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To accurately assess riverine fish diversity, which is crucial for aquatic ecosystem 
conservation, this study utilized environmental DNA (eDNA) metabarcoding as a 
non-invasive and efficient alternative to traditional survey methods that have 
limitations, such as being damaging and inefficient. We collected water samples from 14 
sites in the Chongqing section of the Fujiang River during the fish spawning (June), 
feeding (August), and wintering (November) periods of 2023, analyzed fish community 
composition through high-throughput sequencing of the 12S rRNA and COI genes and 
compared these results with data from traditional net fishing. The eDNA technique 
detected 72, 53, and 63 fish species in the three respective periods, which were 
significantly higher than the number of species captured by traditional fishing methods 
(40 in August and 37 in October). The results showed that the Cyprinidae family was the 
dominant family in terms of species number across all seasons, accounting for 65.08% to 
71.70% of the detected species. Importantly, eDNA successfully detected nationally 
protected species such as Leptobotia elongata and Procyris rabaudi, as well as multiple 
endemic and invasive species, with overall species richness peaking during the June 
spawning period. This study confirms that eDNA metabarcoding offers higher sensitivity 
and comprehensiveness for monitoring riverine fish diversity, especially for rare and 
endangered species, and provides critical scientific data on seasonal community 
dynamics for the conservation and management of the Fujiang River basin. 

INTRODUCTION 

The health and stability of river ecosystems are the corner
stone of aquatic biodiversity. As a key functional group and 
indicator species in aquatic ecosystems, the changes in the 
community structure and diversity of fish can effectively 
reflect the health of the aquatic ecosystem.1 The Fujiang 
River, an important tributary of the upper Yangtze River, 
nurtures a rich and unique fish resource, including many 
endemic species of the upper Yangtze River and nationally 
protected species, which is of great significance for the bio
diversity conservation of the entire Yangtze River basin.2,3 

However, from the 20th century to the early 21st century, 
with the intensification of human activities such as water-
related engineering, water pollution, and invasive species, 
the fish resources of the Fujiang River are facing severe 
threats.4 Therefore, accurately and efficiently monitoring 
the dynamics of the fish community in this water body 
is crucial for formulating scientific conservation strategies 
and management measures. 

Traditional fish survey methods, such as electric fishing, 
gillnets, and fyke nets, although providing biological in
formation on individual species (e.g., length, weight), have 
many limitations in practical application.5 These methods 
are not only time-consuming and labor-intensive but also 
cause injury or even death to fish, making them unsuitable 
for routine monitoring of endangered or protected species.6 

Furthermore, the capture efficiency of traditional nets is 
significantly affected by fish size, habits, and the aquatic 
environment, leading to obvious selective bias and easily 
missing small, rare, or habitat-specific species, thus under
estimating the true species diversity in the region.7 

In recent years, environmental DNA (eDNA) metabar
coding technology has emerged as a non-invasive and 
highly sensitive new method for biological monitoring.8 

Organisms release their DNA into the surrounding water 
through excretion, molting, and reproduction. By collecting 
water samples, enriching, extracting, and sequencing these 
eDNA fragments, the species present in the water body 
can be identified.9 This technology overcomes many of the 
drawbacks of traditional methods, showing great potential 
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especially in detecting rare, endangered, and cryptic 
species, and has been widely used in biodiversity assess
ment and monitoring of rivers, lakes, and oceans.10 

This study utilizes eDNA metabarcoding technology to 
systematically investigate the fish community structure in 
the Chongqing section of the Fujian River. We collected wa
ter samples during the spawning period (June), feeding pe
riod (August), and wintering period (November) of the fish, 
aiming to: (1) Reveal the dynamic changes in the species 
composition and diversity of the fish community in the 
Chongqing section of the Fujiang River during different pe
riods, (2) Identify the distribution of key protected species, 
endemic species of the upper Yangtze River, and invasive 
alien species in this water body, (3) By comparing with the 
results of traditional fishing methods in the same period, 
evaluate the effectiveness and advantages of eDNA tech
nology in monitoring fish diversity in similar river ecosys
tems. The results of this study will provide a key scientific 
basis and technical support for the protection of fish re
sources and the management of the aquatic ecosystem in 
the Fujiang River and even the upper Yangtze River. 

