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|. Analysis of the model and generation of the

main text figures

A. Derivation of the model

Allele frequencies and variables

x| = freq of TIPI| genotype
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x2 = freq of TI1P2 genotype
x3 = freq of T2P| genotype
x4 = freq of T2P2 genotype

s = viability cost of carrying the trait allele for females

a = viability cost of carrying the trait allele for males

U = rate at which T2 mutates to T1| in each generation

¢ = cost of the preference allele

p = strength of aversion that P2 males express to T| females

f = fecundity benefit gained by males that mate with a T2 female (all
matings with T2 females have fecundity = |+f, where 0 <= f, while

matings with T| females have fecundity = 1)

1= ClearAll[x1l, x2, x3, x4, x1vf, x2vf, x3vf, x4vf, xlvm,

x2vm, x3vm, x4vm, p, s, r, £, u, F, p2, t2, diseq, a, c]

n2= A =8,

If analyzing with no cost of preference, set ¢ = 0 here:

nar= € =07
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Mutation and viability selection

xiM = frequency of xi individuals after mutation

4= x1p = x1 + p * x3
X2U = X2 + U * x4
x3u = x3 (l—u)
x4y = x4 % (l—u)

outdl= x1 + x3 U
outsl= X2 + x4 |
outel= x3 (1 -p)

ouf7= x4 (1 -p)
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viability selection:
xivf = frequency of xi males after viability selection

xivm = frequency of xi females after viability selection

ngl= x1vE =
FullSlmpllfy[xlu/ (xlu + X2 * (1 - C) +X3u * (1 - a) +xdpx (1 - a) * (1 - c) ) ]

x2vf = FullS:mel:Lfy[ (x2u * ( c) ) /
(x1u+x2u*(1 c)+x3u*( a)+x4u*( -a)*(l—c))]

x3vf = FullS:mel:Lfy[ (x3u * (1 a)) /
(x1u+x2u* (1 C) +X3u * (1 a) +x4p * (1'0‘) * (1—c))]

x4vE = FullSimplify[ (x4u* (1-a) * (1-¢)) /
(x1u+x2u* (l—c) +X3u * (1-0‘) +x4u * (1'0‘) * (1—c))]

x1 +x3 U
out[gl=
x1+x2+ (x3+x4) (L+s (-1+pwp))
X2 + x4 u
out[9]=
x1+x2+ (x3+x4) (L+s (-1+pwp))
(-1+s) x3 1+u)
out{10]=

x1 +x2+ (x3+x4

1+u)

(-
(L+s (-1+p))
(-

out[11]=

(1

)
(-1+s) x4
)

x1 +x2 + (x3 + x4 +s (-1+pw))
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(2= Xx1lvm = FullSimplify[xlu/ (xlu + X2U + X3 * (1 - s) +X4Uu * (1 - s) ) ]
X2vm = FullSimplify[xZu/ (xlu +X21 + X3 * (1 - s) + X4Uu * (1 - s) ) ]
x3vm = FullSimplify[ (x3u * (1 - s) ) / (xlu + X201 + X3 % (1 - s) +xX4u * (1 - s) ) ]
x4vm = FullSimplify[ (x4u * (1 - s) ) / (xlu + X201 + X3 * (1 - s) +X4u * (1 - s) ) ]

x1 +x3 U
out[12]=
x1+x2+ (x3+x4) (L+s (-1+pw))
X2 + x4 U
Out[13]=
x1+x2+ (x3+x4) (L+s (-1+u))
(-1+s) x3 (-1+pu)
Out[14]=
x1+x2+ (x3+x4) (L+s (-1+pwp))
(-1+s) x4 (-1+pu)
out[15]=
x1+x2+ (x3+x4) (L+s (-1+pw))

Mating

PiTjs = frequency of matings between Pi males and Tj females
For Pl males, the availability of T2 females for mating is affected by

the frequency of P2 males

o= P2T1s = Simplify [ ((x2vE + x4vE) / (X1vE + x2vE + x3vE + x4vE) ) *
( (xlvm+ x2vm) / (xlvm+ x2vm + x3vm + x4vm) ) * (l —p) ] ;
P1T1s = Simplify [ ((x1vf + x2v£) / (x1vE + x2vE + x3vE + x4vE) ) - P2T1s];
P2T2s = Simplify[ ( (x2vf + x4vf) / (xlvf + x2vE + x3vEf + x4vf) ) - P2Tls] ;
P1T2s = Simplify [ ((x1vf + x3vE) / (x1vE + x2vE + x3vE + x4vE) ) - P1T1s];

Total frequency of Pl males: x| +x3
of P2 males: x2+x4

of Tl females: x| +x2
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of T2 females: x3+x4

Within each mating type, the relative frequency of genotypes:
male P2T2: x4/(x2+x4)

male P2T |: x2/(x2+x4)

male PIT2: x3/(x|+x3)

male PITI: x1/(x1+x3)

female P2T2: x4/(x3+x4)

female P1T2: x3/(x3+x4)

female P2T|: x2/(x1+x2)

female PITI: x1/(x1+x2)

mij = frequency of xi male genotype mating with xj female genotype

Frequency of x4 male genotype mating with x3 female genotype =
m43 = relative freq of the male genotype among P2 males * relative

freq of the female genotype among T2 females * relative freq of a
P2T2 mating
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inoj= mll = FullSimplify[ (xlvf/ (xlvf + x3vf) ) * (xlvm/ (xlvm + x2vm) ) * PlTls] ;
ml2 = FullSimplify [ (x1vE / (x1vE + x3vE)) & (x2vm / (x1lvm+ x2vm)) * P1T1s];
ml3 = FullSimplify[ (xlvf/ (xlvf + x3vf) ) * (x3vm/ (x3vm + x4vm) ) * PlTZS] ;
ml4 = FullSimplify [ (x1vE / (x1vE + x3vE)) & (x4vm/ (x3vm + x4vm) ) * P1T2s] ;
m21 = FullSimplify[ (x2vf/ (x2vf + x4vf) ) * (xlvm/ (xlvm + x2vm) ) * P2Tls] ;
m22 = FullSimplify [ (x2vE / (x2v£ + x4vE)) & (x2vm / (x1lvm+ x2vm)) * P2T1s] ;
m23 = FullSimplify[ (x2vf/ (x2vf + x4vf) ) * (x3vm/ (x3vm + x4vm) ) * P2T2$] ;
m24 = FullSimplify [ (x2vE / (x2vE + x4vE)) # (x4vm / (x3vm + x4vm) ) * P2T2s] ;
m31 = FullSimplify[ (x3vf/ (xlvf + x3vf) ) * (xlvm/ (xlvm + x2vm) ) * PlTls] ;
m32 = FullSimplify [ (x3vE / (x1vE + x3vE)) # (x2vm / (x1lvm+ x2vm)) % P1T1s];
m33 = FullSimplify[ (x3vf/ (xlvf + x3vf) ) * (x3vm/ (x3vm + x4vm) ) * PlTZS] ;
m34 = FullSimplify [ (x3vE / (x1vE + x3vE)) & (x4vm/ (x3vm + x4vm) ) » P1T2s] ;
m4l = FullSimplify[ (x4vf/ (x2vf + x4vf) ) * (xlvm/ (xlvm + x2vm) ) * P2Tls] ;
m42 = FullSimplify [ (x4vE / (x2vE + x4vE)) & (x2vm / (x1lvm+ x2vm)) * P2T1s];
m43 = FullSimplify[ (x4vf/ (x2vf + x4vf) ) * (x3vm/ (x3vm + x4vm) ) * P2T2$] ;
m44 = FullSimplify [ (x4vE / (x2vE + x4vE)) & (x4vm / (x3vm + x4vm) ) * P2T2s] ;

Check: should add up to relative frequency of each male genotype,

and total to |I:

nEel= m1lj = FullSimplify[mll +ml2 +ml3 +ml4];
m2j = FullSimplify[m21 + m22 + m23 + m24] ;
m3j = FullSimplify[m31 +m32 + m33 +m34] ;

FullSimplify[m4l +m42 + m43 + m44];

