55 44 55 19 1) S & 7 i Vol.44,No.19
2024 4F 10 H ACTA ECOLOGICA SINICA Oct. 2024

DOI:; 10.20103/j.stxb.202307181531

PR, RIS E I, Sk T5 , TKIE T, Xt RIL K A, AT, Rk, B AL B TR DNA FOR BB K I T 3 o 2
SO A3 Z2 REVE R R RIS ——LABE VT g 0] A= 2527041, 2024 ,44.(19) : 8865- 8883.

LiXQ,WuKY,NiDF, Yang LY, Lu T X, Zhang L B, Deng HT, Wu T F, He R C, Fu M, Yao W Z, Lii H J.Impacts of cascade dams on the
diversity of fish species in an important tributary of the upper reaches of Yangtze River based on environmental DNA technology: a case study of Qijiang
River.Acta Ecologica Sinica,2024,44(19) :8865-8883.

B T IME DNA K B9 86 R /K 3 K7L b i B 2 52 i
B X ZHFERN R IR
—— IR A

FRor RO kT m R, S A RE R Rt 2 ATRA
1+ M g R B

1 DY R RAEK =2 B, Al AN AR VL E K A A W AR PR ORI I b | P R R L R R A T Tl TR 400715

2 Ao KL AR AN R, BT 643012

3 R EAK PR AT B ol TR AT, LR 100141

4t E KRR BRI T T, B AN R 2 i PO 2 g BRI 430223

W N T HRFEE BRI VL 7 3 2 S 9 AN [ a2 A BB AN , 1 2R 5% DNA ( Environmental DNA, eDNA) # AR+ 2021
A 5 AR 9 X B YR AL R 5 2R EIET T 400, IF SR el B IR IR A 85 SR IEAT T X, B3 T eDNA BRI
TR Z A0S Wb B B AT, 2550 B/RFET eDNA HORFEZIT AP LAG MBIt 7 B 16 BL 49 J& 59 Fh, Hob #8898 H 41 Fh,
7 Lb 69.49% s 24 M35 12 B, 7 kb 20.34% , it e e itall SR A Ay b i 2l a2k 7 H 17 Bl 64 J& 92 B, BiFh A
FERILEE TS RV A €25 96 F, Horp 55 Fp oy L[4 B 19 fa 28, b7 bE 57.29%, IEAh, 3T eDNA AR K I 2
B 59 RS2 IR TR LR S BN R (1) RIR X B P fh SRR B R AR (2) 45 R 05 4 ifi s8]
A0 YRR R YRS RIS 5 (3) B R K M2 S i G2 T A A B IR LUAAL, DA R i 0 2 1 4 e it S T o L 491
B/ 5 (4) & X BUR R BRI & 4 e e i s 2R R R e Y R R G 4 LR O, RaT R K
VA K T L o 8 7T P 42 28 R A RN 22 B P A T A RS T, EL BB K 300555 AR5 M 558 A 7K 30U i 772 B 3 A K 30X B 3
K I 2 D RO R 2 (A S AL RIS TR AR 028 A A0 WA PHIR AL N . AR BUA 5T L AT S0 R
NS T R i B B A BT B B 7043 56 3% , 46 eDNA B AR R T4 V17K 25 00 42 28 W I (A mT A 5 6 DA, 7 AU 0 aod 2 o 3
eDNA AR 5L G500l 3 IR IR A kb T30 M5 &, S St m R 2 1 2wt S5 v E R,

KR RN BRGUK I B DNA BRI B

Impacts of cascade dams on the diversity of fish species in an important tributary
of the upper reaches of Yangtze River based on environmental DNA technology :
a case study of Qijiang River

LI Xiaogin', WU Kaiyang', NI Dafu', YANG Liya®>, LU Taoxiu', ZHANG Lianbo’, DENG Huatang®,
WU Tongfei', HE Rongchao', FU Mei', YAO Weizhi', LU Hongjian" "

1 College of Fisheries, Southwest University, Research Center for Aquatic Biodiversity Conservation in the Upper Reaches of Yangtze River, Research Center of

EEHA . FEE AP AR H (2022YFC3204200) 5 [ 5 A 9K BE 7 54 (31802296) 5 48 Ml 4 A 384 V1 U 38 s 1B W 7B 45 3L 0 28 W B 3 B
(4142200026 ) ; # B M 25447 P B BABE BT H (2023001029)

Y75 B #8:2023-07-18; P £& Hi AR B HA :2024-07-22

# W IHAEZ Corresponding author. E-mail ; hongjianlv@ swu.edu.cn

http ://www.ecologica.cn



8866 xR 44 %

Fishery Resources and Environment, Chongqing 400715, China
2 Zigong Municipal , Agriculture and Rural Affairs Da'an District, Zigong 643012, China
3 Fisheries Engineering Institute, Chinese Academy of Fishery Sciences, Beijing 100141, China
4 National Agricultural Science Observing and Experimental Station of Chongqing, Yangtze River Fisheries Research Institute , Chinese Academy of Fishery

