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DRI SEZE AT AT, AEM SRy, HOARH]
TSGR, R, g Rk
B AF By Rh WD, ER T SRR R EE T Y £
KBTS 25 A s, A F T 52 x4
REZFMENAREE IS 1,

F£3% DNA(environmental DNA, eDNA) A,
JEAE R AE AR (R RUe . AL KK
S5) Y AR o A (AL R SR
(PR . 2658 FE AR, A4l B 452 Fh st GE 3R
WY Tl DNA AT X H 547 %08 19 I s, BB
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— il DNA B0 5 s P A s s &, R
BEH) T ZE T A2 TRM, 2A
5T RY], 45 DNA HAR AT LS AR ZK AT i
RIS . s 538 Bt WSS L
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1.1 KERESHIE

7P L2 530 R TEE SRR 30°11°07~30°1370"N,
122°40'0"~122°43"0"E $£ 1% 4 S RAE 0L, 435
T 20192 H &%), 5H&EZE). 8H (%)
11 A (BKFR) A TICREE (8 1) REKEERT,
i FH— R PR TC R R FEASTE B i R4 1 L R J2
IKFE . SRFEJG 24 h PIXFKBEUEAT ELAS JhE . Fhog
WA 10% FREFRIR I 5 min M5, JF AT
B alivK (UM ik s R BIA R /) Wb, 1
0.45 pm FLAE A B 55 27 4E B (L%, )
g 1 LKA & 5L DNA; B e —1
25 PR 8 1L 4liigoK) R VEAL & S AFFE R
Mgy, HEABREEERET 2 mL GAE
[AETAYTRE (L) RGARAR ], #HET
WA #% 280 °C VKAE - /7, H 2 M5 DNA
PRI

1.2 IfiE DNA 12E

{# F§ DNeasy Blood & Tissue Kit (Qiagen, ff
() #4758 DNA $2 8%, DNA $#2 505 H] 100 pL
) AE 2 M (Qiagen, TEE) e T EP &, H
2.0% B BaUBEH A5 5 PR KRG T B B DNA 119 58 ¢
PERNZS I IR AR S ARG Y, FG 1 DNA
FEPGA A T 20 °C VAR A H o

R
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Fig. 1 Sampling stations of Zhongjieshan archipelago
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1.3 PCRY¥EREBENF

1k £ 10,2538 FH 519 MiFish-U/E ¥E 1T PCR §~
B SR HIWI PCR LRI LRI IA 12S rRNA §7
W30, PCR RWAFR 12 uL: 6.0 pL 2xKAPA
HiFi Hot Start Ready Mix (KAPA Biosystems,
Wilmington, MA, ), 1E. KEGIY4% 1.0 pL,
B 1.0 uL, ddH,0 #5512 uL, P4 95°C
TAZ P 3 min, 98 °C AP 20s, 65 °CiEk 15,
72 °C SEfH 155, HEAT 40 NEIR, 72 °C L SE
5 min, K —IK PCR 7= W 2tk . WRE1ENE
21 PCR R, 45 Yk PCR FIAUNARZ A 12 pL
2xKAPA HiFi Hot Start Ready Mix 6.0 pL, 1E. /X
51915 1.0 uL, A 1.0 L, ddH,0 #M5Z 12 ul,
%5 K PCR WY #AJE I 554 4 95 °C 3 min, 98 °C
20s, 72°C20s, #4712 MEHR, 72°C #¥F 5 min.
BAMEMBE 3N EY¥EL, JEH ddH,0 7
— I BAPEXT IR . 2.0% BB AR R Tk X 3
PR T B A S 4l Ak (AXYGEN), i Qubit
dsDNA HS Assay Kit 1 Qubit fluorometer 2 (Thermo
Fisher Scientific, 3¢[E) X SCEWREHTmi, Z
Je 1 FH KRR 78 1R 7KK SC R I e B 1R 42 31 4 nmol/L
A TF iSeq 100 ¥ 15 (Illumina, 3€[E) [ {# H iSeq
100 i1 35716 (Mlumina, &) X SCESAT 2x150 bp
XY o

