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Abstract: Sanjiao Lake is a representative small urban lake in the middle and upper reaches of the Yangtze
River. Eutrophication has became a problem for this lake recent years. In order to understand the seasonal
community structure of planktonic crustacean and environmental variables, we made a monthly survey in
Sanjiao Lake from July 2014 to June 2015 (Fig. 1) to provide a basis for managing eutrophication and
providing supports for the ecological restoration efforts. We got the following data: water temperature varied

seasonally 10°C in winter and 28°C in summer; sechi disk depth 0.27 to 0.72 m; total nitrogen and total
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phosphorous 1.50 to 3.34 and from 0.07 to 0.58, respectively (Table 1). We identified a total of 22 species,
belonging to 17 genera and 9 families of planktonic crustacean from the seasonal samples. The community
included 13 species in Cladocera and 9 species in Copepoda (Table 2). The species composition showed a
light similarity between summer and autumn or winter with Jaccard index ranging from 0.45 to 0.50, and a
medium similarity among other seasons with Jaccard index ranging from 0.60 to 0.72 (Table 3). The density
of planktonic crustacean ranged from 0.6 to 13.1 ind/L with an average density of 3.7 3.6 ind/L. The lower
density occurred in summer and autumn, while the peak was in February. Copepoda and nauplii dominated
the community in most months except May and June, accounting for 55.2% - 95.4% of the total density (Fig.
2). The dominant species were Cyclops vicinus, Microcyclops leuckarti, Moina irrasa, Microclops
varicaricans, M. rectirostris, Diaphanosoma leuchtenbergianum and Bosmina longirostris (Fig. 3). Species
richness of planktonic crustacean ranged from 6 to 15, with an average of 10 +3. Higher species richness
occurred from late autumn to spring, while the lower value occurred in summer. Simpson index of the
community ranged from 0.76 to 0.90, with an average of 0.80 +0.04 (Fig. 4). Pearson correlation analysis
showed that the total density of planktonic crustacean had a significantly negative relationship with the water
depth (r = - 0.636, P < 0.05, n = 11), reflecting that seasonal fluctuation of water level affect the density of
planktonic crustacean. Canonical correspondence analysis (CCA) indicated that water temperature and sechi
disk depth were the key factors affecting the seasonal variation of species composition of planktonic
crustacean (P < 0.05, Fig. 5). It is inferred that predator pressure from the intensive aquaculture for Silver
Carp (Hypophthalmichthys molitrix) and Bighead Carp (Aristichthys nobilis) was likely responsible for the
low density of planktonic crustacean community in Sanjiao Lake.

Key words: Cladocera; Copepoda; Diversity; Seasonal variation; Canonical correspondence analysis (CCA)
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BRI —, Rl G, BEE I
PP R R, & Bk H &5 IR (Qin et al.
2013) I T WA AE MR 5 PR R 1 AN 2R
B 2R F A2 W T A 9T 3 R A B S OV IR B
(2% 2014). FFiEF R LLERERNE,
Fif X R 2 A5 kR EHEN R, 4T
WA B R RIRAY, 2 R ) —
ANEERRE (BRI 2009). M AR
NV B T 0K 5 M V73 R 52 sh T 44
MZFEE . W0 E B IR B R BRI ot
YRS (Lazareva 2010, S K%
2013), th A DU ik 5 i 3 A 0 34 T s e LA
FABNFIEEN IR S A (E s
2014) . 7K 7= FR B BRIV 6 R 7 2 e iR i
H SRR AR . R Z R (Ban
et al. 2013). WK, WM. B, BY

(B, PR BIARXAE /SR 2R
B NS T AR 5 (RS 201D,

AL TR I AT H AT KX,
FEARVL A T I X S Y (R N R AT, AR
R EE A, 2007 FELART, =i
WA REEEFVOKEY A (FETu kS 2008),
1M 2011 AR 1 25 27 H UK AEY) I 2k (&8
% 2014), AFIBMME. BHET, =MEE
B ERIE (Hypophthalmichthys molitrix)
i (Aristichthys nobilis) 25ffifl, J&—/> Al
IR F=FRAE AN . 75 S B IR AIK = FRFE
WE MR, = A SR 2
PEBUIRA NG . 2014 ~ 2015 “Ei A T = f1i
T SRR SR R, B AR A
15 Y B A B R SR ALk .
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Fig. 1 Location of Sanjiao Lake and sampling sites
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KA E BRI ek, SR A i iR
THFEHBR DU LLB0E,  BERR #h K F I DR R AR
%, MR a SRAWERAR, BRaiiriis
% R i CGEIROY (EZ
IR BT ORI M) i
4> 2002).
1.3 BT

