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ET eDNA FIRSEGEERFHETIER
AR ESHEERNLEFR

g 4V FEE' FER' ¥xE' % TV
ZkHE T BE&E4ES Ine
(1. R RFAESFRE W B0 570228; 2. WBEINERFAESSHREYR R BH 570228;
3. B RA SR BRI T R W 571924; 4. R KA T T IR A A E K
EHELKE WM O H 570228; 5. MR M AR RIS S50 HE S SLEE R 1BH 0 570228)
BE FRARBESEENTARZ —, HAFENEERE, IRT T AT RE & X SRR
FEHEAE, AHF % K FR9% DNA (environmental DNA, eDNA)E K, 45 &1% 40 B & 77 ik

FTAT 2 #T, #RiT eDNA SR 5 1 48 Al & 07 i A 2 K B o7

HAERME 6 B 32 £ 65 8 76 A éa %
o EEEANE B & EH 19 f,

K3
K§EiA
RE S

BRI BTEAEARSE,
I DNA; 7 2H; @k LN
S S931.1 XHEKFRIRED A

TR ) = KR —, KR TFHIEW, 4
£ 156.6 km, VIR 3 693 km?, J7 I E/K 708,
TN AE R IR GRS, 2024), faRAEKAE
VI E B —, SRR A RS R G A A AR
M, HEwmKEESRE R SRS Xie o a,
2021), AR, T SRIMTRBE K BRI A B
T[TE B IR S5 RS shagma i, N fa S AR A T Rg
ZF H 25" B e (R R4, 2020; 5KEESE, 2017),
PR, iR T5 TR M S R R KA S5 W, B iR
B AZETEIRBUIR, AL B PR R S (2240, 2018)

* Y R A8 AT ROl B R W 5 1 P R S T I 42 (SZDS Y S2024-004) B Bl T
AW, # 4%, Email: diaoxip@hainanu.edu.cn

O MEMEE:
ks H I 2024-09-24, Woig ok H91: 2024-11-14

HH % RER, #if eDNA

MR B E TR BAIE R M B ML T
B b eDNA 72 B A KA A il oy g 2K 4y Fb 34 He A% L 4 7
* % WA 7 A By & 2K 2 DL EE TP E (Cypriniformes) i £, H

(Siluriformes), AHF 5 4 F &KW, eDNA #H A Z X 5 R T1E 418 2

K& % 7 B (Perciformes) 45 7 H
WMEFEWEEMT, THFR

XEHS  2095-9869(2025)02-0147-15

T3 SR ] () 0 2 A 32 BE O B, AR (EAN
FRT A0, PRI, 3t ) 45 (R BT 2, 2018) . 4RI,
gt R A 75 1 BT — 2 BRI BRI, REIE AN [F] 1)
B SR AR N B W] G B R, [
B B sR i M 2 LU, 1 BOG TR MERR
e TET b WA 00 3] A DXl 1 £ 28 2o A o A A ) B o
— N TR G A TAERIXERE o UL, B —Fp
LA 00 W I Tk E AN R B3 O ST s 2R R A
WF5E, #35% DNA (environmental DNA, eDNA)H; R &
—FhidE o B AR R THIE TR DNA, FIH

2, Email: jun_lei@foxmail.com
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%46 &

38 B AR A B AR RIS B T o i R PR
B A ST, BRI M X 1 28 2 R K H s ] 43
10 HEAT W (BT BRAE, 2020), S&—Fh il 58 H B AL H
B W 5 AR (Fujii et al, 2019; Doi et al, 2021), eDNA
HAR BRTCHT Z W H T A I . A
AT L BS54 77 T (Rodriguez-Ezpeleta et al,
2021; [ERACE, 2024; WA, 2024),

KT T SR A G IR A A DI - A B A
(011 A KB 27 Bl s 252 55(2020) 4 51 7
SR A 71 B BPFAF(2022) 15T SR B A
B 68 Fi; HopThy (O R AEE 4 ) 1d5%
TRk S 100 B, 04 98 R (HH AT, 2023), LU
AR YRGB R AT, MR WA
eDNA HARMIE . ARWFFE LT SRR A5 X
B, ¥ eDNA B AR ML G a2 & b G, %5
R RETEFEEESSFERIE , AT AN 5 32 AR DG
VIR eDNA 2 ARTETT SRR i FH 25 SEA,
4 b el R O PR AL SR B

1 #REFE
11 BHARE

DLV RE T S S IS X, 7E 2023 4 3 H (F %)
AT RAE, 2% (HIT10.7-2014) (AW 206 WL+
ARG PRI A o FEITFEIMTI LA S A RAE
SN B AE T RN S DA R S TR ST AL

19930’
I
19°20'

19°10"

19°00’

18°50"

