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(Clavero et al, 2010; Pelicice et al, 2015 ; Poff, 2018) .
PR 1 B I8 45 M AE PR IXOAS [) AR 58T B DA & i 1
AR A I 8] ROBE AR SRR AIE , — B 7K AR 2t
FTHIEENEFZ — (Gao et al, 2010; #7545, 2015;
Loures & Pompeu, 2019; Yang et al, 2021) . Hff 55 &
B, KPR B K G , f0 2R V& 1) b 288 4H Rl B L 4 kg 7
22 TN ) Ao B 2 9 A K TR e s B VA b AT
AR, IR 5D B EE X K AL R B K IEAT
J& B A% 2 18] 5 4E (Ferrareze et al, 2014; Lin et al,
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14T B ER G S N LA, P XS [R) VT B ] R 2 [
1o AR 05 22 e (AN 78 97 h 7 S S ) ke 3 EL L
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DA SR RN B R b AR 3 A ) 2 S DA R AR £
PP LH B b 1R 22 e AN TR) S f0 2 v 405 1) A2 IR
R BEE F AR Bl RFAE e O Bl PR 3% AR ] e A7 A2
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Fig.1 Schematic diagram of the study area and

sampling river sections
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2013 5 F12019 4 5-7 H BL X 10-11 A , 43 3IAE
4N KRR B IR 1L 3% R s BH AN 38 0D JF & 1 2f8
PR (B 1. 2013 45 =K FETA 3 175 m 1
W& AL G IR 1A, 1T 2019 4 = Ik /K P A
175 m IE % & KALE 28 746 . B UCERFE, i 2

T L ) 1o R R 58 ) 78 455 AN SRR VL Brdk 47 8 28 4
AR HIRH R A 20~250 mm CEL 3% 20,40
80100120200 F1250 mm) , A~ [7 } H F kS F 1) 94
WK 9 100~200 m, [7] — X H B 5] 9 1 9 K 78 AN
[Fi) 07 T 2 AN [R) 3 TR s A 22 5 o ) ) S e, e —
S 52 1] 78 E Y 5 5 9 5 VAT JA0 A A T MY 5
B BT 38 P A] (Yang et al, 2021) o ARG AFE S0 B
KK S TEF8 A i BHFH 77 8 YT B 8 B 9 1 N 35
8.10.20.30 150 m )& & R M, 78 5= VLB %
BN 35,8 F1 10 m K 52 i) R, 4 73 55 AN K
J2 o A I R RE S Rl 4 B . R BB OB R AR
VR VAT T B A A ) X3, LR A ) B AR
AR I f 2 ) X R R G R () 38
9 17:00-19:00, #7222 2 — K H. | 6:00-7:00, L7
i 8 8V B O A i [R] Bt (Blabolil et al, 2017) o
B UCRAE IS, A8 R N E RS ) 9 DA K 0 8 7 R A
RAEEVLB 87 %5 0 8 KBRS . X AT A REH
(1 £ 28 b5 A HEAT Bl R 5, R 2 5 R MA I 4
Ko AR K CRERA R 1 mm) FE R CRERIS] 0.1 ¢ (TR
K&, 2015).

FEVEIRY)RAE )[R, [ LGY 11284 3t s A
% 2 BOK 5 23 BT A YST 6600 37 I & 5 A K RETT
B F BT TSP 2 90 3 (m/s) < K IR (WT, €, 35 i 48
(DO, mg/L) Fl pH. [R] B, f 28 55 5 25 3 18], R 4E
FEM 72 A KA R R (TN, mg/L) 2 (TP, mg/L) |
ZHEAN,mg/L) i % (NN, mg/L) & £h (PP, mg/L)
R EhTE % (COD,,,, mg/L) A4 % a(Chl-a, pg/L)
.
1.3 HESItS5HH

X RAE B B IR RL T 4, $% #8 Eschmey-
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FEIE, FRf 2 AT 2 1 e 4 CBF SCE 2%, 20075
PRRRE, 2019) . [FR, TR SRAEL B 2511
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Hff 52 LEAG KT 2% 1 32 B R0 2R 20 il
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& 25 K6 1 8 A8 7 (8] AT 18] 23 2H (Clarke & Gorley,
2006) . £ CA ZHT, N T & S A VA A i € 1
SO SRR RAE SRR 2 BE /N T 0.5% 25 Fh
HEBS: (Yang et al, 2018) . Bray—Curtis AH{LL5H B B g
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W BHEVR S ME S HZ M E R R EERI ¥
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(PP) . -4 2 a(Chl-a) = i 2 2h 2 (CODy,,) 7K
I (WT) « pH . & il 480 & 1 (DO R (V) , 4 A
fARE AR B, T AN = FE O e R AR B P HE
TERMR AT AT g+ D e . fEAED-FEAEY R R
I MR, 1 56K &350 B 3 At (Detrended corre-
spondence analysis, DCA) i 72 4 F £& 1% 18 /& Al 26 1%
il (Yang et al, 2021) . X A4 1 5 , DCA B
AAN PR B KB B /N T 3B 1.493~1.971) , %
HIE PR LR VR YR I8 . (R, AT H T AR 43
¥t (Redundancy analysis , RDA) #5784 3k 43 #1 2E W) —9F
E W) 2% & (Borcard et al, 2011) . 7E RDA #4 # 2 #T ,
X 5 Z MK & %0 (Variance inflation factor, VIF) £
50 AR S A 28 M VIF(E KT 10 14 = A A B
SRR, oK i HERR 7E RDA 43 BT 1 . RDA 43 #t
I, SR IR 1Rl #5807 VR e R R A B, DAIRAS B Al v
() RDA 1% % (Borcard et al, 2011) , 3£3@ i B #4456
(permutation test) fff 'F RDA 4= J#7H | &/ RDA #5
R MR TR RS, MG, R E,
K H 2 % 4 #1777 1 (Hierarchical partitioning , HP) {f:
il A [ 2% B R /N Vi #0445 1 7 20 P R 6
EE A

