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A. sanguinea® A AEE(0.28 day) = & 25T, UE 30psu L}E}M#u% H A A F(émwxgéy_a] 80 % ©] ] %7&)% 49— 25C
o g 15~35psu® WEbSTH WEbA A4 sanguineats 1 F2/dolH, FHAEY AT EAS A e Aom BT
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84.93 ymol m? s’ .2 el AEH O R 4 sanguineas= dAOl FEI B A
Qe frele sy 548 Hols Aoz yhddd.
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Abstract : The effects of temperature, salinity and irradiance on the growth of the dinoflagellate Akashiwo sanguinea isolated from Jaran Bay were
examined in the laboratory. Maximum specific growth rate(0.28 day”) was observed with combination of 25 and 30 psu. Optimal growth (>80%
of maximum specific growth rate) was obtained at 25 C with salinities of 15~35 psu. This results indicated that A. sanguinea is a stenothermal of
the high water temperature and euryhaline species. The irradiance-growth curve was described as §1=0.31(1-16.87)/(1+51.19). The compensation
photon flux density (I)) and half-saturation photon flux density (K;) were 16.87 ymol m? s" and 84.93 ymol m” s”, respectively. In conclustion, A.
sanguinea has advantage physiological characteristics for the species succession at the coastal areas in summer with sufficient irradiance, high water

temperature and large salinity gradient.
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Fig. 1. Map showing isolation site of the vegetative cell of

Akashiwo sanguinea in Jaran Bay, Korea.
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Fig. 2. Relationship between cell density and in vivo
chlorophyll fluorescence of Akashiwo sanguinea.
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Fig. 3. Growth curves of Akashiwo sanguinea grown at various water temperature and salinity

combinations. Each symbol represents the average of triplicate data.
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Fig. 4. Contour plot of specific growth rate(day") of Akashiwo
sanguinea at various water temperature and salinity

combinations.
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Table 1. Summary of maximum growth rates and values of temperature and salinity that led to the maximum growth rate reported on

dinoflagellates and raphidophytes

. Maximum Temperature Salinity
Species growth B References
rate(day™) (©) (psw)

Akashiwo sanguinea (Jaran Bay, Korea) 0.28 25 30 This study
Akashiwo sanguinea (Tongyoung, Korea) 0.26 16 30 Lee et al., 2005
Akashiwo sanguinea (Jangmok Bay, Korea) 0.54 20 - Baek and Joo, 2012
Akashiwo sanguinea (Hakata Bay, Japan) 0.78 25 20 Matsubara et al., 2007
Alexandrium catenella (Masan Bay, Korea) 0.36 25 30 Oh et al, 2012
Alexandrium tamarense (Masan Bay, Korea) 0.31 15 30 Oh et al., 2012
Chattonella marina (Gamak Bay, Korea) 0.64 25 25 Noh et al., 2006
Cochlodinium polykrikoides (South sea, Korea) 0.35 25 30 Oh et al., 2010
Gymnodinium catenatum (Yeoshuhae Bay, Korea) 0.50 25 30 Oh and Yoon, 2004
Gyrodinium instriatum (Hakata Bay, Japan) 0.49 25 30 Nagasoe et al., 2006
Karenia mikimotoi (Suo-Nada, Japan) 0.70 25 25 Yamaguchi and Honjo, 1989

Table 2. Occurrences of the Akashiwo sanguinea blooms in Korean coastal water during 2002~2012. Temperature and cell density

records at the time of the occurrence of A. sanguinea blooms (http://portal.nfrdi.re.kr/redtide)

Temperature Cell densit

Year Area m?’C) (cells ml-l)y
2002. 08. 05 Tongyeong Punghwari 28.5 1,100~2,200
2004. 06. 10 Ulsan Bay, Onsan Bay 17.2~18.8 800~1,200
2004. 06. 14 Masan Bay Dotseom (Mixed red tide) 22,5 500
2004. 06. 18 Tongyeong Harbor 22 1,600~21,100
2004. 05. 20 Geoje Gujora 17.2 150~980
2004. 05. 21 Busan Yeongdo 12.0~16.8 300~500
2004. 07. 22 Tongyeong Bukshin Bay (Mixed red tide) 27.7 250~260
2004. 04. 29 Masan Bay, Jindong Bay 16.0~16.5 400~3,000
2006. 06. 07 Masan Bay 213 1,700~2,500
2006. 06. 07 Jinhae-Haengam Bay (Mixed red tide) 23.5 200~800
2006. 05. 17 Jinhae-Haengam Bay 14.2 10,000~13,000
2006. 05. 18 Masan Bay Dotseom (Mixed red tide) 17.5 300~350
2006. 05. 29 Masan Bay 19.7 <200
2006. 05. 29 Masan Bay 21 500~1,000
2006. 05. 30 Tongyeong Harbor 18.2 200~450
2007. 07. 24 Tongyeong Dosan Jeosan 22 280~500
2007. 12. 03 Geoje Dongbe Yulpo 13.5~13.6 970
2011. 05. 28 Jinhae Yongwon~Gadeokdo (Mixed red tide) 15.9~17.2 60~200
2011. 11. 04 Geoje Gohyeon~Dundeok Bay 18.7~19.5 500~2,000
2011. 10. 06 Geoje Gohyeon Bay 21.2 750~2,200
2011. 11. 08 Tongyeong Harbor~Hasan 18.4~18.9 1,000~3,000
2011. 11. 08 Gadeokdo westen side~Goseong 18.35~19.01 58~313
2011. 11. 10 Geoje Dundeok~Jangmok Bay 18.5~19.3 500~1,000
2011. 11. 21 Geoje Chincheondo~Geoje Bridge, 15.94~16.73 310~1,850

