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The Effect of Temperature, Salinity and Irradiance on the Growth of
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8 o HEZXF Alexandrium affine®] 7ol g ¢#&, G L F =1 A3
(0.69 day")= & 25C, ¥ 25psu WEFOH, A A GHH N LS

A A affinei= MaA F2AolH, FAd e AEdtA 542 7L At FeFe] w2 A AFAHgNA S5 A
2L 1=0.75(14.25)/(+65 4N, B FF(1)S 425 pmol m? s, W E 33 (K)S 57.0 pmol m? 5’2 UElEth A2 H O 4 affine= 3l
S, Y RE Fo] & AN E 33 & 5 e FEd AYH SA4S Bole Ao ddHT

19 B AR A afine] AN EEE
20~25C2] F#E2 20~ 35 psu= velytc}. uet

MO : FHRZF, Alexandrium affine, T2, A, ¥, AFEE

Abstract : The effects of temperature, salinity and irradiance on the growth of dinoflagellate Alexandrium affine were examined. A maximum specific
growth rate (0.69 day”) was observed with a combination of 25 C and 25 psu. Optimal growth (80 % of the maximum specific growth rate) was obtained
at 20-26 C with salinities of 20-35 psu. The results indicated that A. affine is relatively stenothermal of given high water temperature and is a euryhaline
species. The irradiance-growth curve found can be described as p=0.75(1-4.25)/(1+65.47). The compensation photon flux density (I) and half-saturation
-1

photon flux density (K) were 4.25 pmol m? s and 57.0 pmol m? 5™, respectively. In conclusion, A. affine has advantageous physiological characteristics

that enable it to be a dominant species in coastal areas with high water temperature and a large salinity gradient, in spite of relatively low irradiance.
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1. B AR ZH7F 4387 AFERem, H o= Cochlodinium
polykrioides &7 22 3 PR IFol o3 Hx7F A

25 IPCC s7F BaA A QA8E] mek 4 Ao Sl AHH BAE WA SeHKim et al., 2000)
2 A Eusl msa gor], Augon Ao guyy o HAVER T Mexandrium: Gonyaulax Sl 3k
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B Sol= ] 1 7] 5] o 9l th(Walther et al. S
2002). EF ANTE g Fdgshs AR e B2
A tGFE Fu QE Ao FeiA duk olel@ A5 % °F 3099 Fol wehe Ao MK gltAnderson e
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W, 4299 % 1970 E FEFA 1980d) o]  Hamful Algal Bloom(HAB)e] H22 Halel o] #(Cho, 1978),
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et al, 2014; Lim et al., 2015). T150] 2017 8¥ £ Qo
X A affine?t ] 100,000 cellsmlo]/de] U= A= FAY

3} (https://www.nifs.go.kr/redtideInfo?id=lis&sc=&sv=&cPage=6),
Alexandrium <5°] 2]/ 8] 58] gk o3zt d a3t
oA Al F9 A affine= 1985 AEo) A HEE
H 315 9] 0 ™ (Fukuyo, 1985), 71 ©]¢ W E, Zg|xo}, 2
g, g9 5 oA F7tA =3 27t AATHBrand et
al, 1981). 53] WHEY E2|59 ¢, dFolA saxitoxin®]
dAEo], o das Fo2 FE 3 th(Larsen and
Nguyen-Ngoc, 2004). 3+=-o] 4= 1986\ 7} 1987\ 5 1kol| A
A fraterculusSt A. affine®] &3 AZ27} HEZE HIEHo 9
O H(Kim et al., 1990), cyst®= At EH EoA] EA35}7] wE
ol (Shin et al., 2007), A3 LA LA F To2 A7ty
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2. M= 3 g
2.1 Alexandrium affineQ| | X[Hl 2k

Aol AMEH A affine(LIMS-PS-2345)= &l %3}et7]) 4
AFAEEAMHE S EETFIAE 7SS HETH)olA
Zé A

il

FHF 5% 0001 uMo] H == 37} spo] ARg-HlTh 2214 Q1
& BE 32 clean benchol A 33}

S ul7] 913
), A8 7] = 319HE 7202 kpa, 20 min)ake] AH&SFI ).
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ok ZAzke] gAlel Ag
DAIHAN, Korea)oll 20142 5mLF<) 3 3 Al £57} oF 100
cell MLV} H =2 H71egn). o T ol 714
A

A wl, 20 psu= ©]

o
Z¥oll in vivo chlorophyll 8378 S5tk A &2 triplicate
2 Fsglon, AdEes ols 2 et
AEZe] AgEesE dedds Bols 7 s2te 33k