AL FIHL(HP) . KARF(DLQ). 3 A1), W% (PL)
FRDHFDOBQ)(E 1), MZEFESILE: HHZMAESR
ARM K 30m, # 1.5m, f045 12 FR H . 2a=2 cm=
1.0.1.6.20.25,.3.1,4.0. 48,60, 75,85, 11.0,
12.5 cm, AR EMREK 2.5 m), #2811 m)3h
21 F5%E(F 25 cm, 9E 35 cm) 2 PURENEE (G T
P )2 . = )Z AR (K 60 m, H 2 m; MH
2a=5~8 cm Fl 2a=12~15 cm PAFPERAERT 5 KAt it
TRl s o AR S PR 0 16 0] R AR AR B L K
BRI E R, B EE N EZ S HIM 2 4K/
SREER s HIE 6 Z5/RCRERS; RO 3 4%/
SRFERT) 18:00~19:00 F'E , K H 06:00~07:00 WM .
A TR HLoRAE B 5 BT A7 (R BEAR AT Bl 2 %, O
THECFFRE (0.1 g)o XTFARE M PN M, H
5%~10% 1 A /R Ty MR e Je 9 TRl S0 a8 45 0
SRR AEY WM A 5E DNA 72 59815k (T/CSES
81-2023)iF1T eDNA &4, i FR/AKERREKEE, R
AL BRI I W T AT R A, AFE W L . REK
%5L, 151, #E—HIRBFHHEA S L EF,
Mg 3 AEE, FHNEEREE DNA i iEY
(WD-6, % #ifi, B at)M—1{kfk eDNA & &4
(WF0201012, 7 5&if, mg R0 728, Jfd A eDNA
PRAE . SRR 138 X5 e, i 38 i Je B S ik 4t
TTIHEE , MR R SRR NG Uk, 258 /KRS K
HATIEYE, SRR FEM—R 5, LIAER
15 Ak i 15 L L8 /KAE R IPEXTIE

® RFES Sampling site

18°40 ~—— T3 R Wanquan River
DEM (m)
o 1867
18930’ | , A& 18 g
110°00' 111°00" E

Bl 1
Fig.1

T3 TR RS0 A

Map of sampling sites in the Wanquan River
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1.2 DNA #2H

fdiJH eDNA 2B & (MT059, S Hkif, HE)
FEUL DNA TR R R i 349 o — A2 1 WG of — 24 o e ot
—DNA ¥fi#>, [7—#t 7k DNA 428t % /% % 1 ) DNA
LR ES 1 0 BEAE Ay B o B (P A2 45, 2018),
i Qubit™ 4 Fluorometer (Q33226, FEEK K, ZEHE)FI
B LT (NDS000, HZER, E)%T DNA
) VA R A B A ARG

1.3 PCR ¥ & RNEF

YR 128 3@ 519 (519791 Teleo2 F: AAACTC
GTGCCAGCCACC; Teleo2 R: GGGTATCTAATCCCA
GTTTG)i#1T PCR ¥ 1 (Taberlet et al, 2018), 14
96 FLARFA 14~ FHMEAR ME & A 3 A B PE 2 16 (ddH,0).
Fic il PCR SR Z A 20 uL: Premix EX Tag II 10 pL,
ROX Reference Dye 0.4 pL, Teleo2F 0.4 pL, Teleo2R
0.4 uL, DNA 1 uL, DEPC 7.8 uL. PCR ¥ #72)¥ .
95 CHiZEME 3 min; 95 C7Z84%: 155, 62.4 ‘CiE & 20's,
72 CHEMH 20 s, 35 MEM; fiw)s 72 CHEMf 5 min,
33N PCR =Y W R 2% B B a6 1 H ik A
M, B 10 Viem, HJKEE Y 35~40 min, (=il &
7 H Ton Proton(FEER &, EE)FEIH1T.

1.4 HERAER ST

e 38 12 B 43 AT {8 ubuntu 14.04 JRAR TR /9
EcoView ¥, BAAAYE B e . & Jes il
J¥ fastq SCHFEHR AR fasta SCHAF, [RIE R ) BAh, BR
B E/NT Q20 KJEZ/INVT 80 bp AIKT 250 bp 7
G, HEHEZFIIMEA N T, SRR EE
ETRUESIRT I, SIAEEC/N T 3 bp; I EcoView
B H USEARCH T. H i 17 OTUs (operational
taxonomic units)2€2E; FEF NCBI (https://blast.ncbi.
nlm.nih.gov/) 8 47 HUXT, A5 OTU Joik exf =
PR, WIHEJE K« B SEE T8 (30 T 745,
2023), PCRECIEYIRIE S, il A BRI AR,
AR Y P RS R (i AR 5, 2023), HERTSE
K5 [F— H 47 W B4 3R 10 28 7 X0 e A

ARWFFE R A Spearman J7 434 T I [E]46 H ) £
KA FH S bRy A E S R A . SR A
PCoA (principal co-ordinates analysis) 3= AL FR 0 BT #8 5%
AN TFLRAFE R A SIS R AR B 25 S i T R SR
B “ape” fLAI “ggplot2” fI5EM. KM FEAR t
KB #T T eDNA FARFME Seifn i 7 ik r ik i)
MR LR 2Z R P<0.05 RRERKTRE,

P<0.01 R 25K P 2 . 5 R EEH R4.2.2)%
4P ) "VenmDiagram" (v.1.7.3) 82, 5¢ i, £ ol )3 [ fef
FH R(4.2.2)BAEHHY ggplot2(v.3.4.2)58 1, FFEE H]
i ArcGIS 10.8 2 5E i
A8 40 ol 1) AR 370 = B2 0 i B3 455 1) o 3K )
AFDF = B2 B 5 45 il A0 A A0 2 W i 2 B (4 W AR 5
2023), AR S AN Shannon 2R TS EL
(Shannon, 1948) .Simpson $5%¥(Simpson, 1949) Pielou
5] B 5 B (Pielou, 1966), 3 & FEH5 4k (Richness)# /R
ELf A8 1 F 2R AP 2R 8E , McNaughton #8838 /R 1
W (Cheng et al, 2023), HHAEAXITF .
Richness £ & JEF540(S): S=n (1)
Shannon%ﬁ‘@#‘éﬁ((H'):H'——;%ln% )
Sobs

