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1.  INTRODUCTION 

Rivers are important water sources for human life, 
transportation, irrigation, aquaculture, and tourism 
(Wu et al. 2021). Consequently, humans have under-
taken extensive development of rivers, with the main 
components including the construction of dams and 
urbanization (Chen et al. 2020). Since the Industrial 

Revolution, over 70 000 dams have been built world-
wide for flood control, navigation, and electricity 
generation (Maavara et al. 2015). While dam con-
struction provides clean energy for humans and safe-
guards them from the threat of floods (Moran et al. 
2018), it also poses multiple ecological problems such 
as blocking fish migration routes, eutrophication, and 
greenhouse gas emissions (Su et al. 2023). Urbaniza-
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ABSTRACT: Plateau rivers are considered regional water resource depots, hydropower energy 
bases, cradles of aquatic dispersal, and barriers to invasive alien species. In this study, 20 major 
 plateau rivers from Guizhou Province, China, were studied to (1) investigate the composition, func-
tional feeding group distribution, and diversity of macroinvertebrates; and (2) assess the ecosystem 
health of the rivers using the macroinvertebrate Family Biotic Index. Among the macroinvertebrate 
species, the dammed river sections primarily contained Corbicula fluminea and C. nitens from the 
Lamellibranchia, the urban river sections harbored Bellamya aeruginosa and Semisulcospira can-
cellata from the Gastropoda, and the reference river sections contained sensitive taxa including 
mayfly Ecdyonurus yoshidae and caddisfly Stenopsyche tlenmushanensis. Among the major plateau 
rivers in Guizhou, urban river sections exhibited the highest density of macrobenthic organisms. 
The Shannon-Wiener index was lowest in dammed sections, followed by urban sections, while ref-
erence sections exhibited the highest diversity. As for functional feeding groups, the density of 
filter feeders was significantly higher than that of other groups. In contrast, the density of gatherer-
collectors and the shredders was relatively low. Assessment of the aquatic ecosystem health in 
Guizhou Plateau rivers showed that dammed sections were primarily in an unhealthy state, urban 
sections mainly fell into the sub-healthy category, and reference sections had a relatively good 
health status. The results from this study provide baseline data that is useful for water resources 
management, hydropower energy utilization, and ecological and environmental protection of the 
plateau rivers.  
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tion, while promoting socio-economic development, 
also poses a serious threat to the health of river eco-
systems within watersheds (Ren et al. 2022), which 
leads to deteriorating water quality, disruption of 
hydrological patterns, and a sharp decline in biodi-
versity in rivers. 

The abundant water resources of plateau rivers, 
coupled with low levels of human disturbance, make 
them crucial water sources and hydropower energy 
bases within their watersheds (Lutz et al. 2014, Tang 
et al. 2021, Merovich et al. 2022). They play a signifi-
cant role in global energy security, energy conserva-
tion, emissions reduction, and biodiversity conserva-
tion (van Riemsdijk et al. 2017, Wang et al. 2022). 
However, these rivers are sensitive to human activ-
ities such as river damming and anthropogenic dis-
turbances, and the current status and future evolution 
of water ecosystems in the rivers need further 
research. Particularly, it is important to understand 
the changing patterns of water ecosystems in plateau 
rivers in the context of rapid changes in the global 
water cycle and ecosystems. The diversity, richness, 
and distribution of aquatic organisms such as fish, 
macroinvertebrates, and phytoplankton can be used 
to evaluate the health of river ecosystems (Wine-
miller et al. 2016, Moran et al. 2018, Wu et al. 2023). 
However, anthropogenic activities are affecting the 
health of aquatic ecosystems. Therefore, analyzing 
the impact of natural and anthropogenic stress on the 
structure, spatial distribution, and function of aquatic 
organisms is critical to providing targeted guidance 
for river water conservation and management of 
aquatic ecosystems. 

