yet in some other genera,
Species which are not heterostyled and which in some
respects appears not well adupted for hybrid-ferti-
lisation, have likewise been largely hybridised. In
certain districts of England, the eommon oxlip—#
hybrid between the cowslip (P, veris, vel officinalis)
and the primrose (P. wulgaris, vel acaulis)—is fre-
quently found, and it oceurs oceasionally almost every-

&
i “DiePrimuloceen-Bastarten,”  * Bull. Soo. Bot, da Franes, m{'ix’
linoterr. Bot. Zeitschrift,' Jahr 1853, p. 178 Alsoin® Revue des
B3, Nns, 3, &, anidl 5 Sea alsp  Sciences Nat” 1575, p- 831
odron on hybrid Primulss in
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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 eommon oxlip, the elaim of the three forms to
rank as distinet species has been discussed oftener
and at greater length than that of almost any other
plant. Linnweus considered P. wveris, vulgaris and
elatior to be varieties of the same species, 1s do some
distinguished botanists at the present day; whilst
others who have carefully studied these plants do not
doubt that they are distinet species. The following
observations prove, I think, that the latter view is
correct ; and they further show that the common oxlip
15 a hybrid between P. veris and vulgaris.

The cowslip differs so conspicuously in general ap-
pearance from the primrose, that nothing need herg .
be said with respect to their external characters®
But some less obvious differences deserve notice. As
both species are heterostyled, their complete fertili-
sation depends on insects. The cowslip is habitually
visited during the day by the larger humble-bees
(viz. Bombus muscorum and horforum), and at night
by moths, as I have seen in the case of Cueullin. 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 ferti-
lisation must depend almost execlusively 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

L]

* The HRev. W. A Leighton eeed, in “Ann. ol Mag, of Xa¢
has pointed out cerlain differences  Hi=t.' 3nd series, vol. {i, 1843
in the form of the capsules and . 104, 1

i
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the primrose, when legitimately and naturally ferti-
lised, yield on an average many more seeds per capsule
than the cowslip, namely, in the proportion of 100 to 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 cap-
sules, and by the larger average number of seeds which
the capsules contain. The difference also between the
number of seeds produced by the long-styled and short-
styled flowers of the primrose, when both are illegiti-
mately fertilised, is greater than that between the
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 in-
sects, except such minute ones as Thrips, yield a con-
siderable number of capsules containing on an average
192 seeds per capsule ; whereas 18 plants of the long-
styled cowslip similarly treated did not yield a single
seed,

The primrose, as every one lknows, flowers a little
Bi:trlier in the spring than the cowslip, and inhabits
slightly different stations and distriets, The primrose
generally srows on banks or in woods, whilst the cow-
slip is found in more open places, The geographical
tinge of the two forms is different. Dr. Bromfield re-
Marks* that « the primrose is absent from all the in-
I_:erl_ur region of northern Europe, where the cowslip is
ndigengus,”  In Norway, however, both plants range
to rthe sume degree of north latitude.t

The cowslip and primrose, when intercrossed, be-

; ' Phytologist, vol. iii. p. 694,
I'e H. 5 Eéograph. Bot. de
4470 tom. viii. 1858, b 1L,
Nat, 1 10 * Ann. and Mag.of
i ist, ix, 1842, pp. 156, 515,
Also Borea, + Floie du centre de

i 5.
In France, 1840, tom. ii. p 37
With respeet to the nmt;.ripi P,
werig in western Beotlnnd, seo
H. Q. Witson, *Cybele BDritan-
niea,’ ii. p. 208
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have like distinet species, for they are far from
being mutually fertile. Gartner* crossed 27 flowers
of F. valgaris with pollen of P. weris, and obtained
19 capsules; but these did no contain any good
seed. He also crossed 21 flowers of P. veris with
pollen of P. vulgaris; and now he got only five
capsules, containing seed in a still less perfect
condition,  Gartner knew nothing about hetero-
stylism; and his complete failure may perhaps be
accounted for by his having érossed together the
same forms of the cowslip and primrose; for such
crosses would have been of an illegitimate as well as
of a hybrid nature, and this would have increased
their sterility. My trials were rather more fortunate.
Twenty-one flowers, consisting of both forms of the
cowslip and primrose, were intercrossed legitimately,
and yielded seven capsules (i.e. 33 per cent.), contain-
ing on an average 42 seeds; some of these seeds,
however, were sopoor that they probably would not have
germinated. Twenty-one flowers on the same Sowslip
and primrose plants were also intercrossed illegiti-
mately, 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 per-
foet fertility inter 22 of the crossed offspring from thege
two plants.t To show how sterile these hybrid unions

*  Bastarderzengung,” 1848, p.  eciently numerons.  The degres of
701, infertility of n cross is liable to
+ Mr. Beott has discossed the  mueh fluetuntion. Pollen from

nature of the polyanthus (f Proe.
Linn Soc.’ viii. Bot. 1884, p.
108), nnd arrives at o differoat
eonelngion; bat I do not ‘.Isin]:
that hLis experiments were suffi-

the cowalip at firkt appears rathep
more afficient on the primrose than
that of the polyanthus: for 192
flowers of both forme of the prim-
rose, fertilised legitimately and

P



A

>

Cutar, II. THE COMMON OXLIP, 59

were, T may remind the reader that 90 per cent. of the
flowers of the primrose fertilised legitimately with
primrose-poilen yielded capsules, containing on an
average 66 seeds; and that 54 per cent. of the flowers
tertilised illegitimately yielded capsules containing on
an average 3°50 seeds per capsule. The primrose,
especially the short-styled form, when fertilised by the
cowslip, is less sterile, as Girtner likewise observed,
than is the cowslip when fertilised by the primrose, The
above experiments also show that a cross between the
same forms of the primrose and cowslip iz much more
sterile than that between different forms of these two
species, ¢

The seeds from the several foregoing crosses were
sown, but mone germinated except those from the
short-styled primvose fertilised with pollen of the
polyanthus; and these seeds were the finest of the
whole Iot. I thus raised six plants, and compared
them with a group of wild oxlips which I had trans-
planted into my garden. One of these wild oxlips
produced slightly larger flowers than the others, and
this one was identical in every character (in foliage,
ﬂo“‘i’-‘r—pmlunale, and flowers) with my six plants,
exeepting that the flowers of the latter were tinged of
& dingy red colour, from being descended from the
Polyanthus,

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

Wegitimataly wi ] he ofher hand;
v with pollen of the 22+6 seeds. On the o
?.';"“"’”me: fiveeapsnlescontain-  the seeds produced by ﬂ‘ﬂhF"';lll'"
“_hg Ol an ayemge 392°4 semla;  anthns - pollen were mucu Hie
Flilst 18 fowers gimilarly fortil-  finest of the wholt Int, and were
’Eﬁ‘d by polyanthus-pollen yielded  the only ones which germinated.
only five cupeules, containing only
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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 oceurrence in the state of nature of
plants presenting every intermediate gradation between
the cowslip and primrose.

The first statement, however, is of little wvalue;
for, heterostylism not being formerly understood,
the seed-bearing plants were in no instance® pro-

HYBHRID PRIMULAS,

tected from the visits of insects; and there would "

be alwost as much risk of an isolated cowslip, or of
several cowslips if consisting of the same form, being
erossed by a neighbouring primrose and producing
oxlips, as of one sex of a diccious plant, under similar
circumstances, being crossed by the opposite sex of
an allied and neighbouring species. Mr. H. C. Wat-
gon, 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
conelusion,t namely, “that seeds of the cowslip ean
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

tnined an abundance of seed,

* Ope author stateain the *Phy-
which i3 simply impossilija,

tologist ' (vol. fii. p. 708) that he

covercd with bell-glasses some cow-
alips, primroses, &o., on which he
experimented.  He specifies all
the details of his experiment, but
does not say that e artificially
furtilized his plants; yet he ob-

Hence thiere must have  beey
gome sirange cheor in these ox.
perimonts, which miy be passed
over n8 valueless.

t i Phytologist,’ il pp.
832 ; iif. p. 43,

217,
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all cases, when such results have heen obtained, the
unprotected cowslips have been erossed by primroses,
and the unprotected oxlips by either cowslips or
primroses ; for in this latter case we might expect, by
the aid of reversion, which notoriously comes into
powerful action with hybrids, that the two parent-forms
in appearance pure, as well as many intermediate gra-
dations, wounld be occasionally produced. Nevertheless
the two following statements offer eonsiderable diffi-
eulty. The Rev. Prof. Henslow® raised from seeds of a
cowslip growing in his garden, vatious 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 ap-
Pearance during the following year, and now resembled
an oxlip. Next year again it changed its character,
and produeed, 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 eannot doubt that this plant was an o0x-
ilp in a highly variable condition, almost like that of
the famous Cytisus adami. This presumed oxlip was
Propagated by offsets, which were planted in different
parts of the garden; and if Prof Henslow took by
Mistake seeds from one of these plants, especially if it
had been erossed by a primrose, the result would be
quite intelligible. Another case is still more difficult
Y0 understand ; Dr. Herbert t raised, from the seeds of
8 highly cultivated red cowslip, cowslips, oxlips of
Variong kiu:]:.:, and a primrose. This case, if accurately

* Toudon's * Mag. of Nat. Hist.” iii. 1550, p, 409
t ¢ Trangnet. Hort. Soc.” iv. p. 19
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recorded, which T must doubt, is explieable only on
the improbable assumption that the red cowslip was
not of pure parentage. With species and varieties
of many kinds, when intercrossed, one is sometimes
strongly prepotent over the other: and instances are
kmown* of a variety, crossed by another, producing
offspring which in certain characters, as in colour,
hairiness, &e, have proved identical with the pollen-
bearing parent, and quite dissimilar to the mother-
plant ; but I do not know of any instance of the off-
spring of a cross perfectly resembling, in a congider-
able number of important characters, the father alone.
It is, therefore, very improbable that a pure cuwslip
crossed by a primrose should ever produce a primrose
in appearance pure. Although the facts given by Dr,
Herbert and Prof. Henslow are difficult to explmn, :,ret.
until it can be shown that a cowslip or a primrose,
carcfully protected from insects, will give birth to at
least oxlips, the cases hitherto recorded have little
weight in leading us to admit that the cowslip and
primrose are varieties of one and the same species.
Negative evidence is of little value; but the follow-
ing facts may be worth giving : —Eumv cowslips which
had been tmnsplanted from the fields into a shrubbery
were again transplanted into highly manured land,
In the following year they were protected from insects,
artificially fertilised, and the seed thus procured was
sown in a hotbed. The young plants were afterwards
planted out, some in very rich soil, some in stiff poor
clay, some in old peat, and some in pots in the green-
house ; so that these plants, 765 in number, as well a3
their parents, were subjected to diversi{jed and un-

* T have given instinces in my  tication,” eh. xv. 2nd edit. vol. i,
work * On the Variation of Ani- i [
mals and Plants under  Domess

-~
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natural treatment ; but not one of them presented the
least variations except in size—those in the peat ‘at-
taining almost gigantic dimensions, and those in the
clay being much dwarfed.

I do not, of course, doubt that cowslips exposed
during several successive generations to changed con-
ditions 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 instanee, 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 foot-

_ stalk like that of a cowslip.

With regard to the second class of facts in support
of the cowslip and primrose being ranked as mere
varieties, namely, the well-ascertained existence in a
state of nature of numerous linking forms® :—If it can
be shown that the common wild oxlip, which is inter-
mediate in character between the cowslip and prim-
T0se, resembles in sterility and other essential respects
a hyhrid plant, and if it can further be shown that the
oxlip, though in a high degree sterile, can be fertilised
Y either parent-species, thus giving rise to still finer
Sradational links, then the presence of such linking
forms in a state of nature ceases to be an argument
offmlf weight in favour of the cowslip and primrose

‘g varieties, and becomes, in fact, an argument on
the other side. The hybrid origin of a plant in a
Bt‘“’fﬁ of nature can be recognised by four tests: first,

¥ 1ts occurrence only where both presumed parent-

f 5 SEE‘_ an_ gxcellent article on in the * Phytologist,’ vol. il p.
U8 etbject by Mr. H. O. Watson, 48
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recorded, which T must doubt, is explicable only on
the improbable assumption that the red cowslip was
not of pure parentage. With species and varieties
of many kinds, when intercrossed, one is sometimes
strongly prepotent over the other; and instances are
known® of a variety, crossed by another, producing
offspring which in certain characters, as in colour,
hairiness, &e, have proved identical with the pollen-
bearing parent, and quite dissimilar to the mother-
plant; but I do not know of any instance of the off-
spring of a eross perfectly resembling, in a consider-
able number of important characters, the father alone.
It is, therefore, very improbable that a pure cowslip
erossed by a primrose should ever produce a primrose
in appearance pure. Although the facts given by Dr.
Herbert and Prof. Henslow are difficult to explain, yet
until it can be shown that a cowslip or a primrose,
carefully protected from insects, will give birth to at
least oxlips, the ecases hitherto recorded have little
weight in leading us to admit that the cowslip and
primrose are varieties of one and the same species.
Negative evidence iz of little value; but the follow-
ing facts may be worth giving :—Some cowslips which
had been transplanted from the fields into a shrubbery
were again transplanted into highly manured land.
In the I'ullu“'ing vear they were prut{*.c.ted from insects,
artificially fertilised, and the seed thus procured was
gown in a hotbed. The young plants were afterwards
planted out, some in very rich soil, some in stiff poor
clay, some in old peat, and some in pots in the green-
house ; so that these plants, 765 in number, as well g5
their parents, were subjected to Llivursiﬁed and un-

# T hove given instances in my  tication,” ch. xv. 2nd edit. wol, i,
worl * On the Voriation of Ani-  p 68,
mwals apd Plants under Domes-
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natural treatment ; but not one of them presented the
least variations except in size—those in the peat at-
faining almost gigantic dimensions; and those in the
clay being much dwarfed.

I do not, of course, doubt that cowslips exposed:
during several successive generations to changed con-
ditions would vary, and that this might occasionally
ogeur in a state of nature. Moreover, from the law
of analogical vaviation, 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 foot-

stalk like that of a cowslip.

With regard to the second class of facts in support
of the cowslip and primrose being ranked as mere
varieties, namely, the well-ascertained existence in a
state of nature of numerous linking forms*® :—If it can
be shown that the common wild oxlip, which is inter-
mediate in character between the cowslip and prim-
rose, resembles in sterility and other essential respects
a hybrid plant, and if it can further be shown that the
oxlip, though in a high degree sterile, ean be fertilised
by either parent-species, thus giving rise to still finer
gradational links, then the presence of such linking
forms in q state of nature ceases to be an argument
of any weight in favour of the cowslip and primrose
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 excellont articla on  in the + Phytologist,” vol. fil. p.
this subject by Mr. H. C. Watson, 48
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species exist or have recently existed ; and this holds
good, as far as I can discover, with the oxlip; but the
P. elatior of Jacq., which, as we shall presently see,
constitutes a distinct species, must not be confounded
with the common oxlip. Secondly, by the supposed
hybrid plant being nearly intermediate in character
between the two parent-species, and especially by its
resembling hybrids artificially made between the same
two speecies. Now the oxlip is intermediate in cha-
racter, and resembles in every respect, except in the
eolour of the corolla, hybrids artificially produced be-
tween the primrose and the polyanthus, which latter
is a variety of the cowslip. Thirdly, by the supposed
hybrids being more or less sterile when crosged infer s ;
but to try this fairly, two distinct plants of the same
parentage, and not two flowers on the same plant,
should be crossed ; for many pure species are more
or less sterile with pollen from the same individual
plant; and in the ease of hybrids from heterostyled
species the opposite forms should be erossed. Fourthly
and lastly, by the supposed hybrids being much more
fertile when erossed with ecither purg parent-species
than when crossed inter se, but still not as fully fertile
as the parent-species.

For the sake of ascertaining the two latter points,
I transplanted a gronp of wild oxlips into my
garden. They consisted of one long-styled and
three short-styled plants, whicl, except in the cp.
rolla of one being slightly larger, ressmbled each
other closely. The trials which were made, and the
results obtained, are shown in the five r[“'ll':"""ing
tables. No less than twenty different crosses arp
necessary in order to aseertain fully the fertility of

2

A

hybrid heterostyled plants, both inter s ang i e

their two parents-species. In thisinstance 256 flowers
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were crossed in the course of four seasons. I may
mention, as 4 mere curiosity, that if any one were to
raise hybrids between two trimorphic heterostyled

species, he would have to make 90 distinet unions
in order to ascerfain their fertility in all ways;

and as he would have to try at least 10 flowers in
each ‘case, he would be compelled to fertilise 900
flowers and count their seeds. This wounld probably
exhaust the patience of the most patient man.

TasLE 14

Crosses inter se between the twe forms of the common Owlip.

Siegitimate wnion.

thort-styled ox-

sUiartstrlod oxlip:
20 Howers fertilised,
did not produce one
enpaula.

Legitimats wnion,
Short-atyled ox-
lip, by {u:-l]nn. of
long - styled oxlip:
10 Howers fertilised,
did not produce one
capsile.

IHlegitimate snion,

Long - stylad ox-
lip, by its own
pallen: 24 flowers
fortilised, produced
five capsules, con-
taining &, 10, 20,
8, and 14 seeds.
Average 11-6.

Leagitimate suinion.

Long - styled ox-
lip, by pollen of
short-styled oxlip:
10 flowers fertilisnd,
did not produce one

capsule.

Tapne 15

Rath forms of the Oxlip erossed with Pollen of both forms of the
Cloncslip, P. veris,

Hisgitimate union.

_ Short-styled ox-
lip, by pollen of
short = styled cow-
slip: 18 flowers for-
tilised, did not pro-

j'_,cgr't[ma:h‘ RN,

Bhort-styled ox-
lip, by pallen of
long - styled cow-
slip: 18 flowers
fertilised, produced
three capsules, con-
taiming 7, 4, and 3
wretched seeds, ;f-
parently incapable
of germination,

Illegitimato wnion,

Long=styled ox-
lip, by pollen of
long -styled  cow-
slip: 11 flowers
fertilised, produced
one  ¢apsule, eon-
taining 13 wretched
speds,

Lagitimate unica.
Long-styled ox-
lip, by pollen of
short =styled cow-
slip: 5 flowers
fortilised, produced
two capsules, con-
taining 31 and 23
very fing seeds.
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Tarne 16
Both fovins of the Oxlip crossed awith Pollen of both forms of the

LPrinrose, P.

el ris,
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Iliegitinate wunin. r Legitimats union,

Shnﬂ-au led 0x-

lip, flll“f.‘l'l aof
ﬁi'mrt sh‘ pritn-
rose: 04 flowers

fertilised, produced
twn capsules, eon-
tnining 5 and 19
seeds.

Short—'s.t'r]nd 0x-
lip, ollen  of
I-:lll.l: st.'r ed prim-
rose: 96 flowers
fertilised, produced
six capaules, con-
taining 16, 20,5, 10,
19, and 24 seeds,
Averagels 7. Many
of the seeds very

poar, pome goad,

Tlegitimate wnion,

Long-atyled ox-
lip, by pollen of
long - styled prim-
rose: 11 flowers
fertilised, produced
fonr cﬂ]:-su]{us. cof-
taining 10, 7, 5. and
6 wretehed sepds.
Average 7°0,

Legitimats union; *

Long-styled ox-
lip, iy pollen of
short-atyled prim-
rose ;o fdowers
fartilised , produced
five ‘capsnles, con-
taiming. 26, 42, 29,
28, and &4 secds,
Averago 356,

Tapre 17.
Buth forms of the Cowslip crossed with Pollen af both forms of the ﬂ;.g.‘{é'_,l'i'-

.E'Efsyl'h'mu.fc HNEN,

Short-styled cow-

slip, by pollen of)|
short-styled oxlip:|
B flowers fertilised, |

produced not
capsule,

one

.ﬂ{'y!'fr'mu.!:' WNTGT.

Long-styled cow-
slip, Ly pallen of
short-styled oxlip:
B flowers fertilisod,
produced one cap-

{ enle, containing 26

seeds,

dliegritimate uniom.

Long-styled eow-
alig, by pollen of
lomg - styled oxlip:
B flowers fertilised,
produced three cap-
sules, containing 5,
6, and 14 geeds.
Averago B3,

Leitimeate unfy

Short-styled cow-
slip, by pellen of
Tong = styled oxlip :
& flowers fortilised,
produced sight cap-
sules, comtaining 58,
38, 51, 44, 23, 26,
37, and G0 seeds.

Averago 40 +4,

Tapre 18.
Futh forms of the Primvese crossed with Pollen of both forms of the Oxlip,

Tlepitimete wnicn.

Bheort-styled prim-

rose, by pollen of| ross,

Legitimole wrion.,

Long-stvled prim-

whort-gtyled oxlip :| short-stylad oxlip:

& flowers fertili=ed,

B flowers fertilized,

Prqd_u“-:] not owe | produced two cup-

capanle.
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We see in these five tables the number of capsules
and of seeds produced, by crossing both forms of the
oxlip in a legitimate and illegitimate manner with one
ancther, and with the two forms of the primrose and
cowslip. T may premise that the pollen of two of the
ma't-st}rled oxlips consisted of nothing but minute
aborted whitish cells; but in the third short-styled
plant about one-fifth of the grains appeared in a sound
condition. Henee if is not surprising that neither
the short-styled nor the long-styled oxlip produced a
single seed when fertilised with this pollen. Nor did
the pure cowslips or primroses when illegitimately fer-
tilised with it; but when thus legitimately fertilised
they yielded a few good seeds. The female organs of
the short-styled oxlips, though greatly detericrated in

"(':f Power, were in a rather better condition than the male

Organs ; for though the short-styled oxlips yielded no
seeds when fertilised by the long-styled oxlips, and
hunll}r any when illegitimately fertilised by pure
cowslips or primroses, yet when legitimately fertilised
by these latter species, especially by the long-styled
Primroge, they yielded a moderate supply of goodl
seed,

The long-styled oxlip was more fertile than the
three short-styled oxlips, and about half its pollen-
grains appeared sound, It bore no seed when legiti-
mately fertilised by the short-styled oxlips; but this
o doubt was due to the badness of the peollen of
the latter ; for when illegitimately fertilised (Table 14)

¥ its own 1‘|1‘|]1En it produced some good seeis,
though mueh fewer than self-fertilised cowlips or
Primroses wou)d have produced. The long styled ox-
lip likewise yielded a very low average of seed, as may
h’i seen in the third compartment of the four latter
tables, when illegitimately fertilised by, and when

F 2
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illegitimately fertilising, pure cowslips and primroses.
The four eorresponding 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 legpitimately fertilised by the
long-styled oxlip (Table 18)also vielded a moderately
good average, namely 487 seeds; but if this short-
styled primrose had been fertilised by a long-styled
‘primrose it would have yielded an average of G5 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
vielded capsules, these containing on an average 274
good and bad seeds: whilst only 15 per cent. of thg
flowers fertilised in an illegitimate manner yielded ©

capsules, these contuining on an average only 110 £

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 infer se, or with either parent-species
so that in this particular case, but not as we shall pre-
sently sec in other cases, the same rule prevails with
the pure unions between the two forms of the same
heterustyiud species, with crosses between two distinet
heterostyled species, and with their hy brid “Esf"l'ihg,

Seeds from the long-styled oxlip fgrtilised by jg,
own pollen were sown, and three long-styled plants
raised. The first of these was identical in ayepy,
character with its parent. The second bore rath

i,

4
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smaller flowers, of a paler colour, almost like those of
the primrose ; the scapes were at first single-Howered,
but later in the season a tall thick scape, bearing many
flowers, like that of the parent oxlip, was thrown up.
The thivd plant likewise produced at first only single-
flowered seapes, with the flowers rather small and of a
darker yellow; but it perished early. The second
plant also died in September; and the first plant,
though all three grew under very favourable con-
ditions, looked very sickly. Hence we may infer that
seedlings from self-fertilised oxlips would hardly be
able to exist in a state of nature. I was surprised to
find that all the pollen-grainsin the first of these seed-
ling oxlips appeared sound ; and in the second only a
moderate number were bad.  These two plants, however,

" had not the power of producing a proper number of

seeds ; for thongh left uncovered and surrounded by
pure primroses and cowslips, the capsules were esti-
mated to include an average of only from fifteen to
twenty seeds.

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

From the various facts now civen, there ean b no
doubt that the common oxlip is a hylbrid betwzcn the
cowslip (P. verds, Brit. FL) and the primrose (P.wvul-
garis, Brit. ¥1), as has been surmised by several
botanists. It is probable that oxlips may be produced
either from the cowslip or the primrose and the seel-
hearer, but oftenest from the latter, as [ judge from
the nature of the stations in which oxlips are generally
found,* and from the primrose when crossed by the
cowslip beingmore fertile than, conversely, the eowslip
by the primrose. The hybrids themselves are also
rather more fertile when crossed with the primrose
than with the cowslip. Whichever may be the seed-
bearing plant, the cross is probably between different
forms of the two species; for we have seen that legiti-
mate hybrid unions are more fertile than illegitimate
hybrid unions. Moreover a friend in Surrey fonund
that 29 oxlips which grew in the neighbourhood of
his house consisted of 13 long-styled and 16 short-
styled plants ; now, if the parent-plants had beep
iIlpg[timutelf united, either the long- or slmrt-:-;’f}‘lﬂrI
form wonld have greatly preponderated, as we shal]

#* Sop pleo on this head Hardwicke's ' Seience-Gossip,' 1847 1-,_,-"'

14, 187,
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hereafter see good reason to believe. The case of
the oxlip is interesting ; for hardly any other in-
stance is known of a hybrid spontaneously arising
in such large numbers over so wide an extent of coun-
try. The common oxlip (not the P. datior of Jaeq.)
is found almost everywhere thronghout 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 resi-
dence I have found, during the last twenty-five years,
not more than five or six plants or groups of plants.
It is difficult to conjecture what is the cause of this
difference in their number. It i1s almost necessary
that a plant, or several plants, belonging to the same
form, of one parent-species, should grow near the
opposite form of the other parent-species; and it is
further necessary that both species should be fre-
quented by the same kind of insect, no doubt a moth.
The eause 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 eowslip and primrose differ in the
various characters above specified,—as they are in a
high degree sterile when intercrossed,—as thers is no
trastworthy evidence that either species, when un-
erossed, has ever given birth to the other species or
to any intermediate form,—and as the intermediate
forms which are often found in a state of nature have
been shown to be more or less sterile hybrids of the
first or seefnd generation,—we muost fur the future
look at the .;,:;mllp and primrose as good and true
species,
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Primula elatior, Jacq., or the Bardfield Oxlip, is
found in England only in two or three of the eastern
counties. On the Continent it has a somewhat dif-
ferent range from that of the cowslip and primrose ;
and it inhabits some districts where neither of these
species live.® In general appearance it differs so
much from the common oxlip, that no one aceustomed
to see both forms in the living state could afterwards
confound them; but there is searcely more than a
single character by which they can be distinetly de-
fined, namely, their linear-oblong capsules equalling
the calyx in length.t The eapsules when mature differ
conspicuously, owing to their length, from those of the
cowslip and primrose. With respect to the fortility
of the two forms when these are united in the four
possible methaods, they behave like the other hetern.
styled species of the genus, but differ somewhat (sea
Tables 8 and 12) in the smaller proportion of the il-
legitimately fertilised flowers which set capsules. That
P, elatior is not a hybrid is certain, for when the two
forms were legitimately united they yielded the large
average of 471 seeds, and when illegitimately united
355 per capsule; whereas, of the four possible unjons
(Table 14) between the two forms of the common ox-
lip which we know to be a hybrid, one alone yvielded
any seed ; and in this case the average number was
only 116 per capsule. Moreover I eould not detect
a single bad pollen-grain in the anthers of the short-
styled P. elatior ; whilst in two short-styled plants of
the common oxlip all the greins were bwid, a8 wene
a large majority in a third plant. As the common

* For England, soe Hewett . 1R5%8, p. 142, P'r'l];e Alps, soy
Watsnn, * Cybele Britannien,” wvol.  * Ann, _nnn[ Mazr. Nat. Hist! v,
il 1849, ]1.,' 202, For the Con- 1ix. 1!-‘-12r~ PP lfli'.‘n and 515
tinent, see Lecoq, *Geéograph. ! + ]-F:Jhlu_';fﬂ]].fl‘!ITJl'lll._I-'l] of Brit.
Botanique de 'Earope,’ fom. viii.  ish Botany," 1851, p. 258,
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oxlip is a hybrid between the primrose and cowslip, it
is not surprising that eight long-styled flowers of the
primrose, fertilised by pollen from the long-styled
common oxlip, produced eight capsules (Table 18),
containing, however, anly a low average of seeds ;
whilst the same number of flowers of the primrose,
similarly fertilised by the long-styled Bardfield oxlip,
produced only a single capsule; this latter plant
being an altogether distinet 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,}

. plants may be oceasionally 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 snch 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. datior and veris.

Finally, although we may freely admit that Primula
veris, vulgaris, and elatior, as well as all the other
gpecies 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 ag fixed
in character as are many others which are universally
ranked as true species. Consequently they have as
good a right to receive distinet specific names as have,
for Tmshamee, the aes, quarrs, wnd b,

Mr. Scott has arrived at some interesting results by
»

* Bee Mr. H. Doubleday in the  p. 462, :
" Gordenpr's Chroniels,” 1867, p. E $ * Phytologist,’ vol, i. p. 1001,
435, also Mr. W, Marshall, ibid,  and vol. iii. p. 605
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crossing other heterostyled species of Primula.®* I
have already alluded to his statement, that in four
instances (not to mention others) a species when erossed
with a distinet one yielded a larger number of sceds
than the same species fertilised illegitimately with its
own-form pollen, though taken from a distinet plant.
It has long been known from the researches of Kélreuter
and Giirtner, that two species when crossed reciprocally
sometimes differ as widely as is possible in their fer-
tility : thus A when ecrossed with the pollen of B will
yield a large number of seeds, whilst B may be crossed
repeatedly with pollen of A, and will never yielda 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 erossed
with o homostyled species. But the results are much
more complicated than with ordinary plants, as twe
heterostyled dimorphic species ean be intercrossed in
eight different ways. 1 will give one instance from
Mr. Seott. The long-styled P. hivsute fertilised legi-
timately and illegitimately with pollen from the two
forms of I'. auwricula, and reciprocally the long-styled
P. auricula fertilised legitimately and illegitimately
with pollen from the two forms of P. lirsuta, did
not produce a single seed. Nor did the shnrt.
styled P. lirsuta when fertilised legitimately and
illegitimately with the pollen of the two forms of
P. auricwla. On the other hand, the Sh”"ﬁ*ﬂ}’luzl
P. auricula fertilised with pollen from the long-st yled
P. hirsute yielded capsules containing on an average
no less than 56 seeds; ; mud the shurt-st}f!ml P.

A

aunriewle by pollen of the sllurtv'itjlul P, hivsugg ™,
1
yielded {'.!'LPEIITL:E containing on an ‘l"rttl‘-l"ﬂ 42 seeds f

# ¢ Tourn. Linn. Soe. Dot vol. viii, 1864, p. 93 to end.
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per eapsule.  So that out of the eight possible unions
between the two forms of these two species, six
were utterly barren, and two fairly fertile. We have
seen also the same sort of extraordinary irregularity in
the results of my twenty different crosses (Tables
14 to 18), between the two forms of the oxlip, prim-
rose, and cowslip. Mr. Scott remarks, with respect
to the results of his trials, that they are very surprising,
as they show us that *the sexual forms of a species
manifest in their respective powers for econjunection
with those of another species, physiological peeuliari-
ties which might well entitle them, by the eriterion of
fertility, to specific distinetion.”
Finally, although P. veris and vulgaiis, when crossed
Aegitimately, and especially when their hybrid offspring
are ecrossed in this manner with both purent-species,
were decidedly more fertile, than when crossed in an

Ulegitimate manner, and although the legitimate cross

effected by Mr. Scott between P, awrienla and hirsuta
was more fertile, in the ratio of 56 to 42, than the
legitimate cross, nevertheless it is very doubtful,
from the extreme irregularity of the results in the
various other hybrid erosses made by Mr. Seott, whether
1t can be predicted that two heterostyled species are
generally more fertile if erossed legitimately (i.e. when
Opposite forms are united) than when crossed illegiti-
mately.

Supplementary Nots on some wild liglirid Verbascums.

In an early part of this chapter I remarked that few
other instances conld bLe given of a hybrid spontane-
Ously ﬂrisblg?n such large numbers, and over so wide an
#xtent of eountry, as that of the common oxlip ; but per-
haps the number of well-ascertained cases of naturally
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produced hybrid willows is equally great.®*  Numerous
spontaneous hybrids between several species of Cistus,
found near Narbonne, have been carefully described
by M. Timbal-Lagrave.t and many hybrids between an
Aperas and Orchis have been ohserved by Dr. Weddell.£
In the genus Verbascum, hybrids are supposed to have
often originated§ in a state of nature ; some of these un-
doubtedly are hybrids, and several hybrids have origi-
nated in gardens; but most of these cases require,| as
Girtner remarks, verification. Hence the following
ease is worth recording, more especially as the two
species in question, V. thapsus and lyehnitis, are per-
fectly fertile when inseets ave excluded, showing that
the stigma of each flower receives its own pollen.
Moreover the flowers offer only pollen to insects, and ]
have not been rendered attractive to them by secret.
ing nectar,

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 V. thapsus. Tt
attained the height (by measurement) of 8 feet! It
was covered with a net, and ten flowers were fertilised
with pollen from the same plant; later in the season,
when uncovered, the flowers were freely visited by
pollen-collecting bees ; nevertheless, althongh many
capsules were produced, not one contained a single
seed, During the following year this same plant was

* Max Wichura, * Die Bastard- & Sre, for insfance, the  Eng.
befruchtung, &e., der ‘Weiden! lish Flora,' by Bir J. E. Bmi,
18645, 1824, vol. L. p. 897, '

£ *Mim. de1'Arad. desBcionces | Bee Girtner, * Bastarderzsg,

de Toulonee, 5 serie, tom. v-p, 28, gung,” 1849, p. 590,
1 *Annnles dea Se. Nat' 3¢
adtie, But, tow, xviii. p. 6.
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left uncovered near plants of V. thapsus and lyelnitis ;
but again it did not produce a single seed. Four
flowers, however, which were repeatedly fertilised
with pollen of V. lyehnitis, whilst the plant was tem-
== porarily kept under a net, produced four capsules,
which contained five, one, two, and two seeds; at the
same time three flowers were fertilised with pollen of
V. thapsus, and these produced twon, two, and three
seeds, © To show how unproductive these seven capsules
were, I may state that a fine capsule from a plant of
V. 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 V. thapsus and lychnitis, as well as
thirty-three plants intermediate in character between
“these two species. These thirty-three plants differed
much from one another. In the branching of the stem
they more closely resembled V. lychnitis than V. thapsus,
but in height the latter species. In the shape of their
leaves they often closely approach F. lyehnitis, but
some had leaves extremely woolly on the upper surface
and decurrent like those of V. thapsus ; yet the degree
of woolliness and of decurrency did not always go
together, In the petals being flat and remaining
open, and in the manner in which the anthers of the
longer stamens were attached to the filaments, these
phmts.all took more after V. lyehnitis than V. 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 V. lychnitis than V. fhapsus.
On the supposition that they were hybrids, it is not an
anomalous cireumstance that they should all have pro-
duced yellow® flowers; for Girtner crossed white and
Yellow-flowered varieties of Verbascum, and the off-
spring thus produced never bore flowers of an inter-
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mediate tint, but either pure white or pure yellow
flowers, generally of the latter eolour.®

My observations were made in the autumn ; so that
I was able to collect some half-matured eapsules from
twenty of the thirty-three intermediate plants, and
likewise capsules of the pure V. lychnitis and thapsus
growing in the same field. All the latter were filled
with perfect but immature seeds, whilst the capsules
of the twenty intermediate plants did not contain one
single perfect seed. These plants, consequently, were
absolutely barren. From this fact,—from the one plant
which was transplinted into my garden yielding when
artificially fertilised with pollen from V. fyehnitiz and
thapsus some seeds, though extremely few in number,—
from the circumstances of the two pure species growing
in the same field,—and from the intermediate charactep
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 ineclined to believe they
were descended from V. thapsus as the seed-bearer, and
V. Iyehnitis as the pollen-bearer.

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

* & Bustardergengung,’ po 307. Bmith,' vol. f9p 210, 1 Wiy

+ This wns lirst observerd hF goided to these referencps by the
Corren de Berra: eea 8ir J. B Rew. W. A. Leighton, whn g
Smith's * English Flora,' 1824, vol.  served thissame plienomenon wig,
Lope 311; also *Life of Bir J. BE. V. virgatun.
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off, however often and severely the stem may be struek.
In this eurious property the above-described hybrids
took after V. thapsus ; for I observed, to my surprise, that
when T lm'l]erl off the fiower-buds round the flowers
which T 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. Firsf, from the number found in various parts
of thesame moderately-sized field. That they owed their
origin to insects flying from flower to flower, whilst eol-
lecting polle, there can be no doubt. Although in-
seets thus rob the flowers of a most precious substance,
yet they do great good; for as I have elsewhere
shown,* the seedlings of V. thapsus raised from flowers
fertilised with pollen from another plant, are more
* ¥igorous than those raized from self-fertilised flowers.
~ But in this perticular instance the insects did great
harm, as they led to the production of utterly barren
plants, = Secondly, these hybrids are remarkable from
differine much from one another in many of their
characters; for hybrids of the first generation, if
raised from unenltivated plants, are generally uni-
form in character. That these hybrids belonged to
the first generation we may safely conclude, from the
absolute sterility of all those observed by me in a state
of nature and of the one plant in my garden, excepting
when artificially and repeatedly fertilised with pure
pollen, and then the number of seeds produced was
extremely small.  As these hybrids varied so much, an
almost perfectly graduated series of forms, connecting
together the two w 1(11‘*1}7 distinet parc-nt%pecleﬂ could

€asily have been selected. This case, like that of
the common Yoxlip, shows that botanists ought to be

* ¢ The Effcets of Cross ond Self-fertilisation,’ 1576, p- 89
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cautions in inferring the speeific identity of two forms
from the presence of intermediate gradations; nor
would it be easy in the many eases in which liybrids are
moderately fertile to detect a slight degree of sterility in
such plants growing in a state of nature and liablé to be
fertilised by either parent-species. Thirdly and lastly,
these hybrids offer an excellent illustration of a state-
ment made by that admirable observer Girtner, namely,
that although plants which can be crossed with ease
generally produce fairly fertile offspring, yet well-
pronounced exceptions to this rule oceur; and here we
have two species of Verbascum which evidently eross
with the greatest ease, but produce hybrids which are
excessively sterile.
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CHAPTER TIIL

HererosTVLED Diorrimne PrasTa—continied,

Linum grandiflornm, 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—Pulmonnria officinalis,
singular difference in self-fortility between the Enelish and Gormun
long-styled plants—Pulmonaria sngustifolia shown to be o distinet
Bpecies, long-styled form completely self-sterile—Polygonum fago-
pyrmn—Yurions ather hoterostyled genera—Rubineen —Mitchelln
repens, fertility of the flowers in  pairs—Houstonio—Faramen,
remarkable differance in the pollen-gmins of the two forms; tor-
sion of the stamens in the ahort-styled form alone; development
not aa yet perfoct—The heterostyled structure in the several
Ruobinceons genera nok due to descent in common.

It has long been known® that several species of
Linum present two forms, and having observed this
fact in L. flavum more than thirty years ago, I was
led, after ascertaining the nature of heterostylism in
Primula, to examine the first species of Linum which
I met with, namely, the beautiful L. grandiflorum.
This plant exists under two forms, occurring in about
equal numbers, which differ little in structure, but
greatly in function. The foliage, corolla, stamens, and
Pollen-graing (the latter examined both distended with
Witter and dry) are alike in the two forms (Fig. 4).
The difforence is confined to the pistil ; in the short-
“t¥led form the styles and the stigmas are only about

Alf the length of those in the long-styled. A more

th- Trovimnug has shown that  origioal paper, *Bot. Zeitung,
1538 the case in Lis review of my 1863, p. 183
LE}
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important distinetion is, that the five stigmas in the
short-styled form diverge greatly from one another,
and pass out between the filaments of the stameuns,

Fig. 4.

Long-stylad form. Short-atyled form. o i
5 & stigmas.
LINUM GRANDIFLORDM.

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’ extremitics projecting even a little above
the anthers, or reaching up only to about their middle,
Nevertheless, there is never the slightest difficulty in
distingnishing between the two forms ; for, besides the
difference in the divergence of the stigmas, those of
the short-styled form never reach even to the bases
of the anthers, In this form the papille on the stig-
matic surfaces are shorter, darker coloured, and more
crowded together than in the lungaﬂtyleﬂ form ; bt
these differences seem due n{ern?l}' to the shorteniy

of the stigma, for in the Y!’lrletlfi‘.‘i of the ]nngﬁtﬂﬂd
form with shorter stigmas, t}lI{;‘. papille are more erowde
and darker-coloured than in those with the longer
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stigmas. Considering the slight and variable differ-
ences between the two forms of this Linum, it is not
surprising that hitherto they have been overlooked.
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. 1 marked twelve flowers, and
placed on their stigmas a little pollen from the short-
styled plants. The pollen of the two forms is, as
stated, identical in appearance; the stigmas of the
long-styled flowers were already thickly covered with
their own pollen—so thickly that T could not find one
bare stigma, and it was late in the season, namely,
_September 15th. Altogether, it scemed almost childish
to expect any result. Nevertheless from my experi-

- ments on Primula, T had faith, and did not hesitate to

X

make the trial, but certainly did not anticipate the
full result which was obtained. The germens of these
twelve flowers all swelled, and ultimately six fine cap-
sules (the seed of which germinated on the following
¥ear) and two poor eapsules were produced ; only four
capsules shanking off. These same two long-styled
plants produced, in the course of the summer, &
Vast number of flowers, the stigmas of which were
Covered with their own pollen; but they all proved
ﬂkﬁtﬁluh}]}r L“H'l‘ﬁ'n, and their germens did not even
swel],

The nine other plants, six long-styled and three
shﬂ“'“ﬁ']ﬂd; grew not very far apart in my flower-
f.‘:nl:-ru, Four of these long-styled plants produced no
ihe’:l"-'apsu]us i the fifth produced two ; and the remain-
a5 e prew so close to a short-styled plant that
their brancheg touched, and this produeed twelve cap-

sules, but they werepoor ones. The case was different
o 2
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with the short-styled plants. The one which grew
close to the long-styled plant produced ninety-four
imperfectly fertilised capsules containing a multitude
of bad seeds, with a moderate number of good ones.
The two other short-styled plants growing together
were small, being partly smothered by other plants;
they did not stand very close to any long-styled plants,
yet they yielded together nineteen capsules. These
facts seem to show that the short-styled plants are more
fertile with their own pollen than are the 1tn:n:lﬂr-s:t-“.'f]:{ d,
and we shall immediately see that this probably is the
case. But I suspect that the difference in fertility be-
tween the two forms wasin this instance in part due to
a distinet cause. I repeatedly watched the flowers, and
only once saw a humble-bee momentarily alight on
one, and then fly away. If bees had visited the severa]
plants, there cannot be a doubt that the four long-
styled plants, which did not produce a single capsule,
would have borne an abundance. But several times I
saw small diptera sucking the flowers; and these
insects, though.not visiting the flowers with anything
like the regularity of hee-:, wonld earry a little P-Ulleu
from one form to the other, especially when growing
near together; and the stipmas of the short-styled
plants, di\ferginp; within the tube of the corolla, would
be more likely than the upright stigmas of the ]uug-

styled plants, to receive a small quantity of pollen if

brought to them by small insects. Moreover from the
greater number of the long-styled than of the short-
styled plants in the garden, the latter would be morg
Ii]l::]'v 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
hot-bed ; and these consisted of seventeen long- st_r,rlp 4
and seventeen short-styled forms. Seed sown later in the
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flower-garden yielded seventeen lm1g~sty1ml and twelve
short-styled forms. These facts justify the statement
that the two forms are produced in about equal num-
bers. The thirty-four plants of the first lot were kept
under a net which excluded all inseets, except such
minute ones as Thrips. T fertilised fourteen long-styled
flowers legitimately, with pollen from the short-styled,
and got eleven fine seed-capsules, which contained on
an ayerage 8- seeds per eapsule, but only 56 appeared
to be good. It may be well to state that ten seeds is
the maximum production for a capsule, and that our
climate eannot be very favourable to this North-Afriean
plant. On three occasions the stigmas of nearly a
hundred flowers were fertilised illegitimately with their
sown-form pollen, taken from separate plants, so as to
Prevent any possible ill effects from close inter-breed-
ing, Many other flowers were also produced, which, as
before stated, must have received plenty of their own
pollen ; yet from all these flowers, borne by the seven-
teen long-styled plants, only three capsules were pro-
duced. One of these included no seed, and the other
two together gave only five good seeds. It is probable
that this miserable produet of two half-fertile capsules
from the seventeen plants, each of which must have
Produced at least fifty or sixty flowers, resulted from
their fertilisation with pollen from the short-styled
Plflnts by the aid of Thrips; for I made a great
Mistake in keeping the two forms under the same net.
With their branches often interlocking; and it is sur-
['“Efilig that a greater number of flowers were not
Accidently fortilised.

Twelve short-styled flowers were in this instance
Castrated, and afterwards fortilised legitimately with
Pollen from the long-styled form ; and they produced
"tven fine capsules. These included on an average
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7+6 seeds, but of apparently good seed only 48 per
capsule. At three separate times nearly a hundred
flowers were fertilised illegitimately with their own-
form pollen, taken from separate plants; and nu-
merous other flowers were produced, many of which
must have received their own pollen. From all these
flowers on the seventeen short-styled plants only fifteen
capsules were produced, of which only eleven com-
tained any good seed, on an average 4-2 per capsule,
As remarked in the case of the long-styled plants,
some even of these capsules were perhaps the product
of a little pollen accidentally fallen from the adjoining
flowers of the other form on to the stigmas, or trans-
ported by Thrips. Nevertheless the short-styled plants

geem to be slightly more fertile with their own polley.
than the long-styled, in the proportion of fifteen eap.

sules to three: mor can this difference be accounted
for by the short-styled stigmas being move liable to
receive their own pollen than the long-styled, for the
reverse is the ease. The preater self-fertility of the
short-styled flowers was likewise shown in 1861 by
the plants in my flower-garden, which were left to
themselves, and were but sparingly visited by 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
he compared with certainty ; but judging from the
number of good seelds per capsule, the difference wag
at least in the ratio of 100 to 7, and probably muel
greater. &

Hildebrand tested my results, but only on a singls
short-gtyled plant, by fertilising many flowers with
their own-form pollen’; and these did not produce any

&7
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seed. This confirms my suspicion that some of the
few capsules produced by the foregoing seventeen
short-styled plants were the produet of accidental
legitimate fertilisation. Other flowers on the same
plant were fertilised by Hildebrand with pollen from
the long-styled form, and all produced fruit.*

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

First. Pollen from a short-styled plant was placed
on the five stigmas of a long-styled flower, and these,
after thirty hours, were found deeply penetrated by a
multitude of pollen-tubes, far too numerous to be
counted ; the stigmas had also become discoloured
and twisted. 1 repeated this experiment on another
flower, and in eighteen howrs the stigmas were pene-
trated by a multitude of long pollen-tubes. This is
what might have been expected, as the union is a
legitimate one. The converse experiment was likewise
tried, and pollen from a long-styled flower was placed
on the stigmas of a short-styled flower, and in twenty-
four hours the stigmas were discoloured, twisted, and
penetrated by numerous pollen-tubes; and this, again,
is what might have been expected, as the union was
a legitimate one.

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

_® i Pot. Zeitong,' Jon. 1, 18G4, p. 2
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and this was a very short one. To make sure that the
pollen was good, I took in this case, and in most of
the other cases, pollen either from the same anther gr
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.

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

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

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

The following experiments are more striking :—

Siathly. 1 placed own-form pollen on three of the
stigmas of the long-styled flower, and pollen from g
short-styled flower on the other two stigmas. After
twenty-two hours these two stigmas were discoloured,
glightly twisted, and penetrated by the tubes of ny-
merins pollen-grains : the other three stizmas, coverad
with their own-form pollen, were fresh, and all the
pollen-grains were loose; but I did not dissect the
whaole stigma.

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

Bighthly. Experiment repeated, but the stigmas wep,
carefully examined after an interval of only five houpg
and a half. The two stigmas with pollen from ,

b
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short-styled flower were penetrated by innumerable
tubes, which were as yet short, and the stigmas them-
selves were not at all discolonred. The three stigmas
covered with their own-form pollen were not pene-
trated by a single pollen-tube.

Ninthly. 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 gomewhat discolonred and twisted, and
penetrated by many long tubes : the other four stigmas
were quite straight and fresh ; but on dissecting them
I found that three pollen-grains had protruded very
short tubes into the tissue,

Tenthly. Repeated the experiment, with the same

‘result after twenty-four hours, excepting that only two

own-form grains had penetrated the stigmatic tissue
with their tubes to a very short depth. The one
stigma, which was deeply penetrated by a multitude
of tubes from the short-styled pollen, presented a
conspicuous difference in being much curled, half-
shrivelled, and discoloured, in comparison with the
other four straight and bright pink stigmas.

I could add other experiments: but those now
given amply suffice tb show that the pollen-grains of
a Shﬂl‘t-st}'led flower lﬂuuell on the sti.gmll of a long-
styled flower emit a multitude of tubes after an in-
terval of from five to six hours, and penetrate the
tssue ultimately to a great depth; and that atter
twenty-four hours the stigmas thus penetrated change
colour, become twisted, and appear half-withered. On
the other hand, pellen-grains from a long-styled fower
P{acﬂﬂ on its own stigmas, do not emit their tubes
Uter an interval of a day, or even three days; oT 8%
Most only three or four grains out of a multitude emit
their tubes, and these apparently never penetrate the
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stigmatie tissue deeply, and the stigmas themselves
do not soon become discolonred and twisted.

This seems to me a remarkable physiological faet.
The pollen-grains of the two forms are undistinguish-
able under the microseope ; the stigmas differ only in
length, degree of divergence, and in the size, shade of
colour, and approximation of their papille, these latter
differences being variable and apparently due merely
to the degree of elongation of the stigma. Yet we
plainly see that the two kinds of pollen and the two
stigmas are widely dissimilar in their mutual reaction
—the stigmas of each form being almost powerless on
their own, pollen, but causing, through some myste-
rious influence, apparently by simple contact (for I
could detect no viseid secretion), the pollen-grains of.

the opposite form to protrude their tubes, It may be

said that the two pollens and the two stigmas mutually
recognise each other by some means. Taking fertility
a8 the criterion of distinetness, it is no exagreration to
siy that the pollen of the long-styled Linum grandi-
Jorum (and conversely that of the other form) has been
brought to a degree of differentiation, with respect to
its action on the stigma of the same form, correspond-
ing with that existing between the pollen and stigma
of species belonging to distinet genera,

Linum perenne.—This species is conspicuously hete-
rostyled, as has been noticed by soveral authors, The
pistil in the long-styled form is nearly twice as long as
that of the short-styled. In the latter the stirmag are
smaller and, diverging fo a greater degree, pass out
low down between the filaments. T could detect np
difference in the two forms in the size of the stigmatic
papille. In the long-styled form alone the stigmatip
surfaces of the mature pistils twist round, so as tn faca
the circumference of the flower; but to this point I
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ghall presently return. Differently from what oceurs in
L. grandiflorum, the long-styled flowers have stamens
- hardly more than half the length of those in the short-
styled. 'Thesize of the pollen-grains is rather variable ;
after some doubt, I have come to the conclusion that
there is no uniform difference between the grains in
the two forms. The long stamens in the short-styled
form project to some height aboyve the corolla, and
their filaments are coloured blue apparently from ex-
posure to thelight. 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

1 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. Asl
did not expect them to flower so soon, I did not trans-
plant them, and they unfortunately grew with their
branches closely interlocked. All the plants were
covered under the same net, excepting one of each
form. Of the flowers on the long-siyled plants, twelve
were illegitimately fertilised with their own-form pol-
len, taken in every case from a separate plant ; and not
one set a seed-capsule : twelve other flowers were legi-
timately fertilised with pollen from short-styled flowers ;
and they set nine capsules, each including on an
average T good seeds, ten being the maximnm number
ever produced. Of the flowers on the short-styled
plants, twelve were illogitimately fertilised with own-
form pollen, nsmr.[ they yielded one capsule, ineluding
only 3 good seeds; twelve other flowers were legiti-
mately fertilised with pollen from long-styled flowers,
and these produced nine capsules, but one was bad ;
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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 iegitimate 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
vrly three capsules, iuclmling 8,4, and 1 good seeds.
Whether these three capsules were the product of acei-
dental legitimate fertilisation, owing to the branches
of the plants of the two forms interlocking, T 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 ease of L. grandiflorum, that the short-styled
plants are in a slight degree more fertile with their
own pollen than are the long-styled plants. Anyhow
we have the clearest evidenee, that the stigmas of each
form require for full fertility that pollen from the sty.
mens of corresponding height belonging to the opposite
form should be brought to them.

- Hildebrand, in the paper lately referred to, confirmg
my results. He placed a short-styled plant in hig
house, and fertilised about 20 flowers with their gwy

|
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pollen, and about 30 with pollen from another plant
belonging to the same form, and these 50 flowers did
not zet a single capsule. On the other hand he ferti-
lised about 30 flowers with pollen from the long-styled
form, and these, with the exception of two, yielded
capsules, eontaining good seeds.

It is a singular fact, in eontrast with what oceurred
in the case of L. grandiflorum, that the pollen-grains of
both forms of L. perenne, when placed on their own-
form stigmas, emitted their tubes, though this action
did not lead to the production of seeds. After an
interval of eighteen hours, the tubes penetrated the
stigmatic tissue, but to what depth T did not ascertain.
In this case the impotence of the pollen-grains on their
~ own stigmas must have been due either to the tubes

not reaching the ovules, or to their not acting pro-
perly after reaching them.

The plants both of L. perenne and grandiflorum grew,
as already stated, with their branches interlocked, and
with scores of flowers of the two forms close together ;
they were covered by a rather coarse net, through which
the wind, when high, passed; and such minute insects
as Thrips could not, of conrse, be excluded ; yet we have
seen that the utmost possible amount of accidental fer-
tilisation on seventeen long-styled plants in the one
case, and on eleven long-styled plants in the other,
resulted in the production, in each case, of three
yoor capsules; so that when the proper insects are
excluded, the wind does hardly anything in the way of
carrying pollen from plant to plant. T allude to this
fuet because botanists, in speaking of the fertilisation
of various flowers, often refer to the wind or to insects
as if the altérnative were indifferent. This view, ac-
cording to my experience, 1s entirely erroneous. When
the wind is the agent in carrying pollen, either from
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one gex to the other, or from hermaphrodite to herma-
phrodite, we can recognise structure as manifestly ad-
apted to its action as to that of insects when these are
the carriers. Wesee adaptation to the wind in the in-
coherence of the pollen—in the inordinate quantity
produced (as in the Conifers, Spinage, &e.),—in the
dangling anthers well fitted to shake out the pollen,—
in the absence or small size of the perianth,—in the
protrusion of the stigmas at the period of fertilisation,
—in the flowers being produced before they are hidden
by the leaves,—and in the stigmas being downy or
plumose (as'in the Gramines, Docks, &e.), so as to
secure the chance-blown grains. In plants which are
fertilised by the wind, the flowers do not secrete nectar,

their pollen is too incoherent to be easily collected by

nsects, they have not bright-coloured corollas to serve
as guides, and they are not, as far as 1 have seen,
vigited by insects. When inseets are the agents of fer-
tilisation (and this is incomparably the more frequent
case with hermaphrodite plants), the wind plays no
part, but we see an endless number of adaptations to
ensure the safe transport of the pollen by the living
workers. These adaptations are most easily recognizsed
in irvegular flowers: but they are present in regular
flawers, of which those of Linum offer a good instanece,
as I will now endeavour to show.

I have already alluded to the rotation of each sepa-
rate stigma in the long-styled form of Linum perenne.
In both forms of the other heterostyled species and in
the homostyled species of Linum which I have seen,
the stigmatic surfaces face the centre of the flower,
with the furrowed backs of the stigmas, to which the
styles are attached, facing outwards. THhis is the Cilsg
with the stigmas of the long-styled flowers of I,
perenne whilst in bud. But by the time the flowers

1
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have expanded, the five stigmas twist round so as to
face the circumference, owing to the torsion of that
part of the style which lies beneath the stigma. I
should state that the five stigmas do not always turn
round completely, two or three sometimes facing
only obliquely outwards. My observations were made
during October ; and it is not improbable that earlier
in the season the torsion would have been motfe com-
plete; for after two or three cold and wet days the
movement was very imperfectly performed. The
flowers should be examined shortly after their ex-
pansion, as their duration is brief; as soon as they
begin to wither, the styles become spirally twisted
all together, the original position of the parts being

; thus lost.

He who will compare the structure of the whole
flower in both forms of L. perenne and grandiflorwm,
and, as I may add, of L. jlavwm, will not doubt about
the meaning of this torsion of the styles in the one
form alone of L. perenne, as well as the meaning of
the divergence of the stigmas in the short-styled
form of all three species. It is absolutely necessary,
as we know, that insects should carry pollen from
the flowers of the one form reciprocally to those of
the other. Insects are attracted by five drops of
hectar, secreted exteriorly at the base of the stamens,
80 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
Uprizht and central position, not only would the stig-
Mas have presented their backs to the insects which
Sucked the flowers, but their front and fertile surfaces
Would have been separated from the entering 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 move-

ment the short stigmas lie within the tube of the .

corolla ; and their papillous surfaces being now turned
upwards are necessarily brushed by every entering
insect, and thus receive the required pollen.

In the long-styled form of L. grandiflorum, the
almost parallel or slightly diverging anthers and
stigmas project a little above the tube of the somewhat
concave flower ; and they stand directly over the open
space leading to the drops of nectar. Consequently
when insects visit the flowers of either form (for the
stamens in this species occupy the same position in
both forms), they will get their foreheads or proboscides

well dusted with the coherent pollen.  Assoon as they

visit the flowers of the long-styled form they will
necessarily lenve pollen on the proper surface of the
elongated stigmas; and when they visit the short-
styled flowers, they will leave pollen on the upturned
stigmatic surfaces. Thus the stigmas of both forms
will receive indifferently the pollen of both forms:
but we know that the pollen alone of the opposite form
canses Tertilisation,

In the case of L. perenne, affairs are arranged more
perfectly ; for the stamens in the two forms stand af
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 hrushed off hy
the rough stigmas of the longer pistils ; whilst pollen
from the anthers of the shorter stamens will adhers to
a different part of the insect’s body, and will afterwards
be brushed off by the sticmas of the slorter Pistils -
and this is what is required for the legitimate ferti]i,su,:
tion of both forms. The corolla of Le perenne is mare

v
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expanded than that of L. grandiflorum, and the stigmas
of the long-styled form do not diverge greatly from
one another; nor do the stamens of either form.
Hence insects, especially rather small ones, will not
insert their proboscides between the stigmas of the
long-styled form, nor between the anthers of either
form (Fig. 5), but will strike against them, at nearly
right angles, with the backs of their head or thorax.
Now, in the long-styled flowers, if each stigma did

Long-styled form of L. PERENNE, T, Austrinoum in its early condition
before the stigmas have rotated.  The petals aud calyx have besn
removed on the near side,*

not rotate on its :1:§i£'rf ingects in visiting them would
strike their heads against the backs of the stigmas ; as
it is, they strike against that surface which is eovered

* T neglected fo get drawings  from published engravings. His
made from fresh flowers of the two  well-knnwn skill ensiires sceuracy
‘. forms. But Mr. Fitch bos made in the proportional size of thy

‘the ahove sketch of a long-styled  parts,
fower from dried specimens and
H
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with papille, with their heads already charged with
pollen 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 togsion
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 botanieal works
many flowers are said to be fertilised in the bud. This
statement generally rests, as far as I can discover, on
the anthers opening in the bud; no evidence being
adduced that the stigma is at this period mature, or
that it is not subsequently acted on by pollen brought
from other flowers. In the ease of Cephalanthera
grandiflora T have shown®* that precocious and partial
self-fertilisation, with subsequent full fertilisation, is®
the regular course of events. The belief that ﬂ:m}
flowers of many plants are fertilised in the bud, that &
ig, are perpetually self-fertilised, is a most effectual bar
to understanding their real structure. I am, however,
far from wishing to assert that some flowers, durin
certain seasons, are not fertilised in the bud; for T
have reason to believe that this is the case. A good
observer,t resting his belief on the usunal kind of
evidence, states that in Linum Austrizeum (which is
heterostyled, and is considered by Planchon as a variety
of L. perenne) the anthers open the evening before
the expansion of the flowers, and that the stigmas are
then almost always fertilised. Now we know positively
that, so far from Linum perenne being fertilised by its
own pollen in the bud, its own pollen is as powerless
on the stigma as so much inorganic dust.

Linum flavum—The pistil of the luﬁg-styfud form )_-.

* s Fortilisation of Orechids, t ¢ Etudes sur la Géogr. By
p- 108 —2nd edit. 1877, p. 8& H. Lecog, 1856, tom. v, p. 325, N
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of this speeies is mearly twice as long as that of
the short-styled; the stigmas are longer and the
papille coarser. In the short-styled form the stigmas
diverge and pass out between the filaments, as in the
previous species. The stamens in the two forms differ
in length ; and, what is singular, the anthers of the
longer stamens’ are not so long as those of the other
form ; 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
of its seeding in this country. Certainly my own plants
never produced a single seed as long as I possessed
only one of the two forms, After ‘eonsiderable search
I procured both forms, but from want of time only a few
experiments were made. Two plants of the two forms
WELE planted some way apart in my garden, and were
not covered by nets.  Three flowers on the lung-st]r'}EEl
plant were legitimately fertilised with pollen from the
ghurbst.jf]ed plant, and one of them set a fine capsule.
No other capsules were produced by this plant. Three
flowers on the short-styled plant were legitimately
fertilised with pollen from the long-styled, and all
three pmdﬂeed capsules, containing respectively no
less than 8, 9, and 10 seeds. Three other flowers on
this plant, which had not been artificially fertilised,
lerlluCEd capsules containing 5, 1, and 5 seeds; and
it is quite possible that pollen may have been
_ brought to them by insects from the long-styled plant
growing in the same garden. Nevertheless as they
did not yiell half the number of seeds compared
with the other flowers on the same plant which had
: J,l.u.*.ran artificially and legitimately fertilised, I?JI*“:_-} 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 may have
been the product of self-fertilisation.

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

I have examinead only threse homostyled species,
namely, L. usitatissimum, angustifolium, and eatharti-
ctm. Iraised 111 plants of a variety of the first-named
species, and these, when protected under a net, all
produced plenty of seed. The flowers, according to
H. Miller,§ are frequented by bees and moths, With
respect to L. eatharticum, the same author shows that
the Howers are so constructed that they cun freely
fertilise themselves; but if visited by insects they
might be cross-fertilised, He has, however, only onee
seen the flowers thus visited during the day ; but it

* Honker'a * Lomdon Journal of Journal of Botany,

- e ! 1848, g
Botany," 1848, vol. vii. p. 174 vil, p. 525) to be provides ooy
t ot Zeitung,” Bept. 18th, “saminibus msertll?s.;iu I;lgnThL:lrl
B with “stylia stwninibus longio
t It iz not improbable that the  bue” and another hag = gig
allied genus, Hugouia, is hetero- 5, major, stylos longe supore i
giylid, for one species is suid § ‘Die Befrunh :

Ly Planchon (Hooler's * Londoy men,” &, p. 168,

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

PuLmoNARIA (BORAGINEE).

Pulmonaria offizinalis,—Hildebrand has published {
a full account of this heterostyled plant. The pistil

" of the long-styled form is twice as long as that of the

short-styled ; and the stamens differ in a corresponding,
though converse, manner. There is no marked dif-
ference in the shape or state of surface of the stigma
in the two forms. The pollen-grains of the short-
styled form are to those of the long-styled as 9 to 7,
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 eorolla of the one form differs in shape from that
of the other in nearly the same manner as in Primula;
but besides this difference the flowers of the short-
styled are generally the larger of the two. Hilde-
brand collected on the Siebengebirge, ten wild long-
styled and ten short-styled plants, The former bore
289 flowers, of which 186 (ie. 64 per cent) had set
fruit, yielding 188 seed per fruit. The ten short-
styled plants bore 373 flowers, of which 262 (ie.

® Ptnnuhrrn, in HNkDE‘E ! Lom- n[' Eﬁlﬂnﬂa," wvol. :xrri. SEPt. 1353,
don Journal of Botany,” 1348, vol.  p. 284.

i, m. 175. Bee on this subject + ¢ Bot. Zeitung,' 1865, Jun. 18,

‘g %m}'. in * American Journal  po 18,
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70 per cent.) had set fruit, yieldine 1-86 seed per
fruit. So that the short-styled plants produced many
more flowers, and these set a rather larger proportion

of fruit, hut the fruits themselves yielded a slightly 4
lower average number of seeds than did the long- =
styled plants. The results of Hildebrand’s experiments

on the fertility of the two forms are given in the fol-
lowing table:

Tarre 19,
LPulmonaria oficinalis { from Hildebrand )
| Niumber : Avernge
Numher .
Hature of Tolon. F‘J-:-I'ors of Fruies f:f‘gi'f_f
Tertilised, produced. per ]'-'ru_i:_
Long-styled flowers, by pollen of short- i
styled. TLegitimnbe nnion . . } . 10 o
Long-styled flowers, 14 by own-pollen, E: -
and 16 by pollen of other plant of same 30 0 0
form. Illegitimate upion . . .
Short-styled flowers, by pollen of lung- T
styled. Legitimate union . . } 16 L 14
Short-styled flowers, 11 by own pollen,
14 by pollen of other plant of same a5 i) i)
form. llegitimate npion . . . . .

