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Abstract
After the completion and impoundment of the Three Gorges Reservoir, the tribu-
taries within the reservoir area have experienced drastic changes in river habitat
due to water level regulation, and the formation of water-level-fluctuation zones
has endowed reservoir rivers with habitats distinctly different from those of nat-
ural rivers, making habitat assessment for reservoir rivers under this new situa-
tion imperative. Existing evaluation indicator systems and assessment methods,
both domestically and internationally, cannot adequately adapt to this special
habitat condition, necessitating the establishment or improvement to form new
evaluation indicator systems and assessment methods. Based on this, by ana-
lyzing numerous domestic and international river habitat assessment methods
and according to the ecological and environmental characteristics of reservoir
rivers under the influence of large dams, we constructed a reservoir river habitat
evaluation indicator system comprising 18 indicators across three aspects: hydro-
logical regime, river morphology, and riparian zone habitat, and calculated the
weight of each indicator using the Analytic Hierarchy Process (subjective weight-
ing method) and the entropy method (objective weighting method) combined
with a combination weighting method. Using the newly established indicator
system and method, and taking the Dongxi River, Huangjin River, and Ruxi
River (tributaries in the Three Gorges Reservoir area) as examples, river habitat
quality assessment revealed that 52.6% of sampling sites exhibited excellent or
good habitat quality; 42.1% were of moderate grade; 5.3% were of poor grade;
and no sites were of the worst grade. The results demonstrate that this evalu-
ation indicator system is suitable for the particularity of habitat conditions in
reservoir tributaries, the assessment results can intuitively reflect river habitat
status, and the method is convenient to operate with readily obtainable data,
exhibiting strong scientific validity and operability.
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Abstract
Following the completion and impoundment of the Three Gorges Reservoir, wa-
ter level regulation has caused drastic changes in the river habitats of tributaries
within the reservoir area. The formation of a water-level fluctuation zone has
created river habitats that differ fundamentally from natural rivers. Under these
new conditions, assessing river habitats in the reservoir area has become essen-
tial. However, existing domestic and international assessment index systems
and methods cannot adequately adapt to these special habitat conditions, ne-
cessitating the establishment or improvement of new assessment index systems
and methods.

This study analyzed numerous river habitat assessment methods from China and
abroad, considering the ecological and environmental characteristics of reservoir-
affected rivers. An evaluation index system comprising 18 indicators related
to hydrological regime, river morphology, and riparian zone habitat was con-
structed. The Analytic Hierarchy Process (AHP) was employed to build this
system, and combination weighting was used to calculate indicator weights. Us-
ing the new system, habitat quality assessments were conducted for the Dongxi
River, Huangjin River, and Ruxi River—three tributaries of the Three Gorges
Reservoir. Results showed that 52.6% of sampling sites achieved excellent or
good habitat quality grades, 42.1% were average, and 5.3% were poor. No sites
received the worst grade. The evaluation results accurately reflect river habi-
tat conditions, and the method is convenient to operate. This index system is
suitable for tributaries in reservoir areas, with readily obtainable data, strong
scientific validity, and high operability.

Keywords: Three Gorges Reservoir Region; reservoir area rivers; habitat as-
sessment; index system
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Introduction
River habitat generally refers to the local environment where river life depends
for survival, defined by some scholars as the sum of physical, chemical, and bi-
ological characteristics within river ecosystems. Following the impoundment of
the Three Gorges Reservoir, the reservoir area has exhibited anti-seasonal wa-
ter level fluctuations (winter storage and summer discharge) distinctly different
from pre-impoundment conditions. The reservoir’s backwater area experiences
prolonged, deep inundation, with maximum water depths reaching 30 m and
maximum inundation durations extending up to 10 months. The water-level
fluctuation zone at different elevations also faces dual impacts from both natural
flood regimes and reservoir water level operations. Consequently, river habitats
in the reservoir area demonstrate fundamentally different states compared to
natural river habitats.

Due to socio-economic development in tributary watersheds and intensifying
hydropower development, the impacts on tributaries are growing. Whether the
habitats of Three Gorges tributaries remain intact and whether they continue
to play positive and important roles in maintaining ecosystem health and nor-
mal functions of the reservoir ecosystem remains unclear. Under these new
circumstances, evaluating tributary habitat quality in the Three Gorges Reser-
voir area and developing suitable assessment index systems and methods for the
characteristics of large reservoir fluctuation zones has become extremely urgent.