1§ F %% /4 PRIMER-E (Version 6) A PER-
MANOVA+ (Anderson et al, 2008) i 17 CA.
ANOSIM #1 SIMPER 43 #7 o f# F r 2 £ 1 “vegan
2.5-4” ., “ggplot2 3.3.2” . “ggrepel 0.8.2” F1“rdacca.hp
0.1.0”3417 DCA. VIF.RDA .Permutation test 1 HP 7}
Mo AR K% BN P<0.05,
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2.1 BRFEEARREEMSE

2013 4 F1 2019 4 31 7 2 3K 2 497.53 kg,
47305 &, B R 74 R, RIET 7 H 158 56 &
(R 1), Hrp 2013 4R 4L 2 .5 69 F, 2019 4 R 4k
B 63Fh. 2 YA, SR AR B (1 8 R} f1 2P 2

i %, A 358 A6 B, (5 SRR 62.16%; H
VON R AR, 2 5 4 J& 8 F A1 5 )& 6 Fh, % &5
10.81% 1 8.11%; e/ At B AR R R G f R} i1
TEERE AERL BERL B RL 7D IE 6 R R A
R A V& 1A, % 5 1.35% (K D . 20 #E
HORE B KIT R R 7R, LSR5
(R D,

2 KRR ARV PR o B R A KT
2% 2T 15F, npE 2, bR o i fh
25 N LU R (Pseudobrama simoni) > 5 & % 52 B B 1H)
28.74%, H VNS 1 (Chanodichthys mongolicus) EN
1 (Pseudolaubuca sinensis) 1 Yt 1% 5 i 1 (Pelteo-
bagrus nitidus) , 73715 10.06%.8.98%:8.93%F16.91%,
/D NE(Hypophthalmichthys molitrix) , 5 0.47%; B8
57 e s RO 61 (Culter alburnus) , (5 & B &
1 15.68%, HAZ AR (Cyprinus carpio) 5 fifl JFEFIALL
i, 53531 17 13.13%.11.69%.9.06% F1 8.05%, fie /by Hi i
(Squalidus argentatus) , 5 0.43%(J&2).
2.2 EEENMRERS T

2013 4F-F1 2019 4 /N R U &1L B 2R BE IR 1)
RRpH 3. £ 63.22% (1) Bray—Curtis A {511
AP BT #2013 4 A1 2019 45 /NI R i &0 B
BRBEVRSE M N3 KA - A1 B A HH.
FERIL B 2013 -/ B =M AT, DL LR
VT B 2013 4E F1 2010 4F Ff H 2= 25, 4 2 0 4F
HOEM LRI 2019 FEFEEFENMKEEMH
J5 5 21 3 ARG IR OV B 2013 4F AT 2019 4F #k &
% . One-way ANOSIM £ 5 ‘& 7~ % K 41 [H] J AT
EWRAR K ERESEMER Y LEREE
(F41H], r=0.711, P=0.1%, AR IR EL 999 R s 2 1 vs
H2,r=0.670, P=0.1%, E ALK E 999 I ; 4 1 vs 4
3, r=0.703 , P=2.2%, i%& X X H 45 K ; 4 2 vs
H 3, r=0.896, P=3.6%, E IR E 28 %D . [FIF, 41
AT LAy R 2 /N, Fe A A A R B A s B L R
LB 2013 FFF B F 25, DLSCIR DIV B 2013 4 Al
2019 FFEFE Zm 2, HIBAFEE A &M IR
BL2013 KA T IS 2 ] Loy N2 /L, Horp
H2AOFEEA = TR VLB 2019 4R B 2= (1) 1
KPR M, M 2B WG 3E A  /m PH 9% BV B
2019 FF KA ZE ) MR FEVE 4546 (] 3) . One—way
ANOSIM £ 56 . 7 1 BB S5 1 E 4L 1A FIZH 1B [A]
ZREE MR 2A FIZH 2B 8] 2 7 AR E (AL 1A vs
4 1B, r=0.723, P=1.8%, I5 AR X £ 56 K ; 4 2A vs 4
2B,7r=0.926, P=10.0%, &R IXE 107X
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Tab.1 Species composition of fish catches from the lower reaches of Xiaojiang River in 2013 and 2019
B OH ROER i 0BT o
WA @B R RA WAH mPH R RH

1 3= i A} L ot Coilia mystu + + + +
2 #ER  HeR ARIH AR 1 Neosalanx taihuensis + + + + + + +
3 s R JIR G £ Myxocyprinus asiaticus + + +

4 fifk s} LREES Botia superciliaris + + + +
5 1E LRI VD Parabotia fasciata

6 21 Itk Homatula variegata

7 S Leptobotia elongata + +

8 g ST Leptobotia taeniaps +

9 Ve itk Misgurnus anguillicaudatus + + +

10 il i 8 Zacco platypus + + + + + +
11 Lt Opsariichthys bidens + +

12 T Mylopharyngodon piceus + + + + + +

13 i Ctenopharyngodon idellus + + + + + +

14 i R 6% Squaliobarbus curriculus + + + + + +

15 fifk Elopichthys bambusa + + + + + + + +
16 R A Xenocypris argentea +

17 B R A Xenocypris davidi + + + + + + + +
18 LA b Pseudobrama simoni + + + + + + + +
19 fif Aristichthys nobilis + + + + + + + +
20 fife Hypophthalmichthys molitrix + + + + + + + +
21 r A fi il Rhodeus sinensis + + + + + + + +
22 e A % gk Rhodeus ocellatus + + + + + + + +
23 N Acheilognathus macropterus + + + + + + + +
24 -y I EOA Cirrhinus mrigala + + +
25 R Pseudolaubuca sinensis + + + + + + + +
26 # Hemiculter leucisculus + + + +
27 TUIRE Hemiculter bleckeri + + + + + + + +
28 TR £ Culter alburnus + + + + + + + +
29 Ey | Chanodichthys mongolicus + + + + + + + +
30 I IR A Chanodichthys dabryi + + + + + + + +
31 NI Kt Culter oxycephaloides + + + +