PR AR (V) Rife i, By >
0.02 IR NIRRT (4RJkALEE 1989), it
BARN: Y=Ni/ N xfi, XA, Niv¥ftim
R, N AR s EE, i R i
() H BT

K HH Jaccard FHSAHLMETE L (XD 2 bTiF
it R S s EEVE  AH I BTT E S X =c¢
(@a+b-c), I, a. b RN FEZEN YR
, c AMAENLAIDME. X=0F£R5%E
AL, X =1RpR7E2MLL, 0.01~0.25 K
WREEAAARL, 0.26 ~ 0.50 N4 AL, 051 ~
0.75 A EEARL, 0.76 ~ 0.99 AMARMBL (X
K& 2009). 3 ~5 AMRFKESE, 6 ~8 AREK
22, 9~11 AREMKZE, 12 ARG 2 AR
RET,

KRR E B (S) A Simpson 84 (P)

*1

(Magurran 2004) 7#TRE& ZFEVE. YIRS
FE R NBETE N RS, Simpson F8 LA AT
BE MM MBS EER, HlRK, £
NEERI Z R, HEARI R P=1 -
T (niIND 2, K, N ORERIFH 528 ) A % R,
ni A i PR

KF Pearson #HG R E M iz s )
HEETNSEARER TR, 2HFEH
SPSS B A o SR FH 29 SHE T 53 BT 1 LS 43
#r (canonical correspondence analysis, CCA)
PRIV H e s A 2 = 1 B S S IR A
THI% % (Leps et al. 2003). #idF L ik F
(forward selection) F15 15~ %7 i 126 A Ber 7 126
BRI EL K A A R s AT iR . oy
HrFl CANOCO4.5 i f¥

2 ZR5r

21 HBERETF

2014 ~ 2015 4F =KL TR bR R
1o =AMAHEA R ERARAED), KEATE
N082~134m, B. KERIX, XTI
AN 0.27 ~ 0.72 m, XFMET
(12 HZRRE 4 B) EWHER R, 2. KFEE

ZABRK IR

Table 1 Physical-chemical parameters in Sanjiao Lake

&Fx Parameter

A4 Month

7 8 10 11 12 1 2 3 4 5 6
7K Depth (m) 094 139 134 106 114 090 082 098 123 086 104
BEWHE Sechi disk depth (m) 0.33 0.29 0.29 0.27 0.72 0.53 0.35 0.42 0.57 0.25 0.27
7Kl Water temperature (C) 275 27.8 20.4 155 10.0 10.3 115 14.3 15.9 27.6 28.9
iﬁﬁﬁiﬁéz:;otential 193 113 119 100 175 133 160 107 113 200 120
#1532 Conductivity (us/cm) 551 535 456 412 345 355 375 371 363 420 421
A% Total nitrogen (mg/L) 2.46 242 1.50 291 3.07 2.78 3.26 3.29 3.34 242 2.70
Z % Ammonia nitrogen (mg/L) 1.26 0.55 0.32 0.67 0.68 0.97 1.22 1.23 1.28 0.71 0.95
% Nitrate nitrogen (mg/L) 0.26 0.48 0.40 0.55 0.79 0.65 0.75 0.89 0.46 0.29 0.29
5T Total phosphorous (mg/L) 0.58 0.34 0.34 0.24 0.22 0.15 0.33 0.11 0.07 0.38 0.28
M2 & Phosphate (mg/L) 0.28 0.11 0.04 0.04 0.05 0.05 0.11 0.04 0.04 0.04 0.04
n£43 a Chlorophyll a (ug/L) 814 960 1567 871 556 400 666 697 640 2146 1454
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B EERAIK . KRR RGN, AZKIR UK,
£710°C, HFRERE, £928C. KAEDEN
AL G Y 1.50 ~ 3.34 mg/L, HARAE HILAE 10
H, s HIAE 4 7, BB a >y 0.07 ~
0.58 mg/L, HILMEHINAE 4 H, fEE HIAE
7 H Mgk a AR LIE A 40.0 ~ 214.6 pg/L,
BRACEHIAE L, B EEIAES H.
2.2 FhRAM

