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Toxic dinoflagellate Gymnodinium catenatum Graham (Dinophyceae)
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Abstract: The toxic dinoflagellate Gymnodinium catenatum isolated from the southern
coast of Korea was described under light and scanning electron microscopy, and its
large subunit (LSU) rDNA was sequenced. In addition, the effects of temperature and
salinity on its growth were investigated. The cells of G. catenatum, as viewed under the
electronic microscope, were green-brown color, 38.1-774 ym in length and 26.1-40.8
pgm in width. The epicone was conical, while the hypocone was trapezoidal. The nucleus
was located at the central part of the cell. The apical groove was horseshoe-shaped and
small pores were irregularly distributed on the cell surface. Molecular phylogeny based
on LSU rDNA gene sequences showed that the Korean G. catenatum and previously
reported species formed a monophyletic clade within Gymnodinium sensu stricto clade.
The maximum growth rate of 0.37 day™', was obtained at 25°C and 35 psu, and the
maximum cell density of 1,073 cells mL™, was observed at 20°C and 25 psu. However, G.
catenatum did not grow at temperature <15°C and <30°C. These results suggest that
environmental conditions of summer and autumn in the southern coast of Korea may
be favorable for the growth of G. catenatum.

Keywords: Gymnodinium catenatum, morphology, LSU rDNA, temperature, salinity

N =2 £ F2 T < (plate formula) 7 o] FEjZ 2ol HF
T (apical pore plate) X A4l & /d (chain formation) 2] -

St X X7 (dinoflagellate) = A -F-Z} (armoured) 7t B2 E5) 20| B4 (dentification)©] 7o, F-2+e}
77} (unarmoured) @] FEE TR 24 PHEZF HEXRE 5T 2% (apical groove), 2] 4], A=
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Aol 912 4 2 5 22 P EAS HECeR F
o 9\1‘—/]‘( augbjerg et al. 2000). ©| =22t FE|Z]
E42 =2 Fotan]7 (light microscope) I FAFAAA

1|7 (scanning electron microscope) 2.2 ¥Ho| 7kttt
(e.g. Ellegaard et al. 1993; Hansen et al. 2000). SHA| T S <
2 E/30llA 7]Q1sh= theRt siaFerdehA el aglo <
Ft ABLAL (life cycle) ol whet SR 7O] FEjA ol
7b A = 217] gl o]l (Kimball and Wood 1965; Yuki
and Yoshimatsu 1987), 1990t o] FHE FE2A55H4]
£/ A (phylogenetic analysis) & &l &2 &7 % &
= HE5] Skl Ut (e.g. Bolch et al. 1999; Daugbjerg et
al. 2000; Hansen et al. 2000). 5], SFHR X7 9] Al &7
Aolli= 2HE DNA 742 (rDNA) Q] AT (small
subunit; SSU) 2t 21 4] (large subunit; LSU)7 & ©]
|H.

Gymmnodinium catenatum Graham— A5 ¥©7]1 0}
H|/A] 175 (paralytic shellfish poison; PSP)< “J4toh=
Folld FZtebH B2 Fo| o} (Graham 1943; Balech 1964).
o|& olfroll A, o] o] M AAA Fi 54 2 it} o
Asto] @2 A7t £8P o] et (Matsuoka and Fukuyo
1994; Lee et al. 2001; Hallegraeff et al. 2012). G. catenatum
2 19394 H|= California®l| A FHZ E4of gt 715
(morphological description) ¥} 97 A5 2 HI1E|GlO
™ (Graham 1943), ot=JIE|L}, WA 3 5-0] 2ffsf & of A
F2 Jep = 7oz deA 9ot (Hallegraeff et al. 2012;
Cembella and Band-Schmidt 2018). 18|11, gF=r3} 7|77t
& dEANAE 1980 o A o] AR FHoM =
dol Aoz HAEJ 1990l T Lt &
?——_1—“5:77]'1] 504 He17F 24 = %A oh (Matsuoka and Fukuyo
1994). © °ﬂ St5o] 1991 oM Aoz o]
9] Eﬁoﬂ 7t B 7F QAL (Kim et al. 1996), @A
+ Fofictel A FELlstA vehues Zor defA ot
(Lee et al. 2001). oFA|TH gh= ALt A G. catenatum®] &
o V|2 72 AYehd A 1E JjHto 7 a3 %}-_]_,
TAA FH b 2AAF oA ’ﬁ_“i% F25] AAE Y QL
2] okt