FullSimplify[mlj +m2]j +m3j +m4]j];

m4j

1= mil = FullSimplify[mll + m21 + m31 + m41] ;
mi2 = FullSimplify[ml2 + m22 + m32 + m42] ;
mi3 = FullSimplify[ml3 +m23 +m33 +m43] ;
mi4 = FullSimplify[ml4 + m24 + m34 + m44] ;
FullSimplify[mil +mi2 +mi3 +mi4];
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Fecundity selection

All matings with T2 females have fecundity = |+f, where 0 <=,

while matings with T| females have fecundity = |

nel= Mm11f = FullSimplify[mll »1];
ml2f = FullSimplify[ml2 x 1] ;
ml3f = FullSimplify[ml3 (1+£)];
ml4f = FullSimplify[mld » (1+£)];
m21f = FullSimplify[m21 % 1];
m22f = FullSimplify[m22 x 1] ;
m23f = FullSimplify[m23 » (1 + £f)
m24f = FullSimplify[m24 » (1 + £)
m31f = FullSimplify[m31 %1];
m32f = FullSimplify[m32 % 1] ;
m33f = FullSimplify[m33 (1+£)];
m34f = FullSimplify[m34 » (1+£)];
m41lf = FullSimplify[m4l x17];
m42f = FullSimplify[m42 x 1] ;
m43f = FullSimplify[m43 » (1 + £)
m44f = FullSimplify[md4 » (1 + £)

]:
ik

’

]:
ik

’

Normalize by fb, which is the mean fecundity across the population

we2r- £b = FullSimplify [l (mll+ml2+m21 +m22 +m31 +m32 + m41l + m42) +
(1+£) » (m13+ml4 +m23 +m24 +m33 + m34 + m43 +m44) | ;
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Normalized matings are thus:

nes= noll = FullSimplify [ml1f /£b];
nol2 = FullSimplify[ml2f /fb

nol3 = FullSimplify[ml3f /fb];
nol4 = FullSimplify[ml4f /fb
no21 = FullSimplify [m21£ / fb
no22 = FullSimplify[m22f / fb

no23 = FullSimplify[m23f /fb];

]
]
]
]
]
|
no24 = FullSimplify[m24f / fb];
]
]
]
]
]
]
]
1

’

’

’

’

no31 = FullSimplify[m31f / fb
no32 = FullSimplify[m32f /b
no33 = FullSimplify[m33f /fb
no34 = FullSimplify[m34f /fb
nodl = FullSimplify[md1lf /fb
no42 = FullSimplify[m42f /b
nod3 = FullSimplify[md3f /fb
no44 = FullSimplify[m44f / fb];

’

’

’

’

’

’

Table format

in79)= ClearAll[F]

ngo= F = Table[O0, {i, 4}, {J, 4}]
ouso- {{0, 0, 0, 0}, {0, O, O, O}, {0, O, O, O}, {0, O, O, O}}
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ne1= F[[1, 1]] = noll;
F[[1, 2]] = nol2;
F[[1, 3]] = nol3;
F[[1, 4]] = nol4;
F[[2, 1]] = no21;
F[[2, 2]] = no22;
F[[2, 3]] = no23;
F[[2, 4]] = no24;
F[[3, 1]] = no31;
F[[3, 2]] = no32;
F[[3, 3]] = no33;
F[[3, 4]] = no34;
F[[4, 1]] = no4l;
F[[4, 2]] = no42;
F[[4, 3]] = no43;
F[[4, 4]] = no4d4;

In71= F;

negl= FullSimplify[F[[1, 1]] +F[[1, 2]] +F[[1, 3]] +F[[1, 4]] +
F[[2, 1]]1+F[[2, 2]]1 +F[[2, 3]] +F[[2, 4]] +F[[3, 1]]1 +F[[3, 2]] +
F[[3, 3]1+F[[3, 4]]1 +F[[4,1]] +F[[4, 2]]1 +F[[4, 3]] +F[[4, 4]]]

out9gl= 1

Recursions

Recursions in terms of genotypes:

ine9)= ClearAll[r]
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oo x€1[1] = F[[1, 111+ (1/2) F[[1, 211+ (1/2) F[[1, 3]] +
(1/2) (1-x) FrI1, 411+ (1/2) F[[2,1]1]+(1/2) cF[[2, 3]] +
(1/2) FrI3, 111+ (1/2) cF[[3,2]]1+(1/2) (1-x) F[[4, 11];
niol= xt1[2] = (1/2) F[[1,2]] + (1/2) r F[[1,4]] +
(1/2) F[[2,1]] + F[[2,2]] + (1/2)(1-xr)F[[2,3]] +
(1/2) F[[2,4]] + (1/2) (1-xr) F[[3,2]] +
(1/2) r F[[4,1]] + (1/2) F[[4,2]];

no2- xt1[3] = (1/2) F[[1,3]] + (1/2) r F[[1,4]] +
(1/2) (1-r) F[[2,3]] + (1/2) F[[3,1]] +
(1/2) (1-r) F[[3,2]] + F[[3,3]] + (1/2) F[[3,4]] +
(1/2) r F[[4,1]] + (1/2) F[[4,3]];
nios)= xt1[4] =
(1/2) (1-r) F[[1,4]]1 + (1/2) r F[[2,3]] +
(1/2) F[[2,4]] + (1/2) r F[[3,2]] + (1/2) F[[3,4]] +
(1/2) (1-r) F[[4,1]] + (1/2) F[[4,2]] + (1/2) F[[4,3]] + F[[4,4]];

In terms of allele frequencies:

infos1= x1 = (1—t2) * (1—p2) +diseq;
x2 = (1—t2) *p2 - diseq;
x3 =t2 » (1-p2) - diseq;
x4 = t2 xp2 + diseq;
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Frequencies in generation t+1: p2tl, t2tl, and

diseqt|

If c=0, use FullSimplify for p2tl, Simplify for t2tl, and neither for
diseqtl.

iniog)= p2tl = FullSimplify[xtl1[2] + xtl1l[4]]
ouftog= (P2 (L+st2 (-1+u)) (2+2st2 (-1+u)+£ (p+t2 (-1+u) (-2+2s+p))) +
diseq (-1 +u)
(2s (1+st2 (-1+pu))+f(-L+s(l+p+t2 (-1+u) (-2+2s+p))))) /
(2 (L+st2 (-1+u)) (L+(£(-1+s)+s)t2(-1+u)))

0= £2t1 = Simplify[xtl1[3] + xtl[4]]
Out[110]= ((—l+s) (-1+u) ((—l+p2) s (2s+f (-1+2s)) t23 (-1L+pu)2+
£22 (=1 +u) (23 (-2+2p2+disegs (-1+u)) +
f<1+p2 (-1+3s) +2diseqgs? (—l+u)+s(—3+diseq—disequ))>+
t2 (2 (-1+p2+disegs (-1+u)) +f (-1+p2+diseqg (-1+u) (s-p))) -
diseqf,o))/
(2 (l+st2 (-1+p)) (L+£(-1+s)t2 (-1+p)+st2 (-1+u))
(-1l+st2+p2 (1+st2 (-1+u)) +disegs (-1+u) -st2u))

ni11:= diseqtl = xtl1l[1] xtl1[4] - xt1l[2] xt1[3];

B. Analysis of the model

The influence of the parameters on the preference

and trait frequencies
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How does p2 change with the parameters?

|. How does f influence preference frequency?

in121= 6p2f = FullSimplify[D[p2tl, £]]
ouf112)= (P2 P +
(-1+u) (diseq (-1+s) + (p2t2+s (diseq+p2t2) (1+t2 (-1+u))) p)) /
(2 (L4 (f(-1+s)+s) t2 (-1+p))?)

nf113:= FullSimplify[Reduce[dp2f > 0 && £ > 0 &&
0<p<1l&&80<s<1&&80<p2<t2<1&sdiseq20&&l1>pu20]]

oufiz= 0 s u<1&&t2<16&&f>066&0<p2<t2s&s

1
( disequ&&p>O&&((s>0&&p<1&&ss—) | |
2+t2 (-1+u)
1 1-s
(s<l&&—<s&&ps ])JH
2+t2 (-1+p) s-st2+st2u

(Osdiseq<—((p2 (L+t2 (=1+p)) (L+st2 (=1+u)) o)/

((-1+p) (-l+s+s (L+t2 (-1+p)) p))) &&

1 1-s
———— <s < 1l&& <p<l
2+t2 (-1+w) sS-st2+st2u
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1-s

