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Abstract: In order to reveal the effects of competition of other algae and Microcystis on growth of
Microcystis under flow condition before the formation of algal blooms, and the growth of Microcystis
aeruginosa is affected by Scenedesmus quadricauda under flow conditions, experiments are conducted by
plexiglass ring groove in axenic laboratory. The competition relationship affected by competition
parameters, density and specific growth rate of Microcystis are analyzed. The results show that the
Microcystis aeruginosa adaptability on flow water is reduced under the competition between Scenedesmus
quadricauda and Microcystis aeruginosa , namely, the optimal flow rate in simple and mix culture are
35 cm/s and 5 cm/s respectively. The exponential growth time of Microcystis aeruginosa under mix culture
are longer than under simple culture. Microcystis aeruginosa growth are stimulated and its specific growth
rate increase by Scenedesmus quadricauda at flow rate from 0 to 25 cm/s, contrary to these results at
35 cm/s. The growth of Scenedesmus quadricauda is slightly inhibited by Microcystis aeruginosa in control
group and treatment groups during the experiment.

Key words: Microcystis aeruginosa ; Scenedesmus quadricauda ; flow rate; competition

5 B #A - 2013-02-01
EETH - HAEHRBEIETRBIIH (50979028) 5 o g w5 £ KAl BF 5 3 4 ¥ B35 H (2009B17714)
TEE B A - ZEMAR978-), T il R LA oT 28, B2 R i sk 42 B R AL BB 5T - (E-maiD) 1i_lin980192@126. com,



120 http://gks.cqu.edu.cn

TRKXFFHR

% 36 %

TE R IR A [ B B O 35 e A [R) 1 8 ik
T R Bl B R Db B I I R A K ad
FERT 73 R UUB A CE IR AP R i (A KO | B
LR A A BrBe. 0 B IR K AR TE B ok
SR B L 2 PG IR GRLEE LB IR R R A 2l A 2
PRI 52 TR » Bl 7 2 Kl ) 72 A [ % L K 1A o &
WOREEESFMERWIT IR A R . R S
R 38 5 5 12 Wi N RS BERI Y . D T 8 7R X B e
BRI AL A LB L BUAT SCHR 32 25 LT LA J5 1
AT 7RSS . T35S M Bucka R BUE SRR A
IR 532 W A 9 5 2k 9 22 IR ) R L S e 5 RS A T A
ISR 0550 A B I K 5 o) S8 28 O A S 1
N7 s Hu S5 15 BI04 8 77 Eh BRI A 00 L 0 6 3 9 2
o5 W TR 7K U AL ) 0 A ) 5 S5 O IR AR PR Y
oA A R R G A e R A 25 KR R Bk e
R R e R AN A AR e A
Wi (I B Bl B AR 2 . LB F TSR WG ot M 1 1
DI ASERILE AP

— S 3 Ao AP R A A BRK R B AR
LA T FEE T K O X Bl M o R A s
B 7R 7 A R s LR 7 A T R 1R R T A e DL R
B PG A S IG R T 3 K AR L B G Rl
Lo Tl 20 T R 2o SR TR AR UL Y DY R IR B L O A 4 L 4
JCTCTE A& AF T A AL 35 58 B T8 A A5 400 AS [] 3 3
PEAT 58 A S0, WL B 4 25 T DU R A S % AR
PEWE I A WA AT XTI 4 b 0 S 4 R L Ay st
— A Rl K AR PR R A

1 MRRFTE

1.1 XWH#

S B R A 4 4t i 3E B (Microcystis aerugin-
osa) MY M (Scendesmus quadricauda) Y3k H
Hh R B K A AR B T . B BGLT RE RN
HiX 2 PR SR BB KR & . 5250 BT Y B
FEHEEY N R G A T8 3% 3 BG11 (K 3% 56 o
NaNQO; « 4H,0 #1 K, HPO, * 3H,O & & .43 TN
TP B e B2 (D) 435y 2 mg/L F1 0. 2 mg/L)
1.2 SEWHE

