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= TR S v R T B e KA K R X 2
TR BRI E RIS T T/, ME
=K RIS AT, e TR R R E KRG BE L L &
F, R 30 T S A (B ] I X DX A 2 PR B i ok
3 R Crf R 2 B BR 5E 1T 3 R VT K 5T R R
PORLEBE I, 1991) . =K K S L I X KA

WK fs B #2019 -06 - 22

ESTB /KR = 0 TR HL R ZE 00 H ¢ =k X A0 R
PR B A 75 8 B8 25 B R B9 (2018 4E ) 5 [ 52 T KK I TR gl
4 W H (12620200600018J001); H % H K Bl % £ 4 W H
(51909051 ; /K FIFF K T A A A0 5 A M8 2 H o5 50 50 = IF i 5k
G VR BT CEHL 9 T Ui 20 ) D) B TR X i K A A o )

EER N RA, 2o, 1981 44, Wi, 28, TFoor o iT i
YA A%, E-mail: wali090121@126.com

BEEE B/NME. E-mail: 45923194@qq. com

XEHS 1674 -3075(2021)01 — 0058 — 08

PEE KRR GE KR YT HORE 7SS | RV R S S
Yy i B I ) A K B EE R AR T B R AR AR, K
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AR SR A B X K R T i B0 W R A2 K PR R B B
AT R0 LA B Xt B0 855 A% Ak me) o7 i BIF 9 B R k= . H
H o AH DGR 9T S B A 30T B A S T S IR 0 R
Je AT BTG JRBPE Y (GE S5 45 . 19875 Gu et al,
1988), = WK P2 135 m 75 /K ik 72 30U 7K S8 7 i A=
Y7 Al R % 45, 2005) , = Ik A DX 38 56 7k 25 7K 40
V) 7 Ui A 0 B 9 R S Y (B B A 45, 2012), =k
IKPEZ KGR R e sh W) AR o (B R,
2007) . KT E Bl W) BE I8 AE = WK PR IE W i 17
OKAL 145~175 m) ANFAESRILEB (EE E JER
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B AT X U Sh R R Y R T BIE O R B> O 4
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1.1 HRIEESRERE

VA VT B AL 8 = 0 5 IX T A RR UH (ZG) LAk 1D
(WS) .= FHOYY) VTN (WZ) i s (FL) T (]
6 AMVLEBECE U K B A AR A A B TR
T = PR A B AL T b, B B W A VB T
& VLR AR VLB A T = e R X [l K R g . R AL
Bt /e o A 3 KA. SRFER ] Ry =K FE AR K
Nz 2016 48 7 1 (2 (E /KW 2016 4F 9 J
(FKZ) B KL IEAT I 2016 4F 12 H (&%) KA T
R 2017 4 3 H(EF) .

B1 ZBRkEXRHEIERSHTRE
Fig.1  Location of sampling sections in the main stem of
Three Gorges Reservoir
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PRSP oR AL 2 IR B SR W AN BORE R (199D B9 U7
R AERE S IR IR L0 (1979) L TR OF 45
(1990) . £ 58 (196 1) H H [ B2 B 3l 49 F 5 B
ST ST A (1979 B T ik b AT . A HE AR R
b RO TR TR BE K AR TR S R SR A TT AR IROK
AR K W A 5k ) Il 8 9 35 R 4 S ) COK R
IR M A3 AT 7 B VR 22, 2002) . KR (WT) \pH.,
WA (DO) R T YST 2 2 80K 5t 43 Bt A 38 3%
a8 A (Cw) VB (Zn) Vi (PD) R (Cd) 28
fild B2 W % J5 FH ICP-MS g 47 I 5E (3R 358 & 47 3
2014a) , 7R (Hg) 2R J IR T2 606 Bk I /€ (3 B3 1
R 2014b) s M B (Cr® ) SR T A8 Bk e — ik 2>
SO BE B4y My, $E & B (volatile phenol, VP) % H
4~ LT UK L6 BE YL 23 M7, A7 1l 3 (petrole-
um, PE) R J 4L 4h 73 56Ot BE & 20 A 4l TR
(COD) SR H foi 4 i B8 46 K0 0 5 B (TP) SR HI R
PESH R B 70 66 BE VL VB R (NH-ND R FH 48 TG

2 5 F a(Chl-a) R 4066 B B4 B (R 3 B
PRI R R R FE K W 3 M 07 )0 i %5 2% 2002)
1.3 BEAESSHHE

Vb Z ¥4 R B Shannon-Weaver $8 80 H')
(Shannon and Weaver, 1949) , 1A .