Macroinvertebrates live on the bottom of water 
bodies for most of their life history and are important 
to aquatic biodiversity and ecosystems (Gräfnings et 
al. 2023, Le et al. 2023). They are largely sedentary as 
larvae and are therefore excellent indicators of local 
environmental conditions in riverine ecosystems 
(Cox et al. 2019, Khatri et al. 2020, Su et al. 2021). In 
addition, macroinvertebrate taxonomic and func-
tional diversity are key indicators of the ecosystem 
health of rivers because they typically have longitudi-
nal distribution characteristics and can easily be 
impacted by the water level and geomorphology of 
rivers (Vaughan & Gotelli 2019, Khatri et al. 2021, 
2023). Indeed, several previous studies have used 
macroinvertebrates as indicator species for river bio-
diversity and ecosystem health (Liu et al. 2019, Zhang 
et al. 2021, Calabria et al. 2022). A typical method is 
the Index of Biotic Integrity (IBI) (Chen et al. 2014, 
Hilburn et al. 2023), which is constructed by selecting 
biological composition, structure, and functional 

parameters sensitive to environmental stressors. Due 
to factors such as topography, logistics, and weather 
conditions, conducting on-site field surveys in high-
altitude rivers can be challenging (Zhang et al. 2022), 
making it difficult to construct an accurate IBI sys-
tem. The Family Biotic Index (FBI) method assesses 
river health based on the average tolerance values of 
all taxonomic groups in the samples. It can reflect the 
impact of human disturbances on river health and 
offers the advantages of requiring less data and pro-
viding a quicker assessment. It has already been uti-
lized to assess the health of high-altitude rivers with 
sampling difficulties, such as the Yellow River source 
region (Liu et al. 2019). 

Guizhou Province covers a total area of 176 200 km2 
and is located in the inland southwestern region of 
China, with an average altitude of about 1100 m 
above sea level (a.s.l.). The region is situated in the 
overlapping area of the upper reaches of the Yangtze 
and Pearl river systems where it serves as a crucial 
ecological barrier. The main objectives of this study 
were to (1) investigate the composition, functional 
feeding group distribution, and diversity of macro -
invertebrates in plateau rivers; and (2) assess the eco-
system health of the plateau rivers using the macro -
invertebrate FBI. 

2.  MATERIALS AND METHODS 

2.1.  Study area 

Guizhou Province is located in the hinterland of 
southwest China (24° 37’ to 29° 13’ N, 103° 36’ to 
109° 35’ E) and is the transportation hub of the region 
and constitutes an integral part of the Yangtze River 
Economic Belt. The landscape of the province be -
longs to the mountainous plateau of southwestern 
China, with high terrain in the west and low in the 
east, and an average altitude of about 1100 m a.s.l. To 
address the key issues of declining health and biodi-
versity of aquatic ecosystems in the Yangtze River 
basin, 20 representative main river channels were 
selected for sampling. A total of 58 monitoring sec-
tions were deployed across reference, dammed, and 
urban sections of the rivers (Fig. 1). The selected 20 
typical rivers all had lengths exceeding 100 km, and 
they flowed through diverse habitats, encompassing 
natural, dammed, and urban environments, and 
sometimes a combination of 2 of these types. The 
monitoring points along the same river were spaced 
more than 10 km apart to reduce mutual interference 
between points and to avoid pseudo-replication. 
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In this study, a reference reach was defined as the 
headwater region of a river with little to no human 
disturbance. A dammed reach (below-dam reach) 
was defined as a 1 km segment downstream from the 
dam, where the aquatic habitat was significantly 
affected by dam construction. A river segment was 
designated as urban reach if it was situated near 
towns or villages with a population of over 1000 res-
idents, indicating substantial human activity impacts 
on the aquatic habitat. The selection of monitoring 
sections and sampling sites was determined through 
a combination of sources, including the Guizhou Sta-
tistical Yearbook, Guizhou Water Resources Bulletin 
data on population distribution and dam locations, 
field surveys, and Google Earth satellite imagery. 

