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Fde AN AN A B AR EEe A3 o
Haoke ATz 2 2 715l B3 Aot i 7t
F Aol w3l ghemg Ante] Mo B 277} 3l
o] AT Eof M¥E Bs=H fluorescent in sit hy-
bridization (FISH) < A8 A771ge] A&sl=w
A 2 BRI 9AT2,7,10,15,17,19,24,26). FISHH-S A|E W)
o] o] EAS= 16S rRNA FEi= 23S rRNAC] AHH.F<l &7
XEE Z=E AAE single strand DNA (oligonucleotides
probes, ©F 17~34 nt)& T F(hybridization)A| A ¥l %S E3}1X
S B Y AdE FFA0EE o8 AH s
I 2 AT 2718 HEshe ol o] JHe oY R
Al &, %% (domain) * 7H(class) * *F(subclass) - <(genus) - &
(species) oAl E-7-2] rRNA-targeted probes ARR-8l] AF
7] vjofo] Brledd A= AET 4= Qe A wid %,
=7, HE4,5,10,11) ¥ o}t £XEB(18), HFH A=
E8#(13,19,25,26) 5 TFe A AEwyS wetshet)
OB Utk PRl EAlske Mg U0 proteobac-
teria®} Cytophaga-Flavobacterium(CF) groupoll £3chn &4
th(5,16).

FAY AR 2, 884, AU1Ee £79 55, Al
o] f718 o858 5 8748909 9 vt B3 14k
] 239 2o WP UYToME fsubclass7) A S
(5) BFE ysubclass= 1% DIWECE ZASEH viR|dA] A=
Mzt2] thFE-E0] psubclassell 4:3131(13,24), chl-a o] H=Suj

o o of

0 o et

o

*To whom correspondence should be addressed.
Tel: 053- 850-6456, Fax: 053-850-6459
E-mail: ecolomi@taegu.ac.kr

31

osubclassA T3} CF groupAlero] E718Hcbai21) B s Qo &
R34 8EF-7 182 (Biodegradable Dissolved Organic Carbon;
B-DOC)¢] ®she Algrged F3FS Rk stvhl). oFF
BAZIHS EHE & AdrdTRE 248 d74ns0] &
8] 2AEA] AU 259 Aol TS wAE FHLAE
g B AFEL BA Gt SEluFele Azl
<2, pH, DOC, Chl-a 59 °l3H33¢] @7 ajle] A-H
Itz vAE gl B3 A7t S Bolui()).

B g7 AR A6 HR% wEEAGA, GRS
© = eubacteria & proteobacteria®ll 3= o - B - ysubclasses2}
CF group o 7% 9% ¥sE RUEHsa, Ao 4%
I FAe FEE vA = FAHRIES 43 eubacteria T
FFzxote] AuAdS kAl ok

4 &

=

HEEH

ME M A

L EAEE W A= 2 FH

AL A gt goll X133 TE-E AgR] dul A
A 3449 A 20002 39 309FE 2001d 29 1697}
2 i 134 A85 AFHSFAD 3 12 Qo) YHF F
AR A Bgeke A frlEE Aol AY 2 w)
oA QAU o] A& AYo|r, FH 32 FulR] FEF
7} A= FEolth(Fig. 1).

Az 0H
AN A|ZE ULE 4% paraformaldehyde solutionl|lA] 24 A]
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Fig. 1. Sampling stations in Nam-Mae Reservoir.
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7+ olAF AEATE A E A|EE polycarbonate membrane
filtler (pore size 02 wm, ¢25 mm)ol 2 mi¥ A} F
phosphate buffered saline (1XPBS) 1 mi& <stgch. 38
filterol] 50%, 80%, 99% ethylalcohol 0.5 mie H7}8teq 2AZ¢
3E B AR F filterS AEAATH

Gene probe

A3} gene probed] B71M YL Table 1914 BEenkel o)
Z2 A2 (TaKaRa, Japan)dte] AH8-31$131, ©]w] probedl] E<!
HGEAL tetramethylrhodamine-5-isothiocyanate®}  fluorescein-
isothiocyanate (FITC)®|t}.

