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Mze] Helx shajoiet oAl chaA méskn glel,
Sverdrup et al. (1947)2 “Discoloration can be observed
when large quantities of finely suspended mineral
particles are carried into the sea after heavy rainfall, or
when very large populations, several million cells per
liter, of certain species of algae or dinoflagellates are
present very near the surface”® A 2]slgd o,
Nybakken (1982)2 “Extreme concentrations, or blooms,
of dinoflagellates are called red tides and are responsi-
ble for the massive localized mortality seen in fish and
invertebrates in various places”2 Ztzt A eslgdc}.
A2 [EFT (1916)2 “¥n] AR w|AEo] UA|e] o
22 ZYste] 4o AZE WAAATE dAdozA
A FE AT A eIk tdem, AL (1970)
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st qlle] A&R Fol| EFIEA AES oA
Aoz ulgAo] Wil Al eletn A o9
Zro]l Azl AoE Aol we} thofalA| Aozt o
1A (bloom)#} A & (red tide)E E-§-3te] ARE3l3 gl
21}, Lerman (1986)-2 “dramatic increase in population
density are called blooms”, “blooms of toxic phyto-
plankton are red tides”2}1 A ]3}9dt}. Sumich (1992)
% “cell concentrations in blooms are often so dense
that they color the water red, brown, or green, —dinofla-
gellates produce toxins that in bloom conditions are
known as red tides-"9} 7ro| Awl3lgdt}. Tt AlA)
= A el S40) Pk BUF, JHEER 2
78t BREFE igs dosd el WasE
2 Hzehs @ 4 9w Az < el
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Aze) Aol cherat AAY Aze] GAx 5 - A
ofolut vietube whesiAl Belz)E sha, A vl of
2 olgol} solzA YAIAT ek vlFH $ol
A= A ZE red tide, water bloom, dinoflagellate bloom,

algal bloom, red water, brown water, yellow water,

green water, discolored water, stinking water, baccy
juice, weedy water, la malattia del mar, phenomone de
P'eau coloree S-o]e}1 &, YR = Hzx 2 #AHFH
el metr o3 ZpRz B2led (A 1976), WA
Azl o3k WAL K, T, B, B#E(L 50U
), B (L A2 5 %), 87K (brown water), #7Kk (green
water), 7K (yellow water), 8 L 727K (discolored
water), 23l HAL FE, B, ok, o, FK,
T4A57T, Eott, JilEoRAk, vk (king water), 7=1F
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1987; o] 1991; Lee 1994a), AJel &3 (o] 1984; 7]
1986; Kim 1986; o] 1987; 71 1989b; o] 1991; Lee
1994b), 2T AF(2 5 1998; & £ 1998; Chang
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o 7% ¥ FHaES 3o (3 1990; o] 5 1993),
el et A 19743 RE 19943744 AR =& P43
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Table 1. Checklist of the causative organisms of red tide in the coastal waters of Korea

Division Chrysophyta
Class Bacillariophyceae
Order Centrales
Suborder Coscinodiscineae
Family Thalassiosiraceae Lebour 1930, emend. Hasle 1973
Lauderia annulata Cleve
Skeletonema costatum (Grev.) Cleve
Thalassiosira allenii Takano
T. anguste-lineata (Schmidt) Fryxell and Hasle
T. binata Fryxell
T. conferta Hasle
T. eccentrica (Ehrenb.) Cleve
T. leptopus (Ehrenb.) Fryxell and Hasle
T. lundiana Fryxell
T. mala Takano
T. minima Gaarder
T. nordenskioeldii Cleve
T. weissflogii (Grunow) Fryxell and Hasle
Family Melosiraceae Kutzing 1844
Corethron criophilum Castracane
Leptocylindrus danicus Cleve
Stephanophyxis palmeriana (Grev.) Grunow
Family Coscinodiscaceae Kutzing 1844
Coscinodiscus jonesianus (Ehrenb.) Ostenfeld
Family Heliopeltaceae H. L. Smith 1872
Actinoptychus senarius Ehrenberg
A. splendens (Shadb.) Ralfs
Suborder Rhizosoleniineae
Family Rhizosoleniaceae Petit 1888
Guinardia flaccida (Castra.) Peragallo
Rhizosolenia alata Brightwell
R. delicatula Cleve
R. fragilissima Bergon
R. hebetata f. semispina (Hensen) Gran
R. imbricata Brightwell
R. indica (Perag.) Ostenfeld
R. robusta Norman
R. setigera Brightwell
R. stolterfothii Peragllo
R. styliformis Brightwell
Suborder Biddulphiineae
Family Biddulphiineae Kutzing 1844
Subfamily Hemiauloideae Jouse, Kiselev & Poretskii 1949
Eucampia zodiacus Ehrenberg
Family Chaetoceraceae H. L. Smith 1872
Chaetoceros affinis Lauder
C. atlanticus Cleve
C. brevis Schutt
C. compressus Lauder
C. curvisetus Cleve
C. debilis Cleve
C. decipiens Cleve
C. didymus Ehrenberg
C. lauderi Ralfs
C. similis Cleve
C. socialis Lauder
C. vanheurckii Gran
Family Lithodesmiaceae H. & M. Pergallo 1897 ~ 1908
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Table 1. Continued

