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1.1 #REXEERR

YK BETR 67.2 k| A 2547 007 Fi%
AKPEAL SR b 2= R K W B, 22K 2y 14 km,
2017 4£ 9 J] it AR A A7 Yl I BRAE B T b A —
SEIR AR AE KA AN, [R) I A B R T
29.26 5 m® (UTKAEYIRE T A8 1) 7 X Fii B8 1
N 20 m, R H G B ( Vallisneria natans ) il
W iR T3 ( Potamogeton maackianus) . .75 R T3¢
( Potamogeton pectinatus ) , YK & ¥ ( Myriophyllum
verticillatum) %M BB ( Hydrilla verticillata ) F17E
i ( Potamogeton crispus) ',

TN Fras , AR K PR HUE | 78 58 T 97 Y
AT AR S AP IXCRAE 1 (S6-810) , 725
I[N Y P DX 8 A AR R DR A (ST ~
S5),

4ifE Latitude

121° 40’
%P Longitude

121° 30’

Pl SR IR O A 25 3 I I
The black bold line in the figure is the ecological slope protection
area.
1 EEBEDKERERTHE
Fig.1 Distribution of sampling sites in

Shanghai Qingcaosha reservoir

1.2 EmRESLE

2018 AEEE A T A IB A RZK A SRR IX
I A AT B8 DA 7 0 AL 0 it SR B 1K 3R 358
T iIE o PRI ALY 2 I8 GUROK I e A ) )
FARIAE (SC/T 9402—2010) ) K4 1 L & = A
At B 10 mL FBEI RN 1S mLL 65 RF PRt
TOHEAT I E , 417 191 52 98 38 7 70 980 =1 Hh i L 48
h Wi E A 2 50 mLo 0. 1 mL 557 KL dh £

OLYMPUS-CX21 2% B 058 T i K 400 1%k 47
TR LA W o S E AR, BE ML SR 100 A
P A0 BN IR 300 S DL E BEASRE RO
B8 5 B 58 R 1 L KRR Hh 11 40 i 2
(cells/L) o A9 ph 86 2 9 B9 1A B 4% 3 4
FeHiis, MM E FES LRI A RE
WA R aE L .

FERBE VR U AE ) 1) [F] B, f F YSI6600EDS
B I K (WT)  FR A% (pH) P42 %K a
(Chl. a) , FE G ELM 2 FEH L (SD) , H 4~ BPL8-
PSTFL [al 5 MR A0 52 7K B (D) , HACH i #5 5%
0 A 2 75 4 (DO ), 5 5 % 4 ] HACH-
DR3900 43606 B 14T B (TN) L B (TP) |
TWAHERER (NO, ~-N) (S A& (NH,-N ) il 4 e 48
FREL(COD,, ) KYIZE
1.3 HESZITE5HH

FIF Jaccard Fh2EARMIPESE £ (S,) "y Fh
RIS H(Y) ) Shannon-Wiener 5 #f1:45 %&
(H')'"™ | Pielou ¥ Fft #5 2) BF 35 % ()™ Fn
Margale )Fi = & EHE 50 (D) ™ S0 A 5 4P  IX
FIE P9 Xt HR DX Y7 Vi A 0 B v S5 P R A ST 5

S;=c¢/(a +b-c) (1)

Y =N/N -f (2)

H =-Y(N/ N) In(N,/ N) (3)
J= H'/ InS (4)
D=(S-1)/InN (5)

A ia — X AR 2B AN b O 55 —A
HuIX B R B AN ¢ Ol W M X LA R A
S N0 ~0.25 B ASAELL;0.25 ~0. 50 B
AL, 0,50 ~ 0. 75 1)y v AE A L,
0.75 ~1.00 W A AHRL, N, 5 @ Ry P
AMRB N S RET BT A A ) SRR S, e
i PP RNE A RE AU BRI 5 S ke s B )
FRAFIZEEL, 24 Y=0.02 I F

iz J SPSS 25. 0 B kAT B 3R T 22 03
(ANOVA) FIl LSD £ L #5253 /K 31458 H 5~ L I
TEAH )2 BE A= i LA S 22 R AR B 1R T X
BRI ZE S E (P <0.05 HZEREE) . K
R3.5. 1 11 vegan G 47 £ 4265 (PCOA) 734, It
BEPA DX B ) 77 i A 0 A i 45 4 1) 22 S v A
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2 gR50H

