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Ecology
nes72;= Clear [a, p]

RR 1-pPP
E-igensystem[( P P )]

1-pRR pPP
1-pRR
2 - (PRR + pPP)

solve|{p == , ©=PRR- (1-pPP)}, (PRR, pPP}]

ousers {(1, -1+ pPP 4 pRR), {{- ll‘ ppPRPR, 1}, -1, 1))
-1+

outjee74= {{pRR>1-p+ptT, pPPPo>p+Tc-pT}}

Relatedness
nst1e;= Clear [fLR, fLP]
Solve[
fHR 2 fLR 2 fHR fLR
{rR:: (L-p+pt) ¢R . +2 rR| +
fHR + fLR fHR + fLR fHR + fLR fHR + fLR
(1-(1-p+pr1)) 0P
fHP 2 fLP 2 fHP fLP
— | + +2 rP|,
(fHP + fLP ) fHP + fLP ) fHP + fLP fHP + fLP
fHP 2 fLP 2 fHP fLP
rP== (p+t-pt) P + +2 rP| +
[fHP + fLP ] [fHP + fLP ] fHP + fLP fHP + fLP

(1-(p+T-p1)) 9R

fHR 2 fLR 2 fHR fLR
—_— + +2 rR }’
fHR + fLR fHR + fLR fHR + fLR fHR + fLR

{rR, rP}]
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2 fHP fLP (p+t-p ) ¢P fHP? (p-pt) 9P  fLP? (p-p ) 0P

- -}

(FHP + fLP)? (FHP + fLP)? (FHP + fLP)?
fHR? (L-p+pt) R fLR* (1-p+p 1) ¢R 1
(FHR + fLR)? (FHR + fLR)? (fHP + fLP)?

fHP? (p+T-pt) 9P  fLP?> (p+T-pt) @P

(FHP + fLP)? (FHP + fLP)?

/

2 fHP fLP (p-p ) ¢P

fHR? (1-p-t+pt) 9R FfLR® (1-p-t+pT) R

(FHR + fLR)? (FHR + fLR)?

4 fHP fHR fLP fLR (p-p ) (1-p-T+p ) 0P ¢R

(fHP + fLP)? (fHR + fLR)?

2 fHP fLP (p+t-pt) ¢P 2fHRfLR (1-p+p ) 0R

1- 1-

(FHP + fLP)? (FHR + fLR)®

rP > - ((fHP? fHR? p P + fHR® FLP? p P + 2 fHP? fHR fLR p oP + 2 fHR fLP? fLR p 0P +
fHP? fLR? p @P + fLP? fLR? p 9P + fHP? fHR? T P + fHR? fLP? T P +
2 fHP? fHR fLR ¢ @P + 2 fHR fLP? fLR ¢ ¢P + fHP? fLR? ¢ P + fLP? fLR? ¢ P -
fHP? fHR? p T P - fHR? fLP? p r 9P - 2 fHP? fHR fLR p T @P - 2 fHR fLP? fLR p T ¢P -
fHP? fLR? p © P - fLP? fLR? p © @P + fHP? fHR? @R + 2 FHP fHR? fLP @R +
fHR? fLP? ¢R + THP? fLR? @R + 2 fHP fLP fLR? ¢R + fLP? fLR? @R - fHP? fHR? p ¢R -
2 fHP fHR? fLP p ¢R - fHR? fLP? p ¢R - fHP? fLR? p @R - 2 fHP fLP fLR? p R -
fLP? fLR? p ¢R - fHP? fHR?  ¢R - 2 THP fHR? fLP t ¢R - fHR? fLP? t ¢R -
fHP? fLR? T @R - 2 fHP fLP fLR? T @R - fLP? fLR? € @R + fHP? fHR? p T @R +
2 fHP fHR? fLP p T @R + THR? fLP? p © @R + fHP? fLR* p T 9R + 2 fHP fLP fLR? p T ¢R +
fLP? fLR? p = @R - 2 FHP? fHR fLR T P ¢R - 2 fHR fLP? fLR T oP ¢R) /
(- fHP? fHR? - 2 fHP fHR? fLP - fHR? fLP? - 2 fHP? fHR fLR - 4 fHP fHR fLP fLR -
2 fHR fLP? fLR - fHP? fLR? - 2 fHP fLP fLR? - fLP? fLR* + 2 fHP fHR* fLP p ¢P +
4 fHP fHR fLP fLR p P + 2 fHP fLP fLR? p ¢P + 2 fHP fHR? fLP T P +
4 fHP fHR fLP fLR t 9P + 2 fHP fLP fLR? T P - 2 fHP fHR® fLP p T P -
4 fHP fHR fLP fLR p T @P - 2 THP fLP fLR? p t P + 2 fHP? fHR fLR @R +
4 fHP fHR fLP fLR @R + 2 fHR fLP? fLR @R - 2 fHP? fHR fLR p ¢R -
4 fHP fHR fLP fLR p ¢R - 2 THR fLP? fLR p ¢R + 2 THP? fHR fLR p T @R +
4 fHP fHR fLP fLR p T R + 2 fHR fLP? fLR p T ¢R - 4 fHP fHR fLP fLR T 0P ¢R) ) }}

Clear[d, rR, rP]

c=0.9;

d=0.1;

UR =13

uP=0.13

qHR = 13

qLR = 0.1}

qHP = 13

qLP =0.1;

hlabel = {{-1, "-1.0", {0, 0.01}}, {-0.5, "-0.5", {0, 0.01}},
{6, "e.0", {0, 0.01}}, {06.5, "0.5", {0, 0.01}},
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(1.0, "1.0", {0, 0.01}}}}
v1abe1=Jo1‘n[{{o.e, "9.0", {0, 0.01}}},

2
Tab'l.e[{'i, ToString[N[i]], (@, ©.01}}, {1‘, 8 —}],

({1, "1.0", {0, 0.01}}}|;

pticks = Join[Table[{i, ToString[i], {0, 0.01}}, {i, -0.8, -0.2, 0.2}],
{{e, "0.0", {0, 0.01}}},
Table[{i, ToString[i], {0, 0.01}}, {i, 0.2, 0.8, 0.2}]]3

colour = {{"#DA3232", "112588E"}, {"#DA3232", "1#12588E"}};

stylel = {Directive[RGBColor[colour[[1]]1[[1]]]1],
Directive[RGBColor[colour[[1]][[2]]], Dashing[{0.03, 0.05}],
Thickness[0.015]]};

XHR 1
fHR = uR |QHR+ ————— [1- — (xHR+xLR)) ;
% (XHR + XLR) 2
XLR 1
fLR := R |QLR+ ———  [1- — (xHR+xLR)) ;
% (XHR + XLR) 2
xXHP
fHP ¢= uP |QHP+ ————— [1- — (xHP+xLP)) ;
% (XHP + XLP)
XLP 1
fLP:=uP |[qLP+ ———— [1- = (xHP+xLP)) ;
> (xHP + XLP) 2
fLR fLP fHP
sH = s sL = HE A H
fHR fHP fHR
oR =

(((1-d) (fHR + fLR)) /
((1-d) (FHR+fLR) + (p (FHR+ fLR) + (1-p) (fHP+fLP)) d (1-¢)))?%;
¢P :=

(((1-d) (fHP+fLP)) /
((1-d) (fHP + fLP) + (p (fHR+ fLR) + (1-p) (fHP+fLP)) d (1-¢)))?;

rR[t_] =
(1 2 fHP fLP (p+t-p t) P
(fHP + fLP) 2
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fHP? (p-pzt) P fLP? (p-pt) oP FHR> (1-p+p <) ¢R
(fHP + fLP)?2 (fHP + fLP) 2 (fHR + fLR) 2

fLR?> (1-p+p ) @R
(fHR + fLR) 2

(2 fHP fLP (p-p ) P

fHP? (p+t-pt) oP FLP? (p+Tt-pt) 9P FHR® (1-p-t+pt) ¢R
(fHP + fLP) 2 (fHP + fLP)? (fHR + fLR) 2

fLR? (1-p-t+pct) ¢R
fHP + fLP) 2
(fHR + fLR) 2 )]/( * )]/

4 fHP fHR fLP fLR (p-pt) (L-p-t+p ) 0P R
[ (fHP + fLP)2 (fHR + fLR)? )
(1_ 2 fHP fLP (p+t-p 1) (pP] (1_ 2fHRfLR (L-p+p 1) (pR))]
(fHP + fLP) 2 (fHR + fLR) 2

rP[t_] :=
- ((fHP* fHR? p oP + fHR? fLP? p 9P + 2 fHP® fHR fLR p oP + 2 fHR fLP* fLR p ¢P +
fHP? fLR? p ¢P + fLP? fLR? p P + fHP? fHR? ¢ 9P + fHR? fLP? T ¢P +
2 fHP? fHR fLR t @P + 2 fHR fLP? fLR t @P + fHP? fLR? T P +
fLP? fLR? t ¢P - fHP? fHR? p t ¢P - fHR? fLP? p = ¢P - 2 fHP? fHR fLR p t ¢P -
2 fHR fLP? fLR p t 9P - fHP? fLR? p t 9P - fLP? fLR?> p = ¢P +
fHP? fHR? ¢R + 2 fHP fHR? fLP ¢R + fHR? fLP? @R + fFHP? fLR? R +
2 fHP fLP fLR? ¢R + fLP? fLR? ¢R - fHP? fHR? p ¢R - 2 fHP fHR? fLP p ¢R -
fHR? fLP? p ¢R - fFHP? fLR? p ¢R - 2 fHP fLP fLR? p ¢R - fLP? fLR? p ¢R -
fHP? fHR? t ¢R - 2 fHP fHR? fLP t ¢R - fHR? fLP? t ¢R - fHP? fLR? T ¢R -
2 fHP fLP fLR? t ¢R - fLP? fLR? z ¢R + FHP? fHR? p T ¢R +
2 fHP fHR? fLP p t ¢R + FHR? fLP? p t ¢R + fFHP? fLR> p T ¢R +
2 fHP fLP fLR? p t ¢R + fLP? fLR? p t ¢R - 2 fHP? fHR fLR t ¢P ¢R -
2 fHR fLP? fLR t P ¢R) /
(- fHP? fHR? - 2 FHP fHR® fLP - fHR® fLP® - 2 fHP? fHR fLR -
4 fHP fHR fLP fLR - 2 fHR fLP? fLR - fHP? fLR? - 2 fHP fLP fLR? -
fLP? fLR? + 2 fHP fHR? fLP p P + 4 fHP fHR fLP fLR p ¢P +
2 fHP fLP fLR? p ¢P + 2 fHP fHR? fLP t @P + 4 fHP fHR fLP fLR t ¢P +
2 fHP fLP fLR? t ¢P - 2 fHP fHR? fLP p t ¢P - 4 fHP fHR fLP fLRp t ¢P -
2 fHP fLP fLR? p © ¢P + 2 fHP? fHR fLR @R + 4 fHP fHR fLP fLR ¢R +
2 fHR fLP? fLR ¢R - 2 fHP? fHR fLR p ¢R - 4 fHP fHR fLP fLR p ¢R -
2 fHR fLP? fLR p ¢R + 2 fHP? fHR fLR p = @R + 4 fHP fHR fLP fLRp t ¢R +
2 fHR fLP? fLR p = ¢R - 4 fHP fHR fLP fLR t ¢P @R))

Plot[{rR[t] /. {XHR> 1, XLR> 1, XHP » 1, XxLP » 1}}, {t, -1, 1},
PlotRange -» {{-1, 1}, {0, 1}}, Frame » True, AxesOrigin- {-1, -0.0},



Rodrigues-code.nb |5

FrameLabel -» {{Text[Style["relatedness, rR"]], None}, {None, None}},
FrameTicks » {{vlabel, None}, {hlabel, None}}, AspectRatio-~ 1,
ImageSize -» 200]