H/Z*iPilogP,- @
i=1

Yoih 3 5] BEAE (T ) 15 A X (Pielou, 1966) -

J=H/log, S )

Kb S HPRIESh YRR BEL P oS 0 Ty
AR B R S A AR B AL

KA %K S A BB CTP) 3 ) COECD,
1982) . 7 S W L 5B 4 4 HL AL 358 =>0.02 M dx
HE (2L ML 55, 2006) .

J A B A 0 B e DA A B S A
225 A SPSS 13.0 347 5 R J5 2 53 B
(One-way AVONA) ,JFHL P<<0.05 fE W 22 7 B &
PR b i . T I Sh WD RE v I E AR 4 SRR SF- 1
AR 3BT (UPGMA) 3 i SPSS 13.0 858 .
i& 0430t (redundancy analysis, RDA) 43 #7 1%
Uit sh W) e T& W) T 45 T2 5 BR BT DY 1 100G &R L o ik
: (Forward selection) #l 52 £5 £ ¥ ¥ & ( Monte
Carlo Permutation Test) HEFR BTHk/NW A+, RDA
FE CANOCO 4.5 B fFrh sz,
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FEA AR RBAR B A T ME TR, M E
HEMMKERM., =K ETRAKA ST E %
FE KRR 2 R 5 37K Bk s 17 & &
K AL N BT & E SRR,