32 AR PR Culter erythropterus + + + +

33 fifg Parabramis pekinensis + + + + + +

34 iy Megalobrama mantschuricus + + + +

35 3k fi Megalobrama amblycephala + + + + + +

36 * JEL AT Megalobrama pellegrini + +

37 pial Hemibarbus maculatus + + + + + +
38 Zfdfn Pseudorasbora parva + + +

39 TRt Sarcocheilichthys sinensis +
40 R i) Squalidus argentatus + + + + + +
41 it Abbottina rivularis +
42 it Coreius heterodon +
43 [ 14 1 Coreius guichenoti +
44 * [l vy i Rhinogobio cylindricus + + +
45 =K MEW) iy Rhinogobio ventralis +
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Fig.2 Individual percentage and weight percentage
of the main fish species in the lower

reaches of Xiaojiang River

46 544 255 3 I K E A ¥ £ F 2023 4F 5 J
k2
2013 4F 20194
A= H BHOERD Fh — — — — — —
A omB FRE RO EA o ml R RN
46 i fiy Saurogobio dabryi + + +
47 IS e fidy Saurogobilo gymnocheilus + + + + +
48 B E i fie Gobiobotia filifer + +
49 Hh A ] i Spinibarbus sinensis + + + + + + + +
50 TGS Acrossocheilus monticola +
51 RPN Luciobarbus capito + + +
52 o R Procypris rabaudi + + +
53 filfl Cyprinus carpio + + + + + + + +
54 ok it Cyprinus carpio var. specularis + +
55 i) Carassius auratus + +
56 &t H fili fify Silurus asotus + + + + + +
57 B 7tk Silurus meridionalis +
58 B il ok B Clarias fuscus +
59 i} R Pelteobagrus fulvidraco + + + + + + + +
60 PR H it Pelteobagrus vachelli + + + + + + + +
61 IR e kil Pelteobagrus nitidus + + + + + + + +
62 KW fif Leiocassis longirostris + + + + + + + +
63 b= Leiocassis crassilabris + + + +
64 =t NS Pseudobagrus truncatus + + + +
65 YA i Pseudobagrus pratti + + + +
66 PN Mystus macropterus + + + +
67 sl R 5] T fi5 Hyporhamphus intermedius + + + + +
68  EHRH fig R 5 Siniperca chuatsi + + + + +
69 il 5l Channa argus + +
70 VSR VY Odontobutis obscurus +
71 IFEAR  FRRYIIRE M Rhinogobius giurinus + + + + +
72 % GV e Ctenogobius cliffordpopei + + +
73 PR B P AR Oreochromis mossambicus + + +
74 HEEER AR B Monopterus albus + + + + +
T UL RURRE A S e AR,
Note:* Endemic fish species to the upper Yangtze River; ** Exotic fish species.
327 FEHE2013s
98 BHEASL B EEHS iiégg: Zﬂs
wabH2013s X
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8 o 0 | o
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R 2] + Eil2019a
gy 444: + 2019
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Fig.3 Cluster analysis of fish community

structures in the lower reaches of Xiaojiang River
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A E /N E K KT B K 2%

VA 0 B2 R B RO B [ R AT 47

F & 43 H AR B $8 3 (SIMPER ) 43 #7 41 [8] 3
WM ER (K2, &R ER: 541 M4 20
fRBEIE S E T R EY R ILG 180, K
5% ( Coilia mystu) 75 W5 20 18] 1) =F & 25 3)) %} 41 1]
1B TE 45 H 10 22 7 0T Wk R B, N 18.15%,
TN 5 B (6.96%) FITEE fif] (6.84%) 5 51 A2 4H 2 Fl

43 I) £ 2 B K 40 25 S 00 1T R, o R A
TR AR, N 12.14%, HOk O LR (11.30%) Al
JEFE M (8.03%); 5] FL A 1 A 3 ] fa R VK
SEN 22 S B A 15 R, A O T B A T R 2R
o, N 11.56%, Ho ik AUl i (8.52%) 1 K A 5
(7.14%)

R2 SIERAEBFEEHMERNERYMEELRKET

Tab.2 Main fish species that contributed to the dissimilarity in the community structure between the four ma-

jor groups, and the information regarding their flow preference

” ZE T UTHREE % FRR = FE 25 /% KA LT
R ZH1vs 42 ZH2vs 213 H1vs 43 H1vs 42 H2vs 213 H1vs 43
L Lt 18.15 12.14 7.14 3.19 221 0.98 L
ey 6.96 3.22 -1.15 0.54
s iy 6.84 6.40 6.01 0.30 -1.17 -0.87 EU
T i 6.26 3.94 7.48 -0.63 -0.20 -0.83 L
ABA i 4.99 11.30 8.52 -0.86 2.12 1.26 EU
JGPE R 4.92 8.03 11.56 -0.16 -1.49 -1.65 EU
TIRE 4.85 4.12 6.57 -0.61 -0.12 -0.73 EU
# 471 3.84 4.10 0.02 -0.61 -0.59 EU
R 4.70 4.42 5.84 -0.69 0.65 -0.04 EU
i 4.11 3.87 4.63 0.06 -0.38 -0.32 EU
i 3.82 5.26 3.17 0.53 -0.99 -0.46 EU
it 3.61 3.46 0.65 -0.67 EU
FLIR B 3.37 521 3.50 0.46 -0.97 -0.51 EU
I PCA 3.11 5.03 4.63 0.27 -0.90 -0.63 L
i 2.92 4.67 4.85 0.31 -0.86 -0.55 EU
fi% 2.75 3.22 0.33 -0.61 EU
fi 2.39 2.29 0.11 -0.34 EU
TP R 2.19 0.38 EU
i S 2.53 3.09 0.43 0.22 EU

TE L3k Bl s U= A
Note: L—-Rheophilic species; EU-Eurytopic species.

