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Metapopulation dynamic models: A novel approach to fragmented

landscape dynamics
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Abstract : Landscape fragmentation is a main cause of ecological and environmental degradations, which has
many serious impacts on regional biodiversity. Restoring fragmented landscapes thus become a new
challenge to regional biodiversity conservation. Species are normally survived as metapopulations in a
fragmented landscape, hence the patch dynamics could be determined by the dynamics of the
metapopulations inhabited, which makes it possible to model fragmented landscape dynamics based on
metapopulation dynamics. On the other hand. metapopulation dynamic models are paying more and more
attention to involve the spatial features of a fragmented landscape in modeling, which provided a concrete

support to describing fragmented landscape dynamics in a metapopulation way. In terms of the difference
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on spatial consideration., metapopulation models can be classified into three categories, namely the Spatial
Implicit Metapopulation models (SIM ), the Spatial Explicit Metapopulation models (SEM), and the
Spatial Realistic Metapopulation models (SRM), each type of the models has its specialty in modeling
fragmented landscape dynamics. (1) The SIM models made the assumption that all the local populations
are equally connected, but the spatial information is not included in the model, which greatly simplified the
model analysis. The SIM models, such as Levins models, 2-population Metapopulation models, and
Structured Metapopulation models, can be used to describe the single patch dynamics in a fragmented
landscape. (2) The SEM models are semi-realistic, which assumed that local populations are consisted of
the cells distributed regularly in the grids or on the lattices in a 2-deminsion space. It included Cellular
Automata models., Interacting Particle Systems. Coupled-Map Lattice models. and Reaction-Diffusion
Metapopulation model. These models can be employed to describe the fragmented landscape dynamics
approximately. (3) The SRM models allowed one to include all the geometric information of a fragmented
landscape into modeling. The three types of SRM models, Incidence Function Models, State Transition
Models and n-Population Simulation Models, are the suitable tools for modeling a real fragmented
landscape. We should not only reinforce the SRM type and the Individual-Based Metapopulation models
while applying all the other metapopulation models in the future modeling of fragmented landscape
dynamics, but also should find some new tools to describe the complex structures and processes of a
fragmented landscape with multiple species, multiple dimensions, multiple variables, and complicated
connections.
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Table 1 Extended Levins type model
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Table 2 The basic mathematic description of a simple structured metapopulation model
Formula Symbols denotation
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(Coupled-Map Lattice Models) (interacting particle systems)
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Wu J G. Modeling Dynamics of Patchy Landscapes: Linking Metapopulation Theory, Landscape Ecology and
Conservation Biology. 1993. In: Yearbook of Dept. of Systems Ecology. Chinese Academy of Science, Beijing: 1994.
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Table 3 Two kinds of Reaction-Diffusion model
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4 [21,66,67]
Table 4 Basic mathematic formulas in Incidence Function Model (IFM)
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Table 5 Approaches in describing fragmented landscape dynamics using metapopulation dynamic models

Patch Inter-patch Patch network Pattern-process
Models . . .. . .
dynamics dynamics dynimics Relationship
Levins
. - - + -
Levins models
9
. . . + + — —
Two-population metapopulation models
Structured Metapopulation models + - - N
+ + +* +
Cellular Automata models
S . + + - —
Reaction-Diffusion Metapopulation model
. . — + + +
Incidence Function Models
State-Tansition models B + + +
" + + + +
n-population Simulation Models
+ means Can; — means Can’t;+ * means semi-realistic
, o
N 1 s ( ) o
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