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CLIMATE CHANGE"AND HABITAT FRAGMENTATION:
RANGE SHIFTS FOR DUTCH BUTTERFLY SPECIES
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“There is very high confidence (...) that recent warming is strongly affecting terrestrial biological systems, including such changes as poleward and upward shifts in ranges in plant and animal species”. This
is concluded by the Intergovernmental Panel on Climate Change (IPCC) from its WGII's Fourth Assessment (2007). What is described as a shifting species range is in fact the complex result of extinction of
populations at the warm range limit, and colonization and growth of populations into regions that newly came within the cold range limit (Opdam & Wascher 2004). Next to climate change, habitat
framentation is thought to influence extinction and colonization of populations (e.g. Warren et al. 2001). In order to understand the potential risks of climate change to a species, we must consider the
dynamics of the populations constituting the geographical range, in relation to the spatial features of the landscapes across the range (Opdam & Wascher 2004).

The aim of this study is to quantify the combined effect of temperature rise and habitat fragmentation on the shifting species ranges. With the results, thresholds for spatial cohesion can be
identified and landscape patterns can be adapted in favour of the considered species, taking climate change into account.

Figure 1: Example of synergetic effects of temperature rise and habitat on species range
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For — ectothermic — butterfly species, the shifts in ranges are expected to be —e— APATRIS
affected by the increase in temperature, so that the distribution patterns shift | — I — AN
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Figure 2: Change in the ranges of the 22 butterfly species over the periods 1980- E MANUURT
1985 and 2000-2005. Changes are expressed as the differences between the % p I OCHLFAUN
average X and Y coordinates of the periods 2000-2005 and 1980-1985, where the g PAPIMACH
values of the period 1980-1985 are set to zero. Negative X and Y values represent > PARAAEGE
more southern and western distributions in the 2000-2005 periods, respectively. The +:(L)EL'3CA§$'
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S E Figure 3: Census data for 4 periods: 1980-1981,
5 1982-1989, 1990-1997, and 1998-2005 (red
i dots); green indicates suitable habitat;
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fast shift to the north; b: Lycaena tityrus (Sooty
copper) shows hardly any shift. See Figure 2 for
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Since the majority of the butterfly species show poleward shifts, it is attempted to implement a process- O —area
based approach, using a stochastic patch occupancy model (SPOM). SPOMs are both biologically . °
specified and can be relatively easily parameterized with snapshot data (observations of patches in a E(A) | -
network being occupied or empty for a single year; Hanski 1994). Given the current occupancy states of all ° \
.

patches in a patch network, SPOMs predict for each patch the probability that it will be occupied at any time .
in the future (Etienne et al. 1999). \

The occupancy probabilities depend on the chances of local extinction and colonization. In this
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study, it is hypothesized that the local extinction and colonization chances depend on the characteristics

patch area, connectivity, and temperature.
Figure 4: Schematic representation of the process-based approach with a stochastic connectivity —=n
patch occupancy model, where the chances of local extinction and colonization )
depend on patch area, connectivity, and temperature. E=local extinction chance; C(dh)
E(Ai)=extinction chance for patch i with area A; C=local colonization chance; area temperature
C(di,j)=colonization chance for patch i with distance d to patch j; T=temperature occupancy
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