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Fig. 1 Distribution map of eDNA sampling sections for fish in the Chongqing section of the Yangtze River Basin

S1. Wushan section, S2. Daninghe section, S3. Yunyang section, S4. Xiaojiang section, S5. Modaoxi section, S6. Zhongxian section, S7. Long river sec-

tion, S8. Fuling section, S9. Wujiang section, S10. Yulin river section, S11. Nan'an section, S12. Jialin river section, S13. Qijiang section, S14. Jiangjin

section; the same below.
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Fig.2 Map of fish species composition at different taxonomic levels

(a) the order level, (b) the family level, (c) the genus level; the same below.
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F1 ET eDNA WKLREERR T EES KR & LXYME R
Tab.1 Species composition of different ecological types of fish in Chongqing section of
the Yangtze River Basin based on eDNA

ESE| LIS (RYT  habitat type A feeding habit K2 water layer FEORZRA!  spawning type

item N R G H e} C U L B A D F A S
FEEUM no. of species 38 43 26 4 67 36 20 31 56 54 7 31 3 12
& Lk/%  proportion 3551 40.19 2430  3.74  62.62 33.64 18.69 2897 5234 5047 6.54 2897 280 11.21

d: N BZERME; R BHKME; G EMmm%, HEatkm3k, o itk C Watkm3k, U LEM3E, L TEME, BK
B A FESN: D.ivEDR: FOERIESN: W.oOEMEDE: S RRERDT R

Notes: N. limnophilic fish; R. rheophilic fish; G. eurytopic fish; H. phytophagous fish; O. omnivorous fish; C. carnivorous fish; U. pelagic fish; L. lower
mesopelagic fish; B. benthopelagic fish; A. adhesive egg; D. sinking egg; F. drifting egg; W. floating egg; S. special modality.

B, LRt WRMEEE N, A WRE, b ST I S AL 0

KIZUMTZE, JKEMKELZ, IR D HAHE (18 Ff). S11~S14 il S9 ¥JLIE ik 2

PERTEIR ISR, PR (R D). M IR T R R A R I3 A A
I ESSY P AR, SIVRI b =B IR . 42 K2 B 3.

IR Z (76 ), S3 8> (34Fh), SI4%F  safisio L FEMAE SRS, HAK W

AR AIRZ (13F1), S3 M S4FP A R M s Rtk 5 IWEL S (3 2).

D (3F, AR L, KW G R - \

BRASLER DA, SIS U e 27 ERFIIER

Hi A %2, S5~S8 il S10 ¥ LI B G 5 FEREAESE X3, B S3. S11#1 S14 4,

2 ET eDNA B9 W & 2 FhLE R

Tab.2 Fish species composition based on eDNA at different sampling sections

TR A composition R 2 A8 ecological type with the largest proportion
ZN ”[ v Dm T )
cmplingsection H F- B R A% i fi it K2 g
order family genus species endemic fish habitat type feeding habit water layer spawning type
AR LT S1 4 9 36 2 4 Sk A JKE FERATEGN
42.86% 59.52% 40.48% 47.62%
KT Wi S2 4 9 39 45 4 S IEE JRE FERATE YN
40.00% 55.56% 42.22% 44.44%
ZPAKTI S3 4 6 30 34 3 JUIEE Ferit TrE, BE TR OF
41.18% 55.88% 35.29% 44.12%
/NLIWTTH S4 4 8 35 iy} 3 JUE P At TRE FERN N
40.48% 54.76% 40.48% 42.86%
B J 1 W S5 5 12 45 58 6 BRI e K FERETEGN
41.38% 55.17% 39.66% 51.72%
ALLITT S6 5 10 41 52 6 B Fefrik JEJZ FERHPE G
38.46% 61.54% 42.31% 55.77%
Jer Wi S7 5 11 41 53 6 JUENE, EEER AEE TR FERE N
33.96% 60.38% 41.51% 50.94%
WrRE I S8 6 14 49 63 6 HLERI Zy g &2 FERN TGN
41.27% 57.14% 39.68% 47.62%
L YL S9 6 14 54 73 12 HIK B J&Z FERETE SN
38.36% 54.79% 53.42% 49.32%
AR S10 4 9 31 38 4 HIEHR e TR FERETEGN
36.84% 57.89% 42.11% 57.89%
T S11 7 16 57 76 12 HK It JRE FERAE YN
36.84% 56.58% 52.63% 50.00%
BT S12 5 14 52 68 12 BIK At &2 FER B
39.71% 57.35% 51.47% 45.59%
VLW S13 3 9 45 67 12 BIK Atk &2 FERE N
40.30% 59.70% 47.76% 52.24%
LTI S14 3 9 38 56 13 FK ARt JEE )7 PR PR
44.64% 58.93% 64.29% 55.36%
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- 0o W 5t0)#  Crenopharyngodon &% Hypophthalmichihys — B %)@ Coreius
& W )8 Neosalanx D8R Silurus B AR Platysmacheilus

