? frontiers ‘ Frontiers in Marine Science

’ @ Check for updates

OPEN ACCESS

EDITED BY
Michael Rappe,
University of Hawaii at Manoa, United States

REVIEWED BY
Sandi Orlic,

Rudjer Boskovic Institute, Croatia
Sivalingam Periyasamy,

National Research Council (CNR), Italy

*CORRESPONDENCE

Yanjun Shen
shenyanjun@cgnu.edu.cn

Ruli Cheng
840754633@qg.com

RECEIVED 05 June 2024
ACCEPTED 29 October 2024
PUBLISHED 28 November 2024

CITATION

Shen 'Y, Zhou X, Zhang Y, Li Q, Zhang J and
Cheng R (2024) Environmental DNA (eDNA)
reveals the effects of cascade dam
development on the distribution patterns of
aquatic biodiversity in mountain rivers.
Front. Mar. Sci. 11:1444097.

doi: 10.3389/fmars.2024.1444097

COPYRIGHT
© 2024 Shen, Zhou, Zhang, Li, Zhang and
Cheng. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Marine Science

TvPE Original Research
PUBLISHED 28 November 2024
po110.3389/fmars.2024.1444097

Environmental DNA (eDNA)
reveals the effects of cascade
dam development on the
distribution patterns of aquatic
biodiversity in mountain rivers

Yanjun Shen'**, Xinxin Zhou'?, Yufeng Zhang®, Qinghua Li*,
Jiaming Zhang' and Ruli Cheng™*

tLaboratory of Water Ecological Health and Environmental Safety, School of Life Sciences, Chongging
Normal University, Chongging, China, 2Chongqing Key Laboratory of Conservation and Utilization of
Freshwater Fishes, Chongging Normal University, Chongqging, China, *Animal Biology Key Laboratory
of Chongqing Education Commission, Chongqing Normal University, Chongging, China

The rich and special biodiversity in mountain rivers is experiencing a continuous
decline due to the influence of climate change and anthropogenic factors. To
explore the alterations in the distribution of aquatic biodiversity in mountain
rivers in the context of cascade dam development, the environmental DNA
(eDNA) metabarcoding technique was used to examine the aquatic biodiversity
of the Wujiang River, a representative mountain river with an 11-stage cascade
dam. In this study, a comprehensive analysis of aquatic organisms in the Wujiang
River mainstem was conducted, and 17 phyla and 38 classes were detected in the
36 water samples. The most abundant group is the benthic organisms, and the
least abundant group is the amphibians. The results of the diversity analysis
showed a clear longitudinal distribution pattern of aquatic organisms along the
altitudinal gradient, with higher richness of aquatic organism communities the
further to the lower reaches. Meanwhile, RDA analysis revealed that altitude,
dissolved oxygen, reservoir length, and reservoir construction time were the key
environmental factors influencing the distribution of aquatic organisms in the
Wujiang River mainstem. The findings of this research also showed the
applicability of the eDNA method in detecting aquatic biodiversity.
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1 Introduction

The presence of an intricate and diverse natural environment
made the mountainous regions of southwest China a highly
favorable sanctuary for organisms (Wang, 2011). These regions
are rich in rare, endangered, and endemic species, making them one
of the most important regions of biodiversity in the world (Wang,
2011). Mountain river ecosystems are characterized by distinct
spatial and temporal heterogeneity (Liu et al., 2021a). Throughout
the protracted progression of river ecosystems, the biological
assemblages dwelling within rivers have consistently adjust and
adapt to the conditions of their aquatic habitats (Dong et al., 20105
Wang et al., 2021). Mountain river communities exhibit
characteristic vertical altitude patterns (Colbert, 1980). This
distribution pattern is determined by a combination of various
local environments, including altitude of the river, orientation of the
slope, and hydrological conditions, as determined by previous
research (He et al., 2020; Liu et al., 2021b; Pero et al., 2020).
Therefore, monitoring and protecting the diversity of aquatic
organisms is key to maintaining the integrity of the ecosystem.

