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(i) Executive Summary (1-2 pages);
Project Background and Objectives

The Chinese Bahaba (Bahaba taipingensis) is a critically endangered marine species and a First
Class Protected species in China. Therefore, comprehensive and effective species-specific
monitoring is imperative. Environmental DNA (eDNA) approaches are emerging as valuable tools
for biodiversity monitoring and conservation; however, there has been a lack of eDNA-based
detection methods specifically for the Chinese Bahaba.

In this project, we are developing target-specific quantitative PCR (qQPCR) eDNA assays as a rapid
and non-invasive method to uncover the hidden populations of the Chinese Bahaba in Hong
Kong’s western waters. By incorporating Phase 1—targeted qPCR assays (MEEF2024012) and
Phase 2—eDNA metabarcoding approaches (MEEF2024012A), this study aims to provide
essential baseline information to better understand the status of the Chinese Bahaba and to support
future conservation strategies in western Hong Kong waters.

Key Activities and Progress

During the previous Phase 1 period from November 1, 2024, to June 30, 2025, several key
activities were successfully executed to advance the project. These included recruiting a Research
Assistant, setting up the wet lab, developing and validating species-specific primers for the
Chinese Bahaba, and conducting field monitoring from January to June 2025, along with qPCR
analyses of all samples. During Phase 2 (July 2025—-March 2026), we successfully completed the
final field monitoring and qPCR analyses in September 2025. We then performed eDNA
metabarcoding of 552 eDNA samples [spanning Phases 1 and 2; 23 sites x (3 replicates/site + 1
control/site) x 6 surveys] and constructed 96 Illumina libraries (1,104 PCR products) using 12S-
V5 and MiFish-U universal fish primers. The pooled PCR products were subsequently sent to
Novogene (China) for Illumina sequencing on the NovaSeq X Plus platform with the paired-end
150-bp (PE150) mode. The raw Illumina sequencing data was then retrieved and analyzed using
our bioinformatics pipeline for sequence data processing, including quality control, trimming,
denoising, merging, and taxonomic annotation.

Highlights of key results

e Completed six rounds of eDNA sampling across 23 sites in western Hong Kong waters in
2025, generating one of the most comprehensive fish eDNA datasets for the region;

e Achieved the first successful field detection of Chinese Bahaba eDNA in Tai O and in/near
three marine parks in Hong Kong waters (September 2025) using the developed species-
specific qPCR assay, providing important baseline information on its occurrence;

e Generated approximately 304 Gb of [llumina sequencing data using dual-primer (12S-V5
and MiFish-U) eDNA metabarcoding, detecting 266 vertebrate taxa, including the Chinese
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White Dolphin, the Finless Porpoise, and nine IUCN threatened fish species (six
Vulnerable and three Endangered: Anguilla japonica, Collia mystus, and Sillago
parvisquamis)

e Demonstrated significant spatial and seasonal variation in fish community composition,
identifying distinct ecological assemblages among sampling locations and between wet and
dry seasons

e Identified temperature, dissolved oxygen, salinity and pH as important environmental
gradients influencing fish community structure, with Chinese Bahaba detections occurring
under relatively warmer environmental conditions

e Successfully integrated species-specific qPCR detections with community-level eDNA
metabarcoding, enabling investigation of the ecological context surrounding Chinese
Bahaba occurrence

e Applied Weighted Gene Co-occurrence Network Analysis (WGCNA) to identify recurrent
fish assemblages, revealing red and yellow modules as the communities most strongly
associated with Chinese Bahaba detections

e Identified several potential indicator species and co-occurring fish assemblages associated
with Chinese Bahaba, including Illisha melastoma, Acentrogobius pflaumii, Thryssa
dussumieri, Bathygobius hongkongensis, and Ambassis buruensis, which may serve as
ecological indicators of habitats favorable to Chinese Bahaba

Overall Summary

This project successfully developed and applied an integrated eDNA monitoring framework
(species-specific qPCR + dual-primer metabarcoding) for the critically endangered Chinese
Bahaba in Hong Kong’s western waters. The first confirmed field detections of Bahaba eDNA,
alongside insights into associated fish communities, environmental drivers, and potential indicator
species, provide essential baseline data for conservation. These outcomes establish reliable
molecular tools and ecological context that will support future monitoring, habitat protection, and
evidence-based management strategies for this protected species in Hong Kong and the Pearl River
Estuary region.



(ii) Project title and brief description of the Project;

Title: Exploring the mystery of Chinese Bahaba in Hong Kong western waters using revolutionary
eDNA techniques

Description of the Project

Chinese Bahaba (Bahaba taipingensis) is a critically endangered fish species, recognized as a
Class I protected wild animal in China. Hong Kong western waters are one of the major estuarine
habitats and spawning aggregations for Chinese Bahaba, unfortunately, their population has
experienced a dramatic decline since the 1960s due to overfishing and pollution, leading them to
nearly local extinction. To gain crucial insight into the current status and conservation of this
threatened species, it is imperative to have comprehensive and species-specific monitoring.
However, conventional surveys such as bottom trawling and gill netting are costly and destructive
to the remaining wild population. In this project, we propose using the environmental DNA
(eDNA) approach as a rapid and non-invasive method to uncover the hidden population of Chinese
Bahaba in Hong Kong’s western waters (Figure 1). Through intensive eDNA sampling in the
western waters, we will utilize a targeted quantitative PCR (qPCR) to detect Chinese Bahaba
eDNA and trace its potential distribution, seasonality, and habitat preferences of Chinese Bahaba.
Furthermore, by incorporating eDNA metabarcoding approach, we will gain a comprehensive
understanding of the overall biodiversity of the ecosystem, which will provide insights into the
species composition, interactions, and potential threats within the habitats associated with the
Chinese Bahaba. Overall, this study will provide essential baseline information to better
understand the status of Chinese Bahaba and support future conservation strategies in western
Hong Kong waters.
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Figure 1. Site map for eDNA survey in western Hong Kong waters (n=23).
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(iii) Completed activities against the proposed Work Schedule;

Date | Actual
Activity / Task | (Start | date . .
No. for the Project | & (Start Progress Details of the Activity
End) | & End)
Jul Jul Conducting the wet season field trip to collect
Task 1— Water | 2025 | 2025 g the P .
1 sampling and to to Completed water sampl_es in western waters, cor_npletlng
eDNA experiments and qPCR analysis for
gPCR Oct Oct Task 1
2025 | 2025 '
Jul Jul . .
2025 | 2025 _Conducpng eDNA metabgrcodlng and
Task 2-eDNA integrating the data of Chinese Bahaba to
2 : to to Completed | . : . e
metabarcoding Jan Mar investigate spatial-temporal distribution and
2026 | 2026 species interaction for Task 2.
Writing Phase Nov Nov Submit progress report for phase 2 project
3 2 progress 2025 | 2025 Completed | period Jul 2025 to Nov 2025.
report
Feb Mar
Writing Phase | 2026 2026
4 2 completion to to June Completed | Paper and completion report writing.
report Mar 2026
2026

During the reporting period from July 2025 to March 2026, several key activities were successfully
carried out to advance the project. The final field sampling was conducted in September 2025
(Round 6), marking the end of the wet season. All eDNA samples were extracted, PCR, gel
electrophoresis, purification, and PCR product pooling was completed, pooled into 96 Illumina
libraries and sent to Novogene (China) for Illumina sequencing. The resulting 304Gb of raw
sequencing data was received in November 2025, the resulting data prepared and ran through our
bioinformatics pipeline for analysis, the Phase 2 paper and final report writing shortly followed
marking a significant step forward in our ongoing research efforts.

Summary of Key Outcomes

e Completed six rounds of seasonal eDNA surveys across western Hong Kong waters,
generating one of the largest contemporary fish eDNA datasets for the region.

e Produce an assessment of fish biodiversity and environmental conditions in western
Hong Kong waters, including the detection of threatened and conservation-important
species.

e Identify ecological assemblages, environmental gradients, and potential indicator
species associated with Chinese Bahaba occurrence

e Demonstrate the potential of integrated eDNA approaches as an effective, non-invasive
tool for monitoring rare and threatened marine fishes, supporting future biodiversity
conservation and fisheries management.



(iv) Results/ descriptions on the completed activities with appropriate analysis, with the
support of photos, videos, social media platforms, etc., if any;

During the reporting period from July 1, 2025, to March 31, 2026, the following key activities
were conducted:

e (July 2025 — October 2025): Final field sampling of Round 6 samples in September.
Completion of all eDNA eDNA extractions, gel electrophoresis, qPCR analysis of Sep
round, gel purification, and PCR product pooling which was then sent for Sequencing.

e (November 2025): Received raw Illumina sequencing data back from Novogene (China),
and the beginning of bioinformatics and data analysis. Submitted progress report of phase
2 project period.

e (December 2025 — March 2026): Conducting eDNA metabarcoding and integrating the
data of Chinese Bahaba to investigate spatial-temporal distribution and species interaction
for Task 2. Paper and completion report writing for Phase 2.

Task 1. To conduct eDNA surveys and qPCR analysis to monitor Chinese Bahaba in western
Hong Kong waters

Methodology

Primer development and in silico testing

Compared with nuclear DNA, mitochondrial DNA (mtDNA) is generally a more suitable
molecular marker for eDNA assays due to its substantially higher cellular copy number (Rees et
al., 2014). Based on previous eDNA studies involving fish taxa or marine environment (Baker et
al., 2018; Tsuji et al., 2018; Zhang et al., 2020), we selected three mtDNA regions —12S-
Ribosomal RNA (125), NADH dehydrogenase 5 (ND5), and Control Region (D-loop) for species-
specific primer and probe development. Complete mitochondrial genome sequences of B.
taipingensis were retrieved from NCBI GenBank. Additionally, based on studies about
phylogenetic analysis of B. taipingensis (Zhao et al., 2015), mitochondrial genomes from ten
phylogenetically related species in family Sciaenidae (Collichthys Ilucidus, C. niveatus,
Larimichthys crocea, L. polyactis, Parapristipoma trilineatum, Dendrophysa russelii, Pennahia
argentata, Miichthys miiuy, Nibea albiflora, and N. coibor), all of which potentially overlap with
B. taipingensis in geographic distribution, were obtained for comparison. All sequence data used
for primer development of B. taipingensis are listed in Table 1.