YirHo 2 pspe] WAL MR Bo] el FalAl 4
B2 3E (harmful phytoplankton) 2] EF<} A F 7ol
o)) sk, 29} B2 fol4 ABEALE of
48 (harmful algal bloom)©] PSP2] Ay} ¢Ayto] Q1=
7o 2 42 It} (Oshima et al. 1987). G. catenatum®] 2
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ZE F2 3F F552] Tasmania, 7]= Iberia ¥ HA|F
Ef g At Al B 5|1tk (Cembella and Band-Schmidt
2018) Tasmania‘ﬂwb 1980 ¢f A AHzx7} Tk o]
¥, 1986 A 2 HFEL7F HEH ] £ATG oF
FFE 7122 It (Blackburn et al. 1989; Hallegraeff et al.

Azl 29950 RIS $ET 5 e 52, 9
®, 9%, B B4 5 R olskerd, 4B 4

[e) [}
AAE = Aoz delA ok (Doucette and
Harrison 1990; Steidinger et al. 1998; Wong et al. 1998). &
3], At ol A Ut 23 Fit2 A xo] AL
A2Fo 72 Aol ATH(Juhl et al. 2000). 2] -,
G. catenatum= DI & F TR 2 x2F pSp HA-2 of
742 HAlg Zo] gtk shA|dh o] Fo] 27t F& 2
ool A WA= AT A2 G. catenatum©] TF
=AM E A2E A 5 = AAA Gl Folek= A
= UEhdth
‘ﬂra‘r/‘i, = ﬂ = % 3—}1‘3]75‘3’}
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G. catenatum®] E2]5 15191, 2016 8 164 Fafet
($17 %= 34°29'7.68"N, 128°28'54.54"E) A ZHIE H]
E (20 pm mesh) S ©]85t] A RE iﬂﬁﬁ}‘ﬂq@ig. 1).
AE AFE AATo|A Fotdn])d TS E5) Pasteur

1. Gymnodinium catenatum

plpettEE olgslo] M EZE EE|3t &, 96-well culture plate
(Eppendorf, Hamburg, Germany)©ll &5ttt 355
Alze AAARE gt6lr] A7) Aol A mini digital
incubator (Benchmark Scientific, NJ, USA)E © R
= 20°COllA] v st

Aol A SHRt Al Fotdn g Sl Al 4
Bl S =215}kl 6-well culture plate (Eppendorf, Hamburg,
Germany)°ll &5t 2 20°C, & 30 psu 2 = 100
sl A Al S SHnk 1AL, o] & i

pmol m™
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Fig. 1. Location of the sampling site in the southern coast of Ko-
rea.

H T (stram = ﬁﬂoclzﬂﬁ—]'ﬂ%% EHOC}:/\] EE/"]‘?:]'
(lims.klost.ac.kr) o H 28 HFAEEFIE 7=
Z7]130] LIMS-PS-2604% 525

2. Gymnodinium catenatum2] HEl™ 2t

G. catenatum®] FEH EA
Zeiss, Germany)l_’—]' FATA A A )
Jopan) £ ToISIcE. A4
TEE ol iFFE AL AF (osmium tetroxide;
0s04)2 HF5E 2% 2 59 ii}?} T AollA 1A]
b EQF AT o] % olghE A2 = (10, 30, S0, 70,
90, 99%) = 15+4 B'AO]'Oq AAFHAZH (critical point
drying method) 2.2 AXA|Zth. 712 Al &= aluminum
stub®]] 1 A5} WZFHE (platinum) T IHEAY SKy
oA e HY a‘ﬁ‘:}