Simpson #5%4(D): D =Z(ni )R /N(N-1)  (3)

i=l

\ H H
Pielou ¥8%4%(J): J= = 4
() H_. logS @
McNaughton F§%(Y): Y:%x f, 5)

Arb, SERBHEY I E R EREG n FR D REE:
JEYRT 0 BIMIR AL EH e Hua R/RTEDI P EF L
RSO, AEMS 1K 3 B9 R Shannon FEEUH 5 S
PRI EN A OTU %0 ni R i 4> OTU B iy
FEBIEL N RRBTA RIS fi 3R 5 A> OTU 1R
Al S IR . Y>0.02 BN A DL

2 H#HR

21 BEMYFHEN

K MGG )i B A 5 M eDNA J7iLAE T R
LW S 101 Fh a2, AFEIR K AR £, o
eDNA Jrikfiihi s 76 #, sEJE T 6 H 32 8l 65 )&,
Pedhfi 22 F s AL Geit B8 A ok th 28 44 i, SR
J&T 4 H 14 %} 44 J&, PL3F 7 R PR J7 kS i
MRS 19 Fh, [ eDNA J5 3% Wi ) iY fa 2
57 Fh, AR 56.44%; (AL G ELR A 7
R ) () 2 25 B, 5 AR R 24.75%(1&] 2a),
AN TR SR A A R O 3 W By e 2R W R R 2 R
(Kl 2b). eDNA Wil 4%k i K 20/MKIK s DBQ
(60 Ffy. PL(58 Ff). HP(50 Ff). DLQ(38 Fh). JI(37
vy, WFhECER 2 W RAE SUZ DBQ; A& 4E 0 B £
J5 vk W 2] i R R R B/IMKRICR 1T (28 F) .
PL(14 ), DLQ(12 Fn)F1 HP(12 Fi), DBQ(11 ).



150 ook B

546 &

@ 35 DNA eDNA O {4t Traditional method

m ¥ 355DNA eDNA
70 - i f£45 )7 Bk Traditional method

1
] I I ]
LQ I PL

DBQ  HP
KA S Sampling site

(=R
T T

(=]
T

— N w H U
(=] (=]
T T

YFPEL Number of species

o
T

(=]

D

Kl 2 T eDNA FORRYJT S Y R B S 4% G I A 7 IR 45 540 LU

Fig.2 Comparison between the fish composition of the Wanquan River based on eDNA technology and traditional method

SR L eDNA J7vA AR J7 SR TR 1) 1) £ S 4 A gk B
TR g r it HR A gk

128 43I 5 B B 2 5 B0 322 267 4%,
N TG SR OFS 225 132 4%, 4RI FFIF
=97%IH TR RIS, BAHAT 79 A~ 025 OTUs, FHrfr
HERRIFUK a2 76 F(ER 1 KR T), RET
6 H 32865 %, A 34 OTUs HiERREKFE, N
I (Opsariichthys sp.). JrJE#(Platysmacheilus sp.)Fll
Bk Schistura sp.) o 4% 1R £ 2K H PRI EO = Bk i
J¥ H (Cypriniforme) (34 ') . &7JF H (Perciformes) (33F) .,
#53F H (Siluriformes)(4 #) ., i1 H (Mugiliformes) (3 F1) .
it J& H (Clupeiformes) il i J& H (Cyprinodontiformes)
(1. FERRISIE HFIEURZ, 3t 113186 &K)F
G, R 50.28%, WrAPER 33 B, FECHGIEWRE
i (Rhinogobius formosanus) . J& ® 1 % i i
(Oreochromis niloticus) % ; VEREZIHHIE H 1) )3 51 £
97 045 4, HEFTIE 43.11%, YRhE 34 Fh, 3
i = ff il (Megalobrama terminalis) . % € 4 J§ fa
(Osteochilus salsburyi) . Jefifk(Misgurnus anguillicaudatus)
&, BIL B ERE, WEF 4 AR, IEER
(Cyprinidae) . J€ %5 #f £} (Gastromyzontidae) . #fk £l
(Cobitidae) . “F-#EHFl (Balitoridae). K H & A HEH
KEFQL FH, WY H . I8 3 meE 5 R
1B, 2351 R R (Mugilidae) . #E R (Clupeidae) Fil 1E
i B (Poeciliidae) . ¥ FEFF AT i 1 B KON s 2K fif
B3 1 Filn) M & 1 FHGobiidae)(6 Fin) il f BH(Cichlidae)
(4 . SEFFFIE4FL(Channidae) (% 3 i, XL faf
(Ambassidae) . 5 T fiF}(Siganidae) FIEHFH(45 2 Flt) Kz
HAFH N #3EL (Sparidae) . # F#5F} (Clariidae) . #EF}
(Sisoridae). fi5F}(Carangidae)545 1 Fi(I& 3).

et I | 2 8 I 22 ) 245 0 R ) 4% e i L
A AR 2 671 5%, SL 44 B IS 1 AL
#I), RIET 4 B 145 44 8. £ BHKF LAy

A ECHE Y A E B (23 FiN>80E B (17 Fh)>&51E H
G RN H(1 Fin. Hrr, SERMIE O EY R A
%, 24 F, HEwar 6 fl, ERpEMAF 4 Fh,
DI K E 8 RL AR 2 FF, B &5FF(Pangasiidae),
fifi Bl (Loricariidae) . #:F}(Bagridae) . XGH A E} | #5F} |
Z6iriF} (Anabantidae) . 7%} | #EF}(Leiognathidae) .,
BEAEEREA 1 FR (& 3).

