
The Lotka - Volterra cannibalism time budget model
„
„ t R = r R I1- R

K M- a R ⁄j=1
k I1- xjM nj

„
„ t ni = e a R H1- xiL ni - d H1- xiL ni - I⁄j=1

k b AxjE xj njM H1- xiL ni +

g b @xiD xi ni ⁄j=1
k I1- xjM nj - d xi ni for i = 1, ..., k

  

MONOMORPHIC RESIDENT POPULATION

Clear@a, b, b0, b1, g, d, e, r, K, n, RD



ü Monomorphic resident population dynamics:

„ (R = resource density; n = resident population density)

dLogR = r - r RêK - a H1 - xL n;
dLogn = e a H1 - xL R - d + g b@xD x H1 - xL n - H1 - xL b@xD x n;

ü Monomorphic resident population equilibrium:

Solve@80 ã dLogR, 0 ã dLogn<, 8R, n<D

::R Ø -
K a d + K r x b@xD - K r x g b@xD

-K a2 e + K x a2 e - r x b@xD + r x g b@xD
, n Ø -

r d - K r a e + K r x a e

H-1 + xL I-K a2 e + K x a2 e - r x b@xD + r x g b@xDM
>>

H*copy and paste from above*L

R@x_D := -
K Ha d - r x H-1 + gL b@xDL

K H-1 + xL a2 e + r x H-1 + gL b@xD
;

n@x_D := -
r Hd + K H-1 + xL a eL

H-1 + xL IK H-1 + xL a2 e + r x H-1 + gL b@xDM
;
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ü Invasion fitness and its derivatives:

sx_@y_D := e a H1 - yL R@xD - d + g b@yD y H1 - xL n@xD - H1 - yL b@xD x n@xD;

ds@x_D := H¶∂ysx@yDL ê. 8y Ø x<;

dds@x_D := H¶∂y¶∂ysx@yDL ê. 8y Ø x<;

ü Default parameter values and functions:

a = 1; g = 0.2; d = 0.1; e = 0.05; r = 1; K = 10;

b0 = 0.; b1 = 1.5 ; p = .5;

b@x_D := b0 + b1 xp;
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Plot@b@xD, 8x, 0, 1<, AxesLabel Ø 8"x", "b@xD"<, ImageSize Ø MediumD
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ü Plots of R[x] and n[x]:

Plot@If@n@xD ¥ 0, 8R@xD, n@xD<D, 8x, 0, 1<, AxesLabel Ø 8"x", "n@xD,R@xD"<, ImageSize Ø MediumD
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ü Pairwise invadability plot (PIP):

PIPint = RegionPlot@n@xD ¥ 0 && sx@yD > 0, 8x, 0, 1<, 8y, 0, 1<, PlotPoints Ø 100D;

nPos = ContourPlot@n@xD, 8x, 0, 1<, 8y, 0, 1<, Contours Ø 80<, ContourStyle Ø 8Black, Thick<, ContourShading

Show@PIPint, nPos, ImageSize Ø MediumD
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ü Bifurcation plot singular strategy x versus parameter a:

posEQ = RegionPlot@n@xD ¥ 0, 8a, 0, 2<, 8x, 0, 1<D;

attESS = ContourPlot@If@n@xD > 0 && ds£@xD < 0 && dds@xD < 0, ds@xDD, 8a, 0, 2<, 8x, 0, 1<, Contours Ø ,
PlotPoints Ø 50D;

repESS = ContourPlot@If@n@xD > 0 && ds£@xD > 0 && dds@xD < 0, ds@xDD, 8a, 0, 2<, 8x, 0, 1<, Contours Ø ,
ContourShading Ø False, PlotPoints Ø 50D;

attNESS = ContourPlot@If@n@xD > 0 && ds£@xD < 0 && dds@xD > 0, ds@xDD, 8a, 0, 2<, 8x, 0, 1<, Contours ,
PlotPoints Ø 50D;

repNESS = ContourPlot@If@n@xD > 0 && ds£@xD > 0 && dds@xD > 0, ds@xDD, 8a, 0, 2<, 8x, 0, 1<, Contours ,
ContourShading Ø False, PlotPoints Ø 50D;

posEQbnd = ContourPlot@n@xD, 8a, 0, 2<, 8x, 0, 1<, Contours Ø 80<, ContourStyle Ø 8Black, Thick<, ContourShading

Show@posEQ, posEQbnd, attESS, repESS, attNESS, repNESS, FrameLabel Ø 8"a ö", "x* ö"<, ImageSize D
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ü Bifurcation plot singular strategy x versus parameter p:

posEQ = RegionPlot@n@xD ¥ 0, 8p, 0, 2<, 8x, 0, 1<D;

attESS = ContourPlot@If@n@xD > 0 && ds£@xD < 0 && dds@xD < 0, ds@xDD, 8p, 0, 2<, 8x, 0, 1<, Contours Ø ,
PlotPoints Ø 50D;

repESS = ContourPlot@If@n@xD > 0 && ds£@xD > 0 && dds@xD < 0, ds@xDD, 8p, 0, 2<, 8x, 0, 1<, Contours Ø ,
ContourShading Ø False, PlotPoints Ø 50D;

attNESS = ContourPlot@If@n@xD > 0 && ds£@xD < 0 && dds@xD > 0, ds@xDD, 8p, 0, 2<, 8x, 0, 1<, Contours ,
PlotPoints Ø 50D;

repNESS = ContourPlot@If@n@xD > 0 && ds£@xD > 0 && dds@xD > 0, ds@xDD, 8p, 0, 2<, 8x, 0, 1<, Contours ,
ContourShading Ø False, PlotPoints Ø 50D;

posEQbnd = ContourPlot@n@xD, 8p, 0, 2<, 8x, 0, 1<, Contours Ø 80<, ContourStyle Ø 8Black, Thick<, ContourShading