MATERIALS AND METHODS 

EDNA SAMPLE 

We collected water samples from a total of 14 sampling 
points along the main channel of the Fujiang River in 
Chongqing during the spawning period, feeding period, and 
wintering period of the fish and divided them into 6 river 
sections. (Figure 1 and Table 1). At each sampling point, a 
mixed water sample of 2L or 3L were collected from the left, 
middle and right sections of the river segment, as well as 
the upper, middle and lower layers of water (if a sampling 
area has 3 sampling points, then collected 3L of water sam
ple from each sampling point; if a sampling area has 4 or 
5 sampling points, 2L of water sample collected from each 
sampling point). The collected water samples were filtered 
and enriched on a 0.45 µm mixed cellulose filter membrane 
using a vacuum pump on site, and the filter membrane was 
placed in the sample preservation reagent tube.11 

FISH SAMPLE 

In June and October of 2023, operations were conducted 
using fishing nets in the Chongqing section of the Fujiang 
River for 7 days, with 10 hours of work each day. We con
ducted the identification of fish species on the spot, as well 
as recorded the length and weight of each fish. 

DNA EXTRACTION AND PCR AMPLIFICATION 

Microbial DNA was extracted from filter membrane samples 
using the E.Z.N.A.® Water（DNA Kit (Omega Bio-tek, Nor
cross, GA, U.S.) according to manufacturer’s protocols. The 
function gene were amplified by PCR (95 °C for 2 min, fol
lowed by 25 cycles at 95 °C for 30 s, 55 °C for 30 s, and 
72 °C for 30 s and a final extension at 72 °C for 5 min) 
using primers freshwater fish 12S Tele02_F 5′-AAACTCGT

GCCAGCCACC-3′，Tele02_R 5′-GGGTATCTAATCCCAG 
TTTG-3′, and COI MlCOIintF 5’-GGW ACWGGW 
TGAACWGTWTAYCCYCC-3’，JghHCO2198 5’-TAIACYT
CIGGRTGICCR AARAAYCA-3’ where barcode is an eight-
base sequence unique to each sample. PCR reactions were 
performed in triplicate 20 µL mixture containing 4 µL of 5 × 
FastPfu Buffer, 2 µL of 2.5 mM dNTPs, 0.8 µL of each primer 
(5 µM), 0.4 µL of FastPfu Polymerase, and 10 ng of template 
DNA. Amplicons were extracted from 2% agarose gels and 
purified using the AxyPrep DNA Gel Extraction Kit (Axygen 
Biosciences, Union City, CA, U.S.) according to the manu
facturer’s instructions.12 

LIBRARY CONSTRUCTION AND SEQUENCING 

Purified PCR products were quantified by Qubit®3.0 (Life 
Invitrogen), and every twenty-four amplicons whose bar
codes were different were mixed equally.The DNA was frag
mented using Ultrasonic instrument.13 A DNA library was 
obtained by unwinding the DNA duplex product from PCR 
amplification and disrupting the uncircularized DNA mole
cules. The libraries were finally sequenced using next gen
eration sequencing platform (MGI-G99 or Illumina Miseq) 
(Shanghai BIOZERON Biotech. Co., Ltd) with PE300 mode 
according to the standard protocols.14 

PROCESSING OF SEQUENCING DATA 

Raw fastq files were first demultiplexed using Trimmo
matic5 (http://www.usadellab.org/cms/uploads/supple
mentary/Trimmomatic) and in-house perl scripts according 
to the barcode sequences information for each sample with 
the following criteria: (i) The 300bp reads were truncated 
at any site receiving an average quality score <20 over a 10 
bp sliding window, discarding the truncated reads that were 
shorter than 50bp. (ii) exact barcode matching, 2 nucleotide 
mismatch in primer matching, reads containing ambiguous 
characters were removed. (iii) only sequences that overlap 
longer than 10 bp were assembled according to their over
lap sequence. Reads which could not be assembled were 
discarded.15,16 