Is the condition _———="———

possible (i.e., can p be greater than or
less than this quantity)?

l-s
In[137]:= FindMinimum[{ ,0<s<1&80<puc< 1&&o<t2<1},
s-st2+st2yu

{{s, 0.001}, {u, 0.001}, {t2, 0.001}}]

The algorithm does not converge to the tolerance of 4.806217383937354°+A—6 in 500 iterations.
The best estimated solution, with feasibility residual, KKT residual, or complementary
residual of {9.2226 x 1013, 0.000128012, 2.93169 x 10713}, is returned. >

ouf137= {0.102265, {s - 0.912543, ©—->0.814941, t2 - 0.339617}}

l1-s

In[136]:= FindMaximum[{ ,0<S<1&&0<u<1&&0<t2<1},

s-st2+st2u
{{s, 0.001}, {u, 0.001}, {t2, 0.001}}]

The algorithm does not converge to the tolerance of 4.806217383937354 "+~ -6 in 500 iterations.
The best estimated solution, with feasibility residual, KKT residual, or complementary
residual of {1.3691x10-%, 1.22497 x 10'7, 3.08682 x 10~'%}, is returned. >>

ouisel= {3.50369x10%, {s-2.85738x 10", 4> 0.00113752, t2 > 0.00113866}}
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Yes, this condition is relevant: p can be greater than the minimum

and less than the maximum.

Is the condition

diseg< - ((p2 (1 +t2 (-1+u)) (L+st2 (-1+u)) p)/
((=1+p) (~l+s+s(l+t2 (-1+u))pP)))
possible (can diseq be less than this quantity)?

In[139]:= FindMinimum[{— ((pz (1 +t2 (-1 + u)) (1 +st2 (-1 + u)) p) /
((—1+u) (—1+s+s (1+t2 (—1+u)) p))),
0<s<1&80<u<1880<t2<1880<p2<1880<p<1},
{{s, 0.001}, {u, 0.001}, {t2, 0.001}, {p2, 0.001}, {po, 0.001}}]
FindMinimum::eit :
The algorithm does not converge to the tolerance of 4.806217383937354 "+~ -6 in 500 iterations.

The best estimated solution, with feasibility residual, KKT residual, or complementary
residual of {1.23564 x 108, 3.44271x 1076, 3.83499 x 109}, is returned. >>

ourser {-1.16442x10°%, {s > 0.595045, - 0.370394,
£2 > 0.0841672, p2 > 0.632266, p > 0.718625} }

In[140]:= FindMaximum[{- ((p2 (1+t2 (—1+u)) (1+st2 (—1+u)) p) /
((—1+u) (—1+s+s (1+t2 (—1+u)) p))),
0<s<1880<pu<1880<t2<1880<p2<1880<p<1},
{{s, 0.001}, {u, 0.001}, {t2, 0.001}, {p2, 0.001}, {p, 0.001}}]
ourtao= {-3.97948 x10°11, {s > 0.408574, 1 > 0.381039,
t2 - 0.293184, p2 - 0.0364918, p > 5.26764x10710}}
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In[223]:= (p2 (1+t2 (—1+u)) (1+st2 (—1+u)) p)/
((—1+u) (—1+s+s (1+t2 (—1+u))p)) /.p2-0.7/.
t2-0.8/.u->0.001/.8-50.2/.p-0.3

out223)= 0.045007

Yes, this condition is relevant.

The analysis above shows that there are three relevant conditions.
Preference frequency increases with f when:

1
a) S = 2+t2 (=1+u)° OR

b) — L <sandp< —2=— OR

2+t2 (=1+u) s-st2+st2u’
c) 0 <diseqgcx
-((p2 (1+t2 (-1+u)) (L+st2 (-1+u)) p)/
((=1+u) (-1l+s+s (1+t2 (-1+u))p)))

-1 . 1-s
2+t2 (-1+p) <s<land s-s t2+s t2 u

For (a), the whole fraction increases as t2 increases and U

and <p<l
decreases. Thus, the condition is more likely to be met when t2 is
large and p is small.

For (b), the p condition increases as s decreases, t2 increases, and U
decreases.

For (c), the conditions for s is the same as for (b), but the condition
for pis opposite.

1 1 ;
< _— _—
Oneof s = 5— = and 5 — 1) <Sis always true.
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In (b), preference frequency will always increase with f as long as

o < 1-s 1-s < p.

s-st2+st2u’ (C) requires s-s t2+s t2 u

1-s ic>
p cannot be larger than |, so when ———=— s |, the

conditions for case (b) will always be met, and the conditions for

case (c) will never be met.

l-s
In[190):= FullSimplify[Reduce[ >1880<s5<1&80<t2<18&&0<pu< 1]]
s-st2+st2u

1
2+t2 (-1+p)

out190= 0 <t <1&&80<t2<1&&0<s<

In[191]:= FindMinimum[{;, O<u<lesl< t2< 1},
2 +t2 (-1+u)
{{u, 0.001}, {t2, 0.001}}]

oupen= {0.5, {u - 0.50229, t2 5 6.09675x1077}}
-
2 +t2 (—1+u)
{{u, 0.001}, {t2, 0.001}}]

In[192]:= FindMaximum[{ ,0<u<1l1s&e0<t2< 1} ,

oupiez= {1., {4 —>5.96859%x10°, t2>1.}}

The condition for pin (b) is always true, and always false in (c), for s
< 0.5. Because s > 0.5 seems very high, case (c) is unlikely to occur.
2. How does p influence preference frequency?

in141= 6p2p = FullSimplify[D[p2tl, p]]
ouft14= (£ (P2 (L +st2 (-1+u)) +disegs (-1 +u)) (L+t2 (-1+u))) /
(2 (L+st2 (-1+u)) (L+ (£ (-1+s)+s)t2(-1+u)))
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in115= FullSimplify [Reduce[dp2p > 0 && £ > 0 &&
0<p<1l&80<s<1&80<p2<t2<1&&diseq20&&1>pu20]]

ouft1s 0> 0&& U >0&&s >06&6p2 >06&&diseq=20&sf>08&8p<1l&&u<]ls&s
t2<16&&s<16&&p2<t2&&s (diseg+p2t2) <p2+s (diseg+p2 t2) u

Preference frequency increases with p when the following condition
holds: s*(diseq+p2*t2)<p2+s*(diseq+p2*t2)* .

In terms of s, this condition simplifies to s < p2 / ( (diseq + p2*t2) *
(1-1)).

Note that diseq+p2*t2 is equal to x4, the frequency of P2T2
genotypes. This frequency must be less than or equal to p2. Since
|- must be less than or equal to |, this means that p2 is always
equal to or greater than ((diseq + p2*t2) * (1-p)). This means that p2
/ ((diseq + p2*t2) * (1-u)) will always be greater than or equal to I,
and thus will always be larger than s. This means that the condition

always holds true, and thus that p2tl| will always increase with p.

