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E FIF1E DNA metabarcoding BIFE3F 2R

B HEHTR

ks T #42%' K BT mRHC
(1. WL R [ G B TR P TR R BEFE ol WRTE Al 3160225 2. ¥ Al g PR~ e
KiESarEle R = 5720225 3. WIVLIGEER2AKTEEEE Wi ARIL 316022)

e BELSBHUENRPNTERRAANAFEEMRBENTHEAREXREE, 7% DNA
metabarcoding AR # 3R N KA AR E S WA R T EA A WBERER . AR DL
LA E G —FFE N, KT 4 NREXRBEEA, £ET 2019 42 A5%F). 5 AR
Z)Fn 11 A(GKE) X EAFE 124, BLIE DNA B R, ¥ 8. SR ENF UL ENE EF 040,
MEFGELEEXLSHEUHRTT 0N, AR THETAXSEUNHEZZR, EREF, £ENF &
(338, HET 12 268328, £, 4% H (Perciformes)f £ & %, 3£ 19 #, %4 b prafh %
Hy57.6%. FERFEETH SRR BAIERBAGCEREZR, XNFTATHEYNETE
RigaRSPEUNRERZ — ZAHAMZEAMMMEERE T, EEEFETHRE S LAREL MW
KERLEMENEAKEES, ARt ERAVERAENERLN, FRETREMEE
BRATMN, THEXBERERVAEP AR, ANUMEELERD T, EFTHRE &2 5EAH

TFEMERARAZR, KW H AT DNA 7 1

it T B RERIAEF &, B LUKHIIE DNA

FiEGERMEET EHE S, UHRENERERERTEE,

KA

hESEE $932.4  CEAFRIEES A

LR ZREPE TG 20 TR N 21 40 f e
PIIARBEIEHLZ — , XA RG0 T FnT R4k Ay
W R 14 17 T S W) (Pimm et al, 2014), S ZREMEVE R
A=) 22 REVE I — > B B A G At R P R 2 B
(Reid et al, 2018), VEAKALEBRGIIZL L, BN
IUAEAEZS R G I HEL R fA o, tmT DL ok A4
H B RGIRE RS (Park et al, 2006; Guo et al,
2015), KUk, fRIPEAEBZHEXNESRGE R EH

#4% DNA metabarcoding; #E M /F; WH Bk, BV IR, &XLHKE
XEHS 2095-9869(2024)02-0173-13

FGE PR AT RF L) 285G B i MR 48 10 28 e /KA
Bi b i R Wy i B O 23 O3 A S A SR I R 2R A
PRY A T AP A (R KR AR, 2018).

FHLE B 2 o B B R RSy, 7 TR AL
Ik, F 2 085 A IS AL AL, BT AUA 22 216 km® (Huang
et al, 2020), HI THMAKIL . BIET. WILMEE
B A 3T DX, MR B T Al Ry 2 2 /K SRS,
M PR AL T T Y SR IR B A B PR 5 (Wang
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et al, 2020), AN, TG IR B KRBT & LA
SCHFPETS By, AR RE LA B B I 0 28 A Ml e ™
H(Xu et al, 2019; KA, 2019). N TIKE KL
FEME, BURRWESE N GLE R T i 2840 TR, hss
Jit L 7 P A ot ) R R i A R G A O, DA
R RAM . RO EENE | RIBATRZ AR
Wl o SR, B T fE D R PEAS A= ) Z2 R PR A0 AT &g
T HIJEFF AR Y T AR 32 2 0] #5(Lodge et al, 2012),
T 22 NPT ol SEIR AT T R A, AT
2 32 R i R A S 38 T A A M R AT A 2R S it
(KT, 2011; TRIEAE, 2020, 2021; REFM%, 2021;
RIHESE, 2022), SR, XA T ABCREAR . Bt 3% )
HEA P B PE (Valentini er al, 2016; BRIRSE,
2016; %L4E5F, 2016, HIMIHAE, 2016). IEAh, X 4L
AR 2R A KT T Y, X T R LV 5% A X
/N (2 e R R A D

