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Figure S2 | Evolutionary equilibrium. The dark dot depicts the convergence stable value
of the level of left-handedness, at which marginal fitness (-c + br, solid line) is zero. If
the frequency of left-handedness increases above this equilibrium point (right side of
the dot), marginal fitness becomes negative (-c + br < 0), such that selection acts to push
it back towards the equilibrium. If the frequency of left-handedness decreases below the
equilibrium point (left side of the dot), marginal fitness becomes positive (-c + br > 0),
such that selection acts to push it back towards the equilibrium. (c denotes cost of left-
handedness, b denotes benefit of left-handedness to social partners, and r denotes

relatedness between social partners.)
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Figure S3 | Incidence of left-handedness can be mediated by demographic features such
as dispersal, as higher dispersal reduces relatedness between social partners, and
relatedness modulates the convergence stable incidence of left-handedness. (a) Higher
dispersal is associated with lower relatedness and hence (i) higher incidence of left-
handedness in a within-group combat scenario in which left-handedness is marginally
selfish, and (ii) lower incidence of left-handedness in a between-group combat scenario
in which left-handedness is marginally altruistic. (b) Sex differences in left-handedness:
incidence of left-handedness can be mediated by sex and dispersal pattern (female/male
biased dispersal). (c) Parental genetic effects in left-handedness: incidence of left-
handedness can be mediated by dispersal, and further result in parent-offspring
disagreement on handedness. Here, we set female dispersal rate ms = 0.5, the relative
importance of combat in relation to other types of competitions for females and males bs
= bm =1, the costs associated with left-handedness for females and males ¢ = cm = 1, and
the number of individuals each sex born in the same patch n =5 (these parameter

values chosen are simply for illustration, details see 81.3).
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Figure S4 | Parent-of-origin effects in left-handedness: incidence of left-handedness can
be mediated by gene origin (maternal-origin versus paternal-origin) effects and
dispersal pattern (female/male biased dispersal) in the context of within-group combat
(left-handedness is selfish) versus between-group combat (left-handedness is altruistic).
Here, we set female dispersal rate ms = 0.5, the relative importance of combat in relation
to other types of competitions for females and males br = bm = 1, the costs associated
with left-handedness for females and males ¢t = cm = 1, and the number of individuals
each sex born in the same patch n =5 (these parameter values chosen are simply for

illustration, details see &1.3).
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handedness can be mediated by dispersal pattern (female/male biased), and further
result in mother-father-offspring disagreement on handedness in the context of within-
group combat (left-handedness is selfish) versus between-group combat (left-
handedness is altruistic). Here, we set female dispersal rate ms = 0.5, the relative
importance of combat in relation to other types of competitions for females and males bs
= bm =1, the costs associated with left-handedness for females and males ¢f = cm = 1, and
the number of individuals each sex born in the same patch n =5 (these parameter

values chosen are simply for illustration, details see 81.3). Details see 851.7 and S2.5.
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sons.) Here, we set female dispersal rate ms = 0.5, the relative importance of combat in
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associated with left-handedness for females and males ¢t = cm = 1, and the number of
individuals each sex born in the same patch n = 5 (these parameter values chosen are

simply for illustration, details see &1.3).
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1| Within-group combat

1.1 | Population model

We develop a very simple population model purely for the purpose of illustration. We assume
a large population, separated into N patches (where N is large) each containing n women and
n men (where n may be small). Adults may engage in same-sex combat, and we model the
fitness consequences of this combat by modulating the survival of their offspring to
adulthood, which is mathematically equivalent to modulating the combatants’ fecundity
(Taylor & Frank 1996). Specifically: we assign each female a large number K of offspring
fathered by each male in the patch, with an even sex ratio; all parents then die; and offspring
undergo random mortality, with each offspring’s probability of survival depending on the
handedness of their parents and of their parents’ social partners, reflecting their parents’
success in combat—including a surprise advantage to individuals with the rarer handedness
type—and also any intrinsic disadvantage of left-handers over right-handers (Figure S1).
Survivors then form subgroups of n woman and n men at random with their patch mates, and
N subgroups are chosen at random across the whole population with each being assigned a
patch in which to live, and all other subgroups perishing—i.e. a “tribe splitting” (Haldane
1932) or “group budding” (Gardner & West 2006) model of population structure. Finally,
with probability ms for women and probability mm for men, individuals may disperse away
from their assigned patch to take up a random spot in another patch vacated by another same-
sex disperser, such that these parameters modulate the relatedness structure of groups without

affecting fitness (Gardner & West 2006).

1.2 | Fitness

We assume that an individual's payoff from combat is proportional to their competitive

ability relative to that of their same-sex social interactants. We assume that each individual's
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competitive ability is proportional to the average disposition for the opposite handedness
within their social arena, such that the individual’s competitive ability is greatest when their
own handedness is the opposite of all of their opponents—representing the surprise advantage
of the minority handedness type. For simplicity, we will often refer to handedness as if it
were a binary trait, so that an individual’s disposition for left-handedness is the probability
that they will develop as left-handed, but more generally our analysis also applies to
scenarios in which individuals exhibit quantitative degrees of left- versus right-handedness.
That is: with probability x the focal individual is left-handed and has competitive ability 1-y,
where y is the average disposition for left-handedness in the social arena; and with probability
1-x the focal individual is right-handed and has competitive ability y. And the social arena is
made up of a proportion y of left-handed individuals with competitive ability 1-y and a
proportion 1-y of right-handed individuals with competitive ability y. Accordingly, the focal

individual’s relative competitive ability is

(1-y) 3 y
xy(l—y)+(1—y)y+(1 x)y(l—y)+(1—y)y (S1)
which simplifies to
* 1-x $2
2y 20— (52)

Hence, we may express the fitness of a focal juvenile by

1-—
w = <1 —bf+ bf( Mo + XMo )) (1 - Cfoo) (1 - bm

2yMo 2(1 - YMO)
(83)

XFa 1_xFa
+b ( + ) (1 - cpyxpy)
"\2ypa * 2(1 ~ Yra) ) more

where Xmo IS the probability of the juvenile’s mother developing as left-handed, Xra is the
probability of the juvenile’s father developing as left-handed, ymo is the probability of a
random adult female from the juvenile’s mother’s group developing as left-handed, yra is the

probability of a random adult male from the focal juvenile's father’s group developing as left-

11
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handed, by is the relative importance of combat compared with other types of competition for
females, b is the relative importance of combat for males, ct is the intrinsic cost of
developing as left-handed for females and cm is the intrinsic cost of developing as left-handed
for males. Average fitness w is found by substituting Xmo = Ymo = zf, and Xra = Yra = Zm IN
expression (S3) where z¢ is the population average value of left-handedness for females, and
Zm is the population average value of left-handedness for males. Accordingly, the relative

fitness of the focal juvenile is given by W = w/w or
XMo 1- XMo 1- CtXMo
A )) (i) (-
( T 2ym0 201 yuo) ) 1—cez m

XFa 1- XFa 1- CmXFa
b (e + )) =)
n 2yFa 2(1 - YFa) ) 1- CmZm

(S4)

1.3 | Kin selection

1.31 | Marginal fitness and evolutionary equilibrium

We assume that genes at an autosomal locus G control their carrier’s probability of
developing as left-handed (see &1.7 for the consequences of relaxing this assumption), that
the two genes in this diploid locus have equal control over the individual’s phenotype (see
1.5 for the consequences of relaxing this assumption), and that genes are expressed in the
same way by female and male carries (see 1.6 for the consequences of relaxing this
assumption). We denote the genic value for left-handedness of a gene drawn from locus G
from a focal juvenile by g. We further denote the additive genetic breeding value—i.e. the
average of the corresponding genic values—for left-handedness of the focal juvenile’s parent
by g, the average breeding value of all the adults in the focal juvenile’s parents’ group by §',
and the average breeding value of the population by g. Employing Taylor-Frank kin-selection

methodology (Taylor & Frank 1996), the condition for natural selection—the sum of direct

12



178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

selection and indirect (i.e. kin) selection—to favour an increase in left-handedness is given by
dW/dg > 0, where

dW oW dxmedd W dywo dg'+ oW dxg, dg+ oW dyg, dg’
dg Oxmo dg dg Oymo dg' dg Oxp, dg dg Oyp, dg’ dg

(85)

( ow ow ow ow )
14

-——Pomt Pja t Por t p
oM ayMo A OF ayFa 1

axMo axFa

where powm is the consanguinity (i.e. probability of identity by descent; Bulmer 1994) between
the focal juvenile and its mother, p;a is the consanguinity between the focal juvenile and a
random adult female in its parent group, por is the consanguinity between the focal juvenile
and its father, pyu is the consanguinity between the focal juvenile and a random adult male in
its parent group, ¥ = dxpmo/ dg = dymo/dg’ = dxg,/dg = dyg,/dg’ is the mapping
between genotype and phenotype, and all the derivatives are evaluated at the population
average g = g. Accordingly, the condition for an increase in left-handedness to be favoured
is:

ow ow ow

Do "M " e T

s W >0 (S6)
axra’ " yea

Here for the investigation on how kin selection mediates handedness generally, we assume
there is no sex-biased dispersal (ms = mm = m), thus po = pom = Por, P3 = Pia = pau, While this
assumption will be relaxed in later sections (81.4 Sex-biased dispersal, &1.5 Parent-of-
origin effect, 81.6 Sex-specific effects and 1.7 Parental genetic effects). Using expression
(S4) to calculate the corresponding partial derivatives, the condition for natural selection to

favour an increase in left-handedness is

3 (bs+ byy)(1 — 22)(1’1 — ro) _ Cffo Cmlo
2(1—-2)z l—cz 1-—cyz

>0 (S7)

where ro = po/pi is the relatedness between an individual and its offspring, ry = pJ/pi is the
relatedness of an individual to a random adult in its parent’s group, r = pi/pi is the relatedness

of an individual to itself, and p; is the consanguinity of a focal individual to itself. Letting
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f(z) be the LHS of expression (S7), then at evolutionary equilibrium (Figure S2) if there is
an intermediate level of left-handedness z*, this satisfies f(z*) = 0. For example, setting ¢ =

Cm =1, we have

7= 1 (bf + bm)(r] - To) (88)
2 (bf + bm)T] - (2 + bf + bm)To
1.32 | Relatedness
The consanguinity between a juvenile and its parent po is given by
1 1
_ 1.1 S9
Po=5P+t5f (59)

That is: with probability 1/2 the gene picked from the juvenile comes from that parent, in
which case the consanguinity is that between the parent and itself, i.e. pi; and with probability
1/2 the gene comes from the other parent, in which case the consanguinity is that of mating
partners, f. The consanguinity between the focal juvenile and a random adult in its parents’
social group py is:

1/1 n—1

1
py = E(,r_lpl +— 1- m)sz) + Ef (510)

That is: with the probability 1/2 the juvenile’s gene comes from the parent of the same sex as
the adult, in which case with probability 1/n the adult is the parent and the consanguinity is
p1, and with probability (n-1)/n the adult is not the parent then if neither of them disperses, i.e.
(1 — m)?, their consanguinity would be that between two random juveniles born in the same
patch, px, and with probability 1/2 the juvenile’s gene comes from the parent of the opposite
sex, in which case the consanguinity is that of mating partners, i.e. f. The consanguinity

between an individual and itself, pi, is given by

1
=5+

S+5f (S11)

N =

14



215

216

217

218

219

220

221

222

223

224

225
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228
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230
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232

233

That is: with probability 1/2 we pick the individual’s same gene twice, in which case the
consanguinity is pi, and with probability 1/2 we pick one gene at the first time and pick the
other at the second time, in which case the consanguinity is that of mating partners, i.e. f., and
fis given by

f=0-m?p, (512)
That is: with probability (1 — m)? neither mating partner disperses, in which case the
consanguinity is that between two random juveniles born in the same patch px, and px is given

by

1/1 n—1
(1- m)sz) +Z(;P1 +

1(1 n—1

Px =~ Epl-l'

(1 —m)? )+1f (S13)
4 Px) T3

n n

That is: with probability 1/4 one juvenile’s gene comes from her mother and the other
juvenile’s gene also comes from her mother, in which case the consanguinity is that between
the two mothers, which is with probability 1/n the two individuals share one mother, and the
consanguinity is that between the mother and herself, i.e. pi, and with probability (n — 1) /n
the two individuals do not share one mother, and if neither of the mothers disperses i.e.

(1 —m)?, and the consanguinity is that between two random juveniles born in the same
patch, i.e. px, and with probability 1/4 one juvenile’s gene comes from her father and the
other juvenile’s gene also comes from her father, in which case the consanguinity is the same
polynomials with the situation that the genes we pick both come from the juveniles’ mothers,
and with probability 1/2 one juvenile’s gene comes from her mother and the other juvenile’s
gene comes from her father, in which case the consanguinity is that of mating partners, i.e. f.

Solving expressions (S9)-(S13) simultaneously, we obtain

_ (1 —m)” S14

f_1+(1—(1—m)2)(4n—1) (514
1

Px (515)

T1+(1-(1-mH@n-1)

15



1+ (1-1-mH@2n-1)
1+ (1-(1-m)?)(4n—1)

2 (S16)

1
T1+(d-d-mDH@n-1)

Py (S17)

1+(1—(1-m?)n-1)

POC Ty A-1-mH@n-1) (518)

234

235 1.33| Convergence stable strategy

236  As f'(z) < 0is true for all the values of z, the equilibrium value of left-handedness (Figure
237  S2) is globally convergence stable (Christiansen 1991, Taylor 1996). We will use the term
238  “optimum” or “optimal value” to be synonymous with this convergence stable strategy.
239  Substituting all the parameters of relatedness to expression (S8), we obtain the optimum of
240  left-handedness z°:

(b + b)) (1 = (1 —m)*)(n — 1)
Q@+b+by)I—A—-—m)>H(n—-1)+2

*

1
2 =3

(S19)

241  We set the relative importance of combat relative to all types of competition for the female
242  and male br = bm = 1, and the number of individuals each sex born in the same patch n =5 for
243  Figure S3a.

