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Fig.1 Sampling schematic diagram of the middle and upper reaches of the Yangtze River
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taxon weight branch length

F species 1 25

J& genus 1 50

F family 1 75
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Tab.2 Main catches of fishes in the middle and upper reaches of the Yangtze River

U upstlream

F1JF  midstream

szjjits* AR HE % X EE/% LHE X EE/% HX R/ % PLF

N w IRI N W IRI

fifi M. mantschuricus 4.49 1.11 248.93 13.84 28.08 3260.44
Y X macrolepis 0.23 0.24 10.60 10.48 7.31 1779.19
it C. heterodon 5.98 5.18 868.24 10.13 7.07 1337.90
8 S. chuatsi 0.31 0.46 17.15 8.13 3.77 1057.75
% H. molitrix 13.42 3.08 1283.31 8.28 1.98 912.07
HEIF T nitidus 0.98 15.14 1612.60 0.48 7.43 614.93
Lt C. idella 6.21 0.59 453.36 3.64 0.29 349.22
LU P. simoni 0.77 6.86 592.85 0.48 3.60 272.19
i C. carpio 8.67 2.08 955.77 2.54 0.85 263.12
Wt S dabryi 1.58 7.53 809.87 0.12 1.15 70.19

e xR RO SRR A BRI B3 44 A S 5«

Notes: *. only the top three species in relative number, relative weight and IRI are listed in the table.
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YBS A1 YBX %k, QJ F1 CLJ &/ (K 2).
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oAt A0 A V5 SR AL VL B AN A A, 3Bl
ol P L B S R R A A e e . BT
AT B A0 257K 22 (6] Taccard F8 504/, AHALL
PEIKE I ASH RIS AN AL, 2SR5 45 44 41
PSSR, BT T 2R IR A5 A Y
SR

FIHEVE Cluster BRLER W, (K4 Bray-
Curtis FHRITE R ECH 39.21% HERSELER, 184
VA VLB BEYE A0 3 fEA, T BFA 48 LUt
T 8 e, [ AFLH TS e T 9 MHET
M AEAHAL 1A VLIEREY% (UB) (Bl 4). ANOSIM

x3 KIIPLBETFREEDHTRIFR
Tab.3 Change statistics of the fish species in the middle and upper reaches of the Yangtze River

- Jis2/  historical M4/ current AA/%  variation
1
region i LR Nl il LB Al LR N
entire native invasive entire native invasive native invasive
il middle 164 163 1 129 123 6 —24.53 +500.0
i upper 190 182 8 166 148 18 —18.68 +125.0
Bl total 227 219 8 193 174 19 -20.55 +137.5
e = BRI < RoRBgN.
Notes: "—" indicates reduction; "+" indicates increase.
10
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Fig. 2 Diversity of fish communities in the middle and upper reaches of the Yangtze River
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KIER SR, SMHZEZESWDEE R= TESTHRZINE 90% LU AR AIMERD (5 4).
0.661, P=0.001). NMDS HE/FrHriisn, &8  REA L A9 RIE N 39.21%, ¢ fE i A i i
HAWHBRHRELR, R AL (stress) 2 (10.24%) . S EFifh (9.53%). & (5.67%). I
7 0.14, B Cluster B4 HAa e il 4R, R F M0 (5.63%) 55 24 Fh o FELL 1T A AR IME: R

X} Cluster 38 25 B 40 AH L PE B AR S PR HEA T 49.27%, 45 14E Fh A 4 14 (9.06%) . Bl (7.62%) .
SIMPER 737, AZBBEALEEIIARIMERAM S B(7.62%). 8 (6.27%) & 25 F. A1 5TH
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Fig.3 Structural similarity of fish communities of the middle and upper reaches of the Yangtze River

