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Hypothesis on cyanobacteria bloom-forming mechanism in large shallow

eutrophic lakes

KONG Fan—Xiang , GAO Guang (Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008,
China). Acta Ecologica Sinica,2005,25(3) ;589~595.

Abstract : Eutrophication in Chinese lakes is one of the most serious water-pollution problems present and will still be in the
near future. It is very important to forecast the occurrence of cyanobacteria bloom in lakes and then find a way to reduce its
impact on the environment. Therefore, it is necessary to get comprehensive knowledge about the cyanobacteria bloom-forming
mechanism in eutrophic lakes. The aim of this paper is to explore the bloom-forming mechanism based on the past and present
research works about the development of water bloom in aquatic ecosystems. We tried to expound the dominant physical,
chemical and biological factors that might induce the formation of water bloom. We also discussed the reason why

cyanobacteria, especial Microcystis, become the dominant species in phytoplankton community. Our discussion considered that
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the high nutrient level is just one of the factors that control the water bloom formation in Taithu Lake. We suggested that the
future research should deal with not only the cyanobacteria bloom occurring period in summer but also the colony accumulating
and settling process to the sediment surface in autumn and the recruiting process in spring. We also suggested the further
investigation that should be interested for us: (1) What is the over-wintering survival strategy of Microcystis? (2) What is the
colony composition really like? (3) How does the Microcystis turn from small size with only a couple of individual cells into
large size with hundreds of cells, then conglutinated together by sheath to form water bloom? (4) How does the alga obtain the
threshold valve that induce its recruitment in spring? (5) What is the biochemical and physiological characters that make
cyanobacteria dominated in phytoplankton community? We considered that the outbreak of a bloom in short time is just an
apparent phenomena. In fact, the bloom is the result of a variation of vertical position of large volume of algal biomass that is
gradually developed and accumulated for long time. According to the ecological theory and the in situ observation of the water
bloom in Taihu Lake, we raised the four-phase development hypothesis on the process of the cyanobacteria bloom-forming:
dormancy in winter, recruitment in spring, growth and float to the water surface in summer and sink to the sediment in
autumn. There are different factors that will influence the status of algae in different phases. For example, in the dormancy
phases, it is likely to be controlled by low temperature and illumination; and during the recruitment; the main factors may be
the temperature and dissolve oxygen on the sediment surface. In addition, the algal growth rate is controlled by the nutrient
and energy needed for photosynthesis and cell division. We concluded that (1) the hydrological and meteorological condition
would cause the algae to float up to the water surface and then form the water bloom; (2) the further pertinence survey is
necessary to control the cyanobacteria bloom before it starts to recruit, develop and bloom.

Key words :hypothesis; large shallow lakes; cyanobacteria bloom-forming; mechanism
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T B BRI REMESHEFRBRER . IR BERKENTE LU, AT LLRHF b B K R S k=4, 3 R
FE L BB Bl B0 R R, RARHEEMNAESHIRIRRE L,

1 BRAKERBRAREERR ,

MBREBRAREFEERGT . FERERENHBRNERL KE”, HREMFENEHEFRG 27 T AEHERH
ZBT BEEAESHERELXHESFPAUREBAEARKN S X ERBE-ERSEMNERXRTRXFELEN 238 HFRHR, HilE
BMRARBEKENER - REHEREAGHAHEFALURBE R . EFE HEA DS ELHERENSI KUY,
1.1 YHAE .

BREEFEY ENBEAKBERTHEERX B X MBREEA K TREREENE L EFLWRXRETEHIY
MM EETHAKEZRETFEEHNELS, TNTRIEHA, KPMBERENBGEEKBE XN 30~35CHY, 7K EE o & Bl R S 16 i 32
YMKEK 26CH, BRIEETHBREMERE . LBEWMIE AL,

KEFHHBREHXNEPERKABRLTEETEENER, ATERAREARTEENZEN . ARG AEAEEEL (T
FEEBEEAIEBRRD XEAEEEERETLUAMALEELRTRERA AN, Z M85 16 (500~600nm) , K

P

1




3

FLEA F.RBBEKE S FEEHETERKERRILENES

591

‘B WRRA B 6 B, HE A R A

ERRMAZHE, m=Z]