2.3 BERSEMSMNRERFHXER

AN FEIREG AL B AL /N &SR AFE L BUAS [RR AT B[]
FME IR 3 TR . 7 Z K RE(VIP) KL B oR
IR B3 K 7 4% & TNL NN fil AN [ {8 K F 10 (TN,
64.516:NN,30.077; AN, 119.450) , % ] 55 HoAth A5 & H.
A B B R 2R, R X LA T HE R, 18 7 S 4
PITLR M. dd AR & B IE R ESE, R A 5 M E =
(TP.PP.Chl-a. WT Hl V) #{ 5 £ i £ & RDA i 1!
AR AR & o IX 5 N8 B AR 9 iR AL B 7E RDA
KA Adjust R2(0.484) , JLTF- 5 448 B AL IRA5 1)
Adjust R2(0.516) — £ K. #: 2 () RDA B A 7E 4t it
2 bR W E M (P<0.01) , B B R L2 1 (AR

=M VIFE /N T 100, B A 24 & 2 5 ¥ 38
(RDA1:F=9.750,P=0.001;RDA2:F=5.801,P=0.003) .
BT (1) 5 MRS i A 4 /MR AR & 5 /N R
4N RHF R A S VR G5 1 11 I 73 A2 ) B ARG (TP,
F=3.310,P=0.014; PP, F=5.720,P=0.001 ; WT,F=4.046,
P=0.003;V, F=4.017, P=0.003) . %I RDA 7 #7 45
FOLE 4. ik 5 AR 3L A AR T BT 451
48.44% )78 5, oA AT 2 AN RIVO R L RIS T TR 45
14 39.46% I 32 5, & — Nl B ph i oRe TRV A5 A
24.74% A5

RDA il B %46 41 2 (1) f1 R HE TR 4540 (2019 4737
HEMMKAET A R HMFEBILEAEA 541
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Tab.3 Average values of the environmental factors in the sampling sections of Xiaojiang
River during the sampling period of 2013 and 2019

- A THA HA S AICEN Chl-a COD,,, 7K DO i g

HFER / mg-L"! / mg-L"! /mg-L! /mg-L"! / mg-L"! /pg L / mg-L"! /T pH /mg'Lt /ms’!
A1 2013 0.96 0.40 0.38 0.03 0.01 22.01 2.48 24.12 7.47 5.22 0.18
=i FH 2013s 0.73 0.20 0.28 0.03 0.00 37.73 3.03 23.88 7.61 5.61 0.12
FrRE2013s 1.39 0.76 0.25 0.08 0.03 31.34 2.09 24.56 8.01 6.45 0.45
21120135 1.50 0.85 0.25 0.15 0.06 7.06 1.83 23.28 7.56 6.02 1.21
14720132 1.58 0.93 0.30 0.10 0.04 15.20 1.81 19.24 7.88 7.52 0.12
f=iPH 2013a 1.37 0.86 0.35 0.05 0.02 28.97 1.94 19.20 7.66 5.48 0.08
F7 8 2013a 1.35 0.96 0.26 0.10 0.04 9.06 1.81 19.22 7.49 5.91 0.18
#112013a 1.41 0.91 0.26 0.18 0.06 6.64 2.23 18.42 7.79 5.34 0.32
T 412019s 0.16 1.09 1.58 0.04 0.06 13.09 4.00 2433 8.70 5.37 0.24
=1 FH 2019s 0.23 0.90 1.49 0.04 0.13 28.16 4.03 24.16 8.55 6.30 0.19
7% 2019s 0.15 0.94 1.46 0.03 0.07 22.71 3.71 24.20 8.46 5.95 0.42
#2112019s 0.07 0.82 1.30 0.04 0.07 18.93 3.19 23.99 8.56 6.05 1.48
#EA12019a 0.11 1.34 1.50 0.05 0.06 2.71 2.43 19.77 8.81 5.69 0.11
=1 FH 2019a 0.17 1.25 1.52 0.04 0.06 6.76 2.69 20.10 8.28 5.29 0.10
7718 2019a 0.22 1.27 1.51 0.05 0.06 6.72 2.82 19.13 8.14 5.48 0.15
#112019a 0.15 1.13 1.34 0.04 0.06 16.56 3.17 19.05 8.00 5.65 0.28