244

245 1.4 | Sex-biased dispersal

246 1.41 | Marginal fitness and evolutionary equilibrium

247  Here we relax the assumption of no sex bias in dispersal i.e. ms # mm, hence pya # pyu. In this
248  section, the relative fitness function is the same as expression (S4), while the consanguinity
249  and the conditions that favour the increase of left-handedness would change. Using

250  expression (S4) to calculate the corresponding partial derivatives, we obtain the condition for

251 anincrease in left-handedness to be favoured when we consider within-group combat
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267

268

269

_ (A —10) + by —10))A =22)  co _ Cmlo (520)
2(1—-2)z 1—cz 1—cpz

where ria = pia/pi is the relatedness between a juvenile and a random adult female in its
mother’s social group, psa is the consanguinity between a juvenile and a random adult female
in its mother’s social group, ryu = pau/pi is the relatedness between a juvenile and a random
adult male in its father’s social group, pyu is the consanguinity between a juvenile and a
random adult male in its father’s social group. Letting f(z) be the LHS of expression (S20),
(S7), then at evolutionary equilibrium if there is an intermediate level of left-handedness z”,
this satisfies f(z*) = 0. For example, letting ¢t = cm =1 i.e. no sex difference in the cost of

developing as left-handed, we obtain

_ bgrja + b1y — (be + b)7o
Z(bfr]A + me]U - (2 + bf + bm)ro)

*

z

(S21)

This is the overall optima of left-handedness for all the loci involved, as f'(z) < 0 is true for

all the values of z.

1.42 | Relatedness
Substituting the dispersal rate m in p; (S10) with female dispersal rate ms, we obtain the

consanguinity between a juvenile and a random adult female in its mother’s group pia

1 n—1

_.l(_ 'y (S22)
Pja = 2 nPl

(1 _ )2 I) +l !
n me)”Px 2 f
Substituting the dispersal rate ms in p;a (S22) with male dispersal rate mm, we obtain the

consanguinity between a juvenile and a random adult male in its father’s group psu

(S23)

_1(1 _I_n—l(1 )2 ,)+1 ,
P =5\ Pu " M) “Px 2f

Substituting the corresponding m with ms and mn, in px (S13), we obtain the consanguinity

between two random juveniles born in the same patch py’

1 n—1

11 11
bx = Z(Epl +

n—1 1
1- mf)sz'> + Z(Epll +— 1- mm)sz') + Ef, (S24)

n
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Substituting the dispersal rate m in expression (S12) with ms and mm, we obtain the

consanguinity between mating partners f’

fr=0-m)d —mp)py’ (525)

1.43 | Convergence stable strategy
Substituting all the parameters of relatedness with expression (S22) in expression (S21), we
obtain the optimal value of left-handedness z":
z* = ((n — 1)(AbAm(m — 1) + 4b(fn — 2)iin))/(—8n + 2(n — 1)(AbAm(m
—1) +4(1 + b)(m — 2)mn)) (20

where Am = mg — my,, m = (mg + my,)/2, Ab = bg — by, b = (bs + by) /2.

1.5 | Parent-of-origin effects

1.51 | Marginal fitness and evolutionary equilibrium

Here we consider how the origin of genes mediates the role of kin selection in the optimum
of different set of genes under the circumstances of within-group combat. We now relax the
assumption that the gene's influence on the phenotype is independent of its parent of origin,
and we consider sex-specific dispersal as well (ms # mm). In this section, the relative fitness
function is the same as expression (S4), while the conditions that favour the increase of left-
handedness would change. If only the maternal-origin gene at locus G affects the individual's
handedness phenotype, then:

dw _ aw dxMo dgM N ow dyMO dgM’ N 15174 dxFa dgM n 15174 dYFa dgM,
dg Oxmo dgm dg  Oymodgm’ dg  Oxpadgm dg  Oypadgm’ dg

(S27)

where g,, is the genic value of an individual's maternal-origin genes at locus G, g,," is the

average genic value of the individual's female social partners' maternal-origin genes at locus

G dxmo — dymo — dxpa — dyFa
" dgm dgm’ dgm  dgm’

= ym describes the mapping between maternal-origin gene

18



290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

and phenotype, ddg% = pom-m IS the consanguinity between a juvenile and its mother

conditional on picking the mother's maternal-origin genes, dg—;“' = psa-m IS the consanguinity
between a juvenile and a random female adult in its parent group conditional on picking the

, .. dg . .. . .
adult female's maternal-origin genes, di; = pori-m IS the consanguinity between a juvenile and

its father conditional on picking the father's maternal-origin genes, dg—;’" = pyupm is the

consanguinity between a juvenile and a random male adult in its parent group conditional on
picking the adult male's maternal-origin genes. We have po}-m = pomi-m = Por-m. Thus the
condition that favours the increase of the probability of being left-handed from the

perspective of maternal-origin genes is:

ow ow ow ow
“——Tom|-M T 53— "a]-M T 3-—ToF|-M T 5-—Tju|-m > 0 (528)
0xmo VMo 0xpa 0Yra
h _ Pom|-M _ bja|I-Mm _ DboF|-Mm _ bjul-m P -
where rom-m = o rA-M = o For-m = , Num = o Similarly, if only the

paternal-origin gene at locus G affects the individual's handedness phenotype, then the
condition that favours the increase of the probability of being left-handed from the

perspective of paternal-origin genes is:

ow + W L ki >0 $29
Fr ToM|-P E3V NA|-P 9% ToF|-P Vs Nu|-p (529)
14 - pPjA|- POF|- Diu|- .
where romep = —==F riae = 2222 rope = ~2XF ryye = 22=F, and powmye is the

pr/ pr/ pr/ F prr
consanguinity between a juvenile and its mother conditional on picking the mother's paternal-
origin genes, psa-p is the consanguinity between a juvenile and a random adult female in its
parent group conditional on picking the adult female's paternal-origin genes, porr is the
consanguinity between a juvenile and its father conditional on picking the father's paternal-
origin genes, pyui-r is the consanguinity between a juvenile and a random adult male in its

parent group conditional on picking the adult male's paternal-origin genes. We have pojr =
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pom-p = Por-p. Letting the LHS of the expression (S28) be f(zy) and that of condition (S29)
be f(zp), then at evolutionary equilibrium if there is an intermediate level of left-handedness
zm” and zp", this satisfies f(zy) = 0 and f(zp) = 0 respectively, and we obtain

1 bimjal-m + bmnjyj-m — (br + by)70|—M

Iy == S30
M 2 bfr]A|—M + me]m_M - (2 + bf + bm)r0|—M ( )
= 1 birya—p + bmtyuj—p = (b¢ + b)70)-p (S31)
P 2 bfr]A|—P + me]Ul_p - (2 + bf + bm)r0|—P
where ropm = pc;'—‘lM, rop= p;'jp and, zw" and zp" are the optima of left-handedness from the
I 1

perspective of maternal- and paternal-origin genes, as f'(zy) < 0 and f'(zp) < 0 are true

for all the values of z.

1.52 | Relatedness
The consanguinity between mother and offspring from the perspective of the mother’s own
maternal-origin genes is
1,1 1
powi-u=3(3+37)

(S32)
n—

+3-m) —m) (5 (o + T (= mp ) +57)

That is: with probability 1/2 of picking the juvenile's gene that is inherited from the mother,
in which case the consanguinity is, with probability 1/2 this gene is the mother's maternal-
origin genes, and the consanguinity is that between the mother's maternal gene to itself which
is 1, and with probability 1/2 the juvenile's gene picked is not the mother's maternal-origin
genes, and the consanguinity if that between mating partners i.e. f’, and with probability 1/2
of picking the individual's gene that is inherited from the father, in which case the
consanguinity is that between the father and the mother's maternal-origin genes, which is the

probability that neither the mother nor the father disperses (1 — m¢)(1 — my,), and then with

probability 1/2 of picking the father's gene that comes from his mother, and with probability
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1/n the father and the mother share the same mother, and the consanguinity is that of the
mother to herself i.e. pi’, and with the probability (n-1)/n the father and the mother do not
share mother, with probability that neither of the two mothers disperse (1 — m¢)?, and the
consanguinity is that between two random juveniles born in the same patch i.e. px’, plus the
probability 1/2 of picking the father's genes that come from his father, times the
consanguinity between mating partners f’. The consanguinity between a juvenile and its
father’s maternal-origin genes pog|-m IS

n—1

por-w =5 (1 ~mA( ~ma) (5 (o + 2 (1= mop) +5£)

+1(1+1 ,)
AR

That is: with probability 1/2 of picking the juvenile's gene that comes from its mother, in

n
(S33)

which case the consanguinity is that between the mother and the father's maternal-origin
genes, which is with probability (1 — m¢)(1 — my,) that neither the mother nor the father
disperses, and with probability 1/2 of picking the mother's maternal-origin genes, with
probability 1/n that the mother and father share the same mother, and the consanguinity is
that of the mother to herself i.e. pi’, and with probability (n-1)/n the mother and father do not
share mother, with probability (1 — m¢)? neither of the two mothers disperses, and the
consanguinity is that between two random juveniles born in the same patch i.e. px’, with
probability 1/2 of picking the mother's paternal-origin genes, and the consanguinity is that
between mating partners i.e. f’, and with probability 1/2 of picking the juvenile's gene that
comes from the father, in which case the consanguinity is, with probability 1/2 this gene is
the father's maternal-origin genes, then and the consanguinity is that of the father's maternal-
origin gene to itself which is 1, and with probability 1/2 the juvenile's gene is not the father's

maternal-origin gene, then the consanguinity is that between mating partners f’. Hence we
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have po|-m = Pom|-m = Porj-m- The consanguinity between a juvenile and the maternal-

origin genes of a random female in its mother’s social group pja _u is

1/1 , n-1 ) 1/1 , n-—
Paj-m = 5| D1 + - 1-myp) (E(EPI +

1 1
—@a- mf)sz') + Ef,)>
(S34)
1 11 , n-1
+5 A -m)QA —mpy) (§<£P1 +

—@- mf)sz') + %f’)

That is: with probability 1/2 of picking the juvenile's maternal-origin gene, in which case the
consanguinity is that between the juvenile's mother and the maternal-origin genes of a
random adult female in the mother's social group (including the mother), which is with
probability 1/n that the adult female is the juvenile’s mother, then the consanguinity is that of
an individual to itself i.e. pi’, plus the probability (n-1)/n that the adult female is not the
juvenile’s mother, then the consanguinity is with probability (1 — m¢)? that neither of these
two females disperses, and with probability 1/2 of picking the maternal-origin gene of the
juvenile’s mother, then with probability 1/n that the two females share one mother, and the
consanguinity is that of the mother to herself i.e. pi, and with probability (n-1)/n that the two
females do not share one mother, with probability (1 — m,)? that neither of the mothers of
these two females disperses, and the consanguinity is that between two random juveniles born
in the same patch i.e. px’, and with probability 1/2 of picking the gene of the paternal-origin
genes of the juvenile's mother, times the consanguinity of mating partners i.e. f’, and with
probability 1/2 of picking the juvenile's paternal-origin gene, in which case the consanguinity
is that between the juvenile's father and the maternal-origin gene of a random adult female in
the mother's social group, which is the probability (1 — m¢)(1 — my,) that neither of the
adult female nor the juvenile's father disperses, and with probability 1/2 of picking the
maternal-origin gene of the father, with probability 1/n that the juvenile’s father and the adult
female share one mother, and the consanguinity is that of the mother to herself i.e. pi’, and

with probability (n-1)/n that the juvenile’s father and the female do not share one mother,
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with probability (1 — mg)? that neither of the mothers of these two individuals disperses, and
the consanguinity is that between two random juveniles born in the same patch i.e. px’, with
probability 1/2 of picking the paternal-origin gene of the father, then the consanguinity is that
between mating partners i.e. f’. The consanguinity between the focal juvenile and the

maternal-origin gene of a random male in its father’s social group pyurwm is

1 1/1 , n-1 LN 1,
PIU|—M=§(1—mf)(1—mm)(z(£m +—— 1 -m) px>+§f>
1/1
Fo\RP (S35)
n—1 1 n—

