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I. Introduction 

The classical predator-prey models for instance lotka-volterra is used to describe the dynamics 

of homogeneous environment. However, in some instances the environment is heterogeneous and may 

be divided by barriers such as rivers, mountains e.t.c., forming patches in the ecosystem. This 

phenomena requires representation using discrete patches connected by migration [7, 12, 8, 6]. The 

density-dependent migration is a common phenomenon in a two-patch system because of the constant 

migration of the predator and prey populations. The migration happens when species move from one 

patch to another either in search of food resources or due to predation. In this study, the prey migration 

is based on the quality of the patch resources and predation. This is dictated by the availability of food, 

water, mates e.t.c. The predator movement is determined by the presence of the prey in each patch. 

Predator-prey models that include spatial heterogeneity and dispersal have been widely used to the 

persistence and oscillatory dynamics of populations see [1, 6, 9, 5, 11, 12]. Apima et al.[1] proposed a 

two-patch predator-prey framework that incorporates logistic growth of the prey and 1 a constant time 

delay in the migration. Their model captures the influence of migration timing on the stability of species 

interaction, with the prey exhibiting logistic growth and predation represented through nonlinear 

functional responses. The delayed migration terms reflect the ecological reality that dispersal is rarely 

instantaneous, accounting for lags due to search-time or environmental barriers. A limitation of this 

study, however, lies in the assumption that the prey’s carrying capacity is identical in both patches. In 

real ecosystems, patch environments differ significantly in terms of resources, vegetation and habitat 

structure, making uniform carrying capacity an oversimplication. Another limitation of constant time-

delaymigration models is their inability to reflect adaptive dispersal behaviours. In nature, species 

movement often depends on local densities, resource availability, or predation pressure, rather than 

fixed delays alone. This makes it realistic and ecologically meaningful to study predator-prey 

interactions under density-dependent migration in a two-patch system. Density-dependent dispersal 

allows individual to migrate in response to local crowding, prey availability, or predator risk, thereby 

Abstract 

We formulate a population-density-dependent migration of a predator and prey between two patches. The 

migration is influenced by prey and predator densities such that when the predator population is huge, the 

migration of prey population is more likely to occur. We also assume that migration is dependent on factors 

other than predation. Each patch display a limit cycle behaviour of the predator and prey interaction. 

Migration is on a fast timescale as compared to the inter-species interaction within a patch, thus we reduce 

the system from four ordinary differential equation to two by aggregation. Furthermore, we non-

dimensionalize the aggregated model to reduce the number of parameters for ease of analysis. The analysis 

of the aggregated model shows three fixed points. Two are unstable, the third where there is co-existence of 

both species, its instability or stability is parameterdependent. For some certain parameter values, we get 

a limit cycle. This limit cycle is a synchronous state, that is observable in both patches. 
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offering a more dynamic mechanism of population regulation. Investigating such mechanism provides 

insights into how species persist across heterogeneous landscape, how cycle emerges or stabilizes, and 

how migration strategies influence coexistence in fragmented habitats. This is the realistic and a 

common phenomenon in the ecosystem. We will study population densitydependent migration of a 

predator-prey system in two patches. 

 

II. Formulation of the Model 

 

 
 

 
 

III. Aggregation and Non-dimensionalization 
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IV. Long-term solutions 
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