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We investigated the phytoplankton community from June to September 1997 in the waters off Kohung, Korea
where red tides dominated by harmful dinoflagellates had occurred from August to September or October since
1995. We took water samples five times from 5 depths at 6 or less stations in this study period. The most dom-
inant harmful dinoflagellate during the red tide which had outbroken on August 24, 1997 was Gyrodinium impu-
dicum, not Cochlodinium polykrikoides. On August 21 just before the harmful red tide occurred the abundance
of G. impudicum at the inner bay station, 90 cells ml™, was higher than that at the outer bay station. However,
on August 27 just after the red tide had outbroken, the abundance of G. impudicum at the inner bay station
did not increase, whereas that at the outer bay increased rapidly and reached to the maximum of 30,000 cells
ml™'. Instead, diatoms such as Skeletonema costatum, Chaetoceros pseudocurisetus, Pseudonitzschia pungens
rapidly increased at the inner bay station where fresh water from lands has reached. The high abundance of dia-
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toms might have inhibited the growth of red tide dinoflagellates at this station. The transport of already formed
red tide patches from offshore areas, aggregation of scattered cells driven by physical forces, and/or competition
between diatom and dinoflagellates might be responsible for this appearance of dense red tide patches at the

outer bay station.
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Fig. 1. Map showing the sampling
STUDY locations off Naro-do, Kohung,
! AREA " F Korea. @, CTD casting; O, core and
34° 10 .
o water sampling.
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Table 1. The list of phytoplankton > 1 cells ml™ occurring in the waters off Naro-do, Kohung, Korea from June 20 to September 22, 1997.
Mixotrophic and heterotrophic dinoflagellates were not included

SPECIES NAME Date 20-Jun 1-Aug 21-Aug 27-Aug 22-Sep

DIATOMS
Actinoptychus senarius + +
Amphiprora alata +

Amphiprora gigantea + +
Asterionellopsis glacialis + +
Asteromphalus cleveanus +
Bacillaria paxillifera

Bacteriastrum comosum

Bacteriastrum delicatulum

Bacteriastrum furcatum

Bacteriastrum hyalinum

Cerataulina dentata +

Cerataulina pelagica

Chaetoceros affinis +

Chaetoceros anastomosans
Chaetoceros breve
Chaetoceros compressus
Chaetoceros coronatus
Chaetoceros costatus +
Chaetoceros constrictus +
Chaetoceros curvisetus

Chaetoceros danicus + +
Chaetoceros decipiens f. singularis
Chaetoceros denticulatus
Chaetoceros didymus

Chaetoceros eibenii

Chaetoceros frichei

C. didymus resting spore
Chaetoceros laciniosus
Chaetoceros laeve +
Chaetoceros lauderi

C. lauderi resting spore

Chaetoceros lorenzianus + + +
C. lorenzianus resting spore +
Chaetoceros mesanensis

Chaetoceros neglectus

Chaetoceros perpusillus

Chaetoceros pendulum

Chaetoceros peruvianus

Chacetoceros pseudocurvisetus + +
C. pseudo. resting spore
Chaetoceros similis
Chaetoceros socialis
Chaetoceros subtilis
Chaetoceros spp. < 10 pm
Cyclotella meneghiniana
Cocconeis sp.

Corethron pelagicum
Coscinodiscus centralis
Coscinodiscus oculus iridis +
Coscinodiscus sp. +
Cylindrotheca closterium + +

Ditylum brightwellii +
Dactyliosolen fragilissimus +
Dactyliosolen phuketensis

Detonula pumila + + +
Diploneis crabro + + +
Diploneis sp.

Ditylum sol

Eucampia zodiacus + +
Fragilaria oceanica

Fragilaria sp.

Guinardia delicatula +
Guinardia flaccida

Guinardia striata +
Haslea Wawrikae

Hemiaulus hauckii

Helicotheca tamesis

Hemiaulus membranaceus

Hemiaulus hauckii

Hyalodiscus stelliger

R

+ + +
+
+ 4+
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Table 1. Continued
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SPECIES NAME

Date

20-Jun

1-Aug

21-Aug

27-Aug

22-Sep

Lauderia galcialis
Leptocylindrus danicus
Leptocylindrus mediterraneus
Leptocylindrus minimus
Licmophora abbreviata
Lithodesmium variabile
Mastogloia minuta
Melosira octogona
Mastogloia sp.
Mastogloia rostrata
Meuniera membranacea
Navicula distans
Navicula salinarum
Navicula sp.

Nitzschia americana
Nitzschia longissima
Nitzschia sigma
Nitzschia sp.