3. How does s influence preference frequency?

6= 6p2s = FullSimplify[D[p2tl, s]]
ourtier ((=1+p) (£ (1+£) p2t2 (1+€2 (-1+p)) (L+st2 (-1+u))2p+
diseq (2 (L+st2 (-1+u))?-£ (L+st2 (-1+pu)) (-1-p+
t2 (-1+u) (2-3s+(-1l+s-st2+st2u)p)) +£2t2 (-1+p)
(-p+t2 (-1+u) (L-p+s (-2+s+s (-1+t2-t2u) p))))))/
(2 (L+st2 (=1+u))2 (1+ (£ (-1+s) +s) t2 (-1+p))?)
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When does preference frequency decrease with s?

in170;= FullSimplify[Reduce[ép2s < 0 && £ > 0 &&
0<p<1880<s<18&&80<p2<t2<1l&sdiseq20&&l>pu20]]
oui70 0 = u<1&&§t2<1&&80<s<1&&f>0660<p<16&&0<p2<t2s&s
diseq> - ((f (1+£) p2t2 (1+t2 (-1+pu)) (L+st2 (-1+u))?p)/
(-2 (T+st2 (-1+p))2+f (L+st2 (-1+p))
(-1-p+t2 (-1+pu) (2-p+s (-3+p-t2p+t2up))) +£2+t2
(-1+u) (p+t2 (-1+u) (-1l+p+s (2+s (—l+,o—t2[)+t2up))))>)

n171:= diseqthreshold =
FullSimplify[—((f (1+£)p2t2 (1+t2 (-1+4)) (L+st2 (—1+u))2p)/
(—2(1+st2 (-1+p))2+£ (Lest2 (-1+4))
(—1-p+t2 (—1+u) (2—p+s(-3+p—t2p+t2up)))+f2t2 (-1+u)
(p+t2 (-1+u) (-1+p+s (245 (-1+p-t2p+t2u0))))))]:
wi72- FindMinimum[{diseqthreshold,
0<£f<1&880<s<16&880<u<18&&0<t2<1&80<p2<1&&0<p<1},

{{s, 0.001}, {u, 0.001}, {t2, 0.001},
{p2, 0.001}, {p, 0.001}, {£, 0.001}}]

out[172]= {8.98246 x 1015, {s - 0.208707, u— 0.205343, t2 - 0.0836925,
p2 > 0.0348955, p > 0.0388065, £ > 1.69806 x 10*10}}

in173;= FindMaximum[ {diseqthreshold,
0<f<1880<s<16880<u<18&80<t2<1&80<p2<1&&0<p<1},
{{s, 0.001}, {u, 0.001}, {t2, 0.001},
{p2, 0.001}, {p, 0.001}, {£, 0.001}}]

ou173= {0.499999, {s - 0.431386, u—-1., t2-1., p2->1., 0>0.999999, £>1.}}

As linkage disequilibrium increases, it becomes more likely that
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preference frequency will decrease with s. This makes sense because
greater linkage disequilibrium between the preference and the trait
means that s will have a larger indirect effect on the preference

frequency. Note that linkage disequilibrium cannot exceed 0.25.

When does preference frequency increase with s?

in174= FullSimplify [Reduce[dp2s > 0 && £ > 0 &&
0<p<1l&80<s<1&80<p2<t2<1&&diseq20&&1>pu20]]

oui74= 0 s u<1&&§t2<1&&0<s<1&&f>0660<p<16&&0<p2<t2&é&
0 <diseq<-((f(1+f)p2t2 (1+t2 (-1+u)) (L+st2 (-1+u))?p)/
(-2 (T+st2 (-1+p))2+f (L+st2 (-1+p))
(-1-p+t2 (-1+pu) (2-p+s (-3+p-t2p+t2up))) +£2+t2
(-1+u) (0+t2 (-1+p) (-l+p+s (2+s (-l+p-t2p+t2pup))))))

in1751= diseqthreshold?2 =
FullSimplify[—((f (1+£)p2t2 (1+t2 (-1+4)) (L+st2 (—1+u))2p)/
(-2(1+st2 (-1+u))2+£ (Lest2 (-14+4))
(—1—p+t2 (—1+u) (2—p+s(—3+p—t2p+t2up)))+f2t2 (—1+u)
(p+t2 (—1+u) (—1+p+s(2+s(—1+p—t2p+t2up))))))];

inii76)= Reduce [diseqthreshold == diseqthreshold2]

out[176]= True

Preference frequency increases with s when linkage disequilibrium
between the preference and the trait is greater than the same

condition.
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How does t2 change with the parameters!?

|. How does f influence trait frequency!?

in1g= 6t2f = FullSimplify[D[t2tl, £]]

out[118]= ((—l+s) (L+t2 (-1+p)) (-1+p)
(t2 (-1+p2+disegs (-1+u)) + (-1+p2) s t2% (-1+p) -diseqp)) /
(2 (-1+p2 (1+st2 (-1+pu)) +s (diseg-t2) (-1+u))
(L+ (£ (-1+s)+s) t2 (-1+u))?)

in119)= Reduce[6t2f > 0&&£f>0&80<p < 1s&s
0<s<1&&0<p2<t2<1&&disegq20&&1>pu20]

oufito 0 = u<16&0<t2<18&5&80<s<1&&0<p2<t2&&diseg=20&&80<p<l&&f>0

Trait frequency increases with f for all realistic ranges of the

parameters and variables.

2. How does p influence trait frequency?

in20= 6t2p = FullSimplify[D[t2t1, p]]

ouf20i= — ((disegf (-1+s) (1+t2 (-1+u)) (-1+u))/
(2 (-1+p2 (L+st2 (-1+p)) +s (diseg-t2) (-1+pu))
(L+st2 (-1+p)) (L+ (£ (-1+s)+s8)t2 (-1+u))))

in21= Reduce[6t2p > 0&&£f>0&880<p < 1&s
0<s<1&&0<p2<t2<1&&disegq20&&1>pu20]

oufi2l 0 < p<1&8&0<t2<1&5&0<p2<t28&8&0=<pu<l&s0<s<lsgsadiseg>0&&f>0

Trait frequency increases with p for all realistic ranges of the
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parameters and variables.

3. How does s influence trait frequency?

inf123= 6t2s = FullSimplify[D[t2tl /. u > 0, s]]
out[123]= —(((—1+s) t2 (1-st2) (-1+p2-disegs+st2-p2st2)
(1-(f (-1+s)+s)t2) ((-1+p2) t2 (-4+4st2+f (-3-t2+4st2)) +
diseqg (-2+4st2+f (-1-t2+4st2))) +
(1+f) (-1+s) t2 (lL-st2) (-1+p2-disegs+st2-p2st2)
(t2 (1-p2+disegs+ (-1+p2) st2)
(-2+2st2+f (-1+(-1+2s) t2)) +disegf (-1+t2) p) -
(-1+s) (-diseg+t2-p2t2) (1-st2) (1-(f (-1+s)+s)t2)
(t2 (1 -p2+disegs+ (-1+p2) st2)
(-2+2st2+f£ (-1+(-1+2s) t2)) +diseqgf (-1+t2) p) +
(-1+s) t2 (-1l+p2-disegs+st2-p2st2) (1-(f (-1+s)+s)t2)
(t2 (1-p2+disegs+ (-1+p2) st2)
(-2+2st2+f (-1+(-1+2s) t2)) +disegf (-1+t2)p) +
(l-st2) (-1l+p2-disegs+st2-p2st2) (L-(f (-1+s)+s)t2)
(t2 (1 -p2+disegs+ (-1+p2) st2)
(-2+2st2+f (-1+(-1+2s) t2))+diseqf(—1+t2)p))/
(2 (-1+st2)? (-1+f (-1+s) t2+5t2)?
(1-p2+disegs+ (-1+p2) st2)?))

ini24= Reduce[6t2s < 0&& £ >0&&80<p < 1&&
0<s<1&80<p2<t2<1ls&&diseq20&&1l>pu20]

oufiza= 0 = u<16&0<s5<16&60<t2<1&&£f>06&&80<p2<t26&&disegqz06&&0<p<1

Trait frequency decreases with s for all realistic ranges of the

parameters and variables.
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Evolution in the absence of the aversion (p = 0)

inr1oe)= p2p0 = FullSimplify[p2tl /. p -» 0]
1 1 1 ]

diseq +

out[196]= P2 + (2 -
2t2 1+ (f(-1+s)+s8)t2 (-1+u) -l+st2-st2u

in1971= €200 = FullSimplify[t2tl /. p » 0]

oufter= ((=1+s) t2 (2+£ (1+ (-1+2s) L2 (-1+pu))+2st2 (-1+u)) (-1+u))/
(2 (L+st2 (-1+wu)) (L+ (£ (-1+s)+s)t2(-1+u)))

in198;= diseqgp0 = FullSimplify[diseqtl /. p » 0]
Out[198]= —((diseq<—1+s) (-1 +p) (4 (-1+1) (Lest2 (-1+pu))2+
2F (-1+1r) (L+st2 (=1+4)) (1+ (-2+3s8)t2 (-1+u))+£2(-1+s)
£2 (-1+p) (-1+21 (L+st2 (-1+p)) +t2 (-1+2s+u-2su))))/
(4 (1+st2 (-1+u))2 (1+ (£ (-1+s)+s)t2 (-1+p))?))

