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CaZantM,u-m, limited to two Cape "pecie:'!, differ'.'! from Phal-na. 

Cf!t~m :l.!I Th!llacosperrrmm from Li.rC'llariu, by the union of the sepa.l$ 
:lot the base into:)' camp(>oulare tube, round the edge of which are 
inserted the stamens, being thus much more decidedly perigynous 
th:w in the rest or the group. 

The genera pgammotrophs, Eckl. & Zeyb., a::ld .?clpod.:J, Pre31, 
with w::.iovuhte cells to the ovary, enumerated by Fenz.! e.mong 
Molluginere, appe~t.. to bave nothing to distinguish them from true 
Phytob.ccacere. .ddenogramma. Presl, is aha a Phyt.obccaceous 
plant allied to Gieae!cJ'a, where the ovary and fruit :lore reduced to a 
single one-3eeded carpel, not compounded of2 or 3 carpels although 
one-seeded ~ in Paronycruacere . .ilcroG8a1l.thes, on the other hand , 
both in habit :lad character, belongs to the apetruoU3 Ficoidere. 

IV. P..1..9.0SYCHUCE.2£ . 

Without having sufficiently el:!lmined :111 the gcnera of this Order 
to 3.3certain their limits with respect to each other, or the order 
of their arrangement, we have, however, verifi'ed the ordinal cha
racters in nil the following (except Cardiemema) ;-

1. Corrigiola, Linn. {I\U exceptional genus in its prominent petal:'! 
and alternate leaves); 2. He'l'niaria, Li.nn.; 3. fllecebrum, Linn.; 
4. Cardicmema, DC.; 5 . Pentac(!Jna, Bartl.; 6 . Paronychia, Jusa . 
(including Siph(J1"!Ichia, Torr. et Gray, and ..tl.ll!fchia, Rich., and 
perhaps altogether, with Cardio-nema and Pentacana, arti6cia.t sec
tions of nlecebrulIl) j 7. Habrosia, Fenzl; R. Sclerocephalus, Boiss. j 
D. Gymnocarpos, Forsk.; 10. Ptcmnthus, Forsk . ; 11. Cometes, 
Burm. j 1:3. Dicherantlws, '\Vebb j 13. Pollichia, Soland.; 1.1.. Guil
leminca, H. B. et K. j 15 . .J£niarum, Forst.; 16. ::3c/Cl'alltlws, Linn. i 
I\nd 17. Lastarriea, A.. Gay. 

On the Two }'orms, or Dimorphic Condition, in the Species of Pri
mula, and on their remarkable Sexual Relations. By CHARLES 

D.lll.wrN, M.A., F.R.S., F.L.S., &c. 

[Read XOT. 21, 1861.] 

iF ":l, large Dumber of Primroses or Cowslips (P. vulgaris and Verls) 
be gathered, they will be found to consist, in about equal numbers, 
of two forms, obviously differing in the length of theix pistils and 
stamens. Florists who cultivlIte the Polya.nthus ;Lod Auricula 
are well aware of this dift'erence. and crul those which display the 
globular stigma at the mouth of the corolla." pin·headed" or" pin
eyed," and those which display the stamens" thumb-eyed." I 
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will designate the two forms ns long-styled and short-styled. Those 
botanists with whom I have spoken on the subject have looked at 
the C2.Se as one of mere variability, which is f:ll' from the truth. 

In the Cowslip, in the long-styled form, the stigma projects just 
!O:" :;'78 ~:'9 ~t::"€1 of ::h~ corell!!, ~d ~ ~~;:-r:.~"':}" T.~:d~; i~ a;,;.;-.·:i:J 
-r.:.:;:n c.~C1"':l ~b.a rul:b.~r.:!, wruCD. are l~ruat:zd. b.:lliwo,y down ;ne ;'loe, 

and cannot be easily seeu. In the short-styled fonn the antber;s 
are attached at the mouth of the tube, and therefore stand high 
above the sti.gma i for the pistil is short, not rising above halfway 
up the tubular corolla. The corolla itself is of a different shape in 
the two fOmls, the throat or expauded portion above the attach
ment of the anthers being much longer in the long-styled than in 
the short-styled form . Village children notice tilis difi"ercncc, as 
they can best make necklaces by threading and slipping the corolla8 
of the long·styled flowers into each other. But there are much 
more important differences . The stigma in the long-styled plants 
i::l globular, in the short-styled it is deprc::Ised on the summit, so 
tbat the longitudinal axis of the former is ~ometimes nearly double 
that of the latter. The shape, however, i::l in some degree variable; 
but one difference is persistent, namely, that the stigma of the 
long-styled is much rougher: in some specimens carefully com
pared, the papillm which render the stigma:! rough were in the long
styled form from twice to thrice as long as in the short-styled .. 
There is another and more remarkable difference, namely, in the 
size of the pollen-grains. I measured with the micrometer mallY 



specimens, dry and wet, t:l.ken from plants growing in different 
situ::Lnons, n.nd 3lways found a pcUpabte difference. Tlle me[l.3ure· 
tDeot is best made ,rith gr:l.im'l distended with w:lter, in which cp.se, 
thl:) usual size of ~he grains from shol't'dtyled Rowers is seen to be 

t~~1 of 3.n ~':'.ch i..:l :iiam'3te~, lU'.d those from the long·styled about 

~ of !loU In')h, wnlch is in the prcpor;io.!l of three to 7;vO; JO l;:-:n~ 

the pollen-grair.3 from the short stamens are p1oi!lly smaller than 
th03e from the long stamens which accompany the short pistil. 
1\'nen examined dry, the smaller grnins from the long-styled plants 
are deen unde..- a. low power to be more !irll.r..sparent than tbe l.:u-ger 
gra.ms, Illld apparently in a. greater degree than can be accounted 
for by their les3 diametel·. There is :1.150 Il. difference in shape, 
the gr::LllS from the short-styled plants being nearly spberic::L!, 
those from the long· styled being oblong with the Mlgles rounded; 
this difference in shape disappears when the graioil are distended 
\'lith water. Lastly, as we shall presently see, the short.styleJ 
plllllts produce more seed than the lrmg.sl.yled. 

