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RES, 2N, I, ZXH, KE, BRE
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ANE, B, FEE RSP B EHE B (Clupeiformes) . #12 H (Perciformes), HARX) FEF &1 G5 8] MaZs Y Fh
FEAY 92.5% 0 TERTAT a2, Gl Vg ek e S5 v B TR 58 18 1Y BEEE (Konosirus punctatus) F BB (Acanthopagrus
schlegelii)fE 3 i DNA A2 )P 5 FE R K, 20l GBI AR EEM 45.85%M 17.69%, HIKER 4R KM
(Tridentiger barbatus)MALE (Lateolabrax japonicus), JLANT 1T 5 3= B 5 a3k Py b 9 U5 2 4 A fb i B A8 L, 5%
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DNA A 75 i R 36 3 0 24 Z2 AP 9F 52 v 9 102
AR, DA B 20K A 25 R SR S5 D BE A B,
HHNRGHIT RGN E SRR E S BE
TARRAE S

1 #MEETE

1.1 IMEHERRE

SEE BT AT IR R o 2019 AREIUEE T
W4 1L HE T 157 (29°307237N, 121°35'10"E) 3T 114 s
IKFE S o AR 2 A A A T 3 R v A TR e B
5ARES, BRMEAEN 3 km 224D
AP R AE 8 i 500 mL H R E/KFE(RE B
RZY 5 m), SMUELFERTI KW T B AT T
PR AL B, I FH 2K B AL 7K (ddHL0) VR Sy BF A
M, FIHER 47 mm. fL12 0.45 um MRS FRET 4
FRUBME T DER AR B K AL, KB E T 2.0 mL /Y
T B P IR T UK R . BE i B2 T KR
friaf B LR EE, REBFEAY DNA H2EUL
&AL KA H S UL B E T &L DNA $2HL,
Bl 1EANIE DNA (975 5, I IR BRI 38 545
VES8 R B B 50 e g TAE & ittt . s
&L DNA 28 0.8%3 IR A58 M FL VR, 2R FH 4%
Shr et BT i, BRI T-20 CHH .
ASRAE S FEHLEE R 4 ASFE S AT 20 MFEEH T
e i AT
1.2 HWEEFK B 15 llumina Miseq 518 £
)z

fii FH E B 938 549 MiFish-U-F: 5'-GTC
GGTAAAACTCGTGCCAGC-3'Hil MiFish-U-R: 5'-
CATAGTGGGGTATCTAATCCCAGTTTG-3""" Xif
FEdh 12S tDNA X417 PCR 973, ¥ 5 Bk
JEZ) 370 bp, PCR MR 25 pL &R, Hrp
£ 5 5xZE WK 4 pL, dNTPs (2.5 mmol/L) 2 pL,
ERBIH(5 umol/L)%& 0.5 uL, Q5 miffH Tag M
(NEB, Jti0) 0.5 pL 11 DNA #i#z 10 ng, PCR
J¥4: 94 CTRASME 10 min, 94 C7Z5PE 30, 55 C
Bk 30 s, 72 CHEMH 45 s, fig)q 72 CHEAd
10 min, XM EFRECH 30, PCR ¥ 4™ W2 2%
Byl N A 5 fls el K A I A 4k (AXYGEN) J&, 1E
[llumina Miseq )37 F {5 (Illumina, &) k1T

X3 0 I
1.3 HEBSH

TALEE St A e, 3 U8 2 BR AR B A Y
75 345 24 S8 E . 50 QUIME AR Pf 432
JF 51 5 25 R 454 43 95 50T (operational  taxonomic
unit, OTU), 315 OTU {URJF%]. {LFEME OTU J¥
12 Nt ZFEHAT YRR b, Baa 2
WS T S K A AR W A3 A A7 BN B i B At T N T
ReXHIEFsh AR E B I8 QIIME
AR ER) OTU #EATHi L, iAo 26
TRV 1) ) b B0 T 5 B, TH SRR T 5
AEXT R