Human activities influence the hydrological conditions of
mountain rivers and the terrestrial environment of riparian zones,
ultimately affecting the resilience of delicate, unique, and diverse
mountain river ecosystems (Principe et al, 2019; Soininen et al,
2015). The steep gradients, fast-flowing waters, and ample
hydroelectric resources of mountain rivers make them suitable for
generating hydropower (Wang, 2011). Although dams offer economic
benefits (e.g., enhance water security), they can affect freshwater
ecosystems by altering hydrological conditions, fragmenting habitats
and so on (Nobile et al, 2019; Barbarossa et al., 2020). They also
threaten aquatic communities (Cheng et al., 2023a; Dudgeon, 2000).
Meanwhile, the decline in aquatic species and the increasing
homogenization of communities can lead to a decrease in the
stability, resistance and resilience of communities (Petchey, 2003).

Although the traditional sampling approach is commonly
implemented to assess river biodiversity at a broad spatial scale,
the traditional method is not only expensive, time-consuming and
labor-intensive, but also harmful to the environment and organisms
during monitoring periods (Reji Chacko et al., 2023; Valentini et al.,
2016). The application of environmental DNA (eDNA)
metabarcoding technology to assess the quality of various
ecosystems has become prevalent (Keck et al., 2022; Valentini
et al,, 2016). The technique performs quick and extensive aquatic
biodiversity surveys at a lower cost (Hui et al., 2019; West et al.,
2021). Moreover, this method is non-destructive and non-invasive,
causing no harm to the organisms or their habitats (Antognazza
et al,, 2019; Leempoel et al., 2020). It also achieves a high detection
rate for species that are rare or elusive (Takahara et al., 2020;
Carvalho et al, 2019). Hence, the application of environmental
DNA techniques is realistic and achievable to comprehensively
assess the aquatic biodiversity of mountain rivers.

The Wujiang River is the largest tributary on the right side of
the upper reaches of the Yangtze River. It features a natural altitude
gradient of 2,124 m, and different environments provide important
habitats for the growth and reproduction of aquatic organisms
(Xiao et al, 2015; Yao et al, 2009). However, the cascade dam
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development and construction have resulted in the division of the
main stream of the Wujiang River into 12 separate sections by the
dams, which has disrupted river continuity, thus threatening the
survival of aquatic organisms. Existing researches have primarily
investigated higher vertebrate organisms or zooplankton, but
studies on the status of aquatic biodiversity as a whole are lacking
(Cheng et al., 2023b; Cui et al., 2021; Yang et al., 2010). Therefore, in
this study, we used the environmental DNA metabarcoding
technology to assess the aquatic biodiversity across 12 river
sections of the Wujiang River mainstem. The objective of our
research was to address the following questions: (1) What is the
current condition of aquatic biodiversity in the 12 segments of the
Wujiang River mainstem? (2) How has cascading development
affected the aquatic biodiversity of the Wujiang River mainstem? (3)
Which environmental factors drive the distribution pattern of
aquatic biodiversity in the mainstem of the Wujiang River?

2 Materials and methods

2.1 Study area, eDNA sampling and
measurement of environmental factors

The Wujiang River can be geographically divided into the upper
reaches (UR) above the Liuchong River confluence, the middle
reaches (MR) from the confluence to Sinan, and the lower reaches
(LR) below Sinan. In addition, the 11 cascade dams on the
mainstem also physically divide the Wujiang River into 12
different river sections. Therefore, the 12 different river sections
were set up as sampling areas [the UR included the Hongjiadu
reservoir (HJD), Puding reservoir (PD), Yinzidu reservoir (YZD),
and Dongfeng reservoir (DF); the MR included the Suofengying
reservoir (SFY), Wujiangdu reservoir (WJD), Goupitan reservoir
(GPT), and Silin reservoir (SL); the LR included the Shatuo
reservoir (ST), Pengshui reservoir (PS), Yinpan reservoir (YP),
and Fuling section (FL)] (Figure 1A).