Table 1. Reference sequence information of Chinese Bahaba specific primer development.

Marker Nucleotide differences from Nucleotide differences from
n Speci Accession Bahaba. taipingensis NC_018347.1 Bahaba. taipingensis NC_018347.1
réqe;oﬁs pecies number (Nt) (%)
9 Forward Reverse Probe Forward Reverse Probe
Collichthys lucidus " O-0743%0" 2 5 0 8.0 20.8 0.0
Collichthys niveatus HM219223.1 3 5 0 12.0 20.8 0.0
Dendropﬁysa NC_017606. 4 8 5 16.0 33.3 95
russelii 1
Larimichthys crocea NC—OJ 1710. 3 5 0 12.0 20.8 0.0
Larimichtl_?ys NC_013754. 3 5 0 120 20.8 0.0
polyactis 1
128 Miichthys miiuy NC—°} 4351. 3 5 2 12.0 20.8 9.5
Nibea albiflora NC—OJ 5205. 2 7 1 8.0 292 48
Nibea coibor NC—0f5307' 2 7 2 8.0 29.2 9.5
Pargpristipoma NC_009857. 10 10 0 40.0 417 0.0
trilineatum 1
Pennatia argentata "\ -] °20% 2 7 2 8.0 29.2 95
Collichthys lucidus NC—OJ 4350. 208 20.8 25.0
Collichthys niveatus ~HM219223.1 4 4 4 16.7 16.7 20.0
Dendrophysa NC_017606. 16.7 25.0 25.0
russelii 1
Larimichthys crocea =1 1710 5 5 4 20.8 20.8 20.0
Larimichthys NC_013754.
oyt ] 4 4 4 16.7 16.7 20.0
NDS Miichthys miiuy NC—0}4351 : 3 4 2 125 16.7 10.0
Nibea albifiora N O-01920% 5 5 8 20.8 20.8 40.0
Nibea coibor NC_025307. 5 5 5 20.8 20.8 25.0
Parapristipoma NC_009857. 5 4 10 20.8 16.7 50.0
trilineatum 1
Pennahia argentata "\ o—01°20% 13 1 8 54.2 458 40.0
Colichthys lucidus N O-0743%C: 15 17 19 62.5 70.8 704
Collichthys niveatus ~HM219223.1 14 18 15 58.3 75.0 55.6
Dendrophysa NC_017606. 15 7 14 62.5 29.2 51.9
russelii 1
Larimichthys crocea NC—OJ 1710. 15 18 17 62.5 75.0 63.0
Larlmlchtl_vys NC_013754. 14 18 16 58.3 75.0 59.3
polyactis 1
DLP Michthys miy ~ NC-014391 6 3 10 25.0 12.5 37.0
Nibea albifiora NC—OJ 5205. 8 3 6 333 1255 222
Nibea coibor NC_025307. 8 10 14 333 417 51.9
Pargpristipoma NC_009857. 11 17 14 45.8 70.8 51.9
trilineatum 1
Pennahia argentata  'NC—015202. 5 4 12 20.8 16.7 44.4
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Multiple sequence alignments were conducted in Geneious Prime v2025.0.2 (Biomatters, New
Zealand) to identify highly variable interspecific regions within each target locus. Primer and
minor-groove binding (MGB) probe design, along with preliminary screening, were performed
using Primer3.0 (Untergasser et al. 2012) under criteria specifying optimal melting temperature of
60 °C, GC content around 40-60 %, and minimal self-complementarity. The primer-probe sets for
each target region were further in-silico-evaluated using NCBI Primer-BLAST to confirm
amplification specificity and eliminate potential off-target matches (2 or less mismatches to the
primer). Details of the three selected primer-probe sets are provided in Table 2.

Table 2. Details of the new primer-probe sets targeting the mitochondrial genome of Chinese
Bahaba.

Annealing Amplicon size
Name Sequence (5-3) Temperature b

°C) (bp)
Bhb12S_F752 TGTTGAAATACACGTCTGAAGGAGG
Bhb12S_R871 CTGAGTTCAATTAGTTCGGGGAGA 60 120
Bhb12S_MGB797 TAGAGTGTCCCGCTGAAATTG
BhbND5_F1571 TACTACCTCACCACTTCTCCAACA
BhbND5_R1684 AATCGACTATTTGGGTGGCAATTG 60 114
BhbND5_MGB1610 CAGCCATTATTCACCGCACG
BhbDLP_F85 TGTCACACATTCATACACCACCAT
BhbDLP_R204 CTTATGGACGGAACTGTTAGGAGC 60 120
BhbDLP_MGB145 CCAACAATCCTTTATATAATTGCAGGC

Specificity and sensitivity testing

We evaluated the specificity of the designed B. faipingensis primers by conducting PCR using B.
taipingensis tissue DNA (fin clips) as positive control and six closely related sciaenid species: L.
crocea, C. lucidus, Johnius. belangerii, Pennahia. argentata, N. albiflora, and N. squamosa. For
B. taipingensis, DNA extraction and PCR analysis were conducted in co-author Dr. Wang’s eDNA
Lab at South China Normal University, using tissue collection from the Chinese Bahaba breeding
farm in Huizhou, Guangdong province, China. Tissues of the other commercial species were
obtained from Hong Kong’s fish market. Genomic DNA was extracted using the DNeasy Blood &
Tissue Kit (Qiagen, Germany) following the manufacturer's instructions, and subsequently, PCR
reactions were performed in a total volume of 25 pL, consisting of 1 pL each of forward and
reverse primers (10 uM), 12.5 pL of Tag PCR Master Mix (Qiagen, Germany), 9.5 uL of nuclease-
free water, and 1 pL of DNA template. The thermal cycling program included an initial
denaturation at 94 °C for 5 min, followed by 35 cycles of denaturation at 94 °C for 30 s, annealing
at 57 °C for 45 s, and extension at 72 °C for 1 min, with a final extension at 72 °C for 8 min. PCR
products were visualized on 2 % agarose gel electrophoresis to identify the successful and specific
amplicon of B. taipingensis.

We also evaluated primer performance using positive eDNA samples collected from two sources:
(1) an aquaculture tank containing B. taipingensis and (2) environmental samples from survey sites
spiked with B. taipingensis tissue DNA through a ten-fold serial dilution (10~ to 10™* ng/uL)
within a natural eDNA background. Real-Time PCR (qPCR) was performed with on a
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StepOnePlus Real-Time PCR System (Applied Biosystems, USA). Reaction setup was conducted
in a pre-PCR laboratory dedicated to preventing amplicon contamination. Each 20-uL reaction
consisted of 10 uL TagMan™ Environmental Master Mix 2.0 (Applied Biosystems, USA), 0.5 uL.
of each forward and reverse primer (10 uM), 0.5 uL of probe (10 uM), 6.5 pL nuclease-free water,
and 2 pL of eDNA template. Thermal cycling conditions began with 50 °C for 2 min, 95 °C for 2
min, followed by 45 cycles of denaturation at 95 °C for 15 s and 60 °C for 1 min.

All positive PCR and qPCR products from above testing were purified and submitted to BGI
Health (HK) Company Limited (Hong Kong, China) for Sanger sequencing. Resulting sequences
were inspected in Geneious and compared against the NCBI GenBank database (Aug. 2025
version) using BLAST to confirm species identity, with B. taipingensis identified as the best match
based on similarity > 98% and E-value threshold of 1e-30. The limit of detection (LOD) and limit
of quantification (LOQ) for each primer pair were determined from standard curves generated
from qPCR assays (consistent setting with positive eDNA testing qPCR) of a serial dilution of
synthetic target DNA (Taihe Biotechnology, China), ranging from 2x101 to 2x107 copies per
reaction. LOD and LOQ were calculated using curve-fitting modeling method in R script
customized by (Klymus et al., 2020), with 95% detection probability for LOD and 35% Coefficient
of Variation for LOQ; detailed criteria were described by Klymus et al. (2020); the quantification
cycle (Cq) threshold was defined for each primer set based on the highest Cq value observed
among positive reactions in the LOD/LOQ tests.

