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Papers for discussion today

1.- The evolutionary origins of cooperators. Science 2004, 306:859-862.

2.- On the origin of species by sympatric speciation. Nature 1999, 400:354-357.

Note

All plot files (mathematica .nb) are provided and made in Raspberry Pi free version.




The Evolutionary Origin of . .
Cooperators and Defectors z,y € [0,1] investment strategies
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if attractor, evolution converges to x™

What happens next? Once ™ has been reaced ?
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collective benefit

P(z,y) = B(z +y) — C(z)

Snow Drift individual cost
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In6]:= bl 6; cl =4.56;

In[76]:= b2 -1.4; c2 =-1.6;

Benefits[x ] := bl*x+b2*xA2; Costs[x ] 1= clxx+c2*xNA2;

Plot [{Benefits[2 x], Costs[x]}, {x, 0, 1}, PlotLegends - "Expressions" ]
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Fig. | A

In[gg):= Plot [{Benefits[2 x], Costs[x], Benefits[2 x] - Costs[x], Benefits|[2 x] -2 *Costs[x]}, {x, 0, 1.25},

PlotLegends - "Expressions")

—— Benefits(2 x)
Costs(x)
Benefits(2 x) - Costs(x)
Benefits(2 x) - 2 Costs(x)
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Inf@o]:= bl =7; b2 =-1.5; cl =4.6; c2 =-1;
Inf@1]:= Benefits[x ] :=bl*xx +b2*xA2; Costs[x ] t=clxx+c2*xxA2;

In@2):= Plot [{Benefits [2 x], Costs[x]}, {x, 0, 1}, PlotLegends - "Expressions"]
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Fig. IB

In@3):= Plot [{Benefits[2 x], Costs[x], Benefits[2 x] - Costs[x], Benefits[2 x] -2 *Costs[x]}, {x, 0, 1.25},

PlotLegends - "Expressions")

—— Benefits(2 x)

Costs(x)
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—— Benefits(2 x) - 2 Costs(x)
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bl=3.4; b2 =-0.5; cl1 =4.0; c2=+1.5;
Benefits[x ] :=blxx+b2*xA2; Costs([x ] t=clsx+c2*xA2;

Plot [{Benefits[2 x], Costs[x]}, {x, 0, 1}, PlotLegends - "Expressionsz"]
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In@7]:= Plot [{Benefits[2 x], Costs[x], Benefits[2 x] - Costs[x], Benefits|[2 x] -2 *Costs[x]}, {x, 0, 1.25},

PlotLegends - "Expressions")
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In[106]:= b1 =T7; b2 = -1.5;
In[107):= Benefits[x ] :=bl*x +b2*xA2; Costs[x ] t=clxx+c2*xN2;

Inf108]:= Plot [{Benefits[2 x], Costs[x]}, {x, 0, 1}, PlotLegends - "Expressionz"]

8..

generations

—— Benefits(2 x)

Oui[108]= ¢
—— Costs(x)

In[109]:= Plot [{Benefits[2 %], Costs[x], Benefits[2 x] - Costs[x], Benefits[2 x] -2 *Costs[x]}, {x, 0, 1.25},

PlotLegends - "Expressions")
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bl=7; b2=-1.5; cl1 =2.0; c2 =-1;
Benefits[x ] :=bl*xx+b2*xA2; Costs[x ]| t=clxx+c2*xA2;
Plot [{Benefits[2 x], Costs[x]}, {x, 0, 1}, PlotLegends - "Expressions"]

8._
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In[105]:= Plot [{Benefits[2 x], Costs[x], Benefits[2 x] - Costs[x], Benefits|[2 %] -2 *Costs[x]}, {x, 0, 1.25},

PlotLegends - "Expressions")

—— Benefits(2 x)

—— Costs(x)
Benefits(2 x) - Costs(x)
Benefits(2 x) - 2 Costs(x)
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Fig.3  multiple z™’s

generations

In(17]:= b =1; ¢ =0.6;
Benefits[x ] := b*S8Sqgrt([x]; Costs[x ] :=Logle*x+1];
Plot [{Benefits[2 %], Costs[x]}, {x, 0, 1}, PlotLegends - "Expressions"]
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Fig.3  multiple z™’s

generations
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In23]:= b =5; ¢ 2 10;
Benefits[x ] :=bxSqgrt[x]; Costs|[x ] := Log[e*xx+1];

Plot [{Benefits[2 x], Costs[x]}, {x, 0, 1}, PlotLegends - "Expressions"]

—— Benefits(2 x)
—— Costs(x)




On the origin of species by

sympatric speciation d
Ulf Dieckmann & Michael Doebeli —tN(ZE, ?f) — I - N(ZE, t) -1 —

Adaptive Dynamics Network, International Institute for Applied Systems Analysis, d
A-2361 Laxenburg, Austria

Zoology Institute, University of Basel, Rheinsprung 9, CH-4051 Basel, Switzerland

B (:I:—aco)2

K(z)=Ky-e % Clr —y)

In[27]:= KO = 500; sigmaK = 1;
K[x ] := KO% Exp[-(x-0)A2 /2 sigmaKA2]
Plot [K[x], {x, -0.5, 0.5}]|

In[107]:= sigmaC = 0.4;
Competition [r ] := Exp[-(zA2 / (2 *sigmaCA2))];

In[110]:= Plot [Competition[x], {x, -1.5, 1.5}]

Out[29]= Oul[110]=




In[107]:=

Oui[109]=

d
dt

sigmaC = 0.4;
Competition [r ] := Exp[-(zA2 / (2*sigmaCA2))];

—N(x,t) =r-N(z,t) - |1—

Plot [{K[x], KO * Competition[x]}, {x, -1.5, 1.5}, PlotLegends - "Expressionz"]
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Individual Based Model (IBM)

mutation
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invasion fitness
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rg = x~ singular strategies

evolutionary attractor D(z™) =0 ‘




In49]:= r = 1;

8lv , x ] := r*(1l- (Competition[x-vu]*K[x]/K[v]))

Ine7):= Plet3D([8 [v, =], {v, -1, 1}, {x, -1, 1}]

IBM, asexual a + multi locus genetics
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scenario 1: m linked to x ecological character
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scenario 2: m linked to z marker character
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Conditions for branching g, > oo

K(x]
KO Competition(x)

no branching

ecological character

B marker character

Standard deviation of competition function
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Standard deviation of resource distribution
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