s FFE T a- BT
Note:s-Spring and summer, a-Autumn.
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Environmental parameters, are shown by blue arrows, whereas
the abbreviations of species representing the different fish species
are shown by red arrows: PP-Parabramis pekinensis, CI-Ctenopha-
ryngodon idellus, SCU-Squaliobarbus curriculus, CMY-Coilia mystu,
PN-Pelteobagrus nitidus, SC-Siniperca chuatsi, PF-Pelteobagrus ful-
vidraco, CA-Carassius auratus, Hl-Hyporhamphus intermedius, ZP-
Zacco platypus, CC-Cyprinus carpio, HM-Hypophthalmichthys moli-
trix, OB-Opsariichthys bidens, CM-Chanodichthys mongolicus, SA-
Silurus asotus, CAL-Culter alburnus, CD-Chanodichthys dabryi,
SD-Saurogobio dabryi , PS-Pseudobrama simoni, CH-Coreius heter-
odon, PV-Pelteobagrus vachelli, PR-Procypris rabaudi, SAR-Squali-
dus argentatus, HB-Hemiculter bleekeri, AN-Aristichthys nobilis,
RC-Rhinogobio cylindricus, RV-Rhinogobio ventralis, BS-Botia su-
perciliaris, SS-Spinibarbus sinensis, SSI-Sarcocheilichthys sinensis,
CG-Coreius guichenoti, HL-Hemiculter leucisculus, OM-Oreochro-
mis mossambicus and LC-Luciobarbus capito
Fig.4 Redundancy analysis triplot of fish community

structure and environmental parameters in the lower

reaches of the Xiaojiang River
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Fig.5 Relative explanation proportions of different
environmental variables in explaining the variations
in fish community structure changes in the lower

reaches of Xiaojiang River

M o G AR ) [E K X 34 2 2 R S K
2Ry, B e SRR i AR K VLB
A 70 R B 1278 B [ K X (1) 0 RV 45l 2= 1R
FrHIXT R4 € (Yang et al, 2012; 2021) 5 (2) & 4E[1] K [X
T AT KR B FR I AR S I RS, BARTE
—SEREE LN DAYERRZ X Skt SRR SE M AR e
& R SRR S5 R AR, BT AR AT AR
FAEF A% X3 0 B VA 2 R AR 2 2 B R T R AR
A E) (FEH1-, 2010; Yang et al,2021) . BRI 4k, H
A [R] K DX 2 IXCE L3 R R SR G n i X
S, A R 5 M TR ) 52 AR 3B W 3 B 1) s
(Lin et al, 2019) o 1EAIA SR 2 ik , 383 55 P 401 A
R I 5N (R AL LA B R T A ke 5 | e s AR
N335 B 5 B AR (Oreochromis mossambicus) (1)
B, 2012) FFE =0k FE X - 25 ) R AR (1 8 21 )
FE R FRIKXTLEL

A B, 58 2895 #7 LA J% One—way ANOSIM #5461
2k AR R R AR 0] K XV B G A 1 B R 9% D 11
F RV 45 M TE 2013 4RI BH 5B 1 20 M AR B
1IE, SR LE 2019 A I =5 AR BN RFAE AN B 2. (1 3D,
R W BEE =K IE % & KIs AT It AT , 5 A K
X VLB I 0 R TR S M E AN R ZE T (g ] . )
B, A 45 AR R AR B B K X VT B CGR HVL
B I 0 K BE VK 45 MITE 2013 4FF1 2019 4 35 5 1L BH 5
(12545 P AR B RFAIE 5 3R B AR B 0] 7K XV B 1) f 2
T 25 WA FOMRR I B s AR e MU, B 7K 1L A0
KPR A AL TR R R I AR B, SRR IX
ANESE, T 15 Z AR B B A B 2 R A YA IR i
LR BIRETE ) v ] B 8214 (Oliveira et al, 2003) 3 2E
Y5 Ak AL IR 7 e () A g S BEVR S5, FE AR R



50 55 44 2 55 3 1) X A

P

AN

2,

¥ R K

SR

2023 45 H

AR A SR L A S K T A R A A R
VR 25 A ) g v () B R 25, R 108k 4 i 4 [
FR DXL B CBE D@ R AR 550 Jv T M 140 A 42 1) 1) S 2
BURE (N3 2 B s AR SR Bl AR 55 E 1 E YR LE
IR VYL BOME DATR B R RS 1) b 8, a2 17 5 g G o
FEF2 2 ) (Beesley & Prince, 20100 . IX FHLHI 7E =
Uske J2E [X 97t 1R 7K AR B [X I B 9 84 8 W 9 21 (Yang et
al, 2012).
3.2 BEBEEMSNEEFHXER

RDA 25 5L B 7R /N R 7K XU B £ SRR 25 74 1)
I AR A 508 IR S 2 G i IR D s 2 Fa K
T S IS PR I 2 AR By B DA O, 2 BHIK T 7K I BA &
TR SCHE BRFAEAE R2 MR /INL [A] K X VT B R VR 45 1)
IR E BEEWEH. 2RO KM, K
FURHIE GRS S IR ER IS R A . pH 4 R a S5
2 R A5 T I A SR IR S5 A () I 2 A A A SR B
IR 7K Jo 5 W 22 2R B 2 A (R BIF 9 X 3R] () AR R AE
P S BT AS A (RE 8K, 20115 #8%%, 2013; X #E 1l
%%, 2021;Lin et al, 2012; Gao et al, 2015; Yang et al,
2021). TEANIEE TGN IR P S BB/
2R 2R a W FE 0 A2 5 e A SRV 45 A I R AR )
(B Rl -2 — (FE 3k, 2011 72 B 455, 2013; Miran-
da et al, 2015; Ji M %45, 2016; Yang et al, 2021) .
AR, ANTIEDK XL B =0k e X8 77 3 &
R PRI AR R R R X3, R /N [l K
VLB ) f R ) — e R b2 3 X aE
Fr 2R B B AT R A A ) AR B ) s e R AR A,
2018) . AL E 2 ML RWAEE TX— W AKX
) #8288 BRI N R G U A B T A ) £
8, T 3K 28 £ M R 1 B )oK R S O B X s 7R
HEBEMNFEDEEAAEFETR LR

