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ABSTRACT

The changes of primary producer, zooplankton, and characteristics of bacterial
community were compared with the bloom of Microcystis aeruginosa in the Chusori,
Daechung Reservoir where conventional summer bloom was observed. Primary pro-
ducer changed from diatoms at spring to M. aeruginosa with the concentration of 4.6
108 cells 17! at summer. Zooplankton changed into large-sized copepod. Difference of the
total bacterial number between pre-bloom and blooming period was not large. The
saprophytic number was average of 1.27X10°CFUs ml™' that was 0.12% of the total
bacterial number. Bacterial production rate was 3.954gC 17'hr ™" before July and 2.77
gC 1”'hr™! during blooming period. Characteristics of bacterial community showed

bacteria did not readily use increased organic compound.

Key words : Primary producer, Microcystis aerugimosa, zooplankton, bacterial com-

munity, Daechung Reservoir
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cyanobacteria® F % dlwo] stz glon] oo
uE F, 5 2 A& TAA AAsiAz Q)
o}, Fapl Y o] olele Hte T 14
A Aol ol 4F Al (bloom) & Uo7l o uh
g} vehte AETAle] ke el ok 4
olgte Zwofl4] wrhE FAlzle]l = £ 9l
(Dawidowicz, 1990; Starling, 1993),

Feivtere] s i fato] oA e A
53 Qg Foln] 4#2¥ (dendritic type) 2l Z
Hefoll A 2= A A4, e g3}, ook
2@ FUAE Fo8 a2 AT ofHE A
o2 Bo A5 ¥ sty 9 (Choi ef al.,
1989: &1, 1992; gh=r2pd-ZAL 1990; &, 1985).
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Fig. 1. Map of research area.
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¢

o A& Hg Algw A4 AE 30cm(mesh
size 20um) &) conical tow3d netel 45cm (mesh
size 200pm)©] WP-2 type netg 32 ¢ Q) 5o
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lugol solutions, HSETHIE A& 4%91
formaling AR&-ste] A sboieh. o vhel A&
25 == polypropylene bottIe(Nalgene
Chemical Co.)oll %o} 4C 2 YAl & £4]
A5kl o

Algel gstA  #£48  Standard methods
APHA, 1992)¢} Limnological analysis(Wet-

= mln

—~

zel and Likens, 1991) ol wtet ¥4 519l ch A&
EHIE AFR AGEE 540 d 2 ufolE]
o] 4L EHFEAE AR F
1994), AlZZetz

Eo SR FEE EHZE
A7 (net) 2 o YT A]5e] LAE
150-1,500=H =i-&-2| #v]7 (Balplan, Bausch &
Lomb)-& AMg3ted % (species) 7t2} &7 3ol et
(U and fk, 1984; Fukuyo et @f., 1990). A&
Zt2Eo] o3 U AAALL Blals oo) s
AbR-eled  daollal A sk ok (Parsons ef al.,
1984). £ 3E netd AH53bed Al G 5 EEH
2E9 5454 A4+ A 25 54mS membrane
{(Nuclepore Co.) & AF&3}od o 38t k2 lugol
solutione @ 44 F 150902k 300u02) Hel7
(Bausch & Lomb) dtoll 4] 48189 o} (W and
Bk, 1984; Fukuyo et al., 1990; SI de ek, 1991).
& A7 4 (total bacterial number, TBN) =
AL AODC(Acridine Orange Direct Count) ]
S AREShed ¥ 3Elo) 7 (Zeiss Axioscop, X1,
600) 3lofl#4] A A of (Watson ef al., 1977; 7¢
2 71, 1991), Z<-o okA 44 (saprophyte num-
ber)+ SF2 a5l Zobell T3 A 2216e
ol pour-platet o @ HZ3t F 20Tl A 25247+
uf oFslto] Adabsl A (COlOHY)—4 T5 Ao 54
St ek (7 5, 1994), Al AbeEe SH-thymi-
dinec] DNA®] #9 (incorporation) 5= <%
28 ZA439 o} (Fuhrman and Azam, 1982;
Simon and Azam, 1989; 71 %, 1990). Thy-
midine S 235 A28z A ez o
AHEElE A3 S Bkl 6.55%x10"
cells mol™'& A}-&3}ed At EA el F71ES%
ol §3le A= & Yehill= jSiP 17k (turnover time)
2 MC-acetate (specific activity 58 Ci mol™)

Kim ef ai. Changes of Biological Community in Daechung Reservoir 3

£ 6.9uMe] #Z
ke, 1977).
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9 (Fig. 2). 49 Hsle et 7154 &
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Eob(ahE 4 F Al 1992), e A
4 79 olH o) wlEE Egle] 492 g $x
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S ghizle] o] & §odg] il*%——,}%OE ARE-st
3 9lo] ol _‘%]\345}7} Eﬂﬂi XM]

A

o o
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Microcystis2] o] 2k3:A]
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ig. 2. Variations of water depth (closed circle) and
water temperature (open triangle) at the sam-
pling site.
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Fig. 3. Variations of pH (open circle) and concentra-
tion of dissolved oxygen (DO, open box) at the
sampling site.