2.2.  Sample collection 

A survey of macroinvertebrates was conducted 
from July to August of 2021. Out of 58 monitoring 
sections, 15 were selected from reference (N1 to 
N15), 20 from dammed (D1 to D20), and 23 from 
urban (C1 to C23) sections of the rivers. Using the 
technical guidelines for biodiversity monitoring of 

freshwater benthic macroinvertebrates provided by 
the Ministry of Ecology and Environment of the 
People’s Republic of China (2014), and based on the 
morphology, width, and substrate type of the river, a 
500 μm mesh D-shaped net was employed. At each 
sampling point, we collected 6 subsamples from the 
water-accessible area within 100 m upstream and 
downstream. The sampling area for each subsample 
point was 0.3 m2. We combined samples from 6 sub-
sample points into 1 composite sample. Hence, total 
sampling area for each sampling point was 1.8 m2. 
The collected macroinvertebrate samples were sieved 
through a 500 μm steel mesh after collection to re -
move impurities, and then placed into 500 ml spe-
cimen bottles. The samples were preserved by adding 
a 10% formalin solution. In the laboratory, the benthic 
animals were identified and analyzed (Yi et al. 2018). 

The samples were handpicked and placed in an 
enamel dish. When possible, all specimens were iden-
tified to the lowest taxon (genus or species level): oli-
gochaetes were identified to the class level and chi-
ronomids were identified to the family level. The total 
number of organisms detected at each sampling site 
was used to calculate the macroinvertebrate density 
(individuals [ind.] m–2) (Yan et al. 2020). Identified 
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Fig. 1. Study area and sampling sites: dammed (n = 20), urban (n = 23), and reference (n = 15). (A) Sampling sites in plateau 
rivers. The elevation of each point is shown in Table 2. (B) Guizhou Province in China. (C) Urban sampling site. (D) Dammed  

sampling site. (E) Reference sampling site
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macroinvertebrates were classified into 5 categories 
based on benthic feeding habits: shredders (SH), 
gatherer-collectors (CO), scrapers (SC), predators 
(PR), and filter-collectors (FS) (Tachet et al. 2002, Poff 
et al. 2006). 

2.3.  Data analysis 

2.3.1.  Biological index calculation. The Shannon-
Wiener index (H’) was calculated to determine the 
species diversity of macroinvertebrates in the plateau 
rivers (Ludwig & Reynolds 1988). The Ephemeroptera, 
Plecoptera, and Trichoptera (EPT) genus richness (E) 
was calculated to reflect the impact of anthropogenic 
disturbance on the river ecosystem (Kitchin 2005). The 
FBI was calculated to assess the health of the river eco-
system (Musonge et al. 2019, Kumari & Maiti 2020). 
The tolerance values at the family level were calcu-
lated following the technical guidelines for monitoring 
and evaluation of river water ecological environment 
quality (Ministry of Ecology and Environment of the 
People’s Republic of China 2021): 

                                        (1) 

                                     E = SE+SP+ST                                 (2) 

                                                                   (3) 

where ni is the total number of individuals of species i, 
N is the total number of individuals of all species, S is 
the total number of species, SE is the number of 
Ephemeroptera, SP is the number of Plecoptera, ST is 
the number of Trichoptera, Ni is the total number of 
individuals of family i, and ti is the tolerance value at 
the family level. 

2.3.2.  Statistical analysis. Two biodiversity indices, 
the Shannon-Wiener index and EPT genus richness, 
were investigated. The Kruskal-Wallis test was per-
formed to identify significant differences between 
and within groups of samples. Non-metric multidi-
mensional scaling (NMDS) based on Bray-Curtis sim-
ilarity was used to investigate the variations in the 
macroinvertebrate community. The analysis of simi-
larities (ANOSIM) (for 999 permutations of the data) 

test was employed to assess the significant differ-
ences in community composition between the 3 hab-
itats (reference, urban, and dammed sections) (Mero-
vich et al. 2022). 

