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In 1928 (Aa. Nat. LXII, pﬁ.llE—EEJAﬁn the beeis of
a tabulation of the incidence of dominance among Lhe
nen-lethal mitations observed to vecur in Drosgphila
melanogas ter, ahowing about B4 per cent. complete or
almogt couplete recesgives; while the remaining "dominanta"
wars all cecidedly incomplete dominanta, put forward, as
a purel; thenretical speculation, the theory Lhat the
dominance of the wild type against recurrent daleler lous
nmatations, had been evolved by a wroces: of natural selectien
acting on the small proportion of hetoroaygoies among the
ancestry of the existing wild population. The proceas was
ahown to be .un extramely slow one owing to the rarity of
these haterozygotes, and for the theory to be correct 1t
wag necesgary to postulate both that the manifestatlion-of
dominance, Jetermined by the poenotyplc expresslon of the
heterozygote, was sunceptible of modification by the
interaction of other factors, a fact now generally admitted
by genetlcista, and that the mutations in question had
peraisted in their occurrence over an immensely leng peried,

aa might aleo be inferred from the occurrence in different



gpecies of homologous mutations.

In 1920 J,.8.5. Haldane (Am, Nat. LXIV, pp. 87-80)
called attantlon to the pecullar domlnance phenomena
found by Nabours in the grouse locusts and by wWinge in
the fish Lebletes reticulatus, In both these cases,

(and the same is true of aome of“the polymerphic asnails,
puch as Cepea (Helix) hortenais and C. nemorslis,} there
is a eingle genotype,which sheuld probably be regarded as
the taxonomic type of the specles, which ls, as far as ia
known, universally receseive to all the variant forms of
colour pattern found in natuwre. Haldane, treating these
variants as equivalent te the deleterious mutatioms of
Drgsephila, regarded tham as sxamples running counter to
Figher's explanation, and put ferward the view that their
dominance wag due to their belsg duplicatiens. Thie theery,
while copetent to explain the fact that these varianta are
not ruu;:uiv-,glvu; no explanation of thelr complete domi-
nance. For the effects of knewn duplications, when
homozygous, are not usuwally, if ever, indistinguishable
from those of the hetercmygous condition.

In the same yeffe (Am. Nat. LVIV, pp. 286-408) Fisher,
while willing to accept the thesory of duplication in view of



the extremely ¢close linkage found In several,; though, as we
now know, nuﬁ in all of these polymorphic cases,; considered

in more detail the conssguences of r-hl:'pl being cases of
natural polymorghiem in wuilch the variant forms are maintained
in nature with an appreciable Irequency, rather than mutationa,
such as those of Jrosophila, unlﬁ;ggqrﬂhfu exiat by virtus

of thelr mutation rate. if thia{wira trum of the varlant
forme in the grouse locusts, such relatively enormous

mutation rates would have to be postulated,as would certainly
not have esceped detection in the extenalve genetlcal work

on this group carried out by Nabours and his co-workers.

Wa have in such caaes, on the ¢ontrary, to contemplate an
equilibriom of the gene-ratlic maintainsed in nature by the
balance of selective motlons, and it had earlier been shown
(R.A. Fisher, 1828. "On the dominance ratie” Proc. Roy.

Soc. Odin., XLII, pp. 32l=41) that such a stable eguilibrium
would follow whenaver the heterozygote was found to be at

a selective advantage compared to both contrasted homozygotea.
Since in the cages under considaration the heterosygote
differed fram the homozygous type in external appearance,

it wae suggested that its advantege over this genotype

might be of a bioncmic nature analogous to that of the
dominant mimetic variants of certain polymorphic butterflies.

For this view to be tenable, however, it was necessary to



fi'h..-t
suppose that the gelective advantags of the variant Ferm

found when comparing the heterczygote to the homozygous
type, was balanced by a selective advantage of the type

gene when tha heterozygote was compared with the homozygous
variant. Since thess two genotypes are indistinguishable
in appearancs 1t wae conjectured that the selective advan-
tage of the heterozygote might be of a physioclogical natura,
and so reveal ltself by differential viabllity or fertility
in the breeding expariments already published.

Fortunately a very extensive aseriea of experiments
had been published in sufficient detail by R.K. Nabours .
1925. (Studies in inheritance and evolution in Orthoptera,
No. V. EKansase Ag. Exp. Sta. Tech, Eull. No. 17) using

Apotettix surycephalus. Of the matings sultable for
testing relative viability there wera found to be In the

aguregate 4309 homozygous variante against 4617 hetero-
pygotesa Iin the total clsssified;, where equal numbers warae
expected on Mendelisn theory. The homozyyotes thus show
in the sggregate a deficlency of about 7 per cent. up to
the age of claseification, which was from the 3rd. to the
5th. instar. The parcentage viability of survival te
complete development cannot be stated wlth certainty, since
the comparison of viability was not in view, nor indeed



were diff'erences of viability suapected, at the time the
axporiments were carrlisd out. Furthlr, we have as yet no
data on the exyerimenlally more difficult gquestion of the
relative fertility of the different genotypes, and these

in nalure may well be ae important as the differencea in
viability, which can be determined under somewhat closely
gontrolled axperimental conditions.

The data indicate, as was a priori probanle, that ths
physioclogical inferilerity of the homozygotes ia different
in the different variant genes. In two of tha variants
tested the deficlency exceeded 20 per cent., and in four
others statistically significant differences were found
ranging from 20 per cent. to 10 per cent. with other
faclors probably real differences in viability exist of
8till ﬂmallnﬁmr miﬂtimnméfu “fﬁ.:f‘“ numbers of
individuala ayve—hn T e
their delermination any statlstical reliability. We may
take the data so far availabls as demun!prnting tha
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existence of the physlelogical factor needed on our Lhaory
to maintain in nature a selective equilibrium; and as
affording some insight intoc lta order of megnituds, though
without further extensive and deliberately planned experi-
mente no precielon can be claimed for the determinations

80 far made for individual factora.