1K T OER B ROERE M I A LUE RIEDUR SOL KI5

ARNTFTRLOHERREERF HARNESHMITEE  EBRMRAC R R T ERTLLLL

FRNAEKER, B ERIIHEFREYRERSHEAT ERREFESHEFRED.
JRE U RV BRI MR R S, AT A R ]

AN 7K S0V VAR F R B AT LU o B e B TH KRR 4 B
B MHHEAR.EESN . EwANE. S8ERR DT XIR B A Z 3058 X AT
SRR B, BT KB EFRENTIRYF

ﬂﬂ?éﬂﬁ]?.iﬁﬁ‘ﬁﬁ%ﬁﬂﬂ%‘
K3 T?Jiﬁimﬁ%_fﬂ

1.2 FHEK

FE KT R AL BB 35 H
HY . AHANMNEFBRREMNVAEKATETELSHHR . AEREXE. BT . AEEMENEERL, LE

HERRBKBG:
TR EFRER SR,

7, ] BB B 2 By JE B ]

BEAh . 1 5 2 7% 7E 54
KRG T LSRR R TR B Ry, BB AL EMARANKAT PR T EMART 4% Z M, Bk, X 5mE

HEBRRKRA

K ¥R OK 1 18
PR R, K

R R EN TR AL E R SERAE R AN EER . b T AT S BT E RN
R 7K b o B v B

@& SFEOKETREEYHOMBARSELBKENEREEY. RN, KEFEREBEL(IN : TR BEXLWE
FUEY R RAR, BE Y TN : TP<29 8, TR RUKEMERS SR R, REWARSG AR - ERREH TN
+ TP WF T KPR R R KE, 8ILH TN : TP

FHART
P R AEBE R E >0. 0lmg/L B R B MRA S SR ERA YR MEKP OGRS

5 BKETE BLRT A& A4 T2 3 3R K 4R 7= A

fh & R 1200 2K
, TK AR W S 15 I R A

£ 2355 0.03~0.07mg/LY, Hilt , EMNEEFRCIBNES HENERXVERRHUEEF HSEHMM, S BT EK

P AkBERK . HE— BB

e A W £ B K AR L WA 06 DR ¢
BB K PR C), ZEIK LI R BT B A R S K MR B KL 38 B A A5 % K Odum %7

B RART RENBILR . ESENIR RS NHER

R o4 A B
T BR i B F 4 L

AEMHRNRBEXHF T AR MRS B THBEHFRAR—THANESRSE N, IF5IRAKERZNRHERNTELE
EMATEREARSKEZRARBANF MEFRTRPHEEREANATLUEHOESFHEZ
— XA FANFE—BHFMELAR,

FLE . BHTHEEY

BEE Ve P R EELAFERNHEAEBNEE S, B0 LIEH A

AT Rk, A T HE R 3 3E

BRDZNEG IR ERRR

EEE TR ERENESEARENFRNBINE. FlU.ABRARRTHBRTRARAR
R R BB B AR SR 2~4 YOV 3B R F
PG X AEREMNTUEARBA AR LHER . BRWMAGT AALEEELE

BRESN B, EFZE BREREE KA, A FEa] L AB ERENKE N TEREREBATHERTS . 3 THH

NE BB SR EREER TR /K 5 B9 38 8 i

Y REEEEENARISHNBEREEE T ISR B A,
M TR E ALY, Bk, 54 KIE/PMRBIAT A4S tl:,E{I‘JE&%%%%E@F&%[E”S]G A, BB RE , B IE -

A] BB oK R o (B 37 b 00 & B A 55 B BE R R 4 4t B BB (Microcystis aeruginosa) A KM,

1.3 &YPYHE

x5 E AR Mf2#

BRRXENRBERS HFHL

45 ) 77 A 9 138 R B 58 1 -

H A SR A B R L R
E AR — AR, R E RS R I B4

R Xl B K AR TE BB A )~
a0k (e

£, E R YRR EAE R KR E B

. BN, 7 RBUE HH R AT, %

T HANSER.ERENEBBEFEEKS

B, Eﬁmmﬁﬁ

¥ T AR LK

LR BI I 30

7, [ B AT LA

SREWENRERENEKEFHEEIN SERES R BUKEBIEE T X8 37 7 89 6 — 77 1 618 & 7768 56 4 & Ly

WAL, Bl FEF B

B mERAARYEA R EREBREENME . MMEFEMAR": 5

—ﬁﬁ!r?'kﬂé]g

oMM ER, A AR R ANREE R, ERTHAREBREZEBE, AR T TN EZNEE, W BB T IR 3
Gelsel, R B X Fb BB A8 A 1T
BT Z BTSSR 32t T 0K 38 A O 0 Bk RO R At LB, 51 40 - K SR X (R IR DA R AROB IR FE S B L, 5 A B2 AR B, T AT B &
BCHLER 7B F Y1 BLRI BB 77

