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Fig.1 Location of sampling sites in the three outlets connecting Yangtze River with west Dongting Lake
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Tab.1 Distribution of sampling sites in the three outlets

connecting the Yangtze River with west Dongting Lake

75 2 B by F AL A S

S1 e 111°52'21.51"E;29°37'19.15"N

S2 Afaill 112°00'05.90"E;29°24'17.06"N

S3 BEHEM 112°19'00.00"E;29°44'00.00"N

S4 PREEFE  112°07'00.00"E;530°13'00.00"N

S5 %Y 112°09'12.04"E;29°40'47.73"N K

S6 #wilisk B 112°10'10.70"E;29°40'47.73"N i

S7 #EILKF 112°10'19.48"E;29°39'32.13'N

S8 BRI RUF 112°12'38.51"E;29°22'04.68"N G

S9 T EH 111°47'00.00"E;30°11'00.00"N K

S10 YW 111°55'00.00"E;30°10'00.00"N

S11 FAREIT  112°01'00.98"E;29°46'24.49"N

S12 MAMETA S 112°01'38.73"E;529°45'50.37"N

S13 HE®  112°11'38.00"E;29°10'28.47"N

S14 Sk 112°07'03.44"E;28°54'49.22"N 3

S15 =2 112°17'38.17"E;529°05'37.10"N P

S16 /NG 112°18'37.44"E;528°51'06.56"'N

S17 A8 112°11'21.07"E;28°54'58.56"N (B

S18 MM 112°17'51.92E;29°03'38.02'N KM
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Y=(n,/N)Xf,; ®
Z=c/(a+b-¢) @
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Tab.2 Physicochemical characteristics of water in the three outlets connecting the Yangtze River with west Dongting Lake

WT/ DO/ TN/ NH; - N/ NO;-N/ TP/ PO,-P/
i T pH
C mg e+ L7 mg -+ L7} mg + L7 mg e« L mg e+ L7 mg e« L

S1 20.794+6.10  8.81+0.73 6.6841.28 1.60+0.62 0.124+0.13 1.2540.28 0.0840.06 0.0340.03
S2 20.71+£7.23  8.5240.72 6.52+0.65 1.7940.33 0.2840.42 0.9440.55 0.0840.05 0.0340.03
S3 20.8146.30  8.35+0.56 9.724£2.00 2.03£1.32 0.2240.20 1.784+1.03 0.1540.06 0.0940.03
S4 22.09+3.88  8.3440.26 6.8941.58 1.33+0.32 0.0840.07 1.10+0.36 0.1340.04 0.0740.04
S5 21.0745.13  8.71£0.58 8.0841.57 1.7940.46 0.1440.11 1.194£0.13 0.1540.05 0.0840.07
S6 20.394+7.45  9.14+0.59 8.464+1.80 0.6840.22 0.2040.18 0.2940.10 0.0340.02 0.0140.01
S7 20.96+7.27 8.73+0.82 7.384+0.74 1.43+0.74 0.26+0.26 0.84-+0.53 0.07+0.05 0.0340.03
S8 20.8848.09  8.72+1.00 7.03+0.81 1.55+1.03 0.3840.34 0.9240.67 0.0540.02 0.0240.03
S9 21.68+4.84  7.9140.39 6.104+1.53 1.39740.20 0.1740.17 0.9740.50 0.1740.06 0.09+0.09
S10 19.73+5.67  8.147%0.44 7.06+1.55 1.05+0.35 0.1040.09 0.8240.49 0.1440.09 0.0740.06
S11 19.45+6.11  7.70+1.29 6.7640.52 1.57+0.23 0.1840.20 1.17+0.28 0.1140.08 0.06+0.04
S12 20.23+6.58  8.2240.51 6.70+0.62 1.56+0.28 0.2040.21 0.86+0.20 0.0940.05 0.0140.01
S13 21.2648.47  8.63£0.72 6.95+0.87 1.63+0.25 0.1340.13 1.2140.27 0.1640.09 0.0740.05
S14 20.51+£6.09  8.2340.32 7.10+£0.35 2.71+1.95 0.2240.32 1.01+0.74 0.0540.03 0.03+0.02
S15 23.5248.17  8.79+£0.21 7.41£2.04 2.82£0.72 0.3140.33 1.97+0.87 0.0940.03 0.054-0.04
S16 22.304+£7.25  8.5940.65 7.41+2.20 3.0842.30 0.1440.16 1.16£0.51 0.0640.02 0.0340.02
S17 21.224+5.38  8.45+0.50 7.96+1.24 1.50+0.66 0.1340.14 1.14+0.58 0.0540.03 0.0340.02
S18 22.5148.29  8.80+0.72 6.61+£0.82 1.69+0.59 0.1840.20 1.25+0.58 0.0740.01 0.0340.01
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Tab.3 Phytoplankton species composition at each sampling site in the three outlets
of the Yangtze River and west Dongting Lake
W o om

