Environmental DNA Metabarcoding Reveals Highly Diverse
Vertebrate and Crustacean Communities in Hong Kong Waters
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* Genome Evolution and Adaptation
* Aquatic Biodiversity via Climate Change
* Sustainable Aquaculture
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Research Areas
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Hong Kong - an urbanized subtropical estuary & &35 i 4 B9 F #0500

* Recognizing the importance of ikt L
marine conservation, HK .

o e~

government has implemented a
number of management measures, e
such as 9 marine protected areas e Fok

(since 1996), restoration, trawling Seemn
Marine Park

ban (Dec 31, 2012), and regulator
monitoring.
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Biomonitoring and limitation in estuary Ecosystem ;o] [ 4 75 & 4 i 4 9 15 0| 5 BR &1

Biomonitoring aquatic organisms in estuaries 1s challenging due to their complex
environmental conditions (e.g., salinity and turbidity) and diverse habitats.

Traditional surveys like trawling and gillnetting have negative effects on fishery
resources and ecosystems.

Non-destructive sampling methods like underwater visual censuses and echo
sounder surveys have limitations in data quality and habitats.

These conventional surveys are
cost and labor intensive.
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Environmental DNA

* A new method called environmental DNA (eDNA) metabarcoding has
revolutionized the way we monitor fish and other aquatic communities.

 Instead of physically capturing organisms, this method collects and analyzes
DNA left behind by organisms 1n the water.

* e¢DNA metabarcoding allows for comprehensive biomonitoring without causing
harm or disturbing the ecosystem.
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Comparison of eDNA and convectional surveys

- -

Traditional method
== Trawling
Environmental DNA
@ Water sampling

In 2022, Bottom trawling in Southern waters

New Territories

EPD monitoring
A station

eDNA sampling A LNe.

e 8 trawl sites (start and end) Sy

« 2-L seawater x 2 replicates

« Target taxa: marine vertebrates (12S-
V5, MiFish-U, Berry-Fish), and
crustacean (MiDeca)

22°|24’N

Hong Kong ¢
Island

22°I12’N

LCF project, HKSAR 2022-2025; SKLMP project 2022-2024



Comparison of eDNA and convectional surveys @ BB

Comparison between trawling and eDNA methods

« Workload for trawling: Eight researchers and experts for sampling on the boat and
subsequent laboratory works, taking > two months to process.

« Trawling captured a total of 236 taxa from 8 trawl sites

1 3 elasmobranchs

A 250 238 B Marine mammal
D 106 bOIly ﬁSheS I Elasmobranchii
3 85 crustaceans 200 M Neopterygi

B Stomatopoda
Decapoda
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Comparison of eDNA and convectional surveys @ AR

Comparison between trawling and eDNA methods

« Workload for eDNA: One researcher for sampling on the boat and subsequent
laboratory works, taking ~one month to process.

« e¢DNA identified a total of 311 taxa from trawl sites
J 1 marine mammal

d 6 elasmobranchs A 250 938 B Marine mammal
' Elasmobranchii
J 238 bony fishes - B Neoptoryaii

B Stomatopoda
Decapoda

[ 66 crustaceans

A
N
o

* Primer performances
1 12S-V5 detected more vertebrates
1 BerryFish (16S) more specific on
bony fishes
] Muti-assays enhance the detection
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Comparison of eDNA and convectional surveys oDNA

Trawling (Trawl)

Comparison between trawling and eDNA methods

Fish community
* Trawling: 109 taxa, 102 species from 39
families Family

« ¢DNA: 238 taxa, 210 species from 67 families

 eDNA data covered most of the family (35/39)
and genera (61/69) detected in trawling B

« e¢DNA detected higher diversity and more fish

per sample Genus

In 2024, western waters surveys
Bottom trawling captured 85 fish species
eDNA approach detected 162 fish species

Number of taxon per trawl
(0]
o

o

Trawling  eDNA Species



Comparison of eDNA and convectional surveys

eDNA as a sustainable tool for monitoring rare and threatened species

* Trawling captured three threatened species: two Vulnerable elasmobranchs
(Gymnura japonica and Telatrygon zugei), Endangered Threadfin Porgy (Evynnis
cardinalis).

