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Fig.1 Location of sampling sites in
Tangpu Reservoir
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Tab.1 Monthly variation of environmental parameters in Tangpu Reservoir

FA SR 1A 2 A 3 A 4 A 5A4 6 A 7H 8 A 9H 10H 11H 12A4
A B/ A/ mm 41.0 105.2  112.6  141.7 62.0 287.4 17.7 246.9  57.5 287.3 43.8  91.4

; H¥EEK/ T m® 83.8 63.2 84.9 85.9 88.6 89.4 103.9  104.2  96.0  90.9  89.5  89.7
H 35845 /4 m? 1.47 1.47 1.64 1.70 1.83 1.90 1.81 1.52 1.36  1.72  1.66  1.50

K 3 5 B8 ) / d 175 232 193 198 206 212 174 146 142 189 185 167
 HBAERE/ T m o 69.9 111.4  153.1  106.4 64.0 314.6 17.8 43.6 19.6  262.7 13.3 717
X H KA/ m 29.1 29.1 30.4 30.9 31.9 32.4 31.7 29.5 28.2  31.0 30.6 29.4
A 78K & /mm 21.4 24.3 59.4 94.3 101.8 62.4 207.4  183.0  99.9  69.6 458  21.4

KR/ C 8.1 8.6 10.8 15.9 18.5 23.9 28.7 30.9 27.2  21.6 18.0  13.3

4 /mg - L7 10.96  11.44  11.70  10.58  10.04 8.94 7.79 7.28 7.51  7.18 7.18  8.40

% B 132 6.75 6.85 7.11 7.44 7.35 7.74 8.09 7.15 7.56  7.02  6.87  6.84
LS /S « cm™ 97.45  96.10  103.09 102.58 101.56 102.38 107.55 109.88 111.16 110.15 111.28 113.60

NS 8.46 8.62 6.92 9.38 8.69 7.85 8.62 8.31 9.69 15.77 13.85  7.77

% W B /m 2.37 2.33 2.34 2.20 1.77 2.85 2.59 1.79 2,10  1.00  1.96  1.64

B /NTU 4.8 2.0 2.9 2.8 2.8 2.1 2.3 2.2 2.1 6.6 4.1 2.3

M4t a/mg « L7 1.46 1.09 3.13 5.47 7.28 4.73 3.33 4.24 5.02  6.33  5.16  0.00

K AR EL /mg « L7 1.25 1.35 1.17 1.72 1.95 1.95 2.05 2.05 1.85 1.98  1.85 1.74
HA/mg+ L 0.088  0.106  0.048  0.030  0.030  0.056  0.062  0.030 0.047 0.074 0.08  0.041
WAYEREL /mg « LT 0.022  0.017  0.019  0.014  0.018  0.027  0.021  0.014 0.014 0.036 0.012 0.027
iR Eh /mg « L 1.946  1.938  1.800  1.969  1.969  1.877  1.454  1.323 1.562 2.177 2.008 1.700

i WERR L /mg « L7 0.014  0.013  0.012  0.011  0.012  0.014  0.014  0.014 0.010 0.014 0.011 0.010
R ER /mg « L7 13.62  13.68  13.65  14.31  13.72 3.80 13.08  13.35 13.82 13.54 13.14 12.12
MA/mg -« L7 2.38 2.36 2.05 2.45 2.36 2.17 1.93 1.7 1.93 2,92 2.39  2.62

B /mg « L7 0.025  0.018  0.012  0.019  0.027  0.021  0.020  0.020 0.018 0.037 0.029 0.016
B /mg + L7 146.38  44.15  191.77 127.69 400.23 295.62 185.00 947.85 165.85 362.23 331.54 136.54
’%Mt%/mg < L7 3.43 3.49 4.09 3.91 3.64 3.72 3.68 3.88 4,01 3.93  4.23  3.82
T /mg e L7 0.108  0.177  0.100  0.100  0.100  0.100  0.100  0.115  0.100 0.100 0.192 0.100
MM/ mg « L 2.34 2.28 1.52 2.02 2.05 1.73 2.24 2.27 1.97 2,00 1.63  1.48
BE/mg e L7 7.06 5.86 7.98 8.04 9.02 8.41 11.23  11.22  4.88 542  4.55  3.05

