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Spatio-temporal heterogeneity of protozoan communities during the period of

Three Gorges Reservoir operation

ZHENG Jinxiu, CHI Shiyun, LI Dan, WANG Hongjun, HU Juxiang "
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, China

Abstract; Three Gorges Reservoir was impounded to 175 m for the first time in October 2010, of which the backwater area
arrived in Chongqing, and the upstream water retention time extended further and the reaches changed to transitional waters.
The heterogenrity of protozoan communities was studied in the main stem of Three Gorges Reservoir during the period of
Three Gorges Reservoir normal operation ( October 2010—June 2011). The spatial variations in community structure and
species distribution were observed during reservoir drainage and storage. A total of 99 protozoan species were identified. Of
these taxa, ciliates represented an increasing tendency after impoundment. The dominant species differed in operating
stages , with the indicator species generally evolved from tintinnids (impounding period) , ciliates (high water level period)
to testate amoebae (low water level period). The dominant species varied in different reservoir areas, while the indicator
species testate amoebae ( transition zone) were changed into ciliates (lake zone) from upstream to downstream.Detrended
correspondence analysis ( DCA) and multi-response permutation procedure ( MRPP ) analysis showed that protozoan
community structures and species distributions showed a clear spatio-temporal heterogeneity in Three Gorges Reservoir. The
temporal heterogeneity peaked during impounding stage (P<0.05). The statistical analysis showed that the spatio-temporal

variations in community pattern and species distribution were significantly correlated to environmental variables, especially
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transparency , temperature, conductivity and chlorophyll a. The average density and biomall of protozoa were 952.19 ind./L
and 8. 14 g/L, respectively. The standing crops of protozoa in upstream were higher than that in downstream during
impounding stage, but lower than that during low water level period. The mean values of Marglef’s and Shannon-Weiner
diversity indices were 3.78 and 2.18, respectively, with minimum value in January and maximum in June. The abundance of
protozoa in transition zone was high after 175 m impoundment. It may be due to large amount of organic matter brought by
water flow during the first impounding stage. Reservoir operation pattern of “drainage in winter and storage in summer”
“blurs” seasonal variation of the river. Protozoan species composition and standing crops are mainly affected by reservoir
hydrodynamic. Physic-chemical factors and hydrological characteristics showed different spatio-temporal variations, and

resulted in the heterogeneity in community pattern and species distribution of protozoa on both temporal and spatial scales.

Key Words; Three Gorges Reservoir; protozoa; operation; spatio-temporal heterogeneity

=K 2008 4EFEAT 175 m G TEE /K, IEF 2010 45 10 A 26 HEREKE] 175 m %3 Hig, 2k, =
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1.1 FESCREE

M A TR 22 R RS, BN 175 m [R17K XK i 2 300, 35 8 13 A Wa 0 0 oo, 44K K T 9 e S P R
FERUROLBE A AT R A . = WOK R IE R B 7K R K I 175 m AR A7 1] 7K R g 67 F VL B 3T A9 21 46k, VU
145 m 7K [ K AR S T35 B BRHIT . A BEK R AN [) 5 7K K A7 T 8 380 94 ] 7 DX 3R, T Sk 28 5 ] 7K X RT3 X
PIAL, REMKA 145 m [BIK XA 2 175 m 117K DR v X385 A 48 8l 1] 7K X 32 DXl —F 7K A0 ) 30 28 o fif A 355
b F -1 S AR BOIR S A48 LA SRBE A ARTE (Z2T) i (YD) SHME(CT) (BB (ST) JEE T (QX) 5
WA DA 7K 2R R A R T IX, AN B K 2 8 8 SR A8 Ak, B B0 3SR A2 (SIL) & A7 (SIR) (el 22 (TYL) |
MbE4 (TYR) G5B 1828 (KCTL) (85784 (KCTR) | AR 22 ( BDCL) #6345 (BDCR) 1541 (PS) | il
A1 (HLS) J# 5 (QYC) ARFIE(YXT) (K 1),

WK PEE K ia 7 R 8 3 YA IRHE] 2051 2010 4E 10 A (B KW , KEZEKIKF] 175 m, 4
WK AP BITE 172—174 m;2011 4F 1 A (EAist ) K EEFE S KA 8 AT, KL EREFE 174 m A2 4752011
6 H (RO 7)) KAFEH 148 m,