Field survey, eDNA Extraction and qPCR analysis

To investigate the migration of B. taipingensis across Hong Kong waters, we conducted six surveys
during the migration season (March—June) and additional surveys before (January) and after
(September) the migration period in 2025. Water samples were collected from 23 evenly
distributed sites in the western Hong Kong waters, covering Mai Po Nature Reserve and three
marine parks: Sha Chau and Lung Kwu Chau Marine Park, The Brothers Marine Park, and
Southwest Lantau Marine Park (Figure 2). At each site, three 1-L surface seawater replicates and
one 1-L negative control (sterile distilled water) were collected. Each seawater replicates were
collected twice (500 mL per collection) using plastic water sampler, transferred into sterile
sampling bags, and immediately stored on ice until filtration. A total of 552 water samples were
collected in this study (23 sites x (3 replicates/site + 1 control/site) x 6 surveys). All sampling
equipment was sterilized before each survey by soaking in 1% bleach for 15 min, rinsing with
sterile distilled water, and placing under UV light for 30 min; water sampler was sprayed with 1%
bleach and cleaned with distilled water between sites as well during each survey. Following
transportation to the laboratory, each sample was filtered through 47-mm mixed cellulose ester
(MCE) filter with a pore size of 0.45 pm (Millipore, USA) inside a dedicated UV-sterilized eDNA
hood within 6 hours. Filters were transferred to sterile Falcon petri dishes and immediately stored
at -80 °C until DNA extraction.
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Figure 2. Map of western Hong Kong showing the 23 sampling sites used in this study (green,
upper panel). Four sites yielded Chinese bahaba eDNA detections (yellow): Sha Chau and Lung
Kwu Chau Marine Park (S8), The Brothers Marine Park (S16), Tai O (S21), and Southwest Lantau
Marine Park (S22). Lower panel: photograph of an adult Chinese bahaba specimen (total length

152 cm) from the Bahaba Nature Reserve, Dongguan.

eDNA was extracted using the DNeasy PowerSoil Pro Kit (Qiagen, Germany) following the
manufacturer’s protocol and the extracted DNA quantity was examined using Qubit 3.0
fluorometer (Thermo Fisher Scientific, USA). Apart from site blank controls, each run included
two blanks (nuclease-free water) as negative controls and two reactions containing B. faipingensis
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tissue DNA as positive controls. A site was considered positive if at least one replicate showed a
clear amplification curve and a Cq value below the predefined threshold. For positive reactions,
only quantitative results calculated by a standard curve with R? > 0.98 and an amplification
efficiency of 90-110% were accepted. Positive qPCR products were purified and submitted for
Sanger sequencing, and the resulting sequences were identified using BLAST against the GenBank
database.

Results and discussion

Primer specificity and sensitivity

Three selected primer-probe sets (namely: Bhb 125, Bhb NDS5 and Bhb DLP) demonstrated high
specificity to B. taipingensis. Both in-silico and in-vitro tests confirmed the specificity of primers,
with no off-target amplification detected in Primer-BLAST and testing PCR results (Figure 3). All
three primers also exhibited high sensitivity, as confirmed by qPCR results from positive eDNA
samples. The LOD at 95% confidence was determined to be 701.65 copies per reaction for
Bhb 128 and Bhb NDS5, and 83.69 copies per reaction for Bhb DLP. The LOQ was similarly
established at 701.65 copies per reaction for Bhb_12S and Bhb_NDS5, and 153 copies per reaction
for Bhb_DLP. Based on the testing qPCR results, the detection thresholds (Cq) were set at 41.96
for Bhb 128, 40.38 for Bhb NDS5, and 42.06 for Bhb DLP, ensuring reliable detection of B.
taipingensis eDNA. Although all primer pairs showed good performance, Bhb 12S was selected
for field screening due to its superior performance in LOD/LOQ tests for trace eDNA (<100 copies
per reaction) and a lower likelihood of generating by-products (Figure 4; Table 3)

Table 3. LOQ & LOQ test results for Chinese Bahaba qPCR assay. CT = Cycle Threshold

. . synDNA quantity S CT Mean CT SD
Primer Pair (copies) Detect probability (%) (n=12) (n=12)
10 75 38.65 1.71
102 100 33.97 0.25
103 100 30.46 0.17
Bhb12S 10* 100 26.29 0.49
10° 100 23.04 0.21
10° 100 19.42 0.13
107 100 15.87 0.14
10" 75 39.11 0.73
102 100 35.33 0.41
10° 100 31.66 0.14
BhbND5 10* 100 27.75 0.35
10° 100 24.52 0.15
10° 100 20.86 0.15
107 100 1717 0.15
10" 67 36.83 2.34
102 100 33.36 0.42
10° 100 28.88 0.36
BhbDLP 10* 100 25.53 0.32
10° 100 21.96 0.28
108 100 18.34 0.24
107 100 14.61 0.27
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Primer pair 1

Sequence (53 Length Tm  GC% Self compl H Seff 3
Forward primer  TGTTGAAATACACGTCTGAAGGAGG 25 6102 44.00 400 000
Reverss primer  CTGAGTTCAATTAGTTCGGGGAGA 24 6008 4583 400 0.00

Products on target templates

>NC_018347.1 Bahaba taipingensis mitochondrion, complete genome
120

TGTTGAAATACACGTCTGAAGGAGG 25

CTGAGTTCAATTAGTTCGGGGAGA 24

. 916
Primer pair 1
Sequence (5'>3") Length Tm  GC% Self Self 3*
Forward primer  TACTACCTCACCACTTCTCCAACA 24 60.60 4583 3.00 0.00
Roverse primer  AATCGACTATTTGGGTGGCAATTG 24 60.14 4167 6.00 6.00
Products on target templates
=NC_018347.1 Bahaba taipingensis mitochondrion, complete genome
product length = 114
| primer 1 TACTACCTCACCACTTCTCCAACA 24
13520 B .o 13652
» primer 1 AATCGACTATTTGGGTGGCAATTG 24
Template 13642 ... i, 13610
Primer pair 1
Sequence (5->3) Length Tm GC% Self ¥ Self 3’
Forward primer  TGTCACACATTCATACACCACCAT 24 60.51 4167 500 200
Reverse primer  CTTATGGACGGAACTGTTAGGAGC 24 6097 5000 5.00 200

Products on target templates
>NC_018347 1 Bahaba taipingensis mitochondrion, complete genome

b 120
I TGTCACACATTCATACACCACCAT
9 . 5782
CTTATGGACGGAACTGTTAGGAGC 24
.71 SN oo, 15855
D Consensus TGTTGAAATACACGTCTGAAGGAGGAT TTAGCAGTAAGCAGGAAATAGAGTGTCCCGE TGAA-WTGGCCCTGAAGC GCGEACACACCGCCCGTCACTCTCCCCGAACTAATTGAAC TCAG

Coverage

B. Taipingensis NC_018347.1 ¥
Tissue Positive Control TGTTGAAATACACGTCTGAAGGAGGATTTAGCA@TMGCAGGAAATAGAGTGTC_CCGCTGAA'.TGGCCCTGAAGCGCGCACACACCGCCCGTEACTCTCCCCGAAC_TAATTGAAC TCAG

eDNA Positive Control ~ TGTTGAAATACACGTCTGAAGGAGGAT TTAGCAGTAAGCAGGAAATAGAGTGTCCCGC TGAA -ITGGCCCTGAAGCGCGCACACACCGCCCGTCACTCTCCCCGAAC TAATTGAACTCAG
88 TGTTGAAATACACGTCTGAAGGAGGAT TTAGCAGT AAGCAGGAAATAGBGTGTCCCGC TGAA=TTGGCCCTGAAGC GCGCACACACCGCCCGTCACTCTCCCCGAACTAATTGAACTCAG
816 TGTTGAAATACACGTCTGAAGGAGGAT TTAGCAGTAAGCAGGAAATAGAGTGTCCCGC TGAA=TTGGCCCTGAAGC GCGCACACACCGCCCGTCACTCTCCCCGAAC TAATTGAAC TCAG
821 TGTTGAAATACACGTCTGAAGGAGGAT TTAGCAGTAAGCAGGAAA TAGAGTGTCCCGC TGAA-TTGGCCCTGAAGCGCGCACACACCGCCCGTCACTCTCCCCGAACTAATTGAACTCAG
s22 TGTTGAAATACACGTCTGAAGGAGGATTTAGCAGTAAGCAGGAAATAGAGTGTCCCGCTGAA-TTGGCCCTGAAGCGCGCACACACCGCCCGTCACTCTCCCCGAACTAATTGAACTCAG

Figure 3. In silico and in vitro specificity testing of the three species-specific qQPCR assays for
Bahaba taipingensis. In-silico and in-vitro test result of three selected primers. (A) Bhb12S; (B)
BhbND5; (C) BhbDLP. Template used for each in-vitro PCR test (from #1 to #8 in gel
electrophoresis): B. taipingensis tissue, Nuclease-free water, Larimichthys crocea tissue,
Collichthys lucidus tissue, Johnius belangerii tissue, Pennahia argentata tissue, Nibea albiflora
tissue, and N. squamosa tissue. (D) Multiple alignment result of positive controls and positive
samples (S8, S16, S21, S22 during Sep 2026 survey) with reference sequence of B. taipingensis
from NCBI (Accession number: NC 018347.1).
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Figure 4. Limit of detection & limit of quantification test results of Three developed primer pairs.
Left: amplification plot of the synthetic DNA serial dilution, ranging from 107 to 10! copies per
reaction; right: standard curve of each test, with the generated linear regression; blue arrows
indicate result of qPCR positive control.

Detection of Chinese Bahaba eDNA in study area

To investigate whether B. taipingensis migrates across Hong Kong waters, we collected 414
seawater samples from 23 sites with control waters across western Hong Kong waters in 2025.
During the migration period in 2025, B. taipingensis eDNA was not detected; however,
interestingly, positive signals were identified at four out of the 23 sites (S8, S16, S21, and S22;
Figures 2 & 4) during the September 2025 survey. The number of positive qPCR replicates is
5 replicates (Site 8 with 1/3 reps, Site 16 with 1/3 reps, Site 21 with 2/3 reps, Site 22 with 1/3
reps) with the Cq thresholds of 41.96 (based on LOD test; Table 4). The concentration of B.
taipingensis eDNA in positive reactions ranged from 0.71 to 2.85 copies, with an average of 2.05
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copies (Table 4 & Figure 5), with no amplification in the corresponding site blank and qPCR
negative controls. Apart from passing the Cq threshold and showing negative results in the
field blanks, we also performed gel recovery and Sanger sequencing of the positive samples
to further confirm the species identity of the qPCR products. All S8, S16, S21, and S22
sequences matched B. taipingensis, indicating the presence of eDNA signals at these sites
(Figure 3D).

Table 4. Summary of qPCR results for positive field samples, detailing the number of replicates,
average CT values, and average copy numbers.