i * S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18
F A Vorticella alba + 4+ i
WLV, convallaria +
WIEH R V. companula +
Wl F 7 W Arcella vulgaris + + + + + + + + +
FARFSTH AL discoides +
KE#FEH Dif flugia oblonga + + + +
BRI FE I D. globulosa + 4
B8k w058 B D, urceolata + + +
TR FE R Cevtropyxis discoides + + + + + + +
O =W Trinema enchelys + +
A B4 . Brachionus calyciflorus + + H + + + + +
AR R B, angularis 4+ + + o+ H 4
TR R B B. quadridentatus + + + + + + +
BIEE R W B, forficula + o + + +
LRI B, diversicornis + + + + + + —+ +
AR R E B urceus -+ + H 4
WY fu A2 1 Keratella cochlearis + + + o+ +
R fa H f8 R KL valga W H + "o+ +
NG AR B Asplanchna brightwelli H 4+ + + 4+ 4+
/NSt B F . Trichocerca pusilld + +  + + + + o+ 4
R Z B4 I Polyarthra trigla H
WA =% i Filinia terminalis +
K=Bfe H F. longiseta + + + o+
MR = R4 B F. opoliensis +
A B 48 L Monostyla elachis + +
IR 48 3 Argonotholea foliacea + +
HIEER B Lecane luna 4+ + +
BB RS I L. ungulate 4
HMEFE K58 B Epiphanes senta + + +
B4 . Notholca labis +
F K B8 B Monommata grandis -+
[ 28 3% Daphnia carinata 4
K& 4 B3 Bosmina longirostris + + + o+ + + + + + +
K F K% Diaphanosoma leuchtenbergianum +H =+ 4
R FAREE D, paucispinosum —+
R REIFE Alona eximia + +
FLRAREE AL guttata + I +
EAPARBIE Simoce phalus vetulus -+
FoAT 41k Nauplii HH o+ M M H H H M+
Fe 2 4 & Copepodid HOoM o+ M W+ H W+ + +

H:1~5 000 4~/m?* H+.5 001~10 000 4>/m?* H++,10 001~50 000 4>/m?* H .50 000 A~/m? PA_L .
Note: + represents 1 —5 000 ind/m?®, ++ represents 5 001 — 10 000 ind/m?®., #ff represents 10 001 — 50 000 ind/m?®. #f represents
50 000 ind/m?®.
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Lol | DA
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40H

Water periods

0.319 mg/L; P4 il & i1 V2 WF h ¥ % 2 9 ~
A5 A /L A&l 0.019~0.045 mg/L, Wi 5o 2
b = RN S W AR Y BE (67 AN/ L) T PR
W23 AS/L) . ¢ KB R K VL = 155 74 I g2 18 (]
T U 3 40 %5 5 R AR 1) o A A KO R S KO AR A
(P<C0.05) (& 2), = A B2 B 8 3% o F 7 W e
W AFL 28 AN ) 0 O TR 0 97 i 2 0 B R A )
T EZEF(P>0.05 (& 3),

