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Abstract; This study aimed to understand the characteristics of zooplankton community structure and their association with
environmental factors in different sources of drinking water. A seasonal investigation was conducted on zooplankton from two
drinking water sources (8 rivers and 8 reservoirs) in Zhejiang Province, China, from January 2010 to October 2011. A total
of 21 dominant species ( genus) of zooplankton (8 Rotifera, 5 Cladocera, 5 Cyclopoida, and 3 Calanoida) were recorded.
The primary dominant species in each group of zooplankton were Polyarthra trigla, Bosmina longirosiris, Thermocyclops
dybowskii, and Sinocalanus dorrii, respectively. Nine of the dominant species ( genera) were at the same time indicator
species of water trophic state. The more frequently that indicator species of trophic state occurred, the more comprehensive
the trophic level index (TLIc) (P < 0.01) of the rivers was. Over the 2-year study period, the average density of
zooplankton in the rivers and reservoirs was 345.2 ind./L and 199.4 ind./L, respectively, while the biomass was 0.667 mg/
L and 0.421 mg/L, respectively. Rotifer and copepod nauplii dominated both the rivers and reservoirs, representing 87.9%

and 88.3% density, respectively. Crustaceans were mainly Cyclopoida, which had 2 times the biomass of Calanoida in the
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rivers, whereas Calanoida had 2 times the biomass of Cyclopoida in the reservoirs. The river community density ( biomass)
coefficient of variation ranged between 158.2% and 325.5% , while that of reservoirs ranged between 107.8% and 345.2%.
The results of the stepwise regression analysis showed that the correlative coefficient between the density ( biomass) of the
zooplankton community and the water quality factors was much higher in the rivers (P < 0.01) than in the reservoirs (P <
0.05) . Total phosphorus (TP ) and ammonia nitrogen primarily occurred in the rivers and the reservoirs in all effective
regression equations, respectively. Path and decision coefficient analysis showed that TP and chlorophyll a ( Chl.a) content
in the rivers had a positive effect on the population dynamics of the zooplankton community (rotifers, copepod nauplii, and
Cyclops) , whereas dissolved oxygen content had a negative effect. TP was the most important factor affecting population
dynamics of rotifers, copepod nauplii, and Cyclops in the rivers, whereas Chl.a was the most important factor limiting the
communities growth. The reservoir fishery resources aquaculture might cause zooplankton abundance to decline, the
Calanoida community to gradually disappear, and the water trophic state to transform from nitrogen limitation conditions to
phosphorus limitation conditions. The river community ( rotifers, copepod nauplii, and Cyclops) density ( biomass) had a
significant linear regression relationship with the water trophic index TLlc,,, ., (TLlcy,,, ) (P < 0.001). Copepod nauplii
density constituted a limiting factor for TLlc,,,; , due to its maximum average coefficient of variation (261.8% ). Rotifer
biomass constituted a limiting factor for TLlcy,, .., due to its maximum average coefficient of variation (257.9%). The
average variation coefficient of Cyclops density ( biomass) was moderate, with small fluctuations; thus, this group
represented the most important and stable water quality indicator. The study results provide an important reference for
selecting specific expansion indicators of the zooplankton community in water quality monitoring. None of the zooplankton

community density ( biomass) groups in the reservoirs had any significant linear regression relationships with the water TLIc

(P >0.05)

Key Words: Drinking water sources; zooplankton; stepwise regression analysis; path analysis; comprehensive of trophic

level index
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Fig. 1 Distribution of zooplankton sampling stations in the drinking water sources, Zhejiang
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2.2 FEERRFR AR E B SRR R

2010—2011 4E[A1A 21 Fr(J& ) il sh P (e 8 Bf2E 5 8K 5 AP KE 3) kB AMRLE (R 2) ,
SRR — LMo R SR 2 R B ( Polyarthra trigla) A Hi 42 538 ( Bosmina longirostris ) LR &1 7K
7% ( Thermocyclops dybowskii ) Fi7REAEPT 7K 3% ( Sinocalanus dorrii) , 2011 4E] ) 5 7K A& 48 oy 81 7K & B9 08 A
BILE 2010 4EG A0 T 1 B TR ZEFNIT K & B OL AN A3 > T3 BT 1 2011 AR K PR RS HUR AR SR L

2010 AFH TN T 2 i, MRS SK S ALK B PLEFPIIE T 1 Fh

1 20102012 EXKRSEHCFHELPREE)

Table 1 Water quality parameters in the sampling stations in the drinking water sources during 2010—2012 ( mean + SD)

R

BAE(TN)

SBECTP)

MERE a

;':'i:i Dissolved pgl—ifiﬁue Total nitrogen Total phosphorus Ammonia Chlorophyll a Eﬁ "II?P%
oxygen mg/L mg/L mg/L nitrogen mg/L ng/L