« ¢DNA identified nine threatened species, including one marine mammals V.
phocaenoides, two elasmobranchs, and Critically Endangered Larimichthys crocea,
and Endangered E. cardinalis.

Large yellow croaker

ORIGINAL ARTICLE (3 OpenAccess (@ ® & &

Hong Kong
Island

Bottom Trawling and Multi-Marker eDNA Metabarcoding
Surveys Reveal Highly Diverse Vertebrate and Crustacean
Communities: A Case Study in an Urbanized Subtropical
Estuary
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Ongoing Biodiversity Projects

Southern & Western Waters

1. LNG-MCEF: Mangrove habitat eEDNA & .
2. MEEF: Chinese Bahaba eDNA ‘;ﬁ%  Biogiversity Map
3. ECF: SLMP’s AR & habitat restoration d

Eastern Waters
4. GRF — Coral-Zooxanthellae health
5. ECS — Coral and coral reef eDNA

Hong Kong Coastline
6. ECF: Intertidal biodiversity & connectivity

Fishery Enhancement
7. LNG-FEF: Upcycling fruit waste as adductive
aquafeed

wwf.org.hk/marinemap



Ongoing projects -eDNA surveys

Monitoring Artificial reef communities in South Lantau Marine Park

* Monitoring the species communities' changes before i
and after the deployment of AR in SLMP
* Evaluate the AR performance using eDNA and

convectional approaches | 1% ..
? . iR, -
* Detected over 150 fish species and two marine oA
mammals in premonitoring surveys —
A i Sousa chinensis B er
N ka925% _Neophocaena phocaenoides T N— ot
#0.04% Annelida
Yo 1775
IUCN Red List of Threatened fish Bryozoa
Sillago parvisquamis 6.20% Arthropoda
Epinephelus bruneus
Scomberomorus commerson
Acanthopagrus sivicolus
99.71% M Marine mammal
M Elasmobranchii
¥ Neopterygii
Cnidaria
ECF, HKSAR pl‘Oj ect 2024_2026 Percentage number indicates abundance of eDNA reads

PI: Dr. Jack Chi-Ho Ip (LU), Co-I: Prof. Jian-wen Qiu (HKBU)



Ongoing projects -eDNA surveys

Monitoring mangrove communities using eDNA and gill netting surveys

Survey the biodiversity of fish and crustaceans oS omenenal e R
1n mangrove habitat

Conventional surveys captured 626 individuals
from 76 species

Submitted for sequencing

- —
— = Leiognathidae M Paralichthyidae

I Plotosidae Bl Platycephalidae
- Engraulidae Sillaginidae
- B Mugilidae Soleidae

B Tetrarogidae B Cynoglossidae
Belonidae I Drepaneidae
I Sparidae I Gerreidae

~
(4]

Ariidae B Gymnuridae
Il Siganidae % Muraenesocidae
B Sciaenidae Callionymidae

N
a

I Scatophagidae Ml Carangidae
Pristigasteridae | Terapontidae
Apogonidae Tetraodontidae

Relative Abundance (%)

0

1 2 3 4

Conventional - Crustacean

100 - Portunidae
Penaeidae
I Squillidae

I Palaemonidae

~
(%))

Varunidae
I Macrophthalmidae
B Grapsidae
Ocypodidae
Calappidae

N
[$)]

Relative Abundance (%)

0

LNG-MCEF project 2024-2025 12 3 4
PI: Dr. Jack Chi-Ho Ip (LU), Co-I: Prof. Jian-wen Qiu (HKBU), Dr. Meng Yan (SKLMP)




