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Reprodugtive and Development, Ministry of Education, College of Fisheries, Southwest University, Chongqing 400715, China)

Abstract: Based on the data of zooplankton, phytoplankton, and water environmental factors in different seasons in a typical tributary
reservoir in the Three Gorges Reservoir Region ( Changshou Lake) , this study explored the relationships between the structures of the
zooplankton and phytoplankton communities and environmental factors using Pearson correlation analysis. The results showed that there
were a total of 107 species of 8 phyla of phytoplankton, and cyanobacteria was the most critical constituent with a relative abundance of
61% . The dominant populations included Phormidium tenue, Merismopedia punctata, and Anabaena oscillarioides. A total of 82
species of 4 phyla of zooplankton were identified, and rotifers was the most abundant with a relative abundance of 88% . The dominant
populations included six species, such as Keratella cochlearis, Asplanchna priodonta, and Asplanchna girodi. The spatial differences in
the abundances, biomass, and biodiversity indexes of zooplankton and phytoplankton were not significant, whereas the seasonal
differences in all the other indexes were significant, except for the zooplankton biodiversity indexes. The abundance of phytoplankton
was the highest in summer, followed by spring, and it was the lowest in winter. The maximum abundance of zooplankton occurred in
spring, and the biomass of zooplankton and phytoplankton in spring was significantly higher than that in winter. The number of
phytoplankton species and the Shannon-Wiener index, Pielou’s uniformity index, and Margalef richness index in summer were
significantly lower than those in winter and spring. The water quality evaluation showed that Changshou Lake was in a clean to oligo-
pollution state in winter and spring and a moderate-pollution state in summer, thereby suggesting that Changshou Lake was in an overall
eutrophic state. The environmental factors, including Chla, DOC, nutrients (TP, NO, -N, NO, -N, and NH, -N), DO, Eh, and T,
influenced the structures of the zooplankton and phytoplankton communities in Changshou Lake, and there were seasonal differences in
the environmental factors.

Key words: Changshou Lake; zooplankton and phytoplankton; community structure; environmental factors; Pearson correlation

analysis
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Fig. 1 Schematic diagram of the study area
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Fig. 2 Relative abundances of phytoplankton and zooplankton in different seasons in Changshou Lake

201744 H 20174E7H

2.2.2 PR FRE R A 2R TE R

KA PRI s A 0 B YR gt A R
(P& 3) Rt 2s 434 22 SR A A 6 BH TR i s 4 =
FEMAYEER TR ENENEZESR (P <0.05),
X 5 A FE 45 SR — 80P (AN 5 30
222 RN T E (P >0.05). K 3 (a) iR, &
MR F B e, BRI, AR, T
Wesh YR e, A A 3510 22 Rk
M 3 (b) nl %0, F 22 7 i sl A AR P e

FxP | FZKIKNH, -N DOC FINO, -N () ¥ JiF
e L, B AT L R K e B
BAT R AT TE S R, G A
WITF R RS2 A A ARk pE 2
BEVE 025 52— 5L

Sob TR B WO 55 , A ) 3 R RO
WA I 2 (b) T LA & 465 3 A5t
A st Bl B RV L 5 WK P TR 3
(RIIF S 25 SR — B2, HOAT X o B 4 B v, 4 9k
61.66%. 85.76% F 89.62% . i% J& i T 4 di 1Ak
AN, BRI A i AL, 0 xR N %
KA K ST RS AR ABUR, s e, 6 T 55 8k it )
T FEKOT- L T BRI | MK 28 B R4 T
BT A oy PR LU B VR
SRS R B R I e 45 47 22 5, 4 LS
WA AL EE 5 fTirsl, BE
T 6 R AN U % 8 R 9,
(LA BN e SRS e 1% 7/
&2. /N AN P 4

J F
i B | sl

(b) izl 4

FRESE
% %
o

MR %

20164E12H
(%) (%) (3)

201744 H 201747H

T4 W 3 AL PR SR A A A Y R
Z R R BOM R] , 1X 5 1 S W R R T
VR A . i B P I B SR AR BR
BOPR ALY £ /N T 3 x 107 cells- L™ E IR, A
F(3~10) x10°cells-L™" HEFE, KT 10 x 10°
cells- L™ & E 3%, A MK F 1 76 4 25 g 320K
B,E BENEEFFRE. R 58 TN,
TP 1 Chla P4 4845, iR 45 OECD & & 5L A
T-(Chla) PEMFRAE* Bl Chla <3 mg-m > AT