Plot[{rP[t] /. {xHR> 1, XLR> 1, xHP -1, XxLP > 1}}, {t, -1, 1},
PlotRange - {{-1, 1}, {0, 1}}, Frame -» True, AxesOrigin- {-1, -0.0},
FrameLabel -» { {Text[Style["relatedness, rp"]], None}, {None, None}},
FrameTicks - {{vlabel, None}, {hlabel, None}}, AspectRatio- 1,
ImageSize -» 200]
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Reproductive value

calculations

WHRHR[t_] :=
((1-d)/ ((1L+sR) (1-d)+(p(L+sR) + (1-p) o (1+sP))d(1-c)))
(p+T-prT) +
((d(1-¢c)p)/ ((L+sR) (1-d)+(p(L+sR)+(1-p)o(1l+sP))d(1l-c)))
(p+T-prT) +
((d(1-¢) (1-p))/
(c (1+sP) (1-d)+ (p(1+sR) +(1-p) o (1+sP))d(1-c)))
(1-(2-p+p7T));5
wHRLR[T_] :=
((1-d) / ((1+sR) (1-d)+(p(1+sR) + (1-p) o (1+sP))d(1-c)))
(p+T-pcT) +
((d(1-c)p)/ ((1+sR) (1-d)+(p(L+sR) + (1-p)oc (1+sP))d(1-c)))
(p+Tt-pczT) +
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((d(1-c) (1-p))/
(o (1+sP) (1-d)+(p(1+sR)+(1-p)o (1+sP))d(1-c)))

(1-(1-p+p7T))3

WHRHP[t ] :=
((1-d) / ((L+sR) (1-d)+ (p(1+sSR)+ (1-p) o (L+sP))d(l-c)))
(1-(p+t-pt1))+
((d(1-c)p)/ ((L+sR) (1-d) + (p(L+sR) +(1-p) o (1+sP))d(1-c)))
(1-(p+Tt-pt))+
((d(1-¢c) (1-p))/
(0 (L+sP) (1-d) +(p (L+sSR) + (1-p) o (L+sP))d(1-c))) (L-p+pcT);}
WHRLP[T_] :=
((-d) / ((L+sR) (1-d)+(p(L+sSR) + (L-p) o (L+sP))d(1-c)))
(1-(p+T-pr1)) +
((d(@2-c)p)/ ((L+sR) (1-d) + (p(1+sSR) +(1-p)o(1+sP))d(1-c)))
(1-(p+t-pr1T)) +
((d(1-c) (1-p))/
(c(1+sP) (1-d)+(p(1+sR)+(1-p)o (1+sP))d(1-¢c))) (L-p+p<1)}

WHPHP[t_] :=
((c(1-d))/ (c(1+sP) (1-d)+(p(1+sR) + (1-p) o (1+sP))d(1-c)))
(l-p+pcT) +
((cd(1-c)p)/ ((1+sR) (1-d)+(p(1+sR)+(1-p)o(1+sP))d(l-c)))
(-(p+T-p7T)) +
((cd(1-¢c) (1-p))/
(0 (1+sP) (1-d)+(p(1+sR) + (1-p)o (1+sP))d(1-c))) (L-p+pcT)}
WHPLP[T_] :=
((c(1-d))/ (oc(1+sP) (1-d)+(p(1+sR) + (1-p)o (1+sP))d(1-c)))
(l-p+pc) +
((cd(1-¢c)p)/ ((L+sR) (1-d)+(p(L+sR)+(1-p)o(1l+sP))d(1l-c)))
(1-(p+T-p1T)) +
((cd(1-c) (1-p))/
(c (1+sP) (1-d)+ (p(1+sR) + (1-p) o (1+sP))d(1-¢c))) (1-p+pcT)}

wWHPHR[t_] :=
((c(1-d))/ (oc(1+sP) (1-d)+(p(1+sR) + (1-p) o (1+sP))d(1-c)))
(1-(1-p+p7)) +
((cd(1-c)p)/ ((1+sR) (1-d)+(p (L+sR) +(1-p)o (1L+sP))d(1-c)))
(p+Tt-pczT) +
((6d (1-¢c) (1-p))/
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(0 (1+sP) (1-d)+(p(1+sR)+(1-p)o (1+sP))d(1-c)))
(1-(1-p+pP7T));3
WHPLR[z_] 2=
((c(1-d))/ (c(1+sP) (1-d)+(p(1+sR) + (1-p) o (1+sP))d(1-c)))
(- (1-p+p71)) +
((cd(1-c)p)/ ((1+sR) (1-d)+(p (L+sR) +(1-p)o (1+sP))d(1-c)))
(p+T-pT) +
((cd(1-c) (1-p))/
(o0 (1+sP) (1-d)+(p(1+sR) +(1-p)o(1+sP))d(1-c)))
(1-(1-p+p71))3

WLRLR[z_] :=
((sR(1-d))/ ((L+sR) (1-d)+(p(L+sR)+ (1-p)o(L+sP))d(1l-c)))
(p+T-ptT) +
((sRd (1-¢c)p)/ ((1+sR) (1-d) +(p (L+sR)+(1-p)o(l+sP))d(l-c)))
(p+T-pzT) +
((sRd (1-¢c) (1-p))/
(o (1+sP) (1-d)+(p(1+sR)+(1-p)o (1+sP))d(1-c)))
(1-(@2-p+p7T));5
WLRHR[T_] :=
((sR(1-d))/((1+sR) (1-d)+(p(1+sR) + (1-p)o (1+sP))d(1-c)))
(p+Tt-pczT) +
((sRd (1-¢c)p)/ ((1+sR) (1-d)+(p(1L+sR) +(1-p)o(1+sP))d(1-c)))
(p+T-prT) +
((sRd (1-¢c) (1-p))/
(o0 (1+sP) (1-d)+(p(1+sR) +(1-p)o(1+sP))d(1-c)))
(1-(1-p+p71))3

WLRLP[z ] 2=
((sR(1-d))/ ((1 +sR) (1-d)+(p(1+sR)+ (1-p)o(1+sP))d(1-c)))
(1-(p+T-p1)) +
((sRd (1-c)p)/ ((L+sR) (1-d) +(p(L+sR)+(1-p)o (1+sP))d(1-c)))
(1-(p+T-pr1)) +
((sRd (1-¢c) (1-p))/
(o (1+sP) (1-d)+ (p (L+SR) + (1-p) o (1L+sP))d(1-c))) (1-p+p1);}
WLRHP[T ] :=
((sR(1-d)) / ((L +sR) (1-d)+ (p(1+sR)+ (1-p) o (L+sP))d(l-c)))
(1-(p+Tt-p1))+
((sRd (L-¢c) p)/ ((L+sR) (1-d) + (p (L+sR) + (1-p) o (L+sP))d(1-c)))
(1-(p+Tt-p1))+
((sRd (1-c¢) (1-p))/
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(c (1+sP) (1-d)+ (p(1+sR) + (1-p) o (1+sP))d(1-c))) (1-p+pcT)}

WLPLP[z_] =
((osP (1-d)) /(o (1+sP) (1-d)+ (p(1+sR) + (1-p)oc (1+sP))d(1-c¢)))
(L-p+prc) +
((osPd (1-c) p) /
((1+sR) (1-d)+ (p(1+sR) + (1-p) o (1+sP))d(1-c)))
(L-(p+T-pT)) +
((osPd (1-c) (1-p)) /
(0 (1+sP) (1-d)+(p(1+sR) + (1-p) o (1+sP))d(1-c))) (L-p+pczT)}
WLPHP[z_] =
((osP (1-d))/ (o (1+sP) (1-d)+(p(1+sR) +(1-p) o (1+sP))d(1-c)))
(1-p+pc) +
((osPd (1-c) p) /
((1+sR) (1-d)+(p(1+sR)+(1-p)o(1+sP))d(1-c)))
(L-(p+T-p7T)) +
((ocsPd (1-c) (1-p))/
(c (1+sP) (1-d)+ (p(1+sR) + (1-p) o (1+sP))d(1-¢c))) (1-p+pcT)}

WLPLR[z_] 2=
((osP (1-d)) /(o (1+sP) (1-d)+ (p(1+sR) + (1-p)o (1+sP))d(1-c¢)))
(1-(1-p+p7T)) +
((osPd (1-c) p) /
((1+sR) (1-d)+(p(1+sR) + (1-p)o (1+sP))d(1-c))) (p+T-pczT)+
((osPd (1-c) (1-p)) /
(o0 (1+sP) (1-d)+(p(1+sR) +(1-p)o(1+sP))d(1-c)))
(1- (1-p+p1));
WLPHR[z_] =
((osP (1-d))/ (o (1+sP) (1-d) +(p(1+sR) +(1-p) o (1+sP))d(1-c)))
(L-(1-p+p7T))+
((osPd (1-c) p) /
((L+sR) (1-d) + (p (1+SR) + (1-p) o (L+sP))d(l-c))) (p+Tt-pz)+
((ocsPd (1-c) (1-p))/
(o (1+sP) (1-d)+(p(1+sR)+(1-p)o (1+sP))d(1-c)))
(1-(1-p+pP7T));3

wHRHR[z] WLRHR[t] wHPHR[t] WLPHR[t]
WHRLR[t] WLRLR[z] WHPLR[t] WLPLR[t] |,
wHRHP[t] WLRHP[t] wHPHP[t] wLPHP[z] |’
wHRLP[z] WLRLP[t] wHPLP[t] WLPLP[z]

Alt_] :=
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AP = A[t]}

Eigenvalues[AP] // Simplify
Eigensystem[AP] // Simplify
Eigensystem[Transpose[AP]] // Simplify

oues7el- {0, 0, 1, (4 (-1+d) (-1+cd) (1+sP) (1+sR)ot)/
((-2(1+sR) +d (1+sR-o-sPo+c (1l+sR+o0+sPo)))
(—2 (1+sP)o+d (-1-sR+o+sPo+c (l+sR+o+sPO))))}

ouies7o- {{0, @, 1, (4 (-1+d) (-1+cd) (1+sP) (1+sR)ort)/
((-2(1+sR) +d (1+sR-o-sPo+c (L+sR+o+sPo)))
(—2 (l+sP)o+d (-1-sR+o+sPo+c (l+SR+O+SPO))))},
{{6, 0, -sP, 1}, {-sR, 1, 0, 0}, {1, 1, 1, 1},
{-(((1+sP)yo (-2 (1+sR) (-1+1) +d®> (1+sR-o-sPo+c? (1+sR+0+sPo) -2c (1+5sR)
t)+2d (—l+O+SPO+SR(—l+t)+7:—C(l+SR+o+SPO—t—SRt)))>/
((1+sR) (-2 (1+sP)o (-1+t)-2d(-1-SR+0+SPo+cC (L+SR- (1+SP) o (-1+1)) -
ot-sPor)+d® (-1-sR+o+sPo+c? (1+sR+o+sPo)-2c (L+sP)ort)))),
-(((1+sP)o (-2 (1+sR) (-1+1) +d* (1+sR-o-sPo+c? (1+sR+0+sPo) -2c (1+sR)
t)+2d (—l+O+SPO+SR(—l+t)+t—C(l+SR+O+SPO—E—SRt)))>/
((L+sR) (-2 (1+sP)o (-1+t)-2d (-1-sR+o+sPo+
c(l+sR-(1+sP)o(-1+t))-ot-sPozt) +
d*> (-1-sR+o+sPo+c® (L+sR+o+sPo) -2c (1+sP)ot)))), 1, 1}}}

Out[9580]= {{0, 0,1, (4 (-1+d) (-1+cd) (L+sP) (1+sR)oc)/
((-2(1+sR) +d (1+sR-o-sPo+c (L+sR+o+sPo)))
(—2 (l+sP)o+d (-1-sR+o+sPo+c (l+sR+o+sPo))))},
{{o, 0, -1, 1}, (-1, 1, 0, 0}, {(-2 (1+sP) o (-1+71) -
2d (-1-sR+o+sPo+c (1+sR-(1l+sP)o (-1+t))-ot-sPort) +
d* (-1-sR+o+sPo+c’ (1+sR+o+sPo)-2c (1+sP)ot))/
(sPo (-2 (1+sR) (-1+1) +d* (1+sR-o-sPo+c? (1+sR+o+sPo) -2c (1+sR) )+
2d (—l+0+sP0+sR(—l+t)+t—c(l+sR+0+sP0—t—th)))),
(sR(-2(1+sP)o(-1+t)-2d (-1-SR+0+sSPo+c (1L+sR-(1+sP)o(-1+1)) -
ot—sPot)+d2 (—l—sR+o+sPo+c2 (lL+sR+o+sPo) -2c (1+sP) OT_)))/
(sPo(—Z (1L+sR) (-1+71) +d? (lJrsR—o—sPOJr(:2 (l+sR+o+sPo) -2c (1+sR) t) +
2d (-1+0+sPo+sR(-1+t)+t-c(l+sR+o+sPo-t-sRu))]),

