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On the Charncter and Hybrid-like Nature of the Offspring from
the Tlegitimate Unions of Dimorphic and Trimorphic Plants.
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Vantous plants, which T have called dimorphic and trimorphie,
have been described by me in papers read hefore this Society *.
But it may be convenient to recall as briefly as possible the
meaning of these terms.  Dimorphic species consist of two forms,
which naturally exist in about equal numbers : in the long-styled
form the pistil is always longer, and the stamens (excepting in
the case of Linum grandifiorin) ave shorter than in the other
form. , Conversely, in the short-styled form the pistil is shorter
and the stamens longer than in the long-styled form. In the
latter the pollen-grains are almost always of Jarger size than in
the short-styled form.  The sexual union of the two distinct forms
i necessary for full fertility : such unions T formerly called hete-
romorphic; but, for reasons which will immediately appear, it is
mare convenient to speak of them as legitimate, and the offspring
thus produced, as ordinarily oceurs in mature, as legitimate.
When long-styled or short-styled plants are impregnated with
their own-form pollen, the union iy not fully fertile, or is even
absolutely barren. Such unions, and the offspring raised from
them, may be called illegitimate. Thus two legitimate and two
illegitimate unions can be effected.

‘With trimorphic species, the case is more complex. There are
three forms, which differ greatly in the length of the pistil; and
i each form two sets of stamens exist, differing in length, in the

* On the twa Forms, or Dimorphic Condition, in the species of Primida,”
Journal f Procecdings, Bot. vol. vi. (1862) p. 77. *On Linum," ibid. vol. vii.
(1R64) p. 60, On Lyfhrum salicaria,” ibid. vol. viii, 1864, p. 169,
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A91 MR CDARWIN ON THE ILLEGITIMATE OFFSPRING

size of the pollen-grains, and often in colour. The stamens are
graduated in length, 5o that one of the two sets in two of the
forms is equal in length to the pistil in the third form. Tor in-
stance, in the long-styled form the pistil equals in length the
Tonger set of stamens in the mid-styled and short-styled forms.
In all three forma the union s fully fertile and legitimate only
when the pistil is impregnated with pollen from the stamens
which equal it in length. Thus the long-styled form can be
legitimately fertilized only by the longer stamens of the mid-

vled or short-styled form : it can be illegitimately fortilized
by its own bwo sets of stamens, and by the shorter stamens of
both the mid-styled and short-styled forms ; so that the long-
styled form can’ bo fertilized Tegitimately in two ways and illegi-
timately in four ways. The same holds good with the mid
styled ‘and short-styled foru; henee with trimorphic speci
cighteen unions are possible, of whicl six are legitimate, and pro-
duce legitimate offspring, and twelye are illegitimate and produce
illegitimate offspring.

T will give the results of wy experiments on the illegitimate
offspring of various dimorphic and trimorphie plants in full detail,
partly hecanse the observations are extremely troublesome, and
will niot probably soon be repeated (thus T have been compelled to
count under the microscope ahove 20,000 seeds of Zythrum Sali-
caria), bt chiefly because much light is thus indirectly thrown on
the important subject of hybridism.

LYTinus SATICARIA.

1 will commence with this trimorphic species. Of the twelve
illegitimate unions, bwo were completely barren; and T succeeded
in raising scedlings from only six, or doubtfully from seven, of the
remnining ten illegitimate unions. The experiments are arranged
in classes according to the parentage of the plants. Tn each case
1 give the average number of seeds per capsule, generally taken
from ten eapsules, which, according to my experience, is a nearly
suflicient number. T give also in each case the maximum number
of seeds in any one capsule; and this is o useful point of compa-
rison with the normal standard—that s, with the number of secds
produced by legitimate plants when legitimately fortilized. T
give likewise in cach case the minimum number. When the
maxinum and minimun differ greatly, and no remark is made on
the subject, it may be understood that the extremes are so closely
conmected by infermedinte fignres that the average is fair. Large
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capsules wero always sclected for counting, in order to avoid over-
estimating the infertility of the several illegitimate plants. The
plants were generally allowed to bo freely and legitimately fer-
tilized, through the agency of bees, by illegitimate plants belong-
ing to the two other forms growing close by. This is the fairest
plan, and was generally followed ; but in several cases (which will
always be stated) illegitimate plants were fertilized by pollen
taken from legitimate plants belonging to the other two forms
and this, as might have been expected, increased their fertility.
Unfortunately Lythrum Salicaria is much affected in its fertility
by the nature of the senson; and to avoid, as far as possible, error
from this source, my observations were extended ovor several
years.  Some few experiments were tried in 1863, The summer
of 1864 was too hot and dry, and, though tho plants were
copiously watered, some few apparently suffered in their fertility,
whilst others were not in the least affected. The years 1865 nm]
especially, 1866, were highly fivourable. Oniy a few observations
were made during 1867.

Tn order to judge of the degree of infertility of the various ille-
gitimato plants, the following statement of the average and maxi-
mum number of seeds produced by ordinary or legitimate plants,
when legitimately fortilized, some’ artificially and some naturally,
will serve as a standard of comparison, and may in each case be
referred to. But in order to save trouble, I have given under
cach experiment the percentage of seeds to the nearest whole
number, as caleulated in comparison with the standard number of
the same form.

Standards.

Long-styled form ; average number of sceds in cach capsule 93 ;
maimum number observed in twenty-three capsules, 159.

Mid-styled form ; average number of seeds, 130 ; mazimun number
observed in thirty-one capsules, 151

Short-styled form ; average number of seeds, 885 ; but we may,
Jor the sake of brevity, suy S8 mazimum number observed in

twenty.five capsules, 112.

Cuass L. llegitimate plants from the long-styled form, fa
by pollen from the longer or shorter stamens of the same form.
From this union I raised at different times three lots of seed-
lings, amounting altogether to 56 plants. 1 must premiso that,
from not foresecing the result, T did not keop a memorandum
whether the eight plants of the first lot were the product of the
202

lized
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longer or shorter stamens of the same form ; but T have reason to
suspect that they were the product of the latter. These eight
plants were mueh more dwarfed, and mueh more sterile than
those in the other two lots. The latter were raised from a long-
styled plant growing quite isolated and fertilized by the agency of
bees with its own pollen; and it is almost certain, from the rela-
tive position of the organs of fructification, that the stigma under
these cireumstancos would be fertilized by pollen from the longer
stamens.

Al the fiffy-six plants in these threo lots proved long-styled ;
now, if the parent plants had heen legitimately fertilized by pollen
from the longer stamens of the mid-styled or short-styled forms,
about one-third alone of the scedlings would have been long-
styled, and the other two-thirds would have been mid-styled and
short-styled.  Tn some other trimorphic and dimorphic genera we
shall find the same eurions and inexplicable fact, namely that the _
long-styled form, fertilized by its own-form pollen, produces
almost exclusively long-styled scedlings *.

The cight plants of the first 1ot were of low stature: three
which T mensured abtained, when fully grown, the heights of only
28, 20, and 47 inches; whilst a legitimate plant growing close by
reached the height of 77 inches. They all betrayed in their
general appearance n weak constitution; they flowered rather
Iter in the senson, and at a later age than ordinary plants.
Some did not flower every year; and one plant, in an unprece-
dented manner, did not flower until three years old. In the two
other lats none of the plants grew quite to their full and proper
height, as eould af onee be seen by comparing them with the
adjoining rows of legitimate plants. Tn several plants in all three
Tots, many of the anthers were ecither shrivelled or contained
brown and tough, or pulpy matter, without any good pollen-
grrains, and they never shed their
designated by Girtnert as contabesc ik, whick term Twill for
the future use. In one flower all the anthers were contabescent
excepting two, which appeared to the naked eye sound ; but under
the microscope about, two-thirds of the pollen-grains were seen to
he small and shrivelled.  In another plant, in which all the
anthers appeared sound, many of the pollen-grains were shrivelled

* Dr. Mildebrand first enlled attention (Tot. Zeitung, Jan. 1, 1864, 8. 5) to
this subjeet, in the caso of Primudan sinensis; but his results were not neasly so
uniform or striking as mine.

+ Deityiige zur Kennturiss der Tefruchtung, 1844, §. 116,
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and of unequal sizes. T observed, under the circumstances imme-
diately to be stated, the number of seeds produced by six plants
(Zzp. T to VL) in the first lot of eight plants, and by threo plants
in ench of the other two lots belonging to the present class.

Eaperiment 1. This long-styled plant was allowed during 1863
to be frecly and legitimately fortilized by an adjoining illegitimate
mid-styled plant, but it did not yield a single secd-capsule. It
was then removed and planted in a remote place close to & brother
long-styled plant No. L, so that it must have been freely though
illegitimately fertilized ; under these circumstances it did not
yield during 186+ and 1865 a single capsule. T should here state
that a legitimats or ordinary long-styled plant, when growing
isolated and frecly, thongh illegitimately fertilized by inseets with
its own pollen, yielded an immense number of capsules, which
contained on an average 21°5 sceds.

Eap. TL This long-styled plant, after flowering during 1863
close to an illegitimate mid-styled plant, produced less than
twenty capsules, which contained on an average between four and
five seeds.  When subsequently growing in company with No. 1.
by which it will have been illegitimately fertilized, it yielded in
1866 not a single capsule, but in 1865 it yielded twenty-two
sapsules: the best of these, fiffeen in number, were examined ;
2ight contained no seed, and the remaining soven contained on
w averyge only three seeds, and these seeds were: so small and
shrivelled that T doubt whether they would have germinated.

Fep. 11 & IV, These two long-styled plants, after being freely
itimately fertilized by the same illegitimate mid-styled
563 werc as miserably sterile as No. IT.

Iap. V. This long-styled plant, after flowering in 1863 closo to
the illegitimate mid-styled plant, yielded only four capsules, which
altogether included only five sceds.  During 186+, 1865, and 1866,
it was surrounded either by illegitimate or legitimate plants of
the other two forms; but it did not yield a single capsule. 1t
was a superfluous experiment, but 1 likewise artificially fertilized
in a legitimate mamner twelve flowers; but not one produced a
capsule ; so that this plant is almost absolutely barren.

p. VL. This long-styled plant, after flowering during the
favourable year of 1866, surrounded by illegitimate plants of the
ather two forms, did not produce a single capsule.

Eap. VL This long-styled plant was tho most fortile of the cight
plants of the first lot. D illegi
mate plants of various pavenlage, many of which were highly ferti
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and must thus have been legitimately fortilized. Tt produced a
good many eapsules, ten of whicl yielded an average o seeds,
with a maximum of 47 and a minimum of 22; so that this plant
produced 39 per cent. of the full number of seeds.  During 1864
it was surrounded by legitimate and illegitimate plants of the
other two forms ; and nine capsules (one poor one being rejected)
yielded an average of 41-9 sceds, with a maximum of 56, and a
minimum of 28; so that, under these favourable cirenmstances,
this plant, the most fertile of the firat lot, did not yield, when Jeg
mately fertilized, quite 45 per cent. of the full ecomplement of seeds

In the second lot of plants in tho present class, descended from
the long-styled form fertilized by its own pollen, and almost cer-
tainly from the longer stamens, {he plants, as already stated, were
not nearly so dwarfed or so sterile as in the first lot. Al pro-
duced plenty of capsules. T counted the number of seeds in only
three plants, viz. Nos. VIIT, IX,, & X.

Exp. VII1. This plant was allowed to be freely fertilized in
1864 by legitimate and illegitimate plants of the other two forms,
andyielded from ten eapsules an avernge of 41°1 seeds, with
maximum of 73 and a minimum of 11. Henco this plant pro-
duced only 44 por cont. of the full complement of sceds.

Cap. IX. This long-styled plant was allowed in 1865 to bo
freely fortilized by illegitimate plants of the other two forms,
most of which were moderntely fertile.  Fifteen capsules yielded
an average of 57-1 seeds, with a maximum of 86 and a minimum of
23, Tlence the plant yiclded 61 per cent. of the full complement
of seeds.

Lxp. X. This long-styled plant was freely fertilized at the
same time and in the same manner as the last. Ten capsules
yielded an average of 442 seeds, with a maximum of 69 and a
minimum of 25; hence this plant yielded 47 per cent. of the {ull
complement, of soeds.

