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Distribution characteristics of autumn fish diversity in Chishui River based on

environmental DNA metabarcoding technology
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1 State Environmental Protection Key Laboratory of Regional Eco-Process and Function Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China
2 College of Forestry, Shanxi Agricultural University, Jinzhong 030801, China

Abstract: Chishui River, one of the first-level tributaries in the Yangtze River upstream, still maintain natural flow state
and is an important breeding and protecting area for rare fish species. It is essential to understand the current status of
diversity and community structure characteristics of fishes in the Chishui River for aquatic diversity conservation and
ecological restoration. This study sampled 52 sites in the Chishui River in September 2021. Fish diversity was surveyed
using environmental DNA metabarcoding ( eDNA ), with 12S rDNA Miseq high-throughput sequencing. The Shannon-
Wiener index, Pielou index, and Simpson index of the upper, middle and lower reaches of the Chishui River were
calculated. The dominant species of the fish community were determined by calculating occurrence frequency (fi) and
dominance index (Y ). Community diversity and species distribution characteristics were computed by Non-metric
Multidimensional Scaling (NMDS) analysis, Adonis Permutation Multivariate Analysis of Variance ( PerMANOVA) and
analysis of Similarity ( ANOSIM). A total of 77 fish species was found in the Chishui River, belonging to 6 orders, 18
families and 62 genera, among which 16 fish species endemic to the Yangtze River. Cypriniformes was the primary order,

accounting for 87.87%. The mainly feeding habits were omnivorous and carnivorous in the Chishui River. In terms of

HETE B ST AR5 H (2016 YFC0500206- 1) 5 £ 2 REE: T8 245 5 H (2019HJ2096001006 )
I #5 B #A . 2022-08-22; X F B #5:2022-12-05
# WIRAE# Corresponding author. E-mail ; xiaonw@ 163.com

http ://www.ecologica.cn



44 T A IR TG DNA FOR B AR S (028 2R A R ik 1677

community structure, more fish was found in the lower water environment. Zacco platypus, Sinogastromyzon sichangensis ,
Pseudorasbora parva, Pseudobagrus ussuriensis and Acrossocheilus yunnanensis were the dominant species in the Chishui
River. The Shannon index showed significant differences between the upstream and downstream of the Chishui River (P<0.
05). The fish community structure was also significantly different between the upstream and downstream communities ( P<0.
01). The number of fish species increased from upstream to downstream of the Chishui River. Altitude, velocity, pH,
conductivity and temperature were main environmental factors in affecting fish diversity in the Chishui River. This study
provides an exploratory assessment for applying eDNA technology to investigate fish diversity in the Chishui River, which

will contribute to aquatic biodiversity conservation in river ecosystems.
Key Words: eDNA metabarcoding; fish diversity; Chishui River; biodiversity conservation
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Table 1 The Adonis permutation multivariate analysis of variance result
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Group Sums of squares Mean squares Variation (R?)
/H/ N i# Upsteram/Midsteram/ Downsteram 2 1.322 0.661 1.895 0.0718 0.005
/i Upsteram/Midsteram 1 0.523 0.523 1.509 0.0450 0.095
F/ R Upsteram/ Downsteram 1 0.864 0.864 2.560 0.078 0.009
b/ T iF Midsteram/Downsteram 1 0.613 0.613 1.703 0.045 0.0615
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HI TR BE LA B bR A HEA T A M M) b A I 3 T RE S BOAE 0 B i 2k . AR =2 )5 i 2 A v AR BIF S8 A
S EARGE TR, — 7 T EAREIESS SR, 55— 0y T i) W SEARAS AT A S 57, S R OR Y PR 45 DNA &
e s AR R AE