Ditylum brightwellii Grunow
Family Eupodiscaceae Kutzing 1849
Subfamily Eupodiscoideae (Kutzing 1849)
Odontella mobiliensis (Bailey) Grunow
0. sinensis Greville
Order Pennales
Suborder Araphidineae
Family Fragilariaceae Greville 1833
Asterionellopsis gracialis (Castracane) Round in Round ef al. 1990
Family Nitzschiaceae Grunow 1860
Bacillaria paxillifer (Muller) Hendey
Cylindrotheca closterium (Ehrenb.) Reiman and Lewin
Nitzschia delicatissima Cleve
Pseudonitzschia multiseries Hasle
Pseudonitzschia pungens Hasle
P. seriata Cleve
Class Chrysophyceae
Order Dictyochales
Family Dictyochaceae Ehrenberg 1837
Dictyocha fibula Ehrenberg
Class Rhaphidophyceae
Order Raphidomonadales
Family Vacuolariaceae
Chattonella antiqua (Hada) Ono
C. marina (Subrahmanyan) Y. Hara et Chihara
Fibrocapsa japonica Toriumi et Takano

Division Dinophyta
Class Dinophyceae
Order Prorocentrales
Family Prorocentraceae Stein 1883
Prorocentrum balticum (Lochmann) Loeblich II1
P. dentatum Stein
P. lima (Ehrenb.) Dodge
P. micans Ehrenberg
P. minimum (Pavillard) Schiller
P. triestinum Schiller
Order Dinophysiales
Family Dinophysiaceae Pavillard 1916
Dinophysis acuminata Claparede and Lachmann
D. caudatum Savillekent
D. fortii Pavillard
Family Heterosigmaceae
Heterosigma akashiwo (Hada) Hada
Family Amphiscleniaceae Kofoid 1928
Oxyphysis oxytoxoides Kofoid
Order Gymnodiniales
Family Gymnodiniaceae Lankester 1885
Cochlodinium polykrikoides Margalef
Gymnodinium mikimotoi Miyake et Kominami ex Oda
G. sangineum Hirasaka
Gyrodinium fissum (Levander) Kofoid et Swezy
Family Polykrikaceae Lindemann 1928
Pheopolykrikos hartmanii (Zimermann) Matsuosa et Fukuyo
Order Noctiucales
Family Noctilucaceae Kent 1881
Noctiluca scintillans (Macartney) Ehrenberg
Order Peridiniales
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Table 1. Continued

Family Protoperidiniaceae F. J. R. Taylor 1987
Heterocapsa triquetra (Ehrenb.) Stein
Protoperidinium bipes (Paulsen) Balech
P. depressum (Bailey) Balech

Family Calciodinellaceae F. J. R. Taylor 1987
Scrippsiella trochoidea (Stein) Loeblich 111

Family Goniodomataceae Lindemann 1928
Alexandrium affine (Inoue & Fukuyo) Balech
A. fraterculus (Balech) Balech
A. tamarense (Lebour) Balech

Family Gonyaulacaceae Lindemann 1923
Gonyaulax polygramma Stein
Lingulodinium polyedra (Stein) Dodge

Family Ceratiaceae Lindemann 1924
Ceratium furca (Ehrenb.) Cleparede et Lachman
C. fusus (Ehrenb.) Dujarden
C. lineatum (Ehrenb.) Cleve
C. trichoceros (Ehrenb.) Kofoid
C. tripos (Muller) Schiller

