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Fig. 1 Distribution of fish sampling sites in Peng’an section of the
middle reaches of Jialing River
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Fig. 2 Variation trend of hydrological characteristics in Peng’an
section in the middle reaches of Jialing River from 2014 to 2019
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Tab. 1 Water environmental variable in Peng’an section of the

middle reaches of Jialing River during flood and dry seasons from
2014 to 2019 (mean+SD)

A K4 Tl 7K
Environment variable Flood season Dry season

YEEIRBE K T Physical environmental factor
Y3 1 70" 138"
Water temperature(‘C) 23.69+1.70 14.78+1.38
JKAL Water level(m) — 264.91+3.62° 249.28+3.21°
R Velocity(m/s) 0.62+0.08" 0.30+0.05"
B 65.44+9.17" 83.17+8.39"
Transparency(cm)
b F 855K F Chemical environmental factor
pH Potential of hydrogen ~ 8.01+0.55" 7.36+0.28"
e 8.42+0.90" 7.1120.73°
Dissolved oxygen(mg/L) ’ ’ ’ ’
JA% Total N(mg/L) (8.50£0.02)x10 ™" 0.15+0.03"

—3a

S Total P(mg/L) (9.80+3.00)x10 ™ (14.2+2.20)x10 >

i PHRUE R ENE R R UL il A PR AR
B2 703 (P<0.05)

Note: Superscripts with different lowercase letters after the
average indicate that the environmental variables during flood and
dry seasons are significantly different(P< 0.05)
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Tab. 2 Functional category, functional trait, and type of fun-
ctional traits of fish species in Peng’an section of the middle reaches of
Jialing River
Dheenl  Thagthik
Functional Functional
category trait

DhRe IR 7Y

Type of functional trait

BeE it R iE. WEYE, EFIERE, K
Feeding A I ANEAR T MESh M B L 32K
HE YR S ot
e AR, Vi 2—S5
<GS0 A o ¥ v AN w1/ o ' 2 o
L VAN | 2 N 2
Weik A1 M. 9% BB T, J5 B
Swimming ViFAN RN
KK ELARE, iH45.0—840.0 mm
EAERL EKE LR R R
Ecological . } . .
adaptation VUEELF  ZUK. WK, JTIE
TR WK KL TR
PR ER AN RGO, W 01
Community . G
dynamics ~ HE5aTE B, YL 0—100
HEVE i Life

history A VE SR Bl S A S Bl X

S WY N AR E R TR S E
B3 b F% 9 5 A0 S8 W ph A8 18 25 I 1 HH I A0 2
IRI>1000 AP Fl, 100<IRI<1000y 2 Fi
BAFENRESHMIEY AT 5T 1 HUKS
Vpp AR = FE RN 2 B D RE PR AR 325 REAE N I T g
£ & ¥ Functional richness (FRic). Zhagt %) &
Functional evenness (FEve) 3T 68 2 B [Th g
2 B Functional divergence (FDiv). ZhRE 7 L%
Functional dispersion (FDis)" fll — /X 45 %t Quad-

ratic entropy (Rao)Bﬁ] o

(1) Thae=F & EFRic: B I ae MR 25 18] N 1k
(I SUNWE S Ub 2T a o S
(2) ThEe S FEFEve A U F:

dist (i, /) =/ (@i—a))*+ (b — B) 4+ -+ (K, — k)’

_ dist(i,j)
e (wi +w;)
EW
PEW = —
. EW,
ZS*I . (PEW 1 > 1
min | — —
-1 S—-1 —1
FEve = 1 5
1— ——
S—1