1.2 HEaabH
JE A B PERE L 25 SRR (FLAR SR 64 wm) I8 B H7 3815, I 50 mL ] 5% AR R B Ak [
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Fig.1 Geographical distribution of sampling sites in Three Gorges Reservoir
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JRHLAL(ORP) 3 FHFE A W BE (SD) 5 RAZKAE &R A7, M1 SL 50 % U E Chl a 55,
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77‘72[15] o
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7 E A R 3 HT (MRPP) AT [ 25 R 22 18] (4 22 S VEARG 0 PRI DCA il 5 BRIE IX 7~ BB0RH DG P 23 i, R 0)
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TR AT R FH A 7R R AT (ISA) G DU AR R i 250 BUAE ST AN [6) 254 T i s VR, ORISR R 2 G
Ktk E TG R E (IV) B S B 3k,
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DCA 43#71 MRPP 7341 ISA 73471 F PC-ORD X447, One-way ANOVA 43#H7F1 DCA il 5 FR5% H 519
AHEPES T SPSS17.0 B AF k4T

2 HEREHW
2.1 PRk

A S (R At D AR ) 99 A Hrb 2R B ik 50 A, 10 A &K 49 B £FE LY 49.98% 51 H 4y
rALa AT R ) 50 ALY 56.86% ;6 H RN ig TR T 66 F 2F B0 47.06% , EVACKTL, A
B AU AR BRSO Y TR R AT 18] e s A 284k, EOK R L B AU 20 s RO 1 A s Az 174
[ 21 & AR Z T 7 s AT B B

J A SITE K B 38 A W9 A TR] B B A 34 20 )i AN [R], 38 /K 390 D0 o 32 2245 6 76 U (Arcella) (052 1t
( Difflugia) 554 5¢ N /& HL i€ [ 4R ¥ B ( Strobilidium gyrans ) F1155¢ HL ( Tintinnidium ) {2142 7€ HL ( Tintinnopsis )
SFRPTELE B L, JUERR O E I Bk B ORI/ R (T, pusillum ) |, S s AT R E R 2R LT BRI 2, AR R
( Cyclidium) F14 HL ( Vorticella) B8 A& WA, LR 3PP 32 224 JiE (a4 ¥ L /N 572 BURTIEAS d s AIRA 12 17 1 1)
W LAA 52 A /2 L b7 25 6 H R [P g sl oy i DL AR A 38R 2 e Il ple i iy 3R 76 L |76 1 ( Centropyxis )
[l 5¢ 3L ( Cyclopyxis) o JiE M5 HUZ AR R PL AR, B 3 A BIRhZR 20 A9 22 5, i PC-ORD %411
ST 3 B IR HE R Tl BTV (indicator value) AR H A £ i 27K F- ( P<0.05) 14 A% B (1 R AIE 38 7
(R 1), FTLUE BRI 0 A s R AR R 2 i T, REBCh  ib 52 2F Bl (BK ) —AEb e R Bl (5
st —A 5 AR B (IRALs AT ) .

®1 AERBREDMREZH

Table 1 Dominant species in different time

N s BN FPEE N A
I B . I::iz;ﬁ-%alﬁf P(<0.05)
Time Main indicator species Indicator species
2010-10 F A4S 5E 1 ( Tintinnopsis wangi) 35.6 0.0324
2011-01 Jié ] 4 it 37.6 0.0404
4% iy 31.8 0.0322
iy 314 0.0228
FL el ('Askenasia) 24.5 0.0420
2011-06 2[5 22572 L (Arcella hemisphaerica) 38.2 0.0350
TR 5C 1L ( Centropyxis ecornis) 26.5 0.0374
W R F 5 i (A. hemisphearica undulata) 39.2 0.0062
375 WH 3Rt 2 ( Cyphoderia ampulla vitraea) 47.1 0.0002

JEAE B AN [R) K SRR S A BOR2E 5, TR A A2 Sl 11K DCORIBIA XY = ERRAE SR 7R F (2 2) o ]
LA 8 gl DK X 50 A s W) R AR 48 s F 2 2R A 5 A R B, R iR IA X A0 B R A R 2 I LIy il B
( Raphidiophrys elegans ) FNFEIRMRES HL ( Strobilidium velox ) A /KIK I FEAEFE R Fh

