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Aol A7 Q¥ BHOIM =E3AZk) wE BAn|NRFe] AL oslast felsdelse 23%
AERe £ wIlet 484 FE HSlE, a8y AvIe s 1A nARRY 484 FE Wl AL
g RiZE HdOlAN 1996 5¥3 69 T 1997 1-2 €0l AX AR . falEdiel= Ao F-2n)
AzF 279 484 sx9 RIF2Fe £us A7t 242t A 62.5 mg chl a m2$} 144 X 10° cells cm™
£ Ut 954 TEE 2370 wE Zrlsigon, RatERe RN o4 s ARIAE vt
W (P=0.79, p<0.001). AMZH2 9] EEA: FEe 59, 699 =271205¢H 224 Hof 31.1 mg chl @ m™>
7 654 mg chl @ m & YERd F ZasEh. 23 1~ 2990 989 mg chl @ m™? 7B Al F718I6T.
AP LE 595 6Y¥ 28| 1~29 77 A 63.1 mgC m™? h™!, 347.0 mgC m™2 h™! 22 Z 783 mgC
m 2 h7'e] e BT 599 699 dAIE LS AEA T Wil e PO R wEA we) Zksi
7F Zasidleh . 2y 1~ 299 IAAEL =2 26 o|F AAHL, FEA TEE AL TG . F
7Rl Aol A3 Aad F U] A9 dE4 TR FYY PP gt o] YEhd H¢(5¥, 6
)9} AR AT FHFF PP e 71T AR Hoele B9 (1~28)ATth. £ drAzhs s 7
I7NAER FAE rARF 454 FEg YA 23E 5o AR YA T vERe AR
Fo BT YA dEHe] eSS A& BN £ UsS AAEEY.

To understand the growth of attached microalgae to the immersed artificial surfaces in seawater with exposure
time, chlorophyll @ (chl a) concentration and abundance of attached microalgae to glass slides, and primary pro-
ductivity and chl a concentration on coverglasses were investigated in Incheon Harbour in May, June 1996 and
January-February 1997. Chl a concentrations of microalgae and abundances of diatoms attached to glass slides
reached 62.5 mg chl a m™ and 144x10° cells cm™?, respectively, during the study period. Chl a concentrations
increased with exposure time, and they were significantly correlated with the abundances of attached diatoms
(* =0.79, p<0.001). The chl a concentrations of attached microalgae on coverglass reached the maximum values
of 31.1 mg chl ¢ m™ and 65.4 mg chl a m™, and then decreased in May, June 1996. But in January-February 1997,
the chl a concentration increased continuously up to 98.9 mg chl @ m™. The primary productivity reached the max-
imum values of 63.1 mgC m~ h™, 347.0 mgC m2 h™" and 78.3 mgC m™ h™", respectively, in May, June and
January-February. The primary productivity in May and June varied in accordance with chl a concentrations. But
in January-February, the primary productivity decreased from 26 days of exposure while chl a concentration con-
tinued to increase. Two cases that primary productivity decreased abruptly seemed to be caused by decrement of
chl @ and light specific P® (chl a specific primary productivity) (May and June) and by decrement of light specific
P? due to photoinhibition (January-February). The results of present study indicated that chl @ concentrations and
the primary productivity of microalgae attached to artifical surfaces immersed in seawater would expedite analysis
of dynamics of biomass and physiological status of attached microalgae during biofilm formations.
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5 (abundance)S 2AFSFHAL
0}715 3}93\5} o] F 7] WHOZ =
’T‘Z‘ILU]}"“—J—TF 9] Frg AETe] ¥
3}st= ¥/ (Tuchman and Blinn, 1979; 4 5, 1998)& setd
o B AT 22 Fdle vIAERR 2 HelA i
A o] (micro-succession) 7t Y EN-E A (Hoagland et al., 1982;
A T, 1998 F 240 g 58 %EH o] 7kt
v “7‘/‘]7wl o2t Frlehs 4 T A Hghteg=
AR 239 A& ‘Q‘é‘&@"ﬂﬁ EAeE 2 ouR 580
719%ke 7158 A8 olslshked A7 Ao AEFs1d ¥H
AN JYPHe wARFY F3F F dadge 873 gd@:
7, 72 )5 BEHY L]'E}‘/}'w: Aol Haelnz | #7agl
o] wisld me FAWMNZF 239 ue-g ols] SlsiMe
YA S Fasitt T3 Al APHe ek 2
ol oal wARF FHol FFE wol WEFo| WlsA =
) (Hoagland, 1983), W3le RFAuA2T 27 wehe] 7]
H Adoldt P2 deE Aog Bt} o|9izto] WEd n)
AzF 28] 4803 FHxe] washs FIE 7153
oM olsfstr] M A 24S F
Z o]t}

a2y 71 FHA =E3AZ) e 23
o] Iy F 27188Ale] At ¥ f& A=t e
Aow wepsty, BRuARF 39 tialereel] gk ojs)x u)
£ 553 A o th(Burkholder et al., 1990).

