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Fig.1 Location of sampling sites in Lianhuan Lake
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Tab.1  Seasonal variation of dominant zooplankton species and their degree of dominance in Lianhuan Lake

PRl

S

R4 ¥ Protozoa
i BE AL Epistylis urceolata
FRIE AP 5E . D. globulosa
W5E W Dif flugia sp.
2R 8 dL Oxyrrhis marina
KB 5E W Dif flugia oblonga Ehrenberg
HEFE AL 58 HL Tintinnopsis conicus Chiang
FAERIAR 7E B Tintinnopsis sinensis Stein
2k = W Trinema lineare
REIHBE M Askenasia volvox
HI AL Acanthocustis sp.
s B StrobiLidium sp.
WK 5C W Tintinnidium fluviatile
# M Rotifera
IR Z B4 W Polyarthra trigla
# 82 Cladocera
KA % B % Bosmina longirostris
% B % Copepoda
JoH5 4k Nauplii
/K % Cyciopidae

- - 0.02 -

0.05 - 0.06 -
0.03 - - -

21.2 FERAHE EXRHAEESFTEH
DX PR 8l W A7 35 = B & 1 060 A4N/L, 28 fk i [l 355
~2 195 /~/L, H eAs Oz oy b SRR . o,
J A Bl W) B B, O 940.4 /L b ik 89.25 %5

BB Z, H 49.5 /L, i 4.67%; &l
38. 34 /L, 1 3.62% 825 26.1 /L, 2.47%,
AEH AP E N 2,930 mg/L, 284k Fl 0.373 ~
4.690 mg/L, H . BME peEXEY R RS, /7
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Fig.2 Seasonal variation of average zooplankton
density and biomass
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Fig.3 Spatial distribution of average zooplankton
density and biomass
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Fig.4 Spatial distributions of zooplankton
diversity indices
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Fig.5 Seasonal variation of zooplankton
diversity indices
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Tab.2 Physiochemical parameters of water in Lianhuan Lake
. K/ W EE/ WA/ 4R a/ S/ BA/
FT pH o
C cm mg * L7} ng e L7 mg e+ L7} mg * L7}
A 8.184+0.32 10.88+0.54 82.00427.88 9.4241.29 3.54+2.75 0.04+0.02 2.1440.31
- 8.09+0.07 23.96+0.91 50.13+8.06 10.8940.54 13.76 +2.00 0.04+0.03 0.88+0.14
Fk 8.49+0.08 17.59+0.55 25.34+2.53 10.7940.58 11.70+1.28 0.13+0.01 1.5540.26
B 6.984+0.24 2.55+0.65 167.50+54.72 5.01+£1.15 2.61+0.90 0.07£0.02 0.81+0.22
AR 7.93+0.61 13.74+8.10 81.24+62.00 9.034+2.59 7.90+5.28 0.070.04 1.3440.60

B E RSB F ARl 37.1~
63.3CKEl 6) 4E A K 51.3,

A F KR E SR A2 S . KRR
ZANTEEEREENEFNRETER AF
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FESHESEH TLI 2R AR ZBRTREES
FRE .
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Fig.6 Seasonal variation of the comprehensive trophic

level index (TLI) at each sampling site
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2.4.1 MR MA TRUR SIS B PR Sh Y Y
P R sh i AR S PR BT I T 9 Spearman
FRPE M W3R 3. Flrsh WA 2655 pHL KL,
DO MER K a Jo TLI &2 8 3% IEA X (P<<0.0D) . 5
IR R U OC (P <<0.01): TR S
pH KR DO M 4t % a K TLI 2 8 ¥ IE Ml %

(P<20.01), 5 i W] BE &2 o 35 A5G (P <<0.05) 5 7%
Uesh Y EY i 5K . DO R4t % o 2 B IEH
FK(P<C0.05) .5 TP 2R F MK P <<0.01),
PR KRN DO J2 52 0 37 W 3 W) Fh 26 42 K 2k
Prig S BRI T R P E AR
2.4.2 RDA oA SEFEBIAREE WS 58 171515 14 Rl
PRI S W) 5 R N AT AR A AU L 3R 4, 58
WHE B W% 5, Arim 2 R AE 52 0. 6704 A
0.0985, It fifg B T 1% U zh ¥ #f v A2 R R E W
76. 6200 WP 5 ERET A T OCHR R KCER A B 1, R
HEFF Al b M 3 B P i S S R IR T T A G
.