+

1= mo? (5 (4 @ =m0ty +31))

n n
That is: with probability 1/2 of picking the juvenile's gene that comes from the mother, in
which case the consanguinity is that between the juvenile's mother and the maternal-origin
genes of a random adult male in the father's social group, which is with probability (1 —
me) (1 — my,) that neither the mother nor the adult male disperses, with probability 1/2 of
picking the mother's maternal-origin genes, with probability 1/n these two genes come from
the same mother and the consanguinity is that of the mother to herself i.e. pi’, and with
probability (n-1)/n these two genes come from different mothers, with probability (1 — m¢)?2
that neither of the two mothers disperses, and the consanguinity is that between two random
juveniles born in the same patch i.e. px’, and with probability 1/2 of picking the mother's
paternal-origin gene, and the consanguinity is that of mating partners i.e. f’, and with
probability 1/2 of picking the juvenile's gene that comes from the father, in which case the
consanguinity is that between the juvenile's father and the maternal-origin genes of a random
adult male in the father's social group (including this father), which is with probability 1/n
these two genes come from the same mother, and the consanguinity is that of the mother to

herself i.e. pi’, with probability (n-1)/n these two genes comes from different mothers, with

probability (1 — m,,)? neither of the two males disperses, and with probability 1/2 of picking
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the father's maternal-origin gene, with probability 1/n the juvenile’s father and the random
male in the father’s group share one mother, and the consanguinity is that between the mother
and herself i.e. p)’, with probability (n-1)/n the two males do not share one mother, with
probability (1 — my)? that neither of the two mothers of the two males disperses, and the
consanguinity is that between two random juveniles born in the same patch px’, with
probability 1/2 of picking the juvenile’s father's paternal-origin gene, and the consanguinity is
that between mating partners i.e. f’. The consanguinity between a juvenile and its mother
from the perspective of the mother’s paternal-origin gene powm-p is
1/1 1
poui-» =33 +3)
(S36)

1 1., 1/1 , n-1 L
+Z(1_mf)(1_mm)<§f +E<;P1 +T(1_mm) Dx ))

That is: with probability 1/2 of picking the juvenile's gene that comes from the mother, in
which case the consanguinity is that between the mother and the mother’s paternal-origin
gene, which is with probability 1/2 the gene is the mother's maternal-origin genes, and the
consanguinity is that between the mother's maternal-origin genes and its paternal-origin genes
i.e. f’, and with probability 1/2 the juvenile's gene picked is the mother's paternal-origin
genes, then the consanguinity is 1, and with probability 1/2 of picking the juvenile's gene that
comes from its father, in which case the consanguinity is that between the mother's maternal-
origin genes and the father, which is with probability (1 — m¢)(1 — my,) neither of the
mother and father disperses, and with probability 1/2 of picking the father's maternal-origin
gene, and the consanguinity is that between mating partners i.e. f’, and with probability 1/2 of
picking the father’s paternal-origin gene, and with probability 1/n the mother and father share
the same father, and the consanguinity is that of the mother to herself i.e. pi’, and with
probability (n-1)/n the mother and father do not share father, with probability (1 — m,,)?

neither of the two fathers disperses, and the consanguinity is that between two random
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juveniles born in the same patch i.e. px’. From expression (S32) and (S33), according to the
same rule we can get po|—p = Pom|-p = Por|-p- | N€ CONsanguinity between a juvenile and a
random adult female in its mother’s social group (including the mother) from the perspective

of the adult female’s paternal-origin genes piaj-p is

1 1/1 -1 (S37)
(1 —mg)? (Ef’ t3 (HPI, + nT(l - mm)sz’)>>

n—1

1(1
Pial-p = 5| 571 + o

1 1., 1/1 , n-1 L
+§(1—mf)(1—mm)<§f +§<£P1 +T(1_mm) Px ))

That is: with probability 1/2 of picking the juvenile's gene that come from the mother, in
which case the consanguinity is that between the juvenile's mother and the paternal-origin
genes of a random adult female in the mother's social group, which is with probability 1/n the
adult female is the juvenile’s mother, times the consanguinity of the mother to herself p), and
with probability (n-1)/n that the adult female is not the juvenile’s mother, and with
probability (1 — my)? that neither of the two females disperses, with probability 1/2 of picking
the juvenile’s mother's maternal-origin gene, and the consanguinity is that between the
mother’s maternal-origin genes and paternal-origin genes i.e. f’, and with probability 1/2 of
picking the mother's paternal-origin genes, with probability 1/n the juvenile’s mother and the
random female in the mother’s group share one father, and the consanguinity is that between
the father and himself i.e. pi, and with probability (n-1)/n the two females do not share one
father, with probability (1 — m,,)? neither of the two fathers of the two females disperses, and
the consanguinity is that between two random juveniles born in the same patch i.e. px’, and
with probability 1/2 of picking the juvenile's gene that comes from the father, in which case
the consanguinity is that between the juvenile's father and the paternal-origin genes of a
random adult female in the mother's group, which is with probability (1 — m¢)(1 — m,,) that
neither the adult female nor the father disperses, and with probability 1/2 of picking the

father's maternal-origin gene, and the consanguinity is that between mating partners i.e. f’,
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with probability 1/2 of picking the father's paternal-origin gene, and with probability 1/n that
the adult female and the father share one father, and the consanguinity is that of the father to
himself i.e. pi’, and with probability (n-1)/n the adult female and the father do not share one
father, and with probability (1 — m,,)? neither of the two fathers disperses, and the
consanguinity is that between two random juveniles born in the same patch i.e. px’. The
consanguinity between a juvenile and the paternal-origin gene of a random adult male in its

father’s social group (including the father) pyy,—p is:

1 1., 11 , n-1 , (538)
Pjuj-p = 5(1 —mg)(1 —my,) <§f + 5(;191 + T(l — M) %Py )>
RTE
) npl
n—1 1, 1,1 n-1 ,
+— (1—mm)2<§f +§(5P1 +T(1_mm)2px )))

That is: with probability 1/2 of picking the juvenile's maternal-origin gene, in which case the
consanguinity is that between the juvenile's mother and the paternal-origin genes of a random
adult male in the father's social group, which is the probability (1 — m¢)(1 — m,,) that
neither of the juvenile's mother nor the adult male disperses, and with probability 1/2 of
picking the maternal-origin gene of the mother, and the consanguinity is that between mating
partners i.e. f’, and with probability 1/2 of picking the paternal-origin gene of the mother,
with probability 1/n the juvenile’s mother and the adult male share one father, and the
consanguinity is that of the father to himself i.e. pi’, and with probability (n-1)/n the
juvenile’s mother and the adult male do not share one father, with probability (1 — m,,)?
neither of the fathers disperses, and the consanguinity is that between two random juveniles
born in the same patch i.e. px’, and with probability 1/2 of picking the juvenile's paternal-
origin gene, in which case the consanguinity is that between the juvenile's father and the

paternal-origin gene of a random adult male in the father's social group, which is with

26



457

458

459

460

461

462

463

464

465

466

467

probability 1/n the adult male is the juvenile’s father, and the consanguinity is that of the
father to himself i.e. pi’, and with probability (n-1)/n the adult male is not the juvenile’s
father, with probability (1 —m,,)? that neither of the fathers disperses, and with probability
1/2 that picking the maternal-origin gene of the juvenile’s father, and the consanguinity is
that between mating partners i.e. f’, and with probability 1/2 of picking the paternal-origin
gene of the juvenile’s father, with probability 1/n the two males share one father, and the
consanguinity of the father to himself i.e. p’, and with probability (n-1)/n the two males do
not share one father, with probability (1 — m,,)? that neither of the fathers disperses, and the
consanguinity is that between two random juveniles born in the same patch i.e. px’. Solving
expressions (S32)-(S38) with the solutions of pi’, px”and f’ from previous section
simultaneously, we obtain
Poj-m = ((=28m(M —2m + 1)(1 —m)
+2(1 — m)(MAm — 2Amin + 2mg + 2/ — 4)n — 8(2 — m)mn2)) (S39)
/ ((8n(2m — 1 — 4m? + 3M — 4(2 — m)mn)))
pjal-m = —((—20m(1 —mp)?(1 —m) + 2Am(1 — M)(5 — mpy + me(2m;—5  (S40)
+mm))n + (8 + mi* —me* (5 — mpy) — (4 — M) Hiy — me(8
+ (4 = mp) (A — mp)my) — me? (M — 10 + mp*))n?))
/ ((8n? (2m — 1 — 4m? + 3M — 4(2 — m)mn))))
pju|-m = 2Am(1 —my)?(1 —m) —2Am(1 —m)(1+ M — 2m + 2H)n (541)
+ (2Am(1 — m)(M — 27 + Hy,) — 8)n?)) / ((8n2 (2m — 1
— 4m? + 3M — 4(2 — m)mn)))
Poj-p = (M — 2/ + 1) + 2Am(1 — ™) (542)
+ 2(1 — m)(2Amm — MAm + 2my, + 2/ — 4)n — 8(2

—m)mn?)) / ((8n(2m — 1 — 4m? + 3M — 4(2 — m)mn)))
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pjaj-p = (—28m(1 —mg)*(1 — m) + 2Am(1 — m)(1 — 2m + M + 2Hp)n (S43)
+ (-8 — 4Am(1 — m)(M — m + Hf — mg))n?)) / ((8n? (2m — 1
— 4m? + 3M — 4(2 — m)mn)))
pyuj-p = (—28m(1 —my)?(1 — M) + 2Am(1 — m)(5 + M — 2 + 2Hy)n (S44)
+ (-8 + m(Hy, — 3mpy + 6) — m (1 — mp,)
— Hp(4 + Hyy — my) + me(Hy, — 8 + 6my, — mp,*))n?)
/ (8n?(2m — 1 — 4m? + 3M — 4(2 — m)mn))
where Am = mg — my,, m = (mg +my,)/2, M = mgmy,, Ab = be — by, b = (bs + by,) /2,

He = (mf - Z)mf, Hy, = (mm - z)mm-

1.53 | Convergence stable strategy
By solving the expression dW/dg = 0, we could get the optimal value of left-handedness from
the perspective of maternal-origin genes zm -
2y = (2b(n — 1)(—=H¢(2 + H) + Hy, (2 + Hy) — 2Am(1 — ) (2 + He + Hyy)n
— 16(2 — m)imn?))) / ((—=8bAm(1 — m)(2 + H; + Hp) + 16Am(1
—m)(b(2 + Hf + Hy) — 1+ 2m — M)n + 2(2bm¢* — 32
—4mg (2b—1+my,) +4me? (b — 5+ 3my,) + 4me(10 + 6b (545)
—4(b + Dmy, — 3my? + mp3) + 2my, (10bs — 10bm,, + 2(2b
— Dmy? — bmp,® + 2(6 + 5by, + my,)))n? — 64(b + 1)(2
— m)mn?))
where Am = mg — my,, m = (mg +my,)/2, M = mgmy,, Ab = b — by, b = (bs + by,) /2,
Hy = (m¢ — 2)mg, Hyy = (M, — 2)my,. Solving the expression dW/dg = 0, we obtain the

optimal value of left-handedness from the perspective of paternal-origin genes zp -
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zp* = ((2b(n — 1)(—(H¢(2 + Hp)) + Hy(2 + Hy,) — 2Am(1 — m)(2 + He + Hp)n
+16(2 — m)mn?))) / ((—8Amb(1 — m)(2 + H; + Hy,)
+8Am(1 — m)(byHe — 2(bm + me)My, + bympy,?
+ 2(by — 14 2m) + be(2 + Hg + Hp))n
(S46)
+4 (16 + bmg* — 4(5 + 3b)my, — 2(b — 5)mum? + 2(2b — 1)my,’
— bmpy* —2m?(2b — 1 + my,) + 2m?(5b — 1 4 3my,)
+ 2m(4(b + 1)my, — 6 — 10b — 3mpy? +my®) ) n? + 64(b
+ 1)(2 — m)mn?))
The optimal value of left-handedness for the perspective of the whole genes of the individual

Z IS:

. (n — 1)(AbAm(1 — m) + 4b(2 — m)m)
2 T 2 —1)(8bAm(1—m) + 8n + 4(b + (2 — m)m)

(547)

We set the female dispersal rate ms = 0.5, the relative importance of combat relative to all
types of competition for the female and male bs = bm = 1, and the number of individuals each
sex born in the same patch n = 5 for Figure S4. For the two zoomed-in parts, the range of
male dispersal rate mm is from 0.499 to 0.501, the range for the equilibrium frequency of left-

handedness is from 0.21426 to 0.21431.