To sum up the differences :-The long·styled plants have a much 
longer piiltil, with a globular aad much rougher stigma, st3.nding 
high above the anthers. The stamens are short; the grllins of 
pollen sm:iller and oblong in shape. The upper half of the tube 
of the corolla. is more e:tpanded. The number of seed" produced is 
smaller. 

The short.styled plants have a short pistil, half the length of the 
tube of the corolla, with a smooth depressed stigma standing be
neath the anthers. The stamens are long; the grains of pollen 
are spherical and larger. 'l'he tube of the corolla is of the same 
diameter till close to its upper end. The number of seeds pro
duced is larger. 

I have examined a large number of flowers; and though the 
shape of the stigma and the length of the pistil vary, e.:ipecially 
in the short-styled form, I ha~·e never seen any transitional grades 
between the two forms . There is never the slightest doubt under 
which form to class a plant. I have never seen the two forms on the 
same plant. I marked many Cowslips llnd Primroses, and found, 
the following year, that all retained the same character, as did 
some in my garden which flo\vered out of their proper season in 
the autumn. Mr. W. Wooler, of Darlington, however, informs 
us that he has seen the early blossoms on Polyanthuses which 
were not long.styled, but whieh later in the season-produced flowers 
of this form. Possibly the pistils may not in these cases have 
become fully developed during the early spring. An excellent 
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proof of the permauenee of the two forms is seen in nursery gar
dens, where choice yaricties of the Poly::mthus :lore propagated by 
division; and I iour:.d whole bee.!! at 3eYe~!ll ";3rietie3, e!l.ch cooshcing 
e:s:cluslveh" of the one or the other form. Tbe two forms exist in 
tbe wild ;ta.te in about equal numbers: I collected from severa.l 
differellc st!l.tions, tB.kmg every "titan;' which grew on each spot, 
522 umbels j 241 were long-3tyted, a.nd 281 short-styled. No dif
ference in tint or size could be perceived in the bvo great masses 
of flowers. 

lexu.mined many cultivated Cowslips (P. veris) or Po[yanthuses, 
Il.l1d Oxlips; aud the two forms nlwa.ys preselltd the same differ
ences, including the dame relative difference in the size of the 
pollen-graius. 

Primula 4uMcula presents the two forms j but amoDg9t the 
improved fancy kinds the long-styled are rare, as these are less 
valued by ./lariats, and seldomer distributed. There is a much 
greater relative inequality in the length of the pi3tils and stamens 
than in the Cowslip, the pistil in the long-styled form being nearly 
four times as long n.s in the short-styled, in which it is barely 
longer than the ova.rium; the stigma is nearly of the same shape 
in both forms, but it is rougber in the long-styled, though the 
difference is not so great as in the two forms of the Cowslip. In 
the long-styled plants the stamens are \-ery short, rising but little 
.above the OT:lrium. The pollen-grains of these short stamens from 
the long-styled pln..nts, when distended with ,vater, were barely 
~ of n..n inch in di3meter, whereas those from the long stamens 
of the short-styled plants were ba.rely .. ~, showing a relative
difference of !h"e to seven. The smaller gra.ins of the long-styled 
plants were mueh more transparent, aud before distention with 
water more triangular in outline than those of the other form. 
In one anomalous specimen with a long pistil, the stamens almost 
surrounded the stigma, so that they occupied the position proper 
to the stamens of the short-styled form; but the small size of the 
poUen-grains showed that these stamens bad been abuot"lnally de
veloped in length, and that the anthers ought to have stood at the 
base of the corolla. 

In the two forms of Primula Sillenns, tbe pistil is about twice as 
long in the one !UI in the other. The stigma of the 10llg-styled 
varies much in sbape, but is conside .... bly more elongated and 
rougher than that of the abort-styled, the latter being nearly 
smooth and spberical, but depressed on the summit. The shape 
of the throat of the coroUa in the two forms differs as in the Cow-
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,;lip, a.:! does the leugth of the 5tll.meU5. But it t~ remll.rkable that 
the poUen-gr'linil of bot/:t fO!'IllS, Wet ;tud dry, presented uo ditft)l'
ellce in diault;<ter; they vary somewhat ill size, ~ do the poilen
"" .. "ills of all the species, but in both [oren>! the ayerage di .. rneter 
~;a.s rather ::s.bove rtih- of au ~e.d,.I_ There til ot\e remarkable dit: 
terence i.e. thtl two forUls of this llpecies, !lamely (as we shdl pre
sently more fully see), that the short'3ty:.ed plantil, if insact.3 be 
excluded a.nd there be no artificial fertilization, are quite sterle, 
whereas the long-styled produce ll. moderate qua.ntity of seed. But 
wne!l both forms are properly fertilized, the short-3tyled flowers 
(aa with Cowslips) yield more seed than the long'styled. In f.I, lot 
or seedlings which I raised, there were thirteen long-styled and 
seven short-styled pbnts. 