Tho nineteen long-styled plants of the_ third lot, of the same
parentage as the last lot, were treated differently; for they
flowered during 1867 by themselves, so that they must have been
illegitimately fertilized by each other. Tt has already been stated
that a legitimate long-styled plant, growing by itself and visited
by inseets, yielded an average of 21°5 seeds per capsule, with a
maximum of 35 ; but, to judge firly of its fertility, this plant, ns
s others, ought to have been observed during succossive
sensons. We may infer from analogy that, if several legitimato
Tong-siyled plants weve to fertilize each other, the average num

E
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OF DIMORPHIC AND TRIMORPUIC PLANTS. 399

of seeds would be increased ; but how much increased I do not
know ; hence T have no perfoetly fuir 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.

ap. XI. This long-styled plant produced a largo crop of
capsules, and seemed to be one of the most fertile of the whole lot
of nineteen plants. The average from ten eapsules was 859 seeds,
with a maximum of 60 and a minimum of §.

Eap. X1L This and the following long-styled plant produced
very few capsules ; ten yiclded an average of only 154 seeds, with
a maximum of 30 and a minimum of 4.

Erp. X1IT. This plant offers an anomalous case; for it flowered
profusely, but produced very few eapsules; yet these capsules
contained numerons seeds. Ten capsules yielded an average of
719 seeds, with a maximum of 95 and a minimum of 29. Con-
sidering that this plant was illegitimate, and illegitimately for-

i styled seedlings, the average and the
high that T cannot at all understand

the case.
Cuass 11, Hlegitimate plants from the short-styled form, for-
itized by pollen from the sharter stamens of the same form.

T raiged from this union nine plants, of which eight were short-
styled and one long-styled; so that there seems to be a strong
tendengy with this form fo reproduce, when selffertilized, the
parent form ; but the tendency is not so strong as with the long-
styled.  These nine plants never attained the full height of legi-
timate plants growing close to them. The anthers in many of
the flowers on several plants were contabescent.

Eaxp. X1V, This short-styled plant was allowed during 1865 to
bo ¢ and legitimately fertilized by illegitimate plants de-
sconded from sell-fertilized mid-, long- and short-styled plants,
Tifteen capsules yielded an average of 283 seeds, with a maximum
of 51 and a minimum of 11, The seeds themselves were small
and i o5 hence this plant prodiced only 38 per
conts. of the proper number of seeds.  Alihough so sterile on the
female side, none of its anthers were contabescent.

Eaxp. XV. This short-styled plang, treated like the last during
the same year, yielded an average, from fifteen capsules, of 27
seeds with a maximum of 49 and & minimum of 7. But two poor
capsules may be rejected, and then the average rises to 326, with
the same maximam of 19 and a minimum of 203 so that this
plant attained 38 per cont. of the normal studard of fertility

regular in sha
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and was rather more fertile than the last, yet many of the anthers
were contabescent.

. XVI. This short-styled plant, treated like the two last,
yiclded from ten capsules an average of 77°8 seeds, with a maximum
of 97 and & minimum of 60 so that this plant produced 94 per
cent. of the fall number of sceds

Jzp X VL. This, the one long-styled plant of the same parentage
as the last threo plants, when frecly and legitimately fertilized in
the same manner as the last, yiclded an average from ten capsules
of 76 mum
of 57. Tence this plant produced 82 per cent. of the praper
wumber of sceds. Twelve flawers under a net were avtificially
and legitimately fortilized by pollen from a legitimate shori-
styled plant; and nine capsules yiclded an average of 8215 seeds,
b maximum of 98 sceds and a minimum of 51; so that its
ty was increased by the action of pollen from u legitimate
plant, hut still did not reach the normal standard.

Cunss [TL. Tliegitimate plants from the mid-styled form fer-
ilized by pollen from the longer stamens of the same form.

After twa trinls, T suceeeded in raising ouly four plants from
ihis illegitimate union. These proved to be three mid-styled and
one long-styled; bub from so small o number we can hardly
i mid-styled plants when solf-fertilized
four plants never attained
yled plant bad several of

ather poor seeds, with a maximum of 88 and a mir

fert

judge of the tenden
to reproduce the same form, T
their full and normal height 3 the long-s
its anthers contabescent

Eap. XVIIL This mid-styled plant, when freely and legiti-
mately fertilized during 1865 by illegitimate plants descended
from self-fortilized long-, short-,and mid-styled plants, yielded an
average from ten capsules of 102G seeds, with a maximum of 131
and & minimum of 63: hence this plant did not produce quite
*80 per cents. of the nor cmal number of sceds, Twelve flowers wero
artificinlly and legitimately fertilized by pollen from n legitimate
longz-styled plant, and yiclded from nino capsules an average of
116°1 seeds, whieh were finer than in the provious case, with u
masimum of 135 and a mininum of 75 ; 80 that, as in Fap. XVII,
pollen from a legitimate plant increased the fertility, but did not
bring it up to the full standard

Eap. X1X. This mid-styled plant, fertilized in the same manner
and at the same period with the last, yiclded an average from fen
capsules of 734 seeds, with a maximum of 87 and a minimum of
64; henee this plant produced only 56 per cent. of the full number

@& The Complete Work of Charles Darwin Online



OF DIMORPILIC AND TRIMORPHIC PLANTS. 401

of sceds.  Thirteen flowers were artificially and legitimately ferti-
mte long-styled plant, and yielded ten
average of 956 seeds ; so that the application of
pollen from a legitimate plant added, as in the two previous cases,
to the fertility, but did not bring it up to the proper standard.

Fap. XX. This long-styled plant, of the same parentage with
the last two mid-styled plants, and freely fertilized in the same
manner, yielded an average from ten eapsules of 696 seeds, with o
maximum of 83 and a minimum of 52 ; hence the plant produced
75 per cent. of the full number of sceds.

Crass 1V. Tllegitimate plants from the short-styled form for-

d by pollen from the longer stamens of the long-styled form.
In the three previous classes, plants raised from the threo forms
«d by pollen from either the longer or shorter stamens of
ame form, but not of the same individual plant, have been
ibed. Six other illegitimate unions aro possible, namely
between the three forms and the stamens in the other two
forms which do not correspond in height with the pistil. But
[ suceceded in raising plants from only three of these six unions.
From onc of them, forming the present Class, twelve plants
were raisod ; these consisted of cight short-styled, and four long-
styled plants, with not oue mid-styled. These twelve plants
never attained quite their full and proper height, but by no
means dekerved fo be ealled dwarfs. The anthers in some of the
flowers were contabescent.  One plant was remarkable from all
the Jonger stamens in every flower and from many of the shorter
stamens having their anthers in this condition. The pollen of
four other plants, in which none of the anthers were contabescent,
was examined ; in one a moderate number of graing were minute
and shrivelled, but in the other three they appeared perfectly
sound.  With respect to the power of producing sced, five plants
(Exps. XXI. to XXV.)were observed: one yielded scarcely moro
than half the normal number ; a second was slightly fufertile ; but
the three others actually produced a larger average number,
a higher maximum, than the standard, Tn my concluding re-
marks on Zythrum 1 shall recur to this fact, which at first appears
inoxplicablo.

Exp. XXL This short-styled plant, freely and legitimately
fertilized during 1865 by illegitimate plants, descended from self-
fertilized long-, mid- and short-styled parents, yielded an average
from ten capsules of 43 sceds, with a maximum of 63 and a
minimum of 26; hence this plant, which was the one with all its
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songer and many of its shorter stamens contabescent, produced
anly 53 per cont. of the proper mumber of sceds.

Zap. XXTL—This short-styled plant produced perfectly sound
pollen, as viewed under the microscope. During 1866 it was freoly
and logitimaicly fertilized by other illegitimate plants belonging
to the present and the following class, both of which include many
highly fertile plants. Under these circumstances it
cight’ enpsules an average of 1005 seeds, with a maximum of 123
and & minimun of 86 so that it produced 121 per cont. of sceds
in comparison with the normal standard. During 1864 it was
allowed to be frecly and legitimately fertilized by legitimate and
illegitimate plants, and yielded an nverge, from eight capsules, of
1042 seeds, with a maximum of 125 and a minimum of 90 ; con-
sequently it produced 125 per cent. of the normal standard. Tn
this case, n in some previous enses, pollen from legitimate plants
added in @ small degree to the fertility of the plant; and the fer-
tility would, perhaps, have been still greater had not the summer
of 1864 been very hot, and certainly unfavourable to some of the
plants of Lythyum.

Trp. XXTIL—This short-styled plant produced perfoetly sound
pollen.  During 1866 it was frcely aud legitimately fertilized by
the other illegitimate plants specified under the last experiment,
and yiclded an average, from cight capsules, of 1185 sceds, with o
maximum of 123 and a minimum of 93. Hence this plant pro-
duced 1o less than 136 per cent. of the normal standard.

Frp. XXTV.—This long-styled plant produced pollen which
weemed under the microscope sound ; but some of the grains did
not swell when placed in water. During 1864 it was logitimately
fertilized by legitimate and illegitimate plants in the manner de-
seribed under Bxp. XX 1L, but yielded an average, from ten cap-
sules, of anly 55 sceds, with & maximum of 88 and a minimun of
24, thus atfainining 59 por cent. of the normal fertility. This
low degreo of fortility, T prostme, was owing to the unfavoursblo
season 5 for during 1866, when legitimately fertilized by ilegiti-
mate plants in the manner described under Txp. XXTL, it yiclded
an average, from cight capsules, of 82 seeds, with a maximum of
120 and a minimum of 67, thus producing 88 per cont. of the
normal number of seeds

Eap. XXV.—The pollen of this long-styled plant contained a
moderate number of poor and shrivelled grains ; and this is a sur-
prising cirenmstance, as it yiclded an extraordinary number of
soeds. During 1866 i wus tely fortilized by

iy and legiti
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illegitimate plants, as deseribed under Exp. XXTT., and yielded an
average, from cight capsules, of 1225 sceds, with & maximum of
149 and a minimum of 84. Hence this plant produced no less
than 131 per cent. of the normal standard.

Crass V.—Illegitimate plants from the mid-styled form, for-
tilized by pollen from the shorter stamens of the long-styled form.

1 raised from this union twenty-five plants, which proved to be
neventeen long-styled and eight mid-styled, but not one short-
styled. None of these plants were in the least dwarfed. T exa-
mined, during the highly favourablo season of 1866, the pollen of
four plants: in one mid-styled plant, some of the anthers of the
longer stamens were contabescent, bub in the other anthers the
pollen-grains were mostly sound, as they were in all the anthers
of the shorter stamens ; in two other mid-styled and in one long-
styled plant many of the pollen grains were small and shrivelled ;
and in the lafter plant as many as a fifth or sixth nppeared to be
in this state. T connted the seeds in five plants (Bxp. XXVI. to
XXX.), of which two were moderately sterile and threo fully
fertile.

Zirp. XX VI.—This mid-styled plant was freely and legitimately
fertilized, during the rather unfavourable year 1864, by numerous
surrounding legitimate and illegitimate plants. Tt yiclded an aver-
age, from ten capsules, of 835 seeds, with a maximum of 110 and
aminittum of 64, thus attaining 64 per cent. of the normal fer-
tility.  During the highly favourable year 1866, it was frocly and
legitimately fertilized by illegitimate plants belonging to the pre-
sent Class and to Class TV., and yielded an average, from eight
capsules, of 86 seeds, with 4 maxitum 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 longer siamens con-
tabescent, ns above mentioned.

Bap. XX VIL—This mid-styled plant, fortilized during 1864 in
the same manner as the last, yielded an average, from ten capsules,
of 994 seeds, with o maximum of 122 and a minimum of 53, thus
attaining to 76 per cent. of the normal fertility. If the season
had been more favourable, its fertility would probably have been
somewhat greater, but, judging from the last experiment, only in
a slight degrec.

Eap. XX VITL—This mid-styled plant, when legitimately ferti-
lized during the favourable season of 1866, in the manner de-
seribod under Txp. XX VI, yielded an average, from eight eapsules,
of 89 seeds, with & maximum of 119 and a minimum of 69, thus
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producing 68 per cent. of the full number of seeds. In the pollen
af oth sets of anthers, nearly as many graius were small and
shrivelled as sound.