& olg3te] hgat g AL o g3te] AEEL,
vl O

u : B A AE S (specific growth rate; day™)
No, Neth=A878 71l A 271} tA1XH(day) $-¢] &3k
At - FAE719] 71 7H(day)

2.3 Alexandrium affineQ| ‘Y20l &2 n[X= ZF F&

Fgol| 2 Y £S5 ol ] 98 HAFLH A
o] A%l 27257, 25psu) & 2 2F 200 pmol m?s' e Z=7
MM g AF77A] AT AEE o] &3t B
WA 3 AFIES o] f3ke] 10, 20, 50, 75, 100, 150, 200,
300 pmol m%s'(ZF A &9 £10 %)Y & §HHAIR 3% L,
gake] 48 345 A|(Biospherical Instrument Inc. QSL-2100)%
o]- &3tk o] % o] & HA S E wiYd e AIZHLA 10:00)
o 344 =7 (10-AU-Fluorometer, Turner Designs)= in vivo
chlorophyll 33%k& SA3AY. A2 3 W3t 33}

=
gor, AFEEE Fevt GRd ne 4 489 B
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Arerelal, daste® vehd
2= Alejste] Axtarieh A
3 @de] el whet of 2] A
, Aol M= FAE ddol §lo], Lederman
and Tett(1981)°] RS 7H&FSE 25 o]-&3to] Abaqitt.

U= M, (K]_ I(]) + (I_ I(]) (2)

1 : ) AR (specific growth rate; day™)

Ui 2] T A8 45 & (maximum specific growth rate; day™)

I : 3 (irradiance; pmol m?s™)

I: X734 % (compensation PFD; pmol m™s™)

Ks : W3 3} 33 % (half-saturation light intensity; pmol m?s™)

2.4 sHYBEXE (e, g2 181 £K)

g 2 549 WstE motsy] fste] s BT
TH(Korea Environment Management corporation; KOEM)©ll 4]
st A FAESAHA YA RS AT &8 AT

E), 1997955 2017d7M4] %% 2, g% 2 FYE A=
£ &8sst

A Z A 7H} 71747 (Korea
Administration; KMA)ol A A &%= 282 AR T A}
ARLE B9 A9 ke AT 73RS AHe] ARE
o] &3l TH35° 09 © 497N, 128° 02" 24" E). A} 717+
19979 5-E 20173 0.2 €8 FAE Hat o] ARE3SISITh
T ALY @917 MJ mPolm el A ALE-SE
F2F @919l pmol m* 51 &2 FHiko] H gttt Ao o] &
3= °F 400~700nme] THFoll A AAReF} FEEat Abolo
1 ymol m? 8™ = 2x10" Jm™ s™'(Nishikawa and Yamaguchi, 2006)2]
HAZE slo] #be] Thsabe, sl ARG WA Fol
w15 %7F SRSkl WA 50%7F Fd R g R
glarH o] YAarghehal 717g 3FS th(Nishikawa et al., 2002).

PAFE Meteorological

3. 21 ¥ &
3.1 Alexandrium affineQ 4Fo| J&s O(X= 21
HEo &
A affine®] A 37 21& oty 98 ggFd =2
I AR ZHdA A AES AAEStHFe 1), Ad A

BZ5F Alexandrium affine2] A7) WX & &, 98 181

3%

ofd

&

1o

3}, 10psue] BE 5 20N A affine] AXUZ=7} A
O e}
=

stAY, faske Ads Btk g BE el A
10C$}F 30CY FoA 0.00~014day' 2 H& BAEEES

BIow, F=L& 15TAME 0.03~034day' = 35psucll A =
< AGEEE BT 20T B9, 25~30psu®] HE W9
ol A 0.18~0.57 day'9] 2 AFEEE B0, 25Tl
= 25puel A AREA T UM w8 A4S vEn

(0.69 day™).
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Fig. 1. Growth curves of A. affine grown at various water
temperature and salinity combinations. Each symbol

represents the average of triplicate data.