Science, Wuhan 430223, China

Abstract; To explore the barrier effects of cascade dams on different fish species in the main tributaries of the upper reaches
of the Yangtze River, the present study has analyzed fish species composition and diversity across 9 sections of the Qijiang
River using environmental DNA ( eDNA) technology in May 2021. These findings were compared with the results using
traditional fisheries investigation methods, and the potential application of eDNA technology in Yangtze River system fish
monitoring was explored. The results showed that a total of 59 fish species were detected by eDNA technology, which were
categorized into 7 orders, 16 families, and 49 genera. Among these fish species, 41 species ( accounting for 69.49% )
belonged to the Cypriniformes, and 12 species (accounting for 20.34% ) were the rare-endemic ones in the upper reaches of
the Yangtze River. A total of 92 fish species were captured by traditional fisheries investigation methods, which belonged to
7 orders, 17 families, and 64 genera. The comprehensive analysis results of the two methods suggested that 96 fish species
inhabited the Qijiang River. Among them, 55 species (accounting for 57.29% ) were obtained by both methods. Moreover,
from downstream to upstream of the Qijiang River, the 59 fish species detected by eDNA technology showed the following
trends; (1) the diversity of fish species in different sections exhibited a step-down decreasing trend; (2) the similarity of
fish species between each sampling site and the entire basin exhibited a stepwise decreasing trend; (3) The ratio of species
quantity between the fish preferring flowing water and those preferring calm and slow flowing water decreased gradually,
additionally, both the number and proportion of migratory fish species gradually decreased; (4) as the proportion of bottom
fish species gradually decreased, the proportion of pelagic and lower-middle fish species gradually increased. Hence, these
findings demonstrated that the prolonged barrier created by dams had a substantial impact on the composition and diversity
of fish species in the Qijiang River, with cascade dams exerting more pronounced effects compared to single dams. The
cascade dams had obvious barrier effects on the flowing, migratory, and bottom fish species ( including the rare and
endemic ones in the upper reaches of Yangtze River). Finally, under the existing research basis and background conditions,
we believe it is applicable for eDNA technology to be used in fish investigation of the Yangtze River system if the local
database for species annotation is adequately improved. Otherwise, this technology is suggested to be properly combined with
traditional fisheries investigation methods to improve the comprehensiveness and credibility of the final investigation results.
The results of present study will be helpful for understanding the status of fishery resources and the barrier effects of cascade
dams on different fish species in the Qijiang River. Meanwhile, the application prospects of eDNA technology will provide

scientific and technical supports for protection of fishes in the Yangtze River.

Key Words: diversity of fish species; cascade dams; environmental DNA; Qijiang River; upper reaches of Yangtze River
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Fig.1 Geographic distribution map of sampling sites in Qijiang River
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FrR M 2 MOKKEREATIR G IR A S MUR R AR AT o B SRR E 1 A RAEBIPERS B 5 R AE 1 T A KA
24 h AP IR 2GSRI R B UURE | h AR G AP 4E KB (0.45 pm fLA2) FEATHIIE, JRHS IR A 10
ml JC R ORI BSOS BT -80°C A& R URIRAT, AR IS 25 eDNA AYAR BRI 3t BRI XH IR KR [R) R R
ESARTTIRARTR sl S A A 8] B SE S Y EEUCHIE T A i S 2 SRS Y U S IR B TR BT 45 A A T 1
FEALBE,

F1 HEIKMBERFEER

Table 1 The basic information of dams in Qijiang River in this study

KA VAR Gk EE%‘?J;[:I M FE S EYNGT [l KA VS .
Name of dam Year nf Longitude and latitude leslan‘ce from Water .storage Backwater Res&frvmr .
construction Qijiang Estuary/km elevation/m length/km capacity/m
TAR 1978 29°6'29.41"N,106°28'54.64"E 45.29 200.24 — —
3 1966 29°3'42.83"N,106°30"26.69"E 53.40 205.70 — —
Mg H 2018 29°2'33.30"N,106°34'20.41"E 63.15 211.73 0.79 1300
K 1953 29°1'36.73"N,106°38'43.72"E 75.40 215.70 — —
KA 1952 28°59'46.39"N,106°40'32.99"E 81.60 220.70 — —
AN 1990 28°58'48.86"N,106°41'48.01"E 90.60 225.60 — —
B ME 2009 28°57'13.74"N,106°41'10.65"E 96.59 242.50 — —
A1 1980 28°55'45.23"N,106°42'55.64"E 110.21 269.00 15.10 7400000
F R 2005 28°50'8.19"N,106°40'31.60"E 126.00 277.70 4.80 500000