##3% DNA (environmental DNA, eDNA)#% AR A9 H
BRI FH Ry K A= A i o A 5 M I ke T BB . 5%
SGIEE TR L, PAEE DNA AR EA 3w i i
RE 1 RN AR 2 DA B IR 85 A hp AR AR AME S5 38 20
B, ik TG A T B % 2 A & (Valentini et al,
2016; Z4ESE, 2016, S ER4E, 2016; HL75 4F 5%,
2018), A5 DNA AR )7 =X 24 P Fp . 55—
FiE A B TR SRS | P RER S, i i PCR XA
iR AR R O AEAE A it B it s o A A T
W (Wang et al, 2022), 535~ —F2 5 X HARHERERE
A s Y, @ PCR ¥ MG 45 A i &0y
(high-throughput sequencing, HTS), X} EFEA AT
1E B9 2 4> H AR 2 0 #E 4731000, #% 8 2R B8 DNA
metabarcoding (eDNA metabarcoding), ¥ H /=Y £
FE P A9 R T4l (Lodge er al, 2012; Aylagas et al,
2016). BRI T, ¥5E DNA FIEHHE A T i
Y oA FBhas .

IT4E3R, $R4% DNA metabarcoding $ AR B 7E 7K %
B TTIA L W0 R I S K PR B A 2132 1 (Kelly
et al, 2014; Miya et al, 2015; Stat et al, 2017,
Drummond et al, 2021),, [ X} T35 DNA metabarcoding
£ NPT o e S SR SR R i | 3B S IO i B o 8152
RN 7 5 7 T AR DG AR D o B T ARILEE R 2 )
Tl PV BARRAIE A% 8 Rt 9% D8 sy v X LA e
R, g7 faf o . MERR IR ZREVE R AR i, 2
TG b AE A 1LV I A DX R AT A0 2 R M I T A
) L A5 I A o AT A LU i S R X —— U T 5
i, 3} ¥R 5% DNA metabarcoding 4% A 7E Wil £ 17
TS AR AT AT, RIS, PPASAS Rl 2s f0 284

Y BRI 225, U R % Ll v A 3l B D5 £ 42
AR AN I, TR O Jm 2 4058 2 e A DAl B
PR A AR BEROR SCHE

1 #RE5FE
1.1 KEEFRE

ARG 4 ADIKEERAE AL T WA Sl ve 4T
UYL, 2250 S01 (122°30'49"E, 29°89'09"N)
S02(122°30740"E, 29°89'38"N) . S03 (122°30'73"E,
29°89'42"N)Fl S04 (122°31'23"E, 29°89'04"N) (/& 1),
EEATIRAE T 2019 4F 2 H (&2, S HEZ)M 11
H®Z), #HFERRKIIELRZ(0~1 m)REK
FE, RS RAE SURAE 1A, [ s fiff FH 45 28 1R K
N B X R

1.2 IRiE DNA EE

LA N 0.45 wm B BE 5 25 4k 8 B (110 2%
S )Xo SR B 4 T K RE i B 9 %o HRRE iR AT FT s ik
U8, RAKEEIE 1.5 Lo KRR At e E, &
FEPE 2 mL AP B I CE TR TR, SR T
SiYnEE-80 CUKAH, H B LRI DNA, A B
IERE SRS XI5 g, BT A 3 8 8 4% A6 R A i Je
FE 10% M U H PR ENIA T IR ML 15 min L RBRFREE Y
DNA, #RJ5 F E KB b, fie)m AT 85 A 4l ek
P o TR AR A A R i — IR T L B
5 DNA (W HUS B2 i il 22 19 J5 75 (Wang et al,
2022). f#iF DNeasy Blood & Tissue i & (Qiagen,
L)) A I S AP 4R B R B DNA L B3R B DNA
WU H 100 pL AE Buffer (Qiagen, & [E)#EATEMIT
TETF-20 "CUkF o