H1 6.50+1.43"" 7.58+0.22 2.630+0.638 0.090+0.025¢ 0.420+0.256¢ 0.898+0.333" 29.84+9.48¢
H2 6.61+1.34F 7.62+0.23 2.776+0.668 0.093+0.039¢ 0.432+0.286° 1.105+0.260" 34.10+14.30%¢
H3 6.35+1.19"¢ 7.51x0.18¢ 2.622+0.610 0.088+0.038°¢ 0.416+0.243¢ 0.671+0.236" 34.04+15.635¢
H4 7.18+2.51 7.63+0.29 3.487+0.433% 0.081+0.015" 0.444+0.193¢ 0.699+0.284° 44.70+11.348¢
H5 8.32+2.84 8.05+0.29" 2.477+0.981 0.152£0.053" 0.391+0.321¢ 3.125+3.282 19.74x13.41¢
H6 8.72+2.96 8.01+0.23F 1.786+0.725 0.119£0.039%¢ 0.228+0.167°¢ 4.334+5.236 16.31+8.61°¢
H7 3.21+0.88" 7.45+0.40¢ 5.723+1.773* 0.320+0.098* 2.190+1.000* 3.518+2.641 18.90+7.08°¢
H8 6.14x1.78" 7.48+0.31¢ 5.099+1.808* 0.320+0.099* 1.009+0.983" 3.648+1.817 16.15+5.24¢
K1 8.85+1.01F 7.43+0.21¢ 0.469+0.426" 0.016+0.003" 0.066+0.077¢ 1.177+0.695" 31.33+10.32%¢
K2 8.84+1.50F 7.69+0.77 0.607£0.152F 0.019+0.005" 0.306+0.174°¢ 2.212+2.467 34.44+14.00%¢
K3 9.28+1.244 7.76+0.40 0.550+0.457" 0.015+0.006" 0.031+0.012¢ 2.405+3.061 30.90+40.408¢
K4 8.21+1.04 7.41£0.60¢ 0.788+0.173%F 0.026+0.009 " 0.085+0.029¢ 5.972+6.804" 36.13+24.845¢
K5 8.19+1.18 7.27+0.56¢ 0.706+0.183" 0.024+0.011" 0.094+0.034¢ 1.603+1.796 37.58+26.445¢
K6 8.45+0.81 7.39£0.44¢ 1.939+0.365" 0.008+0.004" 0.083+0.019¢ 1.198+1.039 291.53+132.40"
K7 7.66+1.09 7.41£0.52°¢ 0.916+0.126"FF 0.014+0.010" 0.088+0.049°¢ 3.334+4.353 82.53+26.05"°
K8 9.10+0.754" 7.35+0.17¢ 0.466+0.028" 0.012+0.004" 0.147+0.106° 1.936+1.065 41.88+13.848¢

L ARF AR B 2R (P =0.01)

2010 AR P AR | IR AK Tl H AR K 3 ( Sinocalanus sinensis ) {UHIAE 10 H A3 HS—H6 3, 35 i 2
15 102.0 ind./L,ZMKT BUK 00 A 5 Z 19 478 I8 7K & ( Limnoithona sinensis) , FREEF3I% 8 (LHJE)
R IR A S B (Asplanchna sp.)13.9 ind./L(0.017) , 52 H8 3 7 H FPfEa 14 392.0 ind./L FTEL; 46
Y H 58 0L ( Keratella quadrata)10.4 ind./1(0.017) fIH A% I G/K 2 2.5 ind./L(0.016) %, 2011 4F/KJE
AR JE SR AN TE 1 A3 A K5 K6 3l R AP K S WIFE KS 3 i 25 B ik 88.0 ind./L,
F2 WAKIEME R B BERE (ind/L) RERBE ()

Table 2 Zooplankton dominant species, population density(ind./I.) and dominance(y)in the drinking water sources
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W[ Rivers JK J% Reservoirs
T4 A Species composition 2010 2011 2010 2011
ind./L (y) ind./L (y) ind./L (y) ind./L (y)

& 1 Rotifera
FHEL R Polyarthra trigla 94.4(0.179) 44.4(0.071) 24.2(0.087) 18.7(0.096)
MARE BRI W * Brachionus angularis 22.0(0.036) 28.0(0.049) 12.8(0.027) 26.0(0.063)
WAVE R H B, calyciflorus 9.5(0.020) 75.7(0.152) 9.8(0.030)
LRI M « B. diversicornis 14.3(0.034)
WEIE A0 F 48 3 Keratella cochlearis 11.7(0.027) 38.7(0.093) 7.0(0.032) 6.2(0.043)
[ 5 R4 W Trichocerca cylindrica 8.7(0.020)