7 AT R, BT BAL R A 4 A F T AT
FE 50 22 5P (P <C0.05) 5 BR A 4 & B . 5 4 TR £
M2 2 a KR . pH 6 AN HLAL 7 4b, Ho Al B AR R 7
FE 6 ANTL B AE7E 2 22 Sk (P <<0.05), =k T
T 6 ATTBEE 37 7K P 12 B0 18] K A i B 9T T B v
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TP R K. MHE BBk CTP) 15 b 09 3F 20 b i, 7T
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Tab.1 Physiochemical water quality parameters by season
P " &= E= B P
¥iE bR 22 ¥iE bt 22 ¥iE bR 2 ¥iE bR 2
Cu/pg» L 24.30 12.53 23.59 12.41 3.98 3.17 3.03 1.16 0.000
Zn/pg + L7 11.49 6.32 12.00 6.00 4.60 2.47 4.58 1.95 0.000
Pb/pg « L7 16.62 8.06 15.23 7.96 3.72 1.83 3.47 1.80 0.000
Cd/pg » L7 3.12 2.16 3.13 2.27 1.72 1.02 0.22 0.05 0.000
Cr'" /ug« L7 1.73 0.71 2.60 1.52 3.15 1.25 2.60 0.68 0.003
Hg/pg « L7 0.70 0.35 0.85 0.44 0.31 0.16 0.21 0.01 0.000
R/ pg L7 12.55 6.69 10.11 3.59 2.94 1.47 1.68 0.35 0.000
FHilZ/ pg e L7} 3.51 1.77 4.24 2.19 0.48 0.25 1.41 0.52 0.000
AR EL /mg « L 4.22 1.58 3.73 1.65 1.13 0.41 1.01 0.21 0.000
B/ mg « L7 0.13 0.06 0.16 0.06 0.05 0.03 0.07 0.02 0.000
A /mg -+ L7 0.16 0.06 0.17 0.06 0.12 0.04 0.07 0.02 0.000
M4t & a/pg e L) 11.46 5.47 14.66 8.14 2.00 0.74 1.51 0.36 0.000
K/ C 25.21 0.48 24.12 0.81 15.44 0.54 13.66 0.30 0.000
WIR4A/mg » L7 6.75 0.57 6.34 0.69 8.72 2.48 8.44 0.43 0.000
pH 7.55 0.34 7.77 0.19 7.49 0.11 7.61 0.25 0.006
*2 BIREBELSH
Tab.2 Physiochemical water quality parameters by sampling section
5 PIRES W J7M =M A s
- S (= I 7011 A =S < (= N 7011 =S (= R 7011 S < (= RN 71 =S <3 (= R 7011 =S < (= R 7 =
Cu/pg + L 17.38  16.25  20.33  18.69  15.97  14.39  13.57  13.14 8.57 5.09 6.52 3.30  n.s.
Zn/pg + L7 11.93 7.30 7.86 4.04 9.12 6.56 10.08 7.14 5.78 1.94 4.21 2.34  0.009
Pb/pg « L 13.23 9.65 15.22  11.62  11.33 8.31 8.58 6.88 5.43 3.58 4,75 1.99  0.006
Cd/pg « L7 3.20 3.12 3.25 2.40 2.17 1.59 1.42 0.89 1.14 0.87 1.12 1.12  0.009
Crf* /pg+ LV 3.38 1.12 2.14 1.01 2.52 0.79 2.97 0.88 1.96 0.91 2.16 1.71  0.018
Hg/pg + L7 0.71 0.53 0.68 0.50 0.61 0.37 0.49 0.35 0.33 0.11 0.29 0.14  0.024
WEEW/pg« L1 5.88 4.65 6.28 4.98 8.26 7.77 5.60 5.21 6.41 6.05 8.47 7.28  n.s.
M/ pg s L7 3.43 2.75 3.46 2.43 2.99 1.96 2.19 1.98 1.36 0.75 1.04 0.41  0.006
AR EL /mg « L1 3.26 2.33 3.26 2.24 2.71 2.17 2.51 1.60 2.02 1.13 1.35 0.62  n.s.
B /mge LT 0.14 0.07 0.12 0.06 0.12 0.07 0.09 0.05 0.08 0.04 0.05 0.03  0.004
HA/mg+ L1 017 0.06 0.17 0.07 0.12 0.05 0.13 0.06 0.09 0.05 0.08 0.04  0.009
M4 & a/pg « L' 10.87  10.32 7.86 6.66 8.89 8.43 8.41 7.11 6.32 6.70 2.09 0.97 n.s.
KR/ C 19.01 4.83 19.57 5.43 19.62 5.34 19.72 5.56 19.69 5.37 20.05 5.57  n.s.
WA /mg « L' 7.45 1.44 7.56 0.98 7.36 0.91 8.38 3.26 7.19 0.99 7.43 1.26 n.s.
pH 7.44 0.21 7.61 0.09 7.64 0.22 7.69 0.20 7.55 0.44 7.70 0.18  n.s.
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AR A LB IR R S 45 A, o A
Sy 9 Fh. b PR Sh B A YRR 2090 BB R 12
Fl, b7 2700 s KOS 13 B, 5 2900 s BE RS 11 A, o
24% . VRUFENYIAN 4 > ZETE 00 Tl 208 4 S o B I s
AR 3, FEFsh W B 30.99 X 10" 4~/L, K
IEA S Y A7 9.28%0 R U 90.33 %0 LB Y
0.24% KA 0.15% , %6 HU%% B J& =k T V7 Ui
Bl R G A . IR E S R R
DL ZE AR 2 v D A Bl W) 8 B DARK 2= LA 2R 4
1o s B S B DL A 7R e s e R S LR R i
o TRIWESNY) HE L A AR 2 B R B LUIURIT A% B H o
1 A Bl R DA B A e o S S S B R LT N A
AR Jr 2T REW IR Y S 4 12K
BRIP4 M BT AAEREZ SN

(P<20.05),6 MVLEBIF e sh ¥ B 4 A 289 1 % FE A7
P 3 25 5 (P <C0.05) 56 ANV B HUM W FhEUFE
15 22 v TR S R AR Bh ) B B S
YR EO AN AEAE 1 2 25 Sk (P =>>0.05) . BVA T
AR A 0 = RUOK AL T B R R IR s )
P PR v KA S A 4 2 R K B Bk 2 TR Ui B
W9 B AV 5 VLR A VA VT BE VR Ui 3h ) % B e e L VI
RV B T 1 3 PR R U K VT B T Ui sl % B
R AR a3