1.6 | Sex-specific effects

1.61 | Marginal fitness and evolutionary equilibrium

Here we consider how sex effects add to the mediation of kin selection on handedness. In this
section, the fitness functions of the focal juvenile are the same as previous sections. We use
g1 to denote the genic value for the locus G1, which affects handedness only when it is
carried by a female. We use g. and to denote the genic value for the locus G2 which affects

handedness only when it is carried by a male. The relative fitness functions are the same as
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expression (S4). Then we explore the optimal value of the level of left-handedness for locus
G1 which only controls the handedness trait of females. For juveniles, the relationship
between the phenotype and genotype is:

dW W dxyodgsr  OW dymodGyf  OW dxp dam  OW dYea dgim’
dg; 0xmo dgir dg1  OVmo Adif dg1  0Xpadgim dg1  OYradgim' dg:

(548)
ow ow

=|=—pom +
<axMopOM aYMo

) N <6W N ow )
Dja | Vit axFapOF ayFap]U Vim

where g is the additive breeding value of a juvenile for its mother's genes in locus G1, §;¢'
is the breeding value of the juvenile for a random adult female's genes in locus G, g,y iS the
breeding value of the juvenile for its father's genes in locus Gy, g1 ," is the breeding value of
the juvenile for a random adult male's genes in locus Gy, and y1f and yim is the mapping
between genotype and phenotype for the focal females and males respectively. According to
our assumption that locus G1 would only take an effect if its carrier is a female, we have yis=

1, y1m = 0. Then expression (S48) can be simplified to

w _ow oW
dg;  dxpe’ oM

S49
D Voto Dja ( )

Then the condition that favours the increase of left-handedness is

ow oaw
ToMm +

1a >0 (S50)

axMo aYMO

Letting the LHS of expression (S50) be f(z), as f'(z) < 0 is true for all the values of z,
hence at evolutionary equilibrium if there is an intermediate level of left-handedness z¢", this
satisfies f(z*) = 0, we obtain the optimum of left-handedness for all the loci that only

control the handedness when they are carried by females

be(rom — 1ja)
(1 + be)rom — bsrja

*

1
Zf =§

(S51)

Now we explore the optimum value of the probability of developing as left-handedness for
locus G2 which only controls the handedness trait of males. For a juvenile, the relationship

between the phenotype and genotype is
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aw _ oW dxyodgse  OW dymodgaf OW dxpy dGom
dg, 0xmo ddzr dgz  O0Ymo AJ2f dg,  0Xpa drm dg»

ow dYFa ngm,

el (852)
0yradgom dg:

_ ( ow N ow ) N (6W N ow )

= axMopOM ayMoP]A Yaf axFapOF ayFap]U Y2m

where g, is the additive breeding value of a juvenile for its mother's genes in locus G2, g,¢'
is the breeding value of the juvenile for a random adult female's genes in locus Gz, g,y is the
breeding value of the juvenile for its father's genes in locus Gz, §,n," is the breeding value of
the juvenile for a random adult male's genes in locus Gz, y2f and y2m is the mapping between
genotype and phenotype for an adult female or male respectively. According to our
assumption that locus G2 would only take an effect if its carrier is a male, thus y2f = 0, yom = 1.
Then dWs/dgzf can be simplified to

dw  ow ow
Por + Sv.. P (853)
YFa

dgz B axFa
Using the same way as deriving the optimal value of locus G1,z", we could obtain the
optimal value of left-handedness zm" for all the loci that only control handedness when they

are carried by males:

L :1 b (Tor — 1yu) s54
m 2 (1 + bm)rOF - me]U ( )

1.62 | Convergence stable strategy

Combining with parent-of-origin effects, we can write the optimal value of left-handedness
for all the loci that control female’s handedness from the perspective of maternal-origin
genes, zmv , and that from the perspective of paternal-origin genes, zs", as well as the optimal
value of left-handedness for all the loci that control male’s handedness from the perspective

of maternal-origin genes and paternal-origin genes respectively: zmm™ and zme
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o1 be(rom-m — 1jaj-m) (S55)
™M T2 + b)rom-m — bifiaj-m

. _ bf(r0M|—P - T]A|_p) (S56)
(1 + bf)rOM|—P — bfr]A|—P

Ztp

g o 1 b (Tor|-M — Tjul-m) (857)
™ 7 2 + by)Tor-M — bmTjuj-m

gt = l b (Tor|-p — Nyuj-p) (S58)
™ T 21 + by)Tor-p — bmTjul-p

526  where romrp = pom-p/p1’, ror-p = Por-p/P1’, Fialp = Paaip/Pr’, Fiul-p = Poue/pr’. Substituting all
527  the relatedness in expressions (S51), (S54) and (S55-(S58), we obtain the optimal values of
528 left-handedness when it is involved in within-group combat:
z¢ = ((be(n — 1)(Hf — Hy — 42 —m)ymn))) / ((—8n + 2(n (559)
— 1)(—2beAm(1 — M) — 4(1 + bg)(2 — m)mn)))
zem”™ = ((bs(=2Am(1 — mg)*(1 — 1) + 4Am(2 + Hp) (1 — m)n
+ (me(2 + me(5 + He—2my)) + 2(7 + He—2mgpmpy,
— (5 + mpmp?)n? — 8(2 — m)mn?)))
/ ((=4bsAm(1 — me)? (1 — m) + 4Am(1 — m)(ms — 1 + 2b¢(2
(S60)
+ Hg) + my, — M)n + 2(—8 + mg(10 + Hy—3m¢ + be(2 + me(5
+ He=2mg))) + 6mpy, + (2be(7 + He—=2mg) — me(4 + He — mg))mpy
— (Bmg—1+ be(5 + H))mp,2 — (1 — mpm,3)n? — 16(1 + be) (2
— m)mn?))
zpp* = ((be(—20m(Hs + 1)(1 — ) + 4HAm(1 — )n + ((He—me) (2 + He + mg)  (S61)
+2(m¢?® — 5)muy, — (Hy — 3)mp*)n? — 8(1 — 2)mn?)))
/ ((=4bsAm(1 — mg)? (1 — m) + 4Am(1 — m)(2m — 1 + 2beH¢
— M)n + 2(8 + (Hi—mg) (2 + mg + be(2 + He+my)) — 10my,
+ (=(Hg=2mg) (1 + mg) + 2be(mg® — 5))mpy + (5 — 3ms — be(H¢

= 3))Mmy? — (1 — mpmp*)n? + 16(1 + by) (2 — m)mn?))
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539

Zm* = ((by(n — 1)(Hy — He — 42 — m)mn))) / ((—=8n + 2(n (S62)
— 1)(2byAm(1 — M) — 4(1 + b)) (2 — M)An)))
Zmm" = (b (—Am(1 — mp)2(1 — m) + 4Hy,Am(1 — m)n (S63)
+ (me®(Hy — 3) — (Hpn—mp) (2 + Hy+my,) — 2me(my,? — 5))n?
— 8(2 —m)mn3))) / ((—4byAm(1 — my)?(1 — M) + 4Am(1
—m)2m—1—M + 2bpHy)n + 2(—8 — me3(mp, — 1) + me? (=5
+3my + by (Hy —3)) — (Hpy—mp) (2 + my, + by (2 + Hyy+myy))
+ mg(10 + my, (Hyy—my, — 4) — 2by (=5 + my?)))n? — 16(1
+ by) (2 — m)mn?))
Zmp" = ((=2bpAm(n — 1)(—(1 = my)?*(1 —m) — 2Am(1 —m)(3+ Hy)n + 8(2  (S64)
—m)mn?))) / (—4bmAm(n — 1)(—(Hp + D(1 — ™)
—2Am(1 —m)(3 + Hy)n + 8(2 — m)mn?)
+ 2n(—2Am(M - 2m + 1)(1 — m)
—2(1 —m)(2m — 4 + 2my, + 2Amm — MAm)n + 8(2
— m)mn?)))
where Am = mg — my,, m = (mg +my,)/2, M = mgmy,, Ab = b — by, b = (bs + by,) /2,
He = (mg — 2)my, Hy, = (my, — 2)my,. To plot z" and zm" (Figure S3b) we set the female
dispersal rate m¢ = 0.5, the relative importance of combat relative to all types of competition
for the female and male bs = bm = 1, and number of the number of individuals each sex born

in the same patch n =5.

1.7 | Parental genetic effects

1.71 | Marginal fitness and evolutionary equilibrium

Now we consider the parental effects, i.e. the effect on the phenotype of the parents of the
focal juvenile is caused by the genes carried by the grandparents of the focal juvenile,

regardless of the parents’ genotype. In this section, the fitness function and relatedness
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remain the same as previous ones, while the conditions that favours the increase of left-
handedness change according to specific situations. Depending on whether there is difference
between maternal and paternal effects, and/or between the parental effects on daughters
versus those on sons, there can be nine situations: 1) When both parents control the parental
effect and all offspring experience the parental effect in their handedness (we denote the
optima for left-handedness as zro"). 2) When both parents control the parental effect and only
daughters experience the parental effect in their handedness (zep”). 3) When both parents
control the parental effect and only sons experience the parental effect in their handedness
(zes"). 4) When only mother controls the parental effect and all offspring experience the
parental effect in their handedness (zmo"). 5) When only mother controls the parental effect
and only daughters experience the parental effect in their handedness (zwp"). 6) When only
mother controls the parental effect and only sons experience the parental effect in their
handedness (zms’). 7) When only father controls the parental effect and all offspring
experience the parental effect in their handedness (zro"). 8) When only father controls the
parental effect and only daughters experience the parental effect in their handedness (zep ). 9)
When only father controls the parental effect and only sons experience the parental effect in

their handedness (zrs").

1) Parental control of offspring phenotype (zro")

We consider there is only locus G controlling the phenotype of handedness, and there is no
difference in who carries the genes influence the phenotype of offspring, and it affects the
handedness phenotype of daughters and sons in the same way. We denote the genic value as
gr and gm for the juvenile females and males, G and Gn, for the breeding value for the
maternal grandparent and paternal grandparent of the focal juvenile respectively, G's for the

breeding value of the parent of a random adult in the focal juvenile's mother's group, G'm for
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576
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the breeding value of the parent of a random adult in the focal juvenile's father's group. The
relationship between the phenotype and genotype can be described as:

dW _ oW doxwodGr = OW dywodGy = OW dxpdG  OW dyea G’
dg _OxMo dGs dg = Oymo dGf dg  0xp,dGy dg — 0yp,dGy' dg

= ( ALA— ) (S65)
axMop]MGP Voo Pjmar | Vpf

ow ow
+ (WF& Tjpgp + %T]PUP) YPm

where pymer IS the consanguinity between the focal juvenile female and its maternal
grandparent (here we treat the maternal grandparent as a "tetraploidy"), pivar is the
coefficient of the consanguinity between the focal juvenile female and the parent of a random
adult female (here “A” denotes "Aunt") in the focal juvenile's mother's group, psrcr is the
coefficient of the consanguinity between the focal juvenile female and its paternal
grandparent, pseup is the coefficient of the consanguinity between the focal juvenile female

and the parent of a random adult male (here “U” denotes "Uncle™) in the focal juvenile's

LMo — 2IMo g the mapping between the gene of parents and its

father's group, ypr = TR

expressed phenotype in a female offspring, yp, = Z’;Fa = % is the mapping between the

gene of parents and its expressed phenotype in a male offspring, and under our assumption yp¢
= yem = 1. The condition that favours the increase of left-handedness is:

oWs oWs oWs oWs

Tjmgp + iMapP + 3-—Tjpgp T
dxmo ) Vmo dxga )T Ay

r]PUP >0 (866)

Fa

where rivep = Pamcr/P1, Fimap = Pamar/Pi, Fipe = Parcp/Pi, Fipup = Papup/pi. Letting the LHS of
expression (S66) be f(z), f'(z) < 0 is true for all the values of z, hence at evolutionary
equilibrium if there is intermediate level of left-handedness zp,* that satisfies f(zpp*) = 0,

we obtain the optimum of left-handedness from the perspective of parent’s genes:

1 < B Tjmgp T TjPGP )

Zpo* = 3 1 (S67)

TjMGp + be(—7jmap + Tjmep) + 1P + bmTpcp — bmjpup

35



582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

. . . 1 1 1 .
if we set br = bm =1, expression (S67) can be re-written as: ~ + 2 PTAVeAUF where paveaur iS

DJjAveGP
the consanguinity between an individual and the parent of the individual’s parent’s social
partner, and paveaur = 1/2 (Psmap + pPupur), Pavecr IS the consanguinity between an individual

and its grandparent, and pavece = 1/2 (Psmcp + purcr). If we set br = bm =1, expression (S8) can

. 1 1 1 - . . .
be re-written as: 5+ Weuseratio ri = paveaur/Pavecp for considering the optima from
-2
Py

the perspective of parents, and r> = ps/po for considering the optimum from the perspective of
the offspring. As r1 is always greater than rz, parents always favour a lower value of left-
handedness in their offspring than the offspring would, in the context of within-group

combat.

2) Parental control of daughter’s phenotype (zep")
Under our assumption that only daughters experience parental effect, ypf = 1, ypm = 0. The

condition that favours the increase of left-handedness is

aw aw
Fre IMGP + 3y

Mo

T]MAP >0 (868)

Mo

with similar process of obtaining zp,* we obtain the optimal value of left-handedness from

the perspective of parent’s genes to its daughter

bf(TJMAP - r]MGP)
berymap — (1 + b)1ymcp

, 1
Zpp )

(S69)

3) Parental control of son’s phenotype (zps’)
Under our assumption that only sons experience parental effect, yrf = 0, ypm = 1. The

condition that favours the increase of left-handedness is:

ow ow

T +
0Xgy JPGP ay,

r]PUP >0 (870)

Fa
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with similar process, we obtain the optimal value of left-handedness from the perspective of

parent’s genes to its son:

1 by (1 — 1
ZPS* i m( JPGP ]PUP) (571)
215p6p + bmTjpgp — bmTjpup
4) Maternal control of offspring phenotype (zmo")
In this case, the relationship between phenotype and genotype is
aw ow aw aw aw
a9 (ax Pmem + e P]MAM)VFf + (6x Prpem + Fyen P]PUM)YFm (872)

where pivewm Is the consanguinity between the focal juvenile female and its maternal
grandmother, psmawm is the consanguinity between the focal juvenile female and the mother of
a random adult female in the focal juvenile's mother's group, psrewm is the consanguinity
between the focal juvenile female and its paternal grandmother, pseum is the consanguinity
between the focal juvenile female and the mother of a random adult male in the focal
juvenile's father's group. yet is the mapping between the gene of mother and its expressed
phenotype in a female offspring, yrm is the mapping between the gene of mother and its
expressed phenotype in a male offspring. Under our assumption that all offspring experience

maternal effect, yrs = yrm = y. The condition that favours the increase of left-handedness is

ow ow ow ow

jmgMm t Yoo jmaM t 9%en Pjpem t+ mP]PUM >0 (873)

axMo
where rimem = pamem/pi, Fivam = Pamam/pPi, Fipem = Papem/Pi, Fipum = pPapum/pr. With similar
process as previous situations, we obtain the optimal value of left-handedness from the

perspective of mother’s genes to her offspring

1 < _ MM T 1jPGM (574)