T Ao Aol ikl o] A7)0
£ 9.8~27.8C¢] & Aolr} mar=lgl ot oAl
A7l Ht 23.8°C(22.3~26.0C) 2 <ok
Fol A= ek (Fig. 2), &9 Ashae]
A o A7) F 7]-Eo] E-2 wol A

oA FAle] izl sk Al7ofl & ok
ako| 7} e A 9F %
akgich,

pHe A ZARZ] Fotel A5 Hghe] 9.55
2 ZAx=lo] okelate] AlE Bo{Foin), v
Microcystis ] ekl o]
el A AletA WFskad h 7
=10 of Ao g A s ok (Fig. 3).
nobacteria®] £4lo] atZ pH Alge dubziq]
Hao g sade CO, o] &5 Folof] upd Ao
2 ok A ok (Jeffries and Mills, 1990) .

SEAEY] T dAAH oz Ald AolE B
o} B 9.14mg 171 (30% s.d.) & 71%38k5 o} (Fig.
3). Microcystis Al ol A =} o] F Afolg] Aol

hil

hal

€ 27 @okewl §EAlasEt Faste A%
< 2ok oA oA 7)ol £ 4] FE
7t e FEEYe] Arhelv] §F Abao) 2had
Ao o] Abgol £l flelo 2 wlebg|o] A}
w3t Microcystis®] F4lo) §F 449 Z71g ol
of x| z] oko Hlof& FZofaA] A=
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{Mann and Carr, 1992),

2. YRMYLERE ZE 2| #3)

AZEease] Ay Mol kAL BxF, T
). 4%

Z5ol| olod Microcystis® olol & o (Fig. 4
= =x87 HF 5.15%10%ells 1774219 +
2 2H3lgony o= F2F  Melosiva
varians7F 4.48x 10%cells 1719} E= 742 418}
Atk 6% ol Foll= Microcystisell o8l 22 ok
sbol wpA gl o) TFEF Al FE 6€ 178 7HA]
= 1.7X10%ells I"'74%] Z7bstdch 79 ol
FFellA 7HzﬂT7P 23 4.6X10°
cells I"'7}x] m=e-sled ef, Z cyanobacteria
ol Anabaena® = Mzcrocystzs% 7| 28 slctrt
Microcystis®] 57} 7343} 7) A =3} 849 2k o] B0
F7tshe "4 vehoich, #aksl Anabaena
5 A. flos-aqual A. macrospora$)

PEL 0¥ FEE A AR 7)ol ZA Hf 55
63mg m2] k2 7| &3t ek Microcystise] of
G AFst] FE4 g0 FEHSE 7Y oA
of B 29.55mg mPo)g @ o] Microcystis)
ZAlol Hdlo| =stodnd 84 19%el& 167.57mg

m™ 7 A 2748k e (Fig. 5). Microcystis®] 4
o] 917] o A|7]dlE 44l 56.77mg m~71A],

Microcystis~=
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Fig. 4. Changes of phytoplankton (a) and cyanobac-
teria (b). The scale of (b) is 40,000 times larger
than that of (a).
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Fig. 5. Variations of chlorophyll g (closed circle),
phaeophytin « (open circle), and primary pro-
ductivity (closed box) during the research

period.
5ol 52.66mg m™¥7}A| Ak FE 4 g9 ol
A =72 shder o] A7E A sx{e
ZFel o] mas A7|gdd, e ate]rl ¢
FEE 5L o A 4SS Ele] 9
4 qof Zigte] BAE 84 199 238.7mg m~®

1ab AAEES Microcystise] A7 ol Al7]9t
o| & #]7] Ale]of & AbelE viERSICH(Fig. 5).
79 oA TFRF F2F7F $As A=
Hd 66.49:gC 17hr'e) A apdAbake e
o} Microcystis2) ZA 7] oll= Ao 358.43ugC |
“hr ! (HF 141.624gC 17he ) 74=] 2 gro] &7}
shodch. ol apalatere] Hohzro] BALE A7 o
4 qoh dabgababe] 7 HUlghE Bal 4]
Aoz FHAa & 1A ARl A EEk