Division Euglenophyta
Class Euglenophyceae
Order Eutreptiales
Family Eutreptiaceae
Eutreptiella gymnastica Throndsen

Division Cyanophyta
Class Cyanophyceae
Order Chroococcales
Family Nostocaceae
Anabaena flos-agquae (Lyngbye) Brebisson
A. spiroides Klebahn
Microcystis aeruginosa Kutzing

Division Cryptophyta
Class Cryptophyceae
Order Cryptomonadales
Family Cryptomonadaceae Butcher 1967
Chroomonas salina Wislouch

Phylum Protozoa
Class Ciliata
Subclass Holotricha
Order Gymnostomatia
Family Didiniidae
Mesodinium rubrum (Lohmann) Hamburger et Buddenbrock
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Table 2. Cell density of the causative organisms of red tides in the coastal waters of Korea
Species Date Site Cell density (cells/1)
July 19, 1993 Dunduk Bay, Gujora 4.4~8.2x 106
Aug.10, 1995 Ulsan-Pohang 1.0~1.5x 107
Ceratium furca July 19, 1996 Chojun, Namhae 1.9~2.7x10¢
July 30, 1997 Gohyun Bay 1.5~1.7x108
July 7-8, 1998 Yeoja-Deukryang Bay 2.0~3.5x10%
July 23, 1981 Haengam Bay 2.9~3.1x107
July 28, 1981 Gajo Is. 2.6~33.3x10¢
.. .. . Aug. 7,1981 Ungdong Bay 1.5~4.1x108
Gymnodinium mikimotol o 4 11 1981 Wonmun Bay 5.3~26.6 x 106
Aug.14-15,1986 Haengam Bay 1.5~4.0x108
July 31, 1990 Aewol, Cheju Is. 5.0~2.0x 107
May 23, 1983 Haengam Bay 0.7~12.0x 107
May 23, 1983 Masan Bay 0.2~12.0x 107
May 17, 1984 Masan Bay 0.2~18.0x 107
June 9, 1985 Onsan Bay 0.2~11.0x107
Heterosigma akashiwo May 31, 1986 Masan Bay 1.0~14.5x107
June 10, 1989 Jangmok, Geoje 8.0~10.0x 107
July 13, 1991 Jinhae Bay 5.0~6.0x107
July 1, 1996 Gamag Bay 1.3~11.5x 108
June 16, 1997 Onsan Bay 7.0~10.0 x 108
June, 1979 Haengam Bay 1.2~11.3x107
Prorocentrum mica June 24, 1982 Masan-Haengam Bay 1.0~4.5%x107
0 n 1988. Masan Bay 3.0~3.5x 107
June 2, 1998 Masan Bay 3.2~5.5x108
May 23, 1985 Masan Bay 7.0~80.0 x 108
July 30, 1990 Palmi Is. 1.4~2.8x%x107
Mesodinium rubrum Agu. 24, 1992 Kwangyang Bay 4.4~4.7x 108
July 6, 1994 Chonsu Bay 1.5~1.7x108
May 24, 1995 Kunsan Harbour 7.0~8.7x 108
July 6~10, 1986 Palmi Is. 1.0x 107
July 16, 1997 Boryung coast 0.5~1.8x10¢
May 10, 1989 Masan Bay 3.2~4.5x 108
Eutrepticlla gymnastica April 7, 1994 Masan Bay 2.0~4.5x107
P & May 6, 1996 Masan-Haengam Bay 3.6x107
April 18, 1997 Masan Bay 4.4~7.0x108
May, 1974 Masan Bay 5.7~8.5x10¢
Leptocylindrus danicus April 8, 1996 Kwangyang Bay 2.5~3.2x10¢
Mar. 27, 1997 Kangjin Bay 8.2~12x 108
Oct. 5, 1993 Jindong, Mijo{Namhae) 6.9~9.8x 108
L. . . Sept. 11, 1995 Changsun, Namhae 2.3~30x10¢
Cochlodinium polykrikoides Sept. 25, 1995 Masan Bay 45~7.2%x108
Oct. 8, 1995 Samchuk, Kangwon 1.3x 108
May 24, 1978 Jinhae Bay 0.8~1.0x108
May 16, 1981 Jinhae Bay 7.8~8.6x105
Pseudonitzschia pungens April 25, 1982 Jinhae Bay 6.8~8.3x10%
pung April 30, 1993 Sujungri, Masan 2.2 x 10
July 9, 1997 Sarangdo-Taedo 1.6 x107
April. 30, 1983 Masan Harbour 1.8~1.9x10¢
Oct.15~23, 1985 Jindong Bay 0.1~3.7x107
Pseudonitzschia seriat Oct. 15~23, 1985 Wonmun Bay 0.8~1.4x107
seu riata July 30, 1986 Jindong-Dangdong 2.0~3.0x 106
July 23, 1992 Puksin Bay, Bupsungpo 1.2 x 107
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Table 2. Continued