Sample No. Positive Reps CT value No. of average copy
R6-S8 1/3 39.94 2.04
R6-S16 1/3 39.99 1.38
R6-S21 2/3 38.93 (average) 2.79 (average)
R6-S22 1/3 40.97 0.72
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Figure 5. qPCR results showing positive sample signals from the Round 6 (September 2025)
survey (indicated by red arrows). Blue arrows denote the qPCR positive control.

The development of species-specific eDNA assays represents an important advancement for
monitoring critically endangered species such as the Chinese Bahaba, particularly when
conventional survey methods are ineffective because of the species' rarity and cryptic behaviour.
Here, we present the first validated qPCR assays targeting the mitochondrial 125, ND5, and D-
loop regions of B. taipingensis, filling a critical methodological gap in the conservation toolkit for
this [IUCN Ceritically Endangered fish.

Developing species-specific primers requires careful selection of target loci and reference
sequences from phylogenetically related species to maximize specificity and minimize off-target
amplification(Tsuji et al., 2017; Hong et al., 2025; Osathanunkul & Suwannapoom, 2025). By
comparing mitochondrial sequences from B. taipingensis and ten co-occurring Sciaenidae species,
we identified primer-probe sets with no significant matches to non-target taxa. Validation using
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both tissue-derived DNA and positive eDNA samples confirmed high specificity and sensitivity,
while tests against closely related Sciaenids showed no cross-amplification. These assays satisfy
level 4 of the eDNA validation framework proposed by Thalinger et al. (2021), incorporating in
silico, in vitro, and preliminary field testing.

Application of the Bhb 128 assay resulted in the first successful detection of B. taipingensis eDNA
from natural seawater samples in Hong Kong. Positive detections were recorded at four sites in
western Hong Kong waters during September 2025, shortly after the release of approximately
1,300 individuals into the Pearl River Estuary in August 2025 (China Report 2025). Tai O (S21),
a historically important fishing ground for the species (Sadovy & Cheung, 2003), exhibited the
highest detection frequency and lowest Cq values. Although all detections occurred at very low
concentrations (0.71-2.85 copies per reaction), low-copy detections are common when monitoring
rare species and should not be dismissed, as they may represent genuine biological signals (Kralik
& Ricchi, 2017; Klymus et al., 2020). The absence of amplification in negative controls and
confirmation of amplicon identity through Sanger sequencing strongly supports the authenticity of
these detections.

Given the severe population decline of B. faipingensis due to overfishing and habitat degradation,
these detections provide novel evidence of potential habitat use in Hong Kong waters and have
direct implications for conservation planning, including marine protected area designation and
evaluation of restocking programs (Robinson et al., 2019; Hong et al., 2025). Species-specific
eDNA monitoring has similarly proven effective for assessing restocking and conservation
outcomes in other endangered species (Osathanunkul & Suwannapoom, 2023).

The extreme rarity of B. taipingensis makes conventional fisheries-dependent surveys largely
impractical. In contrast, eDNA monitoring provides a highly sensitive, non-invasive alternative
capable of generating spatially extensive distribution data with relatively limited effort. Repeated
eDNA surveys also offer a practical framework for long-term monitoring of population
persistence, responses to conservation interventions, and temporal shifts in distribution. Similar
approaches have proven valuable for monitoring other threatened aquatic taxa, including cetaceans
in the Pearl River Estuary and Yangtze sturgeon (Yu et al., 2021; Ushio et al., 2025).

Despite its advantages, eDNA has inherent limitations. Detection probabilities are influenced by
DNA shedding, degradation, and transport processes, and low-copy detections remain vulnerable
to false negatives (Harrison et al., 2019; Ficetola et al., 2016; Sahu et al., 2025). Consequently,
multi-replicate sampling and integration with complementary datasets remain essential. Future
studies should quantify detection probabilities at known occupied and unoccupied sites to achieve
full level 5 operational validation (Thalinger et al., 2021).
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Overall, this study provides the first validated species-specific qPCR assays for detecting B.
taipingensis eDNA and demonstrates their applicability under natural field conditions. Integration
of these assays with broader eDNA metabarcoding approaches could substantially improve
biodiversity monitoring in data-limited coastal systems such as the Pearl River Estuary and
enhance our understanding of habitat use and species associations to better inform future
conservation management (Zou et al., 2020; Ip et al., 2024; Chen et al., 2025).

Task 2. To incorporate eDNA metabarcoding to investigate the whole community associated
with the Chinese Bahaba Methods

Methodology
eDNA Metabarcoding Preparation and Illumina Sequencing

We adopted multiple primer sets for species detection, 12S-V5 (Riaz et al., 2011) and MiFish-U
(Miya et al., 2015) primer assays for the mitochondrial 12S RNA gene were used for marine
vertebrate detection. The forward and reverse primers were indexed with a unique 8-bp index
sequence allowing the cost-effective sequence of multiple amplicons in the same library. PCR
amplification was carried out in 25ul reactions using 1ul of template eDNA, 12.5ul of KOD One
PCR master mix (Toyobo, Japan), 1ul of each forward and reverse primers, and 9.5l of nuclease-
free water. The thermal cycling conditions that were used is as follows: an initial denaturing step
of 98°C for 1min, followed by 40 cycles of denaturation at 98°C for 10s, annealing at Tm (60°C
for 12S-V5, 59°C for MiFish-U) for 5s, extension at 68°C for 5s, and then a final extension at
68°C for Smin. The quality of the PCR product was checked using a 2% agarose gel and purified
using the Zymoclean Gel DNA Recovery Kit (Zymo Research, USA). DNA concentration of the
PCR product was normalized, pooled, and submitted to Novogene (China) for quality control,
library preparation with the DNA PCR-Free Library Prep kit (Illumina, USA), and sequencing on
the Illumina NovaSeq X Plus platform with the paired-end 150-bp (PE150) mode.

Bioinformatics and Taxonomic Annotation

A total 304Gb of raw Illumina sequencing data was obtained (155Gb from 12S-V5, and 149Gb
from MiFish-U) and analyzed using our bioinformatics pipeline using the QIIME2 2024.10.1
pipeline (Bolyen et al., 2019). Demultiplexing of the raw reads was done followed by the primer
removal from the forward and reverse reads using q2-cutadapt. Further quality control was done
on the trimmed reads by denoising the paired-end reads, merging, and removing chimeric
sequences, and identifying the Amplicon Sequence Variants (ASVs) using the q2-dada2 and the
unoise3 algorithm from the Usearch pipeline. The sequences were compared against the GenBank
database using BLASTn 2.16.0 with “perc_identity” of 90% and “evalue” of 1e-30. The resulting
ASVs with <10 reads were discarded to account for false positive reads, and the ASV reads present
in our negative controls were addressed using the subtraction method from (He et al., 2023).
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Finally, the taxonomic occurrence of each taxa was checked against FishBase
(https://www.fishbase.se), SeaLifeBase (https://www.sealifebase.ca), the Hong Kong Biodiversity
Information Hub (https://bih.gov.hk), and the Hong Kong Register of Marine Species
(https://www.marinespecies.org’/hkrms/). The conservation status of detected species was
evaluated using the [IUCN Red List (https://www.iucnredlist.org).

To investigate the ecological associations of Chinese Bahaba, species-specific qPCR detections
were integrated with fish community data from eDNA metabarcoding. Chinese Bahaba detections
obtained from qPCR were incorporated as an additional species within the presence/absence
community matrix where applicable, enabling environmental ordination and co-occurrence
network analyses to examine the environmental conditions and fish assemblages associated with
Bahaba occurrence.

Statistics and Diversity Analysis

Diversity and multivariate analyses were conducted using the R package vegan and the alpha
diversity was calculated using observed species richness and the Shannon index (H’) from
presence-absence matrices via the “diversity” function. The normality and homogeneity of the
Shannon diversity values were assessed for all sites using the Shapiro-Wilk test (o = 0.05) and the
Levene’s test to determine the appropriate use of parametric/non-parametric tests. Effects of
sampling round and sites on alpha diversity were evaluated using the Kruskal Wallis test followed
by post hoc Dunn’s test for pairwise comparisons. We analyzed the spatial-temporal differences in
species composition among our sites, habitats, and sampling round (seasonality) using a Principal
coordinate analysis (PCoA) based on the presence/absence Jaccard coefficient and Analysis of
Similarities (ANOSIM) with the “anosim” function using presence/absence data. Pairwise
community dissimilarities among samples were calculated using the Jaccard dissimilarity index
and hierarchical clustering was subsequently performed using Ward’s minimum variance method
to identify groups of samples with similar species compositions. To visualize patterns of
community similarity, a two-dimensional non-metric multidimensional scaling (NMDS)
ordination was performed using the same Jaccard distance matrix. NMDS was implemented using
the “metaMDS” function in the vegan package. The optimal number of ecological clusters was
determined through silhouette analysis, where the average silhouette widths were calculated across
a range of candidate cluster numbers. The cluster number producing the highest average silhouette
width was selected as the optimal partition of the data. Similarity of percentages (SIMPER)
analysis was conducted to determine which species are driving the differences in fish assemblages
within each sampling site/zone and round. Finally, to determine the optimal number of biological
replicates per sample for vertebrate eDNA detection, species accumulation curves were
constructed using the iNEXT package based on the species presence/absence detection from both
12S-V5 and MiFishU assays.
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To identify environmental and biological associations of Chinese Bahaba, presence—absence
matrices from both metabarcoding assays were merged into a single community matrix, and
replicate-level qPCR detections of Chinese Bahaba were incorporated as an additional species
occurrence record. Environmental variables were filtered for multicollinearity using variance
inflation factor (VIF) analysis, and highly correlated variables (VIF > 10) were iteratively removed
prior to ordination using the “vif” function from the car package. Redundancy analysis (RDA) was
performed using Hellinger-transformed community data and the retained environmental variables.
Site scores from the first two constrained axes were extracted and used to visualize
environmentally structured patterns in fish community composition. To examine patterns of fish
diversity across environmental conditions, species richness values were merged with sample-level
environmental measurements, including water temperature, dissolved oxygen, conductivity, and
pH. Relationships between species richness and environmental gradients were visualized using
scatterplots in ggplot2, to assess whether Bahaba-positive samples occupied distinct regions of
environmental space. A locally weighted scatterplot smoothing (LOESS) regression was fitted to
the data, with 95% confidence intervals displayed as shaded regions to highlight potential non-
linear relationships between environmental variables and species richness.