2.1 KINEETF

R 1 AT 2 XA BRI (D) B 2%
TR (P <0.05); B (SD) | % ik A
(DO) ., A& (TN) | B W (TP) | fb ¥ 7 A &

(CODy,, ) FIit4% 2 ( Chl. a) F B JiE A Xof I DX
T AP EI AR B FIE R (P >0.05)
IR (WT) \pH 2 & (NH,-N) (WA 25 A (NO,-
) D) Ay 735 DX g 0 B X, L DX Jsf ] T . 3%
227(P>0.05),

F1 ESPEESEANREKREEFEHEREE

Tab.1 Annual mean value and range of water environmental factors

in ecological slope protection area and control area in reservoir

ARSI JEPIRT R IX
S Eecological slope protection area Control area in reservoir
Enviiju(n}:lfital factors P(E Kbz L Y B bR 2 S
Average dnd Range Average a?ld' Range
Standard deviation Standard deviation
D/m 5.02 +£0.98 4.02 ~7.30 9.87 +11.14 8.62~12.10
SD/m 0.75 +0.17 0.59 ~1.17 0.77 £0.23 0.54 ~1.35
WT/C 20.53 +8.87 6.88 ~32.96 20.47 +£8.96 6.78 ~32.20
pH 8.11+0.78 6.88~9.19 8.03 £0.76 6.87~9.19
DO/ (mg/L) 9.53+2.02 7.88 ~14.22 9.63 +£2.02 7.92 ~14.21
TN/ (mg/L) 1.58 +0.64 0.80 ~2.60 1.69 £0.59 0.90 ~2.36
TP/ (mg/L) 0.10 £0.05 0.03 ~0.19 0.11 £0.05 0.04 ~0.21
CODy,/ (mg/L) 3.35+1.20 0.62 ~4.72 3.69 +1.24 0.52 ~5.07
Chl. a/(pg/L) 18.62 +2.85 11.07 ~22.35 18.80 +3.04 10.17 ~22.04
NH;-N/(mg/L) 0.06 +0.07 0.03 ~0.28 0.05 +£0.06 0.02~0.24
NO,-N/(mg/L) 0.016 +0.014 0.004 ~0.054 0.014 +0.010 0.005 ~0.033
2.2 FFEMBRSN RAYRE o HI AT DL, AR 254 Bl i) B F R el

2.2.1 PRI YIAP IS AL

A YR X 2018 AR SL R IR IEAE Y 8 1)
201 A, Hodp: TR R ZE 72
35.82% ;REWE ] 70 Fh, 5 34. 83% ; W ] 32
Fi, 5 15.92% ;#RBE0] 18 B, 5 8.96% 5 HI e ]
580, 07 2.49% s EEEE T VN A a3 2 Bl 45
1% ;BB T 1 FP, 47 0.50% o JE Py X B IX A% 81
TRURMEY 8 1] 194 Fh, LIGEEE IR 2R i 2, 83
B, b5 42.78% ;43 1R 2,65 Fl, 1533.51% ;15
TE] 24 Bl 5 12.37% s #9511 16 i, 5 8.25% ;
FHSETT 3 A, b 1.55% 5 e 2 A, i 1.03% ;
P RIBREET 132 1 R, 45 10 52%

P DI B ) A W Rl Bk 148 F, AL
PEFREL S, 24 0.60 AR P AEAL . NIRRT AL b
A, WX A& A 0 )RR B LG ) 22 S 0N, B
TGS P Y R o -k - T Y . ILIRT 2,

b R AR DXOR PR P ) HE X3 2 B
ES = R AR B SE M R & S A ML
W2, B VORI EUR A, AR ZE T M X 8K
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IKAR TR A ) 1 Fh L AL
2.2.2 IR