Dundeok Geoje Bay~Geoje Bay, Yulpo Bay
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Fig. 5. Growth curve of Akashiwo sanguinea grown at

various light intensites.
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Fig. 6. Specific growth rate of Akashiwo sanguinea as

function of light intensities.
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Table 3. The comparison of half-saturation light intensity (K;) and compensation photon flux density (Ip) for Akashiwo sanguinea and

other phytoplankton from various environments

Ak ek 3716l M B O A sanguinea®] 1ol 3
Fahs AL oF 10m=E A4S o] Ak o] FAle Abgh
o] AZol Gt FHORE A sanguinea®] 3 o]-&AI Tk
At Al A AF7H FYAE WAL £ 9L

an

|

AR FH N FEE] 80% oWl FIhe= 2 25T
15~35 psu® YERRTE g AT Fe] AAR §
k2 16.87 umol m? s, Ky 2 84.93 ymol m? s'& 1}
ot AnpA o=z zehnbol Al EE 3 4. sanguinea® 7%

L= M ooX

Ky Iy
Species . References
(umol m™~ s7)
Akashiwo sanguinea (Jaran Bay, Korea) 84.9 16.9 This study
Akashiwo sanguinea (Hakata Bay, Japan) 114 14.4 Matsubara et al., 2007
Alexandrium tamarense (Masan Bay, Korea) 44.5 20.7 Park, 2013
Alexandrium catenella (Masan Bay, Korea) 59.5 40.8 Park, 2013
Cochlodinium polykrikoides (South sea, Korea) 53.2 15.3 Oh et al., 2010
Gymnodinium catenatum (Yeosuhae Bay, Korea) 42.6 10.4 Oh and Yoon, 2004
Coscinodiscus wailesii (Harima-Nada, Japan) 52.0 5.69 Nishikawa and Yamaguchi, 2008
Eucamphia zodiacus (Harima-Nada, Japan) 49.9 5.04 Nishikawa and Yamaguchi, 2006
Skeletonema costatum (Jinhae Bay, Korea) 31 1.0 Oh et al., 2008
HNEZHIES Ho o]&3HLE AMAFAS AAS= et al, 2001; Park et al, 2001; Park et al, 2002; Lewis et al.,
=83 aololt}h wWelA A sanguinea®) Ty kS WIH OS2 A 2006). WEFA A sanguinea’™= 95 H S WIH LR ol &
kel Al o] Fo] Aol Qo] T A sHAE VIee apAdste ATl TR FIHS FFeta, Fele
2 MAFAE 53 BAUTE A sanguinea] 1,9 AFshE T AE The A oA &4 F o] fo] sted
FA]S Lambert-Beer 2] (Iz=lpe™, Iz F4] zol A2 #3F [ = ARo=z AZwEh
A B, zv T4 ke W *’\Wﬂ—r)oﬂ ) 8}
Aoz AL 5= Ak ol wf A E =Tt A 4. 4 &
A B 5 3HA] 2 Bl (http://www.meis.go.kr)oll A A& E = 3 FEH
SA% A5 T AN FYEE A 49myE o] &3t A AR ZFH Akashiwo sanguinea= H A §-2lUetoll A 31
A THk=17/z; ks 2T, 2z FHEE T4 B 25 FE 2SR e dAe @A, adERE DS
FEFS 71 xS 7]”° < Adntat 7 7hh o A o g F e A ARel 2344 Rl WikA: ] E Pk
& AF ARTVERASAA 2013 840 o W A A Hog JAE dF F AE Ao A
AFEFS o] 83 Th(http:/www.kma.gokn). FHH AAFE @9l Qlvk 53], 20003 tholl o] Foll o7 Hx= F= et
= Mim?o|7]o] & Aol A ARESE A golR Ak A FE UER glom ARk YRt AR AxE
Ja7b Ak FEA ol o]&3k= oF 400~700 nme] el A @Akl FHLsHA Fdete A oR yetsth AR =
AAFT FegFak Alolell 1umolm?®s™ = 0.2 m” s'(Nishikawa @A 719 F2H9E AR F38 sjelS Holx| gol,
and Yamaguchi, 2006)2] #HA 7} 9l Fabo] rhEsiel wa B Fo] Ek 7|2 A AE sy —‘i:%‘—.% vjotst P vt
ol YAFFS HkAL Sof uhEl 15%7F £A5kaL R A7V, Akl A B2 A sanguinea®] 73 ol FS |
50%7F FA fravbdom sl dArgthal ZFAEl Ae R, g B Fxde] SAS Betstalth 4. sanguinea
© ™ (Nishikawa, 2002), oW EZ3FS °F 553 imolm?s'2 o HWAAETE 58 250, 98 30psuz YEFGOoH,
b3
S|
o
=4
£
E}
o

fe o R rE

Ro 7 ROth 53], ¥4 H&d vk}l 2ol 4. sanguineas
C. polykrikoides, G. catenatum, A. tamarense's- ¥} o] Wi} <
FAo) HEA o] 8L a Fof £HolE o] 7Hs 5 rh(Baba

e 2, 9, F 2ANS nddoky, Bl s
G 2N Aol ThsetH, s AEste e 1
Za Je AR ACNA o] Thed FEPe] Tow @
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