Zmo” =5 )
iMem T bf(r]MGM - T]MAM) + 15peMm + bmTjpeM — bmTjpum

5) Maternal control of daughter’s phenotype (Zmp")
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Changing yrsto 1, yrm to 0 obtains the condition for an increase in left-handedness to be

favoured

ow N ow
axMor]MGM dy

Mo

With similar process, we obtain the optimal value of left-handedness from the perspective of

mother’s genes to her daughters

bf(T]MAM - T]MGM)
berymam — (1 + bp)1jmem

*

1
ZMD )

(S76)

6) Maternal control of son’s phenotype (Zvs)
Changing yrs to 0, yrm to 1 obtains the condition for an increase in left-handedness to be

favoured

ow ow

—Tjpem +
0Xpg JPGM ady,

r]PUM >0 (577)

Fa

With similar process, we obtain the optimal value of left-handedness from the perspective of

mother’s genes to her sons

1 by (1 -
Zus® = = m( JPGM ]PUM) (S78)
215p6m + b"ipaM — bmTjpum
7) Paternal control of offspring phenotype (zeo”)
In this case, the relationship between phenotype and genotype is
dW_(éW N ow ) +(6W N aw ) 579
dg = Fr PIMGF Va0 DPIMAF | YMf 9xpa PipGF 9Yea PjPUF | YMm (879)

where pymcr is the consanguinity between the focal juvenile female and its maternal
grandfather, psmar is the consanguinity between the focal juvenile female and the father of a
random adult female in its mother's group, psrcr is the consanguinity between the focal
juvenile female and its paternal grandfather, pspur is the consanguinity between the focal

juvenile female and the father of a random adult male in its father's group, yms is the mapping
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between the gene of father and its expressed phenotype in a female offspring, ymm is the
mapping between the gene of parents and its expressed phenotype in a male offspring. Under
our assumption that all offspring experience paternal effect, ymt = ymm = y. The condition that

favours the increase of left-handedness is

ow + ow + ow + ow >0 S80
9%oa MGF EI TIMAF 0%xpa TPGF 9YVea TIPUF (580)

where river = Pamcr/Pi, Fipcr = Papcr/Pi, Fimar = Pamar/Pi, Fpur = Popur/pr. With similar
process as previous situations, we obtain the optimal value of left-handedness from the
perspective of father’s genes to his offspring

TJMGF T TJPGF

1
zro” =5 (1= ) (S81)

JMGF T bf(T]MGF - T]MAF) + 1jpGF + Dm"jpGF — PmjpUF

8) Paternal control of daughter’s phenotype (Zep”)
Changing ymfto 1, ymm to O obtains the condition for an increase in left-handedness to be

favoured

ow aw
Do TIMGF + 3y

Mo

T]MAF >0 (382)

Mo

With similar process, we obtain the optimal value of left-handedness from the perspective of

father’s genes to his daughters

bf(T]MAF - T]MGF)

(583)
berimar — (1 + be)Tymer

.1
Zgp = 5
9) Paternal control of son’s phenotype (zrs")

Changing ymfto 0, ymm to 1 obtains the condition for an increase in left-handedness to be

favoured

ow ow

S Npcr +
axFa J aYFa

1pur > 0 (584)
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With similar process, we obtain the optimal value of left-handedness from the perspective of

father’s genes to his sons

L1 by, (T]PGF - T'JPUF)

Zps* == (585)
B 72 11pGF + bmTjpGF — PmTjpUF
1.72 | Relatedness
The consanguinity between the focal juvenile and its maternal grandmother psvcwm Is
1 (1 , 1 ,)
PimM = 5\ 5P +§f
1 1.1, 1,
+5(= m)( = m) (- (500 +5f) (586)

n—1
+

Gu—mmmwffn

2 2

That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is that between the mother and the maternal grandmother, which is
with probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is
that between the maternal grandmother and herself i.e. pi’, and with probability 1/2 the gene
comes from the maternal grandfather, and the consanguinity is that between mating partners
i.e. f’, and with probability 1/2 that the gene we pick comes from the juvenile’s father, in
which case the consanguinity is that between the juvenile’s father and the maternal
grandmother, which is with probability (1 — m¢)(1-m,,) neither the mother nor the father
disperses from their natal patch, and with probability 1/n the mother and the father share one
mother, and with probability 1/2 the gene comes from their mother, and the consanguinity is
pi’, and with probability 1/2 the gene comes from their father, and the consanguinity is that
between two random mating partner i.e. f’, and with probability (n-1)/n the mother and the
father do not share one mother, and with probability 1/2 the gene comes from the paternal

grandmother, with probability (1 — mg)? neither of the two females disperses, and the
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consanguinity is that between two random juveniles born in the same patch i.e. px’, and with
probability 1/2 the gene comes from the paternal grandfather, and the consanguinity is f’. The

consanguinity between the focal juvenile and its maternal grandfather pywvcr is

11, 1,
p]MGF:E(_f +—P1>

27 "2
1 11, 1,
+5 A -m)(A —mpy) <;<5f +5p1) (S87)
n—1

1 1
(Ef, +;0- mm)sz')>
That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is that between the mother and her father, which is with probability
1/2 the gene we pick comes from the maternal grandmother, and the consanguinity is that
between mating partners i.e. f’, and with probability 1/2 the gene we pick comes from the
maternal grandfather, and the consanguinity is that between the grandfather and himself p/’,
and with probability 1/2 the gene we pick comes from the juvenile’s father, in which case the
consanguinity is that between the juvenile’s father and maternal grandfather, which is with
probability (1 — mg)(1 — my,) neither the mother nor the father disperses, and with
probability 1/n the mother and the father share one father, with probability 1/2 the gene we
pick comes from their mother, and the consanguinity is that between two random mating
partner i.e. f’, and with probability 1/2 the gene we pick comes from their father, and the
consanguinity is pi’, and with probability (n-1)/n the mother and the father do not share one
father, with probability 1/2 the gene we pick comes from the paternal mother, and the
consanguinity is that between two random mating partners f’, and with probability 1/2 that
the genes we pick come from the paternal father, with probability (1 — m,,)? neither of the
two males disperses, and the consanguinity is that between two random juveniles born in the
same patch i.e. px’. The consanguinity between the focal juvenile and the mother of a random

adult female in its mother's social group pimawm is
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-1/1 1
+ (G- mp 45 f))) (88)

1 11, 1,
+§(1—mf)(1—mm) <E<§P1 +§f>

n—1

1 2 ! 1 I
(5(1 — mg)“px +§f)
That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is that between the juvenile’s mother and the mother of a random

adult female in the juvenile’s mother’s social group, which is, with probability 1/n the

random adult female (“aunt” hereafter) is the juvenile’s mother, and the consanguinity is that
between the juvenile’s mother and maternal grandmother which is %pl' + %f’, and with

probability (n-1)/n the aunt is not the juvenile’s mother, with the probability (1 — ms)?
neither of the two females disperses, and with probability 1/n the aunt and the juvenile’s
mother share one mother, with probability (n-1)/n the aunt and the juvenile’s mother do not
share one mother, with probability 1/2 that the mother’s gene comes from her mother, with
probability (1 — m¢)? neither the grandmother nor the mother of the aunt disperses, and the
consanguinity is that between two random juvenile born in the same patch i.e. px’, and with
probability 1/2 that the mother’s gene came from her father, in which case the consanguinity
is that between two random mating partners f’, with probability 1/2 the gene we pick comes
from the juvenile’s father, and with probability (1 — m¢)(1 — m,,) neither the aunt nor the
father disperses, with probability 1/n the aunt and the father share one mother, with
probability 1/2 the gene comes from their mother, and the consanguinity is that between the

grandmother and herself i.e. pi’, and with probability 1/2 the gene comes from the juvenile’s
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paternal grandfather, and the consanguinity is f’, and with probability (n-1)/n the aunt and the
father do not share one mother, with probability 1/2 the gene comes from the juvenile’s
paternal grandmother, with probability (1 — m¢)? neither the mother of the juvenile’s aunt
nor the paternal grandmother disperses, and the consanguinity is that between two random
juveniles born in the same patch px’, and with probability 1/2 the gene comes from the
juvenile’s paternal grandfather, and the consanguinity is f’. The consanguinity between the

focal juvenile and the father of a random adult female in its mother's group pivar is

1 1(1 ,+1 ,)
P]MAF—2 n Zf ZPI

= (i)

n—1
+

(5 +50-mwiny) ) (589)

1,1 , ,
+20-m)(1 - mm)< (37 +37/)

n—1/1

Sf 450 = m)py
2 2

+

That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is that between the mother and the father of the aunt, which is, with
probability 1/n the aunt is the juvenile’s mother, and with probability 1/2 the gene comes
from the juvenile’s maternal grandmother, and the consanguinity is f’, with probability 1/2
the gene comes from the juvenile’s maternal grandfather, and the consanguinity is that of the
maternal grandfather to himself p,’, and with probability (n-1)/n the aunt is not the juvenile’s
mother, with probability (1 — my)? neither of the two females disperses, with probability 1/n
the aunt and the mother have a same father, with probability 1/2 the gene comes from the
mother’s mother, and the consanguinity is f’, and with probability 1/2 the gene comes from

the mother’s father, and the consanguinity is p,’, and with probability (n-1)/n the aunt and the
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mother do not have a same father, with probability 1/2 the gene comes from the juvenile’s
maternal grandmother, and the consanguinity is f’, and with probability 1/2 the gene comes
from the juvenile’s grandfather, with probability (1 — m,,)? neither of the maternal
grandfather nor the aunt’s father disperses, and the consanguinity is px’; and with probability
1/2 that the gene we pick come from the juvenile’s father, in which case the consanguinity is
that between the father and the father of the aunt, which is, with probability (1 — m¢)(1 —
my,) neither the aunt nor the father disperses, and with probability 1/n the aunt and the father
share one father, with probability 1/2 the gene comes from the paternal grandmother, and the
consanguinity is f’, with probability 1/2 the gene comes from the paternal grandfather, and
the consanguinity is pi’, and with probability (n-1)/n the aunt and the father do not share one
father, with probability 1/2 the gene comes from the paternal grandmother, and the
consanguinity is f’, with probability 1/2 the gene comes from the paternal grandfather, with
probability (1 — m,,)? neither of the maternal grandfather nor the aunt’s father disperses, and
the consanguinity is px’. Hence the consanguinity between the focal juvenile and the parent of

the aunt psvap can be given as

1 1
PjMap = 5 PjMAM + > PIMAF (S90)

Similarly, psmep which is the consanguinity between the focal juvenile and its maternal

grandparents, can be given as

1 1
PyMGp = 5 PyMeM + 5 PIMGE (S91)

Now we consider the consanguinity through paternal grandparents. The consanguinity
between the focal juvenile and its paternal grandmother pyrem IS
1 1¢1 , 1 _\ n—1/1 , 1,
PjpGM = 5(1 —mp)(1 —mpy,) E(Epl +§f) +T<E(1 — mg)*py +§f)
(592)

+1<1 ,+1 ,)
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That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is with probability (1 — m¢)(1 — m,,) neither the mother nor the
father disperses, with probability 1/n the mother and the father share one mother, with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is pi,
with probability 1/2 the gene comes from the maternal grandfather, and the consanguinity is
f’, and with probability (n-1)/n the mother and the father do not share one mother, with
probability 1/2 the gene comes from the maternal grandmother, with probability (1 — my)?
neither of the two females disperses, and the consanguinity is px’, with probability 1/2 the
gene comes from the maternal grandfather, and the consanguinity is f’, with probability 1/2
the gene we pick comes from the juvenile’s father, in which case the consanguinity is, with
probability 1/2 the gene comes from the paternal grandmother, and the consanguinity is pr’,
with probability 1/2 the gene comes from the paternal grandfather, and the consanguinity is
f’. The consanguinity between the focal juvenile and its paternal grandfather pspcr is

1 1/1 1 n—1/1 1
Pirae = 5 (1= m) (1 = my) (; (Gr+5m)+ == (5 +50- mm>2px')>

(S93)
11

#3374
That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is, with probability (1 — m¢)(1 — my,) neither the mother nor the
father disperses, and with probability 1/n the mother and the father share one mother, with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is f’,
with probability 1/2 the gene comes from the maternal grandfather, and the consanguinity is
pi’, and with probability (n-1)/n the mother and the father do not share one mother, with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is f’,
with probability 1/2 the gene comes from the maternal grandfather, with probability

(1 — my,)? neither of the two males disperses, and the consanguinity is px’, with probability
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1/2 the gene we pick comes from the juvenile’s father, in which case the consanguinity is,
with probability 1/2 the gene comes from the paternal grandmother, and the consanguinity is
f’, and with probability 1/2 the gene comes from the paternal grandfather, and the
consanguinity is p;’. The consanguinity between the focal juvenile and the mother of a
random adult male in its father's social group psrum is

1, , T R 0% SONNVIR g
p]PUM—E( —mg)(1—mpy) ;(EPI +§f)+T<§( — me)“py +§f)