R3 ERIVSEFRREEFHEXRHY

Tab.3 Correlation coefficients of zooplankton species,

density and biomass with environmental factors

B70%:15 U5 ) pERlsIEY] U3
SR LS F B AW
pH 0.698" * 0.551% % 0.248
K 0.739 " 0.595"* 0.591* "
% W] -0.698" " —0.435" -0.227
DO 0.679"* 0.64" 0.492**
M4 a 0.649" * 0.469" * 0.394*
TP 0.191 -0.111 -0.373"% %
TN 0.144 0.259 -0.057
TLI 0.742* * 0.499* * 0.205

e RN R IR B 3 K (P<C0.05) 5 R M G 1k ks #)
e 25 7K F- (P <<0.0D).
Note; * 7 de-

denotes a significant correlation (P <0.05);

notes an extremely significant correlation (P<0.01).

x4 RDASHHFHNMRE

Tab.4 Zooplankton species codes used for redundancy analysis (RDA)

(] (B 75 GBS

Sl i Bk B Epistylis urceolata S8 eits . StrobiLidium sp.

S2 HIEEPFE B D.globulosa S9 2 ke i Polyarthra trigla
S3 W3 Dif flugia sp. S10 K% 5% Bosmina longirostris
S4 2843 B 1 Oxyrrhis marina S11 T Y Nauplii

S5 KB #5E H Dif flugia oblonga Ehrenberg S12 /K & Cyciopidae

S6 HEIEBL4R 52 3L Tintinnopsis conicus Chiang S13 INWI% Daphnia cristata Sars
S7 FAERIAR e 8L Tintinnopsis sinensis Stein S14 & 55 42 8 1% Bosmina fatalis
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Tab.5 Statistics for the axes of RDA of zooplankton

and environmental factors

LD 4l 1 il 2 il 3 %l 4
FRIEAE 0.6704  0.0985 0.0218 0.0055
EREREIE A AR (RBD /% 67.04  76.62  78.80  79.35
LB 310 0.8838 0.9967 0.7839 0.8210
RDA P WLIE 7., HEFH 1 A TN Z [a) fE7E
IR IEASCHE AR R BOCH 0.3417; 54K a f71E
e R OCHE  AHSC R EUE - 0.8907; 5 TLI.DO #H
SRRy - 0.8534 F-0.8467, HEFHN 2 F1 TN
Z AV e R AEAH A A SC R B2 0.7516; 5 DO
FETE SR R SR CHE MG R A - 0.6014. TN, DO,
TLI A4 3 a S5 0 7% 2R3 ) R 5538 5 2 1] 35 )
TSRS I E RN R .
RDA HEJF EIAS A AT 4 10 B 3 4 A 28 855 I+
[B] Y G 2R 5 310 BB S WA A W) R FE AR 05 2T M Y 22 5%
BRIEAD 5 WA/ NATE b 58 R s By T8 2 AR
SR 2 AEHE T B A 8 LA R I R E AT AR S
RT3 N RE ) 4 3T 5 7D 58 HUR B AD 5 L KR
b WU S B I W e HE 17 e, B X
A A IR B AR 22 REK

= Si13
—

S12

Si10

-1.0

0.6 1.0
7 MABHEFIIEHEREIMWE
IEREFH RDA 53 HEF
Fig.7 RDA ordination of zooplankton and environmental

factors in Lianhuan Lake
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3.1 EFHEBMBESFHNBERZMER
BT A B 180 55 2 1) 50 90 i s W P e LR AR
BIERT LAAEER RN ERET & HFLAFN