Species Date Site Cell density(cells/l)
May 9~11, 1985 Masan Harbour 3.0~42.0 x 108
Oct. 15~23, 1985 Jindong Bay 1.2~37.0x108
.. July 7~10, 1986 Jindong Bay 3.0~5.0x10¢
Gymnodinium splendens June 23~ 28, 1986 Onsan Bay 1.0~8.0x 107
June 1, 1987 Masan Harbour 9.0~9.7x 108
Nov. 9, 1989 Jindong Bay 1.7~2.5x108
June 26, 1985 Masan-Chilchon Is. 1.5~13.0%x 107
June 26, 1985 Haengam Bay 8.0~12.0x107
July 1~3, 1986 Masan Bay 1.4x108
Prorocentrum dentatum July 1~3, 1986 Haengam Bay 1.0 x 108
July 1~3, 1986 Jinju Bay 6.0~8.0x107
July 30, 1995 Dunduk, Geoje Is. 2.0~3.0x 107
June 26, 1985 Jindong Bay 8.0~9.0x107
June 27, 1986 Masan Bay 0.3~9.7x 107
Prorocentrum minimum Aug. 3, 1988 Masan Bay 1.0~1.2x107
June 1, 1990 Masan Bay 1.2~5.0x107
Aug. 6, 1997 Tongyung coast 1.2~2.1x107
. Aug. 18, 1990 Yundaedo-Sarang 1.2x107
Alexarrium affine Aug. 21, 1990 Jinju Bay 3.0x 108
Protoperidinium sp. Mar. 29, 1983 Jangsaengpo Harbour 1.0~11.2x107
. April 7, 1997 Jindong Bay 4.8x 108
Alexandrium famarense April 17, 1997 Haengam Bay 8.8x 10
Dec. 1974 Jinhae Bay 1.3x 108
July 1976 Jinhae Bay 5.6 x 108
Sept. 1976 Jinhae Bay 1.1x 108
Nov. 1976 Jinhae Bay 2.0 x 108
Sept. 1978 Jinhae Bay 9.2 x10°
Nov. 1978 Jinhae Bay 8.2x 10¢
Aug. 1979 Jinhae Bay 6.3 x 108
Feb. 1980 Jinhae Bay 3.1x10¢
May 1980 Jinhae Bay 5.8x10¢
Skeletonema costatum Sept. 1980 Jinhae Bay 10.9x 108
July 1981 Jinhae Bay 1.2x108
Sept. 1981 Jinhae Bay 4.4%x108
Oct. 1981 Jinhae Bay 4.7x 108
Oct. 1982 Jinhae Bay 3.6x 108
Aug. 29, 1984 Onsan Bay 5.0~9.2x108
Aug. 23~26, ‘85 Jinhae Bay 1.0~9.0x 107
July 1~3, 1986 Jinju Bay 6.0~8.0x 107
June 30, 1992 Pohang Harbour 1.0~5.0x107
May 28, 1996 Yeochon coast 7.5~8.9x108
May 20, 1997 Yeosu—-Gamag Bay 2.7~8.5x108
Sept. 1 1982 Wonmun Bay 1.0~5.0x108
Dictyocha fibula Aug. 19~20, 1987 Yeosu 2.0~3.0x107
Microcystis sp. Aug. 26~27, 1987 Yongwon, Jinhae 3.0x107
July 8~13, 1988 Kwangyang Bay 1.2~14x108
July 12, 1984 Masan Bay 1.2x108
Thalassiosira sp. Sept. 23, 1987 Masan Bay 6.0~30x108
July 5, 1994 Gamag Bay 6.9 % 107