1 1+sP sR+sPsR 1
;’ l}, {_5P+SPSR, _SP+SPSR, ;, l}H

Plot

c=0.93
d=0.1;
uR =13

uP=0.13
gHR = 13
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qLR = 0.1;
qHP = 13
qLP=0.1;
XHR 1
fHR := uR |QHR+ ————— |1 - = (xHR+xLR)) 3
%(xHR+xLR) 2
XLR 1
fLR := uR |QLR+ —— M 1—-—(xHR+xLR));
%(xHR+xLR) 2
XHP 1
fHP := uP |QHP + ——— 1—-—(xHP+xLP));
%(xHP+xLP) 2
XLP 1
fLP := P |QLP+ ——— 1—-—(xHP+xLP));
i(xHP+xLP) 2
fLR fLP fHP
sH = 3 sL= 50= H
fHR fHP fHR

(-2 (1+sL) o (-1+7) -
2d(-1-sH+o+sLo+c (1+sH- (1+sL) o (-1+t))-ot-sLort) +
d* (-1-sH+o+sLo+c® (L+sH+o+sLo)-2c (1+sL)ot)))/
(ch
(-2 (1+sH) (-1+7) +
d?> (L+sH-o-sLo+c® (1+sH+o+sLo) -2c (1+sH) )+
2d (-1+o+sLo+sH (-1+t)+t-c (l+sH+o+sLo-t-sHt))))/
(-2 (1+sL) o (-1+7) -
2d (-1-sH+o+sLo+c (1l+sH- (1+sL) o (-1+t))-ot-sLort)+
d’> (-1-sH+o+sLo+c® (L+sH+o+sLo) -2c (1+sL) o))/
(sLo
(-2 (+sH) (-1+1) +
d* (1+sH-o-sLo+c® (L+sH+o+sLo) -2c (1+sH) t)+
2d (-1+0+sLo+sH (-1+z)+t-c(l+sH+o+sLo-t-sHt))))

VHP[z_] :=
1

sL
(-2 (1+sL) o (-1+71) -

2d(-1-sH+o+sLo+c (1+sH- (1+sL) o (-1+t))-0ot-sLorzt)+
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d? (—1—5H+0’+SLO’+C2 (L+sH+o+sLo) -2c (1+slL) O"E))/
(ch
(-2 (1+sH) (-1+7) +
d? (1+SH—c—sLa+c2 (l+sH+o+sLo) -2c (1+sH) 1:)+
2d (-1+0+sLo+sH (-1+t)+t-c(l+sH+o+sLo-t-sHt))))
VLP[z ] :=
1/
(-2 (1+sL) o (-1+7) -
2d(-1-sH+o+sLo+c (1+sH- (1+sL) o (-1+t))-0ot-sLorzt)+
d? (—1—5H+0‘+SLO+C2 (l+sH+o+sLo) -2c (1+slL) ot))/
(ch
(-2 (1+sH) (-1+7) +
d?> (L+sH-o-sLo+c®> (1+sH+o+sLo) -2c (1+sH) )+

2d(-1+0+sLo+sH (-1+t)+T-C (1+sH+0+sLo—t—sHt))))

wHRe¢[T_] =

((1-d) (fHR)) /

((1-d) (fFHR+ fLR) + (p (fHR + fLR) + (1 -p) (fHP + fLP)) d (1-¢))
wWLRo[T_] =

((1-d) (fLR)) /

((1-d) (fFHR+ fLR) + (p (fHR + fLR) + (1 -p) (fHP + fLP)) d (1-¢))
wHP¢[T ] :=

((1-d) (fHP)) /

((1-d) (fHP + fLP) + (p (fHR+ fLR) + (1-p) (fHP + fLP)) d (1-¢))
WLPo[z_] :=

((1-d) (fLP)) /

((1-d) (fHP + fLP) + (p (fHR+ fLR) + (1-p) (fHP + fLP)) d (1-¢))

VHRe¢[t_] =
wHR¢[t] ((1-p+p <) (VHR[T] +VLR[T]) + (1 - (1-p+p t)) (VHP[T] +VLP[T]))
VLRe¢[t_] ¢=
wLR¢[z] ((L-p+pzt) (VHR[T] +VLR[T]) + (1 - (1-p+p<T)) (VHP[T] +VLP[T]))
VHP¢[T_] =
wHP¢[t] ((1-(p+Tt-ptT)) (VHR[T] +VLR[T]) + (P+T-p<tT) (VHP[T] +VLP[T]))
VLP¢[T_] =
wWLPé[t] ((L-(p+Tt-pt)) (VHR[Tt] +VLR[T]) + (P+T-ptT) (VHP[T] +VLP[T]))

Plot[{VHRé[c] /. {XHR > 1, XLR > 1, xHP > 1, XxLP - 1},
VLR¢[t] /o {XHR» 1, XxLR> 1, XHP > 1, xLP > 1}}, {T, -1, 1},
PlotRange » {{-1, 1}, {0, 1}}, Frame -» True, AxesOrigin- {-1, -0.0},
FrameLabel » {{Text[Style["reproductive value, v*"]], None},
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{None, None}}, FrameTicks -» {{vlabel, None}, {hlabel, None}},
PlotStyle » stylel, AspectRatio -» 1, ImageSize » 200]
Plot[{vHP$[z] /. {XHR > 1, XLR> 1, XHP > 1, XLP > 1},

VLP$[t] /. {XHR > 1, XLR> 1, XHP > 1, XLP > 1}}, {t, -1, 1},
PlotRange -» {{-1, 1}, {0, 1}}, Frame » True, AxesOrigin- {-1, -0.0},
FrameLabel » {{Text[Style["reproductive value, v*"]|], None},

{None, None}}, FrameTicks » {{vlabel, None}, {hlabel, None}},
PlotStyle -» stylel, AspectRatio -» 1, ImageSize » 200]

0.8

0.6

Out[8848]=
04

reproductive value, v¢

02

0.8

0.6

Out[8849]=
04

reproductive value, v¢

02

0.0
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Potential for helping

wR[T_] ¢=

(1-d) / ((1-d) (fHR+ fLR) + (p (fHR+ fLR) + (1-p) (fHP+ fLP)) d (1-¢))

wP[t_] ¢=

(1-d) / ((1-d) (fHP + fLP) + (p (fHR+ fLR) + (1-p) (fHP+fLP)) d (1-c))

vaRm rR[t] -wR[t] (VHRé[T] + VLRH[T] rR[T])
AHR[z_] := = ;
vaRH[;] -wR[t] (VHRé[T] + VLR [T] rR[T])
vaR[t] rR[t] -wR[t] (VHR¢[T] FrR[T] + VLR¢[T])
ALR[z_] 1= —/= ;
VL:L[Rt] -wR[t] (VHR¢[T] rR[c] + VLR [T])
vaPL[Pr] rP[t] -wP[t] (VHP$[T] + VLP®[t] rP[z])
AHP[z_] := ;
L _wP[z] (VHP([T] +VLP$[c] rP[z])
WPL) P[] - wP[c] (VHPG[c] rPz] +VLPG[c])
ALP[z_] := ;

VLP[t]
fLP

-wP[t] (VHP¢[T] rP[t] + VLP®[T])
Plot[{AHR[z] /. {xHR> 1, XLR> 1, XHP » 1, XLP » 1},
ALR[T] /. {XHR> 1, XLR> 1, XxHP > 1, XLP > 1}}, {t, -1, 1},
PlotRange -» {{-1, 1}, {-0.81, 0.81}}, Frame - True,
FrameLabel -» {{Text[Style["potential for helping, A"]], None},
{None, None}}, AxesOrigin- {-1, -0.0},
FrameTicks » {{pticks, None}, {hlabel, None}}, PlotStyle - stylel,
AspectRatio -» 1, ImageSize -» 200]
Plot[{AHP[z] /. {xHR> 1, XLR> 1, xHP » 1, XLP » 1},
ALP[t] /. {XHR> 1, XLR> 1, XxHP > 1, XLP > 1}}, {t, -1, 1},
PlotRange -» {{-1, 1}, {-0.81, 0.81}}, Frame - True,
FrameTicks » {{pticks, None}, {hlabel, None}},
FrameLabel -» {{Text[Style["potential for helping, A"]], None},
{None, None}}, AxesOrigin- {-1, -0.0}, PlotStyle -» stylel,
AspectRatio -» 1, ImageSize -» 200]

[13
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08
06 P
; 04 =" -
‘;‘? 02~
outgsra= & 09
g 02
k5
g -04
06
08
10 -05 00 05 10
08
061 ~ o -
< 04 Teso -
‘;‘3 02 T =
ouse7a= & 90
g 02
Q
g -04
06
08
S10 05 00 05 10
C = 009;
d = 0.1;
uR =13
uP=0.13
qHR = 1;
gLR = 0.13
qHP = 13
qLP = 0.1
XHR
fHR := uR |QHR+ ——
% (XHR + XLR)
XLR
fLR := 4R QLR+ ———
; (XHR + XLR)
XHP
fHP := uP [qQHP 4+ ————
> (xHP + xLP)
XLP
fLP := uP |[qLP 4 ————
% (XHP + XLP)
fLR fLP fHP
sR= —3 sP = s o= —3
fHR fHP fHR

Optimal behaviour

(XHR + XLR) )
(XHR + XLR) )
(XHP + XLP) )

(XHP + XLP) )
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1 1
cHR::-——-(l—-—(xHR+xLR) :
1 2
2
XHR
bHR 3= - ——
%(xHR+xLR)
1 1
clLR := - — (1— — (XHR + XLR) |3
1 2
2
XLR
bLR$= - ——
%(xHR+xLR)
1 1
cHP::-——-(l—-—(xHP+xLP) 3
E 2
2
XHP
bHP 3= - ————
%(xHP+xLP)
1 1
cLP::-——-(l—-—(xHP+xLP) :
1 2
2
XLP
bLP 3= - ———
%(xHP+xLP)
VHR[T ] :=1
VLR[zT_] :=
(sR

(-2 (1+sP) o (-1+71) -
2d(-1-sR+o+sPo+c (1+sR-(1+sP)o (-1+t))-ot-sPort) +
d? (—1—SR+G+SPO'+C2 (L+sR+o+sPo) -2c (1+sP) ot)))/
(sPo
(-2 (1+sR) (-1+7) +
d? (1+SR—O’—SPG+C2 (l+sR+o+sPo) -2c (1+sR) 1:)+
2d (-1+0+sPo+sR(-1+t)+t-c (L+sR+o+sPo-t-sRt))))/
(-2 (1+sP) o (-1+71) -
2d(-1-sR+o+sPo+c (1+sR-(1+sP) o (-1+t))-0ot-sPorz) +
d? (—1—5R+0‘+SPG+C2 (L+sR+o+sPo) -2c (1+sP) ot))/
(sPcr
(-2 (1+sR) (-1+7) +
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d* (L+sR-o-sPo+c’> (1+sR+o+sPo) -2c (1+sR) t) +
2d(-1+0+sPo+sR (-1+t)+T-C (1+sR+a+sPo—t—th))))

VHP[T_] =
1

sP
(-2 (1+sP) o (-1+1) -
2d (-1-sR+o+sPo+c (1+sR-(1+sP) o (-1+t))-0ot-sPort)+
d? (—1—5R+0’+SPO’+C2 (L+sR+o+sPo) -2c (1+sP) ot))/
(sPc
(-2 (1+sR) (-1+7) +
d? (1+sR—a—sPo+c2 (l+sR+o0+sPo) -2c (1+sR) 1:)+
2d (-1+0+sPo+sR(-1+t)+t-c(l+sR+o+sPo-t-sRt))))
VLP[z ] :=
1/
(-2 (1+sP) o (-1+71) -
2d (-1-sR+o+sPo+c (1+sR-(1+sP) o (-1+t))-0ot-sPorz) +
d? (—1—5R+0‘+SPG+C2 (L+sR+o+sPo) -2c (1+sP) ot))/
(sPa
(-2 (1+sR) (-1+7) +
d* (L+sR-o-sPo+c’> (1+sR+o+sPo) -2c (1+sR) t) +
2d(-1+0+sPo+sR (-1+t)+T-C (1+sR+0+sPo—t—th))))

wHRe¢[T_] =

((1-d) (fHR)) /

((1-d) (fFHR+ fLR) + (p (fFHR + fLR) + (1 -p) (fHP + fLP)) d (1-¢))
wWLRo[T_] =

((1-d) (fLR)) /

((1-d) (fFHR+ fLR) + (p (fHR + fLR) + (1 -p) (fHP + fLP)) d (1-¢))
wHP¢[T ] :=

((1-d) (fHP)) /

((1-d) (fHP + fLP) + (p (fHR+ fLR) + (1 -p) (fHP + fLP)) d (1-¢))
WLPo[T_] 2=

((1-d) (fLP)) /

((1-d) (fHP + fLP) + (p (fHR+ fLR) + (1-p) (fHP + fLP)) d (1-¢))