B R 5 1Y 2005 W R 2 i T KA Y B R Ak
Hh T A U R A 0 i e b B 4 B 40 ) O 20. 02X
10* cells/mL F1 5.0 X 10" cells/mL (iR EEF 5
DU L L R 4 2 D OB R 40 pmol/m” -« s'
25+0.5 C,O6RE Ny 14 2 10 h, R E4 8:45 BL
2 mL B IR R B P R 35 21 )5 I BC0. 1 mL
# 0.1 mL et b b X H O BT i

AT A0 MBS T8 3 URIBCT- 448 5 1T 2K 11 7% 188 7K kb 5T
ZERMBFER K . H 2 5L 5 250, B> 1 50 KA
SR K2R 25 mL, S SURBUY 200, X
5 1) 52 W) AT 2200 R T
1.3 XWERE

5 P SRR AL S 55 A /N TG AL B 5 A TR A v gk
A1 0 1 Fs . BADREE D 0~50 em/s, e K2
YRIEFREE 1 800 mL, TAEABUA 1 500 mL, TAFFH:
W R F S AL B R L HE SR N K R Bl A
KU » S8 AL VY F B B A R P AR A L AR
PR A K FAFAES S SEI B E T 5 AR .0.5.15,
25.35 em/sURUCN XTI 1 2 4 5525640 .

HLAL

||E
|IE-

-

200

160

E1 MEAFNKBEREE. FERTAER

SR TEOGRARE FRAR R AT L S T IR G R
i 3 R A TR S A S, E SE IR HEAT RS B OR ] 30 W
SAHMT AR 2~4 h, LI FE v ™ 4% TR R AE . 58
Wt e RE 2 NPT,
1.4 HHmAE

FIIH Lotka''" 752 [ Rl Volterra™ 76 & K
% B #E 7 ok Lotka-Volterra 35 4 884, 11 5 3 35
FRAME T SR AR e 5 DY R M 1 R A S 8

LU 3 FE TR 0 SR TE S — B () (R PR Y B A K
R, A HAFE AR

= 1n(X, /X)) /(t— 1), (1

Ao X O 3 — B () (8] B T 46 B Y B 2R B AF
cell/mL; X, Ay B — s [a] [i] B 25 o I 1% 3 28 B A7 &
cell/mLst, —¢, Ny —nf | A1 fF, d. Hede =03t
AR A ) B Y B R PR S A A Y e K
LU 3 B T A

2 FTHFR

2.1 FEEMLEMEEKHE
K AN TR 30 T B 3% 5 MR 5 5 % v ol 2 3 A



% 74 http://gks.cqu.edu:Cruk , 5 i 2 & F wo A 35 4R e i 36 A K 49 %ok 123

VL A e ) 1 Ak £ o3 ) A AT
2.3 frn . M 2 al IR L 12 B 8 IR K T L
Fr M58 IR G B IF Dl 2R R 2300 D 10 d AN
13 ds BB S 3R T KA Bl fie 2 T e e v AR L O
WE A 328 149 1T 30 L A 35 e/ B R B B KA 5 TR
B FRARAMETR S 2K (ol 2 W A K PR ) i A A
VI AE 5 cm/s I 8 2R K i g B O 1) 39 o x
ok 0 T A A A A P K L X TR e B
A RAUET 5 em/s T ROCBEBE A K. BRI IR
RS IE I QUM TE S L2V TN ryE CE PO R E S8 S
Y5 IR B IR KA T B B T A R O T R
R E L NTE 3 TV RTINSy C

350

= - SR

2 280 Wi (om-s™)

- 210}

8 L

— 140}

§ L

L 0

o =r- - .
2 4 6 8 10
I 1) /d
1 800

I [ RAHR

213008 3k (om - 4)

71200 —o—0

= r ——5

g 900F o s

Z 600 —®25

IS [ —e—35

é 300 L

Oppupe¥’ | & T

10 12 14

B fRl/d
2 AERETHFMEBEEKME

150

120 |

10D/ (cell * mL™!)