1.4 BIES

ARSI RS Miseq WP A 28204 . 308 .
B, A4 B A RO PE ™, i ] USEARCH #K 1
(7.0.1090 JiAS) H4 A7 B0 I LA 97% 1) — Bk R 2L
HEAEZSHIT (operational taxonomic unit, OTU),
A OTU RSP, RN OTU )39 4 Nt Bl
JESEAT ORI AT, PR A A LR S 3 X
IK A 2 W) 53 A A SR BT FE B b AT N AR I
Fah LBRARE PR EAE 2 o DR e A ) 5]
reads ULPAFE ST RERETS 4y, T30 SEBRAE Sl A
B (1) reads a2 B X R Y reads DAHERR X 5 22
ST T, BT RIEF (4.1.2 JUA) X85 Rk 1T
AR AT, R AR BE B 22 4 )URE 73 At (NMIDS)
R FAE A0 R I3 S5 R A B (] RN 23 (8] b A8 4 A A )y
LA 22 50 (Stress) el B NMDS 45802 5 Al {5,
4546 BN AR UM 2 T (ANOSIM) Kk 3 £ 2 1
VR AEA I 22 50, NMDS S Hr (il bray £ fii
ggplot2 . vegan Fil ggpubr i it 1T Alpha £ ¥ P 45
Bortr.
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2.1 EAFPALER

M 16 DNEEIKFEA (4 AR50 4 A ulhifr) Hks
W 37 A2, SEJE 10 H 26 £ 36 & b
AR R AR HERE AL BB PR 1), Rl F Y
KW Fh @ R g 1 4 (Actinopterygii), 7E H B/KF
%59 H (Perciformes) #1235/, %, 138 208
21 Ff, MRYIFPEL G SFEY 57.76%; HIOZ
¥ B (Scorpaeniformes), 3t 3 Fl 4 Jg§ 4 F, Fhs
AT 5 E A 2l 10.81%; i H (Clupeifor-
mes) {55 =, L2 R 38 3 M, 2Rk
S 8.11%. ZJ5 Y 0 25 Wy R BCHE P AR IR Ay i
£ H (Mugiliformes). #2{i H (Anguilliformes) £ 2
Bl 28 2 FF; 8 H (Tetraodontiformes), 1lllZ
H (Aulopiformes). #i%fffi (Beloniformes), %I 7
H (Myctophiformes) 4R IX 4 H (Atheriniformes),
1R 1R 1 Fh,

x1 BERESEMITHFTER
Tab.1 Seasonal distribution of fish species in

different taxonomic orders

= H # & i
season order family genus species
HZ  spring 3 3 3 3
HZ  summer 10 25 33 33
K7 autumn 4 5 5 5
XZ%  winter 8 16 20 20
=it total 10 26 36 37

22 BREMNFENSFDHEURREMSH

MR METEE FMEL 33M), 4%
WZ 0 Fh), BKFEH = (5Fh), HERED G
(K 2)o TRIA MR R 22757 PPl B2 R,
PSR A, AL 2 7, 5 E (Mugil ceph-
alus) FI# B tli(Sebastiscus marmoratus), #2452
SR EH) 5.41%. A€ 7 (Lateolabrax maculatus) .
H 7 fi§ (Scomber japonicus) Fl i #% (Muraenesox
cinereus) 1€ 3 gk U i . HAE R R4
Rk B B 2R 120, 2905 2k B R Y
32.43%, T RAE—NFEHIEEE 20 F, 4
i 028 DALY 54.05%, BRI TSR 25 DL
T o 2 08 2= 1 R 4 A A FE o # reads $0HEA
HI 10 B PL AP AE I 25 1 0 20 A 47 43 i (B 2),
45 R RS A X PL A, FERTA A AR

https://www.china-fishery.cn



Bt g, A K2R, 2024, 48(9): 099310

%2 ETIFE DNA metabarcoding B EE=T5 & L4971 %

Tab. 2 Fish species detected in different seasons based on environmental DNA metabarcoding