Fluorescent In Situ Hybridization

A7 HH-L AR filters gelatin coated slide glassoll &
=3 99 hybridization solution [0.9 M NaCl, 20 mM Tris-
HC1 (pH 7.4), 0.01% SDS, formamide (%% EUB 0%; ALF
20%; BET - GAM 35%; CF 15%)] 16 w9t gene probe 3 uiS
H7}sle, EUB3389] A% 38°ColAM U™ A group 46°C
hybridization chamberol Al 902 F<F wjkstact. vk &, wiek
L5t} 2°C T 2594 oAl hybridization washing
solution[20 mM Tris-HCl (pH 7.4), S mM EDTA, 0.01% SDS,

Table 1. Sequences, target sites, and specificities of rRNA-targeted oligonucleotide probes used for fluorescent ir sifu hybridization

Probe Probe sequence (E. co lzﬂ'lw:fR%\it:ggsi tions) Reference
ggrzzigbac teria 5GCTGCCTCCCGTAGGAGT- 3' 16S (338-355) 6)
Q_I;Eéi’lass of protecbacteria 5-CGTTCGYTCTGAGCCAG-3' 168 (19-35) (17)
E_EE:(?]ZSS of proteobacteria 5-GCCTTCCCACTTCGTTT-3' 23S (1027-1043) an
GAM42a . 5-GCCTTCCCACATCGTTT-3' 23S (1027-1043) 17
subclass of proteobacteria
CF319a . 5. TGGTCCGTGTCTCAGTAC-3' 16S (319-336) ®)
Cytophaga-Flavobacterium group
Table 2. Mean values (range) for environmental parameters of investigated stations in Nam-Mae Reservoir
St1 St2 St3
WT (°C) 23.0(13.5~33.5) 23.1 (8.8~37.4) 23.0 (7~36)
pH 7.6 (6.91~10.06) 7.6 (7~9.91) 7.7 (7.09~10.22)
DOC (mg/l) 7.2 (3.57~15.6) 6.85(3.43~10.47) 7.1 (3.58~10.89)
SS (mgll) 39.5(3.5~307.7) 24.8 (6.9~98.7) 37.5(6.9~116.2)
NO;-N (umol/l) 67.0 (0.32~87.14) 63.6 (3.55~86.24) 0.802~86.64 (67.18)
NH,-N (umol/l) 74.1 (3.759~211.36) 107.7 (4.032~305.18) 86.4 (4.601~304.72)
PO,-P (umol/l) 2.9 (0.09~8.43) 5.9 (0.10~30.99) 9.4 (0.02~66.23)
Chl-a (i) 34.9 (0.46~294.76) 17.97 (0.24~134.86) 20.0 (0.24~148.79)
Chlorophyceae(cells/ml) 3065.5 (750~8080) 5797.3 (500~26900) 6781.8 (600~38200)
Cyanobacteria(cells/m/) 58173.3 (80~142900) 48200 (300~147500) 57800 (200~168400)

Bacillariophyceae(cells/m/l)
Total algae(cells/ml)

15367.5 (1400~88900)
56808.3 (3500~144400)

24110 (2900~108100)
54070.8 (4200~148200)

20022.5 (800~112800)
63142.5 (3760~143400)
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NaCl (&% EUB 0.9 M; ALF 0225 M; BET-GAM - CF 80
mM)|S2 filterE 1587 AHSIHT}E In sitw hybridization 33
= BT Hell A et

DAPI 244§

72t NT2EE°] ETHEE eubacteria?] FTHTS  (total
bacteria)oll g+ HIE-S &7] A3 FISHHS AT filterS
DAPI (4-6-diamidino-2-phenylindole)& 22} {213t & A3}
TH12).

#asn|d gZER

P53 tetramethylrhodamineZ XX 3+ AL B &n| A
(Axiolab, Zeiss, Germany) green filter (BP546/12, LP580,
FT590)2 #aA3tH L, §FEF FITCE EX3 probe= blue
filter (450-490, LP520, FTS10)2 & - AlFslgie)h. 475 o
ZE 9% DAPIE M2 FFHu|F UV filter (G365, LP395,
FT420)00 4 & - Alesint. ol ZAlldse HAg 157 o
29 fieldE AlFg ¥ 1 Hzhe ATAZ ISR TR(1.