—: JoEREIE 2R No records

x2 BIERHEANESE
Table 2 Longitude and latitude of sampling sites in Qijiang River

Sampling site  Longitude and latitude Sampling site  Longitude and latitude Sampling site  Longitude and latitude
1 29°6'43.29"N,106°28'26.99"E v 29°1'36.28"N,106°34'40.46"E viI 28°58'4.8"N,106°42'14.91"E
11 29°3'44.74"N,106°29'57.26"E A% 29°2'8.06"N,106°39'36.6"E VIII 28°56'19.06"N,106°42'51.59"E
i 29°3'11.53"N,106°33'11.59"E VI 28°59'32.28"N,106°41'19.38"E IX 28°53'36.1"N,106°42'53.9"E

1.1.2  eDNA $2H

B E&A eDNA HYJENEE F HiPure Water DNA Kit 075 & (SE364:9, TP ) #:47 DNA $2EL, 535K U8 Ik 37
PRI 158 25 IR EAE Sy B ORI $2 U B R S AR TS Y o SRS T 1.09% 350 iR W 68 Jg Pl kA 0 2
B DNA Fife, JRR 4R B DNA LA -80°C UK 1A-4F .
1.1.3  HEIEHE Y K =i

I 8.2 8 B 519 MiFish-U/E ( MiFish-U-F: 5'-GTCGGTAAAACTCGTGCCAGC- 3’ #l MiFish-U-R; 5'-
CATAGTGGGGTATCTAATCCCAGTTTG-3") Xf 12s rRNA 45 48 X #4744, ELAK )7 B2 B Miya %% | PCR
FNRZ (20 wL) K9 :5xZE Wi 4 wL ANTPs (2.5 mmol/L) 2 wL . Tag DNA B4 0.4 pL DNA #H7 1 pL. iF
KEI(5 pmol/L) 4% 0.8 wL, fJ5 A 11 wL ddH,0, PCR {SCRHIAYIE ABI GeneAmp® 9700, 2 i #2 5 Hy - i
M 95°C 5 min, 21 95°C 30 s, 1B K 59°C 30 s, FEAH 72°C 45 s, A8 M- K-S A Sz W A1 PR ELCH 35, 284 fif
72°C 10 min, HPMFEARIME T ddH,0 FBHRHETT PCR BIHEXT BORIEAG Y 1 i PR B AETETS e, 7 4 45
JE KRG I 2% B REEEE SR A T L IKAS I RS A% S, 1 P I IS vt = kA 7 el I
fdi ] Tlumina NovaSeq 6000 734 (b0 BA Wy Rk, v ) A7 g i B
1.1.4  ARYFh XS

W = B LT TS 7 9 2 KBRS 1 s i U AU DR R R Btk A R D BRI IS AR B 0T A #
HEARABLEE =97 % 1Y 25 A4 %G R4 51384 OTU ( Operational Taxonomic Units) B34, ILALR) OTU, kA
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GRISEATE , SR ik 5 I A ARL A I TS5 5320, DT 7 A SRR, iR RIBERR Jly OTU | BARE L
A OTU #WIZARE —ASLBRFh . S 74331451 OTU MR AHIFN 43205 B OTU R 741 5 36 E K 4R
YE ARAF B 0 FE 22 (National Center for Biotechnology Information, NCBI, https://www.ncbi.nlm.nih.gov/)
PEATHONS P SETERE SRS R St ) 9 H B s RSk BRI RRERRES R AT N TR,
SR Hoxr B R AR R S, ST 19 3 4% RAE s ny 2R W Rl 2 0L, I5c )5 2 R b N B f 2R ) 5 00
i) - e AP A
1.2 ARG BRI A 5 12 R VT AR 2R 2H R A

AWFFEGETE T 2002 4F 1 H 2 2023 4F 4 7 VU RGRAE MO B IR SIS p 0 Sk TR G il BT R A5 05 vk
CREE R AR K EZ N 20—50 m, = 3—4 m, M H N 3—11 om B =JZ& BRI, LA 8—20 m, ¥
HH 2 em WIS AT (B VL AR AL OB . (SRR R S S IO A E R G R) Y (P E )
P - Bt BT (R ) ) A IR LR A0 R A 45 L 5 OGS SR RN T R — H R
LGB TR G E IR A A 5 B BT 2R Y Rl A AL
1.3 Bdlasab s by
131 B st

MR SO BT A S 4% 55 ) (DT B DR B A Sh ) 44 55 ) R I e A 128 [ X
ARG IXRL A 24 8 ) 1 BET T T eDNA B 55 150 il 9 U A5 12 i VT e S 21 i b i) B R AR
P P R R P i 2 S KT R a2
1.3.2 AR oy

SRR SCERGORE % BB T eDNA HARKIN BN (BT A BKZ A BT I b i1 73 343
Pr)e , X A 2R AT R 03 1 o R SR Z R 0 b 1 JZ 2 PR R BRI R 26 3 ey I
U ARG XS K AR S B A AR R 23 g K 2R S R e 2, X BT Ge el B IR0 A 75 15 A B Y
RS RIREEAT B AR 2SS AR )
1.3.3 2Rk 2R b