0.12[ (b)

—1]
] ]
X S X
H K] A
KA
Water periods

SRV = 5 X P 2 # 1K
B2 AEKAZKBEZHENYVEE () REWE(D) D

S:the three outlets of the Yangtze River; X:west Dongting Lake

Fig.2 Zooplankton community density(a) and biomass(b) in the three water periods
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Fig.3 Density(a) and biomass(b) of different zooplankton taxa in different sampling transects
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Tab.4 Distribution of zooplankton dominant species in

Dongting Lake in 2017

Kir=n V74§ 2 1

/ Y f Y
il Tl 0.33 0.023 0.37 0.032
MR 44 0.15 0.023 0.20 0.051
LI RS 0.15 0.021 0.40 0.024

JE A B

R R 0.20 0.021

PEROF o H AR 0.40 0.062

. I\Eﬁﬁgiﬁﬁ ' 0.27 0.025
PR EEAIRUN 0.69 0.230 0.46 0.022

LARRAIRUN 0.67  0.112

WK R T 4l M R R 4l 1k ittt R e AR e SR
7o HUFN AR RS FE 40 5 PO T e ) AN [R] 00 4R AR 4 HE
PR AR HEF AR R o SR H 40 L 3 R 50 AL
TR P A e T RS R R A A TE T
YRR S R ., BACRE T SRR B R
YA = FFRIE S O SR 28 09 A TR JE ) 4
Hodi i,

2.2.4  Z MR KL= 0 VG R e sh W
Shannon-Wienner £ #1850 (H') Fll Pielou ¥ %]
FEFRECCT ) AL WL BT 4, W0 6], 9 25 109 722 1k B A
FEA — S AN R W I A (R i 2 AR S A K 22
KL= H EZEEE R 0.49~1. 78, ¥ N
107 VYR EE H {5k 0.92~1.39,¥{E K 1.17,
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Fig.4 Zooplankton diversity indices in the three outlets connecting the Yangtze River with west Dongting Lake

= T AEAE R R 0.25~0.97, B{E N 0.77: 7§
T 2] J {HR 0.58~0.97, ¥1E K 0. 80,

2.2.5 FiRshmARAENE RES A, KL=
15 PG 6] JE T80 ) 32 305 2l ) o AR DL 48 K7 R K
B I8 B P AR 5 KB R K R AR
Y SR AR RIS o B ARk B, KT = 1 S PR
VE IR VS S5 AT A — E I 22 5%

x5 KI=A-BEREHFHNDMERMNEER

Tab.5 Similarity coefficients of zooplankton communities in

the three outlets of the Yangtze River and west Dongting Lake

7K 1 i 7k -7k 1 Fk
AR LI 48 % 0.43 0.48 0.50

23 HEERFERTSH
B 6 A) 1, A VT = 1 KV R 1 K 8 3 A
Gy BT TUER R AN K B 77.395 %0 F1 82.417 %, % E
J 533 BT i A4 A B 2R AT R 2k 0.7 B F2 SR A
I Kl F (Ulanowicz, 2000) , 4T = 0 1) F B IR 5E
F 6 Varimax BHENEFRET=E
Tab.6  Load capacity of the environmental factors

in rotated component matrix

K=o V4 3l 2 1)

i H

PC1 PC2 PC3 PCl PC2 PC3
WT ~0.828 —0.098 0.027 -0.130 —0.566 —0.729
pH -0.325 0.306 —0.626 0.907 —0.035 0.056
o(DO) 0.763 —0.205 —0.135 —0.631 0.318 0.316
p(TN) 0.118 0.956 -0.030 —0.046 —0.100 0.879
o(TP) -0.258 0.270 0.798 0.066 0.910 —0.021

o(NH;-N)  0.861 0.187 0.061 -0.497 0.206 0.780
o(NO3;-N)  —0.016 0.912 0.269 0.922 0.248 -0.104
o(PO;-P)  -0.071 0.182 0.914 -0.114 0.907 0.160
FEAEAE 2.200  2.032 1.959 2.354 2.187 2.052
Jr22/ % 27.503 25.404 24.488 29.422 27.341 25.655
B2/ %  27.503 52.907 77.395 29.422 56.763 82.417

