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Seasonal dynamics of phytoplankton and its relationship with the environmental

factors in subtropical reservoirs
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Abstract; The seasonal variations of phytoplankton community and their correlation with environmental factors in subtropical
Huangcun reservoirs basin were investigated in this study. A total of 51 phytoplankton species were identified, in which
35.29% of Chlorophyta, followed by 29.41% of Bacillariophyta, and 21.57% of Cyanophyta. In terms of the seasonal
composition of community, Cyanophyta was dominant in spring and summer, accounting for 62.96% and 71.03% of the
abundance, respectively. While Bacillariophyta was the most abundant group during the fall and winter, with an average
contribution of 56.1% and 80.74% to the abundance, respectively. The main dominant species in Huangcun reservoirs basin
were Chroomonas acuta and Achnanthidium sp., which occurred in four seasons and were common dominant species. The
diversity indices indicated that the basin was in mesotrophic condition. The water temperature, conductivity and nutrients

were the environmental factors having the greatest influence on the phytoplankton community composition.

Key Words: Huangcun reservoirs basin; phytoplankton; community structure; seasonal dynamics; environmental factors;

water quality
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Fig.1 Sampling sites in huangcun reservoirs basin
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12 H—WA4E2 A2V 762017 4F 4 H Z 2018 4 3 A WA, M sk 16 A~ HURE S5 H R SE PRI RKRE
TRUAEA 1 53 2500, IR A 0 0 (55 um X HL ) IR JZ2 7K Hh 8 B PR V7 AR 0 b, T 5 86 31 100mL 2R 2,
W o XTI IR A 52 B BT, SR AR 2K BRI R B S00mL 2R LRI b a2 M A IR A A R
HTEIR 1 & BHRRMRAE (R MR R 4%) 12, fdi F 20, x40 FIx 100 #4575 2% 513055 ( Olympus BX51)
TN R AR LR AR S A TR A S K v IR K R SR A R e g L R
# Utermohl YT ] 5 5 408% ( Olympus CKX-41) 4351 FH %20 F1x40 %8 % s 25 3eA 7315102

TETF YR AL W [RIISR AR R 2 KRR B 2 21 SR AR, Sr R AR SL 06 = itk Ak Ak o, (A
YSI-ZZH0K Bl A B 0 i 3 %8 (EC) | pH B #40 (DO) AR (WT) o FHB™ I #0055 7K 33 B B
(Turb) o

IKBEAEBORE A R AT a8 . Xt B85 MK B TR R ER U (NO,-N) B AR (NH,-N) I il R Eh AL (NO, -
N) 43T, X AR UE K AR AT BR (TN B (TP) B4R FRERFE £ (CODy, ) 43HT .

2366 % NO,-N(2,6- R @E ) NH,-N (ZEBRER 1) (NO,-N(EAALIE) (TN (G B iR SR 11 it
J5i 2,6- " H LRI ) A TP GEBRBRER T )5 DTSR ML RR TS ) YEAT 40 M7 , i BB R £h [l e % coD,, Y .
1.3 HdlEath

FRAE AR RI O S B a2 VR IR A O35 , I R B

Y= (n/N) Xf,

o, N OFES A YR BB EEE o NFES AR | IR R TR £ R R AR A RE S B B ARR an
BB Y KT 0.02, WA M H R

FIIH Shannon-Wiener ZAEEFE40(H') \Margalef =& B840 (D) Fl Pielous 2] FEH8 4L () A TR A )
BEETE AR, RBGE I USRI E

H =- Y P, x log,P,
i=1

D=(S-1)/InN
J =H'/InS

Ko, P, 2Rl W FE S IOA RN (V) LI, S YRR

I b = B el g AT B ST B A3 ( DCA ) e 1 2R PR Pk a8 2 B HE I . DCA U4l b s
FESRAE AR 3, BEFR LT 04T (CCA ) , B IMEFEITA /M (RDA) o Bl ATt , e O Rh B ¥ 647 1g
(x+1) F 4k, T PG AL, FARAR AT R A Ar S5 SR AR, AL, B pH AN BT A SR B AR S AT 1g (a4 1)
#:Ak, DCA ] CANOCO 5 #Ef7it

