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Abstract: Lake ecological health assessment provides a fundamental basis for lake conservation, ecological restoration, and water
environmental management. Over recent decades, diversity, integrity, stability, and sustainability have been the four most widely
adopted frameworks for evaluating lake ecological health. However, these frameworks originated from different theoretical
backgrounds and have developed largely independently. As a result, there is still no general agreement on their conceptual boundaries,
evaluation targets, or interrelationships. In practice, this situation often leads to inappropriate indicator selection, unclear assessment
objectives, and inconsistent interpretation of results. This review systematically summarizes the theoretical foundations, indicator
construction, practical applications, and major limitations of the four frameworks, and on this basis proposes a classification-oriented

framework for lake ecological health assessment. Our review shows that, although these four frameworks are extensively used in lake
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health assessment, restoration evaluation, and environmental management, they share several common problems. These include strong
dependence on spatial and temporal scales, inadequate integration of structural and functional attributes, weak support from ecological
mechanisms, and a shortage of long-term continuous monitoring data. These limitations reduce the interpretability and cross-system
comparability of assessment outcomes. This study argues that diversity, integrity, stability, and sustainability should not be viewed as
independent or interchangeable evaluation systems. Instead, they represent four hierarchical dimensions of lake ecosystem assessment,
corresponding respectively to ecosystem structure, organization, response, and services. Together, they form a hierarchical framework
linking ecosystem structure, function, state, and service supply. The four attributes are not connected by a simple linear sequence but
maintain dynamic interactions through structure-function coupling and ecological feedback. Under natural conditions, the maintenance
of biodiversity, structural integrity, and ecosystem function collectively enhances ecosystem stability and long-term sustainability. In
contrast, ecosystems may reach a pseudo-stable state under species dominance or environmental homogenization, which exhibits short-
term stability but reduced long-term ecological resilience. Based on these findings, this study proposes a classification-oriented
assessment framework tailored to different evaluation objectives. Ecological status diagnosis mainly relies on structural indicators such
as diversity and integrity. Ecological stress assessment highlights the combined use of integrity and stability. Ecological restoration
assessment requires the integration of both structural and functional recovery. For long-term lake management and ecological risk
prediction, all four attributes should be comprehensively incorporated, so that assessment can shift from static state description to
dynamic process analysis and future scenario forecasting. The proposed framework encourages lake ecological health assessment to
move from a unified indicator-based approach to a classification-oriented strategy, and from static structural description to integrated
evaluation of ecosystem structure, processes, and functions. It provides a theoretical basis for developing targeted assessment systems
for different lake types and management goals, and offers scientific support for ecological risk identification, restoration, and long-term
lake governance.
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Fig.1 Conceptual framework of the four key properties (structure—status—response—service) cascade in lake ecosystems, illustrating

alternative stable states and transition pathways. Solid black and red arrows indicate positive and negative responses, respectively,
whereas dashed black and red arrows represent potential positive and negative responses, respectively
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