All statistical analyses were conducted in the R sta-
tistical environment Version 4.0.3 (R Core Team 
2020). NMDS and ANOSIM were performed with the 
vegan package (Oksanen et al. 2019). The distribu-
tion of macroinvertebrate density was spatially repre-
sented using a Geographic Information System (GIS) 
software platform. The spatial distribution method 
employed was the inverse distance weighting (IDW) 
method (Su et al. 2023). IDW is a common spatial 
interpolation method. It uses a set of known sample 
point values and the weights of the remaining points 
in the study area to determine the values of each 
point. The weights are inversely proportional to the 
Euclidean distance in spatial coordinates between the 
known and unknown points. 

2.3.3.  Health evaluation. The macroinvertebrate 
family-level pollution tolerance values were deter-
mined using the technical guidelines for monitoring 
and evaluation of river water ecological environment 
quality (Ministry of Ecology and Environment of the 
People’s Republic of China 2021). The ecosystem 
health of the rivers was evaluated using the FBI, and 
the evaluation criteria are shown in Table 1. 

3.  RESULTS 

3.1.  Distribution of macroinvertebrate communities 

A total of 1803 benthic animals belonging to 115 
taxonomic units, 4 phyla, 8 orders, and 56 families 
were collected from the plateau rivers. The composi-
tion of the major taxa (Fig. 2A) showed that the main 
constituents of macrobenthic organisms in the Gui -
zhou Plateau rivers were Gastropoda and Lamelli-
branchia. Among them, dominant species within the 
 Gastropoda included Radix auricularia and Semisul-
cospira cancellata, while within Lamellibranchia, 
Corbicula fluminea and Limnoperne lacustris were 
dominant. These 2 groups accounted for 61.13% of 
the total abundance, depicting an in-stream habitat. 
Dammed sections exhibited the highest diversity of 
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Condition                              Natural                          Healthy                      Sub-healthy                    Unhealthy                        Morbid 
 
Tolerance value                [0.00, 3.75]                    [3.75, 5.00]                    [5.00, 5.75]                    [5.75, 7.25]                   [7.25, 10.00]

Table 1. Criteria for river health assessment using the Family Biotic Index
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Lamellibranchia, comprising 45.85% of the total tax-
onomic units, urban sections had the highest diver-
sity of Gastropoda, constituting 44.89% of the total 
taxonomic units, and reference sections had the high-
est diversity of Insecta, comprising 31.48% of the total 
taxonomic units. 

The spatial interpolation of macrobenthic organism 
density in the Guizhou Plateau rivers (Fig. 2B) 
revealed that the average density was 68.7 ind. m–2 in 
dammed sections, 170.1 ind. m–2 in urban sections, 
and 92.8 ind. m–2 in reference sections. Among the 

major plateau rivers in Guizhou, urban river sections 
exhibited the highest density of macrobenthic organ-
isms (H’ = 10.59, p = 0.005). 

3.2.  Composition of macroinvertebrate functional 
feeding taxa 

In the major plateau rivers of Guizhou, there were 
4 functional feeding groups of macrobenthic organ-
isms, including gatherer-collectors (CO), scrapers 
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Fig. 2. Distribution of macroinvertebrate major taxa. (A) Class composition of macroinvertebrates in each river section: 
dammed (n = 20), urban (n = 23), and reference (n = 15). (B) Spatial distribution of macroinvertebrate density. Lam.: Lamelli-
branchia; Gas.: Gastropoda; Mal.: Malacostraca; Cru.: Crustacea; Ins.: Insecta; Cli.: Clitellata; Oli.: Oligochaeta. See key in  

Fig. 1 for sampling sites

Fig. 3. Composition of macroinvertebrate functional feeding groups: dammed (n = 20), urban (n = 23), and reference (n = 15). 
CO: gatherer-collectors; SC: scrapers; PR: predators; FS: filter-collectors. Boxes represent the interquartile range (IQR) of the 
number of species in each functional group. The line in each box represents the median, and the upper and lower whiskers  

represent 1.5 × IQR. The hollow points indicate means and the solid points indicate outliers
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(SC), predators (PR), and filter-collectors (FS) (Fig. 3). 
Across all monitoring points, the mean levels of SC 
and FS were higher than those of CO and PR, and CO 
and PR exhibited less fluctuation compared to SC and 
FS. The mean levels of all 4 functional feeding groups 
were lowest in the dammed sections. The highest 
mean levels of CO, SC, and FS occurred in the urban 
sections, while the highest mean level of PR occurred 
in the reference sections. Within the dammed sec-
tions, SC had the highest mean and maximum values, 
indicating its dominance in these areas, while FS 
dominated in urban and reference sections. 