310 12

2 4 6
el /d

ol WA

10D/ (cell * mL™!)
o)
(=]

8 10 12 14

4 6
HfE]/d

B3 FERET R EEKHS

MIEL 3 0] LU Y, 72 50 8y 37 MR & 35 5% 26 1
RS S 12 d A 13 dLERG T W R I
JO7 A A RO BA 0 B B SR AR L A
M 15 em/s i DY RE A E 9 A 4 T i Lk 2
VU R Y AR L R ER T 15 em/s AR B AE
TR IR AT L KU I e o8 A= K1 5 i) & A
AR R AE 5 em)/s I B TR B A AR L I
RF 5 em/s i DU A8 9 26 < 3 40 7 1k % A2
I AR G A
2.2 WERSHEMENNHSH

X R 5 IR IR 45 4 S I A 0 0 2 ol
B A R CE T D) BEAT 2 T 4 O R 2
WAl I B G i S R B 4 k. B
HH o DAy ol 20 T X A B 4 T A 4 2 0 B R B X
PEWREGIMH SR W 4 Al DU L 78 525
ZELFIOGH JEE 2 P ol 20 0 A 19 5 A I AR 2 8 0 R
TEAE AEARAE T/ S B 4] 5 0 IR AL 2 (8] Y o {ELRH 22
/0N s MU T ol B 1) S 4 410 ) 2 B B T i L X R 2L
FISZIG 4B 35 cm/s 4 ¥R A (H . Wl R Ve & &
FRERAAE T K R EAR T 35 em/s I 8 A9 A7 7E
P A R BE B A AR TR 5 em/s TR IR BB
L - JF: i 338 1) 384 0038 9 AR AR 723 35 em/s
B 78 DAy TE {FL M 28 X AR 2 B A K Y R R B A A 40 o
B .

15
10Fr ma OB

(%3

]
e

-15

SIS
(=}

(%3

Wi/ (em = s!)
B4 HEESMEZEHNZEFINESE

2.3 AEARETHERIERENTN

W TR B A A R R AR A R R A M oK |
WRHERSEENCRER L WE 5 iR, dE S
AHT, FE BRI KT IR 45 1 T B Y B R K R i
P HE TG 0L AE 35 em/s B IR B e KAH 5 IR A B
T AT WA B B R K R i I 19 1 o S B
Ja BEAG  FE R R 15 em/s KB K(E R 1,08 d 7',
TE 0~25 cm/s M3 T 1R A 85 95 45 100 T I HE e 1)
P K o R 38 K B B 5 A 1 R R SR N L K
ALY 35 om/s IR RS 3R R MR BN
PL3 K R AR TR .



124 http://gks.cqu.edu.cn

TRKXFFHR

% 36 %

—
S
T

o
=)

e
W

R I K R/ d!
o &

0 15
Wik/ (em - 5!
Bs5 BHuMBEEEFTHRHNEREKER

24 AERETHEZEAEVENTL

W TR T PRI 5 R RN B SR AR T B R R B
FESMEN X RER WA 6 s, IWE 6 L
B IR SR SRR T T S 1Y i A R U
FI8Y 165 o T 3G 05 VR S B R A RN TR 0 A KR
3£ S 1 1 I S0 I S R AL E 5 em/s B A B B
KAA TE G 0 4 55 % O8R5 ) 7K 114 365 1o 1P 5
RAG B IR 40 T oK B KT MBS 550 T
T R PR B BRI HAE 35 om/s WY ST 4L rp, £ U
5 em/s B SAT T IR A B 77 B R 9 R R SR By
FEMETFMI0MEAL. REBFSRERZMET
TR B EAAE B PE 22 /7 (p=0. 03),

2000 2R A H5
51600: 7 O Hl i g%
. 3 %7
= 1200117 %
a1
Pwlll oz
P ol |
S ollm.th.l]

5 15 25 35
Wik/ (em - s!)