2 HBRE5HH

2.1 OTU XA 5HEMALTE

AR T WG 20 ik . 2 ug A PF A A 3,
JLARTS 26477 A~ OUT, %18 97%ARMIMER K514
#) 2247 AR OTU J751 ., 1B 1 AUy e
5 1) £ 2 W B 45 5% 1t 28 (rarefaction curve), A
AL DL e DA R AR A Z AR, R DU TR 2
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Fig. 1 Rarefaction curve of the observed fish
species in Xiangshan Bay
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Fig. 2 Statistics of OTU division and classification status identification in Xiangshan Bay
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FE2ztil T 5 FEARIA OTU 1 Venn K, 541
i G FIREA OTU L@l an &l 3 s o B KA,
5 ANHURE 5. (groups  1~5)3E45 OTU At i Fe il 4% &
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Fig.3 Venn diagram for shared OTUs in different groups of
sea water samples in Xiangshan Bay
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22 BEYFAER

Lo B FE USRI TR IR, EAE 20 47K
FEa e i 26 AN ISR UL A S Y F,
KB T 4R 68 4. 49 (Actinopterygii) iy 7 1 H . 1bAb,
JAR A b A 10 FhAE S LS A =F b
BUH AR o A i E A 2 Ah R i AT 2 Y
OTU FpEFEEXT 7 A HIK V-1 4325050 K F)
WNEFT R, Hrh #EIE B (Clupeiformes) #l 1 JE
H (Perciformes) /7 b f &, H K Z6TE H (Mugi-
liformes) A1 2 fifi H (Anguilliformes), T #3 £ H
(Acipenseriformes) . il Z 1 H (Aulopiformes) il fif
JE H (Pleuronectiformes) %5 It 7 Eb il 5% /N, K 4 i
7N THE7K eDNA FEAKS H i) f0 288 A W AR X =F B T
20 753 2 BT SO BR 3 255 G, AT B S
ot YA AR SASERE . AT L, F
PPN H R 8EE B R B, HAR FE &1
FEFEEN 92.5%, i H A 1R & (Acanthopa-
grus). ZHUFFE )R (Tridentiger) . 1688 (Lateola-
brax) & (Konosirus) HARX £ EE# &= 1 )& o

22 1A T F IS DNA Z 8 AR A 0 =
FEHT 15 A7 S E WA, o5 SR X Y
94.19%. TEFTKSE BB IY) T, OTU A& H iR
I 5 B L 2R AL TR LR (Konosirus punctatus) . S
i (Acanthopagrus schlegelii) F1 &¢ 4% YT F& £ (Tri-
entiger barbatus), JL P HAET AR,
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A: H &3] Chordata
B: ffE 4 Actinopterygii
C: 57 H Perciformes

D: Ji 5%} Moronidae

E: 1E85)8 Lateolabrax

F: A fBF} Sciaenidae

G: Wtk J& Johnius

H: ##} Sparidae

I: J)E Acanthopagrus

J: 453} Scombridae

K: D858 Scomberomorus
L: #F 2R} Gobiidae

M: TR 448 Tridentiger
N: #37% H Acipenseriformes
O: #38} Acipenseridae

P: #J& Acipenser

Q: #J% H Clupeiformes

R: #ER} Clupeidae

S: BEf2J&® Konosirus

T. )& Engraulidae

B4 SRl Kk i 28 A W 19 S PR o0 26 45

TR TTEN & 09 T A 73 A0, HR/NXRET% 53 2 BATT I PSR 2 B2 5 5B s S A 2 BE AT 20 7 1970 J$ 3T

Fig. 4 General classification tree of fish species in Xiangshan Bay

F1 EIERULBEKGEIFE DNA B HORE B X YFMSEIT

All taxa were shown as nodes. Node sizes are proportional to the average relative abundance of the taxa.
Classification of the top 20 taxa are marked with letters.

Tab. 1 Statistics of dominant fishes species in Xiangshan Bay identified from eDNA analysis

e R H k402 AHXS 3 /% Hh BT /%
no. species identified order level classification ngcuerr:éz%li:f occ1r1;:nce

