J. Korean Fish. Soc. 32(3), 359~367, 1999

A, 32(3), 359~367, 1999

The Activities and Characteristics of Algicidal Bacteria in Chindong Bay
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For investigating the activities of algicidal bacteria, the variations of algicidal bacterial population and chlorophyll-a were checked
weekly in Chindong Bay, Korea, from May to July, 1998. For identifying their killing characteristics, three strains were selected from
the isolated algicidal bacteria. The density of algicidal bacteria kept changing in the range of 6.0X10' to 6.4X10° cells £7", The
density flux of algicidal bacteria coincided with that of chlorophyll-a by a week of lag time. Three algicidal bacteria isolated from
field strains, H51955-4, H605S5-15 and H605S5-22, were investigated in nine microalgal species, Heferosigma akashiwo, Chattonella
sp. (Raphidophyceae), Gymnodinium catenatum, Gyrodinium impudicum, Cochlodinium polykrikoides (Dinophyceae), Chaetoceros sp.,
Coscinodiscus granii, Ditylum brightwellii, Thalassiosira rotula (Bacillariophyceae). Strain H605S5-22 showed a wide algicidal
activities over nine microlgae, strain H605S5-15 over H, akashiwo, G. catenatum, T. rotula, Chattonella sp. and strain H519S5-
4 over H. akashiwo, Chattonella sp., Chaetoceros sp., G. catenatum. The activities of the three strains were detected by the
secretion of algicidal substances. Therefore, it is suggested that the activities of algicidal bacteria have a significant influence
over the population dynamics of phytoplankton and get involved with the sharp decrease in red tides in the coastal area.
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gt 2oogale] NP FAzA Wstd we) Hze
SAAFE F43] SR, FAAEY dFHA 2 453 5
$ oA AAAR LR A4F oA E oF/13ta U (Hal-
legraeff, 1993). o} AA@F A 53R plAZFI $H 3o
@712k dFEAEHL FF 1~29 oule] SHoE Adde
dA4L A5 FFHT glov (K 5, 1978; Hiroyama, 1989),
Az SAG 29L 717 §74 o3 FoEHE S BYe
24 ol #A3%H old wE Az HAYHE FH}e AL
ol o2 ¢ AAoltt,

$E, nAzFrE 34 B FilEHe d3AN WEe #7)
E (excreted organic matter; EOC) s GAEiA A FAY 4

£ %ol (Mague et al, 1980), o}& f7IEFd<e AdY &
AE T2 A EAo] FHH AFTIY FHA 9L v
A% 3, tAMAZ AE SAAZAY 4T $u ofys
nAzFY F4ER e ANEAE Fuldd nAzRY Ao
o 4F& vAe Aoz ¥3A Ut (Cole, 1982; &R, 1995).
HZ, §3BAd MYdn e ol A2AFE 4389 ¥4
Hololl A 43 dAo} HolER glv MAEFYT 2o, 87
AsH AzAYE AL 5 UA &7 e o uF
s 39 (BH, 1994; Ishida et al, 1997), o2} s FHAN =
AEL AFAANAY T4 L Addte dFd dzATo] d¢s
ol AL glol & ArAEd 93 AR A (Ishio
et al,1989; Sakata et al, 1991; Fukami et al, 1992; Mitsutami
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et al, 1992; Imai et al, 1993, 1995; Yoshinaga et al., 1995; Park
et al, 1998). 2, AAANM A2AZ T R H22{H S
239 AzATY F3EAAN B d+e I8 9% ZFi)
B3 (Yoshinaga et al,1995; Kim et al, 1998) 5 0] S1& ¥o]oA,
ol AZAMTE HZLA | o] &dtEe ALt AARA F
AN ZzATY 9 2 1 JeEg F£3 FENL, 99 A
Aol vz el dlg 77t dehsojof & Rejo},