RESULTS 

FISH COMPOSITION BASED ON EDNA 

THE COMPOSITION OF FISH DURING THE SPAWNING 
PERIOD 

In June, we used eDNA technology to detected 72 species of 
fish in six sections of the Fujiang River. They belong to 11 
families and 52 genuses. It includes two species, Leptobo
tia elongate and Procypris rabaudi, which are both classified 
as second-level protected animals in the country. They also 
include five types of municipal key protected fish species: 
Liobagrus marginatus, Xenocypris fangitchang, Ochetobius 
elongatus, Leptobotia microphthalma, and Leptobotia tae
niops. There are 15 species of fish unique to the upper 
reaches of the Yangtze River Leptobotia elongata, Procypris 
rabaudi, Xenocypris fangitchang, Leptobotia microphthalma, 
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Figure 1. Sampling sites on the Fujiang River       

Table 1. Sampling point coordinate information     

Name Longitude and latitude 

eDNA 

YXD 

FJ-1 30.34891685,105.75360060 

FJ-2 30.32124823,105.76117516 

FJ-3 30.27396756,105.75688362 

CQD FJ-4 30.20333764,105.82344532 

BKD 

FJ-5 30.18130407,105.91438293 

FJ-6 30.15447879,105.94699860 

FJ-7 30.11185129,105.96862793 

THD 

FJ-8 30.09033569,106.04403019 

FJ-9 30.06474850,106.01853848 

FJ-10 30.07200940,105.99890471 

AJD 

FJ-11 29.99720222,106.04875088 

FJ-12 30.00203379,106.09514236 

FJ-13 29.99974812,106.13333702 

WTD FJ-14 30.02100472,106.20059609 

Fishing 

Fishing-1 30.28687513°N, 105.74093877°E 

Fishing-2 30.03762990°N, 106.14654474°E 

Hemiculterella sauvagei, Paracobitis potanini, Anchery
throculter kurematsui, Ancherythroculter nigrocauda, Mega
lobrama Pellegrini, Botia reevesae, Liobagrus marginatoides, 
Sinogastromyzon sichangensis, Rhinogobio cylindricus, 
Acrossocheilus monticolus, Hemiculter tchangi. There are 5 
invasive species: Mrigalcarp, Pseudohemiculter dispar, 
Coptodon zillii, Gambusia affinis, Silver prussian carp. The 
most common family was Cyprinidae with 47 species, ac
counting for 65.28%; the second family was Bagridae with 
7 species, accounting for 9.72%; the proportion of fish 
species that are herbivorous was 29.60% (Figure 2). 

THE COMPOSITION OF FISH DURING THE FEEDING 
MIGRATION PERIOD 

In August, using eDNA technology, we identified a total of 
53 fish species, belonging to 7 families and 41 genera. They 
include one species of nationally second-level protected 
fish, Procypris rabaudi. They also include two types of mu
nicipal key protected fish species: Xenocypris fangitchang, 
Ochetobius elongatus，There are 7 species of fish unique to 
the upper reaches of the Yangtze River Procypris rabaudi, 
Xenocypris fangitchang, Hemiculterella sauvagei, Anchery
throculter kurematsui, Ancherythroculter nigrocauda, Ban
gana rendahli, Hemiculter tchangi. There are 4 invasive 
species: Pseudohemiculter dispar, Nile tilapia, Megalobrama 
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Figure 2. The proportion of fish species and the        
number of each family in each river section during the           
spawning period (June)    

Figure 3. The proportion of fish species and the        
number of each family in each river section during the           
Feeding migration period (August)     

terminalis, Silver crussian carp. The most family was 
Cyprinidae with 38 species, accounting for 71.70%; the sec
ond family was Bagridae with 5 species, accounting for 
9.43% (Figure 3). 