WS
FL

stress: 0.14

I

20

—_—
AEE  similarity
(a) (b)
4 KT LiF TR & 28 7% B2 25 E F0 NMDS
(a) ZX2E; (b) NMDS E.
Fig.4 Cluster and NMDS diagrams of fish communities in the middle and upper reaches of the Yangtze River
(a) the clustering diagram; (b) the NMDS diagram.
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®4 KITRELXZBFEBUMEARR M STBEHER
Tab.4  Characteristic species contributed to average similarity/dissimilarity of the fish groups %
Wy AEATTHRE  similarity contribution rate AR TIHRA  differential contribution rate
species [ (39.21) 11 (53.14) [ & 11 (68.40) [ & 111 (69.69) Il & 111 (77.48)

#  Hemiculter leucisculus 5.67 7.62 5.04 10.59 8.41
VIR Hemiculter bleckeri 422 0 2.23 2.07 221
fi§y  Parabramis pekinensis 0 7.62 3.84 0 3.77
Kl C. idella 1.84 1.84 0.99 1.15 0

ARG  Squaliobarbus curriculus 0 1.39 1.22 0 1.17
JEtE  Hemibarbus labeo 3.24 0 1.66 1.82 2.45
WS Pseudobagrus crassilabris 2.53 3.00 2.06 1.93 1.89
JEKAA  Chanodichthys dabryi 0 4.48 2.01 0 222
KITEF A dabryanus 1.41 0 1.35 1.39 0

Kigl#  Hemibagrus macropterus 0 0 1.10 3.23 2.29
Kigl#  Acheilognathus macropterus 0 1.31 1.55 0 1.44
JI%  Coilia nasus 0 5.23 2.77 1.52 2.57
S &I Jinshaia abbreviata 0 0 0 0.76 0

ffi M. mantschuricus 0 4.50 5.04 2.20 3.98
fi&  Elopichthys bambusa 0 0 0.81 0 0

JCEETEE T nitidus 9.53 2.13 4.16 3.51 1.97
W% S. chuatsi 0 6.27 3.11 0 3.03
ZIE)5 B Chanodichthys erythropterus 0 0 0.95 1.93 1.20
WHIA T fulvidraco 0 1.58 1.65 0 1.50
R Xenocypris davidi 0 0 1.05 0 0

il C. auratus 438 3.52 2.00 8.43 6.58
i C. carpio 4.70 1.64 1.45 4.74 4.52
fi  H. molitrix 3.65 3.00 221 10.59 8.41
FHEINHiE  Cirrhinus mrigala 0 0 0 3.09 2.48
Z i Chanodichthys mongolicus 0 4.07 1.67 1.73 0

WIRKEH  Culter oxycephaloides 0 3.96 2.10 0 1.95
fiti  Silurus asotus 0 2.02 1.46 0 1.38
FUBESH  Culter alburnus 3.79 3.47 1.32 1.89 1.66
W65 Saurogobio dabryi 10.24 0 3.51 2.81 1.57
LAl Pseudobrama simoni 3.78 1.72 2.94 3.08 1.61
#ift Coreius heterodon 4.15 9.06 5.72 2.84 5.91
[#3ktdi  Megalobrama amblycephala 0 2.08 1.87 0 1.66
LR Pseudobagrus vachellii 5.63 6.21 2.44 2.82 3.16
Wit  Rhinogobio typus 3.15 0 2.23 2.38 0

HHAEfa M. asiaticus 0 0 0 2.71 2.47
HIGH P rabaudi 2.95 0 1.54 1.65 0

R4 Xenocypris macrolepis 0 5.87 5.10 0 4.68
R Squalidus argentatus 3.06 1.91 2.38 2.56 1.29
fiff  Hypophthalmichthys nobilis 1.95 0 0.92 4.46 3.98
[ D4t C. guichenoti 0 0 0.87 0.93 0

https://www.china-fishery.cn

o K= g I

sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

& F IR 244, 2025, 49(2): 029308
- gR4-
Wy AHLLDTHRA  similarity contribution rate AHRTTHRA  differential contribution rate

species [ (39.21) 11 (53.14) [ & II (68.40) [ & III (69.69) Il & I (77.48)