1.3 ¥FBFXEMRERNF

{8 J} MiFish-U/E (Miya et al, 2015)il JH 51 4 %
ff12%% eDNA metabarcoding 128 #3473/, it T 2
W PCR, 218 Wu Z5(2021) 58 J5 ¥ #E47 3145 DNA
B SE | B 4G T SCPE A AN Y . PCR AR
12 uL: 6.0 uL. 2xKAPA HiFi Hot Start Ready Mix
(KAPA Biosystems, £[E), 1E. KH5[#4 1.0 uL,
BEHR 1.0 pL, ddH,O #M5F% 12 puL. ¥ H5&1F: 95 °C
A 3 min, 98 CAEME 20s, 65 CiBk 15s, 72 C
FEAH 15 s, 3L 40 YRAEIR, 72 CAIEM 5 min B4 1 K
PCR (7= ¥ 4ifb i BeJa VE M Ji 42 PCR AR .55 2 1K
PCR SRR 55 1 WAHIR], HAPEAFAHR 95 C 3 min,
98 C 20s, 72°C 20 s, HHIf 12 KIEH, 72 CIHFR
Smin, AFMFEMBEE 3 AMEWFER, IR
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Fig.1 Sampling sites around Xixuan Island in Zhoushan

VEABAPEXT R . SR 2.0% A0 Br B B 6 i H vk Xt 7 384
PR BRI X 2lifk, A Qubit dsDNA HS
assay kit A1 Qubit fluorometer 2 (Thermo Fisher
Scientific, 3% E)X SCEW B TR, ZJEMHKE
FENBACK SCPE R FE PR 44 5] 4 nmol/L., )5 1E iSeq 100
SE-A (Mumina, 3EE) FA# ] iSeq 100 i1 &5 & (1llumina,
26 [ XF SCJE JEAT 2% 150 bp Xl ¥ .

1.4 RS

1] USEARCH {0 R HLEHE #E47 T4k 21
3T, EARECRAE . MER PRSI S, DL R R
B (UM A IR > 1%) | A I T 140 bp Ay
HFI o B PFI LA 97% AU SR 2, 153 ] #8473
2% BT (Operational Taxonomic Units, OTUs)LL & OTU
REFH . M1 OTU fRRFH1S Nt £dli % (https:/
blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=Dblastn&P
AGE_TYPE=BlastSearch& LINK LOC=blasthome) It

S A R R L 5 LI MK A A A
SRR R 1 MR T TR 5 T 30 2 B £ 2
S AN, B IR B Y reads T AE ELBETS
Yo L, A5 HARE R HIFREEREA IR (Wa et al,
2021),

FEF R VR (4.1.2 BUAHEATEE 40T 3464 5

A fRAL ., {8 ggplot2. vegan Fil ggpubr fUiifT a £

FEPESHT o 3 AL BR 73T (Principal Co-ordinates Analysis,
PCoA) & —FhAE Ly o ME B s B 4 e M s, ATHT

T EHE A AR DU 55 22 % o PCoA 43 #1 i H ape 2.,

4 metacoder W2z FEAMS, BT AR 205 P

WA . B metacoder £ AT LK AP Y 432K L R

DIRPIR DB 2R R, - AR oy i 53 p 3

FR/INE S IR A [ AR AR ] 1 25 S 1 O o

2 ZERE5H5H
2.1 YFARDHT

1E 3 AT 4 AR R LI 3 12 33 F,
FIET 12 H 26 BE 32 J&. K 2 JB/R T8 REERAEAN
() 2575 1) P 2L 8155 O (fE R b 2R P S AR X = ) o
Horp, 6(Mugil cephalus)i iR i, S~ 3 A £
o E85 (Lateolabrax maculatus)IXZ , 1£ S02 (2 A
5 ). S03 (2 HFI5 H)H S04 (2 AFI 5 H)RFE£iBE
Kith o BeAh, HARE(Uranoscopus japonicus) . Wil
Ji6) th1.(Stethojulis terina). TRALERI i (Iso flosmaris) .
H A fifi(Scomber japonicus). ¥ E fli(Sebastiscus
marmoratus) ., W#(Parablennius yatabei). M
(Acanthopagrus schlegelii) . K752k fi(Hexagrammos
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Fig.2 Composition of species at each station
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Arcs of different colors represent different fish species, widths of arcs represent species abundance,
and outer circles represent different sampling times.

otakii), HZR A Uifh(Argyrosomus japonicus). H A
(Engraulis japonicus) . i [ B W 5 (Entomacrodus
lighti) . W3k fli(Harpadon nehereus) . 14% (Muraenesox
cinereus) Fll 5 %5 T 2 ff1 (Tridentiger barbatus)¥J 7 %
A RAE RN [R]RAE 2 A 1 .28 A HAE 14
FHEL, HETEYIFNT 84.9%, FIATAA 2 HL
Syl fa 2 DA AT R A A o
22 BEYMSHEMTEESR

