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Various plants, which I have called dimorphic and trimorphie,
have been described by me in papers read before 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 grandiflorum) arve 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 larger size than in
the short-styled form. The sexual union of the two distinct forms
is necessary for full fertility : such unions I formerly called hete-
romorphic; but, for reasons which will immediately appear, it is
more convenient to speak of them as legitimate, and the offspring
thus produced, as ordinarily occurs in nature, as legitimate.
When long-styled or short-styled plants are impregnated with
their own-form pollen, the union is not fully fertile, or is even
absolutely barren. Such unions, and the offepring 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
in each form two sets of stamens exist, differing in length, in the

% « On the two Forms, or Dimorphic Condition, in the species of Primula,”
Journal of Procéedings, Bot. vol. vi. (1862) p. 77. ¢ On Linum,” ibid. vol. vii.
(1864) p. 69. «On Lythrum salicaria,” ibid. vol. viii. 1864, p.169.
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number as the parent plant yielded in Edinburgh. Thirty-four
flowers, fertilized with pollen from the long-styled Cowslip (and
this is an analogous union), produced 17 capsules, containing an
average of 33'8 seeds. Itis a rather singular circumstance, for
which T eannot account, that 20 flowers, artificially fertilized with
pollen from the same plants, yielded only ten capsules, containing
the low average of 26°7 seeds.

As bearing on inheritance, it may be added that 72 seedlings
were raised from one of the red-flowered strictly equal-styled
self-fertilized plants derived from the Edinburgh plant which was
similarly characterized. These 72 grandchildren all bore, as in the
first generation, red flowers, with the exception of one plant, which
reverted in colour to the common Cowslip. In regard to structure,
nine plants were truly long-styled, and had their stamens seated
low down in the corolla 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
anomalous combination in the same plant, of male and female sexual
organs which properly exist in distinct forms or plants, is inhe-
rited with much force. Thirty-six seedlings were also raised from
long- and short-styled common Cowslips, erossed by pollen of the
equal-styled variety. Of these plants one alone was equal-styled,
20 were short-styled but with the pistil in three of them rather
too long, and the remaining 15 were long-styled. In this case we
have an illustration of the difference between simple inheritance
and prepotency of transmission ; for the equal-styled variety, when
self-fertilized, transmits its character, as we have seen, with much
force, but when crossed with the common Cowslip cannot with-
stand the greater power of transmission of the latter.

Genus PULMONARIA,

I have little to say on this genus. I obtained some seeds of
P. qofficinalis from a garden where the long-styled form alone
grew, and raised eleven seedlings, which were all long-styled.
These plants were named for me by Dr. Hooker ; but I have some
doubts whether they belong to the same species as that deseribed
under the same name by Dr. Hildebrand*; for he found the long-
styled form absolutely sterile with its own pollen, whilst my long-
styled seedlings and the parent plants when self-fertilized yielded
a fair supply of seed. 1t is, however, possible that these plants
may have varied in funetion, as in the cage of the so-called short-
* Bot. zﬂtuug 1863, p- 13,
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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. Hildebrand’s plant, absolutely
sterile with its own pollen, so that I could never procure a single
seed. On the other hand, the short-styled form, differently
from that of P. gfficinalis, is fertile with its own pollen in a quite
remarkable degree for a dimorphie plant. From seeds carefully
self-fertilized I raised 18 plants, of which 13 proved to be short-
styled and 5 long-styled. I did not observe their power of pro-
ducing seed; but this, from the fertility of the first union, probably
would have been nearly perfect.

CONCLUSIONS IN REGARD TO THE ILLEGITIMATE OFFSPRING OF
TrIMORPHIC AND DIMORPHIC PLANTS.

