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Abstract; Although current aquatic ecosystem health assessment systems centered on the Index of Biotic Integrity ( IBI) and

Observed/Expected (O/E) methods have proven effective for status classification. However, their core assumptions primarily

emphasize the filtering effect of local habitats on communities; under multiple stressors, this perspective may downplay spatial

processes and regional context, making it difficult to identify the causes of ecological impairment. To address the mismatch between

« fi

monitoring practice and advances in ecological theory,this paper proposes a paradigm shift from “status assessment” to “causal
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diagnosis” and develop an integrated framework that organically combines source-sink interpretation, ecological processes, causal

drivers, and forward-looking prediction. In terms of implementation, a dual-track approach of “status assessment and causal

diagnosis” is recommended; routine monitoring serves as the baseline, while threshold-based triggers activate investigative

diagnosis embedded with CADDIS logic, and mechanistic evidence is further obtained using functional traits, eDNA, and high-

frequency sensing. Finally,in line with watershed management needs in China, we suggest developing localized trait databases,

strengthening connectivity assessment, and applying the Biological Condition Gradient ( BCG) framework to cope with baseline

shifts, thereby modernizing monitoring programs toward systems with both causal attribution and predictive capacity.

Keywords ; biomonitoring ; ecological integrity ; causal diagnosis ;functional traits ; metacommunity theory ; dual-track monitoring
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Fig.1 The evolution of freshwater ecological monitoring paradigms:Leaping from

phenomenon-based “status assessment” to mechanism-based “causal diagnosis”
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