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Abstract: Environmental DNA (eDNA) was used to study fish biodiversity in the Huayang River to identify new ways to
monitor and protect fish diversity. 23 sites were set up in the Huayang River on 23 September. Analytical procedures were used
to detect fish diversity, including water sampling, eDNA extraction, genetic marker amplification and sequencing, and database
comparison. 49 fish species were identified, classified into six orders, 12 families and 34 genera. The most common fish were
the big-finned goby, group-headed pomfrets, yellowfin spiny goby, short-bearded goby and coloured rocky carp. H18 and H18
are the most prevalent species globally. The diversity index showed that H18 and H23 had the highest fish diversity, while HS
had the lowest. eDNA technology can rapidly ascertain fish diversity and distribution in the Pearl River. Combining eDNA with

traditional monitoring methods can enhance fish biodiversity data.
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1. Introduction

The collection of fish samples through traditional fishing
techniques can provide valuable insights into the growth
parameters of fish, including size, weight, and developmental
stage [1]. This information is crucial for the sustainable
utilisation of fish resources. However, traditional fish
monitoring methods have inherent limitations, including high
costs, high intensity, and specialisation, as well as potential
adverse effects on fish populations and communities[2-4].
Environmental DNA (eDNA) technology has recently
emerged as a popular method for biodiversity detection and
assessment[5-6]. Its high sensitivity and minimal interference
make it an effective alternative to traditional monitoring with
potential for biodiversity assessment[7-9]. It's currently used
to gather data on species in aquatic ecosystems[10-11] and
resolve river issues[12-13].

The Huayang River is in Anhui. A primary north bank
Yangtze River tributary, it is narrow in both directions. It
flows through several lakes, including Longguan, Daguan,
Huanghu and Pohu. The Huayang River watershed is 5,511

km?. The northern river area is hilly and granite-covered. The
southern part of the river is an alluvial continental bank with
lakes and depressions. The 39-kilometre stretch from
Huayang Town to the Yangtze River is the Huayang River
region. The river's shores are home to a diverse range of
wildlife. There is little data on fish biodiversity in the
Huayang River basin. We need a fast, effective and eco-
friendly way to monitor fish biodiversity and fishery
resources. We used eDNA technology to obtain
comprehensive water samples from 23 sites in the Huayang
River basin. We then analysed and annotated the data to gain
insight into fish biodiversity. Our objective was to provide a
scientific foundation for informed fishery conservation and
management decisions.

2. Materials and Methods

2.1. Sample Section Setup

Combined with the river morphology of the Huayang River,
23 sampling sections were set up, and the number and GPS
position of each sampling section is shown in Figure 1.
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Fig 1. Schematic diagram of sampling sites in Huayang River
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2.2. Collection of Water Samples

Water samples were collected from 18 September to 8
October 2023 at 23 sites using a 1 L glass sampler. Six 2 L
samples were collected at each site and stored in clean bottles.
All samples were filtered on-site using a 0.45 pm filter (GN-
6, Pall) to enrich for eDNA. 500 ml of deionized water was
pumped as a negative control prior to pumping six samples
from each site. Each filtered membrane was stored in a liquid
nitrogen tank until DNA extraction.

2.3. eDNA Extraction

The eDNA was extracted using the CTAB method [15].
The solution was qualified by gel electrophoresis and
Nanodrop 2000, then frozen at -20°C. All samples showed
bands, while negative controls showed no significant bands.

2.4. Genetic Marker Amplification and High-
Throughput Sequencing

Ltd. amplified and sequenced as per Zhang et al [16]. The
fish wuniversal primers Mifish-U-F and Mifish-U-R,

developed by Miya et al [17], were used to amplify 12S rRNA.

The amplification length was approximately 160-190 bp. The
25uL PCR system contained 5% buffer, Sul. ANTP (2.5mM),
Sul GC buffer, and 1uL positive and negative controls. 2pL
DNA template (20ng/uL), 8.75uL water and 0.25uL Q5 Taq
enzyme. 0.25uL. PCR conditions: pre-denaturation 98°C 2
min; 98°C denaturation 15 s, 55°C annealing 30 s, 72°C
extension 30 s (35 cycles); 72°C 5 min. Three samples per
section were amplified by PCR, purified by 2% agarose gel
electrophoresis, and prepared for sequencing using TruSeq
Nano DNA LT Sample Preparation Kit. Bipartite sequencing
was performed on an Illumina Novaseq-PE250.