In order to obtain aquatic organisms that are more
comprehensively representative of the true results of thel2 different
river sections, three sampling points were set up in each river sections
(Figure 1A). Equal volumes of water were collected and mixed from
the upper, middle and lower layers of the water column at each
sampling point, and equal volumes of mixed water from the three
sampling points in the same river sections were further mixed
together. The mixed water from the same river sections were then
equally divided into three technical replicates, with each replicate
using only 2L water. Thus, 12 river sections obtained 36
environmental samples. All sampling instruments, including
sampling bottles and water collectors, were cleaned with a 10%
commercial bleach solution (approximately 8% sodium
hypochlorite) and rinsed twice with distilled water to minimize
contamination across various sampling points and external DNA.
While collecting water from each sampling site, a fresh pair of
disposable gloves was used to reduce the risk of water cross-
contamination. The historical data of the power station and GPS
positioning were used to determine the time of reservoir
construction, the length and altitude of the reservoir. Hydrological
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FIGURE 1

Study area (A) and total percentage of the five major taxa in the Wujiang River mainstem (B).

situation indicators such as water temperature, dissolved oxygen and
pH were assessed using the YSI (6600) water quality analyzer.

2.2 Water samples processing
and amplification

Water samples were filtered and treated following strict pollution
control guidelines at a designated laboratory bench. Before treatment,
the laboratory bench and operating instruments were disinfected with
a 10% disinfectant solution and double-distilled water. The
environmental water samples were preserved in a cryogenic
environment (use lots of ice packs and foam boxes) and promptly
transported to the laboratory within 10 h. The eDNA samples were
enriched using a peristaltic pump to filter each 2 L water sample
through a 0.45 um mixed cellulose filter membrane (Whatman, UK).
Filtration blanks consisting of 2 L of double distilled water were used
as a negative control for each set of samples to check for possible
contamination. The filter membranes were preserved at -80°C until
the subsequent extraction process.

The eDNA was extracted from the filter membranes using the
PowerWater DNA Isolation Kit following the manufacturer’s
instructions with minor adjustments. The quality of the extracted
eDNA was subsequently tested by 1% agarose gel electrophoresis.
Each sample was extracted separately, and a blank filter membrane
was used as a negative control. Finally, the extracted DNA samples
were stored at -20°C until the next step of amplification.

In this study, universal primers targeting the COI locus of the
mitochondrial gene (ICOlintF: 5-GGW ACW GGW TGA ACW
GTW TAY CCY CC-3’, jgHCO2198: 5°-TAI ACY TCI
GGRTGICCRAARAAYCA-3’) were used to amplify the samples,
resulting in a 313 bp fragment from the targeted variable region
(Geller et al., 2013; Leray et al, 2013). PCR amplification was
conducted three times for each sample mainly to exclude the single
sample may be affected by many human factors and the PCR
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products from the same sample were mixed and detected via
electrophoresis on a 2% agarose gel electrophoresis. The TransStart
Fastpfu DNA Polymerase amplification system (20 pL) contained: 4
uL of 5x FastPfu Buffer, 2 uL of dNTPs, 0.4 uL of FastPfu Polymerase,
1-2 pL of template DNA (10 ng/pL), and 0.8 pL each of the upstream
and downstream primers (10 umol/L); finally, the total volume of the
system was made up to 20 pL with ddH,O. The PCR reaction
conditions were as follows: 5 min 95°C pre-denaturation, 30 s 95°C
denaturation, 30 s 55°C annealing, 45 s 72°C extension, 10 min 72°C
final extension, and finally the products were preserved at 10°C
(denaturation-annealing-extension for 35 cycles). A negative PCR
control was conducted using ddH,O to assess the presence of
contamination during PCR amplification. The resulting PCR
product was purified and submitted to Shanghai Lingen
Biotechnology Co. The entire process, from water sample collection
to the shipment of samples to the company for analysis, does not
exceed 15 days. The COI amplicon libraries were sequenced on the
IMumina NovaSeq platform following the manufacturer’s protocol
and analyzed in the 2x300 bp double-ended format.