It is remarkable in how many points and how closely illegiti-
mate unions between the two or three forms of the same species,
together with their illegitimate offspring, resemble hybrid unions
between distinet species together with their hybrid offspring. In
both cases we meet with every degree of sterility, from very slightly
lessened fertility to absolufe barrenness, when not even a single
seed-capsule is produced. In both cases the facility of effecting
the first union is much influenced by the conditions to which the
plants are exposed *. Both with hybrids and illegitimate plants
the innate degree of sterility is highly varable in plants raised from
the same mother plant. In both cases the male organs are more
plainly affected than the female ; and we often find contabescent
anthers enclosing shrivelled and utterly powerless pollen-grains.
The more sterile hybrids, as Max Wichura has well shown, are
sometimes mueh dwarfed in stature, and have so weak a constitu-
tion that they are liable to premature death; and we have seen
exactly parallel cases with the illegitimate seedlings of Lythrum
and Primule. Many hybrids are the most persistent and profuse
flowerers, as are some illegitimate plants, When a hybrid is
crossed by either pure parent form, it is noteriously much more
fertile than when crossed énfer se or by another hybrid; so when
an illegitimate plant is fertilized by a legitimate plant, it is more
fertile than when fertilized énter se or by another illegitimate
plant. "When two species are crossed and they produce numerous

# This has been remarked by many experimentalists in effecting crosses be-
tween distinet specics; and in regard to illegitimate unions T have given a
striking illustration in the case of Primula veris in a foot-note to my paper on
Lythrum, in Proc. Linn, Soc. vol, viil, (1864) p. 180,
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seeds, we expect as a general rule that their hybrid offspring will
be moderately fertile ; but if the parent plants produce extremely
few seeds, we expect that the hybrids will be very sterile. But
there are marked exceptions, as shown by Giirtner, to this rule.
So it is with illegitimate unions and illegitimate offspring: thus
the mid-styled form of Lythrum Salicaria, when illegitimately fer-
tilized by pollen from the longer stamens of the short-styled form,
produced an unusual number of seeds; and their illegitimate off-
spring were not at all, or hardly at all, sterile. On the other hand,
the illegitimate offspring from the long-styled form, fertilized 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 effecting the union of the parent sexual elements. No point
is more remarkable in regard to the crossing of species than their
unequal reciprocity. Thus species A will fertilize B with the
greatest ease; but B will not fertilize A after hundreds of trials.
We have exactly the same case with illegitimate unions; for the
mid-styled Lythrum salicaria was easily fertilized by illegitimate
pollen from the longer stamens of the short-styled form, and yielded
many seeds; but the latter form did not yield a single seed when
fertilized by the longer stamens of the mid-styled form.

Another important point is prepotency. Giirtner 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 species, this is so prepotent over the foreign pollen
that the effect of the latter, though placed on the stigma some
time previously, is entirely destroyed. Exactly the same thing
occurs with illegitimate unions, as I ascertained in the following
manner: 1 fertilized illegitimately a long-styled common Cowslip
with pollen from the same form, and exactly twenty-four hours
afterwards 1 fertilized the same stigmas legitimately with pollen
from a short-styled dark-red Polyanthus. I should state that 1
raised many seedlings from crossed Cowslips and the Polyanthus,
and know their peculiar appearance. I further know by the test
of the fertility of the mongrels, as well inter se as with both
parent forms, that the Polyanthus is a variety of the Cowslip, and
not of the Primrose (P.vulgaris) as some authors have supposed.
Now from the long-styled Cowslip, fertilized in the manner just
described, I raised thirty seedlings, every one of which had flowers
coloured more or less red, so that the legitimate Polyanthus-pollen
wholly obliterated the influence of the illegitimate Cowslip-polien
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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 agreement in all the above-specified and most
characteristic 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. 'We know that when dimorphic and
trimorphie plants ave legitimately fertilized the seedlings consist in
about equal numbers of the two or three proper forms. But we
have seen that when the long-styled Lythrum was illegitimately
fertilized by its own-form pollen, all the offspring, fifty-six in num-
ber, were 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 P. vulgaris, and, with the exception of four
short-styled plants, with the 152 illegitimate children, grandchil-
dren, great-grandchildren, and great-great-grandchildren of P.veris.
The exceptional case of the four short-styled plants may perhaps
be accounted for by an error, as previously explained, in the
method of fertilization. Lastly, from the self-fertilized long-
styled Pulmonaria officinalis eleven seedlings were raised, and
these were all long-styled. Dr. Hildebrand has rccorded an
analogous case with the long-styled form of Owalis rosea. With re-
spect to the short-styled form, when plants of this nature are illegiti-
mately fertilized by theirown-form pollen,short-styled offspring are
generally produced in unnaturally large proportion *, In two in-
stances when one form of the Lythrum was illegitimately fertilized,
not by its own-form pollen,but by that of another form, the offspring
(thirty-seven in number) belonged to the two parent forms, but not
one to the third form, as would have occurred with a legitimate
union. From a third illegitimate union between the forms of Ly-
thrum the offspring (forty in number) consisted of all three forms in
rather unequal proportions ; but this union was much less sterile
than any 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 their