+1 1(1 ,+1 ,)
2\n\gPr t3f

_I_n—l(1 ) 1(1 ,+1 ,)
n Mm n Zpl Zf

+ 2 (3 - moy +%f))>

That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which

(S94)

case the consanguinity is, with probability (1 — m¢)(1 — my,) neither the mother nor the
father’s social partner (“uncle” hereafter) disperses, with probability 1/n the mother and the
uncle share one mother, with probability 1/2 the gene comes from the maternal grandmother,
and the consanguinity is pi’, with probability 1/2 the gene comes from the maternal
grandfather, and the consanguinity is f’, with probability (n-1)/n the mother and the uncle do
not share one mother, with probability 1/2 the gene comes from the maternal grandmother,
with probability (1 — m¢)? neither of the maternal grandmother nor the uncle’s mother
disperses, and the consanguinity is px’, with probability 1/2 the gene comes from the maternal
grandfather, and the consanguinity is f’, and with probability 1/2 the gene we pick comes
from the juvenile’s father, in which case the consanguinity is, with probability 1/n the uncle
is the juvenile’s father, and with probability 1/2 the gene comes from the paternal
grandmother, and the consanguinity is pi’, with probability 1/2 the gene comes from the

paternal grandfather, and the consanguinity is f’, with probability (n-1)/n the uncle is not the
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juvenile’s father, with probability (1 — m,,)? neither of the two males disperses, with
probability 1/n the uncle and the father have a same mother, with probability 1/2 the gene
comes from the paternal grandmother, and the consanguinity is pi’, with probability 1/2 the
gene comes from the paternal grandfather, and the consanguinity is f’, with probability (n-
1)/n the uncle and the father do not have a same mother, with probability 1/2 the gene comes
from the paternal grandmother, with probability (1 — m¢)? neither of the paternal
grandmother nor the uncle’s mother disperses, and the consanguinity is px’, with probability
1/2 the gene comes from the paternal grandfather, and the consanguinity is f’. The

consanguinity between the focal juvenile and the father of an uncle pspur is

1 1/1 1 —-1/1 1
PjpuF = 5(1 —mg) (1 —my,) <r_1 <§f' + Epll) + nT<§f' +2 (1- mm)sz')>

1 1(1 , 1 ,>
t2\a\2f Fam

n—1

(S95)
+

- (3o 20

n

= - (%f + % a- mm)sz’)>)

That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which

case the consanguinity is, with probability (1 — m¢)(1 — m,,) neither the mother nor the
uncle disperses, and with probability 1/n the mother and the uncle share one father, and with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is f’,
and with probability 1/2 the gene comes from the maternal grandfather, and the consanguinity
is pi’, and with probability (n-1)/n the mother and the uncle do not share one father, with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is f’,
with probability 1/2 the gene comes from the maternal grandfather, with probability

(1 — my,)? neither the uncle’s father of nor the paternal grandfather disperses, and the

consanguinity is px’, with probability 1/2 the gene we pick comes from the juvenile’s father,
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in which case the consanguinity is, with probability 1/n the uncle is the juvenile’s father, and

the consanguinity is that between the juvenile’s father and its paternal grandfather which is
~f'+p1', and with probability (n-1)/n the uncle is not the juvenile’s father, with probability

(1 — my,)? neither of the two males disperses, and with probability 1/n the uncle and the
father have a same father, with probability 1/2 the gene comes from the paternal
grandmother, and the consanguinity is f’, with probability 1/2 the gene comes from the
paternal grandfather, and the consanguinity is p;, and with probability (n-1)/n the uncle and
the father do not have a same father, with probability 1/2 the gene comes from the paternal
grandmother, and the consanguinity is f’, with probability 1/2 the gene comes from the
paternal grandfather, with probability (1 — m,,)? neither the grandfather nor the uncle’s
father disperses, and the consanguinity is px’. Hence the consanguinity between the focal

juvenile and its paternal grandparents prcp IS

1 1
Pipcp = 5 PjpeM + 5 PjpGE (596)

Similarly, the consanguinity between the focal juvenile and the parent of an uncle pspup is

1 1
PpuP = 5 PjPUM + > PIPUF (897)

1.73 | Convergence stable strategy
Solving expression (S86), we can get all the consanguinities:
pmom = (—2Am(M — 2m + 1)(1 — m)
+ (mg(10 + Hf — 2mys) — 8 + 6m,; — me(6 + Hf — me)myy,
(598)

+ (2 =3mpmy? — (1 —mpmy>)n — 4m(2 —m)n?)/(8n(2m — 1

— 4m? + 3M — 4m(2 — m)n))

48



pmer = 2Am(M — 2m + 1)(1 — )
+ (m?(2 — 3mp) — 8 — me (1 — my,) + my (10 + Hy, — 2myy)
— mg(my (6 + Hy — mpy) — 6))n — 4m(2 — m)n?)/(8n(2m — 1
—4m? + 3M — 4m(2 — m)n))
Pmep = 1/8 — (7(M — 2 + 1))/(8(2/m — 1 — 4m? + 3M — 4m(2 — m)n))
Pmam = —(((—2Am(H + 1) (1 — m) — Am(—10 + 2m¢® + me(Hy, — 6mp, + 16)
—3mi?(3 —mpy) — Hy + 4myp)n + (8 + me* — m3(5 — my,)
+ (Hp — 3my + Hmy, + me(3 — mpy) (Hy, — 4) — me2(mp, — 11
+my2)) n?) / ((8n? (2M — 1 — 4m? + 3M — 4m(2 — m)n)) ))
pymar = ((—2Am(Hg + 1) (1 — ) — Am(He(2m¢ — 5) — 2 + 4my,
+ me@Bmg — 8)mpy, — (1 — mpmp?)n + (me* — 8 — m®(5 — myy,)
+ My (4 + Hy — M) — me((Hy — 3mm + 6)mpy — 4) — me (my,
-5+ myp?)n?)) / ((8n?(2m — 1 — 4m? + 3M — 4m(2 — m)n)))

Mu(4+mu(n—1)) —3m(n—1) — 8n — 2me(2 + mp, — (4 — my)n)
8n(2m — 1 — 4m? + 3M — 4m(2 — m)n)

Pymapr =

pypom = (—2Am(M — 27 + 1)(1 — )
+ (—8 + mg(10 + H; — 2my) + 6my, — M(6 + Hy — my)
+ (2 = 3mpmp? — (1 — mpmy3In — 4m(2 — m)n?)/(8n(2m — 1
—4m? + 3M — 4m(2 — m)n))
ppcr = (2Am(M — 2 + 1)(1 — m) + (=8 + m¢® (2 — 3my) — mg® (1 — myy,)
+ My (10 + Hy — 2myy) — me(—6 + myp (6 + Hyy — mp)))n
—4m(2 —m)n?)/(8n(2m — 1 — 4m? + 3M — 4m(2 — m)n))

ppgp = 1/8 — (7(M — 2m + 1)) /(8(2m — 1 — 4m?* + 3M — 4m(2 — m)n))
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ppum = (2AM(Hy, + 1)1 — ) + Am(—2 — me?(1 — my) + Hp(2mpy — 5) (5107)
+ m¢(BHy, — 2mpy, + A))n + (-8 + m3(1 — my) — m? (3 + Hy,
—3my) + me(4 + (Hy — mp) (2 + my)) + My (4 + mp (5 + Hyy
—3my)))n?)) / ((8n? (2 — 1 — 41? + 3M — 4m(2 — mM)n)))
pypur = ((—2Am(Hy, + (1 — ) — Am(—10 + 6m; — m¢? (S108)
+ (Hp — 6my, + 16)my, — 3(3 — mp)my? + 2my3)n + (-8
—me (1 —my) + m?(5 + Hy — 3mpy) — My (=12 + my (11
+ Hyy — 3mp)) + me(—4 + mp (2 + mpy, — mp2))n?))
/ ((8n* (2/ — 1 — 4m? + 3M — 4m(2 — Mm)n)))

_m(n—1) — 8n + my (=4 — 3mp(n — 1) + 8n) — 2me(my, — 2 + myn)  (S109)
Pypup = 8n(2im — 1 — 4m2 + 3M — 4m(2 — m)n)

where Am = mg — my,, m = (mg + my,)/2, M = mgmy,, Ab = b — by, b = (bs + by) /2,
H¢ = (mg — 2)my, Hy, = (my, — 2)m,y, and by substituting these values, we obtain zpo”,
ZpD , Zps 5 ZMO , IMD , ZMsS , ZFO , Zrp and zes for the optimal values of left-handedness when
considering within-group combat
zpo” = ((n — D(Am(be(—4 + 3m¢ + mpy) — by (Mg — 4 + 3myy,))
—8bm(2 — m)n))) / ((—28m(b(3ms — 4 + mpy) — by (Mg — 4
+3mpy)) — 4(8 — 4(2 + by)ms + (1 — Ab)mg? + 2M (3 + 2b) (5110)
+ My (=8 — be(4 — mp) + My, — byymy))n — 16m(b
+ 1)(2 — m)n?))
zpp” = ((be(n — 1)(—2m¢(2 + mpy) + (Hyy — 2myy)(n — 1) — 2me(2 — mpy)n
+me?(3+1n)))) / ((—2(8 + Hf — 6m¢ — 8m,, + 6mem,, + my,>)n
(S111)
—8m(2 — m)n? + 2bs(n — 1)(—2me(2 + my,)

+ (Hy, —2my)(n— 1) — 2me(2 — my)n + m2(3 + n))))
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zps” = ((bm(n — D(m*(n — 1) — 2me(2 — M) (n — 1) + My (—4(1 + 1) + My (3

20" = ((n —

+m))))) / (2bmAm(ms — 4 + 3my,)
(S112)
—2(8+ (1 + 2by)me? + me(—8 — 4by, (2 — myy) + 6Myy)
+ My (M, — 8 — 2byymyy) )n — 8M(1 + by ) (2 — M)n?))
D 2Am(be(Hs + 1) + by (Hy + 1))(1 — m) + Am(2byy, — 2b¢(3
—mpy) + bpymyp (2 —me(2 —my) + Hy — 2my,) + beme(8 — 2myy,
—2mg(2 — m)))n — 8bm (2 — m)n?)))
/ (22n(=2Am(1 — 2/ + M)(1 — ™)
+ (=8 + m¢(10 + Hf — 2my) + 6my,, — me(6 + Hf — me)my,
(S113)
+ (2 =3mpmy? — (1 —mpmy3)n — 4m(2 — m)n?) + by, (n
— 1D Am(Hy + (1 — M) + Am(2 + mp (2 — me(2 — mpy) + Hy
—2mpy))n — 4m(2 — m)n?) + be(n — 1)(2Am(He + 1)(1 — m)
+ Am(—2(3 — my,) + me(8 — 2my, — 2me(2 — m)))n

— 4m(2 — m)n?))))

zmp” = ((b(n — 1)(2Am(Hg + 1)(1 — ) + Am(—2(3 — mpy,) + me(8 — 2my,

— 2me(2 — M)))n — 4m(2 — m)n?)))

/ (2m(=2Am(1 — 2m + M)(1 — )

+ (=8 + m¢(10 + H; — 2my) + 6my,, — me(6 + Hf — mg)my, (S114)
+ (2 = 3mpmy? — (1 — mpmy3)n — 4m(2 — m)n?) + be(n

— D) QAm(Hg + 1)(1 — m) + Am(—2(3 — mp,) + me(8 — 2my,

—2me(2 — m)))n — 4m(2 — m)n?))))
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zZms” = (bm(n

zpo” = —((((n

— 1)2Am(Hy + 1)(1 — M) + Am(2 + my (2 — me(2 — mp) + Hp,
—2mp))n — 4m(2 — m)n?))) / (2n(—2Am(1 — 2m + M)(1 — m)
+ (=8 4+ me(10 + Hy — 2my) + 6my, — me(6 + Hy — m))myy,

+ (2 =3mpmp? — (1 —mpmy3)n — 4m(2 — m)n?) + 2by(n

— 1)2Am(Hy + (1 — ) + Am(2 + my (2 — me(2 — mp) + Hp,
—2my))n — 4m(2 — m)n?)))

— 1)(=2Am(be(Hs + 1) + by (Hyy + 1)1 — ) — Am(bp (—6

+ My (8 + Hyy — 2my) + me(2 + Hy)) + be(2 + me(2 — 2myy,

— 2m¢(2 — m))))n — 8bM(2 — Mm)n?)))

/ (4n(=2Am(1 — 27 + M)(1 — m)

+ (8 + m¢(H; — 6) — 10mp, + me(6 — Hy + m))my,

+ (4 = 3mpmp? — (1 —mpmy3)n + 4m(2 — m)n?) — 2by(n

— 1)(=2Am(Hy, + 1D(1 — M) — Am(—6 + mpy (8 + Hy — 2my,)
+me(2 + Hp))n — 4m(2 — m)n?) — 2bs(n — 1)(—2Am(Hs + 1)(1
— ) — Am(2 + mg(2 — 2myy, — 2me(2 — M)))n

— 4m(2 — m)n?))))

zpp” = ((be(n — 1)(2Am(Hs + 1)(1 — m) + Am(2 + me(2 — 2myy

—2m(2 — m)))n + 4m(2 — m)n?)))

/ (2n(=2Am(1 — 2 + M)(1 — )

+ (8 + m¢(Hs — 6) — 10my, + me(6 — H + mp)myy,

+ (4 = 3mpmy? — (1 — mpmy>)n + 4m(2 — m)n?)