TE  IRLECE 3R B8 IR T 75 AN [ F2 520 v i i i ik 0. 7,

Note: The bold part of the data indicates that the load of envi-

ronmental factors in different principal components exceeds 0. 7.

H+f» WT.DO.TN.TP.NH,-N.NO,-N,PO,-P,
VR i 0 A4 3 ER T I T O KR pHL TN, TP,
NH;-N.NO;-N,PO,-P,
24 RREEFEEZHEWHE CCA o

i CANOCO 4.5 B MU 77 i s ) 4% T &=
DAE LA T S =10, 0F HAERFE S il
PR ARRE =10 26 , BB 15 F o DL g 723 s 4 i 47 43
Pro Wz 7.

RT CCASGHHZFHENWHNFENRDREE L IFE
Tab.7 Zooplankton species codes for CCA and their

occurence frequency

ETRE S HREE /Y%
Z1 P FFe R Arcella vulgaris 20.4
zZ2 SR 5E H Centropyxis discoides 14.8
zZ3 AL B4 . Brachionus calyciflorus 22.2
Z4 WY 48 1 Keratella cochlearis 20.4
zZ5 i R fe H #8 H Keratella valga 16.7
Z6 JrIERE B4 B Brachionus quadridentatus 14.8
zZ7 S R B Brachionus diversicornis 14.8
Z8 NGBS R Asplanchna brightwelli 14.8
Z9 /NSt RBFe . Trichocerca pusilld 14.8
Z10 11 25 48 . Brachionus angularis 11.1

Z11 B R 48 L Brachionus forficula 11.1
Z12 AR R B Brachionus urceus 11.1
Z13 WK Nauplii 66.7
Z14 B4k Copepodid 55.6
715 KBLR % Bosmina longirostris 24.1

CCA it b4 S W3 8., KT = 1 Xt 77 liiF
SN HETE 25 K0 43 A 2 AH G I A BE IR T (P <<0.05)
4 TN, TP,WT.NO,-N 1 PO,-P, H:# PO,-P Xf
T U Sl 0 TR V5 65 K8 A3 A 1 5 ) 5 K 5 TG I E A
Ji 25 5% WT Hl TN J& 52 mi H R V& 43 A 1) 3 23R 5
M T,

DCA 43 #145 J& 7, VT = 11 A0 74 IR e A ik
b 5 OB BE B BE 4 1 R 3.459 A1 3,247, PR A
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CCA it s sh it s SN T H LR, CCA
orHrHERe (B 5) s FEER B I 5 Jih 1 5k 2 J8) A9 A
KERBCN 0. WI 73 B 25 R T {5 (Braak, 1986) .
XEFARIL =1 BRI 52 B /N S R A R L3R
AR R L AR R R B TR B R R R B ok A %
WT Wi K. 5 Z 2B VIR IEH R . [R5
DO 5 IEAT SN, Tl i f P 4%t 5 2 5 670RH S A
HHERRA, MRAER R MERERRRS
DO 5 1E A s SRE BT 5 il B8 48 H A 5

R R 5 TNINO;-N Fl TP % 5 F A ek, H
i VPR Sh ) 5 2 B AR O

PO 2 R R A R R RS WT
SEEAR G A P 2h i 5 H R AR 0 S DA
SRR A R NG AL B AL It il | TRV EAIR N
5 pH 2IEAMACH R EB R R MEE R,
M /N R fE e, DL b R A A R K 4 i 5 TN,
TP.NH;-N.NO,-N #l PO,-P & 4 %1k, w5 5
AT Ui B P R O A T
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Tab.8 Statistical analysis of environmental variable gradients