In the summer of 1864, before I had heard of Hilde-
brand’s experiments, I noticed some long-styled plants
of this species (named for me by Dr. Hooker) growing
by themselves in a garden in Surrey; and to mﬁ
surprise abont half the flowers had set fruit, severa)
of which contained 2, and one contained even 3 seads
These seeds were sown in my gardeg and eley ﬁn; b
seedlings thus raised, all of which proved long-styleq v
in accordance with the usnal rule in such {ms:s. T;\-’ 7
years afterwards the plants were left uncovered, lJ:-]! i.f ;

{
H

\

|
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other plant of the same genus growing in my garden,
and the flowers were visited by many bees. They set
an abundance of seeds : for instance, I gathered from a
single plant rather less than half of the seeds which it
had produced, and they numbered 47. Therefore this
illegitimately fertilised plant must have produced about
100 seeds ; that is, thrice as many as one of the wild
long-styled plants collected on the Siebengebirge by
Hildebrand, and which, no doubt, had been legitimately
fertilised. In the following year one of my plants
was covered by a net, and even under these un-
favourable conditions it produced spontanecusly a
few seeds. It should be observed that as the flowers
stand either almost horizontally or hang considerably
downwards, pollen from the short stamens would be
likely to fall on the stigma. We thus see that the
i Eug]'is].i lung-st}'led plants when illegitimately ferti-
lised were highly fertile, whilst the German plants
similarly treated by Hildebrand were completely
sterile. How to account for this wide discordance in
our results I know mot. Hildebrand eultivated his
plants in pots and kept them for a time in the house,
whilst mine were grown out of doors; and he thinks
that this difference of treatment may have caused
the difference in our results. But this does not appear
to me nearly a sufficient cause, although his plants
were slightly less productive than the wild ones growing
on the Siebengebirge. My plants exhibited no ten-
deney to become equal-styled, so as to lose their proper
laug-gt:r'l{jd character, as not rarely happens under
eultivation with several heterostyled species of Pri-
mula: but it would appear that they had been greatly
affocted in filnetion, either by long-continued cultiva-
tion or by some other cause. We shall see in a
Suture chapter that heterostyled plants illegitimately
8
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fartilised during several successive generations some-
times become more self-fertile; and this may have
been the case with my stock of the present species
of Pulmonaria; but in this case we must assume
that the long-styled plants were at first sufficiently
fertile to yield some seed, instead of being absolutely
self-sterile like the German 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
allied to the last species, differing chiefly in the shape
and spotting of the leaves, that the two have been con-
sidered by several eminent botanists—for instance,
Bentham—as mere varieties. But, as we shall presently
see, Food evidence can be assigned for ranking them-
as distincet. Owing to the doubts on this head, I trieq
whether the two would mutually fertilise one another,
Twelve short-styled Howers of P. angustifolia were
legitimately fertilised with pollen from long-styled
plants of P. officinaliz (which, as we have just seen, are
moderately gelf-fertile), but they did not produce a
gingle fruit. Thirty-six long-styled flowers of P,
angustifolia were also illegitimately fertilised during
two seasons with pollen from the long-styled P.
afficinalis, but all these flowers dropped off unim-
pregnated. Had the plants been mere varieties of
the same species these illegitimate crosses would
probably have yielded some seeds, judging from my
suceess in illegitimately fertilising the long-styled
flowers of P. officinalis ; and the twelve legitimate
erosses, instead of yielding no frait, would .almost
certainly have yielded a considerable number, namely
about nine, judging from the results given in the fu].
lowing table (20). Therefore P, afficinalis and angushis
folia appear to be good and distinet species, iy’
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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-
tifolia differ from one another in structure in nearly
the same manner as those of P. officinalis, But in the
accompanying figure a slight bulging of the corolla

Fig. 6.

Long-styled form. Short-styled form.
PULMONARIA ANGUSTIFOLLA.

in the long-styled form, where the anthers are seated,
has been overlooked. My son William, who examined
a large number of wild plants in the Isle of Wight,
observed that the corolla, though variable in size, was
generally larger in the long-sty}pd flowers than in the
short-styled ; and certainly the largest corollas of all
were found on the long-styled plants, and the smallest
on the short-styled. Exactly the reverse oceurs, ae-
cording to Hildebrand, with P. officinalis. Both the
pistils and stamens of P. angustifolia vary much in
length ; so that in the short-styled form the distance
between the stigma and the anthers varied from 119
to 65 divisions of the micrometer, and in the long-
styled form 115 to 112. From an average of seven

T e
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measurements of each form the distance between these
organs in the long-styled is to the same distance in
the short-styled form as 100 to 69 ; so that the stigma
in the one form does not stand on a level with the
anthers in the other. The long-styled pistil is some-
times thrice as long as that of the short-styled; but
from an average of ten measurements of hoth, its
length to that of the short-styled was as 100 to 56.
The stipma 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 shorg-
styled anthers were to those from the long-styled as
100 to 91 in length. Lastly, the pollen-grains from
the long-styled flowers varied between 13 and 11:5
divisions of the micrometer, and those from the short-
styled between 15 and 13. The average dinmeter of
25 grains from the latter, or short-styled form, was
to that of 20 grains from the lapg-styled as 100 to
91. We see, therefore, that the pollen-grains from
the smaller anthers of the shorter stamens in the long-
styled form are, as usual, of smaller size than those
in the other form. But what is remarkable, a larger
proportion of the grains were small, shrivelled, and
worthless. This could be seen by merely cumlmring
the contents of the anthers from several distinet plants
of each form. DBut in one instance my son found, hy
counting, that out of 193 grains from a long-styled
flower, 53 were bad, or 27 per cent.; whilst out of
265 graing from a short-styled flower only 18 werg

bad, or 7 per cent, From the condition of the pollen

in the long-styled form, and from the extreme varig-
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bility of all the organs in both forms, we may perhaps
suspect that the plsmt is undergoing a chan"e and

tending to become diaeeions.

P

77 short-styled ;
NUmMerous.
by me from seed, only
short-styled.

My son collected in the Isle of Wight on two ocea-
gions 202 plants, of which 123 were ]un.r-ghlod and

so that the former were the more
On the other hand, out of 18 plants raised
4 were long-styled and 14
The short-styled plants seemed to my

son to produce a greater number of flowers than the
long-styled ; and he came to this conclusion before a
gimilar statement had been published by Hildebrand
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 Hilde-
brand, is even greater, namely, as 100 flowers for the
short-styled to 77 for the long-styled plants. The
following table shows the results of my experi-
ments ;—

TasLe 20.
Pulmoiarie angustifolia,

Hun}mr Number -\-'Lr:;'rngunr
i 0 of nmber
Efatuce of Uniod, Flowors | Fruoits Seala
fertilised, | produced. ! per Fruit.
Long-styled flowers, by Emllen of short- % ai11
ah]nﬂ Leqlt:mu.t-. union .. . r =
Long=sty ln:\d fHowers, by own-form J_ILI!]L]I. 18 0 G
Illegitimnks union .
. Bhort-atyled ﬂunem. by pollen of long- 15 |- a0
styled, Legitifiate unicn . b
bhurhsu]q il flowers, Iy awn-form pnl]nn} | 2 10860

As

Ilegitimnte union




108 HETEROSTYLED DIMORPHIC PLANTS. Cuar IOIL

We see in this table that the fertility of the two
legitimate unions to that of the two illegitimate
together is as 100 to 85, jndged by the proportion of «
flowers which produced fruit : andas 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 aecidental, and
if s0, the difference in the proportion of legitimately
and illegitimately fertilised flowers which yield frait is
really greater than that represented by the ratio of
100 to 35. The 18 long-styled flowers illegitimately
fertilised yielded no seeds,—not even a vestige of one.
Two long-styled plants which were placed under a net
produced 138 flowers, besides those which were arti-
ficially fertilised, and none of these set any fruit; n
did some plants of the same form which were pros
tected during the next summer. ‘I'wo other long-
styled plants were left uncovered (all the short-styled
plants having been previously covered up), and
humble-bees, which had their foreheads white with
pollen, incessantly visited the flowers, so that their
stigmas must have received an abundance of pollen,
yet these flowers did not produce a single fruit, W
may therefore eonclude that the long-styled plants
are &hm:httaol}r barren with their own-form pollen,
thongh brought from a distinet plant. In this re-
spect they differ greatly from the long-styled English
plants of P. officinalis which were found by me to
be moderately self-fertile; but they agree in their
behaviour with the German plants of P officinalis
experimented on by Hildebrand.

Eighteen short-styled flowers legitimgtely fertiliseq
yielded, as may be seen in Table 20, 15 fruits, each
having on anaverage 26 gseeds.  Four of these fruitg
contained the highest possible number of seeds, namel y
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4, and four other fruits contained each 3 seeds. The
12 illegitimately fertilised short-styled flowers yielded
@1 fruits, including on an average 186 sceds ; and one
}, of these frnits contained the maximum number of
™ 4 seeds. This result is very surprising in contrast
with the absolute barrenness of the long-styled flowers
when illegitimately fertilised ; and T was thus led to
attend carefully to the degree of self-fertility of the
short-styled plants. A plant belonging to this form and
covered by the 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 suffi-
cient quantity. For after carefully covering all the
Y/ long-styled plants in my garden, several short-styled
plants were left exposed to the visits of humble-bees,
and their stigmas will thus have received plenty of
short-styled pollen; and now about half the flowers,
thus illegitimately fertilised, set fruit. I judge of this
proportion partly from estimation and partly from
having examined three large branches, which had borne
31 flowers, and these produced 16 fruits. Of the fruits
produced 233 were collected (many being left un-
gathered), and these included on an average 1-82
seeds. No less than 16 out of the 233 fruits included
the highest possible number of seeds, namely 4, and
81 ineluded 3 seeds. So we szee how highly fertile
these short-styled plants were when illegitimately fer-
tilised with their own-form pollen by the aid of bees.
The great difference in the fertility of the long and
short-styled flowers, when both are illegitimately fer-
Xtilised, is a unfque case, as far as I have observed with
heterostyled plants. The long-styled flowers when thus
‘ttilised are utterly barren, whilst about half of the
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short-styled ones produce capsules, and these inelude a
little above two-thirds of the number of seeds yielded
by them when legitimately fertilised. The sterility of
the illegitimately fertilised long-styled flowers is prob-
ably increased by the deteriorated condition of their -/
pollen ; nevertheless this pollen was highly efficient
when applied to the stigmas of the short-styled flowers.
With several species of Primula the short-styled
flowers are much more sterile than the long-styled,
when both are illegitimately fertilised ; and it is a
tempting view, as formerly remarked, that this greater
sterility of the short-styled flowers is a special adapta-
tion to check self-fertilisation, as their stigmas are
eminently liable fo receive their own pollen. This view
is even still more tempting in the case of the long-
51;.3-1{_-(1 form of Linum grandiflorum. On the othep'y
hand, with Pulmonarin augustifolia, it is evident, from Y
the corolla projecting obliquely upwards, that pollen
is mmeh more likely to fall on, or to be carried by
insects down to the stigma of the short-styled than of
the long-styled flowers; yet the short-styled instead
of being more sterile, as a protection against self-ferti-
lisation, are far more fertile than the long-styled,
when both are illegitimately fertilised.

Pulmonaria azurea, according to Hildebrand, is not
heterostyled.®

From an examinntion of dried flowers of Amsinckin speetulilis
gent me by Prof. Ass Gray, I formerly thought that thig plzl.nt:
g member of the Bornginem, was heterostyled, The IJiE'-tilr
varics fo an extraordinary degree in length, being in some
gpecimens twice as long as in others, and the point of ingertion
of the stamens likewise varies. But on rmising many plapt.
from secd, I soon became convineed that the whole cpae wtb‘
cne of mere variability, The first-formed flowers ara l:tl}t :i

* i Die Geschlechter-Vertheilung bei den Pilanzen,’ 1567, 87
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have stamens somewhat arrested in development with very
little pollen in their anthers; and in such flowers the stigma
projects abave the anthers, whilst generally it stands below and
sometimes on a level with them. T could detect no differcnce
in the size of the pollen-grain or in the structure of the stigma
in the plants which differed most in the above respects; and all
of them, when protected from the access of insects, yielded
plenty of seeds. Again, from statements made by Vaucher, and
from o hasty inspection, I thought at first that the allied
Anehuse arvensis and Eekinm vilgere were heterostyled, but soon
gaw my error. From information given me, T examined dried
flowers of another member of the Borazinem, drnebic hiispidis-
sima, collected from geveral sites, and though the corolla, to-
gether with the included organs, differed much in length, there
waz 1o sign of heterostylism.

PoLyaoxuM FAGOPYRUM (PoLyGoNacm).

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

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

Three flower-heads on long-styled plants received

* i Dig Gesehlechter-Vertheilong,' &v., 1867, p 84
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pollen in the same manner from other long-styled
plants, and were thus illegitimately fertilised. They
produced 14 seeds, or only 4 * 66 per flower-head.

Two flower-heads on short-styled plants received
pollen in like manner from long-styled flowers, and
were thus legitimately fertilised. They produced 8
seeds, or 4 per flower-head.

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

Porvgoxus FacopyRUM. (From H. Miller.)

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

The result from fertilising the flowertheads in the .

above imperfect manner cannot be fully trusted ; by
I may state that the four legitimately fertilised flower.

A
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heads yielded on an average 7+50 seeds per head;
whereas the seven illegitimately fertilised heads
yielded less than half the number, or on an average
only 328 seeds. The legitimately crossed seeds from

“the lullg-si‘}ried flowers were finer than those from the

R )

L

1
i

illegitimately fertilised flowers on the same plants, in
the ratio of 100 to 82, as shown by the weights of an
equal number. y

About a dozen plants, ineluding both forms, were
protected under nets, and early in the season they pro-
duced spontaneonsly hardly any seeds, though at this
period the artificially fertilised flowers prodnced an
abundance ; but it is a remarkable fact that later in
the season, during September, both forms became
highly self-fertile, They did not, howeyer, produce
80 many seeds as some neighbouring uncovered plants
which were visited by insects. Therefore the flowers
of neither form when left to fertilise themselves late
in the season without the aid of inseets, are nearly so
sterile as most other heterostyled plants, A large
number of insects, namely 41 kinds as observed by
H. Miiller,* visit the flowers for the sake of the eight
drops of nectar. He infers from the structure of the
flowers that insects would be apt to fertilise them both
Ulegitimately as well as legitimately ; but he is mis-
taken in snpposing that the long-styled flowers cannot
Spontanesusly fertilise themselves.

}Hﬁlarently to what occurs in the other gemerd
hitherto ynotieed, Polygonum, though a very large
BB, contains, as far as is ot present known, only 2
Sgle hoterostyled species, namely the present one.

v Méller in his interesting  description of several

" -, -
* “Die Defruchtung,' &e., p. 175, aud * Nature,' Jan, 1, 1574 p. 106
f 1
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other species shows that P, Listorfa is so strongly pro-
terandrous (the anthers generally falling off before the
stigmas are mature) that the flowers must be ecross-
fertilised by the many insects which visit them. Other
species bear much less conspicuous flowers which se- *
crete little or no nectar, and consequently are rarely
visited by insects; these are adapted for self-fertilisa-
tion, though still capable of cross-fertilisation. Ae-
cording to Delpino, the Polygonacem are generally
fertilised by the wind, instead of by insects as in the
Present genus,

Levcosura BurNeETTIANA (THYMELIR).

As Prof. Asa Gray has expressed his belief ® that this species
and L. acuminata, as well as some species in the allied geyye
Drymispermum, are dimorphic or heterostyled, T procumeg ¥y
from Kew, through the kindness of Dr. Hooker, two drisg
flowers of the former specics, 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 stigmn
projects just above the throat of the corolls, and is surronnded
by five anthers, the tips of which reach up almost to itz base ;
and lower down, within the fubular corolla, five other and
rather smaller anthers are seated. In the short-styled form,
the stigma stands some way down the tubeof 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 80,
The anthers of the npper stamens in the short-styled form are
guppurtull on frea fillaments, 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 npper stamens of the other form,
The diameters of a considerable number of grains from both gate
of anthers in both forms were measured, but they did not diffay
in any trustworthy degree. The mean diameter of twﬂmf‘twu \

= ¥ ¥

* ¢ American  Journal of 8ei-  ‘Journal of Botuny, vol. iii, 18gs -
ence,” 18G5, p. 101, and Beemann's  p. 305
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grains from the short-strled flower was to that of twenty-four
grains from the long-styled, as 100 to 99, The anthers of
the upper stamens in the short-styled form appeared to be
poorly developed, and contsined & econsiderable number of
shrivelled grains which wers omitted in striking the above
average. WNotwithstanding 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
etigma, together with its more papillose condition in the short-
styled form, that the present species is truly heterostyled. This
ense resembles that of Linwm grandiforunm, in which the sole
difference between the two forms consists in tha length of the
pistils and stigmas. From the great length of the tubular
corolls of Leucosmia, it i5 clear that the flowers Are Cross-
fertilised by large Lepidoptera or by honey-sneking birds, and
the position of the stamens in two whorls one beneath the

Ather, which jsa character that T have not seen in any other
- heterostyled dimorphic plant, probably serves to smear tle

inserted organ thoroughly with pollen.

MENFANTHES TRIFOLIATA {GERTIANER).

This plant inhabits marshes: my son William gathered 247
flowers from so many distinet plants, and of thess 110 were
long-styled, and 187 short-styled. The pistil of the long-stylud
form is in length tothat of the short-styled in the ratio of about
3102 The stizma of the former, as my son obeerved. is deci-
dedly Jarger than that of the short-styled ; but in both forms it
varies much in size, The stamens of the ehort-styled are almnst
double the length of those of the long-styled; so that their
anthers stand rather above the level of the stigma of the long-
styled form. The anthers also vary much in size, but seem
often o be of Jarger size in the short-styled flowers, My son
made with the pamern many drawings of the pollen-grains,
and those from the short-styled flowers wers in dinmefer in
'I;‘:"“TIF the ratio of 100 to 84 to thoze from the lﬂng—lft}']‘-“:d
ﬂ?wﬁm I know nothing about the capacity for fertilisation in

@ two forms; hat short-styled plants, living by themselves in

€ Bardens at Kew, have produced an almndanee of capsules,

Pt the seads have never perminated ; and this looks as if the

shortstyleg form was sterile with its own pollen.

12
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LiuyAsTaENUM INDICUM (GENTIANRE).

This plant iz mentioned by Mr. Thwaites in his Ennmeration
of the Plants of Ceylon as presenting two forme: 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 (ie as 14 ta §)
as that of the short-styled, and is very mueh thinner in the
ratio of about 3 to 5. The folineeons stizma is more expanded,
and twice as large as that of the short-styled form. In the
latter the stamens are ahout twice as long as those of the long-
styled, and their anthers are larger in the ratio of 100 fo 70,
The pollen-grains, after having been lowg kept in spirits, wera
of the same shape and size in both forms. The ovales, accord-
ing 1o Mr. Thwaites, are equally numerons (viz. from 70 to 80)
in the two forins.

Virrarsia [sr. 7] (GESTIANER).

Fritz Miiller sent me from South Brazil dried flowers of this
aguatic plant, which is closely allied to Limnanthemum, Inthe
long-styled form the stigma stands some way above l]"lwfhm_.‘
and the whole pistil, together with the ovary, is in length to
that of the short-styled form as about 3 to 2 In the lattep
form the anthers stond above the stigma, and the style is very
ghort and thick; ut the pistil varies a good deal in length,
the stigma being either on o level with the tips of the sepals
or considerably beneath them. The folinceous stigma in
the long-styled form is larger, with the expansions running
farther down the style, than in the other-form. One of the most
remarkable differences between the two forms iz that the anthers
of the longer stamens in the short-styled flowers are Congpien-
ously longer than those of the shorter stamens in the long-styled
flowers. In the former the sub-triangular pollen-graing are
larger ; the ratio between their breadth (measured from one
angle fo the middle of the opposite side) and that of the Eraing
from the long-styled flowers being abont 100 to 75, Fritz
Miiller also informs me that the pollen of the short-styled
fAowers hasa bluish fint, whilst that of the Iong-styled is yollow.,
When we treat of Lythrim saliceria wo ghall find g =
marked eontrast in the eolour of the pallen in two of {h

The three genera, Menyanthes, Limnanthensim, and Villarsjg
now deseribed, constitute a well-marked sab-trilo of the Gey.
tianem. All the species, as far as at present known, are X
styled, and all inhabit aquatic or sub-aquatic stations,

tromgly
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ForsYTHIA SUSPENSA (OLEACEE).

Professor Asa Gray states that the plants of this species grow-
ing in the Botanic Gardens at Cambridge, U.8., are short-styled,
but that Siebold and Zucearini describe the Iong-styled form,
and give figures of two forms; so that there can be little doubt,
as he remarks, about the plant being dimorphie.* I therefore
applied to Dir. Hooker, who sent me a dried flower from Japan,
another from China, and ancther from the Botanic Gardens at
Eew. 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 stig'mu
being & little longer (as 10 to 9), but narrower and less diver-
gant. 'This last character, however, may be only a temporary
gne.  There seems to be no difforonce in the papilluse condition
of the two gtigmas. In the short-styled form, the stamens are
in Tength to those of the long-styled as 100 to 65, but the anthers
ara shortor in the ratio of 87 to 100; and this is nunusnal, for
when there is any difference in size between the anthers of the
two forms, those from the longer stamens of the shozt-styled are
penerally the longest. The pollen-graing from the short-styled
flowers are certainly larger, but only in a slight degree, than
thoge from the long-styled, namely, as 100 to 9 in diameter.
The short-styled form which grows in the Gardens at Kew, bas
never there produced fruit,

Forsythin viridissima appears likewise to be heterostyled ; for
Professor Aran Graysays that althoush the long-styled form
alone grows in the gardens af Cambridge, U8, the publizhed
figures of this species belong to the short-styled form.

Conpra [8r. ¥] (Conpraceme),

Fritz Miiller sent me dried specimens of this ghrub, which he
helieves to be heterostyled ; and I have mot much doubt that
this is the case, though the usual characteristic, differences are
not well pronounced, in the two forms. Tinem grandifortmn
ghows us that a plant may be heterostyled in function in the
highest degree, and yet the two forms may have stamens of
equal length, atul pollen-grains of equal size, In the present
species of Cordi, the stamens of both forms arve of nearly equal

h * ¢ The American Naturalist, July 1873, p- 423,
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length, those of the short-styled being rather the longest; and
the anthers of both are seated in the mouth of the corolla. Nor
could I detect any difference in the size of the pollen-grains,
when dry or after being sonked 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
af 3 to 2.

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

Grrra (TPOMOPSIS) PULOHELLA VEL AGGREGATA (POLEMONI-
ACE®).

Profeszor Asa Gray remarks with respect to this plant: * the
tendeney to dimorphism, of which there are traces, or porhaps
rather ineipient manifestations in varions portions of the genns,
is most marked in G. aggregata® He sent me some drieq’
flowers, and T procured others from Kew. They differ greatly
in gize, gome Leing nearly twice as long as others (viz. as 80 to
173, #o that it was not'possible to compare, except by ealenlation,
thie ahsolute length of the organs from different plants. More-
over, the relative position of the stigmas and anthersis varighle .
in some long-styled flowers the stigmas and anthers were ex-
serted only just beyond the throat of the eorolla: whilst in
ofliers they were exserted as muech as % of an inch. T suspect
alzo that the pistil goes on growing for some time after thg
anthers have dehisced, Nevertheless it is possible to eliss 115
flowers under two forms. Tn some of the long-styled, the length
of pistil to that of the short-styled was as 100 to 82; bat thig
resnlt was gained by redueing the size of the corollas to the
same scale.  In another pair of flowers the difference in lengty
hetween the pistils of the two forms was certainly greater, byt
they were not actunlly measnred. In the short-styled flowpe,
whether latge or small, the stigma iz seated low down T'F'J'thir:
the tube of the corolla, The papille on the long-styled stigmg
are longer than those on the short-styled, in the ratio of 10q o
40. The filaments in some of the short-styled-flowers werg e
those of the long-styled, as 100 to 25 in length, the Ir“"ﬂ:br

# & Prop, American Aead, of Arts and Beiences,’ Juna 14, 187 \ BT j.r/
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unattached portion being alone measured ; but this ratio can-
not be trusted, owing {o the great variability of the stamens.
The mean dismeter of eleven pollen-grains from long-styled.
flowers, and of twelve from the short-styled, was exactly the
eame, It follows from these several gtatements, that the dif-
terence in length and state of surface of the gtigmas in the
tilpwers is the sole reliable evidence that this species is hetero-
gtyled ; for it wonld be rash to trust to the difference in the
lémgth of the pistils, secing how variable they are. I should
ha're left the case altogether doubtful, had it not been for the
obetryations on the following species: and thess leave little
doubt on my mind that the present plant is truly heterostyled.
Professor Gray informs me that in another epecies, 6. coronopi-
Jolia, belonging to the same section of the genus, he can see no
sgn of dimorphizm.

Ginra (LEPTOSIPHON) MIORANTHA.

o _A few flowors sent me from Kew had been somewhat injured,
"." &0 that I cannot say anything positively with respect to the
/  position and relative length of the organs in the two forms.

But their stigmas differed almost exnetly in the game manner as
in the last species; the papille on the loug-styled stigma being
longer than those on the short-styled, in the ratio of 100 to 42
My son measured nine pollen-graing from the long-styled, and
the same number from the short-styled form; and the mean
dianmeter of the former was to that of the latter ag 100 to 51.
Considering this difference, as well as that bebween the stigrns
of the two forms, there can be no doubt that this apecies 18
heterostyled. Ho probably is Gilia nudiceulis, which likewise
belongs to the Leptosiphon section of the genus, for 1 hear from
Professor Asn Gray that in some individuals the style iz 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,

Parox susvnaTa (PoreMoniaces).

“rofessor Asa Gray informs me that the greater number of

= 4 Epecies in thizs genns have a long pistil, with t'h'f stigma
05 or less exserted ; whilst several other species, especinlly g
‘Bunuals, have  short pistil seated low down within the tube of

18 corolls, In all the speeies the anthers are arranged one
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below the other, the uppermost just profroding from the throat
of the corolla. In Phlox subulafe alone he has © seen both long
and short styles; and here the short-styled plant has (irrespee-
tive of this charncter) been described as a distinef species (P,
wivalis, P. Fendzit), and s apt to have o pair of ovnles in each
eell, while the long-styled £ subuwlade rarely shows more than
one”*  Bome dried flowers of both forms were sent me by him
aond I received othors from Kew, but I have failed to mak
ot whether the species is imtnms’r.}']cd.. In two flowars
nearly equal size, the pistil of the long-styled form was twiee ‘ne
long as that of the short-styled ; but in other enses the differ-
ence was not nearly so great. The stigma of the long-styled
pistil stands nearly in the throat of the corolla; whilst in the
short-styled it is placed low down—sometimes vory low down
in the tnbe, for it varies greatly in position. The stipms is
mora papillose, and of greator length (in one instance in the
ratio of 100 to 67), in the short-styled flowers: than in the
Iong-styled. My son measured twenty pollen-grains from o
short-styled flower, and nine from a long-styled, and s
formner were in dinmeter to the latter as 100 to 937 and thi,
difference accords with the belief that the plant is hetoro.
ptyled. But the praine from the short-styled varied much iy
diameter. He afterwards mensured ten grins from a distinget
long-styled flower, and ten from another plant of the same form,
and these grains differed in dismeter in the mmtio of 100 1o 9p,
The mean dinmeter of these two lots of twenty graing was ¢
that of twelve grains from another short-styled flower as 100 44
7h+ here, then, the graing from the shert-styled form were poy.
giderably smaller than those from the long-styled, which is thy
revorse of what ocemrred in the former instance, and of what 1%
the general rule with heterostyled plants. The whole sy id
perplexing in the highest degree, and will not be nnderatyog
until experiments are tried on living plants. The greater length
and more papillose condition of the stigma in the Ellt’rt‘f"fflv.:]
than in the long-styled flowers, looks as if the plant waz hetor.
styled ; for we know that with some species—{or instanes, Tio
cosmin and cerfain Bnhincem—the stigma 18 longer ang TN
: : 15
papillose in Hu_: _N}mri—s’fg]ﬂd form, though the Teverse of {
holds good in Gilin, a member of the same fuldily with prg
The similar position of the anthers in the two forms jg somg,,

* ¢ Prog. Ameriean Aead, of Arls and Seieniees)’ June 14, 1870, p. Bis o
¥
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what opposed to the present species being heterostyled ; as is
the great difference in the length of the pistil in several short-
styled flowers. But the ﬂxtrﬂﬂﬂhnurv varinbility in dinmeter of
the pollen-graing, and the fact that in one set of flowers the
grains from the long-styled flowers were larger than those from
the short-styled, is strongly opposed to the belief that Phive
stibulaty is heterostyled.  Possibly this species was onee hetero-
etyled, but is now becoming sub-dicecions; the short-styled
plants. having been rendered more feminine in natore. This
wonld aeconnt for their ovaries nsually containing more ovnles,
and for the variable condition of their pollen-grains.  Whether
the long-styled plants arve now changing their nature, as wonld
appear to be the casa from the variability of their pollen-grains,
and are beeoming more masculine, I will not pretend fo eon-
jecture ; they might remsin as hermaphrodites, for the co-
existence of hermaphrodite and female plants of the same
gpecies is by no meaus o rave event.,

Eryranoxyius [sr 7] (EryTHROXYLIDE),

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

Fig. 8.

Long.stylad form. Shart-styled forms
From a gleetch by Fritz Maller, mnguiﬁull five times.
\, . Envriuzoxyiox [sp. 7l
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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 which the stizmas stand beneath the anthers.
The stigmas in many, but not in all the short-styled flowers, are
larger than those in the long-stvled. The anthers of the short-
styled flowers stand on a level with the stigmas of the other
form; but the stamens are longer by only one-fourth or one-fifth
of their own Iength 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
oceurs in the following closely allied genus, Sethia, the stamens
are of nearly equal length in the flowers of the ssme form. The
pollen-grains of the short-styled flowers, measured in their dry
state, are o little lnvger thon those from the long-styled flowers
in about the ratio of 100 to 93.#

SETHIA AcvMINATA (ER¥THROXYLIDE).
Mr. Thwaites pointed out soveral years ago + that this plant

exists under two forms, which he desiguated as Jorine stylos o =,

staminea ; and the flowers sent to me by him are clearly hetero-
Blyled. In the long-styled form the pistil is nearly twice as
long, and the stamens half as long as the corresponding organs
i 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 flowars are of nenrly equal length, whereas
i long-styled they differ in length, being alternately a littlo
longer and shorter’; and this difference in the stamens of the
two forms ia probably related, ns we shall hereafter see in
the ease of the short-styled flowers of Lythrum salivaria, to {he
manner in which insects ean best transport pollon from the
long-styled flowers to the stigmas of the short-styled. The
pollen-grains from the short-styled flowers, though variable in
gize, arve to those of the long-styled, as far as I could maka out,
az 100 to B3 in their longer diameter. Seihin olitusiiolin is
heterostyled like S, acuminata,

* F. Miller remnrks in Lig Tot-
terto me that the flowers, of which
he earefully examined many epe-
rimens, are euriously warisble
in the number of their ports:
feopals and petals, 10 stamens
and & pistils ure the preveiling

nutbera; but the eepals and
often vary from 5§ Pﬂ i thﬁﬂ:
mena from 10 to %, nnd the Pistily
from 3 to 4.

t fEnumcemtio Plantarom Loy
lanim,’ 1864, p. 54.
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CRATOXYLON FORMOSUM (HYPERIOINER).

My, Thizeltom Dwer remariks that thiz tree, an inhabitant of
Malaces and Borneo, appears to be heterostyled.* He sent me
dried flowers, and the difference between the two forms is eon-
spienous. 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 ns thick. These stand just above the numer-
ous anthers and a little beneath the tips of the petals. In the
ghort-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 sepalz. 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 esch form were
measured, and those from the short-styled were to those from
the long-styled as 100 to 86 in dismeter. This plant, therefora,
is in all respeets o well-characterised heterostyled species.

JEEIPHILA ELATA ( VEREENACQER).

My, Bentham was so kind as to send me dried flowers of this
gpecies and of . ‘mellis, (both inhabitants of SBouth America.
The two forms differ eonspicnonsly, 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 short-
styled. The divergent stipmas of the two forme do not differ
mtieh in length, nor as far as I could perceive in their papills,
In the long-styled flowers the filaments adhers to the eorolla
closa up to the anthers, which are enclosed some wiy down
within the tube. Tn the short-styled flowers the filaments are
fres above the point where the anthers ave seated in the other
form, and they project from the eorolla to an equal height with
that of the stigmas in the long-styled flowers. It is often
difficult to measure with acourncy pollen-grains, which have
long been dried and then sosked in water; but they here
manifestly differed greatly in gize. Those from the short-styled
flowers were to* those from the long-styled in dinmeter in

L * ¢ Journal of Botany,’ London, 1872, p. 26.
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ahont the ratio of 100 to 62, The two forms of F. mollis
present a like difference in the length of their pistils and
stamens,

JEGIPHILA ODDURATA,

Flowers of this bnsh were sent me from St Catharina in
Brazil, by Fritz Miiller, and were named for me at Kew. They
appeared ot fivst gight grandly heterostyled, as the stigma of
the long-styled form projects far out of the corolla, whilst the
anthers are seated halfway down within the tube; whereas in the
short-styled form the anthers project from the corolla and the
stigma is enclosed in the tube at nearly the same lavel with the
anthers of the other form. The pistil of the long-styled is to
that of the short-stylad as 100 to 60 in length, and the stigmas,
taken by themselves, as 100 to 55. Novertheless, this plant
cannot be heterostyled. The anthers in the long-styled form
are hrown, tough, and fleshy, and less than half the length
of thosa in the short-styled form, strietly as 44 to 100: and
what is much more important, they were in a rudimentgp.

eondition in the two flowers examined by me, and did nm,.“’q

contain a single grain of pollen. In the short-styled form, the
divided stigma, which as we have scen is much shortened,
is thicker and more flashy than the stigma of the long-
gyled, and is eovered with small irvegular projections, formed
of tather large cells. It had the appearance of having suf.
fored from hypertrophy, and is probably incapable of fertili-
gation. If this be so the plant is dicecious, and judging from
the two epecies previonsly deseribed, it probably was onge
heterostyled, and has sinca heen rendered ditecious by th
pistil in the one form, and fhe stamens in the other hl‘ﬁ'ing
bocome fanctionless and reduced in size. It s lm“'l:\rer,
possible that the flowers may be in the same s_tntn a5 those of
the common thyme and of several other Labistm, in whiaep
females and hermaphrodites regularly co-exist.  Frits Millap
who thonght that the present plant was heterostyled, gq I"
did at first, informs me that he fonnd bnshes in severa] Places
growing quite isolated, and that these were completely sterjj, .
whilst two plants growing close together were covered “'itI;
frnit. This fact agrees batter with the belief taat the specjes i
dicecions than that it consists of hermaphrodites and fermnales .
for if anyone of the isolated plants had heup an ]ll'_‘l'luﬂ.ljhmllit’e’ :
it wonld probably have produced some fruit. The

i

¥

F:



4

f

-

4

'l

Crar, 111 MITCHELLA REPENS, 125

Rupracems,

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

Mitehella vepens—DProf. Asa Gray sent me several
living plants colleeted when out of flower, and nearly
half of these proved long-styled, and the other half
short-styled. . The white flowers, which are fragrant
and which secrete plenty of nectar, always grow in
pairs with their ovaries united, so that the two together
produce “a berry-like double drupe”* In my first
series of experiments (1864) I did not suppose that
this enrions arrangement of the flowers would have any
influence on their fertility ; and in several instances

= unly one of the two flowers in a pair was fertilised ;

and a large proportion or all of these failed to produce
berrics. In the ensuing year both flowers of each
pair were invariably fertilised in the same manner;
and the latter experiments alone serve to show the
proportion of flowers which yield berries, when legiti-
mately and illegitimately fertilised; but for caleu-
lating the average number of seeds per berry I have
uged 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
5!101't-5i3-'lef] flowers these organs oeeupy reversed foﬂi'
tions.  In this latter form the fresh pollen-grains are
a little larger and more opaque than those of the long-
styled form. The results of my experiments are given
I the following table.

A. Gray, * Manual of the Bot. of the N. United States; 1856

®
w174,
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Tasry 21.
Mitchiella vepens,

| Average
| Eumber of | Nomber of | Rumber of

oirs of Drupes pro- | good Seeds
Nature of Union. Flowers fer- | duced during | por Tiipe in
tilized during | the gecond  [nll the Drupes
| the second Senson, during the
Seasom. twa Seasana.
Long-stylod flowers, by pollen o ;
short-stvled. Legitimate uniﬁnr} ] 2 S

Lonp-styled Aowers, by own-form | g 4 avn
pollen.  Hlegitimate union. .}. !
Slgl-grt—sty]erl flowers, by pollen of| | :

long-atyled. Legitimate union f} 8 ! E

Shur‘t.-ﬁt.:."lmi flowers, by own-form | 9 : a a.q
pollen.  lllegitimate union. .|| > |

The two legitimate unions En-i | , z ;:‘
gether. .- . D e .}, & | 2 4.

The two .i]lt-;g;-l.t.im:lto nnions bu—}| o i .
o R R, Jl o | g 241

It follows from this table that 88 per cent of the
paired flowers of both forms, when legitimately far-
tilised, yielded double berries, nineteen of which eon-
tained on an average 44 seeds, with a maximum ip
one of 8 seeds. Of the illegitimately fertilised paireq
flowers only 18 per cent. yielded berries, six of whiel,
contained on an average only 21 seeds, with a max;_
mum in one of 4 seeds. Thus the two legitimgge
unions are more fertile than the two illegitimage
according to the proportion of flowers which Fie]ﬂt:d,
herries, in the ratio of 100 to 20; and according 4,
the average number of contained seeds as 100 to 47

Three long-styled and three short-styled plants Wern
protected under separate nets, and they produced ult‘f_

s

A

gether only 8 berries, containing on an average only
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1:5 seeds. Some additional berries were produced
which contained noseeds. The plants thus treated were
therefore excessively sterile, and their slight degree of
fertility may be attributed in part to the action of the
many individuals of Thrips which haunted the flowers.
Mzr. J. Scott informs me that a single plant (probably
a long-styled one), growing in the Botanic Gardens at
Edinburgh, which no doubt was freely visited by in-
sects, produced plenty of berries, but how many of
them contained seeds was not observed.

BORRERIA, NOV. SP. NEAR VALERTANOIDES (RuBrAcE®).

Fritz Miiller sent me seeds of this plant, which is
extremely abundant in St. Catharing, in South Brazil ;
4nd ten plants were raised, consisting of five long-

w dtyled and five short-styled. The pistil of the long-

o

styled flowers projects just beyond the mouth of the
corolla, and is thrice as long as that of the short-
styled, and the divergent stigmas are likewise rather
larger. The anthers in the long-styled form stand
low down within the corolla, and are quite hidden.
In the short-styled flowers the anthers project just
above the mouth of the corolla, and the stigma stands
lrfw down within the tube. Considering the great
ﬁlﬂ'ﬂrcnue in the length of the pistilsin the two forms,
1t 15 remarkable that the pullen—g_-mins differ very little
In size, and Fritz Miller was struck with the same
fact. Ing 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
YMmersion in water, the former were to the latter in
diamote, in the ratio of 100 to 92, In the long-styled

OWers beaded hairs almost fill up the mouth of the
Sorolla and project above it; they therefore stand
Bbove the anthers and beneath the stigma. In the
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short-styled flowers a similar brush of hairs is sitnated
low down within the tubular eorolla, above the stigma
and beneath the anthers, The presence of these beaded
hairs in both forms, though cecupying such different
positions, shows that they are probably of considerable
functional importance. They would serve to guard the
* stigma of each form from its own pollen; but in
accordance with I'rof. Kerner's view® their chief use
probably is to prevent the copious nectar being stolen
by small erawling insects, which could not render any
service to the species by carrying pollen from one form
to the other.

The flowers are so small and so crowded together
that 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-headg.,
which were thus legitimately fertilizsed ; and they pro- F:&
duced many dozen fruits, each containing two good
geeds, I fertilised in the same manner three heads
on the same long-styled plant with pollen from another
long-styled plant, so that these were fertilised illegiti-
mately, and they did not yield a single seed.  Nor did
this plant, which was of eourse protected by a net,
bear spontaneously any seeds. Nevertheless another
long-styled plant, which was carefully protected, Pro-
duced spontaneously a very few seeds; so that the
long-styled form is not always quite sterile with jis
oWt pulfum

Farames [se ? | (RUBIACER).
T'ritz Miiller has fully described the two forms of i
remarkable plant, an inhabitant of Bouth HT&ZH,T Iy

then gezen unberufene Ghste' p. GOG.

# i Dig Sechutzmittel der Blii- t+ ' Bot. Zeitung,’ Bept. 10, 186 ’J}"
L]
1876, p. 87 s

—
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the long-styled form the pistil projects above the
corolla, and is almost exactly twice as long as that of
the short-styled, which is included within the tnbe.
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 ghort-styled form are a little larger than those
of the long-styled; and their pollen-grains are to
those of the other form as 100 to 67 in diameter.
But the pollen-graing of the two forms differ in a
much more remarkable manner, of which no other

Fig. 0.

Short-styled form. Long-styled form.

ers from dried specimens, Pollen-grains, magnified T8¢
times, by Fritz Miller,

Y Faname [sp, ],

Outlines of fow

Elﬁt&n{:e is known ; those from the short-styled flowers
g covered with sharp points; the smaller ones
K



130 HETEROSTYLED DIMORPHIC PLANTS., Ciar TIL

from the long-styled being quite smooth, Fritz Miller
remarks that this difference between the pollen-grains
of the two forms is evidently of service to the plant
for the grains from the projecting stamens of the short-

styled form, if smooth, would have been liable to be —

blown away by the wind, and would thus have been
lost ; but the little points on their surfaces cause them
to cohere, and at the same time favour their adhesion
to the hairy bodies of insects, which merely brush
against the anthers of these stamens whilst visiting
the flowers. On the other hand, the smooth grains
of the long-styled flowers are safely included within
the tube of the corolla, so that they cannot be blown
away, but are almost sure to adhere to the proboseis of
an entering insect, which is necessarily pressed close
against the enclosed anthers.

It may be remembered that in the long-styled fory \

of Linum perenne each separate stigma rotates on its
own axis, when the flower 18 mature, g0 as to turn its
papillose surface outwards. There can be mo doubt
that this movement, which is confined to the long-
styled form, is effected in order that the proper sur-
face of the stigma should receive pollen brought Ly
insects from the other form. Now with Fummeu, as
Fritz Miller shows, it is the stamens which rotate op
their axes in one of the two forms, namely, the shori-
styled, in order that their pollen should be brushed off
by insects and transported to the stigmas of the othep
form. * In the long-styled flowers the anthers of th
short enclosed stamens, do not rotate on their axes,
but dehisee on their inner sides, ns is the Commgy

rule with the Rubiacem ; and this is the best Positigy

for the adherence of the pollen-grains to the thﬂ&uig
of an entering inseet. Fritz Maller therefore inforg
that as the plant became heterostyled, and as g,
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stamens of the short-styled form increased in length,
they gradually acquired the highly beneficial power
of rotating on their own axes, DBut he has further
shown, by the careful examination of many flowers,
that this power has not as yet been perfected ; and,
consequently, that a certain proportion of the pollen
is rendered useless, namely, that from the anthers
which do not rotate properly. It thus appears that
the development of the plant has not as yet been com-
pleted ; the stamens have indeed acquired their proper
length, but not their full and perfect power of rotation. *

The several points of difference in structure between
the two forms of Faramea arve highly remarkable.
“Until within the recent period, if any one had been
shown two plants which differed in a uniform manner
i the length of their stamens and pistils,—in the

. i E 7 .
© form of their stigmas,—in the manner of dehiscence

-

and slightly in the size of their anthers,—and to an
extraordinary degree in the diameter and structure of
their pollen-grains, he would have declared it impos-
sible that the two could have belonged to one and the
same species,

SUTERIA (species unnamed in the herbarium at Kew)
(Bunracem).

Iowe to the kindness of Fritz Miiller dried flowers of this
plant from St. Catharina, in Brazil. In the long-styled form the
stigma stands in the mouth of the corolla, above the anthers

* Fritz Miiller cordance with the nocturnal hibits

gives another

znatll}nc_ﬂ of the want of absolote
E:E:ﬁlmu 1 the Bowera of another
954 F of the Rubinowm, namely,
. UETIG fragrang, which s
Pled s a okt wenderful man-

B
C e by cmesfertilisation by the

"Tanoy  of moths,

Jéung, (Bea * Bot.

1866, No. 17.) Iu ue-

of these insepta, most of the flowers
open only during the night: bub
gome open in the day, snd the
wollen of such flowers s robbed, as
i"riiz Milller ling often seem, by
Immbli-beers and other insdcre
without any honefit being thus
conferred on the plant.
K2
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which latter ave enclosed within the tube, but only a short way
down: In the short-styled form the anthers are placed in the
mouth of the corolla abova the stigma, which occupies the same
position as the anthers in the other form, being seated only a
ghort 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 Rubincem. Never-
theless there iz a congiderable 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.

HousToNTs cERULEA (RUBIAGER).

Prof. Asa Gray has been so kind as to send me an abetract of
gome observations made by Dr. Rothrock on this plant. The
pistil is exserted in the one form and the stamens in the'
other, a5 has long been observed, The stigmas of the long-
styled form are shorter, stouter, and far more hispid thay ip

the other form. ‘The stigmatic hairs or papille on the formg.

are *04 mm., and on the latter only =023 mm. in length. In ty,,
short-styled form the anthers are larger, and the pollen-graing,
when distended with water, are to those from the long-styleq
form as 100 to T2 in diameter,

Selected capeules from some long-styled plants growing ip
the Botanie Gardens at Cambridge, US., near where plantg
of the other form grew, contained on an average 13 mesds.
but these plants must have been subjected to ﬂnfnmumblé
conditions, for some long-styled 'plants in a state of natgy,
yielded an average of 215 seeds per eapsule. Some short-sty]eq
plants, which had been planted by themeselves in the Botyy:
Gardens, where it was not likely that they would have p, c
visited by insects that had previously visited long-styled lant
produced capsules, eleven of which were wholly sterile, byt ]
contained 4, and another 8 sceds, So that the B'!!urt-ﬁtﬂ
farm seems to be very sterile with its own pollen. Prop Am
Gray informs me that the other North American species of th?
genus are likewise heterostyled. %

OLDESLANDIA [87. 7] (RUBTACEE).

Mr. J. Scott sent me from India dried flowers of 4 ¢
yled species of this genus, which is closely allied to gy, ]‘h‘w

i

k]

]



*

Ciar. TIL RUBIACE®E. 133,

The pistil in the long-styled flowers is longer by about a quarter
of its Iength, and the stamens shortersin abont the same pro-
portion, than the corresponding orgams in the ghort-styled
flowers. In the latter the anthers arve longer, and the divergent
stigmas decidedly longer and apparently thinner than in the
long-styled form. Owing fo the state of the specimens, I could
not decide whether the stigmatic papille were longer in the
one form than in the other. The pollen-grains, distended with
water, from the short-styled flowers were to those from the long-
styled as 100 to 78 in dinmeter, a8 deduced from the mean of

ten measurements of each kind.

Hepyorrs [sp. 7] (Rusracee).

TFritz Miiller senit me from St. Catharina,in Brazil, dried flowers
of o small delicate species, which grows on wet sand near the
edges of fresh-water pools. In the long-styled form the stigma

. Drojects above the corolla, and stands on a level with the pro-

jecting anthers of the short-styled form; but in the latter the
stigmas stand rather beneath the level of the anthers in the
other or long-styled form, these being enclosed within the tube
of the corolla. The pistil of the long-styled form is nearly thrice
ag long as that of the short-styled, or, speaking strictly, as
100 to 39; and the papille on the stigma of the former are
broader, in the ratio of 4 to 3, but whether longer than thoss of
the short-styled, T could not decide. In the short-styled form,
the anthers are rather larger, and the pollen-grains are to those
from the long-styled flowers as 100 to 85 in dinmeter. Fritz
Miiller sent me a second, small-sized species, which is lilewise
beterostyled,

Cocoodyrseruy [sp. 7] (RuBlacEE).

Fritz Miller also sent me dried flowers of this plant from
?t. Catharina, in Brazil. The exserted gtipma of the long-styled
0TI stands g little above the level of the exserted anthers of the
i‘:ﬂrt‘“t.‘fled form ; and the enclosed stigma of the latter also
stﬂnds a little above the level of the enclosed anthers in the long-
Hﬂ-‘""“ﬂ form. The pistil of the long-styled is about twice as long
that of the short-styled, with its two stigmas considerably
+'Onger, more divergent, and more curled.  Fritz Miiller informs
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me that he could detect no difference in the size of the pollen-
' grains in the two forms. Nevertheless, there can be no doubi
that this plant iz heterostyled.

Lirostoaa [5p. Y] (RUBTACEE)

Dried flowers of this plant, which grows in small wet ditches
in Bt. Catharina, in Brazil, were likewise sent me by Fritz
Miiller. In the long-styled form the exeerted stigma stands
rather above the level of the exserted anthers of the other form;
whilst in the short-styled form it stands on o level with the
anthers of the other form. So that the want of strict corre-
spondence in height between the stigmas and anthers in the two
forms is reversed, compared with what oceurs in Hedyotis, The
long-styled pistil is to that of the short-styled as 100 to 36 in
length ; and ite divergent gtigmns are longer by fully cne-third
of their own length than those of the short-styled form. In the

latter the anthers are a little larger, and the pollen-graing agp .

a5 100 to 80 in diameter, compored with those from the long.
atyled form.

CINCHONA MICRANTHA (RUBIACEE),

Diried specimens of both forms of this plant were sent me from
Kew.™® In the long-styled form the apex of the stipma stands
Just beneath the bases of the hairy lobes of the corolla: whilst
the summits of the anthers are sented about halfway down
the tube. The pistil is in length as 100 to 38 to that of the
ghort-styled form. In the latter the anthers ccenpy the same
position as the stigma of the other form, and they are con-
giderably longer than those of the long-styled form. As the
summit of the stigmn in the shor-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 .
jts Tength to that of the long-styled being, in the specimens
examined, only a8 5°3 to 100! The stipma, also, in the short-
atvled form is very much shorter than that in the long-stylad

in the ratio of 57 to 100. The pollen-graing from the short.

* My attention waz ealled to 3, given by Mr. Markham in hig

this plant by a dewing copied  *Travels in Peru’ . 5
from Howard's © Quinologia,’ Tab, il s s

- -
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styled flowers, after having been zoaked in water, were rather
larger—in about the ratio of 1000 91—than those from the long-
styled flowers, and they were more triangular, with the angles
more prominent. A8 all the graing from the short-styled flowers
were thus characterised, and as they had been left in water for
threa days, I am convinced that this difference in shape in the
two sets of gm:i_ns eennot be accounted for by unequal distension
with water.

Peaides the several Ruhiaceons genera already mentioned,
Fritz Miiller informs me tliat two or three species of Pasychotria
and Rudges eriantha, natives of St. Catharina, in Drazil, are
heterostyled, as is Manettio bicolur. I may add that I formerly
fortilised with their own pollen several flowers on a plant of
this latter gpecies in my hothounse, but they did net set a single
fruit. From. Wight and Arnott's description, there seems to be
Jittle doubt that Knoxia in India is heterostyled ; and Asa Gray
is convinced that this is the case with Diodia anid Spermacoce
in the United States, Lastly, from Mr. W. W. PBailey's descrip-
tion,* it appears that the Mexican Bouvardie leunthe iz hetero-

styled.

Altogether we now know of 1T heterostyled genera
in the great family of the Rubiaceee ; though more
information is necessary with respeet to some of them,
more especially those mentioned in the last para-
graph, hefore we can feel absolutely safe. In the
¢ Genera Plantarum,” by Bentham and Hooker, the
Rubiace® ave divided into 25 tribes, containing 337
renera ; 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. TFrom 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 strueture from some one or
even two or three progenitors in common. It further

# + Bull, of the Terrey Bat. Club,’ 1876, p. 106,
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deserves notice that in the homostyled genera, a8 [
am informed by Professor Aza Gray, the stamens are
either exserted or are ineluded within the tube of the
corolla, in a nearly constant manner; so that this
character, which is not even of specific value in the

heterostyled species, is often of generie value in other
members of the family,
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CHAPTER IV,

Hererostyien Trrorramw PrLaxTs

Lythrom salicarin—Description of the three forms—Their power and
cumplex menner of fertilidng one another—Tighteen different
nnions possible—Mid-styled form eminently feminine in nature—
Lythrom Gredfferi likewise trimorphie—L. thymifolia dimorphice—
1. hyssopifolin homostyled— Nessa vertivillata trimorphic—Lnger-
gtroemin, nature doubtful—COxalis, trimorphio species of —0, Valdi-
vinna—0. Regnelli, the illegitimate unions quite barren—0. spe-
cidea—0). gensitiva—Homostyled species of Oxalis—Pontederia,
the one monocotyledonous genus Enown to include hetercaiyled
Fpecies.

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

Lythrum salicaria.—The pistil in each form differs
from that in either of the other forms, and in each
there are two sets of stamens different in appearance
and function. But one set of stamens in each form
corresponds with a set in one of the other two forms.
Altogether this one species includes three females or
female organs and three sets of male organs, all as

“w_distinet from one another as if they belonged to dif-

went species; and if smaller functional differences
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are considered, there are five distinet sets of males.
Two of the three hermaphrodites must coexist, and
pollen must be carried by insects reciprocally from one
to the other, in order that either of the two should be
fully fertile; but unless all three forms coexist, two
sets of stamens will be wasted, and the organisation of
the species, us a whole, will be incomplete. On the
other hand, when all three hermaphrodites coexist, and
pollen is earried from one to the other, the scheme
is perfect ; there is no waste of pollen and no false co-
adaptation, In short, nature has ordained a most com-
plex marriage-arrangement, namely a friple union
between three hermaphrodites,—each hermaphrodite
being in its female organ quite distinet from the other
two hermaphrodites and partially distinet in its male
organs, and each furnished with two sets of males.

The three forms may be conveniently called, from
the unequal lengths of their pistils, the long-atyled, mid-
styled, and short-styled. The stamens also are of unequal
length, and these may be called the longest, mid-length,
and shortest. Two sets of stamens of different length are
found in each form. The existence of the three forms
was first observed by Vaucher,* and subsequently more
carefully by Wirtgen; but these botanists, not being
guided by any theory or even suspicion of their fune-
tional differences, did not perceive some of the most,
curious points of difference in their structure. T will
first briefly describe the three forms by the aid of the
accompanying diagram, which shows the flowers, six
times magnified, in their natural position, with their
petals and calyx on the near side removed,

* i Higt. Ph:rs. des  Plantesg und dessen Formen,™ Vark
d'Enrope,’ tom. if. 1841, P 871 des naturhist, -“TDTEiIFIS filr ;T;qﬂ{].
Wirtgen, “UeberLythriwn salicarin  Rheinl! 5. Jahrgang, i

1548, B, 7:

-
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LYITHRUM SALICARIA,

Fig, 10,

-

Longs
riyled.

&

Mid-
sty led,

B R

'l

"NL_._-_‘--

Di’i'r“'lrﬂf the flowers of the threa forma of Lythrum saliceris, in theirnatoral
Al With the petals and calyx removed on the near side : enlarged six times,
ted lines with the arrows show the directions in which ]:u.'tl.IEII. must be

tio each stigma to ensure full fertility.
i

1L
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Long-styled form.—This form can be at once recog-
nised by the length of the pistil, which is (including
the ovarinm) fully one-third longer than that of the
mid-styled, and more than thrice as long as that of the
short-styled form. Ttisso disproportionately long, that -
it projeets in the bud throngh the folded petals. It
stands out considerably beyond the mid-length sta-
mens ; its terminal portion depends a little, but the
stigma itself is slightly upturned. The globular stigma
18 considerably larger than that of the other two forms,
with the papille 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
pistil of the mid-styled form. Such correspondence
in this and the two following forms is generally very
close; the difference, where there is any, being nsualjy
in a slight excess of length in the stamens. The six
shortest stamens lie concealed within the calyx ; their
ends are turned up, and they are graduated in length,
80 as to form a double row. The anthers of these sta-
mens ave smaller than those of the mid-length ones.
The pollen is of the same yellow colour in both sets.
H. Miller* measured the pollen-grain in all three
forms, and his measurements are evidently more trust-
worthy than those which I formerly made, so T will
give them. The numbers refer to divisions of the
micrometer equalling 1;mm. The grains, distended
with water, from the mid-length stamens are 7-7 !
and those from the shortest stamens 6-6% in diamumr’
or as 100 to 86. The capsules of this form coutui::
on an average 93 seeds; how this avernge waq ob-
tained will presently be explained. As these seady N
when cleaned, seemed larger than those from the mid:

e

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

Mid-styled form.—The pistil occupies the position
represented in the diagram, with its extremity con-
siderably upturned, but to a variable degree; the
stigma is seated between the anthers of the longest
and the shortest stamens. The six longest stamens
corregpond in length with the pistil of the long-styled
form; their filaments are coloured bright pink; the
anthers are dark-coloured, but from coptaining bright-
green pollenand fromtheir early dehiscence theyappear

% cmerald-preen. Hence in general appearance these

stamens are remarkably dissimilar from the mid-length
stamens of the long-styled form. The six shortest sta-
mens are enclosed within the calyx, and resemble in
all 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 pol-
len-graing of the longest stamens are 9-10 in dia-
meter, whilst the yellow grains from the shortest
stamens are only 6 ; or as 100 to 63. But the pollen-
grains from different plants appeared to me, in t_his
::ase and others, to be in some degree variable in size.
he capsules contain on an average 130 seeds; but
Perhaps, as we shall see, this is rather oo high an
iverage, The seeds themselves, as before remarked,
#re smaller than those of the long-styled form.
Short-styled form—The pistil is here very short, not
UNe-third of the length of that of thé long-styled form.
b 15 enclosed within the calyx, which, differently from
hat in the other two forms, does not enclose any an-
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thers. The end of the pistilis generally bent upwards
at right angles. The six longest stamens, with their
pink filaments and green pollen, resemble the ecorre-
sponding stamens of the mid-styled form. But accord-
ing to H. Miller, their pollen-grains are a little larger,
viz. 91-104, instead of 9-10 in diameter. The six
mid-length stamens, with their uncoloured filaments
and yellow pollen, resemble in the size of their pollen-
grains and in all other respects the corresponding
stamens of the long-styled form. The difference in
diameter between the grains from the two-.sets of
anthers in the short-styled form is as 100 to 73.
The capsules contain fewer seeds on an averagze than
those of either of the preceding forms, namely 83 -5 ;
and the seeds are considerably gmaller. In this latter
respect, but not in number, there is a gradatioy,
parallel to that in the length of the pistil, the long.
styled having the largest seeds, the mid-styled the
next in size, and the short-styled the smallest.

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

Pollen-grains from longest stamens of short-styled form 9§ to 10§

" :: B r miid-stylad h oy 10
i p mid-length stamens of long-styled ., 7 , 74
= o - short-styled ,, 7 , 74
i s shorvbest stamens of long-styled |, 6 ,, 6&
i ” ] n mid-styled . & 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

“tesult was, as we have seen, for the long-styled (neg-

lecting decimals) 93, mid-styled 130, and short-styled
83, 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 comple-
ment of seed, but were of the same age and grew
under the same conditions, and were freely visited by
bees. I took six fine capsules from each, and found
the average to be for the long-styled 80, for the mid-
styled 97, and for the short-styled 61. Lastly, legiti-
mate unions effected by me between the three forms
gave, as may be seen in the following tables, for the
long-styled an average of 90 seeds, for the mid-styled
117, and for the short-styled 71. So that we have
good eoncurrent 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 f}11]
effect and may 'be trusted, I may state that one mid-
styled capsule yielded 151 good seeds, which i3 the
sime number as in the finest wild capsule which 1
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examined. Some artificially fertilised short and long-
styled capsules produced a greater number of seeds than
was ever observed by me in wild plants of the samé
forms, but then | did not examine I[IHI'I:“" of the latter. A
This plant, I may add, offers a remarkable instance, how ™
profoundly ignorant we are of the life-conditions of o
EpeciE!S. Nittllmﬂj.r it grows ¢ in wet ditches, watery
places, and especially on the banks of streams;” and
though it produces so many minute seeds, it never
spreads on the adjoining land ; yet, when planted in my
garden, on clayey soil lying over chalk, and whieh is so
dry that a rush cannot be found, it thrives luxuriantly,
grows to above 6 feet in height, produces self-sown
seedlings, and (which is a severer test) is as fertile as
in a state of nature. Nevertheless it would be almost
a miracle to find this plant growing spontancously on.
such land as that in my garden. \J--\
Aecording to Vaucher and Wirtgen, the three forms p
coexist in all parts of Europe. Some friends gathered
for me in North Wales a number of twigs from
separate plants growing near one another, and clas-
sified them. My son did the same in Hampshire, and
here is the result :—

TanLe 22,

— | I.Dﬂ'!g-ﬁ!}']l}il.| Alid-styied Elmrlnsljl.cd.l Tosal.

North Wales, . . ‘ a5 ‘ 97 s W
Hampshire. . , .| 53 58 38 | 149
Lo B PR T | 135 [ 110 | 393

"

If twice or thrice the number had been colleeted,
the three forms would probably ha¥%e been founq
nearly equal; I infer this from econsidering the aboye V-
ficures, and from my son telling me that if he Lad
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collected in another spot he felt sure that the mid-
styled plants would have been in exeess. T several
timoa sowed emall pateals of sood, and saised all thres
forms; 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 ount long-styled, four mid-styled, and seven
short-styled.

Two plants of each form were protected from the
aecess of insects during two successive years, and in the
autumn they yielded very few capsules and presented
a remarkable contrast with the adjoining uncovered
plants, which were densely covered with capsules. In
1563 a protected long-styled plant produced only five
poor eapsules ; two mid-styled plants produced together

~*lie 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
flowers are incessantly visited for their nectar by hive-
and other bees, various Diptera and Lepidoptera.* The
nectar is seereted all Tound the base of the ovarium;
but a passage is formed along the upper and inner
side of the flower by the lateral deflection (not repre-
sented in the diagram) of the basal portions of the
F]amﬁﬂfs; s0 that insects invariably alight on the pro-
Jeeting stamens and pistil, and insert their proboscides
along the upper and inner margin of the corolla. We
€4l now gee why the ends of the stamens with their
anthers, and the ends of the pistils with their stigmas,

H. Miillor pived a list of the one bee, the Cilizen ﬁ”’"““lﬂ.‘-
wos ‘THe Befruchtung der  almost confines ita visits to s
Wen” po196. It appenrs thut  plant.

. I
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are a little upturned, so that they may be brushed by
the lower hairy surfaces of the insects’ bodies. The
shortest stamens which lie enclosed within the calyx of
the long- and mid-styled forms can be touched only by

the proboscis and narrow chin of a bee; hence they -

have their ends more upturned, and they are graduated
in length, 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 Lythrum
and many others, or may be effected, as in Dictam-
nus frazinelly and others, by a temporary movemenf
which occurs in the case of the stamens, when the
anthers dehisce, and in the case of the pistil when
the sticma is mature ; but these two moyvements do
not always take place simultaneously in the same
flower. Now I have found no exception to the rule,
that when the stamens and pistil are bent, they bend
to that side of the flower which secretes nectar, even
though there be a rudimentary nectary of large size
on the opposite side, as in some species of Corydalis.
When nectar is secreted on all sides, they bend tg
that side where the structure of the flower allows the
easiest access to it, as in Lythrum, various Papilio-
naces, and dthers. The rule consequently is, t},:
when the pistils and stamens are curved or llfht-, the
stigma and anthers are thus brought into the path-
way leading to the nectary. There are a fow oy

which seem to be exceptions to this rule, but they 4y,

not so in truth; for instance, in the Gloriosa lily, the J:?"'

stigma of the grotesque and rectangularly bent pistil

.-'H' 3



Cuar. IV, LYTHRUM SALICARIA. 147

is bronght, 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 Serophularic
aguatica the pistil is bent downwards from the mouth
of the corolla, but it thus strilies the pollen-dusted
breast of the wasps which habitually visit these ill-
scented flowers. In all these cases we see the supreme
duminating power of Insects on the structure of flowers,
especially of those which have irregular corollas.
Flowers which are fertilised by the wind must of
course be excepted; but I do not know of a single
instance of an irregular flower which is thus fertilised.

Another point deserves notice. In each of the three
forms two sets of stamens correspond in length with
the pistils in the other two forms. When bees suck the
flowers, the anthers of the longest stamens, bearimg 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 be-
tween the front pair of legs. And, lastly, the anthers
of the shortest stamens and the stigma of the short-
styled form are rubbed against the proboscis and chin ;
for the bees in sucking the flowers insert only the front
Part of their heads into the flower. On catching bees, 1
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 Proboseis, but this was difficult to observe. I had,
Owever, indel.]'cm'icnt proof that pollen is earried on

€ proboseis ; for a small branch of a Ilmtr.!t:tt*ﬂ short-
styled plant (which produced spontaneously only two

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

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

* « Varhand. des naturhist,  Vercing, fir Pr. Bheinl” §. J“hl‘gmt.g' ;

1848, pp. 11, 13

"\

¥ —
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longer papille or is rougher than that of the mid-
styled, and the latter than that of the short-styled ;
but this character, though fixed and uniform in the
two forms of Primula veris, &c., iz here variable, for
I have seen mid-styled stigmas rougher than those
of the long-styled.* The degree to which the longest
and mid-length stamens are graduated in length and
have their ends upturned is variable ; sometimes all
are equally long. The colour of the green pollen in
the longest stamens is variable, being sometimes pale
greenish-yellow ; in one short-styled plant it was almost
white, The grains vary a little in size: I examined
one short-styled plant with the grains above the
average size ; and I have seen a long-styled plant with
the graing 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 funetional differences, the species iz in that
state in which natural selection might readily do much
for its modification.

On the Power of Mutual Fertilisation between the thiee
.Fbr”“i.

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

Rr;w1'he plants which T observed  and he appenrs o hare Fr]ur:nt ﬂ:lﬂ
?“.&;u my garder, and probably  stigmatic papille differine oof-
RI“I 4 rather more than those  skantly in length and strectnn: i
-‘.-I--ﬁmg inn state of natore. B the thres fors, being lungest 1
I fu er hieg deseribed the stizmns the long-slyled form.

ot all three forms with gient oare,



150 HETEROSTYLED TRIMORPHIO FLANTS, Cmar IV,

three forms. Thus the long-styled form has to be fer-
tilised with pollen from its own two kinds of anthers,
from the two in the mid-styled, and from the two in
the short-styled form. The same process has to be
repeated with the mid-styled and short-styled forms.
It might have been thought sufficient to have tried on
each stigma the green pollen, for instance, from either
the mid- or short-styled longest stamens, and not
from both; but the result proves that this would
have been insufficient, and that it was necessary to
try all six kinds of pollen on each stigma. As in
fertilising flowers there will always be some failures,
it wonld have been advisable to have repeated each of
the gighteen unions a score of times; but the labour
would have been too great; as it was, 1 made 223
unions, L.e. on an average I fertilised above a dozey
Tlowers in the eighteen different methods.  Each flowey
was castrated ; the adjoining buds had to be removed,
go that the flowers might be safely marked with
thread, wool, &ec. ; and after each fertilisation the stigma
was examined with a lens to see that there was suffi-
cient pollen on it. Plants of all three forms were
protected during two years by large nets on a frame-
work ; two plants were used during cne or both years,
in order to avoid any individual peculiarity in a par.
ticular plant. As soon as the flowers had withered,
the nets were removed ; and in the antumn the py

sules were daily inspected and gathered, the ripe
seeds being counted under the microscope. 1 haye
given these details that confidence may be plageq
in the following tables, and as some excuse for gy,
plunders which, T believe were made. These blundep,
are referred to, with their probable cause, iy two
foot-notes to the tables, The erroneous numbers, hoy.
ever, are entered in the tables, that it may not he St

-

"5
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posed that T 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

i divided into six compartments. The two upper ones
in each table show the number of good seeds resulting
from the application to the stigma of pollen from the
two sets of stamens which correspond in length with
the pistil of that form, and which are borne by the
other two forms. Such unions are of a legitimate
nature. The two next lower compartments show the
result of the application of pollen from the two sets of
stamens not corresponding in length with the pistil,
and which are borne by the other two forms. These
unions are illegitimate. The two lowest compartments

‘v show the result of the application of each form’s own

L

two kinds of pollen from the two sets of stamens be-
longing {o the same form, and which do not equal the
pistil in length. These unions are likewise illegiti-
mate. The term own-form pollen here used does not
mean pollen from the flower to be fertilised—for this
was never used—but from another flower on the same
plant, or more commonly from a distinet plant of the
same form. The figure (0) means that no capsule was
produced, or if a capsule was produced that it uuutu-iuertl
1o good seed. In some part of each row of figures
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,
48 it shows that the same general result was obtained
during two successive years; but more especially be-
Cause 1863 was a very hot and dry season, and the
blants had oecasionally to be watered. This did not pre-
vent the full complement of seeds being produced from
the more fortile unions ; but it rendered the less fertile
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ones even more sterile than they otherwise would have
been. I'have seen striking instances of this fact in

making illegitimate and legitimate unions with Pri-
mula; and it is well known that the conditions of life

must be highly favourable to give any chance of sue- .
cess in producing hybrids between species which are

crossed with difficulty,

Tasre 23.—Long-stiled Form.