Bap. XXIX.—This Tong-styled plant was legitimately forti-
lized during the unfavourable season of 1864, in the manner de-
seribed under Bxp. XX VI, and yielded an average, from ten
capsules, of 846 secds, with a maximum of 132 and a minimum of
47, thus attaining to 91 per cont. of the normal fertility. During
the highly favourable scason of 1866, when fertilized in the
manner likewise deseribed under Bsp. XXVI, it yielded an ave-
vage, from nine capsules (one poor eapsule having been excluded),
of 100 seeds, with a maximum of 121 and a minimum of 7. This
plant thus exceeded the normal standard, and produced 107 per
cont. of seeds.  Tn hoth sets of anthers there were & good many
d shrivelled pollen-grains, but not so many as in tho last-

fer

'his long-styled plant was legitimately d
during 1866 the manner described under Exp. XX VL, and
yiclded an average, from eight eapsulcs, of 94 seeds, with a maxi-
wum of 106 and a minimum of 66; so that it attained 101 per
cent. of the normal fertility.
Erp. XXX L—Some flowers on this long-styled plant were arti-
inlly and legitimately fertilized by one of its brother mid-styled
plants; and five capsules yiclded an average of 906 seeds, with
maximum of 97 and a minimum of 79. Hence, as far as can be
judged from so few capsnles, this plant attained, under these
‘favourablo circumstances, 98 per cont. of the normal standard.

Crass VI—Illgitimate plants from the mid-styled form ferti-
lized by pollen from the longer stamens of the short-styled form.

T have shown, in my former paper on Lythrum Salicaria, that
the union from which these illegitimate plants were derived is far
more fertile than any other illegitimate union ; for the mid-styled
parent, when thus fertilized, yielded an average (all very poor
capsules being exchuded) of 1028 soods, with o maximum of 130
and the plants in the present class accord in character with the
but slightly lessened fertility of the parent-union. 1 raised forty
and these attained their full height and were covered with
seed-eaprules.  Nor did T observe any contabescent anthers. 1t
doserves, also, particular notice that these plants, differently from
what occurs in any previous class, conisted of all three forms,
namely eighteen short-styled, fourteen Tong-styled, and cight mid-
styled plants. From these vireumstances, T connted the seed in

plants;
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only two plants (Txp.
fortile.

Hep. XXXIL—This mid-styled plant was freely and legitimately
fortilized, during the rather unfavourablo year of 1564, by nume-
rous Tegitimate and imate plants.  Bight cap-
sules yielded an average of 1272 secds, with n maximum of 144
and a minimum of 963 so that this plant attained 98 per cent.
of the normal standard.

Erp. XXXTIL—This short-styled plant was fertilized in the
same manner and at the same time with the lst ; and ten cap-
sules yiclded an average of 1139, with a maximum of 137, and a
minimum of 90. Hence this plant produced no less than 137 per
cent. of sceds in comparison with the standard.

XI1. & XXXIIL), which proved fully

Concluding remarks on the illegitimate offspring of the three forms
of Liythrum salicaria.

From the three forms oceurring in approximately equal num-
bers in a state of nature, and from tho results of sowing sced
naturally produced, there is reason to believe that ench form when
legitimately fertilized, reproduces all three forms in about equal
numbgrs, Now we have scen (and the fact is a very singular one)
that, the fifty-six plants produced from the long-styled form, when
illegitimately fertilized by pollen from the same form (Class 1.),
were all long-styled. The short-styled form, when self-fertilized
(Class I1), produced cight short-styled and one long-styled plant ;
and the mid-styled form, similarly treated (Class TIL), produced
three mid-styled and one long-styled offspring ; 5o that these two
furms, when illegitimately fertilized by pollen from the same form,
evinee a strong, but mot exclusive, tendency to reproduce the
parent-form.  When the short-styled form was illegitimately fer-
tilized by the long-styled form (Class TV.), and again when the
mid-styled was illegitimately fertilized by the long-styled (ClassV.),
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, beliove that it is the rule that plants thus
produced yield both parcat-forms but not the third form.
‘When, however, the mid-styled form was illegitimately fertilized
by the short-styled (Class VI.), the same rule did not hold good ;
for the seedlings consisted of all three forms, but in uncqual num-
Ders. Nor is this exception surprising ; for the illegitimate union
from which these seedlings were devived is, as proviously stated,
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singularly fertile, and the scedlings themselves exhibit no signs of
sterility, and grow to their full height.

Tubulated resulls of the fertility of the foregoing illegitimate plants,
when legitimately fertilized, generally by illegitimato plants, as
described wnder cach eaperiment. aperiments XT, XIL, &
XTIT. ore excluded; for these plants were illegitimately

Fortilized.
senlated aven
Masimum | Minimam o et ety 8|
e of P e I e
et and Standacd | o | 'any one | ay-one | e, hiy brinw
)du:u\ Irpenle, | cnpee, | ahen i cach eaen
b
Standard........| Tongestyled | 93 | 169 |No vecordwae
eyt bt all
Do. Mid-styled | 130 151 Sl

o | Stortsyled | 835 | 112 3’.‘1’:5:,‘";\':7

Cuass T—Mliegitimate plants from the long-styled form, fertitized by polien from
the longer ar shorter stamens of the same form.

Tperiment T. | Tong-styled 0 0 0 0
| Do 45 = 5
TL| Do 45 5
.| Do 4 5
v.| ™ Oorl e Oor1
VI.| D
VIL| Do ac1 |47 a9
VUL| Do a1 |7 1
Do. 51| 8 2 6
X| Do 42 | 69 2 47

Crass TL—Tilegitimate plants from the shovt-styled form, fertiliced by pollen from
tha sharter stamens of the same form.

Short-styled | 283 sl 1 33

0. a6 | 49 20 38

XVI.| Do 778 o7 0 94
XVIL | Long-styled | 763 88 5 82

Crass T11—Zlingitimate plants from the mid-styled form, fertilized by polien
rom the longer stamens of the same form.

Fxp. XYL | Midsiyled. | 1026 | 1m0 o
XIX. | Do. 734 & L
XX, | Longetyled | 696 & 52
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Tawis (continned).

Cunss V. Illcgitimate plants from the short-styled form, fertitized by pollen
om the longer stamens of the long-styled form.

‘ \
sorgn [atstmsn| e
5 [ e e
i

Shortestyled | 52
Do | 121
Do. | 136

Lang-styled | 88
Do. | 131

Criss V.—Llegitimate plants from tha mid-styled form, fortitised by pollen from
the sharter stamens of the lon

Fxp. XXVL | Midaed..| 860 60 | 100 61
XXV D 122 53 76
Do. s00 | 110 @ &
Tong-stgled | 1000 | 121 7 107
To. oto | w08 | 6 101
Do. 906 o7 | 7 9

Cuws VL—Iigitimate plantsfrom the iyt for frtized by ollenfrom
longer stamens of the short-styled form,

Txp. XXXIL
XXXTIT

Midstyled..| 1272 | 144 90 98
Short-styled | 1130 | 137 90 137

" The Jessenod fortility of most of these illegitimate plante s in many
vespects o highly remarkable phenomenon. Thirty-three plants
in the six classes were subjected to varions trials, and the seeds care-
fully counted. Some were artificially fertilized, but the far greater
numberwere freely fortilized (and this is the better and natural plan)
through the agency of insects, by other illegitimate plants. In the
right-hand or percentage column in the accompanying Table, a wide
difference in fertility between the plants in the first three and thelast
three classes may be perceived. Tn the first three classes the plants
are descended from the threo forms illegitimately fertilized by pollen
taken from the same form, but not from the same individual plant.
Tt is necessary o observe this latter circumstance; for, as T shall
at some future time show *, most plants, independently of dimor-

T havo given a brief abstract of some of these observations in my work on
“The Variation of Animals and Plants under Domestication, 1867, vol. ii.
PRE
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phism or trimorphism, when fertilized with their own pollen, are
in some degree dwarfed, and somotimes rendered sterile. None
of the nineteen plants in the first three classes attained complete
fertility ; one, however, made a near approach, yielding 96 per
cout. of the proper number of scods. From this high degree of
¢ we have many descending gradations, till we reach an ab-
solute zero, when the plants, though bearing mauy flowers, did
not. produce, during successive years, a single seed or even seed-
capsule.  Some of the most sterile plants did not yield a singlo
seed, even when legitimately fertilized by pollen from Jogitimate
plants. The first seven plants in Class 1., which are by far the
most sterile, probably onght to form a distinct class from the
three following plants; for there is reason to suspect that the
former are the product of the shorter stamens of the long-styled
form, whilst it is almost cortain that the latter are descended from
the Tonger stamens of the same form s but, owing to this doub,
they are all arranged under the same clss. The several classes
differ in their average degree of fertility ; and in the ame class
{here s a wide difference in the fertility of the several plants,
though deseended from the same parents, sown at the samo time,
and grown in the same soil.  None of the plants in the first three
ses attained their full and propor stature; the first seven
ants, which, ns already stated, probably ought o form n distinet
s, are by far the most dwarfed, several of them never reaching
to half their proper height. These same plants did not flower at
co carly an age, or so carly in the scason, as they ought to have
done. The anthers in many of their flowers, and in the flowers
of some other plants in the first five classes, were either conta-
bescent: or included numerous small and shrivelled pollen-grains.
As the suspicion nt one time occurred to me that the lessened for-
tility of all the illegitimate plants might he due to the pollen
alone heing affected, T may remark that this is cortainly not the
case; for soveral of them, when fertisized by sound pollen from
legitimate plants, did not yield the full complement of sceds ; hence
it is certain that both the female and male reproductive organs
are affected.

Turning now to the fourth, fifth, and sixth classes, and looking to
the right-hand column of the Table, we find nearly as many plants
with & percentage of sceds above the standard as beneat it, Hence,
at first sight,it appears probable that the number of seeds ordinarily
produced is much more variable than I have supposed, and, ¢
sequently, that the plants in these three classes do not really differ
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in their power of yielding secd, but have merely varied tempora-
rily in fertility. Nevertheless we may reject this conclusion as
far as the less fertile plants are concerned,—first, because none of
the plants in Class 1V. attained their proper height, which shows
that they were in some mauner affected; and, secondly, beeauso
many of the plants in Classes TV, & V. produced anthers which
were either contabescent or included small and shrivelled pollen-
grains.  And as in these cases the male organs were manifestly
deteriorated, it s by far the most probable conclusion that tho
female organs were likewise affected, and that this was the cause
of the reduced number of seeds.