51

WRYB A i 2 DX SR S R0 7K P26 7 10 Sl B A v 2 R R A S G5 BRI TR 7 ) S 2R

2307

EFE; Chla v T3 ~11 mg-m > NHEFE,; Chla v T
11 ~78 mg-m > A& EFE; Chla>78 mg-m K™ &
wHER, SRR ENTELT NP ERRE, EEH
JUH R EIRAOIRES BN R E IR, SR TR
T REPEH K o & 8 R AR 45 R A — 2 IR AR
K E TR AR I S B (TN 2 0.2 mg-L™", TP

7 0.02 mg- L") Pl K A4 BT e
TEXF A TN A TP I S BE A, KR FEA L T 5
B FRACIRAS. WA 5% 1 i sh A P A S ok & 8
FRAVHIIA /K i DL RIS I ORE BB i 6 il fa
JERE G Tl B e BT R ARt RTY A S HURBY
TR RS A R B KIS TR PP 45 5.

®2 KEMARAETERIENREMRAEE
Table 2 Dominant species and the degrees of zooplankton and phytoplankton in different seasons in Changshou Lake
' . \ 2016 4F 12 A 2017 4F4 A 2017 4£7 H
P R4 T 4 YA (&%) (BEF) (HF)
FURSEZLEE ( Merismopedia punctata) R 0.03 0. 00 0.07
WUkr H A% W ( Melosira granulata) FEWHET] 0. 10 0.03 0. 00
YRIE BR5E ( Cryptomonas ovata) a3 0.03 0.08 0.01
U FE W5 ( Scenedesmus quadricauda) LRI 0. 05 0.00 0.00
£ 25 ( Phormidium tenue) T 0.08 0.00 0.21
JPREFF3E ( Synedra ulna) L] 0.02 0.03 0. 00
5 (R PR v ( Monallantus brevicylindrus) TR 0.00 0.03 O_._ 00-
TRWEREY)  REHATHE(Synedra acus) TEHED] 0. 00~ 0.05 o ~=0.01 =
14 1l B335 ( Cryptomonas erosa) e 0.01 0.10 .—-"6.'|O ¥
VU135 ( Tetraspora sp. ) ) LR 0. 00 0.02 IO 00
i TR ( Spirulina platensis) (4 P AN § o.od g 0.00 Ve
2 1l 11 IR B (Anabaena circinalis) ) W] “‘ 0.00, ! 0.00 : ‘.16 02 4 4
2 B 5 £ B 3 ( Anabaena ascillario'i.des) W] / 0'00 0. 00 i 0.94 -:,::"!.
Iﬁﬁﬁglﬁ};lm‘n}dﬂmonas globosa )“‘ | S LR ! - 7 0. 00y 0.00 . 02
A R (Merismopedia elegans) | /1 /X 4 W 4 ¢ 40,00 0.00 0.02
i ﬁ?.ﬁé% Eﬁ“i’t}ﬂi( Keratella cochlearis)* H‘ fi _-"'l"‘.r i ; 0.30 & 0.04 _0..00 F
BERELh Pk (Copepodid) b VA _ ke / 0.04 # 0.01 002,
Fe 4y Nauplii) \ § A peEgE f 0. 147 0.03 0,00 4
;R4 895 ( Bosmina longirostris ) “' . f | "J i s J 4 0. 05 0.00 0.00"
{ 4 2 ."r K Hﬁ%ﬁ?ﬁﬁ(Polyarthra dolichoptera)) ‘ Bl 0.02 0. 05 0.11
FEshY) %?ﬁ%%i’ﬁﬂl(lﬁachionus calyciﬂor“l./.';s) o L __.-‘ ey 0. 01 0. 05 0. 38
L 7RI AREER M (Asplanchna girodi) iy 0. 00 0.09 0. 00
Y S0 % 10 ( Keratella quadrata) Eogi e 0.01 0.02 0. 00
B RS RS B ( Trichocerca rousseleti) iy 0.00 0. 06 0. 00
Y i i (Asplanchna priodonta) e 0.00 0.09 0.09
BIIE R R 46 B ( Brachionus forficula) ik 0. 00 0. 00 0.02
iy Ji £, R 48 H ( Keratella valga) el 0. 00 0.02 0.02
INZ 5 L ( Polyarthra minor) il 0. 00 0. 04 0.02

TR SR ) RSB T A W 2 R TR B st
23 2T R AR ] LA ) 22 F AN
WE(P>0.05), i sh W ZHEERR B R EE R
AEFE(P>0.05) , X 5ok A& X7z sh P 5
W2 R — 3 AR Y A B N 22
(P<0.05). 13K 3 Al15 , X B MW EIFIEY A £