2.3 Bioinformatic analysis

Trimmomatic v.0.36 was used to filter out low-quality reads,
defined as sequenced original reads (login number: SRR27793197-
SRR27793232) less than 100 bp long and with a tail quality below 20
bases. Utilizing the FLASH software, paired reads are merged into a
single sequence by considering the overlap relationship between the
original reads, with a minimum overlap length of 10 bp (Magoc and
Salzberg, 2011). Following the method described by Cheng et al.,
chimeras and primers were removed, and operations such as
clustering analysis, classification, and annotation were performed
(Cheng et al., 2023c).

Sequences affiliated with non-aquatic taxa or unassigned taxa
were discarded. Solely sequences assigned to species, genus and
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family levels were retained for the subsequent manual examination.
Non-repetitive sequences were clustered based on 97% similarity to
derive unique representative sequences (Cheng et al., 2023a). The
Blastn tool and uclust algorithm were used to categorize each
unique sequence in the GenBank nucleotide database, following
which, they were manually assigned based on the molecular
operational taxonomic unit (MOTU) (Zhang et al, 2022). We
examined each match representing the highest scoring sequence,
and those exhibiting a similarity of >97% under 100% coverage
were retained for the downstream analysis.

2.4 Statistical analysis

To visually represent the distribution of aquatic biodiversity in the
Woujiang River, we classified the detected aquatic organisms into five
major groups, including fish, amphibians, benthic organisms,
planktonic organisms and others. Pie charts were made to illustrate
the occupancy of MOTU of the five major groups of organisms within
each group at different sampling sections. Additionally, histograms
were plotted to display the sequential abundance of organisms at the
phylum and class levels. Box plots were constructed to visualize the
Shannon index, Simpson index, and Pielou index of alpha diversity
across the specie level. These analyses were conducted using the origin
software. Dilution curves were generated for each sample using R
software 4.0.3 to evaluate sampling effort and species richness
accumulation (Ross and Robert, 2008).

The NMDS analysis based on the Bray-Curtis distance was
performed to demonstrate the similarity of total taxonomic level
diversity in the UR, MR and LR of the Wujiang River mainstem.
Additionally, permutational multivariate analysis of variance
(PERMANOVA) utilizing the vegan function adonis with 999
free permutations, and it was used to assess the differences in
aquatic biodiversity across the aforementioned river reaches.
Meanwhile, in each sampling section, after Decision Curve
Analysis (DCA), we found that the value of the first axis was less
than 4, hence we proceeded with Redundancy Analysis (RDA) for
the correlation analysis between environmental factors and the
aquatic biological community. All statistical analyses were
conducted using R v. 4.0.3.

3 Results

3.1 Detecting taxonomic diversity of
aquatic organisms by eDNA metabarcoding

Using the sequencing process, a total of 2.63 million sequences
were generated, with 2.18 million clean reads remaining after
quality control filtration. After manual correction, 0.89 million
sequences were compared to the aquatic organisms of the
Wujiang River (Supplementary Table 1). This analysis identified
21,900 sequences (1.63%) of fish, 32,000 sequences (0.37%) of
amphibians, and 28,000 sequences (31.46%) of benthic species,
500,000 sequences (56.21%) of plankton and 92,000 sequences
(10.34%) of other taxa (Figure 2).
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After removing low abundance MOTUs (sequence abundance
less than 0.01% of the total sequences), the eDNA analysis revealed
724 MOTUs belonging to 17 phyla and 38 classes within five taxa
(fishes, amphibians, benthic species, plankton, and others).
Specifically, fishes had 22 MOTUs in 1 phylum and 1 class,
amphibians had 7 MOTUs in 1 phylum and 1 order, benthic
species had 402 MOTUs in 3 phyla and 7 classes, plankton had
179 MOTUs in 7 phyla and 17 classes, and 114 MOTUs in 8 phyla
and 12 classes of other species, with benthic species exhibiting
dominance in taxonomic abundance. The dilution curves indicated
that the sequencing depth of the 36 samples analyzed in this study
could cover all taxa, suggesting minimal variation in the abundance
of MOTU across samples (Supplementary Figure 1).

