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Structure-function coupling mechanisms of the ecological buffer zone

in the mainstream of the Xiangjiang River in the Chang-Zhu-Tan region
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(1. Key Laboratory of Water Pollution Control Technology, Hunan Research Academy of Environmental Sciences,
Changsha 410004, China; 2. College of Environment and Resources, Xiangtan University, Xiangtan 411105, China)
Abstract: [Objective] Ecological buffer zones are vital for protecting aquatic ecosystem health, constituting a key
component of water ecological conservation and restoration. This study evaluates the effectiveness of ecological
buffer zones in controlling non-point source pollution along the Xiangjiang River in the Chang-Zhu-Tan urban. The
findings aim to offer references for the protection and restoration of ecological buffer zones in Hunan Province and

other regions across China. [Method] A multi-source data integration approach, incorporating GIS-based spatial
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analysis, UAV remote sensing, vegetation community assessment, topographic measurements, and water quality
monitoring, was employed to systematically evaluate the linkages between the spatial structure of the buffer zones
and aquatic ecological effects. [Result) Field survey results revealed a cropland-dominated land use pattern
(42.7%) in the riparian zone of the study area, followed by construction land (31.2%) . The buffer zones were
classified into three main types: embankment-type (48.10%), urban-type (48.86%), and well-vegetated-type
(3.04%) . Water quality monitoring results indicated that all 21 assessed parameters in the study area met the
Class III surface water standards during 2022 — 2024, confirming the fundamental ecological functionality of the
current ecological buffer zone. Analysis of structure-function relationships further demonstrated that embankment-
type buffers effectively mitigated agricultural non-point source pollution through their multi-layered vegetation
structure and engineered design. In contrast, urban-type buffers exhibited noticeable seasonal fluctuations in
purification efficiency, which were attributable to insufficient width and simplified vegetation composition. Well-
vegetated buffer zones maintained stable ecological performance, which was supported by intact community
structure and adequate width. [Conclusion] This study confirms the presence of distinct coupling mechanisms
between structural configurations and ecological functions in riparian buffer systems. To enhance structural
integrity and functional sustainability, type-specific management strategies are recommended: embankment-type
zones should prioritize optimization of vegetative layering to improve interception capacity; urban-type zones require
width expansion, habitat-friendly revetment modifications, and strategic implementation of green belts to stabilize
ecosystem performance; while well-vegetated zones need strengthened conservation measures and spatial expansion
to maximize their long-term ecosystem service provision.

Key words: Chang-Zhu-Tan region; Xiangjiang River; riverbank ecological buffer zone; non-point source

pollution; ecological function
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(b) Embankment-type; (b) Urban-type; (c) Well-vegetated-type
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Fig. 4 Variations in key water quality parameters within embankment-type ecological buffer zone segments:

(a) CODc; (b) BODs; (c) TP; (d) NH;3-N
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Fig. 6 Variations in key water quality parameters within well-vegetated-type ecological buffer zone segmentsL :

(a) CODcr; (b) BODs; (c) TP; (d) NH3-N
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