3.0/8}81N B0l A ZEEIES| HEY

23 pHe dA oA vl 2339 (suspended solid) SS
$} Chl-a= Standard Method (9)0l] &3l 233l om &&77)
= %(Dissolved Organic Carbon; DOC)S &#F A|EE Total
Organic Carbon Analyzer (TOC 5000A, Shimadzu, Japan)Z= %
Rt 771 dFEwe dRYoMd AANH,N), Zd 3
ANO;N)EF Q1A QI(PO,P) T2 FUE AFTEAY
(TRAACS 2000, Bran+Luebbe, Germany)Z ©]-&3to] E2I5}%]
ok olZe] AEEFIAEY FEHS 1 18 ZgiEd 72
AHZ A 2E Lugol's &M oZ 7783 F AP A 48~724]
7 AAHAA 50 miE FE53T A 43 ¥ Sedgwick-Rafter
plankton counting chamber®] F11F FAMAA @9 A2 7]
FeellsmhE BEHFOE ALY Y 28T FgdrH
400~1,0008) St B3PI E 2AR S, e HeAE
o B RS #gste] 543t Labophot, Nikon, Japan). &
o] T4 2 EF= smith®] FFAA A HA8FATH3,14,22,23).

4. AEEH 2N

SPSS (statistical package for the social sciences)E ©]-&38}<]
o13}aHA Q] &7 8013 Pl AN e TER, AT, =
ZF 281 F 27 &Y At 433 AEA (linear
regression analysisy2 =353}

Zzt ¥

Z M 242} eubacteria®] ¢1EH 5}

FATTE FFEE 2 Ao)F HolR| FoWA 0.7-43%
10° cells/m! WA HeletHThFig. 2). A 10] & HZHo|
uls) Ydzr Wi} A ol o] A Y HEAHoZ 445
t AFslre 9% wEo 2 ALY FISHYE SR 243
eubacteria®] FAlS=el] 3k Hl-& = A7 & 2o] glo] A

Eubacteria w3720 F3+E vz 7429 33
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Fig. 2. Variations of total bacterial numbers (A) and ratio of
eubacteria to total bacteria (B) at cach station in the Nam-Mae
Reservoir.

A 1914 49.6~90.3%, FH 2014 44.5-93.3%, BH 3914
T 54.8~82.6% W0l A WAsIEIATE FISHY S o83t Mds
AET o 1 HE Ve AR = AlFiER9] gene probe 3
FHEF Al ERlske B 2] 2,18) 5Tk 3t
o & A 71Fol FAY wE] Agke Aldde Blige] B
o] Exstez FISHH o3t Mg AE7VsAlol Fou ulsl
ArAYd 5879 2ol 7loMduiel ¥l AT A&7
(EAdSol 3 eubacteria Bl-8)L 40% ulgrelgl dlETh
(18). 'FHF] Microcystis aeruginosa®] ]3¢ bloomo] A5
A1716~98)et slE8t7] Al 108 FATel o
eubacteria®] H|&o] THE A]7[o]] HIF) Lh2 H]&(44.5~69.1%)
HERR AT Eubacteria?t FAldoll 4 2HA|3he HlEo] @e A
< Al RNATR 28 T AEF 10~1070] o< &
H&o] ERsflof HEo] 7Fs3l7] wWEolth(18). T widst Al
o] ZFAA(EE)NA B2l ARt e 38 ue olfes
¥ RNA 3 W iZolth(12). A AT Falite] 45
A|7]9= eubacteria®] FAlFro] st vIZE 50% ol3k= e}
sSedl 2ol RE dAlTe] Adske SAER ded Row
FAsATH). wElA] gl R]o) A 517100 eubacteria®} 1 319
B/ proteobacteria”} & Hl-E&EZ HEH AL Microcystis
sp.7F S 7S (microcystin) 5-°] A8l 2 227
7] &Y 7FsAE MiAIE F S-S ARl dAlEE =
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Fig. 3. Variations of eubacterial groups detected by group-specific
fluorescent probes to total bacteria (%) at each station in Nam-Mae
Reservoir. (ALF=a-subclass, BET=[-subclass, GAM=)subclass,
CF=Cytophaga-Flavobacterium group, others=other eubacteria).

