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Fig. 1 Sampling sites in the middle reaches of the Yangtze River
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Tab.1 Environmental factors for each site in the middle reaches of the Yangtze River

eS| (EA=] HE 1 HX O

items Yichang Shishou Jiayu Wuhan Hukou
pH 7.60+0.22 7.49+0.07 7.65+0.28 7.67+0.06 7.09+0.28
JK#/°C  water temperature 22.75+1.32 22.4+0.44 23.9£1.76 23.1£3.92 23.3+£3.50
HifRE/(mg/L) DO 7.32+0.52 7.87£0.45 8.13+0.71 7.8+0.91 7.71£1.08
F IR HE 4/(mg/L)  CODyy, 1.75+0.49 1.59+0.41 2.11+0.54 2.16+0.40 1.93+0.17
A /(mg/L) TN 1.6+0.24 1.6+0.34 1.6+0.40 1.6+0.24 1.5+0.26
MW/(mg/L) TP 0.25+0.11 0.23+0.09 0.39+0.11 0.29+0.10 0.25+0.10
BIFY/(mg/L)  SS 14.1£11.02 18.4+3.11 89.6+65.3 54.9+29.77 48.9+35.74
HH/(mg/L) NH,-N 0.05+0.01 0.06:0.02 0.03+0.01 0.06:0.02 0.07+0.03
Tz #h/(mg/L) NO;-N 6.79+0.67 6.70+0.80 6.02+0.54 5.4620.60 4.47£1.59
BERREL/(mg/L) PO, -P 0.07+0.01 0.09+0.01 0.05+0.02 0.050.02 0.08+0.01
JEJf  bottom pe) Ttb 14 14 WhHR
Jid/(m/s)  flow rate 0.28+0.05 0.0380.02 0.28+0.20 0.04+0.01 0.31+0.17
JKiE/m  depth 23.07+0.01 16.02+0.01 7.100.05 6.54+0.15 6.89+0.24
% /m  width 820.0356.30 733.49+117.71 3862.36+73.88 1899.10+193.06 1682.04+119.34

R E K7 2: 2 E /) sponsored by China Society of Fisheries

https://www.china-fishery.cn


https://www.china-fishery.cn

IR, 2023, 47(2): 029311

(IRT) XA SRAEA o W F RIS AR T Y

IRI=(N+W')-F (5)
Kb, NoBHARY IR B S B E
I (%), WA A E RS S E R A S
(%), F AR IR, aRAERETRY
OB R IRIR A 52 . IRI=1 000 4 4 5 Fih
1 000>IRI=100 A E EAH, 100>IRI=10 i ULAH,
IRI<10 i —ffl, IRI<1 RHAHF,

A SRR X X R AR B Y 0 A T AR S
KA 5y, HHEBR AR, w5 ke E Pk
P 052811 7o 51| R 2 I L B i/ 5 = g W N
W, "R A2 at: . TR 3 Fh2ehl,
PP AL, RS A RPEDN . B DIPEE
TGN 3 FpE A

10 /I WA YT ABC & e w (-
statistic) e 1147 H %2, ABC Hi £ i) J& H War-
wick $E Y, N A R AL IS A S W v DA
W Gt IS I RE T 052, HETC 8 2 0
T HE K EEY R ENE SRR, @t
ABC M2 ] LUAIWK A= A= YR V% A S R BE i
WIGETHEF D —1~1, 5 w>0 CEW & fe +
FEfZ BJr), B AL SER R — RS LR RAMA
MRS, BEEZ BRI, 2 w<0 (Y=
M2 e FREMZET ), BER LSS —Rh B LA
NSRRI, BER Z 2R, M4y
M fn 4= th 2l 22, v 2 B b L3t
W gt A=

s Bi—A4;

=2 50 % (5-1) (6)
KX, B AIA 43510 ABC B Fh RS -5 X0 1
A R B A, S IR AL
ABC HHZR ) Primer 6.0 2158 i

BE B s AR ST R A AN [F] iy i f1 28
AERT = BE Bt e T FE R, PR AR AR A AN, 9L
MRFR SR G f5 . L) Bray-Curtis AH U 2 B0k FEmib 4
AR, SRR o 28 0 AR
= Z 4 b B (non-metric multidimensional scaling,
NMDS) 1 HE )7 77 1 43 il 4 g 2 2 4 i 1R
NMDS El, H 4 #r 45 Rt 4 i oad i i & 2L
(Stress) {ER A i, {4 ] Primer 6.0 3K F 31T 7317 .

