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Supplementary Information for " Rapid evolution of

reproductive barriersdriven by sexual conflict” by S.
Gavrilets

PART 1 Thisisa printout of a M aple notebook
(available from the author and Nature)

Derivation of equations 2a and 10a from equations 9

| Below I'll be using X=x-x_mean and delta=x_mean-y_mean so that x-y _mean=X+delta.
Also, Y=y-y mean.

| The proportion of the males compatible with femaletraity is

> P:=1-al pha*(V[y] +(X+del ta)"2);

I P:=1-a(V,+(X+8))

> expand(");

I 1-aV,-—axX’-2aX3d-ad

| > P: =subs(del ta*2=kappa/ al pha, "); | introduce aspecial notation for
kappa=al pha* delta’2

because in different expansions alphais small (<<s,theta) but kappa will have the same order

as s and theta

I P=1-aV,-aX-2aXd-K
| Female fitness function (from equation 1a):
> Wx] := 1-S*(P-1+theta)”"2;
2
W,=1-S(-aV,-aX*-2a X3~k +6)

E coefficients a i in fitness function expansion (8):
> A =i->col |l ect (expand(subs(X=0,diff(Wx],X$i)/i!)), al pha);

diff(W,, X$1)
A=io coIIect%pand%.lbs%( =0, . % a E

> subs(Y=0,Wx]): a[0]:=collect(expand("), al pha);

3 2 2 52 2 4y 2
8,:=(-4SX’5-2SV, X’ -4SV,X3-4SX’ 8-SV, -sx*)a
+(-2SX*Kk—4SX3K+4SX50+2SV,0+2SX°6-2SV, k) o +1-SK*

. +2SkB8-S@°
> A(1l): a[1]:=";
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al::—4Sa26Vy+(—456K+4S§G)a

> A(2): a[2]:=";
I 8,:=(-4S8"-2SV,)a°+(-2Sk+2S6) a
> A(3): a[3]:=";
| a3::—4SO(26
> A(4): a[4]:.=";
| a4::—80(2
> A(5); A(6);
0
0

. Denominator of 9a (mean fitness):
> Denom =a[ 0] +sum(a[i]*Mi],i=2..4);

— 3 2 2 <2 2 4y 2

Denom:= (-4 SX*3-2SV, X*-4SV,X3-4SX°5 - SV, -Sx*) a
+(-2SX*k—4SX3K+4SX50+2SV,0+2SX°6-2SV, k) o +1-SK*
+2SKk0-S6°+((-4S8 -2SV,) a’+(-2Sk +2S0) a) M,-4Sa’ 5 M,

| -Sa’ M,
[ Numerator of 9a
> Numer l:=sum(a[i]*Mi+1],i=1..4);

Numerl:= (-4 Sa’ 8V, + (-4 S5k +4536)a) M,

| +((-4S8-2SV,) 0’ +(-2Sk +258) a) My -4 Sa’ 3M, - Sa’ M,
| > Equation 9a
[ > subs(del ta®2=kappa/ al pha, Numer 1/ Denon;

%—480(26Vy+(—486k+4866)0() M,

SK 2 2 2
+ 4 . —ZSVy 0" +(-2SKk+2S08)aEM;-4Sa” dM, —Sa” Mg

X2 K

2
%4sx36—2svyx2—4svyx5—4 -SV, —sx“ga2

a
+(-2SX°K-4SXBK+4SX30+2SV,0+2SX*6-2SV,K)a +1-SK’

SK
+28K6—862+%47—28Vy%0(2+(—28K+286)0(EM2—480(26M3

2
-Sa M4E
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F> simplify(");
Sa
(43M,aV, +45M,K—48M,0+6MK+2M;aV,-2M,0+4a M, +a M) /
23 2 2 2 2 2,,2 2 4
(4Sa"X°0+2S8a"V, X"+4Sa"V, X3+6Sa X k+Sa"V, +Sa"X"+4Sa Xk
-4SaX36-2SaV,0-2SaX*0+2SaV,k~-1+Sk’-2Sk8+S6’
. +6SaM,k+2Sa’M,V,-2SaM,08+4Sa’5M,+Sa’M,)
> "/ (S*al pha);
(43M,aV, +45M,K—435M,0+6MK+2M;aV,-2M,0+4a M, +a M) /
23 2 2 2 2 2,,2 2 4
(4Sa"X°0+2S8a"V, X"+4Sa"V, X0+6Sa X k+Sa"V, +Sa"X"+4Sa Xk
-4SaX36-2SaV,0-2SaX*0+2SaV,k~-1+Sk’-2Sk8+S6’

+6Sa M,k +2Sa’M,V,-2SaM,08+4Sa’5M,+Sa’M,)

. Dominant part (in apha)
> factor(subs(al pha=0,"));

20M,K-20M,6+3M;K—-M; 6

2 2 2
~1+SK*-2SKk8+S8

[ Neglecting 3rd moment
"> factor(subs({M3]=0, M 4]=3*M2]"2},")):

&M, (K - )