7o dEF M3 BY 3590 527, 69499 AT
Q) Microcystis sp., 282 1 2]9] Al7ldle #&2F7T 838+
o}, o}28] Chl-a¥o] 6~7€oll 25~295 mg/l, L 2]9] A7]dl=
10 mg/l PIEe] =215 YERHIL o]df NO-N= 7P w2 A2
2 ol bloom©] 6-780] 71 A3E Ao At

Eubacteria2| @& 7X

ysubclassE A28 proteobacteria®l &3t AldT, & o B
subclasses®t CF group?] ATl tigh Hl&o] teF 6~119
e e WIE(10% vThE HEH v 12 €] A7)l 20
olate] A&unE VJePYthFig. 3). ysubclassAl TS $~HH
o] daw 2001d 1¥€= 66%(EE 1), 112%AA 2),
12.8%(47 3)9] ¥lad =2 182 RIAY 1 99 Al7]d
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AR ATE 3 AP RS BATS BT HIS<I0%)S
e

orsubclass
7143 BT Rhodobacter sp., 27173 F43%ATA

799 E 189%9] ¥ HIES Uit £YZTAAE chia
(2.0 mg/Het DOC (1.5 mgC/yt Fe F=E UERA HF ©]
Aol +48L AFre frlEelg ol theE Aldel
Hlg) £ Row FAHRY RuHATKL). 2y £ A3
e 689 AA 1904 71 2 chla (294.8 mg/H$k DOC
(15.6 mgl) =2 VEPASE B3k orsubclassoll &8
Aol HwE Wol AEFHATH16.3%). CF group= ©]¢}+ &
st 217120 6¥8(202%)°) 5¥(16.1%)80F o] HEHAL] ©
o, G2 59 nitle} vlelds, dYs F o Tl
FISHHL 2 Aldid 725 B8 Ay ofshH(ll), e A
ZoJX CF group AlTF°] cr-subclassBETh & Bo] A&
3 o] AETe TRFE 370 Mashs gRohs sl
A e wsg A0 ek B AfME o]} fAkst
Al o-subclass7} o] AZEW CF group MlATEE %ol AEH
AL 1yt ol FAl EAlsle 7715 &3fdl o] F
Aol MZ AAEH A& 78S AN T AR A
kas-2) =

B-subclass

A AH 2FoA 6E~11EolE 1.9-5.7% (B3A 1), 1.7~52%
(B4 2), 28~72% (B34 3)9] @& ¥ES JeEov 198
Aot ALHRE BEAZAE 184-225% (BFE 1),
16.6~31.1% (84 2), 14.9-24.6% (33 3)9] vlnd &2 Hl&
£ Bt} Nirrosomonas, Thiobacillus - chemoautorophsE X
b o] Al WGFdEe] T5(5), vlold 5] A
Z(11), BAEHA(13,19,24)00 4 $HAY AT AESHAL
e o] FAGPINE 3T BauE

¥subclass

Joh A2 EelE Ao tiREs XEshe psubclass AT
E2(19) A BAgle] A9 10% IR v HE&E HEE
ot %9 pocgFe] SvIEA U sEE@EA 1, 8.0%; B
A 2, 120%; A 3, 85%)F FEHol dAd 14FA 1,
6.6%; AR 2, 11.2%; A4 3, 12.9%)0] vy & HEES
B4ch o] AlFd EghE Aty vt Eaj7t Lol #7]
EAS o|&3) wa] A4S copiotrophse] 31(19), HAE A
e AA o]50] AR|GH= HE-2 4% PITEeZ o] Ytk
Ra(11)$} X3kt & 4B FE F718] A BsubclassOl]
A} psubclassE AlFTH ] Hol7t o]FAE O nlFo] ¢
subclassel] £33l Al@Eo] wWaA AFsle AT T3S A
o & FASPTH24). °|2 v]Fo] B o 5497 199 £& 73
£ FAld B8k Bal7) 013 f7182 T ol ZAAXHEA
R FAE F7IE 7IQ1% oz FAHET) AT AA
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Table 3. Correlation coefficients between environmental parameters and bacterial populations at each station of Nam-Mae Reservoir
TC EUB ALF BET GAM CF