LRI R Squaliobarbus
Cl8)E  Carassius

O wékls  Homatula
D6k Liobagrus

B 6% Zacco
Wyt Rhinogobio

W is  Squalidus
MR Parabramis

25

wv v

—_ = = —

TR

sampling sections

©

- WiJ#  Megalobrama
W Srifajg  Opsariichthys
[ £ E/uplchlhy;
&

W 635 Acipenser
W & 64)8  Discogobio
[SFe Tnchysums

e T
Smlbotm
Hemiculterella
Ol i )i Saurogobio
Esm%  Curer

& )z

] ’1@ J&  Mylopharyngodon
B ri a8 Onychostoma
W Zuais)s, - Glyprothorax
W LAk others

B3 BOEFRIEEEESREWEFTSEEE

Fr 3= FERAR 4 H RHE & 36 0 At .
Fig. 3 The sequence proportion of different fish species at different sampling sections

Orders with lower sequence abundance were combined as others.
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Fig. 4 The proportion of different ecological types of fish based on sequence number

(a) percentage of fish sequences with different habitat preferences; (b) percentage of sequences of fish with different diets; (c) percentage of fish

sequences in different water layers; (d) percentage of sequences of fish of different spawning types.
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#*3 ZUIE Alpha ZHMEIRY

Tab.3 Alpha diversity index at different sampling sections

SKAEWTTH Chaol f5 %L LEEip o FRIEH FE AR
sampling section Chaol index coverage index Shannon index Simpson index
AR LTI S1 126 0 0.992 859 2.41 0.2882
KT S2 166 1 0.998 39 2.34 0.3189
= PRI S3 1151 0.997 338 2.65 02207
/NILWTTH S4 2354 0.998 531 3.36 0.102 5
V& J )T S5 2912 0.998 224 3.80 0.069 6
BB S6 136 4 0.998 132 1.95 03757
JeTRT I 87 2025 0.998 477 3.15 0.1212
BRI S8 2020 0.997 641 2.93 0.170 6
LTI S9 2733 0.997 176 3.94 0.055 4
NIRRT T S10 1297 0.992 506 3.87 0.0522
BRI S11 178 6 0.998 895 3.26 0.109 5
FEPRLLITI S12 1803 0.998 987 2.53 0.279 3
ZEULITI S13 2780 0.998 029 422 0.041 6
VLW S14 2115 0.997 613 3.92 0.048 9
x4 FESAEBER
Tab. 4 Information of different grouping models
IS5 R t-test results
paxil RR2kYEiE “F%)Shannon?E %L
group average number of species average Shannon index T E T F5I%
based on the no. of species based on the no. of sequences
T34 T 53 2.85 0.828 0.116
grouping of main and
tributary streams A 55 3.40
LB R 5oy 41 S1~87 46 2.80 0.014" 0.788
grouping based on Fuling S8-S14 6 150
T fURZ 5 B (P<0.05).
Notes: "+" means significant difference (P<0.05).
W2, AASKBHERZm, BESR 3 b

AN, AW G R 2 A AR RUAEL, R
et b, . SORAWICHEER (£ 2).
AL, BT P B NMDS 40 #2821 i
N, T Z BEA BEZES (B 5-a),
S1~87 5 S8~S14 Z[a] [+ JC i 3% 22 7 (& 5-b),
T AN S A stress ¥4 0.131, RIHEEEA
— iR
2.4 RBFHIHFHH
AT eDNA JF AN EOHE LT 51
YRfr 8 Fh (3R 5), BREVIEFIE A (R. similis) A1,
Brohipb s, U3 i 2N B (C. car-
pio) ML L6 (4. wangi)o

3.1 BRZHEFMEEMNK

A 5T F F eDNA H7 AR 76 VT3 38 5 IR
B B a2k 7 H 208 748 1070, 5
2017—2019 4= L G A A 25 A L, A 76 Fh
MRS ZME, SZAFEE 31 sy iz
TR LI SRS 54 R eDNA £ R 7E 12
SRR v B B R

% VT T A 2 IR DX FE A BT R, S3 W)
R /b, 98 B AR (R AR 10 s 028 P 51 =F
FER s, R K IR AR A0 (N. taihuensis)
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2 LT 37 X IR B R M N, BT £
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Fig. 5 NMDS analysis of different grouping models

(a) NMDS analysis of the main stream-tributary grouping model; (b) NMDS analysis of the Fuling-boundary-based grouping model.

