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Introduction

Question: How does changing habitat affect predator-prey
dynamics?
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Evil PDE’s...

PDE Attempt 1: Model prey and predator movement with
a reaction diffusion equation and habitat function h(t, x).

Nt = f(N,P)h(t, x) +D1Nxx

Pt = kg(N,P)h(t, x) +D2Pxx,

where

f(N,P) = rN

(
1 −

N

K

)
− CNP

g(N,P) = BCNP −DP



Diffusion Driven Instability ?
Without the diffusion terms the stable equilibrium are

(
N,P

)
=

(
D

BC
,
r

C

(
1 −

D

KBC

))
provided D

KBC
< 1.

When adding in the diffusion terms, there are two new
conditions required for diffusion-driven instability. They
are fNd+ gP > 0 and f2Nd

2 + 2d(fNgP − fPgN) + g2
P > 0,

where d = D2

D1
. The first condition is a necessary

condition, and ...unfortunately we didn’t check that one
first. The necessary condition is

−
rDd

KBC
> 0



Model 2:

∂N(x, t)

∂t
= rN(x, t)(1 −

N(x, t)

K(x, t)
) − cN(x, t)P(x, t)

−D1P(x, t)
∂P(x, t)

∂x
∂P(x, t)

∂t
= P(x, t)(BCN(x, t) −D) +D2N(x, t)

∂N(x, t)

∂x



ODE - One Patch in Simulink













Lotka-Volterra with Adaptive Behavior

dN

dt
= r(x)N

(
1 −

N

K

)
− C(x)NP

dP

dt
= BC(x)NP −DP

dx

dt
= v

(
d

dxm
r(x(t))

(
1 −

N

K

)
−

d

dxm
C(x(t))P

)
where r is intrinsic rate of growth, C is the capture rate of
prey, K is the carrying capacity, x is a behaviorial trait that
we are tracking (the proportion of time the prey is out
searching for food), xm is a variant of this trait, and v is a
rate of adaptive change .



Explanation of last ODE
We start by defining fitness , W, as

W(xm(t), x(t)) =
dN
dt

N

W(xm(t), x(t)) = rxm(t)

(
1 −

N

K

)
− C(xm(t))P

Note the the capture rate and growth rate are dependent
on the variant trait, xm. Next we define the change in the
trait value as:

dx

dt
= v

dW

dxm

]
xm(t)=x(t)

.

This yields

dx

dt
= v

(
d

dxm
r(x(t))

(
1 −

N

K

)
−

d

dxm
C(x(t))P

)



Question of Interest
What is the effect of adaptive behavior on predator-prey
dynamics?
Numerical Examples:







Stochastic Model
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ODE - Two Patch

Ṅ1 = rN1(1 −
N1

K(t)
) − γ1N1(

1 + P1

1 +N1
) + γ1N2(

1 + P2

1 +N2
) − cP1N1

Ṗ1 = bcP1N1 − µP1 − γ2(
P1

1 + P1N1
) + γ2(

P2

1 + P2N2
)

Ṅ2 = rN2(1 −
N2

K̄(t)
) − γ1N2(

1 + P2

1 +N2
) + γ1N1(

1 + P1

1 +N1
) − cP2N2

Ṗ2 = bcP2N2 − µP2 − γ2(
P2

1 + P2N2
) + γ2(

P1

1 + P1N1
)

where

K(t) = A cos(t/s1) + C1

K̄(t) = A sin(t/s2) + C2

with initial conditions (N1(0),P1(0), 0, 0).





Results





Snake vs Bird



ODE - Three Patch

Prey Density = Birth/Death rate -Emigration + Immigration

d
dtNm(t) = r(t)Nm − ξNm Pm −

(
λN2

m

Km(t)
+ qPmNm

)
+

∑n
i=1

(
λN2

i

Ki
+ qPiNm

)
Aie

−αdis(m,i)∑n
j=1Aj e

−αdis(i,j)

Predator Density = Birth/Death rate

d
dtPm(t) = bξNm Pm − dPm



Description of parameters

Parameter Interpretation value
m Number of Patches 3
Nm Density of Prey
Pm Density of Predator
Ai Area/Qulity of Patch i(∈ {1, ..,m}) 20/5/15

Ki(t)
Fluctuating carrying capacity dependent

on areaAi and time


20 + 3 sin(t)

t+1

5 − 2 sin(t)
t+1

3 + cos(t)
t+1


dis Distance/Difficulty between patch i and j
b Predator birth coefficient 1.5
ξ Prey catch rate 1
λ Prey dispersal rate 5
α Distance coefficient 1
q SCARE factor .3
γ Leaving coefficient .5

Table: Description of parameters and their values



Predator gets smart!

Predator Density = Birth/Death rate -Emigration +
Immigration

d
dtPm(t) = bξNm Pm − dPm − Pm(t)γ

1+Nm(t)

+
∑n
i=1

(
γPi

(1+Ni)

) (
Ni
Nm

)
(∑n

j=1

Nj
Ni

)



Thank you for listening!
Thank you to the organizers, BIRS and other participants