$04E ] STATISTICA G A 43 (verison 10.0) 7347, TEAE#E— G811 53H1iT, H] Kolmogorov-Simirnov i
Bartlet J5 ¥570 BR300 00 1E 25 F 7 Z [R5 . Pearson AHZE 20 M1 FH T PF-AS PR I FE 4 = BE 55 R85 X 1 22 [A]
BIRFR T 22T SR E 0 2 5 LUK AR S R T 1 2= 22 57, i MK «=0.05,

2 #R
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A& A A K PRI ) 2 sl A SO S IR A T G R

TRMETFAT —FH Z 0 L Em W s R, MG T 8 20,

F1 BERFEHLB(CFHE RMEE)
Table 1 Environmental variables ( Mean+SD) in different seasons
WS HZ ES *ZE A7
Environmental variables Spring Summer Fall Winter
B Ammonia /( 10-2me/L) 20.89+8.14 a 18.28+14.81 a 12.6124.19 a 19.28411.07 a
FUA Ammonia mg/ 3.29—51.45 0.47—117.56 1.75—36.88 2.16—88.18
L Nitrate /( 10°mg/L) 55.60=13.24 ab 41.96+20.95 b 56.42+10.75 ab 66.6115.16 a
R, Nitrate mg/ 18.93—127.14 11.90—136.85 36.48—88.27 46.16—112.27
13.51£4.39 a 10.89+7.06 a 3.78+3.30 b 5.41£4.04 b
e N S
AR Nitite /(107 mg/L) 0.29—34.61 0.40—49.27 0.09—19.85 0.32—22.62
TN /(10" mg/L) 10.84+1.4 a 7.85£2.45 b 8.10£1.42 b 11.46£2.12 a
R me/ 5.28—16.45 2.56—20.72 5.59—12.80 4.32—23.38
N » 1.69+0.33 a 1.78+0.42 a 1.57+0.46 ab 1.29+0.30 b
ST AR R R CODy,, / (mg/L
FERMELAREC CODy, / (me/1) 0.72—2.52 0.73—2.97 0.47—2.47 0.45—1.85
B TP /(10 /L) 38.92+11.17 b 32.51£17.30 be 68.66+13.31 a 24.86216.45 ¢
P me/ 0.52—107.65 7.78—117.04 45.60—123.52 3.76—101.59
" 7.77£0.39 a 7.89+0.56 a 8.05+0.20 a 7.16+0.08 b
b 6.52—9.70 6.03—9.57 7.42—8.80 6.28—8.79
ELE TomperaturesC 16.21+1.32 ¢ 27.41£2.01 a 19.91+2.17 b 11.74+1.72d
im e Temperature 10.00—20.89 20.17—31.75 12.92—25.39 2.68—14.71
) 9.99+0.56 a 8.12+0.50 ¢ 8.22+0.54 ¢ 9.1420.67 b
VA D L
DO / (mg/1.) 8.45—13.17 6.03—10.83 6.50—9.74 7.13—10.71
3.92:0.37 a 4.61+1.03 a 4.26+0.85 a 4.73£1.06 a
2 SHivi -2
5% Conductivity/ (107S/m) 2.10—4.80 2.50—11.8 3.30—7.00 3.50—9.00
1.44£0.10 ¢ 1.91+0.40 b 1.78+0.26 be 2.600.37 a
R T ne
B Transparency/m 0.60—2.98 0.70—3.13 1.26—2.61 1.73—3.33

w [ —47 AR R R R 2E R AR B . B KT P < 0.05; TN 2% Total nitrogen ; TP ; 2= Total phosphorus;

2.2 TRIFHYIREE A
2.2.1 JFUHEYIRER LAY

ABEFESEAEE I 9 171 51 M, BRI 2 AR EREET] (18 Fh) (35.29%) , IR JEREPETT (15 Fl)
(29.419%) MVEEBETT (11 B ) (21.57% ), BT ABBET] BT R TT HRAR B T] & ] 70 45 1 b
(1.96%) .,

TR AR -2 R 19.92x10°4 /L, 3 F BT (35.14x 10° /L) , H BRI TR R Z (4510
19.13x10°4~/1,19.67x10°4/L) , FKZFH MK (5.74x10°4/L) (K 2) [HER AR E (P > 0.05) , HBFEEIFE
FE B (62.96% ) KEHET 1R (18.40% ) , L F 5T VR R (71.03% ) SREET IR Z (11.93% ) , Bk FE kT
FRER R (56.11% ) ARBETTIRZ (22.47% ) ARk BT ] F B fie e (80.74% ) (BBl 1K Z (13.69% ) (K1 3) .
2.2.2  FREFAHY SR