TEAPHA Y 4 sl fi, RAE A S04 F Wi £

2, 22 Fho HIKCH S03, FLUTINE) 14 Fhfa
J5. SO1 1 S02 SRAE A H faFpA D, 4300k 7 B A
1 Flt o R ZREE AR EORT LIAE Ry BB AR fb ) £ S B V%
SEFFZA (HE AR o PEEF 5 AN [ERFE S FP o ZFEMER
HLINE 3a iR FERATHEECT, A REE S Z 3
T FEME2ZES . BRSEEUNT . Chaol £ & BEFE 5T
Y124 5.67 (2 0E M 3.00~8.33), Shannon ZFEVEFE BCFE
¥4 0.63 (Z50E 4 0.38~0.94), Simpson ZFEETE SF
PIE H 0.33 (251K 0.20~0.44), Pielou $415] B 5 50T
PIE N 1.89 (FIEH 1.52~2.59), S04 1Y 4= 5 BEF8 HF
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Fig.3 o diversity at different sampling sites (a) and in different sampling seasons (b) of Xixuan Island coastal waters

£ FE 45 B0 Ol 5% 7 (Chao1=8.33, Shannon=0.95,
Simpson=0.44), FH S04 RAE SRR Z HK N
& o S02 SRFELAY Pielou Y27 B8 5% 9 (0.62),

TR R S 25 A g H 2

X 4 AR S (BRI ITA T4 R RN
£ OTU K47 PCoA 4r#r(I&l 4a). HEO\ALFREH
PCoAl XHEACHL N2 5 M ff REFE h 24.4%, PCoA2
g 14.1%, R 4 a LA, S01 Al S02 5 Hifth k{7
PR B I , FUHIX 2 AN vl 57 A £ b 2 A5 At 3 7 L
H—E 225, S03 Fl S04 KkESAE 3 NFI Ry
ZREMELL

23 BERYTMEHEFTER

FEAR U A R AR B i 40 FRCR AR R 40 2 A
5 AR 11 H4E 3 A, ARk afh il 2200
Her, Rk 2 AL s AR 11 A, K adp g il
16 Tl . 14 FpoRT 8 A VUET SRR ZE T MRl o ZHE
PEIG LN 3b FrR . WS40 R . Chaol F5 B
BN 5.67 (ZEWE N 3.50~7.25), Shannon £ k4

FRBCFYI(E N 0.63 (ZEME A 0.16~1.16), Simpson £ £
PSR ECOT-I{E R 0.34 (ZF1F M 0.05~0.60), Pielou #17%]
JEFSECEE R 0.41 (A1 M 0.07~0.66). 2 H I FE &
JE S B0 5 (Chao1=8.33), 5 H MRh ZREvETE 50R
¥y 5y B 8 B0 Y9 M #% 5 (Shannon=0.945, Simpson=
0.439, Pielou=0.66), F P FH = MmFh 5 HA A
AMARKCH BT, BeAh, 2 AR S AR ZRErERE By
) FEFE B AE B 2% 22 5+ (Shannon: P=0.018; Simpson:
P=0.002; Pielou: P=0.001), F&F A [H]REEZAT 04 1Y
PCoA 4 #r & BL(E 4b), 2 A5 5 AR 11 A fafp25
B, 5 HR 11 AFARSEATS, KUK 2 1%
R SRR AU AR

R T HCEA R a) fa b ) 22 S, 2] T 4r 28
G325 RIS [R) SRR IR ] P 5 B4 1R 2R AR (T S),
RIS, 5 R RERS 8] Y reads EEEAHSE 2 A
55 HAHE, W&, RACERDUEA . Wrars it 6
FCALUG R AL 72 2 F 1 (38 4, R se ) e
2 ABFEE; 5 AR EFEENORALS . HAMK.
ekt HARBERNGAS, MK 11 A, 2 AMEEM
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Fig.5 Phylogenetic tree of fish species in Xixuan Island coastal waters at different sampling seasons
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PO IRACAR DL, B, 9 Sl fE S | BILERFTRE [CAY
Wit s BEgRuR g I8 (Trachurus japonicus)fl H
AEifare 11 HBFEEE 5 5 11 AML, 5 A
B 5 R o iEEg | skt HARER | H ARG
117 Ay Be 4 iR R PTIefamn A il
SRR, IS ALUG R | IR AEAR T A . 4 il AL R
2 A RS, 785 H W& S0 A fh 35 1568 |
ekt HAR, HAREAAES, 11 HMFHE A
R LR AR pE AL . AT IEM TN H A 4