7

}n

§ % (cladocera) &} 27+&
(copepoda)el &bz AEe] F2 FE3H%ct
A Z = 490 988ind. m™3, 590l 3,810ind. m
Bo] e zhe wol ol 84 Microcystisel FA]
o|Zofl&= 16,000ind. m™* olAlo® bt
(Fig. 6). 7€ o|A 2] A|7]oll=
Bosmina longistrise} 742 242 37 9] x| 7}8 7}

Daphnia hyalina,
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-7 5ked 50% o] e 7HZ'”‘1_E 71 &3t 2 8¢
o] Foll= Z 27 27FE A ofato] i
ek 89 Microcystis®] tHA] o] & S8 F5
L A 7z+& = Diaphanosoma brachyurum 3 87+
= Canthocamptus bidens, Cyclops strenuus
22 ¥ ol Folslet,

A‘;:!mr
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Fig. 6. Change of zooplankton composition at the
sampling site.

4. M2 3

% AT 1.84-21.1%x10%cells mi™' (]
1.13><107ce Is mI™") o] HollA wEFsteich, A
Ao Z & Ad4= Microcystis®] cetbA o]-
o 1.03x107cells mI7'& oAl <]7]e] 4
1.21x 107cells ml~'o] v]&lod wroto v} 1 Z71e]
Aoz A=A 59
Microcystis®] 2t A dla-7F B2 84 2] A] 7]l
= 1.17x107cells ml™'9] 78 f-# 5k =0
ol& F7tEl F715e] Aol gt o] E At 2
2 &g Yoy, &3 §71F £ Avae
S8le] ol Aylact Zpastel b 1.27x10°
CFUs mlI™ (& Ald9 0.12%) 9] 7k& 2o

o Lo
& azx 4

ol

715 28l AlFe FA =3 Microcystisoll &3l
745 E 7482 Jelbl o (Fig. 7a).

SAE M arizde 73 AEAEE F
A2 v Ha Al AR 0.070-0.1024m
Scell”'2 23 5]9l oW Microcystise] 7ol 2k

2 K]7|o 0.070-0.089m3cell™'e] w2 ZES 1l
elfo] G752 Fgol AT A3 Soek AA
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Hog geisal s BodFoirt T3 2clog A&3le] At MolH Folle 72

Fr71 gl A ol EEE dss FFozA T M. aeruginosa®) AJeNAH EAo| Aol A <]
Z 23 acetate®] ARzl A5 Microcystis 2 slEld S Fxele Ao dedx 9l
oiabag 7| 7E Fakel ol A|71e Rk Ao} & ch A ol A o] Alw S Aot ol 91A] u
715S QA o] &3k F3he EA4E ¥ o Fobx] Yolof] od) o] FoiAot, BAH gk

Al AAkeke] gr2 7€ o] Aol 3.951gC 1"thr! ol A& Al7| Foke FARAEE S5 Tl v
9 79 Microcystis®] Al A7)0l = 2.77ugC | 2 olely WbRel Zrhsb FR Yele]n
“thr'2 Al4ksl el o} (Fig. 7b). (Natarajan and Pathak, 1987) w2 Ao =

FE, 7l 5ol #rdaclel o8l st

SAPROPHYTE (CFUs/ml)

TOTAL BACTERIAL NUMBER (cells/ml)

0.20 60 12T
2 o A 2
S A o 456 J10o
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2 0.10) : 30, 46 8
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g : £l 8
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3 L NG Ro/q10 2 =
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Fig. 7. Variations of total bacterial number (closed
circle in a), saprophytic number (open circle in
a), bacterial mean biovolume (closed box in
b), turnover time of acetate (closed triangle in
b), and bacterial production rate (open rectan-
gle in b) at the sampling site.