BN K PRI 4 A 270 PR UAAR ) DL 35 SR 3B WL 2, s se i #h i rh | AR 2 Wi B8 ( Chroomonas acuta)
HIHh 225 (Achnanthidium sp. ) TR Z AT, Horb il 22 3 2E M A E RGO (R 2) . BRESE
A PP G R BEBE ( Cryptomonas erosa) FI/NIREE ( Cyclotella sp. ) T4 3 AN L, Hirb /Nl 24 F
LA e = T, BRI 2 WO K R S0 3 B B = B 0 Fh 3514 B #6082 3 ( Pseudoanabaena sp. ) , HF-
FEfR K, EEPFPE 22 3% ( Limnothrix planctonica) T8 3B Z= W B, 77 7 1 22 % ( Planktothrix sp.) 76 5.2 H B, 5] i
## ( Coscinodiscus sp. ) TERKACZE L, £ T3 ( Synedra ) FNXUK M ( Scenedesmus biguga ) 76 RKZS H B, i Jg T 5
( Fragilaria capucina) S35 ( Gomphonema ) Fl ) [R BIJE 3% ( Cocconeis placentula ) TEAZEH PR,
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Fig.2 Abundance ( Mean+SD) of phytoplankton in different Fig.3 Relative abundance of phytoplankton in different seasons

seasons in Huangcun Reservoirs basin of Huangcun Reservoir

R2 ERKERBFFENAENELBE

Table 2 The dominant species dominace of phytoplankton in Huangcun reservoirs basin

ESat) PRFAF FEHEY % e (Y)
Season Dominant species Percentage of abundance Dominace
72 Spring Pt R Pseudoanabaena sp. 57.1 0.54
423 Achnanthidium sp. 15.32 0.15
RIEHE R Chroomonas acuta 6.63 0.07
TEVREE 223 Limnothrix planctonica 8.73 0.05
5 Z& Summer heaEEE Pseudoanabaena sp. 55.43 0.35
TRUiFEE 223 Planktothrix sp. 10.38 0.08
i 223%: Achnanthidium sp. 3.91 0.04
EPE 22 e Limnothrix planctonica 7.7 0.03
REEUEBABE Chroomonas acuta 3.24 0.03
Wil FEEE Cryptomonas erosa 3.16 0.03
INERBE Cyclotella sp. 2.82 0.03
K Z Fall 223 Achnanthidium sp. 31.88 0.32
INREE Cyclotella sp. 11.12 0.11
WG #E Scenedesmus biguga 16.2 0.08
REWE RS Chroomonas acuta 7.53 0.07
WGl B Cryptomonas erosa 5.08 0.05
EHFFBE Synedra 4.43 0.04
B i # Coscinodiscus sp. 2.1 0.02
22 Winter INERE Cyclotella sp. 20.38 0.2
223 Achnanthidium sp. 13.08 0.13
[ i Coscinodiscus sp. 11.14 0.11
Wi B Cryptomonas erosa 8.29 0.08
REWEFR¥E Chroomonas acuta 5.4 0.05
BENEFTIE Fragilaria capucina 5.64 0.05
S HE Gomphonema 8.92 0.05
Ji I BRIETE Cocconeis placentula 11.39 0.04
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223 VRIFHYIZAEETR AL
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Z [i] ; Shannon-Wiener #8402 15 22 5 N 1 3 ; Margalef £ 5 BB Ff s MKERIL, BRI LT 2HZ
[i1] ; Pielous Y95 BEHR A dm iy BFFEm I, A BT T = H Z 0],

30 1 4 r

LI R N A

3
2] O
g 0f T £
15} 5 =
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Fig.4 Species number and biodiversity indices ( Mean+SD) of phytoplankton in different seasons