2014 4 7 H % 2015 4F 6 FATE=fwiIR
LR 5 9 B 17 J& 22 B, Hrh
FKA3Fh, HEE M (R 2. ARZFTFIRE
B A REE AR, AN E T 14 F0, KFE
16 F, £z 15 M, HFZF 17 M. HHREES K
#% ( Diaphanosoma brachyurum ) . £ fi§ &
( Daphnia cucullata) . & 3k # i€ #% ( Moina

irrasa). K#i% &% (Bosmina longirostris).
FE A TV 7K & (Onychocamptus mohammed)
45 617K % (Cyclops vicinus) A1 it &1 /K %%
(Mesocyclops leuckarti) 7£ 4 N5 K4 H .
XUy AlL % (Pseudosida bidentata). SR
( Daphnia pulex ) « i % 22 % #% ( Alona
rectangula) F1PY 5l 4= I 61 /K &%  (Limnoithona
tetraspina) &8 RAEFEAN AT L. BRI,
2R FNA TR0 B 5w s A AR UM R LIk
(0.45, 0.50), HEFENHEEEARRL HALZ T Z
[ AT G 0.60 ~ 0.72, HFE A
HHEEAL (3R 3).
23 EE

= AR RS A A IR AR AT
74 0.6~13.1ind/L, 2 FHELRN 37+

B2 AR P s MR R AR

Table 2 Species list of planktonic crustaceans in Sanjiao Lake

i Family Fi Species Sufmer Aufﬁmn Wiér:(ter Spﬁng

7 {7 %%} Leptodoridae 3% B 7 7% Leptodora kindti + +

il %A} Sididae i £ 75 74 7% Diaphanosoma brachyurum + + + +
K 7544 D. leuchtenbergianum + + +
Uil ik 7% Pseudosida bidentata +

%%} Daphnidae i Daphnia cucullata + + + +
[A]J%3% D. similis + ¥ +
FR% D. pulex +

£t &%l Chydoridae B AR % Moina rectirostris + + +
KSRARIEZIE M. irrasa + + + +
JeE - H % Pleuroxus laevis + + +
YRFE AL 7% Chydorus ovalis + + +
HEIERETE Alona rectangula +

% & %R} Bosminidae KA %R 5% Bosmina longirostris + + + +

¥ F 4%k FF} Laophontidae #0 4 JTUR 7K % Onychocamptus mohammed + + + +

R4k F A} Centropagidae 7R AEY K % Sinocalanus dorrii + + +

K g 817K &%} Limnoithona VY %5 i 617K % Limnoithona tetraspina +

8|7k ZF} Cyclopidae HEZ H 817K & Eucyclops serrulatus + + +
JE4RS8I7K % Cyclops vicinus + + + +
Sk )@ 1 Fh Cyclops sp. + +
#5 377N 7K F& Microclops varicaricans + + +
A 1] 7K #& Mesocyclops leuckarti + + + +
% 817K & Thermocyclops brevifurcatus + +
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Table 3  Species similarity index of planktonic
crustaceans community among different seasons

in Sanjiao Lake

Pl 78 % &
Summer Autumn Winter Spring
% Summer 0.50 0.45 0.63
K Autumn 0.50 0.72 0.65
4 Winter 0.45 0.72 0.60
% Spring 0.63 0.65 0.60

3.6) ind/L. EZHRIKZ =M H 5t sh
FERG, ARMEHPE 10 A4, 10 Af)sE,
W EW T, B A AR IR 2
ZJE BN RR 3 A 2.6 ind/Ls B 5. 6
RO ah, BRRBRBTCTThR GRA, 45 E%
FE ) 55.2% ~ 95.4% (/& 2).
2.4 HFp

= A RSP AR IEARS
KE RHBEE 0.073). J A&k (0.067).
RELMENER% (0.066). 5 /NGIZK % (0.048),
HAIERE (0.026). K FHAEE (0.023) i
KA RERX (0.023). JALHE M ARE HAH