22 BERYFMNEXNEERAEYH

BT eDNA R A 1 0y 7 SR ] S L A
A 22 F(# 4a), EIEGIEVIFFE A, 2% DR
—fA . BEESUR A YR . 41 2 1 ff(Onychostoma
lepturum) . 5% FCAE(Coptodon zllii)&:, HA A 11 Ff
Pedita S AR T A R AL L, 403 RIS IR R £
Je X FURAEE . gn e P A SRICIEED . 3 [RYER g
11 (Rhinogobius cliffordpopei) . #f [G L i (Valamugil
speigleri) . K B 4R % (Gerres filamentosus) .
(Hypophthalmichthys nobilis). f#(Cyprinus carpio).
fiff(Mugil cephalus). {t#(Clupanodon thrissa), #f&
B (Acanthopagr us latus) . 1448 A 77 2 A i £
FRpfr 7 FE 4b), 4351 S IRAREY . 5 RN
#fj(Microphysogobio kachekensis). %5 )£ fifl(Xenocypris
davidi) . 7 7 {47 (Toxabramis houdemeri) . i 5 1
% (Pseudohemiculter hainanensis) . i F§ & fif
(Sinibrama affinis) . = {48 f5 (Rhodeus ocellatus), H:
SR W T e R VY e S Y = W B e AVE | P
Pl B A AR SO 2 B, 43900 R 55 FG AR 8RN
1 R AL

23 BENBHMESH

ARM5EE T Alpha ZEEVEFEBORSEE 0T T %
T RTEIE ) ZREPERRIE . W3R 3 iR, JET eDNA
Hi R ff12% Richness $8 50N 48.6, 2L A 37~
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F1 ET DNAHARSEFEEFENERYFHTLE

Tab.1 Comparison of fish species based on eDNA technology and traditional method
Bl Family J& Genus F Species
H Order W sk H we femnik i we o femnik i
DNA  Traditional ',F tal DNA  Traditional :lljo tal DNA  Traditional :E) tal
eDNA method ota eDNA method eDNA method
iy} B Perciformes 21 8 23 26 17 35 33 17 48
##7% H Cypriniformes 4 2 6 31 23 40 34 23 41
#51 H Siluriformes 4 3 6 4 3 6 4 3 7
#7% H Clupeiformes 1 1 1 1 1 1 1 1
fiffi /£ H Mugiliformes 1 0 1 3 3 3 3
%% H Cyprinodontiformes 1 0 1 1 1 1 1
B3 Total 32 14 38 66 44 85 76 44 101
(VRS FREDNA
Traditional method eDNA
o, 0.80% 5.96%  1.94%
3.08%2'_71 % 01)2% 3
#4% B Perciformes
W 48 B Cypriniforme 18.33%
W &5 H Siluriformes HKF
50.28% W I B Mugiliformes Order level
#% B Clupeiformes
M #J¥ B Cyprinodontiformes
0.81% 1.64% 0 )
1.40% 0.80% 1.20%0.74%
2.08% ——,
2 = \‘ 447%——o@ \\:\
2.90% Q| 5.96% —7 \|
8.04%—1 BN
E— 9.83% /| -
13.61% 72.58% Family level
M &%} Cyprinidae (72.58%)
WA Cichlidae (9.83%)
#ER} Clupeidae (5.96%)

W #5%} Sparidae (0.73%)

#8B} Cyprinidae (33.53%
— A ¢ 2 M 7555} Mullidae (0.59%)

W IR} Gobiidae (29.75%)

W 2P} Nemipteridae (0.10%) M X3/ £aF} Ambassidac (4.47%)
B A& A} Sciaenidae (0.07%) M R % £6 5} Gobiidae (2.08%)

%A} Acheilognathidae (0.56%)

HE & F} Scolopsidae (0.30%)
M 4%} Channidae (0.30%)

HIHHEL Mastacembelidae (0.28%)
M BG4} Ambassidae (0.27%)

W &4 AA] Scatohagidae (0.06%) #5} Bagridae (1.64%)

M #5P} Carangidae (0.05%) I 6%} Cobitidae (1.20%)

WA} Theraponidae (0.03%) YEEBL Eleotridae (0.74%)
#%} Bagridae (0.03%) I #4958} Anabantidae (0.45%)

W 5%} Pseudanthias (0.03%) M R} Leiognathidae (0.30%)

iR} Cichlidae (13.61%)
B} Cobitidae (8.04%)
W ##4aB} Trichiuridae (2.90%)
7 #8) Mugilidae (2.71%)
kBl Sisoridae (1.52%)

0 588} Gerridae (1.40%) I 2655} Anabantidae (0.27%) W FE8B) Poeciliidae (0.02%) M ##F} Channidae (0.30%)
B} Clupeidae (0.81%) W E4E6# A} Balitoridae (0.16%) M5 T #B} Siganidae (0.01%) M F 458} Loricariidae (0.15%)
#AF4ERL Clariidae (0.80%) W BGUHR) Lethrinidae (0.13%)  EM#F} Sillaginidae (0.01%) M E 5%} Pangasiidae (0.15%)

JEA8%A; Gastromyzontidae (0.80%) Ml %A%} Lutjanidae (0.12%)

ISR Eleotridae (0.01%) M #5F} Carangidae (0.15%)

I3 T eDNA AR b el A5 )y 7 SR 6 A A f
Fig.3 Relative abundance of fish in the Wanquan River based on eDNA technology and traditional method