6 BEHMBESEAFATHEMERRARETE

0

3 i i

MBS SR B B SR R KR B s B e T
TR 8 14 A I O T 9 394 0 T 3 0L A 35 em/s
R 5 3] B R 5 3 AT BE S /K U B i 17 B 9 X R
RN Laveria S50 B 58 % 3024 40 i 42 /D T
1 o 240 s 52 1) 8 97 2 5 R 5 900 1) HE R
TR T B Oy OB K R B B AR s T B R
Y5 328 B FBE 50 I 9 B Goldman | CH 42 iy
P RESR = SR AR5 OBCE IR 19 3% fal R, B IR AR
Fe sz BRI B 2T N T8 7 00 5 4 B2 L KR
E TR IO TR R R S8 R X 0l e B 5 B
AL T2 £ 1 A X 3 200 i A LA IR ] A
N S 40 L 14 G 2 L TR 7 R R A Y

R R B M HIE A .

TR T IRARAE T o VU R 38 X e 4 o 286 98 14 A
T A A FEAE T R 38 0 38 R S 5 I BRI 3
FE 35 cm/s I g 300 4 A5 T 5 171 i 2 ok 8 3 3o Y 2 Al
WA S5 A . Al S B A 3 [ % R
TREDE I R B A 1 S2 50 19 3 A 2 W) f
A AR 7ETE R K NP RN DL R R
DU B BEIE AR T R R MR R SR AR T AR
T T A AR ELAM R o A S 58 op R B 3l i K Ak
o SR KA v R R A B 1 A A S A
FH oI5 P ok 206 3 0 i 42 7 9 2 380 D R AN BB 1 4 A%
Flu S8R5 % BE ) I 6 2 38 50 v 10 9 A 4 5
DU . X AT RE SR b T ol 248 3% 40 M0 /0 o A X 7Y
A B A SRy b AR T R 3 A% 1R R AL E Y
AR A B RE WSO SR A 52 06 IR B 5 AR U K BT i
ZRAF . SR T WL ) fel 2 S AN ML TR R R A
HFWMCE 2 198 37 8 s AR R s A A T 3k 77 2
T » mTAE T AR o A A 7= 0 0 A A g 2 K
P 2 W0 50 535 o T O 388 7 5 4 o 2 8 1 A 2 Joi A B¢
Woa R e R B A K. AN SRR E R Y
273 B 3 1) A= A BT e A U R ) AR T T KA
FR3E R U 35 em/s I K MR 3 Bl X 4
7 A AL R TR AT 282 B g 40l £ T L A A
IR AR T A5 R SR I (ol 3 DX SR A L B
e B T A R R R O A S R . AR S
B 7R T KM BT (R e A I3 I TR K A Y
B, Shy 42 ] i e K A 4R LR AR 4l

4 &

1) Y 2 M 98 5 8 % 8 1) L A B T A Ok
KL 3 7 5 A T T R A R AR PR B SR T
35 em/s FEIRGHEFR TN 5 em/s; TP LER Tl
0 S T X B A A I ) 5 B TR NR S B R A L]
AR E 9 .

2) P AE 0~25 cm/s W], PU 2 A 388 %) foll 28 35 7
AR VR YR 35 em/s B 2R B B 5
A S 00 2o A e B X DU R A o 7 AR I Y
TR R B AR G B R T B K S K R
B RBE R i T A B 57 L BRIAL I 35 em/s A

37 Ak — B4 ) P AT BB T EE B
TSR I AR T 3 S A B A 1 L 2R OB ER
TV 5 R 1 WAL | B0 0 3 AT A 1 T o 56 [) s K
TR B AR HE IS i A W Y G s S T A D Y 4
B IR R T R BOK AR TE BT B ML, 1R oK AR
1) %2 A T R ARy B 2 i 7 K 1 el A



% 74 http://gks.cqu.edu:Cruk , 5 i 2 & F wo A 35 4R e i 36 A K 49 %ok 125

SE B

[1TALZM, mot. RIUERKE B SN ik oKk £ 8
AL LT AR AR, 2005, 25(3) : 589-595.
KONG Fanxiang, GAO Guang. Hypothesis on cyanobacteria
bloomforming mechanism in large shallow eutrophic lakes
[J]. Acta Ecologica Sinica, 2005, 25(3): 589-595.

[ 2 ] Kravchuk E S, Ivanova E A, Gladyshev M 1. Spatial
distribution of resting stages(akinetes) of the cyanobacteria
Anabaena flos-aquae in sediments and its influence on
pelagic populations[ J]. Marine and Freshwater Research,
2011, 62(5): 450-461.