WT r 0.441* 0.272 0.153 —0.089 0.171 -0.008
p-value 0.007 0.109 0372 0.608 0.320 0.961
oH T —0.006 -0.038 —0.103 -0.171 —0.134 —0.198
p-value 0.973 0.824 0.549 0.320 0.436 0.248
DOC r 0.534** 0.455%* 0.287 0.092 0.395% 0.301
p-value 0.001 0.006 0.094 0.600 0.019 0.079
ss r 0.410% 0.310* 0.185 -0.109 0.313 0.267
p-value 0.014 0.070 0.288 0.532 0.067 0.122
NO,N r —0.193 —0.121 0.025 0.186 -0.079 —0.045
p-value 0.259 0.481 0.883 0.278 0.648 0.793
NH N r 0.087 0.083 —0.079 0.004 -0.147 0.113
¢ p—value 0.614 0.628 0.646 0.981 0.391 0.511
POP r 0.144 0.138 -0.038 —0.069 0.017 0.195
p-value 0.403 0.422 0.827 0.687 0.920 0.254
Chi-a r 0.376* 0.259 0.131 -0.164 0.210 0.201
p-value 0.024 0.128 0.446 0.339 0.220 0.239

Chl. r 0.228 0.372% 0.159 0.151 0.195 0.493%*
p-value 0.201 0.033 0.376 0.402 0.276 0.004
Cya. T 0.115 ~0.105 -0.211 —0.451* —0.227 -0.253
p-value 0.577 0.609 0.300 0.021 0.266 0.212
r —0.152 -0.223 —-0.270 -0.379 -0.145 -0.304
Bac. p-value 0.478 0.294 0.201 0.067 0.500 0.148
total algae r 0.146 —0.051 -0.217 —0.494** -0.202 -0.239
p-value 0.394 0.769 0.204 0.002 0.238 0.160

#* p<0.01, * p< 0.05, N=36; TC, Total Bacteria; Chl, Chlorophyceae; Cya, Cyanobacteria; Bac, Bacillariophyceae.

& 2R o 4498 ARAEH7IEB-DOCYY Fol S
o psubclasstlTto] 2 FAOA 2~3u) F7RICk S TH(1).

Cytophaga-Flavobacterium (CF) group

@Al S 31 7](4.9~13.1%)F A sk Ade} 4
Hglo] 20.0~36.3%2] 2 RXE Vehila, &= o) 43k A
o] tjREe] AF3A (filamentous)©] AT ©)9} SUEHA Bl
4] CF319a probeZ ZHEF CF groupAlTre] thiio] AV A
ol e, o]go] Ao Exjshe Tl TEAEH] B
sl Fehe Ao FHEATKIL21). TFF o] AlFTe] ¥
450l Chart E718S o $Hsittn P=ul), 2 Ax
AMe Chl-a7t FZA F7tet 62 A3 13 3olM4+= CF
group®] T7FSIAAT A 20AME 23] A3 o ¥ (Fig. 3)
Chl-as} o) U= JBEE HolRE gko} K270 dE
Fhs F4990E A4 (1=0.493, p<0.01yS LFEFATHTable 3).
| A TER-S-Z B (macroaggregate)e] F-EE ATEYTL=
£ 4% 29, T 284 718 Bele S 71 o] AlEd
o] I thFR-E AX|SHIL(10) T FA SRS YA §7)
2L AARS W o] AT vlge] 343 gaqdvn I

Th(1). B3 sl 21 A= AsiA AdE $HEY A
o3& FISHYOR E43) £ 23, CF groupHlitol EAlTF
T 43% oPdE AXBINA 1 SHEY uEe Agezr}
TR Y FAZ HaE bk vh20). web £ Zajo)
Hehte o] AldTe] B2 35 FA EAshe Eall7)
U 1223 Ado) 3l 3oz AZdn,

Zt group MIZ 2 & ot 814 201 3to] Aty

FATETE 2(=0.441, p<0.01), DOC (r=0.534, p<0.01), SS
(r=0.410, p<0.05) BT chl-a (r=0.376, p<0.05)%} Hol4 e
& S YR AEW RNAYE B#o] 31 FISHY
°2 ZAH eubacteriai= DOC (=0.455, p<0.01), 2579 &
E7H(r=0.372, p<0.05} %) AL BTt o) DAPI G4
L2 ZFH= FAATE F& AU Aolde AT BEES
At 4=x)21 W FISHHO 2 234 F eubacterias RNAZ} &
< 5, 840] Je Mrte] A =y qiE Y Aoz g€t
. oF2# psubclassoll 3R AlgEol £7] JYIFIT B
oA wE 7S HRlthe A7 AH(24)9 YX8}A ysubclass
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Ao AENE&L AT ATT T 7P ER o Fig. 3)
DOC(r=0.395, p<0.05)2} o] A&
S8 el psubclass Al S o] she] Bgdsl A2
84 71s43E AlABH £ CF group Al S5
(=0.493, p<0.01)T AU ¥ FAS el

