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Fig.1 Map of eDNA water sampling sites in the Kuroshio—Oyashio confluence region of the Northwest Pacific Ocean
from June to August 2022
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Fig.2 Result of OTU division and classification taxon identification of fish in the Kuroshio—Oyashio confluence
region of the Northwest Pacific Ocean
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F1 ETDNAREFBEAEALXRFEFFEP-FETIIXEHERHEENEEGHBER
Tab.1 Fish detection in sections and databases in the Kuroshio—Oyashio confluence region of the Northwest Pacific
Ocean based on eDNA macro barcode technology

# ] HIXF=E ¥ Relative abundance/% Hdi PE Database
Family Species KE KOCR (0 MotiFish ~ NCBI
HUEFL Chimaeridae SALRERAT Chimaera phantasma - 0.013 0.009 N
% F} Carcharhinidae KA % Prionace glauca - 0.003 0.028 N N
JFE i 8 Congridae S REE 8 Conger myriaster 0.091 - - N
ISR} Muraenesocidae 38% Muraenesox cinereus 0.093 0.123 0.006 N
TR Bathylagidae KEBEVRUHE Bathylagus pacificus 0.252 0.616 2.120 N N
KA i 10 R Notosudidae W& EC 5 7 100 Scopelosaurus harryi 0.006 0.131 - N
WL R} Belonidae BT i AUEL €01 Ablennes hians 0.023 0.003 0.002 N N
##F Hemiramphidae H 2 Nk fh. Hyporhamphus sajori 1.716 0.002 - N
i B Polynemidae T8 Dl Polydactylus plebeius 0.010 0.003 - N
iR} Clupeidae H AUFHE Nematalosa japonica 3.863 0.534 0.048 N
FEABIYD T 48 Sardinops melanostictus 3.003 6.785 4.945 N N
R} Engraulidae H 7K 6% Engraulis japonicus 0.085 0.003 - N N
44 R Nemipteridae T R HE B Parascolopsis inermis 0.054 1.355 0.002 N
5L Gadidae el Gadus chalcogrammus 0.346 0.230 0.509 N
KRRl Macrouridae W FRJE WIS Coelorinchus hubbsi 0.001 0.001 - N
KA Apogonidae 5% R Jaydia lineata 0.003 0.110 0.004 N
B Mugilidae 1% Planiliza haematocheilus 0.002 0.089 - N
£ Rk Myctophidae J5ICUT AT £4 Bolinichthys distofax 2.036 0.018 - J N
I IS AA T €1 Ceratoscopelus warmingii 0.633 6.138 0.246 N N
% [ AAT 44 Ceratoscopelus townsendi - 0.002 - N N
FEL5AT 58 6 Myctophum asperum 0.412 - - N
SHINEAT f4 Diaphus kuroshio 1.369 1.903 0.011 J N
ENEX] 4 Diaphus gigas 0.299 - - J
HHIELT €2 Diaphus subtilis 0.008 - - J J
RS RELLT €4 Electrona risso 0.014 0.001 - N
HAT 10 )8 Hygophum sp. 0.198 0.003 0.246 N N
3 BT 41 Hygophum reinhardtii 0.026 - - N N
¥ AT 11 Lampadena yaquinae 0.125 0.294 0.272 N
IRGKT 5 10 Myctophum nitidulum 2224 0.010 - N N