2.5. Data Processing Methods

2.5.1. OTU Partitioning and Species Annotation
Downstream data were pre-screened to obtain original

sequences. High-quality sequences were obtained through de-

priming, splicing, quality filtering, de-climatisation, and

clustering. The sequences were then clustered using QIIME
at >97% similarity [18-19]. The most abundant sequences
were selected as representative of each OTU. The
representative sequences were compared with the NCBI NR
database to obtain taxonomic information on the OTUs [20].

2.5.2. Alpha Diversity

The Chaol index [21], Simpson's index [22], Shannon-
Wiener's index [23], and Pielou's index [24] were used to
estimate species richness and diversity. The equations are as
follows.
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Sops 18 the number of OTUs actually observed, n, is the
number of OTUs containing only one sequence, and n, 4 is
the number of OTUs containing only two sequences; N; is
the relative abundance of OTUs for the ith fish species, and S
is the total number of species.

2.6. Statistical Analysis of Data

The data were processed using Excel 2019, and the R
packages vegan and ggplot2 were used to calculate alpha
diversity. The distribution map was plotted in ArcGIS.

3. Results

3.1. eDNA Sequencing Results

The Huayang River eDNA sequencing results yielded
2775722 original sequences, 2731518 valid sequences, and
2519975 high-quality sequences, representing over 90% of
the original sequences. The mean value of high-quality data
at each sampling point was 109564.13 (90919-137725), with
the highest being H23 and the lowest being H6. Figure 2
shows the dilution curves for each Huayang River sample.
The curves flatten at 60,000 sequences, indicating sufficient
sequencing volume for data analysis.

800

100 4

[
rL

\
I
x

]

T T
0 20,000 40,000

T
60.000 £0.000

Fig 2. Rarefaction curve of samples in Huayang River



3.2. OTU Annotation Results and Fish Species
Composition

A total of 3511 OUTs were obtained from the Huayang
River survey, with an average of 153 OUTs per site. H18 had
the highest total with 998, while H5 had the lowest. Fig 3
shows the highest number of OUTs was 142, in H23, and the
lowest, four, was in H14. Nineteen OUTs were common to all
23 sampling sites.

The detected OUTs were compared with the NCBI NR
database, resulting in the detection of 80 fish species
belonging to 49 genera. 6 unnamed species, 19 misidentified
species, and 1 aquarium species were detected. The remaining
49 species belong to 6 orders, 12 families, and 34 genera.

There were 36 species of Carpiformes (73.47% of the total)
and 8 species of Perchiformes (33% of the total); 2 species of
Siluriformes, accounting for 4.08% of the total; and 1 species
in each of the families Clupeiformes, Beloniformes, and
Synbranchiformes, accounting for a total of 6.12% of the total
number of species.

The Cyprinidace had the most fish species, with 35,
accounting for 71.43% of the total. The Gobiidae, Serranidae
and Odontobutidae had Two species (12.24%) ; and eight

Cypriniformes [+ il

families (16.33%) had one species each.
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Fig 3. Venn diagram of mutual OTUs of samples in Huayang River
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Fig 4. Composition of number of fish Family/Genus/Species of Huayang River (eDNA)

3.3. Distribution of Dominant Species
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Fig 5. The composition of fish species at sampling site in Huayang River
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The dominant fish species identified based on relative
abundance at each sampling site are shown in Figure 5. The
top 10 species in terms of abundance were Acheilognathus
macropterus, Megalobrama amblycephala, Acanthogobius
flavimanus, Acheilognathus barbatus, Rhodeus lighti,
Hemiculter leucisculus,Squalidus argentatus,
Hypophthalmichthys molitrix, Mylopharyngodon piceus,
Rhinogobius  cliffordpopei, and  except  Rhinogobius
cliffordpopei, several other fish were detected at each of the
23 sampling sites.

3.4. Diversity Analysis

Figure 6 shows the trend of the fish community alpha
diversity in Huayang River sampling sites. The Chaol index
ranged from 323.07 to 1340.77, and the observed species
index was 213.0 to 1001. The distribution trend corresponded
between the two. H18 had the highest index value and H17
had the lowest.The Shannon index ranged from 1.26 to 5.06,
the Simpson index ranged from 0.33 to 0.94, and the Pielou
uniformity index ranged from 0.16 to 0.52. The trends of the
three indices were consistent and the highest values of the
indices occurred in H23, while the lowest values occurred in
HS.
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Fig 6. Alpha diversity indices of important estuarine fishes in Huayang River

4. Discussion

4.1. Fish Species Composition based on eDNA
Detection

A survey of fish diversity in the Huayang River using
eDNA technology detected 49 species. Two main factors
cause misidentified and unnamed species. Most free DNA in
the environment is short and similar, which can bias
detection[25]. Secondly, the accuracy of database
comparisons may influence the results, as the mitochondrial
database does not currently have the capacity to include all
fish sequences. Additionally, limitations in sequencing read
length resulted in the inability to discriminate between certain
species and genera[26-27]. The range and relative abundance
of forage and aquarium species indicated that they were
predominantly found in waters with high levels of
anthropogenic disturbance.

