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Effects of Irradiance on the Growth of the Toxic Dinoflagellates
Alexandrium tamarense and Alexandrium catenella

Hyeong—Kyu Kwon, Ji—A Park, Han—Soeb Yang, Seok Jin oh’

Department of Oceanography, Pukyong National University, Busan 608-737, Korea

Abstract

The effects of irradiance on the growth of toxic dinoflagellates Alexandrium tamarense (Masan Bay strain) and
Alexandrium catenella (Jinhae Bay strain) were investigated in the laboratory. At 15C and 30 psu for 4. tamarense and 25C
and 30 psu for A. catenella, the irradiance-growth curve showed the maximum growth rate (lma) of 0.31 day” with
half-saturation photon flux density (PFD) (Ki) of 44.53 pumol m?’s”, and a compensation PFD (I¢) was 20.67 umol m” s for
A. tamarense, and 1imax of 0.38 day'] with Ky of 59.53 pmol m?> s'l, and I. was 40.80 pmol m? s for 4. catenella. The Ie
equated to a depth of 8~9 m from March to June for 4. tamarense and 6~7 m from March to June for 4. catenella. These
responses suggested that irradiance at the depth near the middle layer in Masan Bay would provide favorable conditions for

two species.
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2.1. Alexandrium tamarenseRt Alexandrium catenella
o| Eg|

A. tamarense= 20113 40| AS[THN35°2'24",
E128°42'33") Z18]31 A. catenella*=2011 6& u}it
THIN35°7'18", E128°35'56") ¥Z3sll<==25-F| pasteur
pipette(d 50~100 pm)-2- ©|-8-5}o] 225}t Guillard,
1995). Ea8]¥ AMFEE oJafslia(pore size; 0.22 pm)S
olgalol 3-43] N AFslo] el eRsislt
AMEE BRI E5) QJokoll A AlLsah QJoRN36°24!
938", E130°42'055")& vlEro &2 3t 7&Fs /2 ujj A
(Guillard®} Ryther, 1962) 2, H[|oFE.5(DU.23175215,
SCHOTT/DURAN, Germany)©l] 10 mL 7} &, 4
tamarense2} A. catenellas o) A|3FATE A H|OFA] &
£, 93 295 B ZAL A gAle] B}
AR & £ 2% 20T, 30 psu 18|37 300 umol
m’ s'1(12L:12D; cool-white fluorescent lamp; FHF32SS,
Kumho, Korea) 2 s}o] At wjokslict 2} AESH
4 0aS ] Sy BE AR gt
(202 kpa, 20 min) 2 AZHIH120C, 3 hr)AlA ALE
Slck 283t A. tamarense2} A. catenella 2] A3t
4L Q54 Calcofluor white M2R AU A]RE- 0]

e - 4%

g5t} gl Ae selstel 2 Baks| st
%tOh &, 2012).

2.2. Alexandrium tamarense2} Alexandrium catenella
o| M¥oll n[xXle =xof FE
o WE AHSEE 0|5 o83 A 7

X oF 3 e Il WA 2ol
(Brand 5, 1981), @u]4-2 FallA] A4at Az
2 olgste] AlEE} Bayghe] AuAE o
otck. 71 A MEUEe} §gk Aolol Fig. 13}
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Fig. 1. Relationship between cell density and in vivo chlorophyll
fluorescence of (A) Alexandrium tamarense and (B)
A. catenella.
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A. tamarenseS}; A. catenella ] Z %o W A<

= olopir] $18), WA 2tzte] AEE 2242}
& Hof| AS5H= (A, tamarense 15T, 30 psu, A.
catenella 25°C, 30 psu; Oh 5, 2012)%} 300 pmol m>
s(12L:12D; cool-white fluorescent lamp)2] ZE o]
A tj=4dA}7](exponential growth)7}A] AAFA|Z Tt
ol& ZEFE 2EjAS wjkEH(MDH. TT10100,
DAIHAN, Korea)ol| Z9J3F &, 2% A|ZUw7} of
100 cells mL'7} ==& FHEst5ct 2EE 10, 20,
30, 50, 75, 100, 150, 200 12|31 300 pmol m” S"IQ‘]
50 SR BT, o5 7HA O v 22 AIZH S
Z 10A))]l in vivo chlorophyll &334H-S =435 c)
A R WOl 717 E2E0] BALS

o1g3to ke 4] (1)l 3l At

1. N,
f=—In—t
At N, )

No, Nu: tlsd 7104 2719} tAIRE 9] A2
(cells mL™)
At: ti= /378 719] 717H(day)