2w

Z2A A Aol e 2 o)A HEhde &
AL 39%E 797X 2 oo} 74 o] F ofE
A Fore obgstE 2okd 4 ok o] A
9] dole 7| EH o AN G ofE a9 of
AMoletar & 4 glov] of Aol w24 2 5+E
o] B Fod Aeg chapgbel, 134k
2 Fie] TFERFol4  cyanobacteriadl M.

gl

a9 et Aol

¢

olsl& dlef+

aeruginosaz. %

i
glo] Al g€ o} (Goldman and Horne, 1983). A+
] Tahe] AR okl 5o FEHAE T

Tl vhel o x|l A 1A 4ka} 74 A o) 7}
Al zpElch o] FERFES A Ade 2%
of tal Fzlgh defd xE s53cf F2F

£ Az 4ol F2 TLEZ o Rofd
(1,500-20,000mg 17, Ehrlich, 1990) b=l 4
Zol e ulekez ARG 5ol madel o
| Baol EFohE $202 oSl e 42 4
el $49 A4S 3P4 2EL TR
(Reynolds, 1986). ole o+ 13k aaiel 274
& AAFzA TFLY $AE AT S gle
e geAs Fa Té@lﬂli Rolsleh,

—

d 54“4 ‘4“{4, cyanobacteria’s %
G4 Exow zZa 9lo} (Brock, 1985; Gra-
hame, 1987) $&£ 0.8 Halgia 2o}, =8 5
Aeel Az fgukE 2 CO, wx A
(Schwoerbel, 1987)| A1 = YA 4+ 9= Az
o EAS o] &geh, ThEFel o A4 HE
A Abge] gk 4% CO, F=of wE pHe
Ab#=(Natarajan and Pathak, 1987; Shapiro,
1990)-2 o]&| 3} cyanobacteriag] A #& 23k 3
718 2712 A3, Cyanobacteria® A e
Ex1e o] ok slElof ube} z]E£A Q] F4]
9lod4] $2]H-& A&, Cyanobacterias
e CO, vx9 &2 pH o9l (Shapiro,
1973) = A2 2l3k He FAHIE o

pis

2 4 9l A (Reynolds, 1986) =, F=oko] ks

L N
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1
(Mann and Carr, 1992) c}2 AEFAo] 23l
A Aaks] g kx| shod Ao A wlelH ol $HF
Z 5] 4o 4T wl7hx] O]Elsi B Eb A ol
A Aldste Aoz duA Qloh, EFolAl

A A AL A o & photooxndatlon ( Abe-
liovich and Shilo, 1972) 2] =3~} 9] 2} cyano-

Shi
bacteriat +34-% dAgto 24 oj2lgl dAA=

(Pomeroy, 1991).
cyanobacteriaz} F4A% well= chaing A3t
Ak scum 22 FALE ol FoEH Tt
22 X 2Fol osl dAsE A FHel olof w

EZ83E FAo] cyanobacteria® # o] 3}
dsEEYaEY 24 —3’-714 2752
stale Zew  olEA (Richman et al.,
19 ytel, 1991), w3} Daphnias}

Z2e AAFEE FAH EAste S
O =

©o
<
«
9]
o}
=
<
[
=
Q.
o2,

=

7l 0 sled cyanobacteriao] 93} toxin

Hu| Sof 33F2 ®=t}(Shapiro, 1980), ZAF
]

717y ok M FeERaEs v =

A& 45 kel mhE AlAle] Wi o] e
oM Hol7} sl AEEHFAEIH cyanobac-
teria®] A&7 Fol ol o b2 Hape Yg

Ao Wbl & 4+ de AL M
aeruginosa®] FAol| Wi F71E9 F7h7 Al
TR g4 T ek A7) ubak
= Zolet, & Aol v a4
© & abelrh AR gkod Al E A )
acetate A 3|7}, A T4l Sold TEH o
vtebhbe dARe 749 ol Al7|ofl AR Al

oz 2gag
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Aol FA4olct o|2{¢ cyanobacteria®] A3
of & AF&8Ae dA AL cyanobacteria
7} #ul sl 23 tHAL ALE Y] dEFo R Hejxlnh
Cyanobacteriats od2]7}2) S5 toxing ¢
sl Microcystis @] 74+ 92 £F 71 Mic-
rocystine| et 2] A& A& Bulshe o=
o2l x 9l of (Martin ef al., 1990; Mann and
Carr, 1992), 0] 28k B4 "L Microcystis .
FE BulH §71F ol £aks|e] glof Al of
L2t ZaEy debd AFEAY 771F o &
Zof Ao o] 4w shgAdel TAshe A
ol o},