Odontella longicruris
Odontella sinensis
Paralia sulcata
Pleurosigma aestuarii
Pleurosigma angulatum
Pleurosigma intermedium
Pleurosigma normanni
Pleurosigma rectum
Porosira glacialis
Pseudonitzschia delicatissima

Pseudonitzschia cf. multistriata
Pseudonitzschia pseudodelicatissima

Pseudonitzschia pungens
Pseudonitzschia seriata
Pseudonitzschia sp. 98
Pseudonitzschia subcurvata
Pseudonitzschia subpacifica
Pseudonitzschia tugidula
Pseudosolenia calcar avis
Rhizosolenia alata
Rhizosolenia bergonii
Rhizosolenia formosa
Rhizosolenia hebetata
Rhizosolenia imbricata
Rhizosolenia pungens
Skeletonema costatum
Stephanopyxis turris
Stephanopyxis palmeriana
Surirella gemma

Surirella sp.
Thalassionema bacillare
Thalassionema frauenfeldii
Thalassionema nitzschioides
Thalassiosira decipiens
Thalassiosira eccentrica
Thalassiosira leptopus
Thalassiosira rotula
Thalassiosira subtilis
Thalassiosira sp. A
Thalassiosira sp. B
Thalassiosira sp.
Tropidoneis antartica
Pennate sp. A (40 pum)
Pennate sp. C (20 pum)
Pennate sp. A 100 pum

SILICOFLAGELLATES
Dictyocha fibula
Distephanus speculum
Ebria tripartita

DINOFLAGELLATES
Alexandrium cohorticula
Alexandrium fraterculus

+ + +

+ + + + 4+

++ +

+ + +

++ +

++ 4+

+
+

+ o+t 4+

++ o+ +

+ 4+ + +

+ + +

+ ++ +++

+ + + +

++ +

tH+F++ A+ A AF A+ 4+ +H++ +++ A+ ++ +++++ 4+
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SPECIES NAME Date

20-Jun

1-Aug 21-Aug 27-Aug 22-Sep

Alexandrium leei
Alexandrium minutum
Alexandrium pseudogonyaulax
Alexandrium sp.
Amphidinium acutissimum
Amphidinium longum
Amphidinium sp.

Ceratium fusus

Ceratium horridum
Ceratium lineatum
Ceratium kofoidii
Ceratium tripos
Cochlodinium polykrikoides
Gonyaulax polygramma
Gymnodinium elongatum
Gymnodinium vestifici
Gymnodinium sp.
Gymnodinium sp. A
Gymnodinium sp. 5 - 10 pm
Gyrodinium-impudicum
Gyrodinium lachryma
Gyrodinium sp.
Gyrodinium sp. A
Gyrodinium sp. 5 - 10 im
Hemiaulus sinensis
Katodinium glaucum
Katodinium rotundata
Lingulodinium polyedrum
Nematodinium partitum
Oxytoxum sphaeroideum
Peridinium sp.
Phalacroma rotundata
Pronoctiluca rostrata
Prorocentrum balticum
Prorocentrum compressum
Prorocentrum dentatum
Prorocentrum triestinum
Pyrophacus steinii
Torodinium robustum
Naked dino. (coccoid form)

Coccoid form < 5 um
Cryptomonoid form < 5 im

EUGLENOPHYTA
Euglena sp.
Eutreptiella sp.

RAPHIDOPHYTA
Chatonella sp.

+ +

4+
4
+
t+4++++++ A+ A+ A+ + + o+ 4+
+

+

7} R & A7)e) ARg AR 2E B, ZE ol
ox 2 SRR F2FY F FT5E 69 20Y0] 47 9
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23 78%, 283 88 2790l 34F 11050 FAHA 7

Z3E 8 193 219 Alolol, HEFE 8 2147 27¢
Atelel] 2] F7} AA F7HE & F UokFig 2). U W
T AH AH sME SRR 28F5U) 8Y 2197 27
o Alolo] @3] AL & ¢ Atk Ty Hx 48 F
29 99 wUde sHHrEFe FE2FY FdFV A 553
36202 A FAsInt

gz e EEgory R AL 64 20¢ 0.28~
0.81, 88 199 0.77~1.04, 82 21¥] 047~0.75, 8¢ 274

0.48~0.77(slick®]t} patchol A& 0.12~045), 98 22¥l=
0.18~0.732.2 Yehyith, 4279 A+ 68 2089 0.57~1.36,
89 12l 0.64~1,09, 82 21¥] 091~1.44, 88 274 048~
0.78(slicke]t} patcholl A& 0.34~0.82), 9€ 2249& 0.52~
07802 Yelyt) o] Aie Ax7F dAPE A5 slickelt
patch WollAe TEEX]g7 RopxiAlgt o ejofxs & ¥sht
P2 ou]gh.