B Wit Rhinogobio cylindricus 1.27 0 2.02 1.96 0

J.AZEF Huso huso(Q)*A. ruthenus(3) 1.93 0 0.97 1.35 1.66

K IRE  Hemiculter tchangi 2.65 0 1.82 1.94 0

Kwtfs  Tachysurus dumerili 2.19 0 1.64 1.18 1.28

FHABRIRIEE  Spinibarbus sinensis 2.16 0 1.97 278 2.58

RARGUEk  Glyptothorax sinensis 0 0 0 0.83 0

FREANURGE B Rhinogobius giurinus 0 0 1.03 0.86 0

A7 total 90.07 95.5 93.77 99.71 98.93

FHSFPE R 68.4%, 43 BRI R fi (5.72%) . %R il
(5.1%) . #(5.04%). )j (5.04%) %5 43 Fh, #d |
5 AIF ST 69.69%, 43Il -k 2£(10.59%)
fif (10.59%). # (8.43%). #H (4.74%) ZF 35 Fifr,
WA ST A SN 54.24%, - o &
(8.41%) . fif (8.41%). flll (6.58%). Hiff (5.91%)
433 Fifr,

23 KIIFREXFHEPIHMNRFELES
FEME

EYIBEE IR Z RGO R, MHT
M EFE RE LB ZFENE, BB A Y
FAR R Ak g s, S A0 288 A 858 AR AR Ak RN A 25 )
ZE 5 o KR YT v it A i £ S HETE Wy Bl R
TR TR, DT S RS, AT
N MEIA R, AT RS, AR 2 1A
AT BRI AN - 2R AT 22 SR I N (36 5).
N 2SN, RIT 2 MRS, M+
PR B30 AR AR R3S I . iR v
+ FERECR D T 24.53%, A2 R ECR B 0
500%; L UiEfE v A g > T 18.68%, A
{RFECE N 137.5% (3 3).

1E B L, AT RIT TR RS LR
FETEVE A AR A I BE R AL RR R, S5 W

2 BV Z 6] A BT RO 2 R, AT s s
WEIIIE, By LI EERH TFRELH S P 1)
Ban, SECP RS YR AL 2 K
Bim VBN, 22 BT _E AR ] 0 R E 38
BEVE 2 1A R A AL . Bam 1922 T A K
Bones TAH Bogr FH 17 (32 6)-

R BEE RA KT LR T8 SRR,
i A U REVE 2 1), AT s e S B4 Y
Brorphy 1 Beim phy A B AL, AH B oy K
AT WA (R 6), KU 2 MR ZEAA
BFERRE, SRy, R EA KT
i1 ) V1 Sl [E| 5 - = R G =S L

3 e

30 KIFRELEHE o« SHMTHUREE
WHEChkic s, Kid Fi Tk &AM
227 Fp, Hip 2 Fp 219 B, ARKFR 8 Fh
AR BF HNE A S5 A SRR TR, B ]
S, RBUP _LUE A E RO D, Ak
i, Fef Ik 95 R R 68 Fh . i IS
A VL kA 25 v B B I RRAE , SRR VTR
WU SR E IR R YR, A ISR
AR T AR S R s, 5KTHP

x5 WIFLHETREEHE TD K

Tab.5 TD index for fish communities in the middle and upper reaches of the Yangtze River

FTEYIF  entire species

2Rl native species

LB A* A* A* A*
region
ik M4 ik WA ik M4 ik WA
historical current historical current historical current historical current
i middle 80.27 81.93 521.7 519.5 80.02 81.67 523.3 520.4
i upper 78.14 79.53 490.0 497.8 76.87 77.15 494.3 505.0
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KIIF ERTREXFEZMARLE p ZHM

Tab. 6 P and phylogenetic diversity of the middle and upper fish communities in the Yangtze River