BRBELEMEIIRA T X F X} 45
FE A AN 22 BERAIE AT R X 1 4B (detr-
ended correspondence analysis, DCA), % PLHEF il

https://www.china-fishery.cn

KRB R B /NT 3, PR e 5 L5 o 7 43 B
(Redundancy analysis, RDA) H % 3d& B ™, 7647
DCA #1 RDA 73 il , 5 2 Bk i BUBURAR T 5%
s, DA R T O T AT,
X AT 1g(et1) etk HIBR IS IH F>20
M IREE R, IFAE 50 AT b B AR A A i B Y
1E RDA sr#rid fery, 12 SRR P K5 o A oo
RS 0t 2B Vs AR e g ) R R . bk
ML FEAE Canoco 5.0 B4 5ERY

2 4

2.1 @EMABAR, EEXBRMREM

I A 4], M 3 YT b i £ 2K 16 335
B, ®E&T6H 138508, Hp#EH (Cyp-
riniformes) 52 Fl, FhREEH L, & 70%; HIKH
59 H (Siluriformes) 12 #1, |5 14%; #9E H (Per-
ciformes) 7 ', 5 9%; #7372 H (Acipenseriformes)
28, & 3%; I H (Clupeiformes) 2 Fl', & 3%;
B4 H (Anguilliformes) 1 #, & 1%,

AW RA R R . Ak
10Fh, 7 13%; WEMEMIE3SF, & 46%; 24
VI 3B, 7 41%, $EPEIRERR gy PRI
TR R 2 34 Fh, 7 45%; 7RGk DAY f0 28
38 M, i 50%; HIUIMESORRMAE 4R, K 5%,
RN MR A RS 61 B, i 80%; L
W P A S 12 B, 16%; VLV I 3 1 £ 2
3R, 4% (£ 2).

A IRI=1 000 S PLHAf, 2 Rid A 471
B A BRI, HETLE 6 H By
g 1R, 10 3 2% A ETLE 6 H 6%, 101
AFh, MBI RS R EE (Siniperca chuatsi) Fl = £ &
(Megalobrama terminalis); = ta{1B 6 J 4Fh, 10
H 3%, #H [ Fh 25 8 B (Hypophthalmichthys
molitrix) F i i (Coreius heterodon); FIXILE% 6
H3F, 10 H3F; MiniwBeH 4%, 10H
A4 F, FAEFhSE R FE @S (Coilia brachygnathus) F
=, K TTH RO R T DUR B (Xenocyp-
ris argentea), B . — Al i ELTOA R E
(#3).

22 @AM

M HEHFREOKT R E (K2), 5 RS
112 Margelef £ & B LEE, 6 H Rl 331~
6.28, VK 496; 10 H H 4.16~5.99, F¥HHK

HPE K FE2:2: 3290 sponsored by China Society of Fisheries



IKPA 2R, 2023, 47(2): 029311

®2 KiIdieaXEERRRESLE

Tab.2 Species composition and ecological guilds of fish community in the middle reaches of the Yangtze River