B OW4IM/ X105 A~ L 1.95 1.66 2.58 3.75 5.27 2.40 3.34 4.38  4.60 5.84 4.61  2.79
Y KWK /CFU « Lt 237.54  37.62  56.62  194.31 195.69 141.69 58.92  246.46 165.08 83.92 248.08 22.54

A EFRRESIEOT AL R RV (K 2),2016
EHHAKIERT 1 -3 A Rl & 12 A A b
AL F 2 E FRARA SN ol A A 45 Sl 3 b F o
FRAE . BT E .5 H & 10 H & ulifisi &8
FRER R 12 A FEAG NSRS M E, b
et i S1.82 275 B IR RED & & T rhir b
7 S3 Rk 7 S4.S5 1 S6, F=T BB LK EE
FKFEREMNEEBER EEFLHANPER.E
ZR PSR IEE M EARIEERE S &%, 1
R AR E IR . WRA SR E S 56 E R
ARBOE MR L /K PR i A 3 ) %5 3 B 7 377K
4 284 i T 48 (- =0.334, P<<0. 01),
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Fig.2 Monthly variation of the comprehensive nutritional

status index at each sampling site of

Tangpu Reservoir in 2016
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Tab.2 Protozoan species composition and the corresponding functional groups in Tangpu Reservoir in 2016
; = e FOME

F ML NRERN g s2 s3 St S5 S6
I8 F T Arcella hemisphaerica Arhe A,B +
FR#PFE R Dif flugia globulosa Digll A + + + +
BT Dif flugia glans Digl2 ALB + + +
M AP FE W Dif flugiagramen Digr A + + + + + +
MR FE R Dif flugia urceolata Diur A,B + + + +
WP FE I Dif flugia bidens Dibi A -+
WS 78 W Dif flugia avellana Diav A.B +
B R 52 I Dif flugia tuberspinifera Ditu A.B + -+ + + —+ +
& P 1L Cucarbitella mespiliformis Cume A,B + +
T K BH R Actinophrys sol Acso N.A + + +
B AR H H Raphidiophrys pallida Rapa N, A +
fai #f  #L Holophrya sim plex Hosi B +
W O Holophrya atra Hoat B —+
YiiR ) R Enchelydium fusidens Enfu B + +
KIEEK W H Lacrymaria olor Laol R + =+ + + —+
K #iH Dileptus sp. Disp A + + +
W B IR B . Didinium balbianii rostratum Dibr B +
PAIRNI R B Didinium balbianii Diba R +
KM E W Didinium nasutum Dina R + + + +
WIS B Askenasia sp. Assp B + + + + + +
FH 45 I Mesodinium pulex Mepu B + + =+ + + +
BRI 45 . Sphaerophrya sp. Spsp R + + + + +
— P BERE L Ophryolena sp. Opsp A +
B W Paramecium sp. Pasp B +

FAFEAS L Cyclidium versatile Cyve B +

Eﬁ W Cyclidium sp. Cysp B + + + + + +
TR BAL R Epistylis rotans Epro B + + + + + +
Bl Vorticella sp. Vosp B + + + + +
€ Bl B %5 1 Strobilidium gyrans Stgy A,B + + + + + +
[g Wk ¥s dt Strobilidium velox Stve A.B -+
Pk d Halteria sp. Hasp B + + + + + +
INETFEI Tintinnidium pusillum Tipu A,B + —+ —+ -+ + +
WK e Tintinnidium fluviatile Tifl A,B + + + + +
F R FER Tintinnopsis wangi Tiwa A,B -+ -+ + + + +
WYRLE FE . Tintinnopsis lacutris Tila A,B + + + —+ + -+
AL 5E U Tintinnopsis sinensis Tisi A,B -+ + +
L4452 B Tintinnopsis sp. Tisp A,B —+
& it/ 26 23 21 20 22 15
A AR BB/ % 26.9 30.4 19.0 20.0 13.6 20.0

predators.