F2 AEKEREMREHM
Table 2 Dominant Species of protozoa in Different Waters

I Ji) FEARTR A TR IV {H

Time Main indicator species IV value of Indicator species P(<0.05)
ARSIk X SR BT 61.2 0.0012
Transition zone F A EFEH (C. platystoma ) 30.8 0.0048
KR BRI 76 3 ( C. aculeata oblonga) 20.0 0.0218
i Ji d1 ( Paramecium) 33.3 0.0010
WA X Lake zone Tofil B iy 30.6 0.0240
BESR Pk i 27.8 0.0480
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22 HEMAY) R

TR S48 Bl 952.19 AN/L, 10 AR 2 754.41 A~/L,1 A3 ¥ 1138.25 4~/L,6 A B %E
963.92 A~/L; T P EY 58 8.14 we/L, 10 A EY -~ 6.65 we/L, 1 AR 7.95 peg/L,6 A4 9.80
pe/ Lo ANk o AR s A s an & 2 FNE 3, B KA B AR 3l 1K X AR 2l P 347 o B B o 1 R e
X ABAR AL IS AT A X A A e LA B MK X i 2, R Aniad T, AR 3l MK X % B oy 612 4~/L, Ak
TRUEMIA X 1288 /L A A LA X5, 5300 R 12.43 pwg/L Fl 6.28 we/L, X TRzt
WA DX /NS R 47 B AU B 38 22 i iR R (IR K 30—35 wm) | 48 R (R K 22—30 pm) | & H1 45 R
( Mesodinium pulex) (151 20—25 wm) A5 1 ( Didinium) (44K 25—60 wm ) 25K H B, {H AR S 81K X AT LA
AMEFE R R AE SR | 52 B (58K 70—150 wm) B ( Ophryoglena) (K4 120—160 pwm) (< [5] #t
2F HL ( Cothurnia oblonga) (¥H1: 72—80 wm) 55, i One-way ANOVA 43H7, Z8 5l [0l 7K X AT X R A= s 2%
JEE A ) AR IA B 25 S B K F (P<0.01)
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Fig.2 Spatio-temoral variations of protozoa abundance
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Fig.3 Spatio-temoral variations of protozoa biomass
2.3 FEPA ARl K 5 AR S A DG
e P XA AR PR PR A 25 SR a0 3R 3 iz . IR AT M BR T pH (EZB LB/ N, HA K B 2 85k
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JEWIA R, Al DA XIS K BORHIEA B A 22 5% . 84 One-way ANOVA ZMHTIER 33 P DX 0 22 57 16 1)
PALE IR (P<0.01) o MERE a R R AL PR BT 1T ZHEAR , ARSI H 4% 38 a BR T o5 RVEIRT I
TERZE>10 pg/L, A EFRIRE A0 R WAL THUE F-h B Tk BRI T E IR

R3 ZBOKEKREELEF
Table 3 Water quality of Three Gorges Reservoir

it O i v iy/ i N Y M a
Site Transparency/cm  Temperature/°C (uS/em) DO/ (mg/L) Redox potential/mv  Chl a/( wg/L)
KiE 15.00 14.92 226.00 9.61 7.88 162.17 1.29
F s 14.67 15.30 230.33 9.37 7.97 169.39 1.79
<t 19.00 15.42 230.00 9.17 7.71 165.56 1.86
e 28.33 16.05 232.33 8.59 8.09 172.90 1.89
HEY 42.67 16.26 226.22 8.37 8.11 179.27 2.95
piY ¥ 110.67 18.58 341.67 6.42 8.19 139.17 0.67
WFEA 110.67 18.61 338.67 6.54 8.22 144.10 0.67
i el A2 132.33 18.75 330.67 6.23 8.05 171.30 0.43