Weighted Gene Co-occurrence Network Analysis (WGCNA) was adapted to identify groups of
co-occurring fish species and investigate their relationships with Chinese Bahaba detections and
environmental gradients using the WGCNA package. Read count data generated from the 12S-V5
metabarcoding assay were Hellinger transformed using the “decostand” function in the vegan
package prior to network analysis. Hierarchical clustering based on Euclidean distances was
performed to identify potential sample outliers. The scale-free topology criterion was then assessed
using the “pickSoftThreshold” function across candidate soft-thresholding powers ranging from 1
to 20. A soft-thresholding power of = 2 was selected because it provided the highest scale-free
topology fit (R* = 0.72) while maintaining adequate network connectivity. Species co-occurrence
modules were identified using the “blockwiseModules™ function. Network construction used a
signed adjacency network with an unsigned topological overlap matrix (TOM). The modules were
detected using dynamic tree cutting with a minimum module size of five species, a merge cut
height of 0.30, and a “deepSplit” parameter of four. Each module was assigned a unique color
identifier representing groups of species that exhibited similar occurrence patterns across sampling
locations and time periods. Module eigengenes, representing the first principal component of each
module, were calculated and correlated with environmental variables, including temperature,
dissolved oxygen, salinity, pH, sampling round, sampling site, Round 6 occurrence, and Chinese
Bahaba detections. Pearson correlation coefficients and associated p-values were visualized using
module-trait heatmaps. Species importance within modules was then evaluated using intramodular
connectivity (kWithin), module membership (kME), and species significance for Chinese Bahaba
detections. A driver score was calculated as the product of kWithin and species significance,
enabling identification of highly connected taxa whose occurrence patterns most closely tracked
Chinese Bahaba detections. Correlation networks were exported to Cytoscape for visualization of
module structure and putative ecological assemblages.
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Results and Discussion

A total of 96 Illumina libraries from two primer assays (total of 1,104 PCR products) yielded 1.38
billion clean reads (12S-V5: 1,265,350,826; MiFish-U: 114,696,116) after quality filtering and
demultiplexing. Mean read counts per replicate were 1.91 = 0.103 million SEM (12S-V5) and
0.207 + 0.023 million SEM. After denoising, 14,636 ASVs remained for 12S-V5, and 1,268 ASVs
for MiFish-U. Taxonomic annotation further assigned 11,812 12S-V5 and 1,188 MiFish-U ASVs
to marine vertebrates. To evaluate whether sequencing depth was sufficient to capture the full
diversity of each target community, rarefaction curves were generated for observed ASVs as a
function of sequencing depth (Figure 6). For the 12S-V5 assay, the rarefaction curve approached
asymptotes across all samples at ~5 million reads per replicate, respectively.
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Figure 6. Alpha rarefaction of minimum and maximum sequencing depth between samples
generated by the Qiime2 pipeline and visualized using the online Qiime2View website.

Fish community composition reveals high biodiversity and strong spatial-temporal turnover

A total of 266 taxa were detected from the eDNA metabarcoding survey, of which, 44 fish were
identified to the family level, 55 taxa to the genus level (54 fish and one elasmobranch), and 167
to the species level, comprising of 167 vertebrate fish, two marine mammals (Chinese White
Dolphin Sousa chinensis and Finless Porpoise Neophocaena phocaenoides) and one elasmobranch
(Telatrygon zugei) (Table 5). Overall, 9 species detected were listed under the [IUCN Red List of
Threatened species (6 Vulnerable and 3 Endangered: Anguilla japonica, Collia mystus, and Sillago
parvisquamis). Species rarefaction based on replicate-level sampling effort indicates a relatively
low replication size can capture a majority of the local fish eDNA community. Two 1-L replicates
were able to capture 33 species (90% coverage) and 35 species captured at three replicates (95%
coverage) (Figure 7).
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Figure 7. Optimization of eDNA replicate effort for vertebrate detection. Species accumulation
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represents the standard deviation of species captured between replicates across all sites.
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Table 5. Presence/absence table of eDNA-detected species in each sampling round and site.

Round Site
Taxa Species Region Environment “:lc 1 2 3 4 5 6 1 2 3 4 5 6 10 1 12 13 14 15 16 17 18 19 20 21 22 23
,ElasmObranChi Telatrygon zugei gK/SC Demersal VU x x v v x x x x x x x x x x v v x v x x x x x x x x
i
Marine Sousa chinensis HK Pelagic VU v v v v v v x x x x x x x x x v v v x x x v v v v v
Mammal
m:&nﬁm Neophocaena phocaenoides HK Pelagic VU v x x voox x v v v x x x x x x v v v x x x v v v v v
Neopterygii Tylosurus crocodilus gK/SC aRse:of;:iate d x x x x x x x x x x x x x x x x x x x x x x
Neopterygii Arius manillensis SCS Benthopelagic v v v v v v v Y v v v v
Neopterygii Plotosus lineatus HK/SC Reef- . v v v v v v v v v v v v v v v
S associated
Neopterygii Coptodon zillii HK Benthopelagic v v oox x x x v v v v v v x x x x x x x x x x x x x x
Neopterygii Oreochromis aureus HK Benthopelagic v v v v v v |V v v v v Y v v v x x x x x x x x v v
Neopterygii Oreochromis niloticus HK Benthopelagic v v v v v V|V v v v v v x v x x x x x x v x x v v x
Neopterygii Carassius auratus SCS Benthopelagic v o oox v x x x|V Vv v x x x v v v x v x x x x x x x x x
Neopterygii Hypophthalmichthys molitrix SCS Benthopelagic v x o v v x v v v v v v x x x x x v x x x x x x x
. iaponi HK/SC  Reef- v 7 7 7 vlv v v v v v v v v v 7 7 7 7| ¢ ¢ &
Neopterygii Lateolabrax japonicus s associated
Neopterygii Entomacrodus stellifer HK Reef—l x x v x x x x x x x x x x x x x x x x x x v v v x x
associated
Neopterygii Omobranchus fasciolatoceps gK/SC Demersal v v v v v v |V v v v v Y v v v x x x v v v v x v v v
Neopterygii Omobranchus punctatus gK/SC Benthopelagic v x v v v v |V v v v v Y v v v v v v v v v v v v v v
Neopterygii Parablennius yatabei gK/SC Demersal v v v v v v v v v v x v x x v v x x x v
Neopterygii Scartella emarginata SCs Demersal x x x x x v x x x x x x v x x x x x x v
Neopterygii Enneapterygius etheostoma gK/SC Demersal x x x x x x x x x x x x x v x x x x x v x x x x
Neopterygii Alepes vari gK/SC Pelagic-neritic v v v v v v |V v v v v Y v v v v v v v v v v v v v v
Neopterygii Caranx ignobilis gK/SC aRseseof;:iated v x x x x v x x x x x x v v v x X x v v v x X x x x
Neopterygii Decapterus maruadsi HK/SC Reef—, x v v v x x x x x x x x x x x x x x v v v v x v v v
S associated
Neopterygii Megalaspis cordyla gK/SC aR:seof;;iated v x x x x x x x x x x x v v v x x x x x x x x x x x
Neopterygii Pelates quadrilineatus gKISC :sesecj_ciate d x x x x x v x x x x x x x x x x x x x v v x x x x x
Neopterygii Rhynchopelates oxyrhynchus gK/SC Benthopelagic v x v x x x x x x v x v x x x x x x v v v x x x x x
Neopterygii Terapon jarbua gK’SC Demersal x x v v v v|x x x v v v x x x v v v v v v v v v ok x
i HK/SC Reef- v v v v v v|v v v v v v z ¢ v < ¢ 7 < v 7 ¢ |7 ¢
Neopterygii Drepane punctata s associated
Neopterygii Ambassis buruensis gK/SC Demersal v v v v v v |V v v v v Y v v v v v v v v v v v v v v
ii HK/sC v v v v v v v v v v v
Neopterygii Scatophagus argus s Demersal
Neopterygii Nibea mitsukurii SCs Benthopelagic x x x v v v v v v v v
Neopterygii Pennahia argentata gK/SC Benthopelagic x x oY v ox x v v v v x x x x x x v
Neopterygii Siganus canaliculatus HKk/sC Reef—, v v v v v v x x x v v v v v v v v v x x v v v v v x
S associated
Neopterygii Siganus doliatus sCs Reef- v v v v v vi|lv v v v v v v v v v v v v v v v v v v v
associated
Neopterygii Sillago aeolus gK/SC Demersal voox v v Y| x x x x x x v v v v v v v v v x x x x
Neopterygii Sillago parvisquamis SCS Demersal EN x x x x x x x x x x x x x x x x x x x x v v
Neopterygii Sillago sihama HKk/sC Reef-. 7 7 v v v\|\lv v v v ¢ ¢ v v v v v v v ¢ 7 ¢ v
S associated
Neopterygii Sphyraena pinguis gK/SC Pelagic-neritic x x x x x x x x x x x x x x x x x x x x x
Neopterygii Gerres decacanthus SCS Benthopelagic v v v viv v v v v Y v v v v v v v v v v
Neopterygii Butis butis SCS Demersal x vooox v v Y| v v v x x x x x x x x x v v x x x x x
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Figure 8. Stacked bar plot of the top 20 abundant families from each sampling site detected (A)
and top 15 abundant species detected (B) based on the read counts from 12S-V5 metabarcoding
assay.