KA G-F 8 433 T eDNA FEARFTHAR AT a8 Fh M T AT

FAREU(D,) (FRmPHE 2 ) -

D=3 Dy ==Y X" Plnp,
K, P.=S,/S,,8,. 0 kBt i JBH PR EL, S, N kB IRE 0 Ry kBB JEE m AR
GHRBU(D,) (FoRIEEZHFENE)

D, = ; ch =— ; qjlnqj
Xh,q,=5/8,8 8 j BT IHIREL, S R g, p HIEEL,
G-F 850 (FoR e Fh ZREE)
Doy=1-D./D,
G-F F8E I BE X ]2 0—1, AE B YR RN 2 | G- F FE 8B R
1.3.4  ARYFALIE BT
K Jaccard AR REL V08T T eDNA FEAAGIN S (VT4 KA S 5 i, U K Bk — R FE S S
FLAHAR 5 — R AE S ] ()t 2 AR U TR A S R
C.=AB/(A+B-AB)x100%
K, COMMIMUIYE RS, A B 3BTRS A FIEEE B HIOYIREL AB NEEE A FIREVE B 3L E W fp s, 4
CHUEA 75%—100% 5, JE AR ; 2 509%—T75% i, J& th S5 A0 L5 R 25%—50% Bt J@ mh 55 AR AL i 0—
25%" , JEAAHAL
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1.3.5 Huibr
Heu Ak PRAS FH Microsoft Excel 2019, FZR 2 il ] Origin 2021 ( Origin Lab) Fl Microsoft PowerPoint 2019,

2 R

2.1 T eDNA HRIERT AP AL

HRAE OTU R A MR R RS A AW 58 LA i 625 59 Fh SR IE T 7 H 16 B 49 J& , b Uit
( Gambusia affinis) | FhOMRMAIL(F£ 3) . WNHIKF-KFE ,#IE H ( Cypriniformes ) RIS £, 4 41 #2495
AR YR A ) Bl AL 69.49% 5 H R B IE H (Siluriformes ) , 2545 9 Fi, 25 7 15.25%; #1002 B9 H
(Perciformes) , 245 5 Fl, 25 5 8.47%; 32 H ( Acipenseriformes ) | #l £ fi. H ( Beloniformes ) . 5 8 f1 H
( Synbranchiformes ) FI#IE H ( Cyprinodontiformes ) FFP2S 5z 2 ¥ HARGI 1 (3R 3) . IWRHKFKFE , R}
( Cyprinidae ) [IFh e 2, 645 33 i, 2011 55.93% ; HIROEAEBHEL ( Cobitidae ) R ( Bagridae ) , #4128 5 F, 24
i 8.47% (3R 3),

AW ARG 12 PRS2, Hidh | E R MR 2 4 B, WG ILET (Acipenser dabryanus) <7
ik ( Leptobotia elongata) &AL ( Procypris rabaudi) ¥ B& W) fif] ( Rhinogobio ventralis) 5 T5 P T T . P4 f1 2 2
i, AU dE ARV ( Botia superciliaris) 1%k ( Liobagrus marginatus) ; K V1 _FFREA 125 10 B, 55 K 7167
Rk e R g W fit | DU )1 AR 8K ( Sinogastromyzon szechuanensis) | 2¥%2& ( Hemiculterella sauvagei) | 5K 2
( H. tchangi) JE0 ( Megalobrama pellegrini) fE8% ( Sinilabeo rendahli) \Fa KV EK( B. reevesae) ($23) . IAb,
ATIESE BT Ao 0 i) 2 v Fe B OKZ R A, IR JZ MR R R B UR £, JE AT 36 B, 2 7 R SR
61.02% ; Hoykoth B2 2 A 13 B, 2018 22.03%; h T 2 f2ie/b 3 10 B, 2915 16.95%, $&X%H K
A BB B AR R ), B oK A 33 Bl 2 i 2R RN BB 55.93% ; B gk i 2R A 26 B 20
44.07% (3 3) ,

2.2 AET eDNA BORMERIANR X B i W) Fh 20 AR b A 2528 )

BT eDNA BORTELTIAY T 2 DCRAE SR 3 i (2 AP 8k o3 3k 59 47 .46 30,27 .23 21,18 16, BT A
iR R RS A EOZ TR D LR RS T R SRR s DR R S R O SRR T AR 25
FRBUH) 27.129% (16:59) (2 3) . MEAM, RBFFSKE B 12 PR R A 28 7R KRR T 3B 5 76 RFE A5
LA HS 4 F G R I i e ok I JEERN ) 7R AE i LA ) 4 ) G d s Bt g aRIEE | I 2cfi; 7k
FERIV R Z 50 B R B R A 1028 (R 3) o