TH#ERS L Asplanchna sp. 8.1(0.025)
=R Filinia sp. 14.5(0.023)
B ff25 Cladocera

KA % 523% = Bosmina longirostris 8.7(0.334) 8.4(0.597) 3.9(0.218) 3.9(0.504)
% R F K% + Diaphanosoma brachyurum 1.8(0.027) 3.1(0.077) 1.2(0.069)
I IA 1R Bosminopsis deitersi 2.0(0.078)
PRAE % = Moina sp. 2.5(0.037)

FARMLLEE = Ceriodaphnia cornuta 2.0(0.020)
7K % Cyclopoida

BRI KFE Thermocyclops taihokuensis 6.1(0.024) 2.5(0.053)
MR GIKF T, dybowskii 7.8(0.043) 2.1(0.020) 2.1(0.044) 3.6(0.093)
I A 8K 3 * Mesocyclops leuckarti 3.6(0.066) 3.6(0.028)

EABSNKFE * Cyclops vicinus 2.1(0.065)

rhAEAE G 81K F Limnoithona sinensis 3.6(0.035)
7K #& Calanoida

FREAEFT K% Sinocalanus dorrii 0.7(0.036) 0.5(0.086) 1.1(0.064) 5.5(0.190)
FABPT K S. sinensis 3.8(0.037)
F R E Neodiaptomus schmackeri 0.8(0.039)

TC & Nauplius

= N EE IR

H1ZE 2 W] DL JR] R R K e v

(P<0.01) , 1 7K 754 A 5 b v bk R 2 G BE S A DG (1T 2)

B AR RER ISR o 5100 8 Fifn 6 F, BLAL, & E FRALTR A~
A H B R 48 WL ( Brachionus spp.) JF2 U (Rotaria) FEIE 0 H 58 U VAR HLEE B ( Pompholyx sulcata) | H /)N
St W ( Trichocerca pusilla) |5 Y8R5 £3% ( Bosmina coregoni ) FRIIE 141 ( Chydorus sphaericus) %, ] [ 7l
IKIEH KR TLIc AE R G B 7% 6 8 38 A6 7 Bt ST 09 58 i b b, W08 22 () S A0 W 35 1) T AH G
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Fig. 2 Relationships between TLIc and the occurrence frequency of indicator species of trophic state in the rivers and reservoirs
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HORIRe T DR R 3 W2 sh b W LAGIK 3 R 3 BRI Pk B b, SRR sh Y& EAE 2
IR oA G 7K eI BT o5 0 E 0 e 3 e, 5 7K 2% LU 9 e 7K e A e, LA 2 B B 7 40 L A 22 4
o TAT R S R E AR IR A 17.2 ind./L( H4 %) —1619.1 ind./L( H8 3 ) ; /K EZZ 0% 51.3 ind./L(K1 ¥%)—
663.2 ind./L(K8 u) .

F3 2010—2011 FAMAKESEZHRNYWEAFE (ind./L) (hrEZ)
Table 3 Each group density (ind./L) of zooplankton in the rivers and reservoirs during 2010—2012 ( mean + SD)

B0 Years K Rivers HES/ (%) JKJE Reservoirs B (%)
2010 2011 of all zooplankton 2010 2011 of all zooplankton

4 M Rotifera 229.3+539.1  234.0+£379.0 67.1 165.1£317.7  106.7+224.6 68.2

K25 Cladocera 16.5+26.7 11.4+21.4 4.0 10.5+20.2 6.0+7.1 4.1

£17K % Cyclopoida 37.8+92.2 10.2+24.1 7.0 12.0+20.4 10.0+14.8 5.5

k% Calanoida 6.1£18.0 1.423.0 1.1 2.6+5.3 5.6+17.8 2.1

T %14 Nauplius 106.3+343.5 37.4+75.2 20.8 53.4£98.7 26.9+35.1 20.1

At Total 396.0 294.4 100 243.6 155.2 100

TA7 O K J2E 7 it sh 0 SF- 2 A W e 4339 oh 0.667 mg/L F0.421 mg/L( 3 4), 2010 457 A 1Y H7 \HS ik
B TR EF AR 9k F] 2.660 mg/L Fl 2.126 mg/L,2011 4E 1 J #Y K1 K2 357 APk A4
4313k 2.929 mg/L Fl 1.396 mg/L, L, BR 2010 430 A S 7K 35 F1 2011 AFE7K R PR S A i e e Ak,
RV R I SR E A W BT 7 A A3 LR K R 2 A K PR R K 38 A s BT o 0 43 L 1)
SETTRG 2 % 1] R0 2 I 5h 4 4F 7 24 AR W AR IR M 0.028 mg/L(2011 4E H4 ¥l )—2.456 mg/1.(2010 4 HS
) 3 /K JEARNE A 0.025 mg/L(2010 4F K7 3f)—1.167 mg/L(2010 4F K2 ) ,

