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Effects of Temperature and Irradiance on Growth Rate of
Skeletonema marinoi-dohrnii Complex Isolated from
Gyeonggi Bay, Korea

Tae Yoon Song, Man Ho Yoo, Youngju Lee and Joong Ki Choi*

Department of Oceanography, Inha University, Incheon 402-751, Korea

Abstract - The growth rate of Skeletonema marinoi-dohrnii complex isolated from Gyeonggi Bay
was studied in on axenic batch cultures, under non-nutrient limited condition to determine the
growth rate over a wide range of light intensities (5~ 500 umol m%s~!) and temperature (2~ 35°C).
This species exhibited its maximum specific growth rate of 2.48 d! at a combination of 26.1°C and
light intensity of 197 umol m ™! as associated to optimal conditions of light and temperature.
The results supported that S. marinoi-dohrnii complex are more likely to occur in late winter-
spring blooms in the western and southern Korea as well as Gyeonggi Bay due to relatively high
growth rates (0.79 ~ 1.61 d '), considering the effect of temperature on nutrient competition among
Skeletonema species. This study might be helpful to improve the precision and reality of a coastal
ecosystem model.
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Fig. 1. Girdle view of Skeletonema marinoi-dohrnii complex. SEM,
scale bar=>5 um.
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nessen et al. 1994).

2ARE AY

AP eE 679 $x 4o F=Tu7t 7R =
Y AEGAZS0mL) & 24 Solbes T4
9t} (Fig. 2). 522 €= 247} 2,5, 10, 20, 30, 35°C

IS Seedl dssle res i
conls Ae PAHES BEaE Al
7S] APPSR AT Aokl Aol e A3

%—(LLumar filmye g2 ZIA] Zgr= gtoz F3lF

= s}eko] 242t 5, 10, 20, 30, 50, 70, 100, 200, 500 umol

(4 AR FEe] £10%9) 2358y HEs 3

Q. Pk =22 I x A (Biospherical Instruments Inc.

QSL-2100)E ©| -3 ]"33\‘:]'- FAE gz vgE B9

At Eep sz Ww e

Lot g

|

= &l =3
2HE] Vo Ho ks W] dws AEEtas
Aolohe} 712 Zietolg ik, A%
Z]—7]— EA] & (self-shading) o] =|X] == ZF wljof
£ 21k olazl FU o4 2
27b ol o) ARALE Tk F2u%F Syn-
chromzatlon)ol FEE A A 24A7F B o
BBsIsle) of o £} prerel 3% 4 s
Gz AAEEE ANE BAHoR Rrgn
AR 3-4e] A olFolzlon] HY o4 ol 7}
7o) Hrtgesaz e Aeg A5 $F 59
2 FESE 0.5%2 A3 Al2E= Sedgwick-Rafter
chamberel] 1 mLE& Y3 3338 w]7 (Olympus, BX50) 3}
SIA AsekRch o) W FAH 238 Fol7] 5hed A
258 Aol 200) o4 3314 Wste] Assto] 3
ke Agsialeh ARAS S ¥ 4% Aees
7] $l3l 32°C 73kol] Hdt AL F71 st

32

3 ARES} AREY

E A AE (specific growth rate, d”'; ¢]8} AAE)-S
4 24 (=1 dy) o2 AR ALFE ol83te] 2]
(Dell vt AlAksF -

u=t"' - In(NV:/No) unit(day™") (1)

714 No= A 27l EAste HlZzFo|a N>
A i FAIZE Fo] Aol twel AAtE Al o
@ AR AT AL 9Nshel, AETE A
A %38 (Steele 1965; Platt and Jassby 1976; Peeters and
Eilers 1978)© 2 3-A A} (curve fitting)d}e], 7} =3t

Temperature gradient

000I00QIOO®
00000000

2°C 52C 10°C  20°C 30°C 32°C 35°C

Fig. 2. Experimental design for growth rate of Skeletonema marinoi-
dohrnii complex at various temperatures (2~ 35°C) and irra-
diances (5~ 500 umol m%s7").
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Table 1. Specific growth rates from cell counting data after the experiment (Irradiance: wmol m s~

!, n.g.: no growth)