R #E% ﬁq J&ﬂlt I Asf@A}(photoinhibition)
O] fof wheh o AL ARSI 2 Aol
T 2 1% 3 Aisate] ¢igl71el, Ledermany) Tett
(1981)2] -2 7Hegst 2] (2) & of-8-3to] ALttt

1-1,

H= Hinax

1 AF AR = (specific growth rate; day ™)
Henax: Z]TH/S
day™)
[: &% (irradiance; umol m” s'l)
L: B AFZ %= (compensation photon flux density
(PFD); pmol m~s™)
Krp: 9F3E 512 = (half-saturation light intensity;

pmol m> s'l)

<45 (maximum specific growth rate;

L= HR ZF A tamarense?} A. catenella®] /3
ol = vAl= 222 Y= Fig. 29]rF1g 30
VeIt A tamarense= 10~20 ymol m™ s™ 712
31 A. catenella’=10~30 pmol m™ s™ o] A= A =
S} Ho| 2] gkt shAINE 2H2E 30 pmol m? s 71
2]32 50 pmol m” s RE| 29| F7to| wel Al EY
=7} Z7F8141. 01, 300 pmol m™ 5™ ol A 2+t 34,609
cells mL"¢} 23,337 cells mL' 742 Z7}819ich 4.
tamarense®] 34T = 30 umol m” s of|A] 0()9
day’ 'Z 7 ke ARk = 1ol 150 pmol m” s

olollA= AL ARt &S HTH0.28+0.01
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Fig. 2. Growth curve (A) and specific growth rate (B) of
Alexandrium tamarense as a function of light
intensities. The values (A) are represented with
means of triplicate. The curve (B) was fitted to the
observed values using a non-linear least square
method.
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Fig. 3. Growth curve (A) and specific growth rate (B) of

Alexandrium catenella as a function of light
intensities. The values (A) are represented with
means of triplicate. The curve (B) was fitted to the
observed values using a non-linear least square
method.

day™"). BHA, A. catenella’= 50 ymol m™ s o} 4] 0.13
day_li 7P e AR S H Y O, A tamarense
9} b7HA 2 150 pmol m” 5™ oAk A= frAket A
A& 2 LFERATH0.35+0.04 day ™).

A. tamarense2} A. catenella= 2 A1) H|R%
©1300 pmol m™ 5™ 744 33 AL Ho|A] gkgkch
0|+ Hiroshima Tro)| A B2]= A. tamarense £2]52}
A. fundyense H-8)Z=o)| A Z+z+ 2o} 350 umol m” s™
(Hamasaki ., 2001)2} 425 ymol m™s™ (EtheridgeS}
Roesler, 2005)9] &=ofA] F A do] UehtA]
opstths Aot GAslgtt B Aol o]
o] Zf =7} 300 pmol m” 5™ &2 1 o]4ke] %

oA, A7) Als
278 Uep7lol, &

vhoR 3 AHRARS TS 4 glom o ke %

N
)
=2
X
H1
il
i)
filo
4w
o
et
[
fo
N
30
=

A& el 212 9] WA= Lederman ¥} Tett(1981)
o] WU At A1 ol §ste] ANIsteict 7 A%
SrE HAAL 4 tamarense?] 73S, 1p=0.31
(1-20.67)/(143.19), (12=0.99)Z, lnn= 0.31 day™, I
120.67 umol m” s, Kyi=44.53 pmol m™ s & U}
WAl A. catenella’= 1=0.38(1-40.80)/(1-22.07), (r2=
0.98)Z, limax=0.38 day™, 1.==40.80 ymol m~ s™, K,
L 59.53 ymol m” s & Urepgt). o]g3t AupE o}
ket Bollx] Hels ofe] AREYaEY B 54
I} W] EH(Table 1), 3gof gt Xshyd A+
(affinity index)Ql Ky g2 & & 5 FARSHA UrE}
o, Mikawa T+Q] 4. tamarense E-2|FS L &5}
o] th2 HEZRE 9 125 Skeletonema costatumI}
= AR Lebgek