Ongoing projects -eDNA surveys

Monitoring Chinese bahaba = & #4 in Hong Kong western waters

Conduct eDNA surveys using a species-
specific gPCR approach to trace any
Chinese Bahaba in western Hong Kong
waters.
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MEEF, HKSAR project 2024-2026
PI: Dr. Jack Chi-Ho Ip (LU), Co-I: Dr. Junjie Wang (SCNU)
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Ongoing projects -eDNA surveys

Monitoring coral communities using eDNA and SCUBA

 Enhance scleractinian DNA reference database
* developing new scleractinian-specific primers

* Assess the performance of eDNA method by comparing

eDNA results with visual data

* establish a comprehensive baseline of spatial and temporal
variation 1n scleractinian assemblages in 33 reef check sites

A
100%

80%
60%

40%

Lnssite filtering

ECS, UGC, HKSAR project 2025-2027
PI: Dr. Jack Chi-Ho Ip (LU)

® Anthozoa
Calcarea

m Hydrozoa

® Demospongiae

m Staurozoa

® Other

ITS2
col
128
165

Acropora digitifera
Acropora glauca

Acropora pruinosa
Acropora solitaryensis
Acropora valida
Alveopora gigas
Leptoseris mycetoseroides
Montipara hoffmeisteri
Montipora mollis
Montipora peltiformis
Mantipora turgescens
Montipora turtlensis
Montipora venosa

Pavona decussata
Stylocoeniella guentheri
Turbinaria frondens
Duncanopsammia peltata
Turbinaria reniformis
Galaxea astreata
Galaxea fascicularis
Lithaphyllon undulatum
Acanthastrea echinata
Acanthastrea hemprichii
Acanthastrea minuta
Acanthastrea subechinata
Echinophyllia aspera
Micromussa amakusensis
Micromussa lordhawensis
Coelastrea aspera
Cyphastrea chalcidicum
Cyphastrea japonica
Cyphastrea microphthalma
Cyphastrea serailia
ipsastraea amicorum
ipsastraea danai
psastraea favus
ipsastraea helianthoides
psastraea lizardensis
psastraea maritima
psastraea matthaii
psastraea pallida
ipsastraea rolumana
Speciosa
veroni

elejeje]elejeisivie]e]

® Tubastraea Poritidae

Porites Tubastraea

Pavona Fungia
Platygyra Plesiastrea
Favites Herpolitha
Goniopora Echinophyllia
Dip Diadumene

Visual data

Oulastrea

Coral12S data

W Pavona W Herpolitha

® Goniopora m Echinophyllia

W Porites M Diadumene
Platygyra W Oulastrea

m Dipsastraea Fungiidae

[y -
Bowa
EGEE

Favites abdita

| | Favites acuticollis
(|| Favites chinensis
| | | Favites complanata

| Favites flexuosa
| [ ] | Favites magnistellata
Favites micropentagonus
| 1 | | Favites paraflexuosus
Favites pentagona
1| | Goniastrea favulus
Hydnophora exesa
| 1 | | Paragoniastrea australensis

|| Platygyra acuta

Platygyra carnosa
Platygyra ryukyuensis
Platygyra verweyi
Platygyra yaeyamaensis
Astrea curta
Oulastrea crispata
Plesiastrea versipora
Bernardpora stutchburyi
Goniopora columna
Goniopora djiboutiensis
Goniopora lobata
Goniopora planulata
| T 1 ] | Porites aranetai
T I || Porites deformis
Porites lobata
Porites lutea

| | Porites solida
| | | Psammocora haimiana
Psammocora nierstraszi
Psammocora profundacella
| | | | Psammocora superficialis
| 1| Leptastrea pruinosa

| | Leptastrea purpurea

U Bl 1] Leptastrea transversa
Pseudosiderastrea tayamai

W Favites Plesiastreidae
W Fungia m Agariciidae
B Plesiastrea m Oulastreidae
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