B R H A R A R R

£ B ARERIE P, T B8 00 20 1 i)
LA LA = B B IT 5K, o0 e R
X T BE B9 K 5 ZE
W — T FFEABEEER

165 1E)
FREEVREKMET 2~3h 5. IR ST T MBREY . Boh, B0 Ay 15 B -

FULRY PRI B .. KSR BIAERKER LG L2 HE

155,

E RIS, FRENESHE

FOHEAKRBRRESMIREZENBRE RENKXZNRY P EXHHRANAFER G ARACFNERSR

R A0SR 45t 7 R 75 F0 4

FUEBLHHELFS N, X—-HARBAH

= RCRL A T B B X £
| M REFERE . ER A RGBT ER, HEYERIE,)

= {7 50 SR MR AN A 2 B2 W K AR o B B Y TR A A g, T B W
125 7 B TR AT

BRRFEXRL, AHEEARPFANTEHREFHENKLS . &

T BB Y WA T B O 50 4 B 0 T B 408 R I X4 A 0 o 90 S 4 A R

SR BENAE, BT KPKARESLE T —FHRENPRE T EXHRKET, BERA
IR REMREANEEENEERE, NI UL HEwESIHERRF. MARS
LI EIN: PO R SRS
R R AT, HBESE

DY AT BE O o B 3 1Y

HEH B T3

il

Lt 3 3R




592

B OEx ¥ W 25 %3

RKEMBEAGH, ESEEA 2R AMARP,

— B RER T LIE RJE AL F (akinetes) U B S ABERE,HEZ4SE

AHMBRL BN RATHRE. RECHANWHRBEMEENRE, ERLH, MBERE LM RBHE ARG PNBEEREFHF

., EFFE I, A B H B4 B/
XEHESWNRTHED BE, ARXLZ
MAREELSE, NERE I

H RABERXXRAELZHA MR MRS

ik

B 7K AR JEE

EKABFB TN BN RBERNZEAX R BKERKAKE. BArx st
BRBREMSAELAG T, K EEREFNEEESEAHE—EINR,
REBEEHAEBRKEZIHEN RN EERE, VEEERH KEEEREASEREREBBRE.
Kamermans A%, — B BRXEEFSAFAE R I AERSFERKENTEFRAREAL T XL RAME TREFBUA
A WA FE P RIGHRTENE RRFFES/EAREE S . Fallon % M Mendota

MREPRENHER .23 —BHBIRNEFRENREEAEGERAEE . HFAAMBEETEELETENT4cm HIRERE ., A
A EBEHEREFE M 5588, Tsujimura AR EH, ,EZXE, EE M (Lake Biwa)  ERFR W ERES T E, M E B Fk

ZM—EHBM, XH5KEFREREYERAN—R

R EEN A TFRIRRESHEAR X KEH R, AR+
SREBRBEWENTR RS,
UK R 2 A R BKBRZ RA K INIR, M FE]

Br3E

7K P B BT K R
B2 8 35 5 0 B o5 P o LD,

ARIEFAR AEFEREREAFRERNE, EEFRAE™EN KGR
REERRANFEERKEESTARAKNBORRRRE;MEAEERE  EAZRERANEREKLXETESEY, /FE

R M EFHRILH
FW Y ITRER OB YR, BT HERKRNY ., ZFHIVEREN HEE<

T P B KA R R, X RN R B o "R R B A R

Himl

N HA X FKERREAFERLRENVXERE LN IHGHAR.UREREXES
ERERES LBEKZENIRSEHN LREEERKESIBERTEH# DK

EHRE, BXMECREENTER. - BRNE . FENERHOEME KR, M

S0pm MY BB EARERESE MEMBRAREE PR ANBEE AT URRERBDEEIY . BHIP [

ﬁm} .