A el £+ 140.00 18.77 331.00 6.34 7.99 159.93 0.63
WY 125.67 19.79 346.33 6.43 8.25 129.63 6.66
A 128.67 19.77 343.67 6.60 8.16 133.00 14.87
P 3 A 185.67 19.47 357.67 6.40 8.12 142.70 1.51
1A A 157.33 19.49 357.00 6.50 8.08 134.20 1.07
e 155.00 19.91 352.89 6.48 8.01 135.78 2.71
Ciyve 152.33 19.75 344.67 6.39 8.13 131.93 3.03
Ja JA 125.67 20.30 339.00 6.76 8.17 152.40 0.99
AT 126.67 20.65 338.78 6.55 8.17 133.09 0.83

I XK AR AL R 5 R AR S AR DG PR I 3R 4, BB ZREM IR RS2 B W B i S R R[]
FEMA 2 0 A OC (P<0.05,P<0.01) . HAEWIA X, P28 5 W R IR B2 R S 58 (0 A G M B o 1 3 (P<
0.01) . £FE 4 M) 5535 B B AGE ARG (P<0.01) , SR AU TUAHDE (P<0.05) o 11 JEA: Sh P i A7 it 5 3L A
FRAERE, ML a XTFEA SRR AT G, R I8 X5 Rl R 56 (P<0.05) .

F4 KREBUEFEREDNVRIEXME
Table 4 The correlation between Water quality and protozoan

AL F Physical and chemical factors

Wk S B : : —
Protozoa parameters B i EE‘EF%; Chl'a {%W‘é?“
Transparency Temperature Conductivity chlorophyll a Dissolved Oxygen
s Species -0.31° 0.34" 0.39** -0.52* ("
-0.63** (@ 0.48** @ 0.64** (»
21 B H L] Proportion of ciliates 0.52*" -0.30"
LRSS Diversity index -0.34" 035" 0.35°

(1) il X ; (2) FRBIAKX

2.4 JFAEBIZ R

P18 Marglef ¥8%4X(d) F1 Shannonnn-wiever #8450 ( H') ,~EIME 45K 3.78 F1 2.18, WIFh ZFEM:+8 502 b
EFAANE, tnEl 4, Marglef $8E0LA 1 A Gy @ A0s A TR BUESAR, 4 3.46,6 H MR A s f TS, R 4.22, 4§
BAEARRIK B R 215 22T, 10 A6y Fn 6 H iy Z )3k 3] 22 i i 7K (P<0.01) . & /KRS i
ATIHAE Sl [RK XA HE B AR = (B AR Z 7 A X ) marglef #5507 & A s A1 K X, Shannonn-Wiener $§
B(H ) WIE 1 Ak, 6 A BFT5 Z R 22 R AK(P>0.05) . &K RIKIECZ 8] B H8 800 22 58
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K(P>0.05)
2.5 JRAESIWTEK FEAR RS AT B A o3 A

MR8 A sh Py 4B O, i DCA 73 B, 45 R ani&l 5., #5497 MRPP 434, ittt T'=-9.765,4=0.059, P<
0.001 , 3K B B 7K1 A1) 25 S e Ar g R an 3k 5, P (/N T 0.05, RIIK PFEAS [RlAa 47 i 100 1) it A= sl 40 o3 A
ERBE,

d H'
5 e o AKX £5 FEEDMEFTA MRPP S 4R

% TE 40 @ WX Table 5 MRPP Analysis Result of Protozoa Seasonal Change

ﬁé 3.0 213 Groups T A P

%‘? 2.0 10 H vs1 H Oct.vs Jan. ~7.45 0.05 0.00

Q‘Q‘E 10 10 A vs 6 A Oct.vs Jun. -3.51 0.02 0.00
0 1 A vs6 H Jan.vs Jun. -9.27 0.06 0.00

104 1A 6 | 108 1A 6H

MRPP S 8RR P £ i b B 4 3 72 29 A ( multi-response
permutation procedures) ; T R KGR G013 3 A A 28 8] AH G 28 1E A

B4 FEKEESHEEHEFHEL SHP IR

Fig.4 Seasonal variation of diversity indexes in different waters

Detrended correspondence analysis (DCA)