FEVERE B R TEZFE(P <0.05) XA fEZh
THEZFARWMBEBIR TR AR AR
THCE TR AL B R I LR R A s Y 3L
GIBIRE S e SR S VT LR TN {2 5 SN
AR A A R EUEY Z R, s
1 DR A AR R A AR IRl sl A R A

*®3 KEUTRASTHFHIENNEY SHEEEY"

Table 3 Biodiversity indexes of zooplankton and phytoplankton in different seasons in Changshou Lake

WiH HIW(4E-H) PRI H J D
2016-12 24.40 +5. 68a 3.60 +0.21a 0.79 0. 03a 1.80 0. 38a
A ) 2017-04 24.75 +0.96a 3.37 £0.6la 0.73 +0. 13a 1.54 +0.05a
2017-07 14.60 +4. 16b 2.14 0. 40b 0.56 +0.07b 0.79 0. 21b
2016-12 12.00 +3. 87b 2.77 0. 62a 0.78 £0.09a 3.41 +1.26a
HFESh ) 2017-04 22.50 +4. 80a 3.15 +0.38a 0.71 0. 05a 4.01 +0.87a
2017-07 9.60 +4.39b 2.40 +0.52a 0.77 £0. 09a 4.69 £3.62a

1) A =51 EARA R P AR 2257 B3
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Fig. 3 Abundances and biomass of zooplankton and phytoplankton in Changshou Lake in different seasons

HERNK, GLEMNFEFNE(P<0.05) , XTEHE
M TR, AR TRl s A AL
e AL SRR R A A R T A R I S Y
A, S EOL (L.

WA R BUR T K R B EAR DL 3R FR 2
— A T I A K O A Y 5 0 AR
FEM TR R E VR 14 A ) AR PR R 00 I T W ok

TIKBEVEM (3R 4) , 3 TS AU (E AR R ] A
F = JIK BB . A Shannon-Wiener $8 5% 45 5 ]
153, KAFHI2 BRI T -5 KR
U h B-Hhi5 RIK 5t ; Pielous Y2 BEFE A4 K B |
ZFHE 3 ADEWOKBE T -2 05 8 R4
Margalef & EFRECR I, KGFWIK & HFE4b T
HEEYG Y AR TG Y (HA ) TS ek PE Y

%4 ET Shannon-Wiener 5% . Pielous 5 %1#0 Margalef 5 %1897k FRiE M 45 20

Table 4 Water quality evaluation criteria of the Shannon-Wiener index, Pielou’s index, and Margalef index

Shannon-Wiener 8% i i =vill Pielous $8%% IR Margalef $5%1 KR
>3 T T -2 5 0.8~1.0 el 0-~1 75 g
1~3 B-HiE A 0.5~0.8 T 12 Hh i 9
0~1 -5 Rl 0.3~0.5 B-HhiEHl 2~3 BRPETG Y
0~0.3 a-y5 >3 T
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g BT, KR4 FEEY 2R oE
FARE, THEMEFERTEF(P<0.05) % F
A RIFWR AL T -5 TIRAE, R A T
T YRR, o J 0l DX Tl A bR e JR s A 8
HESREL AV ESNR TS Y Al e R S B TF )
IK S 22 ) F2 A
2.3 RAFWATE s SR A v 4 AL 5 3R 058 Y 1
ITESES

W1IA 22~ PRIE IR 72 s 18] A1 23 [8]_E 5200 7 Jir 2
TR RIS S5 40 A DFTE R, PRI S T 45
SN EFRER BRI pH KR R AR B A
Foa B W EEFLEBEED 2  (50 J03E > IR

FE NIRRT R R W R R e R
BN AT AU I AR ) B A Vi S AL 3 R SR YR Y
IRt tar, B AR Az 25 22 FF 1 U0 TR R V& 45 4 1) il
;:'%3[41] .

ARG Pearson FHOCHESMITAE R KM (K S5)
422 7B 5 PB EIEMC,PH . ZH 5 Eh ¥ HA B
FHAETE,PA 5 DO T AKX KER,PI 5 DO TP
HABFENOAMHELER, ZB 5 Chla B B E M IE
FHIG,ZH 5NO, -NRI N B E R HAHC R, FF
TEITE S A e bn 34 5 IR TR ) T A ) A
WEM KRR, PA il ZH 5NO, -N & 2 1EAH G,
PA .PB 5 Chla 23 1EAHC,ZH 5 DO I 2 1A C.