N, a—k3RoR 2 YEVEIR 2 18] R AT R 114> 2h
REVEAR dist(i, /)R P Al 2 1] g IR =X B
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Tab. 3 List of fishes and their functional traits in Peng’an section of the middle reaches of Jialing River from 2014 to 2019
Tt OMMiE BRE WME WEEG EKE KAk B Waga e AR RE AT SRR
43 List Feeding Mouth Trophic /K2 Flow Temperature Maximum body Body Fraﬂilit Growth  Life history
guild position level Habitat preference preference length (mm) shape EMY coefficient type
5} Camyprinidae
45 Hemiculter . - . o PR
lencisculus Om  uify 2.8+03 HLE J& R 185 Fu 42 0.35 MlaE X
ffhi% Hemiculter gy p4s02 R A TEME 192 Fu 38 029 HEEX
1 & 1 N N 5 NI
b’;ei%f[em’w”” Oom  #ifr 2101 HEE &R RS 178 Fu 33 037  HEEX
i i , . RN
f’fﬁ;ﬁbbo’”"“ Om T 3304 JEMitk 2% kM 183 Cy 33 030  WHrEX
Hf
Ctenopharyngodon AP ¥fii  2.0£0.0 FFE 2K R 621 Fu 65 0.16 JEIAE L
idella
i HR o B
Squaliobarbus Om iy 27+02 FEE &K K 360 Cy 34 0.35 EEUES'E
curriculus
% i , ~ . .
o lHe’”’b‘”b“s AB  Ff  35:04 TFE K Ak 203 L sl 0.18  JAMIEX
maculatus
PN i ‘ B .
Acheilognathus AB TR 2.0+0.1 JRAIME 2K K 88 L 43 0.24 MeFE X
macropterus
MU
Acheilognathus AP L 2.1+02 TFE &K 7K 110 L 23 0.62 HleF X
chankaensis
Uk JE -
Acheilognathus AB TR 22401 FFE 4K # K 107 L 17 0.82 IR
omeiensis
[N s - ; . .
BB Rhodeus— pp gty 29w02 hRR UK ki 65 L 16 081 HMEEX
£y . X . N
R Peudolaubuca o0y 30004 PRE PE kY 281 L35 027 HEEX
Fh AR IR o | soe I e = 1 3
Spinibarbus sinensis O™ WAL 2.6£02 JEMIME SR K 126 L 52 0.17 JAEE X
e fig fiy
Sarcocheilichthys AB  HfI 33404 FRE AR Bkt 103 Fu 28 0.47 Ml X
nigripinnis
Hefigt
Sarcocheilichchthys  Om  Hifi 3304 TTE  Zi Rk 108 L 39 0.25 BlerE X
sinensis
fi i . , .
iiﬁﬁl Xenocypris — xp iy 26102 KMV 2% M 360 Fu 49 0.21 ICEIESYS
AL ' . , . .
MenodpriS A WL 33:05 RAEHE B KM 123 L 49 013 JEMEX
] Carassius auratus  Om L 2.0+0.0 M JTIE iR 292 Fu 24 03 PleE X
ﬁﬁ@;‘ﬁ Zacco ;u../f; EP — %:f: NE] klri * AEE N
platypus Om Iffi  3.1+04 HFE & 57 129 L 30 0.38 IREESE
i Cyprinus carpio Om uifr  3.120.0 JEAEME & TR 860 Fu 42 0.2 )R ESSYS
fite
Hypophthalmichthys — Pf AL 2.0+0.0 FEE ZK WK 565 Fu 23 0.6 HECESS'S
molitrix
W Aristic e ~ . N
ﬁ lﬁl’il;”‘h’hys Pf  ifr 28403 EE gk iEAKME 760 L 66 013  JAWEX
14 Leuci g , ; N
utfm.r;s i Ca Wi 39+04 ThLBE AR A 241 L 47 0.2 DIRS=8'E
H AN 7 . . . PSS
p%i‘;;s‘ Leuciscus Pf B 30200 HFE AWK Ak 94 Fu 29 0.2 it X
T i . , . .
WA Culter Ca B 4402 hEE R WM s Fuo6s o0 X
¢ i 1 . : ; y
g sauogebio A tr 33:04 HFR K U 27 oy B 025 HEEX
L) . § § o
yﬁnf seudobrama ——\p gty 7102 WFE ik Ok 187 L 30 0.2 DIPE '8
D i e ~ . N
%i}?aftje”dogomo AB MR 33404 JEMIME  ZEK ROk 90 Cy 30 038  Hl&EX
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gRs3
T OAE BRSO ME WESE FEKE sk fR W55 AR REL AR s e
%3 List Feeding Mouth Trophic /K2 Flow Temperature Maximum body Body Frad/ilit Growth  Life history
guild position level Habitat preference preference length (mm) shape EMY coefficient type
1| 4t Sini , . e
t%';nifusﬁ Sinibrama gty 33:03 BFE AR AN 130 L 30 042  Hl&EEX
Wyt Rhi j e S . o
ly@pﬁ Rhinogobio AB WL 33404 JEMIME Bk iEAKIME 266 Cy 50 031  FAMEX
o IR fiE j . .
E,Eufip TOOPTE . om WFRL 3.5+03 RN gk iR 295 L 63 0.1 FAMEX
R i N , .
Z%fniqtfgl’dus Ca WFRL 33404 HFJE ok Ak 158 cy 28 042 HlEEX
b T ]
Gnathopogon Om Wil 32404 FFE S0 K 108 L 16 0.3 MeFE X
herzensteini
#5255 1 7} Gobiidae
TREW iR % . B ‘ -
Ctenogobius AB  Wfr  3.2+04 JEAIME 2K WK 149 Cy 14 0.99 i XL
giurinus
%%} Bagridae
KEEHE Mystus o J P - 9H | 546 3
macropterus AB TR 3.6x0.6 JEAIME 2R U 375 FL 56 0.15 Bt 3=
B . o
Pelteobagrus Ca  UGfr  3.5+0.1 JRAGEME 2R K 177 FL 47 0.21 By L
fulvidraco
Al a6 Om  ¥WifZ 34403 FFZE 2K K 129 FL 37 0.27 LIRSEE
Pseudobagrus pratti A a7 ¥ : =
KB Leiocassis . J oo d SN
crassilabris Ca  Whf  3.4+03 JEMEME 2K Ak 163 L 32 0.33 B 3 X
5%} Serranidae
i Siniperca chuatsi  Ca WAL 4.5+0.8 JRAEME 2R WK 322 L 56 0.16 JE A
##H £} Cobitidae
PN )
BARVPH Botia st o o N U
reevesae Chang AB L 3004 JRAEME SR UKD 90 L 24 021 HlEEX
EP%//"W Botia AN S o | L2y 025 JE | AN TRV
superciliaris AB WML 3.2+04 JRAEME SR RUKTE 90 Cy 30 038  HlmEX
Vel Misgurnus Ny ! - . PR
anguillicaudatus Oom  ifi  3.2+0.4 JRAMME  ZK SR 109 Cy 32 0.30 BlerE X
fifi f} Siluridae
K S% j ANT TRy A s »; N Y N
jfo‘;g@jﬁfepmbo”“ Ca  ifi 42407 FEMEME AW KM 177 L 66 011  FAmIEY
UG 7D o ‘ }
Parabotia Ca WAL 3.2+04 JRAEME SR WK 149 Cy 24 0.37 JEIAE S
bimaculata
il Silurus asotus Ca WIEAfr 44+03 JEMHE 200 H K 670 L 65 0.11 JA I L

1 B (Ca); BRI G B 1 (AP); B AEY & 1L (PD); A+ &M (Om); /KA B BRI B MESI P & ME(AB); R TE (L);
YPHET (F); W EUR T, 5 BRI T (FL); B 4R (Cy)

Note: Carnivore (Ca); Algae and plant debris (Ap); Phytoplankton feeding (PF); Omnivorus (Om); Aquatic insects and Benthic
invertebrates (AB); Flat at the front and Laterly flat at the real (FL); Cylindrical (Cy)