UPGMA RELEREZWHBAM = HE b —41,
AR R —2H, DN B LR S — 4 (K 2)
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ST R R S AR AN AL 16 B (R ), DU
AR O . KRS R (13 FlD L H FE
10 Fh A BMBFZY N 11 Fh, RATEH,HIE B
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Fig.2 Cluster analysis of the zooplankton community at

different sampling sections
MAE 3 A S 6 VLB S I B B e 1
FLERMBE R ARE R R R R A
R AEHE B VIRIE fa R SR Ll R f AR L BRI

=3

el R R E M P R R U 9 R RN AE 4
ASZETT I 6 ANTLBY A BT A g I R 2 .
Bl 3 L LA V5 1 b 2 RT3 v BT R v )
FCARL A4 7 R L 48 R R ZE LA IS PR 2 3=
24 YT ESHEIEEMYSEEY
e T IR iE BN ) W B 2 R R ORK R B
B S EIEB K EML R & R
(B3 —a). YR Z k148 BRI ¥ 50 B 46 2007 N I
AT B e A, A 4 S B 1 2 [ K R i AR )
EHECE 3 - b)),
25 EHRPPBHEENMSHRERFHXER
P<0.01 By 3 FirA+ OKIR .4 R a, B85 M
P<0.05 Y 5 Ffr P CIs figf 4804 L OR #5437 T
FOXF RDA 4% il i 5Tk A7 75 12 3% 22 5, Horh KO
M2 E a BB T OR EER B A S il 2
TR DG I i S5 50—l S E AR O (Bl 4.3 5)
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Tab.3 Temporal-spatial variations of species number and abundance of zooplankton by taxa

T ilEsh ) HE ®E £XF £F P T Wk oAM= ml B A P
1T Ui 25 37 36 28 40 0.018 40 38 42 43 42 39 45 n.s.
Yy BwE/100 A - LY 9.63  5.49 570 10.16 0.000 5.40  4.67  5.07 4.61  5.14  6.09 30.99 0.000
JR A [R5 6 8 2 8 0.000 8 6 7 9 9 9 9 n.s.
Yy WBREE/10° 4 - LT 470 8.25 2.85 12,95 0.000 4.15  6.25  3.20  4.75  4.45  5.95 28.75 0.000
Rk 10 10 10 12 0.042 10 10 11 11 10 10 12 0.004
ek /10T S o L 914 462 5.38  8.84  0.000  4.97  4.03  4.73 412 4.68  5.46 27.99 0.002
. AL 10 9 11 12 0.000 12 12 13 13 13 11 13 n.s.
% B _ _ _
B/ A . L 123.5 2145 293 108 0.002 113 88 89.5 74.5 116.5 257.5 739  0.000
R T 2% 11 9 5 8 0.000 10 10 11 10 10 9 11 n.s.
R BRE /A o L) 117 169.5 92 97  0.000 80 70 93 91 73 68.5 475.5 0.000
F4 EFHIYRBHRERBESTTAN=EETL
Tab.4 Spatial-temporal variations of dominant zooplankton species and dominance values
T’ # B
P Fh
ES = A2 BE baRE 3 B iRl = ALl FhH
LR AR K EM Ciliophora sp. - 0.03 - - - - - - - -
K#H Dileptus sp. - - 0.04 - - - - - - 0.02
B W Litonotus sp. - 0.03 - - - - - - - -
F 4 IR Mesodinium pulex - - - 0.04 - - - 0.03 0.02 -
W FE W Tintinnidium sp. - 0.02 - - - - - - - -
FE R Tintinnopsis wangi 0.04 0.03 - 0.06 0.04 0.10 0.02 0.02 0.02 -
ZYR LU B Anuraeopsis fissa - 0.03 0.05 0.03 - - 0.03 0.03 0.09 -
i R R4 B Brachionus angularis 0.05 0.06 0.05 0.11 0.04 0.09 0.18 0.04 0.04 0.02
2R A W Brachionus schizocerca 0.21 0.13 0.05 0.14 0.22 0.15 0.16 0.10 0.06 0.15
M BEAE R L Conochilus unicornis 0.09 0.08 0.14 0.09 0.05 0.07 0.12 0.11 0.16 0.10
WP o W 48 iU Keratella cochlearis 0.10 0.09 0.07 0.06 0.05 0.05 0.03 0.12 0.13 0.11
5 £ Y 58 R Keratella valaa 0.04 0.08 0.08 - 0.04 0.03 0.03 0.04 0.08 0.05
BT s 6 W8 Lecane ungulata 0.05 0.04 0.20 0.10 0.05 0.05 0.09 0.08 0.07 0.14
P Bk 5 . Monostyla bulla 0.23 0.22 0.17 0.16 0.27 0.23 0.22 0.19 0.11 0.17
MR E Bl Rotifera sp. 0.03 0.10 0.06 0.03 0.03 0.04 - 0.07 0.08 0.03
BRSEEI W Trichocerca rousseleti 0.13 - 0.08 0.12 0.16 0.07 0.07 0.06 0.07 0.13
Pt A FpBLET 10 13 11 11 10 10 10 12 12 10
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Fig.3 Spatial-temporal variations of the Shannon-Wiener diversity and Pielou evenness indices of the zooplankton community
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Tab.5 Summary of redundancy analysis (RDA) results