H ATS 4T 11 Notoscopelus japonicus 0.176 15.625 2.397 N N
i FEW AT 14, Stenobrachius nannochir 71313 43670 73.440 N
H B KT £ Stenobrachius leucopsarus 0.008 0.012 0.018 N
KAREFAT 8 Symbolophorus californiensis 0.004 0.124 0.370 N N
B2 [CHRAT # Symbolophorus evermanni 0.167 0.031 0.067 N N
NP Hexagrammidae  BESk/NZE 1 Hexagrammos agrammus 1.639 2.020 3.933 N
A} Sebastidae U437 Bl Sebastes baramenuke 0.213 0.189 0.018 N N
iRl Triglidae WRLREE A Chelidonichthys spinosus 0.112 0.190 0.007 N
HREEE] Pholidae BB Z 8} Pholis crassispina - 0.001 0.135 N
UAR Zoarcidae H A W43 85 Lycenchelys remissaria 0.003 - - N
fi# 5} Pleuronectidae B Platichthys stellatus - 0.088 0.020 N
H A Pleuronectes quadrituberculatus 0.001 0.214 1.093 N
ik Salmonidae KR 18 Oncorhynchus keta 0.006 0.041 0.031 N N
1%} Bramidae H A %) Brama japonica - - 0.022 N N
5%} Scombridae G Auxis thazard 0.003 0.028 2.264 N N
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916 ISR G NI 3%
-
L HFh Xt =EJF Relative abundance/% B Database
Family Species KE KOCR oY MotiFish ~ NCBI
H 74 Scomberja ponicus 1.329 2.185 2.033 N N
TIN5 Scomber australasicus - 0.010 0.004 N N
A7 AR} Trichiuridae H AA4 1 Trichiurus japonicus - 0.001 0.290 N N
it Rl Gonostomatidae P56 Gonostoma atlanticum 2.256 17.143 0.585 N
1 2B} Syngnathidae I FQ UG e Syngnathus schlegeli - - 0.028 N J
fifi B} Tetraodontidae FEBEE Rl Lagocephalus spadiceus 0.323 - - N
Bl 15 224815 Takifugu poecilonotus 5.562 0.055 4.797 N
1L Total 100.000 100.000  100.000 41Fp 34 Fi
T~ R AE T I A W B3 0002 5 V23 1% £ 270 B P v A S DL I
Notes: — indicates that the fish has not been detected in the section; J indicates that the fish is matched in the database.
100 m R ST
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90 mGEDG
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S u HAELT 0
& 80 .
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3 miC RS T
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£g % w2
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E 2 4 LS )
2 Scomber japonicus
g [ A
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g R NELT £
Ko} Diaphus kuroshio
=2 =3l
Other
10
0 N VD o oh oo 9 » > 5 40
FIEIEEEEE S S EEF VTP
CEEEEEE
¥ 45 Station
B3 BREMASMBELEWFEAR
Fig.3 Composition of dominant fish species at each sampling station
2.2 BRYMBIEYE PR 189 53 A A 35t A By 5 AR BRI 342