5 TPHHLL, A2 & PP B A S iR ae /1 (B 5,
/N RN K X VL B ) SR I 25 0 B ) 2 i 1R 2
TR, AR, SRR £ 5
ARSI 5 o 52 Wi AS [ 248 7R 7K S 7 i 1 ) B
WM F Z 5w N+ 2 — (RS, 20105 1 9
5, 20115 ZRHER 4, 2015) , IR IR 36 7T A 56
L 2R I Ui R A — X — AT RN R ) £ 2R
FEVR I SE FRHAE o R T = 0K 2 R IR 35k 2 R
T R R AR AR N B AR AR P S B
AR THT IR i N I BT AR N DA R ol A = HE S
NEECH 73S, 2008) , PR it id i 4% 175 K N R
AT Re AT L /N EK XVT B 1) i SRRV 4544, A
TS 45 /N 9] 7K XV B £ 2R AR W) 22 1 1 15 DA

(A an A S5 i 32 12 v PR 30 23 A1 SR b B8 FA) 92>, DA
R KK e 38 o 25 DA R R R N AED .

RDA 45 5 27 7K il 732 SE5E e 1 A X ek f SRV
SER =T o) AL, ELIX b e 32 22 5 s fi)
fi5i | VP S RUAR A AE AR B 2 7 O ) B R AR 2R ) B i
REH K. ARV, KR e 8127 54T
R AE B IR B R 3 2 — (Kayaba et al, 2010; King et
al,2016) , 1M 1 377 BRAT N I R A A5 2Rk AR
AT, T AE R 58 I 1) 45 5 VLB H I K B4
BEBEAR (Tao et al, 2017) o TEASCH, ¥VF 2 0 K AEFH
B2 B /NI [ 7K DX 2 s 7 6 T A 7K e
7 N BB, SR T HAEAK & ZR I S 2 [ B = koK
SCUUIRARTE Te AR A, WA A 151X 26 £ S 7E /N [A]
I DX B o o 0 AN () 21 1) 2 B ) S P AR )
FRAE. WF0 ORI, =0 /K 2 SO 1K XL Be i)
O RPEIR 5 M 2= VAR S ] B, HoAZm A2 5 5
73 #2832 K ALK AR B i 35 R i O 2= T VR A A
KM RAE, 20100 RE WL, AR S5 RIE BoR
1E 2019 4 I, 5 4 3] K X 3 AN SRAEVL B ) £ 28
W AR 2T AR B AR A ] . X AR AT fE X L
DX 3 A= 45 T AH R AR E L E S A R S B v, T
HE: A1 S EE AR 5%

RDA £ B . 7 it 8 St 35 52 i /N [ 7K XV Be £
FHF IR I A2 F, %45 R Yang 55(2021) 7
WK PE IR R K XYL BOR G B 45 A — 3. RE
Tkl , 5 =0 PR X IRURH B, YT /N ] K XV B
1 ST T 25 A0 I 5 AR B () AR e 70 4055 (1 5D, IX AR
AI R /N [E] K X8 18 25 VL Bl o B2 AN B B A
K SRR PEARK AL IZ AT I, R 3 AN A VL B A T
AR Rl KX, e B R DX TR SR K I 0N Ak ATE
1M 3 ANV B I 7 A B Sl R I B 2 =0 7K e vy 7K S
AT AN B VLB AL T/ ML RIKBE X N, 1%
[ 7K DX R B L2 3 1 55 UL, A 243 5 L
JROKIS A 272 A — 8 IR R . 1245 SRR T 1E
HE RS M AN [ SRAE VL B R V& A8 I S AR 3 1Y) 5%
B A B8 DR I TR S 00 B R RV BIE BT A7 AE 1
A SRR AIE 2 2
3.3 HARERENITHFEEFRERPHIIZEA

AT S R R A T AR B [HK XN ISR 1
T B 1) 0 2R I 45 M TE =K R IR B K 24 Ja 1)
DRFFAGIE , 1T HAth 3> AT 8 4 IR K XA VL B
ST VE G AL ) S 7 A B 25 L, 2 I /N AR By [m] 7K
DXL BAE OR35S (0 W i 22 R4 77 T B A 5K
EA .. JUHRAME TR IOVLE, NiiE3 MLEIAE L



2023 455 3 3

A A /NI B K DX UL B 2 0 4 A Y B R 3 OB B [ R AT 51

Wl CUn L AU L 5 5% bl o 2 3R 40 55 ) 7 i 3R 4 Hh
(RIAR G 2 B TR, HAE VR 54 BE 5 32 B HE 25 W el
Rl AR PR AR S R . fE IR RT
SR YERF /N AR K X H AR A B AL (AfE =
U 7K PEAR AR LI AT I, IR B e RF LUK AR 5 7
RIS AT, SRR K K G2 i XD
LA SRS i 47 1) /NI W SR [B1K XA R A (1 K
X ORI [ K XL B 4 25 0 2R B i A
SO

[FI I, RDA 73 A1 45 R 7 8 7 803 B (1 I 2242
EIPORANEIY AR SN a2y Alib ek A S
FH IR . DA, 3 I AMIEE TR R A N AR AR AT
RE 2 TAR /ML [m] K XYL BUE 77 W 5 1) I 25 70 A A%
JR3 > AT AR JE /N 0] 7K DXV B i 2R v 45 1 1Y) 0
CUNA T A= 900 22 FEAE 1) T B S o o £ S KR 1
INEEY o BLAh , A S BEAE 7R /N IR K X VL B
REVE G MIAE = WK IR 1R & /K 2 4 Je T R A2 A
2y, & WILE AT T8 DXIOT e 1) #7158 B Yt i I AR
HAHLER .

SE 3k

WORHE, FRAE S, FETINE, £, 2008, =gk A 5 BN ]
B IR AR R RS A HT (], FREEREF, 20(2): 310-315.