4 2 2
-1+SK"-2Sk0+S0

i Equations 2a T

(neglecting s and kapparelative to 1 and dividing by 2 to account for sex-limited expression

| of thetrait)

> Del ta[ x]:=1/2*(s*al pha/t het a*2) *subs({S=0, kappa=al pha*(x-y) "2
,del ta=x-y, M2]=V[x]},");

sa (x=Yy) V, (a (x-y)’-8)
e2

A =-2

X

[ Numerator in 9b
> Nuner2:=a[ 1] *M 3] +sum(a[i]*(Mi+2]-Mi]1*M2]),i=2..4);

Numer2::(—480(26Vy+(—485|<+4866) a) Mg
+((-488-2SV,)a*+(-2Sk +2S0) a) (M, = M,) - 45a%5 (Mg — M, M,)

2
-Sa’ (Mg = M, M,)

E Equation 9b
> subs(del ta®2=kappa/ al pha, Numer 2/ Denom ( Nuner 1/ Denonm) *2);
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((-4Sa?8V, +(-4S3K +4S88) a) My + %1 (M, ~ M, ) — 4Sa? 5 (M — My M)

_SO‘Z(Ms_M4 M,)) / E

2
%4sx36—zsvyx2—4svyx5—4

2
-V, —sx“ga2
+(-2SX°Kk—4SXBK+4SX36+25SV,0+25X°0-2SV,K)a +1-SK’
+ZSK6—862+%1M2—4Sa26M3—SO(2M4E—

2
((-4Sa”8V,+(-4S8k+4S56) a) M, + %1 M;—4Sa’3M, - Sa” M) / E

2

%4sx35—2svyx2—4svyx5—4 —svyz—sx“gu2

+(-2SX*k—4SX3K+4SX50+2SV,0+2SX°06-2SV, k) o +1-SK*
+28K9—862+%1M2—4Sa25M3—Sa2M4§

Sk 2
%1 .= 47—28Vy 0"+ (-2Sk+2S8)a

> simplify("): "/(S*al pha): factor(subs(al pha=0,")); dominant
part in apha

2 2
3KM,+23M,K-3KM, —OM,-25M,0+6M,

2 2 2
-1+SK"-2Sk0+S0

> factor(subs({M3]=0,M4]=3*M2]"2},"));

M, (3K - 6)
4 2 2
i -1+SK"-2SKkB+S86
IR Equation 10a fn
(neglecting s and kappa relative to 1 and dividing by 2 to account for sex-limited expression

| of thetrait)
> Delta] Vx]:=(1/2)*(al pha*s/theta”2)*subs({S=0, kappa=al pha*(x-y
)72, M 2] =V[x]},")+mu[x];

sa sz (3a (x-y)*-0)
Ay = -2 92 + My

Derivation of equations 2b and 10b from equations 9
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| The proportion of males compatible with femaletraity is (using X=x-x_mean and
delta=x_mean-y_mean

| sothat x-y_mean=X+delta)

> P:=1-al pha*(V[y] +( X+del ta) "2);

P:i=1-a(V,+(X+3))
> expand(");
1-aV,—axX’-2aX3-ad
> P: =subs(del t a*2=kappa/ al pha, ");
P=1-aV,-aX-2aXd-K

E Male fitness function (eq.1b) isthe integral over X of
> Wy]:=(1-al pha*(X-Y+delta)"2)*(1-B*P);

W, = (1= (X=Y+3)?) (1-B(1-aV,-a X -2aX5-kK))

> expand("):collect(",delta);

20’8 BX+(aB-a+4a°YBX-0a’BV,-~aBk-5a"X*B) 5 +(-4a’X’B
+20°YBV,-2aX+2aY-2aYB+6a°X’YB+4BaX-2a"Y’'BX
-20XBk+20YBk-2a’XBV,)8+1+2BaX -aX’~a Y -a X’ Bk
+2aXY-B+BaV,+Bk+a Y B+2a’XYBV,-a*X*BV,-a°X'B

+20XYBKk-20XYB+20° X’ YB-a Y¥’Bk -’ Y¥’BV,-a’ Y’ BX?
[ inregrating over X:

| > subs(X*2=V[x],"): subs(X=0,"); thisisbecause

Integral (x-x_mean)"2 p(x) dx=V[x] and Integral (x-x_mean) p(x) dx = 0.