A comparison of the results from laboratory field sampling
(not yet published) revealed some differences in the species
composition of fish detected by the two methods. eDNA
technology detected 49 species of actual inhabiting fish,
which was slightly lower than the 50 species detected in the
actual collection surveys. However, it should be noted that the
monitored fish were all dominated by the Cyprinidae family.
At the genus level, eDNA technology identified several
genera that were not identified in the field collection. These

included the Cyprinus , Hemibarbus, Rhinogobio
Megalobrama , Mylopharyngodon, Ochetobius,
Pseudolaubuca, Silurus, Acanthogobius The eDNA
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technology was unable to detect the presence of the
Pelteobaggrus, and the Squaliobarbus was unable to detect
all 14 genera.lt is evident that eDNA technology did not fully
encompass the actual species collected, potentially due to the
selectivity and preference of 12S universal primers.
Additionally, Some low-abundance species  went
undiagnosed [28]. However, the overall detection and
coincidence rates of eDNA technology in the Huayang River
were still promising, exceeding 50% and enabling the
detection of species that were challenging to identify through
traditional sampling methods. This suggests that eDNA
technology can effectively address the limitations of
traditional survey methods, providing an efficient means of
fish detection that facilitates rapid understanding of the fish
population in the river. This demonstrates that eDNA
technology can offset the constraints of conventional survey
techniques and is an efficacious approach to fish detection.
This helps us understand fish communities in rivers[29].

4.2. Fish Diversity based on eDNA Testing

The alpha diversity index shows differences in species
composition between Huayang River sampling sites. H18 has
the richest fish species diversity. The result may be related to
the sampling site's environment. H18 is characterized by a
high density of aquatic vegetation, including water hyacinth,
sparrowweed, and lotus grass. The open water provides an
ideal foraging environment for fish, contributing to the
diversity of species at this site. The same trend is observed for
the uniformity indices, with H23 having the highest value.
The sampling site is in the middle of the river, not restricted



by the Huayang Lock, so there is minimal human impact and
higher fish diversity. The indices were lower due to the
sampling site's proximity to the dock, where there are more
human activities. These factors may reduce fish activity and
diversity[30].

4.3. The Applicability and Prospects of eDNA
Technology for the Detection of Fish
Species are Discussed

The eDNA technology produces consistent results with
traditional survey methods[31-32]. The fish species detected
by eDNA in this study were not fully representative of the
river's biodiversity, but the detection rate was high and the
concordance rate showed certain advantages. The eDNA
results also showed similarities with field sampling,
indicating the applicability of eDNA technology to fish
resource surveys[33-35]. The survey also detected harder-to-
catch fish, confirming the feasibility of eDNA technology to
monitor aquatic ecology. The eDNA technology has obvious
advantages in monitoring fish distribution, helping us quickly
understand river fish communities and better protect river
ecosystems[36].

eDNA technology is not fully developed.This study found
gaps between eDNA and field sampling results for species
abundance.Future research should focus on:(1) Improve
database construction, design primers for local species,
reduce unidentifiable or mismatched species, and improve
species detection[37]. (2) The objective is to optimise the
eDNA experimental system with a view to reducing
experimental errors. It is acknowledged that eDNA work is
often carried out in the field, where the collection of samples
is subject to multiple constraints and is prone to cross-
contamination. It is therefore essential to have a set of unified
and standardised eDNA technical specifications in place in
order to make species monitoring more accurate and
effective.(3) The establishment of a comprehensive eDNA
assessment system is crucial for accurately estimating
biomass in aquatic environments. DNA in these ecosystems
is susceptible to interference and influence from various
factors, including hydrodynamic conditions, water
temperature, pH, and others [38-39]. eDNA degradation can
directly lead to discrepancies between detection results and
the actual biological situation. Therefore, it is essential to
identify and quantify the external environmental variables
that affect eDNA production and decomposition rates. This
can be achieved through the development of an eDNA
assessment system, which can provide a more accurate
estimation of biomass.
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