B dpoAe HGANA 9FE Jagoz e Fx
AYE ALty 93t FxPgo] Ndste RAAE HA%
o AEEZFAE AZEF (chlorophyll-a)9] HWEH AxAFY 4
IRAE AEST, oju BT AT F2FF, 224
(Bz504) 2 4284 L A=Y

=113
od
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1. ZAMA7| & MHY
Az H9Q AFTAAA 13 (C5HE F32 (Fig. 1, 19
98'd 59 1995 E 74 7474 4549 AFo2 o F 14} 3087,
#3t9 chlorophyll-a B #=AMT 9 W5 FE A

E35E

A
2. AxMT A+ ¥ chlorophyll-a £3

Chlorophyll-at EZFH22 ZA3%on (Strickland et al,
1972), AZAMFY A+E microplate MPN (most probable
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Table 1. List of algae tested for bacterial reactions
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Fig. 1. Sampling stations in Chindong Bay, Korea.

number) §& ©] &3 Ach (Imai et al, 1998). AIE 85E 9%
(08 ym)3te M7 27| oldel B8 HESE AAS L, 27 5
2 oA PN 24 HHE AR S+E 48 well microp-
lateo] 0.5 mé¥ EF8 FA | £FZFE MY Heterosigma
akashiwod F-¥1Fd (& 2X10* cells ™) & 0.5 m¥ EF3
o EFF F, 20T, 14 L:10 D, 50um™? sec™'d F=27 oA
1597 sokstae whe-7 o B4 oY =Y En| e wFs
o Z} wello]l EA3= H. akashiwo?} 99% ©14 Ald® 445
F4o2 gt aEn AT MPN#-E MPN d4 Z2
2% (Koch, 1994)& o] &3] A&3 g,

3. AzAMfe 2

MPNH & o] 43 F2A7Y AsHANA, AzAFo] EAF
G HdE well W] wWddg 1 loop A3 STIO! &4 ¥
B A (Ishida et al, 1986)°] g4, 20C9 fioA 273
wdsidn, 4ol colonyE FehsH <l 71Fo wel d¥sa,
Z colonyd] A2¥ FF7& AFUHAT A A48 FF H
519854 '98'd 59 199 AlZl A, FF H60555-229 H60585-15
£ 989 68 5Y ARAAN EIIAUTh

4. Az Sold Y AxEN

25 4% (Chaetoceros sp, Coscinodiscus granii, Ditylum bri-
ghtwellii @ Thalassiosira rotula), AHUEZ 2% (Chattonella sp.
2 H akashiwo), 12|31 S$HURZ 3% (Gymnodinium catena-
tum, Gyrodinium impudicum 2 Cochlodinium polykrikoides)
o] g3t Az P9 (B2 Fol)E ZAEAT (Table 1. 23
o o] 49 tHZEFE C graniE AL nF T WIFF
o0 20C, 4L 10D, 50 um™2 sec™'s] ZAAA wj F3tgch.

Az A 4F €498 HA37] 939 18 mmX180 mm
FHY 2@ ANEB U5 @8 A4 2F WFdE
10mY £33, Z4zo] A2AFE 271DE 10° cells 7! T2
10° cells mé~'2 HF3to], 24719 27 WF2AA W F3tddt.
2842 BB A (Tuner Designsiit; Model 10AU-005-CE)

Isolation

Algae - Medium
Site Date

Bacillariophyceae

Chaetoceros sp. C5, Chindong Bay 9. 12 2
Coscinodiscus granit* C5, Chindong Bay 98 12 2
Ditylum brightwellii Samchonpo 9% 11 2
Thalassiosira_rotula Samchonpo % 11 2
Raphidophyceae

Chattonella sp. C2, Chindong Bay 988 SW Ilm
Heterosigma_akashiwo Samchonpo 9. 11 SWM I
Dinophyceae

Gymnodinium catenatum 812, Chinhae Bay 9. 7 GPM
Gyrodinium impudicum (3, Chindong Bay 97.3 n

Cochlodinium _polykrikoides
* Non-axenic culture

C3, Chindong Bay 98 8 2

g o) 43k, & o MEF WFd ] chlorophyll-ad] 4% £ F
7hEE A%, I AdAZ AT 22ATY LEE 48
A7t Fo] DAPI 4% F A FFAMAsA AF A3}
Ao} (Poter and Feig, 1980).