3.2 Comparison of taxonomic diversity of
aquatic organisms in different
river sections

In this study, 36 samples were grouped into two subgroups
based on the reservoir area and the upper, middle and lower reaches
of the river to compare the taxonomic diversity of aquatic
organisms in different river sections. The relative sequence
abundance of the five major taxa varied in different river sections;
among them, in the FL section, the benthic taxa accounted for the
highest proportion, followed by planktonic taxa. In the SFY
reservoir area, planktonic taxa accounted for the highest
proportion, with other taxa accounting for the second highest
proportion. In the remaining reservoir areas, planktonic taxa
accounted for the highest proportion of the relative sequence
abundance, and benthic taxa accounted for the second (Figure 2).
Histograms depicting the relative sequence abundance at the
phylum and class levels in each river segment revealed that the
highest relative sequence abundance was found in Arthropoda and
the Haptophyta. Furthermore, the SL reservoir area exhibited the
highest total relative sequence abundance, whereas the YP reservoir
area showed the lowest total relative sequence abundance.
Additionally, a decrease trend in the total sequence abundance
was observed in the UR, MR, and LR corresponding to a decrease in
altitude gradient (Figures 3A2, B2).

The alpha diversity was assessed for each river section, and the
findings showed that for reservoir area grouping, no significant
difference occurred between reservoirs for the other indices, except
for the Simpson index in the GPT reservoir, which was significantly
higher than that in the YZD reservoir, while the three indices
exhibited the consistent trend. Considering the grouping of the
upper, middle and lower reaches of the river, the Shannon index,
Simpson index, and Pielou index were notably higher in the LR
compared to the UR. In contrast, MR did not differ significantly
from the UR and LR (Figure 4). In beta diversity, a NMDS analysis
utilizing Bray-Curtis distance to investigate the differences in
aquatic community composition among the UR, MR, and LR of
the Wujiang River (Figure 5). The results showed a significant
difference in the composition of the aquatic communities among
the UR, MR, and LR of the Wujiang River mainstem
(PERMANOVA: R? = 0.27, p=0.001), with a stress value of
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Percentage of the five major taxa in each river section (A—C) and reservoir area (Al: HID, A2: PD, A3: YZD, A4: DF, B1: SFY, B2: WJD, B3: GPT, B4:

SL, C1: ST, C2: PS, C3: YP, C4: FL).

0.1807. This indicated that the analysis had interpretive significance
for the results of this research.

3.3 Environmental driving factors of the
distribution pattern of aquatic biodiversity
in the Wujiang mainstem

Environmental factors such as altitude, temperature, and
dissolved oxygen were collected at the time of sample collection
(Table 1) to investigate the relationship between the distribution of
aquatic communities in the Wujiang River mainstem and each
environmental factor. DCA revealed that the first axis value was less
than 4 (Figure 6A), and RDA analysis was conducted to further
showed the correlation between environmental factors and aquatic
communities. The results of the RDA indicated that dissolved
oxygen, altitude, reservoir length and time of reservoir
construction significantly influenced the distribution of aquatic
communities in the mainstem of the Wujiang River (Figure 6B).
Overall, the correlation between aquatic communities and each
environmental factor decreased from the upper reaches to the lower
reaches, and the aquatic communities in the lower reaches exhibited
the lowest correlation with each environmental factor (Figure 6B).

