16 July 1230.

Prof. C.G. Darwin, P.R.S.,
The Univerality,
EDINBURGH.

Daar frofesacr Darwin,

I must have another sghot about the runaway sexual
selection, but I will not take long because I think you will
gee 1t better In three worde than in three hundred. At the
bottom of page 137 you ask "But 1f there are fewsr hens I
don't see how hen Lagte gets reinforced". My thaory s
that tasteful hens don't rear more chicke, but their sons
are finer and yget more grand-chicks; hence the prolegomena in
the middle of page 129. Now I'll promise not to worry you
any more about that unless you ask me. I make it exponential.

What I really -ant to interaest 3uﬁ in ia the problea at
tha beginning of chapter VI whioch I have entirely failed to
;DLVI and yet cannot resist having a qualitative shot at, as you
have sean. Start with a population of a billion asexual
organisme all dead alike, if that is the nimplint way to atart;
glve each of them a fixed small chance of mutating in a number
of different mutetions a,b,c,d,--- some advantageous, mostly
the reverse. Mutation pulls the average fitnesas down a bit,
buty, by introducing diversity in fitness, it starta Natural



Seleaction, pulling the fitness up. Assume the mutation rates
congtant and the increments of fitnees cumulative and go on
until i steady state ia reached, always keeping the population
about a billion. 1 should hope that the steady atate would
be characterised by a dafinite form for the dietribution in
fitnese, certainly not symmetrical, and by a definite rate of
progresa, the head advanoing by favourable mutations and the
tail dying away exponentially. I .ant to express thea rate
of progress (and incidentally the distribution in fitness)} in
terma of i‘giv-n distribution of the fitnesa incrementa at
mutation and of a greoes mitation rate, or, if you llke, acme
paramator vhich increases or dscrcases the mutation rates of
all the different mutations proportionally. By common aense,
which I can persuade no sort of amalysis to suppert, I balleve
that there must be an optimum mutation rate, at which progress
will be moet rapid, and that at very high mutation ratea the
specles would degenerate by belng peppered with predominantly
daleterious mutations. After some cogitation I believe that
the finiteneas of the population 1s an essential element in
this conclusion, and that an analysis which ignores that will
miss the peint. I bliave a lﬂ-l]lt.l* of any particular caasa,
with the main features in it, would clear up the diffioculty.
It really is a key problem because, apart from uni-gens crga-
nisms such ag filter passers may be, it appliess to genss
competing for the seme locus and would throw light on a good



many organisms whooe germ-plasm hae got so tightly linked up
that recombinatien is little mere freguent than mutation.

As you will have noticed there are plenty ot further
puzzles touched on in the book to keep .o busy but I don't
know any other of the same importance whaera the ma .hematical
data can be jut su definitely.

May I thank you for the extraordinary kindness you have =
shown in reviewing my book? I only hope it may do half the
good that you think it is capable of. It »111 certainly be lomng
hefora ,eople widely realise hov much there wae in that subtle

argument cf Galton's about heirees marriages.

I enclose ecme notes on your marginal comeents but
don't think of answering these or bothering about tham,
except for your own convenlence.

Youra aincarely,
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24, Of course it would be more logical to count age always from
fertiliasation but age from birth ls ao very familiar; Loth in
common usage and in the actuarial notation that I felt Lound to use
it.
26. It looks as though ancther 'rroportional to"will have to go in
on line 10. J::'”d;i:: is not unity but about 50, or mores exactly
the nae:lproeni of the birth-rate, suv one might was your expreselion
in the margin if N were not the populaticon, but the number of births
per anmnum. -
a7 Stricltly the rate of interest is calculated so as to make the
repayuents just, so that there 18 ne bad debt. huse dying child-
less are, ao to speak, the bad part of the cli;bt.

I am sorry about ;. It ig unity by the definition on
page 27 but when I came to make the graph I introduced a factor
i"u a8 to make the total number of heads in the population in 1its
gteady state egqual to the total value of such a population. ‘hat
made 1, a trifla over B, and the young ladies of -i,ghtn; not far
from 3, which atruck me as Interseting froam the polnt of view of

an immigration agent since they only pay one fare, or lesas If they

ara young snough, Then of course for page 30 one ought -lther to
put .=/, or to differentiate the expressicn on page 27 as 11, ,/‘7'
30. I don't think the death-rates has fallen mueh in the 'aixties
and aftar. The fact ie that the number of bLirths reglstered rose
te a maximum in 1803 and has been eince falling. Apart from the
effects of very slight fluctuatione in the dsath~rate the crest of



the wave must now be 27 ysars old and thera is perhaps an axcess
from 15 to 42. The groupsat these ages are falling off rapidly

in reproductive value (without producing many children either) but
are not dying much whereas we are short of people over 60 and under
5 vho ordinarily have a high unnth-rahp without the survivors

diminiehing in reproductive wvalue.