L

Legitimate union.

13 flowers fertilised by the longest
stamens of the mid-styled. These
stamens equal in length the pistil
of the long-styled.

Product of good seed in each cop-

snle.
15} a3
Bl a
i} i}
o L1}
L1} L]
— L
&5
41

38 tIper cent, of these flowers
vielded eapsules, Each capsule con-
tained, on an average, 512 seeds.

I11.

llegitimate union.
14 flowers fertilised by the shorts
est stamons of the mid-styled.

a ]
1] 1]
LU i
o i
i 1]

_— 0
L LU
a

Too sterile for any average.

18

Fegitimate undon.

13 Aowers fertilised by the lo?fest
stamens of the short-styled. These
stamfens equal in length the pistil
of the long-styled.

Product of gead seed in each cap.

siile, ? \1

159 104 ted,

43 119 e
98 poor seed, 95
103 e
0 131
L] 116

114

84 per cent. of thess Howers
yielded capsules. Each enpsule con-
tained, on an average, 10743 seads,

IV,
Tiegitimats union.
12 flowers fertilised by the mid=
length stamens of the short-stylod.
20
0
L]
1]

0
¥

4

oo ood

H=iA

Too sterila for any averags,
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Tanre 28.—Fong-styled form—contined,

Y. | YI.
IMlegitimate union. | Tiegitimate union.
15 flowers fartilisod by own-form 15 flowers fartilized by own-form
mid-length stamens. shortost stamens.
2 - 4 -
10 v B (]
25 ] | 4 L
o a { 1] 0
0 (1] | ] ]
0 0 ¥ o
Ll L] 0 ¥
L] 0 0 ]
Two sterile for any average. Too sterila for any averaps,

Besides the above experiments, I fertilised a con-
Siderable number of long-styled flowers with pollen,
taken by a camel's-hair brush, from both the mid-
length and shortest stamens of their own form: only
9 capsules were produced, and these yielded on an
average 145 seeds. In 1863 I tried a much better
experiment : a long-styled plant was grown by itself,
miles away from any other plant, so that the flowers

. could have received only their own two kinds of pol-
len, The flowers were incessantly visited by bees, and
their stigmas must have received successive applica-
tions of pollen on the most favourable days and at the
most favourable hours: all who have crossed plants
know that this highly favours fertilisation, This plant
Produced an abundant crop of eapsules; I took I_:'.‘r'
chance 90 capsules, and these contained geeds 10
Bumber as follows :—

0 o0 35 21 19
gl B Gy 18 as 10
7 30 a7 a0 13

20 12 28 10 ]
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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 see that this form, fertilised by its own two pollens,

yields only between one-fourth and one-fifth of the full
number of seed. I have spoken as if the plant had re-
ceived both its own kinds of pollen, and this is, of
course, possible ; but, from the enclosed position of the
shortest stamens, it is much more probable that the
stigma received exclusively pollen from the mid-
length stamens; and this, as may be seen in com-
partment V. in Table 23, is the more fertile of the two
self-unions,

Tasre 24 —Aid-styled Form.,

1 I1 _:“ “<\

Tegitimate union, Legitimafe union.

12 flowers fertilised by the mid- 12 flowers fertilised by the mid-
longth stamens of the lopg-styled. | length stamens of the short-styled.
These etamens equal in Igng[h the These stamens equnl in length the

pistil of the mid-styled. plstil of the mid-atyled.
Produoct of good seed in spch cap- Product of good seed in each cap-
sule, sule,

138 123 112 109
149 pill] 130 143
147 151 143 124
109 119 100 140
153 158 3 12
144 [i] — 141
e 104

02 per cent, of the flowers (pro- 100 per cent. of the flowers yieldeq

bably 100 per cent.) vieled cap- capsules, E']n.l'l: enpstile eontainag,
sufes. Each capsule contained, on | off a0 average, 1080 gends s or, ex.
an wverage, 127+ 3 seads, cluding enpsules with less than 20

soadg, the averagze is 1167 seeds, = ¥
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Tanne 24— Aid-styled Form—continued,

1.
INegitimate wnion.

13 Howers fortilized by the short-
est staméns of the long-styled,

a3 12
{ 19

=peds small

. 85{ atl poor.
—_ (1}
44 0
44 i}
40 ]

b4 per cent. of the flowers yielied
capsules,  Each copsule contnined,
on an average, 474 seeds ; or, ex-
cluding enpsules with less than 20
sreds, the average is G0°2 geeds.

IV,
IMegitimate wnion.

13 flowers fortilized by the long-
est stamens of the short-styled,

130 86
115 118
12 28
(i1 17

2 115
b1 T
== 128
132 i)

B3 per cent, of the flowers yielded
capsules.  Ench enpsule comtained,
on an average, 69-5 sewds; or, ex-
cluding capsules with less than 20
seeds, the average is 1028,

Wi

Tllegitimate union.
12 flowers fertilised by vwn=form
longest stamens,
93
a
63
1062 *
L]
0

Excluding the capsnla with 186
soeda, 25 per cent. of the flowers
vielded capsules, and each capsule
contained, on an average, 54 6 seeds;
or,excluding capsules with less than
20 seeds, the average is 770,

== =

VI

IMegitimate wnion.
12 flowers fertilized by own-form
shortest stamens.

1] (1]
0 ]
0 0
— 1]
0 1
1] ]

1]
Kot one flower yielded o capsule,

* I have hardly a doubt that
this result of 186 seeds in compart-
ment V. was due to o gross ereor.
Tl"ﬂll flowers tn he fertilised by

Eir own lomgest stamens were

marked by © white thread,”

:tml those by thé mid-length
_LE'E“'B‘HF- of the long-styled form
LF *white sille ' a flower fertilised
n the loter manner would have
{:}EH&II about 156 seede, and it may
nhserved that one such pod is

missing, viz. at the botlom of
compartment 1. Thercelfore T have
bardly any doubt thint I fortilised
a fower marked with “white
thread P as if it Lind been marked
with “ white sills."” \\'it_h Ti t
to the capsule which vielded 52
soeda, in the Emme column with
that which yielded 136, 1 do
ot know what to think, T
ondeavoured to prevent pollen
dropping from nn npper o u lowor
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Besides the experiments in the above table, I ferti-
lised a considerable number of mid-styled flowers with
pollen, taken by a camel’s-hair brush, from both the
longest and shortest stamens of their own form: only
-0 capsules were produced, and these yielded on an

average 110 seeds,

Tarne 25— Short-sfyled Form.

L
Legitimata union.

12 flowers fartilized by the short-
est stamens of the long-styled.
These stamens equal in length the
pistil of the short-stvlad.

69 ]
61 &8
g8 113
i1 111
1] L
0 100

83 per cent. of the flowers yieldad
capsules. Ench cnpsule conlained,
on an average, B1-3 seads.

II,

Legitimata union,

13 flowaers fertilised by the short-
est stamend of the mid-styled.
These stamens equal in length the
pistil of the short-styled.

83 Ha
i | ]
48 a3
43 o
i] o
L] i

== i} I
il ]]"‘r et of the flowers yielded
capsulas,  Each eapsule contained,
on an avernge, G4-G seads.

I11.

Tlegitimats union.
10 flowers fortilised by the mid-
length stamens of the long-«tvled.

] 14

{ 0

0 0

0 0
—_— 0
23

Too sterila for any averaga,

1¥.
Tlegitimate wnifon.
10 flowers fartilised by the long-
et stamens of the mid-giyled,

1
0
11
0

o
Too storile for any average.

SooS o

flower, and I tried to remember fo
wipe the pinoers earefully after
sach fertilisation ; but in making
eighteen different unions, some-
timeaon windy days, and pestered
by bees and fliea buzzing about,
some faw errora conld lardly be
avoided, One day I liod to keep
i third man by we all the time to
provent the bees visiting the un-

covervd plants, for in a few
seconds’ timo they might havg
done irreparable mischief, Tt wag
aleo extremely diffienlt to exeludg
minute Diptera from the net, Ty
1262 [ made the great mistaks of
placing o mid-atyled and loge.
styled under the same huge ey,
in 1863 I avoided this error,

. ;-%“-_
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L Tanre 25— Short-styled Form—eondinued,

V.
Illegitimats union.
L tiowers fertilised by own-furm
longest stamens,
0
L]
Li]

LI
0

Too sterile for any average,

S oRoD

YL
IMlagitimate union.

10 flowers fertilised by own-form
mid-length stamens.

GLE® (1]
i i}
i 1]

— 1]

21 1]

Too sterila for any average.

DBesides 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

p smpgle capsule.

Summary of the Results.

Long-styled form.—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

BO T geeds,
Twenty-six long-styled

flowers fertilised illegiti-

mately by the other stamens of the mid- and short-
ghyled forms yielded only two very poor capsules.
Thirty long-styled flowers fertilised illegitimately by
their own-form two sets of stamens yielded only eight
Yery poor capsules; but long-styled flowers fertilised

" I euepect that by mistake I

E‘;ﬂ"lii‘*'d this flowée in compart-
. thE“t VI with pollea from the
“EU0rtest stnmens of the long-styled

fovm and it would then  haso

yielded about 64 speds. Flowers

to be thng fertiliszed wern maarked
with black sille; those with pﬁ]lﬂﬂ
from the mid-length stomens of
the short-styled with black ":!.lE:l.il .
and thus probably the mistuke
nrose,
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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
fertilised by the stamens of corresponding length, — = ™-
borne by the long and short-styled forms, yielded 96
(probably 100) per cent. of capsules, which contained
(excluding one capsule with 12 seeds) on an average
1172 seeds.

Fifteen mid-styled flowers fertilised illegitimately
by the longest stamens of the short-styled form yielded
93 per cent. of capsules, which (excluding four cap-
sules with less than 2(kseeds) contained on an average
1028 seeds.

Thirteen mid-styled flowers fertilised illegitimately
by -the mid-length stamens of the long-styled forim.
yielded 54 per cent. of capsules, which (exeiur}i_ng -
one with 19 zeeds) contained on an average 60- 2 seeds,

Twelve mid-styled flowers fertilizsed illegitimately
by their own-form longest stamens yielded 23 per
cent. of capsules, which (excluding one with § seeds)
contained on an average 77°5 seeds.

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

Short-styled form. — Twenty-five flowers fortilisad
legitimately by the stamens of corresponding length,
borne by the long and mid-styled forms, yielded 72

er cent. of eapsules, 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 riid-styled .r{.'ll‘m-B
yielded only two very poor capsules,

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

If we take all six lﬁgitimat@ unions together, and
all twelve illegitimate unions tngethcr we get the
following results : —

Tavre 26.
et Ry
Number Number "\i'?l bl“'!r Z‘?Jnmbu'rs‘l-‘:lf
Natore of Union, of Flowers | of Capsulen | RWOREEOD | Sy
fereliised. Presliced. o :ullfr Flower fer
el tilized.
v i it -r ¥
The six ]“E-"““““} 75 56 96+20 71°89
upichs . o
i il 1 .. ‘.. . -
The tw nl'::e illegiti 146 a6 44-79 11-08
faate unions . . |

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

From this summary and the several foregoing tables
we see that it is ouly pollen from the longest stamens
which can fully fertilise the longest pistil; only that
from the mid-length stamens, the mid-length pistil;
and only that from the shortest stamens, the shortest
pistil. And now we can comprehend the meaning of
the almost exact correspondence in length between
the pistil in each form and a set of six stamens
in two of the other forms; for the stigma of each
form is thus rubbed against that part of the insect's
body which becomes rhmm:d with the proper pollen.
It is also evident that thn stigma of each form,
fertilised in tiree different ways with puﬂi‘ll from

.ﬂlE longest, mid-length, and shortest stamens, is acted

oil very tllfI'Lanth and cony ersely, that the pollen from
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the twelve longest, twelve mid-length, and twelve
shortest ﬂt&ngglls acts very differently on each of the
three stigmas ;. so that there are three sets of female
and of male organs. DMoreover, in most cases the six
stamens of each set differ somewhat in their fertilising
power from the six corresponding ones in one of the
other forms. We may further draw the remarkable
conclusion that the greater the inequality in length
between the pistil and the set of stamens, the pollen
of which is employed for its fortilisation, 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 thelong-styled form
the shortest stamens obyiously differ in length from
the pistil to a greater degree than do the mid-length
stamens ; and the capsules 1_'-'1‘£*ﬂ-‘-'~'3‘HLl 'f}’ the use nfk
pollen from the shortest stamens contain fewer secds
than those produced by the pollen from the mid-
length stamens. The same result follows with the
long-styled form, from the use of the pollen of the
shortest stamens of the mid-styled form and of the
mid-length stamens of the short-styled form. The
same rule also holds good with the mid-styled and
short-styled forms, when illegitimately fertilised with
pollen from the stamens more or less unequal in
length to their pistils. Certainly the difference ip
sterility in these several cases is H-lii?']‘-lt; but, as far a4
we are enabled to judge, it always mereases with the
increasing inequality of length between the pistil anq
the stamens which are used in pach case.

The correspondence in length between the pisti] in
each form and a set of stamens in the cther two formg
is probably the direct result of adaptation, ag it s G;.

high service to the specie by leading to full andg:

)

Y

4
\

il

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

Another conclusion which may be drawn from

ubles 23, 24, and 25, even from a glance at them,

M
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is that the mid-styled form differs from both the
others in its much higher capacity for fertilisation
in various ways. Not only did the twenty-four flowers
legitimately fertilised by the stamens of corresponding
lengths, all, or all but one, yield capsules rich in
seed ; but of the other four illegitimate unions, that
by the longest stamens of the short-styled form was
highly fertile, though less so than the two legitimate
unions, and that by the mid-length stamens of the
long-styled form was fertile to a considerable degree;
the remaining two illegitimate unions, namely, with
this form's own pollen, were sterile, but in different
degrees, 8o that the mid-styled form, when fertilised
in the six different possible methods, evinces five
grades of fertility. By eomparing compartments ITL
and VI. in Table 24 we may see that the action of
the pollen from the shortest stamens of the long-stylad
and mid-styled forms is widely different ; in the one
case above half the fertilised flowers yielded capsules
containing a fair number of seeds; in the other case
not one capsule was produced. So, again, the green,
large-grained pollen from the’ longest stamens of.
the short-styled and mid-styled forms (in compart-
ments IV. and V.) is widely different. In both these
eases the difference in action is so plain that it cannot
be mistaken, but it can be corroborated. If we look
to Table 25 to the legitimate action of the shortest
stamens of the long- and mid-styled forms on the
short-styled form, we again see a similar but slighter
difference, the pollen of the shortest stamens of the
mid-styled form yielding a smaller average of gapd
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 m::
the long-styled form of the green pollen of the two
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sets of longest stamens, we shall find exactly the same
result, viz. that the pollen from the longest stamens of
the mid-styled form yielded during both years fewer
seeds than that from the longest stamens of the
short-styled form. Henee it is certain that the two
kinds of pollen produced by the mid-styled form are
less potent than the two similar kinds of pollen pro-
duced by the corresponding stamens of the other two
forms,

In close connection with the lesser potency of the
two kinds of pollen of the mid-styled form is the fact
that, according to H. Miller, the grains of both are
a little less in diameter than the corresponding grains
produced by the other two forms. Thus the grains
from the longest stamens of the mid-styled form are
9 to 10, whilst those from the corresponding stamens
of the short-styled form are 9% to 10} in diameter.
So, again, the grains from the shortest stamens of the
mid-styled are 6, whilst those from the corresponding
stamens of the long-styled are 6 to 6} in diameter.
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
state, for the naturally fertilised capsules yielded a
considerably larger average number of seeds than
those of the other two forms—almost every flower
which was artificially fertilised in a legitimate manner
produced a capsule—and most of the illegitimate
unions were highly productive. The mid-styled form
thus appears to be highly feminine in nature ; and al-
though, as just remarked, it is impossible to consider
its two well-developed sets of stamens which produce
~an abundance of pollen as being in a rudimentary

condition, yet we ean hardly avoid conmecting as
M 2
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balanced the higher efficiency of the female organs

in this form with the lesser efficiency and lesser size

of its two kinds of pollen grains, The whole case |
appears to me o Very curious one. ‘l

It may be observed in Tables 23 to 25 that some -

of the illegitimate unions yielded during neither year

a single seed ; but, judging from the long-styled plants,

it is probable, if such unions were to be effected Te-
peatedly by the aid of insects under the most favounr-
able conditions, some few seeds would be produced in
every case.  Anyhow, it is certain that in all twelve
illegitimate unions the pollen-tubes penetrated the
stigma in the course of eighteen hours. At first I
thought that two kinds of pollen placed together on
the same stigma would perhaps yield more seed than
one kind by itself; but we have seen that this is ng
so with each form’s own two kinds of pollen; nor is i
probable in any case, as I occasionally got, by the use
of a single kind of pollen, fully as many seeds as a
capsule naturally fertilised ever produces. Moreover
the pollen from a single anther is far more than suffi-
cient to fertilise fully a stigma ; sinee, in this as with

so many other plants, more than twelve times as much

of each kind of pollen is produced as is necessary to
ensure the full fertilisation of each form. From the
dusted eondition of the bodies of the bees which T
caught on the flowers, it iz 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 ovep

any other kind of pollen and oblitdtate its effects
—even if the latter had been placed on the st.igm&; ;"b'“
some hours previously. i
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Finally, it has now been shown that Lythrum salicaria
presents the extraordinary case of the same species
bearing three females, different in structure and func-
tion, and three or even five seta (if minor differences
are considered) of males; each set consisting of half-
a-dozen, which likewise differ from one another in
structure and function.

Lythrum Grofferi—1 have examined numerons dried flowers
of thiz species, each from a separafe plant, sent me from Kew.
Like L. salicarie, it is trimorphic, and the thres forms appa-
rently oceur in about equal numbors. In the long-styled form
the pistil projects aboub oue third of the length of the calyx
beyond its month, and is therefore relatively mnch shorter than
in L. salicarie ; the globose and hirsute stigma is larger than
thit of the other two forms: the six mid-length stamens, which
are graduated in length, have their anthers standing close above
and closs heneath the month of the calyx; the six shortest
stamens rise rather above the middle of the calyx., In the mid-
styled form the stigma projects just above the mouth of the
calyx, and stanids almost on a level with the mid-length stamens
of the long and short-styled forms; its own lomgest stamens
project well above the mouth of the calyx, and stand a little
ahove the level of the stizma of the long-styled form. In short,
withont entering on further details, there is a close general
eorrespondenee in structure between this species and L, salicarin,
but with some differences in the proportional lengths of the
parts, The fact of each of the three pistils having two sets of
stamens of corresponding lengths, borne by the two other forms,
comes ont conspienously. In the mid-styled form the pollen-
graing from the longest stamens ave nearly double the diameter
of thosa from the shortest stamens; go that there is a greater
difference in this respect than in L. salicaris. In the long-
styled form, also, the difference in diameter between the pallen-
graing of the mid-length and shortest stamens iz greater *_h“‘
in [, salicaric, These comparisons, however, must ba recaived
with epution, as they were made on gpecimens soaked in water,
after having beenlong kept dry. ;

Lythrum  thymifolie,—This form, according to Vaucher,” is

& +Hist. Phys. des Plantes 'Burope, tum ii. (1541), pp. 363, 37L
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dimorphie, like Primula, and therefore presents only two forms.
T received two dried flowers from Kew, which consisted of the
two forms ; in one the stigma projected far beyond the ealyx, in
the other it was included within the ealyx; in this latter form
the style was only one-fourth of the length of that in the other
form. There are only six stamens; these are somewhat gradu-
ated in length, and their anthers in the short-styled form stand
a little above the stizma, 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. selicariz and L.
G reefferi. .
Lythrum hyssopifolin—This species is said by Vaucher, but T
bielieve erroneously, to be dimorphie. I have examined dried
flowers from twenty-two separate plants from various Jocalities,
sent to me by Mr, Hewett O, Watson, Professor Babington, and
others. These wera all essentinlly alike, so that the species

cannot be heterostyled. The pistil varies somewhat in length,

but when unusually long, the stemens are likewise gemerally
long; in the btud the stamens are short; and Vaucher swas
perhaps thus deceived. There sre from eix to nine stamens
graduated in length. The three stamens, which vary in being
either present, or absent, eorrespond with the six shorter stamens
of L. salicaris and with the six which are always absent in® L.
thymefolia, The stigma is ineluded within the calyx, and stands
in the midst of the anthers, and would generally be fertilised
by them'; Lut us the stipma and anthers ara npturmed, and as,
according to Vaucher, there is o passage left in the upper side
of the flower to the nectary, there can harndly be & douht that
the fowers arve visited by insects, and would occasionally be
erogs-fertilised by them, as surely as the flowers of the short-
styled L. salicarin, the pistil of which and the mr[‘eapun{[jng
stamens in the other two forme closely resemble those of L. fys-
sopifolia. According to Vancher and Lecoq,* this species, which
js an anoual, generally grows almost solitarily, whereds the
three preceding species are gocial ; and this fact alone wonld
almast have convinced me that L. hyseopifolic was not heterg.
styled, as such plants cannot habitually live ifblated any bottep
than one sex of a dicecious species.

# ¢ Geograph. Bot. de I"Europe, tom. v1, 1857, p. 157.

-

r
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We thus see that within this genus some species are hetero-
styled and trimorphic; one apparently heterostyled and dimor-
phie, and one homostyled,

Nescenr verticillafo—I raised a number of plants from seed
sant ma by Professor Asa Gray, and they presented thres forms.
These differed from one another in the proportional lengths of
their organs of froetification and in all respeets, in very nearly
the eame way as the three forms of Lythrum Greferd. The
precn-pollen grains from the longest stamens, measured along
their longer axis and not distended with water, were o135 of an
inch in length; those from the mid-length stamens 18 and
those from the shortest stamens ¢335 of an inch. So that the
largest pollen-grains are to the smallest in dinmoeter as 100 to
5. This plant inhabits swampy ground in the United States.
According to Fritz Miller,* a species of this genusin St. Catha-
ring, in Southern Brazil, is homostyled. 3

Lagerstreemia Tidice.—This plant, o member of the Lythraces,
may perhaps be heterostyled, or may formerly have beenzo. Tt
s romarkable from the extreme variability of itz stamens. On
a plant, growing in my hothouse, the flowers ineluded from
nineteen to twenty-nine short stemens with yellow pollen,
which correspond in position with the shortest stamens of
Liythram ; and from one to five (the latter number being the
commonest) very long stamens, with thick flesh-coloured fila-
ments and green pollen, eorresponding in position with the
longest stamens of Lythram. Inone flower, two of the long
stamens produced green, while a third produced yellow pollen,
although the filaments of all three were thick and flesh-coloured.
In an sother of another flower, one cell contained green and
the other yellow pollen. The green and yellow pollen-grains
from the etamens of different length are of the snme size.
The pistil is a little bowed upwards, with the gtigma seated
between the anthers of the ghort and long stamens, so thab
this plant was mid-styled. Eight flowers were fertilised with
green pollen, and sixz with yellow pollen, but not one seb frnit.
This latter fact by no means proves that the plant is hetero-
styled, as it may belong to the class of self-sterile species.
Another plint growing in the Botanie Gardens at Onlentta, as
M. J. Scott infdtms me, was long-styled, and it was equally

# i fiot. Feitung,” 1868, p. 112
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sterile with its own pollen; whilst o long-styled plant of
L. veqines, thongh growing by itself, produced fruit. T examined
dried flowers from two plants of L. pervifora, both of which
were long-styled, pnd they differed from L. fndica in having
eight long stamens with thick filaments, and o crowd of ghorter
gtamens. Thus the evidence whether I. Fudics i8 hetero-
styled is curiously conflicting; the unequal number of the short
and long stomens, their extreme variahility, and especially the
fact of their pollen-grains not differing in size, are strongly
opposed to this belief: on the other hand, the difference in
length of the pistils in two of the plants, their sterility with
their own pollen, and the difference in length and strmecture of
the two sets of stamens in the same flower, and in the eolonr of
their pollen, favour the belief, We know that when plants of
any kind revert to a former condition, they are apt to be highly
variable, and the two halves of the same organ sometimes diffpe
much, a8 in the case of the above-described anther of thy

Lagerstromia; we may therefore suspect that this species wge
once heterostyled, and that it still retains traces of its forme,'

state, together with a tendency to revert more completely o 4
It deserves notice, as bearing on the nature of Lagerstreemis,
that in Lythrem hyssopifolie, which is a homostyled species, snmg
of the shorter stamens vary in being either present or absent,
and that these stamens ave altogether absent In Lo gfypmp
Jolta.  In another genus of the Lythraces, namely Cuphes, threg
species raised by me from seed certainly were homostyleq
nevertheless their stamens consisted of two sets differing iy
length and in the colour and thickness of their filaments, pyy
not in the gize or colonr of their pollen-graing; so tliat they
¢hus far resembled the stamens of Lagerstremin. 1 foupg thist
Cuphea purpures was highly fortile with its own pollen when
artificially aided, but sterile when insects were excluded,*

* Mr. Spence informs me that  phic: bui he did not noties 4,
jn soversl speeies of the genus  lengih of the pistils. Ty the
Mollin (Tiliacem) which he eol-  allied Luhen the outep purfligly
Jeoted in Bouth  Aserien, the stomens are distitute of antfir,
sramend of the five outer coborts I prooured  some  Bpeiigen, uf
have 1']|.1].']J]i$|| filnments wnd green Mallin F:'lpr:fr.lfl! mnil Beningg fry
pollan, whilst the stamens of the l.{“?" ]'m.l' Esm:]-i'-_‘nlht make gy thag
fiva inner eohorts have yellow  their pistils differsd iy lengl,
willon, He therefore suspected i djﬁ".nmlt, plants; and i -1
thnt these epecies might prove  thosu which 1 exomingg thg
to be bLeterostyled ond trimor-  stigma stood elose beng gy, Vi

PR
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OxALIS ((GERANIACEE).

Tn 1863 Mr. Roland Trimen wrote to me from the
Cape of Good Hope that he had there found species of
Oxalis which presented three forms; and of these he
enclosed drawings and dried specimens, Of one species
he collected 43 flowers from distinet plants, and they
consisted of 10 long-styled, 12 mid-styled, and 21
short-styled. Of another species he collected 13 flowers,
consisting of 3 long-styled, 7 mid-styled, and 3 short-
styled. 1In 1866 Prof. Hildebrand proved® by an ex-
amination of the specimens in several herbaria that 20
species are certainly heterostyled and trimorphie, and
51 others almost certainly so. He also made some in-
teresting observations on living plants belonging to
one form alone; for at that time he did not possess
the three forms of any living species. During the
years 1864 to 1868 I oceasionally experimented on
Owalis speciosa, but until now have neyer 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
threa forms arve nearly the same as in Lythrum sali-
carig. T will now give an abstract of his observa-
tiong, and afterwards of my own less complete ones.
I may premise that in all the species seen by me, the
E:tigﬂ'um 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

UBpermost anthers, The numerons * | Monalsher, der ‘*‘Erf,d' der
. ems gre peraduated in length,  Wiss, Berling’ 1866, pp. 995 872,
T the pollen-grains from the IHo gives drawings of tho: s
~8est and shorteat ones did not  formaat p. 42 of his ‘G:FH"‘"J“E!"tN'
d:'-"-‘-"lflt noy marked difference in Vertheilung,' &e., 1867.
ieter, Therafore these spocics + * Bot. Zeitung' 1871, pp. 416

do not Bppenr to be heterostyled, nnd 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 upper
anthers than to the lower ones. In the short-styled

Fig. 11.

Loogsiried. Mid-styled, Bhort-styled.
OXALIS SPECIOSA (with the petals removed). —,
S5 & stigmas, The dotted lints with arrows show which pollen munsg
be enrrivd to the stigmas for legitimate fertilisation,

form, the stigmas also pass out between the filaments

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

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

to the same height as the corresponding stigmas in the

other two forms,

Oralis Valdiviana—This species, an inhabitant f

the west coast of South America, bears vellow flowers,

Hildebrand states that the stizmas of the three
do not differ in any marked manner, but that the pisti]
of the short-styled form alone is destitute of hairs,
The dinmeters of the pollen-grains are as follows

forms

Divisians O Ly

- Micrometor,
From the longest stamens of shiort-stvled .. . . . Bita i
5 mid-length o \ Ty 8
AT ool L H
4 longest stameny of mid-stylad 8
- shortest " "- < &
: mid-length stamens of long=atyled . . . 7
E shortest b ik

n P I el o o
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Therefore the extreme difference in diameter is a8 8°5
to 6, or as 100 to T1. The results of Hildebrand’s ex-
periments are given in the following table, drawn up
in accordance with my usual plan. He fertilised each
form with pollen from the two sets of anthers of the
game flower, and likewise from flowers on distinet
plants belonging to the same form; but the effects
of these two closely allied kinds of fertilisation differ

o little that I have not kept them distinet,

Tance 27.

Caalis Valdiriona { from Iildebrand),

Number | Number | Number
ol (o 1

feriilised. | producei.

of

i napsule,

Long-styled form, by pollen of longest
stamens of short-styled. Legitlmntfi 28 28
union R e

110

Long-styled form, by pallon of longest
etamens of mid-styled, Legitimnte
union . %

Long-styled form, by pollen of own and ||
own=form mid-length stomens, 1legiti- |
mnta union . : |

Long-stylod form, by pollen of own and
own-form shortest stamens, J]ll:g:li-!\ 24 0

matennion . . o 4 ;

stumens of short-styled, Illeptimate
LR T T

Long-styled form, by pollen of shnrtes-_t’
16 1

stamens of mid-stvled. Illegitimata

-'—"-—--_'
Long-styled form, by pollen of shortest |

| a
0N S S et ‘
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Taprte 27—continued,

Oxalis Valdiviana ( from Hildebrand).

Kumber | Number | Nomber ,_4\
Nature of Takon. Fhfv:eﬂ &uﬂulﬁ e - -

L I'I.-'rujii.nﬂ. pri dl.:u:l.-d. (‘.a]uuu;l.
Mid-styled form, by pallen of mid- |eﬂj,th .Ff.'t } y

mens of long- 4t_'|.||.|l Legitimate union. 38 | 38 113
Mid-styled form, by pollen of mid-length i

stamens of short- styled. chlliulntn1 23 23 10:4

union . S
Mid-styled form, by pollen of own and

own-form longest stamoens.  [legitimate 52 ] 0

WIIEDESY rl it Tl g Ty TR b
Mid-styled form, by pollen of own and

own-form shortost stamens, Ulegitimate 30 1 i

mnlonn GRS G e v A

. T,

Mid-styled form, by pollen of shortest )-5 Y

stamens of long-styled, Illepitimate 16 f] Q =

LT
Mid-styled form, by pollen of longrst etn—} o=

mens bflhﬂrtjit-jl.El]. Ilagitimate union, 19 B il
Short-styled form, by pollen of shortest r,tn.— 18 18 11:0

mens of long-styled,  Legitimate union. |
Short-styled form, by pollon of shortest sti- i

mens nt'mid—ﬁt.y,lal. Legitimate union . i L b8

.

Short-stylod form, by pollen of own and

oWT- ﬁ):r:n longest stamens. Illng:hmnhr: 21 0 4]

union .
Short-styled form, by pellen of own and

awn-furm mid-length stomens,  Llegité- 23 0 o

mate a0 T e e S
Short-styled form, by pollen of longest -‘-l:l-fl \

mi‘!hﬂ.ﬁftnld-ﬂ.l‘.}’l&d legitimate unidn. | ¢ . 2 )
Short-stvled form, by pollen of mid-long‘th j::

stamens of long-styled. II]{'gitilnntcl 3 o 0

un'l-:-n.........i |
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We here have the remarkable result that every one
of 138 legitimately fertilizsed flowers on the three forms
yielded capsules, containing on an average 11-583 seeds.
Whilst of the 255 illegitimately fertilised flowers, only
6 yielded capsules, which contained 383 seeds on an
average. Therefore the fertility of the six legitiméite
to that of the twelve illegitimate unions, as judged
by the proportion of flowers that yielded ecapsules, is
as 100 to 2, and as judged by the average number of
seeds per capsule as 100 to 34. It may be added that
some plants which were protected by nets did not
spontaneously produce any fruit; nor did one which
was left uncovered by itself and was visited by bees.
On the other hand, gearcely a single flower on some
Uncovered plants of the three forms growing near
together failed to produce fruit.

Oxalis Regnelli—This species bears white flowers
and inhabits Southern Brazil. Hildebrand says that
the stigma of the long-styled form is somewhat larger
than that of the mid-styled, and this than that of the
short-styled. The pistil of the latter is clothed with a
few hairs, whilst it is very hairy in the other two
forms. The diameter of the pollen-grains from both
sets of the longest stamens equals 9 divisions of the
‘D.licmmetcr,-—thilt from the mid-]cngth stamens of the
Iung-atyled form between 8 and 9, and of the sghort-
styled 8, —and that from the shortest stamens of both
sets 7. Ho that the extreme difference in diameter is
a2 9 to T oras 100 to 78, The experiments made by
Hildebrand, which are not so numerous as jn the last
Case, are given in Table 28 in the same manmner as

efore,

The results fire nearly the same as in the last case,
At mgra striking ; for 41 fowers belonging to the

Tee forms fertilised legitimately all yielded capsules,
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TABLE 2B,
Oxalis Reguelli (from Hildelvand).

Humber 1 Number | Average
of of 4

: Number of
Hature of Union. Filnars Capenles &;l ;:'r
. Fertillsed, | produced. | Capeuls,
I.umg-sly]eu! form, by pollén of longest sta- G & 10-1

mens of short-styled, Legitimate nnion

I.{mg-\al.y]ul] form, by pollen of longest stn-}

|4 [ s
mens of mid-stylad, Legitimate union | - : ALl
Tong-styled form, by pollen of own mid-]) 1) o )
length stamens.  [legitimnte union

Long-styled form, by pollen of own shnrt.—} 1 o o
est stamen.  [llegitimate union .

Mid-styled form, by pollen of mid-length sta- .
miens of short-styled.  Legitimate union ) a 10:47

Mid-styled form, by pollen of mid-length ata- __-_-_
mens of 10I1"—h‘t-j|-l-‘ll Legitimate union . L b e

Mid-styled form, by pollen of own Ian;,enl o o o
stamens.  Illegitimate anion J

Mid-atyled t"mm, by pollen of awn shortest g o o
atamens, Il!egtt:mqte union .

Mid-styled form, by pollen of longest sta-]
mens of short-styled. [llegitimate union = s o

Fhort-stylod form, by pollen of shortost sta-

mens of maul-st.v. led, Legitimote union. 9 - 106

E-Eu:-rt ;it-) led form, by pollen of shortest sta-
mens of long-styled, Legitimate union,

length stamens,  Ilegitimate anien

Short-styled form, by pollen of own long-
eat stamens.  lopitimate union

bhulrl:-—.l-t.:."lhl form, by pollen of mid-length
stamens of lonpstyled, ﬂll.gtl:umtl
nunion . e

Shurt.—stylml form, by pollen of own :rni-l—} 13 0 o
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containing on an average 10-31 seeds; whilst 39
flowers fertilised illegitimately did not yield a single
capsule or seed. Therefore the fertility of the six
legitimate to that of the several illegitimate unions,
as judged both by the proportion of flowers which
yielded eapsules and by the average number of con-
tained seeds, is ag 100 to O.

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

Divisiois of the
Micrometer.

From the longest stamens of short-styled. . . 15 to 10
A miﬂ-lungl’.h - ¥ A yg bl b
»  longest stamens of mid-styled . . . 16
7 shortest 1 2 S e B U 1 L
" mid-length stamens of long=styled . . 14
% shorteat " o S e 12

Therefore the extreme difference in diameter is as
16 to 11, or as 100 to 69 ; but as the measurements
were taken at different times, they are probably only
dpproximately accurate. The results of my t!_\iperi.me:uts
in I:Lf-‘l‘ﬁlisiug the three forms are given in the following
table,
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Tasie 29,

Ozxalis specios,

Number | Number | Avorsge .
g f L Fumber of 3 =
Nature of Unfon. Fit Cn]:l.ﬂeu ﬂﬁu'r .ﬁ .
fertilisad, | produced, | Capenls
Long-styled form, by pollen of longest
stamena of ahu:-rl—\stvln-l Legltmutn 19 15 a7 4
B . b e e e
Long=styled form, by Fn]l-:n of iunqeat
stamens of  mid-styled Il.‘g‘.lt-lmﬂt'l: & 3 a59+0
union .
Long=styled form, by pollen of own-form a 7 g5
mid-length stomens, Illegitimate union ok
Long-styled form, by pollen of own-form 11 o * o p
ghartest stamens.  Illegitimate union !
_‘-'-.'d'
Long-stvled form, by pollen of shortest o
stamens of mid -etyled.  Illegitimate 4 0 0 {
e o SRy P S
Long=stvled form by pollen of midv]nngth[
stamens of short-styled. Illegitimate 13 5 30+0
MR L R R N e
Mid-styled form, by pollen of mid-length
stamons  of long-styled. Legitimate 4 a3 636
B0, T o gl B S
Mid=stylod form, by pollen of mid-length
stamend of short-styled. Legitimate 4 + il a
b L o B R e L B e e
Mid-strled form, by mized pollen from
both own-form longest and  shortest ] a 14
stamens,  Nlegitimate union .
Mid-styled form, by pollen of Ermgcsni
12 1 B

stamons of short-styled. Ilegitimate
T 1 R S i B R F
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TARLE 29—contined.

Owalis speciosa.

/k l\'un;bn Hum;ber Tﬁt'e;';lfeﬂ
a 0 Km
. Hitturs of Union, Flowers | Capeules | Hisds per
fertilised. | produced. | Capsuole,
Shart- at_lirimj form, by pollen of shortest
stamens of mid- atyled chlt]mu.te 3 r 67
union ., -
Bhort-styled form, by pollen of shortest I
stamens. of ]ong—slylcd Iu,gltlmn.!e 3 a3 o5
ubion, ’
S\huﬂ--thj]ml formy, by pailen of own-form 5 1 g
longest stamens.  Tllegitimate union
Short-styled form, by pollen of own-form a 0 o
mid-length stamens, Illegitimate union
Bort-styled form, by both pollens mixed
together, of own-form lopgest and mid- 13 0 o
| length stamens. Illegitimate union
Short-styled form, by polien of longest
stamens of m].l-st.j'led ﬂ'eg]tm:uate 7 ] i
mufan.t .
Short-styled form, by pellen of mid-length
stamens of '||:-|:|L.-s!y!eﬂ IJlEgitltn:ie 10 1 he
unicm. k

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
illegitimate unions, as judged by the proportion of
Howers which yielded capsules, is as 100 to 15, and

- Judgﬂd by the everage number of seeds per capsule as

100 to 49. This pIsmt in comparison with the two

South American species previously deseribed, produces
N
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many more seeds, and the illegitimately fertilised
flowers are not quite so sterile.

Oxalis rosea.—Hildebrand possessed in a living state
only the long-styled form of this trimorphie Chilian

species.* The pollen-grains from the two sets of %

anthers differ in diameter as 9 to 7+5, or as 100 to 83.
He has further shown that there is an analogous
difference between the grains from the two sets of
anthers of the same flower in five other species of Oxalis,
besides those already described. The present species
differs remarkably from the long-styled form of the
three species previously experimented on, in a much
larger proportion of the flowers setting capsules when
fertilised with their own-form pollen. Hildebrand fer-
tilised 60 flowers with pollen from the mid-length
stamens (of either the same or another flower), ag]
they yielded no less than 55 capsules, or 92 per cent \#
These capsules contained on an average 5°62 seeda, |
but we have no means of judging how nearan 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 51 per cent., containing on an average
only 2-65 seeds. We thus see that about thrice gg
many flowers, when fertilised with pollen from the
mid-length stamens, produced capsules, and thegs
contained twice as many seeds, as did the flowerg
fertilised with pollen from the shortest stamepg

It thus appears (and we find some evidence of ' -
the same fact with 0. speciosa), that the same myle
holds good with Oxalis as with Lythrum salicarig ;
namely, that in any two unions, the greater the in-
equality in length between the pistils and stamens, or,

* «Monatsher. der Akad. der Wisa, Berlin,' 1865, - 372
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which is the same thing, the greater the distance .of
the stigma from the anthers, the pollen of which is
used for fertilisation, the less fertile iz the union,—
whether judged by the proportion of flowers which
set capsules, or by the average number of seeds per
capsule. The rule cannot be explained in this case
any more than in that of Lythrum, by supposing
that wherever there is greater liability to self-fertilisa-
tion, this is checked by the union being rendered more
sterile; for exactly the reverse occurs, the liability to
self-fertilisation being greatest in the unions between
the pistils and stamens which approach each other the

« nearest, and these are the more fertile. I may add

that I also possessed some long-styled plants of this
Species: one was covered by a net, and it set sponta-

# Meously a few capsules, though extremely few com-

Pared with those produced by a plant growing by
itself, but exposed to the visits of bees,

With most of the species of Oxalis the short-styled
form seems to be the most sterile of the three forms,
when these are illegitimately fertilised ; and I will add
tWo other cases to those already given. I fertilised
29 short-styled flowers of 0. compressa with pollen from
their own “two sets of stamens (the pollen-grains of
which differ in diameter as 100 and 83), and not one
Produced 4 capsule. I formerly ecultivated during
Several years the short-styled form of a species pur-
chased under the name of 0. Bowii (but I have some
doubtg whether it was rightly named); and fertilised
Many flowers with their own two kinds of pollen,
VAieh differ in diameter in the usual manner, but
Nevay g0t a single seed. On the other hand, Hilde-

= brang

\pp G 8ys that” the short-styled form of 0. Depped,
ETOWing by jtself, yields plenty of seed ; but it is not
lmmt“"ﬂ}' known that this species is hetemsfj'lﬂd; and

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

Some facts communicated to me by Fritz Miller
afford excellent evidence of the utter sterility of one
of the forms of certain frimorphic species of Oxalis, A
when growing iselated. He has seen in 8t. Catharina,
in Brazil, a large field of young sugar-cane, many
acres in extent, covered with the red blossoms of one
form alone, and these did not produce a single seed.
His own land is covered with the short-styled form of
a white-flowered trimorphie species, and this is equally
sterile ; but when the three forms were planted near
together in his garden they seeded freely. With two
other trimorphic species he finds that isolated plants
are always sterile.

Fritz Miller formerly believed that a species g
Oxalis, which is so abundant in St. Catharina that ?
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
scts, according to the lengths of these organs, A
large proportion of the anthers are of a white colonr
and quite destitute of pollen ; others which are pale
yellow contain many bad with some good grains: and
others again which are bright yellow have apparently
sound pollen; but he has never succeeded in ﬁnding
any fruit on this species. The stamens in some of
the flowers are. partially converted into petals. Fyig,
Miiller after reading my description, hereafter t 1,4
‘given, of the illegitimate offspring of varions heter.
styled species, suspects that these plants of Oxalig
may be the variable and sterile offspring of 4 single
form of some trimorphie species, perhaps accidenty) e

- w & 3 - I . r
introduced into the district, which has since beﬂi
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propagated a sexually. It is probable that this kind
of propagation would be much aided by there being
no expenditure in the produection of seed.

Owalis (Biophytum) sensitiva—This plant is ranked
by many botanists as a distinet genus. Mr. Thwaites
sent me a number of flowers preserved in spirits from
Ceylon, and they are clearly trimorphic. The style
of the long-styled form is clothed with many seattered
hairs, both simple and glandular ; such hairs are much
fewer on the style of the mid-styled, and quite ab-
sent from that of the short-styled form; so that this
plant resembles in this respect 0. Faldiviana and
HBegnelli, Calling the length of the two lobes of
the stigma of the long-styled form 100, that of
the mid-styled is 141, and that of the short-styled
164. 1In all other cases, in which the stigma in this
genus differs in size in the three forms, the differ-
ence is of a reversed nature, the stigma of the long-
styled being the largest, and that of the short-styled
the smallest, The diameter of the pollen-grains from
the longest stamens being represented by 100, those
from the mid-length stamens are 91, and those from
the shortest stamens 84 in diameter, This plant is
remarkable, as we shall see in the last chapter of
this volume, by producing long-styled, mid-styled,
and short-styled cleistogamic flowers.

Homostyled Species of Oralis—Although the majority
9 ! the species in the large genus Oxalis seem to be
Yrimorphie, some are homostyled, that is, exist under
% singla form: for instance, the common O. aeelp-
3ella, and according to Hildebrand two other widely
; Stributed Eu’rﬂpuﬁn species, 0. stricta and cm'nicu.’utﬁf-.

itz Miller also informs me that a similarly coyst}—
tited species is found in St. Catharina, and that 1t 18
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quite fertile with its own pollen when insects are ex-
cluded. The stigmas of 0. sfriefa and of another homo-
styled species, viz. 0. fropeoloides, commonly stand on
a level with the upper anthers, and both these Bpecies
are likewise quite fertile when insects are exeluded.
With respect to 0. acefosella, Hildebrand says that in
all the many specimens examined by him the pistil
exceeded the longer stamens in length. I procured
108 flowers from the same number of plants growing in
three distant parts of England ; of these 86 had their
stigmas projecting considerably above, whilst 22 had
them nearly on a level with the upper anthers. TIn
one lot of 17 flowers from the same wood, the sticmas in
every flower projected fully as much above the upper
anthers as these stood above the lower anthers. &,

that these plants might fairly be compared with the®.

long-styled form of a heterostyled species; and I g
first thought that 0. acefosella was trimorphic. Bug
the case is one merely of great variability. The
pollen-grains from the two sets of anthers, as observed
by Hildebrand and myself, do not differ in diameter,
I fertilised twelve flowers on several plants with pol-
len from a distinet plant, choosing those with pistils
of a different length ; and 10 of these (i.e. 83 per cent,)
produced capsules, which contained on an average 7:9
seeds, Fourteen flowers were fertilised with their owy
pollen, and 11 of these (i.e. 79 per cent.) yielded cap-
sules, containing a larger average of seed, namely 9.9
These plants, therefore, in function show not thg
least sign of being heterostyled. I may add that 1g
flowers protected by a net were left to fertilise theay,
selves, and only 10 of these (i.e. &5 Per"ciﬂlt.} Yieldeq

capsules, which contained on an average tnly 6.3 seedg

"

Ho that the access of insects, or artificial aid in Iﬂﬂciu;

pollen on the stigma, increases the fertility of the

}

._:b
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flowers ; and I found that this applied especially to
those having shorter pistils. It should be remem-
bered that the flowers hang downwards, so that those
with short pistils would be the least likely to receive
their own pollen, unless they were aided in some
manner,

Finally, as Hildebrand has remarked, there is no
evidence that any of the heterostyled species of Oxalis
are tending towards a dicecions 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.

PoxTeEDERIA [8P. 7] (PONTEDERIACE®).

Fritz Miller found this aquatic plant, which is al-
lied to the Liliaces, 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
qug‘-‘!t-}'i&ll form, in two dried flowers which were sent
me, was in length as 100 to 32, and its stigma as 100
to 80, compared with the same organs in the short-
styled form, The long-styled stigma projects conside-
rably above the upper anthers of the same flower, and
stands on a level with the upper ones of the short-styled
form. Tn the latter the stigma is seated beneath both its
oOwn 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
Utm as 100 to #8 in length, The pollen-grains distended

* 4 Taher den Trimorphismus  Zeitschrift,” &e., Band 6, 15871,

der  Pontederien *'; “Jenalsehe p. T4
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quite fertile with its own pollen when insects are ex-
cluded. The stigmas of 0. stricta and of another homo-
styled species, viz. 0. tropaoloddes, commonly stand on
a level with the upper anthers, and hoth these species
are likewise quite fertile when insects are excluded.
With respect to 0. acetosella, Hildebrand says that in
all the many specimens examined by him the pistil
exceeded the longer stamens in length. I procured
108 flowers from the same number of plants growing in
three distant parts of England ; of these 86 had their
stigmas projecting considerably above, whilst 22 had
them nearly on a level with the upper anthers. In
one lot of 17 flowers from the same wood, the stigmas in
every flower projected fully as much above the upper
anthers as these stood above the lower anthers. &g

that these plants might fairly be compared with the -

long-styled form of a heterostyled species; and T a¢
first thought that O. acefosella was trimorphic. But
the case i3 one merely of great variability. The
pollen-grains from the two sets of anthers, as observed
by Hildebrand and myself, do not differ in diameter,
I fertilised twelve flowers on several plants with pol-
len from a distinet plant, choosing those with pistils
of a different length ; and 10 of these (i.e. 83 per cent.)
produced eapsules, which contained on an average 7:9
seeds. Tourteen flowers were fertilised with their own
pollen, and 11 of these (i.e. 79 per cent.) yielded cap-
sules, containing a larger average of seed, namely 9-9,
These plants, therefore, in function show not thg
least sign of being heterostyled. I may add that 1g
flowers protected by a net were left to fertilise them.
selves, and only 10 of these (i.e. 55 per cent, ) Ffﬂlded
eapsules, which contained on an average nly 6,3 seedy,

So that the access of insects, or artificial aid in IJI'lﬂing »

pollen on the stigma, increases the fertility of the

)
*‘ .
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flowers ; and I found that this applied especially to
those having shorter pistils. It should be remem-
bered that the flowers hang downwards, so that those
with short pistils would be the least likely to receive
their own pollen, unless they were aided in some
manner.

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

PoxtEDERIA [8P. 7] (PONTEDERIACE E).

‘Fritz Miiller found this aguatic plant, which is al-
lied to the Liliaces, 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 82, and its stigma as 100
to 80, compared with the same organs in the short-
styled form. The long-styled stigma projects conside-
tably above the upper anthers of the same flower, and
8tands on a level with the upper ones of the short—stf]?ﬁ
form. Tn the latter the stigma is seated beneath both 1t8
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 ;hurt-stylerl form
;"9 to those of the shorter stamens of the lung'sﬁ'lefl
Orn as 100 to,88 in length, The pollen-grains distended

* “Ucher den Trimorphismus  Zeitschrift! &, Band 6, 1871,
der Pontederion 1 'J:I:ﬂaiadm T i ;
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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 shurt—style:l 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 mid-
styled form. The older flowers of the long-styled
and short-styled plants had set plenty of apparent].w |
good fruit; and this might have been expected, ;g -
they could legitimately fertilise one another. Aj
though he could not find the mid-styled form of
this species, he possessed plants of anotha.ar Bpecies
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 gta-
mens of the same flower as 100 to 86 in diameter, g4
deduced from ten measurements of each kind. Thega
mid-styled plants growing by themselves never Pro-
duced a single fruit.

Considering these several facts, there can harrHy ba
a doubt that both these species of Pontederia g5
heterostyled and trimorphic. This case is an interess.
ing one, for no other Monocotyledonous plant is knowy
to be heterostyled. Moreover, the flowers are irregy]y,
and all other heterostyled plants have almost \,}.-m:
metrical flowers. The two forms differ somewhgt in
the colour of their cornllas, that of the shm‘t-ﬁt-_',rled
being of a darker blue, whilst that of the IUDg-g',t}-lErl
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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 distinet whorls.
With respect to the absence of the mid-styled form in
the case of the Pontederia which grows wild in Southern
Prazil, this would probably follow if only two forms
had been originally introduced there ; for, as we shall
hereafter see from the ohservations of Hildebrand,
Fritz Miller and myself, when one form of Oxalis is
fortilised exclusively by either of the other two forms,
the offspring generally belong to the two parent-
forms,

Fritz Miller has recently discovered, as he informs
me, a third species of Pontederia, with all three forms
growing together in pools in the interior of 8. Brazil
80 that no shadow of doubt can any longer remain
about this genus ineluding trimorphic species. He
sent me dried flowers of all three forms. In the long-
styled form the stigma stands a little above the tips of
the petals, and on a level with the anthers of t-h_a
!'}HEE% stamens in the other two forms. The pistil is
I length to that of the mid-styled as 100 to 56, Fﬂl‘d
to that of the short-styled as 100 to 16. Its summitis
Tectangularly bent upwards, and the stigma is rather

roader than that of the mid-styled, and broader 1n
about the ratio of 7 to 4 than that of the shurf—stnylL
In the midast}rleﬁ form, the stigma is placed rather
f;_ Ve the middle of the corolla, and nearly on a level
it:‘h the mid-length stamens in the other two fﬂ?;.
= 15Umm1t. is a lil.tletbent. upwards. In the Shﬂ tF
3 r*:" de'ﬁ‘ form the pistil is, as we have seen, very Suo¥ -
- (differs from that in the other two forms in being

"ight. Tt stands rather beneath the level of the
nthers ﬂftthe shortest stamens in the lung—stF]Ed and



186 WETEROSTYLED TRIMORPHIC PLANTS. Camar IV,

mid-styled forms. The three anthers of each set of
stamens, more especially those of the shortest stamens,
are placed one beneath the other, and the ends of the
filaments are bowed a little upwards, so that the pollen
from all the anthers would be effectively brushed off
by the proboseis of a visiting inseet. The relative
diameters of the pollen-grains, after having been long
soaked in water, are given in the following list, as
measured by my son Franeis.

Diivislons of the

i Miero i
Long-styled form, from the mid-length stamens . . 13::1;:&
(Average of 20 mensurements.)
2 » from the shortest stamens . ., . . 9.0
; (10 measuraments.)
Mid-styled form, from the longest stamens . . . . 164
(15 mensurements,)
W s from the shortest stamens , . . . 8-1
(20 measurements, |
Shart-styled form, from the longest stamens . . . . 14:8
(20 mensurements.)
P ,, from the mid-length stamens- . . . 12-3

(20 measdrements. )

We have here the nsnal rule of the grains from the
longer stamens, the tubes of which have to penetrate
the longer pistil, being larger than those from the
stamens of less length. The extreme difference ip
diameter between the grains from the longest stamepg
of the mid-styled form, and from the shortest stameng
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 ir_:
any heterostyled plant. It is a singular fact thgt the
grains from the corresponding longest stamens iy the
two forms differ considerably in diameter ; as dg those
in a lesser degree from the corresponding Hlid-lengﬂ,
stamens in the two forms; whilst those from the Cop.
responding shortest stamens in the ling- and miq.
gtyled forms are almost exactly equal, Their in
equality in the two first cases depends on the Emin;
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in both sets of anthers in the short-styled form being
smaller than those from the corresponding anthers in
the other two forms: and here we have a case parallel
with that of the mid-styled form of Lythrum salicaria.
In this latter plant the pollen-grains of the mid-styled
forms are of smaller size and have less fertilising power
than the corresponding ones in the other two forms ;
whilst the ovarium, however fertilised, yields a greater
number of seeds ; so that the mid-styled form is alto-
gether more feminine in nature than the other two
forms. In the case of Pontederia, the ovarium in-
cludes only a single ovule, and what the meaning of
the difference in size between the pollen-grains from
the corresponding sets of anthers may be, I will not
Pretend to conjecture.
~ . The clear evidence that the species just described is
heterusty]cd and trimorphic is the more valuable as
there is some doubt with respect to P. cordafa, an in-
habitant of the United States. Mr. Leggett suspects®
that it is either dimorphic or trimorphie, for the
Pollen-graing of the longer stamens are “more than
twice the diameter or than eight times the mass of
the grains of the shorter stamens. Though minute,
these smaller grains seem as perfect as the larger
ones.”  On the other hand, he says that in all the
mature flowers, “the style was as long at least as
?hﬂ longer stamens;” “whilst in the young flowers
It was intermediate in length between the two sets of

Stamens ;” and if this be so, the species can hardly be
]lewmstjricd.

* * Bull. of the Torrey Botanical Club,’ 1875, vol. vi. p. 62-
a
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CHAPTER V.

ILLEGITIMATE OFFArnING oF HETEROSTYLED PLANTS.

Itlegitimate offspring from all three forms of Lythrum snlicarin®™ Their
dwarfed stature and sterility, some utterly barren, some fertile—
Oxalis, transmission of form to the legilimate and illegitimate
geedlings—Primula Sivensis, illegitimate offspring in some degres
dwarfed and infertile—Equnl-styled varieties of P. Sinensis, auri-
eula, farinosa, and elatine—P. vulgaris, red-flowered varioty, illegi-
timate seedlings sterile —P. veris, illegitimate planta raized during
several successive generations, their dwarfed stature and sterility—
Hqual-styled varieties of P. veris—Transmission of form by Py
monaria and Polygonum—Coneluding remorks—0Oloss paralleljgy,
between illegitimate fortilisation and hybridism.

WE have hitherto treated of the fertility of the flowers
of heterostyled plants, when legitimately and illegiti-
mately fertilised. The present chapter will be devoted
to the character of their offspring or seedlings. Thoge
riised from legitimately fertilised seeds will be here
called legitimate seedlings or plants, and those from
illegitimately fertilised seeds, illegitimate seedlings o
plants.  They differ chiefly in their degree of fertility,
and in their powers of growth or vigour. T will begin
with trimorphie plants, and < must remind the reqjar
that each of the three forms can be fertilised in gy
different ways; so that all three together can he fopt;.
lised in eighteen different ways. For inst.n.ucn’ “
long-styled form can be fertilised legitimately by {},,
longest stamens of the mid-styled and short-sty), d
forms, and illegitimately by its own-form mid-lcngﬂl
and shortest stamens, also by the mid-length stameyg
of the mid-styled and by the shortest stamens of th:u

A,
3"

}\

.ﬂ
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short-styled form ; so that the long-styled can be ferti-
lised legitimately in two ways and illegitimately in
four ways, The same holds good with respect to the
mid-styled and short-styled forms. Therefore with
trimorphic species six of the eighteen unions yield
legitimate offspring, and twelve yield illegitimate
offspring.

1 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-
Jeet of hybridism.

LYTHRUM BALICARIA.

Of the twelve 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-
FEgitimate unions.  Such illegitimate seedlings when
in flower were generally allowed to be freely and
lﬁgitimn‘ml}r fertilised, through the agency of bees, by
other illegitimate plants belonging to the two other
forms growing close by. This is the fairest plan, and
Was nsually followed; but in several cases (which
will always be stated) illegitimate plants were ferti-
18ed with pollen taken from legitimate plants be-
lﬂ'ngi“g to the other two forms; and this, as might

Ve been expected, increased their fertility. Lythrum
Salivaria is much affected in its fertility by the nature
Of the seasom; and to avoid error from this source,
48 far as possible, my observations were continued
during several years, Some few experiments were
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tried in 1863. The summer of 1864 was too hot and
dry, and though the plants 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 averige
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 is also given ; and
this is a useful point of comparison with the mnor-
mal standard—that is, with the number of seads
produced by legitimate plants legitimately fertj-

lised. T will give likewise in each case the minimumy -

number. When the maximum and minimum diffey
greatly, if no remark is made on the subject, it may
be understood that the extremes are so closely con-
nected by intermediate figures that the average is g
fair one. Large capsules were always selected for
eounting, in order to avoid oyer-estimating the infer-
tility of the several illegitimate plants.

In order to judge of the degree of inferiority in
fertility of the several illegitimate plants, the folloy.
ing statement of the average and of the maximum
number of seeds produced by ordinary or legitimate
plants, when legitimately fertilised, some ﬂr‘t.iﬁ{:iauF
and some naturally, will serve as a standard of Com-
parison, and may in each case be referred to, But 1
give under each experiment the percentage of gepdg
produced by the illegitimate plants, in comparisoy
with the standard legitimate number ‘of the sapge
form, For instance, ten capsules from the illegitimata
lﬂhg-st}'lEd 1;111111. [ND 1“‘}, which was lcgitimatﬂ?
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and naturally fertilised by other illegitimate plants,
contained on an average 44:2 seeds; whereas the
capsules on legitimate long-styled plants, legpitimately
and naturally fertilised by other legitimate plants,
contained on an average 93 seeds. Therefore this
illegitimate plant yielded only 47 per cent. of the
full and normal complement of seeds.

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

Long-styled form: average number of seeds in each
capsnle, 93 : maximnm number observed out of twenty-
thres capsules, 159.

Mid-styled form : average number of seeds, 130;
';1};{imum number observed out of thirty-one capsules,

ul,

Short-styled form : average number of speds, 83-5;

Ut we may, for the sake of brevity, say 83 ; maximum
number observed out of twenty-five capsules, 112,

Crasses I, gnd IL 1MNlegitimate Plants raised from
Long-styled Parents Sertilised with pollen from the
Mid-length or the shortest stamens of other plants of
the saime Jorm.

From this union I raised at different times three
lots of illegitimate seedlings, amounting altogether to
plants. T must premise that, from not foreseeing

+© result, T did not keep a memorandum whether the
elght plants of the first lot were the product of the
mld"leﬂgth or shortest stamens of the same form; but
&8 good reason to believe that they were the pro-
duct of the latter. These eigrht plants were much more
Warfed, and mueh more sterile than those in the other
WO lots. The latter were raised from a long-styled
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plant growing quite isolated, and fertilised by the
agency of bees with its own pollen: and it is almost
certain, from the relative position of the organs of
fructification, that the stigma under these circum-
stances would receive pollen from the mid-length
stamens.

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

The eight plants of the first lot were of low stature . /
three which I measured attained, when fully grown, the -
heights of only 28, 29, and 47 inches ; whilst legitimate
plants growing close by were double this heighi, one
being 77 inches. They all betrayed in their genepg]
appearance a weak constitution ; they flowered rather
later in the season, and at a later age than orr]inu.r}r
plants. Some did not flower every year ; and one plant
behaving in an unprecedented manner, did not ﬂﬁwe;
until three years old. In the two other lots nopg of
the plants grew quite to their full and proper height
as could at once be seen by comparing them wity, th.;
adjoining rows of legitimate plants. In severa] Plants
in all three lots, many of the anthers wepa

p 3 Ei[’-h{lr
shrivelled or eontained brown and tough, o

IquP}’

* Hildebrand firat called atten-  of Primula Sineneds ; it hi
tion (* Bot, Zeitung,’ Jan. 1, 1864, sults were not nearly 18
p. §) to this fact in the cise as mine,

- -

80 unifyy,

L
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matter, without any good pollen-grains, and they never
shed their contents ; they were in the state designated
by Girtner® as eontabescent, which term I will for the
futnre use, In one flower all the anthers were conta-
bescent excepting two which appeared to the naked
eye sound ; but under the microscope about two-thirds
of the pollen-grains were seen to be small and shrivelled.
In another plant, in which all the anthers appeared
sound, many of the pollen-grains were shrivelled and
of unequal sizes. I counted the seeds produced by
seven plants (1 to 7) in the first lot of eight plants,
probably the product of parents fertilised by their
own-form shortest stamens, and the seeds produeed 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 sced-capsule. It
was then removed and planted in a remote place close to &
brother long-styled plant No. 2, so that it must have been freely
tl}uugh illegitimately fortilised ; nnder these circumstances 1t
did not yield during 1864 and 1863 a single capsule. I should
here etata that g lexitimate or ordinary long-styled plant, when
Erowing isolated, and freely though illegitimately fertilised by
insects with its own pollen, yielded an immense number of
capsnles, which contained on an average 21-5 seeds.

Plant 2, This long-styled plant, after flowering during 1863
close to gp illegitimate mid-styled plant, produced less than
twenty eapsiles, which contained on an average hebween f‘?u
;.Pd five seeds. When subsequently growing in company with

0. 1, by which it will have been illegitimately fortilised, it
{::],dud in 1866 not a singla capsule, but in 1865 it yielded
_ﬂxi-nty—two capsules: the best of these, fifteen in number, m‘el'&
o Mined : eizhit Gontained no seed, and the remaining Sevel

Mdfined on an average only three seeds, and these seeds were

ot DBeitrivge sur Kenniniss dor Defruchtang,’ 1844, p. 116
(]
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sa gmall and shrivelled that T doubt whether they would have
rorminated.

HMants 8 and 4. These two long-styled 'pll:i.l‘li'S, after boing
frealy and legitimately fertilised during 1868 by the same ille- | (
gitimate mid-styled plant as in the last case, were ns misembly .
sterile az No. 2, ¥

Plant 5. This long-styled plant, after flowering in 1863 close
to an illegitimate mid-styled plant, yielded only four capsules,
which altogether included only five seeds. During 1864, 1865
and 1866, it was surrounded either by illegitimate or legitimate
plants of the other two forma; but it did nof yield & singls
capenle. It was a superfluons experiment, but I likewise arki-
ficiplly fortilised in o legitimate manner twelve flowers ; but not
one of these produced o capsule: so that this plant was almost
absolutely barren.

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

Plant 7. This long-styled plant was the most fertile of .-

eight plants of the first lot. During 1865 it was sorrounded gy 45
illegitimate plants of varions parentage, many of which wemf
highly fertile, and must thns have been legitimately fertiliseq,
It produced a good many ecapsules, tem of which yielded an
average of 861 seeds, with 8 maximum of 47 and & minimum
of 22: g0 that this plant produced 34 per cent. of the fn))
number of seeds. During 1864 it was surrounded by legitimate
and illegitimate plants of the other two forms; and nipg
capsules (one poor one being rejected) yielded an averaps of
419 geeds, with a maximum of 56 and a minimum of 28, o
that, under these favourable circumstances, this plant, the mogg
fortile of the first lot, did not yield, when legilimﬂtﬂlyferﬁijmﬂ,
guite 45 per cent. of the foll complement of seeds.

In the second lot of plants in the present clogg
descended from the long-styled form, almost ﬂﬂﬂﬂin]}-
fertilized with pollen from its own mid-length stameng
the plants, as already stated, were not nearly so {lwarj:e{i
or so sterile as in the first lot. All preduced plent
of capsules. I counted the number of seeds in onle i
three plants, viz. Nos. 8, 9, and 10. ¥

1
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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 eapsules yielded on an average 41-1 seeds, with a maxi-
num of 73 and s minimum of 11. Henee this plant produced
only 44 per cent. of the full complement of seods,

Hant 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 gan average 57°1 sceds, with o maximum of 86 and & mini-
mum of 23, Henee the plant yiclded 68 per cent. of the full
complement of seeds.

Pt 10. This long-styled plant was freely fortilized at the
eame time and in the same manner as the lnst. Ten capsules
yielded an avernge of 44°2 seeds, with & maximum of 69 and a
minimum of 25; hence this plant yielded 47 per cent. of the
full complement of seeds.