Frontiers in Marine Science

From the perspective of the reservoir area, the distribution of
aquatic organisms in the HJD, PD, YZD and DF reservoir areas
in the UR, located at a higher altitude, showed a higher correlation
with altitude and dissolved oxygen. Similarly, the distribution of
aquatic organisms in the HJD and GPT reservoirs, which are longer
than other reservoirs, demonstrated a higher correlation with their
respective lengths. Additionally, the time of reservoir construction
for the HJD, PD, YZD and DF reservoir areas in the UR, and the
WJD reservoir area in the MR, exceeded 20 years, indicating a high
positive correlation between the time of reservoir construction and
the distribution of aquatic organisms in these areas.

4 Discussion

4.1 Effectiveness of using eDNA to detect
aquatic communities in the Wujiang
River mainstem

In this study, the eDNA method was used to identify 17 phyla
and 38 classes of aquatic organisms which included a wide range of
aquatic communities, from small plankton to large vertebrates, in the
mainstem of the Wujiang River. The findings provided preliminary
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overview of the aquatic biodiversity in the mainstream of the Wujiang
River and demonstrate the applicability of the eDNA method in
detecting the diversity of aquatic organisms. Concerning relative
sequence abundance, planktonic species are highly dominant and
are abundant in the surface waters of the river (Suter et al., 2021).
Therefore, the enrichment of water samples results in a significant
increase in plankton, with a higher sequence abundance compared to
other organism categories. Benthic organisms, predominantly small
invertebrates, exhibit a higher advantage of taxonomic diversity. The
constantly changing geography of the river bottom and the nutrient-
rich sediments provide suitable conditions for various benthic
organisms, facilitating activities of benthic organisms, such as
reproduction, migration, and interpenetration, thus increasing the
diversity of benthic organisms. Although the presence of
uncontrollable biotic and abiotic factors influencing the production,
release, transport, and persistence of eDNA, our findings related to
aquatic biodiversity showed that eDNA metabarcoding is a valuable
technique for characterizing the aquatic biodiversity and monitoring
ecosystems (Bista et al., 2017; Luca et al., 2020).

4.2 Differences in the distribution of
aquatic communities in different
river sections

The presence of different habitats along the different sections of
the Wujiang River mainstem is attributed to environmental
gradients, the construction of dams, and some anthropogenic
activities. The sequence number of aquatic communities in the
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Wujiang River mainstem exhibited a decreasing trend from upper
to lower reaches (Figure 3), whereas the sequence number of fish
displayed an increasing trend from upper to lower reaches
(Figure 2). Most of the aquatic communities detected by eDNA in
the mainstem of the Wujiang River were dominated by tiny benthic
and planktonic species, which mostly included organisms used as
fish bait (Yang et al., 2020). Therefore, when the number of fish
increased, the number of small aquatic organisms that fish preyed
upon decreases, resulting in a decrease in the sequence number of
the overall aquatic community, and a reverse trend in the sequence
number of fish and the overall aquatic community.

Additionally, variations in the diversity of aquatic community
composition were observed among different river sections in the
Wujiang River mainstem. The aquatic community richness in the
GPT reservoir area was considerably higher than that in the YZD
reservoir area, probably because the GPT reservoir area has a longer
length and more tributaries, resulting in the availability of more
variable habitats and abundant nutrients conducive to the growth
and development of aquatic organisms (Granzotti et al., 2018; Zou
et al., 2021). Therefore, abundant aquatic groups were recorded in
this reservoir area and their distribution was relatively even.
Additionally, significant differences in the diversity and
composition of aquatic communities were observed in the upper,
middle and lower reaches of the Wujiang River mainstem,
exhibiting an increasing trend along the declining altitude
gradient, which was similar to other studies (Colbert, 1980;
MacArthur, 1984). A study showed that higher altitudes have
more fragile ecosystems and lower benthic community richness
(Colbert, 1980). Meanwhile, the distribution of aquatic
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communities may also be related to the distribution of plants in the
riparian zone, particularly in higher altitude riparian zones that are
more homogeneous and at a greater risk of loss, which can lead to a
decrease in the richness of aquatic communities (Hieber et al., 2003;
Niskanen et al., 2019).