1 BEES Konosirus punctatus i 7% H Clupeiformes 45.85 100

2 R Acanthopagrus schlegelii #fiJ¥ H Perciformes 17.69 95

3 BRI pE At Tridentiger barbatus #fiJ¥ H Perciformes 8.63 100

4 A8 Lateolabrax japonicus 4] H Perciformes 4.96 75

5 W5 S Scomberomorus niphonius i H Perciformes 434 60

6 W Thryssa vitrirostris i} H Clupeiformes 3.05 25

7 /NEEAD Larimichthys polyactis i H Perciformes 2.59 60

8 hAEMHE /NS f Stolephorus chinensis #:J¥ H Clupeiformes 2.31 30

9 WSk Mg AL Collichthys lucidus 1) H Perciformes 2.23 60

10 i Mugil cephalus 7 H Mugiliformes 1.71 85

11 S G i Johnius belangerii #57 H Perciformes 1.27 20

12 W#. Liza carinatus fif§ 7% H Mugiliformes 2.54 80

13 fi Miichthys miiuy % H Perciformes 0.75 15

14 Wi Nibea albiflora fiif H Perciformes 0.49 10

15 X GR AR R A Tridentiger bifasciatus fi#i} H Perciformes 0.36 20
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23 BEZHESW

2 Fron o Rt SRS ARRT FRERY o 24
PHE%0., HoA, Chaol #REULFEIN 8.00~676.72,
ACE 887 Bl Jy 8.46~674.16, PIMNTE 5 #a 3
FA—F; Simpson fEEGEFEIN 0.20~0.88, Shan-
non FEEGEE N 1.15~5.20, B /il IEA

&2

XL o £ T IAS B fa 2 YT o Z2AE T8 4L
S, b 6 SR 10 SHE M AR &N
Simpson 8 5 F1 Shannon F84L, 1] 10 5 F1 14 5 H
A Chaol F5%UFI ACE 4641,

FIIH R A 22 11 3 F & KT 19 2 2l A E]
(Bl 5). GnE R, AR JE 4 Fh i 240 e AE £5 A i

FEKBELXYFENEER o ZHEEH

Tab. 2 Alpha diversity indexes of fish species abundance in Xiangshan Bay

EaE R o ZHAEE R

sample code  Simpson Chaol ACE Shannon

TR o SRR

sample code  Simpson Chaol ACE Shannon

0.197513
0.754795

172.33 172.15 1.15

74.89 78.25 3.56
0.54438 288.03 306.06 2.34
0.759257 210.75 215.89 3.53
0.59349 8 8.46 1.89
0.884896 283.89 288.71 4.62
0.798877 42.5 51.11 3.44
0.811573 47.5 50.65 3.34
0.576144 342.5 354.2 2.52
0.879524 676.72 674.16 5.2

O 00 N O L A W N =

—_
(=]

11 0.70479 442 449.42 3.68
12 0.735027 502.5 510.35 3.98
13 0.773273 385.45 392.79 3.33
14 0.838737 560.15 571.7 4.16
15 0.835236 336.75 338.89 3.95
16 0.735005 42391 438.63 3.46
17 0.732839 13 12.71 2.3
18 0.710177 338.67 342.93 3.37
19 0.738731 30.5 37.5 2.81
20 0.583667 44 44 1.77

WY T )& Sardinops

#3)8 Solea 5
PEfEfE Konosirus

#2)& Engraulis 0
#5J8 Scomber

s /NA 4 JE Stolephorus M —»
L858 Lateolabrax

fiftJ® Miichthys —4
Y ik fa J& Johnius

#3)& Acipenser

o3kt g Harpadon

48 Larimichthys

¥gE )R Collichthys

IR Mugil

/N T 4 )& Sardinella

YWUR AR Tridentiger

% & Liza

W58 /8 Muraenesox

L85 & Scomberomorus
HIita )8 Nibea

HI&H/E Acanthopagrus

BB Thryssa

& Coilia
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Fig. 5 Heat map of fish species composition based on genus level
Samples are shown horizontally, and taxa are arranged vertically. Colors from red to green indicate
that the genus abundance in the corresponding samples decreases gradually.
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(B AFAE 25 57 o o, el 5 0 2 R 8 4 X6 3= B Fn 43
A W0 R e iy, 100 88 R (Muraenesox) . T i £ &
(Johnius) F 51 & (Solea) & 11 43 A AR 5L AL, Hot
5 o ZRPERREEE R —30
3 iig
3.1 ET eDNA SRENFHIKLEEHER
ARy