The nineteen long-styled plants of the third lot, of
the same parentage as the last lot, were treated dif-

\ferently ; for they flowered during 1867 by themselves

80 that they must have been illegitimately fertilised
by one another. It has already been stated that a
lﬁgitimute long-styled plant, growing by itself and
Visited by insects, yielded an average of 21+5 seeds
Per capsule, with a maximum of 35; hut, to judge
fairly of its fertility, it ought to have been observed

uring guceessive 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
L do not know ; hence I haveno perfectly fair standard
of Comparison by which to judge of the fertility of the
three following plants of the present lot, the seeds of
Which 1 counted.

i tant 11, This long-styled plant produced a large crop of

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

the whola 16t of nineteen plants. But the average from ten
o2
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capsules was only 33 9 seeds, with a maximum of 60 and
a minimnm of 5.

Plant 12, This long-styled plant produced very fow capstles,
and ten yielded an average of only 15-4 seeds, with o maximuom
of 30 and a minimum of 4.

Plant 13. This plant offers an anomalons case ; it flowerad
profusely, yet produced wery few ecapsoles; but these con-
tained numerous seeds. Ten capsules yielded an average of
T1-9 seeds, with a maximum of 45 and a minimum of 29, Con-
gidering that this plant was illegitimate and illegitimately fer-
tilized by its brother long-styled scedlings, the average and the
maximnm are, so remarkably high that T cannot at all under-
gtand the case. We shonld remember that the average for a
legitimate plant legitimately fertilised iz 93 seeds,

Crass III. Ilegitimate Plants vaised from a Short-
styled Parent fertilised with pollen from own-form
*,

mid-length stamens, .

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

Plant 14, This short-styled plant was allowed during 1365 {4
ba freely and legitimately fertilised by illegitimate plants e
geended from self-fertilised mid-, long-, and short-styled plants
Fifteen capsules yielded an average of 28-3 soeds, with “
maximum of 51 and o minimum of 11; hence this hint
produced only 33 per cent. of the proper nnwmber of seads, T
seeds themselves were small and ivregular in shape,  Althgy |
&0 atorile on the fomale side, none of the anthers wers ﬂﬂngf
bescomnt.

Plant 15, This short-styled plant, treated like the Tnst during

o
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the same year, ylelded an average, from fifiesn eapsnles, of 27
soeds, with & maximnm of 49 and s minimum of 7. But two
poor cipsules may be rejected, and then the average rises to
326, with the same maximum of 49 and a minimum of 20; so
that this plant attained 38 per eent. of the normal standard of
fortility, and was rather more fertile than the last, yet many of
the aunthers were contabescent,

Plant 16. This short-styled plant, treated like the two last,
yielded from fen eapsules an average of 778 eeeds, with a
maximum of 97 and a minimnm of 60; so that this plant
produced 94 per cent. of the full number of seeds.

Plunt 17. This, the one long-styled plant of the same parent-
age as the last three plants, when freely and legitimataly ferti-
lised 4n the ssme manner as the last, yielded an average from
ten capsules of 768 rather poor seeds, with & maximum of 83
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
4 legitimate short-styled plant; and nine capsules yielded an
average of 825 sceds, with a maximum of 98 and a minimum
of 51; so that its fertility wns increased by the sction of
pollen from & legitimate plant, but still did not reach the normal
Btandard.

Crass IV. Illegitimate Plants raised from a Mid-styled
Parent fertilised with pollen from own-form longest
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 TEI‘mdu‘fﬂ
the same form. These four plants never attained their
full and normal height ; the long-styled plant had
several of its anthers contabescent.

Plunt 18, This mid-styled plant, when freely and legitimately
fertiriged during 1865 by illegitimate plants *Iﬂsmﬂ_dﬂl from
self-fortilised long-, short-, and mid-styled plants, yielded an
average from ten capsules of 102:6 seeds, with a maximuimn of
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181 and a minimum of 63: [henee this plant did not prodnese
quite 80 per cent. of the normal number of seeds. Twelve
flowers were artificially end legitimately fertilised with pollen
from & legitimate long-styled plant, and yielded from ning
capsules an average of 116°1 seeds, which were finer than
in the previous case, with & maximnm of 135 and & minimmm
of 7o; so that, aa with Plant 17, pollen from a legitimate
plant inereased the fertility, but did not bring it up to the full
standard,

Plane 19. This mid-styled plant, fertilised in the same manner
and at the =ame period as the last, yielded an average from
ten capsules of 73-4 seeds, with a maximnm of 87 and n mini-
mum of 64: henes this plant produced only 56 per cent, of the
full number of seeds. Thirteen flowers were artificially and
legitimately fertilised with pollen from a legitimate long-styled
plant, and yielded ten eapsules with an average of 456 secds;
g0 that the application of pollen from a legitimate plant added,
as in the two previons cases, to the fertility, but did not bring
it up to the proper standard.

Plant 20. This long-gtyled plant, of the same parentage with

the two last mid-styled plants, and frecly fertilised in the samg |

manner, yielded an average from ten eapsules of £Y:0 seeds,
with a mazimuam of 82 and a minimuam of 52: hence this plant
produced 75 per cent. of the full number of seeds.

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

In the four previous classes, plants raised from the
three forms fertilised with pollen from either the longer
or shorter stamens of the same form, but generally not
from the same plant, have been 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 1 succeeded in raising plants from only three of
these six unions. From one of them, fulmin g the pro.
sent Class V., twelve plants were raised; these oop.
sisted of eight short-styled, and four long-styled plants,
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with not one mid-styled. These twelve plants never
attained quite their full and proper height, but by no
means deserved to be called dwarfs. The anthers in
some of the flowers were contabescent. One plant was
remarkable from all the longer stamens in every flower
and from many of the shorter ones having their
anthérs in this condition. The pollen of four other
plants, in which none of® the anthers were conta-
bescent, was examined ; in one a moderate number of
grains were minute and shrivelled, but in the other
three they appeared perfeetly sound. With respect to
the power of producing seed, five plants (Nos. 21 to
25) were observed: one yielded scarcely more than
half the normal number; a second was slightly infer-
tile ; but the three others actually produced a larger
average number of seeds, with a higher maximum,

" than the standard. In my concluding remarks I shall

recur to this fact, which at first appears inexplicable.

Plant 21. This short-gtyled plant, freely and legitimately
fortilised during 1865 by illegitimate plants, descended from
geli-fertilized long-, mid-, snd short-styled poarents, yielded an
average from ten capsules of 49 seeds, with a maximum of 63
ond 5 minimum of 26: henca this plant, which was fhe one
with all its longer and many of its shorter stamens contabescent,
produced only 52 per cent. of the proper number of seeds.

Plant 92, This shorb-styled plant produced perfectly sound
pollen, as viewed under the microscope. During 1866, it was
freely and legitimately fortilised by other illegitimate plants
belonging to the present and the following elass, both of which
include many highly fertile plants. TUnder thess circumstances
it yielded from eight capsules an averags of 100-5 seeds, with
a maximum of 123 and a minimum of 86; so that it produced
121 per cent. of sseds {n comparison with the normal standard.
During 1864 it was allowed to be frecly and legitimately ferti-
lised by legitimate snd illegitimate plants, and yielded an
average, from eight eapsules, of 1042 seods, with o MAXIT0
of 125 and a minimum of 90; consequently it excecded the
normal standard, producing 125 per cent. of seeds. In this
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£ase, 08 in some previous eases, pollen from legitimate plants
added in a small degree to the fortility of the plant; and the
fertility wounld, perhaps, have been still greater had not the
gnmmer of 1861 been very hot and certainly unfavourable to
some of the plants of Lythrom, =

Plant 28, This short-styled plant produced perfectly sonnd
pollen. During 15866 it was freely and legitimately fertilized by
the other illegitimate plants specified under the last experi-
ment, and eight capsules yielded an average of 113.5 seeds,
with & maximum of 123 and a minimum of 93. Henee this
plant exceeded the normal standard, producing no less than 136
per cent. of seeds,

Plant 24. This long-styled plant prodoeed pollen which
ecemed under the microscope sound; but some of the grains
did not swell when placed in water. During 1864 1t was
legitimately fertilised by legitimate and illegitimnte plants in
the same manner as Plant 22, but yielded an average, from ten
capsules, of only 55 seeds, with a maximum of 88 and & migj-

mum of 24, thus attaining 59 per cont. of the normal fertility, -

This low degree of fertility, T presume, was owing to the un-
favourable season ; for during 1866, when legitimately fertilised
by illegitimate plants in the manner described under No, 2248
yielded an average, from eight eapsules, of 83 zeeds, with a
muximum of 130 and a minimum of 67, thus producing 8 per
cent. of the normal number of soeds,

Ltant 25. The pollen of this long-styled plant contained a
moderate number of poor and shrivelled graius; and this iz a
BUrprising eirenmstance, as it yiclded an extraordinary number
of seeds. During 1866 it was freely and legitimately fertiliged
by illegitimate plants, as described under No, 22, and yialded
an avernge, from eight capsules, of 1225 seeds, with a moximum
of 140 and A minimum of B4. Hence this plent excecdad
the normal standard, producing no less than 131 per eent. of
seeds,

Crass VL Illegitimate Plants raised Srom Mid-styled
Parents fertilised awith pollen Jrom  the shortest
stamens of the long-styled form, :

I raised from this union twenty-five plants, which

proved to be seventeen long-styled and eight maes”
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styled, but not one short-styled. None of these plants
were in the least dwarfed. I examined, during the
highly favourable season of 1866, the pollen of four
plants ; in one mid-styled plant, some of the anthers of
the longest stamens were contabescent, but the pollen-
orains in the other anthers were mostly sound, as
they were in all the anthers of the shortest stamens;
in two other mid-styled and in one long-styled plant
many of the pollen-grains were small and shrivelled :
and in the lntter 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 mode-
rately sterile and three fully fertile. -

Plant 96. This mid-styled plant was freely and legitimately
fertilisod, dnring the rather unfavonrable year 1864, by nuiner-
ons surrounding legitimate and illegitimate plants, 1t Fielded
an average, from ten capsules, of 835 seeds, with a AT
of 110 and a minimum of 64, thus attaining 64 per cent. of the
normal fertility. During the highly favourable year 1866, it
was freely and legitimately fertilised by illegitimate planis
belonging to the present Class and to Class V., and yielded
an average, from eight capsules, of 86 seeds, with a AT
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 agabove mentioned.

Plant 27. This mid-styled plant, fertilised during 1864 in the
game manner as the last, yielded an average, from ten capsules,
of 94 seeds, with o maximum of 122 and & minimum of 53,
thus attaining to 76 per cent. of the normal fertility. If the
genson hiad bLeen more favonrable, its fertility wonld pmbn.h’!y
have been somewhat greater, but, judging from the last experi-
ment, only in a slight degree.

Plaat 23, This mid-styled plant, when legitimately fartilised
during the favourable season of 1866, in the manner described
under No. 26, yielded an average, from eight capsules, of 89
sceds, with o meximum of 119 and a minimum of 69, thus pro-
ducing 68 per cent. of the full number of seeds. In fhe pollen
of both sets of anthers, nearly as many grains were small and
shrivelled as sound.
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Plant 29, This long-styled plant was legitimately fortilised
durifip the unfavourable season of 1864, in the manner described
under No, 36, and yielded an average, from ten ciapsnles, of
&4 6 seeds, with & maximum of 132 and a minimum of 47, thus

attaining to 91 per cent. of the normal ferfility. Duping the -

highly favourable season of 1866, when fortilisad in the manner
described under No. 26, it yielded an average, from nine cap-
sules (one poor capsule having been excluded), of 100 sceds,
with & maximum of 121 and o minimum of 7. This plant thns
exceeded the normal standard, and produced 107 per cent. of
seeds. In both sets of anthers there were 4 good maeny bad and
ghrivelled pollen-grains, but not g0 man v as in the last-deseribed
plant. h

Plant 80. This long-styled plant was legitimately fertilised
during 1866 in the manner described under No. 26, nnd yielded
an average, from eight capsules, of 94 seeds, with n maximum
of 106 and o minimum of 66; so that it éxceeded the normal
standard, yielding 101 per cent. of sceds,

Blant 31. Bome flowers on this long-styled plant were artj-
Heially and legitimately fertilised by one of its hrother illegiti-

mate mid-styled plants ; and five capenles yielded an average of

90:6 seeds, with a maximum of 97 and & minimnm of T,
Hence, as far as can be judged from so fow eapsules, this plant
attained, under these favourabls cirenmstances, 98 per cent. of
the normal standard.

Crass VIL Illegitimats Plants raised from Mid-styled
Pavents fertilized with pollen from the longest stamens
of the short-styled form.

It was shown in the last chapter that the union from
which these illegitimate plants were raised is far more
fertile than any other illegitimate union; for the mid-
styled parent, when thus fertilised, yielded an vernoe
(all very poor capsules being excluded) of 102-8 SUEtfs,
with a maximum of 130: and the seedlings i tha
present class likewise have their fertility not g¢ all
lessened. Forty plants were raised ; and these attaineq

their full height and were covered with SE:E!.I-megu[eg.

3
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Nor did I observe any contabescent anthers. Tt de-
serves, also, particnlar notice that these plants, differ-
ently from what oceurred in any of the previous classes,
consisted of all three forms, namely, eighteen short-
styled, fourteen long-styled, and eight mid-styled
plants. As these plants were so fertile, I counted the
seeds only in the two following cases.

Plant 82, This mid-styled plant was freely and legitimately
fartilisad during the unfavourable year of 18684, by namerous
surrounding legitimato and illegitimate plants. Eight eap-
gnles yvielded an average of 1272 seeds, with o maximum of 144
and & minimum of 96; so that this plant attained 98 per cent.

of the normal standard,

Plant 33, This Ehl'.l.l't"ﬂt}"].ﬂ-.l plant was fertilised in the samo
manner and at the same time with the last; and ten capsnles
¥ielded an average of 113-9, with o maximum of 137 and o
minimom of 90. Henee this plant produced no less than 187
per cont, of seeds in comparizon with the normal standard,

Coneluding Remarks on the Illegitimate Offspring of the
three forms of Lythrum salicaria.

From the three forms ocenrring in approximately
equal numbers in a state of nature, and from the re-
sults of sowing seed naturally produced, there is reason
to believe that each form, when legitimately fertilised,
reproduces all three forms in about equal numbers.
Now, we have seen (and the factis a very singular
one) that the fifty-six plants produced from the
long-styled form, illegitimately fertilised with pollen
from the same form (Classes I. and IL), were all long-
styled. The short-styled form, when self-fertilised
(Class IIL.), produced eight short-styled and one long-
styled plant; and the mid-styled form, similarly treated
(Class IV.), produeed three mid-styled and one long-
styled offspring ; so that these two forms, when ille-
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gitimately fertilised with pollen from the same form,
evinee a strong, but not exclusive tendency to repro-
duce the parent-form. When the short-styled form
was illegitimately fertilised by the long-styled form
(Class V.), and again when the mid-styled was illegiti-
mately fertilised by the long-styled (Class 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 ill:—!gitimam]y fer-
tilised by the longest stamens of the short-styled
(Class VIL), the same rule did not hold good ; for the
seedlings consisted of all three forms. The illegiti-
mate union from which these latter seedlings wepa
raised is, as previously stated, singularly fertile, ang

the seedlings themselves exhibited no signs of sterility

and grew to their full height. From the consideration
of these several fucts, 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 eorresponding height from both the other forms,
But the ease last given shows that the application of
two kinds of pollen is not indispensable for the pro-
duetion of all three forms, Hildebrand has suggested
that the causge of all three forms being regularly ang
naturally reproduced, may be that some of the flowers
are fertilised with one kind of pollen, and otherg
on the same plant with the other kind of polley
Finally, of the three forms, the long-styled evingeg
gomewhat the strongest tendency to reippear AMOn gt

the offspring, whether both, or one, or neither of ¢,

parents are long-styled.



Cmar. V. HETEROSIYLED TRIMORPHIC PLANTS, 203

Tanie 30.
Talmlated results of the fertility of the foregoing illegitimate
: plants, when logitimately fertilised, generally by illegitimate
b_ plants, as deseribed under each experiment. Plants 11, 12,
+ oS and 13 are excluded, as they were illegitimately fortilized.
Nornel Standard of Feclility of the three forms, when legiifmately
and natirally fertilised,

| |
Average | Maximnm
Number of Numler in  Minimom Nomber in any

Form.
Bewds per | any one vng Capsule,
Capsale. | Capsule.
e LG e s a8 199 o record was kept, as
Mid-styled: . .. . . 130 151 all very poor copsules
Ghort-styled| . .| 35| 11z ) Wess rejested

Crasses I and TL—INegitimate Plants reised from Long-styled
Parents fertilized with pollen from own-form mid-length or

w shortest slamens,
Il;h-emg\e Num=
N..'wr.»mgr: lq:n:lmum_ Minkmum | ber ol Sepds,
- Number of Number inNamber in| expressed ns
Humber of Plant, Form, Hepds per | Anyone | any one [the parcentaga
Capsile. | Capsule, | Copsule. of tha Normal
Btandard.
Plant 1 . . | Long-styled 0 0 0 Q
il o 45 P L] o
¥ 3 . - d-5 i ] 5
" &y " 45 ? 1} 5
B R o 0orl 2 0 Borl
L ,, 0 i 0 0
i 3 A ] s 861 47 22 ]
L B Hi 411 kit 11 ES]
e aheg " BT+l B 23 [ih
e L[ " 442 L] 25 47

Crass ITL—Hisgitimate Plants radsed from shori-stiled Pareats
Jertilized with pollen from own=form shortest stemens,
e e
- Plant 14 , ! Short-styled 23 | 5 11 &3
ety e [ % 5.6 40 2 18
T [T Ti'8 97 G0 94
A

w17 . . | Long-styled | 76- 57 a2
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TABLE 30 —continuel,

Crass IV.—IHegitimate Plants rafsed from Mid-styled Parents
Jortilised awith pollen from own-form longest stomens.

I Aﬂrf}e}l'nm..

\_A'\.'#tl":gtr ':_Iui;:rm IHl'IihihmﬂT ber of Becdn,
Number of (Number InfXumber in! expressed a8

Numbor of Plant, Farm. Sk l{;‘" sny e e
Capsule, | Capsule, | Capsule, |of the Normal

B il
Plant 18 . . | Mid-styled | 102:6 131 63 &0
Frofi it ROl n- T3-4 BT [ HTH
. 20 . | Lobg-styled 606 a3 K w5

Crass V.—Ilegitimate Plants raised from Shori-siyled Farents
Sertilised with pollen from the mid-length stamens of the long-
styled form.

Plant 21 . . | SBhort-styled | 430 Lifi] a6 54 !
TR i 100-5 | 123 i 121 hay -
R ,, 1135 | 123 03 138 4
a 24 . .. | Loog-styled 82-0 120 &7 85

S g g 2 122:5 | 149 B4 131

Crass VL—Ilegitimate Plants raised from Mid-styled Parents
Serlilised with pollen from the shortest stamens of the long-
alyleed form,

Flant 26 , . | Mid-styled B0 I 100 61 G
RS sl T 3 09°4 | 122 S
o P e i ga:0 | 119 it 68
w 28 . . | Long-styled | 100+0 121 77 107
SER LR 5 94-0 | 108 il 101
e B, B i 806 97 7 o8

Crasg VIL.—Illegitimate Plants rafsed from mid-stiled Parenfs
Sertilised with pollen from the longest stomens of the short-
atapled form.

| 1 R

144 a6 o '
187 80 147 o

i
Plapt 84 , . | Mid-styled. | 127-2
. B8, . | Short-styled | 113:9
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The lessened fertility of most of these illegitimate
plants is in many respects a highly remarkable phe-
nomenon. Thirty-three plants in the seven classes
were subjected to various trials, and the seeds care-
folly counted. Some of them were ‘artificially ferti-
lised, but the far greater number were frecly fertilised
(and this is the better and natural plan) throngh the
agency of insects, by other illegitimate plants. In the
right hand, or percentage column, in the preceding
table, a wide difference in fertility between the plants
in the first four and the last three classes may be per-
ceived. In the first four classes the plants are de-
scended from the three forms illegitimately fertilised
with pollen taken from the same form, but only
tarely from the same plant. It is necessary to observe

this latter circumstance; for, as I have elsewhere
| Shm\‘nf" most lﬂant&:, when fertilised with their own

Pollen, or that from the same plant, are in some
degree sterile, and the seedlings raised from such
unions are likewise in some degree sterile, dwarfed,
and feeble. None of the nineteen illeritimate plants
n the first four classes were completely fertile; one,

Owever, was nearly so, yielding 96 per cent. of the
Proper number of seeds. From this high degree of
ft!l‘t-ili'i:.' we have many descending gradations, till we
Teach an absolute gero, when the plants, thongh bear-
g man y flowers, did not produce, during successive
Years, a single seed or even seed-capsule. Some of the
M0t sterile plants did not even yield a single seed
When legitimately fertilised with pollen from legiti-
Mate plants, There is good reason to believe that !:hﬁ

'8t seven plants in Classes I. and IL were the offspring

"

KineThe Tiffcts of Cross and Selifertilisation in the Vegetalle
Dgdom,’ 1876,
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of a long-styléd plant fertilised with pollen from its
own-form shortest stamens, and these plants were the
most sterile of all. The remaining plants in Classes I.
and IT. were almost certainly the product of pollen
from the mid-length stamens, and although very ste-
rile, they were less so than the first set. None of the
plants in the first four classes attained their full and
proper stature; the first seven, which were the most
sterile of all (as already stated), were by far the most
dwarfed, several of them never reaching to half their
proper height. These same plants did not flower at so
early an age, or at so early a period in the season, as
they onght to have dome. The anthers in many of
their flowers, and in the flowers of some other plants
in the first six classes, were either contabescent or in-

cluded numerous small and shrivelled pollen graing..

.. As the suspicion at one time peeurred to me that the

lessened fertility of the illegitimate plants might he

due to the pollen alone having been affected, I may
remark that this certainly was not the case ; for several
of them, when fertilised by sound pollen from legiti-
mate plants, did not yield the full complement of
seeds ; hence it is certain that both the female anq
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 thg

game 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, yq
find nearly as many plants with a percentage of seedy
above the normal standard as beneath 1t. Ag With
most plants the nuriber of seeds produced varies muel;
it might be thought that the El‘lrm?nt CASE Wi oy,
merely of variability. Dut this view must be 1"’jﬂﬂf&.d,
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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,
becauss many of the plants in Classes V. and VI. pro-
duced anthers which were either contabescent or in-
cluded small and shrivelled pollen-grains, And as in
these cases the male organs were manifestly deterio-
rated, 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
seads, :

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 conecerned) may have
been fixed too low, and that the six illegitimate plants
are merely fully fertile. The standard for the long-
styled form was deduced by counting the geeds in
ﬁlv&ut}'-t.hree capsules, and for the short-styled fUrI:TI.
from twenty-five capsules. I do not pretend that this
18 a gufficient number of capsules for absolute accu-
tacy ; byt my experience has led me to believe that &
very fair result may thus be gained. As, however, the
maximum number observed in the twenty-five capsultﬂ:ﬂ
* of the short-styled form was low, the standard in this
©ase may possibly be not quite high enough. But 1t
should he gbserved, sin the case of the illegitimat®
Plants, that in order to avoid over-estimating their 11°
fertility, ton very fine capsules were always selected ;
and the years 1865 and 1866, during which the plants
_ 1M the threo latter classes were experimented on, Were

Ighl}’ favourable for seed-production. Now, if this
P
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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 capsules which came to hand, the standards
would undoubtedly have 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 ab-
normal degree. Nevertheless, as characters of all
kinds are liable to variation, especially with organisms
unnaturally treated, and as in the four first and more
sterile classés, the plants derived from the same pa-
rents and treated in the same manner, certainly did
vary much in sterility, it is possible that certain plants
in the latter and more fertile classes may have varipd.,

s0 as to have acquired an abnormal degree of fertility, &

But it should be noticed that, if my standards err iy, -
being too low, the sterility of all the many sterile
plants in the several classes will have to be estimated
by so much the higher. Finally, we see that the ille-
gitimate plants in the four first classes are all more o
less sterile, some being absolutely barren, with one
alone almost completely fertile; in the three latter
classes, some of the plants are moderately sterile,
whilst others are fully fertile, or possibly fertile ip
EXCOeSS,

The last point which need here be noticed ig that,
as far as the means of comparison serve, some degrea
of relationship generally exists between the infertifjs
of the illegitimate union of the several parent-fopy,
and that of their illegitimate offspring. Thys the
two illegitimate unions, from which the plangg i.
Classes VI and VII were derived, yielded 4

amount of seed, and only a few of these plants are iy

!
faip e

.
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any degree sterile, On the other hand, the illegiti-
mate unions between plants of the same form always
yield very few seeds, and their seedlings are very
sterile. Long-styled parent-plants when fertilised
with pollen from their own-form shortest stamens ap-
pear to be rather more sterile than when fertilised with
their own-form mid-length stamens ; and the seedlings
from the former union were much more sterile than
those from the latter union. In opposition to this re-
Iationship, short-styled plants illegitimately fertilised
with pollen from the mid-length stamens of the long-
styled form (Class V.) are very sterile; whereas some
of the offspring raised from this union were far from
being highly sterile. It may be added that there is a
tolerably close parallelism in all the classes between
the degree of sterility of the plants and their dwarfed
Stature. As previously stated, an illegitimate plant
fertilised with pollen from a legitimate plant has its
fertility slightly increased. The importance of the
several foregoing conclusions will be apparent at the
elose of this chapter, when the illegitimate unions be-
tween the forms of the same species and their illegiti-
mate offspring, are compared with the hybrid unions
of distinet species and their hybrid offspring.

OxALIS,

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

* ¢ Bot. Zeitung,’ 1571, p. 433, footnote.
P
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two distinet species, for the seeds in this latter case
are often incapable of germination.

The following chservations relate to the nature of the form
which appear among the legitimate seedlings of Cwealis Valdivian,
Hildebrand reised, 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 nnion. For instance,
long-styled plants were legitimately fertilised with pollen from
the longest stamens of the mid-styled form, and the seedlings
congisted of 15 long-styled, 18 mid-styled, and 6 short-styled,
We here see thata few short-stvled plants were produced, thongh
neither parent was ghort-styled ; and so it was with the other
legitimate unions. Out of the above 211 seedlings, 173 belonged
fo the same two forms as their parents, and only 88 belonged
to the third form distinet from either parent. In the case of
0. Regneili, the result, as observed by Hildebrand, was near]y

the same, but more striking; all the offspring from four of the.

legitimate unions consisted of the two parent-forms, whilat
amongst the seedlings from the other two legitimate nnions thy
third form appeared., Thus, of the 85 seedlings from the six
legitimate unions, 35 belonged to the rame two forms as their
parents, and only 8 to the third form. Fritz Miller also raised
in Brazil seedlings from long-styled plants of €. Reguelli logiti-
mately fertilised with pollen from the longest stamens of the
mid-styled form, and all these belonged to the two parent.
forms.® Lastly, seedlings were raised by me from long-stylaq
plants of 0. gpeciose legitimately fertilised by the short-styled
form, and from the latter reciprocally fertilised by the long-
styled ; and thess consisted of 33 long-styled and 28 ehgrt
styled plants with not one mid-styled form. There can, thepa.
fore, be no donbt that the legitimate offspring from any tyg,
forms of Ozalis tend to belong to the same two forms as theip
parents; but thit a few seedlings belonging to the thind form
occasionally make their appearance; and this latter fact, pq
Hildebrand remarks, may be attributed to atavism, as BOIne of
their progenitors will almost certainly have. belonped tg the
third form. #

When, however, any form of Oszalis is fertilised illegit;_

# & Jenpische Zeilschrift, &c. Bund vi 1871, p. 75,

i
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mately with pollen from the same form, the seedlings appear to
balong invariably to this form. Thus Hildebrand states* that

* long-styled plants of 0. rusea growing by themselves have been

propagated in Germany year after year by sced, and have always
prodnced long-styled plants. Again, 17 seedlings were raised
from mid-styled plants of . hedysaroides growing by themselves,
and these wers all mid-styled. So that the forms of Oxalis,
when illegitimately fortilised with their own pollen, behave like
the long-styled form of Lythrum salicarie, which when thus fer-
tilised always produced with me long styled offspring.

PrivunA,
PriMUnA SINENSIS.

I raised doring February 1862, from some long-

_8tyled plants illegitimately fertilised with pollen from

the same form, tWenty-seven seedlings. These were
all Tong-styled. They proved fully fertile or even
fertile in excess; for ten flowers, fertilised with pollen
from other plants of the same lot, yielded nine cap-
siles, 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 legiti-
mate plant, and four flowers on the latter crossed with
Pollen from the illegitimate seedlings, yielded seven
capsules with an average of 53 seeds, with a maximum
of 72, T must here state that I have found some
difficulty in estimating the normal standard of fer-
tility for the several unions of this species, as the
tesults differ much during suceessive years, and
the secds vary so greatly in size that it is hard to

el idad l'I‘rimm]:rhi.emu.a zn Berlin,! 215t June 1866, p. 378

;Ll er Gluttuns Oxalis : Monats-  and * Dot Zeitung,’ 1871, p- 435
“lichte dor Akad, der Wissen,
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decide which ought to be considered good. In order
to avoid over-estimating the infertility of the several
illegitimate unions, I have taken the normal standard
a3 low as possible,

From the foregoing twenty-seven illegitimate plants,
fertilised with their own-form pollen, twenty-five seed-
ling grandehildren were raised; and these were all
long-styled ; so that from the two illegitimate gene-
rations fifty-two plants were raised, and all without
exception proved long-styled. These grandchildren
grew vigorously, and soon exceeded in height two
other lots of illegitimate seedlings of different parent-
age and one lot of equal-styled seedlings presently to
be described. Hence I expected that they would have
turned out highly ornamental plants; but when they
flowered, they seemed, as my gardener remarked, t,
have gone back to the wild state ; for the petals werg
pale-coloured, narrow, sometimes not touching each
other, flat, generally deeply notched in the middle,
but not flexuous on the margin, and with the yellow
eye or centre conspicnons. Altogether these flowers
were strikingly different from those of their pro.
genitors; and this, I think, ean only be accounteq
for on the prineiple of reversion. DMost of the antherg
on one plant were contabescent. Seventeen flowerg
on the grandehildren were illegitimately fertiliseq
with pollen taken from other seedlings of the samg
lot, and produced fourteen eapsules, containing on gy,
average 29°2 seeds; but they ought to have opp.
tained about 35 seeds. Fifteen flowers legitimatq)
fertilised with pollen from an illegitimate short-sty].q
plant (belonging to the lot next to be described) Pro.
dueced fourteen capsules, containing an dverage of 46
seeds; they onght to have contained at least 50 seodq
Hence these grandehildren of illegitimate descent “P:
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pear to have lost, though only in a very slight degree,
their full fertility.

We will now turn to the short-styled form: from a
plant of this kind, fertilised with its own-form pollen,
I raised, during February 1862, eight seedlings, seven
of which were short-styled and one long-styled. They
grew slowly, and never attained to the full stature of
ordinary plants; some of them flowered precocionsly,
and others late in the seasom. Four flowers on these
short-styled seedlings and four on the one long-styled
seedling were illegitimately fertilised with their own-
form pollen and produced only three capsules, con-
taining on an average 23°6 seeds, with a maximum
of 29 : but we eannot judge of their fertility from so
foyw eapsules: and I have greater doubts about the

Normal standard for this union than about any other;

ut T believe that rather above 25 seeds would be a
fair estimate. Bight fowers on these same short-styled
plants, and the one long-styled illegitimate plant
were reciprocally and legitimately erossed ; they pro-
duced five capsules, which contained an average of
286 seeds, with a maximum of 36. A reciprocal
€ross hetween 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
Ulegitimate plants were sterile when legitimately
Crossed.

I succeeded in raising from the above seven short-
Styled illegitimate plants, fertilised with their own-
Orm pollen, only six plants—grandehildren of the

st union. These, like their parents, were of low
Stature, and had so poor a constitution that four died
efore flowering. With ordinary plants it has been
L Tire event with me to have more than a single plant
die out of a large lot. The two grandchildren which
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lived and flowered were short-styled ; and twelve of
their flowers were fertilised with their own-form pollen
and produced twelve capsules containing an average

of 28-2 seeds; so that these two plants, though he- 4

longing to so weakly a set, were rather more fertile
than their parents, and perhaps not in any degres
sterile. Four flowers on the same two grandchildren
were legitimately fertilised by a long-styled illegiti-
mate plant, and produced four capsules, containing
only 32-2 seeds instead of about 64 seeds, which is
the normal average for legitimate short-styled plunts
legitimately crossed.
. By looking back, it will be seen that I raised at
first from a short-styled plant fertilised with its own-
form pollen one long-styled and seven short-stylg,]
illegitimate seedlings. These seedlings were legiti.
mately intercrossed, and from their seed fifteen plang,
were raised, grandechildren of the first illegitimate.
union, and to my surprise all proved short-styled,
Twelve short-styled flowers borne by th:?se grand-
children were illegitimately fertilised with pollen
taken from other plants of the same lot, and produced
eight capsules which contained an average of 2].g
seeds, with a maximum of 35. These figures gre
rather below the normal standard for such a Uninn,
Rix flowers were also legitimately fertilised with polley,
from an illegitimate long-styled plant and Produced
only three capsules, containing on an average 23.p
seefls,-wit]l a maximum of 35, Such a union ip the
case of a legitimate plant ought to have yielded an
average of 64 seeds, with a possible maximum of 74
seods. . .

Summary on the Transmission of Forim, ﬂﬂﬂst&‘mg‘m
and Fertility of the Ilegitimate Offspring of P“'*nufq,
Sinensis—In regard to the long-styled plants, e,

x
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illegitimate offspring, of which fifty-two were raised in
the course of two generations, were all long-styled.®
These plants grew vigorously ; but the flowers in one

* instance were small, appearing as if they had reverted
to the wild state. In the first illegitimate generation
they were perfectly fertile, and in the second their
fertility was, only very slightly impaired. With
respect to the short-styled plants, twenty-four out of
twenty-five of their illegitimate offspring were short-
styled. They were dwarfed in stature, and one lot of

. grandehildren had so poor a eonstitution that four out
of six plants perished before flowering. The two sur-
vivors, when illegitimately fertilised with their own-
form pollen, were rather less fertile than they ought
0 have been: but their loss of fertility was clearly
- shown in a special and unexpected manner, namely,
when legitimately fertilised by other illegitimate
plants: thus altogether eighteen flowers were fertilised

in this manner, and yielded twelve capsules, which
included on an average only 28-5 seeds, with a
maximum of 45. Now a legitimate short-styled plant
would have yielded, when legitimately fertilised, an
average of G4 seeds, with a possible maximum of T4.
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
orn from an incestuous marriage. According to the
analogy of Primule Sinensis, the children of such

®
. Dr. Hilgebrand, who first  short-styled, Trom a short-styled
ﬁ ';-fﬂltﬂ ,Bﬂﬂnliun Pty ihiﬂ gmliject !'llt‘l'nt illegitimmtely f{‘rli1lli‘EL| with
' g Zeitung,! 1864, p. 5), raised  1ts own pollen he rised fourteen
I-G-:rm A similpr illegitimate nnion  plants, of which eleven wera short-
A5 Ehteen plants, of which four-  styled and threée long-styled.
EL were long-styled and three
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incestuous marriages, if they continued to marry in-
cestuously, would have their sterility only slightly
inereased ; but their fertility would not be restored by
a proper marriage; for if two children, both of in-
cestuous origin, but in no degree related to each
other, were to marry, the marriage would of course be
strictly legitimate, nevertheless they would not give

birth to more than half the full and proper number
of children.

Equal-styled variety of Primula Sinensis—Ag nny variation in
the structure of the reproductive organs, combined with changed
funetion, is & rare event, the following cases ave worth piving
in detail. My attention was first called to the subject by ob-
gerving, in 1862, a long-styled plant, descended from a self
fertilised long-styled parent, which had some of its flowers in an|

anomalons state, namely, with the stamens placed low down in

the corolla as in the ordinary long-styled form, but with thg
pistils go ghort that the stigmas stood on a level with the anthers,
These stigmas were nearly as globular and as smooth as in the
ghort-styled form, instead of being elongated and rough as in
the long-styled form. Here, then, we have combined in the
game flower, the short stamens of the long-styled formn with a
pistil closely resembling that of the short-styled form. But
the strncture varied much even on the same nmbel: for in fwo
flowers the pistil was intermediate in length between that of
the long and that of the short-styled form, with the stipma
clongated as in the former, and smooth as in the latter ; and in
three other flowers the structure was in all respects like that of
the long-styled form. These modifications appesred to me sg
remarkable that T fertilised eight of the flowers with their own
pollen, and obtsined five capsules, which contained on gy
average 43 seeds ; and this number shows that the flowers hag
become atmormally fertile in comparison with those of ordinary
long-styled plants when self-fertilised. < was thus led to ex.
amine the plants in several small collections, and the resyls
showed that the equal-styled variety was not nare.

In a state of nature the long and short-styled forms would 4
doubt oecurin nearly equal numbers, as T infer from theanalg
of the other heterostyled species of Primula, and from having

5
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TasLe 81,
Primaule Sinensis.
- 4 Long-styled | Shortstvled | Equal-styled
Mame of Owner or Place, i i | T, ey
Myr. Horwood . ] 1] 17
Mro Dingk Tyt e 4w s 20 1] a
Pantow' - Dlay e 8T & & G 30 18 15
Chichester & 4+ & & & o0 & 13 g a
Halwood LR N R ] 42 12 1]
High-Rlma: oo a5 6 0w« a 16 0 i
Westerham . . « =+ + « = 1 5 0
My own plants from purchased seeds | 13 T 0
A R LT G T e s o i 134 | 51 45

~aised the two forms of the present species in exactly the same
anmber from flowers which had been legitimately crossed. The
preponderance in the above table of the long-styled form over
™ the short-styled (in the proportion of 184 to 51) results from gar-
" deners generally collecting seed from self-fertilised flowers; and
the long-styled flowers produce spontaneonsly much more seed
(a8 shown in the first chapter) than the short-styled, owing to the
anthers of the long-styled form being placed low down in the
corolla, 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 gemerally reproduce long-styled off-
spring. From the consideration of this table, it oceurred to
me in the year 1862, that nlmost 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 eollections of plants examined, and almost
all comsisted of long-styled, with some more or less well-cha-
racterised equal-styled plants, but with not one short-styled.
With respect to the equal-styled plants in the tnb]eI’- My, Hor-
wood raised from purchased seeds four plants, which he re-
membered were certainly not long-styled, but gither ghort- or
equal-styled, probably the latter, These four plants were kept
separate and allowed to fertilise themselves; from their seed the
“\._ Boventeen plants in the table wers 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 surronnded by the anthers, or
stood close above them. My =on Willism made drawings for
me, by the aid of the camers, of the pollen of one of the abova
equal-styled plants; and, in accordance with the position of the
slamens, the graing resomblod in their emall gize thoso of the ‘
long-styled form. He also examined pollen from twoequal-styled
Plants at Southampton : and in both of them the grains dif-
fered extremely in size in the same anthers, o large number
being small and shrivelled, whilst many were fully a3 large s
those of the short-styled form and rather morve globular. Ttis
probable that the large size of these grains was dus, not to their
hoving nssumed the character of the short-styled form, but to
monstrozity ; for Max Wichura has observed pollen-grains of
monstrous size in eertain hybrids. The vast number of the
smill ghrivelled graing in the above two cases explains the fuok
that, thongh equal-styled plants are generally fertile in a high
degres, vet some of them yield few seeds, I may add that my
gl compared, in 1875, the grains from two white-flowered
plants, in both of which the pistil projected above the ﬂnt-llers,"\.
hut neither were properly long-styled or equal-styled ; and j y
the ooe in which the stigmna projected most, the grains wers .
in dinmeter to those in the other plant, in whieh the stigmn pro-
jected less, as 100 to 83; wherens the difference between the
graing from perfectly charncterised long-styled and short-styled
plonts is as 100 to 57. So that these two plants were in an
intermediate condition. To return to the 17 plants in the first
line of Table 81: from the relstive position of their stigmas and
anthers, they could hardly fail to fertilize themselves: and ae-
cordingly fonr of them spontaneounsly yielded no less than 180
capsules; of these Mr, Horwood selected eight fine capsules for
sowing ; and they ineluded on an average 548 seeds, with o
maximum of T2, He gave me thirly other eapsules, taken
by hazard, of which twenty-seven contained pood seeds, aver-
aging 85°5, with a maximum of 70: but if six poor cap-
giles, each with less than 18 seeds, be excluded, the AYernge
rizes to 425, These are higher numbers than eould be ex-
pected from either well-characterised form if self-fertilised ; ang
this high degree of fertility accords with the view that the
male organs belonged to one form, and the ferhals OFZAns par-
tinlly to the other form; o that a self-union in the ease of the /.
equal-styled variety is in fact a legitimate union, ¢
The seed saved from the above seventeen self-fertilized equal-
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styled plants produced sixteen plants, which all proved equal-
styled, and resembled their parents in all the above-specified
respects.  The stamens, however, in one plant were seated higher
up the tabe of the corolla than in the trpe long-styled form;
in another plant slmost all the anthers were contabescent.  These
sixtoen plants were the grandehildren of the fouroriginal plasts
which it is believed were equal-styled ; so that this abnormal
condition was faithfully transmitted, probally throngh threa,
and certainly through two generstione. The fertility of one of
theso grandchildren was carefully observed ; six flowers were
fertilised with pollen from the same flower, and produced gix
capsules, containing on an average 68 seeds, with a maximum
of 52, and a minimwm of 40. Thirteen capsules spontaneously
sell-fertilised yielded an average of 582 seeds, with the astonisl-
ing maximum in one of 97 seeds. In no-legitimate union has
&80 high an average as 68 secds been observed by me, or nearly
80 high a maximum as 82 and %7, Thess plants, therefore, not
only have lost their proper heterostyled structure and peculiar

* funetional powers, but have acquired an abnormal grade of fer-

tility—unless, indeed, their high fertility may be accounted for

\ by the stigmas receiving pollen from the circumjacent anthers

at exactly the most favonrehble 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
plants, The equal-styled resembled in all respectz those pre-
viously deseribed : and eight of their capsules spontansously
self-ferfilised econtained onan average 44-4 eeeds, with a
maximom of 61 and a minimom of 23, In regard to the
twenty long-styled plants, the pistil in some of the flowers did
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 strueture to the pistil of
the short-styled form. Some of these long-styled plants also
approached the equal-styled in function; for one of them pro-
duced 1o less than fifteen spontaneously seli-fertilised capsules,
and of these eight contained, on an average, 81°7 sceds, with
& maximum of 61. This average would be rather low for a
long-styled plant artificially fertilised with its own pollen, but
18 high for one spontaneously self-fortilised. For instanee,
uiirty-four capsules produced by the illegitimate grandehildren
of o long-styled plant, spontaneously aulfufsrtﬂiﬁ_led, contained
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on an avernge only 9°1 seeds, with a maximum of 46. Some
soeds indizeriminately saved from the foregoing twenty-nine
equal-styled and long-styled plants produced sixteen seedlings:
grandchildren of the original plant belonging to Mr. Duck; and
these consisted of fourtesn eqnal-styled and two long-styled
plants; and T mention this fact as an additional instanee of the
transmission of the equal-styled variety.

The third lot in the table, namely the Baston plants, are the
last which need be mentioned. The long and short-styled plants,
and the fifteen equal-styled plants, were descended from two
diskinct stocks. The latter were derived from o single plant,
which the gardener ir positive was not long-styled; heoce pro-
bably, it was equal-gtyled, Tn all these fifteen plants the anthers
oceupying the same position as in the long-styled form, '{30@01}'
surronnded the stigma, which in one instance alone was lightly
elongated. Notwithstanding this position of the stigma, the
flowers, s the gardener assured me, did not yield many sceds;
and this difference from the foregoing cases may perhaps have
been eaused by the pollen being bad, as in some of the Sough. .
ampton equal-styled planta. J

Conelusions with respect to the equal-styled variety of
P. Sinensis,—That this is a variation, and not a third or
distinet form, as in the trimorphie genera Laythrum and
(healis, is clenr ; for we have seen 1ts 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 sty
mens in their proper place low down in the tube of
the corolla, together with the small size of the poller,.
arains, show, firstly, that the equal-styled variety ig
modifieation of the long-styled form, and, secondly, that
the pistil is the part which has varied most, as indeagd
was obvions in many of the plants. This variation is

of frequent occurrence, and is strongly inherited whe,, .

it has once appeared, It would, however, have pog.

w
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sessed little intercst if it had consisted of a mere
change of structure ; but this is accompanied by modi-
fied fertility. Its oceurrence apparently stands in
close relation with the illegitimate birth of the parent
plant; but to this whole subject I shall hereafter
recur.

PRDMUTLA AURIOTULA,

Although T made no experiments on the illegitimate offspring
of this species, I refer to it for two reasons:—First, because
I have observed two equal-styled plants in which the pistil
resembled in all respects that of the long-styled form, whilst
the stamens had become elongated as in the short-styled form,
80 that the stiema wos almost surrounded by the anthers, The
pollen-graing, however, of the elongated stamens resembled in
their small gize those of the shorter stamens proper to the long-
Ef¥led form, Hence these plants have become equal-styled by
the inerensed length of the stamens, instead of, as with P,
Hinensis 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
Eimilinrly fertilised, but that it was far inferior in fertility to
gither form when legitimately crossed. Henee it appears that
the male and female organs of this equal-styled variety have

N modified in some special manner, not only in structore,
but in funetional 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
1oWer avernge of sced that when these two forms are fertilised
With their pwn pollen.

'he Becond point which deserves notice is that florists always
fu‘““' away the long-styled plants, and save seed exelusively
om the short-siyled form. Nevertheless, as Mr. Seott was
Mformeq by & man who raises this species extensively in Scot-
tf::-ld, 8bout one-fourth of the seedlings appear IDHE"E*_.'P'FEdF e
it 4t the short-styled form of the Auriculs, when fortilized by

S own pollen, does not reproduce the same form in so large a
Proportion as in the case of P, Sinensis, We may farther infer

* ¢ Journal Proc. Linn. See.” viii. (1864) p. 51,
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that the short-sfyled form is not rapdered quite sterile by a
long course of fertilisation with peflen of the same form; but as
there wounld always be some linhility to an oceasional cross with
the other form, we caunot tell how long self-fertilisation has
hean continned.

FPRIMULA FARTNOZA.

Mr. Scott says® thaf it is not af all nneommon to find equal-
styled plants of this heterostyled species. Judging from the
size of the pollen-grains, these plants owe their structurs, as in
the case of F. suriculn, to the aboormal elongation of the
stamens of the long-styled form. In accordance with this view,
they yield less seed when erossed with the long-stvled form
than with the short-styled. But they differ in an anomalous
manner from the equal-styled plants of P. suricels in being
extremely sterile with their own pollen.

PRIMULA ELATIOR.

It was shown in the first chapter, on the aunthority of*

Herr Breitenbach, that equal-styled flowers are oceasionally
found on this species whilst growing in a state of nature | and
this is the only instance of such an occurrence known to me,
with the exception of some wild plants of the Oxlip—a hybrid
betwesn P, veris and velgaris—which were ogual-styled. Herr
Breitenbach’s case is remarkahble in another way; for equal-
styled flowers were found in two instanecs on plants which bore
both lomg-styled and short-styled flowers, In every other
instance these two forms and the equal-styled variety have been
produced by distinet plants.

Privuora voncaris, Brit. FL
Var. acaulis of Linn. and P. acaulis of Jacq.

Var. rubra.—DMr. Scott statest that this variety, whicl,
graw in the Botanie Garden in Edinburgh, was quite
sterile when fertilised with pollen from the comman
primrose, as well as from a white variety of the shme

# ¢ Tournnl Proc. Linn, Soc.” viii, (1864), p. 115,

$ Ibid. p. 98, -

‘L
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species, but that some of the plants, when artificially
fertilised with their own' pollen, yielded a moderate
supply of seed. He was 80 kind as to send me some
of these self-fertilised seeds, from which I raised the

“ plants immediately to be described. I may premise

that the results of my experiments on the seedlings,
made on a large scale, do not accord with those by
Mr. Seott on the parent-plant.

First, in regard to the transmission of form and
colour. The parent-plant was long-styled, and of a
rich purple colour. From the self-fertilised seed 23
plants were raised ; of these 18 were purple of dif-
ferent shades, with 2 of them a little streaked and
freckled with yellow, thus showing a tendency to
reversion; and 5 were yellow, but generally with a
Fitighter orange centre than in the wild flower. All
the plants were profuse flowerers. All were long-
styled ; but the pistil varied a good deal in length
even on the same plant, being rather shorter, or con-
siderably longer, than in the normal long-styled form
and the stigmas likewise varied in shape. It is,
therefore, probable that an equal-styled variety of the
primrose might be found on careful search; and I
have received two accounts of plants apparently in this
condition. The stamens always ocenpied their proper
position low down in the corolla; and the pollen-
grains were of the small size proper to the long-styled
form, but were mingled with many minute and
shrivelled grains. The yellow-flowered and the purple-
flowered plants of this first generation were fertilised
under a net with their own pollen, and the seed sepa-
rately 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.

i
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In this last case we have an instance of reversion in
colour, without the possibility of any cross, to the grand-
parents or more distinet progenitors of the plants in
question. Altogether 23 plants in the first generation
and 46 in the second generation were raised; and the
whole of these 69 illegitimate plants were long-styled !

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

If we compare the figures in this table with tho
given in the first chapter, showing the normal fertiliy,,
of the common primrose, we shall see that the illegitj.
mate 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 H2-2 seeds, instead of only 11+5 seeds,
When these plants were illegitimately and legiti-
mately fertilised with pollen from the common prim-
rose, the average numbers were increased, but were fy
from attaining the normal standards. So it was whag
hoth forms of the common primrose were fertilisag
with pollen from these illegitimate plants; and thig
shows that their male as well as their female organg
were in a deteriorated condition. The sterility of theg.
plants was shown in another way, namely, by their Tt
producing any capsules when the access of all insecty
(except such minute ones as Thrips) was Preventeq .

for under theze eircumstances the common luurr-p_u.t;_l'I n,d

27
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TapLE 32,
: Primula vulgaris.
i : - 'E ol - B
F i ug i E % 3 E 5% .E ='§
Nature of Plant experimentsd on, o= EE ;E‘ﬁ Lf:é' H’.EE‘
and kind of Union. e B A R R o
SE | EX | 225|228 | §o:
BE ) mE gl [¥Reig e
Sl N L i B s
Parple- and yellow-frowered illegi-
timate long-styled planta, ilfegi- =
timately fertilised with p-a]len ik b -

feom the same plant . .
]‘ulpln and yollow-flowered illagi-
timate long-styled plants, eagi-
timately fortilised with pollen
from the common long-styled
& primrose. .
F=dr, if the ten llunmnt mpsnlua
I!.I.LI.H.I]]II.E legs than 15 seeds, be
rajoctod, we got,

=]
|
30 | 314 62 3

73 G 4076 (¥ 5.}
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Purple- and yellow-fowared illogi-)

timate long-styled plants, lep-

timately fortilised with pollen

from tha common short-styled

primrosa.

Or, if the two pu-.'lrnst l:apsnlts
including loss than 15 seeds, be

rejocted, we gat.

26 6 | 412 | 6o 15

primrose, iilegitimately fertilised
with pollen from the long-styled
illagitimate purple- and yellow-
flowered plants .

Or, if the three poorest |1|1'|::|:|E¢Jl
be rejected, we get .- .

20 14 | 154 | 46 1

The long-styled form of the com mnnl
} 10 I 18:g [ 46 B

Thi short-styled form of the comman
primrose, legifimately fortilised
with pollen from the long-stvled}f 10 6 | B0:5| 61 i
Hll:EH‘.ll'.natu purple- and :.'l:lf-::w-
flowored plants . . . ;

primrose produces a considerable number of capsulos.
T'here can, therefore, be no doubt that the fertility of
Q
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these plants was greatly impaired. The loss is not
correlated with the colour of the flower; and it was to
ascertain this point that I made g0’ many experiments.
As the parent-plant growing in Edinburgh was found
by Mr. Scott to be in a high degree sterile, it may
have transmitted a similar tendency to its offspring,
independently of their illegitimate birth. T am, how-
ever, inclined to attribute some weight to the illegiti-
macy of their descent, both from the analogy of other
cases, and more especially from the fact that when the
plants were legitimately fertilised with pollen of the
common primrose they yielded an average, as may be
seen in the table, of only 5 more seeds than when
illegitimately fertilised with the same pollen, Now we
know that it is eminently characteristic of the illegiti-
mate offspring of Primula Sinensis that they yield but
few more seeds when legitimately fertilised than when
fertilised with their own-form pollen.

Privurna vErs; Brit. F1
Var. officinalis of Linn., P. officinalis of Jacq.

Seeds from the short-styled form of the cowslip
fertilised with pollen from the same form germinate
so badly that I raised from three sneccessive sowings
only fourteen plants, which consisted of nine short-
styled and five long-styled plants. Hence the short-
styled form of the cowslip, when self-fertilised, does not
transmit the same form nearly so truly as does that
of P. Sinensis. From the long-styled form, 111“’{{}*3
fertilised with its own-form pollen, I raised ip the
first generation three long-styled plants,—from thejy
seed 63 long-styled grandchildren,—frdm their geeq

4 qug—st.}rled grunt-gmndf:I1i]:]1‘en,—l'm|n their sead

20 long-styled great-great-grandehildren,—and lastly

3



Cuar, V. HETEROSTYLED DIMOEPHIC PLANTS. 229

from their seed 8 long-styled and 2 short-styled great-
great-great-grandebildren.  In this last generation
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
ceneration. Their appearance may be attributed to
atavism. From two other long-styled plants, fertilised
with their own-form pollen, 72 plants were raised,
which eonsisted of 68 long-styled and 4 short-styled.
So that altogether 162 plants were raised from ille-
citimately 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 is concerned ; for though I counted the seeds
of many legitimate plants fertilised legitimately and
illegitimately, the number varied so greatly during
successive seasons that no one standard will serve well
for illegitimate unions made during different seasons.
Moreover the seeds in the same capsule frequently
differ s0 much in size that it is scarcely possible
to decide which ought to be counted as good seed.
There remains as the best standard of comparison the
proportional number of fertilised flowers which pro-
duce capsules containing any seed.

First, for the ome illegitimate short-styled plant.
In the course of three seasons 27 flowers were illegiti-
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mately fertilised with pollen from the same plant, and
- they yielded only a single capsule, which, however, eon-
tained 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
produeed 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 abundanee 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 deterig.
rated condition. This was manifestly the ecase with
the pollen; for many of the anthers were shrivelleq
or contabescent. Nevertheless some of the anthers
contained pollen, with which I gueeeeded in fEl'ﬂliEing
some flowers on the illegitimate long-styled plants
immediately to be deseribed. Four flowers on this
same short-styled plant were likewise legitimately foy.
tilised with pollen from one of the following long.
styled plants; but only one capsule was produced,
containing 26 seeds ; and this is & very low numbey
for a legitimate union,

With respect to the five illegitimate long-styleq
plants of the first generation, derived from the aboye
self-fertibised short-styled and long-styled parents
their fertility was observed during the same thye,
years, These five plants, when self-fertilised, differaq
considerably from one another in their degree of
fertility, as was the case with the illegitimate lop,,.
styled plants of Lythrum salicaria ; and their fertﬂjfy

w
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varied much according to the season. I may premise,
as a standard of comparison, that during the same
years 56 flowers on legitimate long-styled plants of
the same age and grown in the same soil, were fer-
tilised with their own pollen, and yielded 27 capsules ;
that is, 48 per cent. On one of the five illegitimate
long-styled plants 36 flowers were self-fertilised in
the course of the three years, but they did not produce
a single capsule. Many of the anthers on this plant
were contabescent: but some seemed to  eontain
sonnd pollen, Nor were the female organs quite
impotent ; for I obtained from a legifimate cross one
eapsule 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 eapsule. The third and fourth plants
were in a yery slight degree more productive. The
fifth and last plant was decidedly more fertile; for
42 gelf-fertilised flowers yielded 11 capsules. Alto-
gether, in the course of the three years, no less than
160 flowers on these five illegitimate long-styled
plants were fertilised with their own pollen, but they
Yielded only 22 capsules. According to the standard
above given, they onght to have yielded 80 capsules.

These 22 capsules contained on an average 15°1 sgeds
I balipve, subject to the doubts before specified, that
With legitimate plants the average number from a
}1:11'.1::11 of this nature would have been above 20 seeds.

wWenty-fonr flowers on'these same five illegitimate
Olgestyled plants were legitimately fertilised with
Pollen from the above-deseribed illegitimate short-
Styled plant, and pmduced only 9 cuqmulca, whiu%l 18
AL extremely small number for o legitimate union.
Thesq 9 capsules, however, contained an average of 38
AP'parently good seeds, which is as large a number as
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legitimate plants sometimes yield, But this high aver-
age was almost certainly false ; and T mention the case
for the sake of showing the difficulty of arriving at
fair result; for this average mainly depended on two
capsules containing the extraordinary numbers of 75
and 56 seeds; these seeds, however, though T felt
bound to count them, were so poor that, judging from
trials made in other cases, T do not suppose that oue
would have germinated ; and therefore they onght not
to have been included. Lastly, 20 flowers were legiti-
mately fertilised with pollen from a legitimate plant,
and this increased their fertility ; for they produced
10 capsules. Yet this is but a very small proportion
for a legitimate union.

There can, therefore, be no doubt that these five

long-styled plants and the one short-styled plant of -

the first illegitimate generation were extremely sterils,
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, T fertilised many Howers on these plants,
and fifteen days afterwards (viz. on March Zind) I
fertilised numerous long-styled and short-styled flowers
on common cowslips growing close by. These latter
flowers, on April 8th, were withered, whilst most of the
illegitimate flowers remained quite fresh for several
days subsequently ; so that some of these illegitimate
plants, after being fertilised, remained in ful] bloom
for above a month,

We will now turn to the fertility of the 53 illegiti-
mate long-styled grandchildren, descended from the
long-styled plant which was first fertilised with jgq
own pollen.  The pollen in two of these plants ineluded

a multitude of small and shrivelled grains.  Neyep -

theless they were nof very sterile ; for 25 flowers, fop.

[ 5
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tilised with their own pollen, produced 15 eapsules,
containing an average of 16-3 seeds. As already
stated, the probable average with legitimate plants
for a union of this nature is rather above 20 seeds.
These plants were remarkably healthy and vigorous,
as long as they were kept under highly favourable
conditions in pots in the greenhonse; and such treat-
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 pro-
dueed only 5 capsules, containing extremely few and
wretched seeds.

Four long-styled great-grandechildren 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 aver-
are 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 gﬂ{'.lll soil, where other cowslips grew vigorously and
were completely fertile; for these illegitimate plants
now became much dwarfed in stature and extremely
sterile, notwithstanding that they were exposed to the
visits of insects, and must have been legitimately fer-
tilised by the surrounding legitimate plants. A whole
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row of these plants of the fourth illegitimate genera-
tion, thus freely exposed and legitimately fertilized,
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-grandehildren were
sown, and § long-styled and 2 short-styled plants of
the fifth illegitimate generation raised. These whilst
still in the greenhouse produced smaller leaves and
shorter fHower-stalks than some legitimate plants with
which they grew in competition ; but it should be ob-
served that the latter were the product of a cross with
a fresh stock,—a circumstance which by itself would
have added much to their vigour.* When thesa ills-
gitimate 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 althongh they must have been
legitimately fertilised by insects, they yielded eap-
sules, compared with those produced by the surround-
ing legitimate plants, in the ratio only of 5 to 100!
It is therefore certain that illegitimate fertilisation,
eontinued during successive generations, affects the
powers of growth and fertility of P. veris to an extra-
ordinary degree ; more especially when the plants are
exposed to ordinary conditions of life, instead of being
protected in a greenhouse.

Equal-styled ved varicty of P. veris —Mr, Seott Fas fIBScn"Ix»{[i-
o plant of this kind growing in the Botanic Garden of Edin.
burgh. He states that it was highly self-fortils, although insects

* For foll deteils of this ex- § 'Proc. Linn. Sop
periment, see my * Effects of Crosa  (1858), p. 103,
and Belf-fertilisntion 1876, p. 220,

vol. viii,

-
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were exelnded ; and he explaing this fact by showing, first, that
the anthers and stigma are in elose apposition, and that the
stamens in length, position snd =ize of their pollen-grains
resemble those of the short-styled form, whilst the pistil re-
gombles that of the lons-styled form, both in length and in the
structure of the stigma. Hence the self-union of this variety i8,
in fact, a legitimate union, and consequently is highly fertile,
My, Scott further statos that this variety yielded very few zeeds
when fertilised by cither the long- or short-styled common
cowslip, and, again, that both forms of the latter, when fertilized
by the equal-styled variety, likwise produced very few seeds.
But his experiments with the cowslip were few, and my resulis
do not confirm his in any nniform manner.

1 raised twenty plants from self-fertilised seed sent me by Mr.
Seott: and they all prodoced red flowers, varying slightly in
tint. Of these, two were strictly long-styled both in structure
and in funetion ; for their reproductive powers were tested by
orosses with both forms of the common cowslip. Six plants
wera equal-styled ; but oo the same plant the pistil varied &
good deal in length during different seasons. This was likewise
the case, according to Mr. Seott, with 'the parent-plant. Lastly,
twelve plants were in appearance short-styled ; but they varied
mueh more in the length of their pistils than ordinary short-
gtyled cowslips, and they differed widely from the latter in
their powers of reproduction. Their pistils had become short-
gtyled in structure, whilst remaining long-styled in funetion.
Short-styled cowslips, when insects are excluded, are extremely
barren: for instance, on one occasion Eix fine plants prodoced
only about 50 seeds (that is, less than the product of two good
capsnles), and on another occasion not & single capsule. Now,
when the atiove twelve apparently short-styled seedlings were
similarly treated, nearly all produced o great abundance of
capsules, containing numercus seeds, fwhich germinafed re-
markably well. Moreover three of these plants, whi::h during
the first year wero fornished with quite short pistils, on the
fl:l]lﬂwing year Pr-l'ld“ﬂﬂd p]gtl]ﬁ of Eltl'ﬂ.'l_'lrdil'lﬂl'}' ].ﬂ.tiglh. The
greater number, therefors, of these short-styled plants conld not
be distinguished in function from the equal-styled varioty. 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 ial‘gﬂ EiE.vl:'lJ but were Iﬂjﬂg].ﬁ'].
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with o few shrivelled grains, In function this pollen was
identical with that of the short-styled cowslip: for ten long-
styled flowers of the common cowslip, logitimately fortilised
with pollen from a true equal-styled variety, produced six eap-
gules, containing on an average 344 seeds; whilst seven cap-
gules on a shori-styled cowslip illegitimately fertilised with
pollen from the equal-styled variety, yislded an avernge of only
14°5 seeds.

As the equal-styled plants differ from one snother in their
powera 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 (ns was done in all
the following cases, with one stated exception), spontaneously
produced numerons eapsules, five of which gave an average of
44'8 seeds, with & maximum in one capsule of 57. But :ix
capsales, the product of fortilisation with pollen from a short-
sfyled cowslip (and this is a legitimate union), gave an averige
of 255 seeds, with & maximum of 49 ; and this is a much lowep
average than might have been expected. Secondly, nine cap.-
sules from another equal-styled plant, which bad not been
protected from inseets, but probably was self-fartilised, gave an
avetage of 45°2 seeds, with o maximum of 58. Thirdly, anothep
plant which had a very short pistil in 1865, produced spon-
taneously many® capsules, six of which contained an averige of
88:9 seeds, with a maximum of 38. In 1866 this same plant
Liad a pistil of wonderful length; for it projected quite shove
the anthers, and the stigma resembled that of the long-styleq
form. In this condition it produced spontancously a vast
number of fine eapsules, six of which contained almost exactly
the same average number as before, viz. 848, with a maximuny
of 38, Four flowers on this plant, legitimately fertilised wit)
pollen from a short-styled cowslip, yielded capsules with gy
average of 30°2 seeds. Fourthly, another short-styled plang
spontaneonsly produced in 1865 an abundance of capsules, tay
of which contained an average of 85°6 seeds, with a maximyy,
of 54. In 1866 this same plant had become in all respects long.
gtyled, and ten eapsules gave almost exactly the same averngg
ns before, viz. 35°1 seeds, with a maximum of 47, Eigh
flowers on this plant, legitimately fertilised with pollen from
a short-styled cowslip, produced six capsules, with the high
average of 03 sceds, and the high maximum of 67, Eighs
flowers were also fertilised with pollen from o long-styled '-'Lrw:

®
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slip (this being an illegitimate union), and prodneed seven
capsnles containing an average of 24-4 seeds, with a maximum
of 32. The fifth and last plant remained in the sams condition
during both years : it had o pistil rather longer than that of the
true short-styled form, with the stigmn smooth, as it ought to
be in this form, but abnormal in shape, like o much-elongated
inverted cone. Tt produced spontaneously many capsules, five
of which, in 1865, gave an average of only 15-6 seeds; and in
1866 ten capeules still gave an average only a little higher, viz.
of 22-1, with a maximum of 80. Sixteen flowers were fertilized
with pollen from a long-styled eowslip, and produced 12 eap-
gules, with an avernge of 24-9 seeds, and a maximum of 42
Eight flowers were fertilised with pollen from s short-styled
cowslip, but yielded only two capsnles, containing 18 and 23
geeds.  Hence this plant, in funetion and partially in stroetore,
was in an almost exactly intermediate state between the long-
styled and short-styled form, but inclining towards the short-
styled; and this accounts for the low average of seeds which it
Produced when spontaneously self-fertilised.

The foregoing five plants thus differ much from one another in
the natnre of their fertility. In twoindividuoals a great difference
in the length of the pistil daring two gncceeding 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 & more
or less complete state, they spontaneounsly produced a surprising
number of capsules, which generally contained a large nvernge
of remarkably fine seeds.  With ordinary cowslips, legitimately
Jertilised, T once obtained from plants cultivated in the green-
house the high average, from seven capsules, of 587 seeds, with
& maximum in one capsnle of 57 geads ; but from plants grown
ot of doors I never obtained a higher averaga than 41 seeds.
Now twa of the ,Eq-l“,r'[.gf:i.-]_gd plants, grown out of dooras and
Epontaneously seffsfertilised, gave AVELAZCE of 44 “E"l 45 peeds
but this high fertility may perhaps be in part attribufed to the
Stigma receiving pollen from the gnrronnding anthers at exactly
the right period. Two of thése plants, fartilised with rf-ullen
from g short-styled cowslip (and this in fact is a legitimate
Mt ), gave a fower average than when sali-fertilised. On the
r.tf:her hand, another plant, when similarly feriilised by a cowslip,
Yelded the nnusually high average of 53 seeds, with a maximum
of 67, ]:,-agﬂ_:-'-l az we have just scen, ong of theze plants was in
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an almost exactly intermediate condition in its female organs
hotween the long- and short-styled forms, and consequently,
when self-fertilized, yielded & low average of seed. TIf we add
together all the experiments which I made on the equal-styled
plants, 41 spontaneonsly self-fertilised capsules (insects having
heen excloded) gave an average of 8 seeds, which is exactly the
game number as the parent-plant yielded in Edinbuorgh. Thirty-
four flowers, fertilised with pollen from the short-styled cowslip
fand this is an analogous union), produced 17 eapsules, contain-
jugz an average of 83-8 seeds. It is a rather singular circum-
stanee, for which T eannot account, that 20 flowers, artificially fer-
tilised on one oceasion with pollen from the same plants, yielded
only ten eapsales, containing the low average of 967 seeds.