Temperature
Irradiance
2°C 5°C 10°C 20°C 30°C 32°C 35°C

5 0.20 0.26 0.55 0.32 0.62 0.07 n.g
10 0.21 0.27 0.46 0.50 0.53 0.13 n.g
20 0.29 0.51 0.62 0.86 0.44 0.13 n.g
30 0.34 0.62 0.68 1.10 0.44 0.17 n.g
50 0.36 0.44 1.30 1.53 0.90 0.43 n.g
70 0.45 0.82 1.36 1.56 1.56 1.37 n.g
100 0.31 0.79 1.44 2.03 1.68 1.60 n.g
200 0.44 0.61 1.41 2.09 1.94 1.08 n.g
500 0.20 0.52 1.21 1.46 1.36 0.05 n.g

Table 2. Values of parameters tmax;, lopr; and  derived from Peeters & Eilers’s (1978) equation for Skeletonema marinoi-dohrnii complex in

relation to temperatures

Temperature (°C)
Parameter Definition
2 10 20 30 32
Umax; Umax at temperature 0.39 0.71 1.48 2.05 1.97 1.85
Lopiy Lop: temperature 78 106 163 158 186 118
B attenuation parameter 3.13 2.67 1.96 1.02 0.17 -0.83
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Fig. 3. Effect of temperature and irradiance on the growth rate of Skeletonema marinoi-dohrnii complex. Each line indicates fitted plot in
three different models of Steel (solid line), Platt & Jassby (dash line), and Peeters & Eilers (dotted line). Result on 35°C was omitted
due to no growth.
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Fig. 4. Relation between the growth rates (observed w) and fitted

growth rate (estimated u) by Peeters & Eilers’s model (1978)
for Skeletonema marinoi-dohrnii complex.

Table 3. Values of the main parameters related to growth of Skele-
tonema marinoi-dohrnii complex

HUmax Topt (OC) Iapr QlO (2 -~ 26°C)
Parameter 2.48 26.1 197 1.78

o} (Table 3). &xof 3k o] Fo] AAuE-32
(26.1°C)2 FALo2 olHY 27} vloldp
SkakshA Zhagt uide), HAH L= s
= I Bash A% ng £
FAZ & o] T2 2°C oJtellM= AT 4 =
Ao vk of 130 38 ABEYE A
7|Z3te] o] 2A Hd AAEel dF L= s 77
Eppley (1972) A3} v w3bH, S. marinoi-dohrnii complex
o RS- A Lol A E] 20°C7HA] Eppley 413} 7]
o sabshgot 1 oo exyEE 27 Al o
4 s AW A Eppley SA12ke] 2fel7} selaiA] o
At o] T WhgFA ez HE dofAl Qi 1.78(2~26
°C)o.2 Eppley 49| 1.88H 1t} tha w3k

(T)=1.124 (0.103-7) <5 393 (49'89_T)>]
max(T)=1. ‘e 103-T)—e 393 ——r
# *P P 8.271
3
(51.57-T)
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Kaeriyama et al. 2011)%= Skeletonema 48] FE Ztol| Ak
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ZAA zte}A] 7] witeltt. wpebr A F AAES M E
5 AAE vlE @, o]d A 2xrt SN
S AZREE Sxv A7) e 1 Xpel: 312
A o FEl5A vebde) o] gk #2442 Langdon (1988)
o] Table VIIo|| A 5~25°CellA] =A% HA45 WA}
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Table 4. Ranges of specific growth rate and culture temperature in relation with Skeletonema species (Unit of irradiance: umol m™%s™",

combination: The combination of a wide light & temperature range)