F4 2010—2011 FAMANKEZSLEZHFINIFHIEWE (mg/L) (2hREE)

Table 4 Each group biomass (mg/L) of zooplankton in the rivers and reservoirs during 2010—2012 ( mean + SD)

A Years T Rivers i FAYH (%) AP Reservoirs TR (%)
2010 2011 % of all zooplankton 2010 2011 of all zooplankton

1L Rotifera 0.247+0.773 0.185+0.375 32.4 0.173+£0.458  0.122+0.268 35.1

12 Cladocera 0.177+0.280 0.097+0.172 20.5 0.114+0.225 0.051+0.055 19.7

#7K & Cyclopoida 0.274+0.632 0.078+0.180 26.4 0.047+£0.072  0.065+0.092 13.3

Pi7KFE Calanoida 0.143+0.430 0.031+0.064 13.0 0.054+0.114  0.166+0.573 26.1

Te 1T 44 Nauplius 0.077+0.226 0.024+0.046 7.6 0.033+£0.060  0.016+0.021 5.8

A1t Total 0.918 0.415 100 0.421 0.420 100

KV WE SN Y B (A=) eI ) KR R AR SIAR T VAT IR s 8 B R S R BT 161.8 % (2010 4F
FifZE) —325.5 % (2010 FFETLTHIA) £ 048 S REUAE 158.2 % (2010 4FELfA2E) —313.0 % (2010 4F4
) Z 0] 5 K VR 2 B B A8 S5 R BUTE 130.5 % (2011 AFTE 411K ) —317.9 % (2010 FH K= ) |, LW AR 7
FHUAE 107.8 % (2011 FFAEMIE) —345.2 % (2011 /K F) Z (0], X ELAR 435K A 25 [RUFIE R] [ 25 55
GEATAMTas AR 2 AR 1H], 50 HOB B (AR ) 63T I 8 R [R] K 5 b 2 B A7 78 835 (P<0.05) (B i 3 (P<
0.01) Y225 TAEAFIKEZ 8 JC i E 25, BAh,2011 4E (K JENE]) 2012 4E (T Ja]) $117K 8 19 4 ) 77
TERE (P<0.05) 25, BMRMENALSFLZ LA TR 5231 Y, 10 2010 430 X 2Z 1] R A 28 2011 4R K
Z AR AR K &, AR S A YA .35 (P<0.05) IZES5 784k, T R B A f 28 Bk S R 7k 2%
T H 0 AWEE(EYRE) BERT 1 H 4 1 WKEP B AZE SR EMPEKFNLE 1 A GE R
P
2.4 KIS HOGIF e sh Y RETE (1) 52

LB A ST BT 2B T K B S 5005 TR SRR T 2 IRD A DG LUK B B (R 5) B2 Pk &
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21 4 TROLTE 45 WL AR K IR 3 0 Sl e v A T B PS5 i 7

EOKRSECZ B BT R R AN BEAE TP AT NH,-N 2050 A5 1 0] 9 FIK 28 i A5 [l IS D7 7, 532 Wi 90 9] 4% 2
TR SR A 2922 S £ 2 DO TP A1 Chla & EZE 1R AT AYZE R, AR X 28 [N 145 AH ¢ R B AL sk
R EAN 505 Sh R 4 3 (/i) R G AR G 53 D 2 R e JEC DR A IR 2 i 79 30 43 0 A7 3
FAPHT . F 6 BTN KR TP 5t B 2 BE (LR ) AR S AR HIRBOR , HARIR A Chl.a I DO 3%
o H, TP SRR AR S E AR R T EEAE L, 0 Chl.a A1 DO & i X s A2 S B IR 4R 2 R T
EATERAE, Ho 5330 I R 255 AR T2 A A0, =5 B TP & i &2 i Sea] L o
TP 5 8 AT A — o T SR LR R 00 sh ) i v T (LR i) AR sh R B8 SRR AR i S )
AW B B TN ZR A AR AT LA DO RS ok, O NH,-N K7, B35 TE 0],
R 5 2010—2011 FA R FAK KBTS Hxt & 2KF R % K N(ind./L) F14EY & B(mg/L) MZF E A5 4

Table 5 Stepwise multiple regression between zooplankton density ( biomass) and the water environmental factors in the rivers and reservoirs

during 2010—2012

SH Tems 7Pk Regression equation P P value Zﬁ Rl

W Rivers Njup = —945.1491.6 DO+6332.3 TP-126.6 Chl.a 0.0001 0.948 0899
By = ~1.536+0.194 DO+8.798 TP-0.214 Chl.a 0.0007 0.867 0.752
Nioi = —172.8+ 3379.5 TP- 49.6 Chl.a 0.0001 0.891 0.794
By, =-0.125+4.431TP-0.247NH, ~N—0.077Chl.a 0.0013 0.848 0.720
NCyd: -63.5+7.1 DO +438.3 TP—-11.7 Chl.a 0.0002 0.901 0.812
chd = -0.059+2.300 TP- 0.059 Chl.a 0.0002 0.884 0.782
NNa“P =-317.1+31.9 DO+1761.5 TP-41.0 Chl.a 0.0001 0.921 0.848
BNuup =-0.196+0.020 DO+1.074 TP-0.025 Chl.a 0.0001 0.924 0.855