Of' Primul(l ciliata a long-styled specimen, ll.nd of p, ciliata, V:U', 

purpurata, ll. shon.styled specimen, ,"'ere sent me from Kew by 
Pruf. Oliver. This case, hO\\'ever, is hardly worth giving, :l..!I the 
v:l.riety purpurata is said"" to be a, hybrid be~ween thil ~pecies and 
P. auricula; and the height of the stamens in the one form does not; 
corre"poud with the height of the stigma in the other, as they 
woulJ have done had they been the same speci€'s, There W!l3, 

however, the usual difference i.n the roughness of the stigmas in 
the two forms, and the pollen-grains, distended in water, measured 

~ [Wd ~ of an incb in diameter, Single· trusses were sent me 

of P. denticulata and P. Piedmontana which were tong-styled, and 
of P. marginafa and -nivalis which were short-styled; :l.1ld the 
genertU character of the organs leaves b.'\rdiy .'\uy doubt on my 
mind thelt these species are dimorphic . In a single flower of p, 
Sibirica, bowe\-er, whidl was sent me from Kew, the stigma reached 
up to the base of the anthers; ~o that this species is not dimorphic, 
or not dimorphic as fat' as the length of the pistil and stamens are 
concerned, unless indeed this single specimen was anomalous, like 
that mentioned of P. (mricula , 

'Ve thus see that the existence of two forms is very geuer:.U, if 
uot universal, in the genus Primula. The simple fac!; of the 
pollen-grains dlifhing in size :rnd outline, and the stigma, in shape 
and roughness, in two sets of individuals of the 5ll.rue species, i;; 
curious, But what, it IDll.y he asked, i;; the meaning of these 
1:Ieverll.l di.fi'ereuces? The question s~ems worthy of careful im'es
tigation, for, as far as I know, the use or meaning of dimorphism 
in pla.nts has never heee. explai.ried; hence, I will give my obser-

• Swce~'5' Flower Gal-den,' 1'01. 1'. tab. 123. 

LI":-;. {'ROC -1l0T.1..)":Y, '\'01., \'"1. 
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.atiotls in detail, though I am far from supposing that all cases of 
dimorphism arc alike. The fil'"!lt idea.. wbich na..turally occurred 
W:lS, that the species were tending tou'arm il dioicous condition; 
that the loug-~tyled plnoh, with their rougher stigmas, were more 
feminine in nature, and would produce more seed; that the shorl
styled plant3, with their long I3ta.re.~~ and l.l:-ger pollec.-grX.:1!5, 
w~re more masculine in nature. Accordingly, in 1860, I Clll.l"ked 
some Cowslips of both forms growing in my garden, and otbe~ 
growing in an open field, and othen in a. shady wood, and gathered 
and weighed the seed. In each of thesa little lots tbe short-styled 
plants yielded, contr.lry to my e:Ipectation, most seed. To.king 
the lots togethe:-, the following is the result:-

I 
I ~':.:!.\ .":,,:r, \ c~;;~'.. rf~,,~orl ______ produoed. prodl:oed. !{nin .. 

Shol"t-stylcd Co,..~lip' I!) j3 199 83 
Long-!tjled Co,..ali~ l3 51 ~61 01 

If we reduce these elements for compari!lOn to similar tenus, we 
have-

So that, by all the standard" of compnri~on, the short-styled are 
the most fertile j if we take the number of umbt!ls (which is the 
fairest standard, for large and small plnnts are thus equalized), the 
3bort-s~yled plants produce more seed than the long-;;tyled, in the 
proportion of four to three. 

In 1861 I tried the result in a ful.ler and fairer manner. I 
trnnsplanted in the previous autumn Do number of \vi.1d plant! 
into 3. large bed in my gilrdell, treating them all alike j the result 
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TUe'~e figures, reduced as before, give the following proportions:-

The season was much better this year than the last, and the 
plants grew in good soil, instead of in a shady wood or struggling 
with other plants in the opeu field; cOll3equently the actual pro
duce of seed was considerably greater. Nevertheless we have the 
s:une relative result; for the sbort-styled plants produced more 
seed than the long-styled in tbe proportion of three to two; but if 
we take the fttirest standard of comparison, nll[lJ.ely, the number of 
umbels, the e:tcess is, as in the former case, as four to three. 

I marked also some Primroses, all growing together under the 
same conditions; and we here see the product :-

I I

N. 0' I ~:u~, I Good I· :,';~ I' ~ I Good !WOI," P~~. ~~~ .c.u~: g~n~ 8.~ ;ul~~ ... ~. 
-------------- i:'<i ---
Short-~tyled Primroses 8 49 40 10 -: - 100 40 
wng-!tylcd Primroses 9 68 1 50 I 10 0 100 20 

The number of Primrose plants tried was hardly sufficient, and 
the se:uOll W:lS b:ld; but we here again see (e:tcluding the c:lpsules 
which contained no seed) the same result in a still more marked 
manner, for the short-styled plants were twice as productive of 
seed :IS the long-styled pbnts. 

I b3d, of course, no means of ascertaining the rebtive fertility of 
tbe two forms of tbe Cbinese Primrose in a natural condition, and 
tbe result of artificial fertilization can bardly he trusted; but si:t
teen c:lpsules from long-styled flowers, properly fertilized, produce 
9·3 grains' weight of seed, whereas eight capsules of short-st;yled 
B.owers produced 6·1 grains; so that if the same number, namely, 
16 of' tbe latter, had heen fertilized, the weight of seed would ha .... e 
been 12'2, which would have been nearly in tbe proportion of four 
to three, as in Cowslips. 

Looking to the trials made during two successive year!! on the 
large number of Cowslips, and on tbese facts with regard to com
mOll Primroses and Chinese Primroses, we may safely conclude 
that the short-styled form.!! in these species are more productive 

02 
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than the long-styled form:! j consequently the anticipation that the 
plants having b.rgely developed pistils with rougher stigmJl.3, and 
having ,horter stamens wi.th smaller pollen-grains, would prove to 
be more feminine in their nature is enctly the reverse of the 
truth. If the species of Primula are tending to become dioicous, 
wbicb possibly may be the case, the future hypothetical females 
would have short pistils, and the males would have shott stamens; 
but this tendency is accompanied, as we shall presently see, by 
other conditions of the genern.tive system of a much more singular 
uature. Anyhow, the possibility of!l plant thus becoming dioicou!! 
by slow degree, is worthy of notice, as the fact Ivould .!IO easily 
escape observation. 