4.3 Environmental driving factors of the
distribution pattern of aquatic biodiversity
in the Wujiang mainstem

A barrier was made across the river due to the construction of the
dam, which disrupted the continuous ecosystem and led to significant
changes in hydrological conditions, thus affecting the distribution of
aquatic communities (Liu et al., 2017). In this study, a significant
positive correlation was found between the length of the reservoir
area, the time of reservoir construction, and the distribution of
aquatic communities in the Wujiang River mainstem. The findings
suggested that longer reservoirs may mitigate the impact of
hydropower development on aquatic biodiversity (Zhang, 2018).
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This was also validated by the fact that a higher aquatic
community richness was recorded in the two longest reservoirs
(HJD and GPT reservoirs). Meanwhile, the longer the time after
the reservoir construction, the more stable the ecosystem was found
to be in the reservoir area, which led to an increase in the richness of
the aquatic community (Dong et al, 2019; Wei et al, 2021). This
finding matched the observation made in this study that longer
reservoir construction times corresponded to higher community
richness of aquatic organisms in the reservoir area. Thus, to protect
the aquatic communities in the river sections affected by the terraced
hydropower development, increasing the distance between the
hydropower stations and implementing monitoring and protection
measures for many years might be effective strategies.

Dissolved oxygen and altitude are important environmental
factors that can influence species distribution (He et al.,, 2020;
Prommi and Payakka, 2015). The study found a significant
positive correlation between the distribution of aquatic
community and dissolved oxygen and altitude. As altitude and
dissolved oxygen decreased further towards the lower reaches, the
richness of aquatic communities increased. This suggests that high
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TABLE 1 Environmental factor data for each sampling site.

Sampling Dissolved Temperature Electri;a'l 'Total Mean Constructed Length _of
sites pH oxygen °C) conductivity d_lssolved altitude time (years) reservoirs
(mg/L) (uS/cm) solids (mg/L) (m) (km)
HJD1 7.1 7.68 19.0 330 165 1,176 20 230
HJD2 7.0 8.11 18.9 284 144 1,123 20 230
HJD3 72 8.25 28.0 246 123 1,070 20 230
PDI1 7.9 114 29.4 296 147 1111 25 48
PD2 7.4 10.20 24.4 332 167 1,114 25 48
PD3 7.0 8.03 213 352 179 1,125 25 48
YZD1 8.8 104 24.4 320 160 1,045 20 50
YZD2 6.5 7.80 229 332 172 1,055 20 50
YZD3 73 8.07 24.0 344 171 1,051 20 50
DF1 8.0 9.70 26.0 347 173 941 25 92
DF2 8.6 8.85 283 350 172 926 25 92
DF3 62 8.00 253 336 172 925 25 92
SFY1 72 834 21.6 348 147 800 18 38
SFY2 72 820 202 362 182 818 18 38
SFY3 7.6 12.08 24.8 374 181 814 18 38
WID1 72 6.99 224 358 178 723 50 74
WID2 7.0 6.78 20.8 384 191 736 50 74
WID3 7.4 8.36 27.7 360 181 737 50 74
GPT1 6.9 7.08 213 370 193 609 17 136
(Continued)
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TABLE 1 Continued

10.3389/fmars.2024.1444097

Sampling Dissolved Temperature Electriga_l 'Total Mean Constructed Length 'of

sites pH oxygen °C) conductivity dllssolved altitude time (years) reservoirs
(mg/L) (uS/cm) solids (mg/L) (m) (km)