A affine®] AHAEEE Z47) 23 GEo g contour
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Fig. 2. Contour plots of specific growth rate (day"') of A affine
as a function of temperature and salinity.
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Fig. 3. T-S plots of the Tongyeong area from 1997 to 2017.
Square enclosed with dotted line indicates ranges of the
temperature and salinity corresponding with 80 % of

maximum specific growth rate of 4. affine.
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3 A SR e F23 9E
& o] &3lo o] Hix] EAHEA (two way ANOVA)S:
ZA I (Table 1), 0.05% 5T WolA A affinee] B3
3 e GRS AR FAASE fog Aol
2 Uetuth 23 2 T 2309 Jszhgo

3H(sum of squares)> ZF2} & Al| 5 $H(total sum of squares)2]
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A

583%, 23.1%, 174 %5 2HA8te] 4. affine®] &2 9]
FFEs ¥ Wo| W Z 02 YEFRTE Oh et al(2012)9] X
aLof] 93, e 229 4. tamarense =, GE W F 29l
o Az A Abolo] AAAATE 42t 62.7 %, 23.7 %,
11.9 %% Ve O™, A catenella®] 739 53.2%, 39.8 %, 0.6%
2 Yehy B A3A e} A3, dlevandriumS 3 EH T}
T T o] E e g

B Ao =& AXNE dlexandrium 52 7ol v X]&=
T o] Gl digk B ArAzte) vlalshd, wEW
Ha Long WHo.ZRE #2]® 4 gffine(Larsen and Nguyen-Ngoc,
2004)¢} 72| 2 Yo} Guif 7Fe| 8] F& 27T F-ol A 7+
o AHELEE UES 2 M (Band-Schmidt et al., 2003), -
T Fo HA A 2= vha ol & BIITh o= A4
A g o oo whE FE]F 5ol (strain specificity)
o] Ueht Aoz AT} dlexandrium 42 THE FE3
Hlasle] B, S-2uel Fsvte] 22520 4. insuetum®)
7d9- 257C, 25psu(Shin et al, 2014), PAFERe] R0l 4
catenella= 25C, 30 psuoll A HNAFEEE Bl 4 affinest
AL A4S B UHON et al, 2012). 221} wlabvle] R
Ol A tamarense= 15°C, 30 psuoll Al ) A S =71 e
(Oh et al, 2012), &2 Folete Fof whet A 5/do] det

&
PN o PN
AFUds A & = 9

P

Table 1. Summary of two-way analysis of variance of the
population growth rate of 4. affine as a function of
temperature, salinity and their interaction

Source of Sum of Mean
Variation squares df. square F
Temperature 2.891 4 0.723 730.2
Salinity 1.144 0.229 231.2
Interaction 0.865 20 0.043 43.71
Error 0.059 60 0.001
Total 4.960 89

A affine= AN AR T} wTHA R AEHFOR
AL Al frd A 2ol o) cystE FAd sk 2 o= WeA
S th(Band-Schmidt et al., 2003; Shin et al., 2014). 4. affine®
cystt= F-E]ubel Agbell xSkl lom AA| Akel A 24
~56¢yst g' dry(Shin et al, 2007), 7F2at3} o x}gk FEEulct
Aotol 10~175 cyst g' dry7} EA3Fa ) Uh(Shin et al.,, 2011).
cyst®] Wol= 5~25TC F7kel|A] Wolrh dojupm, 25T oA &
o7 b wEAl dojdti= A A7} 9l vk(Band-Schmidt
et al,, 2003). & Aol =EE A F AE HAH F
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22 20~25TCo]™ cysto] wolo] HAH522 25T E fFAFS)

A e olol el cyst o WA Ao A
o BEE 5 7] W] Ao ANHow S & 5
91e Ao AZHAT,

olg]dt Ay x EAL nlE o=z 20174 8Y 4. affine 2l9]
Toz BT HAB 71%S vt #Zol A4 5 Qlrh
HABZ} 2AYRE el o] 2 walehe] Eg o= vivhdio} el

5] oll;]_ A aﬁvne HAB7]‘ H]—/\gzs]— D‘r
°- 2 27~327C, 32 psuz LEIOH, 4
2ol Fdoin] ¢ 2~4C o] A YEh, o] Aol a5
c ol o7l wE A
FEAL el Adstz A divhd
(Sakamoto et al., 2005; Wu et al., 2012)2] &S T2 A
Ayt A A o)A} 7| 20 wE FL29] A4S HABY
< 77, didAe] 7] EAA 7|9 HEAVE
&THFu et al, 2012). MIZTA =T A A gl tiF 2o
ShAR R oidAde] dojron, AQlomE Folxl 72
o2 HIFATHCloern et al, 2005). H3F $4J®C] Puget
Soundol| Al 9] 717}V dlexandrium B ZS S 3tk |1

% ) TH(Moore et al., 2009).