A RGR BRL R FrE Y entire species +EF native species
communities ‘and Phylogenetic ks A A AL F e T4 AFAY AR
B diversity historical current A historical current A

bieat Peor 0.282 0.315 0.032 0.269 0.291 0.021
communities

Psim 0.225 0.217 -0.008 0.227 0.219 -0.007

Pane 0.056 0.098 0.041 0.042 0.072 0.029

RGRE Prorphy 0.290 0.314 0.024 0.274 0.284 0.011
phylogenetic

Bisim phy 0.235 0.228 —-0.006 0.247 0.235 —-0.011

Bisnephy 0.054 0.085 0.031 0.026 0.048 0.022

i R RN A, Bk E, K
TLrh BTk R AR, R A
WD RS F R EIN . E R YA R A
BAME, Ay Z R AR, 17 AT
RN 12 b, Wi Rt 37 kA 25 Fh, Ak
YRl 8 FhE N 19 A, b b Bl f0 2R A
HRM AR AL, B TRV I S I A5 A
Ak

W ZREVESRAE T RES S5 e . W
P W M S ek, PR, BV
ERE M, NG s e AR 5 A5, R R
R, BIRRAIEAEY Z
AR B AN A R B, KL L R
A 0 E G SRR X B A TR AR
P, ARRE, ROMEKRE, KRS
ZRONAT, PRERER. STLRHE AWM S
JE B 5 (D=8.84) M 5 PRYTIL I A SR A it Ak
WX, “PR = Edi TR S 80U A B g
W, WA M TEFA RIS, YHEEE
B (D=3.59) AW WA IEAR 55 400k
XIS 45 R, (R8T a2y 24
5 AR 2 1] B DT

TATL A 35 1) TR Ak 2 52 i) #0028 40 P 2 B 1Y)
EERER, Z W R, e a2
16 3 BHL B 5 TG T R AT, T K SO SR
TV R WA, N BT AR RER
SR A EIEOC AR OO | O B S R
XA AR TS N 2o AR B ) 3 s an [
g, KEEW) ) . KB (L. elongata) 55 4%
BEBRERM RS HEHK, SOV E I
L RS W B T R 1 N o R AN N 1 SRS TS N
FIMEL Uk A, B R 55 T KR . 5

PRt W RS B AN RE S
WK SRR, ARETEITER) 3 WA, RAE
RIS Ah fh, FEW ™ I DI 19 £ 28 BEE A
LIRSV

Y TP ZAEEZ B SR AR TR0
AR A AR e 25 35 Pl W AL A7 25 (8] J7 1 o
et s, FRBRA S REY . ARME

A5 AR, WIS DR AR A
it oYM, M

FB L IR AL B R AU BN A K
AL T 8 (Tinca tinca). 22 Hi N7 05 55 8
Mot . o A sz b H BEAE O ST A R A
AR b, JFAETLALTL B N LS . Shok
PR A A S R G IR AR 0 A T AT
LRSI, HAiUE e oy A B A M 2%
R AR YRR A e B ) SR 2y S £ R £ 8
WA RS, ARG H AN . AU A
KB, AL AT TR R il 2 U T WA rY
JI85%, BRI LA LR B RIT B R,
ARKIT By, IRIKHRTTEE, WOy %K
G I R = e K S ) 85 SR A4 T e v 4 i
AR S, A BRI L3 T 65
SERIE, RS, SR AEYIPHAR .

MERIEE R LT ZREMRE, dd
AP RY R, AT, KRR TR
MRMIERGERE a ZREA T LT, KILZ
A M AR S TR R 52 2R A8 UM SR A IR I R B A
BERA, AT MBS . R, Z9[E
FH B, B TR R 22 F, F
BEGRHAY 10 Bl HE L, FIRH AR S EURR
Py o B AR BB, AT, 5K
Pr b, RIS 23 MR 5o RBGE R S
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KYFAMZ, Al —FHE 1) T F A AR A R,
FEIE DA AL AR, AT (EI K.
T N REVR AT IS R AR 1 AR ™0, E
PRI AR 0 2 Fp b R, R 20
oo ATRBE T BEVE A SE I R A
NV IMA R S AL 25 SRR AR
i E R, AT, BAIAT
{1074 N QI NSO WG b/ e o -3 0 T A
RIS R AL g 150 . 5 bl T
REETEMIR , b 0 S REvR 9 AT ARk
YIRS 2R AR AR BRI 5 0 AR
A AT T Y — LEFh 2R AN I 6% . 9k
iy R B PLEE (P. tenuis). )R 1 (Neos-
alanx taihuensis), KA1 (Protosalanx chinensis)
VHYEGE (Odontobutis) %5, BLATE KT _LF TR
AR, PR OEEE R R SN
IS PRSI