MY ZHEANERTE RIES T F 1850 4880 G-F 8809 /K, MR HE S IX A B8 8038 5/, H A
KA ZIX F 48506 1550 . G-F f8EURR B 2 B W/ Ny (R 4) . WOIFHRRITERE RFEEA T
10 0554 a7 el ) g e 24 AP AR A 2R 50535 R 100% \79.66% 77.97% , J@ M AR, ; KAt IV 50.85% , J&
SRR RARERV VL VI VI, IX 43591y 45.76% 38.98% .35.59% 30.51% 27.12% , J& 4 A AL (E 2) . it
A CRAER TSI S IV 0 AR R B0 73.77% 65.22% ,J& AR, TR A A TS T
N5V VEVIL VISV VIS VIS X 2Z [R5 89.80% ,90.00% .81.19% 91.30% 85.71% ,88.89% , J& 1}
LA 2)

MAESRADRE et BoKIZRI 0 AERFES T 2K, RZERNYMES RZL BN FiEE LE, K
JR SR ECR 43 61.02% (CREES T,36:59) /N E 56.25% (CREESIX,9:16) 5 b 123
22.03% CRAEM 1 ,13:59) B K 2 25.00% (RAELIX ,4:16) ; h R 2 16.95% CRFES 1 ,10:59) #k %=
18.75% (RHAERIIX,3:16) o #XF Wit /K AL BE 1 B 4 FR FE R 43, 7R AR 5 1, B i K S M M A Bl S i oz i
K2 AR A ZIX, B iR a2 MY f g 20 HACRAE SR T 2 IX, =K 2 YR 4L
5 E ERE TSR LU R 3326 ZE R 4. 12, RN EE(E 3) .
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Table 4 Fish species diversity for each sampling site in Qijiang River

RAE s Ja B il F 8% GHREL G-F 8%
Sampling site Number of families Number of genera Number of species F index G index G-F index
I 16 49 59 6.37 3.84 0.40
11 14 40 47 4.24 3.64 0.14
11 15 43 46 4.47 3.65 0.18
v 12 28 30 3.36 3.26 0.03
\ 12 25 27 2.60 3.14 -0.21
VI 9 22 23 2.62 3.08 -0.18
VIl 9 21 21 2.56 3.04 -0.19
VIII 9 18 18 2.30 2.89 -0.26
IX 9 16 16 2.08 2.77 -0.33

2.3 RETR g BRI A 7k BT A Y A A

5 VR R K0 5 0 s SRR, A58 il % T e R
PAA AR VL R B AR M B 28 92 Fh g T 7
H 17 B 64 J& , H i 6045 5 g f0 T i 455 81 ( Cyprinus
carpio haemato pterus Temm.et Sch)2 Fhorkmzt, MH
KR T  BUE H YR 2, A7 71 B, 2905 P s
A RYFEEN 77.17% ; KR GEEE B 24 10 i,
21510.87% ., WRDKTVRFE SRR Z LA 56
Rl 2915 60.87% ; HUGRAEHHE} , 347 8 i, £9158.70%

—_
(=3
S

HRAH DL

g
HAL

g
AR

AL 2 % Similarity index/%
0 »
(=] (=)

5 S L YRR 25 7 T 3 B 18 RS A £ 55
Hrp  ERYAR 0 5 B, A48 I A 1 ( Myxocyprinus 0

asiaticus ) KK < BE W) fit | Z2 % (| FH A4 ( Onychostoma FAE 45 No. of sampling site

macrolepis) WUJI| FH H 1. ( 0. angustistomata ) ; 5 P11 B2 BT SRR KR L R 8

SRS 3 Bl AL 4B ( Ochetobius elongates) VY Fig2  The similarity index of fish species for each sampling site
Bk VT AR A 2 13 Bh A OB S in Qijiang River
B KRICE R AReE KW SRRV B h A g
VK ( Jinshaia sinensis) WU AR U1 B fa BT I8 (R, cylindricus) JEAKRRIEHK ( Homatula potanini) |78
EVIRIL B (S. sichangensis) (3 3), WLAN, 3 T4% 58 il B 5 R A J7 2k Wl 2] i B VT A 28 v e 87K 2 )
g3, FRE R IR R R R iR 2 3 52 i, 29,5 s 2R W M US B 56.52% v R S rp R R ARy
FRECRRAE, 243 20 B, 430005 21.74% , FA K A S8 0 S ap R EE X 4, B K 28384 56 Fh ) o 0 28 P b i
B 60.87% ; B i KA 36 F 15 39.13% (3K 3)
2.4 JET eDNA HOR 5 HEGeHO BRI A 77 s iR VL A 2 Wb 4 A LA