Show@posEQ, posEQbnd, attESS, repESS, attNESS, repNESS, FrameLabel Ø 8"p ö", "x* ö"<, ImageSize D
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DIMORPHIC RESIDENT POPULATION

ü Reset:

Clear@a, b, g, d, e, r, KD;

ü Dimorphic resident population equilibrium:

eqn =
80 ã r - r RêK - a HH1 - x1L n1 + H1 - x2L n2L, 0 ã e a H1 - x1L R - d + g b@x1D x1 HH1 - x1L n1 + H1 - x2L n2L ,
0 ã e a H1 - x2L R - d + g b@x2D x2 HH1 - x1L n1 + H1 - x2L n2L - H1 - x2L Hb@x1D x1 n1 + b@x2D x2 n2L<;

var = 8R, n1, n2<;
Solve@eqn, varD;
Simplify@%D

::R Ø
K HHx1 - x2L a d + r x1 H-1 + x2L g b@x1D - r H-1 + x1L x2 g b@x2DL

r g Hx1 H-1 + x2L b@x1D - H-1 + x1L x2 b@x2DL
,

n1 Ø IK Hx1 - x2L H-1 + x2L a2 d e + r x1 H-1 + x2L g Hd + K H-1 + x2L a eL b@x1D + r x2 Hg Hd - K a eL + x2 Hd ë

Ir g Hx1 H-1 + x2L b@x1D - H-1 + x1L x2 b@x2DL2M,

n2 Ø Ir x1 H-x2 d + g d - K a g e + K x2 a g e + x1 Hd - g d - K H-1 + x2L a g eLL b@x1D - H-1 + x1L IK Hx1 - x2L ë

Ir g Hx1 H-1 + x2L b@x1D - H-1 + x1L x2 b@x2DL2M>>
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R@x1_, x2_D :=
HK HHx1 - x2L a d + r x1 H-1 + x2L g b@x1D - r H-1 + x1L x2 g b@x2DLLêHr g Hx1 H-1 + x2L b@x1D - H-1 + x1L

n1@x1_, x2_D := IK Hx1 - x2L H-1 + x2L a2 d e + r x1 H-1 + x2L g Hd + K H-1 + x2L a eL b@x1D + r x2 Hg Hd - K a e ë

Ir g Hx1 H-1 + x2L b@x1D - H-1 + x1L x2 b@x2DL2M;

n2@x1_, x2_D := Ir x1 H-x2 d + g d - K a g e + K x2 a g e + x1 Hd - g d - K H-1 + x2L a g eLL b@x1D - H-1 + x1L IK ë

Ir g Hx1 H-1 + x2L b@x1D - H-1 + x1L x2 b@x2DL2M;

ü Dimorphic invasion fitness and derivatives:

sx1_,x2_@y_D := e a H1 - yL R@x1, x2D - d + g b@yD y HH1 - x1L n1@x1, x2D + H1 - x2L n2@x1, x2DL - H1 - yL Hb@

x1ds@x1_, x2_D := ¶∂ysx1,x2@yD ê. 8y Ø x1<;
x2ds@x1_, x2_D := ¶∂ysx1,x2@yD ê. 8y Ø x2<;
x1dds@x1_, x2_D := ¶∂y¶∂ysx1,x2@yD ê. 8y Ø x1<;
x2dds@x1_, x2_D := ¶∂y¶∂ysx1,x2@yD ê. 8y Ø x2<;

ü Default parameter values and functions:

a = 1; g = 0.2; d = 0.1; e = 0.05; r = 1; K = 10;

b0 = 0.; b1 = 1.5 ; p = .5;

b@x_D := b0 + b1 xp;

ü Coexistence plot (MIP):
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ü

Coexistence plot (MIP):

MIP = RegionPlot@n1@x1, x2D > 0Ï n2@x1, x2D > 0, 8x1, 0, 1<, 8x2, 0, 1<, PlotPoints Ø 100D;

antiMIP = RegionPlot@n1@x1, x2D < 0Í n2@x1, x2D < 0, 8x1, 0, 1<, 8x2, 0, 1<, PlotPoints Ø 100, PlotStyle

grad = VectorPlot@If@n1@x1, x2D > 0 && n2@x1, x2D > 0, 8Sign@x1ds@x1, x2DD, Sign@x2ds@x1, x2DD<, 80

Show@MIP, grad, antiMIPD
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