3.3.  Macroinvertebrate biodiversity 

EPT organisms, which include the larvae of various 
aquatic insects, inhabit clear and clean water bodies. 
They cannot survive in the presence of water pollu-
tion, and due to their large size and limited mobility, 
they are particularly suitable for water quality mon-
itoring and assessment. In the Guizhou Plateau rivers, 
the reference sections had the highest EPT index, 
while the dammed sections had the lowest (H’ = 
13.92, p < 0.005) (Fig. 4). The Shannon-Wiener index 
primarily focuses on the number of species in locally 
uniform habitats and can characterize the complexity 
of a community. The Shannon-Wiener index was 

lowest in the dammed sections, followed by the urban 
sections, while the reference sections exhibited the 
highest diversity (H’ = 11.47, p < 0.005) (Fig. 4). 

3.4.  River Biotic Index health assessment 

The overall health status of rivers in the Guizhou 
Plateau was sub-healthy (Fig. 5). Among all monitor-
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Fig. 4. Macroinvertebrate biodiversity in each river section: 
dammed (n = 20), urban (n = 23), and reference (n = 15). (A) 
Shannon-Wiener index. (B) Ephemeroptera, Plecoptera, and  

Trichoptera (EPT) genus richness

Fig. 5. Assessment of aquatic ecosystem health in Guizhou Plateau rivers: dammed (n = 20), urban (n = 23), and reference (n = 15). 
(A) Health status in each river section. R: reference sampling site; U: urban sampling site; D: dammed sampling site. (B) Proportion 
of health status in each river section. Natural: Rivers are in a natural state without any disturbance; Healthy: Rivers exhibit certain 
deficiencies in ecology integrity and biodiversity. Daily management and maintenance should be strengthened, and continuous 
efforts should be made to enhance the health of rivers. Sub-healthy: Increased efforts are needed for daily maintenance and super-
vision of rivers. Timely measures should be taken to address and rectify local deficiencies, eliminating potential threats to health. 
Unhealthy: Comprehensive measures are required for the restoration and improvement of rivers and lakes. This involves en-
hancing the overall appearance and ecological aspects of the water environment to elevate the health of rivers. Morbid: Rivers  

have suffered severe damage, necessitating fundamental measures to reshape the form and habitat of rivers and lakes
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ing points, the largest proportion, accounting for 
41.37%, fell into the sub-healthy category. Healthy 
points made up only 17.24% of the total, indicating 
the need for significant improvement in river health. 
There were significant differences in health status 
between dammed sections, urban sections, and refer-
ence sections. Dammed sections were primarily in an 
unhealthy state, with no points categorized as natural 
state and 50.00% of monitoring points classified as 
unhealthy. Urban sections mainly fell into the sub-
healthy category, constituting 39.13% of monitoring 
points. Reference sections had a better health status, 
with no morbid monitoring points, and natural and 
healthy points together making up 46.66% of the total. 

4.  DISCUSSION 

4.1.  Impact of anthropogenic disturbance on the 
benthic community structure in plateau rivers 

The survey results on the distribution of macroin-
vertebrates in Guizhou Plateau rivers revealed that 
these organisms were primarily composed of Gastro-
poda and Lamellibranchia, indicating an in-stream 
habitat. Among the different river sections, the refer-
ence sections exhibited the highest EPT index, fol-
lowed by the urban sections, while the dammed sec-
tions had the lowest EPT index. The most significant 
EPT species included the mayfly Ecdyonurus yoshi-
dae and the caddisfly Stenopsyche tlenmushanensis. 