3 it

3.1 EFIREE DNA metabarcoding BT BiEiE &
Kok

G F 5 R VAR A A ) 2 AR T
EHET-Be, RS0 A Wy 2P D sk 2 BFY
B AR 25 2R G0 ML IX (Schwartz et al, 2007) . ASHFZE 3
F1345% DNA metabarcoding £ AR 7308 T PO ET & 3T 6 () £
KMk, IR 33 FhfZs, W TEVRID IR
1 B A 25 R (AR ), JCEE RN B IE A S DNA
SRR Z M RASCHE, A T HIEM S DNA 434
SEAR AT SRR, I A B S il AL G I R 3 A
5T Z X AT o T PEEF B 3 T Y AH ORI SEAYL
W, Wang %5(2019), FiaA 7 XN . AW 58 1]
eDNA metabarcoding ¢ A Wi 45 21| 1) 25 5 5 i (5] 1)
WY RN AFTE 22 5, B A Ll kel WLt b, T
AEA LA T LB : 5 e i TN R A 8 TE
W, REGKFERER R, YINREKO~1 m), Tk
I BTN R R R 2 Hk, RSB nR
FERTE] R 2016 4 12 AFI2017 41 A 4 ARIS A,
FHEAEPIELFMERET, ML DNA 451K
R FRDRIRAT S AN [ T 7 A 22 5, 38 TS0 o 22 5 1) I
PRl — 7 T FT B T AR U A B SR AR D
KB KAETCIE S8 AR VFT B3 it 5 53— Jr i vl B
TIE KR ZIETS, & K PCR 57 (8 72
8y, AR A 22 . TN [R] 15 A 1A A |
SRR A B B g AN AR, TR — A AN [ A i B B
e AR IR DNA, S5 i /gl o
B, R R A B i AR A R B AT REAT R, gk
Yy gcE SR I TR BUE L, 25 3R GR 3] — e BRBE
AR A, AR AR B AR (PR M R 55, 2016). AT,
GNP PN % N RN R 7= PO S (B INE S 7SS
S KGEWIBE | RS R S 02 1 B Ak .
Y& HE 1 MAR S AE I E A (Olin et al, 2003; Hamley
et al, 1975; Minns et al, 1998; Buijse et al, 1992),

XF T4 DNA HR 5L 508 A 45 R 1 22 AR L
MAFSE A IEREL . BN, X RE R PESEA T4 AR
55 DNA RIS I BEAR B Mr 45 S B, eDNA
BRI FIE 5 T 44.45% 036 R34 Fh CE D,
2022); ZHEFRE(2022)5 T 5T DNA HARX H 7R
IR Y ZAEPE TR 9E . R BLIAEE DNA 43014
R RIGAE G G IR A L, A7 E — S8R 0 4
SR E B A I 2 PR CSCAE (2022) f PR B DNA
TR 6 W 45 A 1) J 32 5 BR VT 0] 11 401 28 24 1 T e 1
1, KB 34% MR e R G R . 4
FRTR, NSRS DNA $ R RAE5 I8 =L,
YA — 5 B , XS [ BURAG v RE R 45 5 (0 v
PR, I, BYH R DNA J7 s 5155 8 4 )7 i
FHEE A, DA W 0 225 SR A o ] S

BT #E— 50 0E eDNA metabarcoding Wil 45 5,
GEit T VG ET iy S HAR T i el At v b R R R A T 5
gERGKIE, 2011; FRIATAE, 2020; JHEESE, 2021;
FRHESE, 2022; VFIRAESE, 2012; BEL7E, 2020; Foll
#E,2021), Qi 6 s, EIPIEE A FEA Bdbid
S, HEOAHCERTEIGICHE . A5 DNA KW
75.76% A B S AE ST I TR IR AR T 25 R A L, R
5E DNA HR M T W p Z R IE 1 n] 171