X B 2K XT T4 B/ Iy 38 B B3
REZNFEFRL BT TSI E K

[ B XF BF 3T &

ARKEERNETFE R  ECAEKELRIEM R LIRS, ARTE N
B3 1 o — MR RE T BUK BRI MIH R SR P AR B, Bl B M &L U B F R G B £

ERERERS,ERMBERE SR URHMRREFE, AT REF SN E AR, B e 0 2 WS &G T #TERUK €

MR LE T, ELEYR—EDMRA, BRI REAN EFARE, RRUBERKENAR . ERE NG RESH
WESRERER —HNERARZKEEXNNERZE T XU —HEBE LA RAH
T IR B R AR YESAZERR, WL 8A % EH A Y 677 X

FTHEEARMLRSTREBFRKEER, B
Be. RHEBEHE,TRERHR THAWELILRA

HAEGEAWER, AHEFASRBFENMRZBANESERAULRZRSIYNEEBRNBERES . REEAYHRAHES

AR, EREATHEREWIVNEER
SEMRMFBFBFERENTE, X, FEIVELS

1L BRRERYAEMIBTARABR . FHSENREBR BHULRE, DIE D B TF#

HTEMMAREBYRE. HREENNERMBERAERNESAR

CHEXRERUFRPEAME. #0,Burkert FEBITRBER S B FEAZTH. 2RV BENERRABN . FERES
—HHBEERRRAAFARHEETEFZE,EEREBRILTTIEIILE T HRESTE R ER A R RS 2B

HBEAEAFYRERERNEER

s NTBERBERMMZEEBEARN, REBEEER, AHBREESS 8 RE I 8K £

HIBEAREE ] ;Jang FUUEH, YK MBERESKUE . FREREZFHE S 3 R ENYICE R R, AU EZE ¥,

WRES B AL E N K 4

LEBRRETHAEBRBHNHMBEENERKRBY
BRI ALXBEARMLFARREF BB BRATEFHHASUBER LMW R T 30~60 MMM BEK. BANAEKEHK

EPENEMEERERFT51;

S0P RN DS

JHREMH

= 7K 48 BR

2 MK ENE R R

2.1 MEHEKERHGEESELER
MESSNAERE, BRKERRIEN —F BB ESLAS QN XEEES L ESNE REECHWTR T, 5

BRI TASHFAYERNEARRE, N4 SETF -

7K AT B A 75 BT 9 B A S B R4

ANTER X 2 gy N B KRR,
BEETRE, R0 LA, 7 2Z Aj K&k r

AP RN RARKET THERBOERSHEBEEKREREANERTETNERETEE

FRERANANFEDFRELETEREL, FERNEREBL4E LR

HHNIRA BT Bl

OSSR, TR AR EREAMEEER, B2 MUE X § 3%

—REREREFEY . RERFARNFBRENEHFENAERZM FX E,RE
TERF A KREHNHBREBE. —BESRSKXENHES HBEERE LR REA

O FLEM KL WE L TR B BRE KT A A 525 16 47 , B 1L A% &30 04, 65,2003, 83~85



3 ¥ LEHN F . RERKEEFABIEPERKEL RV HEPYER%E 593

KRB WAL, MRZUTKEFEREGBEDH B RS . Bk, ol IR, KRR RE R —KEPHAH SRS B
HEAERREL . EREZHIFOLT I RRALIAMKE RATREHFE B EKBEFTHRXBEEEERGTHER R
£ EBZKEHIAMTHBA R IE, MIEFRRELGH T AEEHREERAE. B, BEAKENHA NERAR L
ERERBNN‘RR”, BEREARNBERAT - ITBEHEARSHERIE, REREY B KEFHZEH M — 1R8] LI
WM. RMERDARKETELTFERKWEXREYE . EHMR,“REUUER T AN A KB KEERFAN (A
MERRE, FRENKEG FRBKARESERG TROER . EHENRTHEXKERE MAREYEN" ERE” X
AR EFANREA N R B FE R ZE R, T B4 H 3R B X KT L3 &= A58 7 8 X 0 iF R EMKER R
EXREBERARMRAAHZRESERKERTERNER, BEHXRP RN EFILKPKERR KT K Z
B, KEFHRESERVER TR TARARETRE2LANEREMN? ARE—-HRFEESFERBR/KF? REBAAFRRER
B REBBEMUFRERESRKEP HRENTEEEFTKEREEZT . ERAEANTHNBELT, REFREE TG E,
—BBFEURRKENRESFE, BB EE - K"SBERVKERRZH, B AXHRIMN SR FEFREFRBEN.
WRAAMRAKEERFER LRI KEARERKENRE BEFERARXARENEEUELR . EEFKEFEET,
REJSRMKXFHEG ERWKEFREFENRERBEEREKE-RATUSKEESTU . ARRER . FXBTLLR
RPEBR XGRS BFEERETPIEANEFEARBREKERE RERXRKKERRFETILK, UKBFKE
BRERKPRICBREMBHEF - ENER MBRANFTERNHETERIEM EEHERIEIRA BIAEKENE R LR
PN MHERESENEMARI N KEERNAE, BRXHREXESKEUABREERNESEFNERBRAMETS.
Al 0, 8 U0 B K 48 RE SR AR B E X B SR KR T RRPLE - b R