Figure 4. The proportion of fish species and the        
number of each family in each river section during the           
overwintering period (November)    

THE COMPOSITION OF FISH DURING THE 
OVERWINTERING PERIOD 

In November, using the eDNA technology, we identified a 
total of 63 species of fish belonging to 11 families and 55 
genera. Among them, there are 63 species of indigenous 
fish, including 1 species that is a national second-level key 
protected fish. They include one species of nationally sec
ond-level protected fish, Procypris rabaudi. They also in
clude two types of municipal key protected fish species: 
Xenocypris fangitchang, Ochetobius elongatus. There are 5 
species of fish unique to the upper reaches of the Yangtze 
River Procypris rabaudi, Xenocypris fangitchang, Anchery
throculter nigrocauda, Acrossocheilus monticolus, Hemiculter 
tchangi. There are 8 invasive species: Ictalurus punctatus, 
Micropterus salmoides, Cirrhinus molitorella, Pseudohemicul
ter dispar Coptodon zillii, Nile tilapia, Megalobrama termi
nalis, Silver prussian carp. The most family was Cyprinidae 
with 41 species, accounting for 65.08%; the second family 
was Bagridae with 6 species, accounting for 9.52% (Figure 
4). 

THE COMPOSITION OF FISH SPECIES BASED ON 
TRADITIONAL FISHING METHODS 

THE COMPOSITION OF FISH DURING THE SPAWNING 
PERIOD 

In June, we caught a total of 40 species of fish in the Fujiang 
River. Among them, all were native species, and there was 1 
species of nationally second-class protected fish Procypris 
rabaudi. There are 7 species of fish unique to the upper 
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reaches of the Yangtze River: Ancherythroculter kurematsui, 
Ancherythroculter nigrocauda, Megalobrama pellegrini, 
Hemiculter tchangi, Procypris rabaudi, Gnathopogon herzen
steini. The most family was Cyprinidae with 30 species, ac
counting for 75.00%; the second family was Bagridae with 
6 species, accounting for 15.00%. The proportion of fish 
species with a carnivorous diet accounted for 37.50%, and 
the Shannon-Wiener index was 3.05. 

THE COMPOSITION OF FISH DURING THE FEEDING 
MIGRATION PERIOD 

In October, we caught a total of 37 species of fish in the 
Fujiang River. Among them, 36 were native species, and 
1 was an introduced species. there was 1 species of na
tionally second-class protected fish Procypris rabaudi. And 
there are 6 species of fish unique to the upper reaches 
of the Yangtze River: Ancherythroculter kurematsui, Anch
erythroculter, Nigrocauda, Megalobrama, Pellegrini,Hemicul
ter tchangi, Procypris rabaudi, Xenocypris yunnanensis. The 
most common family was Cyprinidae with 26 species, ac
counting for 70.27%; the second family was Bagridae with 
5 species, accounting for 13.51%. The proportion of fish 
species with a carnivorous diet accounted for 40.50%, and 
the Shannon-Wiener index was 2.89. 

ANALYSIS OF FISH DIVERSITY IN THE CHONGQING OF 
THE FUJIANG RIVER BASED ON EDNA 

The alpha diversity indices we use are calculated based 
on the OTU (operational taxonomic unit) table obtained 
from eDNA research.17,18 These indices measure the di
versity of the community from different perspectives: The 
results of α diversity analysis showed that among the 14 
sampling points, the Chao1 index ranges for June, August 
and November were 12-45, 21-41 and 18-33, respectively. 
The Shannon-Wiener index ranges for June, August and 
November were 0.61-2.71, 0.45-1.98 and 0.53-2.59, respec
tively. The Simpson index ranges for June, August and No
vember were 0.25-0.91, 0.19-0.82 and 0.19-0.91, respec
tively (Table 2). 
The α diversity indices of fish species at each section 