Ji A= Bl o 26 50 2 B X A o 28 i v o
TE 7 =8 A .37 19 Bl ok 10 A .18 Fil s i 28 %
AR IAE 4 Ao 4 Bl Oy 3 AR T AL 235
96 AN 8 Fh. A Sh IS B R Y

Aﬁ(ﬁz,]ﬂﬁ%*ﬂﬁéﬁﬁyl\]flﬁ%ﬂg%g%yRTﬂl‘ﬁ%o

“+” means that the samples have been detected. A: algae eaters; B: fungicides and debris eaters; N: omnivores without choice; R:

PRI O R T R R 2 (R 2), HAE 9 A
KB e, 4 5300 (B 3) . I A B Wy b S B A =
O b KT TR AT 5 4% il o D A 3 i
BT A WD, 344 S1.S2 78 B Z Rl A 4R
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Fig.3 Monthly variation of protozoan species number TEZS A0 A0 L B S D fe Rk e i A 2%
of Tangpu Reservoir in 2016 TR I e S R W R R L 5 o
25 —A—s1  —ES2 MR, INZETT FORFE IIBESERE A M B /Y% 5 L
S4 e — N
L5 e X Y A TR R K (B 6) . A S &
gE1s TSI AT 4 B 43 5 I8 75 1L CSerobilidium
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o 5 B 7 B ( Tintinnidium pusillum ) N fE4E B (Cy-
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Fig.4 Seasonal changes of protozoan species number at each A EﬁJ%I HESS 0] ﬁ[ﬁ;’,‘“ E e
sampling site of Tangpu Reservoir in 2016
4000 T r
N * “r ose
- 3000f EEEAWER F/H)Q 140+, .8 @se
- = B N Bs3
Z-‘? —— Ay E _3020; j.«?6— Ses
& £ 20001 o .8 =5 Wss5
&Q W %Q YT mse
1000 - M H
0 — H H F - 0 E!! -ES; AT

I =
1 2 3 4 5 6 7 8 9 10 11 12
R tr
Months Months

5 2016 FFHAKERENYBENENE ) REHAZED)WHELHE
Fig.5 Monthly variation of protozoan density and biomass (a) and spatial-temporal distribution

of protozoan density (b) in Tangpu Reservoir in 2016
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A=Y BERE H 0 B Sh IR BE RO, S3 M S5 i LRI RS 45 22 R BOR (8 8) , K F X A
IR NE T-a);3 -6 A A B EERyas ) sl (LA RE A 4 Al 22 AR Bl T/ (&1 9, &1 10) LB
AR SRR T AU A O R XA R W R R A O TR 1D s WAL TR i i oK 1 7E
A= B R S () e B TE 3 - 6 AL TAGR K. JE 5 A .6 F .8 JT A5 HAt il 550 I A Sl W RE TR A5 A
FOE 6 H s a] 5 Biv b 1 f g 2K F (&L 7-b) FHAIF B 8,18 9)
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Fig.6 Seasonal changes of protozoan density and biomass for function group A and B in Tangpu Reservoir in 2016
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Tab.3 Seasonal variation of dominant species in the

protozoan community of Tangpu Reservoir

Z JEmpeds A FRAIA e NGB A% B
K% 10.5 10.3

CES 9.9

&= 7.9

&7 2.0 4.0 2.7
2.5 EYsHH

?ﬁﬁﬁlﬂﬁﬁiﬁgs@@7kﬁ‘éﬁﬁifﬂ% Shannon-
Wiener ¥8 30 4E {5 K 0.8319, 78 1 — 5 H &b T A%
KA WAE 7 - 12 3 WAL TAE K (8 12-a) =S
M) RS I o, w7 S1.S2 M1 S4 Y 54 31 ¥ Shan-
non-Wiener 8§ $ b F AH XF 8 & K, 1 S3.S5
S6 ) kb T AH X A1 A K (B 12-b)