* Since this paper was read before the Society, I have raised illegitimate seed-
lings from both the long-styled and short-styled forms of Polygonwin Fagopyrian
or common Buckwheat. As yet only 49 seedlings from the self-fertilized long-
styled form have flowered, and of these 45 are lnngfsl‘\']vd and four short-styled ;
go that the rule does not here hold quite so strictly as in the cases given in the
text. Of the 83 seedlings from the self-fertilized short-styled form, 19 are short-
styled and 14 are long-styled,
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sexes separated, we find something of the same kind; for Max
Wichura * has shown that with hybrid willows the proportion
between the male and female plants is very different from what it is
with the pure parent species. Naudint has also observed in the
case of hybrid Luffe that the racemes, which ought to bear male
flowers alone, included both sexes, and that some plants had become
temale by the complete disappearance of the male flowers. With
hybrid animals the just proportion of the two sexes is likewise
disturbed, the males being in excesst. Hence hybridism, like illegi-
timacy of birth, certainly appears to affect the sex of the offspring.

It is manifest, from the facts previously given, that there is a
strong tendency in Primula sinensis, veris, duricula, and vulgaris to
produce equal-styled varieties. This singular variation may be con-
pared with those cases of monstrous hermaphroditism which occa-
sionally oceur both in the animal and vegetable kingdoms ; for as
with unisexual organisms the opposite sexes are sometimes com-
bined in the same individual in a more or less perfect manner, so
here the opposite or reciprocal sexual forms are combined in the
same plant and flower. In Primula sinensis, vulgaris, and veris it is
the foemale organ or pistil which varies; for the pistil in the first
two species is properly long-styled, and in the latter species pro-
perly short styled; whilst in the long-styled P. Aduricula it is the
male organs or stamens which vary. Illegitimate birth seems to
be one chiefexciting cause of this variation ; for I observed its first
appearance and various stages in illegitimate plants of P. 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 I observed one incipient
case in a long-styled P.veris which had been removed from the
fields and cultivated in good soil ; and T have heard of instances in
cultivated long-styled plants of P. vulgaris. When this variation

* Die Bastardbefruchtung im Pflanzenreich, 1865, p. 43.

1 Nouvelles Archives du Muséum, tom. i. p. 113.

{ This was first observed by Buffon, and has since been confirmed, but per-
haps hardly by sufficient facts, by Flourens in his ‘ Longévité Humaine, 1853,
p 154, Dr. O. Staudinger, of Dresden, has recently informed me that he has
never seen, in the case of Lepidoptera, a single hybrid of the female sex. He
has either bred or obtained above sixty hybrids between Smerinthus ocellata
and popufi @ ; and all these are males except two, which are partially herma-
phrodites. This latter circumstance deserves notice in reference fo the subject
discussed in the following paragraph of the text, namely, on the tendency in il-
legitimate plants to combine both sexual forms in the same plant; for this may
be considered a kind of hermaphroditism,




OF DIMORPIIIC AND TRIMORPHIC PLANTS. 435

has once appeared, it is inherited with remarkable force. Plants
which have become equal-styled, and have thus lost their dimor-
phic structure, are perfectly self-fertile, being quite as fertile as
ordinary plants when legitimately crossed. This being the ecase,
and as the variation so often arises, it may be asked why has it
not occurred under nature and been naturally selected or pre-
served. The answer, no doubt, is that such plants would be emi-
nently liable to long-continned self-fertilization, which certainly
entails a weak constitution *.