With respect to the three short-styled and three long-styled
plants in the three latter classcs, which yield too high a per-
centage of sceds, the explanation is mucl, moro doubtful, The
normal standard for the long-styled form was deduced by counting
the sceds in twenty three capsules, and for the short-styled form
from twenty-five eapsules. T do not pretend that this is a sufli-
cient number of eapsules for absolute acouracy ; but my experience
leads me to believe that a very fair result would thus be gained.
As, however, the maximum number observed in the twenty-five
eapsules of the short-styled form is low, the standard in this case
may possibly be not quite high enough. Tn the case of the illegi-
fimate plants, in order to avoid overestimating their infertility,
ten very fine capsules were nlways selected ; and the years 1865
and 1866, during which the phu(a in the three latter classes were
observed, wero highly favourable for sced-production. Now, if
this plan of selecting very fiue capsules during favourable seasans
Thad been followed for obtaining the normal standards, instead of
taking, during varions scasons, the first capsules which came to
hand, the standards would wndoubtedly have been considerably
Wigher; and thus the fact of the six foregoing plants appearing to
yield an unnaturally high percentage of seeds may, perhaps, be
accounted for.  On this view, these plants are, in fact, merely
fully fertile, and not. fertile to an abnormal degree. Nevertheless,
a8 characters of all kinds are Tiable to variation, especially with
organisms unnaturally treated, and as in the three first and more
sterile classes, the plants derived from the same parents, and
treated in the same mauner, certainly did vary much in sterility, it
is possible that certain plants, in the latter and more fertile classes,
wmay ave varied so as fo have acquired an abvormal degree of
fertility.  But it should be especially obscrved that, if my stan-
dards in being too low, the sterility of all the many sterile

LINN. FROC.—BOTANY, YOI, X. 2%
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plants in the several classes, will havo to be estimated higher
in the same proportion. Finally, we see that the illegitimate
plants in the three first classes are all more or less sterile,
come being absolutely barren, with one alone almost completely
fertile; in the three Tatter classes, some of the plants are mode-
rately sterile, whilst others are fully fortilo or possibly fertile in
excess,

The Tast point which need ere be noticed is that, as far as my
means of comparison serve, a certain degree of relation exists be-
tween the infertility of the illegitimate first unions hetween the
several forms and that of theirillegitimate offspring. Thus the two
illegitimate nnions, from which the secdlings in Classes V. & VI.
were derived, yiclded a fair amount of seed, and only n few of theso
plants are in any degree sterile.  On tho other hand, the illegiti-
mate unions befween plants of the same form always yield very
fow seds, and their scedlings are the most sterile.  But the rela-
tion i not striet; for tho first, six or soven plants in the Tablo wero
extremely storile, out of all proportion to the union from which
they were derived. There is also a tolerably close parallelism in
ench class between the degree of sterility and the dwarfed stature
of the plants. As previously stated, an illegitimate plant fertilized
by pollen from a legitimate plant has its ferlility slightly increased.
The importance of the several foregoing conclusions will be ap-
parent at the close of this paper, when the illegitimate unions
between the forms of the same species, and their illegitimate
offspring, are compared in functional power with the hybrid unions
and the hybrid offspring of distinet species.

Genus Oxants,

Dr, Hildebrand * has proved that Ozalis rosea is a trimorphic
specics, like Zythrum Salicaria. e possessed in the living stato
the Tong-styled form alone, and from its sceds, necessarily solf-
fertilized, he raised scedlings which proved all long-styled; but,
mfortunately, he does not. state how many plants were raised.

Genus PrIMuna,
PrIMULA SINENSIS.

T raised during February 1862, from some long-styled plants

+ Ucher den
Akndl. der Wi
rately

imorphisnims in der Gu'hmg Osalis: Monnfsberichte der
n Berlin Tune 1566, p. 373,

Also published sepa-
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llegitimately fertilized by pollen from the same form, twenty-
sevon seedlings. These were all long-styled. They proved fully
fertilo or even fortilein excess; for ten flowers, fertilized by pollen
from other plants of tho same lot, yiclded nine capsules, containing
onan averago 3975 seeds, with a maximum number in one capsule
of sixty-six scods. Again four of these flowers legitimatoly crossed
by pollen from  legitimate plant, and four flowers on the latter
erossed by pollen from the illegitimate scedlings, yiclded seven
capsules with an average of fifty-three sceds, with « maximum of
soventy-two. T must here state that T have found some difficulty
in estimating the standard of fertility for the several unions of this
spocics, as the results differed much during successive years¥, and
the soods vary so greatly in size that it is hard to decide which
ought to be considered good. In order to avoid overestimating
tho infertility of the several illegitimate unions, T have taken as
Tow standards as possible.

From the foregoing twenty-seven plants, fertilized by their
own-form pollen, T raised tenty-five seedling grandehildren ; and
these were all long-styled; so that from the two illegitimato
generations ffty-two plants wore raised, and all without exception
proved longstyled. These grandehildren grew vigorously and
soon exceeded in height two other lots of illegitimate seedlings
of different parentage and one lob of cqual-styled scedlings pre-
sently to be described. Ifence 1 expected that they would
turn out highly ornamental plants; but when they flowered,
they seemed, as my gardener remarked, to have gone back to the
wild state; for the petals were pale-colourcd, narrow, sometimes
not. touching each other, flat, generally decply notched in the
middle, but not floxuous on the margin, and with the yellow cye

* Dr. Hildobrand was much more successful than T wos in fort
flowers of £ sinensis ; yet, tho number of sceds obtained by him is cortainly much
too low.  Thus o givos (Bot. Zeitung, 1864, p. 3) eighteen seads as tho averago
number produced by the long-styled form, when illegitimately fertilized by tho
same-form pollen, and forty-one ns the number when logitimately fortilized.
For the short-styled form, the corresponding numbers are twonty and forty-four.
e Towest atandards which T can give for tho fllogitimate and legitimate unions
of tho lang-styled form aro thirty-five and ab Teast fifty, and for the short-styled
at loast twonty-five and sixtg-four. Tt is possiblo that Dr. Hildobrand’s plants
were grown in oo small pots, or, whilst maturing their seods, woro otherwiso
treated i an unfovaneablo marmer, This would account, for he greater inequals
obsorved by him than that by me botweon the product of seeds from the logitimate
and illogitin
ditions.

e unions, as the Tatfor always suffor most from unfavourabla con-

2£2
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or centre conspi

1ons.  Altogether these flowers, in comparison
with those of their progenitors, presented a striking difference,
which can, T think, be accounted for only on the principle of re-
version.  One of these grandchildren had most of its anthers
cantahescent.  Seventeen of the flowers were illegitimately forti-
lized by pollen taken from seedlings of the same lof, and produced
fourteen capsules, containing on an average 202 seeds; they ought
to have contained about thirty-five sceds.  Fifteen flowers Jegiti-
mately fertilized by pollen from an illegitimate short-styled plant
(belonging to the lot next to be described) produced fourteen eap-
sules, containing an averngo of forty-six seeds; they onght to have
contained ab least fifty sceds. Hence these grandchildren of illegi-
timate doscent appear to have lost, though anly in a very slight

degree, their (ull fertility.
From a short-styled form of P. sinensis, fertilized by its own-
form pollen, T raised, during February 1862, eight seedlings, soven
of which were short-styled and one long-styled. These plants
grow slowly, and never attained to the full stature of ardinary
plants; same of them flowered precociously, and others late in the
scason. Four flowors on the shost-styled plants and four on the
g-styled plant were fertilized with their own-form
pollen and produced only three capsules, containing on an averago
236 seeds, with a maximum of twenty-nine; but we cannot judge
of their fertility from so few capsules ; and T have greater doubts
about the normal standard for this union than about the standard
for the three other unions; but I believe that rather above
twenty-five seeds would be a fair estimate. Bight flowers on the
short-styled and long-styled illegitimate plants were reciprocally
and legitimately crossed ; they produced five capsules which con-
tained an average of 28'6 seeds, with a maximuam of thirty-six. A
reciprocal cross between legitimato plants of the two forms would
have yielded an average of af least fifty-seven seeds, with a possible
i these illegitimate plants

T suceeeded in raising from the seven short-styled illegitimate
plants, fertilized by their own-form pollen, only six plants—grand-
children of the first union. Thesc, like their parents, were of low
stature, and had so poor a constitution that four died before
flowering.  With ordinary plants it has been a rare event with
me to have more than a single plant dic out of a large lot. Tho
tavo grandehildren which lived and flowered were short-styled ; and
twelve of their flowers were fertilized with their own-form pollen
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and produced twelve enpsules containing an average of 282 seeds;
w0 that these two plants, though belonging to so weakly a set,
were rather more fertile than their parents, aud perhaps not at
all sterife.  Four flowers on the same two grandchildren were legi-
timately fertilized by a long-styled illegitimate plant, and produced
four capsules, containing only 322 seeds instead of about sixty-four
soeds, which is the normal average 1 have obtained from legitimate
short-styled plants legitimately crossed,

By looking back, it will be scen that at fivst I rajsed from a
short-styled plant fertilized by its own-form pollen seven short-
styled plants and one-Jong styled. These illegitimate plants of the
two forms were legitimately crossed, and from their seed fifteen
plants were raised, grandehildren of the first illegitimate union.
According to analogy half of them ought to have been long-styled
and half short-styled ; but all were short-styled. Altogether, of
the twenty-five plants illegitimately descended from the short-
styled grandparent, twenty-four proved to be short-styled and ono
alone long-styled. Tiwelve short-styled flowers borne by the
fifteen grandehildren were fertilized by pollen taken from plants
of the same form belonging to the same lot, and produced eight
capsules which contained an average of 21-8 gecds, with a maximum
of thirty-five. These figures are rather below the normal standard
for such a union.  Six flowers were also legitimately fertilized by
an illegitimate long-styled plant and produced only three capsules,
containing on an average 236 seeds with a maximum of thirty-fivo.
Such a union in the ease of a logitimate plant ought to have yielded
an average of sixty-four seeds, with o possible maximum of seventy-
three seeds.

Summary on the transmission of form, constitution, and fertility
of the illegitimate offspring of Primula sinensis.—1In regard to the
long-styled form, the illegitimate offepring, as far as my experience
during two generations of fifty-lwo plants serves #, appear invari-
ably to be long-styled, These plants grew vigorously; but the
flowers in one instanee wore small, appearing as if they had
roverted to the wild In the first illogitimate generation
they were perfectly fo nd in the second their fertility was
anly very slightly impaired. With respect to the short-styled

ile,

* Dr. Iildebrand (Bot. Zeitung, 1864, p. 5) raised from o similar illegitimata
vtoon wore Tong-styled and threo short-
om a shorl-styled plant illogitimatoly fortifized by its own pollen he
mised fourteon plans, of which eleson wore short-styled and threo fong-
syl

oventeon plants, of which fou
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form, twenty-four out of bwenty-five of their illegitimate offspring
were short-styled.  They were dwarfed in stature, and ono lot of
grandehildren had so poor a.constitution that four out of six plants
perished hefore flowering. The two survivors, when illegitimately
fortilized by their own-form pollen, were rather less fertile than
they ought to have been ; but their Joss of fertility was clearly
shown in a special and unexpected manner, namely when logiti-
mately fertilized by other illegitimate plants: thus altogether
cighteen flowers fertilized in this manner yielded twelve capsules,
which included on an averago only 295 seeds, with a maximum of
forty-five. Now alegitimate short-styled plant would have yielded,
when legitimately fortilized, an average of sixty-four sceds, with a
possiblo masimum of scventy-four. This particular kind of in-
ty will perhaps be best appreciated by a simile: we may
assume that six children would on an average be born from each
ordinary marriago ; but that only three would be bor from an in-
cestuous marringe. Now, according to tho analogy of Primula
sinensis, the children of such incestuous marriages, if they con-
tinued to marry incestuously, would have their sterility only
slightly increased ; but, their fortility would not be restored by a
proper mavriage ; for if two children, both of incestuous origin, but
in no degree related to each other, wero to marry, the marriage
would of course be strietly legitimate, nevertheless they would
not give birth to more than balf the full and proper number of
children.

Equal-styled varicty of Primula sinensis.—As any variation in
the structure of the reproductive argans, combined with changed
function, is a rare event, the following eases are worth giving in
detail.  Mr. Scott, in his excellent paper on the reproductive
functions in the Primulacew*, has recorded some analogous facts.
My attention was first called to tho subject by observing, in 1862,
a long-styled plant, descended from a relf-fertilized long-sty
parent, with some of its Nowers in an snomalous state, namely, with
the stamons placed low down in the corolla as in the ordinary
long-styled form, but with the pistils so short that the stigmas
stood on a level with the anthers. These stigmas were nearly as
globulur and as smooth as in the short-styled form, instead of being
clongated and rough as in the Jong-styled form. Here, then, wo
have stamens of the long-styled form and a pistil closely resembling
that of the short-styled form combined in the same flower.  Bul.

* Jouenal of Proe. Tinn. Soc. Fot. vol. viii. (1864) p. 75
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the structure varied much on the same umbel : for in two flowers
the pistil was intermediate in length between that of the long-
and that of the short-styled form, with the stigma elongated as in
the former, and smooth as in the latter; and in three other flowers
the structure was in all respects like that of the long-styled form.
Theso modifications appeared to me so that T fertilizod
cight of the flowers with their own pollen, and obtained five cap-
sules, which contained on an average forty-threo seeds; and this
number shows that the flowers had become abnormally fertile in
comparison with those of ordinary long-styled plants when self-
fertilized. These facts led me to examine the plants in several
small collections, with the following result, showing that the equal-
styled varicty is not rare.