The dominance of the varisnt forms in the  rouse
locusta, and otner pulymurphic species of the same Lype,
followas as directly from the general theory of dominance
modificotion as does the recesslveness of deleterious
peraistent mutations, For If the variant colour-pattern
is advanlageous the modifiera wnich will be selected
will be those which will make the heterozygote resemble
the varlant form,and,en the completion of thié proceas,
the variant will Le ccmpletely dominant. The rapidity
of selection in such cases, moreocver, will be some hundreda
of times greater than that which can be poatulated in Lhe
cage of rars and deleterious mutatlons. ror, ae wlll be
seen from the freguencies shown in the tables of collectlons
from nature a conalderable percentage of the wild populatilon
mugt be hetsrozygous in the case of many of the variant genea.
The dominance situation obaerved, unfamiliar as it at first
appeared to genellcists, ls by no means anomalous provided we
have rightly apprenended, ln ite main lines, the underlying
selective asituation. ‘o eatablish and clarify thie
situation, and to examine it for unsuspecied complica.lons
was one of the main objects of obtaining the samples of wild

populations reported im the precent paper,

tne line of cale.lation hae been eapecially held in view



in obtaining from samples of the natural population estimates
of th. gene ratios T'or the differsnt factors. It Ia evident
that,1f Lhe atable gene ratio established in a population is
de ermined by two opposed selective actions, the ratio of the
intengities of these actiona must be durivnh;e from the

gene ratlo at which they coma into equilibrium. Celeulation
(Flgher, 1922) pghows, in fact, that the relationship iz an
extremaly slmple one in the case in which the haterczygote is
at an advantiage wlth respect to both homozygotes. it g
atand for the proportion of genes of the wild type and

A (= f-g} for the complementary proportion of variant type,
then the catio p ¢ q is found to be equal, in the equilibrium
econdition, to the ratio of the selsctive advantage of the
helercaygote over the normal homozygote to ite seleotive
advantage over the variant homozygote.  Thus, 4f it were found
in the case of a particular factor, that four-fifths of the
Zenes in the wlld population were of the normal recessive
kind,while one-fifth were dominants, the gone ratiof of the
variant to the normal genes would be one to four, end thies
would show that the gelectlve advantage of the heterozygote
over the dominant homozygote is four times the corresponding
advantage over the recessive homozygote. If now, a8 a

rogult of experimental breeding we have found that the
dominant homozygete 1s at a selective disadvantage of approxi-
mately B per cent. it will follow that the aselective advantage



in nature over the recessive homezygote m:uy be estimated,
subject to due reservations es to the precision and appli-
cability of the data,st 2 per cent. Kow,in the preaant
state of precision of ecological obgervationsz it may be
affirmed with confidence that even a selec.ive advantage

of 20 per cent., or even conslderably mnraluuulﬁ be beyond
our powsrs of detection. Consequently, the possibility of
detecting, and even of gauging with some numerical accuracy,
selective intensitlies of the order of 2 per cant., and
indeed, as we shall see in consideration of the actual data,
of considerably smaller quantities,by the use in conjungtion
of the frequencies observed ln culture, and of those found

in nature, represents an immense extension of our powers

of mgasurlng the seleclive intensities at work among aotual
populations of wild animals, Gven though,et present, it has
not been poseible to complete the calculation for the group
of genea producing polymorphiem in any one gpecies, atill
leas to exclude exhaustively a number of subsidiary characters
which might disturb the calculation, the collsctions available
suffice to show sufficiently unmistakeably the deygrees of
precigion which may reasuvnably be aimed at by this method.

—_— =

The eingle case of very free recombination among solour
factors undoubtedly analogous to those which in related



gpecies are extremely closely linked, certainly suggests
that great changes in the intensity of linkage in a chromo-
some may take place in relatively short evolullonary
periods. It therefore draws attentlon to, anu a further
study of the contrast shoula shed light upun, tha

important question of tihe evoluticnary agencles which come
into play in the modit'ication of linkage values. The
posaibllity previouasly discussed by one of us (Fisher 1230)
that exceptionally close linkage may have Leen tha primary
condition leadin;; to the development of polymorphlam,

with its asasoclated dominancea phencuena, iy purhaps
rendered lege probable by thie avidence of the ease with
which linkage may be modified. It is not, howevar,
excluded, since we cannot say that the condition of free

recombination found in Acrydium arencsum has not bean derived

from & previous condition of close linkage resembling that
found in all the other grouse locuats so far 1nveah#|lttd,
Iyﬂild the more gnarply thiu species ig wilutinguished from
nearly related forms the more reason we have for suppoeing

. that ite condition ls a recent and perhaps 4 Wwanslent
phase in its evolutionary development. e ghall see
further, from a conalderation of the gene combinaticns
obeerved, that in this species, as well as in others showing
ﬂlﬂllPinktglr somewhat powerful selective tendencies must
be at work tending to make the linfikge closer. By what
agencies these tendeffoies are opposed, or have been opposed



in the recent past, ls cne of the problems presented by
our data. Without such counlurvaillng tendencies 1t would

@eem inevitable that Acrydium arsncsum musl revert somewhat

rapldly Lo such a conultion of cloce linkage of the colour

paivterns «s 1s shown by the other species.