JKPE Reservoirs  Njp = 44.1+1380.0 NH, -N 0.0068 0.648 0.420
B, = 1.390+0.377 DO-0.622 pH+0.228 TN+2.030 NH,~N 0.0229 0.785 0.616
Ny =21.39+1016.1 NH,-N 0.0212 0.570 0.325
Ney= 52.4+8.9 DO-17.2 pH+6.5 TN+39.7 NH,-N 0.0476 0.745 0.555
By = ~0.239+0.031 DO +0.252 NH,-N 0.0182 0.679 0.461
Ny = 490.7-65.8 pH +347.0 NH,~N 0.0225 0.665 0.443
BN““p = 0.301-0.040 pH +0.210 NH,-N 0.0223 0.666 0.443

1 Zoop-TEUF s Roti-F& HL | Cycl -8 /K & | Cala- 5 7K F Al Naup-JC 15 4k

K6 HIMFHIMEE(EME) TINEEKTEFHEXTERIN

Table 6 Correlation and path analysis between the density ( biomass) of zooplankton and main water quality parameters

I 2B AR R 1 T 2 B 2 [A] 4224 22 %X Indirect path coefficient

S EN A
F. T Correlative Direct path Total of indirect

aclor:

actors coefficient coefficient path coefficient —Do —TP —Chl.a
DO -0.435(-0.269) 0.330(0.514) -0.765(-0.783) -0.774(-0.794) 0.009(0.011)
TP 0.887(0.742) 1.375(1.411) -0.488(-0.669) -0.185(-0.290) -0.303(-0.379)
Chl.a 0.364(0.261) -0.486(-0.608) 0.850(0.869) -0.006(-0.010) 0.856(0.879)

YT K BT PR AR X VA AR SN I BB R R RLE R W HE Y P RE S AN [A], 7E BL B A B SR R B HES, B
TR R BB A AR B 7 AR B 2 AR AT HE , AT 2 AR B AR A AR BT A Tl R i
R 3 AN AR R RIS S5 T PR RN (TP (0.549) >DO( =0.396) >Chl.a( —=0.590) ; RS A1 M 1 vk 3 22
BCA TP (0.103) >DO(—-0.541) >Chl.a( -0.687) , TP MJHKE RECH IEAE  HEK, Ui BAXT HEVE % (Y E)
SN LR A VE R, R TS oh A i B PSR IR 2 5 T DO M Chl.a XF R B3R R ECH TUE, Ui 2 1
AR ) F BRI R T, Hor, Chla AYPRIR R 5/, R M BEA S e BB T S2 K R ET 5))
B EERPR 2 NH,-N i pH {E 2 H EZ R A7
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8 A E = 35 %

2.5 VRIS RETE R KRS TR 1 g
B RBEFUF Y% B N (ind./L) FIAEY R B (mg/L) X0 KR TLIc B354 BE 8 AT .
TLIc = 43.850+0.005 Ny +0.306N,,,— 0.034 N, (P = 0.0002, R = 0.9138, Y5 REL = 0.835)
TLIC oy = 45.510 = 0.008 By, +0.018 B+ 0.072 By, (P = 0.0001, R = 0.9222, YeiE R = 0.850)
A R BORGE AR T WL 2% 7, BIK K BEVE B FE XS TLlc gy 78 30 W B EEVE FH B K, LA IR U R G35 #h R A
it 1O

£7T BMTAMEESEFRIEY TLicgy (Tl yy: ) EHNEEHENAXEBRON

Table 7 Correlation and path analysis between the TLIc gy ( TLic ).y ) and main group of zooplankton in the rivers

HT HX K MRS AR FPHBEAE A Indivect path coeffcient
Fact Correlative Direct path Total of indirect i SEIKF [ SRl
ors
o coefficient coefficient path coefficient Rotifera Cyclopoida Nauplius
% H Rotifera 0.726 (0.603) 0.228 (-0.319) 0.498 (0.922) 0.952 (0.297)  -0.454 (0.625)
87K & Cyclopoida 0.900 (0.892) 1.262 (0.495) -0.362 (0.397) 0.173 (-0.191) -0.535 (0.588)
T 4 Nauplius 0.836 (0.842) -0.559 (0.713) 1.395 (0.129) 0.186 (-0.279)  1.209 (0.408)