60; Shannon f8%AYYIME N 2.16, ZBMEN 1.19~2.32;
Simpson $5 XL EIE N 0.77, 7F 8 M 0.52~0.92; Pielou
EBEME N 0.56, ZZIE A 0.30~0.70, FETE5H
B 28 Richness F88IIME R 15.4, ZE0E A
11~28; Shannon FEEIE KN 1.98, Z8ME N 1.56~
2.76; Simpson f8 £ IIME K 0.78, AF1E K 0.67~0.91;
Pielou $5 5 A 0.74, 78 18~ 0.65~0.83 , SA |,
T eDNA $ AR {125 Richness . Shannon 1 Simpson

TRE ) BE AR & TAE G084 7 , (B Pielou $840(H
BURTAL G )78 o B PR 7 B i 2 Z RE Ve de BG4 T
AEHCXT t A4, A e S B W 2 R AR R,
eDNA AR 515 581 4 775 A% 09 7 53000 i 85 1 2 1Y
Shannon Z#EMFEEUR Simpson ZREMEFEEIS TC B & M
7= 5(P>0.05), 1 Richness 5% Pielou 5 80H & 1
Z5(P<0.05) (K 5), K eDNA HAK: H 1 f 2 Ff
TR ERES TR E, MY TRg %k,
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O EAREES; Rhodeus ocellatus
DR EN Sinibrama affinis
OYFEs I Pseudohemiculter hainanensis
B G L& Toxabramis houdemeri
v DR Xenocypris davidi
O 5= BUIMER Microphysogobio kachekensis
00 OFF KA Coptodon zillii

O BB Acanthopagrus latus

O £ Clupanodon thrissa
a O % Mugil cephalus
@ K% Hemiculterella macrolepis
W W Carassioides acuminatus
= # Cyprinus carpio
O % Hypophthalmichthys nobilis
B KPRERSS Gerres filamentosus
B S BURE Squalidus wolterstorffi
m ALk Glyptothorax sinensis
o ZERWIEF B Rhinogobius leavelli
w37 K LS Valamugil speigleri
O Pk R S €4 Rhinogobius cliffordpopei
W 77 Trichiurus lepturus
m YRI5 Toxabramis houdemeri
O 55 KA Coprodon zillii
O 41 3 H . Onychostoma lepturum
O VB8 Misgurnus anguillicaudatus
O R AESUB L Osteochilus salsburyi
W =Mt Megalobrama terminalis
DBQ HP m B% O Oreochromis niloticus

W 5EWYIEF R Rhinogobius formosanus

100

80|
80}
60|
60
40}
401

20+
20 -

Yy AN F S
Relative sequence abundance of species/%

YpFpAEx B
Relative abundance of species/%

0
DLQ JJ PL
F A5 Site

DLQ JJ PL DBQ HP

FE AT Site

Kl 4 JET eDNA FAR (a)FiL GE 1 A5 757k (b) BT SR I 3 i 2 W) b 2
Fig.4 Composition of dominant fish species based on eDNA technology (a) and traditional fishing methods (b)

x3 ET ODNABAMEFZPELZNARTEED o ZHERY
Tab.3 Diversity index of fish in the Wanquan River based on eDNA technology and traditional method

Richness ¥ & & Shannon 5 %% Simpson 164 Pielou ¥ 2] BE 84K
REER prag tede ik B g ik 78 L Wirs B tede ik
Sites DNA Traditional DNA Traditional DNA Traditional DNA Traditional
eDNA method eDNA method eDNA method eDNA method
DLQ 38 12 2.32 1.61 0.85 0.72 0.64 0.65
JJ 37 28 2.10 2.76 0.77 0.91 0.58 0.83
PL 58 14 2.85 1.99 0.92 0.80 0.70 0.75
DBQ 60 11 2.32 1.56 0.81 0.67 0.57 0.65
HP 50 12 1.19 1.99 0.52 0.81 0.30 0.80
Mean 48.64+9.67 15.4+6.38 2.16+0.54 1.98+0.43 0.77+£0.14 0.78+0.08 0.56+0.14 0.74+0.08
BT AR ST HIERE, RH Bray-Curtis 5 L
B PCOA S BT MR R b At sty 3 TR

Ik, PCL R BEAY1 36%, PC2 il T 29%(1& 6).,
HP XA 55 DLQ. JJ. PL. DBQ RAE & Y 2540 hl
ALERAR, A R,

2.4 eDNA BARSEFIAESEZ BHEXME
P OTU @4 F B0 X 4, Wy Fhita g st Y il

3.1 ET eDNA FARFMESGEESEZN AR MESE
YRR A0 B REE L B S

AWFTERAT eDNA FAXTJT IR I A 2R 22
FEVEREAT TR, JRa AR G A T IR T T
FEBIFSE , $R 1T eDNA FARTE T SRR i 5 #6125 B 5] 2

SAT eDNA AR AL e 2 7 i LA 1) .29
Bl 31 5 L RN Ah e B AR e X BT — ek
PEXR R BRI TOLAL, ZBRHM o B KA, i
JE AT HT (K 7). 45K, eDNA HAR 5%
SR 7 IR AR R T B 3 B R AR e - B
TEAHE(P<0.05), ] LUK eDNA 76— E LR FAE M@
KW R AN T

(AT P o R RR 7 A0 T SRR S A I H 101 F £
25, HEHIKF L, eDNA HiAR AL G JE A kK i
R ETEBCAIY H | 99 B RG5E H, X 525K
EQ020) A R —B; TERUKP B, WA e
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Abstract

and stability of aquatic ecosystems. The rapid economic development of the Wanquan River basin has