5. AZX 79

4719 AzAT (H519554 TF, H60585-22 @5 R H605S5-15
) g 42 F3& ZAE] 938ke] 24 well microplated]
pore size 02um¢ TC insertE A3 2= v %A (Fig 2)& ol &
A TC insert WHole, ulg] SWMIIM Aol Huj4d H
akashiwo?] %S 500 € (10° cells m¢™") H713E, TC insert
2ol SWM T WAL 700u A7F3ch STI0 AAujA ol
AujoFsie] £ A2ATE 700 pl (10° cells )& TC insert &+
of A7tetd, 4719 vAzRF MFzAAA WA 2R
AzAE FY gl STI0™ AR ejA TS Hrlste 47)g 2
o] M%& ¥ welld negative controlZ 3}$E, TC insert W5l
Az 7S A7V well¥ positive control2 3+t

Z of

1. AZMID chlorophyll-as) ¥iS

£ 47713 ¥ chlorophyll-a ¥ AzAd49 W% ¥4E
Fig. 391 Y915} Chlorophyll-a8) 5 € 1.56~40.37 ug £7'9
HoolA WESHT 52 265 64 5Y 2240 pg €7 o)
& FEE U F, AA 248, 69 B3Yoe H2X 156
pg 27" JERIRT aF F43] F7181o 69 3099 HA
4037 ug £7'& YERAIT

AZATSFE 60X10'~64X10° cells £7'9) HHAANA AFFHA
o AzAFeE 59 199%8 F71817) A1 F39, chlorophyll-a
7} 2240 g 71013 BEEE FXA S 64 sY HujF 64X
10° cells £7'e1Aeh. 2%, chlorophyll-a7} Z&ste Ao 4%
ATFTE A3 228 69 30890 A2 6.0X10! cells £7'E
VER) 2T
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24 well microplate
equipped with tissue culture inserts
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Fig. 2. Experimental procedure for determination of algicidal
type of algicidal bacteria using TC inserts.
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Fig. 3. Weekly fluctuations of algicidal bacteria and chloro-
phyll-a at St. C5 in Chindong Bay, 1998,

2. AX 50|14 o Ax &Y

9%9] n|Mx7F (FHRZ, Chattonella sp., H. akashiwo; 99
B2, G. catenatum, G. impudicum, C. polykrikoides; 7%, Chae-
toceros sp., C. granii, D. brightwellii, T. rotula)] t§3t H51985-
4 FF, H60585-15 #F 2 H60585-22 #F9 4xg §3& =
A A3 Table 294 2l H60585-22 3 Agd A€
RE Z{FE APAAZ, H0585-22 #59 Y Al7ld 2@

H60585-15 TF< 4% ZF (H akashiwo, G. catenatum,
Chactoceros sp., Chattonella sp) & APEAZ oW YA Fo
dade 4z24E JeEA Ao H519554 255 439 =
§ (H. akashiwo, G. catenatum, Chactoceros sp., T. rotula) S A}
HAA LY YmR] & AMPAF)A] R 9% nAzF F
oA H. akashiwo, Chdetoceros sp. R G. catenatum®) 3%& &
FzA e 3 AHEHAT o9 Zo] H60585-22 TF < A=F
Eo]Ao] woton H60585-15 T+ H51985-4 #F+ H605S85-
2 FFo) 3 o ZFd N 22y 7 S doFes
Lz Bol4e] &kt