Ykt X7 HF "2 M

species winter spring summer autumn

e

fi§  Mugil cephalus N N N J
HI%8R  Planiliza affinis N
/NCUfity  Scorpaena miostoma

W E il Sebastiscus marmoratus
LG Chelidonichthys spinosus
Pk NEef Hexagrammos agrammus

1€ty Lateolabrax maculatus

2 2 2 2 2 2 2

IR Entomacrodus lighti
PE i SR8 Omobranchus punctatus
AN

TSRS Parablennius yatabei \/

HAME  Scomber japonicus N N
\/
\/

2 2 2 2 2 2 2 2 2

W% Decapterus maruadsi

HAWE  Uranoscopus japonicus

/Nt L. polyactis N

Ki&ta L. crocea N

B Acanthopagrus schlegelii

P4 Rhabdosargus sarba N

AT B Hapalogenys analis ~

=W Parapristipoma trilineatum

I Lutjanus argentimaculatus

HBE  Psenopsis anomala

CRIETRES  Cheilodactylus zonatus

WS8R Mt Stethojulis terina ~

SEWRPR R Luciogobius sp.

INELElJRMRFE i Amblychaeturichthys hexanema v

WP RURFEf  Parachaeturichthys polynema

[ Sk IRUR P& . Bathygobius cotticeps

8  Muraenesox cinereus N

RIATEE  Dysomma anguillare

2GRS Stephanolepis cirrhifer

L Konosirus punctatus N

WEFND T f Sardinella lemuru

TREKEE  Thryssa kammalensis

skt Harpadon nehereus

S G B Tylosurus crocodilus

LRI ® Benthosema pterotum N

IRIEERIL L Iso flosmaris N

BT total 20 3
TE: “NPRIRAZ AP LA B ZE Y AR

Notes: "V means the fish species was detected in the corresponding season.

2 2 2 2 2 2 22 2 22 2 22 2 22 2 2
<

o
w
W
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fiff§ M. cephalus

J\E I Parablennius yatabei
W E il Sebastiscus marmoratus
s Lateolabrax maculatus
IRIEERI A Iso flosmaris
W% Decapterus maruadsi

S1 //i? 11 H
.. \\’ / November
S2 \ L
- ,’f“' ’ \ s 27
== ‘ \\ February
i s3 / » RN

Jeskta Harpadon nehereus
HAREE  Scomber japonicus e

“: S4 '”,.;;’.J_,"__!,- -“\\\\‘\

PEskfh  Hexagrammos agrammus == 7L ; 8 H August
WRALN R Entomacrodus lighti = 22~ \ 027
Hofth others Em== e
fiy fih L Z=T
species sites seasons

2 HT10 ffiH MRS
Fig.2 Spatial and temporal composition patterns of the top 10 fish species

H: reads $U 2 i & reads B 85.93%; HJE /G
&l 8 (Parablennius yatabei), reads %0 %5 &\ reads
(1 3.18%, fERFMAFIAWMHPRL, 2R
WA AR W E S =, 24 & reads 1)
2.50%, FE 4 Dulifn P g 10 i, 2R AL
P ZIERAEHT, 290 reads 19 2.09%, JEFkZE
(S3) 42 (S2) WL Hfa Fl s H AW AY reads
i HE AT 2.00% LA o