YN ) AR I pis|
species (abbreviation) ecological type ‘Wuhan Hukou
#E Cypriniformes
#8858} Cyprinidae
$9EAL  Cultrinae
fifi(Pap) Parabramis pekinensis H; Dr; R + +
% (Hel) Hemiculter leucisculus 0O; V;R + +
IEKEA(Cud)  Culterdabryi dabryi C;V;R + +
i fifi(Cum)  Culter mongolicus C;V:R + +
R 3KEA(Cuo)  Culter oxycephaloides C;Dr; R + +
MG (Cua)  Culter alburnus C;Dr; R + +
R Pseudolaubuca sinensis O; V;R +
= Mi(Mef) Megalobrama terminalis 0;V;R + +
B Erythroculter dabryi C; V;R +
R3ktli  Megalobrama amblycephala H; Dr; R
JEIUTZLEH  Ancherythroculter nigrocauda C; V;R +
RLAMA  Erythroculter oxycephaloides C;V:R +
2185 81 (Cue) ~ Cultrichthys erythropterus C;V;R + +
WK% Hemiculter bleekeri 0; V:R +
#EFAL  Xenocyprinae
fLR(Pss)  Pseudobrama simoni O; Dr; RL + +
fR#E(Xea) Xenocypris argentea H; Dr; R + +
% R fl(Xed) Xenocypris davidi H; V;R + +
#EYEAL  Barbinae
EFi MBS Cirrhinus mrigala 0;Dr; R +
LM ITA  Cobitinae
Vel (Mia) Misgurnus anguillicaudatus C;V:R + +
8 WA Gobioninae
JEt  Hemibarbus labeo 0;V;R + +
1645%(Sas)  Sarcocheilichthys sinensis O; Dr; R + +
WEh  Saurogobio dabryi 0;Dr; R + +
4 (Coh) Coreius heterodon O; Dr; RL + +
Wit (Rht)  Rhinogobio typus 0O; Dr; R +
D4 fa  Coreius guichenoti O; Dr; RL
[F & W fif) (Rhe)  Rhinogobio cylindricus O; Dr; R +
HR145) (Sqa)  Squalidus argentatus 0;Dr; R + +
1e8f Hemibarbus maculatus 0; V;R +
K if) (Sad)  Saurogobio dumerili O; Dr; R + +
Mty Pseudorasbora parva 0O; V;R
LI Paracanthobrama guichenoti C;Dr; R +
fFAL  Cyprininae
ifl(Caa) Carassius auratus O; V;R + +
#(Cyc) Cyprinus carpio O;V;R + +
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MRS HARA HE E A W) b m|
species (abbreviation) ecological type ~ Yichang Shishou Jiayu Wuhan Hukou
B Cyprinus carpio 0;V;R +
WAL Hypophthalmichthyinae
fit(Hym) Hypophthalmichthys molitrix H; Dr; RL + + + + +
fiff(Hyn) Hypophthalmichthys nobilis H; Dr; RL + + + + +
B ERE  Acheilognathinae
HRAEMET  Rhodeus sinensis O; Hi; R +
SPEESRAE}  Homalopterinae
AW Jinshaia sinensis 0; Dr; R +
&AL Gobiobotinae
HEMEE  Gobiobotia filifer C;V;R +
VHIER  Botiinae
/NIRTESR  Leptobotia microphthalrna C;V;R +
K@t Leptobotia elongata C; Dr; R + +
BRI Parabotia fasciata 0; Dr; R + + +
HBF TR  Leuciscinae
¥ifi(Cti) Ctenopharyngodon idella H; Dr; RL + + + +
IR (Sqc)  Squaliobarbus curriculus 0; Dr; RL + + + +
fi&  Elopichthys bambusa C; Dr; RL + + +
i Ochetobius elongatus 0; Dr; RL + +
. Mylopharyngodon piceus C; Dr; RL + +
fRBEfERl  Catostomidae
Wit Myxocyprinus asiaticus 0; Dr; RL + + +
B PR  Labeoninae
8% Sinilabeo rendahli H;V;R + +
FH  Acheilognathinae
FHZE  Acheilognathus barbatulus H; Hi; R + +
KEEiF(Acm)  Acheilognathus macropterus O; Hi; R + + + +
TJeitid  Acheilognathus gracilis H; Hi; R +
#H  Clupeiformes
2R} Engraulidae
FE A (Cob)  Coilia brachygnathus O; Dr; RL + + + + +
KAF  Coilia macrognathos 0O; Dr; RS + +
#H Perciformes
#5R Serranidae
KHRH(Sik)  Siniperca kneri 0;Dr; R + + + +
PLW  Siniperca scherzeri 0;Dr; R +
5 (Sic) Siniperca chuatsi 0;Dr; R + + + + +
K &% Coreosiniperca roulei 0O; Dr; R +
#8858l Channidae
51#  Channa argus 0;Dr; R +
IFRER  Gobiidae
FBEWIMRFEfi(Rhg)  Rhinogobius giurinus 0; V;R + + + +
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MRS HARA HE an=1 St W) W
species (abbreviation) ecological type ~ Yichang Shishou Jiayu Wuhan Hukou
YWiE#ER  Odontobutidae
VbIEE  Odontobutis obscurus 0; V;R +
#8578  Siluriformes
R} Bagridae
WS Hfi(Lec) Leiocassis crassilabris 0;V;R + + + + +
KAgli (Hem) Hemibagrus macropterus C;V;R + + + + +
Wi TG it (Pen) Pelteobaggrus nitidus 0;V;R + + + + +
W Hif(Pef) Pelteobagrus fulvidraco 0O;V;R + + + + +
TLICHE Fifh(Pev)  Pelteobagrus vachelli O; V;R + + + + +
K& Fiti(Pee) Pelteobagrus eupogon 0; V;R + + + + +
KW #fi(Lel) Leiocassis longirostris 0;V;:R + + + + +
|7 R HME(Pst)  Pseudobagrus tenuis 0; V;R + + + + +
AMARME:  Pseudobagrus pratti 0; V;R + + +
fHEREE  Pseudobagrus brevicaudatus 0; V;R +
#5R  Siluridae
KIOf(Sim)  Silurus meridionalis 0O;V;R + + + +
fil(Sia) ~ Silurus asotus 0O; V;R + + + + +
2 EH  Anguilliformes
B8R Anguillidae
H A6 Anguilla japonica 0O; Dr; RS +
#3~H Acipenseriformes
38}  Acipenseridae
KILEY  Acipenser dabryanus C;V;R +
FRAEST  Acipenser sinensis C; V; RS + +