BT TN TP WT NO;-N NH;-N PO,-P DO pH A E
F 2.413 2.970 2.293 2.269 1.695 3.515 1.459 / RN
Kir=n
P 0.014 0.002 0.024 0.030 0.070 0.002 0.146 /
F 1.770 1.567 2.254 1.295 1.622 1.103 / 0.797 N
_ 74 {1 B 90
P 0.050 0.120 0.010 0.218 0.086 0.436 / 0.682
S| (a S b .
76 IN ®) Zl1 Z5 N03-N
2 ° S NN
WI X
e NOs—N
Z10 714213 ™
A AN
Zl1
A
A
DO s PO+—P
Z10 A -
E AN
N 7A] NH3—-N i = 714 AZé X
z3 2 75 713
% 78 o N
< ) < Z1
-1.0 1.0 -1.07 i.0
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Fig.5 Canonical correspondence analysis of common zooplankton species and primary environmental factors in the

three outlets of Yangtze River(a) and west Dongting Lake(b)
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Effects of Environmental Factors on Zooplankton Community Composition in the

Three Outlets of Yangtze River to West Dongting Lake

YAN Guang-han'*?, YIN Xue-yan'*, WANG Xing"**, WANG Li-jing*"*,
LI Ying-jie**, LI Hong**, CHEN Wei*

(1.National Engineering Laboratory for Lake Pollution Control and Ecological Restoration,
Chinese Research Academy of Environmental Sciences,Beijing 100012,P.R.China;
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4.Research Center of Ecological Environment for Yangtze River Economic Belt, Chinese Research

Academy of Environmental Sciences, Beijing 100012,P.R.China)

Abstract: The three outlets (Ouchi, Songzi and Taiping) that connect the Yangtze River with west
Dongting Lake play an important role in flood control and water resource utilization in Dongting Lake. In
this study, we investigated the zooplankton community structure and the primary environmental factors at
18 sampling sites in the three channels and west Dongting LLake in November 2016, and March and August
2017. The results were used to explore the annual dynamics of the three channels and Dongting Lake and
characterize zooplankton diversity and stock. The relationship between zooplankton distribution and envi-
ronmental factors was analyzed by canonical correspondence analysis (CCA). The research provides data to
support the ecological environment protection and pollution prevention of Dongting Lake. A total of 40 zo-
oplankton species from 4 phyla was detected, with dominance by Rotifers (21 species, 52.5%), Protozoa
(8 species, 20%), Cladocera (7 species, 17.5%) and Copepoda (2 species, 5% ). Zooplankton density and
biomass in the three channels were in the range of 9 — 323 ind./L and 0.006 —0.319 mg/L, and the ranges
in the west Dongting Lake were 9 — 45 ind./L and 0.019 — 0. 045 mg/L. The average density in the three
outlets (67 ind./L) was higher than in west Dongting Lake (23 ind./L) and the differences in zooplankton
density between dry and wet periods were significant. In terms of the dominant groups, Nauplii, Copepoda
and Keratella valga dominated in the outlets , and west Dongting LLake was dominated by Keratella co-
chlearis, Arcella vulgaris and Keratella valga. The Shannon-Wiener diversity and Pielou evenness indices
were 1.07 and 0.77 in the outlets and 1.17 and 0.80 in the west Dongting LLake. CCA of zooplankton com-
munity and water environmental factors shows that water temperature (WT), total nitrogen (TN), total
phosphorus (TP) and orthophosphate (PO,-P) were the primary factors affecting the distribution of zoo-
plankton in the three outlets , while WT and TN were the primary factors affecting the distribution of zoo-
plankton in west Dongting Lake.

Key words: zooplankton; community structure; environmental factors; three outlets of the Yangtze river;

west Dongting Lake