G LS S W VLV TR ML DX g — 2P P R K
RIS, 2RI AEIMEZXBAES RGN
I () = 3 AN WG K, AR 25 (RS W Im B, 1 vl
BEUE e R ST AR R B g i AR 2
PR A N TSR3 08 it T 2 T Bl 2 5 52 A i
Bly, ABH: v 5 U5 A 1) 5 R0 22 R MK TR BE Y )
BARIHE . 7R 50N, PR L i )
FHETR L5 H TN Z FE MR AN e o A2 AWK A2 4 it
FRISARE, 38 AT AR 2248 37 22 (0 i 2 4
T AMSEES I UK IS DNA 1
PR, YA, SR O T A
th 26 gL ECE DL SR YR, R P8 24
BOE B LU RN TARIE fr s . eAh, Fris iy
A HP S A G 1L s K A o = D B AR R
AR, G DS (Sillago japonica). kb
W19 {61 (Chaetodon modestus). 2 EE W) 5 (Coe-
lorhynchus multispinulosus) . & BE 1 85 85 (Aser-
aggodes kobensis) . T = H| 6 (Triacanthus ano.
malus) . $¥; 5 (Hippocampus histrix)55 . £
o ) 2] By £ 2 4 A v, R AR R R B 1) 3 R
g, HUORERR (IR ) . LT RIE N
B4

PTAER, [ 2R B AR G 1L sV T
AR IR A o, 2N DR [ A
& T G 1l s K ol B0 e M A, A3 AT T oK
S VK B ) P SIS A RRRAE B B VR S5 A 1 22T B
Ao SARMRERA L, HAEARR =1 A 5
WREE N 10 NHFRY 54 FhAE, FriEA R
KI5l L A Tl 5 A ST A R AR, AL 4G PR
. PRI, AN, EFIREEARA 10 4
P AT SE T 5 1L PN AT HE f (%) P 2 2 RN 45
FARRE . FLRTSE 2 ) 34 285y J8 FHIE H |

L H . SEH. 8EH . 8 HARAE, &
BN R S AR R S AL . A 2 ) 3
RSB F A BEEE . 68 . WF 5 R BB, X
SEAn P YEA YR eDNA FE S kI 2], 5 AR
XFFE R, [FIAE, DR A A A T A A
B0 BB N SE AR L P R
FAMRFEEREWERYFEZETEE ). |
BE AT UL, AR 5T r A I 2 B AR B 2 W B S AT
1T R 1 % R A 45 R AR — O R AL
R G2 L s v 3 1) D0 A A0 S ) o 5 Ay [, ]
WR T N HREE DNA BRI 4 s v £ 25
ZHAPERF SRl A e . BB S nHE 2 Y
FES BRI, InBEASR . SRR | EERAR R
kg R, Xt S JE T Y b il e o i w1
i, HIES XK. /e BA) . ST
FFREE SRR L, AU 58 1 A For i fic i 6285
e AT R 5% H AR BT IR L A X RTEORE
A K,
32 ET eDNAWKRLBBEHERSHEST
2B T RSV B R o 2RSS
., H, Chaol F1 ACE F8%n] (KB 1 JSHEVE
YR OTU R, A5 H MY Chaol F8%GE
[l 4 8.00~676.72, ACE f8%(Ll -l 8.46~674.16,
P FRIE TS o AR — 2, (HAARE & ] 22 55
B 3K P REAE B T BFE5 (5 S AR ) X B AR 1Y
SR TE B, HED 5K RE S eDNA Y BT Al
RAE S ERAG K BRIGSEIR T AR Ry
5L DNA B 38 P ROR, TAH eDNA 77
J7 5 AT REAS TR AR UM, T S ECH Y R 2
WA S Hik, @ eDNA 50t fE
BRI AL PR BEAE S U SE 5 R A7k, JFiE
G0 RE i DA AR B A 22 S R S 0 2
() 5 ]