32 KITFREEEEpIHEMTHEIN KM
N

R SOARS Rl = B ST N 7 =05 20 i N L B
KA SR 224 m, MK S m, A PHLEES
RRHE Ry R AL T ZREARA B A, Ui
T K I 2, A i LLEE Rl (Cyprinidae)
fif] W F} (Gobioninae), 1V F} (Barbinae), B #%
WV B} (Labeoninae), #fk fiy IV £ (Gobiobotinae).
SF-fig 4k B} (Homalopteridae) . # %} (Cobitidae) Fll
ik B} (Sisoridae) 45 1k I 2 Ui A= 1 (AP 2 R 5
NI Z , REMEAIAE A (Mylopha-
ryngodon piceus), HLfa | fif i GEAE 0]
Wk ApZetoon s s b, B TRA Mk o H
27 Bk 104 J&, HlF A 12 H28FLo1 )&,
W R W o R A W 25 R
N S N RS €S T L 1 T
EORFETT B 0 fa 8 VR S5 A 0 AR PE 2 3, X
HR i T I IR A R A5 A0 B T 2 ] Ay v A AR
L (C;> 0.5)0 MR8 A RAE G 02 W P AR XS F
FEEHE Y Cluster 2R 28, &k R A B 2 4>
BELH, HOPB R F2 o BT AS R AR B
TENPEY AR, a0 fA 32 A R R T RIR
J2, AR AN A DL TR AR

HEME RG KT p 2 reME ULV
H L AR EE , B 1 AR BRI i) o ) A
RAWARAE o G55 SCHRBEORHRITAS R S1 i £ 4L

P, DA B 2R 2 T AT = W R AR I %o £ 2K
MRS sem . g5 R WoR, BEVE T A YR
TEME B AN (B B KA T W AL,
EZHRBEEIRE Bone) IS0, i JH 52 45 2
(Boim) 24T, RWIrh B0 (2RI ] 4
T 2H 1 22 S 04 R o AR T RS MR v o) e X R v
Z VRS R DTN, TE— e R I
TR B . AT U B DR =
SRR, KIS SFERRHL, aEYRh
fiX, XHRAM 5 B X B & Al
T I ARORE B2 1) 1 2R e T P2 MR I =5 [R] 2 AL Y T
Bk, TR T R SRR S, KL B
TR ES I TN B, B THmA X, 4
SERIREE 19 °C VL b, B AL T ol B A A 7K SC
FROE, Shpfesd | Kyned . (g, WigaEe
WY REEFT S, R BT
R Y BRI 2 T bl Sk
RIS TR BT n e, feffid -
AR A= BE gk — D W 2, REv o] R e ANl
= YA B AR KV BT SRR
B AL 25 AR A B VS ZEAIL I VA PR T3 9 S e
RIUHBEE D P E R RSP, PiEER
WL 1 E R (40 vs. 34), i LIRS Z AR
i (10 vs. 5), XL AZETHLG A AR,