1+(aB-a-a’BV,-aBk-5a’V,B)&

+(20°YBV,+2aY-2aYB+60a°V,YB+2a YBk)3+2BaV,~aV,-a Y
. -aV,Bk-B+BaV,+Bk+a¥B-a’V,BV,-a Y Bk-a’Y’BV,-a’Y¥’BV,
. Malefitness function defined by 1b

> Wy]: =expand(subs({del t a*2=kappa/ al pha, del t a*3=del t a* kappa/ al
pha},"));

W,:=1+2BKk-K-KaBV,-k’B-6aV,Bk+2a°Y3BV,+2aY5-2aY3B
+63a°V,YB+2aY3Bk+2BaV,~aV,-aY -B+BaV,+a Y B-a’V,BY,
-~aY’Bk-a’Y’BV,-a’Y’BY,

E coefficients a i in fitness function expansion (8):
> A =i->col |l ect (expand(subs(Y=0,diff(Wy],Y$i)/i!)),al pha);

diff(W,, Y$1i)
A=i- coIIect%xpand%JbsE\(: 0, | % a E
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> subs(Y=0,Wy]): a[0]:=collect(expand("), al pha);
3:=-0°V,BV,+(-kBV,-6V,Bk+2BV,-V,+BV,)a+1+2Bk-k-Kk’B-B
> A(l): a[1l]:=";

a,:=(68V,B+23BV,)a’+(26Bk+25-23B)a

> A(2): a[2]:=";
I a,:=(-BV,-BV,)a’+(-1+B-Bk)a
> A(3): a[3]:=";
| a;:=0
(> A(4): al4]:=";
a,:=0

[ Denominator of 9a:
> Denom =a[ 0] +sun(a[i]*Mi],i=2..4);

Denom:=—0(2VXBVy+(—K BV,-6V,Bk+2BV,-V,+BV,)a+1+2BK~-K
-kK°B-B+((-BV,-BV,) o’ +(-1+B-Bk)a) M,

E Numerator of 9a
> Numerl:=sunm(a[i]*Mi+1],i=1..4);

Numerl::((66V>(B+268Vy)0(2+(ZESBK+223—268)0()M2

. +((-BV,-BV) a’+(-1+B-Bk) a) M,
| > Equation 9a
[ > subs(del ta®2=kappa/ al pha, Numer 1/ Denon;

(((65V,B+23BV,)a’+(28Bk+25-23B)a)M,
+((-BV,-BV) a’+(-1+B-Bk)a)M,) / (-o®V,BY,
+(—KBV,-6V,Bk+2BV,-V,+BV,)a+1+2Bk-k-K’B-B
+((-BV,-BV,) a®+(-1+B-Bk)a) M,)

C> sinmplify(");
—a (2M,a 8BV, +25M,-2M,3B+6M,50a V,B+2M, 5Bk -M,+M,B

-M;BK-M;a BVy—Mg(XVXB)/(GZVXBVy+KGBVy+6O(VXBK—ZBGVX
+aV,-BaV,-1-2Bk+k+k’B+B+M,a-M,aB+M,aBk+M,a’BY,

. +M,a’V,B)
> "/(al pha);
-(2M,0 8BV, +25M,-2M,3B+6M,5a V,B+2M,5Bk - M;+M; B~ M, Bk

-M;a BVy—M30(VXB)/(a2VXBVy+KaBVy+6aVXBK—ZBaVX+aVX
-BaV,-1-2BKk+K+K'B+B+M,a-M,aB+M,aBk+M,a’BV,
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+M,a’ V, B)
. Dominant part (in apha)
> factor(subs(al pha=0,"));

[ Neglecting 3rd moment
> factor(subs({M3]=0,M4]=3*M2]"2},"));

oM,
-2

| K—1

nonnnnnnnnnn i Equation (2b). rnnnnnnn

(neglecting kapparelative to 1 and dividing by 2 to account forsex-limited expression of
| trait)
> Delta[y]:=subs({kappa=0,M 2] =V[y], del t a=x-y}, al pha*"/2);
| Aji=a(x-y)V,

[ Numerator in 9b
> Numer2:=a[1]*M 3] +sun(al[i]*(Mi+2]-Mi]*M2]),i=2..4);

Numer2:= ((65V,B+23BV,) a®+(23Bk +23-23B)a)M,
+((-BV,~BV,) o®+(-1+B-BK) a) (M, ~ M, )

E Equation 9b
[ > subs(del t a*2=kappa/ al pha, Numner 2/ Denom ( Nuner 1/ Denom *2) ;

2
(((63V,B+23BV,)a’+(23Bk+23-258B)a)M;+%1L(M,- M, ))/(
-a’V,BV,+(-kBV,-6V,Bk+2BV,-V,+BV,)a+1+2Bk-k-k’B-B

2
+%1M,) - (((68V,B+23BV,) o’ +(25BK+28-23B)a) M, +%1LM,) /(

-a*V, BV, +(—k BV, -6V, BK+2BV,-V,+BV,)a+1+2BKk -k -k’ B-B

2
+ %1 M,)

. %l:=(-BV,-BV,)a’+(-1+B-Bk)a
> sinplify("): "/al pha: factor(subs(al pha=0,"));
25M, - M, +M,
B K-1
> factor(subs({M 3]=0,M 4] =3*M 2] "2}, al pha*"));
GM22

K-1
R RRNRRR RN anay| Equation 10b EERRRRRRRRN

2
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| (neglecting kapparelative to 1 and dividing by 2 to account for sex-limited expression of trait)
> Del ta[ Vy]: =subs({kappa=0, M 2] =V[y]}, "/ 2)+nu[y];

2
Ay =-V, a+p,

|
V
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