Fish play an important role in maintaining aquatic ecosystems and directly affect the health

seriously affected the ecological function of fish in the basin owing to human activities such as dam
dredging and highways. Therefore, long-term surveys and monitoring of fish diversity are urgently
required to determine the current status of fish resources in the basin and formulate corresponding
conservation measures. Traditional fish surveys primarily use gear fishing methods, such as gillnets, purse
seines, and ground cage nets. However, traditional fishing gear survey methods have limitations,
particularly because different gears are selective for fish species and individual sizes. Catching fish
species that are small in number and elusive is challenging, making it difficult to accurately and
comprehensively monitor the fish diversity in the survey area. In addition, the restriction of the fishing
moratorium further increases the difficulty of traditional operational surveys. Therefore, a rapid and
effective monitoring method is urgently needed to study the fish resources of the Wanquan River.
Environmental DNA (eDNA) technology involves analyzing biological communities by enriching DNA

retained in the environment and using high-throughput sequencing technology. This method offers several
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advantages, including minimal environmental disturbance, time and effort efficiency, and allowing rapid
monitoring of fish diversity and spatial distribution. eDNA technology has been widely used in
biodiversity monitoring, population distribution, biomass assessment, and feeding analysis. To investigate
the fish diversity and community structure in the Wanquan River Basin, this study used eDNA technology
in combination with the traditional fishing gear survey method for comparative analysis and explored the
advantages of the two methods in fish monitoring. The results showed that 76 species of fish in six orders,
32 families, and 65 genera were detected by eDNA technology, whereas 44 species in four orders, 14
families, and 44 genera were detected by the traditional fishing gear survey method. Overall, the eDNA
method detected more fish species than the traditional survey method at all sampling sites. The dominant
fish species detected by both methods were Carpiformes, followed by Perchiformes and Siluriformes. In
terms of the composition of dominant species, 22 dominant species of fishes in Wanquan River were
detected by eDNA technology, seven dominant species were detected by the traditional survey method
and two dominant species were detected by the two methods, which were Coptodon Zllii and Toxabramis
houdemeri. Alpha-diversity analyses indicated that the fish species richness detected by the eDNA method
was significantly higher than that of the traditional method, whereas the evenness was higher than that of
the traditional method. The principal coordinate analysis (PCoA) results revealed that the fish composition
at the HP sampling site was less similar to that of the DLQ, JJ, PL, and DBQ sampling sites, with fewer
common species. Spearman's correlation analysis showed that eDNA technology and traditional survey
methods had a significant positive correlation (P<0.05) between species sequence abundance and fish
quality. This preliminary exploration of the fish diversity of Wanquan River using both the eDNA and
traditional survey methods establishes a particular foundation for the application of eDNA in monitoring
the fish diversity of Wanquan River and also serves as a reference for the protection of the fish
management of Wanquan River.

Key words Environmental DNA; Wanquan River; Fish diversity
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Appendix Tab. I  List of fish species in Wanquan River based on environmental DNA technology
H & & fift K R AR
Order Family Genus Species Frequency
i)z 2 H5F) Mugilidae JLE & Valamugil G MUK V. speigleri (Bleeker, 1858)* 5
Mugiliformes 88 Planiliza KI#RP. macrolepis (Smith, 1846) 4
fiff & Mugil fif§ M. cephalus (Linnaeus, 1758)* 5
iy A kF} Sisoridae aufagklE Glyptothorax rhfe s figikG. sinensis (Regan, 1908)* 3
Siluriformes gy Bagridae X JE Tachysurus Wi T. fulvidraco (Richardson, 1846) 4
{7} Sparidae #kfHJE® Acanthopagrus HHEREIM A, latus (Houttuyn, 1782)* 5