EW S il 2 R R AR = Ad=)", | wix(dG,~dG)
PEW, A4 3 KA SAPIFIEL. s _
(3) T BT FDiv 5 AL Ald) =, wix|dG; - dG|
1 N _
8k = S Zi:l Xik FDiv = M
Ald| +dG
6= |3 a0 A, SHUFEL THINREEREH, g At bk
A, xR AR KB L, w, W RO
-5 dG 1140 D i PR (B 18 40 00K B 1,
- i=1 ! > y =
S Ad Iy LR 3= FEALE K B HUE -
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{EL OB FRoR A0 B AT 52 A AH R Th e MR, %
H A KRRV A& S AR DhRe IR .
WAEALIE A E MR AU Excel 201911
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Fig.3 Fish community biodiversities in Peng’an section from 2014 to 2019
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Tab. 4 Dominant species with /RI greater than 1000 and their relative abundance in flood and dry seasons of Peng’an section from 2014 to
2019
i Hith & fiff it
SHiem B e R W @ mam @ S gy K TR
. . dabryi X. davidi C. auratus C. carpio P. sinensis S. chuatsi . . simoni ) N
A S. dabryi X. davidi C. C P S. ch P s
leucisculus Sfulvidraco macropterus C. giurinus
20149K N% 10.10 15.00 8.00 9.00 1.00 6.60 6.10 4.13 3.80 2.80 4.50
SRR IRI 1513.82 192131 1030.71 1699.41 1108.82 1326.51 1004.31 656.52 54731 45533 480.31
7K N%  10.80 19.00 9.20  10.00 1.00 5.20 3.00 6.00 1.00 8.00 2.80
E;ﬁ IRI 1600.64 2416.72 1207.60 1930.92 1129.28 88422  573.23 857.43 14432 977.32 293.23
2015?\7]( N% 10.10 16.00 8.00 8.90 1.00 7.90 6.90 4.50 430 2.90 4.01
& M IRI 154726 200293 1060.21 1705.63 1182.00 1389.65 1103.41 675.41 614.31 468.51 418.43
1;_?7]( N%  11.00 17.21 10.20 9.00 1.00 5.30 3.00 8.00 1.00 9.00 2.20
’H IRI 1639.14 232922 1318.62 1779.25 1162.00 922.36  490.83 1172.32 148.34 1324.33 230.21
20169K N%  16.00 16.80 9.00 10.20 1.00 8.40 15.40 15.40 7.52 3.00 7.70
SRR IRI 2180.94 2134.12 1211.31 2000.28 1137.21 1469.24 251271 2284.13 1032.56  508.52 857.02
1?]7J< N% 11.10 21.20 13.10  21.00 1.00 5.20 8.00 28.00 1.30 1.20 1.50
3 IRI 1615.51 2690.71 143691 4104.77 1137.82 884.00 1424.00 3714.51 185.64 198.78 160.21
2017 ﬁi\ﬂ( N% 1590 16.00 9.00  10.90 1.00 8.97 15.70 15.20 8.30 3.00 8.80
&M IRI 19389 207092 1219.40 2136.59 1138.61 1572.35 2665.23 2108.53 1027.25 413.21 1034.34
K N% 1110 17.10 1330 1331 1.00 6.00 5.20 28.80 2.00 11.00 1.20
E;ﬁ IRI 1616.5  2408.1 1491.50 2584.90 1095.92 981.64  913.14 3996.51 334.23 1616.32 119.32
2018?\7]( N% 12.10 16.70 9.00 11.20 8.69  11.50 7.50 8.40 5.00 8.80 8.80
& M IRI 17573  2167.51 1243.60 2201.53 1128.11 2009.00 1101.83 1219.73 724.24 1232.32 1100.43
1;_?7]( N%  11.00 18.20 12.80  13.00 1.00 6.00 5.80 8.00 1.90  12.00 1.00
’H IRI 1637.5 234141 1307.22 2562.83 114421 964.2 1032.00 1025.41 264.43 1768.47 111.32
20199K N%  11.01 16.20 8.80  11.40 1.00 8.85 10.90 6.00 7.80 5.50 8.70
SRR IRI 1722.6  2007.50 112391 2208.62 1154.72 1581.10 1679.80  934.84 1025.00 776.43 1000.21
EEUJ( N% 10.00 20.30 12.10  14.00 1.00 4.50 7.00 8.30 2.00 11.00 2.00
i IRI 15213 257030 1269.11 2750.42 114541 765.70 1240.23 1164.32 256.53 1503.49 222.12

TEVR G b 2 B2 22 S oa ik F, A 45 R R (GR 5), K
HEME . FREVIM R . . M. R,
. AL e RN O i R K S RN A K A
1 R PEVR S5 M 25 S 1) 2 BT R
23 20142019FEREBEBFEINRESHM
PRSI REA ARG 5 3 (B 4), F-4E 3K BRI FRIc
FDiv. FDisfIRao5%: it /K # 3 = k7K
(P<0.05); FEvet& %2014, 2018F120194 T &M%
57,2015, 201612017435 kK B 2 38 v T ARG 7K .
Ji Z BT (ANOVA) 45 IR, 2014—20194F
[FIFRicit 7K H 2 BB AF B AR 35, 7K B 2 35 4
brAZ4k; FEvedt /K IAR BN G N R I A,
FiAKIA NG T G T3S, FDivik. kA
Se TS N BRI S; FDisMIRao N5 FTHE T
[P
24 EREBAABFENEZHMETEETFHE
XM
¥ Ihae Z FEPEFR B0 Pl & vt . A AR

®5 BRIERRTESXYMII2014—20195 K EAFIHE
KEAE KBR LM ERTTEE

Tab. 5 Contribution rates of major fish species to the difference
of fish community structure during flood and dry seasons from
2014 to 2019 in Peng’an section of the middle reach of Jialing