In 1860 I found that fl, few umbel3 of both 10ng-3tyled !lnd 
sbort-styled Cowslips, which were covered by a net, did not pro· 
duce seed, though other umbel::! on the same plants, Ilrhficially fer· 
~ilized, produced :tn :lbundauce of seed; and this fact shows thnt 
the mere covering in it~lt· was not injurious. Accordingly, in 
1861 I covered up Wlder a similar net sCI'cr:t1 plants just before 
they opened their BoweN!; these turned out Il.!i follows;-

Judging from the e:tposed plant~ which grew all I'ouod in the 
same bed, aod bad been treated in every way euctly tbe same, 
e.Icept that they were e:tposed to the visits of insects, the su: short
etyled plants ought to have produced 9:! grains' weight of seed in
stead of only 1'3; and tbe eighteen long-styled plants, which pro
duced not one seed, ought to have produced above 200 grains' 
weight. The production of the I ':) grain of seed in the smaller
lot WIl.!i probably due to the action of Thripfi or some minute in
sect. 'l'his evidence is sufficient, but I may add that ten pots of 
Polyantbuses and Cowslips of botb forms, protected from insects 
in my greenhoU3e, did not set one pod, though artificially fertilized 
flowers in other pots produced :lll abundance. So we see that the 
visits ot' insects are absolutely necessary to the fertilization of 
Cowslips. As the exposed plants produced an abund:lllce of sced, 
the tendency to a dioicous condition, previously remarked on, 
might have been 8l1ft:ly carried on, as we ~ee that there is an etiect· 
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ive agen..:y all'e:uly at work which would ha.ve carried pollen from 
one sex to the other. 

'Vhat inseds habitually ;·i~it C.)wslips, as is nbsolutely necesMry 
for their regular fertility, I do not know. I h:l.I'e often wntched 
them, but perhaps not long enough; and only foUl' times I have 
seen Humble-bees visiting them. One of thescl bees W308 gather..l!g 
poilen from short-styled flowers alone, l:.Ilotber had bitten holes 
through the corolla; and neither of these would have bee!l effective 
in the act of fertilintion : two others were sucking loog.styled 
pLmts . I have watched Primroses more attentively du.-ing several 
yeliN, and have never seen an insect visit them; yet from their close 
similari~y in all esseotial respects to Cowslips, there can hardly be 
30 doubt that they require the nsits of insects. Hence I a.m led 
to suppose that both PrimrO:'les !llld Cowslips are visited by mochs. 
All the species which I have examined secrete plenty of nectar. 

In Pri1'llula Sinewris, when protected from insects and n.ot mi· 
ficially fertilized, the cage is somewhat, but not materially, different. 
Five short.styled plants produced up to a given period 116 flowers, 
which set only seven capsules, where:l3 twelve other Bowers on 
the same plants artificially fertilized set ten capsules . Five long
styled plants produced 147 flowers, and set si:r.ty. two capsules ; so 
that this form, relatively to the other , sets a fur greater number of 
capsules: yet the long.styled protected flowers do not set nearly 
so well as when artificially fertilized; for out of forty-four flowers 
thus treated, thirty-eight set. These remarks apply only to the 
early setting of the capsules, many of which did not continue 
swelling. With respect to ~he product of seed, seven protected 
short-styled plants, "hich bore about 160 flowers, produced only 
half a gr:lln of seed; they Ollght to bave produced 120 grains; so 
that the short-styled plant!!, when p70tected from insects, are nearly 
as sterile as Cowslips . Thirteen long. styled pia.nts, which bore 
about 380 flowers, :lnd which a" we have seen set many more cap· 
sules, produced 25'9 grains of seed; they ought to bave produced 
about 220 grains in weight; so that although far less fertile than 
the artificially fertilized flowers, yet the long.styled P. Sinellkis, 
when protected from insects, is nearly twenty-four t imes t\S fertile 
t\S the short· styled when protected from insects. The cause of 
this difference ia, that when the corolJ.n. of the long styled plants 
falls off, the short st3.mens near tbe bottom of the tube are neces· 
sllri.ly dragged over the stigma. and leave pollen on it, ::uI I saw by 
hastening the fail of nearly withered flowers; whereas in the short
styled flowers, the stameos are seated at the mouth of the corolla, 
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11ud ill falling off do not btu9h over the lowly seated stigma. In 
the Cow~1ip the corolb. dooi!! DQt :aU oF.: ~nd both lcn!!,sty!etJ o.nd 
3hort-styled plants tire e'1ually sterile when protected from illsect3. 
It i3 .a. rotht C!L.~Oll3 C!136, :ht1t the failing of the coro!.1:1., or ita re
main.i.:Jg attached when w:thoi!red, mi3h~ be.va a comider:l'Lle in
fh:ence 0"]. the n'lmben of « 1'::.o/;, duri::lg 8 year unfavouraole ~o 

the n!!it8 of the proper insect!!. 
In tbree short--styled plnnts of PM'mula aun·C".Jla, protected from 

insects, the Rowers which I fertiliz.ed produced seed, but those 
which were not touched produced none. 