Name of Owner 11,, yled | Short-atyled
or Place. Vorrne Form.
Mr. Horwood 0 0
r. Duck ... a
Baston 18
Chichostor ., [
Holwool 12
IHigh Tihms 0
Westarlun »

Myown plants from

purchased seeds..| 13 7
m 51

Total

Tn a state of nature the long- and short-styled forms would no
doubt oceur in equal numbers, as I infer from the analogy of
other dimorphic species of Primula, and from having raised the
two forms of the present specics in cxactly the same number from
Hlowers which had been legitimately crossed. The preponderance
in the above Table of the long-styled form aver the short-styled (in
the proportion of 134 to 61) rosults from gardeners generally
collecting soed from self-fertilized flowers ; and 1 have shown in
iy previous paper that the long-stylod form spontancously pro-
duces much more seed than the short-styled, owing to the anthers
in 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.
fertilized, almost invariably reproduce long-styled offspring.

To roturn to the oqual-styled variety. Mr. 1orwood raised
from purchased sced fonr plants, which certainly were not long-

@ The Complete Work of Charles Darwin Online



»
416 MR €. DARWIN ON TIE ILLEGITINATE OFFSINING

styled, but were either short- or equal-styled, probably the Intter.
o kept separate and allowed to ferliliz
themselves s from their seed the seventeen plants in the Table
wore raised, which proved all cqual-styled. The stamens stood
Jow down in the corolla as in the long-styled form; and tho
stigmas, which wore globular and smooth, were cither complotely
surrounded by the anthers or stood close above them. My son,
Mr. W. B, Davwin, made magnified drawings for me, by the aid
of the camera lucida, of the pollen of ane of the above equal-styled
Plants; and, i accordance with the position of the stameus, the
pollen resembled in the small size of the grains that of the long-
styled form. My son also examined pollen from two equal-stylod
plants which he procured at Southampton s and in both of these
the grains differed estremely in size, @ large number boing small
and shrivelled, whilst many wore fully as large as those of the short-
styled form and vather more glolular. Tt is possiblo, or even pro-
bable, that the increased size of tho grains in these plants was due,
ot to their having assumed the character of the short-styled form,
but to monstrosity ; for Max Wichura observed pollen-grains of
onstrous size iu certain hybrids. The vast number of the small
and shrivelled grains i the above fwo cases explaing the fict
that though equal-siyled plants are generally fertile in a high
degroe, yel some yield fow seeds. From the mutual position of
the stigma and anthers in the above seventeen plants they could
hardly fail to fertilize themselves ; and accordingly four of them
spontancausly yielded no loss than 180 capsules ; of theso the gar-
dener selected cight fine capsules for sowing; and they included
an an average 54°8 sceds, with a maximum of seventy-two. He
gave me thirty other capsules, not selected, of which twenty-seven
contained good seeds, averaging 355 sceds, with a maximum of
seventy ; but if six poor capsules, each with less than thirteon
seeds, be excluded, the average rises to 425, Theso are highor
numbers than could be expected from cither ordinary form when
seltfertilized, and aceord with the view that the male organs be-
Jomg to one form, and the female organs partially to the other
form ; so that a self-union with the equal-styled variety is in fact
a Tegitimate union

Seed was saved from the above seventoen self-fertilized equal-
styled plants, and produced sisteen plants, which all proved equal-
styled, and resembled their parents in all the before-specified
respects. The stamens, however, in one plant were seated higher
wp in the tube of the corolla than in the true long-styled form ;

These four plants w
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in another plant almost all the anthers were contabescent, These
sixteen plants were the grandehildren of the four original plants,
which probably wero equal-styled s so that this abnormal éondi-
tion has been fithfully transmittod, probably, through three, and
cortainly through two generations. The fertility of ono of these
grandchildren was carefully abserved s six flowers were fertilizod
with pollen from the same flower, and produced six capsules, con-
taining on an avernge sixty-cight sceds, with a maximum of eighty-
two and a minimum of forty. Thirteen capsules spontancously
solf-fortilized yielded au vorage of 53-2 seeds, with the astonishing
maximum it one capsulo of ninety-seven sceds, and a minimum of

Sourteon, which latter capsule might fairly have been excluded,

and then the average would have been higher. In no legitimate
wnion has so high an average as sixty-eight sceds been observed by
me, or nearly such high maxima as cighty-two and ninety-seven.
Hence these plants not only have lost their proper dimorphic
structure and poculiar functional powers, but have acquired
abnormal grade of fertility—unless, indeed, their high fertility may
be accounted for by the stigmas receiving pollen from the eircum-
jacent anthers at exactly the most favourable period.

With respect to Mr. Duck’s lot in the Table, sced was saved
from a single plant, of which the form was not observed, and this
produced nine cqual-styled and twenty long-styled plants. The
equal-styled resembled in all respects those previously describoed;
and eight of their capsules spontancously self-fertilized contained
on an average 414 sceds, with o maximum of sixty-one and a
minimum of twenty-three.  In regard fo the twenty long-styled
plants, the pistil in somo of the flowers did not project quite so
high as in the ordinary long-stylod form 3 and the stigmas, though
properly elongated, were smooth; so that we have a. slight approach
in structure 4o the pistil of the short-styled form. So-it also is
in function ; for ono of these plants produced no less than fifteen
spontancouely self-fertilizod capsules, and eight of these contained
on an average 317 scods, with a maximum ol’uixby—ane This
average would be rather Tow for o long-styled plant artificially
fertilized with its own pollen, but is high for onc spontancously
tanee, thirty-four capsules produced by
ol oo Tnng:aisi

rtilized, contained on an average only 91 sceds, with a maxi-
mum of forty-six. Some sceds indiscriminately saved by the
gardener from the foregoing equal-styled and long-styled plants
produced sixtoen secdlings (grandehildren of the o

5

inal singlo
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plant belonging to Mr. Duck), which consisted of fourteen cqual-
styled and bwo long-styled plants; and T mention this fact as
an_additional instance of the transmission of the cqual-styled
variety.
The third Tot in the Table, namely the Baston plants, are the
Tast which need be mentioned. The long- and short-styled plants
were descended from a distinet stock from the fifteen equal-styled
plants. The latter were derived from a single plant, which the
gardencr is positive was not long-styled; hence, probably, it was
cqual-styled. Inall theso ifteen plants the anthers, occupying
the same position as in the long-styled form, closely surrounded
the stigma, which in one instance alone was slightly elongated.
Notwithstanding this position of the stigma, the Rowers, as the
gardencr assured me, did not yield many seeds 5 and this difference
from the foregoing cases may perhaps have been caused by the
pollen being bad, ns i some of the Southampton equal-styled
plants.

Conelusions with respect to the equal-style v of P. sinensis.
—That this is & variation, and not athird or distinct form, ns in
the trimorphic genera Lythrum and Oaalis, is clear; for we have
scent in an llegitimate long-styled plant ite first appearance; and
in the case of Mr. Duek’s scedlings, long-styled plnts, only
slightly deviating from the normal state, and equal-styled plants
were produced from the same self-fertilized parent. The position
of the stamens in their proper place low down in the tube of the
corolla, together with the small size of the pollon-grains, show,
first, that the equal-styled variety is a modification of the Jong-
styled form, and sccondly that the pistil is the part which varics,
as indeed was obvious in many of the plants. This variation is of
frequent ocourrence, and when it has once appeared is strongly
inherited. It would bave possessed little intorest if is had con-
sisted of a meve change of structure ; but this is accompnnied by
wmodified fortility. Its oceurrence apparently stands in close re-
lation with the illegitimate birth of the affecied plant, and is pro-
bably due to reversion ; bub to this poiut T shall recur at the close
of this paper.

Prisuns AURIOULA.

Although 1 made no_ experimonts on the illegitimate ofi
i of this specics, T refer to it for two rensons:—Tirst,
we 1 have observed two equal-styled plants in which the
pistil resonbled in all respects that of the loug.

yled form,
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whilst the stamens had become clongated as in the short-styled
form, 8o that the stigma was almost surrounded by the anthers.
The pollen-grains, however, of the elongated stamens resembled in
their small size those of the shorter stamens of the long-styled
form. Hence these plants have been rendered equal-styled by the
increased length of the stamens, instead of, as with P sinensis, by
the diminished length of the pistil. Mr. J. Scott observed five
other plants in the same state, and he shows * that ono of them,
when self-fertilized, yieided more seed than an ordinary long- or
shorb-styled form would have done when similarly fertilized, but
that it was far iuferior in fertility to either form when legi
mately erassed. Hence it appears that the male and female organs
in this equal-styled variety were in a deteriorated condition, but
had been modified in some special manner so ns mutually to act
on each other moro cfficiently than in the case of either of tho
ordinary forms.

The seeond point which deserves notice is that florists always
throw away the long-styled plants, and save seed exclusively from
the short-styled form. ~Nevertheless, as Mr. Scott was informed
by aman who raises this species extensively in Scotland, about
ane-fourth of the scedlings appear long-styled ; so that the short-
styled form of the Auricula, when fertilized by its awn pollen, docs
not reproduce the same form in so large a proportion as in the
case of P. sinensis. We may further infor that the short
form is not rendered quite sterilo by a long course of fert
with pollen of the same formn ; but as there would always be some
liability to an occasional cross with the other form, we cannot tell
how long self-fertilization has been continued. 1t s possible that
our cultivated plants may be much more sterilo than those in
state of nature; for Gallesiot speaks with surprise of the exubo-
rant fertility in Italy of the Auriculs when it is crossed.

Proscuna vunaarss, Brit, .
_Var., acaulis of Linn.and P. acaulis of Jacq.

Before giving my observations on the illogitimate offspriug of
the Primrose, it will be convenient to show, under the form of a
Table, the degree of fertility in this species of the two illegitimate
and two legitimate unions; for this has not hitherto boen any-
where recorded :—

* Journal Proc. Linn. Soc. viii. (1864) p. 91
della Riproduzione Veg. 1816, p. 67.
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Var. rubra.—Mr. Scoth states + that this variety, which grew
i the Botanic Garden in Tdinburgh, was quite sterile when fer-
tilized by pollen from the common Primrose, s well as from n
white varicty of the same species, but that some of the plants,
when artifieially fortilized with their own pollen, yielded & modo-
rate supply of seed. e wax so kind as to send me some of th
self-fertilized seed, from which T raised the plants immediately to
Ve deseribed. T may premise that my experiments on (he sced-
lings, made on a large scale, do not accord in the result with those
made by Mr. Scott 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

2 plants were raised ; of these 18 were purple,
th 2 of them n little streaked and freckled
with yellow, thus showing a tendency to reversion; and 5 wore
yellow, but. generally with a brighter orange contre than in the
wild flower, All the plants were profuse flowerers. Al were
Jong-styled ; but the pistil varied a good deal in length even on the
sume plant, boing rather shorter, or considerably longer, than in
the normal long-styled form ; and the stigmas likewise varied in
shape. Tlence it is probable that an equal-styled variety of the
prinirase would e foand by eareful search ; and I have received
in this condition. The stamens
+ Peoe. Lina. Soc. viii. (1864) p. 98.

twwa accounts of plants apparent]
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in the scedlings always oceupicd fheir proper position low down in
the corolla; aud the pollen-grains were of the small size proper to
the long-styled form, but were mingled with many minute and shri-
velled grains.  The yellow.flowered and the purple-flowered plants
of this first generation ilized under a net by their own
pollen, and the seed separafely sown. From the former, 22 plants
were raised, and all wero 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 this last case wo have an
instance of reversion in colour, without the possibility of any
cross, to a great-geandparent, or o a more distant ancestor if tho
parent of the Edinburgh plant was not yellow. Altogether, 23
plants in the first gencration, and 46 in the sccond generation,
woroe raised 5 and the whole of these 69 illegitimate plants wero
long-styled.

Eight purple-flowered and two yellow-flowered plants of the
first illogitimnte generation were fertilized in various ways by
their own pollen and by that of the common Primrose; and the
sceds were separately counted, bub T could detect no difference
in the fertility of the purple and yellow varicties. Hence, in the
Table on the following page, the results are run together.

