Large scale population dynamics in relation to land-use and climate change

Aim

Assess suitability of IDE approach to understand/predict the consequences of combined land-use and climate change on the spatial dynamics of populations, at European scale. Land-use changes may lead to habitat destruction and habitat fragmentation; climate change may lead to, e.g. increased variability in reproductive success.

Starting points:

· ‘realistic’ input maps, avoid complicating boundary conditions

· Simple dispersal kernel (diffusion), truncated at 5*dx (50 km)
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· Simple local dynamics (logistic growth)
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· (optional) Allee effect (negative growth-rate at low density)
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NB replaced by


h* = k h(t)^2/(A^2 + h(t)^2)

to avoid num. instab.
Exploring

The role of spatial heterogeneity:

· Varying the carrying capacity, k(x,y)

· Varying the diffusion rate, (x,y)

The role of climate change/variability:

· Temporal variation in reproduction r(t) (spatially correlated)

Additonal:

· Introducing an Allee effect 

Parameters:

· Carrying capacity, k

· Intrinsic reproductive rate, r

· Diffusion parameters,  and T (=diffusion constant and diffusion steps)

· Allee threshold, A (see Keith et al., 2001), :

Input map:

European landscape data aggregated on a 10 km*10 km grid scale.  In this case actual data represents the forest area (ha) per gridcell (0-10000). Original 426*297 grid increased to 512*512 matrix. In model, dx = 10 km.

RESULTS

A) Spatial variation in the carrying capacity.  Each location has its own amount of habitat (or quality of habitat, if you like). Starting with a (low) random occupancy, we expect to reach an equilibrium distribution where density ~ k (and the low-k sites near high-k sites maybe with greater-than-k densities). Check with cross-sections! Works OK.

B) Spatial variation in diffusion rate. Each location with its own diffusion parameter (x,y). “Attractive” sites have a lower rate. Transform the map into something like (x,y)~ + (1- (forest area(x,y) / 10000)), so diffusion rate is higher in unattractive locations We expect accumulation in the attractive, low-diffusion sites (the same pattern as in A!). How to implement? Still having problems to get it right!

C) Temporal variation in r. White noise. Combined with A), not yet done, but must be relatively easy.

D) Allee threshold. Combined with  A). Expected to lead to an identical equilibrium state as in A, but reached more slowly due to decreased colonization rate. Works OK, but the adjusted formula doesn’t include an intrinsic growth rate anymore (as a parameter).
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