River
SPRIARXS R X} 2 7 K DUk
Mean relative Contribution to
& Species abundance (%) difference (%)
B KK TTiRE RARTTERE
KEEHEM. macropterus 433 8.70 15.50 15.50
TR AR, givrinus  7.09 1.78  14.59 30.09
AP, simoni 6.11 153 1286  42.95
HELOP. fulvidraco 892 1452 10.60 53.55
S, chuatsi 1043 533 829 61.84
WS, dabryi 16.12 18.84 820 70.04
T t4.P. sinensis 869 537  8.06 78.10
f1C. auratus 10.27 13.35 5.45 83.55
W RX. davidi 863 1178 423 87.78
45 H. leucisculus 12.54 10.83  2.83 90.61
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A1 AT PearsontH R AT 30 45 R R (3R 6), #E %
B K3y BE AN 25 A 5% R - 1) 02 S e T g 2 R 1
EER R, . FEIEEIN, FRic. FDiv. FDis
FRao 5l & KA A E ) 23 IEAE G % Thig
Z FEIEAR S 1% W R 35 5 25 AU 9% (P<0.01) . FEve
HpHE ¥ IEM %, FRicMIFEve 5 M &, SMBEFIE
SN IEAIR(P<0.01). BEAL, 3T A0 R B0
2 SRR . REIThRE S REMETE B S PR T
AHIC AR B BRI R 2 572, Wit /K A FEve 59
R EE AR S, K I A FEve 55 37038 D) S B 59 40 55 5%

% MK FDis flRao 5 pH & w455, FDiv Al
Rao5 S0 A BEAH O, b K A2 29 HE 5 R o
3 g
31 ERIPIFERERIGESHMIEHTK

K 5T 25 TR, B SREVE TR 2 AR 1 45 B
AW 2 REPE AR B A AL P AR A R A, B
EE TR, REEZBHMHKIIKEES ARG
Bt Mgt . T AR TR R S B % % 2 BRI it
il 3O 5ol 75 2R R A B AR e LSS B 24 K

400 1 0.60
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Fig. 4 Functional diversity indices of fish community in Peng’an section of the middle reaches of Jialing River during flood and dry

seasons from 2014 to 2019

Rl A PR/ NS FREROR A BT RIZE SR A AR RS 7 B RS B 35 4R 2 57(P<0.05)

In the same year, different lowercase letters show significant difference in flood and dry periods; in the same period, different capital letters

show significant inter annual difference (P<0.05)
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TR 558 1) 81 248 2 38 W 2 e N R O 30 1Y) 8] 32 /N A 35
GRS 7K i 7 3 3 R YT 00 I 56 A ke X 3
JIT, T REIE B 2 i 7K R85 1) £ 38 it O A 33 2R 0,
SEEMZ R R AL, BN AL T BRI A
FThget™ . LRI IT 45 BAE AR IRt A R B,
a5 W R IR AR S b VAL K
i R FEVE IR E AT RE 2 A TR AT 2
PR ZE T BRSO, 32 25 R KIS, P9
F 5 IR R T RS, RININA R E VI ReR it
1) 8 2R ek BT 2%, BRAI T s Tl g 2 A1

Dise & FEFRic/E B ¥ A2 A A0 7% [A] H 78 1Y) i
BTN, A58 5P 8 JE B A B3 IEA R
% 21" RE RS RE IR R TTIR A F
Ik e U0 FOR IR IS IR
FART AR, I BT 3 #.(Trachurus japonicus) il
)(Ilisha elongate)55 TR RN AERK = H I, 4/ 1
HFEORBR LS T A us RS
fLL, 3% 22 BOK S8, 7K BIFRic vt /K #1123 FRAIK, &5
HBEMZ R R SRR E (A 3),
K BB KL 7K AL R o &5 2R B DR - 1 T B
AJ e 2 B — LU AN S MO B Y f SRR 4 B JE 1
(1) — LE ST AN IKAR Y, 40k JE 6% (A. omeiensis) -
HEH(S. sinensis) TARIPEK(B. reevesae) Ll (P.
vaillanti)~ VU )I|#E85(S. taeniatus). REFX. argen-
tea) FIHAEYL (S, superciliaris)&5E TR IS 2K,
AL AR EEARECT B, MBS 1 DRe
PR = [ PR 0 PR B A, SO AU 0 S B v 351
s A ) R,

D RE ) 5] BEFEve i i 4 5 4 V& 76 BT o P8 PRIk
R o3 A 7 75 35 S MG R 2B 78y, demfE A

=6

i S TSl NI /WAL ViR ik o112 T 1 <]
SR B v R M X A AR (Rhododendron
latoucheae) FETEEREMYIFEve AL, R ZHEHY)
T V& AE e MR PR B A I 2 1 B B2 IR A R
F PR, DhRe MR R 2 2R, B &K
PR E R NE S, 2R E ALK . AT
2 B2015. 20168120174 FEvekt K AL, 22
I A VR AR ) R AR e PERRAR, H
— ™ JELPR AT e A2 A K (1) Pielouds) &) BE AR BRI,
SEEEE R E R B TR S, i R K
W BB E X TIER AR — AR ] g
MK SRR R m AR K R (RME S PE4E 2L
(A 35 P £ ARG 3= B2 TR B (R 3AIER 4), il
(P. sinensis)%5, FE N AL 7K BIde 6 (S. dabryi) i
FEHE (X, davidi)SEHL2x 5 X AN 3 B = 0 2 5
vy, BRI S AE i A I e R, AR
AN, BBV T RE I 59 it Ak e 0 S
HET SR F R EMRER s, S5
2015, 2016F1201 745 Aili 7K 39 £ S 3 7 Xof THORL 55 U5
R 2 R R,