AR PTEA R WA Lin 5 M, A UR 2SR IR G A 25 50 Aok TiT RilEss 39 SRR
HRAR A l43449@75}(Acipenser sinensis)f?ﬁﬂﬁ‘& ,%%J{({Ijﬂ%%m FRAREIITZE BT & A 10 2020 4F K 2021 4
MBI A AT B A AR S 0 R TTK A 2B A M B TR 5 R A IS I A (I 45 SR O G R AR 6 8 B —
FEAIRPE, AR R s AR 10—11 7K 17—20°C , 38 5 78 BA A 0k H K i 20 ™
YRt 39 S RE S TR KIS KRR S Ab T 58 70 m, ZK T 58 ), FLIAT 1A /K i Ay it 2, i 2 7 o vk
WAEA LM DA BN AT G R AR A SRR AT (HAR YO S Ty 142 AR AR B R IE R AR
FRESE AR, i YRR R 2 B AR | AR R B A S i b R AT eDNA SRAE I W] 20 047
IR BAREA 57 A4 e 5 P B R S 5 | 1A T B R v (b 1 AR B S f S R kG A
G At 2 A L A 51403 5 55 11408 411 ( Schizothorax prenanti) 4345 FARIT_EE Y S0 DU 35947 e fa b 43
1, 7 ANk ( Euchiloglanis davidi) LKW ( Rhynchocypris lagowskii) X 8% ( Cirrhinus molitorella ) %5 3 Fhi i
Vi) AR A AR

AR VAAAE H 7 FhANRIFR | 053 R BE 5 SR AN ( Ietalurus punctatus) 555 ( Clarias gariepinus) B9
8 ( Gambusia affinis ) . 2R 3k K W) 5 ( Rhynchocypris oxycephalus ) . AL 77 25 8k ( Barbatula nuda ) | %% ( Cirrhinus
molitorella) FI K 1 7417 ( Micropterus salmoides) . 93 KWk ( Rhynchocypris oxycephalus) FA J5 75k ( Barbatula
nuda ) X 2R K PR AT B A, 22 S B AR R O o T 0 AR 2L, 33X AT RE X R KT Y AR 2 Al
T i — i U BE A RN (Tetalurus punctatus) A EPE S e Ab o Kb B b, FE LK AER B K
ANEME SN Bl A IR ARG KT A BRI 7 E AR T R REXT ISR £ 28 s £ 2 (1 4y £ 7
BRI 3 1 245 ( Micropterus salmoides ) o il ( Clarias gariepinus ) $°h R B 28 PRI 38 I RE J1 3¢
SR TEEEST P AN IS | TG A A A b &)y 0T AR R AR, 8 A e ] S e TT AE S  2 h  E
BT M R O £ (Gambusia affinis) JRAS ETPEE AT SCHRAIGEZE AR IB I £T AS
01 98 S Sy il WL AR RS
32 ZHEHEBUIR K HSZ R R R

AROKIATAL R B S R W SR AT W B2 5 (I 5) Bl 5 T A BB AR L, R T £
M Fp R R, IR i £ 2 A R 2 R P A, A9 3 T 0 2 2 R T AR R B R
SRR, ARAKRT 1 5 T AR A s B Y 25 A AT A 1180 m, VAR R R A AR AL S BUK IR S R A AR AL
WA WS R TR R R R T B AR R R S, MR RS
( Sinocrosssocheilus labiatus ) %535 N 2L LA 7K IR EE 19 (0 S AE AT 5T Hh FEARAUL I F Lk, X2 S 8 b lig fa
WM R B B SRR AR A — R 55— R h T R YRSk X, SR ISR T T 5 AR
HoF R WA S B LW B A BE A RN T R WE S R WA S R AL B L BN T I 2 A
ST U v ALk 0 1 e g M DX, A S A B R B R AR R FR B s T il i, R
Ji R Rl Ak T A G T SRATITE T BB IA K AR R, 0 I G K R At AN AR T E S,
Bohip 2R YR W BEART TR,

