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The effect of dispersal on the population dynamics of a host-parasite system in

fragmented landscape
SU Min”
School of Mathematics, Hefei University of Technology, Hefei 230009, China

Abstract: Landscape structure and dispersal strategy are two important factors affecting population dynamics and thus entail
profound effects on biological invasions. However, insufficient attention has been paid to the combined effects of landscape
structure and dispersal behavior on the epidemic transmission in spatially explicit landscapes. In this paper, pair
approximation ( a method from statistical physics for deriving ordinary differential equations that approximate the spatial
dynamics of populations in a lattice environment) was applied to examine the impact of dispersal strategy, determined by
the interplay between local and global host-parasite interactions, to the invasion and spread of epidemics on the fragmented
landscape. The intensity of habitat destruction in the model, instead of undergoing a random loss, was quantified by the
level of habitat loss and fragmentation. By incorporating the detailed information on dispersal strategy in the spatially
structured landscape, we are able to address the following questions: (1) How does the dispersal pattern affect the invasion
and transmission of the parasitic disease? (2) How does the impact of dispersal patterns depend on the landscape structure?

By the use of invasion analysis and numerical simulations, the effect of global dispersal in hosts and parasites was
found asymmetric in terms of the epidemic invasion and population dynamics. First, the global dispersal of parasites
(epidemics) was shown to pose a much stronger impact than the global dispersal of hosts on the invasion threshold of the
epidemic disease. Second, the average host density at the equilibrium state enhanced slightly with the increasing proportion
of global dispersal in hosts, but declined dramatically with the increasing proportion of global dispersal in parasites.
Finally, both the population density of hosts and parasites at equilibrium, measured by the relative occupancy, increased
with the increasing proportion of global dispersal, but the impact of global dispersal on the population density of the
parasites was more dramatic. Under different dispersal scenarios, high level of habitat loss and low level of habitat

fragmentation were shown to be detrimental to the invasion of parasitic disease. The invasion threshold of parasitic disease
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was increased gradually with the increase of habitat loss, but declined monotonously with the increase of the clustering
degree of lost patches. Meanwhile, the invasion threshold of parasitic disease reached the peak when all dispersal events
were completely local ; this indicates that local dispersal was preferred for controlling the invasion and spreading of disease.
Results also showed that the mechanistic response of the invasion threshold to the proportion of local dispersal in all
dispersal events could be altered under different levels of habitat destruction. When habitat destruction is severe (i. e. high
proportion of habitat loss and low correlation between adjacent unsuitable habitat) , the influence of global dispersal has
been proved to be more important on disease transmission. However, when habitat destruction is subtle, the global dispersal
plays only a weak effect on disease transmission. We thus suggest that it is possible to control disease transmission by
modifying the spatial structure of the landscape and the dispersal capacity of epidemics. This work highlights the importance
of encompassing more realistic spatial patterns of landscape and dispersal in conservation planning and has extended and

enriched the research of population and community epidemiology.

Key Words: host-parasite; global and local dispersal; habitat loss; habitat fragmentation; pair approximation
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