Fages 32, 33. 'Thanks for thehint about italica. 1t is like electric
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force and electric induction in a spacea of as many dimenalons aa
there are factors. Ilomogamy works like a kind of specific inductive
capacity though ! am not sure that therae nny.nnt be other causeas

for a to differk from « , : .

36. This is the variance 1. the alue of # in a sample of
successful ;;u.etes from the practically 1nrinitg population of thoae
that might have been successful. ih

40. There is an assumption about isotropism, ;Lﬁ suglidean metric
can be chusen so that the surfaces of egual nﬁnﬁ?ﬁ}iun tend to be
hyper-spheres as O is approschedj but then will gnt-.:-:.\iunn of the seme
magnitude in different directions be represanted by vectors of equal
length? If we had an objective teat of iqunliér Tor different kinds
of change in the .rganism .e might have to conaider ellipsoidal
surfaces of equal adaptation. As 1£ is the only thing that worries
ma ia the ldea that variations in dirferent directions, in a metric
defined for convenience, may not be egually freguent sc that a
species may approach ite ideal obliquely, adging up towards the pole
at which its leaa: freguent mutations point aleng AD.

60. Bilochamiecally dominance must be dhpprlin-ﬂ by a frightfully
complex, and perhaps squally dllinu?l, harill of reactions. Cne has
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a eystem with thousands of pairs of genes in it, all chemically
different, which someho. develops into an organism. If a pair AA

is repleced by a pair of mutant genes as the organiem still

deveéops, though somewhat abtmormally. Cbvicusly A diiffers from a 1o
the nature or the rate of soma of the direet, or more probably very
incireet, rezctions it or lte products undergo witiithe reast of the
syatem or their producta. Jominance depends on how the syetam,
starting with Aa, behaves, and I conceive that by appropriate

changea in 1-'.ha rest of the syetem it may be made to behave just

like AA, &t any rate much more readily than aa could be made to do so.
I do nqt. imagine that there ls a special ¢lass of mutation with speci-
n].lylhlligh mutation rat~s neeced to bring this about, but that within
th"fﬁxiﬂtinr, genatic variability of fhe species there are usually

anu uuﬁntit.utin‘aa already available which are capgable of dodng it.
My strongcat reason for thinking this is that the .ure recessive so
aﬂ?rt; modifies it;'ﬁlfﬂﬂﬁhhﬂlﬂﬂll}' when kept in stogk, as in the
cafes on page 55, always in the direction of mormality. This experi.
‘Eint.li evidence bears directly on the medification of the homozygote
suggested on page 64, the modification of dominence, i.e. of the
h-t.i:':ill:m;.rgntn, being, as it were, a milder inference which seems to
ﬂx_hllin a good many odd facta.

76. .Tha chance of success wlithout selectien is really not zero

but 1/2+ as shown on page #3. Do you think 1 pught to qualify it
hera? Cf courge the !l'olsson geries can only be exact for an infi-
nite population.

#7. I take it that Hooker stressed the umnreliabllity of varietal
determinations and s¢ did not want the individual casea exposed for
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criticiem, while he agreed with your grandfather that individual
inaccuracles could not account for the aggregate rasults. Do you
think a statistical summary of your grandfather's tables, by
families for example, would be telling enough te inspire scme
botanist to work over for comparison the richer material now
availabla? |

102, I am sure it could be done but hitherto I have shirked working
out the raproductive valuess of the two homozygotes and the hatero-
zygote for the cage where a fixed fraction, eay, &, of the
offapring are producad by self-fertilisation. The three genotypes
8till leaving offepring in the ratliec atbic., It haa always con-
fused me when I have trisd to think of it and the fact is that
when I cannot get a grip of a thing in my head I can very seldom
make it go on paper. But I aupposs the reproductive values, 1.8,
the ultimate descendanta, will be in a higher ratic than thoase in
the first generation.