AET T8 Ald(a- B y- CF group)®] S2Fobe= ool 4

S vER v GAEY FRFYSE 29 AEEE UER

t}; £3] Bsubclass (5,11,19.25)9 &8l AHFEL 6~9¥d
bloom= Yo M, Microcystis aeruginosa (=0451,
p<0.05) ¥ olg} FEFF(=0494, p<00D}E FA U=
<9 48438 YeldTtH(Table 3). BsubclassHlte FZ2F7F ¢
HIE 10~1180l = 2 HEHEo] W3koy 698 Rtk 37t
A 5277 4G 4-580= BsubclassAldE0] 23]#
71 9hE, dAleto] $3EHE A7), B3] gl EE AA
AX AT 7PF e v A 1, 1.92%; B 2, 1.67%; B
3, 275%)% ZAEHUE ol BsubclassHlTFES] A o] FAlld
o] FHjghe S4AZ A3l ANE-E AXBIETH). FERF &
A|Tto] eubacterial group ATFET} 29 FHGE Uehlles A2
59 UHU} Bsubclass®] Nitrosomonas sp.2} 2L chemo-
autotrophs®} 1A F-71 9 FAFHE AFske Aol 257} ZAs
7] fEd A= lvka AZE

2 A7 NFEHTEY B4 AF8-F gene probes7}
group specificdt Z1E0|oA i +=HY AT F 2 #g
AEEE HRE A F3tA] ZpAT thegF oS groupd] AldE
2 7450 A=A B3 AZAR ARE AT Sk 23
PO Ui FAAEA JRE FoHW S(genusy T probe
7Fsdt g ®ol AAsiA SASoRIER 1o 2 Be A7t
3 Qo] aPEEE 1 Al ofefo] st ojn] HFHA
o] 7, 57, | T ADFAR op T} S8, A2 T
9] AFQ BAse A, EGol EAshe A Mg
o]& FASI=H= group T AlHTR T B40] 83l
(5,11,13,16,18,19,24,25 26). ¢} gene probes ©]-&% AT
ATz A AFAHEC] vuepAR Go e Al
A ARNTAE FAlo| F3s AnEo] 4531, I probe A
A Y HESHEC] NPT FISHY 5 &4 7IHE o)
3lo] theket Alda e AHE 715 Boh 38 15 E
T ez A

dArlel =2

£ A7 20008PE tlp gt shedel Aol o3k
FYH AT

it
ra

=
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ABSTRACT: Seasonal Variation of Eubacterial Community Structure and Their Structure Affecting
Environmental Parameters in Reservoir
Hee-Soon Lee, Chung-Won Park'*, Mi-Kyung Kim', and Young-Ok Lee (Division of Life
Science, Taegu University, Kyung-san 712-714, Korea, 'Marine Science Institute, Yeungnam

University, Kyung-san 712-749, Korea)

For elucidating the correlation between the eubacterial community structure and environmental parameters in
Nammae Reservoir located in Kyungsan, Kyungbuk, the bacterial community structure and their structure
affecting environmental parameters were analyzed using Fluorescent /n Situ Hybridization (FISH) monthly over
year. o - 8- ysubclasses of Proteobacteria and Cytophaga-Flavobacterium (CF) group known as dominant bac-
terial group in freshwater were detected in 3 stations over year. The ratio of each subclass to total bacteria was
determined; ¢ - ysubclasses and CF group varied in the range of 4.0~29.2%, 1.7~25.8%, 1.8~12.8%,
4.9~36.3%, respectively and there was no substantial differences between stations. In terms of the correlation
between each group specific bacteria and environmental parameters such as temperature, SS, pH, DOC, NH,-N,
NO,-N, PO,-P, standing crops of algae, the results were as follows: 1) total bacterial numbers correlated pos-
itively with temperature, SS and DOC, 2) Eubacteria positively with DOC and Chl-a, 3)ysubclass positively
with DOC, and 4) CF group positively with standing crops of chlorophyceae, 5) whereas -subclass bacteria
correlated negatively with standing crop of cyanobacteria and that of total algae.