9 Ao 23 FAEL 0.02T year', 0.01 psu year' 7}
S7Fskar oM (Fig. 4), IPCC 5% R 314 2] RCP 8.5 ALz
o a2 2100744 SHEES] 2 4~5C7HF S
b o® RAsta THKim et al, 2016b). 53] oA
At FAe] =2 S7HEE FA YET] wiEel cyste]
Fol A17]17F B ebd = 9o, A affine g AE] &
§713ke]l AxF Aol 7ol vk dew HAF 0]
S7FeHA HH, S 2ol -4k FEC] RHE A 4
affines}t Fo] gL, FAG el AelA 54E 7H Fol &

AR U AT The Aol e Ae® AzdEn
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3.2 Alexandrium affineQ| ‘4&0l| J&2 n[X= F&E2 &

Fgol| wE AFEEC] WskE Fig 59 YERAITE A
s A3} 10~20 pmol ms'ol A= AFEE7] 0.08 ~0.09 day™
2GS FeE STbel| wel AGEET 0.34~0.63 day!
2 27 Y. ek 2 Ao Hol FEFl 300 umol m’s! 7}
A g Ae) dd2 HolA| 2%t} Lederman and Tett(1981)2)
N =FF AI} e 0.75 day?, Foll ik 334 #4220
K& 57.0 umol m?s' & WERSITE Hg 55 FHdo] ot

A= FF S AETE Aol 7hed A FFS rleke

L= 4.25 umol ms' T}
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Fig. 4. Long-term changes in temperature and salinity in Tongyeong
area from 1997 to 2017.
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A A affine] 1o W Lambert-beer *—}

(=™ 12 4] 2ol M 9] 333, I
A, k= W] 2 Al ﬂ%‘?ﬁ}‘ﬂ Hoz 74140?”‘
o} o] uj R 7 #E AH ] A -2 2F 800 umol
m? slo g2 FAHR O, B FFe HF
2 7M. Adte A3 3 2098 aEEss u, 4
affine®] AE o] A AE M FAI) AFEE F
A2 15m= GERTh 18, A A2 A4S UERE K
of sjdatE 4> °F 8molUTh

Noh et al(2010)°] A+ A}, f-2vhete] el Ak <]
A5 FAlo] stol o] & dAFORE AFA =
3= FE7F 60 umol m? 512 A3 EE TS BN
th o] A ¥ A affine®] FIHAQ A EAL FAlo] e
ge] oy A o5 AT BT Els
folo=z a3 4 it} UnkFA =
Aol mpe} ¥ty REREHY TRAE JFS B
o, FfEde] & Aol E F FHhEol AAa
EEFAEY] A dFS v
A dffine= TFE Fol H] 3| %3_;3‘;0] who} “r‘rr% A9 ¥
L) FuFo]l W oA Fell g AA FE T o=
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Fig. 5. Growth curve (A) and specific growth rate (B) of
Alexandrium affine as function of light intensities. The
values are represented with means of triplicate. The curve
was fitted to the observed values using a non-linear least

square method.

At A LAEH= HABE TAE7ol 9%t AZozH
B Y49 T A 9 w] g AT 2dsiR
A3k T 9] = TV ASIE TVHIA TR o
dA FFol Al FT(Hallegraeff, 2010; Gentien et al.,
2015). QFHEZF= v AR 9 TS H{3 9l
of, FEHocRE G F ¥ FHANA FIste] AT
of YIS Fste]l G 4 2Uth(Honjo et al., 1989). 4.
affine®) 9 £EE 9 Alxo 5 23ColA 410 pm sec’

(148 m b2 vhehbed, A91S A £ w7t F7h
Sl CH(Santiago et al., 1989). W42 HABE Q! G catenatum-=
12m hr'(Baba et al, 2001), Karenia mikimotoi<- 2.2m hr'
(Koizumi et al., 1996), C. antiques- 0.8 m hr'(Watanabe et al,
1995)2 el whebA A affined] 9 5% 2 FE
of vl W RAAEHS uHd u, 5 IIAFIF 2L

olate] AT ANE MFO T A affines ASrAolA thut
Wirret 22 NGSdE ] o] gfo] Tkl B
star, Bash d¥AdS AT B o FAHAA FE3
Frete], AE 2 7T 5 don, s Ho] &
FREAR Qlete] 3 xlo] F4 &L Aol 3
o] U ANEIYFIAE B} 5% T AATEES /A
A= Aoz A7tET

of =i AT A& o) st u| 2017 d)°l <
I~
=)
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