Shannon Fl Simpson 8§43 AL BRI L HE
PEAKEUO A BESE B Simpson 15 BT B R
0.20~0.88, Shannon FEEGEEI R 1.15~5.20, W&
A IEAKT N o A ] 6 Bl i a2 AR PRI
0 A AN AR TR, BRI A o A 7 T B S IO
REARER VR Z =L, 40 1 S 4% Simpson £
FEPEFR AR R R m, HENX 5F 5 rh b
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B RYFFE A EA K, BT, X FZ L
WA Z R RS 8 AE o AR o XU N DK
S5 s AR E A4S 225 Shannon Z2 M1
EHE RN 2.12~2.18; Jof itk Py A7HE £ 3R A 1 45
KR, BEENTR A AHEAFSEE S N, Shannon
SRR BRI, R 2.145,
AFFE Y Shannon ZAEPEIEEU Z Wb 5T 4,
55, HASBGE R 1.15~5.20, ¥k 3.22£0.99,
3.3 IFE DNA EAREZR LB BEHE L S HFER
REPMAA

458 (%) £ IS0 R R A LA D9l AR g 4 1)
5 G AT, PR BREAGERTFE T, 432 3
Z KW, & A R A e e, B,
— ot 2 B BRI S M, K BN [ e
— L6/ N TR A AT A P4 28 o A DX SRR, L
PO, RIEE, PRS2 e R
Tl AR g, AR W R RMIT A 519k 55
REJITM 575 eAh, 0 8 A T Bk 23 X6 i A X 42
0 A AR 58 s i BRU 7200 SISk, BA8E DNA
AR UL RGOPE | MER PR AR A O i i I A e AR S
S AT R A DL P AL, 0 FR B
DNA i RBFSE 2 ZHEVERYIRE 5 2224, hive
P, AHOCHEFE IS 2D B i HL i 22 0 AH G SE g B
REEEMAL . B, 2480 R H] mtDNA
D-loop X 3(4¢ 55| W4 ¥ ke il 1 1| B 7 % ik
(Hucho bleekeri)FFFH M /KFEF ) eDNA, 15
WE T RIHZ R R DNA £ 46il X 53 Fhric %€ )1 BE
PRI SRR AR, ARUF5EIF
JEE X B — Py AT, TR 8 5 [ i X
R Z R REA, ZT Y HEICRB e
FERTIIBE T A AE S L S s 2246 203 1
TR R B TR eDNA 435 Fl 3¢
BEIRCR, NS0 16S 768 F A A AR
FE A SRS eDNA IR RO 519,
XA AEARWF G P AR LB UE . SR, AT & E N
AR Tl A e 28 36 37 25 D A AH DG N H P B A
Torikz .

HWEHE, 2K AY IR AN 5
5, BRSNS Z R IR AR DG R 3l
850 [FE, T RINSESNFAEZLA N T A

FIR SR S 1, AH 6 DX T T2 T i i 28 4 I )]
A, BRI ER A X e £ 28 (R ) A £0.255)
A W) 2 REE I HAG I . R, 335% DNA 44T
AR PR IOE FH 5 108 VA 3k £ 2 A W Zo A R LR R
PR CE R AW R ) AR X
S L TR IRV KRR P Y e DNA 7700 52 Fn A=)
TR, IR T G L T R 1 R 2
RN SERRIZREPEARRAE . S5 0AESE, LTS
DNA 538 5 75 A 19 f 2 P 22 B A L
RS 7 RCR T . DI T4 5 B 10 it
FARAE AT EZ AR IR, NMUFES:
KEM AT Y )1, HERCREZE R, M
TH . IS S DL R T AR B A 4
Z 7 R 2y . Ban, S L s IR [ 2R
K SRR 25400 S ZRE M AR K 3 2
WAL 12 d B BTIR A, ARSI E ) 2 P A
H o 54 APl AR 2 h 78 5 A sESKIR A
HORE R RT RGNt 26 ALt 2R Al 10 ZFh 5T
A R a2, ANEEARCRR LR T, HAG
W25 Al 5 16 Ge i A 45 A — 2 i HAh 24
GEILE RABIE S 5L T eDNA W2 Iy HERA PE L) S
4 L 1A A Aol 14 S o e P R X 7 2028