The trend in the diversity of large benthic organisms 
aligned with the EPT index. Regarding the functional 
feeding groups of macroinvertebrates, SC dominated 
in dammed sections, while FS prevailed in urban and 
reference sections. NMDS results for the macroinver-
tebrate species (Fig. 6) show that points in dammed 
sections were mainly distributed in the upper left cor-
ner, reference section points were primarily in the 
lower right corner, and urban section points over-
lapped with points from both habitats. ANOSIM 
results (R = 0.339, p < 0.05) indicated significant dif-
ferences between the 3 groups, highlighting the 
impact of anthropogenic disturbance on the variation 
of macroinvertebrate communities. 

Water turbidity was 16.4 ± 1.1 nephelometer turbi-
dity units (NTU) in the dammed section, 53.3 ± 
5.2 NTU in the urban section, and 39.5 ± 2.1 NTU in 
the reference section (Fig. 7). Most of the reservoirs 
built on Guizhou’s rivers are cascaded reservoirs, so 
the below-dam reach becomes a stretch above the 
next dam. Thus, the dam construction likely trans-
formed the river from a flowing to a still habitat (Chen 
et al. 2020), and sediment and nutrients became de-
posited on the bottom (Liu et al. 2012), creating a suit-
able habitat for the Lamellibranchia. Corbicula flumi-
nea are submerged benthic animals that can survive 
harsher environmental conditions. They spend most 
of their life under the sediment, and feed on organic 
debris, bacteria, decaying debris, and plankton. In the 
dammed sections, damming has reduced the water 
flow, increased the water level and nutrients, and re-
duced the water quality compared to the reference 
sections of the rivers (Akyildiz & Duran 2021). The 
reach is suitable for macroinvertebrates that prefer 
static water, and are not sensitive to silt and low dis-
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Fig. 6. Non-metric multidimensional scaling ordinations 
(NMDS) of benthic macroinvertebrate assemblages, 
stress = 0.203. Dammed (n = 20), urban (n = 23), and  

reference (n = 15)

Fig. 7. (A) Turbidity and (B) dissolved oxygen concentration 
in each river section: dammed (n = 20), urban (n = 23), and  

reference (n = 15)



Aquat Biol 33: 1–11, 2024

solved oxygen (Chen et al. 2022). The common ben-
thic groups found in the dammed sections included 
Limnodrilus (Oligochaeta), Chironomidae (Insecta), 
and C. fluminea (Lamellibranchia). Limnodrilus and 
Chironomidae were rare in the dammed river sections 
because dam construction to generate electricity dis-
turbs the sediment, negatively impacting them. How -
ever, C. fluminea and others were less affected because 
they are burrow diggers and live under the sediment. 

The macroinvertebrates in urban river sections pri-
marily comprised Gastropoda (e.g. Bellamya aerugi-
nosa and Semisulcospira cancellata). The urban river 
sections are characterized by seasonal changes in water 
levels, landscape restoration, high water cover, intense 
human activity, and high water pollution (Stranko et 
al. 2012). Gastropoda feed on small plants and animal 
debris, rely on oxygen in the water for  respiration 
through gills, are less sensitive to water pollution, and 
can survive in highly polluted areas. The shallow water, 
seasonally fluctuating water lev el (which provides 
sufficient dissolved oxygen for aquatic organisms), 
aquatic plants, and abundant plant and animal debris 
provide a suitable living environment for Gastropoda 
in the urban rivers. 

The macroinvertebrates of the reference river sec-
tions primarily comprised taxa from the order Insecta, 
such as Ephemeroptera, Plecoptera, and Trichoptera 
(EPT), which are sensitive to water pollution. The ref-
erence reaches of the Guizhou Plateau rivers are located 
in high mountain valleys, far from urban areas, and 
less disturbed by humans, and can therefore maintain 
a good natural state (Zhou et al. 2019, 2022). These 
reaches have good water quality, a riverbed substrate 
dominated by boulders and cobbles, a high flow veloc-
ity, and diverse habitat types supporting EPT insects. 