The detected species primarily belonged to families Dorosomatidae, Mugilidae, Engraulidae,
Ambassidae, and Sparidae with the fish top species based on read abundance (12S-V5) being
Sardinella hualiensis, Sardinella zunasi, Mugil cephalus, Nematalosa japonica, and Ambassis
buruensis which contributed to almost 70% of fish reads (Figure 8 Aand 8B). Numerous additional
species contributed relatively small proportions of total read abundance, indicating that the fish
assemblage consisted of a small number of highly abundant taxa together with a large component
of less abundant species. Shannon diversity was strongly structured by sampling round (Kruskal-
Wallis, x*5) = 105.87 , p = <0.001), with the post-hoc Dunn’s test revealing significant shifts in
diversity between most sampling rounds. Spatially, species community structure also varied
significantly (Kruskal-Wallis, x%5) = 35.0, p =<0.05). NMDS and PCoA ordination revealed strong
temporal and spatial separation in community structure (Figure 9C). Separation was the most
pronounced between sampling rounds, with wet and dry-season sampling rounds clustering
distinctly along the PCoA axis (Figure 10). Similarly, species community structure is well-
separated from Deep Bay and Lantau Sites, clusters of Deep Bay sites can be seen on the right-
side of the first PCoA axis with Deep Bay sites clustering distinctly from those in North Airport,
East—South Airport, and West Lantau, ANOSIM confirmed highly significant differences between
sampling rounds (R = 0.304, p<0.001) and sampling sites (R =0.295, p<0.001) (Table 6). SIMPER
analysis reveals that similar species contributed to the variation in sampling sites/zones and
sampling rounds. The differences in fish assemblages were mainly driven by the highly abundant
Dorosomatidae species Sardinella hualiensis, Sardinella zunasi, and Nematalosa japonica (Table
7) with several overlapping species among sampling site/zones (Figure 9D). Collectively, these
findings demonstrate that fish assemblages in western Hong Kong are characterized by spatial-
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temporal turnover. The significant separation among sampling rounds and geographic regions
indicates that fish communities are dynamic, emphasizing the importance of repeated seasonal
sampling for accurately characterizing biodiversity and identifying suitable habitats for rare
species such as Chinese Bahaba.
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Figure 9. (A) Map of sampling sites and marine zones separating the sampling sites in the western
waters of Hong Kong, the triangle points represent sites where Chinese Bahaba was detected. (B)
Shannon diversity box plots created based on the sampling round and sites. (C) Principal
Coordinate Analysis (PCoA) and Non-metric Multidimensional Scaling (NMDS) plots based on
the presence/absence of species detected by metabarcoding, showing the spatial structure of
species presence in relation to the colored marine zones. (D) Venn diagram of overlapping species
detected in Deep Bay (DB), North Airport (NA), East/South Airport (ESA), and West Lantau sites
(WL).
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Figure 10. PCoA of fish assemblage based on the eDNA metabarcoding presence/absence from
12S-V5 and MiFish-U assays.
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Table 6. Statistics of (A) comparison between Shannon diversity indices using Kruskal-Wallis test
and (B) species composition between each round and site.

Test Variable Statistic p
20y =
Kruskal - Wallis Rgund X’(5) =105.87 <0.001
Site X’(22) =35.0  <0.05
B ANOSIM Rpund R =0.304 <0.001
Site R =0.295 <0.001

Table 7. SIMPER analysis results of the fish assemblages based on the read count of 12S-V5
assay , the top five significant species contributing the most to the dissimilarity between each
sampling site/zone and rounds.

Comparison Species Contribution_pct Cumulative_pct
Sardinella hualiensis 26.96 32.12
Mugil cephalus 14.14 48.97
Deep Bay - EastSouth Airport Ambassis buruensis 5.54 55.57
Scatophagus argus 0.77 90.44
Oreochromis aureus 0.64 91.20
Mugil cephalus 15.19 40.44
Konosirus punctatus 6.36 59.71
Deep Bay - North Airport Arius manillensis 3.29 73.66
Omobranchus fasciolatoceps 1.47 81.81
Thryssa hamiltonii 0.92 86.68
Mugil cephalus 12.92 29.86
Nematalosa japonica 7.55 50.06
Deep Bay - West Lantau Thrissina chefuensis 2.89 64.71
Sousa chinensis 2.19 70.23
llisha elongata 2.08 75.02
Nematalosa japonica 7.39 49.52
Thrissina chefuensis 2.61 66.25
EastSouth Airport - West Lantau Sousa chinensis 212 68.90
llisha elongata 1.73 78.06
Nibea mitsukurii 0.95 87.33
Sardinella hualiensis 27.95 35.83
North Airport - EastSouth Airport Thryssa dussumieri 0.65 91.28
Drepane punctata 0.44 94.41
Sardinella zunasi 11.88 38.18
Nematalosa japonica 8.15 48.29
North Airport - West Lantau Konosirus punctatus 7.36 57.41
Arius manillensis 3.19 61.36
Thrissina chefuensis 2.70 64.71
Nematalosa japonica 11.43 26.97
Konosirus punctatus 9.35 37.97
R1-R2 Acanthopagrus latus 3.89 56.33
Thrissina chefuensis 3.34 60.25
Siganus doliatus 3.06 63.85
Sardinella zunasi 14.55 16.73
Konosirus punctatus 9.79 39.75
R1-R3 Encrasicholina heteroloba 4.20 59.99
Siganus doliatus 3.30 63.79
Gerres decacanthus 2.83 67.04
Sardinella hualiensis 28.32 33.28
Konosirus punctatus 7.62 42.24
R1-R4 Encrasicholina heteroloba 3.26 65.73
Lateolabrax japonicus 0.69 88.48
Neophocaena phocaenoides 0.40 95.18
Sardinella hualiensis 36.99 41.68
Acentrogobius viridipunctatus 0.05 99.37
R1-R5 Sardinella aurita 0.01 99.90
Sphyraena pinguis 0.01 99.96
Lutjanus fulviflamma 0.00 100.00
Konosirus punctatus 9.30 28.41
Encrasicholina heteroloba 3.73 51.72
R1-R6 Arius manillensis 3.53 55.93
Siganus doliatus 2.92 59.41
llisha melastoma 2.39 65.53
Mugil cephalus 13.73 14.95
R2-R3 Nematalosa japonica 13.35 29.49
Sardinella zunasi 11.22 41.71
Konosirus punctatus 6.89 57.42
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Acanthopagrus latus 4.21 67.85
Nematalosa japonica 10.76 38.13
Acanthopagrus latus 3.62 71.94
R2-R4 Thrissina chefuensis 3.22 75.52
Nibea mitsukurii 1.06 87.33
Ostorhinchus kiensis 0.06 99.35
R2-R5 Sardinella hualiensis 32.34 35.94
Nematalosa japonica 12.73 14.29
Mugil cephalus 12.44 28.26
R2-R6 Ambassis buruensis 6.75 48.63
Acanthopagrus latus 4.15 60.78
Thrissina chefuensis 3.57 64.79
Sardinella hualiensis 33.48 44.27
Sardinella zunasi 12.60 60.92
R3 - R4 llisha elongata 1.58 78.31
Glossogobius olivaceus 0.45 91.65
Pennahia argentata 0.18 96.38
Sardinella hualiensis 41.96 50.40
Sardinella zunasi 12.34 65.21
R3-R5 Tylosurus crocodilus 0.27 95.74
Epinephelus lanceolatus 0.11 97.91
Favonigobius gymnauchen 0.09 98.48
Sardinella zunasi 16.22 20.93
Arius manillensis 3.28 60.32
R3 - R6 llisha melastoma 2.96 64.14
Plotosus lineatus 2.25 67.04
Gerres decacanthus 224 69.93
R4 -R5 Sardiqella hualiensis ) 30.30 46.22
Oxyurichthys auchenolepis 0.00 100.00
Sardinella hualiensis 28.57 40.14
llisha melastoma 2.18 71.15
R4 - R6 llisha elongata 2.00 73.96
Plotosus lineatus 1.67 78.82
Thryssa dussumieri 1.24 82.56
Sardinella hualiensis 38.30 47.00
Sardinella zunasi 11.47 61.07
R5 - R6 llisha melastoma 1.36 83.50
Tylosurus crocodilus 0.26 96.05
Epinephelus lanceolatus 0.09 98.11

Environmental gradients structure fish communities and are associated with Chinese

Bahaba occurrence

There were four environmental variables remaining (Dissolved Oxygen, Salinity, Temperature,
and pH) after VIF removal. Redundancy analysis (RDA) demonstrated that environmental
gradients explained a small proportion of variation in fish community composition (Figure 11A).
The first constrained axis accounted for 6.1% of constrained variation, whereas the second axis
explained 4.5%. Environmental vectors indicated that increased dissolved oxygen, conductivity,
salinity, and pH are the primary drivers of drivers between the community differences in Deep Bay
sites versus the open waters of Lantau sites. Sampling sites where Chinese Bahaba was detected
were associated with the positive end of dbRDA1 and were associated with relatively higher

temperatures.
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Figure 11. (A) Redundancy Analysis (RDA) ordination of site fish assemblages constrained by
environmental variables after VIF removal: Temperature (Temp), Dissolved Oxygen (DO),
Salinity (Sal), Conductivity (Cond), and pH. Points represent sampling sites colored according to
ecological cluster identified by k-means clustering. Sites where Chinese Bahaba was detected are
colored in red. The environmental vectors indicate the direction and relative strength of
environmental gradients influencing the species community composition. (B) Relationships
between species richness and environmental variables across all sampling rounds/sites. The black
line represents locally weighted regression smoothers while red points indicate samples where
Chinese Bahaba was detected.