B T CCA1 CCA2
K/ C -0.5351 -0.0226
4% a/pg » L7 -0.4841 —-0.0908
B /mg » L7 —-0.4746 0.0195
A /mg - L7 0.4579 -0.0218
B/ pug » L7 ~0.4266 ~0.0107
*K/pg e L7 -0.4174 ~0.0767
R/ pg » L7 -0.4754 0.0292
A/ pg - L7 -0.4482 0.0715

3 itit

e TR R R R A KRR A TR, ke
K PEE K S R L K Bl g 2% 1 AR A K B B R AR
THE RS PRI = e KPR B IR E K B JE R B
T UL E SR AR K AR R Rk R AR I K A 85 ]
GEPAERINE B, 2012) , KR Y REVE W BE > &
AT RA A, B2 5 (2005) T 2003 4F =k
KRB K WA E K 2 1T W 3L & B 69 FhvE Ui
W, EREA L (2012) T 2009 4% =K 2 10 4
SRR VB T A R A 3L & B 122 RPREsh . A=
U JE X T 3AE A 6 A VB AT ) A S e VR iR B
45 Bl A BIRBE I . EREAAE(2012) K ITE
Ui s Wy F 28550 DL B Rl g s o5 59.84 %6, i
A B A RS AL 28 3 A S BL 9] AR L A A
L. 25 11.48%,16.39% .12.3% . AHWF5T . 17
Ui sl W) 4 BT Bl AT & L BB A AL, B e b
B 5 3 AR LA 27 % L T R AR Sh A A
B2 2 3 A ZEHEW Bl BCEE B T L 4 i 2094,
2996 .24 % »3X 5 #2445 (2005) A B 5% — B, B B
A K B 1 B K RS AT - KR VE i sh ) Fh 2 35
B, KB KGR D, W B E W K B ]
BERE— RO H T AR TR s
AR AL (B FE 2445, 2005)

AT 17U S ) S 4 A ST Bl BRI 9% B A
A AT LA W 2 (P <C0.05) . 5 oA %
(2012) AR — 3, =R PEIX TR & IR sh W)
Pt /b B2 R 2R TR 8l W 5 B 3 e BK R R
PRl G . EPEA SR (201238 il =
WK J2E V7 Wi 2 ) %% B 2 () 22 S 0 3 B TR 3R N R I
TR Bt B 5 S R4 (2008) F8 HY I 3 A8 K Y AT I
ANFTF 17 1 sh 0 A 8RN A BB L K TR B T VR
Tesh A R T RV A RN Hh i AR Ak A5 i Ry
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M PR B [ 7 (Czerniawski & Domagata, 2010), 4~
WEFE S KR 2 52 ) = e P2 IX 3t 17 U 3 W T 9 45 1
FEAEL N T, AT BRI g L E TR K
PR B E AR, AN M T I 3 B W A R BB 5 Bk
Ze BRI FE 1 o ARE R /KO B i KA AR, 3 T
B IRAH T iF e sh A K Bl . A AR 58 Bk