D)fe S B (FDiv. FDisflRao) e i & FEVE N
Vb T s P RAR B S B V& 5 4 9 55 I FR A, D RE
PEARAF LR P 1 22 V& S G+ BRL, RS RS
el A faE™ . sk R1x B BT BN S
RBEEThae Z FEVE R AR I, fE IS, 28
Hva DhRe S S B, BRI et AT BE
11 SR EN . (P. sinensis) 44 (H. leucisculus)%5 €T
BT R A R, R Th SRR A
K T Re P RAR B g, £ 2805 P AT, S 4 1
TEAIRES, RS RGBT . A ARG KA T

BRI ERREERE SRR SR E T 89PearsontE X 1 534

Tab. 6 Pearson correlation coefficients between functional diversity indices and environmental factors in Peng’an section of the middle

reaches of Jialing River

e 2 FE 1462 Functional diversity indices

IR AR DiReEEE  DIRESE DIREEBUE DIRESEUE SR
Water environment variable FRic FEve FDiv FDis Rao

BEKH FhKE) oK) KT oK) Ak oK) RKE oK RK

YIS T 6L Water temperature (C) 058" 063" 019 o010 067 051 057 073" 066 080

Physical JK A Water level (m) 065" 069" 024 017 0707 066" 069" 078" 082" 073"

environmental " . . . . . ” ”

factors JiHE Velocity (m/s) 0647 058 036 023 045 052 056 056 060 0.67

3% W] J¥ Transparency (cm) 063" —0.57 —0.60" —0.65 —0.55 —0.67 -0.58 056 —-0.64 -0.53

SR T  pH Potential of hydrogen 0500 055 0607 075 011 023 023 035 024 032
Chemical [y . - . .

environmental i Dissolved oxygen (mg/L) 0.53* 0.60* 0.53* 0.54** 0.03 0.12 021 0.13 021 0.18

factors % Total N (mg/L) -0.51 -0.53 —0.59 —0.64 _—0.14 -023 -021 -0.19 -0.12 -001

A Total P (mg/L) 052" 0.66° -0.57 060" 023 034 023 0.1 021 -036

Note: * P<0.05; **P<0.01; FRic. Functional richness; FEve. Functional evenness; FDiv. Functional divergence; FDis. Functional

Dispersion; Rao: Quadratic entropy
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BAER (P. simoni) 55 LABESS AR YIRS A B 1 28R
Koo G UE BIARG ZK A B SR U5 me R A A AEDRL B
PRI D 2 F B S HoAh B IR ) 55 o R, S
BUES RG e A Fase! P AKAL. R AR
X I e 2 FEVEFR B7 A0 53 520, mT R iR R A 7K
Kb 75 S W 1 A& 2, i K P 2R Aol il (P
simoni) P (S. chuatsi)EFHXTFFER D . B0 AL
IKBAZRAT AR, F-IRAN S ST V0 5y TR

(3 T PRI, BRI 8 4e /N T L2 2dn
WP, sinensis) T4 (H. leucisculus) I 2.3 2= 7]
AR R S B Th e 2 R RN, W40, B8
dty MR 2 R TR B S BT R A G PERR R
BEIRKZEF 0 A AT RE IR R, S KK R
UL PO KON AT TS R SR EPS
BT LIF 52, 365 B FRIAL ISR 380 B 1 i i b 2 K,
kS K A AR B2, KRR 2%, A R T /N B fa 2 i A=
17, NI F B R IE NGS5, FEve H F#(K.

F R A A AR AR D 2 B K AR b S R85 DR 1 1)
SR AR A S S A L S R B AR KL
WG IR o A T S R 3 T i R SRR VR A
AP IR . R Thae 2 FEVE AL 22 R B 1A
TRBEE R AKIR AR TA 25 . WMao%s™
RIS 7K AR 1 2 FEVE FDis 5 /K o pH 5L 2 61 5%
GusmaoZ5 VR BLR T pHAN, A R Bl i 1)
KEENI L EHEN I Z HEE B F B35
Wi, KARBRBHE 2 Remifa AR KB BN &R, E 2B
i@ i NSRBI B ¥ NG e N
ARl KK A o, A SR TREVR AR G i /)
b A Z I A 0 2508 Bh g i ss, Semn a2k F 3
VIR Re 13T S ECTh R 2 FE MR B 3 PR K . Ew
B e BAS B E BRI AT (HR KR
BE ARl ) FRAE, (AN ZK A E R i 5 B 3 v
THKH, S BEASE N Em s R EUKGE T E
B IR BK v R RS, ST B 2 7
A REPER A, T Bkl /K HIFRicFIFEve f 3% T
B, X — 4510 HPaker IR 40 45 S — 5.

SE Mk

[11 Zhang Q, Holyoak M, Chen C, et al. Trait - mediated fil-
tering drives contrasting patterns of species richness and
functional diversity across montane bird assemblages [J].
Journal of Biogeography, 2020, 47(1): 301-312.

[2] Ma S Q. Research on fish classification and functional di-
versity Take the fish of Jinan as an example [D]. Dalian:
Dalian Ocean University, 2020: 15-23. [ 5 8. 255
KANTyBe 2 FEPEWE T [D]. KI%E: RERFHE R, 2020:
15-23.]

[3] Petchey O L, Gaston K J. Functional diversity: back to
basics and looking. Forward [J]. Ecology Letters, 2006,
9(6): 741-758.

[4] ChenJH, Jiang Y Z. Research Progress on the impact of
fishing on marine fish community [J]. Chinese Fisheries
Science, 2008, 15(2): 359-366. [F25HE, ZEMH. Hli 5%
e BV S i W T RE e [0]. P R KRR,
2008, 15(2): 359-366.]

[5] Alcacio J, Moncayo-Estrada R, Cruz G. Environmental


https://doi.org/10.3321/j.issn:1005-8737.2008.02.023
https://doi.org/10.3321/j.issn:1005-8737.2008.02.023

640

KR R

46 %

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

drivers of fish community functional diversity in arid
mangroves compared to a tropical estuary [J]. Ciencias
Marinas, 2020, 46(4): 193-210.