53] Se] A9, sl mAETe] 2dd e AR
o] FEARTE AR deoltt. wEiM B dpolE g4
E9 NaH"COs& ©]8-3 YA A4S Kato] =7k
upe} sl BAuAERE 2R AaEs 2 B4L olelEt
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ME 3wy
7| A
AZ 4 o9 YPEAEL 19963 5, 64 282 1997 1~2

4, F 3ol 44 E9E%em, AL 71HEATL golat
o, Autgde] tigk 9L FAT F de MG W A 7T
3 AAL AsrhA 5, 1998). 71Be ofFd R A F5}e]
AubEet Aol £& wigol Fol& He AXsiaon, 719t
ZFEE WA 98l F-ol Aol 7HAS A FAATIL, 7
2710l 07 mZ sHthFig 1). 78 Setol=e F2t
2% FEo) FaAERR 1Y 9EA o] #AE AR
T2} ol 4HAT, AFEiLe GBS TR ANES 24
17 918 ol8= AT ﬂﬂ%ﬂ%ﬂé{— BATE e o A
A G 98 IR ¥ F doA B §4 9@ Az
HI2 A3 ARIES] AEY WHES S F UL Aol A
A Aol g YA FA) AMSE A ZEas ¥
G 53 (dpm) ZAA AWFE S QA o A EH} F
dpm®] 0.99£0.02% AEE w9 WA vept Aol HEg <l
F/ARHORE AU

o{'r o kg

r_\i

T2, ¥ dgd

P28 7IE 3Rl 2 B8 SH7](ASTS00) = S43)
AL, LA 2 Ao F2AL F A (Li-Cor quantum
meter, Li-10000% AM-3te &733I8ich 719 S<pAl7] =g} 71
o] AXE FH EFSE AFste] YT B8 A Aol
A GFF J3A 2 o7ste] 10% G408 A3 x84 20 ml
viald] Y% BaAsdtt 22492 Grasshoff ef al.(1983)3% Parsons
et al(1984)2] WHS wie} YREUOHNHS), A (NO: +NOy )
283 QAFPOL S SR NP BlENHANOY +NO*)
POST)E F3HEY

AHUEL 4

90% OoMAE 15 mlE MgCO:& 2~3 W83} 7Ho] Whirl -

A

30.5cm

X

Coverglass
holder

Fig. 1. A diagram showing coverglass
holders held to buoys which were tied
to a bridge.
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pakell B2 H, FEARFr Boldle fel &= I8 ¥
2 53 H &3viE gdfeihe 2 A 2E A e
4°C Zxo] WY E RASHT 248 700] BAe Hell £33
ZA(Milton Roy, Model Spectronic 1201)2 7z} s}golx &3
=F A4 OF A& ol&3y €% oF ALY
(Franson, 1989).

Chlorophyll a (mg m™*)=[C,X volume of extract (I)/[area of
substrate (m%)],

o714 C,=11.85Bes:— 1.54Eqs; — 0.08Es20°) ™, Eessr Esar, Eeso
£ 750 nm9] FFEE HAI 47} 664, 647, 630 nmol A 2]
FREolt. AR 24 ASE A2y 484 B
EEAT A TS AT el SElol=E o) &F
BEL FE FHL 19959 7HEH 19979 1~287A] & 5
Aol AR FHHUL, AWFHLE 083 FEL T2
& 19963 sYF 69 ) 1997d 1~2%99) A & 334
S E A}

