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THREE FIELD OBSERVATIONS
AND A SIMPLE MODEL

Strong influence by environmental conditions.

Sporadical dissapearance of the infection from a population.

Spatial segregation of infected populations (ref ugia).

Population dynamics
+

Contagion
+

(Mice movement

4	 Mathematical model

Single control parameter in the model simulate environmental effects.

The other two appear as consequences of a bifurcation of the solutions.
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BASIC MODEL (no mice movement yet!)

(lvi		 :'tiilvi		M(t): Susceptible mice
= /4k! - clvi -		 - aPvt 51fri jdi		K		 M1(t) : Infected mice

(LW1		M1M-cM1 -		 +aIW5M1,	 MW= M (t)+M1 (t): Total
di		K	 mouse population

carrying capacity

Rationale behind each term
Births: bM -> only of susceptibles, all mice contribute to it

Deaths: -cM51
---> infection does not affect death rate

Competition: -Vi1 M/K -> population limited by environmental

parameter

Contagion: ±aM9 1-> simple contact between pairs
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TRAVELING WAVES

How does infection spread from the refugia?

The sum of the equations for &t and M1 is Fisher's

equation for the total population:

8M(x,t = (b-c)M 1-
cit

	

(b-c)K
(Fisher. 1937)

There exist solutions of this equations in the form
of a front wave traveling at a constant speed.
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THE DIFFUSION PARADIGM

riu(x,t)
ot -1.40.1-0+D V21, (Fisher, 1937)L		 diffusion

nonlinear "reaction
(logistic growth)

Epidemics of 1-lantavirus in P. ,na,iiculatus
Abramson. Ken kre. Parmenter. Yates (2001-2002)

rJM(xn =	 -

	

-MM - aAl5M1 + DSV2Mc.
1*				 Jc(x

riM1 (xi) =

	

- MJM + aMcMj + D1V2M1,
It	

'	 Nix)






Three categories of wrongfulness
Okubo 8 Levi11. Diffusion and Ecological Problems

Wrong but useful: the simplest diffusion models cannot possibly be

exactly right for any organism in the real world (because of behavior,
environment, etc). But they provide a standardized framework for

estimating one of ecology most neglected parameters: the diffusion
coefficient.

diffusion models are approximations of

much more complicated mechanisms, the net displacements being often
described by Gaussians.

Woefully wrong: for animals interacting socially, or navigating
according to some external cue or moving towards a particular place
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Recapture and age

Zgoilonroinv.sLm846 captures: 411 total mice, 188
captured more than once (2-10 times)

P. nwnwulat,,s: 3826 captures: 1589 total mice, 849 captured
more than once (2-20 times)

Recapture probability:

	SA A

Z'. b'eevicaluIa (i) 1 3 0.37" (349

P. Ii,aIiiCiIiatuS 0.32 0.48 0.58

J: juvemle
SA: sub-adult
A: adult

'One mouse (SA, F) recaptured off-site, 200 rn away
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MOUSE WALKS
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Time dependent MSD
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