H60585-22 3¢l 43 A" vAzie 972 A&
Fig. 4o Vehidch, ABRZR e F$ AAole glovt, Wi 12
AZE o)Wl (Q0E~12A 7Dl NX TH9 Heirt AAHn 7o
2 utAdA 540 X FAHAG (Fig 4H). o]} AXY
#Zo] ggaxe] A7) BHA AT WEEo) oz F2H4
g GHEZRY ALE {FAE FFE RYed, dREY F$
A449 AX¥EE 2d2 FAJEA AHEHAG (Fig 4G).
TE2FY A%z AF 2He Fe7t wake @4 F2HA
o AURZAMNAYH AXV &d FY3e 4L #EHA
S N X9 Yydho] W= WIAE YA (Fig 4D). 2
gu A28 A2 Ho XA F50] dojutes g 3
A2 g4 2 A UEE9 240 2~3U0 ZH dojyitt,

Z71YE 10° cells mé~'2 H60585-22 #F& A4S 4%,
Chattonella sp. C. granii 8 D. brightwelliig A% 639 =7
(G. catenatum, G. impudicum, C. polykrikoides, Chaetoceros sp.,
H. akashiwo ¥ T. rotula)© ARMA ¥ 2483 ool ¥4
Egko] Aoz #A4dHT (Fig Sa 2 Fig 5b). old o] & ul
Fd 100ulE FAHLR A, Hn A3 B A o
2R nAzFe AEe #3350 At Chattonella sp.o o
HAE wlg 4823 FRE FH A2F L WYY, C graniist
D. brightwellii¥] %< AVE7HA 47 993 8o 424859

Table 2. Algicidal ranges of tested bacteria against 9 species
of microalgae

Bacterial strains

Algae
H51955-4 H605S5-15 H60555-22

Bacillariophyceae

Chaetoceros sp. ++ ++ ++

Coscinodiscus granii - ;= -

Ditylum brightwellii - - +

Thalassiosira rotula ++ - ++
Raphidophyceae

Chattonella sp. - ++ ++

Heterosigma akashiwo ++ ++ ++
Dinophyceae

Gymnodinium catenatum ++ ++ ++

Gyrodinium impudicum - - ++

Cochlodinium polykrikoides — - ++

Killing activity determined after 48 hours incubation noted as:
++, strong effect; +, weak effect or growth inhibition; —, no
effect
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Bar=50 um

AFoz g 42EAE JehRAd (Fig. 4B, C). H. aka-
shiwo, G. catenatum, T. rotula, Chattonella sp.ol ©¥ H605S5-15
59 4z 84 (Fig. 6)3, H. akashiwo, Chattonella sp., Chac-
toceros sp., G. catenatum®l W¥ H519854 59 Ax 84
(Fig. D=, 28MA F 2443 oJUo] FFBE3to] Aoz

F4 904 - RRE - AEA

Fig. 4. Micrographs of killing of algicidal bacterium H605S5-22 against 9 microalgae.
Living (upper) and burst cells (lower) of A: Chaetoceros sp.; B: Coscinodiscus
granii; C: Ditylum brightwelli; D: Thalassiosira rotula; E: Cochlodinium polykri-
koides; ¥: Gyrodinium impudicum; G: Gymnodinium catenatum; H: Heterosigma
akashiwo; 1. Chattonella sp.

a3 H60585-22 TF¢ FAE AFE By

RE dxAdel 229& JelE Chaetoceros sp., H. aka-
shiwo @ G. catenatum °| H3te] 27] ATAEE 10° cells m™!
St 106 cells mé™'2 247 HF s Az AR Ao dewsE
Hl@d Aok (Table 3). R AZATL 10° cells nf'E
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Fig. 5a. Inhibitory effect by an isolated algicidal bacterium (H605S5-22) on the growth of (a) Gymnodinium catenatum, (b) Gyro-
dinivm impudicum, (¢) Cochlodinium polykrikoides, (d) Chattonella sp., and (e) Heterosigma akashiwo.
The growth and survival of phytoplankton with bacteria and without bacteria were monitored by the autofluorescence from
chlorophyll of phytoplankton cells using Turner Fluorometer™. Initial density of killing bacteria was 10° cells m™".
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Fig. 5b. Inhibitory effect by an isolated algicidal bacterium (H60555-22) on the growth of (a) Chaetoceros sp., (b) Thalassiosira
rotula, (¢) Coscinodiscus granii, and (d) Ditylum brightwelli.