HAZAAAAM et AR T F1E
o] Aol g7 o] &%
EAsd S AlAblEeE kA El
7l w7159 Fotell ael Axe ez oA
olc} (Albright and McCrae 1987), 1ledok 374
o A A EAe vlgg 8 #2 T
1< Fastedle E‘E"“’i H3lsln Ql+e
7t AzFdE Fdke] ofFofxlo(Chrzan-
owski et al., 1988). wH F71859 w57t =&
2 Fofl iz Aol F935k7] Erke AA AL A
Zepe] ZEoz  AxeA = (Mitchell,
1991). Microcystis®] =422 28] (Mann and
Carr, 1992) 1}, o]go] A #gAd ALZo|
=352 (Harmansson, 1990)ole2t= 21 52
== cyanobacteranH 4|8l Microcystis] decom-
positione] &2 ¥ 13 Fallon® Brock (1979)
o] Ao} A o] SiAsiEct,

1A

(@)
vl

ol A 7)Ao 7 Microcystis aeruginosa®l =
Alo] dojips A E 4] ool F4& A

38k 124 44 FTEEHIE, *41%‘?“239] = 5}
& vlastae, FAlel Frheta
o] F-oiz 79 ol F 1AEARR} T_r_L"TJ 2 %jé W_‘f'?-:‘ﬁ‘
28 M. aeruginosaz o)sked Hi 4.6x10°
cells I"'74x] Z7hetder] 555 %i%% Za

719 2457k 2SR F A

FJP
12
%
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Al Aol aolst 2x sigkon %71 ¥l
ATy = H 1.27x10°CFUs ml™' & & At
49 0.12%% AR Sk AT A4 Ge 7

4 o)Al 3.95ugC I""hr!, M. aeruginosas]
2y Al 7)ol 2.77pgC 17hr'E 2A =g o
JAEZAL AAH oz 2718 §7]5& A
|

$8A $obe S4% wsleh

o

©

A At

2 AtE 19918 s w87 e o] gl od el

Adatd o T =905,

)

it
Ho
rok

ZEabg AARZ 1991, £okm oA Peridinium
bipesoll gt Hz7t 4% alBErshae]e] o
2= o g, 3Eo|AEEE ], 29 371-379.

| e, A, 1990, B Al A A

o
e <]
F oA 2AwEe v @Ee)dge

A, ANE, AAE, 1904, A5 QA ol
1o sl eRdn AFcdnel VT4

A, 1993, Fw3 A9 olAEE o et
34, o428, 31 85-92,
3 1
[

wa7d, A, s, ol FE, FAT, 1992,
W Fe dio] glojMe] Aldy =FF Aol
P24 A R8s =], 8 150-158.

P4 dF AL 1990, AF FoAe] 29 el
el A F-(1AF) R A,

Pl F Al 1992, HA S dalody,
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W ERE, KL #R, 1984, HRKEINEE=RE A

Vol. 28, No. 1

HERBEL

Abeliovich, A. and M. Shilo, 1972. Photooxidative
death in blue-green algae. /. Bacteriol 111 :
682-689.

APHA, 1992. Standard methods for the examina-
tion of water and wastewater. 18th ed. New
York.

Albright, L.J. and S.K. McCrae, 1987. Annual cycle
of bacterial specific biovolume in Howe
Sound, a Canadian West Coast Fjord Sound.
Appl. Environ. Microbiol. 53 © 2739-2744.

Bird, D.F. and J. Kalff, 1984. Empirical relation-
ships between bacterial abundance and chloro-
phyll concentration in freshwater and marine
waters. Can. J. Fish. Aquat. Sci. 41 1015
-1023.

Brock, T.D., 1985. A eutrophic lake; lake Mendota,
Wisconsin. Springer-Verlag.

Cérny. M. and J. Bytel, 1991. Density and size
distribution of Daphnia populations at differ-
ent fish predation levels. Hydrobiologia, 225 :
199-208.

Choti, K.-S., B.-C. Kim, W.-M. Heo and S.-J. Cho,
1989. The succession of phytoplankton in
Lake Soyang. Kov. J. Limnol 22 . 179-189.

Chrzanowski, T .H., R.D. Crotty and G.J. Hubbard,
1988. Seasonal variation in cell volume of
epilimnetic bacteria. Microb. Ecol. 16155
-163.

Dawidowitz, P., 1990. The effect of Daphnia on
filament length of blue-green algae.
Hydrobiologia, 191 : 265-268.

Fallon, R.D. and T.D. Brock, 1979. Decomposition
of blue-green algal (cyanobacterial) blooms in
Lake Mendota, Wisconsin. Appl. Environ.
Microbiol. 37 . 820-830.

Fay, P. and V. Baalen, 1987. The cyanobacteria.
Elsevier. Amsterdam.

