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Abstract

Recent advances in animal tracking have allowed us to uncover the drivers of move-
ment in unprecedented detail. This has enabled modellers to construct ever more realistic
models of animal movement, which aid in uncovering detailed patterns of space use in
animal populations. Partial differential equations (PDEs) provide a popular tool for
mathematically analysing such models. However, their construction often relies on sim-
plifying assumptions which may greatly affect the model outcomes. Here, we analyse the
effect of various PDE approximations on the analysis of some simple movement mod-
els, including a biased random walk, central-place foraging processes and movement in
heterogeneous landscapes. Perhaps the most commonly-used PDE method dates back
to a seminal paper of Patlak from 1953. However, our results show that this can be a
very poor approximation in even quite simple models. On the other hand, more recent
methods, based on transport equation formalisms, can provide more accurate results, as
long as the kernel describing the animal’s movement is sufficiently smooth. When the
movement kernel is not smooth, we show that both the older and newer methods can lead
to quantitatively misleading results. Our detailed analysis will aid future researchers in
the appropriate choice of PDE approximation for analysing models of animal movement.
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