[ 335, AR BERDY. ZUWE X s e Al e AL K 258

ML), FBEREE, 2007, 28(6): 1230-1235.
WAN Lei, ZHU Wei, ZHAO Lianfang. Effect of nitrogen
and phosphorus on growth and competition of M.
aeruginosa and S. quadricauda[]J]. Chinese Journal of
Environmental Science, 2007, 28(6). 1230-1235.

[ 4] Bucka H. Ecology of selected planktonic algae causing
water blooms[ J]. Acta Hydrobiologica, 1989, 31(3/4):
207-258.

L5 AEH, Askie, BiTFR. S5, § 4G fm 2 e

TEARFRE T B E KR M E R S8R KA
WI2£4R . 2008, 32(5) . 720-727.
ZHENG Zhongming, BAI Peifeng, LU Kaihong, et al.
Growth characteristics and competitive parameters of
Microcystis aeruginosa and Scendesmus quadricauda at
different temperatures[ J]. Acta Hydrobiologica Sinica,
2008, 32(5):720-7217.

(61 SR, i, ka0 T i 4o ik 70 38 0 4

AW R A KRR EAL] AN S5 ARN H 5
#3Rk. 2011, 27(2): 53-57.
CHAQO Jianying, YAN Runrun, ZHANG Yimin. Optimal
growth of and competition between Microcystis aeruginosa
and Scenedesmus obliquus related to temperature[ J]. Rural
Eco-Environment, 2011, 27(2) . 53-57.

[7]1 HuS H, Zhang D Y. The effects of initial population
density on the competition for limiting nutrients in two
freshwater algae[ J]. Oecologia, 1993, 96(4): 569-574.

[ 81 #A/Nol, SARAL. R TE, S5, KW a2 B 5 U 2

MR B0 0658 G AL B BRAARLT ] R PR 24
4. 2005, 24(3): 538-543.
HU Xiaozhen, JIN Xiangcan, CHU Zhaoshen, et al.
Light competition between Microcystis aeruginosa and
Scendesmus quadricauda from Taihu Lake and the
dominance process simulation in microcosm[J]. Journal
of Agro-Environment Science, 2005, 24(3): 538-543.

(90 BRI, #5, FURIE. 565 408 T o BRI K
ARIEmLT] FEERE S8R, 2009, 32(6): 6-11,
28.

CHEN Xiaofen, PANG Yong, YAN Runrun. Effect of
light intensity on growth of two species of algae under
competition cultures [ J]. Environmental Science &
Technology, 2009, 32(6): 6-11, 28.

L10] /e, BREAL, 2006, . MOLAAERTF A i 4t

02 P (Microcystis aeruginosa) [/ 5 G [T, #IX
H W25, 2006, 24(3) ; 225-230.
LI Xiaolong, GENG Yahong, LI Yeguang. et al. The
advantages in competition based on the photosynthetic
characteristics of Microcystis aeruginosa[ J]. Journal of
Wuhan Botanical Research, 2006, 24(3) . 225-230.

[11] Xing W, Huang W M, Li D H, et al. Effects of iron
on growth, pigment content, photosystem II efficiency,
and siderophores production of Microcystis aeruginosa
and Microcystis wesenbergii[ J]. Current Microbiology,
2007, 55(2): 94-98.

C12] ialwe, SEMET, G A, 55, FeCTlD % A 9 i 25 1ok € 3

R R TE A s L] BRI AL S . 2007, 20(5)
61-65.
YAN Feng, CHU Zhaosheng, JIN Xiangcan, et al.
Effects of Fe([ll)on the growth competition of Microcystis
aeruginosa and Scenedesmus quadricauda[]]. Research of
Environmental Sciences, 2007, 20(5): 61-65.

[13] ¥, #hig, ZAA 5. B KT % 4 25 1o 3% 8 g

RS A IR SE S Y52 [T ], ARl 36 58 B 22 2 4T
2007, 26(4): 1264-1268.
YANG Wei, SUN Ling, YUAN Youcai, et al. Effects of
alkalinity on growth and competition of Microcystis
aeruginosa and Scenedesmus quadricauda []]. Journal of
Agro-Environment Science, 2007, 26(4). 1264-1268.

