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Abstract 
Predator-prey systems that allow for one or more 

species to undergo mass migration open up a range of 

new possibilities from a dynamical point of view. We 

consider two different approaches to modelling 

problems of this type, namely, ordinary and partial 

differential equations. In both cases the inclusion of 

time switches is key to understanding their behaviour 

and allows us to consider the effects of timing 

mismatches brought about by changing climatic 

conditions. 

 

1. Main text 
Mathematical models of the interactions between 

biological populations have long been of interest to 

researchers, both in ecology and in dynamical systems. 

An understanding of how energy is transferred between 

organisms at different trophic levels is key to 

developing a theory of how ecological communities 

form and persist. Predator-prey models composed of 

two interacting species are frequently studied as a 

means of developing an intuition about the kind of 

relationships that may develop between two populations 

in a niche. In recent years, periodic forcing has been 

introduced to classical ecological models in order to 

illustrate the importance of including seasonal variation. 

This has often taken the form of a sinusoidally forced 

growth term with interesting dynamical behaviour 

generated by the addition of an independent frequency 

to the system [2, 3]. 

 

However, for a species that has just a short window 

each year during which successful reproduction is 

possible, a sinusoidal variation may not accurately 

capture the temporal properties of the system. This is 

typical for species that breed in regions characterised by 

a highly profitable but short-lived interval of food 

availability. A brief period of favorable environmental 

conditions triggers a cascade in growth as each species 

attempts to synchronise its reproduction with that of the 

species on the preceding trophic level [1]. When a 

sudden onset of activity is typical in a habitat, piecewise 

smooth forcing may be a more faithful representation of 

the ecological reality. 

 

Furthermore, many species respond to the seasonal 

variation in resources by migrating between 

geographically distinct regions each year. The annual 

cycle of a migratory species can be thought of as a 

sequence of distinct stages. Accordingly, we propose a 

population-based dynamical-system framework in 

which the interplay of different seasonal factors both 

within and between years can be better understood. The 

breeding and survival stages are modelled as separate 

annual regimes in a time-dependent switching system. 

Steady-state solutions are used to measure the extent to 

which the population can sustain itself over long time-

scales and repeated breeding events. 

 

The framework outlined is well-suited to deal with both 

seasonal interactions and the propagation of recruitment 

failures from one year to the next, enabling us to assess 

the impact of persistent temporal mismatches brought 

about by changing climatic conditions. 
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