TRl Clariidae %1 7-fifiJ& Clarias 75 C. fuscus (Lacépéde, 1803) 1




%2 F RS FET eDNA HAR 55 BRI 5 1 0 J7 I fa 28 SRR M H AL 5 159
SR 1
H Bt J& i a3 A
Order Family Genus Species Frequency
&L H X ta R Ambassidae X1 fJ& Ambassis WL A buruensis (Bleeker, 1856) 4
Perciformes NERRALA f8. A, gymnocephalus (Lacepéde, 1802)* 3
245F] Anabantidae  2:#/% Anabas B4/ A testudineus (Bloch, 1792)* 2
5%} Carangidae RN 4%)E Alepes FH 475 A. djedaba (Forsskal, 1775) 3
fi#%} Channidae fift}# Channa R C. gachua (Hamilton, 1822)* 2
H1# C. asiatica (Linnaeus, 1758) 1
f# C. argus (Cantor, 1842)® 1
[iRER S FlEAE Oreochromis  JE % 11 5#EMY O. niloticus (Linnaeus, 1758)*** 5
Cichlidae R4i}J& Coptodon FICAESY C. Zillii (Gervais, 1848)°** 5
il )& Parachromis 165 AT fA P. managuensis (Giinther, 1867)%* 2
e fi)E Heros YERN 2 H. severus (Heckel, 1840) 2
JEEL Eleotridae RIEE)E Oxyeleotris = BREQRYEE O. marmorata (Blecker, 1852)°* 2
L8] Gerridae R Gerres KRS G. filamentosus (Cuvier, 1892)* 5
IR £ B Gobiidae WRE £f )& Rhinogobius — ZEFCWHFEE 4L R. leavelli (Herre,1935)* 2
B RWIERFE £ R. cliffordpopei (Nichols, 1925)* 5
R PR R. duospilus (Herre, 1935) 3
BIBYIFFE R. formosanus (Herre, 1935)* 5
SEEEIRE S Oligolepis  JREEZEERIT M O. acutipennis 5
(Cuvier et Valenciennes, 1837)
TR g 1 E Glossogobius 4 ¥ IR £ G. aureus (Akihito et Meguro, 1975)* 1
PLIEHA] Lethrinidae  #95189)8 Lethrinus E BT L. nebulosus (Forsskal, 1775) 2
HHR} Lutjanidae 8 Lutjanus 4141 L. argentimacul atus (Forsskal, 1775) 3
HIEHE} Mastacembelidae Hl#f(/& Mastacembelus FAilEk M. armatus (Lacépede, 1800) 3
JEHEE Mullidae Bl 4k8)5 Parupeneus ZPEEI4EAR P, barberinus (Lacépéde, 1800) 2
42k a8} Nemipteridae AEJfffJE Scolopsis WL ME i S. bilineata (Bloch, 1793) 1
#5F} Pseudanthias JUBE ) Cephalopholis x5 JU&S C. argus (Schneider, 1801) 1
&Rl Scatohagidae 4Bk fAJE Scatophagus 4441 S argus (Linnaeus, 1766) 3
LHE R} Sciaenidae U4 14 )R Pennahia  BESE[ 4fita P. pawak (Lin, 1940) 1
NE 55} Scolopsidae  NEJHY/E Scolopsis R ECHEfk 4 S. vosmeri (Bloch, 1792) 1
EFfEl Siganidae ¥ fa)E Sganus #9i% F-fa S fuscescens (Houttuyn, 1782) 2
FPEIE 70 S guttatus (Bloch, 1787) 4
#5F} Sillaginidae #%)% Sllago £4¥%S sihama (Forsskal, 1775) 4
#l} Theraponidae #5il)& Terapon A6 &8 T. jarbua (Forsskal, 1775) 3
Bl Trichiuridae 75 A& Trichiurus FIH 4 T. lepturus (Linnaeus, 1758)* 3
#3IE H e R &A1) Beaufortia Je54# B. leveretti (Nichols & Pope, 1927) 3
Cypriniformes Gastromyzontidae
iR} Cyprinidae #)5 Zacco P, 2. platypus (Temminck et Schlegel, 1846) 5
{I&% )% Toxabramis TFRE L4 T. houdemeri (Pellegrin, 1932)** 3
U T. swinhonis (Giinther, 1873) 2
JRHR % JE Squaliobarbus  FRHREE S curriculus (Richardson, 1846) 1
FRE)E Squalidus JEURS wolterstorffi (Regan, 1908)** 3
{836 ) Spinibarbus Bt B S denticulatus (Oshima, 1926) 3
YefEHIAE S caldwelli (Bleeker, 1871) 2
1Ef5J® Snibrama DY) 1|4EfR S taeniatus (Nichols, 1941) 5
fty% )% Rhodeus E g R, ocellatus (Kner, 1866)* 5
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H # J& i o HH AL
Order Family Genus Species Frequency
e H il Cyprinidae P /8 Rasbora P74 R steineri (Nichols et Pope, 1927)* 3
Cypriniformes Jo/iEtE Puntius TP IRTEi#P. sachsii (F. Hamilton, 1822) 3
F-JE#fJE Platysmacheilus Platysmacheilus sp. 3
4y JFth )@ Osteochilus FEESURF O. salsburyi (Nichols & Pope, 1927)** 4
I, [ f8 )8 Opsariichthys ~ Opsariichthys sp. 5
B 7 1044 O. uncirostris (Gunther, 1873) 3
1 {6 Onychostoma 42 1 H £ O. lepturum (Boulenger, 1899)** 5
))& Megalobrama —fAf5 M. terminalis (Richardson, 1846)* 4
fiftJ& Hypophthalmichthys ## H. nobilis (Richardson, 1845)* 5
JoZtdtE Puntius #i% H. molitrix (Valenciennes, 1844)° 3
A fEffJE Hemiculterella K225 H. macrolepis (Y. R. Chen, 1989)* 4
% J& Hemiculter %H. leucisculus (Basilewsky, 1855)* 3
B JE Garra K77 #3401 G. orientalis (Nichols, 1925)* 2
7 Cyprinus #i# C. carpio (Linnaeus, 1758)* 5
41 J& Ctenopharyngodon %iff C. idella (Cuvier et Valenciennes, 1844)® 3
fi%J& Cirrhinus molitorella %% C. molitorella (Valeciennes, 1844)* 4
fifjlj& Carassius fi) C. auratus (Linnaeus, 1758)* 5
/& Carassioides it C. acuminatus (Heincke, 1892)* 4
28 Aphyocypris UZAHY A. normalis (Nichols & Pope, 1927) 3