st u] 7 (Primo Vert;
7 (JOEL Ltd, Tokyo,
(éﬂ] = o] &3t A&

=

3. Genomic DNA %, PCR £Z % DNA ¥7|M¢H
=M

G. catenatum®] 84 £S5 1tofstr] 9o LSU
rDNA 3+ 24& 35kt o] & s tiA 7191
LIMS-PS-2604 = 1 mL-Z 1.5 mL tubeoll &7 &, ¢
HEE71E ol8sto] EFAIX F, A5AS AAsH 5
SH Alme -20°CY YA sttt Genomic
DNA<+E DNeasy Plant Mini Kit (Qiagen, Valencia, CA)&
o]-8-5tof FE5H3I Tt LSU rDNA 5-E-2 forward primer:
LSU DIR (5-ACCCGCTGAATTTAAGCATA-3"), reverse

Gymnodinium catenatum from the southern coast of Korea

primer: LSU R2 (§-"ATTCGGCAGGTGAGITGITAC-3")E
©]-8-5F T} (Takano and Horiguchi 2006). PCR §F-3-9-2 5
uL 10X Ex Taq Buffer (Mg** plus), 1.25 U Ex Taq polymerase
(Takara, Japan), 1 uM primer®} 1 uL DNAS Z3o}o]
2Z 50 y.L7]' T2 5}9itl. PCR $=3& Eppendorf
Mastercycler ep gradient (Eppendorf) & AH&-3 1L, pre-
denaturet= 95°C=Z 22, denature™= 95°CZ 20%,
2 55°CoflA] 1%:_'—, elongation<> 72°CE 142, post-elongation
< 72°CR s Aol S5 NS 309] WhE 4
P+ ¥ PCR {‘J'EE 1% agarose gel°ll 7Nt Midori
Green Advance (NIPPON Genetics, Co., Ltd., Tokyo, Japan)
=2 dAste] uv st 4 DNA HES Selsksich HAIH
PCR product clone= 2] DNA sequencing< QIAquick PCR
purification kit (Qiagen) & ©]-85F] ABI PRISM® 3700
DNA Analyzer (Applied Biosystems, USA)°l 25l =33 =]
et

annealing

4. BRSO 2N

A7) AFofA AL G. catenatum®] G71A B 085
o] Z9 A'EHA YA E sttt F7IAE v E 9
S Aol AH8E E714 €2 NCBI (National Center
for Biotechnology Information; www.ncbi.nlm.nih.gov) [l
A ZEsto] o] 85k, F 6570 A7 E0] BioEdit v.
7.13E2 1% (Hall 1999) 0 & AE 9 HAEch 1 4
I ZF 4ol 944 kb o] FEEH A7 E A= (dataset) T &
2 4 AR Periknsus marinus (AY8763262)= out group
S =2 35t jModelTest v. 2.1.4 T2} 02 HA5IGct
(Darriba et al. 2012). A& 84 242 GTR+1+GEH (A:
C:G:T=0.2276:0.1917:0.2855: 0.2952; p-inv=0.1030;
gamma shape =0.6570)< AM8-5FSItE 12|11, Al'55H4
FATA Ao A H|o]= F=E (Bayesian Inference; BI)
2 MrBayes 3.125 AH&5H1 1, 2| t-HAHEA] (Maximun-
likelihood analysis; ML)+ PhyML (Guindon and Gascuel
2003; Ronquist and Huelsenbeck 2003)& S o] g5ttt o
FAREA A AlS42] ZF branch®] A2 E= 10002] 9

bootstrap= ©]-8-5}3 T} 24 0] Q—EE} o|Tof= BAA
T2 HlEro 2 5] 7F & 740] A S-S A S e B

AT EE sk, 24t 15_%4 2101—,% Tree-View
45oE 7o 2 sl
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G. catenatum®] 732 6FAQ] 2% X7 (5, 10, 15,
25,30°C) T sHA o] FE X71(18, 20,25, 30, 35 psu)=
et 30419 =74, 100 pmol m > s o] FEFo A AY
ol
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Fig. 2. Relationship between cell density and in vivo chlorophyll
fluorescence of Gymnodinium catenatum.