Relationships between species richness and environmental variables were non-linear (Figure
11B). Species richness showed weak positive relationships with dissolved oxygen and salinity,
whereas lower richness is observed at higher pH values. Apparent clusters can be seen at different
temperature ranges which show the seasonal variation during sampling, with richness peaking
~29°C. Samples where Chinese Bahaba was detected occurred across a range of environmental
conditions but tended to be associated with moderate-higher species richness values, meaning their
occurrence is tied to a broader ecological community. Although the measured environmental
variables explained only a proportion of the overall variation in community composition, they
revealed clear ecological gradients influencing fish assemblages across western Hong Kong. The
association of Chinese Bahaba-positive samples with warmer conditions and relatively species-
rich communities suggests that the species may occupy habitats supporting diverse fish
assemblages rather than occurring independently of broader community structure. Chinese Bahaba
uses estuarine and shallow coastal habitats, and adults aggregate in estuaries to spawn before
moving to deeper waters afterward, which indicates that the species already shows seasonal
movement between habitat zones (Wang et al., 2009). Its feeding habits also vary seasonally, with
shrimp, crustaceans, and small fishes as major prey, so temporal shifts in estuarine food webs could
plausibly influence when Bahaba is present in western Hong Kong (Wang et al., 2009). September
(Round 6) detections under warmer conditions could therefore reflect an occupancy window
related to post-spawning movement, foraging, or use of prey-rich estuarine habitat, rather than a
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simple preference for high temperature alone. Species-specific presence data can be integrated
with seasonal environmental measurements and assemblage composition to build more explicit
habitat models, especially because sciaenid distributions in Chinese coastal waters are already
known to respond strongly to dissolved oxygen, salinity, and sea surface temperature (Yang et al.,
2023). Climate-related projections for Sciaenidae further indicate that suitable habitat can shift
substantially over time and that some areas may become refuges while others contract (Yang et al.,
2023). For a rare estuarine Sciaenid such as Chinese Bahaba, this means that repeated eDNA
monitoring could be used not only to document occurrence, but also to detect long-term changes
in the environmental niche space associated with occupancy. These findings indicate that
environmental conditions alone are unlikely to determine Chinese Bahaba occurrence, and that
habitat suitability is more likely governed by interactions between environmental gradients and
the composition of local fish communities and that long term monitoring is required.

Weighted species co-occurrence network analysis identifies two ecologically distinct fish
assemblages are associated with Chinese Bahaba occurrence

Weighted Gene Co-occurrence Network Analysis (WGCNA) identified seven modules of co-
occurring fish species, comprising the blue, brown, green, red, turquoise, yellow, and grey modules
(Figure 12A). Scale-free topology analysis indicated that a soft-thresholding power of B = 2
provided the highest scale-free topology fit (R*? = 0.72) while maintaining adequate network
connectivity (Figure 12B). Module eigengene analyses revealed significant relationships between
species co-occurrence modules and environmental variables (Figure 12C). Among all modules,
the red and yellow modules exhibited the strongest positive associations with Chinese Bahaba
detections. The red module showed positive correlations with Bahaba occurrence, sampling round,
and Round 6 occurrence, while displaying negative slight relationships with dissolved oxygen and
pH. Similarly, the yellow module demonstrated positive associations with Bahaba detections and
Round 6 and weaker relationships with environmental variables. The turquoise module exhibited
comparatively weak relationships with Bahaba detections but showed stronger correlations with
environmental gradients, particularly dissolved oxygen and salinity, suggesting that this module
primarily represented environmentally structured assemblages rather than species associated with
Chinese Bahaba occurrence. Hierarchical clustering of module eigengenes demonstrated that
modules differed substantially in their species occurrence patterns (Figure 12D). Modules with
similar eigengene profiles clustered together, indicating partially shared ecological responses
among groups of species. Mean module significance analyses further supported the importance of
the red and yellow modules, which displayed the highest average species-level correlations with
Chinese Bahaba detections (Figure 12E). The species co-occurrence network revealed clear
modular organization of fish assemblages (Figure 12F). Several modules formed highly connected
clusters containing numerous positive co-occurrence relationships, whereas other modules
contained relatively few species and exhibited sparse connectivity. The network structure indicates
that fish communities within western Hong Kong waters are composed of recurrent species

32



assemblages that have similar occurrence patterns across sampling locations and periods. Unlike
traditional community analyses that primarily describe differences in species composition,
WGCNA identified groups of species that consistently co-occurred across sampling locations and
seasons, providing insight into the underlying ecological organization of the fish community. The
associations between the red and yellow modules and Chinese Bahaba detections suggest that
Bahaba occurrence is linked to distinct ecological assemblages rather than individual species
alone.
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Figure 12. Weighted Gene Co-occurrence Network Analysis (WGCNA) of fish assemblages
detected by 12S-V5 metabarcoding. (A) Hierarchical clustering of fish species based on
topological overlap matrix (TOM) dissimilarities, with colored bars indicating module
assignments identified by dynamic tree cutting. (B) Selection of the soft-thresholding power
showing scale-free topology fit and mean network connectivity; a power of = 2 was selected.
(C) Module—trait relationships showing correlations between module eigengenes and Chinese
Bahaba detections, sampling variables, and environmental parameters. Values represent Pearson
correlation coefficients with associated p-values in parentheses. (D) Hierarchical clustering of
module eigengenes illustrating similarities among co-occurrence modules. (E) Mean Bahaba
association of module, calculated as the average absolute species-level correlation with Chinese
Bahaba detections. (F) Species co-occurrence network showing fish species (nodes) and positive
pairwise correlations (edges), with node colors representing WGCNA module assignments. The
larger nodes indicate their correlation with Bahaba occurrence (higher correlation = larger node),
edges represent positive pairwise Pearson correlations, with edge width proportional to correlation
strength.

Because the red and yellow modules exhibited the strongest associations with Chinese Bahaba
detections, these modules were examined in greater detail (Figure 13A & 13B). Relative
abundance analyses demonstrated that the two modules differed substantially in taxonomic
composition. The red module was strongly dominated by Ambassis buruensis, which accounted
for approximately 80% of total module read abundance. Additional taxa, including Plotosus
lineatus and Omobranchus punctatus, contributed considerably smaller proportions of total
abundance. At the family level, Ambassidae and Gobiidae represented the dominant taxonomic
groups within this module. In contrast, the yellow module was dominated by Sardinella hualiensis,
which accounted for approximately 85% of total read abundance. Other species, including Arius
manillensis, llisha elongata and several gobiid fishes, contributed relatively minor proportions of
total abundance. Family-level analyses similarly showed strong dominance by Sciaenidae,
followed by Engraulidae and Gobiidae. The two Bahaba-associated modules exhibited little
taxonomic overlap. No species were shared between the red and yellow modules, and only a single
family was common to both modules (Figure 13C). Furthermore, Shannon diversity differed
significantly between modules, with the yellow module exhibiting significantly greater species
diversity than the red module (p < 0.001). Collectively, these results indicate that Chinese Bahaba
detections are associated with at least two distinct co-occurring assemblages that differ in species
composition, family composition, and diversity characteristics. The separation between the red and
yellow modules suggests that Chinese Bahaba may be associated multiple ecological assemblages
within western Hong Kong waters rather than being associated with a single characteristic fish
community. Although both modules were positively associated with Bahaba detections, they
differed substantially in dominant taxa, family composition, and diversity, indicating that they may
represent different habitat types or seasonal community states occupied by the species. The
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identification of characteristic taxa within these modules provides a valuable ecological baseline
and highlights potential indicator species that could be incorporated into future monitoring
programs to identify habitats with a greater likelihood of supporting Chinese Bahaba. However,
these species should not be interpreted as having direct biological interactions with Chinese
Bahaba. Instead, their co-occurrence likely reflects shared environmental preferences or habitat
requirements, making them potential ecological indicators of conditions favorable for Chinese
Bahaba occurrence. The red and yellow WGCNA modules show two distinct fish assemblages that
tend to co-occur with Chinese Bahaba, rather than as evidence that Bahaba is linked to one specific
companion species or direct species interactions which is consistent with what is known about
Chinese Bahaba habitat use. Chinese Bahaba occupies a broad estuarine—coastal habitat gradient,
including open seas, shallow seas, subtidal beds, rocky shores, and estuaries, and its documented
range extends from the Yangtze River southwards to Hong Kong (Wang et al., 2009), therefore, it
is possible that Bahaba detections would align with more than one recurring community
configuration rather than one fixed fish assemblage. The two Bahaba-associated modules with
different dominant species suggests that Bahaba may use multiple suitable habitat states within
western Hong Kong waters. Because the modules differ in composition, the key ecological signal
is more likely the overall assemblage context than the identity of the single most abundant taxon
in each module. The dominant species contributing roughly 80-85% of relative abundance to these
modules indicate a strong compositional skew, but such dominance should not be assumed to
identify the ecological driver of Bahaba occurrence. In rare coastal fishes, eDNA-based module
dominance can reflect a mixture of true biomass, schooling behavior, habitat concentration, and
signal-generation processes, so the dominant taxon is better treated as a marker of assemblage
identity than as proof of a direct ecological association. This is especially important for Chinese
Bahaba because its detections are likely to reflect transient use of favorable habitat windows rather
than stable residence within a narrowly bounded species cluster (Wang et al., 2009; Sadovy &
Cheung, 2003).
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Figure 13. Relative abundance bar plots of species (A) and families (B) from significant module
correlation from WGCNA analysis based off 12S-V5 reads. (C) Venn diagram of the species and
family overlap between the two significant Bahaba-correlated modules and Shannon diversity of

species from each module.
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5. Other project progress
(1) Dr. Ip (PI) and the project’s RA have been invited to participate in the following five
conference/talk events:

1.

