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This study considers how non-linearities in the transmission of microparasitic
infections affect the population dynamics of host-parasite systems in which the
disease is potentially lethal to the host. Non-linearities can either lead to a locally
stable or unstable host-parasite equilibrium point, depending on the respective
contributions of healthy and infected hosts to the functional form of the transmission
rate. Analysis of the non-linear transmission model results in a revealing pair of
local stability criteria. Specifically, stability requires sufficient total levels of intrinsic
growth of the host population and total levels of density-dependent transmission.
The most stable systems occur when increases in the density of healthy hosts result
in increases in transmission efficiency, and increases in the number of infected hosts
result in small decreases in transmission efficiency. These appear to be very reason-
able relationships for directly transmitted microparasites.

Introduction .

A central assumption of many compartmental models of the dynamics of infectious
disease is that parasite transmission rate is directly proportional to the densities of
the susceptible and infected host populations (e.g. Anderson & May, 1979, 1981,
Holt & Pickering, 1985; Hochberg & Holt, 1990). This “random’ or ‘““homogeneous”
mixing rule applies to host-parasite systems in a manner analogous to random
search in prey-predator and host-parasitoid models (for review, see Hassell, 1978).
The homogeneous mixing assumption is most appropriate in situations where (1)
transmission occurs through direct contact between susceptible and infected hosts,
(2) both healthy and diseased hosts are highly mobile and do not discriminate
among one another, (3) changes in the density of parasitized hosts do not alter the
incidence of infection (i.e. number of new infections initiated per infected host)
and (4) changes in the density of healthy hosts do not alter the per capita vulnerabil-
ity, or risk, to infection. Even when these constraints are not strictly met, the random
mixing assumption is generally regarded as a good first approximation of actual
parasite transmission rates in nature (e.g. Anderson, 1980; Anderson & May, 1979,
1981).

Nevertheless, there are a number of biological mechanisms which may result in
non-linearities in the transmission rates of parasites. For instance, the transmission
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