VHRe¢[t_] =
wHR¢[t] ((1-p+p <) (VHR[T] +VLR[T]) + (1 - (1-p+p t)) (VHP[T] +VLP[T]))
VLRe¢[t_] =
wLR¢[z] ((L-p+pzt) (VHR[T] +VLR[T]) + (1 - (1-p+p<T)) (VHP[T] +VLP[Z]))
VHP¢[T_] =

wHP¢[t] ((1-(p+Tt-pt)) (VHR[T] +VLR[T]) + (P+T-p<tT) (VHP[T] +VLP[T]))
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VLP¢[T_] 2=
wWwLPé[t] ((L-(p+Tt-pt)) (VHR[T] +VLR[T]) + (P+T-ptT) (VHP[T] +VLP[T]))

wR[T_] ¢=
(1-d) / ((1-d) (FHR+ fLR) + (p (fHR+ fLR) + (1-p) (fHP + fLP)) d (1-c))
wP[t_] ¢=

(1-d) / ((1-d) (fHP+ fLP) + (p (fHR+ fLR) + (1-p) (fHP+ fLP)) d (1-¢))

VHR[t] VHR[t] VLR[t]
SHR[z_] := - cHR + [bHR + bLR rR[r]) -
fHR fHR
(bHR + bLR - cHR) wR[z] (VHR¢[z] + VLR¢[T] rR[Z]) 3
VLR[t] VHR[t] VLR[t]
SLR[t_] ¢= - cLR + [bHR rR[c] +bLR ) -
fLR fHR fLR

(bHR + bBLR - cLR) wR[t] (VHR¢[z] rR[t] + VLR [T]) 3

VHP [ ] VHP[t] VLP[t]
SHP[z_] = - cHP + (bHP + bLP I"P['C]) -
fHP fHP fLP
(bHP + bLP - cHP) wP[z] (VHP®[T] + VLP¢[T] rP[T]) }
VLP[t] VHP[t] VLP[t]
SLP[z_] = - cLP + [bHP rP[z] + bLP ) -
fLP fLP

(bHP + bLP - cLP) wP[t] (VHP$[t] rP[t] +VLP$[z])}
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In[9497]:=
Clear [zHR, zLR, zHP, zLP]
listHR = {}}
TistLR = {}}
listHP = {};
TistLP = {}}
zHR=0.13 zLR=0.15 zHP =0.13 zLP = 0.1}
Do[
aux = N[FindRoot [ {SHR[t] = @, SLR[T] == 0, SHP[t] == @, SLP[T] = 0},
{{xHR, zHR}, {XLR, zLR}, {xHP, zHP}, {xLP, zLP}}113
listHR = Append[listHR, xHR /. aux]}
listLR = Append[listLR, XLR /. aux]}
listHP = Append[listHP, xHP /. aux]
listLP = Append[listLP, XLP /. aux]
ZzHR = xHR /. aux;
ZLR = XLR /. auxs
ZHP = xHP /. aux;
zLP = xLP /. aux
929 929 1
’ {73, 'E, Es 5}]
99 99

harmingHR = ListInterpolation [l'istHR, ’
100 100

harmingHP = ListInterpolation [l'i stHP,

i
929 99
harmingLR = ListInterpolation [l'istLR, {{— _ —
{{ 100 100
U

J
T0” 100)
J
J

harmingLP = ListInterpolation [l'i stLP, ’
100 100

Domain: {{-0.99, 0.99}} w

Out[9504]= InterpolatingFunction{ \, Outout |
utput: scalar

\ Domain: {{-0.99, 0.99}} }

outesosl= InterpolatingFunction {
Output: scalar

/ Domain: {{-0.99, 0.99}} J

outesosl= InterpolatingFunction {
Output: scalar

/ Domain: {{-0.99, 0.99}} w

outes07}= InterpolatingFunction {
Output: scalar
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colour = {{"#DA3232", "1#12588E"}, {"#DA3232", "#12588E"}};

stylel = {Directive[RGBColor[colour[[1]]1[[1]]], Thickness[0.01]],
Directive[RGBColor[colour[[1]][[2]]], Dashing[{0.03, 0.05}],
Thickness[0.012]]}3

hlabel = {{-1, "-1.0", {0, 0.01}}, {-0.5, "-0.5", {0, 0.01}},
{0, "0.0", {0, 0.01}}, {0.5, "0.5", {0, 0.01}},
{1.0, "1.0", {0, 0.01}}}}

v1abe1.=Join[{{e.e, "9.0", {0, 0.01}}},

2
Table[{i, ToString[N[i]], (@, ©0.01}}, {i, 8 ——}],

{{1, "1.0", {0, 0.01}}}];
pticks = Join[Table[{i, ToString[i], {0, 0.01}}, {i, -0.8, -0.2, 0.2}],
{{e, "e.0", {0, 0.01}}},
Table[{i, ToString[i], {0, 0.01}}, {i, 0.2, 0.8, 0.2}]]3
v1abe1R==Join[{{o.e, "0.0", {0, 0.01}}},

Table[{i, ToString[N[i]], {0, 0.01}}, {i, 0 8 Ia}]’

{{1, "1.0", {0, 0.01}}},

. . . . 12 20 2
Tab'le[{1, ToString[N[1]], {0, 0.01}}, {"’ T T _}H’
10 10 10

v1abe1P==Join[{{o.e, "0.00", {0, 0.01}}},

2
Table[{i, ToString[N[i]], (@, ©.01}}, {i,
10

{{0.1, "0.10", {0, 0.01}}},

Table[{i, ToString[N[i]], {0, 0.01}}, {i,

Plot[{harmingHR[t], harmingLR[t]}, {t, -1, 1},
PlotRange -» {{-1, 1}, {0, 1}}, Frame » True, AxesOrigin- {-1, 0},
FrameTicks - {{vlabel, None}, {hlabel, None}},
FrameLabel -» {{Text[Style["competitive effort, z*"]], None},
{None, None}}, PlotStyle -» stylel, AspectRatio » 1, ImageSize - 200]
Plot[{harmingHP[t], harmingLP[t]}, {t, -1, 1},
PlotRange » {{-1, 1}, {0, 1}}, Frame -» True, AxesOrigin- {-1, 0},
FrameTicks » {{vlabel, None}, {hlabel, None}},
FrameLabel » {{Text[Style["competitive effort, z*"]], None},
{None, None}}, PlotStyle -» stylel, AspectRatio » 1, ImageSize » 200]

|19
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0.8

Out[9515]=

competitive effort, z*

Out[9516]=

competitive effort, z*

0.0
-10 -0.5 0.0 0.5 10
Convergence Stability (CS)
C = 0.9;
d=0.1;
uR =13
uP = 0.1’
qLR = 0.1;
C|HP = 1;
qLP =0.1;
XHR
fHR := uR |qgHR+ ———— [1- = (xHR + XLR) | |3
% (XHR + XLR)
XLR 1
fLR := uR |qLR+ ————— [1- = (xHR + XLR) | |3
; (XHR + XLR) 2
XHP 1
fHP := uP |qgHP+ —————— [1- = (xHP + xLP) | |3
; (XHP + XLP) 2
XLP 1
fLP :=uP |[qQLP+ ———— |1- — (xHP+xLP)) ;
; (XHP + XLP) 2




Rodrigues-code.nb |21

1 1
cHR := - — (1- =~ (xHR + XLR) |3
1 2
2

XHR
bHR ¢z - — 3

;- (XHR + XLR)

1 1
clLR := - — (1— — (XHR + XLR) |3
1 2
2
XLR
bLR$= - ———
; (XHR + XLR)
1 1
CHP := - — (1— — (XHP + xLP) |3
1 2
2
XHP
bHP 3= - —————
:— (XHP + XLP)
1 1
CLP 3= - — (1- — (XHP + XLP) |3
1 2
2
XLP
bLP 3= - —————
:- (XHP + XLP)
VHR[T ] :=1
VLR[z_] =
(sR

(-2 (1+sP) o (-1+71) -
2d (-1-sR+o+sPo+c (1+sR-(1+sP) o (-1+t))-ot-sPort) +
d? (—1—SR+cr+sPcr+C2 (L+sR+oc+sPo)-2c (1+sP) ot)))/
(sPo
(-2 (1+sR) (-1+7) +
d? (1+SR—o—sPo+c2 (l+sR+o0+sPo) -2c (1+sR) 'C)+
2d (-1+o+sPo+sR(-1+t)+t-c (L+sR+o+sPo-t-sRt))))/
(-2 (1+sP) o (-1+71) -
2d (-1-sR+o+sPo+c (1+sR-(1+sP) o (-1+t))-ot-sPort) +
d’> (-1-sR+o+sPo+c® (L+sR+o+sPo) -2c (1+sP)ot))/
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(sPo
(-2 (1+sR) (-1+71) +
d? (1+SR—c7—sPcr+c2 (L+sR+o0+sPo) -2c (1+sR) 1:)+
2d (-1+0+sPo+sR(-1+t)+t-c(l+sR+o+sPo-t-sRt))))
VHP[T_] :=
1

sP
(-2 (1+sP) o (-1+71) -
2d(-1-sR+o+sPo+c (1+sR-(1+sP) o (-1+t))-0ot-sPorz) +
d? (—1—5R+0‘+SPG+C2 (L+sR+o+sPo) -2c (1+sP) ot))/
(sPa
(-2 (1+sR) (-1+71) +
d*> (L+sR-o-sPo+c’> (1+sR+o+sPo) -2c (1+sR) t) +
2d(-1+0+sPo+sR (-1+t)+T-C (1+sR+0+sPo—t—th))))
VLP[z_] :=
1/
(-2 (L+sP) o (-1+71) -
2d (-1-sR+o+sPo+c (1+sR-(1+sP)oc (-1+t))-oct-sPort)+
d? (—1—sR+c+sPcr+c2 (L+sR+o+sPo) -2c (1+sP) O"C))/
(sPo
(-2 (1+sR) (-1+71) +
d? (1+SR—O—SP0’+C2 (L+sR+o+sPo) -2c (1+sR) 'C)+
2d (-1+0+sPo+sR(-1+t)+t-c(l+sR+o+sPo-t-sRt))))

wHRé[T ] :=

((1-d) (fHR)) /

((1-d) (FHR+ fLR) + (p (fHR+ fLR) + (1 -p) (fHP + fLP)) d (1-¢))
WLRo[T_] ¢=

((1-d) (fLR)) /

((1-d) (fHR + fLR) + (p (fHR + fLR) + (1 -p) (fHP + fLP)) d (1-c))
wWHPo [t _] :=

((1-d) (fHP)) /

((1-d) (FHP + fLP) + (p (fFHR+ fLR) + (1 -p) (FHP+ fLP)) d (1-c¢))
wLPo[z_] :=

((1-d) (fLP)) /

((1-d) (fHP + fLP) + (p (fHR+ fLR) + (1 -p) (fHP + fLP)) d (1-¢))

VHR¢[T_] =
wHR¢[z] ((L-p+pzt) (VHR[T] +VLR[T]) + (1 - (1-p+p<T)) (VHP[T] +VLP[T]))
VLRe¢[T_] 2=
WLR¢[t] ((1-p+p <) (VHR[T] +VLR[Z]) + (1 - (1-p+p <)) (VHP[T] +VLP[T]))
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VHP¢[t_] =
wWHPé[t] ((1-(p+Tt-pt)) (VHR[T] +VLR[T]) + (P+T-ptT) (VHP[T] +VLP[T]))
VLPo[T_] =
wLPo[z] ((1- (p+Tt-p<tT)) (VHR[T] +VLR[T]) + (p+T-pT) (VHP[T] +VLP[T]))

wR[T_] 2=

(1—d)/ ((1-d) (fHR + fLR) + (p (fHR+ fLR) + (1 -p) (fHP+ fLP)) d (1-c¢c))
wP[t_] ¢=