GPT2 6.8 651 206 412 201 606 17 136

GPT3 75 8.88 313 238 119 630 17 136

SL1 63 5.80 204 362 186 410 14 89

SL2 7.0 5.68 20.8 372 185 403 14 89

SL3 7.4 931 24.1 354 177 414 14 89

ST1 73 6.19 220 362 178 356 15 114

ST2 72 650 221 366 181 341 15 114

ST3 75 6.44 227 352 180 338 15 114

PS1 75 6.43 23.1 386 155 287 17 105

PS2 6.9 6.59 23.9 348 176 260 17 105

PS3 73 7.18 25.8 316 153 299 17 105

YP1 75 6.85 226 324 159 221 13 54

YP2 7.6 6.82 228 294 147 182 13 54

YP3 75 630 223 326 162 170 13 54

FL1 7.4 6.64 224 286 142 162 0 90

FL2 73 6.71 233 314 157 134 0 90

FL3 7.6 6.89 232 314 155 107 0 90

dissolved oxygen and high altitude restrict the increase in aquatic
community richness, which was also found in other studies
(Colbert, 1980; Prommi and Payakka, 2015; Zhu et al, 2022).
This result may be related to the fact that high dissolved oxygen
is detrimental to the proliferation of aquatic plants but favor

macrobenthos (Wengiang et al., 2023). Additionally, plankton
accounted for a higher relative sequence abundance in this study,
indicating a higher correlation with dissolved oxygen. Species
inhabiting a higher altitude are at a higher risk of extinction and
the ecosystem is more susceptible to disturbances. Thus, we should
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pay more attention to areas at a higher altitude when conserving
aquatic biodiversity.

4.4 Limitations in detecting aquatic
communities using eDNA

The eDNA metabarcoding of water samples provides quick
access to aquatic biodiversity in rivers, but the results obtained are
crude (Zhang et al., 2023). Although selecting a single primer for
labeling is more convenient and economical, the COI primers
selected offer great versatility and can amplify fragments of only a
few hundred base pairs, which may have low genetic variability to
accurately differentiate among closely related species (Elbrecht
et al,, 2017), and the error in identifying a more accurate
taxonomic unit result would be large. Consequently, identifying
to the phylum and class levels to improve accuracy. To improve the
precision of species identification in biodiversity analyses using
eDNA metabarcoding, researchers may use multiple primer
markers, which can increase taxonomic resolution and
identification accuracy (Pablo et al., 2021). Additionally,
increasing the frequency of sampling and the number of sampling
points can further improve the reliability of the results. eDNA
present in rivers may originate from exogenous eDNA input due to
some anthropogenic factors (Barnes and Turner, 2016). Meanwhile,
as the processing of eDNA is highly susceptible to contamination
from exogenous DNA, the chances of recording false positive results
for eDNA are quite high. In this study, contamination was
rigorously managed throughout the processing of eDNA, and the
resulting sequences were strictly filtered and removed. Additionally,
MOTUs with limited sequence reads were excluded to minimize the
occurrence of false positive results. Despite these efforts, false
positive signals seriously affect eDNA data (Furlan et al., 2020).
Therefore, the accuracy of eDNA results should be verified in
conjunction with traditional survey methods. Additionally,
environmental factors can affect the stability and persistence of
eDNA (Barnes et al., 2014). However, some studies have found that
most eDNA degradation occurs within 10 days, while some can last
for months (Eichmiller et al,, 2016). Although eDNA can denature
under very high temperatures (>50°C), the degradation rate is
lowest under cold conditions (Eichmiller et al., 2016). Therefore,
we immediately placed the water samples into a refrigerated
environment after collection and promptly transported them to
the laboratory for filtration within 10 hours. These measures all
contribute to improving the detection of eDNA.

5 Conclusion

The findings of this study indicated that the most abundant
class is the benthic organisms, and the least abundant class is the
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amphibians in the Wujiang River mainstem. The aquatic
biodiversity had a longitudinal distribution pattern along the
river altitudinal gradient. The richness of the aquatic biological
community increases as one goes further downstream. The results
also showed that altitude, dissolved oxygen, reservoir length, and
reservoir construction time were the key drivers affecting the
distribution of aquatic communities. Meanwhile, the eDNA
metabarcoding technology is applicable to detect the aquatic
biodiversity in the Wujiang River mainstem.
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