A3 719] G. catenatums £/2-si BiA] 30 mL7T
R HEote] HFAEDEF F 1.0x 107 cells
mL'0o] E]EE 59t o]5 o]E 7Aoo 7 Z=ATt A|7F
o] B33 =A| (10-AU-Fluorometer, Turner Designs, USA)
2 in vivo chlorophyll F33L-S St BE AE2
triplicate 2 S SFITH AE U= 3] oA
£ 5ol k3l (Fig. 2). 8745 & (growth rate) = T
& Hol= 71t B NI ZU S o]-g5to] ofo] 4]
of| thtste] AXFSIATH (Guillard 1973). 242+2] A@2A
2> triplicate = Yo, AFE L= o] 59 Hgto s
AliFstadet.

1 N

=—In—
¢ At No

u: "84 I (specific growth rate; day ™)
No, Ni: 737710014 2719} tA17t (day) 9] Al E
At: tH57874719] 717t (day)

Fig. 3. Light micrographs of Gymnodinium catenatum. A. Ventral view, median focus showing the position of the nucleus (n). B. A two-
celled chain. C. Surface focus of four-celled chain showing the position of the cingulum. D. Median focus of four-celled chain showing the

internal lipid globules (arrows). E. 32-cell chain. Scale bars: 10 um.
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Fig. 4. Scanned electron micrographs of Gymnodinium catenatum. A. Ventral view showing the position of the cingulum. B. Details of
apical groove. C. Dorsal view. D. Details of the cell surface showing the amphiesmal vesicles pattern and small pores (arrows). Scale bars:

10um (A, C)and 1 um (B, D).

23t Y o

1. Gymnodinium catenatum®| HEjX E%

=

G. catenatum®] M| Z= 22 AAY A2} 7t=2o] 24
o7} fFAEE @ 7F8 o] 3Att (Fig. 3A and B). A|222] Zo]
(length)+= 38.1~77.4 um, = (width)<Z 26.1~40.8 ym= L}
E}SITH (average length: $4.4 +3.5 pum, average width: 33.9 +

3.5 um; n=50). A|Z O] 2 M|a o] FAlof| 9IA|6FI AL
F=AE Mo A Ao MA AU (Fig. 3A).
AUl getgols B A4l 942 4 A= eyt
2! (Fig. 3C and D), |l 32 Al Z7HA] A4l-2 F95HA
o} (Fig. 3E). "5 (epicone) = YEF 2 Hoho] T&F
A FEH2 SR 523 EP Fe d=AEE 3
e AlzZe] F3ell A8l L, v 4t 4
o= AlEZ] FETE oFFE flof A& W= AT S