Hor JEA GRS B TLIc 228 ) () [ VR FH R F AR A, B0 IR0, (BI04 258 1+ 61
KB (B IR HARE B Wy ) iR AR TR AL W B X Ty g 28 BN ELHEAE FHBOR, AR IR R 611K
AL, FHo 5T TLIc 0 SRR R T EAEE T, BLZE G AR FHSS 50 IE RN, (B2 E R0 32
Ul IR (B ) ik, Rk, KSR SR TE Y A A X T K AR o R A R R R B
BTG . IR TR 3 N F AR X TLIc 0, T H SR RBCH . 17K % (0.678) > %2 11 (0.280) > & 11 ) 14
(=1.248) 5N TSle gy 5 By fie F PR I 2 I G K % B2, F2 B2 A B ] R 2 T 19 G855 B 5 X TLle g
PP RBCR . T H14(0.693) >EI7K 3 (0.678) S5 HL(—0.487) , FEMA TLic gy "2 BN Y E LK H R T
YHARFIBIK AR Y B A BR I T 248 BB 2010—2011 4E K E4 S RETR IR sh i 36 B (N) i
Yyt (B) XF7KAE TSe (73225 M1 53 #4634 (P>0.05) o

PR EI TR, A Z (1 ) B B4 A) TR ME S (T H) Sk &% (AEYaE)
5T TLIc gy ( TLIC yg ) [ Z AR B IEARSCHE (n = 16, P<0.01) ,BkZ (10 A ) #/K & (2010 4F) |
oA (2011 4F) BB (AEWI D) 5 TLIcgy ( TLIc .y ) THZ IR 535 2 1 IEAHSCHE (n = 8, P<0.05), 7K
AR ZE(L ) gk HFZE(4 7)) BRZERPTIKE (G ) %5 (B 57KAR TLIc g, (TLic yy ) 18
Z A BENAEME(n = 16, P<0.05)

3 e

3.0 BRI T 0 Sl P v R il

TA] [ K J2E A 3 T sl 0 R DI B 2H AT W 8 ) 22 5, AT I RS Y S SRR AR T A R M B0
FRIIE AT B K 3, K 2 Ut B — 2L K PERBE AR /R BRI , (B ] 57 R AR IR BB BE B AF (K 2) o R[]
AR B e HALAFPSIE N T, W07 5 e s 0 m 2 Ae il B B, T 35 O K IR 8 SR AR i
B B R BT R E X IR U A PR SR RE TR BRI O AR QK SR 1 L
TLAR AR IR st T R 810K < BT o5 B9 A= 0 7 20 U IR K S 2 A K MG S 5 2 A s 3T I 3 i 3 )
T B E SRR R T RE RO AP A 22 | B - 4404 B A A W Bl 0l LUK R s Y 73,19 1 58.4% (3 3 3R
4) o UL RT UL PR K R T 0 Sl P B4 R R S HOK IR R B VI OG . 53 8 FE R K R , 1K AR
NI HE b 5 M 2 RS TR KR 3 3 22 BBOK 1 7K BT (im0 ) 2 i AR K 2 R AR i e I S A 3
AR H5—H6 3 10 A4 H BUAT A9 KRR 2 BRIV TI8 52 R B F - A2y . AR 78 R SR i 3 T 9]
Vi R B 2 RS X Jal FEE JR) A 114 35 RO o, B AT R A A A AR BE T, WSO K K A B4 I H o B T
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21 4 TROLTE 45 WL AR K IR 3 0 Sl e v A T B PS5 i 9

FeRP
3.2 IFIEsRE SACREE EF R

TR TN B Bl &, 31 (3.363+1.65 mg/L) it VK ARUHERY 1.68 £5, B H7 \HS 3l NH,-N
L (3R 1) R IR P AN Z BEE A DL BTE YA, oA 3 NH,-N(0.392+0.246 mg/L) 1 TP
(0.102+0.042 mg/L) & 4R B ol 30T 1 287K ARE ; 7K & TN (0.809+0.510 mg/L) \NH,-N(0.113+0.110 mg/
L) /0 IMET M2 | 1 25K Bk FEBRAE, TP (0.017£0.009 mg/L) & k%) T 25K bR, o] WL, 4R K I8 3 )
TN it B TP &M 4K, B H5—H8 sidh , Fe PR FH /K VR Hb ) 20l LE 340K 30, SRl B il ALK A
X A] BB W TP S5 ) PE i sh W) i I s R K B KL, 9F B Chla DO PRI 7Y i TP 4350 %0 1 % 7 2
1E G s BRI, Jayalakshmy 2524 SA R E 7K B DO 5 12t 2 5 WA P 37 7K 25 3L A5 K & ( Pleuromamma) Fl
B 2 KK BT R, X 5 A SCRIF S8 45 AR {RL, BIAE 5 FR KRR 7K PE v DO & BEXTPRIF S W A= ) 1t
1) AV E LR BV E RN B K, ABHC SR A HT 2 BH 52 K R v A i 2 sl e R B 3R P 202 NH,-N
i, TR PR BUKAR R i TP, 3275 5K IR TP & 6, 1 NH,-N RS A ¢ A R Ttk —
WS, 7340, K3l (437K 80) 2010 4F 1 U JR Ml B U5 8 R B O, B2 9 ¢ IR TR AL IS TRE
W R 2= B R EOK SRR R Z I . S KRR Chl.a &5 FFE T 56.8% 1M TN V-5
HHIM 2010 4£1 0.088 mg/L _EFHF] 2011 4E 1 0.898 mg/L, FHRE [ ZUE L 6.47 1713 68.65, M Hb A8 50
PObRIEZE L AT TP 3IME (R 1), — 4P Z bRk fAc s iy 220 R ) 70 5 720 S il B Al 78 ] D ) N SIS0 A 7 35 Bl ok
TR K U5 R 95 R K T R e 22
3.3 IR S RETE R R R K IR b B R A M