2.3 FHIMHPIRE SRR R ER

TEIEHLY 1 S IR EE N A OCHEAE B L35 3, BRI B FE 5 R 2 B MM (P=0.048) ;
HZFIHY R 5w IR UL W IEAME (P=0.038) ; Bk B IR ALY B 4 5 i sh IR b 45 5 (P =
0.001) ,pH(P=0.014) Flik B (P=0.012) & i FIEAHDC, 5 G0 82 B E AAHDC(P=0.022) s X Z=IFIEAE D) A
FE 5B SR(P=0.002) NO,-N(P=0.024) I F A G, SHEE (P=0.008) £ & A, Pearson H%
PEFRW] 520 SRR PRSI A R S M AR IR RO B % 3 SRR b 46 4 IR pH Al NO,-N &
AL RS A S

DCA KW, 4 AF5 A S RE B e KA Y/ N T 3, MR EHE AR BRIk, ELI% A6 B S A R FHOUAY S0 M
(RDA) . 7 RDA ", RIS R BRI T AR AT S 800 RDA PR Ui i o B0 fe e 1) @ 8k, &6
FER DRI EE R, 4 ~Z1 RDA HEF RIS —Hh 5 il 2 B E 25 (P < 0.05) , RUHEF 45 R 2]
{5/, FZ RDA HEFEIANE 5 PR, F IR FIL MR T 89.00% MY 17 WA AH Y R Vi A8 o b T Al 11 Y
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FHAEE 2900 0.87 F10.02, RARHEE T 88.93% MM ARG R . B2 RDA W/RIFivEe 225 i QR
R | M 225 FNAHE ( Chlamydomonas) 5 pH S IEAHSC , 52 A 2 U 5 ; (AIKBE ( Chroococcus sp. ) FIfh IR
B WARRREL AL ARG, 5 PR TG,

R3 FFEYEESREERFEXEER

Table 3 Pearson correlation between phytoplankton cell abundance and environmental factors

NH;-N  NO;-N  NO;-N TN COD,, TP pH T DO Cond
77 Spring A -0.10 -0.22 0.38 -0.12 0.28 0.24 0.34 0.07 0.38 -0.50"
H 0.26 0.38 -0.36 0.23  -0.65**  0.03 -0.65** -0.49 -0.49 0.15
J 0.23 0.35 -0.38 0.20  -0.59* -0.02 -0.60" -0.43 -0.66** 0.21
D 0.03 0.57* -0.46 0.09  -0.94**  0.08 -0.76** -0.78** -0.72"* -0.29
B2 Summer A -0.02 -0.19 0.47 -0.06 0.52*  -0.12 -0.03 -0.14 0.12 -0.47
H 0.10 0.34  -0.35 0.21  -0.49 0.28 -0.10 0.01 -0.24 0.58"
J 0.11 0.33  -0.36 0.18 -0.55* 0.26 -0.09 -0.03 -0.22 0.63%*
D -0.10 049 -0.35 0.27  -0.47 0.20 -0.46 -0.07 -0.53* 0.31
FKZE Fall A 0.01 -0.50 0.04 -0.39 0.75** -0.31 0.60* 0.61* 0.01 -0.57*
H' 0.04 -0.02 0.07 -0.06 -0.33 0.10 -0.38 -0.62" 0.29 0.07
J 0.07 0.16 0.03 0.14  -0.65** 0.27 -0.59*  -0.81**  0.22 0.34
-0.24 0.01  -0.05 -0.19 0.23 -0.29 0.15 0.16 0.01 -0.23
&2 Winter A -0.03 0.56*  0.33 0.45 -0.28 0.23 -0.34 -0.647*  0.11 0.72**
H 0.33 -0.15 0.20 0.21 0.57* -0.11 0.20 0.53*  -0.39 -0.07
J 0.23 0.40 0.16 0.50 0.13 0.07 -0.02 0.16 -0.58* 0.45
D 0.19 -0.04  -0.09 0.11 0.23 0.05 0.16 0.51"  -0.60" -0.32

#* R P < 0.05, %% F£/R P<0.0l. A:FF Abundance, H': Shannon-Wiener 5§41, J: Pielous Y585, D . Margalef =F & B 5 %(; NH} -
N EUR, NOS-NHREARA, NO3-N: IERNRRALA, TN: AL, CODy,: PARERGALIEHC, TP; RABE, T: Temperature HAE, DO; W%, Cond:
Conductivity HL, 5%