If we compare the figures in this Table with those proviously
given, showing the normal fertility of the common Primrose, we
shall see that theillegitimate purple- and yellow-flowered varieties
are very sterile. For instance, 72 flowers were fertilized with
pollen from the same plants 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 averago 52°2 seeds,
instead of only 115 seeds. When these plants were illegiti-
mately and legitimately fertilized by pollen from the common
Primrose, the average numbers were increased, but wero far from
attaining the normal standards. So it was when both forms of the
common Primrose were fortilized by pollen from the illegitimate
varietios ; and this shows that their male as well as their femalo
organs are in a deteriorated cond The sterility of these
plants was shown in another way, namely, by their not producing
any eapsules when the access of all inseets (except such minute
ones as Thrips) was prevented ; for under these circumstances the
common long-styled Primrose produces o considerable number of
capsules.  Hence there ean be no doubt that the fertility of theso
plants is greatly impaired. The loss is not correlated with the
colour of the flower; and it was to ascerlain this point that I made

g
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50 many experiments.  As the parent plant growing in Edinburgh
was found by Mr. Scott fo bo in a high degree sterile, it may have
transmitted the sume tendency to its offspring, indepondently of
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their illogitimate birth. Tam, however, inclined to attribute some
weight: to the illegitimacy of their descont, both from the analogy
of other cases, and more capecially frem the fact that when the
plants were legitimately fertilized by pollen of the common Prim.
rose they yiclded an average, as may b seen in the Table, of only
five moro seeds than when illegitimately fertilized by the same
pollen. Now we know that it is eminently characteristic of the
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illegitimate offspring of Primula sinensis that they yield but few
more scods when legitimately fertilized than when fertilized by
their own-form pollen.

Prisura venis, Brit. Fl.
Var. officinalis of Linn., P. officinalis of Jacq.

Sceds from the short-styled form of tho Cowslip fertilized by the
same-form pollen germinate so badly that T raised from threo suc-
cessivo sowings only fourteen plants, which consisted of nine shart:
styled and fivo long-styled plants. Henco the short-styled form of
the cowslip, when solf-fertilized, docs not transmit the same form
nearly so truly as docs that of P. sinensis. From the long-styled
form, fertilizod by its own-form pollen, T firat raised three long-
styled plants, and from their self-fertilized seed 53 long-styled
grandehildren, from their sced 4 long-styled great-grandchildren,
and again from thoir seed 20 long-styled great-great-grandchildren.
From two ather long-styled plants, fertilized by their own.form
pollen, 72 plants were raised, which consisted of 68 long-styled
and 4 short-styled. As in this latter case the two parent plants.
whilst under tho net, did not produce a sufficiency of pollen, 1
committed, through forgetfulness, a capital error, and ook some
pollen from an adjoining wncovered long-styled plant. Now T
have found on the proboscis of humble-boes of two species and of
a moth (Cueullin), which were caught sucking the flowers of the
Cowslip, an abundance of pollen of both forms. Hence, by taking
the anthers of the uncovered long-styled plant, which probably had
been visited by insects, the flowers under the net might have acci-
dentally reccived  fow grains from the short-styled form. Whe-
ther the appearance of the four short-styled plants in this set of
seedlings may thus be accounted for I know not ; but it is the sole
excoption which has occurred with me of a long-styled form of any
plant, when self-fortilized, failing to produce the same form.
Dr. Hildebrand, however, states that, out of 17 plants of . sinensis
derived from the self-fortilized long-styled form, threo were short-
styled.  Altogether, in the first lot of scodlings, consisting of four
gonerations, and in the second lot, 152 plants wero raised, and all
wore long-styled with the exception of the just-mentioned four
short-atyled plants.

From the first seeds sown I raised from a self-fertilized short-
styled plant ono short-styled and two long-styled plants, and
from a self-fortilized long-styled plant three long-styled plants.
The fortility of these six illegitimate plants was carefully obsersed.
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But T must heve premise (hat T eannot give any aceurato standard
of comparison as far as the number of the seeds is concerned ; for
though T comnted the seeds of many legitimate or ordinary plants
when fertili rious ways, the number of seeds varied so
greatly during snccossive seasons that it would ohsionsly have
5 wnfair to take o general average as the standard of com-
parison for illegitimate unions made during any particular season.
Morcover the seeds in the same capsule frequently differ so much
in size that it is scarcely possible to decide which ought to be
connted as good soed. There remaing as a standard of compari-
son the proportional mumiber of fortilized flowers which produco
eapules containing any seod.  Some of {he above six plants were
5o excessively sterile during succossive scasons, that no doubt
could be entortained on the subject

Virst, for the ane illegitimate
of three scasons 27 flowers were illegitimately fertilized by pallen
from the same plant, and they yiolded only asinglo capsnle, which
contained a yather high number of seeds for a union of this uature,
namely, 23 seeds.  As a standard of comparison T must add that
during thesame three seasons 44 flowers horne by legitimate short-
styled plants wore self-fortilized, and yielded 26 capsules; so that
the fact of the 27 flowers on the illegitimate plant having prodnced
only one capsule proves how sterilo it was, Toshow that the con-

d i

b

hort-s|

d plant. Tn the conrse

ditions of lifi were favourable, T should here state that numerous
plants of this and other species of Primula all produced an abun-
danice of capsules whilst growing in the same soil and situation as
tho present and following plants.  The sterility in the above
illogitimate short-styled plant depended on both the male and
female organs being in o deteriorated condition. This was ma-
nifestly the case with the pollen; for many of the anthers were
shrivellod or contabescent. Nevertheleas somo of the authers
contained pollen, with which 1 succceded in fertilizing some
flowers on the illegitimate Jong-styled plants immediately to be
eseathad,. Tor Nowess G Siie svuss ahiare tyled plant wore
likewise legitimately fortilized with pollen from one of the follow-
ing long-styled plants ; but only one capsule was produced, con-
taining 26 seeds; and this is a very low number for a legitimate
uaion.

With respect o the five illegitimate Jong-styled plants, derived
from self-fertilized shortstyled nnd long-styled parents, their
fortility was observed during the same threo years. These five
plante, when self-fertilized, diffored considerably from cach other
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in fertility, as in the case of the illegitimate long-styled plants of
Lythrum Salicarias and their fertility varied much according to
the season. I may premise, as a standard of comparison, that
during the same years 56 flowers on legitimate or ordinary long-
styled plants of the same age, and grown in the same soil, were
fertilized with their own pollen, and yielded 27 capsules.  On the
first of the five illegitimate long-styled plants, 36 flowers were self-
fertilized in the course of the three years, but they did not produce
asingle eapsule.  Many of the anthers on this plant were contn-
bescent ; but some scemed to contain sound pollen : nov were the
female organs quite impotent; for T obtained from a legitimate
cross one eapsule with good sced. On the second illegitimate
loug-styled plant, 41 flowors were forilized during the same years
with their awn pollen, but they produced only a single capsule.
The third and fourth plants were in a very slight degree moro
productive. The §th and Tast plant was decidedly more fertile ;
for 42 self-fertilized flowers yielded 11 capsules. Altogether, in
the course of the three years, no less than 160 flowers produced
by the five illegitimate long-styled plants were fertilized with
their own pollen, and yielded only 22 capsules. According to the
standard above given, they onght to have produced 80 capsules.
These 22 capsules contained on an average 151 seeds. I believe,
subject to thedonbts before specified, that with legitimato plantsthe
average from a union of this nature would have heen above 20 seeds.
Twenty-four flowers on the same five illegitimate plants were legi:
timately fertilized by pollen from the above-described illegitimate
short-styled plants, and produced ouly 9 capsules, which is an ex-
tremely small number for a legitimate union. These 9 capsules, how-
over, contained an average of 38 apparently good seeds, which is as
large a number as legitimato plants sometimes yield. But this high
average was almost certainly false ; and T mention the case for
the sake of showing the difficulty of arriving at a fair result; for
this average mainly depended on fwo capsules containing the
~ extraordinary numbers of 75 and 56 sceds ; but these seeds, though
1 felt bound to connt them, were so poor that, judging from trials
actually made in other cases, T do not suppose that ono would
have germinated ; and thorefore they ought not to have been in-
cluded.  Lastly, 20 flowers wore legitimately fertilized by pollen
from . legitimate plant, and this increased their fertility ; for they
produced 10 capsules. Vet this is hut a very small proportion for
a legitimate union.
Hence there can be no doubt that these five long- «(yled plants
LINN. PROC.—BOTANY, YOI X

@& The Complete Work of Charles Darwin Online



126 S CL BARWIN ON THE ©

GUTIMATE OFPSERING
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Their sterili

yled illegitimate plant were extremely sterile.

¢ was shown, s 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 fertilized »
flowers on these plants, and fifteen days subsequently (vi
March 22nd) 1 fortilized mumerons long-styled and short-styled
flowers on common Cowslips which grew close by, These lIatter
flowers, on April 8ih, were withered, whilst most of the illegiti-
mate flowers remained quite frosh for several days subsequently ;
so that some of these illegitimato plants, after being fertilized,
remained in il bloom for above a montl
ust add n fow words on the deg
illegitimate Tong-styled grandchildren, descended from the long-
atyled p b was first fortilized with its own pollen. The
pollen in two of these grandehildren was examined and found to
inelude @ multitude of swall and shrivelled grains.  Noverthe-
less theso plants were nob very sterile ; for 25 flowers, fertilized
with their own pollen, produced 15 capsules, contnining an ave-
rage of 163 seeds.  As already stated, the probable average
with legitimate plants for & union of this nature is rather above
20 seeds.  But i should bo observed that these plants were
vemarkably healthy and vigorous, being placed under highty fa-
vourable conditions, and grown in pots in the greenhouse; and we
shall herenfter have o ach treatment greatly
inereases the fertility of the Cowslip. When these samo planfs
were planted during the nest year (which, however, was unfa-
vourable) out of daors, in the same place with all the other
plants, 20 sell-fortilizod flowers produced only & capsules, con-
faining extremely fow and wretched sceds.  Four Jong-styled
ised, ns proviously stated, from the
: 1t they were kept under the same
ighly favourable conditions in the greenhouse; and 10 self-
fertilized flowers yiclded the Targe proportion of 6 eapsules, con-
taining on an_average 187 sceds.  Although, under the cireum-
cannot compare the fertility of these plants
with those of the first generation, grown out of llOOTN,. t we
infer that illegitimate descent during threo succossive gene-
jons did not mueb, or.at all, increaso their sterility
Equal-styled red variety of P. veris.—Mr. Scott has described *
a plant of this kind growing in the Botanis Garden of Fdinburgh
The states that it was highly solffertile, although in

* Proe. Linn. nc. vol. vith. (1864) p. 105,

of fertility of the 53

ion to show that
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excluded; and he explains this anomalous cireumstance by showing,
first, that tho anthers and stigma are in close apposition, and,
secondly, that the stamens with their pollen resemble the stamens
of the short-styled form, whilst the pistil resembles that of the
long-styled form both in length and in the structure of the stigma.
Hence the self-union of this variety s, in fact, a legitimate union,
and consequently is highly fertile.  Dr. Scott further states that
this variety yielded very few seeds whon fertilized by cither the
long- or short-styled common Cowslip, and, again, that both forms
of the Intter, when fertilized by the equal-styled varioty, likewiso
produced very fow secds.  But the experiments with the Cowslip
iried by Mr. Seott were fow in number ; and T suspect that tho
result were accidental.  Anyliow my observations on cqual-styled
seedlings derived from the Tdinburgh plant do not, as wo shall
see, confirm his results. |

T raised 20 plants from self-fertilized seed sont mo by Mr, Scott;
and they all produced red Nowers, varying clightly in tint. Of these,
two were strictly Iong-styled both in structure and in function ;
for their reproductive powers were fested by crosses with both
forms of the common cowslip. Six plants were cqual-styled ; but
on the same plant the pistil varied o good deal in length during
different seasons. Thix was likewise the case, nccording to M.
Scott, with the parent plant. Lastly, 12 plants were in appear-
ance short-styled; but they varied much more in the length of
their pistils than tho ordinary short-siyled Cowslip, and they
differed widely from the laiter in their powers of reproduction.
Short-styled Cowslips, when insects are excluded, are extremely
batren : for instance, on one oceasion six fine plants produced
only about 50 seeds (that is, Tess than the product of two good
capsules), and on another oceagion not a single cnpsule.  Now,
when the above 12 so-called short-styled seedlings were similarly
trealed, all, except bwo or three, produced a great abundance of
capsules, containing numerous seeds, which germinated remarkably
well. Morcovey three of these plants, which during the first year
were furnished with quite short pistils, on the following year pro-
duced pistils of extraorinary length. Hence the greater number
of the so-called short-styled plants canmot be distinguished in func-
tion from the equal-styled varicty, which they likewise partially re-
semble in strucbure.  The stamens in all these cighteen plants are
seated high up in the coralla, asin the true short-stylod Cowslip;
and the pollen-grains resemble those of the same farm in their large
size, but arc mingled with a fow shrivelled grains,  Tn function

2r2
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this pollen is identical with that of the short-styled Cowslip ; for
ten long-styled flowers of the common Cowslip were legitimately
fertilized by pollen from a true equal-styled variety, and produced
six capsules, containing on an average 844 sceds; whilst seven
eapsules on a short-styled Cowslip illegitimately fertilized by the
same pollen yiclded an average of only 145 seeds.