Since the release of the EU Water Framework Directive, numerous river habi-
tat assessment methods have emerged internationally, including the Swedish
Riparian and Channel Environmental Inventory, Australian Index of Stream
Condition, U.S. Rapid Bioassessment Protocols, Spanish Hydromorphological
Index, and Riparian Quality Index. International research has focused primar-
ily on physical habitat assessment, morphological evaluation, and hydrological
regime change assessment. However, these methods are mostly applied to nat-
ural rivers and are not suitable for reservoir-affected rivers. Domestic research
has also explored river habitat assessment methods, but evaluation objects have
primarily been natural rivers, with methods and systems ill-suited for large
reservoir-affected habitats. Reservoir-related studies have mainly focused on
water quality protection, phytoplankton assessment, ecosystem service function
evaluation, ecological management benefit assessment, and ecological vulnera-
bility assessment, with few addressing specific river habitat assessment.

While these studies provide important guidance for Three Gorges Reservoir
river habitat assessment, the particularity of habitats affected by large dam
impoundment requires a new approach. This study integrates indicators from
hydrological regime, river morphology, and riparian zone habitat, adding indi-
cators that reflect water-level operation impacts to construct a new assessment
index system that comprehensively captures the inundation characteristics of
the Three Gorges Reservoir fluctuation zone. The system establishes evaluation
criteria at each level, calculates weights through combination weighting, and

chinarxiv.org/items/chinaxiv-201801.00215 Machine Translation

https://chinarxiv.org/items/chinaxiv-201801.00215


conducts empirical research on reservoir river habitat quality assessment to pro-
vide reference and scientific basis for large reservoir river habitat evaluation and
management in China.

1. Study Area
The Dongxi River, Huangjin River, and Ruxi River are first-order tributaries of
the Yangtze River in the Zhongxian to Wanzhou section of the Three Gorges
Reservoir area.

Dongxi River originates in Wanchao Township, Shizhu Tujia Autonomous
County, flows through Dongxi Town, and empties into the Yangtze River at
Damian Village. The watershed area is 139.9 km2, with a reservoir area length
of 32.1 km.

Huangjin River originates in Baijia Town, Liangping County, flows through
Huangjin Town, and empties into the Yangtze River at Damian Village. The
watershed area is 958.0 km2, with a reservoir area length of 71.2 km.

Ruxi River originates in Sanjiaodang, FenShui Town, Wanzhou District, flows
through Peiwen Town, converges with another tributary in Liangping County,
flows through Ruxi Town in Zhongxian County, and finally empties into the
Yangtze River at Shibao Town. The watershed area is 720.0 km2, with a reser-
voir area length of 54.5 km. The climate is mid-subtropical humid monsoon,
significantly influenced by canyon topography.

2. Sampling Site Setup and Survey Methods
Field surveys were conducted on the three tributaries (Dongxi River, Huangjin
River, and Ruxi River) in the Zhongxian-Wanzhou section of the Three Gorges
Reservoir area from August 20-28, 2015. Seven sites were selected in Dongxi
River (DX1-DX7), five in Huangjin River (HJ1-HJ5), and seven in Ruxi River
(RX1-RX7), totaling 19 sites. All data were obtained through field surveys
conducted during normal flow periods, avoiding impoundment periods and flood
seasons.

Survey methods included field investigation, determination of backwater zone
locations, and interviews with local residents. Starting from downstream and
walking upstream, measurements and recordings were taken every 500 m for
each indicator of river hydrology, river morphology, and riparian zone habitat.

Substrate Survey and Calculation: Along cross-sections or water edges, a
metal rod was vertically inserted near the toe of the riverbed every 500 m of
forward progress. The length or median diameter of the first rock touched was
measured. Sand or silt was recorded without measurement. In areas where sub-
strate could not be accessed due to deep water, the substrate composition near
the water surface at the lowest water level was used to represent substrate condi-
tions. Substrate particle size was represented by the length or median diameter
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corresponding to the 50th percentile of cumulative particle size distribution.

Substrate Silt Coverage Survey: During substrate surveys, visual estima-
tion determined the silt coverage percentage of particles. The average silt cov-
erage of all surveyed particles represented the cross-section’s substrate silt cov-
erage.

Surface Cover Survey: Types, quantities, and coverage area of surface cover
materials were recorded. During field scoring, type diversity and coverage area
each accounted for 50% of the score.

Geographic Coordinates and Photography: Latitude and longitude coor-
dinates were recorded and photographs taken at each site. Since left and right
banks differ in morphology and characteristics, riparian zone indicators were
recorded separately for each bank, with final scores averaged.

3. Data Analysis
Excel was used for weight calculation via AHP and entropy methods. MATLAB
7.0 was used for combination weighting calculations. SPSS 22.0 was employed
for Pearson correlation analysis and principal component analysis (PCA) to
analyze correlations among evaluation indicators, identify dominant factors, and
verify indicator rationality.