23 BRFEREMNNZ=2%

7£ NMDS 487 (9 —4EHE B (K 3), Hik
FE 5 FURFE T AL Ao 4 AN BE, AN
() S TE A5 LR P 2R R IR B REAS, ITTREAS 75 (8]
P B A A 6 0 VR 2 R AR R . NMIDS
SIFTRIEE R R, SREEEE T (K 3-a) RIS RN
0.102 3, RFEZT (8 3-b) IR R E0CH 0.102 9,
TEITE 0.1~0.2 YR, PR G AT HE R A S EA T
fil e . b AL IALHE R A5 A BE B AR X A HAE R,
AR S 057 [ A BV AL B 22 SR G5 240 TR HE P A Y
FEES AR Ay, TR R 2R S AL 3 AN
B EUR IR, U0 ) R A 2 R
ANOSIM K56 25 R Fe W], A0 2 BE I 76 5 67 18] G f
%5 5 (R=-0.141, P=0.994>0.05), fEZ= T EA

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

W 325 (R=0.554, P=0.001<0.01).
24 BEBEIHMTL

Yyl Z2 FE P T8 BT A o S eI B5 A8 Ab kT 1 2
BEIE LA 18R o ZEAS AL 1Y) 4 SR i
firp, S2 uhfik L, k20, HK
S SUM S4 i, KRN 198, &5
S3 ulifii, Kt 18 R, SAEARLEGNIHY Alpha
RIS T E 2 7 (Bl 4-a~c), KIMEHAE
&8 W R, Chaol 85U F-¥(E N 7.19, FEuG {7
S1FT S2 i Bl A, AR AE UL Y [ 6.75~
7.50; Shannon $8 %0 FEII{E K 0.452, e fE
PAE S3ubifir, = AR AE I 3l o 0.369~0.482;
Pielou 15 0 AY-F 41 M 0.215, e = (B 1 BLAE S3
V0L, AR BE R 0.137~0.314, fEZ=T5A],
Chaol #§%% (I8l 4-d) 1 Shannon 5% (/& 4-e)1E A
T 255 (P<0.05), Pielou $84% (€1 4-f)
TR, HRMARNA B E%S (P<0.05), Chaol
T HTE 5 3 B L, R N 1 U B3 L
2.50~14.25, FH4{H A 7.19, Shannonts £ 1E H &=
M E, SRS R 0.015~1.441, F
BIE R 0452, $)5) B 0.016~0.545, “F-¥I{EH N
0.215, ImmATEE %,
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stress=0.102 3 Ihf¥

sites
0.25¢ = S]
e S2
ol AS3
* 54
-0.25¢ s4-5
I
1%}
=
p
0.25
A
0 !
-0.25
1.0
MDS1
(a)
stress=0.1029  FTi
02} seasons
i 2 H
0.1 February
0F S4-2 .5 H
—0.1F g May
—onl S4-8 V- si-2 +8H
’ S2-8 August
~ . . " " . .
A -1.0 =05 0 0.5 1.0 5 « 11 A
E November
$3-5
$3-2 s
- si-5
Wi
A
S4-5
$2-5
-0.25 0 0.25 0.50 0.75
MDS1
(b)
B3 &ARHELHE NMDS 5747
(a) ¥hfiL, (b) FTi; R
Fig. 3 NMDS analysis of fish community structure
(a)sites, (b) seasons; the same below.
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Fig. 4 Alpha diversity index analysis
3 Wi R . HBE s RES Ty 3, MiRE /N cE

3.1 E T IfE DNA metabarcoding B9 #7115
Bigin A

BT 03 A Wy i P i R R v 3 £ 0
AREYTZ W, iz 15 DNA metabarcoding 4%
AR RAE A FP A BN, O LA il 5% I
A 1 AR SR TR ARG AL S e i 37
ZEyRr, DEHEH . siE BREHE B 8 E, 56T
NFEZ S AT 46 R 9 25 A7, Ui T 3R
DNA metabarcoding 7£ #2349 ZAEPEAR I [ HA
T o AR YR A A DU 3 A0 v f 2R DA L\
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R GE W 28 T (SR RN, 3 5 X AU A
M —3, B EEIBHAaz AR
T R A SR R A S e BOR IR, ORI
R T AR IAEE DNA K%, 1eAh, K NCBI
B 55 A b Ny PRI PSS A A T R I, AR IR
PRIATRLI A /N T h ERLT T RSk TR U R
BIARTEAL G R A WA AP > X A] g 32 R
FEHDIE FO RO (52 0, FEAR TSR 2 1Y) o Tl i
X, ¥ P SEA% 8 07 SOE LUIF e BAS 5 4R 15 76 A £
FPRYAEAS , M #R3E DNA metabarcoding £ A 1E i
A Gt D T B B
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32 &EYMHFHETEN