Li H R. Reviewon study of biodiversity and ecosystem
functioning [J]. Journal of Ecology, 2004, 23(3): 109-

114. [ZRER. A2 HEFAES KRG ReVE L4504 (1]

ek, 2004, 23(3): 109-114.]
Baptista J, Martinho F, Martins R, et al. Water tempera-
ture gradient shapes the structure and composition of

nearshore marine fish communities in southern Europe [J].

Journal of Sea Research, 2019(154): 101807.

Parker J, Cao Y, Sass G G, et al. Large river fish func-
tional diversity responses to improved water quality over
a 28 year period [J]. Ecological Indicators, 2018(88):
322-331.

Arantes C C, Winemiller K O, Asher A, et al. Floodplain
land cover affects biomass distribution of fish functional
diversity in the Amazon River [J]. Scientific Reports,
2019, 9(1): 16684.

Sabbah S, Laria R L, Gray S M, et al. Functional di-
versity in the color vision of cichlid fishes [J]. BMC Bio-
logy, 2010, 8(1): 133-133.

Norman W H, John B, Bastow J, ef al. An index of func-
tional diversity [J]. Journal of Vegetation Science, 2003
(14): 571-578.

Cilleros K, Allard L, Grenouillet G, et al. Taxonomic and
functional diversity patterns reveal different processes
shaping European and Amazonian stream fish as-
semblages [J]. Journal of Biogeography, 2016, 43(9):
1832-1843.

Sterling, Ken, A, et al. Effects of introduced small wood
in a degraded stream on fish community and functional
diversity [J]. Southeastern Naturalist, 2018, 17(1): 74-94.
Villéger S, Mason N, Mouillot D. New multidimensional
functional diversity indices for a multifaceted framework
in functional ecology [J]. Ecology, 2008, 89(8): 2290-
2301.

Xue Q N, Yan M, Bi R C. Functional diversity research
of tree and shrub layers forest communities of the Wulu
Mountains Nature Reserve in Shanxi, China [J]. Acta
Ecologica Sinica, 2015, 35(21): 7023-7032. [EE(5TE, 15
B, SRS Ll v R L AR R R AR D BE 2 R
P[], A 2ER, 2015, 35(21): 7023-7032.]

Shaffer J A, Munsch S, Juanes F. Functional diversity re-
sponses of a nearshore fish. community to restoration
driven by large-scale dam removal [J]. Estuarine, Coastal
and Shelf Science, 2018(213): 245-252.

Docherty T D S, Hethcoat M G, MacTavish L M, et al.
Burning savanna for avian species richness and functio-
nal diversity [J]. Ecological Applications, 2020, 30(4):
¢02091.

Zheng L T, Su T, Liu X Y, et al. Species, functional,
structural diversity of. typical plant communities and their

[19]

[20]

21

[22]

[23]

[24]

[25]

[26]

[27]

responses to environmental factors in Miao Archipela-
go [J]. Chinese Journal of Applied Ecology, 2018, 29(2):
343-351. AW, 75 H, XURH T, 45, Ji R B SR )
REVRIRD . ThEE. 450 2 1 1k K OGS 3R 558 B 1 i
ML [J]. R AE 2R, 2018, 29(2): 343-351.]

Xiang L, Chen F Q, Guan S P, et al. Functional diversity
and spatial variation of shrubs in Rhododendron
latoucheae communities distributed along an altitude
gradient in Mt. Jinggang, Jiangxi, China [J]. Acta Ecolo-
gica Sinica, 2019, 39(21): 8144-8155. [k, 7574, B
P, A5 X LR A A RS REVE HERZ D e 2 AR 1 S I
BV A0 B AR Ak, [T, RS 23R, 2019, 39(21): 8144-
8155.]

Sun G J, Zhang R, Zhou Li. Trends and advances in re-
searches on plant functional diversity and functional
groups [J]. Journal of Ecology, 2003(7): 1430-1435. [#)
8, ko, FLL. YR 2 pe kS D RERT 7T 2t
& [1). AEAS2E4R, 2003(7): 1430-1435.]

Shuai F M, Li X H, Chen F C, et al. Functional diversity
of freshwater fishes and methods of measurement [J].
Acta Ecologica Sinica, 2017, 37(15): 5228-5237. [ )y
B, ZEHORE, B0, 55 3R K S8 T R 2 A R AT 5T
ik (7). HEZSEAR, 2017, 37(15): 5228-5237.]

Su G H. Species and functional diversity of fish com-
munities in lakes of Yunnan Plateau [D]. Beijing: Uni-
versity of Chinese Academy of Sciences, 2016: 23-30;
(75 FER. = B e iV SR A v A SR M Dl e 22 A 1T
Fi [D]. b5 R ERFERE K, 2016: 23-30.]

Liu F. Study on fish community ecology in Chishui River [D].
Beijing: University of Chinese Academy of Sciences,
2013: 13-16. [XI) 7% FroKim KBRS A (D). db
TR EREERRE, 2013: 13-16.]

Zhang H H. The study on community structure and popu-
lation biology research of the main economic fish for the
middle reaches of Jialing River Pengan [D]. Nanchong:
China West Normal University, 2016: 8-9. [1KZ22%, 5%
T e i 22 Bt SRR S5 1) e B2 Tt KM AR )
ZSE (D). B AR KA, 2016: 8-9.]

Zeng Y, chenY B, Li Z J, et al. Utilization and protec-
tion status of fish resources in Jialing Rive [J]. Tianjin
Agricultural Sciences, 2014, 20(2): 60-62, 87. [ &1, B
KA, 2P, BRI AR IR A SR IR (1], R
AR, 2014, 20(2): 60-62, 87.]

Zeng Y. Taxonomic diversity of fish species in the main-
stream of Jialing River [J]. Journal of China West Nor-
mal University (Natural Science Edition), 2012, 33(3):
246-246. [ IE. BRI T A RYIR 5 2K 2 R PR
7T [J]. PUARITE KA A (F AR, 2012, 33(3):
246-246.]