¢

o o o
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Gymnodinium catenatum DC99A44 AY036127 Korea
Gymnodinium catenatum GCLB42 AY036122 Australia
Gymnodinium catenatum GCLB14 AY036074 Australia
Gymnodinium catenatum GCJP10 AY036076 Japan
Gymnodinium catenatum CAWD101 AY036128 New Zealand
Gymnodinium catenatum GCCC21 AY036072 Australia
Gymnodinium catenatum GCCW991 AY036125 Korea
Gymnodinium catenatum GCDE04 AY036073 Australia
Gymnodinium catenatum YC499B13 AY036126 Korea
Gymnodinium catenatum GC19V AF375856 Spain
Gymnodinium catenatum GC36AM AF375857 Spain
Gymnodinium catenatum GC12V AF375855 Spain
Gymnodinium catenatum GC49AM AF 375858 Spain
100/1.00| Gymnodinium catenatum GC9V AF375854 Spain
Gymnodinium catenatum GnCt01 DQ785882 Korea
Gymnodinium catenatum JHW9910 EF613352 Korea
Gymnodinium catenatum CCMP1940 DQ785883 Korea
Gymnodinium catenatum LIMS-PS-2604 MK215823 Korea
ymnodinium catenatum AF200672 Denmark
Gymnod:mum ca(snatum GCCC16 AY036071 Australia
99/1.00| | Gy tum GCSP03 AY036077 Spain
Gymnadmrum catenatum GCHK53 AY036123 China
Gymnodinium catenatum GCHK53 AY036123 New Zealand
Gymnodinium catenatum GCPTL014 AY036075 Australia
Gymnodinium catenatum GCSG2AY036121 Singapore
Gymnodinium catenatum GCUR43 AY036124 Uruguay
Gymnodinium catenatum GCQDO01 KF234066 China
Gymnodinium catenatum GCDLO‘I KF234065 China
Gymnodinium nolferi AF200
———— Gymnodinium fuscum AFZOOG 76
100/1.00) Gymnodinium impudicum AF200674
Gyrodinium Impudicum AF200674
Gymnodinium aureolum AF200670
00/1.90 Gymnodinium aureofum K 0303 AF200671
Gymnodinium chlorophorum AF200669
$9/0.90| 100/1.00) Pheopolykrikos hartmanniiHQ834210
/0 —|99 Pheopolykrikos hanmannu FJ947045
- G ium paiustre AF260382
100/1.00, Alexandrium catenella DQ785885
100/1.00 Alexandrium catenelia AY347308
Alexandrium affine AY294612
QLW{Gonyaulax baltica AF260388
Gonyeulsx baitica AY154962
Ceratium fusus AF260390
Ceratium tripos AF260389
Protoceratium reticulatum AF260386
i DQ289020

soptr
05/0.96 jensis EF052683 N
82/1.00 Borghiella dodgelEU 126801
Biecheleriopsis adriatica AB858356
100/1.00*~ Bjecheleria brevisuicata AB858351
100/1.00 Heterocapsa rotundata AF260400
Heterocapss trlquelra AF260401

Q670228

Gymnodinium catenatum

Gymnodinium s.s.

69/0.84)

95/1.00)

-10.98

97/1.90 Prorocentrum micans AF260377
Prorocenlmm maxu:anum AF260378
100/1.00~ A il AF260396
! Akashiwo sanguinea AF260397

Gyrodinium spirale AYS71371
—‘”"/‘—WB Gyrodinium dominans AY571370

Gyrodinium rubrum AY571369

100/1.00~ Karenia mikimotoi AF20068 1
wﬁ{—{-— Karenia brevis AF200677

AF200675

Perkinsus marinus AY876326

Fig. 5. Maximum Likelihood (ML) tree showing the phylogenetic position of Gymnodinium catenatum based on partial nuclear-encoded
LSU rDNA sequences. Newly acquired sequences in this study are shown in bold. Perkinsus marinus was selected as the outgroup. The
numbers on each node are the bootstrap values (%) and the Bayesian Posterior Probability (PP). Only bootstrap values above 50 and PP
above 0.7 are shown. Scale bar=number of nucleotide substitutions per site.

as)

(hypocone)+= GA}E]E oot MAdn|H o=
23t G. catenatum @] F= LARH 02 A0 AR

A

oloiA 4779k QAR (Fig, 44), 47T T
HA} Xk (horseshoe-shaped) ©] 21T} (Fig. 4B). 451+ &

o

Tl AFE o]oA HHAIAYREC 2 JHabT| FobA] B
F= W=, F B0l AAEA] gt (Fig. 4B). FFE=
Sh5=ofl H]ofl A o]z} oF AFAAL (Fig. 4C), Al HHL
59 (reticulation) XL, BF&A Q1 I (pore)0
2t} (Fig. 4D).

Gymnodinium?s (genus)< A} F=A4 0] 9|29} &
& 5= Tl FHA EFE T 4 Utk (Ellegaard and
Oshima 1998; Bolch et al. 1999). 5L &2

A &<}l Gymnodinium
trapeziforme Attaran-Fariman & Bolch he HO] Yx|7F A&

o

l

Ll

0]
AR

36 ©2019. Korean Society of Environmental Biology.