Fuhrman, J.A. and F. Azam, 1982. Thymidine
incorporation as a measure of bacterioplan-
kton production in marine surface waters.
Mar. Biol. 66 . 109-120.



March 1995

Fukuyo, Y., H. Takano, M. Chibara and K. Mat-
suoka, 1990. Red-tide organisms in Japan-an
illustrated taxonomic guide. Uchida Rokaku-
ho. Tokyo, Japan.

Gasith, A. and S. Gafny, 1990. Effect of water level
fluctuations on the structure and function of
the littoral zone. fxn: Large lakes; ecological
structure and function (M.M. Tilzer and C.
Serruya ed.). Springer-Verlag, Berlin.

Gocke, K., 1977. Heterotrophic activity. In Mi-
crobial ecology of brackish water environ-
ment (ed. by G. Rheinheimer). Springer-Ver-
lag. Berlin-Heidelberg. pp. 198-222.

Goldman, C.R. and A.J. Horne, 1983. Limnology.
McGraw-Hill, New York.

Grahame, J., 1987. Plankton and Fisheries. Edward
Arnold, Baltimore.

Harmansson, M., 1990. The dynamics of dissolved
and particulate organic material in surface
microlayers. fxn: The biology of particles in
aquatic systems (R.S. Wotton ed.). CRC Press.
New York.

Jeffries, M. and D. Mills, 1990. Freshwater ecol-
ogy; principles and applications. Belhaven
Press, London.

Mann, N.H. and N.G. Carr, 1992. Photosynthetic
prokaryotes. Plenum Press. New York.

Martin, C., S. Kaarina, U. Martern, R. Dierstein
and J. Wechesser, 1990. Rapid purification of
peptide toxins microcystin LR and nodularin.
FEMS Microbiol. Lett. 68 @ 1-6.

Mitchell, J.G., 1991. The influence of all size on
marine bacterial motility and energetics.
Microb. Ecol. 22 7 227-238.

Natarajan, A.V. and V. Pathak, 1987. Man-made
reservoirs as managed ecosystems in trophical
and subtropical india. I» Managed aquatic
ecosystems (R.G. Michael ed.). Elsevier. Am-

sterdam.

Received November 28, 1994
Accepted December 20, 1994

Kim et al. . Changes of Biological Community in Daechung Reservoir 9

Pomeroy, L.R., 1991. Relationships of primary and
secondary production in lakes and marine
ecosystems. /» Comparative analyses of eco-
systems; patterns, mechanisms and theories (].
Cole, G. Lovett and S. Findlay ed.).

Reynolds, C.S., 1986. Experimental manipulations
of the phytoplankton periodicity in large lim-
netic enclosure in Blelhan Tarn, English Lake
District. Hydrobiologia, 138 43-64.

Richman, S., D.K. Branstrator and M. Huber
-Villegas, 1990. Impact of zooplankton graz-
ing on phytoplankton along a trophic gradi-
ent. /n: Large lakes; ecological structure and
function (M.M. Tilzer and C. Serruya ed.).
Springer-Verlag. New York.

Schwoerbel, J., 1987. Handbook of limnology. Ellis
Horwood Limited. Chicehster.

Shapiro, J.H., 1973. Blue-green algae; why they
become dominant. Science, 179 © 382-384.
Shapiro, ., 1980. The importance of trophic-level
interactions to the abundance and species
composition of algae in lake. In: Develop-
ments in hydorbiology vol. 2 (J. Barica and L.

R. Mur ed.). Dr. Junk Publishers. Hague.

Shapiro, J., 1990. Current beliefs regarding domi-
nance by blue-greens; the case for the impor-
tance of CO; and pH. Verk. Internat. Veremn.
Limnol. 24 7 38-54.

Simon, M. and F. Azam, 1989. Protein content and
protein synthesis rates of planktonic marine
bacteria. Mar. Ecol. Prog. Ser. 51 : 201-213.

Starling, F.L.R.M,, 1993. Control of eutrophication
by silver carp (Hypophthalmichthys molitrix) in
the trophical Paranoa Reservoir (Brasilia,
Brazil): a mesocosm experiment.
Hydrobiologia, 257 . 143-152.

Watson, S W, J.T. Novitsky, H.L. Quinby and F.
W. Valois, 1977. Determination of bacterial
number and biomass in marine environment.
Appl. Environ. Microbiol. 33 . 940-946.

Wetzel, R.G. and G.E. Likens, 1991. Limnological
analysis. 2nd ed. Springer-Verlag. New York.