As bearing on inheritance, it may be added that 72 seed-
lings were raised from one of the red-flowered, strictly equal-
styled, self-fertilised plants descended from the similarly cha-
macterised Edinburgh plant. These 72 plants were there-
fore grandchildren of the Edinburgh plant, and they all borg,
as in the first generation, red flowers, with the exception of
one plant, which reverted in colour to the common cowslip,
In regard to structure, nine plants were truly long-styleg
and had their stomeng seated low down in the corolla in the
proper position; the remaining 63 plants were equal-styled,
though the stigma in alont o dozen of them gtood & little below
the anthers, We thos see that the anomalous combination in fhe
same flower, of the male and female sexual organs which properly
exist in the two distinet forms, was inherited with much force,
Thirty-six seedlings were also mised from long- and short-styled
common cowslips, erossed with pollen from the equal-styleq
variety, OF these plants one alone wos equal-styled, 20 worg
ghort-styled, but with the pistil in three of them rather foq
long, and the remaining 15 were long-styled. In this case we
have an illustration of the difference between simple inheritaneg
and prepotency of fransmission ; for the equal-styled variety,
when self-fertilised, transmits its character, 88 We have jugt
gepm, with much foree, hut when erossed with the eommay
cowslip cannot withstand the greater power of transmission of

the latter.
a

PrisMoNARTA.

I hiave little to say on this genus, I obtained seeds of P, o,
einalis from a garden where the long-styled form alone grey

-

.
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and raised 11 seedlings, which were all long-styled. These
plants were named for me by Dr. Hooker. They differed, as has
been shown, from the plants belonging to this species which in
Germany wereexperimented on by Hildebrand :* for he found that
the long-styled form was ahsolutely sterile with its own pollen,
whilst my long-styled seedlings and the Pparent-plants yielded a
fair snpply of seed when eclf-fertilised. Plants of the long-
etyled form of Pulmenaris angustifolic were, ke Hildebrand's
plants, absolutely sterile with their own pollen, =0 that T conld
NEVEr Procira i _Eﬁlgle seed. On the other hand, the short-
styled plants of this species, differently from those of P. offi-
cinalis, were fertile with their own pollen in & quite remarkable
degres for a heterostyled plant. From seeds carefully self-fer-
tilised T raised 18 plants, of which 13 proved short-styled and
5 lomg-styled.
PoLyaosTM FAGOPYRUM,

From flowers on long-styled planis fortilised illegitimately
with pollen from the same plant, 49 seedlings were raised, and
these comsisted of 45 long-styled and 4 short-styled. From
flowers on short-styled plants illegitimately fertilized with pollen
from the same plant 33 seedlings were raized, and these con-
sisted of 20 ghort-styled and 13 long-styled. 8o that the usual
ritle of illegitimately fertilised long-styled plants Eending_muc.h
more strongly than short-styled plants to reproduce their own
form here holds good. The illegitimate plants derived from
Loth forms flowered later than the legitimate, and were to the
latter in height as 60 to 100, But as t-hl..?-ic illﬂgitj::mtc plants
wore descended from parents fertilised with their own pollen,
whilst the logitimate plants were d{?&ceudﬂ[} rl:ﬂlll parents crossed
with pallen from a distinet individual, it is 1mplnﬁmllTa to kn::m'
how mmeh of their difference in height and period of flowering
is due to the illegitimate hirth of the one set, and howlmjmh
ta the other sct being the product of & cross between distinet
Dlants,

Coneluding Remarks on the ﬂi'fg:'h'mnfrrﬂ.ﬂhprfug of
Heterostyled Trimorphic and Dimorphic Flants.

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

* + Dok, Zeitung,’ 1365, p: 13.
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same heterostyled species, together with their illegiti-
mate offspring, resemble hybrid unions between distinet
species together with their hybrid offspring. In both
cases we meet with every degree of sterility, from very
slightly lessened fertility to absolute barrenness, when
not even a single seed-capsule is produced. In both
cases the facility of effecting the first union is much
influenced by the conditions to which the plants are
exposed.® Both with hybrids and illegitimate plants
the innate degree of sterility is highly variable in
plants raised from the same mother-plant. In both
cases the male organs are more plainly affected than
the female; and we often find contabescent anthers
enclosing shrivelled and utterly powerless pollen-
grains. The more sterile hybrids, as Max Wichura

has well shown,t are sometimes much dwarfed in.

stature, and have so weak a constitution that they are
liable to premature death : and we have seen exactly
parallel cases with the illegitimate seedlings of Lythrum
and Frimula. Many hybrids are the most persistent
and profuse flowerers, as are some illegitimate plants,
When a hybrid is crossed by either pure parent-furm,
it is notorionsly much more fertile than when erossed
inter se or by another hybrid ; so when an illeitimate
plant is fertilised by a legitimate plant, it is more
fertile than when fertilised inter se or by another ille-
gitimate plant. When two species are crossed and
they produced numerous seeds, we expeet a8 a general
rule that their hybrid offspring will be moderately
fertile; but if the parent species produced e_w,;m-gnm};r
few seeds, we expect that the hybrids will Le very

* This has been remarled by  chapter o striking illustration in
many experimentalisiain effenting  the cuse of Priviila peris,
eroases betwesn distinct specics; t * Die Bastardbefruchtung jn
aml i regard to illegitimote  Pilanzenreicl,’ 1865,
unions I have given in the first

»
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sterile. Dut there are marked exceptions, as shown
by Girtner, to these rules. So it is with illegitimate
unions and illegitimate offspring. Thus the mid-
styled form of Lythrum salicaria, when illegitimately
fertilised with pollen from the longest stamens of
the short-styled form, produced an unusunal number
of seeds; and their illegitimate offspring were not at
all, or hardly at all, sterile. On the other hand, the
illeitimate offspring from the long-styled form, ferti-
lised with pollen from the shortest stamens of the same
form, yielded few seeds, and the illegitimate offspring
thus produced were very sterile; but they were more
sterile than might have been expected relatively to the
diffienlty 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 speeies A will fertilise B with the greatest ease ;

" but B will not fertilise A after mndreds of trinls. We

have exactly the same case with illegitimate unions;
for the mid-styled Lythrum salicaria was easily ferti-
lised by pollen from the longest stamens of the short-
styled form, and yielded many seeds; but the latter
form did not yield a single seed when fertilised by the
longest stamens of the mid-styled form.

Another important point is prepotency. Girtner
has shown that when a species is fertilised with pollen
from another species, if it be afterwards fertilised with
its own pollen, or with that of the same species, this
is 80 prepotent over the foreign pollen that the effect
of the latter, though placed on the stigma some time
pr?vinusly, is entirely destroyed. Exactly the same
lhlng oceurs with the two forms of a heterostyled
SPﬂFmﬂv Thus' several long-styled flowers of Primuda
veris were fertilised illegitimately with pollen from
another plant of the same form, and twenty-four hours

It
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afterwards legitimately with pollen from a short-styled
dark-red polyanthus which is a variety of P. veris;

and the result was that every one of the thirty seed-
lings thus raised hore flowers more or less red, show-
ing plainly how prepotent the legitimate pollen from
a short-styled plant was over the illegitimate pollen
from a long-styled plant.

In all the several foregoing points the .parallelism is
wonderfully elose between the effeets of illegitimate
and hybrid fertilisation. It is hardly an exaggeration
to assert that seedlings from an illegitimately fer-
tilised heterostyled plant are hybrids formed within
the limits of one and the same species. This conclu-
sion iz important, for we thus learn that the ﬁimﬂuli}'
in sexually uniting two organie forms and the sterility
of their offspring, afford no sure criterion of so-called
specific distinctness. If any one were to Cross twg
varieties of the same form of Lythrum or Primula for
the sake of ascertaining whether they weré EPE‘-’-iﬁcﬂuy
distinet, and he found that they could be united only
with some difficulty, that their offspring were extremely
sterile, and that the parents and their offspring re-
gembled in a whole series of relations erossed species
and their hybrid offspring, he might maintain that hig
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 Elilﬂﬂl‘lﬂliu
heterostyled species are obviously identical in genery]
structure, with the exeeption of the reproductiye
organs, and as they are identical in general constity.
tion (for they live under precisely the same congi.
tions), the sterility of their illegitimate unions apq
that of their illegitimate offspring, must depend ey
elusively on the nature of the sexual elements gpq
on their incompatibility for uniting in a particnly,
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manner. And aswe have just seen that distinet species
when crossed resemble in a whole series of relations the
furms of the same species when illegitimately united,
we are led fo conclude that the sterility of the former
must likewize depend exelusively on the incompatible
nature of their sexual elements, and not on any general
difference in constitution or strueture. We are, indead,
led to this same conclusion by the impossibility of de-
tecting any differences sufficient to account for eertain
species crossing with the greatest ease, whilst other
closely allied species cannot be erossed, or can be erossed
only with extreme difficulty. We are led to this con-
clusion still more foreibly by eonsidering the great
difference which often exists in the facility of crossing

_ reciproeally the same two species : for it is manifest in

this case that the result must depend on the nature of
the sexual elements, the male element of the one
Species acting freely on the female element of the
other, but not so in a reversed direction. And now we
see that this same eonclusion is independently and
strongly fortified by the consideration of the illegiti-
mate unions of trimorphie and dimorphic heterostyled
:'Eﬂ!'lhtﬁ. In g0 complex and obscure a subject as hybrid-
18m it is no slight gain to arrive at a definite conclu-
S1om, namely, that we must look exclusively to fune-
tional differences in the sexual elements, as the cause
of the sterility of species when first crossed and of
their thrffl offspring. It was this ponsideration W]liﬂ_ll
ed me to make the many observations recorded in this
cllﬂ-pfcr, and which in my opinion make them worthy
of Publication, =
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CHAPTER VI,
Covorruise Resarss o8 HererosTyLen PLAxTa

The essentinl charactsr of hetarostyled plaints—Summary of tlie
differsnees in fertility betwoen legitimately and illegitimagely fer-
tilised plants—Diameter of the pollen-gming, size of anthers and
structure of stigmn in the different forms—Affinitics of the gencrn
which include heterostyled species—Nuture of the advantages
derived from heternstylism—The means by which plants becama
hetercstylod—Transmission  of form—Enqual-styled warietics of
heterostyled plants—Finnl remarles,

Ix the foregoing chapters all the heterostyled plants
known to me have been more or less fully deseribed,
Several other cases have been indicated, especially by
Professor Asa Giray and Kuhn,* in which the indi-
viduals of the same species differ in the length of
their stamens and pistils; but as I have been often de-
ceived by this character taken alone, it seems to me
the more pradent course not to rank any species as
heterostyled, unless we have evidence of more impor-
tant differences between the forms, as in the dinmeter
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 of the parts, or fo self-sterility, &o. :
and so it is with many hermaphrodite animals, for
instance, land-snails or earth-worms ; byt in all thesa
cases any one individual ean fully fertilise or be fapti-

* Asa Gray, *American Journ.  elsewhere a3 nlrendy reforeed 4o,
of Sciesce,” 1863, p. 101; and  Kuhn, ‘Bt Zeitung,’ 1867, p. 67,
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lised by any other individual of the same species. This
is not so with heterostyled plants; a long-styled, mid-
styled or short-styled plant cannot fully fertilise or
be fertilised by any other individual, but only by
one belonging to another form. Thus the essen-
tial character of plants belonging to the heterostyled
class is that the individuals are divided into two or
three bodies, like the males and females of dicecious
plants or of the higher animals, which exist in approxi-
mately equal numbers and are adapted for reciproeal
fertilisation. The existence, therefore, of two or three
bodies of individuals, differing from one another in the
above more important characteristics, offers by itself
good evidence that the species is heterostyled. But
absolutely conclusive evidence can be derived only
from experiments, and by finding that pollen must be
applied from the one form to the other in order to
ensure complete fertility.

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

The two or three forms of the same heterostyled
species do not differ from one another in general habit
or foliage, as sometimes, though rarely, happens with
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Fertility of the Legitimate Unions faken together, compared with

that of the Wemitimate Unimms together.  The fertility of fhe o

Legitimate Dions, us judged by both standards; 45 faken o 100,

Tegitimnte Tnioms.

FPropuortional
XNome of Species. Kumber of Average
Flowers ‘Number of
which pro- | Beeds per
duced Capsmle.
Cnpaibes,
Primula-weris- = o0 g o ow ok ) g i3] B
Poalntior. o o G a0 @ S o w s a7 T
ol 1 e B R B &0 b
PEBInanam: 5 il i a0 w0 ) R 84 L)
. Sinensis (second trinl) . . . . . . 0 ek
F. Sinensts (Hildebrand) . . . . .+ . 100 42
Folaurlonla(Beott) i = & o SE G s ] 15
P. Bikkimensis s . . . . 2 & a 95 31
Poosortasnides 5y 0 @ G & A Salia R T4 1]
Prinvolterabh =5 e @ Gw el S S e i 458
P. farinosa o e S I e 71 4+
Average of the nine species of Primula . 828:4 G
Hottonin polustris (. Mallery . . . . . — 61
Linum grandifloram (the difference probably A1 o
ie mueh greatery .. . . v e . }
To-paretne: o L0 R S R e Delis - 20
L, perenne (Hildebrand). . . . .+« o . 0 i}
l‘u;munarin officinalis (Gorman stock, Hilde- 0
brand}s 5 o e e ‘ } 0
Pulmonarin angostifolin 2 1] o8
Mitchella repens . . g et 20 47
Borrerin, Brazilian sp. . = . . . . - i}
Polygomum fagopyrum . . =« « .« == 46
Lythrum salicarin. . . & 4 & s a0 s ai A6
Ozalis Valdivinon (Hildebrand)., . .+ + . ] 4
0. Regnelli " e S il i
O gpeclosn L G ReliTE T e a e = 15 45

the two sexes of dicecious plants.  Nor does the cql
differ, but the corolla sometimes differs slightly in sh ape
owing to the different position of the anthers, In ]gm_.:
reria the hairs within the tube of the cordila are diffep.
ently situated in the long-styled and short-styled forms,
In Pulmonaria there is a slight difference in the size of

rt

Ly
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the corolla, and in Pontederia in its eolour. In the re-
productive organs the differences are much greater and
more important.  In the one form the stamens may be
all of the same length, and in the other gmduated: in
length, or alternately longer and shorter. The fila-
ments may differ in colour and thickness, and are
sometimes nearly thrice as long in the one form asin the
other, They adhere also for very different proportional
lengths to the corolla. The anthers sometimes differ
mueh in size in the two forms. Owing to the rotation
of the filuments, the anthers, when mature, dehisce to-
wards the circumference of the flower in one form of
Faramea, and towards the centre in the other form, The
pollen-grains sowetimes differ conspicuously in eolour,
and often to an extraordinary degree in diameter.
They differ also somewhat in shape, and apparently in
their contents, as they are unequally opaque. In the
short-styled form of Faramea the pollen-grains are
covered with sharp points, so as to cohere readily to-
oether or to an insect; whilst the smaller grains of the
long-styled form are quite smooth.

With respeet to the pistil, the style may be almost
thrice as long in the one form as in the other. In
Oxalis it sometimes differs in hairiness in the three
forms. In Linum the pistils either diverge and pass
out between the filaments, or stand nearly upright and
parallel to them. The stigmas in the two forms often
differ much in size and shape, and more especially n
the length and thickness of their papille ; so that
the surface may be rough or quite smooth. Owing to
the rotation of the styles, the papillose surface of
the stigma is turned outwards in one form of Lanum
perenne, and mwards in the other form. Tn flowers of
the same age of Primula veris the ovules are larger in
the long-styled than in the short-styled form, The
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seeds produced by the two or three forms often differ
in nnmber, and sometimes in size and weights thus,
five seeds from the lung—stj led form of Lythrum sali-
earie equal in weight six from the mid-styled and
seven from the shurt-st_-,]ed form. Lastly, short-styled
plants of Pulmonaria offizinalis bear a larger number
of flowers, and these set a larger proportional number
of fruit; which however yield a lower average number
of seed, than the long-styled plants. With hetero-
styled plants we. thus see in how many and in what
important characters the forms of the same undoubted
species often differ from one another—characters which
with ordinary plants would be amply sufficient to dis-
tinguish species of the same genus.

As the pollen-grains of ordinary species belonging

to the same genus generally resemble one another -

closely in all vespects, 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
game heterostyled species in the forty-three eases in
which this was ascertained, But it shonld be obeerved
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
iried and were then soaked in water. "ﬂ. henever they
were of an elongated shape their longer dinmeters
were measured. The grains from the short- -styled
plants are invariably Iarger than those from the long-
styled, whenever there is any difference between them
The diameter of the former is represented in the table
by the number 100.

We here see that, with seven or eight exceptions
out of the forty-three cases, the p{:]len—grmns from one
form are larger than those from the other form of the
B specics. The extreme difference is as 100 to 55 :

L\



&

Crsr. VL

ON HETEROSTYLED FLANTS.

249

: TapLe 34

¥

felative J_?:‘amé'ier of the Pollen—graing from the forms of the same
Heterostyled Species ; thoss from the short-styled form bedng

vepresended by 100,

Dimorphic Specics.
From the Trngs " -
sty led l'urm.K Fﬁu&hmlmﬁ?s
Primuls veris 67 Cardin {sp. 7} . 100
o1 yalgiris. = o o4 Tl Gilia pulchelln . . 100
»  Sinensis{Hildebrand) 57 p micrantha . &1
o auricula . . . T1 Sethin acuminata . &9
Hottenis palustris(H. Miiller) 61 Erythroxylum (ap. 2) a3
o - (self). . Bi Cratoxylon formosum . . 86
Linum grandifiorum + 100 Mitchella repens, pollen- *
»  perenne(diameter vo- 100¢7 graing of the long-styled
rinble} ™ & . } ) n little smaller.
5 favam 100 Borrerin {=p.#) . a2
Palmonaris officinalis 78 Farnmoa (Sp- ) .« oo in BT
b angnstifaolin 91 Suterin (sp. ¥) (Fritz Miller) 75
Palygonum figopyrum . a2 Houstonin ¢erulea ¢ o o 72
Leucosmia Burnettiann . 09 Olifenlandia (sp.#) . 78
Epiphilnelata . . s Heédyotis (sptyic "o .0 - B8
Menyantnes trifoliata . . B4 Coceocypselum. (sp. ¥) (F,} 160
Limpanthemum Indienm . 100 Miiiler) i
Vitlavsia (sp.7) . 75 Liposteana (=p. 7} a0
Forsythin suspensa . (2 Clnchona micrantha, 91

Trimorphic Species.

Rntin expressing the extroms differsnees
in dinmweter of tlee polien-grains from the
two sets of anthors in the three forms,

Lythrum salicaria . G0
Nesmn verticillata. . . . 63
Oilis Valdiviana (Hildebrand) 71
o tegnelli. . s R
2 Spetiosa, (i3]
55 seositivi B4
Pontederin (sp. #) . 53

and we should bear in
spheres differing to this

contents differ in the ratio of six to one.

Fatio between the diamotors of the pollen-
graing of the two sets of anthecs o the
samye form.
Oxalis rosen, long-styled form) oo
(Hildebrand). .

o COMprassa, short-styled| oo
[ BN S T

Pontederia (sp. #) short-styled] oo
form.. . o

" uthl:'rsp..,l‘lnld-&i}'lul} g6
forpis G

mind that in the case of

degree in diameter, their
With all

the species in which the grains differ in diameter,

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

* ¢ Bull’ Opern; la Distribuzione dei Bessl nelle Plante &e., 1867
P17 5

&
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the size of the pollen-grains and the length of the
pistil is manifest; for instance, I found that the dis-
tended graihs of Datura arborea were 00243 of an
inch in diameter, and the pistil no less than 9-25
inches in length; now the pistil in the small flowers
of Polygonum fagopyrum is very short, yet the larger
pollen-grains from the short-styled plants had exactly
the same diameter as those from the Datura, with its
enormously elongated pistil.

Notwithstanding these several considerations, it 1s
difficult quite to give upthe belief that the pollen-grains
from the longer stamens of heterostyled plants have
beeome larger in order to allow of the development of
longer tubes; and the foregoing opposing facts may
Possibly be reconciled in the following manner. The
tubes are at first developed from matter contained
Within the grains, for they are sometimes exserted
to a considerable length, before the grains have
touched the stigma: but botanists believe that they
afterwards draw nourishment from the conducting
tissue of the pistil. It is hardly possible to doubt
that this must occur in such cases as that of the Da-
tura, in which the tubes have to grow down the whole
l_eugth of the pistil, and therefore to a length equal-
Ing 3806 times the diameter of the grains (namely,
*00243 of an inch) from which they are protruded.

may here remark that I have seen the lmllenagminﬂ
of 4 willow, immersed in a very weak solution of honey,
Protrude their tubes, in the course of twelve hours, to
% ]‘fhgth thirteen times as great as the diameter of the
BTiing, Now if we suppose that the tubes in some
wﬂtemﬁtﬂml species are developed wholly or :1].11115!51:-
i 10lly from mutter contained within the grains, f\'llﬂﬂ

! Other species from matter yielded by the pistil, we
Ciil 8ee that in the former case it would be necessary
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that the grains of the two forms should differ in size
relatively to the length of the pistil which the tubes
have to penetrate, but that in the latter case it w:::ultlcl
not be necessary that the grains should thus differ.
Whether this explanation can be considered satisfac-
tory must remain at present doubtful.

There is another remarkable difference between the
forms of several heterostyled species, namely in the

anthers of the short-styled flowers, which contain the.

larger pollen-grains, being longer than those of the
long-styled flowers. This is the case with Hottonia
palustris in the ratio of 100 to 83. With Limnan-
themum Indiewm the ratio is as 100 to 70. With the
allied Menyanthes the anthers of the short-styled form
are a little and with Villarsia conspicuously larger

than those of the long-styled. With Pulmonarig

angustifolia they vary much in size, but from ap
averape of seven measurements of each kind the ratig
i8 a5 100 to 91. In six genera of the Rubiacem thers
Is a similar difference, either slightly or well marked,
Lastly, in the trimorphic Pontederia the ratio is 100
to 88; the anthers from the longest stamens in the
short-styled form being compared with those from the
shortest stamens in the long-styled form. On the
other hand, thers is a similar and well-marked differ-
ence in the length of the stamens in the two formsg
of Forsythia suspensa and of Linum favem ; but iy
these two cases the anthers of the short-styled flowers
are shorter than those of the long-styled. The rels.
tive size of the anthers was not particularly attendaq
to in the two forms of the other heterostyled plantg,
but I believe that they are generally equal, as §g
certainly the case with those of the common primrogg
and eowslip.

The pistil differs in length in the two forms of every

4
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heterostyled plant, and althongh a similar difference
is very general with the stamens, yet in the two
forms of Linum grmbd{ﬂc}ru-m and of Cordia they are
equal. There can hardly be a doubt that the rela-
tive length of these organs is an adaptation for the
safe transportal by insects of the pollen from the one
form to the other. The exceptional cases in which
these organs do not stand exactly on a level in the two
forms may probably be explained by the manner in
which the flowers are visited. With most of the
gpecies, if there is any difference in the size of the
stigma in the two forms, that of the long-styled, what-
ever its shape may be, is larger than that of the short-
styled. But here again there are some exceptions to
the rule, for in the short-styled form of Leucosmia
Burnettiana the stigmas are longer and much narrower
than those of the long-styled ; the ratio between the
lEngths of the stigmas in the two forms being 100 to I
In the three Bubiaceous genera, Faramea, Houstonia
and Oldenlandia, the stigmas of the short-styled form
are likewise somewhat longer and narrower; and in
the three forms of Owalis sensitiva the difference is
strongly marked, for if the length of the two stigmas
of the long-styled pistil be taken as 100, it will be
represented in the mid- and short-styled forms by
the numbers 141 and 164. As in all these cases the
stigmas of the short-styled pistil are seated low down
within & more or less tubular corolla, it is probable
that they are better fitted by being long and narrow
for brushing the pollen off the inserted probuscis of
an insect, ’

_ With many heterostyled plants the stigma ‘:1-1-&"’-'"5
In ronghness in the two forms, and when this 18 the
ease there is no known exception to the rule that the
Papille on the stigma of the long-styled form are longer
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and often thicker than those on that of the short-
styled. For instance, the papille on the long-styled
stigma of Hottonia palustris are more than twice the

lm{gth of those in the other form. This holds good

even in the case of Houstonia eerulea, in which the
stigmas are much shorter and stouter in the long-
styled than in the short-styled form, for the papille
on the former compared with those on the latter are
as 100 to 58 in length. The length of the pistil
in the long-styled form of Linum grandiflorum varies
much, and the stigmatic papille vary in a ecorre-
sponding manner. From this fact I inferred at first
that in all cases the difference in length between the
stigmatic papille in the two forms was one merely of
correlated growth ; but this can hardly be the true op

general explanation, as the shorter stigmas of the

long-styled form of Houstonia have the longer papille,
It is a more probable view that the papille, which
render the stigma of the long-styled form of various
species rough, serve to entangle effectunlly the large-
sized pollen-grains brought by insects from the short-
styled form, thus ensuring its legitimate fertilisation,
This view is supported by the fact that the pollen.
grains from the two forms of eight species in Table 34
hardly differ in diameter, and the papille on their
stigmas do not differ in length.

The species which are at present positively op
almost positively known to be heterostyled belong, gg
ghown in the following table, to 38 genera, widu]}r dig-
tributed, throughout the world. These genera gp0
included in fourteen Families, most of which are very
distinet from ome another, for they belong to nine of
the several great Series, into which phanerogamie
plants have been divided by Bentham and Hooker,
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Tapre 83,
List of Genera including Heterostyled Species.

oo Y LEDONE, IMooTYLEDONS.
Cratoxylon. Hypericinam, Mitchelln, Rubincem,
Erythroxylum, Erpthrozyles. Thindia. e
Sethia. " Borrerin, G
Linum, Geranincem, Spermacocs. =
Oxalis, :1 | Primula, Primulaces.
Lythrum. Lythraces, |  Hottonin, 5
Kasea. " Androsice, s
Cinchona. Ruhiaces, Forsythin, Olencam,
Bouvardia. i Manyanthas, Gentinnacems,
Manettin 1] Limnanthemum. i
Hedyotie, ' Yillarsin, 0
Oldenlandin, " Gilin. Palemoniacesms,
Huoustanla, ! Cordin, Cordiem
Coccorypselum, i Pulmonaria. Borarines.
Lipastoma, " Epiphila. Verbenacea.
Knoxia, i Poly ponum. Polrgones.
Furamen, i Thymelea. Thymalem.
Peychotria, -

Ralzen. o MoX0COTYLEDONE.
Buteria. & Pontederia, Pontedariacin,

In some of these families the heterostyled eondition
Must have been acquired at a very remote period.
Thus the three closely allied genera, Menyanthes,
Limnanthemum, and Villarsia, inhabit respectively
Burope, India, and Sonth America. - Heterostyled
Species of Hedyotisare found in the temperate regions
of North and the tropical regions of South America.

Timorphic species of Oxalis live on both sides of
the Cordillera in South America and at the Cape of
Grood Hope, In these and some other cases it is not
Probable that each species acquired its heterostyled
glructure independently: of its close allies. If they
did not g g0, the three closely connected genera of
the Menyanthem and the several trimorphic species of

Xalis must have inherited their strocture from &
““Mmon progenitor. But an immense lapse of time
Wil have been necessary in all such eases for the
modified descendants of a common progenitor to have
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spread from a single centre to such widely remote and
separated areas. The family of the Rubiaces contains
not far short of as many heterostyled genera as all
the other thirteen families together; and hereafter
no doubt other Rubiaceous genera will be found to
be heterostyled, although & large majority are homo-
styled. Several closely allied genera in this family
probably owe their heterostyled structure to descent
in common ; but as the genera thus characterised are
distributed in no less than eight of the tribes into
which this family has been divided by Bentham and
Hooker, it is almost certain that several of them
must have become heterostyled -independently of
one another. What there is in the constitution or
structure of the members of this family which favours
their beeoming heterostyled, I cannot conjecture,
Some families of considerable size, such as the Bo-
raginem and Verbenacem, include, as far as is at
present known, only a single heterostyled genus,
Polygonum also is the sole heterostyled genus in its
family ; and though it is a very large genus, no other
species except P, fagopyrum is thus characterised. We
may suspect that it has become heterostyled within
a comparatively recent period, as it seems to be less
strongly so in function than the species in any other
genus, for both forms are capable of yielding a con-
siderable number of spontaneonsly self-fertilised seads.
Polygonum in possessing only a gingle hﬂterustﬂed
species is an extreme case; but every other genus of
considerable size which includes some such 8pecies
likewise contains homostyled species. Lythrum ip.
eludes trimorphic, dimorphie, and homostyled Bpecies,
Trees, bushes, and herbaceous planis, both large
and small, bearing single flowers or flowers in densp
spikes or heads, have been rendered heterostylad,

‘!.h ;

&
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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 hetero-
styled plants it was under the impression that they
were tending to become diecious ; 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,
spemed to be the more feminine of the two forms,
yielded fewer seeds than the short-styled plants which
appeared to be in the above respects the more mascu-
line of the two. Moreover, trimorphic plants evidently
come under the same category with dimorphie, and
the former cannot be looked at as tending to become
dicecious. With Lythrum salicarie, however, we have
the curious and unique case of the mid-styled form
being more feminine or less masculine in nature than

thie other two forms.

This is shown by the large

* Ot of the 88 genera known
to inelude lieterostyled apecies,
abont eight, or 21 per cent, are
more or less aquatic in  their
hpbits. T wag at first struck with
thia faet, for I was nof then aware
how large o proportion of or-
dinary plants inhabit such sta-
tions.  Heterostyled planta may
be anid in one sense to have their
sexes separated, ns the forme must
mutually fertilise one another.
Therefore it seomsd worth while
to pacertain what proportion of
the genera in the Linnenn classes
Monmein, Diwcin and Poly-
mmin, contained specics which
ive * in water, marghez, bogs or
watery ploces’ In Sir W, J
Hooker's *Britien Flora® (ith
edit. 1838) these three Linnean
olassen include 40 genera, 17 of

which (i.e. 43 per eent) contain
gpevies inhabiting the jnst-speci-
fied stations, Bo that 43 per cent.
of those British plants which
have their rexes separnted are
more or less aquatic in their
habits, whereas only 21 per cenk
of heterostyled plants have such
habits, I may add that the her-
maphrodite clnsses, from Monan-
drin te Gynandrin inclusive, con-
tain 447 gener, of whish 113 are
aquatic in the above sunsEe, o only
25 per cent. It thus appears, o8
far as can be judged from such
imperfect data that thers 18 some
conneclion between the separation
of the sexes in plants and the
watery nature of the sites which
they inhabit; but ghat this dnes
not hold good with heterostyled

BpeCiEs.
8
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number of seeds which it yields in whatever manner
it may be fertilised, and by its pollen (the grains of
which are of smaller size than those from the eor-
responding stamens in the other two forms) when
applied to the stigma of any form producing fewer e
seeds than the normal number, If we suppose the
proeess of deterioration of the male organs in the mid-
styled form fo continue, the final result would be the
production of a female plant; and Lythrum salicaria
would then consist of two heterostyled hermaphrodites
and o female. No such case is known to exist, but it
is a possible one, as hermaphrodite and female forms
of the same species are by no means rare. Although
there is no reason to believe that heterostyled plants
are regularly becoming diceious, yet they offer sin-
gular facilities, as will hereafter be shown, for such
conversion ; and this appears oceasionally to have been P
effected. !
We may feel sure that plants have been rendered
heterostyled to ensure eross-fertilisation, for we now
know that a cross between the distinet individuals of
the same species is highly important for the vigour and
fertility of the offspring. The same end is gained by
dichogamy or the maturation of the reproductive ele-
ments of the same flower at different periods,—hy
dimcimtsness—sclf’-steriiit-]r—thu prepotency of pollen
from another individual over a plant's own pollen,—ang
lastly, 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
others, depends on the nature of all the Previous
changes through which the species had passed, ang on
the more or less complete inheritance of'the Slccessive
adaptations of each part to the surrounding conditiong, 45

IIl!'ll'l}i'
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Plants which are already well adapted by the structure
of their flowers for ecross-fertilisation by the aid of
insects often possess an irregular corolla, which has
been modelled in relation to their visits; and it would
have been of little or no use to such plants to have
become heterostyled. We ean thus understand why
it is that not a single species is heterostyled in such
great families as the Leguminose, Labiate, Scrophu-
lariacese, Orchidem, &e., all of which have irregular
flowers. Every known heterostyled plant, however,
depends on insects for its fertilisation, and not on the
wind ; so that it is a rather surprising fact that only
one genus, Pontederia, has a plainly irregular corolla.

Why some species are adapted for cross-fertilisation,
whilst others within the same genus are not so, or
if they onee were, have gince lost such adaptation
and in consequence are now nsually 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 diseussed. Heterostyled species, however,

have an advantage over dichogamous species, as all

the flowers on the same heterostyled plant belong to
the same form, so that when fertilised legitimately by
insects two distinet individuals are sure to intercross.
On the other hand, with dichogamous plants, early or
late flowers on the same individual may intereross;
and 1 cross of this kind does hardly any or no good.
Whenever it is profitable to a species to produce a
RPN TR
* A Rffeets of Cross and Bali-fertilisntion,’ 1876, . ;HL
B2
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large number of seeds, and this obyiously is a very
common case, heterostyled will have an advantage
over dicecious plants, as all the individuals of the
former, whilst only half of the latter, that is the
females, yield seeds. On the other hand, hetero-
styled plants seem to have no advantage, as far as
cross-fertilisation is concerned, over those which are
sterile with their own pollen. They lie indeed under
a slight disadvantage, for if two self-sterile plants
grow near together and far removed from all other
plants of the same species, they will mutually and
perfectly fertilise one another, whilst this will not be
the case with heterostyled dimorphie plants, unless
they chance to belong to opposite forms.

It may be added that species which are trimorphic
have one sligcht 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 be-
longing to the same form ; and in this case they wil]
legitimately fertilise one another, and yield the ful)
complement of vigorous offspring.

The Means by which Plants may have been rendered
Heterostyled.

This is a very ohseure Hlllijﬁct'; on which I ean t-l].l‘[].w

2

little light, but which is worthy of discussion, It by -
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been shown that heterostyled plants oceur in fourteen
natural families, dispersed throughout the whole vere-
tahle kingdom, and that even within the family of the
Rubiscem 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
withont any great difficulty—that is, without any very
Unusng] eombination of circumstances,

It is probable that the first step towards a species

ecoming heterostyled is great variability in the length
of the pistil and stamens, or of the pistil alone. Such
Variations are not very rare: with Amsinekia spectabilis
and Nolana prostrata these organs differ so much in
_tﬁllgth in different individuals that until experiment-
}hg on them, I thought both species heterostyled.

"he stigma of Gesneria pendulina sometimes protrudes
far beyond, and is sometimes seated beneath the
anthers; go it is with Owalis acefosella and various
othey plants. I have also noticed an extraordinary
amoung of difference in the length of the pistil in cul-
tivated varieties of Primula veris and vilgaris.

As most plants are at least occasionally eross-fer-
tilizeq by the aid of insects, we may assume tliat this
Wis the pase with our supposed varying plant; but
that it would have been beneficial to it to have been
mMore Tegularly cross-fertilised. "We should bear in
mind gy important an mh-'antﬂgc it has been
Proved ¢y he to many plants, though in different
HeZrees and ways, to be cross-fertilised. Tt might
‘_“"311 lln.ppcn that our supposed species did not vary
M funetion in the right manner, so as to become
Blthap dichogamous or completely self-sterile, or in
Structype 50 as to ensure cross-fertilisation. If it had
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thus varied, it would never have been rendered hetero-
styled, as this state would then have been superfluous.
But the parent-species of our several existing hetero-
styled plants may have been, and probably were (Judp-
ing from their present constitution) in some degree
self-sterile ; and this would have made regular cross-
fertilisation still more desirable.

Now let us take a highly varying species with most
or all of the anthers exserted in some individuals, and
in others seated low down in the corolla; with the
_ stigma also varying in position in like manner. Insects
which visited such flowers wonld have different parts
of their bodies dusted with pollen, and it wonld be a
mere chance whether this were left on the stigma of
the next flower which was visited. If all the anthers
could have been placed on the same level in all the
plants, then abundant pollen would have adhered to
the same part of the body of the insects which fre-
quented the flowers, and would afterwards have been
deposited without loss on the stigma, if it likewise
stood on the same nunvarying 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 mueh
more eazily throngh natural selection into two sets of
different lengths in different individuals, than all to
the same length and level in all the individnals. W
know from innumerable instances, in which the tyw,
sexes and the young of the same species differ, thy
there is no difficulty in two or more sets of individig s
being formed which inherit different characters, 1y
our particular case the law of compensation or balane,._
ment (which is admitted by many botanists) woq]g
tend to cause the pistil to be reduced in those ing;.

>
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vidnals in which the stamens were greatly developed,
and to be increased in length in those which had their
stamens but little developed.

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

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

* ¢ Dig Befruchitung der Blumen,” p. 352.
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manner will be nearly or completely lost. He was
led to this view by observing that Diptera frequently
carried pollen from the long-styled flowers of Hottonia
to the stigma of the same form, and that this ille-
gitimate union was not nearly so sterile as the corre-
sponding union in other heterostyled species. But
this conclusion is directly oppesed by some other
cases, for instance by that of Linum grandiflorum ;
for here the long-styled form is utterly barren with
its own-form pollen, although from the position
of the anthers this pollen is invariably applied to
the stigma. It is obvious that with heterostyled
dimorphic plants the two female and the two male
organs differ in power ; for if the same kind of pollen
be placed on the stigmas of the two forms, and again
if the two kinds of pollen be placed on the stigmas of
the same form, the results are in each case widely dif-
ferent. Nor can we see how thig 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 fertilized in certain ways has
been specially aequired by hetercstyled plants. We
may suppose that our varying species was somewhat
sterile (as is often the ease) with pollen from its own
stamens, whether these were long or short: and thag
such sterility was transferred to all the individuals
with pistils and stamens of the same length, so that
these became incapable of intererossing freely ; but
that such sterility was eliminated in"the case of the
individuals which differed in the length of they Pistils
and stamens. It is, however, ineredible that sq peculiar
a form of mutual infertility should have been specially
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acquired unless it were highly beneficial to the species ;
and althongh it may be beneficial to an individual
plant to be sterile with its own pollen, eross-fertilisa-
tion being thus ensured, how can it be any advan-
tage toa plant to be sterile with half its brethren,
that is, with all the individuals belonging to the
same form ? Moreover, if the sterility of the unions
between plants of the same form had been a special
acquirement, we might have expected that the long-
styled form fertilised by the long-styled would have
been sterile in the same degree as the short-styled
fertilised by the short-styled ; but this is hardly ever
the sase. On the contrary, there is sometimes the
widest difference in this respect, as between the two
illegitimate unions of Pulmonaria angustifolia and of
Hotionia 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
get or form is an ineidental and purposeless result.
The meaning of the term “incidental” may be illus-
trated by the greater or less difficulty in grafting or
budding together two plants belonging to distinet
species; for as this capacity is quite immaterial to
the welfare of either, it cannot have been specially
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 homo-
styled, and how they became co-adapted in two sets of
individuals, are very obscure points. We kmow that
in the two fofms of our existing heterostyled plants
the pistil always differs, and the stamens generally

ffer in length; so does the stigma in structure,
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the anthers in size, and the pollen-grains in diameter.
It appears, therefore, at first sight probable that
organs which differ in such important respects could
act on one another only in some manner for which
they had been specially adapted, The probability of
this view is supported by the curious rule that the
greater the difference in length between the pistils
and stamens of the trimorphie species of Lythrum and
Oxalis, the produets of which are united for reproduc-
tion, by so much the greater is the infertility of the
union. The same rule applies to the two illegitimate
unions of some dimorphic species, namely, Primula
vulgaris and Pulmonaria angustifolia ; but it entirely
fails in other cases, as with Hottonia palustris and
Linum grandifforum. We shall, however, best perceive
the difficulty of understanding the nature and origin

of the co-adaptation between the reproductive organs ©

of the two forms of heterostyled plants, by consider-
ing the ecase of Linum grandiflorum : the two forms of
this plant differ exclusively, as far as we cam 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 it than so mueh in-
organic dust; whilst this pollen fully fertilises the
short pistil of the other form. Now, it is searcely
credible that & mere difference in the length of the
pistil ean make a wide difference in its capacity for
being fertilised. 'We ean believe this the less hecanse
with some plants, for instance, Amsinekia spectabilis,
the pistil varies greatly in length without affecting
the fertility of the individuals which are intercrossed.
So again I observed that the same plants of Primule
veris and vulgaris differed to an extraorllinary degree
in the length of their pistils during suceessive seasons »
nevertheless they yielded during these seasons exac
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the same average number of seeds when 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 » varying species, of such a nature that the
male element of cne setis enabled to act efficiently
only on the female element of another set. We need
not doubt about the possibility of variations in the
constitution of the reproductive system of a plant, for
we know that some species vary so as to be completely
self-sterile or completely self-sterile, either in an appa-
rently spontaneous manner or from slightly changed
conditions of life. Giirtner 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
distinet species much more readily than another. But
what the nature of the inner constitutional differences
may be between the sets or forms of the same varying
species, or between distinet species, is quite nnknown.
It seems therefore probablé 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
the irreproductive powers became modified in such a
manner that the sexual elements in one set were
adapted to act on the sexunal 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 distinet species. I have
elsowhere shownt that the sterility of species when

. * Gfrtner, *Bastarderzeugung  Plants under Domestication,’ 2nd
im Pllanzenreich,” 1848, p. 163, edit. vol. ii. p, 169; * The Effectsol
t *Origin of Species,” Gth edit. Crossand Sel f-fertilisation,” p. 463
947 ; * Voriationof Avimalsand It may be well here to remark
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first erossed and of their hybrid offspring must also
be looked at as merely an incidental result, following
from the special eo-adaptation of the sexual elements
of the same species. We ecan thus understand the
strilking parallelism, which has been shown to exist
between the effects of illegitimately uniting hetero-
styled plants and of crossing distinet species. The
great difference in the degree of sterility between the
various heterostyled species when illegitimately fer-
tilised, and between the two forms of the same species
when similarly fertilised, harmonises well with. the
view that the result is an inecidental one which follows
from changes gradually effected in their reproductive
systems, in order that the sexual elements of the dis-
© tinet forms should act perfeetly on one another.

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

femnle elements in thetwo formg op

that, judging from the remark-
able power with which abraptly
ohanged conditions of life act on
the reproductive system of most
organisme, it ia probable that the
elose adaptation of the male to the

the same hetorostyled species, op
in all the individusls of the Bling
ordinary up{.'f'ii!a,{ﬂ'nllr!l I:Ielu:‘l tfrag
only under long-continued Tearly
unitorm conditions of life,
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Nuture of the Qffspring from Hegitimately fevtilised Dimorphic

Plants,

!Numi.uzr
of Long-
slvied

ﬂﬂ.’upﬂm‘:.l

Number
of Short=
ebyled
O Mepring.

Primula veris

Primula vulgaris

Primula auricula

Primula Sinensis.

el "

*H 1)

Pulmenaria officinalis

Polygonum l'agn]-'l. rum

Lung-ulsr]:d form, fertilised by

own-form pql]run durmg five
SOCCEssIvE Lu:.r:rnmms, ]JI‘D—
duced .

ow li=form Pu]ien, produced

Long-styled form, fertilised by
own-form pollen during two
BN ECEss]ve gEL‘I.EI‘utiﬂII* |?|‘U-'
duced . .

Short-styled form, fortilised by
own-form pollen, i3 said to
produce during  successive
generations offepring in about
the fellowing proportions

Tong-styled form, fertilised by
own-form pollen during two
successive generntions, pro-
duced . S S

own - form  pollen [Hlldl_‘—

{I.ﬂng-l!}'lmi form, fertilisod by
brand), produced.

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

Long-strled form, fertilised by
own-form pollen, produced
own-form |mi1m-:| produced

Short-styled form, fertilised by
owin- t-:un:u pullen, produced .

{":'.hnrt-q;n]pct form, fertilised h}'}

F

)

1]

}

{Lnng—st.!. led form, fertilised b_-,}

}r

G

(2]
i

o
{ 5=

14

11

13

20
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first erossed and of their hybrid offspring must also
be looked at as merely an incidental result, following
from the special co-adaptation of the sexunal elements
of the same species. We ean thus understand the
striking parallelism, which has been shown to exist
between the effects of illegitimately uniting hetero-
styled plants and of crossing distinet species. The
great difference in the degree of sterility between the
varions heterostyled species when illegitimately fer-
tilised, and between the two forms of the same species
when similarly fertilised, harmonises well with. the
view that the result is an ineidental one which follows
from changes gradually effected in their reproductive
systems, in order that the sexual elements of the dis-
tinet forms should act perfectly on one another.

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

that, judging from the romarke-
able power with which abroptly
changed conditions of life act on
the reproductive system of most
organisme, it is probable that the
close adaptation of the male to the

female elements in thetwo forms of
the snme heterostyled speeies, op
in all the individuals of the same
ordinary species, conld beacquirag
only under long-continued nearly
uniform eonditions of life,
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Primula veris

Primula vulgariz

Primula anricula

Primula Sinensiz.

Pulmonarin officinalis

Palygonum E'ngoprrum

TanLe 36.
Nutwre of the Offspring from INegitimately fertilised Dimorphic
FPlants,
Number | Nomber
of Long- | of Short=
siybed | etvled
I:Ill.'u||ri.:lg.iﬂﬂipﬁug.
Long-styled form, fertilised by
own-form pollen during fivel| .. G
BUCCTESIVE g{':n.r:rrtimm prd-
duced : .
Shurt styled form, fertilised by s 9
owu-form pollen, produced .
Long-styled form, fertilised bjl
ewn=form pallen duriong two 6o a
sucressive generations, pru-
diead . i .
Bhort-styled form, fertilised by
own-form pollen, is said to
produce during  successive 25 7
goenerations offspring in about
the following proportions
Leng-styled form, fertilised by
own-form pollen during T-thl 30 o
"] successive generntions, 111'0-!
l dueed . wo G
Long-styled form, fertilised by
own- form  pollen (lli]dl:- 14 &
brand}, produced.
ﬁﬂurt—ﬁtg]eﬂ form, fertilised hy} 1 oy
own-ferm pn]ken, produced
Long-styled form, foptiliaed by 11 0
0w n-form |mlien, produced .
Long-styled form, fertilised by 45 i
awn-form pu:-]]r.tn,, produced |
Short-styled form, fertilized by 13 i
{ awn-form ]ml]nn, produced . =
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Taene 87.

Nature of the Offspring from IMegitimately fotilised Trimorphic - 4
Plants.

| Number | Wumbir | Number

of Lang- | of Mid= | af Bhort-
styled | styled | styled

DfEspring. Ofspring. th'npr.lng,

Long-styled form, furtilised
Lythrum salicaria, i by own-form pulllr.-u, prn-
duced .

bild ] 0

by own-form p-u]leu, pra-
dnced .

by pollen from mid=length ()
stamons of long - n:]rlal.

Ehart-stylad form, fLLi:]bﬁﬂl
furm, produced J

1:’:‘.11111'!. -atyled form, fertilised

MWid-stylad form, fartilised by
n 4 al own-form pollen, preducad

pollen from shortest sta- ||
mens of long-styled form,
produced .

Mid-styled form, fertilised by
{ 17 8 a

Mid-styled form, fertilised by
pollen from longest sta-
miens of short-styled f'urm,
produced . HEs o

14 B 18

during several ganerations
by own-form pallen, pro-)l 100 0 (i
dueed nﬁspnng in  thej|
ratio of . '

Ozalis rosea

*

Mid-styled form, fertilised by}

ll,.;.u_:;mt;.-]ed Torm, fertiliged
{ own-form p-nllu'u,producud}l' ¢ | 4 v

., hedysaroides

—=r
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We see in these two tables that the offspring from
a form illegitimately fertilised with pollen from
another plant of the same form belong, with a few
exceptions, to the same form as their parents. For
instance, out of 162 seedlings from long-styled plants
of Primula veris fertilised during five generations in
this manner, 156 were long-styled and only 6 short-
styled. Of 69 seedlings from P. vulgaris similarly
raised all were long-styled. So it was with 56 seedlings
from the long-styled form of the trimorphic Lythrum
salicaria, and with numerous seedlings from the long-
styled form of Owalis vosea. The offspring from the
short-styled forms of dimorphic plants, and from both
the mid-styled and short-styled forms of trimorphic
plants, fertilised with their own-form pollen, likewise
tend to belong to the same form as their parents, but
not in so marked o manner as in the case of the long-
styled 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 eases hitherto given relate to illeritimate unions,
but Hildebrand, Fritz Miller, and myself found that
avery large proportion, or all of the offspring, from a
legitimate umion between any two forms of the tri-
morphic species of Oxalis belonged to the same two
forms. A similar rule therefore holds good with unions
which are fully fertile, as with those of an illegiti-
mate nature which are more or less sterile. When
some of the seedlings from a heterostyled plant belong
to a different form from that of its parents, Hildebrand
accounts for the fact by reversion, For instance, the

ng-styled parent-plant of Primula verss, from which
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the 162 illegitimate seedlings in Table 36 were derived
in the course of five generations, was itself no doubt
derived from the union of a long-styled and a short-
styled parent; and the 6 short-styled seedlings may be
attributed to reversion to their short-styled progeni-
tor. But it is a surprising fact in this case, and in
other similar ones, that the number of the offspring
which thus reverted was not larger. The fact is ren-
dered still more strange in the particular instance of
P. veris, for there was no reversion until four or five
generations of long-styled plants had been raised. It
may be seen in both tables that the long-styled form
transmits its form much more faithfully than does the
short-styled, when both are fertilised with their own-
form pollen; and why this should be so it is difficult
to conjecture, unless it be that the aboriginal parent-
form of most heterostyled species possessed a pistil
which exceeded its own stamens comsiderably 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 itsszeveral flowers being separately fer-
tilised by both the other forms, as Hildebrand sup-
poses; or by pollen from both the other forms being
deposited by insects on the stigma of the same flower.

Equal-styled varietiecs—The tendency of the di-
morphic species of Primula to produce equal-styled
varieties deserves mnotice. Cases of this kind have

# Tt mny be suspeeted that this
wins the cise with Primula, judg-
ing from the length of the pistil
in several ollied gonem  (see
Mr. J. Bentt, * Journal Linn. Soc.
Bot” vol. viii. 1864, p. 85} Herr
Reaitenbach found mony specimens
of Primula clatior growing in o

state of nature with some flowers
on the same plant long-styled,
oihers short-styled and  others
equal-styled ; and the long-styled
form greatly preponderated” in
number; fhere being 61 of this

form to 8 of the short-styled 3911/;.-'
i

15 of the equal-styled.
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been obzerved, as shown in the last chapter, in no less
than six species, namely, P. verds, vulgaris, Sinensis,
aurieula, farinosa, and elatior. In the ease of P. veris,
the stamens resemble in length, position and size
of their pollen-grains the stamens of the short-styled
form ; whilst the pistil closely resembles that of the
long-styled, but as it varies much in length, one proper
to the short-styled form appears to have been elongated
and to have assumed at the same time the functions
of a long-styled pistil. Consequently the flowers are
capable of 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 respeets
the shorter ones proper to the long-styled form, whilst
the pistil makes a near approach to that of the short-
ctyled, but as it varies in length, it would appear as
if a long-styled pistil had been reduced in length and
modified in funetion, The flowers in this case as in
the last ave capable of spontaneous legitimate ferti-
lisation, and are rather more productive than ordinary

Mlowers legitimately fertilised. With P. awrieuls and

farinosa the stamens resemble those of the short-styled
form in length, but those of the long-styled in the
size of their pbllen-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,
firstly, that equal-styled varieties have originated in
various ways,”and, secondly, that the combination of
the two forms in the same flower differs in complete-
T
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ness. With P. elatior some of the flowers on the same
plant have become equal-styled, instead of all of
them as in the other species.

Mr. Scott has suggested that the equal-styled varie-
ties arise through reversion to the former homostyled
condition of the genus. This view is supported by
the remarkable fidelity with which the equal-styled
variation is transmitted after it has once appeared. I
have shown in Chapter XIIL of 111:,*' s Variation of
Animals and Plants under Domestication,’ tha
any cause which disturbs the constitntion tends to

induce reversion, and 1t is chiefly the enltivated

species of Primula which become equal-styled. Ille-
gitimate fertilisation, which is an abnormal process,
is likewise an exciting eanse ; and with illegitimately

descended long-styled plants of P. Sinensis, 1 haye

4

observed the first appearance and subsequent stages

of this variation. With some other plants of P. 8¢
nensis of similar parentage the flowers appeared
to have reverted to their original wild condition,
Again, some hybrids between P. veris and vulgaris
were strictly equal-styled, and others made @ 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,
hefore the species had become heterostyled.  On the
other hand, some considerations indicate, a8 previously
remarked, that the aboriginal parent-form of Primuly
had a pistil which exceeded the stamens in length,
The fertility of the equal-styled varieties has beey
somewhat modified, being sometimes greater and some.
times less than that of a legitimate union. Anothey
view, however, miay be taken with respeced to the origin
af the E(i]]ﬂ[-ﬁt}-‘lﬁd varieties, and their‘ ApPpeaTanea
may be compared with that of ]1:_-1'm:|,|}hmn;htf:3 amongst

5

S
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animals which properly have their sexes separated :

for the two sexes are combined in a monstrous her-

L, maphrodite in a somewhat similar manner as the
two gexual 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 reproduective
powers, As far as structure is concerned, the two
sexes of many animals and of some plants differ to an
extreme degree; and in both kingdoms the same
Sl?euies may eonsist of males, females, and hermaphro-

5 dites. Certain hermaphrodite cirripedes are aided in
f t]“‘-‘il‘ I'EPTUL]“UﬁDI] ]_]:rr a whole cluster of what I have
ealled complemental males, which differ wonderfully
from the ordinary hermaphrodite form. With ants
we hive males and females, and two or three castes of
sterile females or workers. With Termites there are,
as Fritz Miller has shown, both winged and wingless
males and females, besides the workers. But in none
of these cases is there any reason to believe that the
several males or several females of the same species
differ in their sexual powers, except in the atrophied
condition of the reproductive organs in the workers of
social insects, Many hermaphrodite animals must
“"itﬂ for reproduction, but the necessity of such
U0 apparently depends solely on their structure.
On the gther hand, with heterostyled dimorphic
Species there are two females and two sets of males,
TR, and with triniorphie species three females and three

“86ts of males, which differ essentially in their sexual
T 2
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powers.  We shall, perhaps, best perceive the complex
and extraordinary nature of the marriage arrangements
of a trimorphic plant by the following illustration.
Let us suppose that the individuals of the same species
of ant always lived in triple communities; and that
in one of these, a large-sized female (differing also in
other characters) lived with six middle-sized and six
small-sized males ; in the second community a middle-
sized female lived with six large- and six small-sized
males; and in the third, a small-sized female lived
with six large- and six middle-sized males. Bach of
these three females, though enabled to unite with any
male, wouldl be nearly sterile with her own two sets of
males, and likewize with two other sets of males of the
same size with her own which lived in the other two
communities; but she would be fully fertile when
paired with a male of her own size. Henee the thirty-
six males, distributed by half-dozens in the three com-
munities, would be divided into three sets of a-dozen
each ; and these sets, as well as the three females,
would differ from one another in their reproductive
powers in exaetly the same manner as do the distinet
gpecies of the same genus. But it is a still more
remarkable fact that young ants raised from any one
of the three female ants, illegitimately fertilised by a
male of a different size, would resemble in a whole
geries of relations the hybrid offspring from a cross
hetween two distinet species of ants. They would be
dwarfed in stature, and more or less, or even utterly
barren. Naturalists are so much aceustomed to beliold
great diversities of structure associated with the two
gexes, that they feel no surprise at almost any amount
of difference ; but differences in sexual nature have

been thourht to be the very touchstone of S}}"e‘ﬂiﬁﬂj'h’

distinction. We now see that such sexual differences
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—the greater or less power of fertilising and being
fertilised—may characterise the co-existing individuals
of the same species, in the same manner as they
characterise and have kept separate those groups of
individuals, produced during the lapse of ages, which
we rank and denominate as distinet species.
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CHAPTER VII.

FPovyaanovs, Dieciors, AFD G¥yNo-InEcTors PLawTs

Theconversion in various ways of hermaphrodite into dieeions planta
—Heteroetyled plants rendered dimcions—Rubingem—Verbennees
—Polygamons and sub-dimeions plants—Enonymms—Fragario—
The two sub-forms of both sexes of Rhamnus ond Epigea—Iex—
Gyno-dicecions plante—Thymue, difference in fortility of the her-
maphrodite and female individunls—Saturein—Manner in which
the two forms probably originated—Secohiosn and other gyno-
dimeious planta—Difference in the size of the corolla in the forms
of polygamons, dicecions, and gyno-diceciouns plants.

Tuere are several groups of plants in which all the
species are dicecious, and these exhibit no rudiments
in the one sex of the organs proper to the other.
About the origin of such plants nothing is known. It
is possible that they may be descended from ancient
lowly organised forms, which had from the first their
sexes separated; so that they have never existed as
hermaphrodites. There are, however, many other
groups of species and single ones, which from hl:i]lg
allied on all sides to hermaphrodites, and from ex-

hibiting in the female flowers plain radiments of

male organs, and conversely in the male flowers rudi-
ments of female organg, we may feel sure are deseended
from plants which formerly had the two sexes com-
bined in the same flower. It is a curious and ohsenrs
problem how and why such hermuphmdltes have been
rendered bizexual.

If in some individuals of a species the stamens

alone were to abort, females and hermaphrodites would
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be left existing, of which many instances oceur; and
if the female organs of the hermaphrodite were after-
wards to sbort, the result would be a diceions plant.
Conyersely, if we imagine the female organs alone to
abort in some individuals, males and ]mrmnphrmlitcs
would be left; and the hermaphrodites micht after-
wards be eonverted into females.

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

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

There is another way of looking at the subject which
partially removes a difficulty that appears at first sight
insuperable, namely, that during the conversion of an
hermaphrodite into a dicecious plant, the male organs
must abort in gome individuals and the female organs
in others. Yet as all are exposed to the same con-
ditions, it might have been expected that those
which varied would tend to vary in the same man-
ner. As a general rule only a few individuals of a
species vary simultaneously in the same manner ; antl
there is no improbability in the assumption that
some few individuals might produce larger seeds
than the average, better stocked with nourishment. If
the produetion of snch seeds were highily beneficial to
a species, and on this head there can be little doubt,®
the variety with the large seeds would tend to in-
crease,  But in accordance with the law of compensa-
tion we might expect that the individuals which pro-
duced such seeds would, if living under severe con-
ditions, tend to produce less and less pollen, so that
their anthers would be reduced in size and might ulti-
mately become rudimentary. This view oceurred to
me owing to a statement by Sir J. E. Smith{ that
there are female and hermaphrodite plants of Serratula
tinetoria, and that the seeds of the former are larger
than those of the hermaphrodite form. It may also
be worth while to recall the case of the mid-styled
form of Lythrum salicaria, which produces a lu}g“

# Hoa the facts given in * The $ *Trams. Lion. Boo.,” val, xisi
Efferts of Cross and Beli-ferlilis-  p. 600 3
tion,” p. 353,

»
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number of seeds than the other forms, and has some-
what ‘smaller pollen-grains which have less fertilising
-power than those of the eorresponding stamens in the
other two forms; but whether the larger number of
seeds is the.indirect cause of the diminished power
of the pollen, or wvice versd, I know not. As soon
as the anthers in a certain number of individuals be-
came redueed in size in the manner just suggested or
from any other cause, the other individunals would have
to produce a larger supply of pollen; and such in-
ereased development would tend to reduce the female
organs through the law of compensation, so as ulti-
mately to leave them in a rudimentary condition;
and the species would then become diczeious.

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 eir-
cumstances, such as a change in the nature of the
insects which visited the flowers, or in their be-
coming more anemophilous, for such plants require an
enormous quantity of pollen. The inereased action of
the male organs would tend to affect through compen-
sation the female organs of the same flower; and the
final result would be that the species would eonsist of
males and hermaphrodites. DBut it is of no use con-
sidering 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 sueh a nature would be effected with ex-
treme slowness, for we ghall presently see gooi reason
to believe that various hermaphrodite plants have
become or ave becoming dimeious by many and ex-
cessively small steps, In the case of polygamous



289 DIECIOTUS AND Chitar. VI,

species which exist as males, females and hermaphro-
dites, the latter would have to be supplanted before
the species could become strictly dicscious; but the
extinetion of the hermaphrodite form wonld 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 fi tting proportion for the
effectual fertilisution of the females.

There are, no -doubt, many unknown laws which
govern the suppression of the male or female organs
in hermaphrodite plants, quite independently of any
tendeney in them to become moncecious, diceions, or
polygamons, 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. Robert Brown remarks* that
“the order of reduction or abortion of the stamina
I any natural family may with some confidence be
predicted,” by observing in other members of the
tamily, in which their number is complete, the order
of the dehiscence of the anthers; for the lesser per-
manence of an organ is generally connected with its
iesfm: perfection, and he judges of perfection by
priority of development. He also states that when-
ever there iz a separation of the sexes in an her-
Iﬂ*}phrn:]ite plant, which bears flowers on a simple
spike, it is the females which expand first; and this
he likewise aitributes to the female sex being the
more perfeet of the two, but why the female should

be: thus valued he does not explain. ;

* *Trans. Linn, Boe) vol xii. p- 98, Or* Miscellaneons Works,' vol,
il pp. 274-81.

F
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Plants under cultivation or changed conditions of
life frequently become sterile ; and the male organs
are much oftener affected than the female, though the
latter alone are sometimes affected, The sterility of
the stamens is generally accompanied by a reduction
in their size; and we may feel sure, from a wide-spread
analogy, that both the male and female organs would
beehme rudimentary in the course of many genera-
tions if they failed altogether to perform their proper
functions. According to Gartner,* if the anthers on
a plant are contabescent (and when this oceurs it is
always at a very early period of growth) the female
organs are sometimes  precociously developed. 1
mention this ease as it appears to be one of com-
pensation. So again is the well-known fact, that
plants which increase largely by gtolons orother such
means are often utterly barren, with a large proportion
of their pollen-grains in a worthless condition.

Hildebrand has shown that with hermaphrodite
plants which are strongly proterandrous, the stamens
in the flowers which open first sometimes abort; and
this seems to follow from their being useless, as no
pistils are then ready to be fertilised. Conversely
the pistils in the flowers which open last sometimes
abort ; as when they are ready for fertilisation all the
pollen has been shed. He further shows by means of
a series of gradations amongst the Composite,} that
o tendency from the eauses just specified to produce
either male or female florets, sometimes spreads
to all the florets on the same head, and sometimes

& i Beitrii e gur Kenntniss,! &o.  chap, xviti.—2nd edit. wol. i
p. 117 et sed. Hhe whole subject  pp. 146-56.
of tho utt:i]l’.li‘ of plants from $ *Ucher die Geschlechtsver-
vaTins CRuEes has been isoussed hitltuisse bei den Compositen,”
in my *Yuarintion of Animals 1864, p. BIL
and Flants under Domestiention,’
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even to the whole plant; and in this latter case the
species becomes dicecious. In those rare instances.men-
tioned in the Introduction, in which some of the indi-
viduals of both moncecious and hermaphrodite plants
are proterandrous, others being proterogynous, their
conversion into a diceeious condition would probably be
much facilitated, as they already consist of two bodies
of individuals, differing to a certain extent in their
reproduetive funetions.

Dimorphic heterostyled plants offer still more
strongly marked facilities for becoming dicecious ; for
they likewise consist of two bodies of individuals in
approximately equal numbers, and what probably is
more important, both the male and female organs
differ in the two forms, not only in structure but in
function, in nearly the same manner as do the repro-
ductive organs of two distinet species belonging to
the same genus, Now if two species are subjected to
changed conditions, though of the same nature, it 1s
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 induee abortion, differently from
the homologous but funetionally different organs in
the other form; and so conversely with the female
argans. Thus the great difficulty belore alluded to is
much lessened in understanding how any cause what-
aver could lead to the simultaneous reduetion and
ultimate suppression of the male organs in half the
individuals of a species, and of the female OTEZANS in
the other half, whilst all were subjected to exactly the
same conditions of life.

That such reduetion or suppression Has occurred
in some heterostyled plants is almost cortain, The
Rubiaces contained more heterostyled genera than any
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other family, and from their wide distribution we may
infer that many of them became heterostyled at a re-
mote period, so that there will have been ample time for
some of the species to have been since rendered dice-
cious. Asa Gray informs me that Coprosma is dicecious,
and that it is elosely allied through Nertera to Mitch-
ella, which as we know is a heterostyled dimorphie
spec‘ics. [n the male flowers of Coprosma the stamens
are exserted, and in the female flowers the stigmas ;
so that, judging from the afiinities 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 Rubia-
ceous genera) has been converted into the male Co-
prosma ; and that an ancient long-styled form with short
stamens, small anthers and small pollen-grains has
heen converted into the female form. But -uuunr{ling
to Mr, Mechan,* Mitchella itself is dicecious in some
districts; for he says that one form has small sessile
anthers without a trace of pollen, the pistil being
perfect s while in another form the stamens are perfect
and the pistil rudimentary. He adds that plants
may be observed in the autumn bearing an abundant
umi:r of berries, and others withont a single one.
Qhonld these statements be confirmed, Mitchella will
be proved to be heterostyled in one district and
dicecions in another.

Asperula is likewise a Rubiaceous genus, and from
the puhlisheﬂ deseription of the two forms of 4. seo-
parid, an inhabitant of Tasmania, I did not doubt that
it was heterostyled ; but on examining some flowers
sent me by Dr. Hooker they proved to be dieecious.
The male flowers have large anthers and a very small

* i+ Proc. Acad. of Beiences of FPhiladelphia,’ July 28, 1868, p. 188,
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ovarinm, surmounted by a mere vestige of a stigma
without any style; whilst the female flowers possess
a large ovarium, the anthers being rudimentary and
apparently qnite destitute of pollen. Considering
how many Rubiaceous genera are heterostyled, it is a
reasonable suspicion that this Asperula is descended
from a heterostyled progenitor; but we should be
cautions on this head, for there is no improbabilify in
a homostyled Rubiaceous plant becoming dicecions. -
Moreover, in an allied plant, Galium erttctatum, the
female organs have heen suppressed in most of the
lower flowers, whilst the upper ones remain herma-
phrodite ; and here we have a modification of the
sexual organs without any connection with hetero-
stylism.

Mr, Thwaites informs me that in Ceylon various
Rubiaceous plants are heterostyled ; but in the case
of Discospermum one of the two forms is always
barren, the ovary containing about two aborted ovules
in ench loculus ; whilst in the other form each loculus
contains several perfect ovules; so that the species
appears to be strietly dicecious.

Most of the species of the South American genus
MEgiphila, a member of the Verbenacem, apparently
are heterostyled ; and both Fritz Miller and myself
thought that this was the case with . oldurata, so
closely did its flowers resemble those of the heterostyled
species.  Dut on examining the flowers, the anthers of
the long-styled form were found to be entirely desti-
tute of pollen and less than half the size of those in
the other form, the pistil being perfeetly dﬂ?Eiﬂpﬂd.
(On the other hand, in the short-styled form the stig-
mas are reduced to half their proper leﬁgrh, havine
also an abnormal appearanee ; whilst the stamens m:
perfect. This plant therefore is dicecious; and we -
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may, I 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.