A& A& BFo 2 AX8N AL, G. microreticulatum
Bolch, Negri & Hallegraeff “d-5=0ll 5 RO =2 9]2]5|
91°] (Attaran-Fariman et al. 2007), 2] Fed EJo=2
G. catenatum@t T2 0] Htt, 181 G. aureolum (Hulburt)
Hansen= 5 2] loop-shaped 2= G. catenatumi}
2ko]7t 91tk (Hansen et al. 2000). ©]2]2] &Y
T 427 mopol Bhelgel, 919] 91217 AlE Fop
oleh BEUS HolAw, AT BHT AE 272
TEY 4= Ut AE =9, G. impudicum (Fraga & Bravo)
Hansen & Moestrup> B 212 A2 2719F AAlI= 4 A
9] AMT-E F/d5tL, G. nolleri Ellegaard & Moestrup=
A TS F/d5HA] S=th (Ellegaard et al. 1993; Nehring
1995).

Z =
5 F=



G. catenatum®] A 37] 4D Fejl= v H E= A
Mt dolof mpapA] FHol7t It} (Blackburn et al. 1989;
Band-Schmidt et al. 2008). Band-Schmidt et al. (2008)-2 3]
o] thE HFFEollA AL do]of 2fo]7} Qlrkal Bt
53131, Cho et al. (2008)+&= = WHIFF (GnCto1) 2} =12
H| = (CCMP1940) oAl M2 O] =5 R W 5
ol Zpol7t Qlekal sheich 2 A AT e} Bl g o
Cho et al. (2008)7} 7]1=3F =W B3 (GnCt01)= AL
meFol] Az 71 Zfgolet 7| =skAAIT, 2 Hlj ol
HE 4o71y ne wE 72} 1 021Y RYE FF
WA 2 AZERNA PR 5 Dok S
W] Ajol LbER e B0 @ Rolx] oheth
2 W40 A9, 57 Feleld Belg vleke Ay )
FEFoNA F= 4~8 AL AT-S B/d5H (Gueet al.
2013), 2 WiSFFe} A AT T35 G. catenatum )
A5 912 2 FE, Aol iR Al mHO| Y B
og] EAEL 7|&e Bag wiFEE3t fAlstot. okt
A G. catenatum-> v S0l whef A 2] Zo]ofli= 2F1te]
Hol 7} ke 4 QAR FHjH o2 F Hole Yo7
P Zow wokE

<

R
2

Gymnodinium catenatum from the southern coast of Korea

2. Gymnodinium catenatum® 7|5 253%™ E/d

SHEH HjFT2] LSU rDNA 412 53l & 4714
&E-2 Genbank®]] Accession No. LIMS-PS-2604% 555}
ot 71X E 9] A 24 A} (similarity analysis), Hi%
= G. catenatum (LIMS-PS-2604)2 §=1, Y&, =1, A7
Z2 92ito] o RAWE AQloA TEH v
S 100% YA|5H= AIHE B0, Gymnodinium sensu
stricto (s.s.) 7| (clade) ol &5 (Fig. S). Gymno-
dinium s.s. /27|70 &3 T 52 2 w2t FHA
° 2 FARE E4-& 7HIth (Ellegaard et al. 1993; Nehring
1995; Hansen et al. 2000; Attaran-Fariman et al. 2007). 5],
G. nolleri (AF200673)+= 2 W2t A7]15-AHE7E 99% A
i] 3]'04 G. catenatumg sister groupgi Tﬂ"ﬂ'ﬂ sdu}