m aU the species of Pnmulol the pollen reMily cober~ to any 
objact. III all that I h3ve obl!lerved. though the stamens nnd pis
tils diEer in length rei.ath·cly to e:lCh other in the diIferent specie:!, 
yet, in the two forms of the 511me !peci~, the stigma 01 the one 
form stands at e.Inctly the same beight with respect to the corolla 
n.s the anthers of the other form. Ii the proboscis of a dead 
Humble_bee, or thick bristle, or rough needle be pushed down the 
corolla, til'St of one form, and thcn of the o~her, as an insect would 
do in Yisiting the two mingled forms, it will be found that pollen 
from the long-stamened form will adbere round the b3Se of the 
probo!!cis, and will be leR with certainty on the stigma of tbe long
styled form; pollen from the !!bort stamens of the long-styled 
form will also adhere a little above tbe tip of the probosci!!, nod 
some will gener:llly be left on the stigma of the other form. Thus 
pollen will be carried reciprocally from one form to the otober. In 
withdrnwing the proboscis from the long--styled form, with pollen 
.:adhering near the tip, there will be n good chance of some being 
left on the 60wer's own stigma, in \\"hich C3se there will be self
fertilization j but this by no means nlways occurs. In the short
styled form, on the other hand (aud it is iml'ortant to remember 
this), in inserting tbe proboscis between tile anthers situated 3t 
the mouth of the corolla, pollen, as I repeatedly found, is almost 
invariably c.:arned down n.nd left on the flower's own stigma. 
Moreover minute insects, such as Thrips, numbers of which I have 
observed in Primrose Bowel"!! thickJy dusted with pollen, could not 
fail often to cause self-fertilization. W e positi.ely know tbat the 
l-1sit!! oflll.rge insecta are neceS8ary to the fertihzation of the specie!! 
of Pri'll1ula; and we may infer from the facts just given that these. 
nsit.!l would C3rry pollen reciprocal.ly from one fonn to the other, 
and would likewise tend to cause self-fertilization, more elIpeeially 
in the short.!!tyled (i. ~. long-stamened) fonn. 

These ob!!Je.t'vations led me to test the potency of the two pol-
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leuil wi.th re:;pect to the t\\"o ;;cig-m:l.:I in P cern, Sineflsis, :mu 
aur:"cu/a. In e.ldl species four crosseil C!ln b~ tried; aamely, the 
stigma of tUt3 long-iltyled by itil own-for:ll pollen and by that of 
the short-styled, a.nd the iltiglll:l. of the short-styled by its own
form pollen :lad by thaI; of the other fonn. It is aecessn.ry tD U::le 

!Uld ..emembeL" two uew terms for ~hese crosses: w:ten be !ong
and the short-iltyled stigmas are fertilized by their own.-form pol
len the union is sa.id to be "homomorphic jtt when the 10ng-2tyled 
and 3bort-sty!ed sti~ are fertilized by the polien of the other 
form, tue union is "heteromorphic." I ilpellk of the" own-form 
pollen," because in the following homomorphic unions, in order 
to m:l.ke the e:Iperiment pe.f9'::tly tair, 1 never placed the pollen 
of the same flower on its own stigma, but, to avoid the possible ill 
effects of close imerbreeding, I a.lw:l.YS used the pollen from an
other plaat of the same forlD. In the following experiments :ill 
the plllntil were tre:l.ted in e:s:a.ctly the s:une mlUlller, and were 
carefully protected from msects as far as that is possible. I per
formed e\'cry manipulation myseU; and weighed the seed in a. che
mica.l bal.ant'e. Some of the ca.psule:! contained no Beed, or only 
two or three, and these are excluded in the column marked" good 
pods." First fOT P. Sinensis, as the simplest case. 

Primula Sinensis.-TA.DLE 1. 

For the saKe of comparison, we may reduce these latt~r figure;J 
as folJ01'l-s:-
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In the first part of the upper table, the number of flowers fer
tilized a~d the simple result io:i sbown; "lOd at the righ~ h.'md, for 
the sake of comparison, the calculated product of the weight of seed 
from 100 good pods 01' each of the four unions is given i showing 
that in each case the heteromorphic union is more fertile tha.n the 
homomorphic uniou . Benet\th we have a simple .'Iumm;lry of the 
two homomorphic:lIld the two heteromorphic unions . And lastly. 
for the sake of comparison, a calculation has been m:lde from this 
summary; first, assuming that 100 Bowers of both kinds of unions 
were fertilized j and then to the right hand, assuming that 100 
good pods were produced £i'om both unions. If we compare the 
result, we see that the flowers of the two heteromorphic uni.ons 
produced a greater number of good pods, and a greater weight of 
seed, than the flowers of t.he two homomorphic unions; and again 
(and this is the fairest element of comparison, for accidents are 
thus almost eliminated), tbat the good podE from the t\\"o hetero
morphic lin ions yielded more seed, in abollt the proportion of three 
to two, than those from the two homomorphic unions. The dif
ference in weigbt frum 100 capsules of the two forms is 24 grain!!, 
and thi~ i~ equal to at least 1200 seeds. 

Beneath 'H! have Table II. of P. veris, or the Cowslip. The 
upper part is exactly the same as in the Table of P. Sinmsis, aud 
we see in each case that. the heteromorphic is more fertile than 
the homomorphic lIuion. The cnlcubted results from the sum
mary of the two homomorphic and the two heteromorphic unions 
are more complex than with the last species, as I wished to show 
that, however we proceed, the general result is the same. 'Ve sec 
that the assumed hundred flowers, heteromorphically fertilized by 
the pollen of the other form~, yielded more capsules, more good 
capsules, and !l greater weight of seed; but I rely little on this, as 
some whole umbels perished after being fertilized. The fairest 
element of comparison is to take the good capsules alone; and we 
here see that the 100 from the two heteromorphic unions yielded 
seed which in weight was as 54 to 35 from the 100 good capsules 
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of tht: tWiJ homomorphic u.nions,-lh3.~ is. nearly as three ~o two, 
~ in the Chinese Primrose. 

Primu/a tt'ris.-TuLE II. 

;~11 ~ .. 1 11. ~~"I B,,;;o.!o<J,l.ao,ou. 