BEEYE A7 10° cells MT'E HE3HAL AP & 4
Z2 845 Yehigch 28 28 AZATFE 10 cells nTIE F
ZHUL AL, 4841l 107 cells mE! o) o2 FX3 ).

3. AxX f9d

AzA o]l 2Fo FaAsto] AdAE JPFTHAFUA, &2

& BujEle AEA S AZAARNYANE 4% A, 3%
o HzAFL BT AX 92 AL EHgd dxde 42
AAHE B F ol Ak (Table 4). TC insert Mo H. akashiwo$t
HzAdE A AEF$ EE positive control welld A e
H. akashiwo7t ARSI, AZAF gy dild AduiA
ST107' AAuiA e HEF BE negative control welldlH &
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Fig. 6. Inhibitory effect by an isolated algicidal bacterium (H605S5-15) on the growth of (a) Chattonella sp., (b) Chaetoceros sp.,
(¢) Gymnodinium catenatum, and (d) Heterosigma akashiwo.
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Fig. 7. Inhibitory effect by an isolated algicidal bacterium (H519S5-4) on the growth of (a) Thalassiosira rotula, (b) Chaetoceros
sp., (¢) Gymnodinium catenatum, and (d) Heterosigma akashiwo.

H. akashiwo7t APEEHA it Aol AlS-E ZE AZHTL
02pm® BHE H. akashiwos} Ze|¥ FHIME H. akashiwo
£ APEAIZY oW H. akashiwo?t AFHE TC insert W59 i
FAE FHste] DAPI 44T F A} §3E0A slolN B
A Ade 2AHA duch weby 329 dzAge 228
EHl3te] H. akashiwoS AEATlE AZAALNFY d2AF
A Aoz FAHAUY.

i) &

g AeANA AAZFE AT 5 BA B A7
€ %39 AY (soft-agar overlayer technique; Safferman and
Morris, 1963; IU%, 1978)0lgte 71H& o] &3t o] Y
o] $tv} (Steward and Brown, 1971; Daft et al, 1975). 234}
Ao 2F, 53 f3 dREZ{e FH WA 4384
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Table 3. Growth of algicidal bacteria in co-cultivation with selected microalgae
Growth, cells m{™!
Algae H519854 H605S55-15 H60555-22
Initial After After Initial After After Initial After After
density 24 hours 48 hours density 24 hours 48 hours density hours 48 hours
Heterosigma akashiwo 46X10°  95X10°  6.6X10 86X10°  66X10°  3.1X10 16X10°  3.6X10° 23X10
67X10°  67X107  77X10 49X10°  54X10" 32X10°  74X10° 45X107 82X10°
Gymnodinium catenatum  12X10°  22X10°  55X10°  36X10° 25X10°  27X107  36X10° 26X10° 42X107
41X10°  53X10°  3.7X10° 55X10°  13X10"  99X107 56X10°  53X10"  5.8X10°
Chactoceros sp. 44X10°  74X10°  46X107  34X10°  99XI10°  64X107  65X10°  S56X10°  1.2X10
2.1X10°  43X10"  17X108 SIX10%  31X10"  39X10° 34X10°  51X107  7.1X1¢8

The number of bacteria was determined by the direct counting method with DAPI staining,

Table 4. Determination of algicidal type against H. akashiwo
using the tissue culture insert

: Negative Positive
Strains control well control well Test well
H51985-4 - + +
H60585-15 - + +
H60585-22 - + +

Negative control well: H. akashiwo inside and ST10™' (the bacte-
rial medium) outside

Positive control well: H. akashiwo and algicidal bacteria inside
Test well: H. akashiwo inside and algicidal bacteria outside