MR RGKRE B2 A, 1 EiiF
T aEHERT ARG KT p 2N
Bsorphy) ZEILH 1 (0.024), LATEVEHREE (Bone.phy)
N EZTTER (0.033), BEE T Boimpny) 2K
55 (—0.006); VAl &R R KT pL M
Brongn) BRI, Pty 1 By BT
FARE, RIS RMSRE, B
SRR AL, BN TR R RSEEKE B
RN ZESE, KITTRAKRARMA, 0
B WA (Gambusia affinis) [ Gl (Poeciliidae)] |
K O IR &7 (Micropterus salmoides) [ K FH fa F}
(Centrarchidae)]. [ #2 W) &% (Sander lucioperca)
[ #5F} (Percidae)], ¥L3& H v % 4E f (Oreochro-
mis mossambicus) [ TN faF} (Cichlidae)|%, 7£F}
RN BRI HBIE RV o 2 R g AL R A o
RYKE B ZFEVERER RN, FRAK T
A S /RS N oY /BB 7/ Lo S Wl 2
MR 22 50, SR T Z 18] ) o3 28 b A5 1
B ZES . IR ARAZBEILR, 545
Y PR UTAR DGR, i T =K R ER AL T K
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JERIAE NS, VL B AR 284 R oA T =k
P NE 1 | N 0 R T € ) O P 1 Y T SN b
RN (Varicorhinus angustistomatus) . H
H 24 18 121 (Schizothorax davidi), )| B35 % i
(Hucho bleekeri) S#RAAPIRTE I E3FTFTHA
NARFIAE S 35 35 B Wy R AR A7 23 18] 7 T
e, B M A AR, 25 BRI,
SIRFP A KL TR s R LB 2
PEE A T &S,

RUMAREHRE. R, TH. KW,
FRE, RTFTERELHFHLHRHRXE, FH.
R E5 50 AN E.
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Species diversity of fishes in the middle and upper reaches of the Yangtze
River and impact of exotic invasions on fish communities

WANG Xinyang ?, XIA Cong ', DAI Fengbin®, ZHANG Yuanyuan *,
TANG Wengiao *, LIU Dong "**
1. Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution,

Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Intergrated Rice-fish Farming, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;

3. State Environment Protection Key Laboratory of Regional Eco-process and Function Assessment,
Chinese Research Academy of Environmental Sciences, Beijing 100012, China;
4. Beijing Key Laboratory of Captive Wildlife Technologies, Beijing Zoo, Beijing 100044, China

Abstract: Fish species diversity is rich across the Yangtze River basin, but fishery catches are rapidly increasing in the past
decades, and declining fish biodiversity poses risks for fishes resources. However, the degree of reduction in fish diversity and
the change-drove factors of fish communities in the Yangtze River are still unknown. The data from the investigation and the
retrieved literature were analysed the diversity and structure of the fish community to explore the driving factors of fish
diversity change and measure the change degree of fish diversity in the Yangtze River. Meanwhile, compared o and B diversity
changes of fish communities at species and phylogeny levels during historical and current periods were analyzed. The results
showed that 174 species, belonging to 92 genus, 22 families, and 9 orders were found in the main channel of the Yangtze River
to date. Compared to the historical period, 47 native species and 27 endemic species decreased, but 11 invasive species
increased in the current period. The diversity of fish community in the upper stream was significantly higher than that of the
middle (P<0.05), and 43 species contributed to the diversity rates of community construction. All species and native species
showed that the average taxonomic distinctness increased from history to the current at the o level, but the taxonomic distinct
diversity decreased, and the loss of native species resulted in a decrease in community diversity. The f, values of the upper
and middle communities showed significant changes at the B level, which was driven by f,.. The B oy that changed from
0.054 to 0.085 mainly contributed to the changes of f hny between the upper and middle communities from 0.290 to 0.314 at
the phylogenetic 8 level. The g, n, for the native species did not change significantly, and the acquisition of exotic invasive
species gave rise to changes in community taxonomic units, further resulting in significant changes between communities at the
phylogenetic B level. By comparing the changes in fish diversity between historical and current periods, it suggested that the
loss of indigenous species and the invasion of alien species had changed the spatial and temporal patterns of fish communities
and significantly affected the phylogenetic diversity of fish communities, which was expected to provide theoretical support for

ecological restoration in the Yangtze River.
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