WOCE, RO, TR, £ 2007, KT 2 R TR M. db
At E KRR K AR L

Tk, 2011, VLA 0 SR 5 EEIR B R 1R R &
FLTRMBLAID]. Jb sl hE BB .

PR BT 2, 2018, =8 I [X 5 JH VL BRI /Tt S fr ) ) 45 44
S IhRERTFE[D]. S FH: S K.

MR NG, 42 T8, M8, 25, 2020, =0 K B SR /L AR 2 FLIY
FRILIR[I]. = 2SR, 5(1): 42-47.

REzs, ZFIA, T4, 25, 2020. 35 B0 IR R IR IK
SERY KRR T IR R [T). AKAEEAE, 41(2): 64-69.

TR, B, W&, &5, 2015, =0k % & AR KA T
I £ IR AR AR ()], K AE A2 24 3, 36(3): 1-9.

FYA, INVATE, BB, 2, 2010. RAE S R G5 Thfg
PR Y [D]. KB 3E R, 21(4): 550-559.

ASEEAR, DRPE R, EERE, 25, 2015, RO AR AL BV I A A
GN8N [F K T 08 R (T, MR 2R, 37
(10): 90-101.

ZERAR, AR, BAYET, 2, 2010, A1 4 BT K UR T i
VIR TE 250 R S5 IR R 1096 & [T]. B AR A 43R,
21(7): 1844~1850.

KUFELL, 255, B R YL, 25, 2021, 48 At B IE 45 MR AIE
S H SRR T R SR, 41(2): 769-780.

PR, BAAE, B, 2019, VLM AR R YR T B E M.

JUIM: AR A

A, A, W AR, &5, 2013, KT R iR AL A A
e S IL 5 AR T IR S B AT (0], SRR,
34(7): 2588-2596.

BE, sl e, 0T, 55, 2017, =W K IX A G AR fa 2
(1155 L2 o3 AR 0. P K R, 24(6): 1307-1314.
S, BRANGR, B, 5, 2016, WK PR/ MR AE R

TN AR F 2%, 37(4): 70-77.

TN, VERT, AR, A, 2001, GE LR IR A B R T K
FCSFRBS T (056 R (1), FRELRE, 32(10): 2868-2874.

T, JRVEER, XIZHT, S5, 2017, =08 g X I =1 f AR 2
HIZEAT AL ). WHERLE, 29(2): 439-447.

Wb ok, R, B, 55, 2010, =0 FE X AR B 28K
SER R AR, R S IR A R, 16(4): 555~
560.

W&, BT, B4 0, 45, 2012, =K IS AT G 1R X 2R %
VAL R AR FE 1], NIRRT, 43(10): 62-67.

W &, BES0, Kid, %, 2015, ZIKE 175 m kg E & K
X R e BT Bt SRR S I A5 A R D). 2B
AR, 35(15): 5064-5075

MR, BRI IR, 2, 2017, IR IX /N fa R VAR AE
Lo L P AT, KATHUR R S A5, 26(6): 841-846.

Xz, ek B, T2, 5, 2016. V- 0 B S5 M RRAE S L
BT RA]. EEFRE, 35(6): 1569-1577.

Beesley L S, Prince J, 2010. Fish community structure in an in-
termittent river: the importance of environmental stability,
landscape factors and within—pool habitat descriptors[J].
Marine & Freshwater Research, 61(5): 605—614

Blabolil P, Riha M, Ricard D, et al, 2017. A simple fish—based
approach to assess the ecological quality of freshwater res-
ervoirs in Central Europe[J]. Knowledge & Management
of Aquatic Ecosystems, 418:53.

Borcard D, Gillet F, Legendre P, 2011. Numerical Ecology
with R[M]. New York: Springer.

Clarke K R, Gorley R N, 2006. PRIMER V6: User manual/tu-
torial PRIMER-E[M]. Plymouth,UK: PRIMER-E.

Clavero M, Blanco—Garrido F, Prenda J, 2010. Fish fauna in
Iberian Mediterranean river basins: Biodiversity, intro-
duced species, and damming impacts[J]. Aquatic Conser-
vation Marine & Freshwater Ecosystems, 14(6): 575—
585.

Ferrareze M, Casatti L, Nogueira M G, 2014. Spatial heterogene-
ity affecting fish fauna in cascade reservoirs of the Upper
Parand Basin, Brazil[J]. Hydrobiologia, 738(1): 97—109.

Fricke R, Eschmeyer W N, Van der Laan R, 2020. Eschmey-
er’s catalog of fishes: Genera, species, references[P].
http://researcharchive. calacademy. org/research/ichthyolo-

gy/catalog/fishcatmain.asp.



52 944 4 3

K E A

2023 45 H

Gao X, Zeng Y, Wang J W, et al, 2010. Immediate impacts of
the second impoundment on fish communities in the
Three Gorges[J]. Environmental Biology of Fishes, 87(2):
163-173.

Gao X, Zhang Y, Ding S, et al, 2015. Response of fish commu-
nities to environmental changes in an agriculturally domi-
nated watershed (Liao River Basin) in northeastern China
[J]. Ecological Engineering, 76: 130—141.

Kayaba T, Sugimoto T, Mori T, et al, 2010. Induced spontane-
ous spawning using an increased temperature stimulus in
the cultured barfin flounder Verasper moseri[J]. Fisheries
Science, 69(4): 663—669.

King A J, Gwinn D C, Tonkin Z, et al, 2016. Using abiotic
drivers of fish spawning to inform environmental flow
management[J]. Journal of Applied Ecology, 53: 34—43.

Lin C, Lek S, Lek—Ang S, et al, 2012. Predicting fish assem-
blages and diversity in shallow lakes in the Yangtze River
Basin[J]. Limnologica, 42(2): 127-136.