AR A

LA 2L 19969 593 69 2T 19974 1~299
AA F 33 olFoiMth AW Ze2(18 mmX 18 mm) 5071
g 7R 71 S0l el Wl F wle NEE sl £He
2 2E3ANF o, & AF 9B2HEE 4~7 Y 7HFo R 35Eke]
FanAzg 239 gANEe 2489 s ue
FAZHA sl Adle], ARE 9] Y8l 24 Basl,
g A8t 0.2 wm Nuclepore #Hisfxl g2 Ay ol3s)4E
ZH] 8k o3 4= 7122] Hooper and Robinson(1976)
o] WEL HAEk 50 my Whirkpakoll Bt} Avl2dx 5
W& Whirl-pak stthell o] AiZlg Fv)stz %4 Whirl-

pak & 7ro] EHIEHSTh ZF Whirl-pakell HFF=7}F 33
pCI7t El=% NaH"COs& FYshE @57t 540 58
£ olad FolA o 2~3X7H(12:00~ 17:00810] y7HE w4k
thoulg T YR e g3 FH, AWSHEE AFATE
(scintillation vial)ol] o} o] ololxm WE nHsie AP4
2 8ukgk U3 0.5 N HCI 1 mig #7iste] 71t AlA
B 2407 AT F g (scintillation cocktail) 10 mlE& 3
7¥8ted A5} AlG7) (Packard Tri-Carb, Model 255008 ©]-§-31¢]
P 2389 S48 dpme AWM 20 28 quench-
ing 3o BASL, el 2 s Buld § goRRH
wlFEo] Bl FIAH BAF S (carbon uptake)S KA 3FH tHBooth
and Dromgoole, 1984). 371614 Aol dpmS F3d ©i3h
(mgC m™? b )& ASE uf, Booth(1987)2) 4& HFF o}
£ 4

(B3 MC X E 7F8 2C 923X (1.06)X (3086))/[(A 7T
€ MC ghx ]

22 FIFY. G714 B8 “C FE AR dpmoir ol
&3 A5 dpmE W ZholH, F 7HE UC ©@AFES WY U
(50 ml W& & mgC)2l %Folm, 1.062 WAHZF FEAA
YCHRTH CE v AEske HgoliL, t= WA eIt 7t
#H UC e uiek A wddel H7HE “CY dpmelH, 30862
1 mPollA A8 F e A B Aotk

@ HEA FTT AANE PN A A
FEL FEE r] AR F, 1992), ® o8 EE&
& 9nsie F4 & -&(photosynthetic efficiency) &, 2%
T PP= PPE HEwEEoE ol AXSATH(Dubinsky,
1980).

Table 1. Nitrogen:phosphorus (N/P) ratios, phosphate concentrations, water temperature and averaged incubation irradiances during 3

experiments
Period Exposure time N:P ratio Phosphate Water temp Irradiance
(day) (M) (C) MEm™2s™")
1996 1 195.6 0.10 12.1 510
2~25, May : 8 58.0 0.34 15.6 1,393
12 69.8 0.31 17.4 898
15 23.5 0.84 184 823
19 359 0.48 17.5 542
24 30.8 053 19.3 1,088
1996 5 223 0.89 211 996
11 —28, June 8 20.6 0.97 22.9 1,440
12 110.0 0.17 214 1,120
15 22,6 0.89 22.6 482
18 21.3 0.65 214 193
22 16.0 1.40 21.3 12
1997 8 16.7 1.60 1.9 944
24, January — 13 18.3 1.50 17 743
26, February 19 15.9 1.60 1.5 515
26 144 1.60 1.7 1,138
31 17.8 1.50 1.8 937
41 18.1 1.50 2.6 2,001
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ZH R dapEake 2A T gokde] NP
Hl= 19961 590 H 69, 69l 36, 22 1997 1~29
e Ht 172 L}E}Ur AL 71 ¥ NP ¥E Yl
(Table 1). 22 599 12~19°C2] ¥HE Hol 21~23°CY
EEER %Ol% Yerd 699 Hlsl B 5°CHE @A el
Sh 1~2€90d= Het 2°CE JERT B2 59 BE
AE A 715 510~1,393 uE m? 5719 FHFL el
Aup77elw gl Hauidgao] =237](112~193 uE
m? s HE A, 482~1,440 uE m 2 s’ HWAS Y
ERTh 1~299 Huidd e 515~2,001 pE m 2 5719
Hee vEhTh

HEL a8 =&
zt AN =2 710 R EEtelme] FAE mAlRR
Y FEA TR WP SUIEEA A Ee FAE

UER O, AutE o7 w&A7ke] Asigle| wet Zlsle g
< e thFg. 2).