HI e 2 RTAL, A 254 35 DXORI P P ) R DX i
IR 7N R et S ek ey A R S R S
KA o BRIk PR A E B (Aphanocapsa sp. ) 1
PR, PR 4 ZEHGEE R WD
10 )8 35 ( Pseudanabaena limnetica ) FLYR , 2 P X 35k
FE EILG A M NI EE R E M
(Cyclotella sp. ) K PIXIH B L& ZENHFP, B
W45 S (Aulacoseira ambigua) H 7 K VA&
Hh o P 223 JE R E Bl (Limnothrix sp. ) FIHKYD
R 22 3 ( Aphanizomenon ississatschenkoi ) “f P [X_ 15
BB L BR, s IR OB i #E ( Rhabdogloea
smithii) 2 P X S8 | 2 2= A0 SR, 20 /0 R
( Merismopedia minima ) W X I 2 2= #Fp, 1
IIN-Z4 35 ( Merismopedia tenuissima ) {TE 13 [X 4
=R TN R BE ( Chroococcus minutus) K
XFIRIX A B AR E 3 XA A 211
HHh o BEIE/NEREE (Cyclotella acus ) TEAFPEIXFF |
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Fh2K¥ Species/ind
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90 e
] ] 80 B mm
] ] 70 - [[] 4490 Chlorophyta
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0 | L | il [_] %307 Cryptophyta
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=== 20 L NN
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B2 A£HPERNERNRXFFEEDFRARBEETH

Fig.2 Annual variation of phytoplankton species composition in ecological

slope protection area and control area in reservoir

R2 AREFTESPHEEMEANBRRABHREAEE
Tab.2 Dominant species and dominance degree in different seasons

of ecological slope protection area and control area in reservoir

#25 Spring HZ= Summer #kZ= Autumn £ Z% Winter
= X . = X = X . = X .
o Lo gﬁ P pyxtmpe LT :*" P gyt %*fji Pt %Tf P eyt
YIFh Species Control Control Control Control
slope . slope . slope . slope .
. area in . area in . area in . area in
protection . protection . protection . protection .
reservoir reservoir reservoir reservoir
area area area area
W] Cyanophyta
[ R %E JE K E Flr Aphanocapsa sp. 0.28 0.30 0.28 0.38 0.37 0.41 0.34 0.37
WA LR 4 IR % Pseudanabaena limnetica 0. 10 0.12 0.23 0.26 0.16 0.28
V228 B AR E M Limnothrix sp. 0.03 0.03 0.05 0.03
(S
Aphanizomenon ississatschenkoi 0.03 0.03 0.02 0.02
/N2 Merismopedia minima 0.05 0.03
W/ INE-24 3 Merismopediat enuissima 0.07
f/NMaFREE Chroococcu sminutus 0.04 0.02 0.05 0.02
1 [CHEIRE B Rhabdogloeas mithii 0.09 0.08 0.06 0.05
Tk 1] Bacillariophyta
I /N Cyclotella acus 0.08 0.04 0.02 0.03 0.03
INFREE R R SEFI Cyclotella sp. 0.08 0.12 0.08 0.09 0.11 0.18
TSRS V8 B 35 Aulacoseira ambigua 0.07 0.05 0.09 0.11 0.08 0.04
2535 1] Chlorophyta
W8 R E Fh Scenedesmus sp. 0.04 0.03

2.2.3

T AR Y IAT

2018 AFA 547 3 DXIF T A ) A ) % R AR
{8 (578. 46 +455.30) x 10* cells/L, A5 4k 3 [l
H7(124.32 ~1416.41) x 10* cells/L, R A8+ B

1A e EEBAE 9 A NI X A%
REAE I {E K (663. 46 +588.67) x 10* cells/L, 7t
By (178.27 ~1937.68) x 10* cells/L, e fi{E

WA A e E GBS Ao NEWAE,
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P XS A R R Z > KT >
T > A (8 3) o R PIX T Y R
TR XTI, B K AT 3 AT B D )
DX i T3P 3 X x4 A Ay P DX ] 1) A )
WEHEAT ANOVA 73 #, 85 R BRI A7 1E B 3%
225+ (P >0.05) il id LSD T AUk LA Bk
AP K Z BRI B % 2257+ (P >0.05) .