+ : H. akashiwo cells inside were killed within 48 hours

— ¢ H. akashiwo cells inside were not killed within 48 hours

ooz (B - 44, 1994), T3S FMAYE o] 4& A7 &
713t A2 2 YU E microplate MPNH o] EQ15 0], o
A ¥AE o] &3= o] MPN W& Az AN AFd
$8% 20|t} (Imai et al, 1998). ¥ A7olA o]z g MPNYS
ol g3te] GzAFE AFT A, FxA T 60X10'~64X10°
cells £7'9 Bz 2 ZA}L 319 (Fig. 3), AT RN e 22A
7ol 4% &Y IS Holx itk

E A7 MPNELZ 2247 € A+E 9, g9 T4%
Zolu uAZE AAE] A3} 08 um®) Nuclepore filters] o 7
g AFE AL AT 08 umo] 3t P EEN T AlFoldd 1t
of2E A4 ¢ itk 53, A2 HUvAzE H2de o)
o)@27t B2l ¥ (Bratbak et al, 1996; Nagasaki et al., 1999)ol
wtel MPNYol & ASA7L wpelgizd % gd 7MsH=
A 4 YA & FZ Aol A AAIG Kim et al. (1998)
of % AFAAE BY, wpolg o] gF Asge dzAd
A¢ AL FAY A2 1 EF £ A7 ¢ 4
ZAFE ALFoz Bysigernz B A7 MPNY 9%
AxAe wolglzd o grHur AxAFd 9§ grolgln
Azt 4

Chlorophyll-a¢t JEEZIEY FEFE & A9 4BUA
£ JyeEhz 929 (Riquelme et al, 1987), F3FHuAYE 9|
43o dxFo F2ATY WEE A 2, chlorophyll-a
¥E9 B2 Anabaena solitariadp ZFZATT WEFZLE 2
dABe ALE RIFD AT (D, 1994). TH, 9& 24
vkl WS Heterosigma akashiwo®Z9 AFA7]d y-

proteobacteria T &3 AZAMTo) 7t HzAaF 7]
ofgths EIE o} (Kim et al, 1998; Yoshinaga et al, 1998).
B a7 BUE 22AFY HEFEL, 159 lag timeS
7¥A13 chlorophyll-a2l W% 2 AX3™ (Fig. 3), chlorophyll-
a7t FE7 8 3 2zAT 33 %7139 chlorophyll-ad]
Fao] 7lgdte Ao2 B I chlorophyll-ad FE&
MPNAGE A3 4522 o[ &% H. akashiwo® I, Ceratium
furcad] 98 H$H%UG, ojH& Ay J&H 2L 54
52 4% F A wAZFI viEde /718 (BOC)E AT
239 FeHo 48& ud ¥ opJ, NZE vAZRFY F4F
Aoy AHEA S B8 AR FY Hold L X
22 (Mague et al,, 1980; Cole, 1982; &R, 1995), RA, C. furca®]
bloom®] BA Y 74L& H akashiwo AZATFY F4& FA3le
890 FHHo UL, o5 ARATE C furcal Az 2z¥ L
AW C furcad] bloomA ol 71 gt 4, & d7FAZAA
£ H. akashiwo ZZ A o] 5 433 UL 2 E H. akashiwo
Hz7h A g

Chlorophyll-a7t FEQ A7) (695l £F FF H605S
5-229} H605S5-15, A2 HExd A7 (5919¥)e ¥ ¢
TF H51985-4= BF A0 AlZ (Chaetoceros sp., H. akashiwo
2! G. catenatum) B] % Aol 10° cells 0718 HFHYE 24, 48
Ak olUlel 107 cells me™! o] 422 FA3H T} (Table 3). 34t
o257} Ml Eshs EOM o19dle f7]180 §454 & 2
HAdME dzAde] & SHgde AL, olg AXRAL] 2
FollA #vlE FOM 3& AgE uAizfe BaEes 999
o2 o]43ld F4d AFRE A,

