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Survival status evaluation of giant panda based on elliptic catastrophe model
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Abstract; Owing to strong protection measures, the threat to giant pandas was reduced from “endangered” to “vulnerable”
by the IUCN in 2016. In recent years, national surveys of giant pandas revealed that the wild populations and habitat areas
had increased constantly. However, habitat fragmentation and population isolation have become a more serious threat.
Therefore, it is difficult to evaluate the current survival state of pandas accurately, although this is necessary for their
protection. As a highly specialized animal utilizing the K-strategy, pandas are strongly dependent on their habitat
ecosystems, and vulnerable to habitat fragmentation and population isolation. Therefore, the survival status of giant pandas
should be evaluated from the perspective of the ecosystem. Based on the third and fourth national survey data, a multiple
correlation analysis of population size with area of habitat and potential habitat was performed. We found a highly significant
correlation between giant panda populations and habitats, implying that habitat conservation was the key to panda
protection, and that there was a stable and close coupling relationship between wild populations and habitats. From the

perspective of panda protection, this correlation constituted the basis for studying the ecosystem and designing ecosystem
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models. As a mature theory of systems science, the catastrophe theory provides a method of constructing system models with
several key indices in the system, which can ignore the internal mechanism of the system. Considering the ecosystem of the
distribution area of giant pandas as the research object, the number of wild pandas, and the area of the habitat and potential
habitat as the key indices, the catastrophe theory was applied to this ecosystem. Moreover, the catastrophe potential function
of the ecosystem was constructed, and the elliptic catastrophe model was derived. We found that, although the habitat area
and number of wild populations continued to grow, the severe local population survival crisis and habitat fragmentation had
generally weakened the systems’ stability. The stability of the ecosystem is decreasing gradually and is very close to a
critical state. Therefore, the ecosystem is still being subjected to great degradation pressures, and the survival crisis of giant
pandas remains serious. Based on the current population and their habitat status, we suggested that all habitats needed to be
protected effectively in the short-term. In addition, considering each large habitat as the center, corridors need to be
constructed to connect the large population with surrounding small populations. In the long-term, more corridors need to be
designed and constructed to expand the “star” network into a complex network, which will effectively withstand any
disturbance. The catastrophe theory and its mathematical models were based on the entire system, and they included the
relationships between the key elements, rather than solely on a few indices. This theory provided a coherent framework for
modeling the complex dynamics of ecosystems. There are seven elementary catastrophes and corresponding models in the
catastrophe theory, which have various potential applications. In addition to the evaluation of risk for biodiversity and the

ecosystem, it has universal applicability in the study of ecology and as a methodology of system analysis.

Key Words; Giant panda; population; habitat; multiple correlation analysis; catastrophe theory
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Table 1 Potential functions of catastrophe system

Jes e RE R B W

Catastrophe type Behavioral variable(s) Control variable(s) Potential function

P B %AF Fold catastrophe x u V(x)= 2 +ux

RS GR7E Cusp catastrophe x u,v V(x)= * +ux’ +ox

e B R AT Swallowtail catastrophe x uw,v,w V(x)= 2 +un’ +ox? +wx

W 151 1% 5. 2€ 48 Elliptic catastrophe X,y uw,v,w V(x,y)= (1/3) 2% —xy* +w(x*+y* ) —ux+vy
XUHH B 25 2878 Hyperbolic umbilic catastrophe X,y uw,v,w V(x,y)= &+ +wxy—ux—vy

I 587 Butterfly catastrophe x w,v,w V()= x0+ix* +un® +ox” +10x

PRI B 2878 Parabolic umbilic catastrophe X,y w,v,w,t V(x,y)= y4 +x2y+wx2 +ty2 —ux—vy
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Table 2 Multiple correlation analysis of population with habitat, potential habitat

RS S 34 494
Results of multiple correlation analysis The 3" national survey The 4™ national survey
LiiB Y8 r.( I E MK a, ) correlation coefficient ( significance level ) 0.998(0.000) 0.991(0.003)
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Table 3 The equation coefficients of Taylor expansion

PRECR AL (ay) 394 434 PRER R (ay) 390 44
Equation coefficient The 3™ survey The 4" survey Equation coefficient The 3™ survey The 4" survey
asy -0.0064 -0.0045 a -0.0050 -0.4174
ayy 0.0484 0.0282 Ay 0.0238 0.0864
ap, -0.1514 -0.0766 ay 0.9063 0.7601
ap; 0.1166 0.0756 Qg 0.8565 0.7913
ay 0.3010 0.2825 ag 0.9885 0.9715
F4 WEFARTERGRY x5 RGERERBHOBEHE
Table 4 The equation coefficients of catastrophe model Table 5 Criterion on system catastrophe model
SN 3 94 49K RS 394 4 74
Coefficient The 3™ survey The 4" survey Criterion The 3" survey The 4" survey
w 0.0004 0.0002 w 0.4x1073 0.2x1073
u -104.8582 690.3710
v 180.7859 186.2106
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