2014 AFGEFAECH R Xk e 1 81 8 Y f 2K
IR S BEVE 2R A LS R B R, R
FZETH@aEMEDEERE 38F), FF
(27 B FIRKZE (27 B AHY, &R (22 F); A
A 98 B 9 A U] B 2 (33 A >4 25 (20 i >Fk Z
(5 Fiy>F2 (3 Fly, Syl /A i 355 i ik
S AE R 1 208 T v 3 A P R A B R 4 AR — 2
HE | ZAFNNHES ML, &, ETMAa
RFhIEE D, 1 X AP LS G 5 R — T T P RE
A R IFEASLE RT3 5 DNA metabarcod-
ing S AT BRI ARTS Gy, S HERR TS G 43
Mrak ey HIWr, TEJETT reads B LU XA, SEPRIAEE
A W00 3] 1) reads R0 23 B P X RE v 1 0 1) 1Y
reads FCH TUEL, TS0 B3 AH X Rz A 40 AP E4 - BT 32
BT RKERBE RN AR, I —TJ7 A e
AR e Vb A . KRR,
H S A R PCR IR (R 7E IR 55 ) 234l PCR
PR v E Y b, (A A A A R
Ca N R R o 7 0 AN I
W E il AR HAREE | T8RN EE R 65 34 AR
2ANEWLLLE, HIpyl R . mEFEEN 1
rh A L 81 5 LA A 2 B A o P =R A ) I SR
JpAet . N PR BB 88 (Conger myri-
aster). Uit (Nibea albiflora). #& & fily . G685
TR | B8 (Miichthys miiuy). 8., TEA R A
r S Sy 48 X SR, IXRT g U A B
Z HiEd LRaSA N, B BE 5 A 5E DNA
metabarcoding 175 | ¥ A7 Y,

3.3 BAFERENNERESSHEMES

254 NMDS 43 87 Fil ANOSIM 6 56 1) 235 5 5k
N, U ERETE AR [R) Sl A7 i A 28 4 A 25 AN
22 WIS TR0 2B 458 0T Hh 7 L 3] 15 £ 2 20 A Jmy 5
M AN, A AT B85 AR Y ] A TR B 1) SR AR s o7 A />
HEHRA XK, FRf, ANOSIM K5 fon, 2t
KIEAFZETAREEES, UL 6250
VE LH R RO T R IR OO, Bz AR R
MR, X450 AT AR SRR SRR A S L i
i J 408 3w Vg 3k %) £ 25 L0 e 1 A 218 i 2 4 PR 2
HEMEEIR— B, AWEFE P RAE U5 AL E Y Alpha
ZREVERR B TC I W 22 S, (HAE P 91 BEOKCF A
PO EARE R T AN 25 [ 3 A 22 5 o
KAEZ=T (8] (1) Alpha ZFEPEFE R AT R, ARk
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PAA R YRR . SRR S Y
Pl , XA AR 2 UL AR i i B R 22
W, PRV EYITEIZ T ALK, Wb AT I B
JIT A BOE A VT T SE AT, R R4
B s a0