I. Will p2 increase with s when p=0?

dp2p0s = FullSimplify[D[p2p0, s]]

1 1 1+f

— diseq + (-1+p)
2 (L+st2 (-1+u))2  (1+(f(-1+s)+s)t2 (-1+u))2

Reduce[dp2p0s > 0 &&diseq2>20&&0 < t2<1&&80<£f<1&&0<s<1&8&0=<pu<1]

False
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p2 will not increase with s when p=0.

2. Will p2 increase with f when p=0?

dp2p0f = FullSimplify[D[p2p0, £]]
diseqg (-1+s) (-1+pu)
2 (1+ (f(-1+s)+s)t2 (-1+p))2

Reduce [dp2p0f > 0 &&8diseq20&&80<t2<1&80<f<1&80<s<18&80=<pu<1]

0<s<1l&&0<f<1&&0=su<1&&0=<t2=<16&&disegq>0

p2 will only increase with f when p=0 if diseq is greater than 0.

3. If diseqt] = 0 when diseq = 0 and p = 0, we can conclude that
linkage disequilibrium cannot build up between the preference and

the trait in the absence of the aversion. Does diseqt|l = 0 when diseq

=0and p=0?
inr199)= diseqgp0 /. diseq—» 0
out[199]= 0

Yes.

Conclusion: when p=0, p2 will not increase with s under any
conditions, and p2 will only increase with f when diseq > 0.
However, because our starting diseq in the simulations is 0, p2 will
never increase when f is increasing in the simulations, as long as p=0.

This demonstrates both the importance of the aversion, and the
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importance of linkage disequilibrium between the preference and the
trait, for the evolution of the preference. Further, we have shown
that linkage disequilibrium does not build up between the preference

and the trait in the absence of the aversion.

Does sexual selection occur in the model?

If sexual selection occurs, aversion strength alone will influence p2
and t2. Test this by setting s and f equal to zero, and determining
whether aversion strength influences the allele frequencies.

inies- FullSimplify[p2tl /. s -0 /. £ 0]

out193= P2

in194= FullSimplify[t2tl /. s> 0 /. £ 0]
out[194]= £t2 - t2 u

In the absence of s and f, neither p2t| nor t2tl is influenced by the

aversion ().

When will t2 persist in the population with no

preference!?

Calculated usingc =0
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Goal: find the conditions under which At2 is positive when p2=0
(and thus diseq=0). This should tell us when we expect t2 to persist

in the absence of a preference.

4= At2 = FullSimplify[t2tl - t2]

oufital= —t2+ ((-1+s) (-1+pu) (t2 (-1 +p2 (L+st2 (-1+u)) +s (diseg-t2) (-1+pu))
(2+f (1+(-1+2s)t2 (-1+u))+2st2 (-1+pu))+
disegf (-1+t2-t2u) p)) /
(2 (-1+p2 (L+st2 (-1+pu)) +s (diseg-t2) (-1+u))
(L+st2 (-1+p)) (L+ (£ (-L+s)+s)t2(-1+u)))

inf124)= At2p20 = FullSimplify[At2 /. p2 > 0 /. diseq - 0]

1
out[124]= — t2

(=24 ((-1+8) (2+F (L+ (-1+2s8)t2 (-1+p)) +2st2 (-L+p)) (~L+u)) /
((L+st2 (~1+u)) (L+ (f(-L1+s)+s)t2 (-1+u))))
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Note that c does not appear in the expression for At2 when p2=0,
indicating that further analyses apply equally to cases with and

without a cost.

Under what conditions is At2 positive (meaning that we can expect

t2 to persist in the population) when p2=0?

inf1gl= FullSimplify [
Reduce [At2p20 > 0&80<s<1&60<t2<1880<£f<1&&0<pu<1]]

1 -1+3pu
outfi1el= 0 < U< —&&0<t2 < ——&&s>06&&2+ ——— >
3 -1+ pu? t2 -t2u
8s+~/(((9+4 (-1+£2) t2) (1 +¢t2 (—l+u))2)/((—l+t2)2t22 (-1+w)?)) +
3 U &&= ((2 (L+st2 (=1+u)) (s (=1+t2) (=1+p)+u))/
(-1+t2) (-1+u)
((-1+s) (-1l+u) (-1+t2 (1+2s (-1+t2) (-1+p)+)))) <fx<1

|. What is the condition for At2 to be positive when s=0.1 and
p=0.01, as in our simulations shown in Figures |A, 2A, and 2B?

in1271= At2p201 = FullSimplify[At2p20 /. s> 0.1 /. u-> 0.01]
1

o7 —t2 (-2 + (0.891 (2+£-0.198t2+0.792 £+t2)) /
2

((1-0.099t2) (1-0.099t2+0.891 £t2)))

inr12g)= FullSimplify [Reduce[At2p201 > 0&&0 < f<1&&0< t2<1]]

Reduce:ratnz :
Reduce was unable to solve the system with inexact coefficients. The answer was obtained by solving
a corresponding exact system and numericizing the result. >
oufizel= 0 < £2 < 0.951106 && (1.2357 + (-1.24467+0.111111 t2) t2) /
(5.05051 +t2 (-6.10101+1.t2)) <f=1.
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ni1s7- fthresholdl = (1.2357015724019094‘ +
(-1.2446689113355782" +0.11111111111111112" t2) t2) /
(5.05050505050505* +t2 (—6.101010101010101‘ +1.° t2)),~

At2 is positive when t2 < 0.951106 and f >

1.2357+(-1.24467+0.111111 £2) t2 .
5.05051+t2 (-6.10101+1. t2) ° This means that, for the

conditions s=0.1 and py=0.01, when p2=0, t2 will increase as long as
t2 < 0.951106 and f meets the condition above. Plugging in the
starting values we use in our simulations (t2=0.8 in the simulations
shown in the main text, and t2=0.1 in the simulations shown in the
supplementary figures) gives the threshold value of f above which t2

will persist in the absence of p2.

ini13s)= fthresholdl /. t2 0.1
fthresholdl /. t2 -5 0.8

out138)= 0.249943

out139)= 0.38419
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These values are displayed as dashed lines on the appropriate figures
(1A, 2A, and 2B in the main text; supplementary figure |), showing
the value of f above which t2 is expected to persist in the absence of

a preference.

2. What is the condition for At2 to be positive when s=0.2 and

p=0.01, as in our simulations shown in Figure |B?

in133= At2p202 = FullSimplify[At2p20 /. s>0.2 /. u->0.01]
1

oufizz — t2 (-2+ (0.792 (2+£-0.396t2+0.594£t2)) /
2

((1-0.198t2) (1-0.198t2+0.792 £t2)))

in134= FullSimplify [Reduce[At2p202 > 0&&0 < f<1&&0< t2<1]]

Reduce:ratnz :
Reduce was unable to solve the system with inexact coefficients. The answer was obtained by solving
a corresponding exact system and numericizing the result. >
1.3264 + (-1.52525+0.25t2) t2

outf134= 0 < £2 < 0.876377 && <f<1.
2.52525 +t2 (-3.55051+1. t2)

n136:= fthreshold2 =
(1.326395265789205" + (-1.5252525252525253" + 0.25" t2) t2) /
(2.525252525252525" + t2 (-3.5505050505050506" +1." t2));

At2 is positive when t2 < 0.876377 and f >

1.3264+(~1.52525+0.25t2) t2 Thi ”
S E2505t2 (135505041 t2) " This means that, for the conditions

s=0.2 and p=0.01, when p2=0, t2 will increase as long as t2 <

0.876377 and f meets the condition above. Plugging in the starting
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values we use in our simulations (t2=0.8 in the simulations shown in
the main text, and t2=0.1 in the simulations shown in the
supplementary figures) gives the threshold value of f above which t2

will persist in the absence of p2.

in140= fthreshold2 /. t2 -5 0.1
fthreshold2 /. t2 -5 0.8

outr140)= 0.539569

outr141= 0.819438

These values are displayed as dashed lines on the appropriate figures
(IB in the main text, and supplementary figure 2), showing the value
of f above which t2 is expected to persist in the absence of a

preference.