3.1 Assessment Index System
Changes in hydrological regime are considered valuable predictors of physical
living conditions and significantly influence river ecosystems at multiple scales.
Three Gorges Reservoir construction directly altered the hydrological regime of
tributaries, changing flow velocity and channel structure and severely impacting
aquatic organisms. Flow regime changes affect hydraulic conditions and water
quality, influencing fish community structure and population diversity. Flow
velocity describes river energy variation, dominating nutrient and oxygen trans-
port and exchange, and directly affecting fish reproduction, feeding, and other
life processes. The wetting rate (ratio of average width to full water width)
reflects cross-sectional topography and water volume variation.

Large reservoir impoundment significantly alters channel structure through river
channelization and discontinuity. Reservoirs trap large amounts of sediment,
causing substantial deposition and reducing habitat diversity. Riverbed sub-
strate provides habitat for benthic organisms, directly affecting their survival
and reproduction. Rich substrate diversity provides varied habitats for river
organisms. Surface cover materials (boulders, wood debris, overhanging vegeta-
tion) provide habitat for aquatic animals, refuge for fish, and spawning attach-
ment sites, but are often removed by reservoir impoundment, reducing ecological
heterogeneity.

Reservoir construction and operation profoundly affect riparian ecosystems,
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causing loss of original riparian zones and formation of new ones. Seasonal
inundation periodically exposes and submerges riparian zones, damaging veg-
etation and soil structure and causing new community succession. Bank type
determines riparian stability, with different structures showing varying collapse
patterns. Riparian width and soil thickness significantly affect ecological
functions like pollutant filtration, terrestrial habitat provision, and landscape
values. New riparian zones formed by reservoir impoundment require decades
to reach equilibrium and initially exhibit low species diversity. Vegetation
status and characteristics are the most intuitive, accessible indicators that
directly reflect overall ecosystem condition and ecological function strength.
Vegetation continuity, integrity, and coverage directly affect river ecosystem
health, biodiversity, and ecological functions.

Given the hierarchical nature of factors affecting river habitat, the assessment
index system is structured in three levels: target level (river habitat assessment),
criterion level (hydrological regime, river morphology, riparian zone habitat),
and indicator level (specific metrics).

[Figure 2: see original paper] The River Habitat Assessment Index System

3.2 Indicator Standardization and Assessment Criteria
In multi-indicator comprehensive assessment, indicators have different physical
meanings and dimensional units, creating incomparability. Standardization is
required to resolve this issue. This study employed a graded scoring method for
indicator assignment, with specific criteria presented in Table 1.

3.3 Weight Determination
Weight determination methods include subjective and objective weighting ap-
proaches, each with advantages and disadvantages. To balance expert prefer-
ences while reducing subjective arbitrariness, combination weighting integrates
both approaches based on game theory, yielding more reliable results that avoid
both excessive subjectivity and absolute objectivity.

This study used AHP (subjective) and entropy method (objective) to calculate
weights separately, then determined final weights through combination weight-
ing.

River Habitat Assessment Indicators and Criteria

3.3.1 AHP Weight Calculation

The Analytic Hierarchy Process (AHP) hierarchically analyzes multi-indicator
systems, modeling decision-makers’cognitive processes for complex systems. A
questionnaire for large reservoir river habitat assessment indicator weights was
designed and distributed to experts from Beijing Forestry University, Beijing
Normal University, Chinese Academy of Environmental Sciences, East China
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Normal University, Chongqing Normal University, Southwest University, and
other institutions. Experts conducted pairwise comparisons to determine rel-
ative importance and construct judgment matrices. After consistency testing,
matrices with satisfactory consistency were retained for calculation.

3.3.2 Entropy Method Weight Calculation

The entropy method determines weights based on information content trans-
mitted by each indicator, effectively avoiding human interference and yielding
realistic results. Using survey data from 19 river sections across three tributaries,
entropy weights were calculated.

Weight Values of River Habitat Assessment Index System (AHP and Entropy
Method)

3.3.3 Combination Weighting for Indicator Weights

Combination weighting synthesizes multiple weighting results through specific
algorithms to obtain more objective and reasonable weights. For calculation pro-
cedures, refer to literature by Shan Chengju and Chen Jialiang. The calculation
results are as follows.

