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Relationships between zooplankton and water environmental factors in Shahu Lake,
Ningxia of Northwest China: A multivariate analysis. QIU Xiao-cong'”* ", ZHAO Hong-
xue”, SUN Xiao-xue® (' School of Civil and Conservancy Engineering, Ningxia University, Yin-
chuan 750021, China; > School of Life Science, Ningxia University, Yinchuan 750021, China).
Chinese Journal of Ecology, 2012, 31(4) : 896-901.

Abstract: Multiple stepwise regression analysis, path analysis and canonical correspondence
analysis were employed to study the relationships between the zooplankton density, biomass, and
distribution and the water environmental factors in Shahu Lake, Ningxia of Northwest China in
April, July, and October 2009 and January 2010. The zooplankton density had significant linear
correlations with the chlorophyll a, total nitrogen (TN) , and total phosphorous (TP) concentra-
tions in the Lake, and the significance was in the order of chlorophyll a, TN and TP. The zoo-
plankton biomass had significant linear correlations with chlorophyll a and TN concentrations,
SD, and COD,,, , and the significance was in the order of chlorophyll a, TN, SD and COD,,, .
The chlorophyll a and TN concentrations had the strongest direct effect on the zooplankton,
whereas the other water environmental factors had indirect effect on the zooplankton by influen-
cing chlorophyll a concentration. Based on canonical correspondence analysis, the 16 zooplank-
ton species adapted to different water environments in the Lake were divided into 3 groups. Chlo-
rophyll a, COD,;,, temperature and TP were the main water environmental factors affecting the
community structure and the spatiotemporal distribution of the zooplankton in the Lake.

Key words: zooplankton; density; biomass; multiple stepwise regression analysis; path analy-
sis; canonical correspondence analysis.
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J HRP oA AV AR b 5 K ER BRI 1 2 V) DG B
VR SRR S50 S ) R 2 B 2 T R
W), LRG| pH | S B R KR B
REFEAEYH T LA E EYR 5e 4 KA
TRAAE ) A R L 55 A P - (Aoyagui & Bone-
cker, 2004 ; Hessen et al. ,2006; Wu et al. ,2008)
TR S A [ A X 7K B 52 745 A 118 S e 3 7
FIEAAH ], V7 ie sl 0 T 7 45 4 Fn 2 9 s Ak
DA SR A o A 5 00 X6 W T DA 7K 3R B o i HL A
BN ( EHTHRSE 2008)

YOI S v S X 4 1 XL 4 X Ak
B2 (106°18'45"E ,38°45'N) , =T B ik KK
SRP KA, MR 45, 1 km?, Pl K @R 8. 2
km® PEKEE2. 2 m, Fih 4.3 ¢ L7 VI AR
STOWLFS T AIRE 1998 AR 51 o [ 52 9 A SR KU s A4
X, AERBEE 2 T AR 25 1 & & | i i B R
FhAE AT, B ATV WK AR 2 B E R SRR
(BRLI T 5 ,2010) , ABFFEF 2009 454 H .7 H .10
H 2010 4F 1 H 43 #r Fi s 1 U0 1 17 iF sh i B
JiE AR SO e KRB TR AR, IR it £ o4
BT AT e sh 2 R AR 5K
IR F2Z M6 R, DU U & 8 Rk Bl S
A FRFF S ) T SRS R0 AR 42 AT

1 #R5EFEE

1.1 AR 5 SR AL ]

RV B SR S FIE R, 7RV B T S
AKRFES (B 1), 0500 T sy T HEKE,
W+—BA VPOV S5, 72009 44 H(F) .
7 H(E) 10 H (k) 2010 4E 1 H (&) Xk
HEATHRE IR A, FE S SRR BT W) S B g A
9.00—11.:00 #17,

1 DEMRERSHREE

Fig.1 Locations of sampling sites in Shahu Lake
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e HUEYER 25 SRR I HE I, B M 2R
JEZEVER 13 S REH, B3 5% PREFE E, &
HREA RS R 10 LK, FH 25 S 37 9 W i
YR AR, S5 A 5% WS 18 %2 (4 AH L RN B 3 B
1990) , L= NI TIRIFS Y T 2 AT,
1.3 JKIRBEFE AR E