26 BMEENRERERFXER

Xof 5 A B W) % B AT DCA 4y Hrak R, o

— KR 6,41, KT 4.0, 8 CCA 4> H7 %5 & A

£

Seasons

WA TR C R B FIEEH 75 2, A A & ik
PO ik A BN T, SRS E R
R B0 45 R 3B, CCA B —HE 3 il Ao A7 HE J b 11 i
R B W i [T R B AT S M O SR —
P =0.002, % i A%, P =0.008) , % B HE )5 45 S AR
. BEMIRE IR RE T 14.04 % M R B R L W)
Foft— R 855 A0 O 2R B v . EL A — b 4 g R - 2R 8 B8R
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Fig.7 Spatiotemporal heterogeneity of protozoan community density in Tangpu Reservoir
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Tab.4 Importance of the selected environmental
factors and significance testing

FB WETE WRE/ SURE/

H ¥ HEF % % i
MA 1 5.8 10.7 3.8 0.002
7K i 2 3.4 6.3 2.3 0.006
T AL 3 3.8 6.9 2.6 0.002
JAE 4 2.5 4.6 1.8 0.026
R 5 2.5 4.6 1.8 0.046

x5 BREFYTEMXERERFHEIEIFER
Tab.5 Correlation coefficients between protozoan

density and key environmental factors

fibe ME MR B Bk 7K ik
r 0.228 0.385 -0.278 0.175 0.608
P 0.070 0.002 0.026 0.166 <€0.001
N 64 64 64 64 64
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Effects of Environmental Factors on the Protozoan Community in a Water Supply Reservoir

HU Ju-xiang', LIANG Liang®, CHI Shi-yun', ZHAO Ping', YU Bo-shi’,
MA Pei-ming', TANG Hua-feng”, ZHENG Dan-ping’

(1. Key Laboratory of Ecological Impacts of Hydraulic-Projects and Restoration of Aquatic Ecosystem
of Ministry of Water Resources, Institute of Hydroecology, Ministry of Water Resources
and Chinese Academy of Sciences, Wuhan 430079,P.R.China;
2. Tangpu Reservoir Co., Ltd. in Shaoxing City, Shangyu 312364 ,P.R.China)

Abstract: Protozoa are zooplankton characterized by small size, simple structure and sensitivity to environ-
ment change. As an important indicator of nutrient pollution, protozoa are widely used for evaluating wa-
ter quality in reservoirs. In 2016, we carried out a monthly investigation of the spatial-temporal distribu-
tion of the protozoan community structure and water quality parameters in Shaoyu Plain water supply res-
ervoir -Tangpu Reservoir. The objectives were to study the effect of environmental factors on protozoan
community structure, determine the trophic status of Tangpu Reservoir and provide a scientific basis for
protecting water quality in Tangpu Reservoir. Six sampling sites were set, from the upper channel to the
dam., and water and protozoan samples were collected mid-month for determination of physiochemical pa-
rameters and analysis of protozoan community structure. A total of 37 protozoan species were collected,
belonging to 22 genera, 18 families and 5 classes. The species richness of protozoa displayed a bimodal pat-
tern, with the highest richness in summer (June — August) and then autumn (September — November).
The annual average density was 1 608 ind/L. with a single peak in August. The proportion of the fungi-
eating functional group was highest in summer, and much higher in summer and autumn than in spring
(March — May) and winter (December — February). Spatially, species number and density in the upper rea-
ches were higher than those in the middle and lower reaches of the reservoir and spatial heterogeneity was
highest in June. From the fungi-eating functional group. Strobilidium gyrans., Tintinnopsis wangi,» Cy-
clidium sp. and Tintinnidium pusillum were the dominant species and were clearly advantaged within the
community. Canonical correspondence analysis (CCA) indicated that total nitrogen, water temperature,
algae cell number, total silicon and turbidity were the environmental factors most affecting protozoan com-
munity structure in Tangpu Reservoir. Protozoan density was positively correlated with algae cell number
and water temperature, but negatively correlated with total nitrogen. Rainfall during the rainy season and
flood discharge in June were the primary factors accounting for protozoan peak in summer. Difference in
nutrient level was the main reason for differences in spatial and temporal distribution of protozoa communi-
ty in Tangpu Reservoir.

Key words: protozoan; community structure; environmental factors; Tangpu Reservoir