Trom 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 maseuling. Certain  appearances countenance
the belief that the reproductive system of Phloz subu-
fata is likewise undergoing a change of sume kind.

I have now given the few cases known to me in
which heterostyled plants appear with some consider-
able degree of probability to have been rendered
dicecions. Nor onght we to expeet 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
dicecions species which owe their origin to the trans-
formation of heterostyled plants is probably not so
largre as might have heen anticipated from the facilities
which they offer for such conversion.

In searching for eases like the foregoing ones, T have
been led to examine some dicecious or sub-diceious
plants, which are worth describing, chiefly as they
show by what fine gradations hermaphrodites may
pass into polygamous or dicecious species.

Polygamous, Dicecions and Sub-dicecions Plants.

Euonymus Europxus (Celastrinem).—The spindle-tree
is deseribedsin all the botanical works which I have
consulted as an hermaphrodite. Asa Gray speaks of
the flowers of the American species as perfeet, whilst



aus DHECTOUS AND Ciar, VIL,

those in the allied genus Celastrus are said to be
# polygamo-dicecious.” If a mumber of bushes of our
spindle-tree be examined, about half will be found to
Lave stamens equal in length to the pistil, with well-
developed anthers; the pistil being likewise to all
appearance well-developed. The other half have a
perfect pistil, with the stamens short, bearing rudi-
mentary anthers destitute of pollen; so that these
bushes are females. All the flowers on the same plant
present the same structure. The female corolla i3
smaller than that on the polleniferous bushes. The
two forms are shown in the accompanying drawings.

Fig. 12.

Hermaphrodite or mala, Female,

Evoxyaus EUROTEUE.

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
are in fact males. The species, therefore, is poly-
gamous in the sense in which I use the term, and tri-
oicous. The flowers ave frequented by many Diptera
and some small Hymenoptera for the Sake of the
nectar secreted by the dise, but I did not see a gingle
bee at work; nevertheless the other inscets sufficed to
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fertilise effectually female bushes growing at a dis-
tance or even 30 yards from any polleniferous bush.
The small anthers borne by the short stamens of
the female flowers are well formed and dehisee pro-
perly, but I could never find in them a single grain
of pollen. It is somewhat difficult to compare the
length of the pistils in the two forms, as they vary
soméwhat in this respect and continue to grow after
the anthers ave mature. The pistils, therefore, in old
flowers on a polleniferous plant are often of consider-
ably greater length than in young flowers on a female
plant. On this account the pistils from five flowers
from so many hermaphrodite or male bushes were
compared with those from five female bushes, befors
the anthers had dehiseed 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 pmduccq c_lul"ing three years very few
and poor fruit, the pistil much exceeded in Jength
the stamens bearing perfect and as yet closed an-
thers; and 1 never saw such a case on any female
plant. 1t is a surprising fact that the pistil in the
male and in the semi-sterile h'-‘l'ﬂ-'lll}_llll'ﬂdite Howers
Jine not been reduced in length, seeing that it per-
forms very poorly or not at all its proper function.
The stigmas in the two forms are exactly alike ; and
:n some of the polleniferous plants which never pro-
duced any fruit I found that the surface of the stigma
was viseid, so that pollen-grains adhered to it and had
exserted their tubes. The ovules are of equal size
in the two fogms, Therefore the most acute botanist,
judging ouly by structure, would never have suspected
U
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that some of the bushes were in function exclusively
males,

Thirteen bushes growing near one another in a
hedge consisted of eight females quite destitute of
pollen and of five hermaphrodites with well-developed
. anthers. In the autumn the eight females were well
covered with fruit, excepting one, which bore only a
moderate number. Of the five hermaphroditest 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 ig
obvious that the stigmas of the polleniferous: flowers -
can hardly fail to receive their own pollen ; whilst the
fertilisation of the female flowers depends on pollen
being brought to them by flies and the smaller
Hymenoptera, which are far from being guch efficient
carriers as hees.

I now determined to observe more earefully during
successive seasons some bushes growing in another
place about o mile distant. As the female busheg
were 8o highly productive, I marked only two of them
with the letters A and B, and five polleniferous busheg
with the letters € to G. I may premise that the
year 1865 was highly favourable for the froiting of al]
the bushes, especially for the polleniferons ones, some
of which were quite barren except under such favour-
able conditions. The season of 1864 was unfavourable,
In 1863 the female A produced * some frfiit ; 7 in 1864
only 9; and in 1865, 97 fruit. The female B in 1863
was “ covered with fruit;” in 1864 it bore 25; and in
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1865 “innumerable very fine fruits.” I may add,
that three other female trees growing close by were
obseryed, but only during 1863, and they then bore
abundantly. With respect to the polleniferons bushes,
the one marked C did not bear a single fruit during
the years 1863 and 1864, but during 1865 it produced
no less than 92 fruit, which, however, were very poor:
I selected one of the finest branches with 15 froit, and
these contained 20 seeds, or on an average 1°33 per
fruit. I then took by hazard 15 fruit from an adjoin-
ing female bush, and these contained 43 seeds; that
is more than twice as many, or on an average 2°80
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 female bushes were the larger. The second
polleniferous bush, D, bore in 1883 about two dozen
fruit,—in 1864 only 3 very poor fruit, each containing
& single seed,—and 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
n their degree of fertility, and the polleniferous ones
™ the most marked manner. We have a perfect
Eradation from the female bush, B, which in 1865 was
Covered with “innumerable fruits,” — through the
female A, which produced during the same year 97,—
through the polleniferous bush C, which produced
this year 92 fruits, these, however, containing a very
YW average number of seeds of small size,—throngh
he bush D, which produced only 20 poor fruit,—to

the three bushes, E, F, and @, which did not this
U2
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year, or during the two previons years, produce a
single fruit. If these latter bushes and the more
fertile female ones were to supplant the others, the
spindle-tree would be as strictly dicecions in function
is any IJ].'].Tlt in the world, This case appears to me
very interesting, as showing how gradually an herma-
phrodite plant may be converted into a dicecious one.*

Seeing how general it is for orzans which are
almost quite functionless to be reduced in size, it is
remarkable that the pistils of the polleniferous plants
shonld 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 hav-
ing been originally long-styled, with the pistils since

reduced in length, but with the stamens retaining,

their former dimensions; whilst the female plant had
been originally short-styled, with the pistil in its pre-
sent state, but with the stamens since greatly reduced
and rendered rudimentary. A conversion of this kind
15 at least possible, althongh it is the reverse of
that which appears actually to have occurred with
some Rubiaceous genera and ABgiphila ; for with these
plants the short-styled form has become the male, and
the long-styled the female, Tt is, however, & more
simple view that sufficient time has not elapsed for the

* According to Fritz Miiller
(¢ Bot. Zeitung,! 1870, p. 151), n
Chamissoa  (Amaranthaces)  in
Houthern Brozil i3 in nearly the
same stale as our Evonymus The
ovitles are cquallvdeveloped inthe
twoforme. In the female, the pistil
in perfect, whilst the anthers are
entirely destitute of pollen.  In
the polleniferouz form, the pistil
is ghorl and the sfigmas never

eepnmte from one another, sn
that, although their sarfaces are
coverad with fairly well-developed
papillm, they cannot be fertiisod,
These Intter plants do not eorn.
monly yield any fruit, and e
thereforein fanetion males, Never.
theliss, on oue oceaging Fritz
Miitler found Qowers of thislind iy

which the stigmas had seporated,

and they ymtﬂmed some froit,

A,
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reduction of the pistil in the male and hermaphrodite
flowers of our Euonymus; though this view does not
account for the pistils in the pelleniferons flowers
being sometimes longer than those in the female
flowers.

Frt:gm'fﬂ vesed, Virgiuia-na._, ﬂ'?;ﬂggugfgr s, (Rﬂmem}
—A tendency to the separation of the sexes in the
eultivated strawberry seems to be much more. strongly
marked in the United States that in Europe; and
this appears to be the result of the direct action of
climate on the reproductive organs. In the best ac-
ecount which T 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 produnce other than
a very scanty erop of inferior and imperfect berries,”
and of males, which produce none.  The most skilful
enltivators plant “seven rows of female plants, then
gne row of hermaphrodites, and so on thronghout the
fiell.” The males bear large, the hermaphrodites
mid-sized, and the females small flowers, The latter
plants pmnhme few runners, whilst the two other forms
produce meny consequently, as has been observed
both in England and in the United States, the polleni-
forons forms increase rapidly and tend to supplant
the females. We may therefore infer that much more
vital force is expended in the production of ovules
and fruit than in the production of pollen, Another
species, the Hantbois strawberry (F. elatior), is more
strictly dicecious; but Lindley made by selection an
hermaphrodite stock.f

Rhamuus eatharticus (Rhamnes).—This plant is well

* 3¢, Leonard Wray in * Gord,  information on this subject, see
Cllizon;’ 1861, p. 7186, * Yariation under Domestication,
+ For references and further chap. x. 2od. edit. vol. & p. 875
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known to be dicecious. My son William found the
two sexes growing in about equal numbers in the Isle
of Wight, and sent me specimens, together with obser-
vations 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 papille on the stigmatic surfaces modefately
large. The ovules in both kinds of males are in an
aborted eondition. Onmy mentioning this case to Pro-
fessor Caspary, he examined several male plants in
the botanic gardens at Konigsberg, where there were
no females, and sent me the accompanying drawings.

Fig. 18,
Long-styled male. Bhort-stylod male,

Enamxus caTHARTIONS.  (From Caspary.)

In the English plants the petals are not so greatly
reduced as represented in this drawing. My son ob-
served that those males which had their pistils mode-
rately well developed hore slightly larger flowers, and,
what is very remarkable, their pollen-grains exepeded
by a little in diameter those of the males with greatly
reduced pistils.  This faet is opposed to the belief that
the present species was once heterostyled ; for in this
case it might have been expected that the shopter.
styled plants would have had larger pollen-grains,

In the female plants the stamens are in gy BX-
tremely radimentary condition, much more 80 t-].I-EI.!"

ir
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the pistils in the males, The pistil varies consi-
derably in length in the female plants, so that they
may be divided into two sub-forms according to the

~ Fig. 14.

Long-styled Bhort-siyled
female, femnle.

RHAMNUS CATHARTICUS,

length of this organ. Both the petals and sepals are
decidedly smaller in the females than in the males;
and the sepals do not turn downwards, as do those of
the male flowers when mature, All the flowers on the
same male or same female bush, though subject to
some variability, belong to the same sub-form; and
as my son never experienced any difficulty in decid-
ing under which class a plant ought to be ineluded,
he believes that the two sub-forms of the same sex
do not graduate into one another. I can form no
satisfactory theory how the four forms of this plant
m'iginuted. !

Rhamnus lanceolatus exists in the United States,
as I am informed by Professor Asa Gray, under two
hermaphrodite forms. In the one, which may be called
the short-styled, the flowers are sub-solitary, and in-
clude a pistil about two-thirds or only half as long as
that in the other form; it has also shorter stigmas. The
stamens are of equal length in the two forms; but the
anthers of the short-styled contain rather less pollen,
as far as I eould judge from a few dried flowers, My
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son compared the pollen-graing from the two forms,
and those from the long-styled flowers were to those
from the short-styled, on an ayerage from ten measnre-
ments, ag 10 to 9 in diameter; so that the two her-
maphrodite 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 fraitful
of the two, as might have been expected from its
appearing to pmducs less pollen, and from the grains
being of smaller size ; it is therefore the more highly
feminine of the two. The long-styled form produces
a greater number of flowers, which are clustered to-
gether instead of being sub-solitary : they yield some
fruit, but as just stated are less fruitful than the other
form, so that this form appears to be the more mas-
mﬂme of the two. On the supposition that we have
here an hermaphrodite plant becoming diweious, there
are two points deserving notice; firstly, the greater
length of the pistil in the ineipient male form; and
we have met with a nearly similar case in the male
and hermaphrodite forms of Euonymus compared with
the females. Secondly, the larger size of the pollen-
grains in the more masculine flowers, which perhaps may
be attributed to their having retained their normal size ;
whilst those in the incipient female flowers have been
reduced. The long-styled form of R. lanceolatus seems
to correspond with the males of R. 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 other
species of Rhamnus are gaid to be dicecious® or sub-

# Lecoq, * Geéngr. Bol)' tom, v, 1866, pp. 420-26

A

e
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dicecious. On the other hand, R. frangula is an ordi-
nary hermaphrodite, for my gon found a large number
of bushes all bearing an equal profusion of fruoit.

Epigwa vepens (Ericacese)—This plant appears to
be in nearly the same state as Rhlamnus catharticus.
Tt is described by Asa Gray* as existing under four
forms. (1) With long style, perfect stigma, and short
abortive stamens. (2) Shorter style, but with stigma
equally perfect, short abortive stamens. These two
female forms amounted to 20 per cent. of the speci-
mens received from one loeality 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 ghorter than in the last,
stigma imperfect, stamens perfect. These two latter
forms are evidently males, Therefore, as Asa Gray
remarks, * the flowers may be classified into two kinds,
each with two modifications; the two main kinds
characterised by the mature and perfection of the
stigma, along with more or less abortion of the
gtamens ; their modifications, by the length of the
style.” M. Meehan has describedt the extreme
variability of the corolla and calyx in this plant, and
‘shows that it is dicecious. It is much to be wished
that the pollen-grains in the two male forms should
be compared, and their fertilising power tried on the
two female forms.

Jlex agquifolivm  (Aquifoliacese).—In the several
works which I have consulted, one author alonef says
that the holly is diecious. During several years I

* A merican dournalof Sclence,’  delphin,” Moy 1868, p. 153,
July 1876, Alsa, ¢ The Amerioun T Vaucher, © Hist. Phys. des
Natornlst," 1876, p. 490, Plantes d'Europs, 1881, tom. ii.
+ *Varhationsin Epigeda repens,”  p. 11,
« Proe. Acad, Nat. , of Phila-
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have examined many plants, but have mnever found
one that was really hermaphrodite. I mention this
genus because the stamens in the female flowers, al-
though quite destitute of pollen, are, but slightly and
sometimes not at all shorter than the perfect stamens
in the male flowers. In the latter the ovary is small
and the pistil is almost aborted. The filaments of the
petfect stamens adhere for a greater length to the
petals than in the female flowers. The ecorolla 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,
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-dicecious Plants.

The plants hitherto desceribed either show a tendency
to become dicecious, or apparently have become so
within a recent period. But the species now to be
considered consist of hermaphrodites and femaleg
withont males, and rarely show any tendency to
be dicceious, as far as can be julged from their
present condition and from the absence of species
having separated sexes within the same groups,
Species belonging to the present class, which I have
ealled gyno-diweions, are found in varions widely
distinet families : but are mueh more common in the
Labiate (as has long been noticed by botanists) than
in any other group. Such cases have been noticed
by myself in Fhymus serpyllum and -z'rti"gﬂrw Salurein
hortensis, Origanum vulgare, and Mentha hivsuta ; and
by others in Nepeta glechoma, Mentha vulgaris and
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aguatica, and Prunella vulgaris. In these two latter
species the female form, according to H. Miller, is
infrequent. To these must be added Dracocephalum
Moldaviewm, Melissa officinalis and elinipodium, and
Hyssopus officinalis.® In the two last-named plants the
female form likewise appears to be rave, for I raised
many seedlings of both, and all were hermaphrodites.
It Has already been remarked in the Introduction that
andro-dicecious species, as they may be called, or those
which consist of hermaphrodites and males, are ex-
tremely rare, or hardly exist.

Thymus serpyllum—The hermaphrodite plants pre-
gent nothing particular in the state of their.reproduec-
tive organs; and soit is in all the following cases. The
females of the present species produce rather fewer
flowers and have somewhat smaller corollas than the
hermaphrodites ; so that near Torgquay, where this
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
is ecommon to the females of most or all of the above-
mentioned Labiate. The pistil of the female, though
somewhat variable in length, is generally shorter,
with the margins of the stigma broader and formed
of more lax tissue, than that of the hermaphrodite.
The stamens in the female vary excessively in length ;
they are generally enclosed within the tube of the

* H. Miiller, ® Die Befrnehiun and Lerog weremistaken in think-
der Blumen,” 1878 ; and 'Nutun—? ing that several of the plants
1873, p. 161, Vaucher, * Flantes nomed in the text are lhumml::mt:
d'Europe,’ tom. fii. p. 611, For They appear to huveassumed tha
DmﬂOL‘E]IJhﬂ]HIu, Schimper, as the hermaphrodite form wuadu
quoted by Briun, fAnnpls and  male; perhups they were ; B:
Mugr. of Nat. Hist’ 2nd serics, vol,  oeived by the pistil not becoming
xvifl, 1856, . 880, Lecoq, *Gédo-  fully developed and of Fmp;:[
graphie Bot. de ' Europé, tom, viii. «leugth until some time after the
Pp. 83, 38, 44, &e. Both Veucher  puthers have dehisced.
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corolla, and their anthers do not contain any sound
pollen ; but after long search I found a single plant
with the stamens moderately exserted, and their
anthers contained a very few full-sized grains, together
with a multitude of minute empty ones. In some
females the stamens are extremely short, and their
minute anthers, though divided into the two normal
cells or loculi, contained mnot a trace of poellen® in
others again the anthers did not exceed in diameter
the filaments which supported them, and were not
divided into two loculi. J udging {rom what 1 have
myself seen and from the descriptions of others, all
the plants in Britain, Germany, and near Mentone,
are 1n 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 trimorphie, consisting
of males with aborted pistils, females with aborted
stamens and hermaphrodites. )

I found it very difficult to judge of the proportional
number of the two forms at Torquay. They often
grow mingled together, but with large patehes con-
sisting of one form alone. At first 1 thought that the
two were nearly equal in number; but on examining
BVery plant- which gTEW close to the Er_lgc of a little
overhanging dry eliff, about 200 yards in length, [
found only 12 females; all the rest, some hundreds
in number, being hermaphrodites. Again, on an
extensive gently sloping bank, which was so thickly
covered with this plant that, viewed from the distance
of half a mile it appeared of a pink eolour, I could
not discover a single female, Therefore the hep-

* ¢g8nll' Opern, In Distribuzione  H. Miiller, *Die Befehtung,
det Sessi nelle Plante, &’ 18675 &e.’ p. 327,
p.7. With respect to Germany,

v
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maphrodites must greatly exceed in number the
females, at least in the localities examined by me.
A very dry station apparently favours the presence
of the female form. With some of the other above-
named Labiate the nature of the soil or elimate
likewise seems fo determine the presence of ome or
both forms ; thus with Nepeta glechoma, Mr. Hart found
in TR73 that all the plants which he examined near
Kilkenny in Ireland were females; whilst all near
Bath were hermaphrodites, and near Hertford both
forms were present, but with a preponderance of her-
maphrodites.* It would, however, be a mistake to
suppose that the nature of the conditions determines
the form independently of inheritance; for T sowed
in the same small bed seeds of T. serpyllum, gathered
at Torquay from the female alone, and these produced
on abundance of both forms. There is every reason
to believe, from large patches consisting of the same
form, that the same individual plant, however much
it may spread, always retains the same form. In two
distant gardens I found masses of the lemon-thyme
(T. eitriodorus, a var. of T. serpyllum), which I was
informed had grown there during- many years, and
every flower was female,

With respect to the fertility of the two forms, I
marked at Torquay a large hermaphrodite and a large
female plant of nearly equal sizes, and when the seeds
were ripe I gathered all the heads. The two heaps
were of very nearly equal bulk; but the heads from
the female plant numbered 160, and their seeds
weighed 8°7 graing; whilst those from the her-
maphrodite plant numbered . 200, and their seeds
weighed only 49 grains; so that the seeds from the

® + Natore,! June 1873, p. 162
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female plant were to those from the hermaphrodite
as 100 to 56 in weight. If the relative weight of
the seeds from an equal number of flowers-heads
from the two forms be compared, the ratio is as 100
tor the female to 45 for the hermaphrodite form.
Thymus vulgaris—The common garden thyme re-
sembles in almost every respect T. serpyllum. The
same slight differences between the stigmas of the
two forms could be perceived. In the females the
stamens are not generally quite so much reduced as
in the same form of T. serpyllum. In some specimens
sent me from Mentone by Mr. Moggridge, together
with the accompanying sketches, the anthers of the

Fig. 15.

Hermaphrodite. Females:
THYMUS YUOLGARIS (magnified),

female, though small, were well formed, but they con-
tained very little pollen, and not a single sound grain
could be detected. Eighteen seedlings were raised
from purchased seed, sown in the same emall bed ;
and these consisted of seven hermaphrodites and
eleven females. They were left freely exposed to
the visits of bees, and no doubt every female flower
was fertilised ; for on placing under the miere-
scope a large number of stigmas from female plants,



Cuar. VIL GYNO-DICROIOUS PLANTS. 303

not one could be found to which pollen-grains of
thyme did not adhere. The seeds were carefully
eollected from the eleven female p]mlts, and they
weighed 98-7 grains; and those from the seven her-
maphrodites 36°5 grains. This gives for an equal
number of plants the ratio of 100 to 58; and we
here see, as in the last case, how much more fertile
the females are than the henﬂnphmditeg. These two
lots of seeds were sown separately in two adjoining
beds, and the seedlings from both the hermaphro-
dite and female parent-plants consisted of both forms.
Saturein hortensis.—LEleven scedlings were raised in
separate pots in a hotbed and afterwards kept in the
green-house.  They consisted of ten females and of
a single hermaphrodite. Whether or not the condi-
tions to which they had been subjected cansed the great
excess of females T 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
is an interesting fact. It should be added that mo
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
hurmnphrudite, 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
last cases ; but the hermaphrodite was necessarily self-
fertilised, and this probably diminished its fertility.
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We may now consider the probable means by which
go many of the Labiate have been separated into two
forms, and the advantages thus pained. H. Muller*
supposes that originally some individuals varied so as
to produce more conspicnous flowers ; and that insects
habitually visited these first, and then dusted with
their pollen visited and fertilised the less conspicuous
flowers, The production of pollen by the latter plants
would thus be rendered superfluons, and it would be
advantageous to the species that their stamens shonld
abort, so as to save useless expenditure. They wonld
thus be converted into females. But another view may
be suggested : asthe production of a large supply of
geeds evidently is of high importance to many plants,
and as we have seen in the three foregoing cases
that the females produce many more seeds than the
hermaphrodites, inereased fertility seems 1o me the
more probable eause of the formation and separation of
the two forms. From the data above given it follows
that ten plants of Thymus serpyllum, if half consisted
of hermaphrodites and half of females, would yield
seeds compared with ten hermaphrodite plants in the
ratio of 100 to 72. Under similar ecircumstances the
ratio with Satureia hortensis (subject to the doubt from
the seli-fertilisation of the hem.‘mphmlit!&) would be gg
100 to G0, Whether the two forms originated in cep-
tain individuals varying and producing more seed than
usual, and consequently producing less pollen; or ip
the stamens of certain individuals tending from some
nnknown eanse to abort, and consequently l‘ll'l_‘rrhluing
more seed, it is impossible to decide; but in eithep
case, if the tendeney to the increased production of
seed were steadily favoured, the result would be the

# ¢ Die Belrochtung der Blumen,” pp. 819, 326,
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complete abortion of the male organs. I shall pre-
sently discuss the cause of the smaller size of the
female corolla,

Seabiose arvensis (Dipsacem).—It has been shown by H. Miiller
that this species exists in Germany under an hermaphrodite and
female form* In my neighbourhood (Kent) the fomale plants
do not nearly equal in number the hermaphrodites. The stamens
of the females vary muchin their degres of abortion; in some
plants they are quite short ‘and produce no pollen; in others
they reach to the month of the corolla, but thejr anthers are nof
half the proper size, never dehisce, and contain but faw pollen-
graing, these being colourless and of small diameter, The her-
maphrodite flowers are strongly proterandrous, and H. Miller
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 get of plants is thus rendered superfiuous, their male OrEans
have become more or less completely aborted. Should it be
hereafter proved that the female plants yield, as iz probable
more seeds than the hermaphrodites, I should be inclined to
extend the same view to this plant as to the Labiatm. I have
also observed the existenca of two forms in ounr endemic S.
suceise, and in the exotic 5. atro-purpures.  In the latter plant,
differently to what ocenrs in 8 arvensis, the female flowers,
especially the larger cireumferential ones, are smaller than thosa
of the hermaphrodite form. According to Leeoq, the female
flower-heads of 8. suceisa are likewise smaller than those of
what he calls the male plants, but which are probably her-
maphrodites,

Lehium vulgare (Boraginem)—The ordinary hermaphrodite
form appoars to be proterandrous, and nothing more need be said
about it. The fomale differs in having & much smaller corolla
and shorter pistil, but a well-developed stigma. The stamens

* ‘Befruchtung der Blumen! and fermales so-exist;: it is, how-
e, P- 368, The two forma ocour ever, possible that he may ]-“}"""3
unt only in ‘Germany, but in  been tfevei?&d by the flowers being
Eug]_m:: and  Franee, Lecog, 8o strongly proterandrens.  From
(' Géogmphie Bot’ 1857, tom. vi. what Leooq suys, §. sucoisa like-
Pp. 478, 477), mys that male wise appears to ocour umder two
Plants as well ga hermaphrodites  forms in France.

x
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are short; the anthers do oot contain any sound pollen-grains,
but in their place yellow incoherent cells which do not swell
in water. Some plants were in an intermediste condition; that
iz, hod one or two or three stamens of proper length with per-
fect anthers, the other stamens being rudimentary. In one such
plant half of one anther contained green perfeet pollen-grains,
and the other half yellowish-green imperfact grains. Both forms
produced seed. but I neglected fo observe whether in egnal
numbers. As I thought that the state of the anthers might ba
due to some fungoid growth, I examined them both in the bnd
and mature state, but eonld find no trace of mycelinm. In 1862
many female plants were found; and in 1864, 32 plants wera
eollected in two localities, exactly half of which were hermaphro-
dites, fourteen were females, and two in an intermediate con-
dition. In 1866, 15 plants were collected in another locality,
and these consisted of four hermaphrodites and eleven females.
I may add that this senson was a wet one, which shows that the
alortion of the stamens can hardly be due to thadryness of the
sites where the plants grew, as I at one time thought pro-
bable, Seeds from an hermaphrodite were sown in my garden,
and of the 23 seedlings raised, one belonged to the intermediate
form, all the others being hermaphrodites, though two or thres
of them had mmusnally short stamens. I have consnlied several
botanieal works, bhut have found no record of this plant varying
in the manner hera described.

Plantagoe lanceolate (Plantaginem).—Delpino states that this
plant presents in Italy three forms, which graduate from an
anemophilous into an entomophilons condition. According to
H. Miiller,® there are only two forms in Germany, neither of
which show any special adaptation for insect fertilisation, and
hoth appear to be hermaphrodites. But I have found in twao
lozalities in England female and hermaphrodite forms existing
together; and the same fact has been noticed by others.t Tha
fornales are less frequent than the hermaphrodites ; their stamens
are short, and their anthers, which are of a brighter green
whilst young than those of the other form, dehizee properly, yet
eontain either no pollen, or a small amount of imperfect graing
of varinble gize, All the flower-heads on a plant belong to

o

= « Die Befruohiung,’ &e, p. 342, Mr. W. Marshall writes to me to
+ Mr. O. W. Crocker in *The  the same effect from Ely.

Gurdener's Chronicle,” 1864, p. 204,

e
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the same form. Tt is well known that thisspecies is strongly
proterogynons, and I found that the protruding stigmas of both
the harmaphrodite and female flowers were penetrated by pallen-
tubes, whilst their own anthers were immaturs and had not
eseaped out of the bud. Plantago medic does not prezent two
forms; but it appears from Asa Gray’s desoription,* that such
is the onse with four of the North American gpecies. The -
rolla does not properly expand in the short-stamened form of
these plants,

Chicne Serrafule Eriophornem.—In  the Cﬂmpﬂsitm,, s
palustris and eeoulis ave said by Sir, J. E Smith to exist as her-
maphrodites and females, the former being the more frequent.
With Serratula finctoria & regular gradation may be followed
from the hermaphrodite to the fomale form; in one of the latter
plants the stamens wera so fall that the anthers embraced the
style as in the hermaphrodites, but they contained only o few
graing of pollen, and these in an aborted condition; in an-
other female, on the other hand, the anthers wers much more
Yedueed in sige than is usnal. Lastly, Dr. Dickie hes shown
that with Eriophorum angustifolium (Cyperacem) hermaphro-
dlite and female forms exist in Seotland and the Arctie resions
both of which yield seed.f

It is & curious fact. that in all the foregoing poly-
gamons, dicecions, and gyno-dicecious plants in which
auy 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 Eaonymus, Riamnus catharticus.
Ilex, Fragaria, all or at least most of the before-named
Labiate, Seabiosa atro-purpurea, and Eehium vulgare.
So it is, according to Von Mohl, with Cardamine

* ‘Manuil of the Totany of 1862, p. 53,
the N. United Biates, 2nd irlit t Bic J. E Bmith, ‘Trana
1850, p. 969, See also ' Ameriean  Linn, Boe, vol, =il P S0,
ourmnl of Beiencs? Now, 1862,  Dr. Dickie, * Jourpal Linn. Soe.
B 49, anl *Proe. Amereon  Bot! vol ix, 1885, p. 161,
-*-mdum}- of Beience,! Oct. 14, 9
R
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amara, Geranium sylvaticum, DMyosotis, and Salvia.
On the other hand, as Von Mohl remarks, when a
plant produces hermaphrodite flowers and others
which are males owing to the more or less complete
abortion of the female organs, the corollas of the
males are not at all increased in size, or only excep-
tionally and in a slight degree, as in Acer.* It seems
therefore probable that the decreased size of the female
corollas in the foregoing cases is due to a tendency to
ahortion 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 indireet

result of the modification of the reproductive organs ig
supported by the fact that in Rhamnus catharticus nog
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, mid-
sized in the hermaphrodites, and gmallest in the fa.
males. These latter cases,—the variability in the size
of the corolla in some of the above species, for instance
in the common thyme,—together with the fact that jt
never differs greatly in size in the two forms—make
me doubt much whether natural selection has come
into play;—that is whether, in accordance with T,
Miiller's belief, the advantage derived from the pol-
leniferous flowers being visited first by inseets hag
been sufficient to lead to a gradual reduction of the
corolla of the female. We should bear in mind that 55
the hermaphrodite is the normal form, its corolla hag

* * Bot. Zeitung," 1868, p. 826,

By
L
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probably retained its original size.* An objection to
the above view should not be passed over; namely, that
the abortion of the stamens in the females ought to
have added through the law of compensation to the
size of the corolla; and this perhaps would have oc-
curred, had not the expenditure saved by the abor-
tion of the stamens been directed to the female repro-
ductive organs, so as to give to this form increased
fertility. {

* Tt doea not appear to me
that Kerner's view (* Die Schutz-
mittel des Pollens,” 1873, p. 56)
can be accepted in the present
cnses, namely that the Inrger
corolla in the hermaphroditea ond

males gerves to protect their pollen
from rain. In the genus Thymus,
for instance, the aborted anthers
of the femple are much better
protected than the perfict ones of
the hermaphrodite.
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CHAPTER VIII.

CremsTocamic FLoWERS.
-

General character of cleistogrmin flowers—TList of the genera producing
such flowers, and their distribution in the vegetable series—Viola,
description of the cleistogamic flowers in the several species, their
fertility compared with that of the perfect flowers—Oxulis
acetosella—0. sensitiva, three forms of cleistogamic dowers—Yan-
dellin—Ononis—Impntiens—Drosern—Miscellaneous observations
on varions other cleistopamic plants—Anemophilous species produ-
eing cleistognmic flowers—Leersin, perfect flowers rarely developed,
—Eummary and concluding remarks on the origin of elefstozamic
flowers—The chief conclusions which mway be dmwn from the
obaervations in this volume.

It wias known even before the time of Linnmus that
certain plants produced two kinds of flowers, ordi-
nary open, and minute closed ones; and this fact
formerly gave rise to warm controversies about the
sexuality of plants. These closed flowers have been
appropriately named ecleistogamic by Dr. Kuhn*
They are remarkable from their small size and from
never opening, go that they resemble buds ; their petals
are rudimentary or quite aborted; their stamens are
often reduced in number, with the anthers of very
small size, containing few pollen-grains, which have
remarkably thin transparent coats, and generally emit
their tubes whilst still enclosed within the anther.
cells ; and, lastly, the pistil is much reduced in size,
with the stigma in some cases hardly at all developed,
These flowers do not secrete nectar or emit any odour
from their small size, as well as from the corolla buing
rudimentary, they are singularly inconspicuous, Cop-

* *Hot. Zeitung,’ 1867, p. G5

b
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sequently insects do not visit them ; nor if they did,
could they find an entrance, Such flowers are therefore
tvariably self-fertilised ; yet they produce an abund-
ance of seed. In several cases the young capsules
bury themselves beneath the ground, and the seeds
are there matured. These fowers are developed before,
or after, or simultaneously with the perfect ones.
Theit development seems to be largely governed by
the conditions to which the plants are exposed, for
during certain seasons or in certain localities only
cleistogamic or only perfect flowers are produced.

Dr. Kuhn, in the article above referred to, gives a
list of 44 genera including species which bear flowers
of this kind. To this list [ have added some genera,
and the authorities are appended in a foot-note. I
have omitted three names, from reasons likewise given
in the foot-note. But it is by no means ensy to de-
cide in all cases whether certain flowers ought to be
ranked as eleistogamie. For instance, Mr. Bentham
informs me that in the South of France some of the
lowers on the vine do not fully open and yet set
fruit; and I hear from two experienced gardeners that
this is the case with the vine in our hot-houses; but
as the flowers do not appear to be completely closed it
would be imprudent to eonsider them as cleistogamie.
The flowers of some aquatic and marsh plants, for
instance of Ranunenlus agquatilis, Alisma natans,
Subularia, Ileeebrum, Menyanthes, and Euryale,”
remain closely shut as long as they are sub-
merged, and in this condition fertilise themselves.

* Delpinn,*Sull' Opern, In Distri- ~ vol. iii. 1825, p. 157. For the
UZione dii Bogsi nelle Piante,’ &6, behavionr of Menyanthes inHussia
1867, p- 30, Bubularia, however, #ce Gillibertin “Act, Acnd. Bt. Pe-
8mnefimes has its flowers fully  tersh,’ 1777, part il 'iﬁan'H
expumied beneath the water, se¢  Eurvale, *Gardener’s Chroniele,’
Bir J, E. Smith, * Englizh Flom,' 1877, p. 280.
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They behave in this manner, apparently as a protec-
tion to their pollen, and produce open flowers when
exposed to the airj 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 incipiently el€isto-
gamic ; but as they no not present any of the remark-
able 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 cleistogamie, notwith-
standing that they present no peculiarities of strue-
ture. I will now give as complete a list of the genera
containing cleistogamic species as I have been able
to collect.

TasLe 33,

List of Genora including Cleistogamie Species (chiefly after Kuhn).*
DICOTY LEDDNS. DIDOTYLEDOXS,

Eritrichinm (Baraginea). Diadalncanthus (Acanthneen),
Cuzenta (Convolvulacem), Dipteracanthus &
Seraphularia (Serophulacines ). HFchmanthera &
Linarin " Ruellin
Vandellia - Lamium (Labiatm).

Salvia

Cryphiacanthus (Acanthaces). w
{}l}’lﬂ.phul (Hyutng‘lne&}t

Eranthemum o

# T have omitted Trifulinmand  Brazil, and could never find such

Arachis from the list, beeanse Von
Mol says (* Dot Zeitung,’ 1863,
p. 312) that the fower-stema
merely dmw the flowers beneatl
the ground, and that these do not
appear to be raperly eleistopnmio,
Correa de Mello (* Jouraal Linn,
Soe. Bot,' vol. xi. 1870, p. 258)
obaerved plants of Arachis in

flowers, Plantogo lias been omitged
because as for a8 T ean digeover it
produces hamutrhrnllit{: and fis
minla i_luwervh-.-n.r #, but not eleig-
tognmie flowers. Krazeheninikowin
(el Stu]!!m-i:n} bas been omitte]
becanas it peems very doubifo)
from Mavimowics' deseription
whether the lower flowers which
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Tanre B8—continued.

DICOTY LEDONE.
Nyctaginia (Nyctaginex)
Stapelui (Asclepiadee).
“Spucularin (Campannlnces).
Campanula -,
Haottonkn (Primulaces).
Anandria (Compositm).
Heteracarpan (Urucifere),

Violik (Vielacoa),
Helinnthemuin (Cistiner).
Lechea -

Pavonia (Malvaces).
Gaudighandia (Malpighiacea).

Aspicarpa i3
Camaran ]
Janusin

H
*Polpgnla (Polygalas).
Impatiens { Balsaminse),
Oxalis (Geranincen)

Cmonis (Leguminose),
Parochmtns
Chapmannia o
Stylosuothus o

DICOTYLEDONE,

Lespedeza {Leruminasm).
Viria -
Lathyrus =
Martinsia vel
Ncurﬂ-:n!pum} (L
Amphienrpea
Glycine
Galnetia
Yoandzeia .
Dvosern (Droseraces)),

a1

EtS

MONOCOT ¥ LEDONS,
Junons {Juncemr),
Leersia (Gramines),
Hardenm o
Cryptostachys ,,
Commeling {Commelinem),
Monpchoria (Pontederaces:),
Schomburgkia (Orehida).

Cnttlaya i
Epidendron i
Thelymitra &

have no petals or very semall ones,
and borren stamens or none, are
pluistogamic; the upper herma-
phrodite lowers are giil never to
sroduce fruit, and therefore pro-

ably aot ns males. Moreover in
Bielluria grominen, 48 Bnl:mgtnn
romarks ( British Botany' 1851,
p. 51) s ghorter and longer petals
aeeompany an Tmpl:ﬁfeut.mn of the

H germen.

e adiled to the list the fol.
lawing eases : Beveral Acantlincesn,
for which see J. Beott in* Journal
of But.! {London}, new senes, viol,
i 1872, p. 161, With respect to
Ralvin see Dr, Ascherson in i Dok,
Feitumg,’ 1871, p. 555, For Oxy-
bashus and Nyotaginia see Aea
Gray in * American Naturalist,'
Nov. 1873, p G From ]:I:r.
Torrey's  nccoint of Huttonia
snflata (* Bull. of Torroy HL_rtuEL
Club, ol ii. June 1471) it is
manifest that this plant produces
true  clelstogamic dowers,  Fur

Pavonia see Bouché in ¢ Bitzungs-
berichte 4. Gesellsch. Nalor
Freunde,” Oet. 20, 1874 p 80, T
have added Thelymiten,as from the
aeeonnt given by Mr. Fitzrerald in
his magnificent work on * Anstra-
linn Orchida’ it appears that the
Nowera of this plant in its native
livme naver open, but they do not
appear to be reduced in size, Nor
i this the case with the flowersof
certain  species of Wpidendron,
Cattleyn, F:: ‘gese seeomd edition
of my * Fertilisation of Orebids,'
p. 147y, which without expanding
produce capaules, It is therefors
doubtful whether these Orchiden:
otgzlit to have been incloded in the
list, From what Duvel-Jouve saye
abont Cryptostachys in *Bull.
Hoc. Bot. de Franee,” tom. x. 1863,
- 195, this plant appears to pro-
duee cleistogamic flowers. Tha
other additions to the list are
noticed in wmy text
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The first point that strikes us in considering this list
of 53 genera, is that they are very widely distributed
‘in the vegetable series. They are more common in the
family of the Leguminose than in any other, and next
in order in that of the Acanthaces and Malpighiacesm.
A large number, but not all the species, of certain
genera, as of Oxalis and Viola, bear cleistogamic as
well as ordinary flowers, A second point which de-
serves notice is that a considerable proportion of the
genera produce more or less irregular flowers; this is
the case with about 32 out of the 55 genera, but to this
subject I shall recur,

I formerly made many observations on cleistogamic
flowers, but only a few of them are worth giving, since
the appearance of an admirable paper by Hugo von
Mohl* whose examination was in some respects much
more complete than mine. His paper includes also an
interesting history of our knowledge on the subject.

Viola canina.—The ealyx of the cleistogamic flowers
differs in no respeet 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 marging are smooth, whilst those of the
other four seale-like petals are papillose. D, Miller of
Upsala says that in the specimens which he observed
the petals were completel yaborted.t The stamens gre
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 distinet ; they contain very
little pollen in eomparison with those of the perfect

* ‘Bot. Zeitung,’ 1563, p. 500~ paper contuins tha first full anq
Entislaetory account of any cleisto-

ri‘I]Ji:i. 1857, p. TA0. This  pamio flower,
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flowers. The conneetive expands into a membranous
hood-like shield which projects above the anther-cells,
These two lower stamens have no vestize of the curious
appendages which secrete nectar in the perfect flowers.
The three other stamens are destitute of anthers and
have broader filaments, with their terminal membran-
ons expansions flatter or not g0 hood-like as those of
the two antheriferous stamens. The pollen-grains have
remarkably thin transparent coats ; when exposed to
the air they shrivel up quickly ; when placed in water
they swell, and are then 8513 of an inch in diameter,
and therefore of smaller size than the ordinary pollen-
grains similarly treated, which have a diameter of
15-14 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
ig very short, with thﬁ St}'LE hﬂﬂkﬁd, go that its ex-
tremity, which is a little enlarged or funnel-shaped
and represents the stigma, is directed downwards,
being covered by the two membranous expansions of
the antheriferons stamens. It is remarkable that there
is an open passage from the enlarged funnel-shaped
gxtremity to within the ovarinm ; this was evident, as
slight pressure eaused 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 ¥. alba. The pistil therefore differs con-
giderably from that of the perfect flower; for in the
latter it is much longer, and straight with the excep-
tion of the rectangularly bent stigma; nor is it per-
forated by an open passage.

The ordinary or perfect flowers have been =aid by
come authors never to produce capsules; but this is an
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error, though only a small proportion of them do se.
This appears to depend in some eases on their anthers
not containing even a trace of pollen, but more gene-
rally on bees not visiting the flowers. I twice covered
with a net a group of flowers, and marked with threads
twelve of them which had not as yet expanded. This
precaution is necessary, for though as a general rule
the perfect flowers appear considerably before” the
cleistogamie ones, yet occasionally some of the latter
are produced early in the season, and their capsules
might readily be mistaken for those produced by the
perfect flowers. Not one of the twelve marked perfect
flowers yielded a capsule, whilst others under the net
which had been artificially fertilised produced five
capsules ; and these contained exactly the same ayer-
age number of seeds as some capsules from flowers
outside the net which had been fertilised by bees. I
have repeatedly seen Bombus hortorum, lapidariug, and
a third species, as well as hive-bees, sucking the
flowers of this violet: I marked six which were thus
visited, and four of them produced fine capsules ; the
two others were gnawed off by some animal. T
watched Bombus hortorum for some time, and when-
ever it came to a flower which did not stand in a con-
venient position to be sucked, it bit a hole throngh the
spur-like nectary. Such ill-placed flowers would not
yield any seed or leave descendants; and the plants
bearing them would thus tend to be eliminated through
natural selection,

The seeds produced by the cleistogamic and perfect
flowers do not differ in appearance or number. Op
two oceasions I fertilised several perfect flowers with
pollen from other individuals, and afterwards marked
some cleistogamic flowers on the same plants ; and the
result was that 14 capsules produced by the perfect

Yk
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flowers contained on an average 9-85 seeds; and 17
capsules from the cleistogamic ones contained 9-64
seeds,—an amount of difference of no significance. It
is remarkable how much more quickly the capsules
from the cleistogamic flowers are developed than those
from the perfect ones; for instance several perfeet
flowers wers cross-fertilised on April 14th, 1863, and a
month afterwards (May 15th) eight young cleistogamic
flowers were marked with threads; and when the two
sets of capsules thus produced were compared on
June 3rd, there was scarcely any difference between
them in size.

Viola odorata (white-flowered, single, enltivated va-
riety).—The petals are represented by mere scales as
in the last species; but differently from in the last,
all five stamens are prov‘ldﬂﬂ_ with diminutive anthers,
Small bundles of pollen-tubes were traced from the
five anthers into the somewhat distant stigma. The
capsules produced by these flowers bury themselves in
the soil, if it be loose enough, and there mature them-
selves.* Lecoq says that it is only these latter cap-
sules which possess elastie valves; but I think this
must be & misprint, as such valves would obviously be
of no use to the buried capsules, but would serve to
scatter the seeds of the sub-nerial ones, as in the other
species of Viola. Tt is remarkable that this plant, ac-
cording to Delpino,t does not produce cleistogamie
flowers in one part of Liguria, whilst the perfect flowers
are there abundantly fertile ; on the other hand,
eleistogamic flowers are produced by it near Turin.
Another fact is worth giving as an instance of corre-

* Vauchersays (' Hist. Phys.des  tom. v, 1856, p. 180.

Plantes d'Furipe,’ tom, il 1844, + ¢ Bull' Opers, la Distrituzions
. 809, thit 7. hirta and eollina  dei Sessi nelle Piante,” &, 1567,
ikewise bury their capsules.—  p. 80,

See also Leeoq, * Géogroph. Bot?
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lated development; I found on a purple variety,
after it had produced its perfect double flowers, and
whilst the white single variety was bearing its cleisto-
camie flowers, many bud-like bodies which from their
position on the plant were certainly of a cleistogamic
nature. They consisted, as could be seen on bisecting
them, of a dense mass of minute scales closely folded
over one another, exactly like a cahb&g:z-heaﬁ n
miniature. T could not detect any stamens, and in the
place of the ovarium there was a little central column,
The doubleness of the perfect flowers had thus spread
to the ecleistogamic ones, which therefore were reu-
dered quite sterile.

Viola firta—The five stamens of the cleistogamic
flowers are provided, as in the last case, with small
anthers, from all of which pollen-tubes proceed to the
stigma. The petals are not quite so much reduced
as in V. ecanina, and the short pistil instead of being
hooked iz merely bent into a rectangle. Of several
perfeet flowers which Isaw visited by hive-and humble-
bees, six were marked, but they produced only two
capsules, some of the others having been accidentally
injured. M. Monnier was therefore mistaken in this
case as in that of V. odorata, in supposing that the
perfect flowers always withered away and aborted. He
states that the peduncles of the cleistogamic flowers
curve downwards and bury the ovaries beneath the
s0il.* 1 may here add that Fritz Miller, as I hear
from his brother, has found in the hizghlands of South-
ern PBrazil a white-flowered species of violet which
hears subterranean eleistogamic flowers.

* Tlege statements are taken  to the smpposed sterility of the
from Professor Oliver's excellent  perfect flowers in this gewns see
artiele in the* Nat. Hist, Review,” alao Timbal-Lagruve in * But.
July 1862, p. 288, With reapect Feitong,' 1854, p. 772
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Viola nana—>Mr. Scott sent me seeds of this Indian
species from the Sikkim Teral, from which I raised
many plants, and from these other seedlings during
several successive generations. They produced an
abundance of cleistogamie flowers during the whole of
each summer, but never a perfect one. When Mr. Seott
wrote to me his plants in Caleutta were behaving simi-
larly,*though his collector saw the species in flower in
its native site. This case is valuable as showing that
we onght not to infer, as has sometimes been done,
that aspecies does not bear perfect flowers when grow-
ing naturally, because it produces only cleistogamic
flowers under culture. The calyx of these flowers is
sometimes formed of only three sepals; two being
actually suppressed and not merely eoherent with the
others ; this occurred with five out of thirty flowers
which were examined for this purpose. The petals are
ropresented by extremely minute scales. Of the sta-
mens, two bear anthers which are in the same state as
in the previous species, but, as far as I could judge,
each of the two cells contained only from 20 to 25 de-
licate transparent pollen-grains. These emitted their
tubes in the usnal manner. 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. TIn one instance, however,
a single cell of the larger rudimentary anther in-
cluded a little pollen. The style counsists of a short
flattened tube, somewhat expanded at its upper end,
and this forms an open channel leading into the
ovarium, a8 deseribed under V. canina. It is slightly
bent towards the two fertile anthers.

Viola Roxburghiana.—This species bore in my hot-
house during two years a multitude of eleistogamic
flowers, which resembled in all respects those of the
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last species; but no periect ones were produced. Mr.
Scott informs me that in India it bears perfect flowers
only during the cold season, and that these are quite
fertile. During the hot, and more especially during
the rainy season, it bears an abundance of cleisto-
gamic flowers.

Many other species, besides the five now described,
produce cleistogamic flowers ; this is the case, afcord-
ing to D. Maller, Michalet, Von Mohl, and Hermann
Miller, with V. elatior, lancifolia, sylvatica, palustris,
miralnlis, bicolor, fonodium, and biflora. But V. tricolor
does not produce them.

Michalet asserts that V. palustris produces near
Paris only perfect flowers, which are guite fertile; but
that when the plant grows on mountains eleistogamie
flowers are produced; and so it is with V. biflora,
The same author states that he has seen in the case
of V. alba flowers intermediate in structure between
the perfect and cleistogamic ones. Aeccording to A,
Boisduval, an Italian species, V. Ruppii, never bears
in France “des flenrs bien apparentes, ce qui ne 'em-
péche pas de fructifier.”

It is interesting to observe the gradation in the
abortion of the parts in the cleistogamic flowers of
the several forepoing species. It appears from the
statements by D) Miller and Von Mohl that in 7. mi-
rabilis the calyx does not remain quite closed ; all five
stamens are provided with anthers, and some pollen-
grains probably fall out of the cells on the stigma,
instead of protruding their tubes whilst still enclosed,
as in the other species. In V. hirta all five stp.
mens are likewise antheriferons; the petals are nt
so much reduced and the pistil not so much modifieq
as m the following species. In V. 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 pro-
vided, Lastly, in V. canina never more than two of
the stamens, as far as I have seen, bear anthers : the
petals are much more reduced than in V. hirta, and
according to D. Miuller are sometimes quite absent.
Oxalis  aeetosells.—The existence of u]aistngamiﬂ
flowers on this plant was discovered by Michalet.*
Theyshave been fully described by Von Mohl, and 1
ean add hardly anything to his description. In my
specimens the anthers of the five longer stamens were
nearly on a level with the stigmas ; whilst the smaller
and less plainly bilobed anthers of the five shorter
stamens stood considerably below the stigmas, so that
their tubes had to travel some way upwards. Ac-
cording to Michalet these latter anthers are some-
times quite aborted. In one case the tubes, which
ended in excessively fine points, were zeen by me
stretehing 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 Howers, which were in an inter-
mediate condition between the two kinds. In one of
these the pollen-tubes from the lower anthers had
reached the stigmas, though the flower was open,
The footstalks of the cleistogamic flowers are much
shorter than those of the perfect flowers, and are so
much bowed downwards that they tend, according to
Von Mohl, to bury themselves in the moss and dead
leaves on the ground. Michalet also says that they
ire often hypogean. In order to ascertain the num-
ber of seeds produced by these flowers, I marked eight
of them ; tww failed, one cast its seed abroad, and the

* * Bull. Boe: Bot. de Franee,' tom. vii. 1860, p. 465,
X
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remaining five contained on an average 10:0 seeds
per capsule. This 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, T think, have been accidental.
Hildebrand, whilst searching various Herbaria, ob-
served that many other species of Oxalis besides 0.
acetosella produce cleistogamic flowers;* and I hear
from him thaf this is the ease with the heterostyled
trimorphie 0. incarnata from the Cape of Good Hope.
Oxalis (Biophytum) sensitiva—This plant is ranked
by many botanists as a distinct genus, but as a sub-
genus by Bentham and Hooker. Many of the early
flowers on a mid-styled plant in my hot-house did not
open properly, and were in an intermediate condition
between cleistogamic and perfect. Their petals variad
from a mere rudiment to about half their proper size ;
nevertheless they produced capsnles. I attributed
their state to unfavourable conditions, for later in the
season fully expanded flowers of the proper size ap-
peared, But Mr. Thwaites afterwards sent me from
Ceylon a number of long-styled, mid-styled, and short-
styled flower-stalks preserved in spirits ; and on the
same stalks with the perfect flowers, some of which were
fully expanded and others still in bud, there werg
small bud-like bodies containing mature pollen, but
with their calyces closed. These cleistogamic flowerg
do not differ much in structure from the perfect oneg
of the corresponding form, with the exeeption thgt
their petals are reduced to extremely minute, bﬂteI}r
visible scales, which adhere firmly to the roundeq

*  Monatshericht der Akad. der Wiss, zo Berlin,’ 1866, p. 8G9,

-~
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bases of the shorter stamens. Their stigmas are much
less papillose, and smaller in about the ratio of 13 to
20 divisions of the micrometer, as measured trans-
versely from apex to apex, than the st-igmhs of the
perfect flowers. The styles are furrowed longitudinally,
and are clothed with simple as well as glandular hairs,
but only in the cleistogamic flowers produced by the
long-styled and mid-styled forms. The anthers of the
longer stamens are a little smaller than the correspond-
ing ones of the perfect flowers, in about the ratio of
11 to 14. They dehisce properly, but do not appear
to contain much pollen. Many pollen-grains were
attached by short tubes to the stigmas; but many
others, still adhering to the anthers, had emitted
their tubes to a considerable length, without having
come in contact with the stigmas. Living plants
ought to be examined, as the stigmas, at least of the
long-styled form, project beyond the calyx, and if
visited by inseets (which, however, is very improbable)
might be fertilised with pollen from a perfect flower.
The most singular fact about the present species 18
that long-styled cleistogamic flowers are produced by
the long-styled plants, and mid-styled as well as
short-styled ecleistogamic flowers by the other two
forms; so that there are three kinds of cleistogamie
and three kinds of perfect flowers produced by this
one species! Most of the heterostyled species of
Oxalis are more or less sterile, many absolutely 8o, if
ill&gitimutel}r fortilised with their own-form Pﬂ!lﬂn-
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 ot
seeds.  We may perhaps account for the cleistogamic
flowers consisting of the three forms, through the prin-

ciple of eorrelated growth, by which the cleistogamic
Yy 2
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flowers of the double wviolet have been rendered
double.

Vandellice nummmudarifolia.—Dr. uhn has collected®
all the notices with respect to cleistogamie flowers in
this genus, and has described from dried specimens
those produced by an Abyssinian species. Mr. Scott
sent me from Caleutta seeds of the above common
Indian weed, from which many plants were sutepss-
ively raised during several years. The cleistogamic
flowers are very small, being when fully mature under
o5 of an inch (127 mm.) in length. The calyx does
not open, and within it the delieate transparent corolla
remaing closely folded over the ovarium. There are
only two anthers instead of the normal number of four,
and their filaments adhere to the corolla. The cells of
the anthers diverge much at their lower ends and are
only .. of an inch (-181 mm.} in their longer diameter.
They contain but few pollen-grains, and these emit
their tubes whilst still within the anther. The pistil
is very short, and is surmounted by a bilobed stigma,
As the ovary grows the two anthers together with the
shrivelled corolla, all attached by the dried pollen-
tubes to the stigma, are torn off and ecarried upwards
in the shape of a little cap. The perfeet flowers pene-
rally appear before the cleistogamie, but sometimes
simultaneously with them. During one season a large
number of plants produced no perfect flowers. It has
been asserted that the latter never yield eapsules ; but
this is a mistake, as they do so even when insects are
excluded. Fifteen capsules from cleistogamic flowers
on plants growing under favourable conditions eon-
{nined on an average 64-:2 geeds, with a muxlmum of
87 ; whilst 20 Cdlmuli s from plants growing much

* ¢ Bot. Zeitung,’ 1867, p. 63.
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erowded yielded an average of only 48. Sixteen cap-
sules from perfect flowers artificially erossed with pollen
from another plant contained on an average 93 seeds,
with & maximum of 137, Thirteen capsules from self-
fertilised perfect flowers gave an average of 62 seeds,
with a maximum of 135, Therefore the capsules from
the ecleistogamic flowers contained fewer seeds than
those from perfect flowers when cross-fertilised, and
slightly more than those from perfeet flowers self-
tertilised.

Dr. Kuhn believes that the Abyssinian V. sessiffora
does not differ specifically from the foregoing species.
But its cleistogamic flowers apparently include four
anthers instead of two as above described. The plants,
moreover, of V. sessiffora produce subterranean runners
which yield capsules; and I never saw a trace of such
runners in V. auwmmadarifolia, although many plants
were cultivated.

Linaria spuriag—DMichalet says*® that short, thin,
twisted branches are developed from the buds in the
axils of the lower leaves, and that these bury them-
selves in the ground, They there produce flowers
not offering any peculiarity in structure, excepting
that their corollas, though properly coloured, are de-
formed. These flowers may perhaps be ranked as
cleistogumic, a8 they are developed, and not merely
drawn, beneath the ground.

Ononis eolumna.—Plants were raised from seeds sent
me from Northern Italy, The sepals of the cleisto-
gamic flowers are elongated and closely pressed to-
gether; the petals are much reduced in size, colour=
less, and folded over the interior organs. The fila-
ments of the ten stamens are united into a tube, and

* {Bnll. Soc. Bot. de Franee,” tom. vii. 1860, p. 468
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this is not the ecase, according to Von Mohl, with the

cleistogamic flowers of other Leguminosm. Five of

the stamens ave destitute of anthers, and alternate with
the five thus provided. The two cells of the anthers
are minute, rounded and separated. from one another
by connective tissue; they contain but few pollen-
grains, and these have extremely delicate coats. The
pistil is hook-shaped, with a plainly enlarged st:gnm
which is curled down, towards the anthers; it there-
fore differs much from that of the perfect flower.
*During the year 1867 no’ perfect flowers were pro-
duced, but in the following year there were both
perfect and cleistogamic ones.

Ononis minutissima.—My plants produced both per-
fect and cleistogamie flowers; but I did not examine
the latter. Some of the former were crossed with
pollen from a distinet plant, and six capsules thus ob-
tained yielded on an average 366 seeds, with a maxi-
mum of 5 in one. Twelve perfect flowers were marked
and allowed to fertilise themselves spontaneously under
a net, and they yielded eight capsules, containing on
an average 2-38 seeds, with a maximum of 8 in one,
Fifty-three capsules produced by the cleistogamic
flowers contained on an average 4-:1 sceds, so that
these were the most produetive of all ; and the seeds
themselves looked finer even than those from the
erossed perfect flowers. According to Mr. Bentham
0. parviflora likewise bears cleistogamic flowers; and
he informs me that these flowers are produced by al]
three species early in the spring; whilst the perfect
ones appear afterwards, and therefore in a reverseq
order compared with those of Viola and Oxglis. Some
of the species, for instance Ononis columnse, bear g
fresh erop of cleistogamie flowers in the autumn.

Lathyrus nigsolia 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 produeing fruit withont having expanded.

Several other Leguminous genera produce cleisto-
gamic flowers, as may be sden in the previous list ; but
much does not appear to be known about them. Von
Mohl says that their petals are commonly rudimentary,
that only a few of their anthers are developed, their
filaments are not united into a tube and their pistils
are hook-shaped. In three of the genera, namely Vieia,
Amphicarpea, and Voandzeia, the cleistogamie flowers
are produced on subterranean stems. The perfect
flowers of Voandzein, which is a eultivated plant, are
said never to produce fruit; * but we should remember
how often fertility is affected by cultivation.

Lmpatiens fulva.—Mr. A. W. Bennett has published
an excellent description, with ficures, of this plant.t
He shows that the cleistogamic and perfect flowers
differ in structure at a very early period of growth, so
that the existence of the former cannot be due merely
to the arrested 111.‘-?[‘10]11nﬂnt. of the latter,—a conclusion
which indeed follows from most of the previous de-
scriptions. 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

& -

* Correa de Mello (*Journal  African plant, which is sometimes

Linn. Bue. Bot! vol, xr. 1870, p.  cultivated in Brazil. Jrih

254) purticulurly attended to the + *Journal Linn: Boe, Bot' yol.
fowering and fruiting of this  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 noli-me-tangere.—I can add nothing of im-
portance to Von Mohl's deseription, excepting th&t
one of the rudimentary petals shows a vestige of a
nectary, as Mr, Bennett likewise found to be the case
with I fulva. Asin this latter species all five stamens
produce some pollen, though small in amount; a
single anther contains, according to Von Mohl, not
more than 50 graing, and these emit their tubes
while still enclosed within it. The pollen-grains of the
perfect flowers are tied together by threads, but n{tt,
80 88 far as I could see, those of the cleistogamic
flowers ; and a provision of this kind would here have
been useless, as the grains can never be transported
by insects. The flowers of I balsamina are visited by
humble-bees,* and I am almost sure that this is the
case with the perfect flowers of I, noli-me-tangere. From
the perfect flowers of this latter species covered with
a net eleven spontancously self-fertilised capsules were
produced, and these yielded on an average 345 seeds.
Some perfect flowers with their anthers still containing
an abundance of pollen were fertilised with pollen from
a distinet plant ; and the three capsnles thus produced
contained, to my surprise, only 2, 2, and 1 seed.’ Asg
I balsamina is proterandrous, so probably is the pre-
sent species; and if so, eross-fertilisation was effected
by me at too early a period, and this may account for
the eapsules yielding so fow seeds. 2

Drosera rotundifolia—The first flower-stems which

* H. Miiller, * Die Befruchtung,’ &e. p. 170,

Tl
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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 repro-
ductive organs, but their white tips could just be
seen between the almost completely closed sepals.
The pollen, which was scanty in amount, but not so
scanty as in Viola or Oxalis, remained enclosed
within the anthers, whence the tubes proceeded and
penetrated the stigma. As the ovarium swelled the
little withered corolla was carried upwards in the
form of a cap. These cleistogamic flowers produced
an abundance of seed. Later in the season perfect
flowers appeared. With plants in a state of nature the
flowers open only in the early morning, as I have been
informed by Mr. Wallis, who particularly attended to
the time of their flowering. In the case of D. dnglica,
the still folded petals on some plants in my green-
house opened just sufficiently to leave a minute
aperture; the anthers dehisced properly, but the
pollen-grains adhered in a mass to them, and thence
emitted their tubes, which penetrated the stigmas.
These flowers, therefore, were in an intermediate con-
dition, and could not be called either perfect or
cleistogamie.

A few miscellaneous observations may be added
with respect to some other species, as throwing light
on our subject. Mr. Scott states® that Franthemum
ambiguum bears three kinds of flowers,—large, con-
Spicuous, open ones, which are quite sterile—others
of intermediate size, which are open and mﬂd_&l'ﬂfe}l‘f
fertile—and lastly small elosed or cleistogamic ones
which are. perfectly fertile. Ruellia tuberosa, likewise
one of the Acanthaces, produces both open and cleis-

* *Journal of Botany," London, new serics, 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
appear only during the hot season. Aeccording to
Torrey and Gray, the North American species of He-
liunthemum, when growing in poor soil, produce ,only
cleistogamic flowers. The cleistogamic flowers of
Specularia perfoliata ave highly remarkable, as they
are closed by a tympanum formed by the rudimen-
tary corolla, and without any trace of an opening.
The stamens vary from 3 to 5 in number, as do
the sepals.* The collecting hairs on the pistil, which
play so important a part in the fertilisation of the
perfect flowers are here quite absent. Sir J. HGOIFM
and Dr. Thomson statet that some of the Indian
Species of Campanula produce two kinds of flowers;
the smaller ones being borne on longer peduncles
with diﬁ.‘erentl}r formed sepals, and producing a more
globose ovary. The flowers are closed by a tympanum
like that in Specularia. Some of the plants produce
both kinds of flowers, others only one kind ; both yield
an abundance of seeds. Professor Oliver adds that he
has seen flowers on Cmpanula colorate in an intermedi-
ate condition between cleistogamie and perfeet ones.
The solitary almost sessile cleistogamie 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, with-
out any opening or fissure.” There is only a single

* YVon Mohl, ®Bot. Zeitung,’ of the perfect flower is mostly
1863, pp. 314 and 528, Dr. Brom-  S-cleft.

field (* Phytologist,' val. iil. p 1 *Journal Linn, Soe” vol, ii
9803 alen remarks that the ealyx 1857, p. 7. Bee alsa Professor
of the ecleistogumie flowers s Oliver in ¢ Nat Hist. Roview,"
usually only S-cleft, while that 1862, p. 24D
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fertile stamen; the style is almost obsolete, with the
three stigmatic surfaces directed to one side. Both
the perfect and cleistogamic flowers produce seeds.*

The cleistogamic flowers on some of the Mal-
pighiacem seem to be more profoundly modified than
those in any of the foregoing genera. According to
A, de Jussient they are differently situated from the
perféct flowers; they contain only a single stamen,
instead of 5 or 6; and it is a strange fact that this
particular stamen is mnot 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 Jussien
remarks, “laugh at our classifications, for the greater
number of the characters proper to the species, to the
genus, to the family, to the class disappear.” 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 Fl:lf""
Miller, who infarms me that in the one specles,
Bunchosin Gaudiehaudiana, the fertilisation of which
he has often witnessed, the perfect flowers are regu-
larly visited by bees belonging to the genera Tetra-
pedia and Epicharis. These bees sit down on the
flowers, gnawing the glands on the outside of t_}-lﬂ
calyx, and in doing so the under sides of their bodies
are dusted with pollen, by which afterwards nth{_ﬁr
Howers are fertilised. Such visits to the cleistogamic
Howers would be useless.

As the Asclepindous genus Stapelia is said to pro-
duee cleistogamic flowers, the following case may be
worth giving, T have never heard of the perfect flowers
of Hoya carnosa setting seeds in this ecountry, but some

* Dr. Kirk, * Journ, Tinn. Soe.! + ¢ Archives du Muséum,’ tom.
vol. viil. 1864, p. 147. iii, 1843, pp. 35-38, 62-86, 580, 596,
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capsules were produced in Mr. Farrer’s hot-house :
and the gardener detected that they were the product
of minute bud-like bodies, three or four of which
eould sometimes be found on the same umbel with the
perfect flowers. They were quite closed and hardly
thicker than their peduncles, The sepals presented
nothing particular, but internally and alternating
with them, there were five small flattened heart-shaped
papille, like rudiments of petals; but the homological
nature of which appeared doubtful to Mr. Bentham
and Dr. Hooker. No trace of anthers or of stamens
could be detected ; and I knew from having examined
many cleistogamic flowers what to look for. There
were two ovaries, full of oyules, quite open at their
upper ends, with their edges festooned, but with no
trace of & proper stigma. In all these flowers one of
the two ovaries withered and blackened long before
the other. The one perfect capsule, 31 inches in
length which was sent me, had likewise been de-
veloped from a single carpel. This eapsule con-
tained an abundance of plumose seeds, many of which
appeared quite sound, but they did not germinate
when sown at Kew. Therefore the little bud-like
flower which produced this capsule probably was gs
destitute of pollen as were those which T examined.

