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Ecological Network Optimization in the Upper Pearl River Basin by Coupling
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Abstract: [ Objective] To address issues including ecological degradation, landscape fragmentation, and
decreased connectivity in the karst region of the upper reaches of the Pearl River, this study constructs an
ecological network optimization framework that couples ecosystem service functions and landscape patterns,
thereby providing a scientific basis for watershed ecological protection and territorial spatial governance.
[Methods] Taking the upper reaches of the Pearl River as the study area, this study quantified three core
ecosystem service functions: water conservation, soil conservation, and carbon sequestration and oxygen release-
based on the INVEST model. Combined with morphological spatial pattern analysis (MSPA) , core landscape
elements were extracted, and ecological sources were screened through spatial overlay. On this basis, a

comprehensive ecological resistance surface was constructed by integrating multi-source natural-social data.
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Circuit theory and Linkage Mapper were adopted to identify ecological corridors, pinch points, and barrier points,
and then an optimization strategy for the ecological network was proposed. [ Results] A total of 29 high-quality
ecological sources were identified in this study, with a total area of 4 728.27 km?, mainly concentrated in the
mountainous areas of the southeast, forming a sharp contrast with the comprehensive resistance pattern of "high in
the northwest and low in the southeast". Based on circuit theory, 74 ecological corridors were extracted, with a
total length of 3 274.82 km, showing an overall unbalanced distribution pattern of "dense in the east and sparse in
the west". Meanwhile, 23 ecological pinch points and 31 ecological barrier points were identified, which were
mainly distributed in key bottleneck areas where topographic constriction and human disturbance overlapped.
[ Conclusion ] The "dual spatial extrusion" from the unfavorable karst substrate and human activities leads to strong
spatial polarization and structural vulnerability of the ecological network in the upper reaches of the Pearl River.
The spatial optimization blueprint of "one core, two axes, three zones, and multiple points" established in this
study, combined with the differentiated strategy of integrating zonal management and targeted restoration,
provides scientific support for the construction of ecological security patterns and the improvement of ecological
resilience in southwest karst watersheds.

Keywords: ecosystem services; morphological spatial pattern analysis (MSPA) ; circuit theory; ecological

network; upper reaches of Pearl River
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