
The Lotka - Volterra asymmetric 
competition model

Full population dynamics

‚

‚ t
ni =

r@xiD ni 1 -
⁄j=1
l a@xi, x jD n j

k@xiD
Hi = 1, ..., lL

MONOMORPHIC RESIDENT POPULATION

ü Monomorphic resident population equilibrium:

n@x_D := k@xD;

ü Invasion fitness and its derivatives:

smo@x_, y_D := r@yD 1 -
a@y, xD n@xD

k@yD
;

dsmo@x_D := H∂y smo@x, yDL ê. 8y Ø x<;
ddsmo@x_D := H∂y,y smo@x, yDL ê. 8y Ø x<;

ü Default parameter values and functions :

r@x_D := 1;

k@x_D := ExpA-Hx - dL4E + ExpA-Hx + dL2E;
d = 1;
a@x_, y_D := ExpA-a Hx - yL2 - b Hx - yLE;
a = 2;
b = -0.4;



Plot@k@xD, 8x, -2, 2<,
PlotStyle -> 8Black, Thick<, AxesOrigin Ø 80, 0<D

-2 -1 1 2

0.2

0.4

0.6

0.8

1.0

Plot@a@x, 0D, 8x, -2, 2<,
PlotStyle -> 8Black, Thick<, AxesOrigin Ø 80, 0<D
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ü
Pairwise invadability plot (PIP):

PIPbnd = ContourPlot@smo@x, yD, 8x, -2, 2<, 8y, -2, 2<,
Contours Ø 80<, ContourStyle Ø 8Black, Thick<,
ContourShading Ø False, PlotPoints Ø 100D;

PIPint = DensityPlot@If@smo@x, yD > 0, smo@x, yDD,
8x, -2, 2<, 8y, -2, 2<, PlotPoints Ø 100D;
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Show@PIPint, PIPbndD

ü Bifurcation plot singular strategy x versus parameter b:

nDens = DensityPlot@n@xD, 8b, -1.5, 1.5<, 8x, -2, 2<D;

grad = StreamPlot@80, dsmo@xD<, 8b, -1.5, 1.5<,
8x, -2, 2<, StreamStyle Ø Arrowheads@0.04DD;

xES = ContourPlot@If@ddsmo@xD § 0, dsmo@xDD,
8b, -1.5, 1.5<, 8x, -2, 2<, Contours Ø 80<,
ContourStyle Ø 8Black, Thick<,
ContourShading Ø False, PlotPoints Ø 30D;

xNES = ContourPlot@If@ddsmo@xD > 0, dsmo@xDD, 8b, -1.5, 1.5<,
8x, -2, 2<, Contours Ø 80<, ContourStyle Ø 8Red, Thick<,
ContourShading Ø False, PlotPoints Ø 30D;
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ü Singular strategy x versus asymmetry parameter b:

Show@nDens, grad, xES, xNESD
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