™
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A 1H
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A
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TYL3 st
A g3 %’Cm
vC3 SIR1
JL3 KCTIS .
0 odyyy N/ KCTLI _KCTRI A Axis 1
v ﬁ v 3 A
N V'  xxm3 Ve
v BDCLI AQ
QYCl PS2
TYRI
%TYLI
ST1 CT3ZTlvHLS3
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KCTL2
Y
\v4 <13 PS1
%(3 ‘7 BDCRI
HLS2
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HLSI
A
B 5 FRESHMETEWLLN DCA S
Fig.5 DCA Analysis of protozoa seasonal variations
2.6 RS AS [E] o Al

HRH A [ /K S i A S B b 2 28 B, BB [R] 356 45 B DCA 23#T , 25 SR An1&] 6, FEEAT MRPP J3Hr kG 6 25
PR, Giit i T=-6.1642561,4=0.02614683, P =0.00001544 , 1k BIH% i /KT, 2200 =k 2725 g [a] K X 5 1)
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£ OB ¥ I 35%
WX Z B A Sh P A 2 B o3 A 25 57 b 2
DCA
“; SIR2 X5
Z A AEEEKX
A nx
SIL2
A
ACT2 YTL2 ABDCRZ KCTR2
SIL2
DCL3 JYD2 BDCL2
x A &sz A N
TYL3
ASTIZ(CTR BDCR3
A A 0vC3 SIR1
SIR3 TyrpILK T‘% YXT2 Axis 1
QX2 KCTL1 KCTR1 A
ox 713 A
A AN T YXT3 QYC2
A
. BDCLI P
TYRI £: c1 A A
STI YLI
CT3 7T1 HLS
A ALA
& iCTLz
YD3 S
A 713 xl
QX3 A BDCR1
A A iLsz
CT1 Y XTI
A A
HLSI1
A

El6 REZHMEESTHE DCA 7

Fig.6 DCA Analysis of spatial distribution of protozoan communities

2.7 FALIHNT5 DCA BhipgAH e

B S S DCA SHEE M Spearman FHICHERG T AHOC R BN 6, ] UL, 20 sl A= sh W) s 25 0 A 19 32
BEREXFEABARE B B SFHRA Chl a, fi—FZ BB MR —5 Chl a BEHE;#H =51

BEFHL SR T H A O B, BT 25 4.3493 58 = il B BTk . (0.3194150031 + 0. 2796075940 +
0.2058645636)/4.3493=18.5%

F6 BUSHS DCA HEHEXME

Table 6 The Correlation Between Physio—chemical Parameters and DCA Axis

PHALZ L Physical and chemical factors
MSEL Axis parameters -

IR Transparency Wi Temperature  HL 53 Conductivity Chl a
B —%h FFAEAR The first axis eigenvalue:0.32 0.75**
25 BHAEAR The second axis eigenvalue:0.28 —0.45"*
55 =%l FEAFAR The third axis eigenvalue:0.21 —0.47** —0.45**
* % P<0.01

3.1 =K R A SN s oA ) S
IKPEREAT LSS FIB AT R E S BOKEAE Y HE ALy b AP — A 9hm 20 X, 7 AR 55 B3R B i OR
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785 e} /7 A NE O R S X G Re R IL Y E () RS AT 2 =t

Wi = WK I E AT, KSR A A, IFAE SRl 2 M S B SR A P22 5 o =KDz T,
FLEHGT 175 m WEBXYR, EUFTBOE MO 4 1K X K G B G . 3 K5 KPR B I 18] A I J A 3l
Yy A A i BT, R A A BT AR E | IR B T B LI SE A AR HL D SE T T SRR [0 Bk 5 R A
Fo KPEEK 175 m G  FEIZKALEATEOT B 248 1 22 J . 58 2 WORMEIEAL ToK P g THIR] /K
ARG KIATE , IR S & B B ARl 2T B R W) b T, IR R A3, 85 B F AR ) i A
K Z . 6 AR =K FEARAE IR, KA 148 m, RS [ K DX 28 J7 M BRESIE , O L 3 v B o g Ak )
TRAS . NIRRT LLFE Hh ) i AR S e Rl b 7o Rl 2 B B3 22 O A R 3R, ARG s 4T
(] Js 2R Sl W A BT R (ELAE W k2 b T, R LRSI b 26 L 3B T/ NI b2tk

Mzl oA B A2 Sl al K DCRITA DX 2 [R5 AR Sl 4 Ml oAl 28 5 0K, oK EIE #7847 ), Llie A
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