Lii Z Y. Dynamic change of river wetland landscape and
status of fishery resources in Pengan section of Jialing
River [D]. Nanchong: China West Normal University,
2020: 5-6. [ B4R, J PR i 2 BOml e o W sh 542


https://doi.org/10.3321/j.issn:1000-4890.2004.03.023
https://doi.org/10.3321/j.issn:1000-0933.2003.07.023
https://doi.org/10.3969/j.issn.1006-6500.2014.02.014
https://doi.org/10.3969/j.issn.1006-6500.2014.02.014
https://doi.org/10.3321/j.issn:1000-4890.2004.03.023
https://doi.org/10.3321/j.issn:1000-0933.2003.07.023
https://doi.org/10.3969/j.issn.1006-6500.2014.02.014
https://doi.org/10.3969/j.issn.1006-6500.2014.02.014

5 1 7k

155 TR i & Bt SEHEVE T e 2 AR 1A 7E

641

(28]

[29]

[30]

(311

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

e Bl BHIRBUIRBE L [D]. B 7S PR ITE K,
2020: 5-6.]

An X L. Jinxi power station of Jialing River [J]. Hydro-
power Station Design, 2006(3): 64-64. [ 240, 5% FRIT
SEHR H [T]. K HES T, 2006(3): 64-64.]

Tao W X. The first shining pearl on the main stream of Jia-
ling River Peng'an Ma Hui Avionics Engineering runs
normally [J]. Sichuan Water Power, 1992(S1): 95. [F§
R 3 BT 55— RN MR ) B Bk ———3% 22 5 [l i
H L ARIEAT IEH (7). PU)IZK A7 H, 1992(S1): 95.]

Jin C L. Sichuan Provincial Annals, Water Conservancy
Annals [M]. Chengdu: Sichuan Science and Technology
Press, 1996: 172-181. [ Hutk. 14114 E-KFIE [M].
FCER: DY N RFEH A R, 1996: 172-181.]

Pool T K, Olden J D, Whittier J B, et al. Environmental
drivers of fish. functional diversity and composition in the
Lower Colorado River Basin [J]. Canadian Journal of
Fisheries and Aquatic Sciences, 2010, 67(11): 1791-1807.
Zhang X Z, Wang J, Xu B Y, et al. Spatio-temporal varia-
tions of functional diversity of fish communities in
Haizhou Bay [J]. Chinese Journal of Applied Ecology,
2019, 30(9): 3233-3244. [k, £ 5, IRIEE, & i
VS R TE DhRE 2 REPE RO I 3240 (1], R AR
%, 2019, 30(9): 3233-3244.]

Ding R H. Ichthyology of Sichuan [M]. Chengdu:
Sichuan Science and Technology Press, 1994: 48-521. [T
Ik, PUIEZRE M) BER: DY )1RFAHOR R,
1994: 48-521.]

Li M Z. Study on the life history strategies of fishes in the
Yangtze River and its adaption to environment during
early life history stage [D]. Wuhan: Institute of Hydrobio-
logy, Chinese Academy of Sciences, 2012: 23-28. [Z [}
B KT A0 2 A v S0 8 R G S A 3 s B Bk 3R 858
FRIE ML [D]. BB o E B B K AR AWt T, 2012:
23-28.]

Pinkas L. Food habits of albacore, bluefin tuna, and
bonito in California waters [J]. Fishery Bulletin, 1971
(152): 1-105.

Botta-Dukat Z. Rao’s quadratic entropy as a measure of
functional diversity based on multiple traits [J]. Journal of
Vegetation Science, 2010, 16(5): 533-540.

Cohen, J. Differences between correlation coefficients [J].
Statistical Power Analysis for the Behavioral Sciences
(Revised Edition), 1977, 18(1): 109-143.

Ying R, Cao Y, Yin F, et al. Trophic structure and func-
tional diversity reveal pelagic-benthic coupling dynamic
in the coastal ecosystem of Daya Bay, China [J]. Ecolo-
gical Indicators, 2020(113): 106241.

Wang C Y. Analysis of fish community structure and spe-
cies diversity in the downstream of Ganjiang River [D].
Nanchang: Nanchang University, 2019: 11-12. [TEEHFH.
WL T e B RE VR S5 K S 2 BRI 20 Hr D). B
8 BB K, 2019: 11-12.]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Su G H, ShaY C, Xiong Y, ef al. Changes of functional
diversity in fish community before and after a dam clos-
ure in the Guanyinyan Hydropower Station [J]. Re-
sources and Environment in the Yangtze Basin, 2015,
24(6): 965-970. [FREXK, Vvb7K#R, REMESE. KIEI AT
JE A VPTG 5 7K vl fa R IR T e 2 AR PR I AR L
[J]. KILFE R R 5308, 2015, 24(6): 965-970.]
Mouchet M, Guilhaumon F, Villéger S, ef al. Towards a
consensus for. calculating dendrogram-based functional
diversity indices [J]. Oikos, 2008, 117(5): 794-800.

Ye W H, Wang Z G, Cao H L, et al. Spatial distribution
of species diversity indices in a monsoon evergreen
broadleaved forest at Dinghushan Mountain [J]. Biodi-
versity Science, 2008, 16(5): 454-461. [ Ji#E, £EH,
L, S ST R XU SR AR R 2 R I R
[ ARRHAE [J]. ALV KR, 2008, 16(5): 454-461.]
Wang Y, Li X, Zhang F, et al. Effects of rapid urbaniza-
tion on ecological functional vulnerability of the land sys-
tem in Wuhan, China: A flow and stock perspective [J].
Journal of Cleaner Production, 2020, 248(Mar.1):
119284.1-119284.13.