+ 2be(n — 1)(2Am(H; + 1)(1 — m) — Am(2 + me(2 — 2myy,

—2me(2 — m)))n — 4m(2 — m)n?)))
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zps" = —((bm(n — D(-m?(Hp + 1) = n)(n — 1) + 2me(n — 1)(Hp + 1) — (2

—mp)n) + mu (2 —my)Hy +1) + (-6 +my, (8 + Hy,

= 2mp))n — (4 —myu)n?)))) / (2n(-28m(1 —m + M)(1 — m)

+ (8 + m¢(—6 + Hf) — 10my, + me(6 — H¢ + mp)my, (5118)

+ (4 —3mpmy? — (1 —mpmy3)n + 4m2 — m)n?) — 2by(n

— 1) (=2Am(Hy, + 1)(1 —m) — Am(—6 + mp (8 + Hyy — 2myy)

+ me(2 + Hyp))n — 4m(2 — m)n?))))
where Am = mg — my,, m = (mg +my,)/2, M = mgmy,, Ab = b — by, b = (bs + by,) /2,
Hi = (m¢ — 2)m¢, Hy = (my, — 2)my,. We set the female dispersal rate ms = 0.5, the
relative importance of combat relative to all types of competition for the female and male bs =
bm = 1, and number of the number of individuals each sex born in the same patch n =5 for

Figure S3c, S5 and S6.

Here we show what if there are differences between the parental genetic effects on daughters
and those on sons in the context of within-group combats, hence left-handedness is
marginally selfish. Under female-biased dispersal, the relatedness between the parent and the
social partner through daughters’ side would be lower than that through sons’ side, hence
genes carried by parents would favour a higher level of left-handedness for daughters than for
sons; while under male-biased dispersal, the relatedness between social partners through
daughters’ side would be higher than that through sons’ side, genes carried by parent would

favour a lower expression level of left-handedness for daughters than for sons (Figure S6).

2 | Between-group combat
Here we make an illustration of the scenario where left-handedness is marginally altruistic,
when between-group combat is the most frequent form of combat, as left-handed individuals

are more likely to win the fights for their group, and this incurs a cost to themselves. The
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models here are based on the same life cycle, but with different fitness function. We
investigate with the same process as that in “Within-group combat”, starting from “Kin
selection”, through “Sex-biased dispersal”, “Parent-of-origin effect”, “Sex-specific effects” to
“Parental genetic effects”. All the consanguinities are the same as those in the context of

“Within-group combat”.

2.1 | Kin selection

We assume that an individual's payoff from between-group combat is proportional to the ratio
of the competitive ability of the local group and the average competitive ability in the whole
population. We assume that each group's competitive ability is proportional to the average
disposition to the opposite handedness within their social arena. That is, with proportion y the
members of the focal group are left-handed and have competitive ability 1-z, where z is the
average proportion of left-handers in the whole population. And with proportion 1-y the
members of the focal group are right handed and have competitive ability z. And the average
competitive ability in the whole population is made up of the proportion z of left-handed
individuals in an average group with competitive ability 1-z and the proportion 1-z of right-

handed individuals in an average group with competitive ability z,which gives

1-2) 1 z
yz(l -2)+(1—-2)z =y z1-2)+(1—-2)z (S119)
which simplifies to
y, 1=y
2z 2(1—2) (S120)

Accordingly, the fitness of a juvenile w’ is

1-—
w = <1 - bf + bf (yMO + yM0>> (1 - Cfoo) (1 - bm

2z 2(1-2)
(5121)
YFa 1—yra
+ bm (Z + 2(1 — Z))) (1 - meFa)
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Similarly, the average fitness of a random juvenile w’ can be described by evaluating
expression (S121) at Xmo = Ymo = Zf, XFa = Yra = Zm, and the relative fitness of the focal

juvenile W’ is w'/w’
YMo 1- YMo 1- CtXMo
w=(1- s ) [
< £t f2z+2m—z)> 1— ¢z m

YVFa 1- YVFa 1- CmXFa
b (5 ) (=)
* Dm 22+2(1—Z) > 1—cmZm

(S122)

Similarly using expression (S122), we obtain the condition for an increase in left-handedness
to be favoured when we consider between-group combat

be+ b)) (1 — 22)m CeT CmT
(bg + by )( )y o Cmlo >0 (5123)
2(1—-2)z l—c¢cz 1—-cyz

Letting the LHS of expression (S7) be f(z), then at evolutionary equilibrium, if there is an
intermediate level of left-handedness z'*, this satisfies f(z'") = 0, we get the optimal value
of developing as left-handed for a random individual when we consider between-group
combat

(bf + bm)T]
T'I(bf + bm) ¥ 27'0

Ix

1
Z =3

(S124)

Substituting all the parameters of relatedness to expression (S124), we can get the optimal

value of left-handedness for the genes at locus G when left-handedness is altruistic, z *

nol be+ b $125
L T 224 bt by +2(1—(L—m)2)(n— 1) (5125)

2.2 | Sex-biased dispersal

Here we relax the assumption of no sex bias in dispersal i.e. ms # mm, hence p;a # pou. In this
section, the relative fitness function is the same as expression (S122). Using expressions
(S122) to calculate the corresponding partial derivatives, we obtain the condition for an

increase in left-handedness to be favoured when we consider between-group combat
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(bja + bynu)(1 = 22) ¢ ‘m’o_ _ (5126)
2(1—2)z 1—cz 1—cyz

Letting f(z) be the LHS of expression (S126), than at evolutionary equilibrium, if there is an
intermediate level of left-handedness, this satisfies f(z'") = 0, we obtain the optimum of
left-handedness in the context of between-group combat. For example, letting ¢f = cm =1, i.e.
there is no sex difference in the cost of developing as left-handed, we have

bfT]A + me']U

¥

1
Z =3

bfT']A + me]U + 2')"0 (5127)

This is the convergence stable strategy, i.e. the overall optima level of left-handedness for all
the loci involved, as f'(z) < 0 is true for all the values of z. Here all the consanguinity are
the same as the previous section under the situation of “within-group combat”, substituting all
the parameters of relatedness to expression (S21), we obtain the optimal value of left-
handedness z~
2" = (2AbAM(1 — ) + be(4 + H¢ — Hy)n + by (4 — He + H)n) /(4AbAm(1
— ) +2(8(1 —M)? + be(4 + Hy— Hy + byy(4 — He + Hyy))n - (S128)
+16(2 — m)mn?)
where Am = mg — my,, m = (mg +my,)/2, Ab = bg — by, b = (bs + by,) /2, Hy = (mg —

2)mg, Hy = (my, — 2)myy,.

2.3 | Parent-of-origin effects

Here we consider how the origin of genes mediates the role of kin selection in the optima of
different set of genes, under the circumstances of between-group combat. In this section the
conditions that favour the increase of left-handedness in the population and the relatedness
are the same as previous section “81.5 Parental-of-origin effects” when considering within-
group combat, while the relative fitness function change to expression (S122). Letting the

LHS of the expression (S28) be f(z), then at evolutionary equilibrium, if there is an
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intermediate level of left-handedness zw ™ and zm ™", which satisfies f(z,'*) = 0 and

f(zp"™) = 0, respectively, we obtain the optima

yore 2L bmaiut bmui-m (5129)
M 2 2TO|—M + bfT]A|—M + me]Ul_M
gl = 1 bfr]A|—P + me'][”_p (8130)
p ==

22r9)-p + berja|—p + bmTjuj-p
f'(z) < 0is true for all the values of z, thus zm ™ and zp ™ are the optimal values of left-
handedness from the perspective of maternal- and paternal-origin genes, respectively.
Substituting all the parameters of relatedness, we obtain optimal value of maternal-origin
genes, zm
zy'* = ((by(=2Am(Hy, + 1)1 — M) + 2Am(1 —m)(1 — M — 2m + 2H,,)n
+ (8 — 2Am(1 — m)(M — 2m + Hy))n?) + be(Hs
+ 1)(—2Am(1 — ) 4+ 2Am(1 — m)(5 — 2/ + 2H; + M)n
+ B+ m* —mB(5—my) — (4 —my)Hy — me(8 + (Hpy
—3my, + 4)my,) — me? (=10 + 3my, + Hy))n?)))
/ (2(=2buAm(Hy + 1) (1 — M) — 2Am(1 — ) (by, + 2(M
(5131)
—2m+ 1)+ byy(M —m¢) + byy(2Hy, — mp))n + (b (8
—2Am(1 —m)(M — 2m + Hy)) — 4(1 —m)(—4 — m2(1
—My) + My + My — me(my? — 3)))n? + 16(2 — m)mn3
+ be(—2Am(He + 1)(1 — ) + 2Am(1 — m) (5 — 2 + 2H;
+Mn+ (8 +m* —mB(5 —my) — (4 —my)Hy, — me(8
+ (Hy, — 3my, + 4)my,) — m(—10 + Hy, + 3my,))n?))))

With similar process, we obtain the optimal value left-handedness zp ™.
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910

911

912

913

914

915

916

917

918

919

920

zp"* = ((=2bpmAm(1 — M) (Hy + 1) + 2b,Am(1 — ) (5 + M — 2/

+ 2H)n — 8bn? + by (—8 + (4 — me)Hy — Hpy (4 + Hpy

—My) + M(4 + 2mAm + M — 4mg — Am))n? — 2bAm(1

—m)(He+ 1+ (2 — 1 — 2Hg — M)n + (2 — 3)mg

—mp)n?))) / ((2(-2bypAm(1 — m)(Hy, + 1) + 2Am(1

-m)2M-2m+1)+b,(5+M—-2m+ 2H,))n (5132)

+ (b (-8+ @4 —mpH;—H,(4+Hyy —my) + M(4

+ 2mAm + M — 4m¢ — Am)) — 4(1 — m) (4 — me?(1 — my,)

+ Hp — my, — me(1 + mp?)))n? — 16(2 — m)mn3

+ be(—8n? — 2Am(1 —m)(Hg+ 1+ (2m — 1 — 2H — M)n

+ ((2m — 3)ms — my)n?)))))
The optimal value of left-handedness for the perspective of the whole genes of the individual
z’*Is

2" = (20AbAm(1 — ) + (be(4 + Hp — Hy) + by (4 — Hp
+ Hy))n)/(4AbAm(1 — m) — 2(by,(Hf — Hy, —4) — 8 (5133)
— b¢(4 + Hf — Hy) — 8m(2 —m)(n — 1))n)

where Am = mg — my,, m = (mg +my,)/2, Ab = bg — by, b = (bs + by,) /2, Hf = (mg —
2)mg, Hy, = (my, — 2)my,. We set the female dispersal rate ms = 0.5, the relative importance
of combat relative to all types of competition for the female and male bs = by, = 1, and the
number of individuals each sex born in the same patch n = 5 for Figure S4. For the zoomed-in
parts, the range of male dispersal rate mm is from 0.499 to 0.501, the range of the equilibrium

frequency of left-handedness is from 0.09995 to 0.10005.

2.4 | Sex-specific effects
Here we consider how sex effects add to the mediation of kin selection on handedness under

the circumstances of between-group combat. In this section, the conditions that favour the
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921

922

923

924

925

926

927

928

929

930

931

932

933

934

935

increase of left-handedness, the relatedness are the same as the previous section “&1.6 Sex-
specific effects” when considering within-group combat, while the relative fitness function
changes to expression (S122). For locus G1 which only controls the handedness trait of
females, using similar methods as previous sections, letting the LHS of expression (S50) be
f(2), f'(z) < 0is true for all the values of z and all of the four coefficients of relatedness
above, at evolutionary equilibrium, if there is an intermediate level of left-handedness z¢~,
this satisfies f(z¢*) = 0, we obtain the optimal value of left-handedness z¢~ for all the loci

that control handedness only when they are carried by females

1 bfT']A

Ix __

B ZTOM + bfT]A (3134)

Zf

Similarly, we obtain the optimal value of locus G, when left-handedness is altruistic, zm ™

me']U

EE— S135
Tor + bmTu ( )

1% 1
Zmzz

Similarly, we can obtain the optimal value for the locus G:1 from the perspective of maternal-
origin genes, zav *, and that from the perspective of paternal-origin genes, zs *, and the
optimal value for the locus G2 from the perspective of maternal-origin genes and paternal-

origin genes respectively: zmw ™ and zmp ™

S 1 bmaw (5136)
ot ==
271oM)-M T beTjaj-m
2o = £ DTTIALP (s137)
A
21om|—p + berjal—p
SN (5138)
==
" 270p-M T bmTju)-m
g = L bmTui-r (5139)
=
" 210p|-p + bmTju)-p

Substituting all the relatedness in expressions (S134)-(S139) we obtain the optimal values of

left-handedness when considering between-group combat:
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3 be(Hy, — He + 2(2 — Am(1 — m))n)
 8n+8M(2 — m)(n — Vn + 2be(Hy — He + 2(2 — Am(1 — ) )n)

Ix

Zf

zem'™ = ((be((8 + He(4 + Hy — mg) — Hyy (4 — myp)
+ M(H¢ — Hy, + 2/ + 2my, — M))n? — 2Am(1 —m)(He + 1
+(2m =5 - 2H; — M)n)))) / (22Am(1 — m)(M — 2m + 1)n
+be(8 + He(4 + Hy — mg) — Hyy (4 — my) + M(H — Hp, + 271
+2my — 4 — M))n? + 2n?(—(1 — m)(—4 + MAm — 2IAm + 2
+2mg) + 4(2 — m)mn) — 2bgAm(1 — m)(H¢ + 1 + (2m — 5 — 2H;
— M)n))))

zip" = —(((be(—8n? — 2Am(1 — M) (H¢ + 1 + (2m — 1 — 2H; — M)n + ((2m
= 3)ms — my)n?)))) / (22Am(1 — M)(M — 2m + 1)(1 — mp)n
+8bm? — 2(1 — m)(2Mm + 2my, — 4 + 2MmAm — MAm)n?
+8(2 —m)mn3 + 2beAm(1 —m)(Hy+ 1+ (2 —1—2H;— M)n

+ ((2m = 3)ymg — my)n?)))))

e b (Hf — Hy + 2(2 + Am — Amm)n)
“m = 8n + 8m(2 — m)(n — D)n + 2by (Hy — Hy + 2(2 + Am — Amim)n)

Zmm” = ((=bm (=2(1 — M) (Hp + 1)Am — 2Am(1 — m)(1 + M — 2/ + 2Hy)n
+ (=8 + 2Am(1 — m)(M — 2m + Hy,))n?)))
/ (2(n(=2Am(1 — m)(M — 27 + 1)
+2(1 — m)(MAm — 4 — 2mAm + 2m + 2mg)n — 8(2 — m)mn?)
+ by (2(1 = M) (Hy + 1)Am — 2Am(1 — m)(1 + M — 2 + 2Hy)n

+ (=8 + 2Am(1 — m)(M — 2m + Hy))n?))))
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940
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945

946

947

948

949

950

951

Zmp' = —((bmAm(—2(1 — M)(Hy + 1) + 2Am(1 — m)(5 + M — 2m + 2Hp,)n (S145)

+ (=8 + (4 — mf)Hs — Hy (4 + Hy, — myp) + M(4 + 2mAm + M

— 4m; — Am))n?))) / (2((-2am(1 —m)(M — 2m + 1)

- 2(1 —-m)(2m — 4 + 2mAm + 2m,, — MAm)n + 8(2 — m)mn?)