1995 7¥dl= =& 3
A 110 mg chl ¢ m & E.O]J‘ Q-
< 8U7A A5 F7HE Holthl xF 11UA 24 mg
chl @ m™& 7+4d F, A AFFH ez Zrlel] =& 184
1.1 mg chl ¢ m 22 FHgS e

19961 5EdE =& 1544 (24.1 mg chl ¢ m 27HA
Z7HE Bl & o]o] &47re] U1l =F 24UA 625 mg
chl @ m™2 Hizs Yepde 6¥dl= i% 12UA7EA] F
3] F718t4] 204 mg chl ¢ m2E JERY , 0|% T A
g FH =F 159 0|30 thA Zﬂokoq & 18YUA 621 mg
chl ¢ m 7’2 Hulghe Jelith 282 Hugs ekl 3 49
B4 e gAsigdn

19974 1~2¥°lz =& 24UA744] 64 mg chl ¢ m 2 A
FHOR FTFSITL, o)F A A FUtete =& 419K
= 474 mg chl ¢ m*2 FH S Ve

freeeluAte) Fagafe FEdshe 19954 790e =
Z ¥ 697 FV1HE Holtprt o Avhe] ZUlste] =& 18Y
A LR 57X10° cells cm S VERATH 19959 890l =
Z 8YATA FFSAL thh AAaS 3 o STl =&

1494 HUrT 51X10° cells em ™S VERATHFig. 2). 199613
Séfﬂlb E R2YA7A W27 Skt § ot AAEsut o
Al F7rekel & 1994 AdiSex 138><103 cells cm 28 VE}
Wk 19969 6¥elle =& RIA7A F43] F71E 3 ta
ATt 22 1844 G4 E 144X 10° cells em™ & U
Bt 19979 1~289le H2de 93 SR & =& 19
A o)) 27Ht MEA Frtete] =F 1Al HulgE 29
X10° cells em ™2 VERA O™ =2 4197 2L $EE A
£HchFig. 2). FAFEFY & ¥l WIE 4L T2
frArIR o™, kA o2 wEA|Zke] Al et Zviske 3
e VeI
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Fig. 2. Abundances of attached diatoms (O) and chlorophyll a (H)

of microalgae attached to glass during the study. Bars represent 1
SD.
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2712 JEpATHEIg. 3). 19969 59elle
74 0.02~4.5 mg chl ¢ m 22 WS- F53] S48 F, =2
1280 =2 199/71K] Shkel A&H o8 Frhete] A
31.1 mg chl @ m*& Ve F i 243tk 68dle =
% 8°‘7>‘H77V]L 154 Oi 27}3]'1:]'7H06~94 mg chl ¢ m™?)
Aara] Z7)ele] & 15Ul ZHiEk 654 mg chl @ m ™2
L}E}kﬂ_ T 22850 19974 1~299)%= 6.6 mg chl a m™?
Yebd =& 198A7R= Blas wEA] 71t o)folle
@A 27rete =& 414970 98.9 mg chl ¢ m o2 Al
e YerithEFg. 3).
BRI 2E 2He A7 AAAAE Fg. 3 =E A7k
7¥gt) wel A&H o7 Zrlete] Huighs UEd § 35§
A2 Jepth 1996d 5¥olle =2 8YAe] 1.7 mgC m™?
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120 500 Ao} 7HAEGTh 1996 620 HAUlghe =& 154K

100 ] 123 May, 1996 1 3470 mgC m™? h™'2 JERYT 19979 1~28elE =2 13

80 4 [ 200 ARl 1.7 mgC m™? h & e, 2 F S7e =2 26Y

60 1 742 GAEA KAHJT. A2 =& 26 IR 78.3 mgC

40 [ 200 m?h'E ‘%’E}‘:\‘i—““} I F oa F2EATHER. 3).

2 | 100 L BuZF 219 Gl %A sxo) we Fe
o o lom . L[, @ uel A9 g, 99 9S4 FET YA P*: mgC mg
g 100 | 6 June-5 July, 1996 00 5 chl a™' k)& 199611 59o] w2 8UA Azt 87 mgC mg
£ w] Y chl a' h'g ekl ¥ Fstel B e wA8k 690
S 6 [ £ k% 594 A% 145 mgC mg chl o7 h'E UERA ¥
Ey F 200 A Aashe A%E BAh 1974 1~28de AWHoR 5,
g 2] 100 8 6ol ¥la) e PP kg BT, =% 26 YAl AURES
_% 0 ‘ ' ' 0 :.8, mgC mg chl ¢! h™ho] Yehgdod, O F 748 HAvhFig. 4).
© 0 5 10 15 20 25 30 = FF F P’mgC mg chl ¢! h™Y/MUE m~? s™H]E 19969 5