PRI AT 22 R 30U T8) 8 A 7K T B JE X AR 4R
A3 1 25 5400 43 A X (lacustrine zone) |33 X
(transitional zone) Fl i Jii X (riverine zone)
(Thornton et al, 1990) ,3X 3 4~ X 35k Y 7K 14 3 1k A
T UK SCREAFAE B 35 22 5 IR B sh W Vg 45 i
TP 22 5 (AR B A FLER O, 20015 Marzolf,
1990) , AMFFEHBRIA AR LWL = BT VLB A
DX, 5 B2 VLB Ry X VLT B A X, B 7 M
P A VLB W Rh 22 R PR35 BOM 2 &) B2 18 OE R 2 &2
PR 2 LK OR s B AR 10 i #4556 VL BCE F7 K
- 52 AR SR e B BE A VLB IR K F 18 T
15 T U Sl W) 0 b 22 A 1 i R B 1 5 B 4 HR0E T E
K. SUURIT AR VA VT BB % 2K P S A T 97 U 3 ) %
J3E gy 0 W K P T i S0 B A B G A iR i B )
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Temporal-Spatial Distribution of Zooplankton Community in the Main Stem of

Three Gorges Reservoir under Normal Operation
WU Li"*, TANG Hui-yuan', GONG Yun', YANG Zhi', ZHU Zheng-qgiang' , CHEN Xiao-juan'

(1. 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;

2. School of Life Sciences, Hefei Normal University, Hefei 230061,P.R.China)

Abstract: Zooplankton are sensitive to environment change and widely used in monitoring fresh water eco-
systems. The impoundment of Three Gorges Reservoir dramatically altered the water environment, but
little research has been conducted on the response of the zooplankton community to reservoir impoundment
and operation. To obtain baseline data and provide a reference for environmental conservation in Three
Gorges Reservoir, we investigated the temporal-spatial distribution characteristics of the zooplankton com-
munity in the main stem of Three Gorges Reservoir under normal operation. Seasonal sampling was carried
out in July, September, December 2016 and March 2017, at six representative sections covering the entire
length of the reservoir: Zigui (ZG), Wushan (WS), Yunyang (YY), Wanzhou (WZ), Fulin (FL) and
Jiangjin (J]). Physiochemical water quality parameters were monitored synchronously with each sampling.
A total of 45 zooplankton species were identified, including 9 protozoans, 12 rotifers, 13 cladocerans, 11
copepods, accounting, respectively for 20%, 27% ., 29% and 24% of the total number of species. The av-
erage zooplankton density was 30.99X10" ind/L, with absolute dominance by rotifers (90.33%), followed
by protozoa (9.28%), cladocera (0.24%) and copepoda (0.15%). The water was hypercutrophic at
Jiangjin, Fuling and Wanzhou and eutrophic at Zigui, Wushan and Yunyang. Zooplankton density was
higher in summer and spring with lower water levels, and lower in winter and autumn with higher water
levels. Spatially, zooplankton density was the highest at Zigui, nearest the dam, and trended downward to
Jiangjin, farthest from the dam. There were 16 dominant zooplankton species, known to be pollution-tol-
erant, in the main stem of Three Gorges Reservoir. The Shannon-Wiener diversity index of the zooplank-
ton community was highest in autumn and lowest in summer, and Pielou evenness index was higher in au-
tumn and winter, and lower in summer. Zooplankton diversity and evenness indices also trended downward
from Zigui to Jiangjin, but the lowest values both occurred at Wanzhou. Zooplankton community structure
showed obvious variations along the vertical gradient of the reservoir, and displayed the strongest positive
correlations with water temperature (WT), chlorophyll a (Chl-a), total phosphorus (TP), copper (Cu),
mercury (Hg), volatile phenol (VP) and petroleum (PE) in summer and autumn, and with dissolved oxy-
gen (DO) in spring and winter.

Key words: zooplankton; community structure; water quality; Three Gorges Reservoir