Weight Values of River Habitat Assessment Index System (Combination Weight-
ing Method)

3.4 Assessment Method
Each indicator uses a 0-5 scoring system, where higher scores indicate better
habitat conditions. Weighted averaging calculates secondary indicator scores,
which become primary indicator scores. To differentiate among sites, the total
score is multiplied by 10 to obtain the Index of Stream Habitat Quality (ISHQ):

𝐼𝑆𝐻𝑄 = ∑(𝐵𝑛 × 𝑤𝑖) × 10

where 𝐵𝑛 is the primary indicator score and 𝑤𝑖 is the indicator weight.

Classification Criteria for Stream Habitat Quality

4.1 Correlation Analysis of Assessment Indicators
Pearson correlation analysis revealed significant correlations among river habi-
tat assessment indicators, necessitating principal component analysis to verify
indicator selection rationality.

chinarxiv.org/items/chinaxiv-201801.00215 Machine Translation

https://chinarxiv.org/items/chinaxiv-201801.00215


4.2 Principal Component Analysis of Assessment Indicators
PCA results identified five principal components with a cumulative variance
contribution rate of 80.417%, indicating these components play a decisive role
in river habitat quality and reflect most information. Indicator loadings show:

• PC1 primarily reflects C11, C12, C14, C23, C24, C32, C35
• PC2 primarily reflects C21, C31, C39
• PC3 primarily reflects C13, C38
• PC4 primarily reflects C33, C36, C37
• PC5 primarily reflects C22, C34

The results demonstrate that assessment indicators effectively reflect river habi-
tat characteristics without significant redundancy. Although indicators show
correlation because they represent different spatial positions of river ecosys-
tem habitat structures that are closely related, they are not substitutable. For
example, larger substrate particles generally correspond to more flow regime
types, but the ecological function of flow regime cannot be replaced by sub-
strate. Therefore, any missing indicator would affect the authentic reflection of
river habitat conditions, confirming the rationality of indicator selection.

Principal Component Loading Matrix of Assessment Indicators

4.3 River Habitat Quality Assessment
The ISHQ values for 19 sites across the Dongxi, Huangjin, and Ruxi rivers
ranged from 15.1 to 41.6. According to the classification criteria, 10 sites (52.6%)
exhibited excellent or good habitat quality, 8 sites (42.1%) were average, and 1
site (5.3%) was poor. No sites were classified as very poor.

Sites with excellent or good grades were located in upstream areas unaffected
by reservoir impoundment, characterized by diverse substrate types, varied flow
regimes, high natural vegetation coverage, and minimal human disturbance.
The single poor-grade site (Longtan, RX1) was located downstream near the
river mouth, affected by reservoir impoundment, with single flow regime type
and substrate dominated by fine sand or silt.

River Habitat Quality Assessment Results for Dongxi River, Huangjin River,
and Ruxi River

5. Discussion
Numerous river habitat assessment methods exist internationally, including the
Swedish Riparian and Channel Environmental Inventory, Australian Index of
Stream Condition, U.S. Rapid Bioassessment Protocols, Spanish Hydromorpho-
logical Index, and French River Physical Environment Quality Assessment Sys-
tem. However, these methods have limitations. For instance, the Australian
method assesses small rivers in agricultural landscapes through comparison with
original conditions, while the U.S. Rapid Assessment of Riparian Condition is
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considered suitable for tree-dominated riparian zones. These methods are not
applicable to the special habitat conditions created by Three Gorges Reservoir’
s water level operations (145 m, 175 m), which produce backwater and non-
backwater zones.

Key indicators are decisive for river habitat health assessment. The major dif-
ference between reservoir and natural rivers lies in altered hydrological regimes.
To scientifically assess reservoir river habitat quality, this study incorporated
hydrological regime naturalness into the assessment system. Riparian zone indi-
cators in backwater areas reflect the fluctuation zone condition—a special habi-
tat vulnerable to soil erosion, geological hazards, and severely damaged plant
diversity due to water level fluctuations. Considering this complexity, riparian
habitat was included as a criterion level with specific indicators that effectively
reflect large reservoir fluctuation zone characteristics.

The established index system effectively corresponds to the special habitat con-
ditions of Three Gorges tributaries, intuitively reflecting habitat status and
distinguishing quality differences under varying reservoir influences. The as-
sessment method, based on field surveys, requires no precise measurements or
complex calculations, produces consistent results across surveyors, and requires
only basic training rather than advanced ecological or hydrological knowledge.
This makes it highly operational for large reservoir river habitat investigation.

While this study broadens the approach to river habitat research and provides
practical tools for reservoir ecosystem protection and management, improve-
ments are needed. Some indicators show high correlation, and the ecological
significance of certain indicators like “river surface cover”requires further re-
search. This exploration of large reservoir river habitat assessment provides
reference for deeper ecological studies and ideas for developing habitat assess-
ment models tailored to different river characteristics.
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