e+ CREERIREAR; ROERYE; RS, VLEIIJEE: RL. YLEmUEME; H et o |tE: C WatE: V. FtEN; Hi & 4%/~ 50; Dr. %

itk gn

Notes: +. fish species collected during the investigation; R. resident; RS. river-sea migration; RL. river-lake migration; H. herbivorous; O. omnivorous;
C. carnivorous; V. viscid eggs; Hi. shellfish-like eggs; Dr. drifting eggs

*3 KiIdhireaXRBMNN=N%H

Tab.3 Spatial and temporal distribution of dominant fish species in the middle reaches of the Yangtze River

B Aty A Fh
sites month dominant species
HE Yichang 6H Eanyii]
104 5% A #11
il Shishou 6 figk % =St R HE R A L R4
101 fii fl A iy =it
W Jiayu 6H TLIR B A #11 Ky fifg fife 11k
104 =l fie i ta,
X Wuhan 61 i 11 LA i
104 fi 5 il TLIR T i
HIF Hukou 6 L g bkl =St KA
101 % A Jo A gt 55k fif =it
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Fig. 2 Temporal-spatial changes of fish diversity index in the middle reaches of Yangtze River
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Abbreviations of fish species are given in Tab. 2
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Fish community structure and diversity in the middle reaches of
the Yangtze River

FANG Dongdong '?, YANG Haile’, ZHANG Hui’, WU Jinming’, WEI Qiwei ">

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214000, China,
2. Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs,
Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
3. Wuhan Yangtze River Acipenser sinensis Protection Center, Wuhan 430223, China)

Abstract: To understand the relationship between fish community structure and diversity and environmental
factors in the middle reaches of the Yangtze River, fish and environmental surveys were conducted in five sections
of the middle reaches of the Yangtze River (Yichang, Shishou, Jiayu, Wuhan and Hukou) in June and November
2021. Using these data, fish community structural characteristics, the spatial and temporal distribution pattern and
its relationship with environmental factors were analyzed. A total of 16 335 individuals belonging to 76 species, 50
genera, 13 families, and 6 orders were collected, among which, Cyprinidae was the most abundant with 52 species,
accounting for 70%. Among the three living habits, the number of resident fish species was the largest (80%).
Among the three feeding types, the number of carnivorous fish species was the largest (46%). Among the three
spawning types, sticky-egg fish had the largest number of species (50%). According to index of relative import-
ance (IRI), the dominant fish species were small fishes, such as Pelteobagrus vachelli, Xenocypris argentea, Mega-
lobrama terminalis, Coreius heterodon. The average Margalef richness index was 5.11, the average Piclou even-
ness index was 0.63, the average Shannon-Wiener diversity index was 3.23, and the average Simpson dominance
index was 0.26. The abundance/biomass comparison curve showed that the fish communities in Yichang and
Hukou were seriously disturbed, and those in Shishou, Jiayu, and Wuhan were relatively stable. The results of
Cluster analysis and non-metric multidimensional scale ranking (NMDS) analysis showed that the fish communit-
ies in the middle reaches of the Yangtze River could be divided into three groups, and Yichang belonged to one
group. Shishou, Jiayu and Wuhan belonged to one group, and Hukou belonged to one group. Redundancy analysis
(RDA) was used to analyze the relationship between fish community and environmental factors. It was found that
ammonia nitrogen (NH,™-N) and bottom type were the main factors affecting the differences in fish community
structure in the middle reaches of the Yangtze River. The results showed that compared with the historical data, the
fish community structure in the middle reaches of the Yangtze River has changed significantly, the proportion of
economic fish has decreased, and the fish individuals have become smaller and younger. These changes were
caused by the joint effect of long-term human activities and natural environmental changes.

Key words: fish community structure; diversity; redundancy analysis; environmental factors; the middle reaches of

the Yangtze River
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