BT (B3, WizAlsK & A i
SIKE, B, KERBERIK, 4. FERH
FEiEr, IRAREIIK 2 2 AL ik 0.278,
I ARSI E 4 A ANk 0.368. Kk
JERAE A R FF R BAERAL, MER. K
BA R AR,
25 B%REAME

= R R ST B ) R A
Simpson 5 £ LK 4. YR EE E TN 6
~ 15, “FEMEA 10 23, Fafd HBE 11 A4,
ARG HIAE 8 Hy. Bk L, BORFIFFZ
e SR R R, TR R EUIK (6 ~
9 F . VR H FEBIRETE Simpson FEECR L
24 0.76 ~ 0.90, ~F-34J{E )y 0.80 £0.04, i
EHILE 11 Ay, AL BB K,
26 WFFFRIMEREETFRIRR

Pearson fHK TR, BERKEHERE A
TR HiKkiE (r -0.759, P<0.01, n=
1), X (r=-0817, P<0.01, n=11)
MEA (r=0663, P<0.05 n=11) ¥k
RIEE; MAREESHER a HCRREE
(r=0.712, P<0.01, n=11); FiFHFHY
M KIRA R R B (r=-0636, P<

—0O— #1265 Cladocera —a— /23S Copepods  —O— FET74h{4 Nauplius —@— L {& Total

% HE Density (ind/L)

B2 =AM REETREN

Fig. 2 Seasonal variation of planktonic crustacean density in Sanjiao Lake
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Fig. 3 Seasonal variation of planktonic crustacean dominance in Sanjiao Lake
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Fig. 4 Species richness and Simpson index of planktonic crustacean community in Sanjiao Lake

0.05, n = 11); JFiFH 7Y% fE 5 HARIR
R FHHRKRANEE (P>0.05).

CCA T iEn(F 5), IREAF /KR (WT)
BB (SD) I T 120 1 £ 1) 2 VAL 56
(P < 0.05), & BH /KR A7 BH FE A2 5200 = A 1513
Uiie H 52 3 W) P 4H R ZE Y AR A 1Y) R ER R R
. CCA EIZE M 1 30.8%i%iE H 5tz
VIRhEHR 077 22, AT RMIL AR T 43.5%1F
S shi M EEE 77 2. B iEES5KIR

R (r=0.97), R T/KEBEE, 5~8 HK
A, 11 HEWEE 2 KRR, 5 M
BEFAEA (r = 0.65), fAF ViEVER
FE, 12 HiBEWIE i, 5~8 HiBEW R, &
B . ELAURIE R DU AR Rk
TR 388 R 2R 801 7K 2R S5 A0 [ 7 7K IR 5

FEHEARZET L. 11 H 2K 2 /KRR
fiC, IEARBKE. A EIKE BELNEIK
KA G SRS T KRG B
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bidentata; D_cucull. Daphnia cucullata; D_simili. Daphnia similis; D_pulex. Daphnia pulex; M_rectir. Moina rectirostris; M_irrasa. Moina
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vicinus; M_varica. Microclops varicaricans; M_leucka. Mesocyclops leuckarti; Thermocy. Thermocyclops brevifurcatus; Cyclops1. Cyclops sp.

(W55 1979, W ERVER ST TR H 5%
VI 1979 BRI HAF S e
Bl (G 2010), B MRS T H 75
AL (ZEILESE 2006). =BT S2sh )
HEER (3.7 £3.6) ind/L, ZFEFHEALTKIT
R U X A AR, QO R TR I H

ERZETT B
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3.1 BRI EIERHME
KRR, =AW e sh YRR 5
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B AN 119.7 ind/L, JEFEIN 61.0 ~
264.8 ind/L (KIZL45 2005), KAARFEE
A AKP FOMEZRE « IO X VS VS 731 F 2 3
WEE FE 43 14 199 ind/L. 150 ind/L 11 91 ind/L
CEFEE 2014) . 1 [FFEAL T IT A R X 1)
BB IR TN B R R O R R
BIVNE KPS = A, “FIME 4.4 ind/L,
JEH] 0.5 ~ 15.9 ind/L (PMFI%E 2012). — il
A2 i s A, TR S ek
W& E B KRAE R =MW s sh s i
KBRS LT, (HERE A R ASAH [H]
(FIEIEE 2012), FIREEREEBIAMAESS ., sk
V8 FRER AR SR K.
32 HWHEHRIMEHEFTIIRNEWE T