3.4 Ifi% DNA metabarcoding 3 R7E B EEY)
ZHEMIAE LB

#1135 DNA metabarcoding JG ¢ & — Fh 5 %% BF
TR A Z R BB 1, AR T 1558
EFERS 2T . YR B MR IR L X AR B Y
FhA SRR SRR, A XA R A A Y £
FEE PP AL S 77 b 7, ARAFGE T, FA5E DNA
metabarcoding £ A (1) 8 7 25 5 5 1% G2 )8 2 AH UM
e, B T AR AR AR A
FIRTEEdE, BYS BARYF oL, 7850 I T X
HAr P fh BOILA B e, AR il s
RGEMWKE . SR, 3% DNA metabarcoding H
B IR RE A 19 35t 4% 5 B RN R O AEAE T
ANHEXt HAs A i A DR AS . AR A5 A DL SR E
F/NEH FIB ) HIREE DNA 78 KR IR A7
B ] A BR Btk A, PR35 DNA metabarcod-
ing MM T3 TR R SE8E, ATRES REUREIH,
N fz B Y Gl 1. (Johnius belangerii)™ #5125 i [
B UL 0 Bl oA AR YR I A b AT BEAEAE AR B T A
BRI . R, #4% DNA metabarcoding £ AR
JEAREE R BUL G A, (B AT VR A% 40 i A
AR TH, W NS RGN T,
A A A SR T, BRI A AR R,
ARIZEBR KR P AR5 DNA R R 55 0800 i 60 i
WA BIRUAHES G, B AT RE 000 v A= ) 19 o0 A
WER ;s BEs A = UK T I 4 =, ki
AR T R S R R AR A, T4
= A5 DNA i HARYFh A 4y 850 DL et
5 DNA KA 2, S HER R e A Rum k2
FEPE DR BURSR LR R 4%

4 Rgh

AR R A B F 55 DNA metabarcoding £ AR
a0t A L B B G R I X ) R AN AL, AT
TR Z YRR S AR, UER] T MR 5E DNA
metabarcoding F A 7E 0 2 ZFE PRI 7 T 9 T,
(] Fsf Sy v 7 L 20 5 P B4 9 5 e A A ) A
ML, DRAP R AL T HOR S
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Fish species diversity in the Zhongjieshan Islands based on
environmental DNA metabarcoding

ZHONG Lanping ', GAO Tianxiang >, ZHANG Haobo', CHEN Zhi®’, WANG Xiaoyan "

(1. National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China,
2. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China;
3. College of Fisheries and Life Science, Hainan Tropical Ocean University, Sanya 572022, China)

Abstract: Rocky reef habitats are critical for supporting exceptionally high fish species diversity, a vital element
of biodiversity. However, monitoring fish species in these habitats using traditional fisheries resource survey meth-
ods poses significant challenges. Therefore, there is an urgent need to develop sensitive and efficient methods for
biodiversity monitoring. Four sampling stations were strategically selected around the Miaozihu Islands within the
Zhongjieshan archipelago, and surface seawater samples were collected across four seasons (February, May,
August and November in 2019). The spatial and temporal distribution of fish was analyzed using environmental
DNA metabarcoding technology. The findings revealed a total of 37 fish species across 10 orders 26 families 36
genera. The seasonal abundance of fish species followed a trend of summer >winter > autumn > spring. Remark-
ably, only 2 fish species were observed in all four seasons, representing approximately 5.41% of the total species
count, while 54.05% of the species were detected in a single season only. The non-metric multidimensional scal-
ing (NMDS) analysis and the analysis of similarities (ANOSIM) test indicated significant variation in fish compos-
ition among seasons (P<0.05), but not among stations. The fish community's uniformity remained relatively
stable. Although the diversity and richness indices did not exhibit significant differences among stations, they
peaked in summer and troughed in spring. Overall, the distribution of fish in the coastal waters of the Zhongjie-
shan Islands is significantly influenced by the seasonal changes rether than station locations. This study introduces
an innovative, environmentally friendly approach to fish diversity assessment in marine environments akin to those
of the Zhoushan islands and reefs, offering valuable technical insights for the management and conservation of

fisheries resources.
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