Temperature range  Specific Growth

CC) rate Method
Species Light : Dark period (h) Reference
(Top) w(d™") (Irradiance)
Growth measurement
2~20(20) 0.54~1.92% 12L: 12D (130) Hitchcock 1980
cell count
20 0.07~3.47*" 14 L: 10D (180) Gallagher 1982
cell count
Skeletonema costatum s.1. daylengths (9~ 16 h)
5~25(25) 0.7~2.79* (5~450) Langdon 1988
cell count
N _ 14 L: 10 D (combination) Suzuki and
3~30(25) 0.2~15 in vitro Chl-a Takahashi 1995
Skeletonema ardens 20~35(35) 1.4~23
Skeletonema costatum s.s. 15~30(25) 0.8~1.3
Skeletonema marinoi-dohrnii complex 10~30(25) 1.0~1.6
Skeletonema japonicum 10~25(25) 1.0~1.6 14.L : .10 D(150) Kaeriyama er al. 2011
in vivo chl-a
Skeletonema menzelii 15~35(25) 1.2~2.0
Skeletonema pseudocostatum 15~30(30) 1.2~19
Skeletonema tropicum 15~30(25) 0.8~14
Skeletonenma marinoi-dohrnii complex 2~32 0.39~2.05 14 L: 10 D (combination) This study
cell count
* : Specific growth rates converted from division rates; : variation among clones of Skeletonema costatum s.1.
2. S. marinoi-dohrnii complex2] W AEA 3} X 6
AeEgaE Zoig 47] ge Ages W), H4 .
%, 00 2E AL ANANN B2 AL ST A T
e} 2] ¢] (niche)E FAIsEd F23l} (Goldman and Sl
Carpenter 1974). 2 ZA3}o| A A A8 S. marinoi-dohrnii %i
complex?] FHHWWAE b3 o] Zt= EAS WL A § 3
A W9 (2~32°C)¢} Eppley (1972)¢] FAlo] 245} 3
on
£ 998 AT (Fig 5). £ MeIHL £xr} E N
2 .
b AER F7leAR Adeng ol § e \
A 2%01 343 gagoz, AF HHALEQ61°07F = =
B AT (20 B2l el 2344 A8 B
. \
< U}‘}}D} (Suzukl and Takahashi 1995). o]2|3F €12 o] 0 I\
0 10 20 30 40
Fo AAIAe) MAFHEE QlelAl 26.1°C ol ek
T ture (°C
2 olske] exeld] o 2 Agathe AL ojuwn e
(Eppley 1972). 18] =2 o]2|3t EA > AA| S. marinoi- Fig. 5. Temperature-dependent functions for the maximum phyto-
dohrnii lex7} 2 el ALHE oJ27x] o4 plankton growth rate in the Eppley (1972) curve (dashed
ORIl COMpIEX 7| ~=Hi =i = =T Al line) and the specific growth rate of Skeletonema marinoi-
Zo 2 W3 Ed3l= EAS 2 A st (Kooistra dohrnii complex (solid line).
S LR =LOrT 9= = p

et al. 2008).
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Table 5. The bloom pattern and seasonal dominance of Skeletonema costatum s.1. in Korean coastal waters

Study area Timing of blooms Temperature (°C) Salinity (psu) Survey Reference
April, July Monthly Choi and Shim (1986)
Gyeonggi Bay March, August 1.4,27.6 32,26.3 Monthly Lee et al. (1997)
August 26 20.4 Seasonally Yeo and Kang (1998)
February 1.6~2.5 28.8~30.7 Seasonally Yi et al. (2005)
July Seasonally Kwon et al. (2009)
Mokpo coastal Waters March, April, Mar. t(? Nov. Cho (2010b)
July, August during six years
Jinhae Bay Sep]tl:rflber B Seasonally Yioezne(i cljlar(kl 51891?7)
December Monthly Lee and Huh (1983)
Deungnyang Bay January Jarll\l/llgrr;th}?ﬂy Youn (1999)
January and Oc,tober’ Youn and Kim (2003)
Gamak Bay Spri“{i;ii;‘e‘?mer’ 73~255 31.8~34.6 Monthly Park et al. (2009)
December 4.4~30 31.4~34.5 Monthly Oh et al. (2009)
Gwangyang Bay Febryary 5~8 29.6~32 February Baek et al. (2011)
Zfa‘:izli‘;igz“d" July 20 Cho et al. (2010a)
E?tse(r)ﬁtirgisf December, January 10 34 Monthly Jang et al. (2013)
Jangmok Bay August, September June to September Jang et al. (2010)
Gori August Yoo and Lee (1982)
SFA] A F& uhe} zro] Skeletonema 4-2) W B FE 220
< FHA2=7} 25°C o] Afoltt. o= B3l S. cos- 200 o~
tamm s1-& $ee} Aekel A 14~30°C) Wl 2 2 )
H SAHEoz Y3, A7 M= BRI ohzt g 1807 W
A7) (12~4Dol = W24 e Yot (Leeeral. 1997, & 160, s \
Yi et al. 2005; Table 5). ]9} 2r-& A EEFIES] 2 z e '.
SEsh AR AN 2] BYA FAE olw ol @ \
FollA A 71" v} o} (Smayda 1969; Eppley 1972; Dur- é‘) 120 P o '
bin 1974; Suzuki and Takahashi 1995). Skeletonema”} 1} g wol o s
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Fig. 6. Variation of optimal light intensity (/,,;) versus temperature
for Skeletonema marinoi-dohrnii complex.
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