(1—d)/ ((1-d) (fHP + fLP) + (p (fHR+ fLR) + (1 -p) (fHP+fLP)) d (1-c¢c))

VHR[t] VHR[t] VLR[t]
SHR[z_] = - cHR + (bHR + bLR rR[t]) -
fHR fHR fLR
(bHR + bLR - cHR) wR[z] (VHR¢[T] + VLR¢[T] rR[T]) 3
VLR[t] VHR[t] VLR[t]
SLR[z_] = - cLR + [bHR rR[c] + bLR ) -
fLR fHR fLR

(bHR + bLR - cLR) wR[z] (VHR$[z] rR[t] + VLRé[T])}

VHP[t] VHP[t] VLP[t]
SHP[T_] = - cHP + [bHP + bLP I’P[t]) -
fHP fHP
(bHP + bLP - cHP) wP[t] (VHP¢[t] + VLP¢[T] rP[t])
VLP[t] VHP[t] VLP[t]
SLP[z_] = - cLP + (bHP rP[t] + bLP ) -
fLP fHP fLP

(bHP + bLP - cLP) wP[t] (VHP¢[t] rP[t] + VLP$[z])}

eig-=
Table[

Re[

Eigenvalues[

D[SHR[z], XHR]
D[SLR[z], XHR]
D[SHP[z], XHR]
D[SLP[z], XHR]

D[SHR[t], XLR]
D[SLR[t], XLR]
D[SHP[t], XLR]
D[SLP[t], XLR]

D[SHR[z], XHP]
D[SLR[z], xHP]
D[SHP[z], XHP]
D[SLP[z], XHP]

D[SHR[z], XLP]
D[SLR[z], XLP]
D[SHP[z], XLP]
D[SLP[z], XLP]

{XHR » harmingHR[t], XLR -» harmingLR[t], XHP -» harmingHP[z],

xLP—»harmingLP[t]}]], {

Ty ——»
100

100 50

929 29 1 }]

|23
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.759343, -0.759343, -0.121125, -0.121125},
.764041, -0.764041, -0.121023, -0.121023},
.7688, -0.7688, -0.120917, -0.120917},
.773619, -0.773619, -0.120809, -0.120809},
.778501, -0.778501, -0.120697, -0.120697},
.783446, -0.783446, -0.120582, -0.120582},
.788454, -0.788454, -0.120464, -0.120464},
.793527, -0.793527, -0.120343, -0.120343},
.798666, -0.798666, -0.120218, -0.120218},
.803871, -0.803871, -0.12009, -0.12009},
.809143, -0.809143, -0.119958, -0.119958},
.814483, -0.814483, -0.119822, -0.119822},
.819891, -0.819891, -0.119683, -0.119683},
.825369, -0.825369, -0.119539, -0.119539},
.830918, -0.830918, -0.119392, -0.119392},
.836538, - 0.836538, -0.11924, -0.11924},
.842229, -0.842229, -0.119084, -0.119084},
.847994, -0.847994, -0.118924, -0.118924},
.853831, -0.853831, -0.11876, -0.11876},
.859743, -0.859743, -0.118591, -0.118591},
.86573, -0.86573, -0.118417, -0.118417},
.871792, -0.871792, -0.118238, -0.118238},
.87793, -0.87793, -0.118054, -0.118054},
.884145, -0.884145, -0.117865, -0.117865},
.890437, -0.890437, -0.117671, -0.117671},
.896806, - 0.896806, -0.117471, -0.117471},
.903254, -0.903254, -0.117266, -0.117266},
.90978, -0.90978, -0.117055, -0.117055},
.916384, -0.916384, -0.116838, -0.116838},
.923068, -0.923068, -0.116615, -0.116615},
.92983, -0.92983, -0.116385, -0.116385},
.936671, -0.936671, -0.116149, -0.116149},
.943591, -0.943591, -0.115906, -0.115906},
.950589, - 0.950589, -0.115657, -0.115657},
.957666, -0.957666, -0.115399, -0.115399},
.96482, -0.96482, -0.115135, -0.115135},
.97205, -0.97205, -0.114862, -0.114862},
.979356, -0.979356, -0.114582, -0.114582},
.986737, -0.986737, -0.114293, -0.114293},
.994191, -0.994191, -0.113996, -0.113996},
.00172, -1.00172, -0.113689, -0.113689},
.00931, -1.00931, -0.113373, -0.113373},
.01697, -1.01697, -0.113048, -0.113048},
.0247, -1.0247, -0.112712, -0.112712},
.03248, -1.03248, -0.112366, -0.112366},
.04033, -1.04033, -0.112009, -0.112009},
.04822, ~1.04822, -0.111641, -0.111641},
.05617, -1.05617, -0.11126, -0.11126},
.06416, -1.06416, -0.110867, -0.110867},
.07218, -1.07218, -0.110461, -0.110461},
.08023, -1.08023, -0.110041, -0.110041},
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.0883, -1.0883, -0.109607, -0.109607},
.09639, -1.09639, -0.109158, -0.109158},
.10447, -1.10447, -0.108693, -0.108693},
.11255, -1.11255, -0.108211, -0.108211},
.1206, -1.1206, -0.107712, -0.107712},
.12861, -1.12861, -0.107193, -0.107193},
.13656, -1.13656, -0.106656, -0.106656},
.14444, ~1.14444, -0.106097, -0.106097},
.15222, -1.15222, -0.105517, -0.105517},
.15988, -1.15988, -0.104913, -0.104913},
.16739, -1.16739, -0.104284, -0.104284},
.17472, ~1.17472, -0.103628, -0.103628},
.18182, -1.18182, -0.102944, -0.102944},
.18867, -1.18867, -0.102229, -0.102229},
.19521, -1.19521, -0.101481, -0.101481},
.20139, -1.20139, -0.100699, -0.100699},
.20715, -1.20715, -0.0998779, -0.0998779},
.21241, -1.21241, -0.099016, -0.099016},
.2171, -1.2171, -0.0981096, -0.0981096},
.22113, -1.22113, -0.0971547, -0.0971547},
.22438, -1.22438, -0.096147, -0.096147},
.22673, -1.22673, -0.0950815, -0.0950815},
.22805, -1.22805, -0.0939525, -0.0939525},
.22815, -1.22815, -0.0927536, -0.0927536},
.22685, -1.22685, -0.0914773, -0.0914773},
.22392, -1.22392, -0.0901152, -0.0901152},
.21908, -1.21908, -0.0886573, -0.0886573},
.21201, -1.21201, -0.0870921, -0.0870921},
.20234, -1.20234, -0.0854061, -0.0854061},
.1896, -1.1896, -0.0835834, -0.0835834},
.17324, -1.17324, -0.081605, -0.081605},
.15261, -1.15261, -0.0794481, -0.0794481},
.12687, -1.12687, -0.0770855, -0.0770855},
.09504, -1.09504, -0.0744838, -0.0744838},
.05586, - 1.05586, -0.0716018, -0.0716018},
.00777, -1.00777, -0.0683887, -0.0683887},
.948793, -0.948793, -0.06478, -0.06478},
.876372, -0.876372, -0.0606936, -0.0606936},
.78719, -0.78719, -0.0560229, -0.0560229},
.676856, -0.676856, -0.050627, -0.050627},
.539465, - 0.539465, -0.0443156, -0.0443156},
.366977, -0.366977, -0.0368241, -0.0368241},
.148578, -0.148578, -0.0277734, -0.0277734}}

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁMﬁﬂaHﬁﬁﬁﬂaﬂaHﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
|
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nesso- ListLinePlot[Transpose[eig], PlotRange » {-2, 2}, Frame - True,
FrameLabel -
{{Text[Style["eigenvalues", FontSize -» 12, FontFamily -» "Arial"]],
None}, {None, None}}]
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patch size, n = 4
code

ni- Clear[w, vn, Vv, pn, p, rn, ry, A, fecundity, z, cost, benefit,
social, dyna, Smatrix, P, f, wp, ws]
n=4; (» patch size )
a=23 (» number of high-quality breeders =x)
t =23 (» two qualities of individuals x)
NP =23 (* patch types - resource-rich and resource-poor =x)
tmax = 8003

Cc= $ (+ cost of dispersal x)

10
1

10

d 3 (* dispersal rate )

1
GI[i_, k_] 2= If['==1, 1, ——] (» baseline fecundity x)
10

GP[1] :=13 (» resource-availability in resource-rich patches x)

1
GP[2] := $ (* resource-availability in resource-poor patches x)
10

(1- L3¢, azila1111§]])
cost[i_, q_] 2= - " (* cost of the behaviour x)

benefit[i_, q_] := - nzilallitil (» benefit of the behaviour «x)

$1az[[ql1[[3i]]

1
z=Tab1e[E, {q, 1, NP}, (i, 1, t}]

(* initial competitive effort values x)

dyna = {z};
fli_, k_] s=
. z[[K]][[1]] 18 .
GP[K] + |GI[1, k] + - - 1- - > (az[[KI1[§1])
~ 55, (@z[[k1IL[31]) ni;

(» fecundity of each [individual =)

upperH = {}3; (* auxiliary vectors x)
lowerH = {}3
upperlL = {}3
lowerL = {}}

upperVH = {}3;
lowerVH = {}3



2

upperVL = {}3;
lowerVL = {}3

upperzH = {};
lowerZH = {};
upperZL = {};
lowerZL = {};

rH = {};
rL = {]-;
1 . 3
6 = —3 (= proportion of resource-rich patches x)
2
99 ° 3 3 3
T =- 3 (* initial value of temporal correlation x)
100

Do|

6+Tt-6T°1 1-(6+Tt-6T71)
- )

1-(1-6+6T1) l-6+6T
Do[

NP
pn(i_1 := > P31 PL[i110[1];

3=1

solp = NSo'Lve[JO'in[Tab'Le[pn['i] = p[il, {i, 1, NP}], {(ip[i]] 1}] ,
i-1

Table[p[i], {i, 1, NP}]] [[1]113
Table[{p[i] = p[i] /. solp}, {i, 1, NP}];

w[i_, j_1:= ((1-d) f[i, .'i])/

t NP t
[[Zaf[l, J‘]] (1-d) + [Zp[k] Dlafl, k]] d (1—c));

1=1 k=1 1=1

ws[i_, j_, e ] :=

(f[i, j1d (1-C))/



t NP t
[[Za fIi, e]] (1-d) + [Zp[k] Za f[i, k]] d (1—c));

1:1 k=1 1:1

wlii_, j_,u_,q_] :=

NP
woli, JIPI[I111[q]] +ZP[e] ws[i, j, el P[[e]l]l[[ql]}

e=1
NP t
vali_, §_1:=If[i=3=1,1, 3 3" (wli, j, u, alaviu, aD)|;
q=1u=1

solrv = NSolve[Flatten[Table[vn[i, q] ==V[i, 9], {i, 1, t}, {q, 1, NP}]],
Flatten[Table[v[i, q], {i, 1, t}, {q, 1, NP}]11[[1]];

Table[{v[i, q] =vVv[i, q] /. solrv}, {i, 1, t}, {q, 1, NP}]};

wli_, q_] 2=

t NP t
<1—d)/ [[Zaf[l, q]] (1-d) + [Zp[k] Dlaf(l, k]] d (1—c)];
1=1

k=1 1=1

NP t
vpPly_, e_] 3= > > wé[y, el aP[[e]]1[[q]] V[u, q];

q=1u=1

e[j_] 3=

[[[i(af[i, j])J (1-d)]/

=1

t NP t 2
([Z(af['i, J'])] (1-d) + [Zp[k] D (afli, k])]d (1—c>]] 5
i=1 k=1 i=1

rniq_] :=

NP
D PLIKII[[a]] (K]

k=1
t FIL, k] )2 t fll, k1 )2
a — | |+|1-]a - riki|;
[( ;[Z::laf[e’ k]] ] [ ( é[[22=1af[e, k]] ]]] )

solg = NSolve[Flatten[Table[rn[q] == r[q], {g, 1, NP}]],
Flatten[Table([r[q], {q, 1, NP}]]1];
Table[{r[q] =r[q] /. solg[[1]]}, {q, 1, NP}]3



a-1

1
pli_y k_; a_] :=If[i=k, —+ ——r[al, rlal];
a

v[i t vk
[, a] cost[i, q] +Za benefit[k, q] [, al

- pli, k, q] -
fli, ql k=1 fik, q]