AZAA 98 AFAE) g3 2@ FXATAE 2FAX
of A3 BN Azxde AFFH4Y,3 L2EAL AT #
YA HZAEE Azxde MAXAARE G, 02 A e F
Atk AxRge F2 FMHT (Cytophaga%, Saprospira® )°)
et 912™ (Imai et al, 1991, 1993; Sakata et al, 1991; Sakata
and Yasumoto, 1992), ¥A 2= F2 AR A (Flavobacterium
& Alteromonas®, Pseudomonas® £)o] A& I (Fukami
et al, 1992; Mitsutami et al, 1992; Yoshinaga et al, 1995). &4
4% AzAT L U HBvAzd ditd Azxgg JE
O (Ax5olde] @81 RuHI vk Flavobacterium sp.
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SN-3 @59} Alteromonas sp. 6/6-46 TFT, ¥84 AR¥A &z
AAE BH)F Gymnodinium mikimotois A Z AT = 4
FURzAE 42Yo] gidx BuHa I (RR - #HE, 1994
R 5, 1994). =¥, Flavobacterium sp. E401 #5% XL&x} &
ZAAE Y39 G mikimotoiZ BZIFAT, AL TE #
AR zoe 420 YyehtA gfetta B3 3ot (Yoshi-
naga et al, 1995). |9} Zro] ti¥ ¥y AZAAEY Y HFAT
& AZ5o)4o] ¥ BuHn JIAT, £ AFHFAA &4
8 329 AzAFL AxAAEHF AdzAugddr BFdn
AxEo4e] A og gt

a3 3% A2AFLE BT AZAX/E PHEd 4z
(Table M= BT s qzd g FxEY7t g2
e (Table 2). 018 ® Ao 2e G&3 28 7Hs4
E £ Aok $4, el AFE up9 Fo] Az
A 2 ARAER QloBE, oF 3%y AZRAT
Az9xE 44 g Y Aogtn FFEd &, & 3
0 Az
4% & 9,

A AN A% g A2ATY Fx S L 428 &
Aol 4 MAT TS gofsta, Zzhe AxUdA Y At 2
Az71%9] 3 gEoN F&UEE ALsd 8 R
AzA e 93 HzAe Zo) 94 & Aoz JYEd,

=
o i rfr e e

@) [e3
I =

Az gAY AF RN AzxATe FHE Fs}r] 93
o 1998 59 199+5€ 79 7Y7A, chlorophyll-a B 2Z2AF
o AF - EEdm, B ATy FREHE 28U

B Ap7)zbEet 22Ty YEE 6.0X10'~64X10° cell £7!
o HYolH #Estged, chlorophyll-ad F=9 37 2 #4
of tdte] 4t 15U lag time T ol FYT WEFYE
et A

AN gAA FEE 3% A2AT H51985-4, H60555-15 %
H60585-22 #5¢ AZWAE HIURZF Heterosigma aka-
shiwo$t Chattonella sp, YU EZ%F Gymnodinium catenatum,
Gyrodinium impudicum & Cochlodinium polykrikoides, Tt Z#
Chaetoceros sp., Coscinodiscus granii, Ditylum brightwellii 2
Thalassiosira rotulaS )42 FAMIY T H60585-22 TF =
AZo) AHEH 9% MAHZFE AN AHEAA FEAT 42
A& Jehiin =8, &F H60585-15€ H. akashiwo, G. cate-
natum, T. rotula 2 Chattonella sp.o} Whsta, H519854% H.
akashiwo, Chattonella sp., Chaetoceros sp. & G. catenatum|
st Azde el 424382 3% BF MY 9 E2¢
Buldle] 4zste 4zUdARYY A2 eyt

Aol Yehe 423 & 484 EFAEY F3FHA 9%
& oAE 2% 2oy, AR H2Y FHF 22 #o
e Aoz Algdd

LA 2

¥ d7E 9% HerleNsl 388 ¥ IATTAT (@
FAYINY AzL4 du 2L AV Yo B 978
FRYRAY $5A7AE Q7] Ao o8] ol T Flolw,
oo A=Y
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