AR, B DNA & W GEfELE
5 0 el 9 VR R A 25 RN — BRI .
Gl R 5 T SR E A I —, KR
72 O R TR AF 3 B I A =27 (B
T 3 19X 0 D R A rp O TR e B L T AR, X
FUEHR TR S DE b F 2R A, XS, 1T
E5) K16 7 Tl = O N B o W N P S
FEAHIFZ Fp RS 0 380 A v 1 A A B R U o, kAl
BR TS DNA HARTEX S SRR
N E RS R, 25T DNA &85tk
Y1125 (8] 53 A7 FIVRE 28 PR T 1) B ik 10 538 45 %5 D) A
X, BORFPEE DNA R SEAT 5T U5 I8 A B8 75
FE5r % FE TR X I i M PR | AR AR LA K
WY R ARG M, IFIE S KORME & DLRIE
BRE A RE . BEAk, B TFH5E DNA FEEAR,
O /D BBORE FITI 2 45 A0 P i B 2 Fll DNA 5 4%
WA E B, AWFIE R — R i 2 v i
FER S, TR Z AR, X s
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S A R P YA O T ARG R TR R A R
TP TR PRI R S R B, R RS Y
T TR B AT 3 R R R P A SR R Y 2R SR
o AR, AR ET R R EiE—E kK
HORE B FTBCRESS BB, AT X ARTR 24T . ARTR AR Bk
TR JE R 4 T A 5 1L s VU W R R A
T AN SR FL A AR W SR TS 1 T &, 38
ALK f 2 DA A i At 47 o (R A8 DO 28 45 ) D) R
B — F (1 A DR A I e e S AT AL,
B DNA AT H RN T i i fa 2 2 A P Al
ELA B A B T ORI R g R 3 o

SE Wk
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Application and evaluation of environmental DNA technology in fish
diversity research in Xiangshan Bay

LING Jianzhong, JIANG Yazhou, SUN Peng, YUAN Xingwei, ZHANG Hui, TANG Baojun

Key Laboratory of East China Sea and Oceanic Fishery Resources Exploitation, Ministry of Agriculture and Rural Af-
fairs; East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China

Abstract: Fish are one of the key groups of organisms in marine ecosystems and are also the main object of
marine fisheries. Knowledge of their diversity and distribution not only provides basic data for the sustaina-
ble development and utilization of marine ecosystems but also set up a theoretical basis for evaluating the
influence of human disturbance factors (such as marine development and fishing) on these ecosystems. With
the rapid development of biotechnology in recent years, environmental DNA (eDNA) technology has been
gradually applied in the field of ecology owing to its advantages in sensitivity, accuracy, and cost, but there
have been few local surveys of marine fish resources and their diversity using eDNA, especially in the local
marine areas and fishing grounds. Xiangshan Bay is a semi-closed narrow harbor that is located on the north
coast of the central Zhejiang Province, China. For years, overfishing, environmental pollution, and
large-scale marine development activities have caused the ecological environment to deteriorate, and fishery
resources have declined. Biological resource studies in Xiangshan Bay are still insufficient, and research on
fish community structure and diversity are lacking. However, owing to the existence of many artificial and
natural reefs, fish trawling surveys cannot be carried out in the area, which also limits the routine detection of
fish biodiversity (especially for reef-dwelling fish) in the area. Therefore, the application of eDNA technol-
ogy is of great significance to the assessment of fish biodiversity in Xiangshan Bay. In the present study, by
eDNA sample collection and high-throughput sequencing analysis, combined with survey data of fishery re-
sources in the same region, the fish species composition and diversity characteristics of the main fish com-
munities in Xiangshan Bay were expounded. The prospect of applying eDNA technology in fish diversity
studies of typical sea areas was also discussed. The results showed that 26 common fish species (belonging to
seven orders of Actinopterygii and from 21 genera) were detected from the aquatic eDNA samples from
Xiangshan Bay. Two orders with the highest abundance were Clupeiformes and Perciformes, whose relative
abundance accounted for 92.5% of the total fish species abundance. Among all the fish species identified
from eDNA analysis, Konosirus punctatus and Acanthopagrus schlegelii had the highest abundance, which
accounted for 45.85% and 17.69% of the total fish abundance, respectively. Both species also contributed the
most to fisheries resources in Xiangshan Bay. The next most abundant species were Tridentiger barbatus and
Lateolabrax japonicus. The sequence abundances of such taxa were similar to the trends in the fisheries catch
data. Compared with traditional survey methods, the eDNA analysis had high sensitivity, high accuracy, and
low cost and was suitable for studying the fish diversity of relevant sea areas. The present research not only
enriched the structural and functional information of the Xiangshan Bay aquatic ecosystem but also provided
basic information to support the management and restoration of marine ecosystems in this marine area.
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