TERUE SR A MK R T TR0 TP S sh W M Fp B0 % B AR ) 2 RE MR B IR TR A s i R >
X5 B FRAKOT FAR 1 7K B v I ie sh 0 P 35 Bl S s 2 BE R A ) ke /N T 3R KT A v T TR — B
Guimares &1 T —FlE 817K & ( Thermocyclops decipiens ) A & & 2436 m VE T, v AR Ry 7K A A g Wil T
H Beaugrand 7 il i il 40 PR K SRR AL B AR bR (IRIEIE A A AR IR 28 T i S 5k ) e st
B REACER AR, DLW INAR A AR S R GRS AR R i, A IZ AN S48 bR & A £ i 15 B, JF B sk
PE, ATFSEIRAR A% R SI7K 8 RNTC T YA I8 XTI 256535 TR 48 40 TLIe wa v 805 1 [l )3 7 72 ( P<0.001)
WA B — MR G abr, Hrh, SUKEHE (AW a) 285 R TS5 KF, H% R (236.3%—
243.9% ) APt (230.7%—230.8% ) 78 55 FRECE S0 0 /N A A j oy — 286 e B AR I /K BT 46 78
T 5 TR I TG 15 4 A% B2 11140700 5 2R 880 (261.8% ) e K, MBI T T e A2 BN BRI R 5, 56 HUAE ) 1
A 5 RN (257.9% ) 5K, K Thic ppy ZE NIRRT, 5340, PRI Sl W0 E 7% P36 22 1] (A 4 55 =, B 1
K T AR AR S RIS A 2 e B R I 3 e T R R A R AR ) A I R T L A B Y
PR LR TET GRS X TLIc 25 SN ) ()RR ROV, ( 3272 ) 43 00 43 0 7K 25 110 540 7= B A e o
ML (R 7) XI5 — M UE T S17K S0 e sh ) b ffe e iV . PR EBA 54 RS K & 2 9t
] (8 3 A A SRy, BT AE 8 35 7K T AR A KA i B = T N 8 K 2 U A 8 5 e ) K AR b A A T
212020 KRR K S R A e o BB Y 2 £ O HR R B REVE A S RO A e LY
Wl (R 4) , AT WA 22 3 K 5 A2 I I sh A SR 7K B s D 25 E — e B B L o AR e M X B2 i 2
2 R VR B A 1) ), R Al 45 A T REARR R 2 R P 2L 70 KRR v S A5 2 4 40 7
PEFERR i nES B B R R A A W% s & IR AR R R A % A 2 S B R R B
( Nt/ Ny ) BEDKE SR E AW (B, /Bey, ) Z 1, HAgah P S5 f A Yt Z 16 (B, /By, ) 4
AN OE T VI N 1 ST Sl ) 8 a0 15 WA 1 NI (= 0 5 S vl B % 7 1 e = A = S S RO O (=
YEH .

£ 3R ( References)
[ 1] JAZF, yHese. Wiira K PERAIK B2 2 R R REAT 5T b B AR KK, 2009, (8) : 37-40.

http ; //www.ecologica.cn



10 G 35 &

[2] Zfisgk, /L, BEEH, M, skig k. R E S 3RS MoK T R K fEHL—J5 P 5 %58, HiBREL 3 ', 2007, 22(9) .
896-906.

[3] ERF, HKH. 2006 4 EIR TR KRS 205 e R Ge it B b, e 53R554R, 2007,7(6) : 150-155.

[ 4] Bini LM, daSilva L CF, Velho L F M, Bonecker C C, Lansac-Toha F A. Zooplankton assemblage concordance patterns in Brazilian reservoirs.
Hydrobiologia, 2008, 598(1) : 247-255.