IKFERREE S LA ML AR R R K 25 R 4
BN S ERIZ 0.5 m FIE/KIE 0.5 m IR A /K
FE L B L B R A0 T A 2 AP e B T,
WEFHAHIR B /O B T | A2 S0 FH B 1= 4 TR
B AR ER a O I SR T A OB B (R T
H s ,2000)

1.4 Zitsrth

1.4.1 ZAEESHT 0l ARSI (ZD) |
AW (ZB) M AR LIKIR (WT) | pH 35 B
(SD) EE(TN) B (TP) A7 A it (CODy, )
43 a & (Chla) i AR i, 4738 40 14 43
B, s W E R (B e SCRS 5E,2002)

1.4.2 GEARAT THE [ AR ) R AR S e AR X
FEMER G E——E 18 R 5, I nDRE AR R B
il Ay ELHEAE R BRI 422/ 3R 8, o X B AR R
e XoF (L Lo Al v ot PR AR T R R R A A
g S R (BB 45,2008 ), FH DPS 9. 50 %X
PF5E

1.4.3  BEXN 5T R Canoco 4. 5 #AFXT4)
FhECHE AR B 4T CCA 40T, YR BICHE 28438 075
BE A SCH T HEP 9 P Fh SR 0 2 T T A 2 %
Vb EAERE S5 B3 (B H A R 1Y)
FPESAE R LR = 25% )  IZW e 2= /b —
AFES AT B = 0.5% , ILOfk ) 16 Fhiziiz
T A IE, RV ORI R sh A
WL R B M2t 1g(x+ 1) B5 4 K IREE R
FB% pH (AN, #BIEAT 1g(x+1) §5 45 ( Flores & Bar-
one,1998) , HEJF 25 5 FH 4 B -30 55 A OC 3 1 BUF
BRIFEw,

2 ZERESW

2.1 PRSI SRR R B2 A8 [l o B

A IK RT3 i Sh 4 2 B A ST
VERIAS ASAHIR] 328 20 181 U= 73 B Rl LA 35 Y 5 97 10 2l
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Table 1 Seasonal variation of density, biomass of zooplankton and water environmental factors in Shahu Lake

Ei=tan HE RS [/ Ex &
W (10% cells - L) 413.80+154. 25 457.00+107. 07 623. 60+195. 71 212. 80+26. 39
Y (mg - L71) 0.91+0. 30 1. 09+0. 25 1.20+0. 47 0. 41:£0. 09
MH4EE a i (pg - L) 9.94+1.13 23.03+4. 58 17.33+3.73 5.320.97
WT(C) 13.420.3 22.5+0.4 14.7+0.7 1.20. 1
pH 8. 60+0. 20 8.67+0. 12 8. 63+0. 09 8.75+0. 11
SD(em) 59.4+15.2 29.0+7. 4 25.0+8.4 66. 4+9. 6
TN(mg - L") 1. 6380. 129 1.412=0. 145 1. 602+0. 169 1.2620. 188
TP(mg - L") 0.236+0. 024 0.222+0. 022 0. 207+0. 021 0. 171+0. 029
bF T AR (mg « L) 9.98:x1.862 12.78+2. 80 14.85+3.26 10. 63=1. 85
N/P 6. 96+0. 35 6. 37+0. 43 7.750. 56 7.410. 54

A L2 T A N 5 A, I AT O R e A
5, ARYEZ A H Oy R 2 WA 35 , 5 ST V0 0 1Y) 7
T B e A=y i 5 7K IR BE B - 1938 45 119 43 A
SRR 2, 2 A E 5 R AR OC R B R {5
5124 0. 940 F1 0. 928, Durbin-Watson 4t 31 & #54% i
2, B EH A AL

TR % B R A A 4 3 o
W RV 3 T AR VR I S A e 1 TR
AR a it BV BA R EE 4 D
T Ak,

R TR KA Rl sh W R A
EVEFB RN, P EE R AT,
2.2 R S KEREE IR T E AR A pT

YRR, BBEE AR a & LR 31 4
i, HRICHIERIER (£ 3) .,

X I Ui sl A A ) LR R/ INHEB AR R Sy
M2 2 a Ot SR BV fb2ET A B A
2 S O I Ui Sl 0 A A ) LR RS A 7 e
H(#4),