Juncus bufonius and Hordewm.—All the gpecies

hitherto mentioned which produce cleistopamio
flowers are entomophilous; but Juncus and Beven
genera of Gramines are anemophilons,  Juneys
bufonius is remarkable® by bearing in parts of Russiq
only cleistogamie flowers, which contain threg instead
of the six anthers found in the perfect Hm'-'eurs. In the

* See Dr. Ascherson’s inberesting paper in ¢ Zai o
P 551 Also 1872, p. GO7. Bot. titung,’ 1871,

:';!' 2
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oenns Hordeum it has been shown by Delpino® that
the majority of the flowers are cleistogamie, some of
the others expanding and apparently allowing of
cross-fertilisation. I hear from Fritz Miller that
there is a grass in Southern Brazil, in which the
sheath of the uppermost leaf, half 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 eut down, whilst the
cleistogamic panicles were developing, and these
plants afterwards produced free or unenclosed panicles
of small size, bearing perfect flowers.

Leersin oryzoides—It has long been known that
this plant produces cleistogamic flowers, but these were
first deseribed with eare by AL Duvyal-Jouve.t I pro-
cured plants from a stream near Reigate, and enltivated
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 flnid
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
2y of an inch in length, or about one-third of the
length of those in the perfect Aowers. One of the
three anthers dehisces before the two others. Can
this have any relation with the fact that in some other

* ¢Bollettini del Can_i.z-ll) o R in* Monntshericht d.
rio Parmense’ Marzo ¢ Aprile, K. Aknd, Berlin,’ Oct. 1872, p. Tui.
1871, An abetract of this valuable + + Hull. Hot. Boc. de France!

paper is given in ¢ Bot. Zeitung,’  tow. x. 1863, p. 194,
1871, p- 537, Beealso Hildebrpnd
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species of Leersia only two stamens are fully de-
veloped ?* The anthers shed their pollen on the
stigma; at least in one instance this was clearly the
case, and by tearing open the anthers under water
the grains were easily detached. Towards the apex of
the anther the grains are arranged in a single row and
lower 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 g of
an inch (-0181 mm.), whilst those of the perfect flowers
are abont - 7 of an inch (-0254 mm.) in diameter.

M. Duval-Jouve states that the panicles very rarely
protude from their sheaths, but that when this does
happen the flowers expand and exhibit well-developed
ovaries and stigmas, together with full-sized anthers
containing apparently sound pollen ; nevertheless such
flowers are invariably quite sterile. Schreiber had pre-
viously observed that if a panicle is only half protraded,
this half is sterile, whilst the still included half is
fertile. Some plants which grew in a large tub of
water in my green-house behaved on one occasion in
a very different manner. They protruded two very
large much-branched panicles; but the florets never
opened, though these ineluded fully developed stig-
mas and stamens supported on long filaments with
large anthers that dehisced properly. If these florets
had opened for a short time unperceived by me and
hag then eclosed again, the empty anthers would
have been left dangling outside. Nevertheless they
yielded on August 17th an abundance of fine ripe
seeds, Here then we have a near approach to the

* Asa Gray, ‘ Manual of Bot. of United States 18586, p. 540

o
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single case as yet known® of this grass producing in
4 state of nature (in Germany) perfect flowers which
yielded a copious supply of fruit. Seeds from the
cleistogamic flowers were sent by me to Mr. Scott
in Caleutta, who there eultivated the plants in various
ways, but they never produced perfect flowers,

In Europe Leersia oryzoides is the sole representa-
tive of its genus, and Duval-Jouve, after examining
several exotic species, found that it apparently is the
sole one which bears cleistogamic flowers, Tt ranges
from Persia to North Ameriea, and specimens from
Pennsylvania resembled the European ones in their
concealed manner of fruetification. There can there-
fore be little doubt that this plant generally propa-
gates itself thronghont an immense area by cleisto-
gamic seeds, and that it can hardly ever be invigorated
by ecross-fertilisation. It resembles in this respect
those plants which are now widely spread though they
Increase solely by a sexual generation.f

Coneluding remarks on Cleistogamie Flowers—That
these flowers owe their structure primarily to the
arrested development of perfect ones, we may infer
from such cases as that of the lower rudimentary petal
in Viola being larger than the others, like the lower
lip of the perfect flower,—from a vestige of a spur in
the cleistogamic flowers of Tmpatiens,—from the ten
stamens of Ononis being united into a tube,—and
other such structures. The same inference may be
drawn from the oceurrence, in some instances, on the
same plant of a series of gradations between the
Hlﬂistﬂgamic and perfect flowers. DBut that the f‘-’m’f"
owe their origin wholly to arrested development is

{ i Varinti ler
* Dr. Asch ‘Bot. Zeitung,” . rcages in omy * Varialion Tnd
1864, p. 360, TS Domestication, ch.  svilil—2nd

t Ihove collected soveral sach  edit vol il p. 135
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by no means the case; for various parts have been
specially modified, so as to aid in the self-fertilisation
of the flowers, and as a protection to the pollen; for
instance, the hook-shaped pistil in Viola and in some
other genera, by which the stigma is brought close
to the fertile anthers,—the rudimentary corolla of
specularia modified into a Perfectl}' closed tympanum,
and the sheath of Monochoria modified into a closed
sack,—the excessively thin coats of the pollen-grains,
—the anthers not being all equally aborted, and other
such ecases. DMoreover 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 re-
markable peculiarities, reminding us of many parasitic
animals. In some cases only a single anther is left,
and this contains but few pollen-grains of diminished
size ; in other cases the stigma has disappeared
leaving a simple open passage into the ovarium. Tt
is also interesting to note the complete loss of trifling
points in the structure or functions of certain parts,
which though of service to the perfect flowers, are of
none to the cleistogamic; for instance the collecting
hairs on the pistil of Specularia, the glands on the
calyx of the Malpighiacew, the nectar-secreting ap-
pendages to the lower stamens of Viola, the secretion
of nectar by other parts, the emission of a sweet odonr,
and apparently the elasticity of the valves in the
butied ecapsules of Violo odorata. We here see, as
throughout nature, that as soon as any part or
character becomes superfluous it tends soomer or later
to disappear.

Another peculiarity in these flowers is that the

"ﬁ
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pollen-grains generally emit their tubes whilst still
enclosed within the anthers; but this is not so re-
markable a fact as was formerly thought, when the
case of Asclepias was alone known.* Tt is, however,
a wonderful sight to behold the tubes directing them-
selves in a straight line to the stizma, when this
is at some little distance from the anthers. As
soon as they reach the stigma or the open passage
leading into the ovarium, no doubt they penetrate it,
guided by the same means, whatever these may be,
43 in the case of ordinary flowers. I thought that
they might be guided by the avoidance of light : some
pollen-grains of a willow were therefore immersed in
an extremely weak solution of honey, and the vessel
was placed so that the light entered only in one
direction, laterally or from below or from above, but
the long tubes were in each ense protruded in every
possible direction.

As cleistogamic flowers are completely elosed they
are necessarily self-fertilised, not to mention the
absence of any attraction to insects: and they thus
differ widely from the great majority of ordinary
flowers, Delpino believest that cleistogamic flowers
have been developed in order to ensure the production
of seeds under climatic or other conditions which tend

* Theeaso of Asclepins was de-
Berihied by K. Brown, Baillon as-
BErls (* Adlansonin,’ tom. i 1862,
E"— 38) that with many plants the

Uhes are emitted from pollen-
E™ing which have not come into
Eoltack with the stigma ; and thot
tiey muy be ssen uﬁmnqiuj; hori-
Emtally through the air townrds
the eligma. T have ohserved the
Smizsion of the tubes from the

pollen-masses whilst still within
theanthers, in three widely distinet
Orehidean penera, namely J‘mufras.
Maluxis, and Nootlin: see *Tha
Yarious Contrivances hj« which
Orchids are Fertilised,” Sod odit.
- 258, o b ]

t+ ¢#ull® Opera ln Distribuzione
dei Hessi pelle Piante) 1867,
P 80.
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to prevent the fertilisation of the perfect flowers, I do
not doubt thatthis holds good to a certain limited extent,
but the production of a large supply of seeds with little
consumption of nutrient matter or expenditure of vital
force is probably a far more efficient motive power.
The whole flower is much reduced in size: but what
is much more important, an extremely small quantity
of pollen has to be formed, as none is lost throngh the
action of insects or the weather; and pollen contains
much nitrogen and phosphorus. Von Mohl estimated
that a single cleistogamic anther-cell of Oxzalis aceto-
sella contained from one to two dozen pollen-grains ;
we will say 20, and if so the whole flower ean have
produced at most 400 grains; with Impatiens the
whole number may be estimated in the same manner
at 250 ; with Leersia at 210; and with Fiola nana
atonly 100. These fizures are wonderfully low com-
pared with the 243,600 pollen-grains produced by a
flower of Leontodon, the 4,863 by an Hibiscus, or the
3,604,000 by a Pmony.* We thus see that cleisto-
gamie flowers produce seeds with a wonderfully small
expenditure of pollen; and they produce as a general
rule quite as many seeds as the perfect flowers.

That the production of a large number of seeds ig
necessary or beneficial to many plants needs no evi-
dence. Bo of course is their preservation before the
are ready for germination ; and it is one of the man
remarkable peculiarities of the plants which hear
cleistogamic flowers, that an incomparably larger pro-
portion of them than of ordinary plants bury their
young ovaries in the ground ;—an action which it
may be presumed serves to proteet them from l}eing

* The authorities for these statements are given in my *Ei;
Cross nud Bell-Fertilisation,’ p. 376, R ¥ e of
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devoured by birds or other enemies. But this advan-
tage is accompanied by the loss of the power of wide
dissemination. No less than eight of the genera
in the list at the beginning of this chapter include
species which aet in this manner, namely, several
kinds of Viola, Oxalis, Vandellia, Linaria, Commelina,
and at least three genera of Leguminose. The seeds
also”of Leersia, though not buried, are concealed in
the most perfect manner within the sheaths of the
leaves. Cleistogamic flowers possess great facilities
for burying their young ovaries or capsules, owing to
their small size, pointed shape, closed condition and
the absence of a corolla; and we ean thus understand
how it is that so many of them have acquired this
curious habit. -

It has already been shown that in about 33 out of
the 67 genera in the list just referred to, the perfect
flowers are irregular ; and this implies that they have
been specially adapted for fertilisation by insects.
Moreover three of the genera with regular flowers are
adapted by other means for the same end, Flowers
thus constructed are liable during certain seasons to
be imperfectly fertilised, namely, when the proper
insects are scarce; and it is difficult to avoid the
belief that the production of eleistogamic flowers,
which ensures under all circumstances a full supply
of seed, has been in part determined by the perfect
flowers being liable to fail in their fertilisation. But
if this determining eause be a real one, it must be of
subordinate importance, as eight of the genera in the
list are fertilised by the wind ; and there seems no
reason why their perfeet flowers should fail to be
fertilised more frequently than those in any other
anemophilous genus. - In contrast with what we here

see with respect to the large proportion of the perfect
Z 2

-
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flowers being irregular, one genus alone out of the £8
heterostyled genera deseribed in the previous chapters
bears such flowers ; vet all these genera are absolutely
dependent on insects for their legitimate fertilisation.
I know not how to account for this difference in the
proportion of the plants bearing regular and irregular
flowers in the two classes, unless it be that the hetero-
styled flowers ave already so well adapted for cross-
fertilisation, throngh the position of their stamens
and pistils and the difference in power of their two or
three kinds of pollen, that any additional adaptation,
namely, through the flowers being made irregular,
has been rendered superfluous.

Although cleistogamic flowers never fail to yield
a large number of seeds, yet the plants bearing them
usnally produce perfect flowers, either simultaneonsly
or more commonly at a different period ; and these
are adapted for or admit of cross-fertilisation. From
the cases given of the two Indian species of Viola,
which produced in this country during several years
only ecleistogamic flowers, and of the numerous plants
of Vandellin and of some plants of Ononis which
behaved during one whole season in the same manner,
it appears rash to infer from such cases as that of
Salvia eleistogama not having produced perfect flowers
during five years in Germany,* and of an Aspicarpa
not having done so during several years in Paris, that
these plants would not bear perfect flowers in their
native homes. Von Mohl and several other botanists
have repeatedly insisted that as a general rule the
perfeet flowers produced by cleistogamic plants are
sterile ; but it has been shown under the head of the
several species that this is not the case. The perfect

* Dr. Asclierson, ‘ Bot. Zeit.” 1871, p. 553,



Coar. VII. ON CLEISTOGAMIC FLOWERS. 341

flowers of Vicla are indeed sterile unless they are
visited by bees; but when thus visited they yield the
full number of seeds. As far as T have been able to
discover there is only one absolute exception to the
rule that the perfect flowers are fertile, namely, that
of Voandzeia; and in this case we should remember
that cultivation often affects injuriously the repro-
ductive organs. Although the perfect flowers of
Leersia sometimes yield seeds, yet this occurs so
rarely, as far as hitherto observed, that it practically
forms a second exception to the rule.

As eleistogamie flowers are invariably fertilised, and
as they are produced in large numbers, they yield
altogether a much larger supply of seeds than do
the perfeet flowers on the same plant. DBut the latter
flowers will occasionally be cross-fertilised, and their
offspring will thus be invigorated, as we may infer
from a wide-spread analogy. DBut of such invigoration
I have only a small amount of direct evidence: two
crossed seedlings of Ononis minutissima were put into
competition with two seedlings raised from cleisto-
gamic flowers; they were at first all of equal height;
the crossed were then slightly beaten ; but on the fol-
lowing year they showed the usual superiority of their
class, and were to the self-fertilised plants of cleisto-
gamic origin as 100 to 88 in mean height, With
Vandellia twenty crossed plants exceeded in height
twenty plants raised from cleistogamic seads only by
a little, namely, in the ratio of 100 to 94.

It is a natural inquiry how so many plants belong-
Ing to varions very distinet families first came to have
the develgpment. of their flowers arrested, so as ulti-
mately to become cleistogamic. That a passage from
the one state to the other is far from difficult is shown
by the many recorded cases of gradations between the
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two states on the same plant, in Viola, Oxalis, Biophy-
tum, Campanula, &e. In the several species of Viola
the various parts of the flowers have also been modified
in very different degrees, Those plants which in their
own country produce flowers of full or nearly full size,
but never expand (as with Thelymitra), and yet set
fruit, might easily be rendered cleistogamic. Lathyrus
nissolia seems to be in an ineipient transitional &tate,
as does Drosera Anglica, the flowers of which are not
perfectly elosed. There is good evidence that flowers
sometimes fail to expand and are somewhat reduced
in gize, owing to exposure to unfavourable conditions,
but still retain their fertility unimpaired. Linnmus
observed in 1753 that the flowers on several plants
bronght 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 North-
ern 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
anthers, and no seed was formed. The flowers of
Lys:'mm:ﬁ?'ﬂ wulgaiis if fully exposed to the sun expand
properly, while those growing in shady ditches have
smaller corollas which open only slightly; and these
two forms graduate into one another in intermediate
stations. Herr Bouché’s observations are of especial
interest, for he shows that both temperatnre and the
amonnt of light affect the size of the corolfa; and he
gives measurements proving that with some plants
the corolla is diminished by the increasing cold and
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darkness of the changing season, whilst with others
it is diminished by the increasing heat and light.*
The belief that the first step towards flowers being
rendered cleistogamic was due to the conditions to
which they were exposed, is supported by the: fact
of various plants belonging to this class either not pro-
ducing their cleistogamic flowers under certain condi-
tions, or, on  the other hand, producing them to the
complete exclusion of the perfeet ones. Thus some
species of Viola do not bear cleistogamie flowers when
orowing on the lowlands or in certain distriets. Other
plants when cultivated have failed to produce perfect
flowers during several successive years; and this is
the case with Juneus bufonius in its native land of
Russia. Cleistogamic flowers are produced by some
species late and by others early in the season ; and this

aprees with the view that the first step towards their de-

velopment was due to climate ; though the periods at
which the two sorts of flowers now appear must since
have become much more distinetly defined. We do not
know whether too low or too high a temperature or the
amount of light acts in a direct manner on the size of
the corolla, or indirectly, through the male organs being
first affected. However this may be, if a' plant were
prevented either early or late in the season from fully
expanding its corolla, with some reduction in its size,
but with no loss of the power of self-fertilisation, then
natural selection might well complete the work and

* For the statement by Linnmus,
gz¢ Mohl in * Bot. Peitang,! 1863,
p. 827. Asa Gmy, * American
Journul of Science, 2ml serics,
vol, xxxix. 1885, p. 106, Dennett
i * Nature;] Nowv. 1868, po 11
The Hev. G Henslow alan saya
(* Gardener's Chroniels,! 1877, P
271 : nleo * Nature,” Oct. 19, 1876,

o 543 ¢ that when the au{nmn
draws oo, and habituslly in winter
for eueh of our wild flowers os
Tilassom at thatseason,’” the flowers
are seli-fortilised.  On Lysima-
chin, H. Miller, ‘ Nature,' Sept
1874, p. 433 Bonche, * Sitzungs-
berioht der Gesell. Naturforeeli,
Frounde,” Oct. 1874, p. 80,
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render it strictly cleistogamic. The various organs
would also, it is probable, be modified by the peculiar
conditions to which they are subjected within a com-
pletely closed flower; also by the prineiple of corre-
lated growth, and by the tendency in all reduced
organs finally to disappear. The result would be the
production of cleistogamic flowers such as we mnow
see them ; and these are admirably fitted to yield a

copious supply of seed at a wonderfully small cost to
the plant.

T will now sum up very briefly the chief conclusions
which seem to follow from the observations given in
this volume. Cleistogamic flowers afford, as just
stated, an abundant supply of seeds with little ex-
penditure ; and we can hardly doubt that they have
had their structure modified and degraded for this
special purpose ; perfect flowers being still almost al-
ways produeced so as to allow of occasional cross-fertilisa-
tion. Hermaphrodite plants have often been rendered
moneeeions, dicecious or polygamous ; but as the sepa-
ration of the sexes would have been injurious, had not
pollen been already transported habitually by in-
sects, or by the wind from flower to flower, we may
assume that the process of separation did not eom-
mence and was not completed for the sake of the
advantages to be gained from cross-fertilisation. The
sole motive for the separation of the sexes which
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 gsame indi-
vidual should not have its vital powers taxed, under
the struggle for life to which all organisms are sub-
jected, by producing both pollen and seeds. With

=y
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respect to the plants belonging to the gyno-dicecious
sub-class, or those which co-exist as hermaphrodites
and females, it has been proved that they yield a
much larger supply of seeds than they would have
done if they Lad all remained hermaphrodites; and we
may feel sure from the large number of seeds pro-
due.:%d by many plants that such production is often
necessary or advantageous. It is therefore probable
that the two forms in this sub-class have been sepa-
rated or developed for this special end.

Various hermaphrodite plants have become hetero-
styled, and now exist under two or three forms; and
we may confidently believe that this has been effected
in order that cross-fertilisation should be assured.
For the full and legitimate fertilisation of these plants
pollen from the one form must be applied to the
stigma of another. If the sexual elements belonging
to the same form are united the union is an illegiti-
mate one and more or less sterile. With dimorphie
species two illegitimate unions, and with trimorphie
species twelve are possible.  There is reason to believe
that the sterility of these unions has not been specially
acquired, but follows as an incidental result from the
sexual elements of the two or three forms having been
adapted to act on one another in a particular manner,
so that any other kind of union is inefficient, like
that between distinet species. Another and still more
remarkable incidental result is that the seedlings
from an illegitimate umon are often dwarfed and
more or less or completely barren, like hybrids from
the union of two widely distinet species.

o
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Eerner, Prof,, on g “florets, 6; duri-
guhe:_;lﬂ; liybrid gﬂrms of Primula,
9% T3: on use of Lnirs within

‘i’?-ﬂ
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EIRK.

the eorolla, 128 ; size of corolln in
male flpwers, 509; use of glauds
tection to Howers, 331

s &

EKirk, Dr., on Monochoria vaginalis,
831

Knoria, 135

Eoch on Primula longifora, 50

Foraecheninikmeia, 512

Kuhn, I#., on cleistogamic flowers,
8. 310, 8511; list of plants pro-
dueing differently formed sceds,
9 : heterostyled plants, 244 ; Fan-
dellin nummularifolis, 534; T,
seesiflora, G20

L.

Lagerstroemin Tndiea, 167

—— prefilara, 168

—— reqing, 168

Lathyrns nizsolie, 326, 342

Leeog, H., on the common maple,
12; cowslips aml primrosea, 47 ;
FPrimula elatior, T2 ; Tinem Aus-
trimewne, 98; Lythrum hyssopi-
Sfolia, 166; Rhamuus, 296; gyno-
diegiona plants, 200: Seabiosa
suaciar, 305 ; Viela odorafa, 317

Leersia orysoides, 333-5335; pollen-
Eraing of, 335

Leggeit, Blr., Pondaderic cordala,
187

Legilimate uniong, summary on the
tertility of the two, compared with
that of the twoillegitimate in Pri-
mula, 46-40; fertility of, com-
pared with ilegitimate, 246

Leighiton, Ttev. W. A., on the cows-
lip and primrose, 56; Ferbasewm
rirgatum, 78

Leontodon, pollen-grains, 358

Leptoriplion, 115

Leucosmin aswminata, 114

Lily, the Glorios, 146

Limmenihemum fndisum, 116 ; pol-
lon-graing, 250 anthers 252

Lifnarin apurin, 325

Lindley on Fragaria elatior, 293

Linnmnas on Pri'mﬂ!'uilerigr l,'ufﬂ'ﬂffﬂ
wied elatior, 56

Linum angustifolivm, 100

Burneitionm, 114 stigmn, 253 |

MENYANTHES.

Linum dugtrinenm, 07

eatharticum, 100

— eorymbifarumn, 100

flavum, 81, 95 ; stamens, 252

—— grandifforum, 8l: various ex-
periments, 87-88, 96 pistils and
slamens, 253, 204 ; sterile with its
own-form pollen, 264, 266

—— Lewdsii, 101

—— perenne, 9U: torsion of the
styles 05 ; long-styled form, 97;
stigmn, 347

— arlaolaides, 100

— trdgymn, 100

— usilalissimun, 100

Lijx‘mlumr{, 154

Lysimachin vulparis, 4, 342

Lythrim Gragfferi, 165

— hyssaprifolin, 166

—— galimaria, 116, 137 ; power of
mutnal fertilisation between the
three forms, 149-157; summary
of resnlts, 157-164; illegitimate
offspring {rom the three forms,
191-208 ; concloding remnrks om,
2053-211; nod-styled form, 241,
257, 258, 280 ; secds, 248

—— thymifolia, 163

b

Malpiyhimeeas, 851

Munettiv Weolor, 155

Muple, the common, 12

Muarshall, W., on Primula elatior,
i Immfrrg{r lanoepdialo, S0G

Musters, Dr. Maxwell, on cleisto-
gamic flowers, 8

Moximowice on Kroscheninikowda,
S12

Meelian, Mr., on Mitekelln, 285 ;
Epigaa repens, 297

Meligsn clinipodinm, 299

officinalis, 250

Mally, Corren de, on droehis, $132;
Voandzeiu, 327

Menthe dgueation, 250

= hirguta, 203

— pulgris, 208

Menganthes, 511

trifulicla, 115
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MICHALET.

Michalet on Oxalis acetosella, 321 :
Loanarie spuria, 325

Mitahella, 255

—— repona, 125

Mohl, H. won, on the common
cowslip, 14 siza of corolln in the
saxes of the same species, 307,
803 ; Trifolinm and Arackis, 819
eleiatogamic  flowers, 314, $42;
Oxaliz acefosella, 321 . Tmpaticns
noli=-ma-tangers, 820 Spreularia
perfolinte, 330

Muollice lepidota, 168

specioas, 168

Monmer, M., on Visla, 318

Monochorie vaginalis, 330

Mulberry, the, 10

Miiller, ., on Fiola caning, 514

Miiller, Fritz, on pollen of the Fil-
larsiar, 116; Furamea, 128-130;
FPasogearia fragrons, 181 ; Nedea,
167 5 Ozalis, 180, 181 ; Pontederia,
188-155; Chealin Reguelli, 212;
Chirmisson, 202

Miiller, H., on the frequency of
visita by insecte to the [Mphelli-
Sevwe wund Composite, 5 on dicho-

amy, 10; on Anthopkara and
embyling sueking the enwslip,

23 Primule elatior, 32 P, villosa,
40 Hottoniw pelistrie, 51; tablo
of relative fertility of, 52 53.
Finwm eathactfenm, 1007 Poly-
gonem fagupgrrint, 1135 Lythrum
palivarin, 145; on the origin of
heterostylism, 263; on the La-
Biloctar, 209, 304 ; Thymats serpyillnm
800 ; Seabiosa arvesais, 305 ; Plan-
tagn famecolinla, B0G; sizge of co-
rolle in the two sexes of the aame
apecies, 808; Tmpertions balse-
ming, 328; Lysimoachia, 348

Myosatte, 308

N.

Nepeta glechoma, S01

Nertern, 285

Nesaa corticillala, 16T

Noluna  prostrate, varinbility in
length of stamens and pistil, 201

Nyctaginiu, 313

POLEMONTACGER.

Q.

MNdenlandia, 1532

feacen, 117

Oliver, Prof., on ovnles of Primula
verds, 17; Fiole 318 ; Campunula
colralo, 330

Dnanis colemne, 525

minutissimi, 526, 34T

— prrreiflora, 326G

Origanum rulgors, 208 Y

Oxalis aeefosalla, 181, 182 ; pistil of,
261 ; cleistognmic flowers, 821 ;
pellen-graing, 538

— Boedd, 174

—— compresse, 179

—— cornfenlnta, 181

—— Depped, 1749

_ Imﬂﬁrmaﬂﬁ. 213

—— lomostyled speocies, 181

—— {nearaate, 323

—— Regnelli, 173-175, 212

rosem, 178, 218

{Hinphytinm)

322 ; stirmn, EE':S iaia

specioan, 169, 178,

T ivieta, 181, 182

—— tropmalaides, 152

Valdiviana, 170-172, 211, 212

Ohxlip, the Bardwell, 82, 72

L the oommon, 537 differences

in gtrocture and function betweey

tha two parent-species, 36 effecty

of eroseing, B0 ; o hybrid betwoeg

the cowslip and primrose, 70

Ozybaphus, 318

genaifiva, 181,

P

Pmony, pollen-graing of, 538

Parallelism between illegitimate g
hybrid fartilisation, 234

Parvonia, 815

Phiox Hentzid, 120

nivealiz, 120

eubulata, 119, 287

Planchon on Linunt salsoloides, 10 .
L. Lewizid, 101 ; on Hugonia, 100

Plantage laneealata, 306

wedie, 507

T'olemoniaces, 118

1
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POLLEN-GRATINSE.

Pollen-graina, relative dinmeter of,
240

Polyanthus, 18

Polygonacea, 111

I’g!’wmmm bistorta, 114

— fagopyrum, 111, 2535 pollen-
ning, 251
ontederia, 183 ; pollen-graing, 156 ;
miza of anthers, 252

— sofiala, 157

Pospqueria frogrons, 131

Pﬂm. thie eommon, 34, 57-T1

FPrimula, the, heteroatylod species of,
14 ; summary on, #3-48; homo-
gtyled speoios, 49

aurienle, 50, 45,48, 74, 233

— equnl-styled varieties, 273

—— eorfusoides, 1

—— elula, 49

elatior, Jaeq., 82 ; relative for-
tility of the two forms, 33, 47 ;
not & hybrid, 72,78 equal-styled
var. of, 924, 274

——— furinos, 45; equol-styled var,
224, 273

—— hirsita, T4

— ineoluciitn, 45

—— longiftora, 50

—— moilis, 4, 60

—— Epabioa, 49, 60

—— Sibirica, 49

——— Sikktmensts, 44, 47

——— Sinensis, 22, db, 38; relative
lertility, 3045 47, 49; long-
gtyled, 213; short-styled, 215;
transmission of form, conatilution
and fertility, 216: equal-styled
¥arioty, 218228, 278, 274

T #tricta, 50

——— werin, 14; difforence in stroe-
tory between the two forms, 15;
Aegrecs of fertility when legiti-
mntely or illegitimately united,
25-82; fertilily possessed by ille-
Bitimate plants, 228-234 ; equal-
Styled red varioty, 2549258 Loerg-
;L;u'f!ml. 241 ¢ length of pistil, 261,

; :

~—— verficilinta, 49, 50
T willopa, 49

T vulgaris (var. geauliz Linn.),
34; pollen-grains, 83; relative for- |

SETHIA.

tility of the two forma, 87 ; leneth
of pistil, 266
Prinmula rulgares, var, rubra, 224898
Prunelly eulgaris, 299
Payehotrio, 135
Pulmonaric angnstifolia, 104, 239
anthers, 252, 287
— dbrnrea, 110
offieiualis, 101, 238 ; number of
flowirs, 248 pistil, 250

E.

Ranunculus aquatilis, 811

Ray-florets, their vee, &, G

Hthamuus catharticns, 204, 307 ; sige
of corolla, 308

— frangula, 297

lanceolatus, 205

Rbinanthug eriafa-galli, 4

HRubiacew, 125, 131-136; =size of
anthera, 252: stigmps, 253:
number of heterosiyled penera,
284, 285

Rudgen erfenihe, 185

Rue, the comuon, &

Tuellia tuberosa, 329

8.
Balvia, 308
—— elefatogana, G40
Horminwm, 8
Satureia horlensies, 503, 304
Seabiven arvensis, 305
—— afro-purpuran, 305, 307
— gitocisd, S0
Beolt, J., on Primula awriewla, 30,
43, 223; P. wvwiporis, 34; (var
rubra), 224; F. Sitkimensiz, 4
F. forinnen, 45, 824 ; homnstyled
Privule, 49, 50; hybrids, 74, 75 ;
length of pistil, 272; Hottonin
Tustrds, 61; Androsaee wital-
i, 587 Polyantig. 58 ; Mit-
clelle ropens, 1273 Aeanthncee,
818+ Kranthemuo embigunm boar-
ing three kinds of flowers, 329
Seroplhuloria aguadic, 147
Serrabula tincloria, 250, 307
Sethia aenminate, 122
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BETHTA.

Bethia oldusifolia, 122

Bmith, Sir J. B, on the carrof, 8;
bybrid Verbascuwms, 76, 78; Sar-
rafula  tincforia, 280 ; Cnicus,
307 ; Subularia, 311 ]

Seldanella alpina, 54

Speenlarin perfoliala, H30

Bponce, My, on Mallia, 168

Bparmacose, 185

Bprengel on Hotfonia palustris, H1

Stallaria grondnea, 315

Birawherry, the Hautboiz, 2958

Subalaria, 311

Suteria, 151

T.

Thelymitra, 313
Thomamm, Dr., on Cempanula, 350
Throm-eyed, origin of term, 14
Thwaites, Mr., on ovules of Lim-
nanthemum Indicum, 116 ; Sothin
Eﬂﬂlimtﬂh 122 Disompermum,
3

Thymelia, 114
Thymmia eitriodores, 501
ylleem, 205, 301, 502, 304

vailiariz, 02

Timhﬂl-{ngmve, M., on hybride in
genus Cistus, 76

Torray; Dr, on Hottonic inflata,
5, 813

Transmizcion of fhe two fonng of
heterostyled plunts, 268-270

Treviranug  on  Androsace  wital-
liana, 53 ; Ldnwa, 81

.

Vaudellia weemmularifolia, 324

pengiflorn, 325

Vaucher on the carrol, 8; Solda-
nella lping, 54; Lythram sali-
earia, 138, 144; L. thymifolin,
165; Jflex aquifolium, 207 ; on

WEAT.

Lakialz, 299: Fiola hirla and
eollina, 317
Verbasewm, wild liybrids of, 75-80
—— Iychnrtis, 30, T6-78
—— phanicenm, 78 |
— thapeus, T6-T9 ‘
wirgoutum, T8
Viburawm, 6, 7
Fieia, 327 .
Fillarsin, 116 ; anthers, 258
Fiole aiba, 315, 520
tieolor, B20
— hiflore, 520
eanina, d14, 321
—— eallina, 517
elatior, 320
— hirla, 318, 320
—— ionoddinem, 320
Inneifalin, 520
—— miralklia, 320
nana, 319, 320; pollon-graing

of, 858 |
oddorata, 917, 336 \
—_— _Er!'ﬂ-&'h'is. &20 "u‘ i
—— Roelwrghiana, 310

—— Hinppii, 320
eylmm. 20
tricilor, 4, 220
Voandzeia, 327

w.

Walnut, the, 10

Wataon, H. O., on cowslips, prim-
roees, and oxlips, 67, 60, 6%
Primulu elotior, 72, 78

Weddell, Dr., én hybrids between
Aeeras and Orekis, 76

Wetterhan, Mr, on Corylus, 10

Wichurn, Mox, on hybrid willows,
6 sterile hybrids, 240

Wirteen on Lythrum salicaria, 138,
144, 148

Wooler, W., on Polyantlus, 18

Wray, Leonard, on Fragaria, 203
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Portrait, Crown Svoe 128
——— . Table-Talk. Portrait. 12mo. %s. 8d.

COLES (Jorsh Summer Travelling in Iceland. With a Chapter
on Askja, Bv E. [, Mozoax, Map and [lustrations. 1Bs.
COLLINS (J, Cuunrox). Bowrwomromm: an Historieal Study.

With an Essay on Voltalrein Evgland, Crown fivo. s, Gd
COLONIAL LIBRARY. [See Home and Colonial Library.]

COOK (Canon F. €. The Revised Verslon of the Thres Firat
Gioapels, eonabitored in it8 Dearings wpon the Rocord of Cur Lord'd
Words and Incidents in His Life. Bvo. 3

The Origine of Language and Religion. Considered
in Flve Fssays. v, 1568,

COOKE (E. W.). Leaves from my Sketeh-Book. With Descrip-
tlvn Taxt, B0 Plates, 2 Vola, Small folin. 3ls. &i. each.

(W. H.). Collections towards the History and Anti-
quitian af the County of Hereford. Vol TTL In continnation of
Lmnenmb's History. Illustrations, d4io. £3 12 8d.

COOEERY (Movers Dowesria), Adapled for Private Families,
By s Lady. Woodeuts. Feap, fvo, Ba,
CORNEY GRAIN. DBy Himeelf. Post 8vo, la.

COURTHOPE (W, J.). The Liberal Movement in English
Literatore. A Béries of Essnys. Fost fve, 8s

CRABBE (Rev. G-). Lifo & Works Illustrations, Royal &vo. 7a.
CRAIK (Hesey). Lifaof Jonnthan Swift. Portrait. 8vo. 18s

ORIPPA (WrnrRen), Old English Plate : Eeclesisstieal, Decorative,
nmil Domestie, 168 Makers and Marks, Now Editlon. With Illostra.
tiomes andd 2010 facsimile Plate Marks, Aodiom Svo. 918
*% Tables of the Date Lotters and Marks sold saparntoly. G,

———— French Plate : Tts Makers and Marks, With facsimiles,
Bvo, Ba Bd

CROKER (Rr. Hom J. W.). Correspondence, ke, relating to
the chief Politieal aod Bogisl Events of the firsd half of the present

Centnry,  Edited by Loum J. Jewsimas, M.P, With Porirait. 8
Valg, &vo. 465

Progressive Geography for Children. 18mo! 1s 6d.
Boswell's Life of Johnson, [Se Boswein,]
- Historical Essay on the Guoillotine, Feap, 8vo, 1Ia

CROWE awp CAVALOASELLE. Lives of the Farly Flemish
Palnters, Woodenta, Post 8vo, 7a. 84,7 or Largs Paper Bvo, 16s,
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CEROWE'3 Life and Times of Titian, with eoms Account of his
Family, chiefly from new and nopublished records. With Porirall and
Nlnstrations. 2 Vols, Svo. 21a

Raphael ; His Life and Worka, with Particular Refer-
enea to recently discoversd Records, and an exhaustiva Study of
Extant Drawings and Pictured. 2 YVolg, Bwa, 835

CUMMING (BR. Gonpox). Five Yenrs of 2 Hunters Lifs in the
Far Interior of South Africa. Woodcuts. Post fro, 6
CURRIE (C. L.}, An Argument for the Divinity of Jesus Christ.
Transiated from the French of the Apng Ex. Boveaop. Post Sva, Bl
CURTIUS' (Proreeson) Student's Greek Grammar, for the Tpper
Forms, Edited by Dk, Wil BsiTn. FPost vo, s
Elucidations of the above Grammar, Translated by
Everys Annor. Post Bvo.  Ta 6d.
_ Bmaller Greck Grammar for the Middle and Lower
Ferms. Abridged from the Iarger work. 1Zmo, B Gd
Accidence of the Greek Langoage. Extracted from
tha above work. 13mo.  2x Gd.
Principles of Greek Etymology, Translated by A. 8.
Witkise and E, B, ExoLaxp. New Edition, 2 Vols, Svo, 285,
————— The Gresk Verb, its Structore and Development.
Transiated by A, 8, Wirkivs, and E. B. Exvonaxn, Svo, 12s

CURZON (How. Hopert), Visits to the Monasteries of the Levant,
INnatrations,  Post 8va. T4, 6d,
OUBT (Grserar), Warrlora of tha 17th Centurv—Civil Wara of
Franes and England. 2 Vaols. 168s. Commandars of Fleots and Armias.
2 Vols, 184,
= Annals of the Wars—18th & 10th Century,

With Maps. 8 Vala. Post 8vo, Be, ench

DARWIN'A {C]IJLH.LEE) Life and Listters, with an antohiographical
Chapter.  ®dlied by his Son, Feases Dapwis, F.ILE. With Por-
traits and Woodouts, 4 Vold, Bvo. 4=

WORKS :—New and Cheaper Editions,

JoURNAL OF A NATURALIST DURING A YorTaGE nousp THE
‘WurLp. Crown Svo.

Oxia1x o Speors By MEans o Narorat Sereorion; or, the
Preaorvatlon of Favoured Haces in the Btruggla for Lifa, Library
Edition. 2 vols. Orown Svo, 124 or papular Edition, Orown By’ 88

Dizscexr oF Maw, awp Serkorrow 1w REpatrow To SEX
Woodcuts. Library Edition, 2 vels, Crown Sve 18§ or popular
Edition, Crown Svo.  Ta. Gd.

Varramion of ANIMALS AWD Praxts viper DoMBSTICATION.
Woodeuta, £ Vol CrownSva, 1hs, i
Exrressroxe oF THE Emotions 18 Maw axp AwrMans “_itﬂl

Ilastrations.  Crown Bvo. [T pereperralion,

Yantovs ConTRIVANCES BY WHIOH Onceims alg FEETILIZED
¥ Ixpzcrs. Woodouts, Crown Bvo, Ta, A

Movenerrs awp Hapizs or Crorumiyg Prases, Woodeots
Gm_'lrn Eva, s

IssEbrivonans Prants, Woodeuls, Crown 8ve. Da

Erveors oF Crozs ave SEnv-Feeriurzarios o 108 VEGETABLE
KivapoM. Crawn Gvo. B

Dirvengre Fopwz oF Frowems ox Prasrs oF THE BAME
BrEcIxs. Orown Bve. T Gl




8 LIST OF WOREKS

DARWIN— continued.
Power o Moveusnr 15 Praxze,. Woodents. Cr. 8vo.
Ture Forsarion oF VeEsrrapre MorLy TERoUGH THE AOTION OF
Worms. With lllustrations, Poat Hvo. 84,
Livg or Enaexvs Danwix. With a Study of his Works by
ErxEsT Kpavs®. Portralt, New Edition,  Crown 8vo. Ta. 6d.
Facrs aAND Anaouests For Darwin, By Fars Muniee.
Transinted by W, 8, Darras. Woodouts, Poat Svo. Bs
DAYY (8 Huupary)., Consolations in Travel; er, Lost Daye
of n Philosopher, Woodents, Feap, Bvo. s Od.
—— HBalmonin; or, Days of Fly Fishing. Woodoute.
Feap. Bvo, 3. 6d,
DE COSSON (Masor B, A)). The Cradle of the Blue Nile; a
Jeurney through Abyssinia apd Scudan, Map and Illustrations.
2 Vols. Tost Gvo. 215
Days and Nights of Service with Sir Gerald Graham's
Fiold Forca st Suakim, Plan and [lusirations, CrownBSve,. 14e
DENNIS (Geonsr). The Cities and Cemeteries of Xtruris.
W Plans and 200 Tlustratons, 2 Vols. Mediom Bro. 215
(Ropert), Industrial Ireland., Suggestions for a Prac-
tical Policy of *Ircland for the Irish,”” Crown 8w 62
DERBY (Eirr or). Iliad of Homer rendered into English
Blank Versa, With Portrait, 2 Vols, Post 8vo. 10s
DERRY (Bismor o). Witness of the Pealms to Christ and Chrie-
tinnity. The Bampion Leetures for 1678, Bvo. 14s,
DICEY (Peor. A. V.). England's Case sgainst Home Rule,
Thind Edition, Crown Bvo, 7s Od. .
Why England Maintsins the Union. A popular rendering
of theabove, By O E. B Feap &, 1&
DOG-BREAKING. [See Huronrseon.]

DRAKE'S (Sin Fuawoms) Life, Voyages, and Exploits, by Sea and
Land, By Jonw Banwow. PostBvo, 2 1
DRINKWATER (Jomw). History of the Siege of Gibrallar,
1778-17683. With n Description of that Garrison. Fost8vo, 2s,

DU CHAILLU (Pavu B). Land of the Miduight Sun; Illus-

trationa. 2 Vals. Bve, 38 B
The Viking Age. The Early History, Manners,
anil Oustoms of th Ancesturs of the Englislespeaking Notions,  Tllos.

trated from antiguities fund fn monnds, esiros, and bogs, a8 well as
from the anclont Engasand Eddas, Wnh 1,200 Illustrationd, 2 Valas,

fva.

DUFFERIN (Lorn), Letters from High Latitudes; a Yacht Voy-
.,Egm]u]md.émnnrm\,nndsp[hhﬁmm. Woodents, Post Sva, Ta. id,

BN _— Bpeeches and Addresses, Political and Literary,
doliverad in the House of Lords, In Cansda, and eleawhera. Ewvo, 19

DUNCAN (Cor) Histary of the Royal Artillery. Com.
piled from the Original Becords. Portraits. 2 Vols. Bvo, 18

Englich in Spain; or, The Story of the War of Sge.

seanlom, 1694=1840.  With Ilustrations, Svo.  1fn

DURER (Asomst); bis Life and Work. By Dn. Mmaversa,
Transiated from the German.  Edited by F. A. Eatox, M.A, With
Portrait and Ilustrations. 3 Volp, Medium 8vo. 425,

BASTLAKE (Sim C.). Contributions to the Literatore of the
Fins Arts, With Momeir by Lapy EARTLAKE. 2Vols. Bvo, 24a,
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EDWARDS (W. H.). Voyage up the River Amaron, including a
Vialt to Parn.  Post Svo. 2,
ELDON'S (Logp) Public and Private Life, with Belections from
hin Dinries, &o, By Homaox Twiss, Portrait. 2 Vols, Post Bve, s,
ELGIN (Loan). Letters agnd Journals. Edited by Tarponoex
Warnosp, With Preface hy Dean Stanley: Bvo. 1dr,
BELLESMERE (Lomp), Two Sieges of Vienns by the Turks,
Tmnslated froem the German. Past Bra. 2,
ELLIS (W.. Madagasear Revisited. The Persecutions and
Harole Sufurings of the Native Christines, Tllostrations, Bva, 185
Memeolr. By His Bow. Portmit &ve. 10z 6d.
{Ropixeox). Poems and Fragments of Catullug, 16mo. 5s.
ELPHINSTONE (How. M.), History of India—the Hindoo and
Mahommedsn Periods, Edited by Proressor Cowers, Map. 8vo, 18s.
The Rise of the British Power in the Easl. A

Continuatiom of his History of Indin in the Hindoo and Mahsmmedan
Parleds, Edited by 8m E. ConenetukE,; Bart. With }ll..p:_ Sro. 184

——  Lifeof. [Bec CoLEBROCKR.]
—_— — (H. W.). Patterns and Instructions for Orna-
montal Turning., With 70 Illestrations.  Small dio, 184
ELTON (Carr) and H. B. COTTERILL. Adventures and
Dipcoveries among the Lakes nnd Mountaine of Esstern and Central
Africa. With Map nnd lllustrationd. Bve. Zlr
ENGLAND, [BeeArrava—Brewsr— Crosen—Huur—Mineman
—Hwra—and Srammore.]
ES8AYS ON (QATHEDRALS., Edited, with an Introdoction.
By Deaxy Howsow, Sve. 12x
ETON LATIN GRAMMAR. For use in the Upper Forms,
By Framom. Hay Rawniss, M.A., nnd Winnras Racrs Isce,
BEA., Assistant Masters st Etont Orown Svo, s
ELEMENTARY LATIN GRAMMAR. For use in
the Lownr Forms,  Compiled by A, G, Amxaen, M.A., and H. G.
Wintes, M.A, Crown Eve, B 6d. o
THE PREPARATORY ETON GRAMMAR. Abridged
from the above Work. By the same Editors, . Crown Svo, Iy,
FIRST LATIN EXERCISE BOOK, adupied to the
Elemenlary nnd Proparatory Grammars, By the same Edibars.
Cromn Hvo, 2y §d,
—— FOURTH FORM OVID. Selections from Ovid and
Tibullua.  With Notes by H, (¢, Wrxten.  Fost Svo,  2u Bd
HORACE. The Odes, Epodes, and Carmen Swoularé.
With Notes,  Hy F. W, Conxrsm, MLA. Maps, Crawn Svo, 8
EXERCISHS IN ALGEBRA, by E. P. Rouss, M.A., and
Awror Coogsnorr, M.A. Crown 8va, &5
EXGHCISES IN ARITHMETIC, By Ruv. T. Danrox,
M.A, Crown&vo, 31
FELTOE (Rev. J. Lerz). Memorfals of Jobhn Flint South, twica
Frealdentof the Eoyal Cellege of Burgeons. Pertrait. Crownfve, To 8
FERGUS30ON (Tawes). History of Architecture in all Countries
from the Exribast Times. With L6830 IHustrations, 4 Vola. Medium Svo,
Yels, I & [1. Ancieot and Medipval, 63s.
111, Indian & Eastern. 425, 1V, Modern.
FITZGERALD (Bishop). [Leolures on Eelesinstical History,

including the origin and progress of the Erglish Reformatisn, from
Wicliffe to the Great Rebellion, Wik & Memoir. 3 Voln, Sve. 21s
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FITEPATRIOK (Winztas J). The Correspondence of Danfel
O'Connell; the Liberaior. Now first published, with Notes, With
Porivait. 2 Vols, Hvo. B

FLEMING (Provesson). Student’s Mamunl of Moral Fhilosophy.
With Quotations and Reforences, Post 8vo. T G

FLOWER GARDEN. By Rev. Tmos. Jawps, Feap. 8vo. la

FORD (Riomann). Gatherings from Spain.  Post 8vo, 8a 6.
FORBYTH (Witirau). Hortensivs; en Historleal Essay on the
Office and Duties of an Advoeate. [llustentions, Svo, Ta 8d.

FRANCE (Himsrory o). [Bee Anrnvn—Mainssin —Burre—
STUDENTS —TOCQUEYILLE. |

FRENCH IN ALGIERS; The Soldier of the Foreign Legion—
and the Prisoners of Abd-el-Kndir, Post Bvo, 21

FRERE (8m Bawriz). Indian Missions. Small Svo. 25 8d.

- Migstonary Labour in Eastern Africa. Crown 8va.  Be.

—— Bengal Famine. How it will be Met and How to
Frovent Futore Famines in Indian. With Maps, Crown Svo. Ba

——— (Many). 01d Decean Days, or Hindoo Fairy Legends
enrrent in Seuthern India, with Introduction by Bir Dasrue FrRERE,
With Ilnsirations. Post Bvo.

GALTON (F.). Art of Travel ; or, Hints on the Shifta and Con-
trivances nvailaklo fn Wild Countries. Woedents, Post Ave. Ta. &

GAMBIER PARRY (T.). The Ministry of Tine Art to the
Happiness of Life.  Revised Edition, with an Index. 8vo. 145

GEOGRAPHY. [2ce Buwpunr— Croxen— Hiomirpsox — S817H

—8TUDRETE. |

GEOGRAPHICAL SOCIETY'R JOURNAL (1845 to 1381.)
SUFFLEMENTARY FPAPERS.
Vol I, Part h  Travols and Roaenrches In Western China. BY

K, CoLponke BabEk, Maps, Royal Bve,  Ba in

Part (L1, Notes on1le Recent Grography of Central Asin;
from Russlan Sonreen, By E. DELMAn MoRoas, = Il"m-
gress of Discovery on the Coasts of New Guines. By U. B,
Maniiam, With Dihbliographical Appendix, by E. U. REye.
Maps, Royal Bro,  Be,

Part fit.—1, Report on Part of the Ghil=l Country, &e. By
Liant, J. 8. Buoappoor. % Joumey from Shime to Jushlk,
By J. It, Peexor.  Roynl Bva, 2o 8dh g

Part ﬁ:_'?.—gl?ﬂgdmyhlml Edscation, By J. 8 Kewrie Royal

0. 2, it
Vol. 11., Part L.—1. Exploration in Bootherp and Sonth-wostern

Ohinn. By Amcmmann K. Covgouous. 2 Hibliography
and Capography of Hispanioln, Hy H. Lisg RerH
8. Explornttona fn Fanribar Dominionn by Lieut. Ceas
BTEWART smrru, BN, Koyal Bro. 34 Od. y

Part ii. —A Bibil=graphy of Algeria, from the Expedition of
Churles V. in 1641 to 1857, By S8 K. Lasnest FLaYFalR.
Roysl fvo, da

GEORGE (Ernesr). The Mosel; Twenty Etehinge, Imperialdto, 422,
— Laire and Booth of France; Twenty Etchings, Folio, 428,
GERMANY (Hreront o). [See Margmam.] ? :

GIBBON'S History of the Decline and Fall of the Homan Empire.

Edited with notes MiLsax, Guizor, and De. War, Sarrs.  Maps,
B Vola, SBvo. B0s, Btodent's Editicn. 7o 8d,  (Bee Brovest's.)

GIFFARD (Eowann). Deedaof Naval Daring; or, Ancedotes of
the British Navy. Feap. Gvo. Os Bd,
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GILBERT (Joeran). Landseape in Art: hefore the days of Claude
and Salvator. With 150 Illnatrations, Medikm Sve, S0r

GILL (Carr.). The River of Golden SBund, A Jonrney through
Uhina to Burmab., Edited by E. Q. Bamen. With Memom by Col.
Yurw, C.B. Portmait, Map and Illustrations.  Fost Svo.  Te Gd.

—— (M=as). Bix Months in Ascension. An Unseicntific Ae-
eoiint of a Beiealific Expedition, Map, Crown Svo, 9a.

GLADATONE (W. E). Rome and the Newest Fashions in
Beligion. Bvo, T 6d.

——— (lleanings of Past Yeara, 1843-Y8. § Vola. Small

- Bro. 2y 8d.each. J. The Thrope, the Frince Consort, the Cabinat and

Constitutlon. II. Perfonal and Literary. III, Historical and Epecn-
lative. IV, Foreign, V.and VI Ecclesiastical. VIL. Miscallnmeous,

GLEIG (G. R). Campaigns of the British Army at Washington
and Naw Orleansd. FPosat Bva. s,

— ———— Btory of the Battle of Waterloo. Post Bvo. 8. 6d.

——— Narrative of Sale’s Brignde in Affirhanistan, Post Svo. 2a.

—— Lifs of Lord Clive. Fost vo. 8s. 0d.

——— S8jr Thomas Munro. Fost vo. 3. 6d.

GLYNNE (8 Stepnen ). Notes on the Churches of Kenl. With
Prafass by W, H. Gladatome, M. P, Illoateations.  Svo. 184

GOLDSMITH'S (Ourves) Workse., Hdited with Notes by Perer
Cusprsamas, Vignotten, 4 Vals. Bvo, 80s,

GOMM (F.M. 8rs Wau), His Letiera and Journals, 1762 to
1615, Edited by F.C. Carr Gomm. With Porirait, Bvo.  12s
GORDON (S Awex.). Sketches of German Life, and Scenes

from the Warof Liberation, Post Bvo, He 6d,

—— (Larx Duorr), The Amber-Witch, Fost8vo. 2s

Ben also Rons,

— — MThe French in Algiers. Fost 8ve. 2».

GOULBURN (E. M.), LD, Dean of Norwich, Three Connsels of
tha Divine Master fur the condoed of the Spiritoal Life ;—=The Com-
mencement ; The Virtues ; The Cosdlick. 2 Vels. Cr. Sva. 18 |

GRAMMARKS, [dee Cunrtivs — Ezon—Hait — Horron—HKiwae
ErwinbeLesTHEI— M ARTZN E—M ATTHLE—SBMITR, ]

GRANVILLE {Qmaztes). Bir Hector's Wateh, 2s, 6d,

A Broken Btirrup-Leather,  2s 6d.

GREECE (Hmrony o). [See Grove—Sairn—Sropessel]
GREY (Bant). Ireland: the Cause of its Present Condition

nnd the Moagures proposed for ita Improvement.  Crown Evo. 8. 6.
GROTE'S (Geomnsm) WORKS :—

Hrstony or Geerce.  From the Earliest Times to the
Death of Alexandar the Great, Neo Edition, Portrait, Map, nmd
Plang. 10 Vols, Pont8va, G, ench. (The Tolumes sy be had Srpartely.)

Praro, and other Companions of Socrates, 3 Vola #vo, 4D4]
or, & Naw Edition, Edited by Arexaxoen Batw, 4 Vols. Crown vo.
Ba.oach, (The Folumes moy be beed Separately. )

Antsrorie,  #vo, 12s

Miwon Wonga, Portrait. 8vo, 1da,

Prngoran Layx, Portrait. 8ve. 12s

GROTE (Muxz), A Sketeh. By Lavy Essrusme. Crown8vo, 6a

GUILLEMARD (F. H.}, M.l The Voyage of the Marchesa to
New Guinea, With Notices of Formess and the Ialands of the Malay
Arm!pehﬁ, MNeow Edition. With Maps and 150 Illudtrations,  Oone
vaolume. eillinm Svo,




12 LIBT OF WORKS

HALL’S8 (T. D.) Behool Mannal of English Grammar. With
Illustrations and Practical Exercises. 13mo.  Sr. 0

Primary English Grammar for Flementary Schools,
With numerous Exercises, and graduated Parsing Lessons, 18mo. 1&

———— Manual of English Compositton. With Copious Illustra-
tions amd Practlesl Exercises, 12mo. 8. 6,

= Child's First Latin Book, comprising a full Practice of
Mauns, Pronoung, and Adjectives, with the Verbs. 16mo. 25

HALLAM'S (Hrser) WORKS :—

Tae Comsrirurrosan Hrsrony o Escrawn, from the Acces-
uion of Henry the Seventh to tha Death of Genrga the Socond.  Litrary
Adition, 3 Vols, Svo. 80y, Cobinst Edition, 8 Vols, Post Evo, 12r,  Siw-
dent’s Edition, Poat Bva, T, 6d,

Histony or Eunoer puamse e Miopie Aces. Library
Edilion, 8 Vola, Svo, 80+, Cabinet Edition, 3 Vols, Post Bvo, 12s,
Sludens's Edlition, Post Bvo, Ta. 0d.

Lirerary Hisrory or Hunorm pumiks tag 167e, 16em, AwD
1378 Qewtunies, Litrary Sdition, 3 Vola. Bve, 885, (abinat Edition,
4 Vola. Poat vo, 10,

—= (Anrtnun) Literary Remaing; in Verss and Prose.

Partralt. Feap, Bvo. Ss 6d,
HAMILTON (Awnnew). Rheinsberg: Memorials of Frederick the
Great and Prines Henry of Pruasia. 2 Vols, Crown Svo. 21s

HART'B ARMY LIST. (Published Quarterly and Annually.)

HAY (8ix J. H. Duvxuosn). Western Barbary, its Wild Tribes
and Eavagpo Animals. Fost Bve, 2x.

HAYWARD {BA-}- Sketehes of Bminent Statesmen and Writers,
2 Vola v0. 288

The Art of Dining, or Gastronomy and Gastronomers.
Poxt Byo, Sy,

— A Belestion from his Correspondence, Edited with
At Infrodoctory neconnt of Mr, Haywacd's Early Life. By IL E,
UABLIALE. 2 vola. Urown Bro. e
HEATYS (B1n Franms) WORES :—
Tog Rovan Ewerwmes, Illvstrations, 8vo, 12a
Lire or Bie Joux Buroovme. Post Bvo, 14
Barip Jovnxess acnoss THE Pasmeas, Post 8vo, 24
Bussies ProM TiE Brosser, Illustrations. Post 8vo. 7. 6d.
BroEEns anp Porees ; or, the L.and ¥, W. R Post8vo. Zs

HEBER'S (Brsuor) Journale in Indin. 2 Vole, Post 8vo. 7Ta,
Poetienl Works. DPortrait. Foap, 8vo. &8s 6d,

HERODOTUR, A New English Version. Edited, with Notes
and Fssays by Caxod Rawussox, Sis . Rawnassos aod e J. G,
Wiskisaos, Maps nul Woodents, 4 Vols. 8vo, 48n

HERRIES (Rr. How. Joms). Memoir of his Public Life.
By his Son, Edward Herries, GBS 2 Vols, Svo, Mx

HERBCHEL'S (CarotiNe) Memoir and Correspondence, By

Mes, Joux Hersciuel. With Porimit. Crown 8ve,  Ta, 8,
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FOREIGN HAND-BOOKS.

HAND-BOOE—TRAVEL-TALE. English, French, German, and
Itallan, New and Revised Edition. 18mo. s 8d.

DICTIONARY : English, French, and German.

Containiog all the words end {dismatic phraves likely to be reguired by

n travaller. Bound in léathar, 1fimo, 6,

— HOLLAND AND BELGIUM., Mapand Plans, 6.

NORTH GERMANY and THE RHINE, —
The Black Foroat, tha Hartz, Thilringarwald, Saxon Switzarland,
Efiigen, the Giant Mountaina, Tawnus, Odenwald, Elsass, and Loth-
ringen. Map and Plans, Fost 8voe. 108
_ - BOUTH GERMANY, — Wortemberg, Bavaria,
Salshurg, tha Alps, Tyrol, Hungary,

?;:ﬁ?}uf ?:{uu;a l:!::':?i?n:, Bﬂnﬁsanuﬂ?ﬁnns.urg:ﬁ:?h;?d 1?: e S
—— AWITZERLAND, Alps of Bavoy, and Piedmont,

Lo Twe Parts.  Maps and Plans. Post Bvo.  10s
FRANCE, Part 1. Normandy, Brittany, the French
Alps, the Lolre, Seine, Garonns, and Pyrenses.  Maps and Plang.

L}

-

FRANCE, Part II. Central France, Anvergne, the
Covennes, Burgnundy, tha Rhona and Saone, Provence, Nimes, Arles,
Maraoillas, the French Alps, Alsnee, Loreaing, OChempagne, de, Maps
and Plans.  Pont Bva.,  Ta bd. :

MEDITERRANEAN — its  Principal  Tslands,
Citian, Senports, Harbours, and Horder Lands, For Travellers and
Yachtsmen, with nearly 60 Maps and Plans. Tost Svo. 20s.

A ALGERIA AND TUNIS. Algiers, Constantine,

Oran, the Atlas Range. Maps and Fland, Post 8vo, 10s

PARIS, and Environs, Maps and Plans, 3z 64.

SPAIN, Madrid, The Castiles, The Basque Provinces,

Leson, The Asturina, Gulicia, Estramadura, Andalisis, Honda, Granada,
Murn'ia, Walencia, Catalonin, Aragon, Navarce, Tha Balearie Islands,
ko, &g, Maps and Flans, FPost Svo. 20,

PORTUGAL, Lispow, Oports, Cintra, Mafra,
Madeira, the Azores, and the Canary Islands, &e.. Map and Plan.
Post gve, 128
RKORTH ITALY, Tarin, Milan, Cremona, the
Ttnlinn Lakes, Bergamo, Brescin, Verona, Muantun, Vieenege, Padum,
Farrara, Bologna, Eavenon, Rimind, Plagenza. Genon, the Riviers,
Venics, Parme, Modana, and Remagns. Mapsand Plans, Post8vo, 10s,

CENTRAL ITALY, Florence, Lucea, Tuecany, The
Marshes, Umbrin, &c. Maps nod Flang,  Post Svo. 1,
_ ROME asp 178 Environs, 50 Mupsand Plana. 10z
* gOUTH ITALY, Naples, Pompeii, Herculaneum,
and Vasnviud. Mapsand Plans. Post 8vo, 10,

NORWAY, Christiania, Bergen, Trondhjem. The
Fjelds nnd Fiords. Maps and Plans. Pest 8vo. 88

SWEDEN, Stockholm, Upsala, Gothenburg, the
Slitrag of the Baltie, Ko, Maps and Plan, Post 8vo. 6x.
—— DENMARE, BSleewig, Holstein, Copenhagen, Jut-
Innd, Tealand- Maps nod Plans.  Post Svo, 8.

RUBSIA, 8r. Perersevrs, Mosoow, Ponawp, and
Fistixn, Maps sod Plans, TFost Svo. 18z
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HAND-BOOK—GHREECE, the Ionian Islonds, Athene, the Pelopon-
nasus, the Intands of the Agean Bea, Alhanis, Thesesly, Macedonin
do. In Two Parta.  Maps, Plans, and Views, Post Gvo,  34e
- TORKEY 1N ABIA— Comstawrmvorim, the Bos
phoms, Dardanellas, Hronas, Plain of Troy, Crate, Gyprns, Bmyma,
Ephesus, the Beven Ghorches, Coasts of the Binck Eeu, Armenia, A
Euphrates Valley, Routs to Indin, &e. Mops and Plang, Post Svo, 168 &

EGYPT. The Course of the Nile throngh Egypt
and Nubin, Alexandris, Cniro, Thebes, Spez Canal, tho Pyramids,
Sionl, tha Fyoom, &e, Maps and Flans. Post v, 158

HOLY LAND—Svr1a, Patesrine, Peninsula Jof

Bioal, Edom, 3yrian Dwesects, Patra, Damasens : and FPalmyra, Mapa
anil Flana,  Post 8vo, 90, = 3 5

*s® Map of Paleatine. Tn acase, 101,

BOMBAY — Poonah, Beejupoor, Kolapoor, Goa,
Jubulpeor, Tndore, Sarat, Barnda, Ahmedabad, Bomnanth, Kurraches,
Map and Plann, Paost Bvo. 16a,

MADRAS—Trichinopoli, Madura, Tinnevelly, Tuti-
corin, Hangalore, Mysore, The Nilgicis, Wrnaad, Ootacamund, Calicnt,
Hyderalnd, Ajnnta, Elirs Caves, &e, Mops and Flans,  Post Svo, 16,

BENGAL — Calentta, Orissa, British Buarmah,
Rangoon, Moolmein, Mandalny, Darjiling, Dacea, Patun, Banares,
HN.-W, FProvinees, Allabnbad, Cawnpore, Luicknow, Agrs, Gwalisr,
Nainl Tal, Delhi, Lo, Maps and Plans,  Post Svo, S,

THE PANTAD—Amraoti, Indaore, Ajmir, JTaypur,
Hohtak, Sabaranpur, Ambals, Lodians, Tahore, Knlo, Simls. Sinlkot,
Peshawar, Rawul Pindl, Attock, Korachi, Sibi, e, Maps, 16s.

ENGLISH HAND-BOOKS.

HAND-BOOK—ENGLAND AND WALE3I., An Alphabetioal
Hand-Book. Cendensed icto Ooe Volume for the Usa of Travellars,
With & Map. Post 8vo,

LONDON. Maps and Plans, 16mo. 8s 6,
ENVIRONS OF LONDON within a ecirenit of 20
miles. 2 Vols, Crown e, 21s.
— BT. PAUL'S CATHEDREATL. 20 Woodents, 102, 6.
———— BARTERN COUNTIES, Chelmsfard, Harwich, Col.
chanter, Maldon, Cambridien, Eiy, Nowmarket, Dury Bt Edmuonda,

Ipswich, Woodbridge, Falixstows, Lawnatofe, Morwich, Warmouth,
romser, &c, Map and Plags, Pagt Gva,

CATHEDRALS of Oxford, Peterborongh, Norwich,
Ely, and Lincoln.  With 80 Ilastrations. Orown Bro,  20s,

KENT, Canterbury, Dover, Ramsgate, Sheerness,
Rochester, Chatham, Woolwieh, Maps nod Plans, FPost fvg, Sy
————— AUESEX, Brighton, Ohlehester, Worthin
Lewns, Arundal, o, pr.m’p.ml Pmtlﬂm. . ﬁ'rriill-al.h:ggJI
SURREY AND HANTS, Kingston, Croydon, Re.

gate, Ouildford, Dorking, Winehouter, Banthampton, New Fa
Fortsmouth, T6LE oF WIoHT, ke, Maps and Plang, Pust Brg, m':“.
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HAND-BOOK—BERKS, BUCKS, AND OXON, Windeor, Eton,
Roading, Ayleabury, Ushridge, Wyeombe, Honley, Oxford, Blenhaim,
tha Thames, &e, Maps and Flans, Poat Bro, 04,

— WILT3, DORIET, AND SOMERSET, Balisbury,
Chippenham, Weymouth, Sherboras; Wells, Hath, Bristal, Taunton,
den, Map. Poat Bvo. 1In

DEVON, Exeter, Ilfracombe, Linton, Sidmouth,
D.lw'lilh,Tnigm‘u.oulh,PI}'munth.Duvnnpm't,Tqunny. Maps and Plans,
Pout 8va, Te G,

—  — CORNWALL, Launceston, Penzanece, Falmouth,

2 the Liznrd, Land's End, &re. Maps. Post Bvo.  8e

CATHEDREALS of Winchester, Falishory, Exeter,
'I.'l."e]!ar Chichester, Rochester, Canterbary, nod 5L Alhans.  With 130
astrations, 2 Vols, Crown Bva, S6e aﬁil..&lblna-ﬁepﬂntely. s,

———— GLOUCESTER, HEREFORD, agp WORCESTER,
Clraneester, Chaltanbam, Stramd, Tewkeshury, Leoninster, oss, Mal-
vern, Kidderminster, Dudley, Evesham, &a, Map. FPost 8vo, 9a

CATHEDRALS of Bristol, Glonoester, Hereford,
Woreester, and Lishiield, With 60 Tllustentions,  Qrown Svo, 168,

il NORTH WALES, Bangor, Carnarvon, Beanmaria,
Bnowdon, Lianbaris, Dolgelly, Conwny, &e. Mapa, Fost Bvo, T

— SOUTH WALES, Monmouth, Llandaff, Merthyr,
Valoof Keath, Pembroks, Cammariban, Tenby, Swaniea, Tho Wyn, de,
Map, Fost Gvo, Ta
CATHEDRALS OF BANGOR, ST. ASAPH,
Liandaff, acd St David's. With INusteations, FPostSvo. 15e

NORTHAMPTONSHIRE AKND RUTLAND—
Northampton, Patérborongh, Towcester, Daventry, Market Har-
baraugh, Kettarlng, Wellingborcugh, Thrapston, Stamford, Uppiog-
ham, Oakham, Maps, PostSvo. 7s Bd,

DERBY, NOTTS, LEICESTER, STAFFORD,
Matloek, Baloswnll, Qhntawarily, The Peak, Buxton, Hardwick, Dove Dl
Ashborne, Southwell, Mapefield, Retford, Barton, Belvolr, Malton Mow-
bray, Waolverhampton, Lichtokd, Walsall, Tamworth, Map, Post 8o,

_— BHROPENIRE axp CHESHIRE, Shrawsbury, Lud-
law, Bridgnorth, Oswestry, Chester, Orewe, Abllerley, Steekjport,
Birkonliead, Maps and Plans,  FPost Bva,  Ga.