ERBHTKEN“BRHAIEE—EHREEDE,P %Eﬁ%’ﬁé?ﬁﬁéﬂﬁﬁi R, NIRRT H F 8 R KE R AR
AEBEMAREVNE MU ZERAXTEERNELERALESHLE . FEZEMNIRESERETARRAEULAER )5 B
R EARKRSBRPERREE, HZLRIWMBKEESERETIANEFH NI ZRRKENTE.

Rt AR 40 A 35 BB /B T B — MR LA R X0 R 38 0K B K 42 T B 72 B9 BF AP R AL LB . BB A B AT AR R R . 22
Z0H MRV KILFTHERREKBAS EBNERSKENEXRT LU AKRIKR . EH . EYERN, EFRREIE L
KEFINTENHR. EAFBRERT . HBENEBERERRITFESHTE2AMGE . B, BEAR A R 8 £ 2
B X BKEE RS RHATER N ENRARR . KEX 4 M EANEBRUAREXNH, ARFEZEHEREETES.
g EEFE . BX-AER ANERKOEEF R MELERKART, AEEGEN IR KXEH EYE BB RN, LR
AR LEIKEERKE. BEXLL AZHARACEEXEARBHESHNHET T ZENER, LHEERERMKER
B BEME, CRRBFEET AT ERKERENAR. FXREMBE—-FTERAEA T HMEHERATRRESFEFRAAA
B, HEEEREKEE RN EAREANRG: A RETHERER RSP, AHRELTKRBERGTERETFNA
HBAESKME, MXNREELMAPFTLFLON  EREEBNEYERBENONIT  HEFEF KEEREHINERHET . A
A] 68 O $R R 7E 1A B AK IR W sl A 5 BT R BOE A & X 0 1 B A ROR SR AL EIS IR 3

1 BEREKEKEXENEENEEETESYWEF

Table 1 The dominating factors that influence the growth of cyanobacteria and development of bloom in different phases

IH

i

Bt 8] CH time 4 H gy Bt The phases of life 4 i PR 8 3 4E Characters of life 3:?%%‘]@?‘
The dominating factors to control
11~2 T RER(D B EAE L (D) iR 5 R A
Nov. ~Feb. Feeble,dormancy(?) Metabolism halt(?) L.ow temperature and dark
o - A A B R R T
: Recruitment of physiological and  Temperature,dissolve oxygen,
Mar. ~ Apr. Recruitment . . .. . :
biochemical activity;formation of colony and nutrients
o T E E
4~9 A 4 B 1 Y4 Ve FS . 40 e 1 7 j'ﬁnﬁfﬁ.%ﬁ-ﬂgﬁgﬁ 55 % R energy
. : ; T and material needed for
Apr. ~Sep. Biomass increase Photosynthesis ,cell multiplication ,
photosynthesis
5~10 SR S W S8 KR

Float and assemble on

May~QOkct.
4 e surface of the water

Gas vesicle and mucilage Weather and hydrological condition

2.2 BEHA-ZHRHIAE
BRAMNERNERDURABBESHTRCHARENTIE. BREIE ERWERR MA L XBHHBETERARE. BHE
HUFRBRHTHRNRNER FERIFBKEERNZSETEZEABHEMER FRERERET. Sl ERTET L XNERE
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