1988; A3} & 1989). Lee et al. (1992)-2 1989 3~44Y

s utol| A A F22) 2} Alexandrium tamarense® A}

o3 S4e AR A3 shlgshEel GTX,., GTX,
epi~GTX, STX, neo-STX S| &=t}
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Fig. 1. A relationship between Logistic growth curve and
domoic acid concentration of cells in the whole
culture, P. multiseries (] 2} % 1997).
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o2 od#lx gltt(Lee 1994a). o] FAP A= 19933 4
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multiseriess <4 wloFsle] AJAFLAM (growth curve)sl]
met A7 e SA4E FEsle] YA 2 Ak} d7s
stlon, 23a AdFdF A U AFEA (Mytilus
edulis)ol| X AL FE31oh. A8 AT} P. multiseries
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Fig. 2. Concentrations of domoic acid according to length
of blue mussel on April 30, 1993 and May ~June
1994 in Jinhae Bay (o] 2} ® 1997).

(Fig. 1). =8 %A4J<Ql domoic acide HE 3 747 LE
HEH7] Al=ste 134AEE 21974 H X7} 93]
HHem olF FAsA ZAaHT) 19933 49 30
Al A EdFe} AABAN e AFHERe] A
Z7)d wet =4 A HAI} A 4 20.2~29.9
mmo| A& 13.48 mg/kge] gl ok, 2 70.0 ~79.9 mmel]
A 39.57Tmgkge g Zbato] 4w A4 =49] dom-
oic acid®] =7} ¥9t3 1994 595 6Yo= 7o
73 8Fel 3wt (Fig. 2).

5ol o8 Qo)

S4e pusit QAT A RE

Al o
-1 =2
& ArEe] F5HAY Ae 398 ¥d Table 33

Table 3. Numbers of death and poisons caused by shellfish fed on toxic phytoplankton in the coastal waters

Date Site Cause Death (persons) Poisons (persons)

1450. 3. 06 Okpo, Geoje Is. M. coruscus 7 -
1755. 4. 24 ? Fishes 18 -
1820.6. 15 Unchonhyun Oyster 12 -
1976. spring ? Bivalves - 26
1986. 4. 01 Pusan coast M. edulis 2 11
1992. 6. 26 Puchon M. coruscus - 83
1995. 4. 01 Geoje Is. M. edulis 1 3
1996. 4. 18 Geoje Is. M. coruscus 2

T3k Mytilus coruscus, A 33 A: Mytilus edulis
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Table 4. Marine natural enemy on the causative organis-
ms of red tides

Natural enemy
organisms

Causative organisms
of red tides

Oxyrrihis marina
Oxyrrihis marina
Gymnodinium spp.
Gymnodinium spp.
Protoperidinium spp.
Strombidinopsis spp.
Strombidinopsis spp.
Favella spp.
Strombidinopsis spp.

Chroomonas sp.
Prorocentrum minimum
Prorocentrum triestinum
Heterosigma akashiwo
Ceratium spp.
Gymnodinium sangineum
Alexandrium spp.
Scrippsiella trochoidea
Cochlodinium sp.
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Table 5. Removal efficiency of Cochlodinium polykrikoid-
es by clay and yellow loess (%) in the coastal
waters of Korea

2g/l 4g/l 6g/l 8g/l 10g/1
10 46 78 85 89 89
20 67 92 98 929 99
30 74 98 - - -
60 90 - - - -

A7 7 5 1997

N AzdQ gl AT FEEL2ES TAL Qe
HzA4ge) FA/Ye shiz 4FHD 3T (Uye
1986; Uye and Kayano 1994).
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A Review on Red-tides and Phytoplankton Toxins
in the Coastal Waters of Korea

Jin Hwan Lee
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Abstract - The author made a special review on‘red-tides from the following points: definition,
terms, yearly progress of researches, causative organisms, searching the causes, toxins, a loss of
lives, damages of aquatic products, reducing aquacultural damages and removal efficiency. Red-
tides in Korea were caused by diatoms in the early 1960’s, in the end of 1970’s it was caused by
non-toxic dinoflagellates when marine pollutions were growing more and more serious. In the
end of 1980’s, red-tides were caused by toxic dinoflagellates. Red-tide was only found in selected
areas at first, but recently large-scaled red-tides are frequently found in the southern coastal
waters of Korea, causing huge losses of marine life. A plan is greatly needed to reduce the
damaging red-tides, and removal systems need to be developed. [Red-tide, Causative organisms,
Cell density, Toxins, Control of red-tides].