KR A VUi T e B R VA S5 2R T Bh A B
HEEMERN T2 — (RIS 2010, Kik
SRS [F R ALV R Fe A AR ST
|y a sy E N b s AL )
BEVEH R (Maier 1989) . A% 1 25 58 1 5] TR
RZET, R 5 2R RO D8 & A R
M5 A IR N ok Z 1) 4 2545 TR &
Rifig /1 (BKIBEHESE 2014), WAl &I /K K EK
208 25 ~ 27°C B 7E AR UK X9 2% (FRE 1
1984) . — fHiBAA A ARG i 28 % B A =T AR AL
FAR S T IX — 4R, RS 5. 6 I
KTBRFE, mHALA M ER LR, e
WIRE FEAE 2 A4 ik BIEAH

— NN, PRI B FE S KR R IR
R, . HERE, K. AFERIK PiES
& 2010, 1RHFEE 2016). T =W 555
VIREVR S KRR R RARE, Bk
R SKEEAMIG, XaTRE AR E &
J1 Ko PRI IIRRS ], A0 AR AR 25
WiAT EE T, HEANPTREN, Hak
SN U F S MR I — A AR R T
R R ) — e R AL B 5w sh
YIS AR (NFE 5% 2015); i,
SRR T RN AR B K TR 2R (TR 55
2012) . = ffibil e s (1) FREE R , R 2 ~ 3

AR et . i mfh, B2 amE
KHEZE, XV 2 E e R, FF
11~ 12 A ke, FiER s ek
Wb IRTTREREE . BRI E IS8T =M
T P e B FE = AR i, BV 2R
B, AFRE, KEETHRERGRA.
XEXNE L (2015) 165 ALIA 4500 50
RG0S A H I ot
S R EY R, e SRR SN
A4k (Vanni 1988, #EESF 1998, Iglesias et
al. 2011). WHICRE, i, ST TS IR T
YRR S (L% 2013). —
M, BRERERZ KRB MTTKE, BAEL
PRIERE . KSR KA R R /N Rk
NARAF, IX ]RGS = A R A
TR I A B A R

bR TR &R JIsm A, PR SLsh
JEE I ZE AR AIE FT R KA T I sh A ()
BAEHA X (XS 2016). =M EA H
BRIKALS), B RO, i
SEANYE AT W R AR RN, 1T & ZE KA
B, FRRENN . TR sl B 5K
RS TR, BoRZ=T5 PRI K AL B 5
it FR ST B

BT A5 R R R R e s AR K
AR ) F E R F 22— (Xie et al. 2000,
Stefanidis et al. 2010) ., % & 77 th /K P T+,
RIS FE AR RN, T R S sh iR Ak
2 P EYRIE, AR TR s Ak
— NN, PRI A R B AR e S Ak
FamEEIEMG (FHEE 2014). —MiblT
W RS SR a SRR
B3, JFRAREEWETKTORMRE, B
KEE, GMEIECATZEFEFRIIMEK
F1 B i BT 7 o

T A — e FE T BE I WK B PR
TEARIR IR, AR, EWHER S,
AR 2RI =, 2 T R A R R,
IKAA 375 B FE B ARG o 375 BH 5 A2 5 ) 01 FR 52804



5 1] WrIESE: aQ = Al 1 e sh I REVE 4504
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YRh A R ZET B S FE IR T2 — (Estlander
etal. 2009, FIEHEE 2012), AWK ER, &
B 55t R — AT Ui R e s VA 2B B)
SH—AEERF,

= AR AR AU KR KA
375 BRSPS R s, i BLAEAR RAR B b
Z i P K IR TG B s, BPEE )
BB 71 38T i A BRI, BV
NEME . = E S RN E, TRIEEY)
Y 25 B TS IA 102 % 108 ind/L (s
2014), fFIERR R IE KL RS . JUF IE K
FIAE (1) /K= FRGEIG B, — 5 T AT LAY/ D TR
By H B it AR it 2 S5 Tl e SR 1R K B ¥
7, A LARRAR AR S I TS s R I
TR, TRV e oo R i
HN, fRHHES RGN RENEIR.
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