- NATURAL SELECTION IN A POPULATION "WITH
ANNUAL BREEDING BUT OVERLAPPING
GENERATIONS

Bv J. B. S. HALDANE

Dr. Brian Clarke, of the Department of Zoology, Edinburgh University, has presented
me with a problem which may be generalized as follows. A large population of diploid
organisms has ari annual breeding season. The organisms become mature at m years.
After thisa fraction s survives in each consecutive year. The mortality before maturity
is irrelevant. -Fertility” does not alter with age. If it dees so this could be at least
par tly aliowed for by changing the value of 5. All mature organisms mate at random.
Dr. Clarke was. concerned with a population of Cepea nemoralis in which m was 2, and ¢
about 0-5.  Iil birds m varies from | to 3 or more in different species, and s from about .
0-3 to-about 0-9.  However when s is large, monoygamy appears to be requent.

“The population is polymorphic for a pair of autosomal alleies A and 2. . The mor tality
of AA and Aa is the same. However for cach AA or Aa which survives to maturity,
1-& aa survive, and for cach AA or Aa which survives during a subsequent year, 1-%
aa survive, £ and k are not necessarily positive, nor of the same sign. They are -
however supposed to have small absolute values, so that their squares or product may
be neglected. . The gametes produced in the year n are o A+, a, where p,+g,=1.
Itis reqmred to find an approximate functional relation between gy and n.  Dr. Clarke
believed that in his snail populations £ was about 1- 02, and A'=2k, that is to say the
annual differential mor tality was constant. However 7 give the solutlon for the more
general case; : ‘.’~

So longas| K|and [k] are small while 1-sis not small, we can freat the finite d1ffere:1é’é°’=‘—
equations as differential equations, as was done by Haldane (1924) and most later

-—dg,
workers.  That is to aay we can put g,.;= g,~hi, where A== mﬁﬁ = = A, approxi-.
mately hmay be taken to be small, that is to say we may neglect hk, kK, in coraparison
with #, K or . :

Let us now, consider the population in the vear n, by which the gametes g, A-Lg, a
are formed. Tt consists of contingents born in the years n-m, n-m-1, etc in the propor-
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Putiing ¢, =g, b =p, gu-y=q ik, po_y=p —ih, and neglecting powers and products
of k, K, and k, these are:—
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regardless of the values of m md 5. This 1s of course cqmvalcnt to Haldaneg’s (1924
result for selection in favour ol 2 dormn’mt with 1andom mating in a large popul’ltmn
Hildane’s form is

e,  ku,
dn 7 Tu,’
where u, = “f_w_z_,,
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This very simple result may. of course, bc obtained directly by a simple argument,
" In general we may put
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- from which the e‘cpcctcd effects of selection may be readily obtained, The population
Ig in ethbz ium it K = Tﬂiiy - _ . {9
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But the equilibrium is not stable, and does not yieid any particular value of the gene
frequency. : : -

It is casy to see that these results are not altered if mating is assortative for age. More
accurately they are altered by quantities of the order &%, which we have supposed to be
negligible. If the mortality of mature organisms is not md(:pendcnt of age; equation
{3} will hold good if K =mk. Otherwise it will be necessary to perform summations like

" those used in deriving equation-(1), when the life table is roughly known.
If we take Dr. Clarke’s ﬁoures, m=9, K =k=-02,
we have '

020 = ln (Tﬁg&g:) f‘rq.,;i_}_G—l.

Thus it would take 50-00 years to lower the frequency of recessives from 999, (g=-9945%)
to 25%, (g="5), and 68-99 years to lower it from 25% to 1% {g=" 1). Asitis unlikely
that the intensity of selection has greatly altered in the last century, and as mutation
frequencies of the order of 2% are 1mprobablc it seerns likely that some counter-selection
is at work to preserve the polymorphism in this species.

1 have to thank Dr. Clarke for posing the problem.

SUMMARY

Expressions are found for the effect of natural selection under a certain hypothelsis.
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