Effective Population Size




Effective population size

In examining the effect of genetic drift, we have assumed a given population size N.
The population size, however, that is relevant for evolutionary matters - the number of
breeding individuals- may be quite different from the total number of individuals in an

area.

g Neota=18 .
o R Op®
g @@@
%% o
© 2B




Effective population size

In examining the effect of genetic drift, we have assumed a given population size N.
The population size, however, that is relevant for evolutionary matters - the number of
breeding individuals- may be quite different from the total number of individuals in an

area.

Ne=6

\@

Natural population have many different structures and breeding systems that have
different genetic consequences. Therefore the effective size of a population ) is
usually less than the census size, or the number of potential breeders, as real
population deviate in structure from the assumptions of the idealized population in sex-
ratio, distribution of family size constancy of numbers in successive generations (populatio
size), and having overlapping rather than discrete generations.

~\

Ntotal — Ne

J




Effective population size Unequal sex-ratio

Unequal sex-ratios reduce the effective size of the population towards
the number in the sex with the fewest breeding individuals.
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Effective population size Unequal sex-ratio

What happen in the most extreme situation possible: one male mates with
all of the females in a colony, as thought to occur in some vertebrate
population in which males control females (e.g. big horn sheep)
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Effective population size Unequal sex-ratio
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Effective population size Unequal sex-ratio
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Effective population size X-linked alleles

For alleles at an X-linked gene or alleles in a haplo-diploid organism, the
effective population size is somewhat different than that for autosomal
genes because females contain two-third and males one-third of the alleles.
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For alleles at an X-linked gene or alleles in a haplo-diploid organism, the
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Effective population size X-linked alleles

For alleles at an X-linked gene or alleles in a haplo-diploid organism, the
effective population size is somewhat different than that for autosomal
genes because females contain two-third and males one-third of the alleles.
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Effective population size mtDNA, cpDNA, or Y

For genes that are inherited only though one sex such as mtDNA,
cpDNA, and the Y Chromosome, the effective population size for the
appropriate sex determines the effect of genetic drift on those genes.
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Effective population size

Nem= 4
Net= 200
Ne
autosome 15.7
chrX 17.3
CPDNA 100
chrY 2

Nem= 200
Net= 200

Ne

autosome 400
chrX 300
CpDNA 100
chryY 100

Nem= 200
Net = 4
Ne
autosome 15.7
chrX 8.9
CpDNA 2
chryY 100




Effective population size Variation in Number of Gamet

When variation in “family size” exceeds that of the Poisson distribution, effective
population size is less than the number of adults.

Family sizes (number of progeny) in wild population typically show greater variation
than random (Poisson) distribution assumed for the idealized population. In general, to
include variance in the number of progeny and the population is changing in size so
that k#2, the effective population size is approximately

— where N is the number of adults in the
N Nk!'1 previous generation, k is the number of
e - Vi progeny (gametes) per parent, and V K iS
k | 1+ 7 the variance in family size (variance in

the number of progeny).

When the population is constant in size, k=2, the effective population size is
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Effective population size

What happen to Ne if exactly two progeny per parent are allowed to survive and
reproduce?

N, =222 | N, = M2 =2N1 1" 2N
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If Vi is kept low, the effects of finite population size can be avoided to some extent,

and the effective population size may actually be larger than the breeding number.

What happen to Ne in a idealized, random mating population two progeny per parent
are allowed to survive and reproduce?
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Effective population size V¢! V km

Many species are not monogamous with equal Vi for both sexes. When
males mate with more than one female, V«k is likely to be different for
females and males.

N _ SN where V ¢ and V m are the variance in

o number of progeny of females and males,
€ ka +Vkm +4 respectively.

In the idealized, random mating population:
Vit =Vim=1,V « =2,sothatN e = N (N=N m:Nr).




Effective population size Fluctuation over Generations
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Moose and wolf population fluctuations on Isle Royale National Park in Lake Superior depend on factors like weather, disease and possibly
genetic problems.

Wild population vary in numbers as a consequence of variation in
climatic conditions, disease, epidemics, varying hunting pressure and
many more factors. Fluctuation in population size over generations
reduce Ne below the average number of adults.
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Effective population size Fluctuation over Generations
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