H W i s i 2 T R, BT A 3l TR R
BB H I, R BB i R A8 EAT
KYF R T (K 4) o S REAR I ST,
Alpha ZHEPEUNFR 2 i/, F & B 710, Chaol 45
M 30.20~76.50, Observed species FEC K 25.00~
49.00, W # (1) A2 bk F—F; ZFE 7T , Shannon
F5%00 0.36~2.93, Simpson 14 0.066 9~0.786 3,
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Simpson 1 R i 1) P 0 234 KE3 #1 KES, fit
IR A9 3k 150 OY 35 Pielou’s evenness $5 £ 4% S ¢ 1H
i 5 KE3 245 B ey , i s OY 3 B i
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Fig.4 Sparse curve of species alpha diversity index at different sampling stations in the Kuroshio—Oyashio
confluence region of the Northwest Pacific Ocean

®2 AXFFEEBH-FHZICXEXEYFEIFEEL Alpha B
Tab.2 Alpha diversity index of relative abundance of fish species in the Kuroshio—Oyashio confluence
region of the Northwest Pacific Ocean

FEA S PRSI Chaotips  TRMERIE ey SO
Sample TD Observed species index Chaol index A Simpson index Pielou’s evenness

Shannon index index
KE1 30.00 36.00 1.08 0.266 8 0.3172
KE2 32.00 45.20 2.16 0.741 8 0.623 2
KE3 26.00 35.00 293 0.760 4 0.899 2
KE4 33.00 38.63 2.00 0.508 4 0.5713
KES5 49.00 56.33 291 0.786 3 0.748 7
KE6 34.00 49.00 0.66 0.1829 0.186 5
KE7 33.00 37.20 2.49 0.724 8 0.712 1
KE8 32.00 34.00 1.39 0.5426 0.4017
KE9 32.00 36.00 1.29 0.444 0 0.3723
KOCR1 26.00 30.20 1.65 0.502 2 0.506 5
KOCR2 31.00 76.50 1.82 0.593 1 0.530 5
KOCR3 42.00 53.00 0.51 0.109 2 0.1356
KOCR4 37.00 46.17 1.32 0.5509 0.366 0
KOCRS5 43.00 50.86 1.53 0.5579 0.406 3
KOCR6 34.00 47.75 1.50 0.394 3 0.4247
KOCR7 46.00 57.38 1.77 0.609 6 0.4617
oY1 34.00 38.67 0.62 0.1991 0.176 0
0oY2 27.00 34.00 2.23 0.6570 0.6753
0Y3 34.00 40.00 0.36 0.069 9 0.1017
oY4 25.00 32.00 1.59 0.589 8 0.493 6
0Y5 31.00 37.00 1.73 0.4929 0.504 8
0Y6 30.00 37.00 2.55 0.714 0 0.750 2
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Fig. 5 Petal map of OTU shared by different sampling stations and sections in the Kuroshio—Oyashio confluence
region of the Northwest Pacific Ocean
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Fikit
Expression
I H A 24 Brama japonica 4.48 KE
WELCIE e Syngnathus schlegeli ' KOCR
FEBENE Nk Lagocephalus spadiceus 0 oY
ATt 8 Hygophum sp. CBM:ZF: 14740
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o ] A Bl 111 7 A
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oY2
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KE4
KE2
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KE9
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oY5
KE3
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H AR5 A0 Hyporhamphus sajori
SEBE)IE Platichthys stellatus
BEsk N Al Hexagrammos agrammus
H A Scomber japonicus

HAREES Chimaera phantasma
FIKMEAD Oncorhynchus keta

B8 Gadus chalcogrammus
KVFERIHE Bathylagus pacificus
HNEEE Pleuronectes quadrituberculatus
MU 2837 Pholis crassispina

JmAEEE Auxis thazard

H AN 11 Trichiurus japonicus

W EAELT . Lampadena yaquinae
FEAIAYD T 10 Sardinops melanostictus
ICHAIT 1 Ceratoscopelus townsendi
TSI 10 Ceratoscopelus warmingii
feily RIEBLES Parascolopsis inermis
% Planiliza haematocheilus

K%, Prionace glauca

KARARET 11 Symbolophorus californiensis
W68 Muraenesox cinereus

NS Scomber australasicus
Vgt Gonostoma atlanticum

H AT LT i Notoscopelus japonicus
WRICHRIT . Symbolophorus evermanni
HAE Engraulis japonicus

B HELT 1 Diaphus gigas

YNHELT 6 Diaphus subtilis

SELCOHAT M Hygophum reinhardtii
MRS 4. Diaphus kuroshio

W RS Scopelosaurus harryi

H ARG AR5 Lycenchelys remissaria

R Jd GVE £, Ablennes hians

H A% Nematalosa japonica

TR D8R Polydactylus plebeius
R LT 0 Electrona risso

R EE-ill Sebastes baramenuke

Yo B KT 1 Stenobrachius nanochir
MUK 8 0 Myctophum asperum
INYGET R Myctophum nitidulum