Yin M C. Fish Ecology [M]. Beijing: China Agricultural
Press, 1955: 42-43. [BAFR. f2RAZ52 [M]. dbat:
Bl B A, 1955: 42-43.]

Zhang J T, Fan L H, Development of Species functional
diversity and its measurement methods [J]. Journal of
Mountain Science, 2011, 29(5): 513-519 [5k 415, Ja R
F. R RE 2 REME LWL I (D). LR, 2011,
29(5): 513-519.]

Zhang C. Effects of Three Gorges Project on upstream
and downstream fish community in the Yangtze River
and conservation and management measures [D]. Wuhan:
Institute of Hydrobiology, Chinese Academy of Sciences,
2018: 41-42. [3K/R. =k TREX R R KB VR 7
Wi J R4 BEE AT 7T (D] iDL o E R B K A
YIREFLAT, 2018: 41-42.]

Alves V E N, Patricio J, Dolbeth M, et al. Do different
degrees of human activity affect the diet of Brazilian sil-
verside Atherinella brasiliensis [J]? Journal of Fish Bio-
logy, 2016, 89(2): 1239-1257.

Mao Z G, Gu X H, Cao Y, et al. How does fish functio-
nal diversity respond to environmental changes in two
large shallow lakes [J]? Science of the Total Environment,
2021(753): 142158.

Cheng X Y, Tao J, Wu R D, et al. Functional ecology of
freshwater fish: research. progress and prospects [J]. Acta
Ecologica Sinica, 2019, 39(3): 810-822. [FEE N, M8,
IR, 5. WK BRI RS A it g (1], A%
%, 2019, 39(3): 810-822.]

Eros T, Heino J, Schmera D, et al. Charactising functio-
nal trait diversity and. trait-environment relationships in
fish assemblages of boreal lakes [J]. Freshwater Biology,
2009, 54(8): 1788-1803.


https://doi.org/10.3321/j.issn:1005-0094.2008.05.005
https://doi.org/10.3321/j.issn:1005-0094.2008.05.005

642 K& A& Y ¥ 46 %

[51]1 Liu Q, Liu Q. The role of water transparency in fish cul- [54] Gao Y F, Sun H J. Harm of ammonia nitrogen to fish [J].
ture [J]. Rural Breeding Technology, 2003(13): 16. [XIJ£L, Hebei Fisheries, 2014(8): 62-63. [ W&, FMEA. ZA
XU MKOE B EEAEFR R VR (3], A FRAE R, X 2SI fEE [J]. b, 2014(8): 62-63.]

2003(13): 16.] [55] Gusmao J B, Brauko K M, Eriksson B K, et al. Functio-

[52] Mason N W H, Mouillot D, Lee W G, et al. Functional nal diversity of macrobenthic assemblages decreases in
richness, functional evenness and functional divergence: response to sewage discharges [J]. Ecological Indicators,
the primary components of functional diversity [J]. Oikos, 2016(66): 65-75.

2005, 111(1): 112-118. [56] Wang L. Study on the relationship between permanga-

[53] Li X Q. Study on water velocity and polyculture in circu- nate index, dissolved oxygen, pH and water eutrophica-
lar recirculating aquaculture system [D]. Qingdao: Qing- tion in lakes and reservoirs [J]. Journal of Green Science
dao Technological University, 2017: 12-13. [Z2 5. 1§ and Technology, 2020(14): 135-136. [ E3&. 1% = 4n R
MIKIRIE R G KR L N 28 TR R B TR IA I S0 ShARH, AR, pHIE 5K & & IR G R/ [J].
7T [D]. & & F HE LK, 2017: 12-13.] S RHE, 2020(14): 135-136.]

FUNCTIONAL DIVERSITIES OF FISH COUMMUNITY IN PENG’AN SECTION
OF THE MIDDLE REACH OF JIALING RIVER

ZHANG Qian"’, ZENG Yu', XIAO Jin', XIANG Ling-Li"’, BAO Jiang-Hui"’,
ZHANG Chao-Shuo™’, MI Xiang-Yuan”® and DUAN Ming"
(1. College of Life Science, Southwest Branch of the National Freshwater Fishery Engineering Technology Research Center, China

West Normal University, Nanchong 637002, China; 2. Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Community functional diversity is a bridge between species and ecosystem functions, which can effectively
reflect the changes of ecosystem function. In this study, the catches in flood season (June, July, August) and dry season
(November, December, January) in Peng’an section from 2014 to 2019 were investigated to analyze the functional di-
versity of fish community and its relationship with water environment using 11 fish functional traits. The main results
are as follows: (1)The Species richness index, Simpson diversity index, Pielou evenness index and Shannon wiener in-
dex in the flood period of 2014—2019 were higher than those in the dry season; (2) Simper analysis showed that 10
species, Hemibagrus macropterus Bleeker, Rhinogobius giurinus Rutther, Pseudobrama simoni Bleeker, Pelteobagrus
fulvidraco Richardson, Siniperca chuatsi Basilewsky, Saurogobio dabryi Bleeker, Pseudolaubuca sinensis Bleeker,
Carassius auratus Linnaeus, Xenocypris davidi Bleeker, Hemiculter leucisculus Bleeker, were the main contributors to
fish community structure during flood and dry seasons. (3) The functional richness (FRic), Functional divergence
(FDiv), Functional Dispersion (FDis), Quadratic entropy (Rao) and Functional evenness (FEve) in 2015, 2016 and 2017
in flood season were significantly higher than those in dry season (P<0.05), indicating fragile aquatic ecosystem in dry
season with low stability of resistance and resilience. (4) There was a significant correlation between the fish com-
munity functional diversity and the physical and chemical environmental factors. However, the correlation between
functional diversity index and environmental factors in different periods was quite different, showing that the functio-
nal diversity was the result of the combination of fish community structure and water environmental factors.

Key words: Fish community; Functional diversity; Fish community structure; Water environment; Jialing River
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