+bn(2(1 —m)(Hy + 1)Am — 2Am(1 — m)(5 + M — 2m + 2Hp)n

+ (8 — He(4 — my) + mp,(—8 — (Hf— 3me+ 4)me+ 10m, — M

— MAm — 5mp? + mp*)n?)))))
where Am = mg — my,, m = (mg +my,)/2, M = mgmy,, Ab = b — by, b = (bs + by,) /2,
Hi = (m¢ — 2)m¢, Hy = (my, — 2)my,. We set the female dispersal rate ms = 0.5, the
relative importance of combat relative to all types of competition for the female and male bs =
bm =1, and number of the number of individuals each sex born in the same patch n =5 for

Figure S3b.

2.5 | Parental genetic effects

Here we consider how parental effects mediate handedness considering handedness under the
circumstances of between-group combat. In this section the coefficients of relatedness and all
the nine situations are the same as previous section “81.7 Parental genetic effects” when
considering within-group combat, but the relative fitness function changes to expression
(S122). Using similar methods as previous sections, letting the LHS of expression (S66) be
f(2), f'(z) < 0istrue for all the values of z and all of the four relatedness, then at
evolutionary equilibrium, if there is an intermediate level of left-handedness zpo ™, this
satisfies f(zpo'*) = 0, we obtain the optimum of left-handedness from the perspective of
parent’s genes

berimap + bmTpup

1
Zp0"" =3 (S146)

berymap + Tjmcp + Tjpcp + bmTjpup
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953

954

955

956

957

958

959

960

961

962

Similarly, we can obtain the optimal value of left-handedness from the perspective of parent’s

genes to its daughter

1 berymap
ZPD,* == S147
2 berymap + Tjmcp ( )
the optimal value of left-handedness from the perspective of parent’s genes to its son
1 bynpup
zZps't == S148
Fs 215pGp + bmTjpup ( )

the optimal value of left-handedness from the perspective of mother’s genes to her offspring

berymam + bmTpum

I'x 1
ZM0 “ Z

S149
berymam + Tjmem + 1jpem + bmTjpum ( )

the optimal value of left-handedness from the perspective of mother’s genes to her daughters

. bfT]MAM

ZMD

1
2

S150
berymam + Tjmem ( )

the optimal value of left-handedness from the perspective of mother’s genes to her sons

meJPUM

I*

1
ZMs =5

S151
1pGM T bmTjpum ( )

the optimal value of left-handedness from the perspective of father’s genes to his offspring

berymar + bm™jpur

% 1
ZF0 = E

S§152
berpmar + 1imcr + TjpGE + bmTjpUF ( )

the optimal value of left-handedness from the perspective of father’s genes to his daughters

bfT]MAF

I

ZFD

1
= S153
2 berymar + TyMGF ( )

and the optimal value of left-handedness from the perspective of father’s genes to his sons

me]PUF

1
75" =5 (S154)

1jpGF + DmTjpUF
Substituting all of the relatedness, we obtain the optimal values of left-handedness when

considering between-group combat
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Zp0"" = ((—(2Am(=2Ab + bemg — byymyy, + TAb)) + (2be(4 + Am + Hy + M
—2mg) + 2by (4 — 4my, — m(me — 3my)))n)) / ((—2Am(be(—4
+3mg+my,) — by (—4 + me+ 3my,)) + 2(2bs(4 + mAm + Hg (S§155)
+ M — 2my) + 2(8 + H — 127 + 6M + Hyy) + by (8 — 8myy
— 2m(ms — 3mpy)))n + 16m(2 — m)n?))
zpp'* = (bf(Bm?(n — 1) + 8n + 2me(2 + mp, + (M, — 4)n) + My (—4 + My

—myn)))) / ((8n(2 — 4m + m? + M + m(2 — m)n) + 2bs(3m*(n

(S156)
- 1) +8n+2me(2 + my, + (Mmy, — 4)n) + my(my, — 4
— mpn))))
zps”* = (bp(m?(n—1) — 8n+ my(—4 — 3mpu(n — 1) + 8n) — 2M + 4ms
—2Mn)) / ((=2byAm(—4 + mg + 3my,)
(S157)

+ 2(16m — 8 — 4m? — 8by, + 8bymy + byms — 6bymym

+ 4M)n — 8m(2 — m)n?))
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Zmo0" = ((—28m(be(Hg + 1) + by (Hyy + 1))(1 — ) — Am(be(=10 + 2m;?
+ me(Hp — 6my + 16) — 3m? (3 — my,) — Hyy + 4my) + by (=2
—me2(1 —my) + Hy (=5 + 2my,) + m¢(3Hy, — 2mpy, + 4)))n
+ (be(8 + m¢* + me3(mpy, — 5) + (Hy — 3mpy, + H)mpy, — me(mpy,
—3)(—4 + Hy) —m¢? (11 + mpy + mp?)) + by (8 + me3 (myy,
— 1) + m¢® 3 + Hy, — 3my) — my (4 + mp (5 + Hy, — 3myy))
+ me(—4 + my (6 + my, — mp?)))IN?)) / ((—4Am(be(H; + 1)
+ by (Hy, + 1) (1 — 1) — 2Am(—4(M — 27 + 1)(1 — 770)

(5158)

+ be(—10 + 2m¢® + me(Hy, — 6my, + 16) + 3me? (my, — 3) — Hy
+4mp) + by (=2 — m?(1 — my,) + Hyy (=5 + 2my) + me(3Hy,
= 2my + D))n+ 2(be(8 + me* + me® (my, — 5) + (Hyy, — 3myy,
+ H)ymy, — me(my, — 3)(—4 + Hy) — me? (—11 + my, + my?))
+2(8 + m¢? (4 —3mpy) —me (1 — my) + my (=6 + Hy) — me(10
+ My (=6 + Hy — myy))) + by (8 —me® (1 —my) + me® (3 + Hy,
—3my) —mu(4 +my (5 + Hy — 3my,)) + me(—4 + mpy, (6 + my,
—mp?)))n? + 16m(2 — m)n?))

zup* = ((be(—2Am(Hs + 1)(1 — m) — Am(—=10 + 2m¢ + me(H,, — 6m,, + 16)
—3m¢? (3 —mpy) — Hy + 4myp)n + (8 + me* + m3(my, — 5)
+ (Hy — 3my + )mpy, + me(3 — my)(—4 + Hyp) — me? (mpy, — 11
+ my?))n?))) / ((—4bsAm(He + 1)(1 — m) — 2Am(—2(M — 2m
+ 1)(1 = m) + be(—10 + 2m¢> + me(Hy, — 6mpy, + 16) + 3me?(my, (S159)
—3)— Hp +4my))n+ 2(8 + me? (4 — 3my) — m2 (1 — my,)
+ My (—6 + Hy) — me(10 + mpy, (—6 + Hy, — my,)) + be(8 + my*
+m(my — 5) + (Hyp — 3my + 9)mpy, — (M — 3mg)(—4 + Hy,)

—me? (=11 + my, + my?))n? + 8m(2 — m)n?))
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zZps = (b 2Am(Hy, + 1)(1 — m) — Am(—2 — m¢?2(1 — my,) + Hp,(2my, — 5)
+ m¢(3Hy, — 2mpy + H))n + (8 + m(my, — 1) + me? (3 + Hy
—-3my) —myu(4+my(5+ Hy —3my)) + me(—4 + my, (6 + my,
—mn?)))n?)) / (—4bmAm(Hy + 1) (1 —m) — 4Am(—(M — 2m
+ 1)1 = M) + by (=2 — m?(1 — my,) + Hy (=5 + 2my,) + me(Hy,  (S160)
—6my +4))n + 2(8 + mg? (4 — 3my,) — me (1 — my) + My (—6
+ Hp) — me(10 + mp, (=6 + Hyy — mp,)) + by (8 — me3(1 — myy,)
+mg® (3 + Hy — 3my) — My (4 + my (5 + Hy, — 3my)) + me(—4
+ My (6 + My, — my?))))n? + 8m(2 — m)n?))

zro' " = ((—2Am(bs(He + 1) + by (Hy, + 1))(1 — m) — Am(be(—2 + He(—5 + 2my)
+ 4m, + me(B3ms — 8)my, — (1 — mp)my?) + by (=10 + 6m;
— mg?(Hg — 6ms + 16)my, + 3(ms — 3)mpy? + 2my,3))n + (be(—8
+met + me3 (mpy, — 5) + My (4 + Hyy — mp,) — me(—4 + (my
—3)Hy) —m(Mpy — 5+ mp?)) + by (-8 — mB3(1 — my,)
+me? (5+ Hy, — 3my) — my (=12 + mp, (11 + Hy, — 3my,))
+me(—4 + My (2 + My — mp*))NIn?) / ((—4Am(be(He + 1)
+ by (Hy + 1))(1 — M) — 2Am(—4(M — 2 + 1)(1 — ) + be(—2

(S161)

+ He(2ms — 5) + 4my, + M(3m¢ — 8) — (1 — me)my,?) + by (—10
+ 6mg — me2(Hg — 6mg + 16)my, + 3(ms — 3)my,? + 2my,3))n
+ 2(—=16 — 16Ab + 12m¢ + 4bgm¢ — 4byyms + 4m¢® + 5hem?
+ 5byme? — 2mgS — 5beme® — bymg + bemg* + (4(5 + bg + 3by,)
+ 2(=6 — 2bs — Ab)Yms — (6 + 2b + 4by)me® + (2 + by
+ by)m)my, + (=8 + 6mg — be(3 + Hp — 3my) + by (=11 + m¢
+me?))mpy,% + (2 + 2b + 4by, — 2(1 + b)mp)my,> — byym,*)n?

—16m(2 — m)n?))
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967

zep' " = ((=2bfAm(H; + 1)(1 — m) — Am(—2 + H¢(2m¢ — 5) + 4my,
+me(3mg — 8)mpy — (1 = mmpIn + (=8 + me* + me® (my
= 5) + My (4 + Hyy — M) — me(—4 — Hpn (3 — my)) — mg? (myy
=5+ mp*))n?)) / ((2(=2bsAm(Hy + 1)(1 — m) — Am(—2(M
—2m+1)(1 —m) + be(—2 + Hi(2ms — 5) + 4my,

(5162)
+me(3mg — 8)mpy, — (1 — mpmp®)n + (=8 + m* (2 — 3my,)
—mE(1—my) + myu(10 + Hy — 2my, ) — me(—6 + my, (6 + Hy
—mp)) + be(—8 + m¢* + m3(my, — 5) + my (4 + Hy, — mpy)

—me(—4 — Hp(3 — mp)) — m¢® (my, — 5 + mp?)))n?
— 4m(2 — m)n?)))

Zps" = (b (=28m(Hy, + 1) (1 — ) — Am(—10 + 4m; — Hy + my, (Hy — 6my
+16) + 3(—3 + mp) my? + 2mp,3n + (-8 —mB(1 — my,)
+me?(5+ Hy — 3my) — My (=12 + my, (11 + Hy, — 3myy,))
+me(—4 + mp (2 + My —myp?))In?)))
/ ((2(—=2bpyAm(Hy, + 1)(1 —m) — Am(—2(M —2m + 1)(1 — m)
+ by (—10 + 4m¢ — H + my, (He — 6mg + 16) + 3(—=3 + my) my,2  (S163)
+2m3)n+ (-8 + m?(2 — 3my,) — me3 (1 —my,) + my, (10
+ Hy — 2my) — me(—6 + my, (6 + Hyy — mp)) + by (—8 — me3(1
—my) + me?(5+ Hy — 3my) —my (=12 + my, (11 + Hy,
—3mpy)) + me(—4 + mp (2 + my, — mp?))))n?
— 4m(2 — m)n®)))

where Am = mg — my,, m = (mg +my,)/2, M = mgmy,, Ab = be — by, b = (bs + by,) /2,

Hy = (mf - Z)mf, Hy, = (mm - Z)mm-

Here we show what if there are differences between the parental genetic effects on daughters

and those on sons in the context of between-group combats, hence left-handedness is
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968  marginally altruistic. Under female-biased dispersal, genes carried by parents would favour a
969 lower level of left-handedness for daughters than for sons; while under male-biased dispersal,
970  genes carried by parent would favour a higher level of left-handedness for daughters than for
971  sons (Figure S6).
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