LANCASHIRE, Warrington, Bury, Manchester,
Livarpeal, Burniey, Clitheros, Balton, Blackbirne, W lgan, Preatan, Eoch-
dalo, Laneaster, Soathpart, Blackpool, & Maps & Finns, FostSve 72, 6.

YORKSHIRE, Doneaster, Hull, Selby, Beverley,
Bearborough, Whithy, IT te, Ripon, Leads, Wakefedd, Bradford,
Halifaz, Hudderafield; Sheficld,  Map and Plans. Post Svo. 1,
—— CATHEDRALS of York, Ripon, Durham, Carlisls,
Chestor, and Mancheater, With 60 Hlnstearions, 2 Vols. Cr Svo. 2,

DURHAM avp NORTHUMBERLANID, Naw-
castle, Darlington, Btockten, Hartlopool, Shields, Berwick-on-Tweed,
Merpeth, Tynementh, Coldstream, Alnwick, &a. Map. Poat Bvo, §g
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HAND.BOOE—SCOTLAND, Edinburgh, Malrose, Kelao, Glasgow,
Pamfrles, Ayr, Btirling, Arran, The Clyde, Oban, Inverary, Loch
Lonsoad, Loch Katrins trd Tmm.n.ch:l Caledoninn Canal, Invernesa,
Poreh, Dundne, Aberdesn, Brasmar, Slye, Caltliness, Ross, Buther-
Innd, ke J-[*l'-g and Plans, Post Bva, @,

—— IRELAND, Dublin, Belfast, the Giant's Cause-
wiy, Donegal, Galway, Weaford, Cork, Limerick, Watarford, Killar-
nay, Bantry, Glengarifl, &e. Maps and Plans. Fost Svo. 10,

HAYTER LEWIS (J.) The Holy Places of Jerusalem. Illus-
tratloss, Byo. 10w B4, :

HISLOP (Szermew). [See Burmu, GroroE.)

HOLLWAY (7, G.). A Month in Norway., Feap. 8vo. 28 o

HONEY BEE. By Rev. Teomas James, Feap. 8vo. 1a

HOOK (Deax). Chorch Dictionary, A Manuoal of Reference for

Clerggmen and Stadints.  New Edition, thoroughly revissd, Edited by

Warren Hoor, M.A,, nnd W, K. W. 5rernexs, M.A.  Mead. Bro. 21ln

(Tueopory) Life. By J. G, Locesarr, Feap, 8vo, 1n

HOPE (A, J. Benesgonn). Worship in the Church of England,
Bro, 94, o, Popular S«lictions from, Bvo, 2, Bd.

——— Wonsair axp Oroer.  Bvo. 0.

HOPE-BCOTT (James), Memair, [Ses Ounasy.)

HORACQE; a New Edition of the Text. Edited by Dman Mitaaw,
With 100 Woadents, CrownByo, Ta. 0d.

———— [Bee BErow.]

HOBACK (Joms). The Riseand Growth of the Law of Nations: as

patnblished by general npage and by treaties, from the carliest times
to the 'Treaty of Utracht, 8voe, 12r
HOUGHTORS (Lonn) Monugmphs, Personal and Soelal. With
Portraita, Crown Svo. 10, G,
Porrioan, Wones, Collecled Edifion. With Por-
tralt. 2 Vols, Feap,Bvo. 1

HOME AND COLONWIAL LIBRARY. A Beriea of Works
ndapted for all elreles and clapses of Headars, having been salsctsd
for thalr acknowladged interest, amil ability of the Anthors, Post v,
Published nt 2a, Ay, dd, ench, and arranged uader two distinetive
bnads na follown 1—
CLASH A,

HIETIE:IIH"nr BIOGRAPHY, AND HISTORIC TALES.

BIEGE OF GIBRALTAR. By | THE W.&.YSIDE CROBE. By
Jory Dureswarks. T ‘ CAPT, MILMAN, T¥.
|

THE AMHER-WITCH. B
Lany Drwr Glm:h_ﬂr}f. I'!F‘LNY L E%};ﬁ'{&r%%:gﬁg-ﬁnﬂ_ﬂ LIFE,
s RS ik THE BATTLE o7 WATERLOG,
LIFEor sig FEANCIS DRAKE, By Rev. G. B. Gumrd Az 8d.
By Jorw Banpow. s AUTOBIOGRAPHY OF BTEP.
ﬂa{{rmu:ﬂﬁ. AT WASHING- FENS. s
THE BRITISH FOETS. By

TOMN. By Rev. G. R Gueig, Qs
THE FRENCH IN ALGIERJ, Taomas CAMPARLL. 2, 8d,

By Laby Duvy GoRDOR, 24 | HISTORIOAL
THT FALL OF THE JESULTS, Lokt 3EA0R. VB, By
: | LIFE OF LORD g
Ligf_g;%g}]uﬂ By LoED M. Hev. G. K. Grag, EI':} By
BALES Bnm.u:rh- By Rev, | WORTH WESTERN RATL.
i1, R. (ere. WAY. BYBm P B. Hean, o,
THE E]’rﬁfs l}F‘ VIENNA, | LIFE OF MUKRO, By Rev. G,

By Loan EnnEssEER, 2 R. Gieia, Br 6y,
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HUBNER (Banon vow),

CLASH B,
VOYAGES, TRAVELS, AND ADVEMTURES.

JOURNALS IN INDIA. By
Eigpor HERER. 2 Vals. T,
TRAVELS 1= mnx HOLY LAND.
By Iaov and Mawones, 2s,
MOROCCO AND THE MOORS,
By J. Deowuosn Hav, 2rn
LETTERS FROM tur BALTIC.

By A Lapy. %e

NEW S00TH WALES, By Mns,
MesngoirH, Ta

THE WEST INDIES., Br M. Q.
LEwi. 2rn

YKETCHES OF PERSIA. By

« Big JoEw Marconw.  8e Gd

MEMOIRS OF FATHER RIFA,
2.

TYPEE ANMD OMOO, Bj‘
Hegwawr MeErwitis, T Vala. 4,

MIBSIONARY LIFE IN CAN-
ADA. By Rev..J. Aveorr. 2n,

LETTERS FROM MADRAS. Hy
A Lany, Ern

HIGHLAND BPDRTAH. By
CeAnLES ST, Jonw. 8s. 8d,
FAMPAS JOURNEYS. By
F. B. Hean, s,
GATHERINGE FROM SPATHM.
By Ricpagn Fonn. e Gd
THE RIVER AMAZON. By
W. H. Fowanpa, s
MANNERSE & CUBTOMSE OF
INDIA. By Rev. 0. AoLawn. Br,
ADVENTURES
By G. F, RozTox. 3
PORTUGAL AND GALIOIA,
By Lokb Casanvow. Ha. B4
BUBH LIFE IN AUSTHALTA.
By Hev. H. W, HoAveARTH. T8
THE LIBYAN DEBERT. By
Bavix §r, Josw, 2.
BEIERRA LEONE. By A LiDr,
Ha. 6.

¢ % Ench wark may ba had separataly.

A Voyage throngh the British Empire ;

IN MEXICO.
- B Bd.

South Afden, Anstralia, New Zealand, The Steaits Settlements, IndEa,
the South Sea Islands, Callfornin, Omgon, Cannda, &e, With o Alap.
2 Vals, Crown Gvo, 24a :
HUHN (A. Vor). TheStrugele of the Bolgarians for National
Indeprndence : A History of the War betwenn Bulgarin and Servia
in 1885, under Plusee ALEXANDER. With Map, Crown Bvo. @5
HUME (The Student's). A History of England, from the Inva-
a gion of Jullns Cwmesr to the Revelotion of 1688, Mew Edition, revised,
porpectad, and eontionned to the Treaty of Barlin, 1878, By J. B.
Bnewen, M. A, With T Calonred Maps & 70 Woedlents, Posat Bva, T 6,
*.* Bold alae in 5 parts. Price 3n, 64, cnch,
HUNNEWELL (Jaxes F.). England's Chronicle in Stone :
Derived from Peraonal Ohservations of the Onthedrals, Ohorohes,
Ahbers, Mannateries, Castles, nod Paloces, made in Journeys through
the Imperinl Ialand. With Ilostrations. Medlom Svo, ~24r,
HUTOHINSON (Gew.). Dog Breaking, with Odds and Ends for
thoas who love the Dog and the Guo.  With 40 Tlustrations. Crown
Bvo. Tr.8d. *,* A Bummary of the Hules for Gamekespors. 15
HUTTON (H.E). Principia Greca; an Introduction to the Study
of Greek. Comprehending Grammar, Deleetns, and Exercise-book,
with Vocabularies. Sixeh Edition, 12mo, Qs G
(Tamee), James and FPhilip van Artevelde. Two
remarkabls Episodes (o the annals of Flanders: with n desaription of
the stata of Socinty in Flanders in tha 140 Century.  Cr, Svo, 10 8d
HYMNOLOGY, Dicrionany ob.  [See JuLras. ]
IOELAND. [See Corzs—DvUFFENIN.]
INDIA.  [8es Broavroor—HEurmmserons—Hano-noog—Suras—
TEMrLE—MosIER WILLIANS=L¥arnr.]
INGE (Wua. Raipen). Society in Rome under the Ciesars.
Orown Svo, de :
INGRAM (Jora K.} A Dictionary of Latin Etymology. Bvo.
- [In the Preas.
IREY AND MANGLES Travels in Bgypt, Nubis, Syria, snd
tha Holy Land. FPost Bvo. 2.
IRELAND. [Bee Drnnte—0ney.]
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JAMES (F. I.). The Wild Tribes of the Soudan : with an aceount
' of the routs from Wady Hallah to Dongola and Berber, With
Chaptar on the Condition of the Soudan, by Smm 8. Bagen. Map and
nstrationd.  Crown Svo.  Te 6d.
JAMESON (Mgs). Livea of the FEarly [talian Painters—

and the Progress of Painling in Italy—Cimabos to Bassano, With
60 Portraits  TPoat Byo, 12,

JAPAN. [See Biap—Movsser—REED.]

JENNINGS (Lovrs.J.), Rambles among the Hilla in the Peak
aof Derbyshire and on the Booth Downs, With sketohes of peopls by
the wny. With 23 Illustrations. Crown Bvo. 1ls,

Field Paths and Green Lanes: or Walks in Surrey
and Hudsex, Popular Edition. With Illustrtions, Crown Sva, s,
JERVIS (Eev. W. H.). The @Gallican Church, from the Con.

cordat of Bologna, 1616, to the Revolotion., With an Introductipn,
Fortealts, 2 Vola, Bvo. 26s

JESSE (Epwann). Gleaningsin Natnral History. Fep.8vo. 3 6d.

JUHNSON'S (Da. Sawoeer) Life, [Beo BosweLL. ]

JULIAN (Bev. Joux J.). A Dictionary of Hymnology. A
Companion to Existing Hymn Books. Satting forth the Origin and

History of the Hymns contnined in the Pringipal \Hymnals, with
Notices of their Aathors.  Medium Svo,

JONIUS' Hanvwrrrine Professionally investignted. Edited by the
Hon. E. Twisreron., With Facsimiles, Woodents, &e. 4io, £3 S

KERR (Hosr.). The Conenlting Architect: Practical Notes on
Administrative Diffienlties, Crown fvo. Be

KING EDWARD VIre's Latin Grammar. 1Zmo. 8 Gd,

= First Latin Book, 1%mo. 2a. fd.

KIRKE (J. Fosrer). History of Charles the Bold, Duke of Bur.
gundy. Portrait. 3 Vold. Byvo. 4B6s

EIREES' Handhook of Physiology. Edited by W. Mornixr

i BaxEn and V. D. Harmis, With 500 Tilostrations, l"mtt Bvo,  lda

EUGLER'S HANDBEOOK OF PAINTING.—The Italisn Schosla.

A Wew Bdition, revised, Incorporating the resulis of all the most recent

discoverlos. By Bir A, HEssy Lararn, Wilh 200 lustratioos, 3 vala,
Crown.Svao, S,

The German, Flomish, and
Diateh Behools, Revised, By J, A, Onowr, With 60 Illustrations,
2 Vola. Urown Bvo, 34
LANE (E. W.). Account of tha Manners and Costoms of Modern
Egryptinnd. With Illustrations, 2 Vols, Post8vo. 121

LAWLES2 (Hor. Ewiir). Major Lawrence, F.L8.: a Novel,
8 Yols, , Crown Svo, Ale, 62 Cheap Edition, 6. 5

LAYARD (3ir A. H). Nineveh and its Bemains. With Ilustrg.
tions, Fost Gvo.  Ta. Bd, f .

Nineveh and Balylon : Discoveries in the Ruing,

with Travels in Armenin, Kurdistan, &c. Ifnatrations, Post8va, 7y5q,

Tarly Adventures in Persip, Babylonin, and Busig
{melnding & tesidence mmong the Bakbriyarl snd other wild tribes,
fiwfore the discovery of Ninoveh, Portraif, Hinstrations and Maps,
3 Vols, Crowno 8vo. 31?1:1;.:: Hebs G With th

LEATHES (STaAnLEY). tlcal Hebrew Grammar. ith the
Hebrow Taxt of Genesia i—vi, and Paslma f—vi. l:lnmw.m
Anplynis and Voeabunlary, Post@vo. Tr, 6d. h

LENNEP (Rev. H. J. Vax). Missionary Travels in Asia Minor,
With Ilostrations of Biblical History and Archrclogy. Map mnd
Woodents, 2 Vols. Fost8ve, e
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LENNEP, Modern Costoms and Mannera of Bibla Lands, in
Iipstration of Bariptore. Maps and Iloscrntions. 2 Vols, 8vo, 21s
LERLIE (G, R.). Handbook for Young Fainters. Illustrations,

Poat Bvo. T#. 6d.
LETO (Pompowto). Hight Months at Rome doring the Vatican

‘Coancil, Svo, 12e
LETTERS waox Tae Barrra. By Laoy Easrraxe. Post Bve.  2a.
Mapras, By Mes. Marrranoe. Post Bvo. 28,
— Brenrs Lpows. By Mns, Munvreor, . 85 Gd.
LEVI (Leows). History of British Commerce: snd Eepnomia
FProgress of tha Hatbon, from 1763 to 1578, fvo, 18s

The Wages and Earnings of the Working Classes
In 1883-4. Bwo. 8a d

LEWI3 (T. Harren). The Holy Places of Jerusalem. Tllustratione

Bvo. 0w, Od.
LEX SALICA; the Ten Texts with the (loeses and tha Lex
Bk _?.Fna tically edited by J. H. Heasuna, With Notas on
the Frankish Words In the Lex Salics by H. Kees, of Laydon, 40, 42,
LIDDELL (Deax). Stodent’s Histary of Rome, from the earliest
Times to the establishment of the Empire. Woodents. Post gva, 7. 84
LINDSAY (Louo). Sketches of the History of Christian Art,
¢ Vols, Crown3ve, Tie
LISPINGS from LOW LATITUDES; or, the Journal of the Hon,
Tmpalsia G gahington. Edited by Lorn I,-U'E.Fz,\ju]'_ With 24 Plates, 410, 21s.
LIVINGSTONE (Dr). First Expedition to Africa, 1840-56,
Mitstrutlons.  Fodt dve, 7r 0d
—_Becond Expedition to Afries, 1858-64, Tllustrs-
tions, Peat Bro. Tofd,
are — Last Journals in Ceniral Africa, to his Desth.
By Rov, ﬂ‘}ml‘r\'h.hm. ‘.’t[.-l]:lﬂ anid Tllustrations. 2 Vola, fvo. 15,
Fersonal Life. By Wm. G, Blaikie, D.D, With
Map and Portrait. Bva, 8z, i\
LIVINGSTONIA. Adventorss in Exploring Take Hynasa, By
E. D Yopuo, BN, Baps. Post Beo,  Ta 6
LOCKHART (J. G.). Ancient Spanish Ballads, Historleal and
Romantie, Translated, with Notea, Tilustrations, Omwn Bro,  Ba.
Life of Theodore Hook., Feap. 8vo. 1s,
LONDON : its Histery, Antiquarian and Modern, Founded on
the work by the late Peter Cunningham, F.3A, A now and tharoaghly
revised oditlon. By Jasmes Tuonwe, P8 A, and H. B, Wrivrer.
Library edition, 00 Inid paper. 3 Vols. Mediom Sve,  [fi the Pres,
LOUDON (Mpa). Gardening for Ladies, With Direetiona and
Calaadar of Oparations for Every Month, Waodenta, Feap, Bvo, 51, 6.
LUMHOLTZ (Dn. C.) Pour Yeurs' Travels in Australin, ineluding
AR “g—_q.‘lj'.’-""f.‘i: smong the Cinnfbals and Little Kpown Bavage
Tribes in the N.E. Pari of th Continent. With Maps and 100 Ifiss-
trations, Medlom8ve, [Nearly Rendy
LUTHER (Manris). The First Principles of the Keformation,
of the Thres Primary Works of Dr, Martin Luther. it. #vo, 125,
LYALL (S Anvrzo Ouf, K.O.B.  Asiatic Studies; Religions and
Botlal, dve. 12
LYELL (8ix Cnanues). Stodent's Elements of Geology. A now
Editlon, antively revised by Proresson P M, Divoaw, .3, With
600 Illnstrations, Fost 8vo, fa, !
Life, Letters, and Journals. Edited by
lits sigtor-dn-law, Mus, Lyfil. With Forraits, @ Vols. Bvo, Be,

o2
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LYELL (K.M.). Handbook of Ferne. Fost 8ve, T 6d.
LYNDHURST (Lonrn), [See ManTrs.)
LYTTON (Lomp), A Memoir of Julian Fane. Portrait, Post

Bvo. bGs,

MeCLINTOCE (Bm L), HNarrative of the Discovery of the
Fate of 8lr John Franklin and his Companiona in the Arctie Beam
With Tilustrations. Post Svo. Ta 6.

MACDONALD (A, Too Late for Gordon and Khartoum. The
Tostimony of an Indépondent Eye-witness of the Haerdle Efforts for
their Resone nnd Reljof, With Maps and Plans,  §vo, 125

MACGREGOR (J.). Rob Roy on the Jordan, Nile, Red Ben, Gen-
nesarath, &0, A Canes Cruise in Palastion and Egypt and the Waler
of Damnsens.  With 70 Tlustrations, Crown Bvo.  Tr 8.

MAETZNER'S Eworrsm Graummar., A Methodical, Analytical,
and Historical Treatise on the Orthography, Prosody, Infloctions, and
Syniax. By CuammJ. Geece, LL.D. 8 Veols. Bvo. 3bs

MAHON (Lorp). [See Brawmore.]

MAINE (S8mn H. Summenr). Anclent Law: ita Connection with the
Early History of Scclety, and its Relatlon to Modern Ideas, Svo. 12s.

Village Communities in the East and West. 8vo. 1Za
Early History of Institntions. 8&vo. 12a

Dissertations on Barly Law and Cuatom. 8ve. 12s
Papular Government. L—Prospects of Topular

Government. 1L.—Mature of Demscracy. 1IL—Age of Progresa.
IV.—Conatitntion of the Doited Statos. Svn. 128

International Law., 8ve. 7Ta 6d.
MALCOLM (Siz Joms). Sketchea of Persia. Fost 8vo. 8a, 6d.

MALLOCEK (W. H). Property and Progress : or, Facts against
Frllacien. A brief Enguiry into Contemporary Soclal Agitation in
England, Tost Svo. s

MANBEL (Deax). Letters, Lectures, and Reviews, 8vo. 12a

MARCO POLO. [Bee Yuun.] s
HAM (Mna). His of England. From nva-

MLRK‘BME by Ehﬂ Itn?nnuu, mmlaﬂ dmr% 1o 1850, Woodcuts, 13ma, S B4,

History of France. From the Conguest of Gaul by

Julins Cmanr, continwed down to 1678, Woodcuts, 1%mo. de. Bd, 3

History of Germany. From its Invaslon by Marius,

eontinied down to the completion of Cologns Cathedral,  Woodents,

mo,  Sa. . 6

it {Cremests 11). A Popular Account of Peruvian Bark
and its introdaction Into British India, With Maps. Pestfve. 14,

MARSH (G. P.). Student's Manual of the English Language,
Edlted with Additions. By D Wau Swrrn, Post Bva Ta. Bd, :

MARTIN (8iz Tmeopome). Life of Lord Lyndhurst.  With
Partraits. &vo,  1Es . ,

MASTERS in English Theology. Lectures by Eminent Divines,
With Introdoction by Canon Barry, Post Bro. T4 Bd.

MATTHIE'S OrEfR OGramman Abridged by Brourrepn,
Bevigad by B. 8. Crooxe, 1ime, 4s, ¥

MAUHREL'3 Ehnrﬁl.;l;_ﬂr. Actions, and Writings of E'li'el.]jngwn.

, Bvo,  Lr b

MELV;?;ERSY (Hesuass). Marquesss and South Hea lslands,
§ Volg, PoutBvo. Te

MEREDITH (Mns. Cuaniss), Notes and Sketches of New Bonth
Walen, Pont Bvo, Zn,

—_

o
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MEXICO, [3ee Brocerrurst—RuxTon,]

MICHAEL ANGELQ, Senlptor, Painter, and Architect. Hiz Life
and Works., By Q. Hzite Witsox. Illustrations. Svo. 10
MILLER (Wax.). A Dictionary of English Names of Plants

applied among Englishe-speaking Peopls to Plants, Trees, and Shrubs,
In Two Farts,  Larin-English and Eoglish:Latin, Medium 8voe, 12s,
MILMAN'S (Deaw) WORES :—
Hisrory or ToE Jews, from the earliest Period down to Modern
Times. 3 Vala, PostSva. 12a
Eanty CmristiaxiTy, from the Birth of Christ to the Aboli-
b tlan of Paganigm in the Roman Empire. 8 ¥ols. FPostSvo. 12
Lariw Camstramity, ineluding that of the Popes to the
Pontifients of Micholas V. 8 Vals. Post Svo. S48,
Haxpproos To 57, Paor’s CATHEDRAL. Woodents, 10s 6d.
Quiwer Honarrr Fracor Opera. Woodcouts, BSm. Svo. T 6d.
Farr o Jurvsales., Feap. 8vo. la
—————— (Qarr. B. A.) Wayside Crose. Post Svo, 2a
{Bramor, DD, ) Life.  With a Belection ﬁ'mn hia
Correspondance and Journals, By his Sistor, Map, Sve,
MILNE (Davip, M.A.). A Readable Dictionary of the Lngl:ah
Langnage. Ei}mr_.rnglru.lly arringed.  Crown 8va.  Ts Gd.
MINCHIN (J. The Growth of Freedom in the Balkan
Paninzatla WI!JI.I.MIIP Crown Svo. 105 Gd.
MIVART (Br. qua:} Lessons from Nature; as manifested in
Mind and Matser, Bvo, 16
——  The Uat. An Introduction to the Biudy of Backboned
: Animals, pspocinlly Mammala. With 200 nstrations, MediomEve, 308,
MOGGRIDGE (M. W.). Methed in Almegiving. A Handboolk
for Holpers. Post Hvo, |3 6.
MONTEFIORE (S Moses). Selections from Letters and
Journals, By Luciex “m_}- With Portrait. Ordwn Svo. 10a, 64,
MOORE (Taomas), Life and Lettera of Lord Byron. [See Braox,]
MOTLEY I:J{;.;ng{ LLI'IiFRﬂ!':I- The Correspondence of With
Forirait. 2 Vols. Bvo,
——  Higtory of the United Netherlands: from the
Deathaf William the Silent to ibe Twelve Years' Trea, 1600, Portraits,
4. Vols. Poat Bvo.  Baench.
——— Life and Death of John of Barneveld,
Witha View of tha Primnry Cavses and Movements of the Thirty Years’
War., Illostratlops, 2 Vols, Post Svo. 123,
MOZLEY (Cawon). Treatise om the Augustinion doctrine of
Prodestination, with nn Annalysis of the Contents. Crown Svo. fs.
MUNRO'S (Geseran) Life and Letters. By Rav. G. B, Grag.
Pout Bva, Ha, 8d,
MUNTHE (Axsr), Letters from a Mourping City, Naples dur-
imr the Auntumn of 1850 Translated by Mavie VALERIE WniTE
With n Frontlspicoo. Crown Svo, (4,
MURCHISON (Biz Hovemricg), And his Coniemporaries. By
Aweminanp Gexne.  Portraits, 2 Vola, Bvo. 90w
MURRAY (A, 8). A History of Greek Seulfplure from the
* Enrtest Times, wWith 130 Tlusteations. 2 Vols.  Hoyal Svo, G2, 64,
MURBAY'S MagaZINE A New Home snd Colonal Monthly
Porfodical, 14 Vol L, Jan—dune; 1857, Vol 1L, Jult—Decembor

1637, Val. 1L, Jnm— Tune, 1588, Val, 1V, Tuly— Desetnber, 1655, Svo,
Ta. €, eneli,

"« Forwarded Monilly ¢u reesipt of an annual sobseription of 13y,
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MUBTERS" ‘501.1":',} Patagoniane; a Year's Wanderings over
Untrodden Ground from the Straits of Mapgellan to the Rio Negro.
Illustrations. FPoat Bro, s 6.

NADAILLAC (Manguis pE), FPrebistoric America, Translated
by M. DANVERE. With 1llustratlons. 8vo. 18s

NATPIER (Geseran EHiz Ceagries). His Life. By the Hon.
W NamiER Hepoe. With Perpait nod Mape, Crown fvo. 1322

(Gesn. Sin  Geones’ T.;. Pazsages in his Early

Military Life written by bimaelf. Edited by his Bon, GENEERAL W,

C.E. Narien, Witk Portrait, Crowu Bvo.  Te. 6d.

— (B2 W), English Battles and Sieges of the Peninsular

War. FPortrait. Post Bvo,

NAPOLEON aur Fowrarsesreav axp Eipi. Journdls, Notea
of Conversntionis. By Sin Nein Oasepern.  Porteaic, Bwo. 162

NABMYTH (Jauzs), An Antobiography. Edited by Samuel

Smiles, LL.D,, with Portrait, and 70 Ilustrations. Iest Bva, 85 5 or
Large Paper, 165,

And JAMER CARFPENTER. The Moon: Con-
eldercd as m Planet, p World, snd o Batellite.  With 26 Plates and
numerois Woodents.  Mew and Choaper Edition,  Medinm 8ve, 21

NEW TESTAMENT. With Short Exzplanatory Commentary,
By Ancupmacoy Cuonrow, M.A,, and the BiEEop or 37, Davin'a
vﬁm 110 anthentle Views, ke 2 Vols. Orowo Svo. 21s Sound,

NEWTH (Sanves). First Book of Natarzl Philosophy ; an Intro-
duetion to the Btody of Statics, Dypamics, Hydrostatics, Light, Hoat,
and Bound, with Dumerous Exzamples. SmallSve, 3 d,

Elements of Mechanics, including Hydrostatics,
with numerons Exnmples, Bmall vo. B 8d, _
Mathematicsl Examples, A Graduated Series
of Flementary Examples In Arithmetic; Algebra, Logaritlms, Trigo-
nometry, and Mechanics, Small 8vo. Ss. 6d. f
WIMEOD, On the Chace—Turf—and Hoad. With Portrait and
Plates, Crown &vo, bs. Or with Coloured Flatos, Ta, fd.
WORDHOFF (Cuman). Communistic Societies of the United
Senton,  With 40 Tlustrations, Bvo. 168
NORTHCOTE'S (81m Jonn) Notebook in the Long Parliament,
Centaining Froceedings during (s First Sesdion, 1640, Edited, with
a Memoir, by A, H. A, Hamilten, Crown Svo. 4,
O'CONNELL (Dawxs),  Correspondence of. (Ses Pirs.
u'nm:i{’.} R M 2 cot gy - Bt ol Gt
BY HOF. D) emoire of J. Ho Cy - o
ma Ahhufgford]. With Selections fron his Correspondetsce. 2 wola, Bva, By,
B, H.). Winters Abrosd : Some Information reepecting
{}'[“'I'EII.}]LM vislted by the Author on acconnt of ids Health. Intonded g
the Use apd Guidanes of Invalids. s 8d.
OVID LESSONS. [Bee Erom. ]
) Cot). Principles and Practice of Modern Artil]
D‘I.‘ILH’LI;E;'.; Artillery Hﬂﬂrﬂl.ﬂunnls , aud ﬂrwli:llﬂn and UE:-
Artillery in Warfare, Ew“u INostrat n'u:.- !;-;D;m EII y
M (Rev. W.). Enplish Notes for BEIACE 3 with
ngﬂgrfmmi Hules of Componition in Elegine Metrs, 13ma. Ja. 84,
PAGET (Losp GuomoE). The Light Cuvalry Drigade in ¢,
Crimea, Map Crown Bya. 10s Gd. =¥
PALGRAVE (R H. L). Lecal Taxation of Great Britain gng
Iraland Svoe. B
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PALLIBER (Mzs.), Mottoes for Monuments, or Epitaphs selected
for Goneral Use and Etody,  With Illosteations. Crown Svo,  Ta, 64,
PANKHURST (E. A.). The Wisdom of Edmund Buorke : Being
ﬂ:}ﬁlﬁp&u:;::?lngm Enl.]ﬁugl:s: nﬁ:ﬂ Writings, cliefly bearing vpon
PARIS {I:ha..j}:{ Ph;!_q{uuiplay IinNS;:lurt. made Beience in Earnest ;
o, t
Toyn :nd rssp-nrm ?:-:' 1—31.3.. wﬁt;g?;prgv:rnﬂ;h;dhd s e
PAREYNS' (Mawarigrp) Three Years' Resid .
with Tr£1.-e]|. in that I!'J:Inlml'.ry. With IUua‘nﬂE:iiu:.:mP;:{ ;2?3:?&:
PEHEL'S (31r Ropenr) Memoirs. 2 Vals, Post Bvo, 155 -
PENHN (Riomanp). Maxims and Hints for an Angler and Qhess
playér. Woodeuts., Feap. Bve. 1s, I
PERCY (Jomw, M.D.). Merarivhar. Fuel, Wood, Peat, Cloal,
Chareoal, Coke, Firs-Clays. Illusteations. Hvo, S0s,
Lead, ineluding part of Silver. Tllustrations, 8vo. 30s.
Silver pud Gold, Part I Illusirations. 8ve, 30s

PERRY (Rev. Cawow). Life of Bt. Hugh of Avalon, Bishop of
Lincoln. FPost Svo. 104 Bd.
Hiatory of the English Choroh, Ses Sropesrs’ Manuals.

PERSIA. [Bee Bexaaurs.]

PHILLIPS (Sauver). Literary Essaye from “ The Timee” With
Portrait, 2 Vols, Feap.Bvo. T,

POLLOCK (C. E.). A Book of Family Prayera. Belectad from
the Ifturgy of the Ohurch of England, 18mo,. 8s, 64,

POFES (Arexawnen) Works. With Introdoctions and Notes,
by J. W. CrokEr, Rev. W, ELwi¥, and W, J. Corrrnore. Vels, I.
—1V., VI,=X, With Portraite. Bvo, 10 8d esch, (Vol. V., can-
taining the Life and a Qeneral Index, ia rearcly remdy)

PORTER (Hey. J. L.). Damascos, Palmyra, and Lebanon, Map
and Wondents, Poat Gvo, Te. Gl

PRAYER-BOOK (Bravmigviny linversaren). With Notes, by
Rewv. Tuos, Jamxs., Medium 8vo, 1Bs cloth,

FRINCEBS CHARLOTTE OF WALES Memoir and
Corrdapondence, By Lany Rose WEiaaLL, Wich Porivait, Svo, 8z, 64,

PRI¥Y COUNCIL JUDGMENTS in Ecclesinstical Cases re-
lating fo Doctrine and Diseipline.  Bvo. 10w 6.

PERALMS OF DAVID. With Notes Explanatory and Critieal by
Diean Johnson, Canen Elliott, and Canon Coole.  Medivm Svo, 1o, 8d.

PUA8 IN BOOTS, With 12 Illestrations. By Orro Seeosren,
16mo. 15 8d. Or coloured, s, &,

QUARTERLY REVIEW (Trs). 8vo. fa

RAE (Eowarp). Country of the Moora, A Journey from Tripoll
to the Haly City of Ealrwan. Map and BEtehings, Crown Svo, 13,

The White Sea Peninsula, Journey to the White
Hea, nnd (ha Kalg Poninsole.  Map and Tlnstrations, CrownSyo, 164,

— (Gzomeg). The Country Banker; Hia Clients, Cares, anid
Wark, irom the Exparivnes of Forty Yoars, Crown Svo. e 64,

RAMBLES 10 the Syrian Deseris. Poat fvo., 10 fed,

RASBAM (HUKI'DEB_}.. British Misslon to Abyesinis, Illuatra-
tionA, 2 Vols, Hro, 250 i

BAWLINBON'S (Cawox) Five Great Momarchies of Chaldma,
;:E?l:i.'am‘d“' Babylonia, and Feraia, With Maps and Tllaatrations,

ola, Bvo, 42y,
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RAWLINSON'S (Siz Hesey) England and Russia in the East; a
Bartes of Papers on the Condition of Central Asin, Map. Bvo. 12n

— —  [BesHrnoporos,]

REED (Sir E. J.) Iron-Clad Shipa; their Qualities, Performances,
and Ceoat. Wiib Illnstratlons, Bvo. 1Zs,

Japan ¢ Ita History, Traditions, and HReligione. With

Marrative of o Visit in 1578, Tlustrations, ¢ Vels. Bvo. 268s.

A Practical Treatize on Shipbuilding in Iron and Bteel
Becond and ravised editlon, with Woodouts, 8vo,  [In Freporation,

REJECTED ADDRESSES (Tor). By Jawes awp Honacs SmiTH.
Woodents, Fost Bvo. Ba. 4d. ; or Fopular Editipn, Feap, §vo, 12

REMBRANDT, [Ses Mippurros.

REVISED VERSION OF N.T. [See Beoxrrr— Brroox——Coox. ]

RICAKDO'S (Davip) Works. With a Notiee of his Lifs and
Writlngs. By J. K. M*Crutoos. Bvo. 16s.

RIPA (Farnur). Residence at the Coort of Peking. Post 8ve. 2a

RUBERTSUN (Cawow). History of the Christian Church, from the
_a.pmpni[n Apge to the Reformation, 1617, 8 Vols, Poat Bvo, 64, erch,

ROBINSON (Rev, Dn). Biblical Hesearches in Palestine and the
Adjscont Reglons, 183853, Maps. 3 Vola. Svo. 42,

English Flower Garden. With an Illustrated

Dietionary of all the FPianta nsed, and DHrections for their Cultars

and Arrangement,  With numeroes 1llustrations. Mediom By

— The Vegetable Garden ; or, the Edible Vegetables,

Balads, and Herbs cultivated in Europe and America, By MM, Vii-
s ¥ ANDRIESXE, - With T80 Illustrations, Svo. 16

— ——— #gub-Tropical Garden, Illustrations. Emall 8vo. Ga
- Parks and Goardens of Farie, considersd in
Ralation to the Wanis of other Cltios snd of Paoblic and Frivats

Gardans,  With 350 [lusreations.  Evo, 18,
————— Wild QGarden; or; (ur Groves .and Gardens

mada Beantifol by 1he Naturslization of Hardy Exstle Planta, With
B0 Ullnstrations.  Bvo. 10 Bd

— God's Acre Beautiful ; or, the Cemeteries of the
Future. With 8 Illustrations, Hvo. Ta, 6d.
ROMANS, 8t. Panl's Epistle to the, With Notes and Commentary
by E H. Girronn, IhD, Arehdoacon of Lomden. Medium &vo. Te 84,
ROME (Higrony or). [See Grapod—Ilxee—LippeLi—Surma—
BrirnEsTs)
ROMILLY (Huvem H.). The Western Pacific and New Guinea,
2nd Edition. With a Map. Crown Bva, Ta, d.
——{Hexwrr). The Punishment of Dasth, Towhich is added
o Treatise on Puldic Responaibility and Yaote by Ballot. Crown8vo, 8,
ROB8 (Mgs). Thres Generations of Epglish Women; or, The
Memolrs and Correrpondence of Mrd, Jahn Taylor, Mri. Sarah Austin
and Lody Dufl Gordon,  With Portralte, @ Vols, Crown Bve, Mg,
The Land of Manfred. Pieturesque Excursions in
Aptlin and other litts visitod parts of =enthern Italy, with Apeeinl
raferance to their Historicn] pnsseintions.  With Tlnstrations, Qrown 8vo
RUMBOLD (Sm Homace). The Great Silver River: Notes of 5
Residence in the Argentine Republic, "With lustrations, Evo, 19
RUXTON (Geo. F.). Travels inMexico; with Adventures gmong Wild
Tribes and Animals af the Prairien und Rocky Mountaing, Pogr gve, g ad,
BT. JOHN (Cmasies). Wild Sports and Natural History of the

Hightands of Seotland.  Illusrated Editon, O
Edigion, Post Svo, Sa, &l fowaBva. 18 Cheap

——
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ST, JOHN (Bavus) Adventures in the Libyan Desert, Poat &vo. 25,
SALIS (Smm Rongrr) Brigade in Affghanistan, With an Agconnt of
tho Defenca of Jallalabad. By Rev. G. R, Guere, PostBvo, 24
SALMON {Pror. Geones, DD An [ntrroduction to the Btody
" af tha Mow Testament, and an Investigation into Blodern Biblkenl
Criticism, based on (he mest rcent 2oaices of Information, Svo. 165
Lectures on the Infallibility of the Church, 8ve. 128

SCEPTICIEM IN GEOLOGY; and the Heasons for t. Am
assemblage of facts from Natura combining to refuts the theary of
G Qansed pow in Action,” By VERWiks. Woodeuts, Grown Eva, Ba

SOHLIEMANN (Du Hemev). Ancient Mycenee, With &S00
Iilustraticns, Mediam Bve. 005,

Tigs; the City and Country of the Trojans,

With an Autoblography. With 2000 Iilusteations. Imperinl Svo. 50

Trojn ; Resulte of the Latest Rescarches and

THscaverics on the site of Homer's Troy, and other sites made in 1882,

With Maps, Plans and Dlustrations.  Medium bvo, 425

" Tiryna: A Prebistoric Pulace of the Kings of

Tirvns, discovered by exeavations in 1534-5. with Proface and Novas hy
Professor Adlar and Dorpleld,  With Uaoloored Lirhographs, Wood-
eeit, Plang, &, from Drawings taken ou the spot.  Medituw 8% 4s,

SCHOMBERG (Geremar). The Odyesey of Homer, rendered
jnte English verse. 2 vols, Bva, 2da

SCHREIBER (Lavy Cuantorrs). English Fans and Fan Leaves
ﬁuwtm wnd Desoribad, Wit 100 Plaies, Fulio, £7 74 Handscmaly

und.
SOOTT (Sik Gipaenr). The Riee and Development of Medieval
+ " Architecture, 'With 400 1lipstrations, & Vols. Mediom Bvo. .d2r

SCRUTTON (T. E). The Laws of Copyright. An Examination
of the Principles which shonld Regulate Literary and Arilstio Ero-
perty in England and otler Countrips. Svo.  10x B,

SEEEBOHM (Hewey). Siberia in Asia.  With Descriptions of the
Hatarnl History, Migrations of Birds, ke Tlustrations, Crown §vo, Ids. -

SELBORNE (Lonn). Notes on eome Passages in the Liturgical
History of the Refornsed English Church, Svo, s

BHADOWS OF A SICK ROOM. Preface by Canon Lipoes.
1dmea, v Bd.

SHAH OF FPERSIA'S Diary during his Tonr through Europe in
1878, With Portrait, Urown Sva. 1is

SHAIRP (Pumworean) axp nms Fussps. By Wi E=zicnr, Pro-

E fassor of Mosal Fliilosophy in the University of 81 Andrews. With
Portralt, 8vol  15s

SHAW (T.B.). Manual of English Literatare, Post 8vo. 74, 6d.

— Specimens of English Literature, Selested from the
Chlaf Writers, Post Svo. Ta. #d,

{Rongnz), Vieit to High Tartary, Yarkand, and Kashgar,
and Heturn Joutney owver the Karakorum Padd, With Map and

= Tilastrations, Bve. 18s

SIEMENS (8ir Wa.), C.E. Life of. By W, Ponx, 0.E. Portraits.
Bvo, lils

- Selection from the Papers of. FPlates. 3 vols: 8vo,

BIEHEA'LEONE; Described in Lecters o Friends at Home, By
Mus, Mecvipng, Post Bvo,  Os Bd,

SIMMONS (Carr). Constitution and Praclics of Courts-Mar-
tisl, &va, 16x
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SMILES" (Bamvzr, LLD.) WORKS :—
Buimisn Eworseess ; from the Earliest Pariod to the Death of
tha Stephensons.  Iluestrations. 5 Vola, Crown 8vo, 74 64, anch,
Georee STEPHERSON,  Poet &vo, 2 6d.
James Nasurre,  Portrait and Illustrations. Post Svo. 6s.
Seoron N arvnanist (Toos. Enwarn). lostrations Post Svo. 65
Soorcs Georoaisr (Rosent Diox), Tlustratlons. 8vo. 12s
Sxwr-Hewe. With Illustrations of Conduct and Parsever-
ance. Puat Bva, B,
Craracter. A Book of Noble Characteristics. Post 8vo. 8a.
Taerrr. A Book of Domestic Counsel. Post 8vo.  Ga,
Dyry, With Illustrations of Courage, Patience, and Endurance.
Post Bro, 6
IxnueTrian Brosrarsy; or, Iron-Workers and Tool-Makers.
Post 8vo.  Bs,
Mex o Invewrion. Post fvo. Gr
Lire axp Lasovn; or, Characteristica of Men of Calture
and Genins. Fost Bvo, o
Bov's Yorase Rousp vae Wontr.  Illustrations, Post 8vo. 62,
SMITH (D Grorer) Student’s Manual of the Geography of British
Indin, Physical and Political. ‘'With Maps, Foat Bvo, To Bid.
Life of John Wilson, D.D. (Bombay), Missionary and
Phiflanthropist. Porirait. Post 8vo. S
Life of Wm. Carey, D.D, 1761 — 1834, Bhosmaker and
Missiomary. Profespor of Banscrlt, Bengalos and Marathes at the College
af Fort Willlam, Calentta, 1llnsteations, FPost Bvo.  7a 8d.
Life of 8tephen Hislop, Pioneer, Missionary,and Natnralist
inCentral Tudin, 1B44=1848. Porirnitand 1llustrations. Byvo. 14s.
(Friuir), History of the Ancient World, from the Creation
to the Fall of the Romnn Emples, 4.0, 478, 3 Vels. Bvo.  Sla 6d.
BMITH'S (Dr. W) DICTION ARIES :—
Dicrronany oF TER Hrewe; ite Antigoities, Biography,
Gangraphy, and Natoral History, Diusteations. 3 Vel Sve. 1084,
Comersr Browe Diorrowany. Ilustrations. 3vo, 21g,
Buarien Biorw Duomoxany. [usteations. Poet 8vo. ¥a 6d.
Crmistran Ammquivies.  Comprising the History, Tnsti-
tiithans, and Antiguities of the Ohristisn Choreh, Illustrations. 2 Vols,
Medinm Bvo, 85, 183 Od,
Capisrran Broamarny, Livenatore, Breors, axp Doorrives:
fram the Timves of the A postles to the Agzeof Charlemngne. Medium Bya,
Mow complate in 4 Vels, 41 165 6d, X
GrEEE anp Roumax Axrrouimes. Dhuetritions. Med, Svo, 282,
Gazex axp Roxaw Brooraray awp Myrrorosr. Dllustrations,
8 Vaola, Mediom 8vo, 4l 4y,
Gazex avy Homaw Grograrar. 2 Vols. Illustrations,
Medium Bvo. 58
Avras oF ASOIENT Opoonibne—DBroiical a0 Ornassioar,
Folln, &1 8x
Crassioan,  Dictiominy op Mytmorost, Bioarapmy, amp
Gepomiray, | Vol With 780 Woodents, Sve, 18, 2
Smariun Crassioan Dier, Woodeata, Crown &vo, 7s 6d.
Buarter DiorioNaRY oF Gueze axp Rodaw Awrrguovoes,
Woodents, Crown Sve. T fd, )
Courrrre Laris-Erouss Diorrowany, With Tables of the

Roman Calendar, Measures, Walghts, Money, and & N
Proper Names, 19th Edition. 8vo. 16k betlonary of
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BMITH'S (Dn. Wa.) Dicriowantes— eonfinued,

Buarren Laris-Excumss Dieriomany, 30th Edition. 12mo,
T B,

Corrove awp Oniticat  Ewerisem - Laviy  Dioriomasr.  Sth
Edition, #vo, 185

Buarren Exorrsn-Larin Diorrowany. 18th Edit, 12mo. 7 Gd.

EMITH'S (Dr Wu) ENGLISH COURSE :—

Bomoon Maxvar o Exarise Gramman, wrrn Coprovs Exgroises
and Appendices, FPost Svo,  He, bd.

Prmmany Encuss Grawwan, for Elementary Schoole, with
earafully gradusted Parsing Lesaons. 1dmo, 1s.

Mawvar or Eweuiss Courostmiow.  With Coplous Illostra-
tions and Practical Exerclses,  12mo. Bs 8d.

Priuany Hisrony or Brizaiw, 12mo. 2s 6d.

Bompor Masvarn or Mopenw Geosriray, PHYSIOAL AND
Political. FPostfvo, ba,

A Buarier Magman or Morees Groonaray. 16mo, 2s 6,

SMITHS (De. Wu) FRENCH COURSE . —

Frewom Priwcrera.  Park 1. A First Course, containing a
Grammar, Delectun, Exerclsen, and Veeabulariea, 123mo. s 6d,

Arperpix 70 Fapxem Priworera. Part 1. Containing sd-
ditional Exerclaes, with Examivation Papers.  12mo. s, Gd,

Fueroa Primorera. Part I A Reading Book, contalning
Fables, Btories, and Anecdotes, Natural History, and Boanes from the
Histary of Franes, With Grammatical Questions, Notes and eopious
Etymological Dctionary. 1Imo. 4a 6d,

Faenca Prrworersa.  Part 11 Prose Composition, containing
Hints on Translatien of English into Fromck, the Principal Rules of
tha Fronch Syntax compared with the English, and a Systematic Conrss
of Exercises cu the Byntax.  1fmo, s bd.

Sropesr’s Paexce Grasmax, With Introduction by M. Littré,
Foat Bvo. 64 {

BuariEn Gramuan of top Fiewom Lawsuvase,  Abridged
from the above, 1¥mo. 35 6d.

SMITH'S (Dr. Wu.) GERMAN COURSE :—

Gueuan Puoworrra.  Part L A First German Couree, contain-
ing nGrammar, Datectus, Exercise Book, and Vorahularies. 13mo, S, 6d,

Gepxar Priworera. Part 11, A Reading Book ; containing
Fahles, Anecdotes, Natural History, snd Scenps from the History of
Germany, With Qneaticns, Notes, and [Hotioonry. 18mo. Br, Bd,

Praorican Gemsax Grawwar,  Poat Svo. 35 6d.

BMITH'S (De. W) ITALTAN COURSE—

Irariax Pureorera, Part I, An Italian Course, contalning a
Grammar, Delecins, Exerelss Bock, with Vocabularies, and Materiala
for Italinn Conversation, 12mo. Sa. fid.

Izarras Purmereis. Part I A Firat Tialinn Heading Beok,
contnining Fabled, Anecdotes, History, nnd Passages from the best
Iralinn Auchore, with Grammatical Questhonn, Notes, and & Copious
Etymological Dictionary. 1¥mo,  Bs. bd

BMITHS (Dn. Wu.) LATIN COURSE.—

Tar Youre Broiswer's Fimsy Latiw Boox: Confaining the
Ridimeants of Grammar, El&é{‘:!‘lmluntlcﬂ Queaticus aml Exerclees,
H&Fo?hulﬂ{u. Being a Stepping stone to Pringdpin Lation, Part 1,

5

Tur Youwe Bromwers Seconp Larw Boox: Containing an
::l? Latin Raading Book, with an Analpsis of the Sentences, Notes,
:I.!rm: Dlﬂaﬂn‘m-y, Being s Stepping-stone to Priocipis Lation, Part 11,
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SMITH'S (Dr. Wa,) Liriw Covrse—continued,

Priworera Latiwa.  Part 1. First Latin Course, containing a
Grammar, Delecras, and Exerclse Book, with Vocabularies, 12moe, S 6.
»* In this Edition the Cases of the Nouns, Adjestives, and Pronouns
are nrranged bath a8 in the onoidaky GRAMMAES and na in the Pontig
Somoon PRIMER, together with the correspanding Exercises,

ArrENmIX To Purworera Larmwa. Part I ; being Additional
Exercison, with Examinntion Papers, 12mo, 2a. Gd.

FPriscieza Larmwa, Part I, A Reading-book of Mythology,
Geaography, Homan .&nl:r;muu aud History. With Notes and Die.
tlomary. 13mo. Br 8d

Prrworeia Latia. Part ITL A Foetry Book, Hexnmeters
and Pentameters; Eclog. Orvidian®s ; Latin Prosody. 123mo, 3, 0d.

Priworera Larrsa. Part IV, Prose Composition. Rules of
Bymiax, with Examples, Explanations of Synonyma, aod Exercises
on the Byntax, 12mo, 3y 6d.

Privorera Larisa,  Part V. Bhort Tales and Anecdotes for
Teanslation into Latin, 12mo, 8.

Larin-Exorien  Vooanvzany axp Fmsr  Lamiy-Encnsn
Dhoriosany For Pusoros, CoRvELivs Nepos, axp QEaa6. 12mo. e bd.

Bropenr’s Lariy Grawman. For the Higher Forme. A new
and thoronghly ravised Edition. FPost Ava.  dn,

Buarier LarTix Gramwar, New Edition, 1%mo. 3a Gd.

TaciTos, GERMANTA, Aonrioons, and Finst Boox ofF THE
Awrard, 12mo, Se Gd,

BMITH'S (Dx W) GREEK COURSE:—

Iniria Grzca. Partl, A FirstOreek Qourse,containinga Gram-
mar, Delsctus, nod Exercine-book, With Voeabninries, 12mo. &r. 64

Avpexprx o Irrra Omsoa. Part L Containing additional
Exprelsed. With Examinstion Papers. Poat Bvo. 22 6l

Iwrvia Gr=oa, Part 1L A Resding Book. Containing
Bhort Tales, Anecdotes, Fables, Mythology, and Greclan Ilistory.
13me. 8 &4,

Iniris Grses. Part 1L Press Compoeition. Containing the
Hulag of Syntax, with esploun Examples and Exercises. Tdme. 3. 6d.

Sropenr's  (Iners GRaMMaBR.  For the Higher Forma,
Foat Bva.  Ba

Buarien (neee GRaMyaR. 12me. 3z 6

GrekE AcoipExoR. 12mo, 2 6d.

Praro, Apology of Bocrates, ke, With Notes. 12mo. 3s 8d,

SMITH'S (Ds W) SMALLER HISTORIES :—

Bopreronn  Historym: Maps and Woodeuts, 10mo. 35, 6,
Anciest History, Woodents, 16me, 34, 8d.

Anciest GEoGRAPET, Woodeuts, 16mo. 3a 6

Mopeey GEOORAPHY. 16mo, 2s, Gd.

Guepoe.  With Coloured Map and Woodents. 18mo.  3a 6d,
Roum, With Coloured Maps and Woodeuts. 16mo. 3s fd,
Crassieat MyTaoLoaY, Woodents. 16mo. 3 Bd

Engrawn. With Coloured Maps and Woodeuts. 16mo. 3z, 6,
Frorisg LITERATURE.  l6mo, 8¢ dd.

Spporuess oF Evolisn Lissparone. 16mo. 3. 8d0

BOMERYILLE (Man¥). Physical Geography. Fost&vo. 9z

__ Qonnexion of the Physical Beiences, Post 8vo. 8,

—  Molecolor and Microscopic Seience. Illustrationa,

4 ¥ols, PoatBvo 2ls
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SOUTH (Joms F.). Household Surgery; or, Hints for Emergen-
elos. With Woodeuts, Feap, Bvo. Bz 0d,

Mempoirs of. [Ses Frirom.]

BOUTHEY (Rosr.), Liver of Bunyan and Cromwell. Poat 8vo. 2s.

STANHOPES (Bary) WORKS (—
Hisrory of Eronanp vFrom TEE REtew or Quoeen AWNE T0

THE PEAOE OoF VErfaiines, 1701-83. 8 Vola. Post Bro, Bo.ench.
Lare of Wintzax Prrr, Portrails., 3 Volg. B8ve. 36s
Mraorrnawies. 2 Vols. Poat Bvo.  13s,
o Brrmsn Impia, vrom 1ve Onoeis To 1788, Post 8vo. 3 6d,

History o * Fonrr-Five.” Poat 8vo.  8s.
Hisrorioarn anp Onrrroan Essats.  Post 8vo,  3s 6d,
Tur Rerrear Frou Moscow, A%D oTHER Es=ava, Post 3vo, Vs, Gd.
Live ov Brrisanios. Posb 8vo, 10s Gd.
Lare oF Cowng.  Post Bvo.  8a. 6d.
Brory oF Joaw oF Aro. Feap. Bve. 1a
Anpremsrs oW Vaniovd Ocoastows. 16mo. la
[Bee also Wrrtiwaron.]

STANLEY'S (Draw) WORES :—
Breat Awn Paresting, Colowred Maps, Bvo. 12

Brewn 1w tue Howr Lawn; Extracted from the above Work.
Woodeuts, Poat Bvo, 3 Gd
Easterx Caveom,  Plane:  Crown 8vo.  ds.

Jewien Omenern. From the Barliest Times to the Christian
Era, Portrait and Maps 3 Vols. Crown 8ve, 185

Cuvmen of Sgotnawp. 8vo. o Gd.

Eriszies o 8r. Pavsn to vEE CorinTmiaxe, Svo, 188

Lire oF De. Ansonn, Portrait. 2 Vols. Or Byve. 124

CanTenover, Iilustrations, Crown 8ve. 6

Westsmmarer Anpey. Illustrations, 8vo, 1bs

SErMuxs Pryicuep 18 WESTMINSTERABBEY, 8vo, 12a

Menore oF Epwann, Caraeniss, saxn MARY Braniey., Cr.gvo. Pa.

Omuiseran Iserrruriows.  Dssays on Heelesinstical Subjects.
Crown Bvo.  8r.

Fasive an Choaom axnd Srare; 1850—1870; Crown Bro. s

Beauons To Cmipaes, including the Beatitudes, the Faithful
Bervant, e, Fost Beo. o Bd.

[Bee alen Bravrr.]
STEBBING (W) Some Verdicla of History Reviewed. &vo, 123

"BTEFHE . W. B W) Life and Times of Bt John
thfnﬂ“; Sketeh of lh"llu Chorel and the Empire io the Fourth
Centnry, Poetrait. 8v0. 76 tiel.

BTREET (G. B), R.A. Gothic Architecturs in Brick and Marlble,

‘W&tlh Motes gn North of Ttaly. Tlnstrations, Hoyal Svo. 26,
Memoir of, By Antavn I. Sreeer, Portrait. &ve. 165
STUART (Vittzgs), Bgypt after the War. With Descriptions of

the H, hits of the Notives, &e. Ccloured Justrations
o Wt n]:;ﬂ avo, Bld.Bd.
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ATUDENTS MANUALS, Posr &vo. Te 6d. macm Vonvee ;—

. Hous's Hisrony oF Exctasn from the Invasion of Juline
Camear to the Revolution in 1638, Revised, and econtinned to the
Treaty of Berlin, 1674, By J. §, Brewer, M.A, Coloured Maps and
‘Woodents, ©OF in 3 parts, prics Y& od. each,

*.* Quentions on ihe above Work, 18mo. s,

Hisrorr or Moness Evrors, from the fall of Conetantinople
fo the Tresty of Berlin, 1878, By I Looae, M, A.

Orp Tesrament Histonr ; from the Ureation to the Return of
the Jewn from Captivity. Woodeuts,

¥zw Tesrawesr Hirory. With an Introduction connecting
the History of the 014 and New Teatamsntn, Wondenta, A

Evinesces or Unmistrawirr, By H. Waoe, DD, [ the Pres.

Eocuestaprioan Histoky ; a Histary of the Christian Chuorch
from its foundatinn till sfter the Reformation, By Purnoe Suwcem, B.A,
With numercns Woodcnts. 2 Vols. PantI, A,b, 30—1003. Fart 11.—
I00a—16814.

Exarisn Caonom Hrsrory; from the Planting of the Church
in Great Britain to the Bllascing of Convocntion in the 18th Cont. By
Caror PERRY, B Vola. First FPeriod, 4 1. 596—1509, Sccond Period,
1600—1T17, Third Period, 17171534,

Axgiesr Histont o tue East; Fgypt, Assyria, Babylonis,
Medin, Persia, Asin Minor, and Phonlelas, By Pamre Surre, Bl
W onden ta.

Orocraray, By COaron Bevax, Woodcuts.

Hisrony or Guercs ; from the Barliest Times to ihe Homan
Conquest, By Wu. Bwirn, D.C.L. Woodents,

®." Questions on the nbave Work, 13mo. T,

Histonr or Rome; from the Barlicst Times to the Hatablishs
mant of the Empire. By Deax Liopeny, Weodents,

Greaox's Droiss afp Fasl or va Roman Exrran, Woodeuts.

Hattan's History oF Evnors during the Middle Ages,

Harpaw's Histony or Enanaxn; from the Accession of
Hunry VIL to the Death of George TL

Hisropy o Frawor; from the Barliest Times to the Fall

of the Beeond Empire, Dy H. W, JErvis. With QOoloured Mapa and
Woadcutn,

Erourar Lawavase. By Guo. P. Mikss,
Ergrse Lirensrure. By T. B, Snaw, M.A.
Seecnirss oF Eveiian Literdtons, By T. B, Smaw,
Monenw GrodrArEY § Mathematioal, Physi j
T E‘"E- e bl hyeical and Deseriptiva,
Geosrarny oF Butrse Isoga, i i
s SR Polikioal and Physieal. By
Mopar Pritcdoray, By W, FPraurmg,
SUMNER'S (Brszor) Life and Epj during 4
Eav. n.{H. SoMEEE.  Portrait, ETI::M L. By
BWAINSON (Cawox). WNicene and Apostles Creeds; Their

Lite History ; together with soma o™
Athanagine” vo.: 18 R el it S

BWIFT (Josarmax). [See Craix]

SYBEL (Vow). History of Burope during the Freneh Rao
1:59-?;7}95. SVl By e oh Revalution,

SYMONDS' (Rev. W.) Records of the Rocke; or Notes

Geology of Wales, Devon, and Cornwall, Crown 8vg, 12, on the

T
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TEMPLE (S8in Rrcearn). Indiain 1830, With Mapa. 8vo. 1ds,
Men &nd Events of My Time in India, Sve. 1fe.
———— Orlental Experience,  Fasays and Addresses de-
livered on Varlous Ocoaslops,  With Maps and Woodeuia, Bva, 16r
THIBAUTS (Antorns) Purity in Musical Art, With Prefatory
Mamalr by W. H. Glndstone, M,P.  Post Bvo, Ts 6d,
THIELMANN (Bagox).. Journey throngh the Cancasos to

Tabreez, Kurdistan. down the Tigris and Exphmtes to Niosveh and
Palmyra. Illustrations. 2 Vols. Post 8va, js.,,

THOMSON (Anosasmor). Lincoln's Inn Sermons, Bvo, 104 6d.
Life in the Light of God’a Word., Post 8vo, B,

—=——_Word, Work, & Will: Collected E=anys, Crown Bvo, 9,
THORNHILL (Mank). The Personal Adventires and BExperiences

of a Magisirate during the Rise, Progress, and Bupprassion of tha Indisn
Mutiny, With Frontispisce and Flan. Crown Svo, 1%,

TITIAN'S LIFE AND TIMES. With eome mecount of his

Family, from unpublished Rocords, Dy Crowe and CAVALCANELLE,
Illustrations, «2 Vols, 8va, 91a,

TOCQUEVILLE'S State of Society In France befora the Reavolution,
1788, and on the Canses which led to that Event. Bro, 194,

TOMLINSON (Omas.). The Sonnet: It Origin, Structure, and Place
In Postry., Poat Bva, S,

TOZER (Rzv. H, F.). Highlands of Tarkey, with Visits to Mounts
Lda, Athas, Olympus, and Pelion, 2 Vols, Crown Bva, 24r.
———— Lectures on the Geography of Greece. Post 8vo. 0s,
TRISTRAM (Canox). Great Bahara. Illustrations. Crown Svo, 164
— Land of Moab : Travels and Discoverica on the Enst

Sile of the Dend Ses and the Jordan, Iltnstrations. Crown Svo. 164,
TWINING (Rxv. Taoa.). Reercations and Studies of Country
Clergyman of the Last Century. Crown Sve. 95,
FPAPERS (Selections from the). Being a Sequel to
the * Becreations of n E-:-unt?- Clergyman of the 15th Contury,”
Edited by Riceakp TWixiss, Crown Sve, O
(Lowraa). Symbols and Emblems of Eirly and
Medimval Chrlstian Art.  With 500 DMustrations,  Crown Bva, 1%,
TWISS' (Honaog) Life of Lord Eldon. 2 Vols. Post Bvo, 21s,
TYLOR SE. B.). Resenrches into the Farly History of Mankind,
sod Dovelopment of Civilization, 3rd Edition, Svo, 125
Primitive Culiare : the Development of Mythology,
Phﬂ"HL?TU'- Keligfon, Ag. anl Castom.  °Vols, Svo. 2ds.
VATICAN COUNCIL. [Ses LEze.]
VIRCHOW (Psoresson). Tha Freedom of Scfence In the
Maodern Htate. Feap. Bvo, 23 >
WACE (Rey, Hexnr), DD, The Principal Fasts in the Lifs of
our Lord, nod the Authority of the Evanpelicn] Kurratives. Poat Svo. fis,
The Foundstions of Faith. Bampton Lectures for 1875,
Bpeond Edition, Bvo. Ta, IH. 4
Christianity and Morulity. Boyle Lectures for 1874 and
1875, Heventh Bdition. Crown 8va, Bs
WALES (H/RH. vrs Priscs of). Bpeeches and Addresses of
H.B.I1. (e Prince of Wales ; Dering Twonty-five Years, 1565.1585,
Edwed by Jasies Macaviay, & M, With Portealt. Sve, 195,
WEBLLINGTON (Duxr or). Notes of (onversations with the
late Earl Blanhope. 1881-1851. Crown Bvo, 7a. 6, ¥
Despaiches in India, Denmark, Fortugal, Spain,
the Low Countrips, and Franes, 8 Vols, fyo, £5 A,
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WELLINGTON (Dvxe or), Supplementary Despatches, relating to
ndin, Ireland, Denwark. 3panish Americs, Spaln, Portogal, France, Uen-
gress of Vienna, Waterioo, and Paris, 16 Vola. Eva. 0. each.

WELLINGTON'S Civil and Political Correspondence. Vole. L. to
¥1II. Hvo. 204 each.

—  Speeches in Porlinment.. 2 Vols. 8vo, 4 2.

WESTCOTT (Caxow [5 F.) The Gospel according to St. John, with
Hoten ;mdﬂgmtium {Reprinted from the Speaker's Commentary).

Bvo. 10
WHARTON Eﬂu-r. W.JI.1L.), RN. Hydrographical Surveying :
being & deseription af the means and meibods employed in constructing
Mufine Charts, With I]lultrml.nnrl.l Bva, 18a 5
WHEELER (G.). Cholee of o Dwelling. Fost 8vo.  Ta 6d.

WHITE (W, H.). Manual of Naval Architesture, for the use of
Kaval Officers, Bhipboildors, and Yachtsmen, &e, Iifustrations, 8va, HMs,
WILBERFORCES (Bizsor) Life of William Wilberforce, Portrait,

Crown Svo. B,
(BamoEs, 1LD.), Lord Bishop of Oxford and
Wincliester; his Life, By Cawox Asuweir, and R G. Wineen-
ronoE. With Partraits and Wosdents, 3 Vols, Gvo. 16 each.
WILKINSON (Sis J. G.). Mauners and Custome of the Ancient
Egyptians, their Privata Life, Laws, Arta, Religion, &= A new edition.
Edited by Bawven Bincs, Ll D. IMustraticns., 3 Vels.  Brn. Bida,
Popular Aceount of the Ancient Egyptisns. With
B Wondents. 2 Vaols, Poat8va, 12,
WILLIAMS (31e Monrze), DBrahmanism and Hinduism, Religions
Thoaght and Litn i Ielis a8 based on the Veda,  Svo,  10s 8d,
Buddhbism in ite gonnection with Bralimanism and
Hindutsm, and inits contrast with Christiandty, With Illustrations, 8vo,
Sakoontala; or, The Lost Ring, An Indian
liramn ‘Translnted into English Proso and Verse, Swvo, Te, Gd.

WINTLE (H. G.). Ovid Leseons. 12mo, 2s.6d. [See Erox.]

WOOI'S (Caprars) Bource of the Oxus, With the Geography
af the Walley of the Gxes. By Qoo Yree Map. Bvo, 12n
WORDS OF HUMANX WISDOM. Collected and Arranged by
E 8. With a Proface by Caxos Lipoow. Feap. Bro. 30, 6d,
WORDSWORTH'S (Bemor) Greecs; Pictorial, Deseriptive, and

Histarieal,  With an Intreduction on the Chameterlstics of Gresk Art,
1‘3;- Gt Scusny. New Edition revised by the Rev, H. F. Tozge, M. A,
it 400 Tlingeeations,  Roval Svo,  Bla fd
YORE (Ancupisnor oF), Collested Fasnye, Confents,—Synoptic
Goapeld, Death of Christ, God Exicts. Worth of Lifa. I;uﬁhzn in
Mature, Bports amd Pastimes.  Emotions in Presching. Defects io
Missbomary Wark.  Limits of Philosophieal Enquiry. Crown Bve, Br
TORE-GATE LIBEARY (Catalogue of}. Formed hy Mr. Bruven,

An Index: to Literature of & i
nlllru;n‘f. eriture of Geography, Maritime and Imland

eree  and Colonisation, Compiled £
Prrunaicty F-RGS. Secind Edition, grontly enianged, and Tias.
el Iﬂh}l[\. E“-'-I-’“f-l"}}'ulﬁw_ Pl’ilﬁbé!.
YULE (Coownt). The Book of Ser Marco Polo, the Venstian
wereiatas S foms and Marvolyof tin East,_ Tilostrated by the
£ T A wild. th
Flates. 3 Vold, Medium v, 631, Maps and B9

and A. © Boamwte. A Glossary of Anglo-Tndi
Crlinguinl Worls 2nd Phrases, and of Kindred Terms: :.Errmlngin:
Higtarical, Geopraphieal, and Discursive. Medlnm fva, g,

(A. F.) 'The Cretan Insurrection. Post §vg. 2¢. Gd.

URADEULY, AGNEW, & co,, FRINTERS, w'ujr.;uuml
()
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