:~~~~~~~;Il J~~l'~~[~~:( ~:~~" 
rolnOr,>hw l1D..Ion) 

Short-et,,/ed b ... own-
form poll!'n "(howo_ 15 6 18 or u tOO to 30 
morphlcunum) I 

Shan "yled by pollen I 
of lonl{ tt,led lhete I~ 12 II 4!l or u 100 to -H 
romorph.ic unlon) ... I 

S=m"y' I 
Th~~i~:' h.~l~~~~~.~.~~ } I sr, j lU I .:: 3D 

Th:~:~~~.~~~~.~~i.~} 35 27 1 _ 13·, 

For the 33ke of comparison, we m3Y reduce thcse figures as fol -
10ws:-

With P. auricula I was uufortun.:ate; my few seedling'!, except 
one poor plant, all eame up short.;;tyled i .:and of these plants 
several dif'd or became sick, o\\ing to the hot weather and tho dif
ficulty of excluding insects Bud veutilating the corner of my green
house enclosed v..;th net. I fioal1y got only two pods from oDe 
union, and three from the other. The re3ult is given in the 
following table i and, though worth little, we here again see that 
the heteromorphic are far more fertile than the homomorphic 
unions. 
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p,.imu!a auriC'ltla.-T.1..BLE Ill. 

\Vhoever will study these three tables, which give the l'csult 
of 134 flQwers carefully fertilized and protected, will, I think, be 
com-mced that in these three species of Primula the so-called 
heteromorphic unions are more fertile than the homomorphic 
union!! . For the sake of clearness, the general result i!! given in 
the following diagram, in which the dotted lines with arrows re
present how in the four unions pollen b:lS been applied. 

Hel.erom.:>rpbicnnion. 
Completeftrtility. 

We here have a case new, as far 303 I know, in the animal and 
vegetable kingdoms. We see the species of Primula divided into 
two sets or bodies, which cannot be called distinct sexes, for both 
are hermaphrodites; yet they are to a certain extent sexually 
distinct, for they require for perfect fertility reciprocal unioo. 
They might perhaps be called sub-dioic'oU!! hermaphrodites . As 
quadrupeds are divided into two nearly equal bodies of diiferellt 
sexeS,80 here we have two bodies, approximately equal in number, 
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Jiffering in their sexual powers and related to each other like males 
and female:!. There are many hermaphrodite animals which can
no~ fert ilize themselves, but must unite wich another hermaphro
dite : so it is with numerous plants; for the pollen is often mature 
l'.nd shed, or is mechanically protruded, before the flower's own 
stigma is ready; so that these hermaphrodite flowers absolutely 
require for their sexual union the presence of another hermaphro
dite. But in Primula there is this wide difference, that one indi
vidual Cowslip, for instance, though it C:1n with mechanical aid im
perfectly fertilize itself, for full feetility must unite with another 
individual; but it cannot unite with any individual in the same 
manner as an hermaphrodite Snail or Earth-worm can unite with 
any other one Snail or Earth-worm; but one form of the Cowslip, 
to be perfectly fertile, must unite with one of the other form, just 
as a male quadruped must and c:m unite only with a female. 

I have spoken of the heteromorphic union inPrimula as result
ing in full fertility j and I am fully justified, for the Cowslips thus 
fertilized actually gave rather more seed than the truly wild plants 
- a result which may be attributed to their good treatment and 
having grown separately. With respect to the lessened fertility 
of the homomorphic unions, we shall appreciate its degree best by 
the following facts. Gartner has estimated the degree of sterility 
of the union of several distinct species *, in a manner which allows 
of, the strictest comparison with the result of the heteromorphic 
and homomorphic unions of PriRnula. -WithP.veris, for every hun
dred seeds yielded by the heteromorphic unions, only sixty-four seeds 
were yielded by an equal number of good capsules from the homo
morphic unions. -VVith P. Sinensis the proportion was nearly the 
same-namely, as 100 to 62. Now Gartner has shown that, on the 
calculation of Verbascum lychnitis yielding with its own pollen 
100 seeds, it yields when fertilized by the pollen of V. Phamicewm 
ninety seeds; by the pollen of V. nigrum, sixty-three seeds j by 
that of V. blattaria, sixty-two seeds. So again, Dianth1tS barbatus 
fertilized by the pollen of D. superbus yielded eighty-one seeds, 
and by the pollen of D. JaponiC'lts sixty-six seeds, relatively to 
the 100 seeds produced by its own pollen. Thus we see-and the 
fact is highly remarkable-that the homomorphic unions relatively 
to the heteromorphic unions in Primula are more sterile than the 
crosses between several distinct species relatively to the pure union 
of those species. 

The meaning or use of the existence in PriTnula of the two 
ill' Versuche iibet" die :Bastardel"Zeugung, 1849, s. 216. 
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forms in about equal num bers, with their pollen adapted ror reci
procal union, is tolerably plain; namely, to fa.our tile intercross
ing of distinct i.::J.dividurus. With plants there 1l.!"'9 ~umereJie 

contrivances for this end; and no one will u.nderstand the final 
cause of the stmcture of many floweri! without attending to this 
point. I have already shown ;;hat the relative heigh ts of the an
thers and stigmas in the two forms lead to insects leaving the 
pollen of the one form on the stigma of the other; but, at the same 
time, there will be a strong probability of the Bower's own pollen 
being likewise phced on the .stigma. It is perfectly well known 
that if the pollen of several clo$el y allied dpecies be placed on the 
stigma of a distinct species, a.nd at the same time, or even subse
quently, its own pollen be placed on the stigma, this will entirely 
destroy the simultaneous or previous action of the foreign pollen. 
So again if the pollen of several varieties, including the plant's own 
pollen, be placed on the stigma, one or more of the varieties will 
take the leud and obliterate the effect of the others: but I han! 
not space here to give the facts on which this conclusion is 
grounded. Hence we mlly uuer :>.S highly probable that, in. Pri
mula, the heteromorphic pollen which we know to be so much the 
most effective would obliterate the actiou of the homomorphic 
poUen when left on the Hower';! OVill stigma oy insects; and thus 
we see how potent the dimorphic condition of' the pollen in P·ri
mula will be in favouring the i.ntercrossing ot' distinct individuals. 
'rIte two forms, though hath sexes are present in each, arc in 
fact dioicou'S or uni"exuaL , Vhate\-er advantage there may be in 
the separation of the se.Ies. towards which we see so frequent ~ 
tendency throughout nature, this advantage has been here so tar 
g~ned, that the one form is fertilized by the other, and conversely; 
and this is efl:'ected by the pollen of each form having les;:! po-
tency than that of the other on its own stigma. -