®5 FHEEYNEDERSHERFHOMEXED
Table 5  Correlations between the biological indexes of zooplankton and phytoplankton and environmental factors
PA PB PH PJ PD ZA B ZH ZL: it 7.
PA 1.00 -0.06 0.21 -0.82 0.63 -0.17 = 0.05 0.46 fo.33 8 g2
PB -0.06 1.00 0.41 0.22 0.25 0.09/ _0.96° " 0.46 -0.25 0732
NO; -N -0.75 0.43  -0.68 [ #0.33 -0.6l -0.69 | ~0.54 10,43 0. 77 97
NH; -N -0.13 -0.63 0. 10 -0.35 0.26 -0.81 ¥ -0.82, 11 20.34 0.23 4 -0.46 |
pH -0.21 —0.11 052 1 o-0.18 0.53 -0.60  -0s38" | -0.58 —0.09 © 075"
Chla 0.26 0.79 [ §0.37 | & 97, 0.17 o's6 0.9 {5008 -0.60°"" | 0.10
%28 NOj-N, 0.19 -0.22 069/ FTF0BE  0.71 -0.95. =038  _@f8s*  -0.51 -0.87
CopEn S doos —oos | Mool 008 —09 —013 ro2d ot 070787 )
po =% | fo 9" 0.197 060 ~ 0,98" -0.80 010, 1019 5 0.35 0.28 0. 3287
T -0.90" 0.301 L0271 0.57  -0.39 0408 Jo. 1399 0.34 0.50 % 0.36
™ T 021 0.18/ Hojoo | ¥ Lo.s2  0.10 ~0.51 ' lo.13 0.76 0.74 0180
/P F 0.87 ~0.38 0297 1Lo.97 ¥ .57 ~027  -0.35  -0.03 0.06 -0.06
. "noc 3 | — - la = — — — — — —
pA 1.00 0.95* “70.62  2=0760 -0.30 0.54  -0.25 0.93 0.84 0.40
'PB 0.95* 1.00 0.35 0.33 -0.29 0.63 0.06 0.78 0.81 0.10
NOj -N 0.97* 0. 86 0.75 0.72 -0.11 0.58  -0.43 0.95* 0.70 0.56
NH,! -N 0.95 0.91 0.56 0.53 0.03 0.76  -0.22 0. 84 0.62 0.35
pH -0.90 -0.80 -0.70 -0.67 -0.13 -0.72 0.42  -0.86 -0.52 -0.52
Chla 0.98* 0.96*  0.54 0.51  -0.11 0.70  -0.17 0.87 0.72 0.31
#%E N0y -N 0.92 0.82 71 0.68 0.07 0.69 -0.42 0.89 0.57 .53
Eh 0.61 0. 44 0.74 0.71 0.45 0.63 -0.64 0.67 0.14 0.67
DO -0.94 -0.81  -0.80 -0.78 0.08 -0.54 0.52  -0.96"  -0.67 -0.63
T -0.82 -0.85 -0.32 -0.28  -0.25 -0.92 0.00  —0.64 -0.41 -0.11
™ 0.83 0. 64 0.90 0.88 0.02 0.46  -0.69 0.93 0.53 0.78
TP 0.17 0.47  -0.66 -0.68 -0.12 0. 44 0.91  -0.18 0.21 -0.83
DOC 0.09 -0.12 0.59 0.57 0. 69 0.3 -0.72 0.26 -0.35 0. 66
PA 1.00 0.55 0.57 0.08 0.89*  -0.23 -0.35 0.97 ** 0.01 0.98 **
PB 0.55 1.00 0.42 0.37 0.40 ~0.93% -0.80 0.56 0.74 0.70
NO; -N 0.78 0.92°  0.36 0.12 0.53 -0.74  -0.59 0.79 0.53 0. 86
NH; -N 0.98 ** 0.53 0.50 0.00 0. 86 -0.22  -0.28 0.99* 0.09 0.97
pH 0.16 -0.24 0.54 0.48 0.39 0.2 -0.16  -0.09 -0.75 0.06
Chla -0.39 -0.65 0.28 0.39 0.03 0.58 0.11  —0.46 -0.49 -0.45
H% N0y -N -0.52 -0.25 0.33 0.70  -0.17 0.13 -0.32  -0.71 -0.28 -0.51
Eh 0.37 0.67 -0.12 -0.26 0.10 -0.69  -0.22 0.56 0.83 0.49
DO -0.27 0.26  -0.56 -0.41  -0.50 -0.48 0.10  -0.03 0. 80 -0.15
T 0.56 0.18 0.43 0.20 0.52 0.09 -0.21 0.36 -0.49 0.47
™ — — — — — — — — — —
TP — — — — — — — — — —
DoC -0.94*  -0.45 -0.78 -0.33  -0.99" 0.13 0.45  -0.86 0.12 -0.92"

1) 5w S HIFIRTE 0. 05 K (XU | 0. 01 K (XUM) B HAT BFASCHE 5 «— 378 PRIBRSE R B SR R AT AR G HE 437

T
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