As the cighteen equal-styled and so-called short-styled plants
differ from each other in their powers of reproduction, and as this
is an important subject, T will give a few details with respect to
five of them.  Pirst, an equal-styled plant, protectod from insects
(as in all the following cases, with one stated exception), spon-
tancously produced numerous capsules, five of which gave an
avernge of 448 sceds, with a maximum in one capsule of 57.
But six capsuales, which had been fertilized by pollen from a short-
styled Cowslip (and this is a legitimate nnion), gave an average of
955 seods, with n masimum of 40 ; and this is a much lower average
than might have been expected.  Secondly, nine capsules from an
cqual-styled plant, which was not protected from inscets, but
probably was sclf-fertilized, gave an average of 452 seeds, with a
maximum of 58.  Thirdly, a plant which had a very short pistil
in 1865, produced spantancously many capsules, six of which con-
fained an average of 83:0 seeds, with a masimum of 83, In 1866
this same plant had a pistil of wonderful length ; for it projected
quite above the anthers, and the stigma resembled that of the
long-styled form.  Tn this condition it produced spontancously a
vagt number of fine capsules, six of which contained almost exactly
the same average number as before, B34°8, with a maximum of
88. Four flawers on this plant, legitimately fortilized by pollen
from a short-styled cowslip, yielded eapsules with an average of
302 seeds.  Fourthly, a short-styled plant spontaneously pro-
duced in 1865 an abundance of capsules, ten of which contained
an average of 356 seeds, with a maximum of 54. In 1866 it
had beeome in all respects long-styled, and ten capsules gave
almost exactly the same rage, viz. 85°1 seeds, with a maxi-
mum of 47. Fight flowers on this plant, legitimately fertilized
by pollen from a short-styled Cowslip, produced six eapsules, with
the high averago of 53 seeds, and the high masimuw of 67. Bight
flowers were also fertilized by pollen from a long-styled Cowslip
(this being an illegitimate umon ),and produced seven capsules, con-
taining an average of 244 seeds, with & maximum of 82, The fifth
and last plant remained in the same eondition during both years: it
had a pistil rather longer than that of the true short-styled form,
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with the stigma smooth, as it ought to he in this form, but abnormal
in shape, like a much-clongated inverted conc. 1t produced spon-
tanconsly many capsules, five of which, in 1863, gave an average of
only 15-G seeds ; and in 1566 ten eapsules still gave an avernge only
ittle higher, viz. of 22:1, with a maximum of 30, Sixteen flowers
ware fertilized by pollen from a loug-styled Cowslip, and produced
12 capsules, with an average of 249 seeds and a maximum of 42.
Bight flawers were fertilized by pollen from a short-styled Covw-
slip, but yiclded only two capsulos, containing 18 and 23 seeds.
Hence this plant, in function and partially in structure, is in an
almost exactly intermediate state between the long-styled and
short-styled form, but inclining towards the short-styled ; and this
acconnts for the low average of seeds which it produced when
spontancously self-fortilized.

We thus sce that the foregoing five plants differ much from
each other in fertility. In two individuals a great difference in
the length of the pistil during two succeeding years made no dif-
ference in the number of seeds produced. A all five plants pos-
sessed the male organs of the short-styled form in . perfect state,
and the female organs of the long-styled form in & moro or less com-
plete state, they spontancously produced a surprising number of
eapsules, which genorally contained a large average of remarkably
good seeds. With ordinary Cowslips, legitimately fertilized, T once
obtained from plants cultivated in the greenhouso the high average,
from seven eapsules, of 587 seeds, with o maximum in one capsule
of 87 seeds ; but from plants grown out of doors I never obtained
a higher average than 41 seeds. Now two of the equal-styled
plants, grown out of doors and spontanecusly self-fertilized, gave
averages of 44 and 45 sceds ; but this high fertility may perhaps
be attributed o the stigma receiving pollen from the surrounding
anthersat exactly the right period. Twa of these plants, fertilized
by pollen from the long-styled cowslip (and this in fact is o
legitimate union), gave a Tower average than when self-fertilized.
On the other hand, ane plant, when similarly fortilized by tho
l‘nv\nhp, yielded the unusually high averago of 63 seeds, with
maximum of 67 Lastly, as we have just seen, one of these plants
was in an almost exactly intermediate condition in its female
organs between the long- and short-styled forms, and consequently,
when self-fertilized, yiclded a low average of sced. If weadd to-
gether all the experiments which T made on the cqual-styled plants,
41 spontancously self-fortilized capsules (insccts having been
exeluded) gave an average of 34 seeds, which is exactly the same
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number as the parent plant yiclded in Bdinburgh. Thirty-four
flowers, fertilizod with pollen from the long-styled Cowslip (and
this i an analogous union), produced 17 capsules, containing an
averago of 838 seeds. It is a rather singular circumstance, for
which T cannot aceonn, that 20 flowers, artificially fertilized with
pollen from the same plants, yielded only ten capsules, containing
the low average of 26

7 secds.

ce, it may be added that 72 sedlings
were raised from one of the ved-flowered strictly cqual-styled
tlized plants derived from the Edinburgh plant w
rly charnctorized. These 72 grandehildron all bore, as in the
first generation, red flowers, with the cxeeption of one plant, which
reverted in colour to the common Cowslip. In regard to structure,
nitie plauts were truly Jong-styled, and had their stamens seated
low down in the corclla in the proper position; the remaining
63 plants were equal-styled, though the stigma in about a dozen
of them stood a little below the anthers.  We thus see that the
anomalons combination in the same plant, of male and
argans which properly ex
vited with much foree, Thirty-six secdlings were also raised from
Tong- and short-styled common Cowslips, crossed by pollen of the
cqual-styled vaviely.  Of these plants one alone was equal-styled,
20 wore short-styled but with the pistil in three of them rather
100 lonyg, and the remaining 15 were long-styled. In thiscase we
have an illustration of the difference between simple inferitance
and prepotency of transmission ; for the equal-styled variety, when
self- od, transmits its character, s we have secn, with much
furee, hut when crossed with the common Cowslip cannot. with-
stand the greater power of transmission of the latter.

Gonus PunsoNAnTA,

1 have little to say on this genus. T obtained some seeds of
P, officinalis from a garden where the long-styled form alone
grew, and mised cleven seedlings, which were all Jong-styled.
These plants wore named for me by Dr. Hooker; but T have some
doubts whether they helong o the same species as that described
wuder the same namo by Dr. Tildchrand*; for he found the long-
stylod form absolutely sterile with its own pollen, whilst my long-
styled secdlings and the parent plants when self-fortilired yielded
a fair supply of seed. 1t is, however, possible that the
may have yariod in function, as in the ense of the so-call

* Bol. Zeitung, 196

plants
ed short-
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styled individuals belonging to the equal-styled variety of Primula
veris, and thus have become self-fertile. The long-styled form of
Pulmonaria angustifolia is, like Dr. TTildcbrand’s plant, absolutely
sterile with its own pollen, so that T conld never procure a single
seed.  On the othor band, the shorb-styled form, differently
from that of P. gfficinalis, is fertile with its own pollen in a quite
remarkable degree for n dimorphic plant.  From seeds earofully
self-fertilized 1 raised 18 plants, of which 13 proved to bo short-
styled and 5 long-styled. T did not observe their power of pro-
ducing sced; but this, from the fertility of the first union, probably
would have been nearly perfoct

CONCLUSIONS 1§ REGARD T0 THE IuBairisvATE OFFSPRING OF
Turmonesic Axn Disonrnie Praxes.

1t is remarkable in how many points and how closely illogiti-
mate unions between the fwo or three forms of the same species,
together with their illegitimate offspring, resemble hybrid unions
between distinet specis together with their hybrid oftspring.  In
both cases wo miceb with overy degree of sterility, from very slightly
lessened fertilivy to absolube barrenness, when not even a single
psule 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 malo organs are moro
plainly affected than the female; and we often find contabescent
s onclosing shrivellod and utterly powerless pollen-grains.
ile hybrids, ns Max Wichura has woll shown, are
mneh dwarfed in stature, and bave so weak a constitu-
liey are liable Lo premature death; and wo have seon
llel eases with the illegitimate scedlings of Zythrum

anthe
The more st

cxactly pa
aud Primuda. Many lybrids are the most persistent and profuse

flowerers, ns are soue illegitimate plants.  When s hybrid is
ed by cither pure parent form, it is notoriously much more
fertile than when crassed inter sc or by auother hybrid; so when
an illegitinato plant is fertilized by a legitimato plant, itis more
tile than when fertilized infer se or by auother illegitimato
plant. When bwo species are crossed and they produce numerous

* Thiis hos heon romarked by many experimentalists in offecting orosses be-
fveon distinet specice: and i gl o illegitimate wions T have given
viking illustyation in the case of Privnala reris in o fool-note to my paper on
Lpthenm, i Proc. Lin, Sov. vol. viii, (1868 p. 150,
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weeds, we expect ns a general rule that their hybrid offspring
be moderately fertile; but if the parent plants produce extremely
few sceds, we expect that the hybrids will be very sterile. Bub
there are marked exeeptions, as shown by Giirtner, to this rule.
So it is with illegitimate wnions and illegitimate offspring : thus
the mid-styled form of Lythrum Salicaria, when illegitimately fer-
tilized by pollen from the longer stamens of the short-s!
produced an unusual number of seeds; and their Megitimate off-
spring were not at all, or hardly at all,sterile. On the other hand,
the illegitimate offspring from the long-styled form, fe; ed by
pollen from 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 difficulty
of eflecting the wnion of the parent sexual clements. No point
is more remarkablo in regard to the crossing of species than their
wnequal reciprocity. Thus specics A will fertilize B with the
greatest ease; but B will not fertilize A after hundreds of trials.
e exactly the same ease with illegitimate unions; for the
yled Lythrum salicaria was easily fertilized by illegitimato
pollen from the longor stamens of the short-styled form, and yielded
many seeds; form did not yield a singlo seed when
fertilized by the longer stamens of the mid-styled form.