SR, %}S] B, A. tamarense?} A. catenella 2.
o} 2uf WA yepgrom, o] Hiroshima Tkt
Mikawa 7t E250] gk HObE Wke Wi A
catenella®| Iex= L2 F2|F0F AR gh& H A,
-eluete] Msfatol| A e 1F25F S. costatum, 2F
HEZF Cochlodinium polykrikoides} Gymnodinum
catenatum “12]71 A HR 22 Chattoenlla <, Heterosigma
akashiwo R E =2 1712 YEFHTKTable 1). o]&]
3 ATke FaRet e Hrae) s 49S 9
o 7 Aol Eohs A ofuleln, 44 % 2=
7} 71 7% sl 2R 4 Ho) gl AlelHel 2
AE PR ol Ao BNech et HREs %
oA C. polykrikoides, G. catenatum, Chattonella <
1831 H. akashiwo 5 ZFE 7FA 31 QA 9= HE X
Z(unarmored flagellate)+= = A2 2+ 7} HE R
H(armored flagellate) Q] A. tamarense®} A. catenella
Heh o BRHOE BL o] g3k S0 etttk
o] ZHplate)o] F o]-gof qlo] WeflE= 2HE-5k=
Ao 2 HE u} ¢] ©nj(Yamamoto 5, 2002), ©]2}
T F ol-gofl wet AYejshy b= ok EFE
sh7]of| o E= A7} K3 e ofof g A o).

N
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Table 1. The comparison of half-saturation light intensity (Ky and compensation photon flux density (Ic) for Alexandrium

tamarense, A. catenella and other plankton

Ky

L

Species

(umol m’s

D

References

Bacillariophyceae

Skeletonema costatum
Dinophyceae

Alexandrium catenella 59.5
445
62.0
32.0
53.2

42.6

Alexandrium tamarense
Alexandrium tamarense
Cochlodinium polykrikoides
Cochlodinium polykrikoides
Gymnodinium catenatum
Raphidophyceae
56.9
75.9
Heterosigma akashiwo -

Chattonella marina
Chattonella ovata

Oh et al. (2008)

40.8
20.7
45.0
9.76
15.3
10.4

This study

This study

Yamamoto et al. (1995)
Oh et al. (2006)

Oh et al. (2010)

Oh and Yoon (2004)

114
16.0
1.0

Noh (2009)
Noh (2009)
Takahashi and Hara (1989)

SHH, A. tamarense2} A. catenella®) 1y°] s|gsH=
2241 Lambert-beer 2)(L=loe™; L= 4241 zol| 4 9] =
I, o= SHolA 25, zi= 4, ks WO 241
o thelste] A o= AR 4= Qlek ofnf] 2x4H
T2 2011 397 7H7bA] w1314 S4% &
BEE o] 88t en(k=1.7/z; k= AT, 2= F
B ), SRS 7R S )R

opikTE 7Y 77k RS A7 EEEAIR Y
A Y PAREFE o] 8SHTHKMA, 2011). 43

UALEF Tl MI m7o]7]o]| B Aol A A8t
FEA 92 gk davt qlok Bl o]8-st
+ ©F400~700 nm&] st x| Arpkat FeA} Atolof|
1 yimol m” s = 0.2 J m” s (Nishikawa 2} Yamaguchi,
2006)2] TA7F 9lo] HAko] 7R stk Tk shel
QAL WAL o wfe} 1597 4Alelat L) 0%
7 R TR sie] AAst 71t
S ch(Nishikawa, 2002). A. tamarense2} A. catenella7}
S 7170 B Lo| sEshe SAS A
tamarense®| 75, T Fo] Edsl=3Y, 5¢Y, 62
8~9 m, WkHol| 43} 792 3~5 m= UpEpyiTth(Fig.
4). A. cetenella®) 1.9 Sgsh= 4234, 54, 6
L 6~7m, 4L} 7HL 2~-3 m=E A. tamarense©]| B| 3}
Tha & =4S B SITHFig. 4).

YAHE 2= o] 2ol wet 24| 4
o #ntopet ol o] B B4 wieof| Fake =,

o2 bt

@
=

Depth (m) Iradiance (umol m?s)

Depth (m)

Fg. 4.

o]
=

£
B

N
e

—o— Irradiance of surface
Moving average (7 days)|

A)

o

------------ Depth of corresponding to Ki
Depth of corresponding to lo

" March ' April May

Changes of irradiance (A) and depth of corresponding
to compensation photon flux density (Ip) and half-
saturation light intensity (Ki) of (B) Alexandrium
tamarense and (C) A. catenella from March to July 2011.

" March ' April May June July

Time (month)
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