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Metapopulation dynamics response to the spatial heterogeneity of habitat

destruction
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Abstract The speeds of species extinction reach the climax in history and earth is facing the greatest mass extinction during
the past 6500 millions. In the meanwhile Habitat destruction is the most pervasive and pernicious human impact on other
species and the major cause of biodiversity loss. Therefore there are many studies on the effects of habitat destruction on
species diversity through spatial implicitly models or spatial explicitly ones. Because the pattern of habitat destruction in
real landscape is random it can not be ignored. Spatial explicitly models especially for cellular automata are widely used
because of their consideration of spatial patterns. However few studies have studied the dynamics of population spatial
patterns in fragmented habitat through fractal geometry. So we have studied the dynamics of the population spatial patterns
in fragmented habitat and metapopulation dynamics response to the spatial heterogeneity of habitat destruction through the
integration of cellular automata and fractal geometry at the first time. The results show that 1 the spatial distribution
patterns of population have fractal characteristics. Box dimension can represent not only population spatial patterns but also
population dynamics. 2 By taking spatial factors into consideration the extinction debt will be much greater. 3  There

is the extinction not only of superior competitors but also of inferior ones. Only under random destruction will the results
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i.e. the best competitor will go extinct at first.  be similar to those under spatial implicitly models. It will be the third
best competitor that goes extinct first. 4  Aggregated destruction such as edge destruction is more favorable to species

persistence than random destruction especially for inferior competitors.
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Fig. 1 Spatial heterogeneity of habitat destruction random destruction a  edge destruction b
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Fig. 2 Metapopulation dynamics to instantaneous and random

destruction ¢ =0.32
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Table 1 Box fractal dimension of population spatial patterns at different time under random destruction ¢ =0.32
Time a
Ttem
1 500 1000 1500 2000 3000 4000
1 species 1 1.626 0.679 0.462 0.645 0 0 0
2 species 2 1.503 1.541 1.648 1.658 1.664 1.667 1.68
3 species 3 1.387 1.482 1.226 1.026 0.961 0.941 0.997
4 species 4 1.243 1.079 1.062 1.283 1.372 1.432 1.402
5 species 5 1.092 0.609 1.143 1.238 1.318 1.058 0
6 species 6 0.901 1.063 1.424 1.403 1.322 1.175 1.306
7 species 7 0.755 0.718 1.207 0 0 0 0
8 species 8 0.519 1.131 0.873 0 0 0 0
2 ¢=0.03
Table 2 Box fractal dimension of population spatial patterns at different time under random destruction ¢ =0.03
Time a
[tem
1 250 500 750
1 species 1 0.758 0.31 0 0
2 species2 0.733 0.284 0 0
3 species 3 0.757 0.364 0 0
4 species 4 0.746 0.387 0.48 0
5 speciesd 0.711 0.335 0 0
6 species 6 0.717 0.502 0 0
7 species? 0.662 0.391 0.4 0
8 species 8 0.643 0.348 0.627 0.423
2.2
3 ¢=0.32 3 1
1.0
1 1
16
2 1 500 a
2
500 a 4 8 3
3 g=0.32
Table 3 Box fractal dimension of population spatial patterns at different time under edge destruction ¢ =0.32
Time a
Item
1 500 1000 1500 2000 3000 4000
1 species 1 1.603 1.316 1.284 1.274 1.164 1.145 1.002
2 species2 1.504 1.627 1.665 1.669 1.685 1.702 1.717
3 species 3 1.391 1.084 0.816 0.984 0.117 0 0
4 species 4 1.26 1.016 1.16 1.244 1.323 1.329 1.085
5 speciesS 1.107 1.169 1.234 1.134 1.108 1.162 1.285
6 species 6 0.952 1.149 1.178 0.909 0 0 0
7 species7 0.802 1.142 1.124 1.117 1.261 1.229 1.276
8 species 8 0.609 1.06 0.674 0 0 0 0
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Table 4 Box fractal dimension of population spatial patterns at different time under edge destruction ¢ =0.03
Time a
Ttem
1 500 1000 1500 2500
1 species 1 0.807 0 0 0 0
2 species2 0.821 0.414 0 0 0
3 species 3 0.781 0.492 0 0 0
4 species 4 0.82 0.551 0.653 0 0
5 speciesS 0.758 0.653 0.139 0 0
6 species 6 0.758 0.761 0.735 0.815 0
7 species? 0.731 0.765 0.828 0.986 0.969
8 species 8 0.725 0.811 0.808 0.918 1.084
3
q g =0.32
14 25
5 5 Lin  Liu”
1 3
1 2
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5 q=0.32
Table 5 Species extinction time to habitat destruction in different spatial patterns ¢ =0.32
Item Pl P2 P3 P4 P5 P6 P7 P8
1927 3933 1142 1328
Random destruction Survival Survival Survival Survival
2028 1918 1448
Edge destruction Survival Survival Survival Survival Survival
Pl P2 P3 P4 P5 P6 P7 P8 1 2 3 4 5 6 7 8
Pl P2 P3 P4 PS P6 P7 P8 arespeciesl 2 3 4 5 6 7 8 respectively the same below
q q=0.03
6
6 ¢=0.03
Table 6 Species extinction time to habitat destruction in different spatial patterns ¢ =0.03
Item Pl P2 P3 P4 P5 P6 p7 P8
. T 454 518 393 762 398 496 665 944
Random destruction Extinction time
3 5 1 7 2 4 6 8
Extinction order
524 658 993 1271 1043 2559
Edge destruction Extinction time survival survival
1 2 3 5 4 6 - -
Extinction order
35
q
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