ESP9UA GHERFY FE2FY AVIE MDTE 69 20¥9
359} 290 cells mI™, 84 1¥d] 807 100 cells ml™, 8¥ 21¥
o] 1008} 500cells mi'2 2 W37l Ao 8€ 27¢
31,7007} 13,900 cells ml™'E FE314ch. e 99 22490 ]
9] MDTE 203 360 cells mI"2 ©hA] F7beiact. 3 2A}




NEgaE A3 wsh 33

[
(=

A

Autotrophic Dinoﬂagellates

o W
[—4 [}
Y EEWEE RN W R

[y
<o

(]

1 —4
100 B

Diatoms

Number of species

T
22-Sep

I 1 I
20-Jun 1-Aug 21-Aug 27-Aug

Date

Fig. 2. The temporal variations in the species number of autotrophic
dinoflagellates (A) and diatoms (B) at St 5 (open triangles), 9 (open
circles), and 12 (open squares) off Naro-do, Kohung, Korea from
June 20 to September 22, 1997. Water samples at each station were
usually taken from 5 depths. Closed squares were the total species
numbers at all sampling stations in each sampling time.

A7l ZAME F7HA S TES BE RN JHEF
X729 ADASE 69 2099 149 118cells ml?, 8¢ 149
153 19 cells mI™, 8€ 21l 399t 208 cells mI'o] 21} 8
4279 1,3208 3870cells mi'2 F53¥ch 28y 99
2299 o]E9] ADASE 113 231cells m'E F7stdth
MDT : ADAS H|&2 dvhvt 723 patch7t A AEAE
DEHes geisen sd 279e) FERY e 2AMYIY 9
HEFI 27 A Hlgo] BF 2~5 FEo|lon} 8 27Y
e dHERFE HlEo] OF 252 o] A)/|Y] HEFI}F F& &
Ao XY= patchE FH3AL US ¢ 5 Yk

SHIFY HHEFY A2F FFAE $HFL 64
209l Prorocentrum triestinum®} Skeletonema costatum, 88
149 trochoidea$}
Chaetoceros pseudocurvisetus, 88 214 Gyrodinium impu-
dicum3 C. pseudocurvisetus, S. costatum, 88 274= G.
impudicum™  C. pseudocurvisetusSt  Pseudonitzschia  pungens,
S. costatum, 98 22U = Gyrodinium sp.(5~10 pm)3} S
costatymS E FHRFFO| G £-Fo] AFE v oY FE2F
o] A= A \HAA ektek(Table 1).

TFERF
pseudocurvisetus, Leptocylindrus danicus, Mastogloia minuta,
Navicula salinarum, Nitzschia longissima, Nitzschia sigma,
Surirella gemma T EE A7 YEY I Skeletonema

Alexandrium  cohorticula, Scrippsiella

A =]
&3l= Chaetoceros

Asterionellopsis  glacialis,

costatumS} Provocentrum triestinum 5 25%0°] 4H9 ZAIA
71l vehgou fFald Axe AJAAEQ  Gyrodinium
impudicum, Cochlodinium polykrikoides, Pseudonitzschia pungens
5o 2~3We] FAZIT &8st BRS AVIE HN3eE
& 4 JUTH(Table 1).
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costatum®] FEE W9 W) o3 § Aike BAAle 51
S JHEFY 12T EF URA) RkA] Bk o &
£ WRE IRZ e, G impudicum AZIT Hold W G.
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Yrkite we 555 7K dSg & F U F=F9 F
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Fig. 3. The temporal variations in the abundances of autotrophic
dinoflagellates (A) and diatoms (B) at St5 (open triangles), 9 (open
circles), and 12 (open squares) off Naro-do, Kohung, Korea from
June 20 to September 22, 1997. Closed squares were the values aver-
aging the abundances of three sampling stations in each sampling
time.
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Fig. 4. The distributions of the abundances of Gyrodinium impudi-
cum and Skeletonema costatum in the waters off Naro-do, Kohung,
Korea on August 1997. Sampling depths were 0, 2, 4, 6, 8, 10, and
12m for St 5,0, 3, 6,9, 12, and 15m for St 9, 0, 3, 6, 9, 12, 15, and
18m for St 12, and 0, 1.5, 3, 6, 9, and 12m for St 13.
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