[14] KR, FLEHA, B/, 5. WGBSR ERK R

(R = A W R AL R A I B S = e
2007, 19(2) . 118-124.
ZHANG Min, KONG Fanxiang, SHI Xiaoli, et al.
Responses of Microcystis aeruginosa to reducing
oxidation reduction potential under competition growth
condition[J]. Journal of Lake Sciences, 2007, 19(2):
118-124.

[15] Yamamoto T, Hashimoto T, Tarutani K, et al. Effects of
winds, tides and river water runoff on the formation and
disappearance of the Alexandrium tamarense bloom in
Hiroshima Bay, Japan[]J]. Harmful Algae, 2002, 1(3):
301-312.

[16] Arfi R. The effects of climate and hydrology on the trophic
status of Sélingué Reservoir, Mali, West Africal J]. Lakes
&. Reservoirs; Research &. Management, 2003, 8(3/4):
247-257.

[17] Rippka R, Deruelles J, Waterbury J B, et al. Generic

assignments, strain histories and properties of pure cultures



126 http://gks.cqu.edu.cn

TRKXFFHR

% 36 %

(18]

[19]

[20]

[21]

[22]

[23]

[24]

of cyanobacteria[ J]. Microbiology, 1979, 111(1): 1-61.
ZAAsk, AT, PREGEY, S5 KWK 3 ) B Ar
K REPIEL ] WA R, 2000, 12(4) : 327-334.
QIN Bogiang, HU Weiping, Chen Weimin, et al. Studies
on the hydrodynamic processes and related factors in
Meiliang Bay, northern Taihu Lake, China[]J]. Journal of
Lake Sciences, 2000, 12(4). 327-334.

Lotka A ]J. Fluctuations in the abundance of species
considered mathematically: with comment by Volterra
V[J]. Nature, 1927, 119: 12-13.

Volterra V. Fluctuations in the abundance of a species
considered mathematically[ J]. Nature, 1926, 118(2972):
558-560.

Llaveria G, Figueroa R I, Garcés E, et al. Cell cycle and cell
mortality of alexandrium minutum(dinophyceae)under small-
scale turbulence conditions[J]. Journal of Phycology, 2009,
45(5); 1100-1109.

Goldman J C. Oceanic nutrient cycles] M. Fasham M J R.
Flows of energy and materials in marine ecosystems: theory
and practice. [S. 1. ]: Plenum Press, 1984 137-170.
Regel R H, Brookes ] D, Ganf G G, et al. The
influence of experimentally generated turbulence on the
MashO01 unicellular Microcystis aeruginosa strain[] ].
Hydrobiologia, 2004, 517(1/2/3): 107-120.

Tiller C L. Physicochemical aggregation and deposition

[25]

[26]

[27]

in aquatic environments[ M |. Buffle J, Leeuwen H P
V. Environmental particles: volume 2. [S. 1. ]: Lewis
Publishers, 1993: 353-386.

L AN I CO I N T S e D P R Y Y )
KEBRGE B wI ] b EFER Y, 2002,
22(6): 537-541.

SHI Xiaoli, WANG Fengping, JIANG Lijuan, et al.
Effect of disturbance on the movement of exogenous
phosphorus in simulative aquatic eco-systems[ J]. China
Environmental Science, 2002, 22(6): 537-541.
Dickman E M, Newell ] M, Gonzdlez M J, et al. Light,
nutrients, and food-chain length constrain planktonic
energy transfer efficiency across multiple trophic levels[J].
Proceedings of the National Academy of Sciences of the
United States of America, 2008, 105(47) . 18408-18412.
Reynolds C S. Variability in the provision and function
of mucilage in phytoplankton: facultative responses to
the environment [ J]. Hydrobiologia, 2007, 578 (1):
37-45.

[28] Juhl A R, Velazquez V, Latz M 1. Effect of growth

conditions on flow-induced inhibition of population
growth of a red-tide dinoflagellate[ J]. Limnology and
Oceanography, 2000, 45;: 905-915.

(R # &)