show certain differences. The α diversity indices at the 
same section also vary at different times. Based on the re
sults from different sampling points across the three peri
ods, FJ-10 exhibits a relatively high Chao1 index. FJ-7 and 
FJ-10 have relatively high Shannon-Wiener indices, while 
FJ-7, FJ-9, and FJ-10 have relatively high Simpson indices. 
In the Fujiang river, considering the three periods of the en
tire river, August has a relatively high Chao1 index, while 
November has relatively high Shannon and Simpson in
dices. 
Principal coordinate analysis (PCoA) based on Bray-Cur

tis distance revealed that the fish community structure in 
the Chongqing section of the Fujiang River exhibited a 
strong seasonal dependence: the first two axes accounted 
for up to 58.4% of the variance in June (the spawning pe
riod), and the samples showed a distribution pattern of 
three isolated islands. As the breeding period comes to an 
end and the period from August to November begins, the 

explanation rate drops to around 36%, and the community 
distribution gradually shifts from a “severely fragmented” 
state to a “continuous gradient” along the axial direction 
(Figure 5). 

DISCUSSION 

This study is the first to utilize eDNA metabarcoding tech
nology to systematically investigate the fish community 
composition in the Chongqing section of the Fujiang River 
in different seasons and compare it with traditional fishing 
methods. The results demonstrate that eDNA technology 
offers significant advantages in species detection ability, 
monitoring efficiency, and the detection of both protected 
and invasive species. 

THE HIGH EFFICIENCY AND SENSITIVITY OF EDNA 
TECHNOLOGY IN FISH DIVERSITY MONITORING 

Compared with traditional fishing methods, eDNA technol
ogy has shown a higher rate of species detection. Through
out the study period, eDNA technology detected far more 
fish species than traditional fishing methods (for example, 
in June alone, eDNA detected 72 species, while traditional 
methods only caught 40 and 37 species in August and Oc
tober, respectively). This difference highlights the limita
tions of traditional methods, specifically the selective bias 
of nets for fish size, life habits (such as benthic or burrow
ing), and swimming ability. By directly detecting species 
signals in the water, eDNA technology can more compre
hensively cover all species in the habitat, especially small 
fish, rare populations, or fry that are difficult to capture by 
traditional methods.19 

Of particular importance, eDNA technology successfully 
detected a variety of protected species, such as the national 
second-class protected animal Leptobotia elongata and Pro
cypris rabaudi, as well as a variety of municipal key pro
tected fish species. Among them, Leptobotia elongata did 
not appear in the catch of traditional fishing methods, 
which indicates that eDNA technology has irreplaceable 
value for monitoring rare and endangered species with 
cryptic behavior and low population density, and can pro
vide earlier and more accurate early warning information 
for species protection.20 

In addition, eDNA technology has also effectively iden
tified a variety of invasive alien species, such as Coptodon 
zillii, Gambusia affinis, and Nile tilapia. The invasion of alien 
species is one of the important factors leading to the de
cline of native fish populations. eDNA can facilitate rapid 
screening and early detection of invasive species, which is 
crucial for preventing their further spread and informing 
the development of effective control measures. 

SEASONAL DYNAMICS OF FISH COMMUNITY 
COMPOSITION 

The eDNA results of this study revealed obvious seasonal 
changes in the fish community of the Fujiang River. The 
species richness peaked in June (spawning period) (72 
species), dropped to its lowest in August (feeding period) 
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Table 2. The α diversity index over a period of three months by eDNA             

June August November 

Point position Chao1 Shannon-Wiener Simpson Chao1 Shannon-Wiener Simpson Chao1 Shannon-Wiener Simpson 