C. Simulations

For simulations

pP2sims = p2tl;
t2sims = t2t1;

disegsims = diseqtl;
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Simulations

.5;
.6;
.001;
.1;
.01;
0.05;
t2=0.1;

T 0 O H HK
1}
o o o o o

o)
N
1

diseq=0;
j =2000;

tabp2 = Table[0, {i, j}];
tabt2 = Table[0, {i, j}1;
tabdiseq = Table[0, {i, j}];
Do [
tabp2[[i]] = p2;
tabt2[[i]] = t2;
tabdiseq[[i]] = diseq;

p2tl = p2sims;
t2tl = t2sims;
diseqtl = disegsims;
P2 = p2tl;
t2 = t2t1;
diseq = diseqtl; If[p2 > t2, Break[]],
{i,3}1:
p2plot =
ListPlot[tabp2, Joined -» True, PlotRange » {{0, j}, {0.0, 1.0}}]
t2plot = ListPlot[tabt2, Joined - True,
PlotRange » {{0, j}, {0.0, 1.0}}]
diseqgplot = ListPlot[tabdiseq, Joined - True]

Printed by Wolfram Mathematica Student Edition



32 | model analysis for Mating preference for dual-utility trait_02May2017_2.nb

0.8

0.6

0.4

0.2

0.0 L L L L
0

0.8

0.6 H

0.4

0.2

0.0 L L L L
0

Printed by Wolfram Mathematica Student Edition



model analysis for Mating preference for dual-utility trait_02May2017_2.nb | 33

T

2.5%x1076

2.x1076 |-

1.5x10°8 |

1.x108 |-

5.x1077

n 1 n n n n 1 n n n n 1 n n n n 1
500 1000 1500 2000

tabp2[[1900 ;; 2000]]

{0.0209519, 0.0209421, 0.0209323, 0.0209225, 0.0209127,

.020903, 0.0208932, 0.0208834, 0.0208737, 0.0208639, 0.0208542,
.0208444, 0.0208347, 0.020825, 0.0208152, 0.0208055, 0.0207958,
.0207861, 0.0207764, 0.0207667, 0.020757, 0.0207473, 0.0207376,
.0207279, 0.0207182, 0.0207085, 0.0206988, 0.0206892, 0.0206795,
.0206698, 0.0206602, 0.0206505, 0.0206409, 0.0206312, 0.0206216,
.020612, 0.0206023, 0.0205927, 0.0205831, 0.0205735, 0.0205638,
.0205542, 0.0205446, 0.020535, 0.0205254, 0.0205158, 0.0205063,
.0204967, 0.0204871, 0.0204775, 0.0204679, 0.0204584, 0.0204488,
.0204393, 0.0204297, 0.0204202, 0.0204106, 0.0204011, 0.0203915,
.020382, 0.0203725, 0.020363, 0.0203534, 0.0203439, 0.0203344,
.0203249, 0.0203154, 0.0203059, 0.0202964, 0.0202869, 0.0202775,
.020268, 0.0202585, 0.020249, 0.0202396, 0.0202301, 0.0202206,
.0202112, 0.0202017, 0.0201923, 0.0201829, 0.0201734, 0.020164,
.0201546, 0.0201451, 0.0201357, 0.0201263, 0.0201169, 0.0201075,
.0200981, 0.0200887, 0.0200793, 0.0200699, 0.0200605, 0.0200511,
.0200418, 0.0200324, 0.020023, 0.0200137, 0.0200043, 0.019995}

(@]

0.
0.
0.
0.

O O O O O O O O O o o o o o o

tabt2[[1 ;; 1000]]

{0.1, 0.116955, 0.136168, 0.157742, 0.181723, 0.208088, 0.236735,
0.267478, 0.300046, 0.334093, 0.369216, 0.404972, 0.440905, 0.476572,
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O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o

.925604, 0
.926586, 0
.926957, 0.
.927133, 0
.927217, 0

.927292,
.927292,
.927292,
.927292,
.927292,
.927292,
.927292,

.925802,
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Figure |A: effect of f and p on the sign of Ap2 and
At2 when py =0.01, c=0, and s=0.1
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{o.f}

In the gray region, Ap2 > 0 and At2 < 0. In the white region, Ap2 >0
and At2 > 0.

The dashed line indicates the value that f must exceed in order for At2

to be positive in the absence of p2 (p2=0).
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Frame -» True, FrameTicks -» {{True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P> males (p)",
"Fecundity benefit of mating with a T2 female (f)"},
ImageSize -» Large, BaseStyle » {FontSize - 16},
PlotStyle » {{GrayLevel[0.6]}, {Black, Thick, Dashed}},
FrameStyle -» Black, Filling » {1 -» Axis},
FillingStyle » GrayLevel[0.6]],
Graphics[Text["Ap, > 0, Atz > 0", {0.35, 0.5}17],
Graphics[Text["Ap, > 0, Atz < 0", {0.35, 0.1}]],
Graphics[Text["s = 0.1, u = 0.01, ¢ = 0", {0.55, 0.95}]1],
Graphics|[Text["p2, start = 0.05, t2» start = 0.8", {0.55, 0.88}]]1]
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Figure |IB: effect of f and p on the sign of Ap2 and

At2 when = 0.01, c=0, and s=0.2
{0}

The dashed line indicates the value that f must exceed in order for At2

to be positive in the absence of p2 (p2=0).

Show[ListPlot[{{{0.001, 0.54}, {0.01, 0.56}, {0.1, 0.6}, {0.2, 0.6},
{0.3, 0.58}, {0.4, 0.56}, {0.5, 0.52}, {0.6, 0.5}, {0.7, 0.47}},

{{0.001, 0.14}, {0.01, 0.14}, {0.1, 0.14}, {0.2, 0.14},

{0.3, 0.14}, {0.4, 0.14}, {0.5, 0.14}, {0.6, 0.14}, {0.7, 0.15}},

{{0, 0.819438}, {1, 0.819438}}}, Joined -» True,

PlotRange -» {{0.0, 0.7}, {0.0, 1.0}}, Frame -» True,
FrameTicks -» {{True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P, males (p)",

"Fecundity benefit of mating with a T> female (f)"},

ImageSize -» Large, BaseStyle » {FontSize -» 16}, PlotStyle »

{{GraylLevel[0.6]}, {GrayLevel[0.3]}, {Black, Thick, Dashed}},

FrameStyle -» Black, Filling -»

{{1 - {{2}, GrayLevel[0.6]}}, {2 » {Axis, GrayLevel[0.3]}}}]1,
Graphics[Text["Ap, > 0, Atz > 0", {0.35, 0.74}]],
Graphics|[Text["Ap, > 0, Atz < 0", {0.35, 0.25}]],
Graphics[Text["s = 0.2, u = 0.01, ¢ = 0", {0.55, 0.95}]1],
Graphics[Text["p2 start = 0.05, t; start = 0.8", {0.55, 0.88}]],
Graphics[Text[Style["Ap, < 0, Atz < 0", White], {0.35, 0.07}]11
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Figure 2A: effect of f and p on the sign of Ap2 and

At2 when = 0.0l and c=0.001
o.f}

First line: highest value at which p2 is decreasing and t2 is increasing
Second line: lowest value at which p2 is decreasing and t2 is

increasing

A2p2dt2i = Show]|
ListPlot[{{{0.001, 0.99}, {0.01, 0.99}, {0.015, 0.99}, {0.02, 0.99}},
{{0.001, 0.385}, {0.005, 0.385}, {0.012, 0.385}, {0.015, 0.45},
{0.02, 0.65}}}, Joined -» True, PlotRange » {{0.0, 0.7}, {0.0, 1.0}},
Frame -» True, FrameTicks -» { {True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P, males (p)",
"Fecundity benefit of mating with a T, female (f)"},
ImageSize -» Large, BaseStyle » {FontSize -» 16},
PlotStyle » {GrayLevel[0.5]}, FrameStyle -» Black,
Filling -» {{1 > {{2}, GrayLevel[0.5]}}}],
Graphics[Text["Ap, < O0,", {0.07, 0.6}]1],
Graphics|[Text["At2 > 0", {0.065, 0.53}]1,
Graphics[Text["s = 0.1, u = 0.01, ¢ = 0.001", {0.55, 0.95}11,
Graphics|[Text["p2 start = 0.05, t2 start = 0.8", {0.55, 0.88}]11]1]
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First line: highest value at which p2 and t2 are both decreasing