Bearing on this view of the final cause of the dimorphism of the 
Primulas, there is another curious point . If we look at the right
hand figures of the four first lines in the previous tables of P. Si
nelllris and veris, we shall see that one of the homomorphic unions, 
namely, the short-styled by its own-form pollen, is considerably 
more sterile than the other; and in P . auricula, though here there 
is no other homomorphic union as 11 standard of comparison, this 
umon is likewise excessively sterile. That the fertility of this 
union is really less in !l. marked degree than in the other three 
unions, we have:lO independent proof in the seetls germinating less 
perfectly :lUU much more slowly than those from the other unions. 
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This bet is the more remarkable, beC:1.use we have clearly seeu 
that tIle short-.'!!;yled form in tbe COlVslip in tl state of nature is 
~he most p:-oductive ot' seed. This form bea:s its authers dese 
together at the mouth of the corolla, and 1 observed ion; before 
1 had ascertained the relative fertility of the four unions, in 
pa.ssing the proboscis of!lo de9.d Humble·bee or' bristle down the 
the corolla, that in this form tne flower's own pollen"Nt\3 almost 
certain to be left on its own stigma; and, as I wrote down at the 
time, the chance of setf-fertiliza~ion is much stronger in this than 
in the other form. On this vieW' we can at once understand the 
good of the pollen of the sbort-styled form, relatively to ih own 
stigma, being the most sterile; for this sterility would be the most 
requisite to cbeek self· fertilization, or to favoUl." intererossing. 
Hence, 0.\.30, it would appear that there are four grades of fertility 
from the four possible unions in Primul.:l j oj' cbe two homomor
phic unions, as we have just seen, one is considerably more sterile 
than the otller. In the wild state we know tbat the short-styl~d 
plants are more fertile than the long-s~yled j and we may infer ,ts 
almost certain, that in the wild state, when the fiowel'$ are visited 
by insects, as is abi!Ollltely necessary for the production of seed, 
and when pollen is freely carried from one form to the other, 
that the unious are heteromorphic; if so, there are two degrees of 
fertility in the lH:teromorphic unions, making rtltogether four 
gmdes of fertility. 

Two or three other points deserve a passing notice. The ques
tion whether the Primrose and Cowslip (P. vulgam and veris) are 
distinct species or varieties bas been more disputed and experi
mented on thnu in :l.Ilyother plaut. But as we now know that 
the visits of insects are iudispeu3a.ble to the fertilizatiou of these 
plants, lllld that .in fiU probabil.ity the heteromorph.ic pollen of [\ 
Primrose would be prepotent au tbe stigma of a Cow~lip over the 
homomorphic pollen of a Cowslip, the numerous experiments which 
Imve been made, showing that Oxlips appear amongst the seed
lings of Cowslips, cannot be trusted, as the parent pll1D.ts do not 
appea.r to have been carefully protected from insects· . I am far 
from wishing to affirm that pure Cowslips will not produce Os:-

• Ur. Sidebotb8Jll (Phytologi>st, vol. iii. pp. 703-5) statestbat heprote.::ted hi~ 
plnnts from CI'08Siug ; but ~ ~e give~ in detaoil all the precautions "l'"llich h~ took:, 
and ~ap nothiDg \ibout artifiCl:l.i fertilization, we Clay oonclude that he {lid not 
fertilize hi!! pla.nb. A3 he l'lli.$ed very nu.mcroU3 seedlings, he would 11I~ve IUld to 
fertiliz.e m&1lY Bowen, if they ba.d been really well guardt!d agairut the ,·isite of 
inM'l;t •. Hence 1 conclude that hie i"elults al'e not "orlh,. ofttu!t. 
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lips, but further experiments are absolutely necessary. "Ve m?-y 
also suspect that the fact noticed by florists *, that the varieties 
of the P olyant hus never come true from seed, may be in pari 
due to their habitually cr ossing with other varieties of the Poly
anthus. 

The simple f~,,;~ of two individuals of the 9a~e '..Ulcloubted 3 peci:);] , 
when homomorphically united, being as sterile as are .:nany distinct 
species when crossed, will surprise those who look at sterility as a 
special endowment to keep created species distinct. Eybl-iilizers 
have shown t that individual plants of the same species vary in 
their sexual powers, so far that one individual wil l unite more 
r eadily than another individual of the same dpecies with a dist inct 
species. Seeing that we thus have a groundwork of variability in 
sexual power, and seeing that sterility of a peculiar kind has been 
acquired by the species of Primula to favour intercrossing, those 
who believe in the slow modification of specific fOfms will natu
rally ask themselves whether sterility may not have been slowly 
acquired for a distinct object, namely, to prevent two forms, whilst 
being fitted for distinct lines of life, becoming blended by marriage, 
and thus less well adapted for their new habits of life. But many 
great di:fficulties would remain, even if this view could be main
tained. 