Another important point is prepotency. Girtner has shown
that when two species are fertilized with each other's pollen, if
they be afterwards fertilized with their own pollen, or with that
of the same specics, this is so prepotent over the forcign pollen
that the effect of the latter, though placed on the stigma some
time previously, is entirely destroyed.  Exactly tho same thing
aceurs with illegitimate unions, as I ascertained in the following
mamner: 1 fertilized illegitimately a loug-styled common Cowslip
with pollen from the same form, and exactly twenty-four hours
afterwards I fortilized the same stigmas logitimately with pollen
from n short-styled darlered Polyanthus. I should state that I
raised many scodlings from crossed Cowslips and the Polyanthus,
and know their peculiar appearance, T further know by the test
of the fertility of the mongrels, as well infer se as with both
parent forms, that the Polyanthus is a varicty of the Cowslip, and
not of the Primrose (2. vulgaris) as some authors have supposed.
Now from the long-styled Cowslip, fertilized in the manner just
deseribed, 1 raised thirty scedlings, every one of which had flowers
coloured more or Jess red, so that the legitimate Palyanthus pollen
wholly obliterated the influence of the legitimate Cowslip-pollen
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which had been placed on the stigmas twenty-four hours previously,
and not a single pure Cowslip was produced. We thus see that
there is the closest agrecuiont in all the above-specified and most
charactoristic points between hybrid unions with their hybrid
offspring and illegitimate unions with their illegitimate offspring.
The parallelism in the two following relations is not so clear,
but apparently holds good.  Wo know that when dimorphic and
phic plants are legiti y fertilized the seedl b in
sbontsgiatmumbansiof the:bwoomilliceo froper forts:" Hak e
have seen that when the long-styled Zythrum was illegitimately
Fertilized by ibs own-form pollen, all the offspring, fifty-six i
ber, wero long-styled ; so it was with the fifty-two illegitimate
children and grand-children of the long-styled Primula sinensis ;
with the sixty-nine of 2. vulga i
slwr( stylod plants, with the 152 illogitimatechildren, grandehil-
dren, great aud groat-great-grandehildren of P.veris.
'nm exceptional case of the four short-styled plants may perhaps
be nccounted for by an error, ns previously explnined, in the
method of fertilization.  Lastly, from the self-fertilized long-
styled Pulmonaria officinalis cleven seedlings were raised, and
these were all long-styled. Dr. Hildebrand has recorded an
aualogous ease with the long-styled form of Ozalis rosea. With re-
spect to the short-styled form, when plants of this nature are illegiti-
mately fertilized by theirown-form polien, short-styled offspring are
generally produced in wnnaturally large proportion *. In two in-
stances when one form of the Zythrum was illegitimately fortilized,
nob by its own-form pollen,but by that of another form, the offspring
(thirty-seven in mumber) helonged to the two parent forms, but not
one to the third form, as would have oceurred with a legitimate
union.  From a third illegitimate union between the forms of Ly-
thrum the offspring (forty in number) conisted of all three forms i
rather unequal proportions ; but this union was much less sterile
thanany other illegitimate union. From these various facts it is ma-
nifest that an illegitimate union seriously disturbs the natural and
proper proportional numbers of the two or three sexual forms.
Now if we turn to hybrid unions between species which have: the

# Since this paper was reud before thn Society, T have raised llegitimalo soed-
lings from both the long-styled and short-siyled forms o
or common Buckwheat. A yel only 49 scedlings fr
styled form hare flowered, and of fhese 45 nre long-styled and four short-styled ;
<0 that the rile does nof. here hold quite so strietly ns in the cases given in the
toxt. O the 33 sedl i the self-fortilized short-styled form, 19 are short-
styled and 14 are \,mp,»‘_\w
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sexes separated, we find something of the same kind; for Max
Wichura ® has shown that with hybrid willows the proportion

befween the male and female plants is very different from what it is_

with tho pure parent species. Naudint has also observed in the
case of hybrid Zuffie that the racemes, which ought to bear malo
Nowers aloue, included both sexes, aud that some plants had become
female by the complete disappearance of the male flowers,  With
hybrid animals the just proportion of the fwo sexes is likewiso
disturbed, the males being in excess . Hence hybridism, liko illegi-
timacy of birth, cortainly appears o affect the sox of the offspring.

16 s manifest, from the facts previously given, that therc is a
strong tendency in Primula sinensis, veris, Auricela, and vulgaris o
produce equal-styled varietics. This singular variation may bo com-
pared with those cases of monstrous hermaphroditism which occa-
sionally occur hoth in the animal and vegetable kingdoms; for as
with umisexual arganisms the apposite scxes are sometimes com-
bined in the same individual in a more or less perfect manner, so
here the apposite or reciprocal sexual forms are combined in the
same plant and flower. Tn Primula sinensis, vulgeris, and veris it is
the fomale organ or pistil which varies; for the pistil in the first
two species is properly loug-styled, and in the latter spocies pro-
perdy short stylod; whilst in the long-styled P. Auricula it is the
male organs or stamens which vary.  Iilegitimate birth seems to
De one ehicf exciting canse of this variation ; for T observed its first
appearance and various stages in illegitimate plants of 2. sinensis;
and we know that it frequently occurs in P. Auricula, which is
generally propagated in an illegitimate manner. Simple cultiva-
tion, however, suffices to cause it; for T observed one incipient
ense in a long-styled 2. peris which had been removed from the
fieldsand cultivated in good soil ; and T hayg heard of ingtancos in
cultivated long-stylod plants of 2. vulgaris. When this variation

¥ Dio Bastardbefrnchtung im Tlianzenseich, 1865, p. 43,

t Nouselles Archives du Musénm, tom, i. p. 115,

1 Thie was first observed by Buflon, and has einea been canfirmed, bt por-
hape hardly by sufficient. facts, by Flourons in his ' Longévité Humaine,’ 1855,
P 164, D O. Siaudinger, of Dresden, hns recently informed me that he lins
nover seen, in the case of Lopidoptera, n single hybrid of the fomals sex, He
eithor bred or obinined above sixty hybrids betwoen Smerinthns ocdllata &
ond popudi § 5 and all these ave males except. two, which are partially herma-
phrodites. This Tntter circumstance desorves notice in roference (o the subject
disenssed i the following paragenph of (e text, namely, on the tendency in il-
Iegitimate plants (o combine hoth rexual forms in the same plant; for this may
Yo considered . kind of hormaphroditisn
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has once appeared, it is inherited with remarkable farce. Plants
whieh have becomo equal-stylod, and have thus lost their dimor-
structure, are perfectly sell-fortile, being quite as fortile as
cly crossed, 'This boing the case,
and as the variation so often arises, it may be nsked why has it
not oceurred wnder nature and been naturally selected or pro-
served. The answer, no doubt, is that such plants would be emi-
nently liable to long-continued self-fertilization, which certainly
entails a weak constitution ¥,
ority of plants of all kinds and even some
specics of Zrinula § are non-dimorphic, the loss of dimorphism in
the equal-s Do attributed, as Mr. Scott has re-
marked, to oversion o the primordial condition of the plant ; and
force with which this modification is inherited.
Wallmaoslaa scn in illegitimate plants descended from the long-
styled . sinensis that which appears to be another caso of reversion,
namely, the sunll size and wild aspeet of their flowers. Now T
have elsewhere § given abundant evidence showing that the off-
spring of erosscd species and varictics are eminently liablo to re-
version.  Ience in the cases in which illegitimate birth appears
1o have been the exeiting cause of roversion, illegitimacy has acted
like biybridization. The parallelism in this particular instance
close

5 3
95,

i«
in a future paper 1 shall show that the common Oxtip is o
hybrid between 2. veris and vulgaris; and T have scen short-styled
wild Oxlips which Tiad become strictly equal-styled, and ‘others
which exhibited gradations in the length of the pistil, but not in
the roughness of the stigma, Teading to this samo state, liko tho
aradations deserihed under 2. sinensis and veris.

Althongh thero may bo some doubt with respoct 0 the lmr'ﬂ-
Jelism botwveon ill te unions with their
and biybrid unions with their hybrid offspring, in regard to ths Tt
two subjects discussed, namely, the disturbed proportions of the
sexual forms and sexcs, and the appearance through reversion of
equal-styled varietics, there can be no doubt that the parallelism
i 50 close as to amount almost to identity in the following chief
characteristic pointe, namely :—the various grades of lessened
flrtility up to complete barremness—the fertility inately differ-

* Seo my work n the < Variation of Animals and Plants under Domesticn-
1868, vol. ii. ehnp. xvit.. and especially p. 125,

+ M. . Seolt, © on the Reproduetive Organs in the Primulace,” Proc. Linn.
Bot. vol. viif, (I860) p, 78,

§ Variation of Aninide and Plats wler Donestieation, vol. ii. chap. xiii

[
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ing in seodlings of the same parentage, and being much affected
by the nature of the conditions ; the more sterilo plants being
dwarfed in stature, weakly in constitution, and liable to premature
death ; the anthers being often contabescent ; the firsh unions and
the offspring being gencrally sterile in a parallel degree, but with
marked exceptions to the rule ; the fertility of the offspring being
increased by a cross with a legitimate form, or with one of the pure
parent forms ; the unequal reciprocity in sexual power between
the same two forms or between the same two species; and, lastly,
the prepotent action of legitimate pollen in the one case, and of
the plant’s own pollen in the other case. Hence it is hardly an
exaggeration to assert {hat the illegitimate offspring from an ille-
gitimato union arc hybrids formed within the limits of one and

the same spocics.

This conclusion is important ; for, as T have elsewhere * more
fully explained, we thus learn, first, that the lessened fertility of
the first union and of the offipring of two forms is no sure eriterion
of specific distinctness. If nuy one were to cross two varieties of
the samo forin of Lythrum or Primula for the sake of ascerta
whether they were specifically distinet, and he found that the
their offpring were extremely sterile, and that they resemble
wholo series of relatfons crossed specios and their ybrid oMpring,
hie would maintnin that his varicties had been proved to be good
and true species ; but he would be completely dec Tn the
sccand place, as the forms of the same trimorphic or dimorphic
species are obviously identical, with the excoption of the repro-
dnetive organs, in general structure, and as they are identical in
general constitution (for they live under precisely the same con-
ditions), the sterility of their illegitimnte unions, and that of their
illegitimate offspring, must depend exclusively on the nature of
the sexunl clements and on their incompatibility for wniting in u
particular mammer.  And as we bave just seen that distinet

specics when crossed resembla in a whole series of relations the
forms of the same species when illegitimately united, we arc
led to conclude that, in this case likewise the sterility de-
pends exclusively on tho incompatible nature of their sexual
eloments, and 1ot on any general differance in constitntion ov
structure. We ate, indeed, led to this same conclusion by the
impossibility of detecting any difference sufficient to account for
cortain species crossing with the greatest ease, whilst other elosel

Ath it 1866, p. 323 Varintion of Animals &e. under
vol. if. . 184

* Origin of Sp
Tiomestivation, 15
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annot, be crassed, or can only be crossed with the
ulty. We are led o this conclusion still toro
forcibly by considering the great difference which often exists in
the facility of crossing reciprocally the same two species ; for it is
clearin this case that the resnlt must depend on the nature of the
sexual elements, the male element of the one species acting freely ori
the female element of the other, but not so n the reversed direction.
And now we see that this same conclusion is iudependently and
strongly fortified by considering the illegitimate unions and oft-
spring of trimorphic and dimorphic plants. In so complex and
obseure a subject as hybridism it is no slight gain to arrive at a
definite conclusion, namely, that we must look exclusively to
a functional difference in the sexual clements, as the causo of
the sterility of species when first crossed, and of their hybrid
offspring. Tt was this consideration which led mie to make so
many and such lahorious observations ns have been rocorded in
this paper, and which justify, T think, their publication.

On the Specific Difference between Primula veris, Brit. F. (var.
officinalis of Linn.), P. vulgaris, Brit. Fl. (var. acaulis, Linn.),
and P. elatior, Jacq.; and on the Hybrid Nature of the com-
mon Oxlip. With Supplementary Remarks on paturally-pro-
duced Hybrids in the genus Verbascum. By Omannes Dan-
wi, M.A., PRS,, T.LS,, &.

[Read March 19, 1858.)

Tk claim of the ahove three forms (namely, the common Cowslip,
Primrose, and Bardficld Oxlip) to be ranked as distinet species has
been discussed at greater length than that of almost any other
plants.  Linnwus considered them varieties, as do some of the
most distinguished botanists at the presont day ; whilst others
who have carefully studied these plants do not doubt that they
deserve to be ranked as distinet species. The following observa-
tions show, T think, that the latter view is correct ; and they fur-
ther show that the common Oxlip, which is found in most parts
of Bugland, is a hybrid between P. veris and vulgaris.

The Cowslip differs so conspicuonsly in general appearance
from the Primrose, that nothing need hero be said with respect to
their external characters ¥, But some less-obvious differences de-

* The Rev. W. A. Leighton has pointed ont certain differences in the form
of the enpsules and seed, in * Ann. & Mag. of Nat, Flist.” 2nd series, vol. ii. (1848),
p. 164,
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