Guizhou Plateau rivers have significant gradients, 
with survey points ranging in elevation from a high 
of 1508.5 m to a low of 176 m (Table 2). In most sec-
tions of these rivers, the flow velocity is relatively 
high, and the banks are rich in vegetation, providing 
a plentiful supply of organic matter for aquatic and 
terrestrial ecosystems (Wu et al. 2015). The FS 
mainly rely on the action of water flow to obtain 
food. The shallow and fast-flowing plateau rivers in 
Guizhou provide suitable filter-feeding flow habitats 
for FS, making them the dominant functional group 
(Fierro et al. 2015). In contrast, CO feed on particu-
late matter and organic debris. However, high flow 
regimes make the deposition of such materials less 
likely, putting CO at a disadvantage. The proportion 
of SC in the dammed sections was higher than that 
of FS, indicating an increased primary productivity 
in the region. At the same time, the vertical transport 
capacity is lower. Increased primary productivity 
and reduced vertical transport may increase the 
nutrients and pollutants in the river systems, degrad-
ing the health of the aquatic ecosystem (Buss et al. 
2004, Graça et al. 2004). 

4.2.  Health evaluation of plateau river ecosystems 

The health assessment of the river water ecosystem 
using the FBI showed that the rivers in the study area 
were in a sub-healthy state. The landscape of Guizhou 
is part of the mountainous plateau in southwestern 
China, with deep and narrow river valleys, large water 
volumes, and many dams, including the famous 
Gupitan Arch Dam on the Wu River (Wu et al. 2022). 
Although dam construction is important for energy 
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Site      Elevation (m)                          Site      Elevation (m)                         Site      Elevation (m)                          Site      Elevation (m) 
 
C1               297.9                                 C15              396.1                                N6              1286.1                                  D5               368.7 
C2              1385.4                                 C16              231.4                                N7              1379.8                                  D6               641.8 
C3              1129.3                                 C17              400.9                                N8               345.0                                  D7              1265.5 
C4               302.3                                 C18              611.5                                N9               447.7                                  D8               809.5 
C5               176.0                                 C19              230.4                               N10             1245.3                                  D9               238.6 
C6               950.9                                 C20              680.1                               N11              527.0                                 D10              217.1 
C7              1034.3                                 C21             1006.1                               N12              417.9                                 D11              607.6 
C8              1100.8                                 C22              295.4                               N13             1034.4                                 D12              887.8 
C9              1079.9                                 C23              415.1                               N14              988.0                                 D13              725.2 
C10             370.2                                  N1               389.2                               N15              668.0                                 D14              900.1 
C11            1062.2                                  N2               344.7                                D1               676.0                                 D15              505.7 
C12             326.7                                  N3               418.3                                D2               971.4                                 D16              760.2 
C13             346.0                                  N4              1508.5                                D3               920.3                                 D17              436.2 
C14             458.6                                  N5               630.0                                D4               608.8                                 D18              550.2 
D19             577.4                                 D20              546.1

Table 2. Elevation of monitoring sites: dammed (n = 20), urban (n = 23), and reference (n = 15)
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security and the socio-economic development of the 
region, their operation has changed the hydrological 
processes in the rivers, transforming them into hydro-
static habitats. Reduced water flow increases sed-
iment and nutrient deposition in rivers, causing a 
deterioration of the water quality. In addition, the 
construction of dams disrupts the longitudinal con-
nectivity of rivers and homogenizes the riverbed sub-
strate habitats in the impoundment area. The ecologi-
cal effects of these changes in urban river sections 
have been highlighted by Grumbine & Xu (2011).  
Also, the river–lake phase separation has changed 
the flow pattern of the natural river, reducing the 
length of the natural river phase, and forming a deep 
and slow-flowing lake reservoir before the dam. The 
difference in habitats between the river and lake 
phases has caused rapid changes in water tempera-
ture, oxygen concentration, flow velocity, and sub-
strate in the river water column (Li et al. 2015, Pan et 
al. 2015), affecting benthic animal richness and diver-
sity. Particularly harsh environmental conditions 
favor only a few groups, including mosquitoes, that 
tolerate low oxygen conditions. The dissolved 
oxygen (DO) concentration was 5.66 ± 1.12 mg l–1 in 
the dammed section, 7.38 ± 0.69 mg l–1 in the urban 
section, and 8.16 ± 0.36 mg l–1 in the reference sec-
tion (Fig. 7). 

