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Non-autonomous population dynamics model for single species with Allee effect
affected by human activities and its application: A case study of red-crowned

cranes Grus japonensis

LIN Zhen-Shan, LIU Hui-Yu, LIU Hong—Yu (1. College of Geography Science, Nanjing Normal University, Nanjing
210097, China; 2. Northeast Institute of Geography and Agricultural Ecology, CAS, Changchun 130012, China). Acta Ecologica Sinica,2005,25
(5):945~951.

Abstract: The scientific question whether Grus japonensis is a “living dead” species has been put forward in this paper. To
answer this question, firstly, it is necessary to build the dynamical models about the relations among population dynamics of
red-crowned cranes, human activities, average area of patches, and the number of patches. Secondly, it is needed to predict
the population size of red-crowned cranes. The former refers to the scaling theory of interaction, and the latter refers to the
new research field of dynamical prediction of species diversity. The scaling property of environmental capacity of single species
(K) with the number of patches (P) has been introduced by applying scaling theory in this paper based on the investigated data
of red-crowned cranes in Small Three River Plain. The results show that if the average patch area is definite, the maximum

capacity of red-crowned cranes scales the number of patches to power 0.7, i.e., KccP"’. By incorporating the scaling of
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environment capacity with the number of patches, human activities effect and its time function into the Logistic Growth Model,
a non-autonomous population model for single species with Allee effect affected by human activities is put forward. The
simulation results show: (1) when habitat is highly fragmented with small patch area leading to little capacity, and the higher
colonization rate brings about stronger interspecific density-dependence, the extinction rate will be higher, and species will go
extinct more quickly. In spite of all, colonization rate has little influence on extinction time. Thus in high fragmenteq
landscape, the effect of increasing colonization rate to avoid species extinction proves to be very slim. The fragmented
landscape must be improved to escape red-crowned crane extinction. (2) The greater the Allee effect is, the longer the
extinction time will be. (3) If the habitat quality is not recovered and improved, the number of red-crowned cranes in Small
Three River Plain would be less than 20 after 2100 and they would go extinct in 330~428a, i.e., there is a time delay of 330
~428 years for the red-crowned crane extinction in response to past habitat loss and fragmentation. Therefore, we think the
red-crowned crane is a typical “living dead” species, and more attention must be taken to it from the government, scientists,
and the public.
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