[ 5] Paturej E, Gozdziejewska A. Zooplankton-based assessment of the trophic state of three coastal lakes-f.ebsko, Gardno, and Jamno. The Bulletin of
the Fisheries Institute, 2005, 166 (3): 7-25.

[ 6] Vandysh O 1. Zooplankton as an Indicator of the state of lake ecosystems polluted with mining wastewater in the Kola Peninsula. Russian Journal of
Ecology, 2004, 35(2): 110-116.

[ 7] Jeppesen E, Noges P, Davidson T A, Haberman J, Noges T, Blank K, Lauridsen T L, Sgndergaard M, Sayer C, Laugaste R, Johansson L S,
Bjerring R, Amsinck S L. Zooplankton as indicators in lakes: a scientific-based plea for including zooplankton in the ecological quality assessment
of lakes according to the European Water Framework Directive (WFD). Hydrobiologia, 2011, 676(1) : 279-297.

[ 8] ukER, A28, VLRI O K IR RS S 9 A KoK BUFAN . WEBA 2% BesA 4l , 2006, 15(3) : 57-59.

[9] A FMIAPADKBUKIREL B A Y2300 BHEBER, 2007, (34) : 131-132.

[10]  F%, B8R K BORKIFWE AN k. deat. Blegmi it 1991 .

[11] EZH. PERKRRE. Jba, Blegl s, 1961, 23-284.

[12] KNG, SERIL P EBE (BOKBUMZE) . JUat. Bemiit, 1979; 79-273.

[13]  WEFaki. HEZSPIE(BORBRZ). duat: B, 1979; 53-420.

[14] BRTHE. YOKB LAY RAIMITE. AKAEEYFHET, 1981, 7(3) : 397-408.

[15] Z=ui, Lo, Dok, RARAR, B, SEMIZR MR (5] A 81 a 7 U s i I A A R B 1. A2 HEdE | 2010, 18(1) : 67-75.

[16] EHAZR, XIS, REE. WA & S SR I i B o Sbrdfe. P EEREE I, 2002, 18(5) : 47-49.

(171 JER S, UL DPS Bl db R S — e ieit Suit oA MBIz 4R, dbat. Blp s, 2002: 636-644.

(18] WhMG, whiE, XUHEZ. 2 RIS /N L0 R AR 8 3l B LR M R 740 A7 42252441, 2006, 26(9) : 2801-2809.

[19] =&k, J#FE, WA, BE, /L JORRE—8E 00 h M DSRFEBR. PUILRMPBHE RE254k, 2001, 29(5) : 131-133.

(20]  EWeHE, A, PRBkEr, Hider. A R K K B IS A 7 i iR IO Rh SIS 2540, A48 2A3IE, 2000, 29(1) + 456-465.

(217 FNRYE, Phabk, ViPh BROVTIRK IR & S S0 SRR M. AR, 2013, 44(9) : 11-14.

(22] BEF, EWRHE, whi-F. — REah KK A e 422 1 G K 3 R 3l 2 B X 72 0 TR 52 2R VR 25 RS2 . WA RLA, 2000, 21(1)
112-118.

(23] i, BRECH. KBUEEFRLSBA. dbat. P ERER AL, 1988: 15-47.

[24] Jayalakshmy K V, Saraswathy M, Nair M. Effect of water quality parameters on the distribution of Pleuromamma ( Copepoda—Calanoida) species in
the Indian Ocean: a statistical approach. Environmental Monitoring and Assessment, 2009, 155(1-4) ; 373-392.

[25] Stankovic I, Ternjej I, Mihaljevic Z, Furac L, Kerovec M. Crustacean plankton community ( Crustacea: Copepoda and Cladocera) in gypsum karst
lakes and their relation to abiotic parameters. Hydrobiologia, 2011, 666(1) : 145-153.

[26] Landa G G, Barbosa F A R, Rietzler A C, Maia-Barbosa P M. Thermocyclops decipiens (Kiefer, 1929) ( Copepoda, Cyclopoida) as indicator of
water quality in the state of Minas Gerais, Brazil. Brazilian Archives of Biology and Technology, 2007, 50(4) : 695-705.

[27] Beaugrand G. Monitoring marine plankton ecosystems. 1. Description of an ecosystem approach based on plankton indicators. Marine Ecology
Progress Series, 2004, 269: 69-81.

[28] Kumar R. Effects of Mesocyclops thermocyclopoides ( Copepoda: Cyclopoida) predation on the population growth patterns of different prey species.
Journal of Freshwater Ecology, 2003, 18(3): 383-393.

[29] Nogueira M G. Zooplankton composition, dominance and abundance as indicators of environmental compartmentalization in Jurumirim Reservoir

( Paranapanema River) , Sao Paulo, Brazil. Hydrobiologia, 2001, 455(1-3) . 1-18.

http ; //www.ecologica.cn