32 AHBEE&EENTHSH

ARG 4 A RAE L) o ZREE R TR BOT T
PS5, SR S RAE ST TCIE SR TE P PP Fh 27K - 18 2 7
J¥ 50 2 B K EAR SRR 7R T 0 3825 8] 40 A I il s 2
St M IE R, f0 2 ZREVE 2 4 B AR LAY S (Yemane
etal, 2015), AMFFEH, KA S04 F1 SO3 faFfhs:
By A 22 FhA 14 B, AH ECFRZ B SO1 Al S02
vl A H RO 223X AT RE S A S04 R S03 HE
FHUA S W T, E 5 Z BRI sm, Kikfm
REZFEME T, WA R 51T  KIEA R A X,
T BT 12 10 23 SRR A R B 48 7 T 40 3500 1 25 2
(i) 43 A A RRE Vs 254 o
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Fig.6 Detection of fish species by traditional survey methods
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Dark blocks mean that data is recorded, and light blocks mean that no data is recorded.
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Abstract

Global biodiversity loss is one of the most serious environmental crises of the 20th and 21st

centuries. Fish diversity, an important component of biodiversity, is also in decline. The conservation of

fish diversity is therefore essential for ecosystem management and the sustainable use of resources. Most

current aquatic biodiversity surveys rely on conventional methods. The emergence and application of

environmental DNA (eDNA) technology has triggered unprecedented innovations in aquatic organism

investigation and monitoring. eDNA metabarcoding refers to the selection of appropriate universal

primers for different target taxa and the identification of multiple target species in environmental samples

via PCR amplification combined with high-throughput sequencing. The Zhoushan Archipelago, located in

the northeastern waters of Zhejiang Province, consists of 2 085 islands with a total area of 22 216 square

kilometers. Located at the confluence of the Yangtze River, the Qiantang River, the Yongjiang River, and

the Taiwan Warm Current, the Zhoushan Archipelago forms a unique and complex hydrological

environment, which provides a rich source of nutrients and a suitable habitat for fish. In recent years, the

large-scale exploitation of marine resources and marine pollution have led to a serious loss of fish

diversity near the Zhoushan Archipelago. To restore fish diversity, conservation efforts have been

implemented by the government and researchers, including stricter fishing bans and ecological fish stock
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enhancement and release. However, the lack of reliable tools to understand the species and assess
biodiversity is the most critical issue in conservation efforts. Trawl sampling and morphological
identification are the primary fish diversity assessment methods. However, these conventional methods
are often inefficient, time-consuming, selective, and destructive. The extensive rocky reefs in the
Zhoushan Archipelago make it difficult to use conventional fishery resource survey methods efficiently.
Therefore, simple and accurate methods for species diversity monitoring are needed. In this study, Xixuan
Island, an offshore island in Zhoushan, was taken as a reference. Four different sampling stations were
designed, and a total of 12 water samples were collected in February, May, and November 2019. The
species composition and diversity characteristics of offshore fish communities around Xixuan Island were
described, and the spatial and temporal differences in fish diversity were evaluated. A total of 33 fish
species belonging to 12 orders, 26 families, and 32 genera were detected. Among them, Perciformes has
the most abundant species, with 19 species, accounting for approximately 57.6% of all species detected.
The diversity and evenness indices of the different sampling seasons were significantly different (P<0.05),
indicating that season may be one of the factors affecting the diversity of offshore fish around Xixuan
Island. The results of the combined temporal and spatial analysis showed that more fish species were
detected during the breeding season at sampling sites far from the main island side of Zhoushan. By
comparing the results with the conventional fishery resources survey, we found a large variation in the
dominant species in different seasons, which may be related to the limited sampling site numbers.
Temperature and longitude may be important factors affecting the fish diversity around Xixuan Island.
The result of enriching the dominant species in each season by heat trees differed significantly from those
of traditional surveys, indicating that eDNA cannot completely substitute the conventional survey
methods; however, it can be applied as an auxiliary method to monitor fishery resources, improve
detection efficiency, and reduce interference to ecosystems. This study not only provides novel methods
for the fishery resources survey in offshore Zhoushan but also provides technical support for the
subsequent investigation and evaluation of fish diversity and its protection and management.

Key words Environmental DNA metabarcoding; High throughput sequencing; Xixuan Island coastal

waters; Fishery resources; Fish diversity