WA ECIEWIES Coelorinchus hubbsi
BEETE NS Conger myriaster

FH BT 1 Stenobrachius leucopsarus
JkeR gL Chelidonichthys spinosus
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Different color codes represent the expression of different species in different samples, and from green to brown, the abundance in corresponding
samples gradually decreases.
6 FIXTFFERH-FPRTICXEEYMAERHRE
Fig. 6 Heat map of fish species composition in the Kuroshio—Oyashio confluence
region of the Northwest Pacific Ocean detected by eDNA
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Tab.3 Environmental factor parameters of each site in RDA analysis
i i i I s e o
Staion Temperature/°C Conductivity/ Dissolved pH Turbidity/NTU Salinity Chlorophyll-a/
(S/em) oxygen/(mg/L) (mg/L)
KE1 18.49 4.56 79.90 7.93 0.47 34.29 0.68
KE2 27.15 5.31 70.72 7.53 0.35 33.39 0.26
KE3 15.94 4.02 77.79 7.79 0.48 31.82 1.23
KE4 26.59 4.35 77.30 7.92 0.35 27.20 0.57
KES 16.36 4.27 79.28 8.44 0.51 33.61 1.81
KE6 14.98 4.18 83.28 7.97 0.50 34.00 1.73
KE7 20.43 4.64 80.53 8.08 0.42 33.41 0.32
KE8 15.58 2.65 79.49 10.04 0.52 21.01 3.16
KE9 20.13 1.69 81.18 7.61 0.35 11.08 0.35
KOCR1 17.41 1.47 72.86 6.50 0.49 10.43 0.90
KOCR2 16.17 4.33 79.21 6.94 0.46 34.27 1.03
KOCR3 9.11 0.85 88.46 6.94 0.62 7.36 2.78
KOCR4 18.88 4.60 73.81 8.66 0.48 34.31 0.34
KOCR5 22.57 4.80 72.18 6.47 0.37 32.99 0.24
KOCR6 20.98 4.75 74.34 7.81 0.38 33.90 0.29
KOCR7 15.47 4.20 68.45 7.98 0.49 33.77 1.98
oY1 15.74 4.14 69.46 8.06 0.47 32.99 0.75
0Y2 20.71 2.04 80.04 791 0.34 13.69 0.30
0Y3 15.08 2.02 72.86 7.39 0.48 16.14 1.19
0Y4 13.54 2.87 63.18 9.19 0.48 23.02 1.55
0Y5 21.05 2.39 71.31 6.90 0.40 16.92 0.43
0Y6 18.56 4.19 77.05 10.00 0.40 31.24 0.45
®4 RDASHHERFERTFHERRE
Tab.4 Importance of each environmental factor in RDA analysis
B75: SRR S il R DUHREE thF gt B E AR
Name Explains/% Contribution/% Pseudo—F P

Y1 % Dissolved oxygen 8.1 22.1 1.8 0.004™
M4t % a Chlorophyll-a 5.2 14.4 1.1 0.276
pH 4.8 13.1 1.1 0.368
U Turbidity 4.7 12.9 1.0 0.380
% Temperature 4.9 13.3 1.1 0.332
+h B Salinity 3.8 10.5 0.8 0.742
1§ Conductivity 5.0 13.6 1.1 0.386

TE 4 P<0.01, 225 3

Notes: **.P<0.01,the difference is extremely significant.
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Fig. 7 Redundancy analysis of fish community structure and environmental factors in the Kuroshio—Oyashio
confluence region of the Northwest Pacific Ocean
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Fish diversity analysis of the Kuroshio—Oyashio confluence region in
summer based on environmental DNA technology

LIANG Xuhong', WANG Congcong"***, LIU Yang"****, YU Yewei"’, SONG Chenghui'

(1. College of Marine Living Resource Sciences and Management , Shanghai Ocean University , Shanghai 201306, China ;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China;
3. National Distant-water Fisheries Engineering Research Center, Shanghai 201306, China; 4. Key Laboratory of Sustainable
Utilization of Oceanic Fisheries, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 5. Marine Biomedical
Science and Technology Innovation Platform of Lin-gang Special Area, Shanghai 201306, China)

Abstract: The Kuroshio-Oyashio confluence region of the Northwest Pacific Ocean is one of the most
productive fishing areas, which is rich of fish resources. In order to understand the biodiversity of fish
communities in the confluence region and to protect and exploit fishery resources properly, we used
environmental DNA  (eDNA) to analyze the fish diversity in the Kurishio-Oyashio confluence region during
the summer. A total of 51 species of marine fishes (22 orders, 30 families and 44 genera) were detected
among 22 water sampling stations using high-throughput sequencing analysis. The Myctophidae family was the
richest in species, comprising 33. 33% of the detected fish species. In addition, the primary species with
higher relative abundance were Stenobrachius nannochir, Gonostoma atlanticum, Notoscopelus japonicus,
Sardinops melanostictus, Takifugu poecilonotus, Ceratoscopelus warmingii, Hexagrammos agrammus,
Scomber japonicus, Nematalosa japonica and Diaphus kuroshio. The alpha diversity among stations was
obviously different, and there were higher biodiversity in low-latitude sections than that of high-latitude
sections. Redundancy analysis showed that the content of dissolved oxygen was the main environment factor
impacting the fish species composition. The results indicated that eDNA can be a useful method for monitoring
fish diversity and spatial distribution in the Kuroshio-Oyashio confluence region.

Key words: environmental DNA ; Kuroshio-Oyashio confluence region; fish; biodiversity
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