AT 456 eDNA FR 5L g0 SRR A Jy i T i A 45 5 R B0 ; 5 [ 3EAg 96 R i te 25T,
Horpr BT eDNA HOR 5 4&58 il G5 A )y 75 1 I 0 30 1) 1 25 55, 29 BT 2R YR S 80 57.29%
(55:96) (K 3,8 4), MAb MK TG M TR AT, 3T eDNA FAB G IR i 256 4 Fh 46K
VLA A D IR 1 /NERSf] ( Microphysogobio kiatingensis) < WE fifi ( Saurogobio dumerili) ; A K £ it (1 245 37
Fofr A4 W A £ 22 R A )1 PR A R R B R A (S, punctatus ) S (K 3) o
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3 e

3.1 LT eDNA HARSGHEGEH N TR I £ 7 ik 1T

YR BT

AR AR — 0, 5 RKIT TR A LB
JEAIT 2 R A 02 [ R A SR IR XY 22 o
XU HAERAE 2 85 ARFREmET 2 Em TR
b I 1 el =2 = W R e Wl T R
o K EE Wi LR A6 B B0 ( Spinibarbus sinensis )
SEITEL R BT A B K AR AR R R Y £ 2
YRR O VT. i 2R AR R B B
iz 1l eDNA HOR A 7 Z VLA By S Wy Fh 2 A, A
28 59 B b e 1 Fpa ks, WHKE
KFE Y H YRR R 2, R 66 B s WRKF- R
AR MR R L HYCR AR (£ 3) 5 Bk
A 45 0 5 AN 5T 57 5 SCHR BT R T A i L
S R D S 1 N G ] W N
FEHET eDNA FOARILAGI 12 MRy s s 4
T R AR 28 2 o el BT J s fR AP 2R A 10 B
RIL R A 028 (R 3) . X— A& R 5 i
Bt S R IR A 5 S pln A AR
eDNA FOARMAYL E P M b A 28 1 R 9 A AR IR 3P
DX PR Bt 28 2 FE VT e 1 AR GRS, SR I 1 £ 28
74 B HoPA B R R ARy 2k 2 Bl RKVE B A
2510 A, SR E SR S 6 Fh (JESCR 1R LLK
ARt 8 Filr,

XPHET eDNA FARKG I H (0 0 2047 1 A28 Y
X)o7, a5 R RIS 2K )2 R 43 BT B IR )2 a2
FBR 2 s F Tk AR B8 1) B 0 R BE R 4, B DK 26
R B g e i 22 (R 3) o 0BT SRR AN X
BB BRI R B2 th O W Bk A ATvb e o
YU, XN IR IR 2R B R A (R AR SRR B0 R
S SR TOE B R B L BT R % | HL
HA KR A E G A SR> Wk, 2T A &

—a— LRk
35+ —a— R R

—— JREML
30 | —— Bk

—o— BRI

25

20 -

15 +

10 -

£ 2 A g Number of fish species

0 1 1 1 1 1 1 1 1 1
1 o o Iv. v VI VI VIl IX

KA A 455 No. of sampling site

B3 BIESXRESAEESKENEXNFTHEE
Fig.3 The number of fish species belonging to different

ecological types for each sampling site in Qijiang River

@ FFHDNARAR
e L PR ) 0

37
(38.54%)

El4 ET eDNA RAREEGEVFRATFERGETIEEY
R ERE

Fig.4 Venn diagrams based on the number of fish species
detected by environmental DNA ( eDNA ) technology and
monitored by traditional fisheries investigation method in

Qijiang River

AR R SIS 5 A BRI AT RE R i S P 828 IR AR SRR G R I 2R N 2R LTl e i 2, ol
DA BAIE T eDNA HOARZRAGHIEE VT A0 M Ah 2 -5 AR AE R VT B i A 2 sl T 45 SR AR, B b ok 1 2y b

ST X L ) AR AT o A5 R ST AR B R R ATAT

FeFAL GO IR A A Dy e BT U S 1Y 92 B 28 TCie 0 28 X R AL URRAE A A 2 AR 4345 iR
JEAMR IS IS eDNA KR ZE AT, 7340, T T eDNA FiAR 5458 ol e U5 R A5 vk 24 Wi 1) i) £ 25
A 55 Fh (K 4) , 2515 eDNA K728 Fh S B01 93.229% , LA Ko A% 40 il 9 YR H 4 T 2 0 5 2] (2 b s g
1 59.78% , FRWIAME 5T e DNA A I 3R A0 ) B30 0 350 A2 495 ¥ M 6 050 5 7y 10k i 4 £ 25 ) o B8 o D I
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GRHEG (FL% 05 B R IR (NCBI) 7R 528, L J FT T eDNA AR ELAT 0 FE AL BRI (00355
it eDNA B0 5 IRIBEE JEREHAE IS SRR SR | cDNA KoY L3S e i, T J 95 ST
RIS B 5 2 R R B A5 AT,
32 T eDNA BRI K BRI B AL 2k AR