A 5 AR AR A I 32 BB BE S et AN B 0 T S B0 0 koK T S 43 A 22 3
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THIEEHTRZEETER . ABFFEA R (K 6) , AR/ 028 425 B2 Sk e pH AL 3R 5 1 35 TR K
(P<0.05) {H5 il EE 52 2 AEAH G (P<0.05) |, AR WEFE A AN [] AT Be 4% PR I58 Y 1 OS2 A B AN AR ], DA
TERTTE A B, AR A PRI R A R R LB R 0.8 A1 BRI 250 A K IR A LR B IRL R
AT DL BRI R 2 At B 22 5, AR SO AT RE RIS DX I A BE B ORFE IR O

4 Zig

ASCE s eDNA Jridbif a2k 6 H 18 BL62 J@ 77 Fh 405 16 P ITAA s, LR H 3, b
11 87.87% ., AR EPEDIZ BRI BN VR4 L 0T T 2K IR M 2 2 5 R K]
R FF N FEEERR (Y =0.201) P4 EARIEEK(Y=0.092) AR (Y=0.065) ZIREN(Y=0.033) . ZHDOLK
#1(Y=0.021) ; 2R7K ] RN i £ S 7% 22 5 Wk 35 (P<0.01) , Shannon-Wiener 5 %122 5 1. %% ( P<0.05) ; iff
e G pH | HL TR ORI BE SRS AR K S SRR MR I RN . AR SO EREE DNA $ AR 7E AR K] £ 28
Z PR A g N AR AL T IR R PERESE KA B TRk i A= Y 2 M R
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Appendix 1 The fish List, distribution and ecological types of Chishui River

{3 j EKZ . . N %
%ﬁl ifding L@abit K L . il i S’(iiiigfe
Species . L Upstream Midstream Downstream

habits characteristics number

#3¥ H Acipenseriformes
jiSySs Acipenseridae
1.vh Ak Acipenser sinensis WETE T2z + + 142
#3J% H Cypriniformes
R} Cyprinidae
2.5 4 Opsariichthys bidens Ak B2 495
3. e g Zacco platypus ek T RE + 23874
4. %401 Crenopharyngodon idella P R Z + 1689
5.5 KW Rhynchocypris lagowskii A R + 209
6.9 KWfigi * Rhynchocypris oxycephalus HEH L)z + + 6295
73K CHA Chanodichihys dabryi dabryi WEH SR + 26
8] Culter alburnus [NExEa L= + 18
9.9k [CE&* Hemiculter tchangi ZREt IR + 361
10.28™* Hemiculterella sauvagei B R + + + 452
1185155 * Megalobrama pellegrini ek 2 + 1248
12.8j Megalobrama skolkovii FExca TR E + 201
13. U6 Pseudobrama simoni AN HRE + 21
14. 75 2 1] Xenocypris davidi ek T RE + + 1016
15. 20544 Xenocypris microlepis R 2 + 613
16.85 Aristichthys nobilis TRk Rl + + 164
17. 4 Hypophthalmichthys molitrix PR FZE + 317
18. B AR BE Y Rhodeus ocellatus FAAE L2 + + + 266
19. 42858 Rhodeus sinensis Hfrk L= + 248
20. ¥4 1. Abbottina rivularis pagcin T2 + + 631
21.4f48 Coreius heterodon IEtE T2 + 13
22.J5 M Hemibarbus labeo JER R TR + + 52
23 4LE Hemibarbus maculates JEAGEE R 2 + 847
24 F JE i) Platysmacheilus exiguous pAycin T2 + + 1445
25. 4118 e fif * Platysmacheilus nudiventris A hRZE + 62
26.7% #ff1 Pseudorasbora parva ek 1)z + + + 8140
27.W 1) Rhinogobio typus AR T2 + 133
28. [R5 Wy ) Rhinogobio cylindricus IRk TEZ + 36
29. ki) Saurogobio dabryi dabryi R T2 + 136
30.4R £ Squalidus argentatus Ze B T2 + 614
3148 Carassius auratus e )z + + 1941
32 filfl Cyprinus carpio Bt T2 + 77
33 AR * Procypris rabaudi e T2 + 90
34. 58 168 40 * Acrossocheilus monticola Atk = + + + 221
35. 5 EOGIE A Acrossocheilus yunnanensis paycin T2 + 5246
36. 4 VB * Percocypris pingi Rt 2 + 56
37. R B BT Spinibarbus sinensis etk FF 2 + + 2370
38 KL FINHLE * Bangana rendahli R T2 50
39.18% * Cirrhinus molitorella HE 2 21
40. 28310 Garra imberba Ze ik Tz + 686
41. 8K £ Pseudogyrinocheilus procheilus HEN Tz + + 1211
42 GBI ™* Sinocrosssocheilus labiatus A T2 + + 926
43.DU )1 B4R £8 * Schizothorax kozlovi Zefr T2 + 39
44, 5% L4 A1 * Schizothorax prenanti IREME T2 + + + 1799
2B Fl Noemacheilidae
4546 0k * Barbatula nuda AR TEZ + 1557
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Sy HUKZ n N N JF 5%
%ﬂi ieding Tibit ke L . iy i quuifk;e
Species . . Upstream Midstream Downstream

