2D nonlinear discrete-time models
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Nicholson-Bailey
Equations: V1 = rVe— 1P, Py =cV; (1 — e*qu).
Equilibria: {0,0} and {rlogr/(gc(r — 1),logr/q}.
P* increases with r and decreases with ¢ (more effec-
tive P — fewer P). V* decreases with ¢ and ¢ (not
surprising): increases with r (denom. of derivative =
r—1—1logr) > 0forr > 1).
Stability: need Jury conditions: |T| < 1+ A < 2.
(These are shortcuts
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(adapted from (1))
For N-B, Jacobian is
re= 1" —rqV*edt”
c (1 — e_qp*) qcVre—al”

At the trivial equilibrium this is ( 6 8 );soT =,

A = 0. Boring.

At the positive equilibrium we get T = 1+ (logr/(r—
1), A = (rlogr)/(r — 1). Can show this is > 1 when
r > 1 ...therefore we are definitely unstable (exercise:
determine numerically when A > T and vice versa (i.e.
unstable spirals vs. real instability). Examine the behav-
ior of the N-B model starting from near the equilibrium to
confirm your finding.)

How does this match reality (see chapter 4 of (1) for
more detail)? What can we do about it?
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