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TAYLOR AND FRANKS MODEL FOR KIN SELECTION
Let y bethe phenotype of ourfocal (or target) individud

Let zbethemean phenotypein thepopuktion. Keep in mindtha achangeiny might
also changez Also keep in mindtha individud fitnessis affected by the mean
phenotypein the popuktion, z Thus individud fitness could beafundion of both y and
z

W, =f(n2).

Now let x bethe genic value or breeding value underlying the phenotype, y, of our focal
individud.

We want to know how individud fitness (W) is affected by changing x. In other words
we want to know

v 5
dx

which isthe changein fithess with respect to the changein x. (Note we have thetotal
derivative here)

By thechan rule, we get

AW _ aw, dy | oW, dz
dx dy dx 9z dx

Have aclose look at therighthand side of theequation. Thered part (dy/dx) takesinto
accounthow the phenotype, y, changes with the genotype, x. Notetha it ismultiplied by
how individud fitness changes with achangeiny. Soy affected by achangein x, and
fitnessis affected by achangeinyy.

Now look athebluepart (dZdx). It givesthechangein the mean phenotypewith respect
to achangein x. Andit (theblue part) ismultiplied by the changein fithess with respect
to the changein popuktion mean phenotype, z.

Aswe aready know, thered and blue derivatives can bewritten as regression
coefficients, giving.
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By simple reorganization, we can write the equdion as

dw #w W " &
_|:0 1 Z,X "
dx gly !z "y,XE "

Findly, since theregressionscoefficients are ratiosof covariances to variances, the
expression becomes

dW _"IW W cov(z x)/var(x) %
_ = + ] ,
dx %!y 1z cov(y,X)/var(X) g

which simplifiesto

dw, | oW, N oW, cov(z,x)
dx e

| 9y 9z cov(y,x)

Qudler (1992,available on course web site) has shown that thisratio of covariancesis, in
fact, relatedness, giving:

aw _tIw W%
dx %!y lz &

Y, X

Can you see how theratio of covariances is relatedness?

Now let usask: when will an increase in altruistic behavior in ouwr focal individud spread
in the popuktion given tha it decreases thefitness of thefocal individud. In other
words when will thetrait spread, given that

I'\WW
ﬂ<O’?

ly

Thiswill happen when theterm in square bracketsis postive (assuming />0 ), which
iswhen

| |
ﬂ+ﬂ >0
ly Iz
W I'w.
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Note the relatedness (no punintended) to Hamilton@rule: Rb > ¢. But aso note howthe
falls out of themodd by Taylor and Frank?
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Thereisoneother thingto seein themodd. From abovewe have

aw, _ oW, dy oW, &z
dx dy dx 0Jz dx

If z does not changewith x, or Wi does not changewith z, we have

dw _ dW dy
dx 9y dx

Candidates for the ESS are foundby setting

1wy
dx Iy dx

If y varies pogtively with x, in other wordsif thereis a genetic basis for the phenotype y,
then

W
%:0 at the ESS.

As such, Taylor and Frank@ modd collapses on our old modd for finding the ESS when
the phenotypeis continuousy distributed, such asfor sex ratio. See these steps | think,
makes clear some of the assumptionstha went into the method.