“I1E DNA SES@#FE T Academic Seminar and the First “Water Ecosystem

Integrity” Academic Conference, to be held August 28-31, 2025, in Kunming, Yunnan.
Symposium on Biodiversity Conservation at Nanjing University, and the conference
“Sustainable Utilization of Fish in the Belt and Road Initiative” at Northwest Normal
University on September 27-28, 2025.

The 13th National Conference on Environmental Chemistry, to be held November 28—
December 2, 2025, at Wuyi University, Jiangmen, Guangdong.

The 3rd International Conference on Biodiversity, Ecology, and Conservation of Marine
Ecosystems (19-23 August 2025), Hong Kong SAR, China.

(2) The project prepared an article in Wen Wei Po (II) on 2026-04-15, titled “}Z1% DNA #&R4E
M N Bz R R (sEEIFED).

(3) In addition, two manuscripts related to environmental DNA have been submitted:

“Tracing the 'Panda of the Sea': Species-Specific QPCR Assays for eDNA Monitoring of
Critically Endangered Bahaba taipingensis in the Pearl River Estuary”
Status: reviewed and rejected; currently revising and preparing for resubmission to
Ecological Indicators.

“Life in the Turbid Zone: Environmental DNA Uncovers Hidden Biodiversity and Fishery
Values  of  Mangrove  Habitats in  Urbanized  Subtropical  Estuary”
Status: under review.

Both submissions acknowledge MEEF2024012 and MEEF2024012A.
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Q%K.

NANJING UNIVERSITY

Invitation Letter

Dear Dr. Jack CH Ip,
Affiliation: Lingnan University

We are writing to cordially invite you to participate in the seminar entitled Marine and Coastal
Environmental DNA (eDNA), which will be held by Nanjing University from 28 to 31 August 2025.
This seminar is part of our ongoing efforts to advance interdisciplinary research in marine and
coastal biomonitoring and ecosystem integrity assessment, particularly through the use of novel
technologies such as eDNA.

You are invited to share your recent research and academic insights in the field of marine and
coastal eDNA. We believe your contribution will be of great value to the seminar and will foster
fruitful academic exchange and collaboration.

Please kindly note that international airfare and accommodation will be self-arranged by the
participant. An expert consultation fee will be provided in recognition of your academic
contribution.

We would be most grateful if you could accept this invitation. Should you have any questions
regarding the seminar or travel arrangements, please feel free to contact us at any time.

Thank you in advance for your kind consideration.
Yours sincerely,

fo T, AT

Dr. Yan Zhang Prof. Dr. Xiaowei Zhang

School of the Environment, Nanjing  School of the Environment, Nanjing
University, Nanjing, Jiangsu Province, University, Nanjing, Jiangsu Province,
210023, China 210023, China
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The 3" International Conference on
Biodiversity, Ecology and Conservation

of Marine Ecosystems 2025

Conference Programme
19-23 August 2025

City University of Hong Kong

Hong Kong SAR, China

3rd International Conference on Biodiversity, Ecolog

7, and Conservation of Marine Ecosystems

022 Marine Thomas 042 Zhongyue Wan 065 Song Ge
The Nature Conservancy, Hong Kong, The University of Hong Kong, China Zhejiang University, China
Chi
14:40 na Autonomous Reef Monitoring Mapping the Global Carbon
Getting to Scale - Gaps for Restoring | Structures (ARMS) Reveal Human- Emissions of Marine Sectors
30 x 30 of Hong Kong's Reef Induced Biodiversity Shifts in Urban
Ecosystems Coastal Ecosystems
Panel Discussion 043 Leong Mei Kei Mikael 066 Syakirah Azmey
Turning 30x30 into Reality: The University of Saint Joseph, Macau Universiti Brunei Darussalam, Brunei
Role of Sci
15:00 ofe OF Saience Exploring Biodiversity in Macao's Genetic Connectivity of Pterobdella
Moderator: Urban Wetland Ecosystems through | Arugamensis in The Indo-West Pacific
Ander Cornish e-DNA Analysis Region: Dispersal and Biosecurity
Implication
Speakers: 044 Yuzhuo Liao 067 Tajra Smajic
Jim Chu (Assistant Director, . . . . . . i
Agriculture Fisheries and Lingnan University, China The Chinese Umg.::sxty of Hong Kong,
. ina
15:20 Conservation Department of the Development of Species-Specific
- HKSAR Government, China) Primer assays for eDNA Monitoring Preserving the Area for Future
of the Critically Endangered Chinese | Generations - The Legal Obligation
Brendan Godley (Professor, Exeter Bahaba (Bahaba taipingensis) to Protect the Common Heritage of
University, UK) Mankind
045 Hong Zhou 068 Jiajia Lin
Kenneth Leung (Chair Professor,
City University of Hong Kong, Ocean University of China Shanghai Ocean University, China
. China) Constructing A Regional DNA Mainstreaming Biodiversity in
15:40 5 g g ty
. Barcode Reference Library of Fishery Sector: China’s Practice
Lydia Pang (Head of Oceans Polychaetes from the Coastal Waters
Conservation, WWF-HK, China) of China
16:00 Tea Break (Outside Joseph Lee Hall, 3/F, LI)
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(v) Evaluation of the project effectiveness in achieving the proposed objectives as well as the
impact (benefits) of the Project

The project successfully achieved all of its proposed objectives and demonstrated the effectiveness
of integrating species-specific eDNA detection with community-level eDNA metabarcoding for
the conservation of the Critically Endangered Chinese Bahaba. For Objective 1 (Task 1), species-
specific qPCR assays targeting three mitochondrial regions (12S, ND5 and D-loop) were
successfully designed, validated, and applied to environmental samples, providing the first
validated molecular tools for non-invasive monitoring of this species. The field application of the
developed assays resulted in the first successful detections of Chinese Bahaba eDNA in western
Hong Kong waters in September 2025, providing important baseline information on its
contemporary occurrence and potential habitat use.

In Objective 2 (Task 2), large-scale eDNA metabarcoding generated a comprehensive assessment
of fish biodiversity, detecting 266 vertebrate taxa and demonstrating substantial spatial and
seasonal variation in fish community composition. By integrating species-specific qPCR
detections with community-level metabarcoding data, the project was able to investigate not only
the occurrence of Chinese Bahaba but also the environmental conditions and fish assemblages
associated with its detection. Chinese Bahaba was detected only during Round 6 (Sep 2025) and
occurred within relatively species-rich communities associated with warmer environmental
conditions, suggesting a pronounced seasonal occurrence and potential links to migration,
reproductive behavior, or periods of increased habitat use. Environmental ordination and
ecological network analyses identified distinct fish assemblages associated with Chinese Bahaba
occurrence and highlighted several potential indicator species that may assist future monitoring
efforts.

This study demonstrates that species-specific qQPCR and community-level eDNA metabarcoding
provide complementary information. While qPCR allows for the highly sensitive detection of rare
species, metabarcoding simultaneously informs us about the surrounding fish community.
Integrating these approaches allowed the ecological context of Chinese Bahaba detections to be
investigated, providing insights into associated fish assemblages and environmental conditions
that would not have been possible using either method independently.

Overall, the project has significantly improved our understanding of Chinese Bahaba ecology
within western Hong Kong waters while establishing a robust and transferable eDNA monitoring
framework for threatened marine fishes. The findings provide valuable baseline information and
eDNA approach for future biodiversity monitoring, evaluation of restocking programs,
identification of priority conservation habitats, and long-term management of fish communities
within Hong Kong and the Pearl River Estuary.
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(vi) Summary and Way Forward

Overall, all planned project activities were successfully completed within the proposed timeframe.
The project successfully developed and validated the first species-specific qPCR assays for
Chinese Bahaba, completed six rounds of seasonal eDNA sampling, generated comprehensive fish
biodiversity datasets using dual-primer metabarcoding, and completed the associated
bioinformatic, ecological, and statistical analyses which provide a comprehensive eDNA-based
assessments of fish biodiversity and Chinese Bahaba ecology conducted in western Hong Kong
waters.

The integration of species-specific gPCR detections with community-level eDNA metabarcoding
allowed the investigation of the environmental conditions and fish assemblages associated with
Chinese Bahaba occurrence. Multivariate analyses and weighted species co-occurrence network
analyses identified environmentally structured fish assemblages and several potential indicator
species associated with Chinese Bahaba, providing ecological insights that would not have been
possible using targeted qPCR or metabarcoding alone. Although these ecological relationships are
based on a limited number of Chinese Bahaba detections and should therefore be considered
preliminary, they provide a foundation for future studies on habitat use and species associations.

The datasets, analytical workflows, DNA reference sequences, and validated molecular protocols
generated during this project establish an important baseline for future conservation monitoring in
Hong Kong and the Pearl River Estuary. Future work should focus on long-term and multi-year
monitoring to determine whether the observed associations with higher temperatures,
environmental gradients, and co-occurring fish assemblages remain consistent across years.
Expanding surveys throughout the Pearl River Estuary and adjacent coastal waters would improve
understanding of migration patterns and habitat connectivity, while repeated monitoring before
and after future restocking programs could provide a sensitive, non-invasive method for evaluating
conservation effectiveness. Future studies should also validate the identified indicator species and
ecological assemblages using larger datasets, develop predictive habitat models by integrating
environmental variables with eDNA observations, and further investigate the ecological
mechanisms that drive Chinese Bahaba occurrence. This study establishes a framework for
monitoring Chinese Bahaba and other threatened marine fishes and supporting evidence-based
conservation planning, fisheries management, and biodiversity monitoring throughout the region.
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