0 sy o ] § Joll Hrigk0.0623] =2 sAlol thebvt %, wiopaiziel wet

100 1 400 F Zaske A%E veERIIY. 6dddle =3 594 001498, =&

801 300 sAANE ZAE 000478, 22T 2 FEE AN 2718

60 1 [ 00 B 22 22949 00169F 71 & g 2 1~299)

40 1 , = %iHWEE 5, 689 Hia] 2 g VERIE, =% 19U
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Fig. 3. Chlorophyll a (open bars) and primary productivity (@)of
microalgae attached to coverglass. Bars represent 1 SD.
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o] Huigk o /M ¥ EE(11 mg chl ¢ m HE 712%
A7 TEelSlAL, T B8 FE62.5 mg chl a mHE 5
e vtelt A2 AelA 989 mg chl a m™*Y] F
0 Q84 TR =E7170) 08 43E =4 JElRgen, &
G2 HroA 16389 =2717E< vEid Hd gE4 F=
(363 mg chl a m™%) B} 3u] Ax ®A ek oi(Golds-
borough and Hickman, 1991). ¥38t Cattaneo and Kalff
(1979)% Marcus (1980) &5t AFR| X mEA| 7o) 247}
1209, 55¢ & o A g5 F=7F 47 164 mg chl a
m™, 12 mg chl ¢ m & VEREE Bolu}h oA Y FHE wE7)
ol FHAMAZRR 239 @84 Tt w4 vEid A A7
Fdo] AME B3 AR & o]FY Ao FAHHETH Wetzel
(1996)2 50| U 9o vis| Aol RAvidzRF &
el AEe] o A4 VRS BiEr}h. Marcus (1980)%
AR 8] A 7oA SFo] ARHOZE WE oM 359 B =
=24 #8 gol=ol vEhd 84 ¢ 57 0~5 mg chl a
m2) Relolx] Ao Fukeh v, SFo] YR oF
g X T =F 21, 28, 32¢A 77 30, 80, 176 mg chl a
m %2 vYehfio] 880] ' FRT FA 5N MEFo] o
A JEldE BUg u o} =3 FAuARE 239 §84
Tt wEA BURE e RAHERFY 50 AFHoR F
7HeE 3 ARSI THE = 079, p<0.001; Fig, 2). b &
2 750 B HEA TEE e RS 2o BEARERFE
o] Fret WHE BAV &S ¢ F Ak 7)Eode A
ZF #HY e 18 98 8 o] o859
o 2y 53 ASE T 24 Ade 23 29dds
NI E B A7ie] AaFE Hol Yt} HE4 ¥k &
Be eERT BAARR] g3, £r Wil g Yehl Srg
EEA7bel i vephs dEede 2uiE Sld e A

he
3
2~

Aol E&AY Aoz BurdY.

H, 1995 785 8ol HEL oot Asdon F8
TZd 2 ZoF Asigon, ZAAEE 712 248, 2
o} 780 Tag Avlde EEtels FEHel uphulr) RaiE
AT, 012 8 HAmazg Fde] HER i gL ¥
=7 BA Vet Aeg Rojzc), debgo s Ravizg 23
2 WwE2A ko] AEEHAM 2Rkl HElg 4]l Ml ogh w
& ZE|3 ulgde] o) rpadl wEk] J32 uh Hrh(Katoh,
1992). 899} 79, Y9 & 4 giglont o AF
2 Q8 AEFY i 2aEY 48 vt A Zlez
Bl

FAmZe 2ol B3 299 oA 239 d48aE 2
2 HED TR fAA veRtout, B4 FARE e
Holxle= eiIthFig. 3). 19969 593} 649 dapysta] wWalek
L wEAT0] FU1 nle gL RS T2 FPeE F
7Haled Huligtol Egsldon, 454 wre] i) wet sl
Qct. ek 1997 1~299] AN B 7HESE AlEE]
Z71E AEA 59 9 =2 268Ae) Hoigks vehd
T AT ASEs) 1~280e dE Ad Y, 6d)u) bt
ol o 7hakay meke] o] Hg ALE BHo) dEA