habits characteristics number

46 KB * Homatula potanini RN TE + 1761
47.21 B EI#k Homatula variegatus SFExin Tz + 17
AEBHE} Cobitidae
48. ek Misgurnus anguillicaudatus Ze B T2 + + + 878
49. KEERIJe K Paramisgurnus dabryanus Ze it T2 + + 153
VBl Botiidae
50. AV Botia superciliaris A T2 + + 118
Jef#HEl Balitoridae
51.84 3 ik Lepturichthys fimbriata ek TE + + 255
52. Ui -t
Metah{)ér’n)aﬁl;]‘jti?(a omelensis omeiensis AR LG * 42
53.78 E B K * Sinogastromyzon sichangensis WM Tz + + + 13868
5479 )1 | AE1 8 * Sinogastromyzon szechuanensis B PE T2 + 61
fifiJ B Siluriformes
Fli LRl Amblycipitidae
55. [ Lk fup * Liobagrus marginatus AP T2 + 32
R} Sisoridae
56. %5 G EHk* Euchiloglanis davidi Atk T2 + 48
57. Ak Glyptothorax sinensis A A + + 115
fifiF} Siluridae
58. K 1T il Silurus meridionalis e T2 + + 236
59 18l Silurus asotus A T2 + + 364
BT} Clariidae
60. 75 H Tk * Clarias gariepinus IREE T2 + 45
#25 Bagridae
61. K i fit Hemibagrus macropterus ek T2 + 606
62 H JE i Leiocassis crassilabris Y TEZ + 101
63. K Wfifi Leiocassis longirostris [NEEa T2 + 13
64 KB A Pelteobagrus eupogon FEE T2 + 292
65.F U Pelteobagrus fulvidraco Ze i T2 + + 204
66. L [CHE B 2L Pelieobagrus vachellii RN T2 + 26
6754 e 3l i Pseudobagrus brevicaudatus R T2 + 125
68. VIR Pseudobagrus truncatus ZREE T2 + 40
69. 74U 8% Pseudobagrus ussuriensis HEH T2 + + + 6062
fHA} Tctaluridae
70. B8 55 X BAM * Ictalurus punctatus Rt T2 + + 99

At H Synbranchiformes

AR} Synbranchidae

71. ¥t Monopterus albus REgia T2 + 16
i B Perciformes

fig#®5F} Percichthyidae

72.95% Siniperca chuatsi HEM TE + + 468
Ve IEEEEL Odontobutidae

7330 )1 YL JEGE Odontobutis potamophila A = + 12
YRR AL Gobiidae

74.9% MR B . Rhinogobius cliffordpopei A T2 + + 312
75. F-BEWIUF BE 4. Rhinogobius giurinus A T2z + + + 2348
g R} Centrarchidae

76. K17 B Micropterus salmoides NEM FRE + 899
&% H Cyprinodontiformes

JEER] Poeciliidae

77. B * Gambusia affinis et 2 + + + 271

* BRI LR 25« FoRIMRF
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