S[i_, q_] :=-

t t
[Zbenefit[k’ ql aw[k, q]] [Za vp[l, q] o[i, 1, Q]] +

k=1 1=1

t
cost[i, q] w[i, q] (Zavp[k, ql o[, ks q]];

k=1

z=
Clip[
Table[N[Rationalize[z[[q]][[i1]] +©.0015 x Sign[S[1, q]], 0.00001]],
{q, 1, NP}, {i, 1, t}], {0.0, 1.0}];

dyna = Append[dyna, z];

Clear[p, pn, r, rn, v, vn, p];

If[asd > 19, Break[]], {0, tmax}] H

upperZH = Append [upperZH, {t, z[[1]][[1]1]}]}
lowerZH = Append[lowerZH, {t, z[[1]1][[2]1]1}]}
upperZL = Append [upperZL, {t, z[[2]][[1]1]1}]}
lowerZL = Append[lowerZL, {t, z[[2]]1[[2]]1}]}
Print[z],

99 10 99 10
{t’ " 100 100’ 100’ 1@0}]

1 1 1 1

Qui= {{5 g}’ {5’ 5}}



plot - optimal competitive effort strategies

nise;- panell = ListLinePlot[{upperZH, lowerZH},
PlotRange » {{-1.01, 1.01}, {-0.03, 1.03}}, Frame » True,
AxesOrigin- {-1, 0}, BaseStyle » {FontSize » 10, FontFamily -» "Arial"},
FrameLabel -
{{Text[Style["competitive effort, z,", FontSize - 10,
FontFamily -» "Arial"]], None}, {None, None}},
FrameTicks -
{{Join[{{0, "0.0", {0, 0.01}}},
Table[{i, ToString[N[i]], {0, 0.01}}, {i, 0.2, 0.8, 0.2}],
{{1, "1.0", {0, 0.01}}}], None},
{{{-1, "-1.0", {0, 0.01}}, {-0.5, "-0.5", {0, 0.01}},
{0, "0.0", {0, 0.01}}, {0.5, "0.5", {0, 0.01}},
{1, "1.0", {0, 0.01}}}, None}},
PlotStyle » {Directive[RGBColor[.9, @, O] , Dashed, Thickness[0.001]],
Directive[RGBColor [0, ©®, .9], Dashed, Thickness[0.001]]},
PlotMarkers -» {{"®", 8}, {"A", 10}}, ImageSize -» 200, AspectRatio » 1]

panel2 = ListLinePlot[{upperZL, lowerZL},
PlotRange » {{-1.01, 1.01}, {-0.03, 1.03}}, Frame » True,
AxesOrigin- {-1, 0}, BaseStyle » {FontSize » 10, FontFamily -» "Arial"},
FrameLabel -
{{Text[Style["competitive effort, z,", FontSize - 10,
FontFamily -» "Arial"]], None}, {None, None}},
FrameTicks -
{{Join[{{0, "0.0", {0, 0.01}}},
Table[{i, ToString[N[i]], {0, 0.01}}, {i, 0.2, 0.8, 0.2}],
{{1, "1.0", {0, 0.01}}}], None},
{{{-1, "-1.0", {0, 0.01}}, {-0.5, "-0.5", {0, 0.01}},
{0, "0.0", {0, 0.01}}, {0.5, "0.5", {0, 0.01}},
{1, "1.0", {0, 0.01}}}, None}},
PlotStyle » {Directive[RGBColor[.9, @, O] , Dashed, Thickness[0.001]],
Directive[RGBColor [0, ©, .9], Dashed, Thickness[0.001]]},
PlotMarkers -» {{"®", 8}, {"A", 10}}, ImageSize -» 200, AspectRatio » 1]
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0.4

competitive effort, z,p

0.2

0.0
-1.0 -05 0.0 0.5 1.0

upperZH[ [All, 2]]
lowerZH[ [All, 2]]

{0.684874, 0.684874, 0.684874, 0.681905, 0.681922, 0.678922,
0.678922, 0.675926, 0.675926, 0.672922, 0.669935, 0.666937,
0.660944, 0.657971, 0.651961, 0.642981, 0.630952, 0.612943, 0.59194}

{0.153996, 0.153996, 0.156997, 0.153996, 0.156997, 0.153996, 0.154, 0.154004, 0.154,
0.150997, 0.154, 0.154, 0.151007, 0.151007, 0.148, 0.148, 0.145, 0.138996, 0.133005}

plot - inequality within patches

In[138]:=

fHR =
GP[1] =
upperZH|[ [All, 2]]
GI[1, 1] +
ﬁ-(aupperZH[[All, 211 +a lowerZH[ [All, 2]])
1
(1 - — (aupperZH[[All, 2]] +a lowerZH[ [All, 2]]) ]]
n
fLR =
GP[1] *
lowerZH[ [All, 2]]
GI[2, 1] +
[ :T (aupperzZH[[All, 2]] +a lowerZH[ [All, 2]])
1
(1 - — (aupperZH[ [All, 2]] +a lowerZH[ [All, 2]])
n
fHP =
GP[2] *
upperZL[ [All, 2]]
GI[1, 2] +
rlT (aupperZL[[All, 2]] +a lowerZL[ [All, 2]])
1
(1 - — (aupperZL[[All, 2]] + a LlowerZL[[All, 2]])
n
fLP =

GP[2] *



lowerZL [ [All, 2]]
GI[2, 2] +

ﬁ-(aupperZL[[All, 2]] +a lowerZL[ [All, 2]])

1
(1— — (aupperZL[[All, 2]] +a lowerZL[ [All, 2]])
n

fLR fLP
b 1-
fHR fHP
PlotRange -» {{0, Length[fLR] +1}, {0.7, 1}}, Frame » True,

BaseStyle -» {FontSize -» 10, FontFamily - "Arial"},

FrameLabel -

panel3 = L'istL'ineP'Lot[{Tab'l.e[e.B, {i, 1, Length[fLR]}], 1-

{{Text[Style["within-group inequality, G,'", FontSize - 10,
FontFamily -» "Arial"]], None}, {None, None}},
FrameTicks -
{{{{0.7, "0.7", {0, 0.01}}, {0.8, "0.8", {0, 0.01}},
{0.8, "0.8", {0, 0.01}}, {0.9, "0.9", {0, 0.01}},
{1.0, "1.0", {0, 0.01}}}, None},
{{{1, "-1.0", {0, 0.01}}, {5.5, "-0.5", {0, 0.01}},
{10, "0.0", {0, 0.01}}, {14.5, "0.5", {0, 0.01}},
{19, "1.0", {0, 0.01}}}, None}},

PlotStyle -» {Directive[RGBColor [0, 0, O], Dotted, Thickness[0.01]],
Directive[RGBColor[.9, 0, 0], Dashed, Thickness[0.001]],
Directive[RGBColor [0, @, .9], Dashed, Thickness[0.001]]},

PlotMarkers -» {{"", 8}, {"®", 8}, {"A", 10}}, ImageSize -» 200,

AspectRatio - 1]

ouiss- {1.36162, 1.36441, 1.37, 1.37281, 1.37784, 1.37954,
1.38745, 1.39082, 1.39417, 1.40203, 1.40987, 1.41476,
1.42254, 1.43033, 1.4411, 1.45347, 1.46271, 1.47364, 1.47682}

ourize- {0.269541, 0.269755, 0.270146, 0.270324, 0.27216, 0.273457,
0.277509, 0.280143, 0.28281, 0.286949, 0.291096, 0.295216,
0.299432, 0.303667, 0.307919, 0.313568, 0.316285, 0.31737, 0.31121}

ouriao- {0.147492, 0.147226, 0.146789, 0.146384, 0.14567, 0.145396,
0.144831, 0.144101, 0.14352, 0.142783, 0.141736, 0.140835, 0.140341,
0.139099, 0.138003, 0.136566, 0.135055, 0.133433, 0.131593}

ouri4i- {0.0360413, 0.0357074, 0.0355461, 0.0350503, 0.0345638, 0.0342425,
0.0336081, 0.0331366, 0.0325203, 0.0320591, 0.0313027, 0.0307044,
0.0299962, 0.0291378, 0.02843, 0.0274672, 0.0268572, 0.0266791, 0.0264232}

}s
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plot - figurell

npisor= FigureIl =
Show[GraphicsGrid[{{panell, panel2, panel3}}, Frame - True,
FrameStyle - White], Frame - True, FrameTicks - None,
FrameLabel -
{{None, None},
{Text[Style["temporal correlation, z", FontSize - 11,
FontFamily - "Arial"]], None}}]

Export["figureIl.tiff", figureIl, ImageResolution -» 250]
Export["figureIl.pdf", figurell]
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ouisi= figureIl.tiff

ouisel= figureIl.pdf

Early-life acquisition of quality

code

Clear[q, p, f, d, c, my iy, j, n, wy v, V, ry A, W, w, z, W, cost,
benefit, SG]
(0]

T=—
10

.
H



tmax = 3003

1 1 1
d= —j3c==3Q=—3n=2;
10 2 2

1
GP[1] :=15 GP[2] ¢:= —3

10
1

GI[1l, 1] :=13 GI[2, 1] t= —3
10
1

GI[1l, 2] :=1; GI[2, 2] = —3}
10

6
Z=Table[53 {ky, 1, 2}, {i, 1, 2}, {j, 1, 2}]

o[1l, 1] :=2j0[1, 2] :=130[2, 1] :=13} 0[2, 2] :=2;

ql1l, 1] :=Q*;5q[1, 2] :=2Q (1-Q)5q[2, 1] :=2Q (1-Q);
ql2, 2] := (1-Q)%;

1 1
pI1] = —3 p[2] := —3
2 2

Prob[1l, 1] =t}
Prob[1, 2] :=1-1t;
Prob[2, 1] :=1- 1}
Prob[2, 2] =t}

dyna = {z};
Do[

o (1- > (2[[KITII1100311 +2[IKITII31100911))
cost[i_, j_, k_] t=- H

1

n

nz[[kI1[[i]110[3]]

benefit[i_, j_, k_] := - - - - - H
(Z[[kITL[A1100311 +Z[[KITL[311C0L11])

f['i_, j_s k_] :=
GP[k] *
z[[kII[[i110[3]]
% (z[[KIIO[i1100300 +200kITLM310CL41D)

[GI['i, k] +

1
(1-; (Z[[k]][['i]][[j]]+Z[[k]][[.'i]][['i]]))];



10 |

2 2 2
S:=(>'p[l] )’ > ale, ul (fle, u, L1 +flu, e, 1])|d (1-¢);

1=1 e=1u=e

fli, 3, k] (1-d) .
(F[iy 3, K] +F[3, i, k1) (1-d) +S~

woli_, j_, k_1:

1-d
(F[iy 3, k1 +F[3, i, k]) (1-d) +S~

Woli_, j_, k_] 2

fli, j, kld(1-¢)

ws [ i s k_,m_,n_,e_]:= 3
(s J_s k_,m_,n_,e_] (f[m, n, e] +f[n, m, e]) (1—d)+5’

wii_,j_,a_,e_,u_,b_]:=

wé[i, j, a] Prob[a, b] +

2 2 2
Zp[g] Prob[g, b] ZZWé['ia jsa, L, mglq[l, m]]]o[es ul

g=1 1=1m=1

ql[e, u];

wmatrix =
Transpose|[
Partition[Flatten[Table[ (w[i, j, k, e, u, 1]), {k, 1, 2},
{i, 1, 2}, {j, 1, 2}, {1, 1, 2}, {e, 1, 2}, {u, 1, 2}]], 8]];

vn[i ,j ,a ]:=

2 2 2
If['i =j=a=1,1, ZZZWH’ j, a, e, u, b]v[e, u, b]];

b=1e=1u=1

solrv =
NSolve[Flatten[Table[vn[i, j, a] =V[i, J, a], {a, 1, 2},
{i, 1, 2}, {j, 1, 2}11],
Flatten[Table[v[i, j, a], {a, 1, 2}, {i, 1, 2}, {j, 1, 2}1]11[[1]];

Table[{v[i, j, a] =v[i, j, a] /. solrv}, {a, 1, 2}, {i, 1, 2},
{3, 1, 2}1;