Adachi et al. (1997)= Q& AWl X2 EZ 9 5o
A Baoh vjoFRE0] 5.8 S ' DNA 2412 5191, 1 AT}

o2 H AAHCR Yel= G. catenatum®] HY
TE< Y Fol#tal Bt shAu FEivE &
HE tHRFREC] LR} 2770 &ohe A2
ot tt. oAlE EH, Cochlodinium (a.k.a. Margalefidinium)
polykrikoides®] 787 Bl 7t FEA] S #pol7F Q1A

oS &

—

flo o2 i

0
—@— 15psu 5°C —@— 15psu
121 % 20psu [ —w— 20psu
—— 25psu —@— 25psu
—>— 30psu —— 30psu
9 —a— 35psu I —A— 35psu

10°C | —e— 15psu 15°C
[ —w— 20psu

—— 25psu

—C— 30psu
I —&— 35psu

Cell density (10% cells mL™")

O
—@— 15psu 30°C
[ —v— 20psu
—— 25psu
—O— 30psu
I —&— 35psu

—-—-—TTrr T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26

Incubation time (days)

Fig. 6. Growth curves of Gymnodinium catenatum under different combinations of temperature and salinity. Different curves in each tem-

perature panel represent experimental salinity.
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T, Z2]4] 7)ol wet FopAlof, B, nl=/ g o] Ao}
2 F 379 B7]7t o2 Lol Tk (Twataki et al. 2008). 5,
= Z AT SHA xpol2 B 2= 9tk 1=t} 5l
2, G. catenatum-= LSU rDNA G714 GollA 172 2}o]
7t Ueht2] ¢h= Y Al (monophyly) 0.2 T

3. 2o} A& H3lo|| WE Gymnodinium
catenatum| ‘3% £/d

2L ot Ai0] st WE G. catenatum®] A|E L& H
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Fig. 7. Contour plots of growth rate (day™") of Gymnodinium cate-
natum under different combinations of salinity and temperature.
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25t i 2702 = "ol o st A9 5]
2AaF gt A Z2lE BT FAEAAIR (Lee et
al. 2001; Yamamoto et al. 2002; Oh and Yoon 2004), 25|31
T T ZE viFFER T tha th2A UER
T} (Blackburn et al. 1989; Bravo and Anderson 1994; Doblin
et al. 1999). AAEL A= ST B vjgfF
(GCDE08) 9] AHEE7t 7MY & Z o= UeoH
(0.24 day™), ¥F=9] ofpafi A at AH| QoA Fel gt vk
FE0] =A Ve (ZH2} 0.45 day ' 9} 0.50 day ™), F=
o] 3|2 Alut 7he] Hj9FE (0.31 day ) = -FAFSHA LHEF
Wt

Blackburn et al. (1989) ¥} Hallegraeff et al. (1995)2] A+
A3} oJotd, 5 Tasmania®lAl G. catenatum-= 12°E ]
A 698 Atelofl A #2121 12~18°C, A& 28~34 psu HY
oA EAsAU tiEAS Dotk ¥, A oAM=
G. catenatum®] E@°] 2k 6~27°CE H= WA Y
EPATH (Kotani ef al. 2000). 0]+ #2014 Axo] glid
2T 2 =S TS AT va AolE
Helt), o]t AvE2 Fofotd, A AAA o2 st
£ G. catenatum-> FHH 02 DAY fFHTH o7 Tl
Aoz EREAR AASEAL Q= siH o] 2ol whet

Table 1. Comparisons of growth rates and conditions of Gymnodinium catenatum as reported from previous studies

Growth rate

Growth condition

Strains Source (day™) (temperature, salinity) Reference
LIMS-PS-2604 Southern coast, Korea 0.37 25°C, 30 psu This study
Not specified Yeosu, Korea 0.5 25°C, 30 psu Oh and Yoon (2004)
Not specified Yeosu, Korea 0.45 25°C, 30-35 psu Lee et al. (2004)
Not specified Hiroshima bay, Japan 0.31 25°C, 30 psu Yamamoto et al. (2002)
Not specified Galicia, Spain 0.53 22-28°C Bravo and Anderson(1994)
Not specified Tasmania, Australia No data 12-18°C, 28-34 psu Blackburn et al. (1989)
GCDEO8 Tasmania, Australia 0.24 18°C, 28 psu Doblin et al. (1999)
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