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Abstract. Assessments of the ecological condition of Chinese waterbodies have increased substantially in recent years; however,
the field is still in an early developmental stage, facing challenges such as an incomplete theoretical framework, imprecise meth-
ods, and limited comparability across studies. To advance scientific progress in China by leveraging mature international experi-
ence, this review synthesizes the role of ecological theory in guiding aquatic ecological assessments and provides recommendations
for its application. The theoretical foundation of these assessments lies in biota-environment relationships, with niche and communi-
ty-assembly ( metacommunity) theories being particularly influential in shaping assessment paradigms, optimizing indices, and im-
proving assessment performance (i.e. , the effectiveness in indicating anthropogenic disturbance). Methodologically, assessment

approaches have evolved from early physico-chemistry-based evaluations to a contemporary paradigm centered on biological assess-
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ment, supported by physico-chemical measures. Diagnostic frameworks that integrate quantitative condition assessment with stressor
identification now represent the prevailing approach. In developing assessment indices, there is increasing emphasis on biological
functional traits as sensitive metrics, leading to the widespread adoption of multimetric indices that integrate disturbance-tolerant
taxa, biodiversity, and functional traits. The performance of these methods is typically evaluated across several dimensions: preci-
sion, bias, responsiveness, sensitivity, and consistency. To enhance performance, standardized survey and analytical procedures
are essential, alongside the use of anthropogenic disturbance gradients to define reference conditions and predictive models to ac-
count for natural variability. Despite these advances, the ecological foundations for setting reference conditions and ecological class
criteria, as well as for stressor diagnosis, require further development. International experience underscores that robust aquatic eco-
logical assessment must be grounded in ecological theories. For China, future efforts should prioritize accounting for natural varia-
bility, empirically selecting metrics from survey data, and implementing diagnostic frameworks that explicitly link ecological condi-
tion to causal stressors. Advancing these elements will consolidate the scientific foundation of aquatic assessment, promoting a tran-
sition toward greater precision, standardization, and automation, thereby providing stronger support for aquatic ecological manage-
ment and international environmental commitments.
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Tab. 1 Stages of aquatic ecological assessment development and their key characteristics
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Tab. 2 Indicators and methods for measuring aquatic ecological assessment performance
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Attached Tab. I Stages of aquatic ecological assessment and key characteristics, method/index examples, and program/project examples
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T H /- RvE

B F T B
1900s—1960s

PPN B B

1970s—1980s

PRAEAL PPN I B

1990s—2000s

CWEPE Y B
2000s—2010s

LUK BEAR AR L, N T35 B0l 5 VE40,
pH. ¥ fi#%. COD/BOD. HHLITH:. %l B LS,
R TR E B SR 6 R, WIS
— K FUEVEAN T

MK PPN [ LA SE BV PRAN, 42 A S (i e

WV B R T % AR RS R T i
SE FRORETHE

LARR LRI A Y, SRR RGN
PN KA R SRR TR BN L RS

R T ZRIRSIT RN
PN IR bR AL ;
TRIMREIY R A M A B 2 T B

3 K By 77 - FE 73 -4R 45 - 5% Wi -1 [ (Driving forces—
Pressures—State—Impact-Responses, DPSIR)HE4E, &
B, R YRR R AT

IR AT BRI VAl 7 1

Streeter-Phelps ¥ fif S ;

KTt % (water quality index, WQI)
157K AE T (Saprobian Index);
HEASHELE Y46 5 (Trent Biotic Index)

HE ) 5E 4R S (Index of Biotic Integrity, IBI);

% ZHE B (multimetric index, MMI)

Az I L AE 28 1T 43 & 4i (Biological Monitoring
Working Party, BMWP);

4320734 43 (Average Score Per Taxon, ASPT);
J& 5 3 4 R 4t (BEnthic Assessment of SedimenT,
BEAST)
SRR IPMNIE

AL TCEHES ) TR 5 73 2% R G (River Invertebrate
Prediction and Classification System, RIVPACS);

S‘H

W

HOK R W I A R 4 (AUStralian RIVer
Assessment Scheme, AusRivAS)
W 7K AR 2R L A 75 (Buropean aquatic ecological

assessment methods)

1955 4F: fuf 22 MR /K MM H  (National Surface Water Monitoring
Program)

1963 4F: FEI/KF T RSE (National Water Quality Surveillance System,
NWQSS)
1965 4F: [H % KW A KB T HE MBS Wi & (Freshwater river
macroinvertebrate surveys)

1972 4E: Ei #7512 (National Lake & Stream Survey)

1973 4£: FENHKFZE ML (National Stream Quality Accounting
Network, NASQAN)

1975: JE[E 4 — W5 T H (Harmonised Monitoring Program, HMP)

1977 4 AFR/KIFEL I R Gi(Global Environment Monitoring System
GEMS /Water)

1980 4F: U HE ] it /K 5 A2 4 43 26 (Biological Classification of River
Water Quality)

1990 #F: 3% [E ¥R 5% I I 5 PF 40 T H (Environmental Monitoring and
Assessment Program, EMAP)

1991 #: 3 [H/KF ¥/ 1 B (National Water-Quality Assessment Program,
NAWQA)

1992 4F: IR IZ T & HEEAT 0 H (National River Health Program)
2000 4F: RKIM/KHELE$E 4 (Buropean Water Framework Directive)

2001 4F: A AT £ 5 W I 5 H (National River Health Monitoring
Program)

2004 4. ZE[E /K B JF I (National Aquatic Resource Surveys, NARS)
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2017 4 KR AE A R0 45 A VA (Integrated Ecosystem Condition
Assessment, IECA)
2018 4 I ZRAKAES RG (g BEAHELE (Freshwater Biophysical

Ecosystem Health Framework, FBEHF)