Second line: lowest value at which p2 and t2 are both decreasing

A2p2dt2d = Show[ListPlot[

{{{0.001, 0.38}, {0.005, 0.38}, {0.008, 0.155}, {0.015, 0.115},
{0.025, 0.095}, {0.03, 0.09}, {0.04, 0.085}, {0.05, 0.08},
{0.1, 0.075}, {0.2, 0.07}, {0.3, 0.07}, {0.4, 0.07},

{0.5, 0.07}, {0.6, 0.07}, {0.7, 0.075}},
{{0.001, 0.0}, {0.01, 0.0}, {0.1, 0.0}, {0.2, 0.0},

{0.3, 0.0}, {0O0.4,0.0}, {0O.5,0.0}, {0O0.6, 0.0}, {0.7,0.0}},
{{0, 0.38419}, {1, 0.38419}}}, Joined -» True,

PlotRange » {{0.0, 0.7}, {0.0, 1.0}}, Frame -» True,

FrameTicks -» {{True, False}, {True, False}},

FrameLabel -» {"Strength of aversion to T: females by P> males (p)",
"Fecundity benefit of mating with a T> female (f)"},

ImageSize -» Large, BaseStyle » {FontSize » 16}, PlotStyle »

{GrayLevel[0.3], GrayLevel[0.3], {Black, Thick, Dashed}},

FrameStyle -» Black, Filling -» {1 » { {2}, GrayLevel[0.3]}}],

Graphics[Text[Style["Ap, < 0, At < 0", White], {0.1, 0.04}]],
Graphics|[Text["s = 0.1, u = 0.01, ¢ = 0.001", {0.55, 0.95}]1,
Graphics[Text["p2 start = 0.05, t» start = 0.8", {0.55, 0.88}]1]1]
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A2p2dt2dextra =
Show[ListPlot[{{{0.005, 0.38}, {0.008, 0.38}, {0.01, 0.38},
{0.011, 0.38}, {0.012, 0.38}},
{{0.005, 0.27}, {0.008, 0.31}, {0.01, 0.34}, {0.012, 0.38}}},
Joined -» True, PlotRange » {{0.0, 0.7}, {0.0, 1.0}},
Frame -» True, FrameTicks -» { {True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P> males
"Fecundity benefit of mating with a T> female (f)"},
ImageSize -» Large, BaseStyle » {FontSize » 16}, PlotStyle »
{GrayLevel[0.3], GrayLevel[0.3], {Black, Thick, Dashed}},
FrameStyle -» Black, Filling -» {1 » { {2}, GrayLevel[0.3]}}],
Graphics[Text[Style["Ap, < 0, At < 0", White], {0.1, 0.04}]],
Graphics[Text[Style["s = 0.1, u = 0.01, ¢ = 0.001", White],
{0.55, 0.95}]], Graphics[Text][

(o)™,

Style["p2 start = 0.05, t> start = 0.8", White], {0.55, 0.88}]1]
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First line: highest value at which p2 is increasing and t2 is decreasing
Second line: lowest value at which p2 is increasing and t2 is

decreasing

A2p2it2d = Show]|
ListPlot[{{{0.005, 0.26}, {0.03, 0.26}, {0.05, 0.265}, {0.1, 0.27},
{0.2, 0.27}, {0.3, 0.265}, {0.4, 0.25}, {0.5, 0.24}, {0.6, 0.225},
{0.7, 0.21}}, {{0.005, 0.24}, {0.008, 0.16}, {0.01, 0.145},
{0.015, 0.12}, {0.025, 0.1}, {0.03, 0.095}, {0.04, 0.09},
{0.05, 0.085}, {0.1, 0.08}, {0.2, 0.075}, {0.3, 0.075},
{0.4, 0.075}, {0.5, 0.075}, {0.6, 0.075}, {0.7, 0.08}}},
Joined » True, PlotRange -» {{0.0, 0.7}, {0.0, 1.0}},
Frame -» True, FrameTicks -» { {True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P> males (p)",
"Fecundity benefit of mating with a T> female (f)"},
ImageSize -» Large, BaseStyle » {FontSize -» 16},
PlotStyle -» {GrayLevel[0.8]}, FrameStyle - Black,
Filling -» {{1 > {{2}, GrayLevel[0.8]}}}],
Graphics|[Text["Ap, > 0, Atz < 0", {0.5, 0.16}]],
Graphics|[Text["s = 0.1, u = 0.01, ¢ = 0.001", {0.55, 0.95}]1,
Graphics[Text["p2 start = 0.05, t» start = 0.8", {0.55, 0.88}]1]1]
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First line: highest value at which p2 and t2 are both increasing

Second line: lowest value at which p2 and t2 are both increasing

A2p2it2i =
Show[ListPlot[{{{0.015, 0.4}, {0.02, 0.6}, {0.025, 0.99}, {0.05, 0.99},
{0.1, 0.99}, {0.2, 0.99}, {0.3, 0.99}, {0.4, 0.99},
{0.5, 0.99}, {0.6, 0.99}, {0.7, 0.99}},
{{0.013, 0.39}, {0.015, 0.39}, {0.02, 0.39}, {0.025, 0.4},
{0.05, 0.27}, {0.1, 0.275}, {0.2, 0.275}, {0.3, 0.27},
{0.4, 0.255}, {0.5, 0.245}, {0.6, 0.23}, {0.7, 0.215}}},
Joined -» True, PlotRange -» {{0.0, 0.7}, {0.0, 1.0}},
Frame -» True, FrameTicks -» {{True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P> males (p)",
"Fecundity benefit of mating with a T2 female (f)"},
ImageSize -» Large, BaseStyle » {FontSize - 16},
PlotStyle » {{White}}, FrameStyle - Black,
Filling -» {{1 > {{2}, GrayLevel[1.0]}}}1,
Graphics[Text["Ap, > 0, Atz > 0", {0.5, 0.5}11],
Graphics[Text["s = 0.1, u = 0.01, ¢ = 0.001", {0.55, 0.95}11,
Graphics|[Text["p2 start = 0.05, t;» start = 0.8", {0.55, 0.88}]]]
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Figure2A = Show[A2p2it2i, A2p2dt2i, A2p2dt2dextra, A2p2it2d, A2p2dt2d]
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Show [FigurelA, Figure2A]
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Figure 2B: effect of f and p on the sign of Ap2 and

At2 when = 0.0l and c=0.01
{of}

First line: highest value at which p2 is decreasing and t2 is increasing

Second line: lowest value at which p2 is decreasing and t2 is
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increasing

B2p2dt2i = Show[ListPlot[{{{0.001, 0.99}, {0.1, 0.99}, {0.24, 0.99}},
{{0.001, 0.39}, {0.01, 0.275}, {0.025, 0.26}, {0.03, 0.26},
{0.04, 0.26}, {0.0425, 0.255}, {0.05, 0.27}, {0.1, 0.34},
{0.15, 0.44}, {0.17, 0.5}, {0.2, 0.65}, {0.24, 0.91}}},
Joined -» True, PlotRange -» {{0.0, 0.7}, {0.0, 1.0}},
Frame -» True, FrameTicks -» {{True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P> males (p)",
"Fecundity benefit of mating with a T2 female (f)"},
ImageSize -» Large, BaseStyle » {FontSize - 16},
PlotStyle » {GraylLevel[0.5]}, FrameStyle -» Black,
Filling -» {{1 > {{2}, GrayLevel[0.5]}}}1,
Graphics[Text["Ap2 < O,", {0.07, 0.6}]],
Graphics[Text["At2 > 0", {0.065, 0.53}]1],
Graphics[Text["s = 0.1, u = 0.01, ¢ = 0.01", {0.55, 0.95}]11,
Graphics[Text["p2 start = 0.05, t» start = 0.8", {0.55, 0.88}]1]1]
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First line: highest value at which p2 is increasing and t2 is decreasing
Second line: lowest value at which p2 is increasing and t2 is

decreasing

B2p2it2d = Show|[
ListPlot[{{{0.0425, 0.25}, {0.05, 0.26}, {0.1, 0.26}, {0.15, 0.27},
{0.2, 0.27}, {0.3, 0.26}, {0.4, 0.25}, {0.5, 0.24},
{0.6, 0.23}, {0.7, 0.21}}, {{0.0425, 0.235}, {0.05, 0.21},
{0.1, 0.15}, {0.15, 0.12}, {0.2, 0.11}, {0.3, 0.095},
{0.4, 0.09}, {0.5, 0.09}, {0.6, 0.09}, {0.7, 0.09}}},
Joined -» True, PlotRange -» {{0.0, 0.7}, {0.0, 1.0}},
Frame -» True, FrameTicks -» {{True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P> males (p)",
"Fecundity benefit of mating with a T2 female (f)"},
ImageSize -» Large, BaseStyle » {FontSize - 16},
PlotStyle » {GraylLevel[0.8]}, FrameStyle -» Black,
Filling -» {{1 > {{2}, GrayLevel[0.8]}}}1,
Graphics|[Text["Ap, > 0, At> < 0", {0.5, 0.16}]],
Graphics[Text["s = 0.1, u = 0.01, ¢ = 0.01", {0.55, 0.95}]11,
Graphics|[Text["p2 start = 0.05, t;» start = 0.8", {0.55, 0.88}]]]
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First line: highest value at which p2 and t2 are both increasing