i

[=}

o} A22 FEE A% 7RI B3l dapdatee] 1rad
(1~249) 72A9dct. AR dae 454 oot gast 4
< o)), EAm M 2F FH Bl tigt oS a &Y o s
Mz UeRich, 4 Aol dxigiiEe] & Fo8 Zhagh W9l
B8 By, 9F 1~280 EFA BRI Al Skt =
41959 7MY =2 25989 mg chl ¢ m HS R W, &
AAEe =2 2697783 mgC m 2 h™ho Hulghs veld
B A zdasign), olst e Ay nlhRRFe o8k Bl
Hokdo] Agut el EYEIR £ddlE ARrF TN v
£ A7) M Ao E HlTHStevenson and Glover, 1993). X
3 2 41949 FHF PUF = 269Kl ¥l 118 2A
UERd A (Fig. )08 Hol, Fpuzge] 34 o8 Z&CHFd
PO o]2d WalE MW FE o8 RAY 952 Tt
=Z 264 ulEl 3] =4 UEhd =& 4194 238 e
AxpagstE ol vebd 2, 20 A Vet 282,001 UE m”’
sThel gk R RR 2R F Asizkge) fdel Aew
wolth B Agoa AuFes e £ 24 ¥ SEAEE ¢
Qory, e A71el 1~299] FE EEel= AolAE Melosira
nummuloides’} -3 8le] B2 2 AL Avjgel LM
T o] Fo] 48T /Y, 515 HE m™ 5710/
Zekat 2°C olsle] &8 vERd 1~299] FI P ANy
o7 v Uehd AL e oo F Ao i Ao
Azygck, /188 dY Aol 8, Melosira nummuloides?t 3.
SHFE(400 uE m™? sTH9F 10°C 0lA] B50] dAtE S
LebdZo] AAER7] #Eolth(Booth, 1987). B3 PP(Fig. 4)
7} 7V B e =% 19UAY FH2 SIS UEm T s 2
tha A7)l H)8 ZaEd s e 3E0E Booth(1987)9]
Az B3EE Aoy Bk wehy 7Y B2 3] YERd
=2 41980 G2 Tt 7P A UERget YRR el
@A vdehg A FAH e Aer E o4 Uk

YEL AV UUAS o Ao AhE B
3 B, WA 599 S =F 199880 24U = F3Ee
ot Fo] F71313, N/PEPY A, FRE 2°C AR 71
&= 5 godde] & AR WEHNSE Bl =&
249 2] AR ) RS TH(Fig. 3). olwle) FANIR
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Table 2. Maximum chl a concentrations and primary productivities of microalgal community on diverse surface environments

Environments  Study areas Substrates Chl a(mg m™?) Primary productivity Sources
(mgCm™2h™Y

Marine Songdo Tidal flat Sandy-mud 63.2 26.2 Lee, 1991
Onslow Bay Sediment 36.4 249 Cahoon and Cooke, 1992
Stellwagen Bank Sand & Gravel 39.8 20.9 Cahoon et al., 1993
Ems-Dollard Estuary Sediment 140.0 122.0 Colijn and de Jonge,1984
Incheon Harbour Cover glass 65.4 347.0 This study

Freshwater Lake Macroalgae 16.4 12.4 Cattaneo and Kalff, 1979
Reservoir Glass slide 12.0 22.0 Marcus, 1980

dol| His) 20 @A Vel (Fig. 4), A 0] 4G Aoz
TaEnh a2y =% 18UA 229 490 sk Tt
LA o] AlS: IPHJ SN B3 229K F=EA F
TE 18 Hlsl WA v o] 22 ] Wl &
T o ALHQ FAFEe] JUD Aoz AZET) 2y
=2 2949 AFEL e S UERL ole AE
o SR RARMAZRR FYo] TR Wy Jdded o
3 YR ASFEI =& 18YAC vlE oA FUHEHA]
(Wetzel, 1996) 4] Aoz €. A= 33T PP 24
e 22949 BRI RF 2789 9 o] &go] 184A R
F7He AL BAFI I(Fig. 4.

FEE e A3e 599 =F 8YA PPt 87 mgC mg
chl a7' h™'2 "¢ FA Yeid A0zZ, o]e A7 Hid
g T AR T PP Y HHE glojd otk
Marcus(1980)2] AFodAM = =& 164 Ao vebd A pirt
44.4 mgC mg chl a7! h™le& ettt} o]} o] PPy} EH)
et A2 FAl EAg fElEEe|ndA =F sUAd] 2
2719 Achnanthes spp.(3.5X10 um)$} Nitzschia spp.(5.5X17.5
um) L& Navicula spp(5X102 um)7’t F-HFHA2H $E9
0% BEE AAT AR, 27171 2L F2FES] Pgto] 7]
7t & EE5HY 4Asitial 3 K3 (Findenegg, 1965: Kairesalo,
1980901 A A <18y} F-gsto).
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