1.0 pH
Chlamydomonas
Achnanthidiumsp. [ planctonira
A
| C.erosa
Cond Cacyta
Nitrite
Chroococcus sp.
//’Pﬁﬁoanabaena sp|
Cyclotella sp.
Ammonia
-08 |
1 1 1 1

-1.0 1.0

B 5 HFEIEFHEYMIFETE RDA HFE
Fig.5 RDA ordination diagram of the prevailing phytoplankton and environmental variables in spring
VR 22 i Limnothrix planctonica; 4 1 JJE 8 Pseudoanabaena sp.; IR #E Chroococcus sp.; 43 B #5 Bt ¥ Chroomonas acuta; W fill Fa 3
Cryptomonas erosa; W23 Achnanthidium sp.; /NAEE Cyclotella sp. AKX ¥ Chlamydomonas ; Z & Ammonia; HL5% Cond; WAYEREE Ntirite
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K 7= RDA HiF BNl 6 s, B 2R BE R LAl B 1 59.50% B 17 e A ) i 9 A8 5t il T Adh 1T Ak
EE S350 0.51 #10.07, RBURFE T 58.22% WM AZMLAGE . 5 Pearson MM Hr4i R —3, 2= RDA R
PR R IR ER 6 K pH M A R #h 0= 5 W) U A P RE T 0 A B R ERSR IR 1 D O 22 e T R bl
( Scenedesmus quadricauda ) FIAF LR IHBEHE ( Microcystis aeruginosa) 35 R H I 5 WA TR 5 B2 IEAH G, 5 A2
R,

1.0 |
Achnanthidium sp. pH
CNamydo
Planktothrix sp.
Ankistrodemus
A.circinalis
L.planctonica
Nitrite
TN
“1.0 Nitrate
[ I I I
-0.8 1.0

B 6 BEFIEFHEMMIFELTE RDA HFE
Fig.6 RDA ordination diagram of the prevailing phytoplankton and environmental variables in summer
VPR 223 Limnothrix planctonica; 3 M4 JE%E Anabaena circinalis; £F4E#EE Ankistrodemus ; FRFWE 223 Planktothrix sp.; VUEEMEE Scenedesmus
quadricauda ; FIERGHEEE Microcystis aeruginosa; WiTH ¥ Cryptomonas erosa; JRJFE Wi (G Chroomonas acuta; /NIREE Cyclotella sp. ; WM 223
Achnanthidium sp.; AKX # Chlamydomonas ; 52 TN; FR3h % Nitrate; = ERIRERFEEL CODMn; WASEREL Nitrite

FkZ= RDA HEF EANE 7 iR, B3R5 AL B T 80.10% A 17 W AE W R V& A A8 1 b T R h 1 A
TEAE 5351 0.57 F10.23 , REHRE T 79.49% YR 2[5 E o 5 Pearson MG/ 45 R —2, Bk %= RDA UK
R IR AR FE A pH I R HL R B R S e TR AR W R IR AT 0 R EAEE IR -, A W R | A el B RN R
B R IR TR AR WA IR A DG, S ROoR B UAOC i Z BORAR B SR EE A pH BIEARSE, 5L SR E R
FH

278 RDA HE)7 BN 8 s , BEHUW IREE I T IL MR T 65.50% I V7 Wi A i v A8 o b T Rl 111y
FRIEAE SR 51124 0.56 F10.08 , REERE T 64.36% W FEALIE B . 5 Pearson AT R —3, 4 Z= RDA
TR AR L TR I SR SR W T IR AR IS 0 A 1) R BRI T, FAHE 8 (Navicula sp.) i [ DI 3 A0
BENEAT S L R R R ER A2 B O, 5RLEE 2 A OC ; S0 ( Cosmarium ) FIAE 25 3 ( Cymbella sp.) 5 DO
BIEASE, 5EE R A,

http ; //www.ecologica.cn



4018 S % 41 %
0.8 [
Cond
L Gomphonema
F.capucina
Achnanthidium sp.
Temp
Chlamydomonas
L Coscinodiscus sp.
C.acuta l
Cyclotella sp. Pseudoan
\
S.quadricauda  M.varigns
S.biguga Synedra
1.0 |
1 1 1 1
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Fig.7 RDA ordination diagram of the prevailing phytoplankton and environmental variables in fall
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Fig.8 RDA ordination diagram of the prevailing phytoplankton and environmental variables in winter
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