Second line: lowest value at which p2 and t2 are both increasing

B2p2it2i =
Show[ListPlot[{{{0.1, 0.33}, {0.2, 0.6}, {0.3, 0.99}, {0.4, 0.99},
{0.5, 0.99}, {0.6, 0.99}, {0.7, 0.99}}, {{0.1, 0.27}, {0.2, 0.28},
{0.3, 0.27}, {0.4, 0.26}, {0.5, 0.25}, {0.6, 0.24}, {0.7, 0.22}}},
Joined » True, PlotRange -» {{0.0, 0.7}, {0.0, 1.0}},
Frame -» True, FrameTicks -» { {True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P> males (p)",
"Fecundity benefit of mating with a T> female (f)"},
ImageSize -» Large, BaseStyle » {FontSize » 16}, PlotStyle » {{White}},
FrameStyle -» Black, Filling - {{1 » {{2}, GrayLevel[1.0]1}}}],
Graphics[Text["Ap, > 0, Atz > 0", {0.5, 0.5}11],
Graphics[Text["s = 0.1, u = 0.01, ¢ = 0.01", {0.55, 0.95}]11,
Graphics|[Text["p2 start = 0.05, t2 start = 0.8", {0.55, 0.88}]]]
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First line: highest value at which p2 and t2 are both decreasing

Second line: lowest value at which p2 and t2 are both decreasing

B2p2dt2d = Show|[
ListPlot[{{{0.001, 0.38}, {0.01, 0.27}, {0.025, 0.255}, {0.03, 0.255},
{0.04, 0.255}, {0.0425, 0.23}, {0.05, 0.205},
{0.1, 0.145}, {0.15, 0.115}, {0.2, 0.105}, {0.3, 0.09},
{0.4, 0.085}, {0.5, 0.085}, {0.6, 0.085}, {0.7, 0.085}},
{{0.001, 0}, {0.1, O}, {0.2, O}, {0.3, 0}, {O.4, O}, {0.5, 0},
{0.6, 0}, {0.7, 0}}, {{O, 0.38419}, {1, 0.38419}}},
Joined -» True, PlotRange -» {{0.0, 0.7}, {0.0, 1.0}},
Frame -» True, FrameTicks -» {{True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P> males (p)",
"Fecundity benefit of mating with a T2 female (f)"},
ImageSize -» Large, BaseStyle » {FontSize » 16}, PlotStyle »
{GrayLevel[0.3], GrayLevel[0.3], {Black, Thick, Dashed}},
FrameStyle -» Black, Filling -» {1 » { {2}, GrayLevel[0.3]1}}],
Graphics[Text[Style["Ap, < 0, Atz < 0", White], {0.1, 0.05}]11],
Graphics[Text["s = 0.1, u = 0.01, ¢ = 0.01", {0.55, 0.95}]11,
Graphics|[Text["p2 start = 0.05, t;» start = 0.8", {0.55, 0.88}]]]
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Figure2B = Show[B2p2dt2i, B2p2it2d, B2p2it2i, B2p2dt2d]

s=0.1, uy=0.01,¢c=0.01
po start = 0.05, , start = 0.¢
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2. Supplementary Figures

Results when the starting frequency of the

ornamental trait is low

Figure S1: effect of f and p on the sign of Ap2 and
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At2 when = 0.01, c=0, s=0.1, and t2 start = 0.1
of}

Compare with figure | A in the main text.
Fix this: the dashed line indicates the value that f must exceed in order

for At2 to be positive in the absence of p2 (p2=0).

in1321= Show[ListPlot[{{{0.001, 0.24}, {0.1, 0.24}, {0.2, 0.24},
{0.3, 0.23}, {0.4, 0.22}, {0.5, 0.21}, {0.6, 0.2}, {0.7, 0.19}},

{{0.001, 0.06}, {0.1, 0.06}, {0.2, 0.06}, {0.3, 0.06},

{0.4, 0.06}, {0.5, 0.06}, {0.6, 0.07}, {0.7, 0.07}},
{{0, 0.24994265290988632}, {1, 0.24994265290988632}}},
Joined -» True, PlotRange -» {{0.0, 0.7}, {0.0, 1.0}},
Frame -» True, FrameTicks » {{True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P, males (p)",
"Fecundity benefit of mating with a T, female (f)"},
ImageSize -» Large, BaseStyle » {FontSize -» 16}, PlotStyle »
{{GraylLevel[0.6]}, {GrayLevel[0.3]}, {Black, Thick, Dashed}},
FrameStyle -» Black, Filling -»

{{1 - {{2}, GrayLevel[0.6]}}, {2 » {Axis, GrayLevel[0.3]}}}],
Graphics[Text["Ap, > 0, Atz > 0", {0.35, 0.44}]],
Graphics|[Text["Ap, > 0, Atz < 0", {0.35, 0.15}]],
Graphics[Text["s = 0.1, u = 0.01, ¢ = O", {0.55, 0.95}]1],
Graphics[Text["p2 start = 0.05, t2 start = 0.1", {0.55, 0.88}]],
Graphics[Text[Style["Ap, < 0, Atz < 0", White], {0.35, 0.03}1]1
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Figure S2: effect of f and p on the sign of Ap2 and

At2 when = 0.01, c=0, and s=0.2
{0}

Compare with figure |B in the main text.
Fix this: the dashed line indicates the value that f must exceed in order

for At2 to be positive in the absence of p2 (p2=0).

inf142)= Show[ListPlot[{{{0.001, 0.53}, {0.1, 0.53}, {0.2, 0.52},

{0.3, 0.51}, {0.4, 0.49}, {0.5, 0.47}, {0.6, 0.45}, {0.7, 0.43}},

{{0.001, 0.13}, {0.1, 0.13}, {0.2, 0.13}, {0.3, 0.133},

{0.4, 0.13}, {0.5, 0.13}, {0.6, 0.13}, {0.7, 0.13}},

{{0, 0.5395692703536477}, {1, 0.5395692703536477}}},
Joined -» True, PlotRange -» {{0.0, 0.7}, {0.0, 1.0}},

Frame -» True, FrameTicks -» {{True, False}, {True, False}},
FrameLabel -» {"Strength of aversion to T: females by P, males (p)",

"Fecundity benefit of mating with a T, female (f)"},

ImageSize » Large, BaseStyle » {FontSize -» 16}, PlotStyle »

{{GraylLevel[0.6]}, {GrayLevel[0.3]}, {Black, Thick, Dashed}},

FrameStyle -» Black, Filling -

{{1 - {{2}, GrayLevel[0.6]}}, {2 » {Axis, GrayLevel[0.3]1}}}1,
Graphics[Text["Ap, > 0, Atz > 0", {0.35, 0.64}]],
Graphics[Text["Ap, > 0, Atz < 0", {0.35, 0.25}]],
Graphics[Text["s = 0.2, u = 0.01, ¢ = 0", {0.55, 0.95}1],
Graphics[Text["p2 start = 0.05, t> start = 0.1", {0.55, 0.88}]11],
Graphics[Text[Style["Ap, < 0, Atz < 0", White], {0.35, 0.05}1]1
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