The urban river sections run through the densely 
populated cities of Guiyang and Chishui and are 
strongly influenced by human activity. Pollutants, 
such as domestic sewage, wastewater from livestock 
farming, and residue from pesticides and fertilizer, 
are directly or indirectly transported into the river, 
resulting in higher nutrient concentrations in the 
water body and certain impacts on the water ecosys-
tem. The reference river sections are located in a 
high mountain valley, far from urban areas, with 
reduced human interference, and the rivers have 
maintained a good natural state. However, the im -
pact of tourism in recent years, including canyon 
rafting and other entertainment projects, has put 
pressure on the rivers, reducing the health of the 
water ecosystem. 

5.  CONCLUSIONS 

Plateau rivers are regional water resource reserves, 
hydropower energy bases, cradles of hydro-biological 
dispersal, and barriers to invasive alien species, and 
they are important for regional water security. In this 
study, the macroinvertebrates of 20 major plateau 
rivers in Guizhou Province was investigated to (1) 

determine the spatial distribution of macroinverte-
brates, and (2) evaluate the effects of dam construc-
tion and human activities on the benthic macroinver-
tebrate community structure. The results showed that 
macroinvertebrates in the dammed river sections 
were primarily Corbicula fluminea and C. nitens. The 
macroinvertebrates of the urban river sections con-
sisted of Gastropoda (e.g. Bellamya aeruginosa and 
Semisulcospira cancellata). In contrast, reference sec-
tions of the rivers contained disturbance- and pollu-
tion-sensitive taxa from the Insecta, such as EPT. The 
FBI showed that dammed sections were primarily in 
an unhealthy state, urban sections mainly fell into the 
sub-healthy category, and reference sections had a 
relatively good health status. 

The biodiversity of plateau rivers is rich, but their 
ability to withstand external disturbances and to self-
repair is low. Despite the abundance of water re -
sources, these rivers are heavily impacted due to high 
levels of development. Specific ecological conserva-
tion measures need to be implemented based on dif-
ferent habitat conditions. Reference river segments, 
characterized by low disturbance and development, 
exhibit high benthic macroinvertebrate density and 
diversity, indicating better ecological health. Eco-
logical restoration efforts in these areas should focus 
on natural recovery, addressing invasive species, and 
establishing appropriate protected areas. In contrast, 
dammed areas and urban river segments experience 
significant human disturbance, leading to increased 
health risks. Ecological restoration in these regions 
should center around artificial ecological engineer-
ing, controlling pollution sources entering the rivers, 
restoring river connectivity, and rehabilitating bio-
logical habitats. 

Most upland rivers are located in high mountain 
valleys; therefore, there were some logistical diffi-
culties during the sampling. The intense pressure on 
these rivers from hydro-energy developments and 
significant human activity was apparent, and the dis-
turbance has placed them in a fragile condition. 
Therefore, future research should (1) increase the 
sampling frequency and conduct quarterly surveys to 
fully cover the life history of macroinvertebrates and 
identify regional scale changes; (2) adopt multiple 
methods, including the macroinvertebrate multimet-
ric index and macroinvertebrate integrity index, to 
evaluate the health of water ecosystems and optimize 
macroinvertebrate health evaluation theory and tech-
nology; and (3) combine emerging technologies, such 
as environmental DNA, high-definition remote sen-
sing, and digital twin, to overcome the arduous tech-
nical problems of sampling in plateau rivers. 
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