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'We consider the concept of metapopulations
(Levins, (969) whieh has been important to
ecologists in describing the patch occupancy
dynamics. «Tn 1970, Richard Levins coined the
term mctapopulation to describe a 'population'
consisting of many local populations, in the same
sense in which a local population is a population
eonsisting of individuals" (Hanski, 1999). Wben
the local population moves or local extinction
occurs, then an occupied patch becomes
unoccupied. Colonisation by individuals from an
occupied patch in the system makes an unoccupied
pateh occupied. Levins (1969) illustrated the faet
that in order to control the persistence or extinction
of any species, populations at the metapopuJation
level need to be considered. In particular local
extinctions must be balanced by immigration from
other patches. The Levins model gives the rate of
change 111 the number of occupied local
populations, n (t), as

where 1~. is the colonisation or migration rate

parametcr and re contributcs to the extinction rate

Levins metapopulation model

Levins metapopulation model is described 111

section 2 and analysed by 1110 ment closure
schemes in section 3. The conclusion is presented
in section 4 with a discussion of the results.

persistcnce of a finite sized mctapopulation. This
multiplicative concept is equivalent to assuming a
log-normal distribution for the population size.
However, it is difficult to describe extinction
behaviour by any existing closure schemes. It is
natural to consider the log-nonnal mixture and
beta-binomial mixture approximations
(Krishnarajah et aI., 2005) for this purpose.
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In this study, we apply the log-normal mixture and
beta-binomial) mixture approximations to the
stochastic version of the Levins metapopulation
model. Mixture approximations arc able to capture
the behaviour of the model around the threshold
between persistence and extinction of occupied
patches. Comparison with simulation results show
that mixture approximations are able to predict
extinction behaviour but on a shorter time seale
than the simulations, describe meta-stable
persistence of occupied patches but slightly
underestimatc the mean and describe quasi
equilibrium probabilities.
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Moment-closure Approximations to Levins Metapopulation Model

We extend the application of closure
approximations to the stochastic version of Levins
mctapopulation model widely used in ecology. A
mctapopulation refers to an aggregation of
populations or species that inhabit small patches of
an area. Each of the populations is called a 'local
population' and have a substantial probability of
becoming extinet (Hanski, J999). In order for the
species to persist, thcy may migrate or colonise
empty patches so that long-term persistence can
only oceur al metapopulation level (Hanski, (999).
Thus, at any given time a non-zero proportion of
patches is occupied. However, the metapopulation
will eventually go extinct if each occupied patch is
desolated. This is an interesting property and
Important phenomenon in ecology. Stochastic
techniques have becn used in ecological studies
previously (Isham, 1995; Levin and Durret, 1996;
Keeling, 1997; Bolker and Paeala, 1997; Keeling,
2000a,b, 2002; Ovaskainen and Hanski, 2004).
Particularly in the application of moment-closure
techniques to metapopulation ecology, Keeling
(2000b) developed the cuneept of multiplicative
moments for the (hird-order cumulant and this
techniquc was used to considcr the bchaviour and