3 000 | —a— A=AH X Ecological slope protection area

—e— EXXEX Control area in reservoir

— — [\ \-]
(=1 (S (=] (S
[=] (=] (=2 (=]
(=] o o (=)

AW B BEE / (X 104 cells/L)

500

1 2 3 4 5 6 7 8 9
A4} Month

B3 AP ENXREK

FRENENTEREENL

Fig.3 Annual variation of phytoplankton

10 11 12

density in ecological slope protection

area and control area in reservoir

MRS A= )88 B R TR, e 1) e P DX S 8 o
P XTI REBE T IRz SR P T 12 515 3, Hoy
PR LU IR AR . AR S 9P 3 X e 1) AR W %
JEE AR B A BB 75, 82% , REE ]
16.12% , R B 1105 7. 74% , H A 1712535
0.30% . FERNXTIEIXEE T AR E B AEY
IEN 80. 54% , Kk w5 13.99% , &[] o
5.32% AR 138 1 0.16% o 5 X 58 4y [1]
B U120 M 23 20 8 S 7 A A 55 o AL (1
4), B b REEETIER A 2 2= 5 AR, Hoh 7E
ZAR(2 A ) NAa XTI, e I TR B R A
)T LURE R . WEEETIRR 2 A, o A 34 5
e, HAE ZRFK W) (8.9 H 1) B i Lo il &
(90% VI )

A A B DR R AR Y AR A
(1.55+1.03) mg/L, 444 0.23 ~3.31 mg/L,
S EEIAET A, S E HIAE 12 H, FEA X
HRIX A= Wi AR 4B R (1. 61 £0.98) mg/ L, 35 il oy
0.36 ~3.28 mg/L,8 HEw, 12 HEMK(ES),
ANOVA 73 #fr B4 7 40 A DX 3k 1] A= 4 1 TG I 2%
255 (P>0.05) . Z=715 b, WO IX AR i 22001
S A BEARL, IR 5 2= 4 3 DA ) o e
TXPREDX, Ay 3 /25 0 BE DX e TP X
{H 1LSD ZH b3 /s B E KA A~ X B 1] 1
TR #FEER(P>0.05),

® AP HIX Ecological slope protection area FENXHHRIX Control area in reservoir
B 1000 o gy o o o ey oy ) 00 (o ) B
i EER (= I N i
g = ([ = —
— 80 - — 80 =1
g - = || (1457 Chlorophyta
4 =g — = [ %17 Buglenophyta
5 60 | =] 60— (| | [ IR0 Bacillariophyta
2 ] = (| | [_]#7 Xanthopyta
2 [ JR&3E7 Cryptophyta
o 40 40 [__J4&%E07 Chrysophyta
= | [ | %37 Pyrrophyta
& = [ J4¥0 Cyanophyta
i 20 20
&
R
H 9 0
= 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
= A# Month H# Month

F4 EFPHEEFEANBRENTEDZERETL

Fig.4 Annual variation of relative biological density between ecological

slope protection area and control area in reservoir
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—s— AP HX Ecological slope protection area
—e— FEXNHEX. Control area in reservoir

AW EHE/ (ng/L)

1 2 3 4 5 6 7 8 9
H 4 Month

5 ASPREEMENNBRXENERAFEENL

Fig.5 Annual variation of biomass in ecological

10 11 12

slope protection area and control area in reservoir

AP X Ecological slope protection area

o X AE Y a2 SRR
47.94% FEFETT 5 39.87% , 401115 8. 44%
R  3.75% ; PR BRI B 3 1 1 AR i o
RVAEYIEN 51.56% REHET] 5 41.47% 2B 0]
17 5.07% , & FI1RMH 1.90% . NA4EER, W
A DCIF Ve A 0 1) A A e 4 R ] RN A
BEN TR, FLER B 6 ARG AR 9 JE A AR A B v]
1,3l DRI RE DX 45 ) 1 A 4 21 B AR TG B
20, R KA B RECR (1—6 H .11 )
AR R REBE L1128, BBk (T—10 1)
TS 52 2 Uk P 0 o (L33, R AR R A ) e AE 4]
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BRI HE R e B 3 PR AR A IR i
T BAE i O R TR S5 F P E T o
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Fig.6 Annual variation of relative biomass in ecological slope protection area and control area in reservoir

