
Spatial models in ecology and evolution
Exercises 5.1-5.4

5.1 The Hamilton-May model with surviving parents. The basic Hamilton-May model assumes
that the parents die after reproduction and therefore all sites are available for the offspring.
Assume instead that each parent survives with probability P, and in the sites occupied with sur-
viving parents all offspring die. Show that this does not change the pairwise invasibility plot,
and therefore the model predicts the same ESS for any 0 ≤ P < 1 as obtained for the case of no
parental survival, P = 0.

5.2 Kin competition in larger patches. Modify the Hamilton-May model assuming that every
site can support exactly two adults. Let m1 and m2 denote respectively the fraction of sites with
one mutant plus one resident and the fraction of sites with two mutants. A rare mutant grows
according to the linear model m(t + 1) = Am(t) with m = (m1,m2)T . Construct the projection
matrix A of a mutant with dispersal strategy d in a resident population of dispersal strategy D.
How would you extend this model for a population where a fraction q of the sites supports one
individual and the remaining fraction 1 − q supports two individuals?

5.3 Evolution of dispersal with post-establishment mortality. Modify the Hamilton-May model
assuming that after a single individual has established in each site but before reproduction, the
established individual dies with probability m.

(a) Derive the invasion fitness of a rare dispersal strategy d in the resident population of strat-
egy D and determine the evolutionarily stable dispersal strategy D∗ as a function of m and the
probability of survival during dispersal, s.
(b) Show that D∗ is not a monotonic function of s. Can you explain this counter-intuitive result?
(c) Show that as m → 0, D∗(m, s) converges to the Hamilton-May result but this convergence
is not uniform, and the limits m → 0 and s → 0 do not commute. In nature, s may be very
small because most randomly dispersed offspring (e.g. wind-dispersed seeds) land outside suit-
able sites. What does non-uniform convergence imply for predicting the evolutionarily stable
dispersal strategy under these conditions?

5.4 Conditional dispersal in variable environments (based on Ezoe and Iwasa 1997). Suppose
that the amount of available resources vary among living sites so that parents can produce a vari-
able number of offspring. Let Pi be the fraction of parents who produce Fi offspring. As in the
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Hamilton-May model, all parents have high fecundities such that the number of dispersed and
non-dispersed offspring can be considered deterministic, and all parents die after reproduction.
The dispersed offspring survive during dispersal with probability s. The offspring can decide
whether they disperse or not depending on how many offspring are born in the same site (i.e.,
how strong kin competition is); and therefore the fraction of dispersed offspring, D(F), may de-
pend on the fecundity of the parent, F. Show that the evolutionarily stable strategy F 7→ D∗(F)
is of the following form:

D∗(F) =

{
0 if F < T ∗

1 − T ∗
F otherwise

with some positive constant T ∗. Biologically, this corresponds to a threshold strategy: T ∗ off-
spring are retained and the rest are dispersed in every site that has at least T ∗ offspring, whereas
all offspring are retained in sites with less than T ∗ offpsring. Hint: show that the best reply to
an arbitrary resident strategy has the above form with some positive T , albeit not necessarily
the value T ∗ of the ESS. The ESS value of T ∗ need not be determined in this exercise.
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