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OUTLINE

@ The basic model
@ Implications of the bifurcation
@ Lack of vertical transmission
@ Temporal behavior
@ Traveling waves
@ The diffusion paradigm
@ Analysis of actual mice transport
@ Model of mice transport



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 (refugia).

Population dynamics
+
Contagion
+
(Mice movement)

=) 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

dgf = bM —cM o —aM M,,
di‘f’ =—cM, L +aM M ,,
1

4

\ carrying capacity

(no mice movement yet!)

Mg (1) : Susceptible mice

M, (1) : Infected mice

M(t)= Mg (t)+M, (1): Total
mouse population

Rationale behind each term

Births: bM — only of susceptibles, all mice contribute to it
Deaths: -cM g ; — infection does not affect death rate
Competition: -M; M/K — population limited by environmental

parameter

Contagion: = aM ; M, — simple contact between pairs
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The carrying capacity controls a bifurcation in the equilibrium
value of the infected population.

The susceptible population is always positive.



The same model, with vertical transmission

dM ¢
dt
dM,

— = —h M M -
dt ! .

MM

=bM —cM,— -aMM,,
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+aMM,,
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The same model, with vertical transmission

dM ¢
dt
dM,

—=b,M-cM, -
dr I 1

MM

=bM —cM, - —aMM,,

MM

+aMqM,.




The same model, with vertical transmission

dfﬁ ~bM —cM -2 _amom,,
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The same model, with vertical transmission

dfs =bSM-cMS~MSM-aMSMI,
t
dt K
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Temporal behavior

K=K(1)

susceptible

nfected
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A “realistic” time dependent carrying capacity induces the
occurrence of extinctions and outbreaks as controlled by the
environment.



Temporal behavior of real mice

: \

critical
population
chKc(.b'C)
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Real populations of susceptible and infected deer mice at
Zuni site, NM. Nc=2 is the “critical population” derived from
approximate fits. (Data from Yates et al., Bioscience, 2002.)



TRAVELING WAVES

How does infection spread from the refugia?

The sum of the equations for M, and M, is Fisher's
equation for the total population:

M
(b—c)K

oM (x.t)
dt

x{_’b——-c?)M(l—- ]+DV2M

~ (Fisher, 1937)

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



Traveling
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Allowed speeds:
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Depends on K and @




Two regimes of propagation:

Vo<V if K< K,
v =vg If K>K

= 2b «
a(b-c)

Ky

The delay A is also controlled by the carrying capacity



THE DIFFUSION PARADIGM

du(x,t .. > ~
(X,1) =ru(l—u)+ DV-u (Fisher, 1937)

ot L
L diffusion
nonlinear “‘reaction”

(logistic growth)

Epidemics of Hantavirus in P. maniculatus
Abramson, Kenkre, Parmenter, Yates (2001-2002)

(}MSM(X,I) =bM-—CMS‘“MSM ——-HMSM}' +D3V2MS’

ot K(x)

()M{(lstl "—""CM’ o ‘MIM 4 aA}ISMI + DIY"QM‘;,
ot K(x)




Three categories of wrongfulness
Okubo & Levin, Diffusion and Ecological Problems

Not necessarily so wrong: diffusion models are approximations of
much more complicated mechanisms, the net displacements being often
described by Gaussians.




THE SOURCE OF THE DATA

Gerardo Suzan & Erika Marcé, UNM

Six months of field work in Panama (2003)
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THE SOURCE OF THE DATA

Terry Yates, Bob Parmenter, Jerry Dragoo and many others, UNM
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Ten years of field work in
New Mexico (1994-)

Peromyscus maniculatus

Host of Hantavirus Sin Nombre



Recapture and age

Zygodontomys brevicauda, 846 captures: 411 total mice, 188
captured more than once (2-10 times)

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

Recapture probability:

J SA A
Z. Brevicauda 10:13 . 0.37* 049 J: juvenile
SA: sub-adult
P. maniculatus |10.32 048  0.58 At adult

*One mouse (SA, F) recaptured off-site, 200 m away



Different types of movement

Adult mice = diffusion within a home range ‘s

Sub-adult mice = run away to establish ﬂﬂw’.
R e Sk

a home range A\

Juvenile mice = excursions from nest

Males and females...



The recaptures
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MOUSE WALKS

X(t) (m)
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Z. brevicauda captured ~10 times
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An ensemble of displacements

2 L /

o
’ r /




An ensemble of displacements




An ensemble of displacements
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...representing
the walk of an
“Ideal mouse”



PDF of individual displacements

As three ensembles, at three time scales:
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Mean square displacement
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Confinements to diffusive motion

« Home ranges

« Combination of both




A harmonic model for home ranges

-Gf2

—i

P(x,t) |+ DV*P(x,t)

dx _! % PDF of an animal

e

e T

dP(x.t) o {dU(.r)
dt dx




Time dependent MSD

initially diffusive ~f
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SUMMARY

»Simple model of infection in the mouse population
~Important effects controlled by the environment

» Extinction and spatial segregation of the infected population
»Propagation of infection fronts

~»Delay of the infection with respect to the suceptibles
»Mouse “transport” is more complex than diffusion

~ Different subpopulations with different mechanisms
«Existence of home ranges
«Existence of “transient” mice

~Limited data sets can be used to derive some statistically
sensible parameters: D, L, a

~Possibility of analytical models
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