As the great majority of plants of all kinds and even some
species of Primula t are non-dimorphie, the loss of dimorphism in
the equal-styled varieties may be attributed, as Mr. Scott has re-
marked, to reversion to the primordial condition of the plant ; and
this explains the force with which this modification is inherited.
We have also seen in illegitimate plants descended from the long-
styled P.sinensis that which appears to be another case of reversion,
uamely, the small size and wild aspect of their flowers. Now I
have elsewhere § given abundant evidence showing that the off-
spring of erossed species and varieties are eminently liable to re-
version. Hence in the cases in which illegitimate birth appears
to have been the exciting cause of reversion, illegitimaey has acted
like hybridization. The parallelism in this particular instance is
close; in a future paper I shall show that the common Oxlip is a
hybrid between P. veris and vulgaris; and T have seen short-styled
wild Oxlips which had become strictly equal-styled, and others
which exhibited gradations in the length of the pistil, but not in
the roughness of the stigma, leading to this same state, like the
gradations described under P. sinensis and vers.

Although there may be some doubt with respect to the paral-
lelism between illegitimate unions with their illegitimate offspring
and hybrid unions with their hybrid offspring, in regard to the last
two subjects discussed, namely, the disturbed proportions of the
sexual forms and sexes, and the appearance through reversion of
equal-styled varieties, there can be no doubt that the parallelism
is 80 close as to amount almost to identity in the following chief
characteristic points, namely :—the various grades of lessened
fertility up to complete barrenness—the fertility innately differ-

* See my work on the * Variation of Animals and Plants under Domestica-
tion,’ 1868, vol. ii. chap. xvii., and especially p. 128,

+ Mr. J. Scott, ¢ on the Reproductive Organs in the Primulace,” Proc. Linn.
Soe. Bot. vol. viii. (1864) p. 78.

+ Variation of Animals and Plants under Doinesticalion, vol. ii. chap, xiii,
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ing in seedlings of the same parentage, and being much affected
by the nature of the conditions; the more sterile plants being
dwarfed in stature, weakly in constitution, and liable to premature
death ; the anthers being often contabescent ; the first unions and
the offspring being generally sterile in a parallel degree, but with
marked exceptions to the rule ; the fertility of the offspring being
inereased 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 that the illegitimate offspring from an ille-
gitimate union are hybrids formed within the limits of one and
the same species.

This conclusion is important ; for, as I have elsewhere * more
fully explained, we thus learn, first, that the lessened fertility of
the first union and of the offspring of fwo forms is no sure eriterion
of specific distinetness. If any one were to cross two varieties of
the same form of Lythrum or Primula for the sake of ascertaining
whether they were specifically distinet, and he found that they and
their offspring were extremely sterile, and that they resembled in a
whole series of relations crossed species and their hybrid offspring,
he would maintain that his varieties had been proved to be good
and true species ; but he would be completely deceived. In the
second place, as the forms of the same trimorphic or dimorphie
species are obviously identical, with the exception of the repro-
ductive 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 illegitimate unions, and that of their
illegitimate offspring, must depend exclusively on the nature of
the sexual elements and on their incompatibility for uniting in a
particular manner. And as we have just seen that distinet
species when crossed resemble in a whole series of relations the
forms of the same species when illegitimately united, we are
led to conclude that in this case likewise the sterility de-
pends exclusively on the incompatible nature of their sexual
elements, and not on any general difference in constitution or
structure. We are, indeed, led to this same conclusion by the
impossibility of detecting any difference sufficient to account for
certain species crossing with the greatest ease, whilst other closely

* Origin of Species, 4th edit. 1866, p. 323. Variation of Animals &c. under
Domestication, 1868, vol. ii. p. 184.
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allied species cannot be crossed, or can only be crossed with the
greatest difficulty. We are led to this conclusion still more
foreibly 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 result must depend on the nature of the
sexual elements, the male element of the one species acting freely on
the female element of the other, but not so in the reversed direction.
And now we see that this same conclusion is independently and
strongly fortified by considering the illegitimate unions and off-
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 elements, as the cause of
the sterility of species when first crossed, and of their hybrid
offspring. Tt was this consideration which led me to make 80
many and such laborious observations as have been recorded in
this paper, and which justify, T think, their publication.
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