P T eDNA A #5 TR RN 10 S R, SV SRR F 3580, G 48 G—F JHOKTR 35
TR I B 5 B 2 R A 00552 ELS LI 4 F U BBl T IR S35 4) . LBV f
K REME I A AT 45 0o 6 K 50 R LA BT 130 35 2
B AT RIS BB 1, 6 5S4 B2 52 SO BB IE 5 IS R 1
WA DL 50 953 4527 6T DNA SRS T KT 212 kam W o €562 FEPE G 45
I R KT A MG R RE 2215 1254 m) KISy
WA, B SRR o Y 49.35% (38:77) o T O /RBE S 2 IR K 5 R 614 220
20 80 K 5125 m (ML 48X T 6 6 K UM HOAD 17 I 27.129% (16:59) . PG, e
ST T 5 55 25 B GO 5 B W EE MK T4 1 IS 0K T ARSI K BP9 9 Hrk 5
T REAEE I -9 ST I B 2 BT IO BB UK IRt K o O B R 9520 57 1 7
FEA il D) ST W5 LA

ISR T ATFIEAE T eDNA SRR ) 59 F i XA RBE 1 JRERME], LA 3 1R
A5 B S KL BRI 1 1 RE S0 s 5410, 5 SR BE A0 S5 R A1 2) . o
SRR S HARAS T —RBEAC 69 605 W R R BLREAT 6 /MU BARA, 2 AL AP 2) . 1
R4 052 25 KB R A D S5 RO UL 65 45 R4
CRPUIHIBIEI . CATBFIER I K AR AL BOK IR 1 2 S TV A% SRRSO B9
Sl TS5 ok £ 25 KU BRI 2O A U 0 6 S AL R R 1 K U 35
B 0 K R IRETT AR IE BE S0 2 R B 5 AL D974 SREYEDE T LA i, MO A
GETAELCIR P ) 9 P A LR VT[] b BT 6 £ LI BT K A BE OB B0 K O P T

5 RORE AR 10 S B T SRV K50 B BRI RS (AR 41 1 B0 K 6 K B s
BRI FL A TURE i, BEOK S0 RI B S 2 8 € B2 L9 LMW (¢ 3, P
3) o BEYK SRR SCIR S LB 05 W R A T 0T 128 1 251 000 69K K
YUK e AKEAT BB S 62457 B G, LT T 66 K0 TP , B 2 K R e 5 7 59 5
B K 56 L B 3 52 U k55 OB BB 1 1 28 LD M 0
i KSR S D) ) S 2 B 5 S M A BRI,
R BT K 5 WA o WA BT £ OB R B L T 28 L WP .
BRI KIZ 015 45 T REAUIRIZ G R HL S H TR LR L 2 S OB B P43 LT
W T L J2 AT J2 A B T 5 WA (8 3) . TIOR3 o 0 5 B2 6 2 DL
TGS eS0T B I ) )T B PE K64 X T 453
TR B KETTIORAN ™, AHEGUT LA R AN R A BRI I R0 56
SRR LS B K LS00 BRI . BOAh ABTIERR 0 12 BRI FRRAT 2
R A 1 AR R LA L4 Rt 4 i, JOARORE ST R, TSI 02 0CHR) M 47 7 £
Ak G [IRTTTESE S BV BB UK KR 56 D) BROIZ (006 AT e 5 OBELAR I
FLEIR AR R KT PSR K DFeSR SRS s ™ 4 XM K L TT S 564
FATE R 0BT L A B T AT AR 5630 PR 7 M DR VTS B £,
BUFRNAELIL HET {507 MR oDNA RT3 TR 7 X B 10K BERE DRSS 5 0 2 S A Pt B0 E 15
it
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3.3 eDNA BORFEATTK ZR A0 M) 2H i A -5 il v iy 1o FH iy 55

UTAEA B eDNA SR & JE T BW K Az A= ) 2 FEE IR E VR S5 FPEAG 10— B e T R, 22
WFAEKEE A Lk s 506 B AT T eDNA FAR T (18 7 1] P Bili 7K $ui 10248 Wy ol 28 1l 3 £ 55 165 00 %) B 9 3
17458, BARILER 5, eDNA FOR R SEI0 e — M nl BEHG O« B S it >R B —eDNA f#fi 4k —eDNA 21— H
(LR 4G 500 - MR R R 22 A [R) 52 38 5 12 (B4 R SR /K FEAR AR B FLAZ 584 BT DNA 42
B 51 % ) W8 25 1 35 5 R S 3R A DNA AR, IS & i 31 f R R 20 A (0 o A 2 S 121