2.3 VRIS S K IAEE R T B R 43 B

M 6 AT, CCA HEF ) 4= BRI (8 g B T 77
T YIREYE S SRR RE Y 79. 3% |, 1T WG /> HE 5 il 1) 4
HE B 43 53140, 230 F110. 079 , F /i B 1 IR s sh Wy it

x4 FHEIMEVESKRERFENBERE
Table 4 Path coefficient analysis between biomass of zooto-
plankton and water environmental factors in Shahu Lake

et h o e . AT A AR P,
WHEREE a kX I U 3 0 0 11 T A UL 1o, T—
it kU biiku) bibus
K, HUR Ry SRR, S B VR R 17 1m) InChla____ InSD TN InCOD,
InChla 0.516 0.204 0.208 -0. 094
R2 ERPNSAFERFHESEASE InSD 026 -0.400 0139 0.081
Table 2 Stepwise multiple regression between zooplankton InTN 0.448 0.240 0.081 -0.061
and water environmental factors in Shahu Lake InCODy;, -0.142 0.343 0.150 0.193
4 ] ) 7 R p Y 0. 862
I sh ) InZD=1.2813+0. 7743InChla+ 0.940 0.0001
i?j% InZB : 108(1381;12]\1_01.515‘;29911125 0.928 0.0001 &S CCA SHAFHHDHXAE
FRUes)Y)  InZB = - 0. 4876 + 0. 5509InChla - 0. : Table 5 Codes of lank ies f A
et 0. 23601nSD + 1. 64041nTN — able odes of zootoplankton species for CC
0. 30631InCOD,, Ry Fhk R Ak
SU Y RE I Trichotria tetractis SO A Monostyla lunaris
o . - . - . 2 R % L Brachionus S10 ﬁﬁ%ﬁi%ﬂflsﬂanchna
=3 EFFPWEESKREERFENBEZRY angularis priodonta
Table 3 Path coefficient analysis between density of zooto- S3 EALRE R4S H Brachionus SI1 JEEHEH Gastropus sp.
plankton and water environmental factors in Shahu Lake calyciflorus
: % orate = Trichocera s
TE T R 7, ¥ RPRERRIwde | SRR Tioore s
P S S S
! Lt ﬁ'd ﬁd S5 (iR ES I Keratella valga S13 {ﬁﬂﬁ%ﬁﬂi?@EPolyarthm
InChla InTN InTP :
dolichoptera
InChla 0.814 0.31 -0.283 S6 BRI M Keratella S14 K =JEFe I Filinia longiseta
InTN 0. 669 0.379 -0. 346 cochlearts
InTP -0. 436 0. 528 0. 530 S7  RIFRH Rhinoglena frontalig| S15 ARSI K Cyclops vicinus vicinus
YeE 25 0. 884 S8 AR Lecane luna S16 14l & Nauplius
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Table 6 Summary statistics for the axes of CCA performed
on zooplankton in Shahu Lake D
iH Herp b 85

1 2 3 4 S13, pH c @
FRAEAE 0.230 0.079 0.051 0.004 s stgu » A
P25 B T TE]AH DG 0.946 0.941 0.795 0.522 DMn o sufl an 12 S8
Yk REUE 735K 50.1 67.2 78.3 79.3 A
YFh SRR BRREE B 62.7  83.8 97.7  98.9
4 AHET R AR (LS R 0. 460 Chla TP
AR MSERHIE (LB AN 0. 396 10 WT

208 ' ' ' ' ' 1o

KA SR 67.2% , 16 DR 8 AN /K B A
THEFF Sl (5 —HERF R EE —HEE Bl B9 A G R AL
HOIRENT 0.94 DL, FOAHEY BB 5 Ay Hh S5 e V7 i
SRR FRIM R, NFRTHB, X TY
Fofr, 55 — HE 3 il 58— HE e il 1R A DG R Bl -
0. 062 , 73X P A~HE ¥ 4l JL-F- FH 5 3 L % /K 3R
B 7, B A HE PRl A A OC 2R 50 0, T8 IH HE 45 2R
JEA R (ter Braak 1986 ;7 i PE4: 2003) .