.. vii, 3, K] . .
F'Latten[Tab'Le[V[1, s k]l = ——————, {ky 1, 2}, {i, 1, 2}, {j, 1, 2}]];
fli, j, k]



rn[i_, j_, k_] 2=

2
ZProb[g, k]
g=1

2

2
>.olalt, ml (we(l, m, g1 +wolm, 1, g]”+

1=1m=1

2we[l, my, g] wo[m, 1, g] r[l, m, g]) 5

solg = NSolve[{rn[1, 1, 1] ==Fr[1, 1, 1], rn[1l, 2, 1] ==F[1, 2, 1],
rn[2, 2, 1] ==r[2, 2, 1], rn[1, 1, 2] ==r[1, 1, 2],
rn[l, 2, 2] ==r[1, 2, 2], rn[2, 2, 2] ==r[2, 2, 2]},
{r(1, 1, 1], r[1, 2, 1], r[2, 2, 1], r[1, 1, 2], r[1, 2, 2],
r(2, 2, 21}1;

Table[{r[i, j, k]l =r[i, j, k]l /. solg[[1]]}, {i, 1, 2}, {j, 1, 2},
{ky, 1, 2}1;

r(2,1, 1] =r[1, 2, 1]

r(2, 1, 2] =r[1, 2, 2]3

Vo[i_, j_, a_] :=

2 2 2
D.Probla, g] >’ > wé[i, j, al o[l, m] q(l, m] v[l, m, g];

g=1 1=1m=1

A[i_,3J_, k_]:=
(V[J, i, k] r[i, j, k] -
Wo[i, j, k] (vé[i, 3, k]l +ve[j, i, k]l r[i, 3, k1)) /
(V[i, 3, K1 -Wo[i, 3, K] (vé[i, 3, kKl +vé[, i, kI r[i, j, k1));

SG[i_, j_, k_] ¢=-V[i, j, k] cost[i, j, k] +
(benefit[i, j, k] V[i, j, k] + benefit[]j, i, k] V[], i1, k] r[i, §, k]) -
((benefit[i, j, k] + benefit[j, i, k]) Wo[i, j, k]
(vo[i, 3, Kl +vo[j, i, kKl r[i, j, k])) +
cost[i, j, KIWo[i, j, k] (vé[i, j, K] +Vvo[], i, k]l r[i, j, k1)

Z =
Clip]
Table[N[Rationalize[z[[k]][[1]1]1[[]]] +0.001xSign[SG[1i, j, k11,
0.00001]1, {k, 1, 2}, {1, 1, 2}, {j, 1, 2}], {0.001, ©0.999}]

dyna = Append[dyna, z];

Clear([r, rn, v, Vn, rv, v]}

11
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If[t > 19, Break[]], {0, tmax}]

z111 = Table[dyna[[t]]1[[1]]1[[1]]1[[1]], {t, 1, Length[dyna]}]}

z121 = Table[dyna[[t]]1[[1]1][[1]1[[2]1], {t, 1, Length[dyna]}];

z211 = Table[dyna[[t]]1[[1]1][[2]1[[1]1], {t, 1, Length[dyna]}];

z221 = Table[dyna[[t]]1[[1]]1[[2]1[[2]], {t, 1, Length[dyna]}]}

ListLinePlot[{z111, z121, z211, z221}, PlotRange -» {0, 1},
PlotLegends -» Automatiic]

z112 = Table[dyna[[t]]1[[2]][[1]]1[[1]], {t, 1, Length[dyna]}];
z122 = Table[dyna[[t]][[2]]1[[1]1]1[[2]1], {t, 1, Length[dyna]}];
2212 = Table[dyna[[t]]1[[2]]1[[2]]1[[1]1], {t, 1, Length[dyna]}];
2222 = Table[dyna[[t]]1[[2]][[2]]1[[2]], {t, 1, Length[dyna]}];

ListLinePlot[{z112, z122, z212, z222}, PlotRange -» {0, 1},
PlotLegends » Automatic]

highll = {Last[z111], Last[z121], Last[Zz211l], Last[Zz221]}
lowll = {Last[z112], Last[z122], Last[z212], Last[z222]}

plot - optimal levels of competitive effort

high = {highl, high2a, high2, high3a, high3, high4a, high4, high5a,
high5, high6éa, high6, high7a, high7, high8a, high8, high9a,
high9, highlea, highl10, highilia, highl1}

low = {lowl, low2a, low2, low3a, low3, lowda, lowd, low5a, low5,
low6a, low6, low7a, low7, low8a, low8, low9a, low9, lowl0la,
lowl6, lowlla, lowll}

base = Table[0.5, {i, 1, Length[high]}]

figaA =
ListLinePlot[{Reverse[Table[high[[i]][[1]], {i, 1, Length[high]}]],
Reverse[Table[high[[i]]1[[2]], {i, 1, Length[high]}]],
Reverse[Table[high[[i]1]1[[3]], {i, 1, Length[high]}]],
Reverse[Table[high[[i]1]1[[4]], {i, 1, Length[high]}]]},
PlotRange » {{0.5, Length[high] +0.5}, {0, 1}}, Frame - True,
FrameLabel -
{{Text[Style["competitive effort, z*", FontSize > 11,
FontFamily -» "Arial"]], None}, {None, None}},
FrameTicks -
{{{{®, "0.0", {0, 0.01}}, {6.2, "0.2", {0, 0.01}},
(0.4, "0.4", {0, 0.01}}, {0.6, "0.6", {0, 0.01}},
{0.8, "0.8", {0, 0.01}}, {1, "1.0", {0, 0.01}}}, None},
{{{, "-1.0", {0, 0.01}}, {6, "-0.5", {0, 0.01}},
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{11, "e.0", {0, 0.01}}, {16, "0.5", {0, 0.01}},
{21, "1.0", {0, 0.01}}}, None}},

PlotStyle » {Directive[RGBColor[1l, ©, 0], Dashed, Thickness[0.001]],
Directive[RGBColor[.5, ©, 0], Dashed, Thickness[0.001]],
Directive[RGBColor [0, O, .5], Dashed, Thickness[0.001]],
Directive[RGBColor [0, 0, 1], Dashed, Thickness[0.001]]},

PlotMarkers -» {{"eo", 8}, {"m", 8}, {"O", 8}, {"O", 8}},

AspectRatio » 1, ImageSize - 200]

figaB =
ListLinePlot[{Reverse[Table[low[[1]][[1]], {i, 1, Length[low]}]],
Reverse[Table[low[[i]]1[[2]], {i, 1, Length[low]}]],
Reverse[Table[low[[1]][[3]], {i, 1, Length[low]}]],
Reverse[Table[low[[1]][[4]], {1, 1, Length[low]}]]},
PlotRange -» {{0.5, Length[high] +0.5}, {0, 1}}, Frame - True,
FrameLabel -
{{Text[Style["competitive effort, z*", FontSize - 11,
FontFamily -» "Arial"]], None}, {None, None}},
FrameTicks -
{{{{0, "0.0", {0, 0.01}}, {0.2, "0.2", {0, 0.01}},
{0.4, "0.4", {0, 0.01}}, {0.6, "0.6", {0, 0.01}},
{0.8, "0.8", {0, 0.01}}, {1, "1.0", {0, 0.01}}}, None},
{{{1, "-1.0", {0, 0.01}}, {6, "-0.5", {0, 0.01}},
{11, "e.e", {0, 0.01}}, {16, "0.5", {0, 0.01}},
{21, "1.0", {0, 0.01}}}, None}},

PlotStyle -» {Directive[RGBColor[1l, O, 0], Dashed, Thickness[0.001]],
Directive[RGBColor[.5, 0, 0], Dashed, Thickness[0.001]],
Directive[RGBColor [0, @, .5], Dashed, Thickness[0.001]],
Directive[RGBColor [0, O, 1], Dashed, Thickness[0.001]]},

PlotMarkers -» {{"o", 8}, {("m", 8}, {"O", 8}, {"O", 8}},

AspectRatio » 1, ImageSize » 200]

{{0.461905, 0.593857, 0.361905, 0.453947},

{0.395904, 0.52795, 0.351893, 0.461929}, {0.383901, 0.515957, 0.351893, 0.475962},
{0.383901, 0.517949, 0.357895, 0.489933}, {0.389937, 0.523952, 0.361905, 0.503968},
{0.395904, 0.533937, 0.367893, 0.515957}, {0.403922, 0.545894, 0.373874, 0.52795},
{0.411917, 0.555932, 0.379888, 0.539924}, {0.419913, 0.568, 0.385906, 0.549906} ,
{0.425926, 0.58, 0.389908, 0.559965}, {0.433921, 0.589977, 0.393895, 0.567961},
{0.439904, 0.599828, 0.397906, 0.576037}, {0.445902, 0.609865, 0.401914, 0.584},
{0.451948, 0.617886, 0.405904, 0.59}, {0.457944, 0.627859, 0.407915, 0.59601},
{0.46395, 0.635897, 0.411924, 0.60199}, {0.467925, 0.643939, 0.413934, 0.607955},
{0.473934, 0.649971, 0.415909, 0.613971}, {0.477941, 0.657963, 0.41791, 0.617925},

{0.481982, 0.664042, 0.419913, 0.621891}, {0.485944, 0.672, 0.421911, 0.625935}}
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{{0.487923, 0.55597, 0.419913, 0.46595},
{0.617886, 0.708, 0.443925, 0.507979}, {0.609929, 0.689956, 0.437931, 0.493927},
{0.59596, 0.670034, 0.429936, 0.479943}, {0.583969, 0.647959, 0.423913, 0.46595},
{0.57, 0.62987, 0.415909, 0.453947}, {0.555891, 0.609877, 0.40991, 0.441926},
{0.543919, 0.591973, 0.403922, 0.429929}, {0.531943, 0.576, 0.395904, 0.419913},
{0.519969, 0.55988, 0.389908, 0.407915}, {0.50996, 0.543919, 0.383901, 0.397906},
{0.497992, 0.529954, 0.377907, 0.389908}, {0.487864, 0.515957, 0.371875, 0.379888},
{0.477941, 0.501961, 0.365931, 0.371875}, {0.467949, 0.489914, 0.359882, 0.363905},
{0.45993, 0.477941, 0.353909, 0.355882}, {0.449883, 0.46595, 0.347945, 0.347909},
{0.441926, 0.455959, 0.343915, 0.339901}, {0.433898, 0.445902, 0.3379, 0.331878},
{0.425952, 0.435967, 0.331878, 0.325893}, {0.41791, 0.425926, 0.327899, 0.319892}}
{6.5, 0.5, 0.5, 0.5, 0.5, 0.5, 0.5, 0.5, 0.5,
0.5,0.5,0.5,0.5,0.5,0.5,0.5, 0.5, 0.5, 0.5, 0.5, 0.5}
10
N 0.8
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T 06700005 na,,
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o 02
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£ 06 an"hes®®
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= 30 AQQQQED\S
-,é- 04 -8 Qgﬁééggﬁggg} o
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o 02
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plot - fecundity
f111 =
Table[
GP[1] *
high[[i11[[1]]
GI[1, 1]+ 1
5 (high[[1]]1[[1]] +high[[i]][[1]])
1 ° ° 3 3 o 3
(1- y (high[[11]1[[1]] +high[[1]1][[11]) ||, {1, 1, Length[h1gh]}]
f121 =
Table[

GP[1] *



high[[i11[[2]]
% (high[[1]1]1[[2]1]1 +high[[i]]1[[3]])

[GI[l, 1] +

1
(1- 5 (high[[i]]1[[2]] +high[[i]] [[3]]))], {i, 1, Length[h-igh]}]

211 =
Table[
GP[1] *
high[[1 3
GI[2, 1]+ 1 1gh[[1]11[[3]]
by (high[[i]11[[2]1] +high[[i]]1[[3]1])
1
(1- E‘(high[[i]][[zll +high[[i]][[3]]))], {i, 1, Length[high]}]
f221 =
Table[
GP[1] *
high[[1i 4
GI[2’1]+1 1gh[[1]1]1[[4]]
;(high[[i]][[4]]+high[[i]][[4]])
1
(1- ; (high[[i]][[4]]-+high[[i]][[4]]))], {i, 1, Length[high]}]
f112 =
Table[
GP[2] *
1 i 1
6I[1, 2] + 1 ow[[1]][[1]]
by (Low[[1]11[[1]] +low[[i]]1[[1]])