TERFAME AR AR i1 T WFFOK IR AT, DL KA 5E B bm 22 5 55 IR, SR i /K B AR AR — R 7E 0.5—20
L A AR R Z 082 L (£5) , TR ESE b 205 g [ A1 DNA 3858 2% 1& A IF5E
R 2 R LR R/NA 0.45 pm IR AEFAERIE (K 5) . EHA Y IELT 6 R IR BT I8 (i FR 21 2
R BRI RRFRTR I RV I RS L 4E R Je B 19 DNA ffigk i, 45 R R IR A4
HE AR AOR B F T HE S MM AuERE, tbdh, T AP A S BRI DNA $REUT 5 (B 505 5%
Pl EihiE WEEREE .Qiagen DNeasy PowerWater Kit ,Qiagen DNeasy Blood & Tissue Kit) ﬁ??i%\,%%%%%ﬁ
H Qiagen DNeasy PowerWater Kit $#2HU¥) DNA Frfs ddPCR F=#k 1 . 3% = T HE 4 Ry, A R b i
W PRI JE Qiagen DNeasy PowerWater Kit( 52 5) . MBIH%E LKA, H i A& Miya 5% 2T 128
rRNA JE P — A A2 X (163—185 bp) JFAR A 2@ HI 5190 (R MiFish) (3£ 5) o fea, HBEAT O Rl B,
H AT R 2 002 NCBI(3K 5) o SR, WA #5273 48 Hh BUA A SRR e 1) 8 B PE AR T AN 68 TR TE
HEAT eDNA K 2 11 B 516 #4) A by e Ao el o =277

eDNA FEARNE Ry — Tl B (4 7K A A W0 IR RN A 28 22 8 A T B, S0 I 90 45 SR 3 WK L 1y FH 1 f0 28 g 1
DNy, AR AR GEvelL B IR R A 5 vk, HAEAR 207 AR RE AR B AL & e 34, 19140, eDNA AR FH ik 72 v 9 1)
(] 3 JBAR AR 2123247000 e SR 2 B I 6 G2 T IR A 511314 202324285790, 61. 63,609,671« b i 25 480U
R S AR R 1 A 2 0O R A A% % s B I A BRI AR (R 5) . AN IR ST AR
HH eDNA AN R AR vy |38 T e 0 A 2 R IR REACSR AR IR ME B Wy o, AR 5 FIS R AR LA
Bo/NRI S 51172072 5T 0.65,63.67) o 2 LA ETIE T X — 2518, BDAS RST8] eDNA Fe ARKG I 2 T 15 48
My R R A T AR W B A SRR R S (LS A VLR R A ) RN TR A S (A K e £ R O 1) B A )
(K 3), (HEFR I AYJE, eDNA HAR N T M it 7SR AEAE LUE Bl s FRI BRE . eDNA 177 2E A
MR SR 32 B 28 A ] A 3% 5 B B 19 52 e 2 Ab, 38 52 B K IR pH L i 3 A5 1 2 K BRI R I
B 14202432, 0L671 <y 5 5 [ % ] R e R ) [X 93 BE AN | 8 A 2k P TC TR X 4%, O LS| W38 Al BEAEAE—
(4™ 8 g [y 1514 191028.00.000 L e DNA AR ERAFTE W TC 58— AR MEAL BRVE LA  TE 1k 3RAT B b e Fi 45 2 K R
B BB E YRR TR R DAL B AR AR A A EAE R TR S A S A 4 X 0 i (LR A T AR 2 L AR
WL e ME LSRR RE S5 MR AR ) R PR AR W15 B B R BORS B N5 | Bt B AR B EC AR B, LA K
eDNA BEA% I 215 ) A R A 2 5 1 WA 00 25 SR 56 [ 142123242837, 69,0268, 707720 gt 5 vl A, A7 A
G338 b A5 GE L BT IR A R WS B AR BE eDNA HE RS I LS, SR X —I R AR . &%, vl
55U i K S A G, Dy s 8 A i K S A 1SV U S T ARSI 9 AR R TRV TR
FOVTIHE DRV IX 2 80 km VB, AAG I 2 )t A ] BE 3 A1 T8 VLAY H B VLB b Hok, TS eDNA
SRFEUBB A O AR GEIT T 2002 4F 1 2 2023 4F 4 38 3 1% 4 il G050 e 5 vk e 380 1 £ o i
K eDNA HORKI 25 /AR A T 2021 48 5 H — IR RZKAE, K eDNA A i 25 58 T RE VA 7 52
B 4T e, AT RE S eDNA AR ZE 5 B 1 “ i I AR HIFFE 1 HT Y 51 90 A0 b 1 B 225 Bl R 2 Pl g
FECAREAE" B, TR MiFish 5149 BAAR HET S ZREVEDR S b b i fe) ™, § 38 ROR fR 4 9 £ 28
FIB 19 A0S | AT % EA X3 25 fea ol 14 43 0 3 AS g, o g i) X 43 B A B A6F [ Rt 1225900 Ak | 22 1) ) ol
TERAAE A (NCBI) 7T BB Z A8 73 A7 0 SR b (1 An s s e iy ) 1) 79 97045 2., DA T 53¢
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