FIFH Canoco 4. 5 BAERT 5 - RAE 5 U Z=0 45 19
8 KIS F 4 S 3 5 Hh i) 16 FPIF iz o9 A
P BRI T T CCA HEP

Hige 7 A 2 WAL 42 o i B b
AR —H P EE W N T B
S —HERF S M B K, AR W 3 I A G Hak 1k
A MR a TESE —HT RN T R
AHIE, HH 5 R B4 91 M 0. 606 F1-0. 551, Hif A 1
AAE DGR N . 558 —HE P Rl b 35 AH DG i K A5

®7 EI2 A MHEFHRERER T Z EEEX R

Table 7 Correlation coefficients of water environmental
factors with the first two axes of CCA

SPECAX1 SPEC X2 ENVIAXI1 ENVIAX2
SPECAX1 1
SPECAX2 -0. 062 1
ENVIAX1 0.946 " * 0 1
ENVIAX2 0 0.941" " 0 1
Chla -0.551"" -0.592"* -0.583"" -0.629""
wT -0. 144 -0.849* " -0.152 -0.902 " "
pH -0. 080 0. 066 -0. 085 0.070
SD 0.709 " * 0. 351 0.749 " * 0.373
TN 0. 175 -0. 187 0. 185 -0. 199
TP 0. 050 -0.593* " 0.053 -0.630" "
N/P 0.127 0.683" " 0.134 0.726 " *
CODy, -0.606** -0.018 -0.640** -0.019

SPECAXI : ¥R HEFF Al 1 ; SPEC X2 - #FhHEIF %l 2; ENVIAXT . 5
FHET 4l 1 ENVIAX2 . BRI FHEP 4l 2.+ P<0.05, % = P<
0.01,

2 16 MRS 5KIREREFH CCA HiFE
Fig.2 CCA ordination biplot between zooplankton species
and water environmental factors

AR a S KR EBE A, Hp Ao
PRI A KR, A0 C R B0 - 0. 849, T2 A I 2 171
FHSE  HVK, U He 5 58— HE T i S 0 IR L
MIEREH 0.683; 44K a o BB SH _HF
2 A S B DG, M O R B i Dk - 0,592 Al
-0.593, XFTRF Bl 5% 3R W K IR 85 R 2
JE BT T TR a B KR B
LR,

FIIH CCA XF 5 A RAE S DU Z= A5 1Y 8 4> 7K IR
B2 TR0 & 16 FhiF e sh W A= s B e A T HE T
HEF 25 520 16 Fh 2R sh W53 3 4L (E 2) .
M1 EFE TR A MR R A R
HRT AR R KR R K g E R
A7 B, 412 ford g AR EIK A 2 Fib
R, A3 wiE AR R SRR R ik
33 Fir,

3 i i

3.1 WIS B AR S KRB R G
E

VIR SIS p 3 A [ RE R EaI Y/ la R s = e B4
BRI AR b S W Ry B L A A B DR, R )
TS Y K A — D E 2 & (Luiz & Win-
fried 1997 ; Sarma et al. ,2005 ; FFI6#55,2010) , 70
AR XS V7 B9 ) 1) %% B AR ) i 5 e I 2%, (HLOF:
KA A T #8 U BV 7K i 3 22 o 5
MR 2R a 1 dk f ] 22 5% e 0 Ui 30 ) %) %8 B R A=
Y,

IKAAR ) pH B 2 5% M 7 4 31 40 53 A 1 — A4~ 1A
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RN sh ), HE B R pH (A [, R 43
WA, o T YA AR AR s, pH (B 25 (8]
EARIL N ORI Sl W) B 52 RN

W FERE N — e R BE b S KA PR IAE ) 1)
I PRIFAE R 22 | K A7 B BRI s e =z, )3 )
R, BURZR MRS T U R ) 5 e i 2
KA (IR AEAE,2009) , 56 H A7 i 535 B JE TE R
S B[] B 5t B — 2 B A OGP (T RS /) e
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MIOFHEAMCER, FEEL MR a T EEM0
RIS A i

KA B R B AR SR RN S A
W), Fifi 2 SR 25 2 R 1, T TE v D S A e e
REJE B E FF%(Jeppesen et al. ,2000) , HJH P45
R E SRR S M RSS2 BN W 1 )
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2010) o SRBUAR MR I ) 1) 85 8 R AR W ol i
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