1l
(1- 5 (Low[[i]1]1[[1]1]+Low[[i]] [[1]]))], {i, 1, Length['l.ow]}]

122 =
Table[
GP[2] *
1 i 2
6I[1, 2]+ ow[[1]]1[[2]]
% (Low[[i]1]1[[2]] +low[[i]]1[[3]])

1
(1- 5 (Low[[i]1[[2]]+low[[i]] [[3]]))], {i, 1, Length[low]}]

f212 =

|15
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Table[

GP[2] *

low[[i]][[3]]
% (Low[[i]1[[2]]+Vow[[i]][[3]])

[GI[Z, 2] +

1
(1- 5 (Low[[i]11[[2]]+Low[[i]] [[3]]))], {i, 1, Length[low]}]

222 =
Table[

GP[2] *

low[[i]][[4]]

GI[2, 2] +
% (Low[[i]]1[[4]]+low[[i]]1[[4]])

1
(1- 5 (Low[[i]][[4]] +low[[i]] [[4]]))]3 {i, 1, Length[low]}]

fig4C = ListLinePlot[{Reverse[f11l1l], Reverse[f121], Reverse[f211],

Reverse[f221]}, PlotRange -» {{0.5, Length[high] +0.5}, {0, 2}},
Frame -» True,

FrameLabel -
{{Text[Style["fecundity, f", FontSize » 11, FontFamily -» "Arial"]],
None}, {None, None}},
FrameTicks -
{{{{0, "0.0", {0, 0.01}}, {0.5, "0.5", {0, 0.01}},
{1, "1.0", {0, 0.01}}, {1.5, "1.5", {0, 0.01}},
{2, "2.0", {0, 0.01}}}, None},
{{{1, "-1.0", {0, 0.01}}, {6, "-0.5", {0, 0.01}},
{11, "e.0", {0, 0.01}}, {16, "0.5", {0, 0.01}},
{21, "1.0", {0, 0.01}}}, None}},

PlotStyle -» {Directive[RGBColor[1l, O, 0], Dashed, Thickness[0.001]],
Directive[RGBColor[.5, 0, 0], Dashed, Thickness[0.001]],
Directive[RGBColor [0, @, .5], Dashed, Thickness[0.001]],
Directive[RGBColor [0, O, 1], Dashed, Thickness[0.001]]},

PlotMarkers -» {{"®", 8}, {"A", 9}, {"A", 9}, {"O", 8}},

AspectRatio » 1, ImageSize » 200]

figaD = ListLinePlot[{Reverse[f1l12], Reverse[f122], Reverse[f212],

Reverse[f222]}, PlotRange » {{0.5, Length[high] +0.5}, {0, 0.2}},
Frame -» True,

FrameLabel -

{{Text[Style["fecundity, f", FontSize » 11, FontFamily -» "Arial"]],
None}, {None, None}},
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FrameTicks -

{{{{0, "0.00", {0, 0.01}}, {0.05, "0.05", {0, 0.01}},
{6.1, "0.10", {0, 0.01}}, {0.15, "0.15", {0, 0.01}},
{0.2, "0.20", {0, 0.01}}}, None},

{{{, "-1.0", {0, 0.01}}, {6, "-0.5", {0, 0.01}},
{11, "e.e", {0, 0.01}}, {16, "0.5", {0, 0.01}},
{21, "1.0", {0, 0.01}}}, None}},
PlotStyle » {Directive[RGBColor[1l, O, 0], Dashed, Thickness[0.001]],

Directive[RGBColor[.5, ©, 0], Dashed, Thickness[0.001]],

Directive[RGBColor [0, 0@, .5], Dashed, Thickness[0.001]],

Directive[RGBColor [0, ©@, 1], Dashed, Thickness[0.001]]},

PlotMarkers -» {{"e®", 8}, {"A", 9}, {"A", 9}, {"O", 8}},
AspectRatio » 1, ImageSize - 205]
{1.5381, 1.6041, 1.6161, 1.6161, 1.61006, 1.6041, 1.59608,

1.58808, 1.58009, 1.57407, 1.56608, 1.5601, 1.5541, 1.54805,
1.54206, 1.53605, 1.53208, 1.52607, 1.52206, 1.51802, 1.51406}

{1.64883, 1.67215, 1.67309, 1.66479, 1.65898, 1.65018, 1.64113,
1.63219, 1.62289, 1.61599, 1.60932, 1.60255, 1.59567, 1.58917,
1.58449, 1.57785, 1.57348, 1.56962, 1.56516, 1.56118, 1.55662}

{0.495407, 0.548006, 0.55906, 0.559363, 0.555168, 0.547988, 0.539101,
0.531995, 0.523201, 0.514102, 0.506809, 0.499713, 0.492556, 0.48704,
0.479738, 0.474324, 0.468644, 0.464496, 0.458966, 0.454866, 0.44947}

{0.646053, 0.638071, 0.624038, 0.610067, 0.596032, 0.584043,
0.57205, 0.560076, 0.550094, 0.540035, 0.532039, 0.523963, 0.516, 0.51,
0.50399, 0.49801, 0.492045, 0.486029, 0.482075, 0.478109, 0.474065}

{0.151208, 0.138211, 0.139007, 0.140404, 0.141603, 0.143, 0.144411,
0.145608, 0.146806, 0.148003, 0.149004, 0.150201, 0.151214, 0.152206,
0.153205, 0.154007, 0.155012, 0.155807, 0.15661, 0.157405, 0.158209}

{0.158345, 0.152125, 0.153349, 0.154824, 0.156106, 0.157472, 0.158621,
0.159685, 0.16093, 0.161908, 0.162855, 0.163752, 0.164633, 0.165478,
0.16631, 0.167116, 0.167904, 0.168412, 0.169189, 0.169959, 0.170411}

{0.0540668, 0.0426828, 0.043862, 0.0451787, 0.0467064, 0.0479496, 0.0494003,
0.0507252, 0.0518794, 0.0531134, 0.0543632, 0.0554615, 0.0565839, 0.0577333,
0.0587103, 0.0596987, 0.0607067, 0.0616009, 0.0624308, 0.0632562, 0.0642061}

{0.063405, 0.0592021, 0.0606073, 0.0620057, 0.063405, 0.0646053, 0.0658074,
0.0670071, 0.0680087, 0.0692085, 0.0702094, 0.0710092, 0.0720112, 0.0728125,
0.0736095, 0.0744118, 0.0752091, 0.0760099, 0.0768122, 0.0774107, 0.0780108}
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plot - productivity

plil = 2 f111;
pl21 = f121 + 2113
p221 = 2 2213

pl12 = 2 f112;
p122 = 122 + 2123
p222 = 2 2223

Reverse[plll] Reverse[pl21] Reverse[p221]
p111[[1]] ~  pl21[[1]] ~  p221[[1]] )

PlotRange -» {{0.5, Length[high] +0.5}, {0.6, 1.4}}, Frame » True,

FrameTicks » {{Automatic, None},

{{{1, "-1.0"}, {6, "-0.5"}, {11, "e@.0"}, {16, "0.5"}, {21, "1.0"}},
None}},

PlotStyle » {Directive[RGBColor[1l, O, O], Dashed, Thickness[0.001]],
Directive[RGBColor[.5, 0, 0] , Dashed, Thickness[0.001]],
Directive[RGBColor [0, @, .5], Dashed, Thickness[0.001]],
Directive[RGBColor [0, @, 1], Dashed, Thickness[0.001]]},

PlotLegends - Automatiic,

PlotMarkers » {{"®", 8}, {"m", 8}, {"O", 8}, {"o", 8}},

ListLinePIot[{

AspectRatio - 1, ImageSize-ezee]

Reverse[pl12] Reverse[pl22] Reverse[p222]
p112[[1]] ~  p122[[1]] ~  p222[[1]] )

PlotRange » {{0.5, Length[high] +0.5}, {0.6, 1.4}}, Frame - True,

FrameTicks - { {Automatic, None},

{{{1, "-1.0"}, {6, "-0.5"}, {11, "0.0"}, {16, "0.5"}, {21, "1.0"}},
None}},

PlotStyle -» {Directive[RGBColor[1l, 0, 0], Dashed, Thickness[0.001]],
Directive[RGBColor[.5, 0, 0], Dashed, Thickness[0.001]],
Directive[RGBColor [0, O, .5], Dashed, Thickness[0.001]],
Directive[RGBColor [0, O, 1], Dashed, Thickness[0.001]]},

PlotLegends -» Automatiic,

PlotMarkers -» {{"o", 8}, {"®", 8}, {"O", 8}, {"O", 8}},

ListLinePlot[{

AspectRatio - 1, ImageSize-ezoe]
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plot - inequality

fig5b =
o . f211
L1stL1neP10t[{Tab1e[0.9, {i, 1, Length[f121]}], Reverse[l— —,
f121
f212 )
Reverse[l— P }, PlotRange - {{0.5, Length[high] +0.5}, {0.4, 1}},
122

Frame -» True,

FramelLabel -

{{Text[Style["inequality, G,", FontSize » 11, FontFamily -» "Arial"]],

None}, {None, None}},

FrameTicks -

{{{{0, "0.0", {0, 0.01}}, {0.2, "0.2", {0, 0.01}},
{0.4, "0.4", {0, 0.01}}, {0.5, "0.5", {0, 0.01}},
(0.6, "0.6", {0, 0.01}}, {0.7, "0.7", {0, 0.01}},
(0.8, "0.8", {0, 0.01}}, {0.9, "0.9", {0, 0.01}},
{1, "1.0", {0, 0.01}}}, None},

{{{, "-1.0", {0, 0.01}}, {6, "-0.5", {0, 0.01}},
{11, "e.0", {0, 0.01}}, {16, "0.5", {0, 0.01}},
{21, "1.0", {0, 0.01}}}, None}},

PlotStyle » {Directive[RGBColor[0, ©, 0], Dotted, Thickness[0.015]],
Directive[RGBColor[.9, 0, 0], Dashed, Thickness[0.001]],
Directive[RGBColor [0, O, .9], Dashed, Thickness[0.001]],
Directive[RGBColor [0, 0, 1], Dashed, Thickness[0.001]]},

PlotMarkers -» {{"", 8}, {"o", 8}, {"aA", 10}, {"O", 8}},

AspectRatio » 1, ImageSize -» 200]
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_PpI2] (a[1, 1] p112+q[1, 2] p122+q[2, 2] p222)
PI1] (q[1, 1] p111+q[1, 2] p121+q[2, 2] p221)

GB =1

1
figsc = ListLinePlot[{Table[l— —, (i, 1, Length[GB]}], Reverse[GB]},
10

PlotRange » {{0.5, Length[high] +0.5}, {0.8, 1}}, Frame - True,

FrameLabel -

{{Text[Style["inequality, G;", FontSize » 11, FontFamily » "Arial"]],

None}, {None, None}},

FrameTicks -

{{{{®, "0.0", {0, 0.01}}, {0.2, "0.2", {0, 0.01}},
{0.4, "0.4", {0, 0.01}}, {0.5, "0.5", {0, 0.01}},
{0.6, "0.6", {0, 0.01}}, {0.7, "0.7", {0, 0.01}},
{0.8, "0.8", {0, 0.01}}, {0.9, "0.9", {0, 0.01}},
{1, "1.0", {0, 0.01}}}, None},

{{{1, "-1.0", {0, 0.01}}, {6, "-0.5", {0, 06.01}},
{11, "e.e", {0, 0.01}}, {16, "0.5", {0, 0.01}},
{21, "1.0", {0, 0.01}}}, None}},

PlotStyle -» {Directive[RGBColor [0, O, O], Dotted, Thickness[0.015]],
Directive[RGBColor[.9, 0, 0], Dashed, Thickness[0.001]],
Directive[RGBColor [0, ©@, .9], Dashed, Thickness[0.001]],
Directive[RGBColor [0, O, 1], Dashed, Thickness[0.001]]},

PlotMarkers -» {{"", 8}, {"®", 8}, {"A", 10}, {"O", 8}},

AspectRatio » 1, ImageSize - 200]

{0.901343, 0.912104, 0.91127, 0.909577, 0.907738, 0.905837, 0.903817,
0.901903, 0.900001, 0.898159, 0.896439, 0.894795, 0.89312, 0.891582,
0.890072, 0.888593, 0.887161, 0.885861, 0.884555, 0.883347, 0.88212}
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