2.2.4 Y Z R

WM& 7 B7 7, Shannon-Wiener 22 £ M 38 %k
(H") HEZSIP I X R AR ALTE B 1. 45 ~2.57 4F
HE R 2.06 0. 33; FENXTRIXJEE M 1. 32 ~
2.45 AEBIE R 1.93 £0.26, Pielou 5] 5%
() PP XS A AR TS L Ry 0. 42 ~ 0. 68, A 4
790.56 £0.06; X%F R IX T FE 4 0.35 ~0. 65, 474
{5 0.53 +0.06, Margale =5 FEF850(D) 3%
AR N 2. 72 £0. 46,35 [ 1. 74 ~3. 34, %

WA K ARSI M 2. 51 0. 41, [N 1.77 ~3.01,

3FZHEMEIR BOYM R B BB (7—10
A A I X E PR N BRI, A H A = Ik
AR AL RV RFE o 7 22 0 By 3% B A AE R DX Sl )
H'(F, =0.793,P >0.05) . J(F, =0.522,P >
0.05) .D(F,=1.426,P >0.05) ¥ J; . & P 2=
S, AR ZS P A A A R S R K AR TR
TEPIRETE I 2 e
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3.5 —a—AEAPIX Ecological slope protection area 0.9r _4 AP X Ecological slope protection area
50 —e— FEXIRIX Control area in reservoir 0.8/ —— EAXHRIX Control area in reservoir
0.7

B EEH Pielou’ s index/J
=
w
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—
-

0.2
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0 0
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Fig.7 Annual variation of three diversity indices in ecological slope protection area and control area in reservoir

2.2.5 JHIFHYIREE LR PCOA 434t P=0. 988 7
i iof PCOA JH 27K B 254735 XA 28 P X AR 0.3 ;

TP IS B AP TH R (18 8) , TR 0.2

AT PR R S T Jaccard S PR RE £S 2 o it
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Phytoplankton community structure of ecological slope protection area of
Shanghai Qingcaosha reservoir

SHEN Liya'*, ZHAO Dan'?, MA Jie"”, NIU Wenhui'*, CHEN Lijing'

(1. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Shanghai Ocean University, Shanghai
201306, China; 2. Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution, Shanghai Ocean University ,
Shanghai 201306, China )

Abstract; In 2017, a large reservoir named Qingcaosha in Shanghai built an ecological slope protection. In
order to explore its impact on the structure of the phytoplankton community, a monthly survey and comparison
study of the phytoplankton community in the ecological slope protection area of the reservoir and the control
area in the reservoir was carried out in 2018. A total of 201 species of phytoplankton in the ecological slope
protection area and 194 species in the control area in the reservoir were identified. The species in the two
regions were moderately similar, and the species composition was both Chlorophyta-Bacillariophyta-
Cyanophytatype. The dominant species in the ecological slope protection area and the control area of the
reservoir mainly belonged to Chlorophyta and Bacillariophyta, which were basically the same. The dominant
species with a high degree of dominance were Aphanocapsa sp. , Pseudanabaena limnetica, and Cyclotella sp.
and Aulacoseira ambigua. The annual mean biological density and biomass of the community atecological slope
protection areawere (578.46 +455.30) x 10* cells/L and (1.55 £1.03) mg/L, respectively, and those of
the control area in the reservoir were respectively (663.46 +588.67) x10* cells/L and (1.61 £0.98) mg/
L. There was no significant difference in phytoplankton stock between the two areas (P >0.05). The PCOA
analysis of the principal coordinates showed that there was no significant difference in phytoplankton
community structure between the ecological slope protection area and the control area in the reservoir (P >
0.05). The above results all demonstrate that the construction of the ecological slope protection has little
impact on the phytoplankton community of the reservoir.

Key words: ecological slope protection; phytoplankton; community structure; submerged plant
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