JtIEfaE Acrossocheilus  KAEGB £ A. longipinnis (Wu, 1939) 2
#i%)% Acheilognathus K A&#HA. macropterus (Bleeker) 5
F ##&A. tabira (Jordan & Thompson, 1914) 1
S % ACheil ognathus hypsel onotus 2
(Bleeker, 1871)
Wk )8 Abbottina FEMIFEAE A A, obtusirostris (Wu et Wang, 1931) 5
fifkF} Cobitidae IR Schistura Schistura sp. 4
JesfE Misgurnus Yk M. anguillicaudatus (Cantor, 1842)* 4
SEHESHF} Balitoridae 1USF-8 S B P-4 L. disparis giongzhongensis 2
Liniparhomaloptera (Zheng et Chen, 1980)"
SIS AEBEEL Poeciliidae B J& Gambusia it G. affinis (Baird & Girard, 1853)° 5
Cyprinodontiformes
i/ B Clupeiformes filFF} Clupeidae )& Clupanodon AE#EC. thrissa (Linnaeus, 1758)** 4
Mgkl ETFaERRMARTEEYH
Appendix Tab. Il  List of fish species in Wanquan River based on fishing gear
H Ft & il o HR AT
Order Family Genus Species Frequency
(AE E R} JoViit)E Pangasianodon  fiKHR E JC i #EP. hypophthalmus (Sauvage, 1878)° 1
Siluriformes Pangasiidae
H i) H H fih)& Pterygoplichthys  %94r3 K fih P. pardalis (Castelnau, 1855)° 1
Loricariidae
5} Bagridae P #%J® Tachysurus Y BOREE T, virgatus (Oshima,1926) 1
IS I B £ R ST R & Papillogobius 75 FG 5 J51F JE 1 P. reichei (Bleeker, 1853) 1
Perciformes  Gobiidae TR JE Glossogobius 4 #E R G. aureus (Akihito et Meguro, 1975)* 2
WHF g £ )8 Rhinogobius — FBZ WM g £ R. giurinus (Rutter, 1897) 1
JFLIE [ Valenciennea PESCHR P 47 V. longipinnis (Lay et E. T. Bennett, 1839) 1
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H B & i L AR
Order Family Genus Species Frequency
it H JEBSFL Eleotridac  JRYEfEJE Oxyeleotris PSS O. marmorata (Bleeker, 1852)*® 3
Perciformes Y% )% Eleotris LUK E. melanosome (Bleeker, 1853) 1
Xt fa ) X316 8 Ambassis HE J X321 f8. A. gymnocephalus (Lacepéde, 1802)* 1
Ambassidae
#5%} Carangidae %565 J% Scomberoides K #ifEi% S lysan (Forsskal, 1775) 1
/Rl Anabantidae 28 Anabas 45 A, testudineus (Bloch, 1792)* 1
Wi Al Cichlidae  JR#HJE Coptodon 3% AR C. Zillii (Gervais, 1848)*®* 5
FiFIE#P)E Oreochromis J& % ALY O. niloticus (Linnaeus, 1758)*® 3
Rl fa )8 Parachromis £ & If 4 P. managuensis (Giinther, 1867)*® 2
I JE T 40 Hy2r &l Je i £ P. synspilus (Hubbs, 1935)® 1
Paraneetroplus
716 JE Heterotilapia i FG#F IR H. buttikoferi (Hubrecht, 1881)® 1
XS i fJ@ Amphilophus %516 i Amphilophus (JC47 T 44)® 2
4%} Channidae fi# J& Channa il C. gachua (Hamilton, 1822)*® 1
fii#} Leiognathidae #fJ& Leiognathus S i8R L. equulus (Forsskal, 1775) 1
LA %} Cyprinidae /! )& Onychostoma  4liEH ! £ O. lepturum (Boulenger, 1900)* 3
Cypriniforme i 1 )8 Rasbora B 7P fa R steineri (Nichols et Pope, 1927)* 1
il J& Xenocypris 2 X. davidi (Bleeker, 1871)* 3
1L14%)% Toxabramis 75 R 6% T. houdemeri (Pellegrin, 1932)** 3
1% )8 Pseudohemiculter 7 Fg 1% P. hainanensis (Boulenger, 1900)°* 3
41 J& Opsariichthys R4 & 144 O. hainanensis (Nichols & Popeye, 1927) 3
1E14 &8 Sinibrama 4R S, affinis (Vaillant, 1892)* 4
B3R Garra 75 #3kff G. orientalis (Nichols, 1925)* 1
20 J5 fh J& Osteochilus % 4L 40 g4 O salsburyi (Nichols & Pope, 1927)* 2
filJ® Carassius fif] C. auratus (Linnaeus, 1758)* 1
{5016 J& Spinibarbus  JGfE[H#E S hollandi (Oshima, 1919)° 1
%4 J& Rhodeus E A s R, ocellatus (Kner, 1866)* ™ 2
1B AR 0 )& Dawkinsia 25 JE %60 D. filamentosa (Valenciennes, 1844) 2
1L JE Cobitis rRAEAESH C. sinensis 1
(Sauvage & Dabry de Thiersant, 1874)
fi%J® Acheilognathus #iE 5% A. tonkinensis (Vaillant, 1892) 1
5% J& Cirrhinus f% C. molitorella (Valeciennes, 1844)* 2
f#% 2 Hemibarbus [a] & H. medius (Yue, 1995)° 1
/ME4][E Microphysogobio 5 FL/MESf) M. kachekensis (Oshima, 1926)°* 2
fifJ& Culter MR #A C. recurviceps (Richardson, 1846) 2
#i}j)& Megal obrama ] %85 M. hoffmanni Herre et Mvers 2
H#)E Squalidus A LR S wolterstorffi (Regan, 1908)* 2
%8 Hemiculter % H. leucisculus (Basilewsky, 1855)*® 2
R} Cobitidae Bl etk )8 Paramisgurnus K EI e 6 P. dabryanus (Dabry de Thiersant, 1872) 1
i1 H iR} Clupeidae %7 Clupanodon 1E#%C. thrissa (Linnaeus, 1758)* 1
Clupeiformes
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Note: 4: Fish species detected by both methods; °®: Exotic fish; ©: Endemic fish to Hainan; *: Dominant species of fish.