R A RE A 33X 55 7K T A 2 T 1 R A A DG s TR B
K rP B W VR R A A B A R T TR i B R
B i L AL F TR R kR £
JE B R R B X 5 KR S (2017 TEAMAETT
MR BOR DT 45 R — B, RIS Y R A
JRAE S R B £ | B B L ABASAN B DL AE )
ST AT BTG . A UL SRR B i 2 IR o R AR
(R K IR BE A AF W R, )32 40 A 1 D9 i R K A
(298 FEA5,2002) , R W T 3% I 1 PR A 14 1 118 31 )
BEE S ARIE 5 HOK R 2B tEA — 2 X R
(Barnes et al,2014) , 4R ARHBN, FEUK
B SRS O L X AT R R R R AR £ 32 2 DA R
A 2B (XL 2001) o 18 X RAR £ 110 34 41 1 77 Ik
DT RAIER R I e, BRI H LIS
PFNGIZK 28 2 3 5 S K & T 12 A7 78 3 Bl K 3 b i Tt
A DAUE B A0 T O B BT DU B R B I R
i) TG 15 &l R A W e 1) B LR R (A, 20165 2
HEA,2017) . BLAM, IRFE R IC T Lk 4 FEY
HEHRRTHEEK, FEENAFEEMRENTAEK
15 R T A0 A Y A B, S T A AR AR T A
FEMEYRIE ., &R SRS W R FEE
A JC 3 22 S U I AH OC A A I B RN il ik
Fr R AR A0 N7 (0 T I8 X0 55 o B AR — 3,
7 U SN ) O RE T 25 K 2 IR B IR T 25 5 AR i 45
B KR G BT RS R pHL 2 5 R R U B 0 A R
) B3 (PR 45, 2019 28 PR 45, 2019) . NP 4§
SRR 2 W 3 o 5 e AR A ) T ] 4 e
W ¥ (Rich et al,2013; 255648 2014), M4 E a
A3 3 5 0 LA AR O B I S Y A R,
SR IF i 20 W 1 R v A AR (IR ISR 45, 2013)
PEKARRY pH 23 X5 I Ui 20 W) B V% 45 10 7= A= W) B 52
M) 33 AT FE A2 PR B 11 728 5 B0 — 2 SO TR JiE B
Yo an ok B B A CE R W48, 2007) . IE QA
T LS F TR - 3% 00 B R 38 5 28 1] 5 0 X 77 3if 20
Y5 pH K DO £ K a TLIEW] A C R
835 T 7K T A 52 el 97 1 50 ) 7 45 40 78 Ak 1 T e
PR L3 AT BE 5 R0 AL b IR T R TE R P
H BT URBRIRZERKA R, FERiRY
TR LR 52 e 7 JifE 30 W0 B 7 45 1 78 Bl Y G B v T
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Zooplankton Community Structure and Its Relationship with

Environmental Factors in Lianhuan Lake
CHEN Xin"#**, LI Zhe*, TANG Fu-jiang®, QI Yan®’, GAO Wen-yan"**, LU Wan-qiao®

(1.National Demonstration Center for Experimental Fisheries Science Education,Shanghai
Ocean University, Shanghai 201306,P.R.China;
2.Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery
Sciencess Harbin 150070,P.R.China;
3.Centre for Research on Environmental Ecology and Fish Nutrition(CREEFN)
of the Ministry of Agriculture,Shanghai Ocean University,
Shanghai 201306,P.R.China)

Abstract: Lianhuan Lake is located in Daqing City, Heilongjiang Province and consisted of 18 connected
lakes with a total area of 556.08 km?*, the largest alkaline lake and primary fishery of northeast China. In
this study, we explored the spatiotemporal distribution of the zooplankton community and analyzed its re-
lationship with environmental factors in Lianhuan Lake. The objectives were to evaluate the food organism
resources of fish, the status of hydroecology, and provide scientific evidence for conserving the aquatic e-
cology and sustainably developing fishery resources. From June 2018 to May 2019, a seasonal investigation
of zooplankton was carried out at eight sampling sites in Amuta and Yamenxi Lakes and included measure-
ment of environmental factors, including pH, water temperature (WT) , transparency (SD) chlorophyll a
(Chl-a), dissolved oxygen (DO), total nitrogen (TN) and total phosphorus (TP). A total of 75 zooplank-
ton species were identified, including 20 protozoans, 21 rotifers, 15 cladocerans and 19 copepods. Domi-
nant species included 12 protozoans, 1 rotifer, 1 cladoceran and 2 copepods. The zooplankton community
structure displayed a trend towards miniaturization. The annual average abundance and biomass of zoo-
plankton were 1 060 ind/L and 2.930 mg/L and both were higher in summer than in other seasons. The an-
nual Shannon-Wiener diversity, Pielou evenness and Margalef richness indices of the zooplankton commu-
nity averaged, respectively, 1.09,0.36 and 1.56. Zooplankton diversity also varied seasonally, but differ-
ence among the eight sampling sites was not significant. Correlation analysis showed that WT and DO were
the major environmental factors affecting zooplankton community structure. Zooplankton species and a-
bundance were positively correlated with pH and negatively correlated with SD. RDA shows that the zoo-
plankton community was also related to TN, Chl-a and the comprehensive trophic level index (TLI). O-
verall, the diversity indices indicated a-mesosaprobic conditions and the TLI indicated that Lianhuan Lake
was mesotrophic.

Key words: Lianhuan Lake; zooplankton; correlation analysis; RDA analysis; water quality evaluation