"Whether or not the dimorphic condition of the Primttlm has 
any bearing on other points in natural history, it is valuable as 
showing how nature strives, if I may so express myself, to favour 
the sexual union of distinct individuals of the same species. The 
resources of nature are illimitable; and we know not why the 
species of Primttla should have acquired this novel and curious aid 
for checking continued self-fertilization through the division of the 
individuals into two bodies of hermaphrodites with different 
sexual powers, instead of by the more common method of the 
separation of the sexes, or by the maturity of the male and female 
elements at different periods, or by other such contrivances. Nor 
do we know why nature should thus strive after the intercrossing 
of dist~ct individuals. We do not even in the least know the final 
cause of sexuality; why new beings should be produced by the union 
of the two sexual elements, instead of by a process of partheno
genesis. When we look to the state in which young mammals 
and birds ar~ born, we can at lea3t see that the object gained is 

;I Mr. D. Beaton, in' Journal of Horticulture,' May 28,1861, pp. 154, 244. 
t Giirtner, Bastarderzeugung, s. 165. 
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not, U8 hll!! sometimes been maintained, mere dissemination. The 
whole subject is lS yet hidden in darkness. 

I will now only add that C:l8es of dimorphism, like that of Fri. 
"I1;JZa, seem ;.0 be 1M !'rom ra:-e in the ,·er,;9t:l.bla k:nS':k:ll, ~'!!ou.sh 

t:'ey have bee:l. litlile !\ttcnded to. A large Il.!I.d ~?cr:~~ :;~J .. ~ 
n.I1Alogous tb.l:t3 -;vill probably soon be wscove=ec. P:-oiessor fullo 
Gray· informs me, that he and Dr. Torrey have described severaJ. 
Rubiaceou5 genera, in which some planes have c:I3erted sta.mens, 
and others e3:serted pistils. "M.i.tchell!l olfers an interesting La· 
stance of this structure from ita relation.3hip, t'hrough ':",-erlera, ~o 
C¥!J31na, one of tbe few dicecious genen of Rulnace::e, ana. in 
which the stamens are elongated in ~he mAle flowers :lnd the styles 
in the females." The long·jtyled hermo.pbrodite f!.owe:-s of Mit
chell3. would probably be found more productive of seed than the 
sbort.styled; in the ~ame way, but in Q. reversed manner, n.s in 
Primula, the short.styled flowers :lre more productive th:m the 
long.styled; from which fact I inferred that, if Primula were to 
become· dicecious, the females would have short pistils and the 
males short stamens, these being the corresponding organs neces
sary for a. heteromorphic union with full fertility. In the dicecious 
Copr08mn, on the other haud, the fem:lies have long pistils, !lnd 
the males have long stamens. These facts probably show us 
the sta~es by which a dicecious condition has been a.cquired by 
many pl3.1lh. 

Prof. A. Gray :liso informs me that another Rubinceous genus 
(Kno:cia) in India h!ls been described by Dr. W ight, with U 

similar structure; and this, I am told, is the case with Cinellol/a. 
Several species of North American Plantago are dimorphic, as ill 
Rhamnm lallCeoiatljll, as far as its female orgaIls are concerned. 
I n the Boraginete, Dr. Torrey has observed :l strongly marked in
stance in .dmllinckia spectabilis: in some dried flowers sent me by 
Prof. GI"'.lV, I find that the pistil in the one form is more thlLll 
twice as l~ng as in t.he other, with a corresponding difference in 
the length of the sbmens; in the short.styled flowers the graws 
of pollen, as in Primula, app:lrently il.l'e larger, in the proportion 
of nine to seven, than ic. the long·styled flowers, which have the 
short stnmens; but the differeoce can hardly be determined with 
!latety in dried flowers. In Jiertenllia alpina, another. member of 

• St(! also Prof . .!.ta Gray'l 'llanual of the Botany of the N.United States: 
1856, p. 171. For Pla,.tago. 5(1(1 p. 269. 
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the Boraginet.e, Prof. Gray finds a new and ine:xplicable case,
namely, some specimens with the stamens and pistil sub-exserted, 
ana other speci.mens with both organs seated low down the tube of 
the coroUa. Dr, Torrey :1nd Prof. Gray hu\'e designated all such 
p1.ants a3 "dicecious~y di:norphoUG." In the .£cc'iaice, Mr. 3e:.::thp.m 
informs me that several species of .rEgiphyla, and some of l'dentha, 
are dimorphic like Primula. The case of Thymus is different, as I 
know from my own observations; but I will not here enlarge on 
this genus, Again, as I hear from JYIr. Bentham, numerous species 
of Oxalis are similarly dimorphic. I can add the genus Linum. 
So that we already know of species (generally several. in the same 
genus) having distinct dimorphic individuals, as far as structure 
is concerned, however it may prove in function, in no les8 than 
eight natural orders. 

With respect to Linum, I will not here enter on details, as I in
tend to try further e:xperiments ne:xt summer; but I may state, 
that I observed many years ago two. forms in Linum flavum, with 
both the pistils and stamens differing in length. In Linum grandi
florum there are likewise two forms which present no difference in 
their male organs, but the pistil and stigmatic surf:1ces are much 
longer in the one form than in the other. The short-styled form, 
I have good reason to believe, is highly fertile with its own pollen; 
whether it be more fertile with the pollen of the long-styled form, 
I cannot at present say. The long-styled form, on the other hand, 
is quite sterile with its own pollen: seveml plants grew in my . 
garden, remote from the short-styled plants; their stigmas were 
coloured blue with their own pollen; but althou'gh tbey produced 
a vast number of flowers, they did not produce :1 ~ingle seed
capsule. It seemed a hopeless experiment; but I had so much 
confidence from my trials on Primula, that I put a little pollen 
from the short-styled pbnts on the stigmas (already blue with 
their own pollen) of twelve flowers on two of the long-styled 
plants. From these twelve flowers I got eight remark:1bly fine 
seed-capsules; the other flowers not producing a single c:1psule. 
The e:xistence of plants in full he:1lth, and capable of beaTing 
seed, on whieh their own pollen produces no more effect than 
the pollen of a plant of a different order, or than so much in
organic dust, is one of the most surprising facts which I have ever 

. observed. 
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