R5 ET eDNA ORI ERBRME FFH#
Tab.5 The dominant sequence species of Chongqing

section of the Yangtze River Basin based on eDNA

LS R R

species Y
il C. carpio 0.215
FERIEAH A wangi 0.124
rRAR{RRIEE  Spinibarbus sinensis 0.073
5K IKE  Hemiculter tchangi 0.068
HYMFRS R similis 0.066
wWift Cidella 0.059
il C. auratus 0.043
AR Squaliobarbus curriculus 0.040

RS AW B, HiZWrm ke B 6
KRk g 0 28 7 5 F R R, RUIZILELA
2%l (L. marginatus) BV e £ . S14 KA
KAz, HizWrmahie 5 fseL ) bHE o
KFH R m, 658 BP9 4 5 BOH Al R A
W e SRR T S T8 R R e, B
5K £ 2S5 = R v 4 D DR Ay R A ) 6k
(H. potanini) J¥ 5 FBER 2 W12 W TH 3 9 A
AR TR £ . H S14 B T, {Hih
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ZSFIERI R . A Imi s R 25 R0, i
=g X2 L A VT BE (S1~S4) FEA Ny ) iE
PRI G PL e, I A B R T B (S5~
S10) A EZEFm a2 G IRILH., Wik ER A E
MIVLEL (S11~S14) S B ik 28 4l L3, X
Al Be S N R X & KB B A A T 38
PEA A L X AE A7 3 B 7K AT 8 AR
Gt . KA T KoK VbR 1 A R AR I TG
HEEm AR FERILEBH TR —x
AT K A8, BE R U /K R 7= V3 1 B £ 2K
t—E A, RIS K a2 R 2 A
PR EALN

25 W TRTAN [) AR 25 28 3 P 5100 H oA e B
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Fig. 6 Historical changes in the proportion of fish species of different ecological types

(a) habitat types, (b) feeding habits, (c) water layer, (d) spawning type; 1. 2005-2008, 2. 2013-2015, 3. 2017-2019, 4. 2022.
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Spatial patterns of fish diversity in the Chongqing section of
the Yangtze River Basin based on eDNA

ZHANG Yufeng, ZHOU Xinxin, LI Qinghua, ZHANG Jiaming, SHEN Yanjun"

Laboratory of Water Ecological Health and Environmental Safety, College of Life Sciences,
Chonggqing Normal University, Chonggqing 401331, China

Abstract: Fish diversity not only plays a pivotal role in maintaining the balance and stability of aquatic ecosystems, but also
serves as a critical indicator for assessing the health status of freshwater ecosystems. However, prolonged anthropogenic dis-
turbances, including hydraulic development, environmental pollution, and the introduction of exotic fish species, have resulted
in varying degrees of habitat degradation for ichthyofauna in the Chongqing section of the Yangtze River Basin, posing severe
threats to contemporary fish biodiversity. This study aimed to investigate the current status and spatial pattern evolution of fish
diversity in the Chonggqing section of the Yangtze River Basin following reservoir impoundment. From May to June 2022,
environmental DNA (eDNA) technology was employed to survey fish diversity across six mainstream sections (from Jiangjin
to Wushan) and eight important primary tributary sections. A total of 107 fish species were detected, belonging to 7 orders, 20
families, and 74 genera. These included 6 nationally protected species, 17 endemic species to the upper Yangtze River, and 12
exotic species. Comparative analysis of post-impoundment periods revealed an increase in exotic species compared to the trial
operation phase of the Three Gorges Reservoir. Notably, the proportion of rheophilic fish species declined, while eurytopic fish
species increased. Tributary habitats exhibited higher alpha diversity indices than adjacent mainstream sections. The grouping
model demonstrated that the Jiangjin-Fuling section had a higher average alpha diversity index than the Fuling-Wushan section,
with statistically significant differences in fish community composition between the groups. This study elucidates the current
status and spatial pattern evolution of fish diversity in the Chongqing section of the Yangtze River Basin. It further validates the
feasibility and efficiency of eDNA technology for fish diversity monitoring, positioning it as a robust complement to traditional

survey methods.
Key words: fish diversity; exotic fishes; environmental DNA (eDNA); the Three Gorges Reservoir area
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