FJ-6-1 31 0.717573 0.319782 23.33333 1.836895 0.788112 25 2.592002 0.910175 

FJ-6-2 30 2.014449 0.831125 22.33333 0.451357 0.195875 25 2.286723 0.870578 

FJ-6-3 29 1.974531 0.819556 27 0.826938 0.356109 23 2.030586 0.844992 

FJ-6-4 28 1.566151 0.657025 26.33333 1.385635 0.629467 18 1.772914 0.78676 

FJ-6-5 27 2.072078 0.803718 25.25 0.904693 0.542705 31 1.857559 0.718114 

FJ-6-6 24 0.61758 0.250251 41 1.201781 0.601323 31 2.195851 0.83342 

FJ-6-7 32 2.71675 0.912184 24 1.260744 0.653389 29 2.180916 0.862181 

FJ-6-8 25 1.798698 0.724524 21 0.921998 0.541508 26 1.746857 0.708206 

FJ-6-9 38 2.183008 0.838878 37.5 1.989795 0.814132 31 1.857412 0.786158 

FJ-6-10 41 1.775373 0.725315 40 1.964734 0.822257 26 2.457163 0.86743 

FJ-6-11 38 2.260902 0.834795 36 1.636646 0.733609 27 0.531057 0.190006 

FJ-6-12 12 1.273832 0.652341 35.75 1.884725 0.808554 24 2.283005 0.874548 

FJ-6-13 45 2.15167 0.777317 39.5 1.497355 0.62955 33 2.345691 0.860651 

FJ-6-14 12 1.65139 0.779709 37 1.700923 0.740739 23 1.330092 0.675285 
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Figure 5. Principal component analysis of fish in June, August, and November           

(53 species), and recovered somewhat in November (winter
ing period) (63 species). 
The high species diversity in June may be attributed to 

the increased activity, schooling, and migration behavior 
of fish during the spawning period, which increases the 
amount and diffusion range of DNA released into the envi
ronment. In addition, suitable water temperature may also 
promote the release of DNA.21 The decrease in the num
ber of species in August may be related to a variety of fac
tors: first, the hydrological conditions of high flow velocity 
and large flow during the summer flood period may accel
erate the dilution and degradation of eDNA, reducing the 
detection rate; second, some fish may enter tributaries or 
specific habitats for feeding, resulting in an uneven distri
bution in the main stream. The recovery of the number of 
species in November may be due to the fact that fish ac
tivity decreases and tends to congregate in deep and slow-
flowing river sections during the wintering period, which 
makes eDNA relatively enriched in local areas, thereby in
creasing the probability of being detected. 
The seasonal changes in the α diversity index also con

firm this point. The Chao1 index was relatively high in Au
gust, while the Shannon and Simpson indices were rela
tively high in November. This indicates that although the 
number of species actually detected in August was small, 
there may be more rare species signals in the water that 
have not been fully detected (high Chao1); while the fish 
community structure in November showed higher evenness 
(high Shannon and Simpson), which may be related to the 
ecological habit of different species mixing and gathering 
during the wintering period.17 

CONCLUSION 

This study systematically evaluated the application of 
eDNA metabarcoding technology in monitoring fish diver
sity in the Chongqing section of the Fujiang River. The 
main conclusions are as follows: Compared with traditional 
fishing methods, eDNA technology is a more sensitive, ef
ficient, and non-invasive monitoring tool. It significantly 
improves the detection rate of species, especially showing 
great advantages in detecting rare, endangered, and in
vasive alien species. The fish community structure in the 
Chongqing section of the Fujiang River shows obvious sea
sonal dynamics. Species richness is highest during the 
spawning period (June), lowest during the feeding period 
(August), and recovers during the wintering period (No
vember), which is closely related to the life activities of fish 
and changes in the hydrological environment. This study 
successfully utilized eDNA technology to identify national 
key protected fish species, such as Leptobotia elongata and 
Procypris rabaudi, as well as a variety of endemic species 
from the upper Yangtze River and invasive alien species, 
providing key information for the targeted protection and 
management of these species. In summary, eDNA technol
ogy provides a powerful technical means for the rapid and 
comprehensive assessment of river fish biodiversity. It is 
recommended that this technology be integrated into the 
routine system of aquatic biological monitoring in the Fu
jiang River and the entire Yangtze River basin in the future 
to support the protection and sustainable development of 
the aquatic ecosystem in this region. 
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