LinPC,Gao X, LiuF, etal, 2019. Long—term monitoring revealed
fish assemblage zonation in the Three Gorges Reservoir[J].
Journal of Oceanology and Limnology, 37: 1258—1267.

Loures R C, Pompeu P S, 2019. Temporal changes in fish di-
versity in lotic and lentic environments along a reservoir
cascade[J]. Freshwater Biology, 64(10): 1806—1820.

Miranda L E, Bies ] M, Hann D A, 2015. Land use structures
fish assemblages in reservoirs of the Tennessee River[J].
Marine & Freshwater Research, 66(6): 526—534

Pelicice F M, Pompeu P S, Agostinho A A, 2015. Large reser-
voirs as ecological barriers to downstream movements of
neotropical migratory fish[J]. Fish and Fisheries, 16(4):
697-715.

Oliveira E F, Goulart E, Minte—Vera C V, 2003. Patterns of
dominance and rarity of fish assemblage along spatial gra-
dients in the Itaipu Reservoir, Parand, Brazil [J]. Acta sci-
entiarum: Biological sciences, 25(1):71-78.

Poff N L, 2018. Beyond the natural flow regime? Broadening
the hydro—ecological foundation to meet environmental
flow challenges in a non—stationary world[J]. Freshwater
Biology, 63(8): 1011-1021.

Tao J P, Yang Z, Cai Y P, et al, 2017. Spatiotemporal response
of pelagic fish aggregations in their spawning grounds of
middle Yangtze to the flood process optimized by the
Three Gorges Reservoir operation[J]. Ecological Engineer-
ing, 103: 86—94.

Terra B, Santos A, Aradjo F G, 2011. Fish assemblage in a
dammed tropical river: an analysis along the longitudinal
and temporal gradients from river to reservoir[J]. Neotrop-
ical Ichthyology, 8(3): 599—606.

Yang S R, Gao X, Li M Z, et al, 2012. Interannual variations of
the fish assemblage in the transitional zones of the Three
Gorges Reservoir: Persistence and stability[J]. Environ-
mental Biology of Fishes, 93(2): 295-304.

Yang Z, Tao J P, Qiao Y, et al, 2018. Multivariate analysis per-
formed to identify the temporal responses of fish assem-
blages to abiotic changes downstream of the Gezhouba
Dam on the Yangtze River[J]. River Research and Appli-
cations, 34(9): 1142—-1150.

Yang Z, Pan X J, Hu L, et al, 2021. Effects of upstream cas-
cade dams and longitudinal environmental gradients on
variations in fish assemblages of the Three Gorges Reser-
voir[J]. Ecology of Freshwater Fish, 30(4): 503—518.

(WHE%HH REFH)



2023 4725 3 1Y) A A /NI B K DX UL B 2 0 4 A Y B R 3 OB B [ R AT

53

Spatiotemporal Variation of Fish Community Structure and
Its Driving Factors in the Backwater Area of Xiaojiang River

ZHENG Meng-ting', YANG Zhi?, HU Lian?, JIN Yao?, ZHU Qi-guang?, ZOU Xi?,
QIAO Ye? LIU Xiao-yan', TANG Hui-yuan®

(1. College of Animal Science and Technology, Hunan Agricultural University,
Changsha 410128, P.R. China;
2. Key Laboratory of Ecological Impacts of Hydraulic—projects and Restoration of
Aquatic Ecosystem of Ministry of Water Resources, Institute of Hydroecology,
Ministry of Water Resources and Chinese Academy of Sciences, Wuhan 430079, P.R. China)

Abstract: In this study, we explored the temporal and spatial variation characteristics of fish community
structure and their driving factors in the backwater area of Xiaojiang River after the normal storage (175m
after 2012) and operation of the Three Gorges Reservoir. It aimed to provide reference for the fish resource
protection in the backwater area of Xiaojiang River. The study was based on the fish resource survey and
habitat data collection conducted in four sections (Qukou in the variable backwater area , Yanglu, Gaoy-
ang and Huangshi sections in the perennial backwater area) of the Xiaojiang River from May to July in
2013 and from October to November in 2019, and the relationship between the abiotic factors and the
changes of fish community structure was quantitatively analyzed using multivariate analysis method. Re-
sults show that a total of 74 fish species belonging to 56 genera, 15 families and 7 orders were collected
from the backwater area of Xiaojiang River in 2013 and 2019, including 15 dominant species, 7 endemic
species and 5 exotic species. There were 69 fish species collected in 2013, while there were 62 fish species
collected in 2019. The fish community structure in the perennial backwater area of Xiaojiang River has
changed significantly in 2019, while no significant difference in the fish community structures in the river
section of the variable backwater area was observed between 2013 and 2019. The fish community structure
in the perennial backwater area of Xiaojiang River showed obvious seasonal variation in 2013, while the
seasonal variation became less obvious in 2019. The fish community structure in the variable backwater ar-
ea of Xiaojiang River showed obvious seasonal variation in 2013 and 2019. The total phosphorus content,
phosphate content, water temperature and flow velocity significantly affected the temporal and spatial
change pattern of fish community structure in the backwater area of Xiaojiang River, and the phosphate
content and water temperature were two key factors driving the change of fish community structure. Our
results indicate that maintaining the natural habitat characteristics of the variable backwater area of Xiaoji-
ang River, taking measures to control the population size of alien species in the perennial backwater area
of the Xiaojiang River as well as strictly controlling the input of exogenous nutrients are of great signifi-
cance to protect the indigenous fish resources in the backwater area of Xiaojiang River.

Key words: fish community structure; environmental factor; redundancy analysis; temporal effect; Xiao-

jiang River



