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Effects of Temperature and Light Intensity on the Gametophyte
Fragment Growth of Ecklonia cava Kjellman (Laminariales, Phaeophyta)

Jin Woo Kang and Ik Kyo Chung'*
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We examined the effects of temperature and light intensity on gametophyte growth of Ecklonia cava Kjellman. The
growth of female and male gametophytes was investigated before maturation. Gametophytes prepared from Mun-
seom, Jeju, Korea in October 2014 were separated by sex and maintained under the following conditions: 15°C, 20
umol-m?-s!, and a 12-h/12-h light/dark cycle. The experiments were conducted at five temperatures (10, 15, 20, 25,
and 30°C) and three light intensities (5, 20, and 40 pmol-m?-s™"). Daily growth rates were estimated by the increase in
filamentous frond area. The optimal growth conditions for female gametophytes were 20°C and 40 pmol-m=-s™'; the
optimal conditions for male gametophytes were 15°C and 20 umol-m-s™'. The relative growth rates (RGR) of female
and male gametophytes decreased at 25°C and 30°C, respectively. At 30°C, RGRs of gametophytes decreased by
approximately 1.0% day™'. In addition, RGRs of male gametophytes were higher than those of female gametophytes.
These results indicate that female gametophytes were more sensitive to temperature and light intensity than male
gametophytes. Moreover, these results suggest that E. cava growth rates could decrease as a result of global warming.
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AN 2 etal,, 2015), 5=20] =okA| = A 54 thAutE thAlsl Hu e}

37 AE2] Ho| o g o] 85}l glth(Hwang et al., 2013b).

& 2= Ael(Ecklonia cavay= ThAwHs ZHe ko] thd E3 fHe= SR FE o838 AV AAY Y] tiAE L
A xR vt delieh AT, Y T HE QI 3 2 o} A 2A7HA AR o 2 A 9] A3t At HE 9l
9] 424 2-30 me] 3kt 2| ol Faxstar glet. FHef AAl On, itk 24Ol = o] 85| AL 9ItH(Chung et al., 2013;

L 33 12 m7kA] Ak, Ao 3 m7kA] A2 AAIE QITk Kim et al., 2013). 0|4 @ 7He|e] o] 8 9l 7px) rEa] 27}
(Hayashida, 1977; Iwahashi et al., 1979; Choi et al., 2009). 7+ Sli= HFH ZFANAES AR Qo] SfofpAt o A= 4

Hl= slleHS Adsko] A AYEl Al AR} AAEAE 9 A A A AR S H A 92F Fall SEA TE7HA] A A =
AlsAZA 0] Qg dehS @dstal 9ltk(Yokohama et al., 27|17+ A slo] A2 B 5 5kar QT Wi et al., 2008).
1987; Kang and Yoo, 1993). ey 227 A= AP A o] F At S o= S| 2 7=

Hele T8t s JEfdos, 229 7|54 2452 Seto = sl 7hagt A Alie dnjg o= whzk 7HEgt
P S, AL At 5 os A Yle AR B Hi-A] Al 2 U AR = FEfeHA o= 27| B27], &
11%] 31 9) © w(Athukorala et al., 2006; Hong et al., 2006; Kim 7|15, QAR Al FEOR o] Aot gl 2 2-6Y
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T oA S o) 2mef 2ol whE AR 705

of Apetar, 6ol o HETE Holw, 1-5d480] EAjste]
A& ol 2th Ae 9] st AR FE WEE A= ot
o T2 p2o] W TR0l A ASE o wlleA, o ull-e-A
= Asto] A<ttt ARdRhE: 71 GAl= 10970 &8 1
0| 7H =7 Uehy 5415 sk of Adrl Al7]o]t)
(NFRDI, 2009).

S 2570 AL 5 oA DA AT SRR A =8
A& B/dske TAloln 2h4 aQlo] afs W=ttt olet 2
< o= iAo AR At AEA o' pFEIL g
tH(Kain, 1979; Altamirano et al., 2004). 124 e S oA
02 3t AHEL Ul ZAAE 152 o] Fo]Flom(Yoko-
hama et al., 1987; Serisawa et al., 2001), B} & Ao 2 3+
& = W2 ¢Frh(Altamirano et al., 2003, 2004).

AATIA 27 wi-A DAA L B L s 20
83l7] Y8k theFet Aol X3E L Qlck(Bolton and Lev-
itt, 1985; Morita et al., 2003; Wi et al., 2008; Hwang et al.,
2010a, 2011; Komazawa et al., 2014). 9-2|L}2}e] A9 =2
g FAS HH o= sz rdel e ZE uf--A e 2o A
9l Aol et AAt7E HALE| QLo vl oA Hhe whAE A
2]8}4] ¢l n|u]SlCH(Wi et al., 2008; Hwang et al., 2010b,
2013a). whbA] e vl o] A2 2Ad A2 Sl &=k =
Toof| wh oF v-A, o= vi-A O] ARE WS oF vieA, 5
U7 Ato] o] HAFE 2fo]7h WA sh= Qlof et A7t o
dagdzor Helrh

2 At A Y] AR s bt e AE arefsto]
343 A 2 vl-A 27 Ao el e A 544 ahetetr]
ol 2o =20 Malrh A< A ul-e-A| o] Aol v
A= Y AU E3E 7| S stkR QI A2 tele]
7HESER Aol A&E A, Lo A9 w1 o] A
E W52 Sl A/ e el e Aol v A Al Gk
o ol 1%} 5oy,

RN

Table 1. Results of two-way ANOVA for the effects of light inten-
sity (L) and temperature (T) on relative growth rates of female and
male gametophytes of Ecklonia cava
Variables Source df MS  F-ratio P-value
Female Lightintensity (L) 2 38.42 57.73 <0.05
Temperature (T) 4 22948 34477 <0.05
LxT 8 2763 4151 <0.05
Error 165 0.67
Male Lightintensity (L) 2 39.77 56.89 <0.05
Temperature (T) 4 236.03 337.61 <0.05
LxT 8 15.69 2244 <0.05
Error 165 0.70

Mz H U

2 Aol AREE A A e 20149 10, AlFE &
X(33°13 N, 126°34" E)o| 4 SCUBA diving s S8 3255
oh AR S HenEAdon saRe wE} choyst
™, A AE7F- A8kl th(Ko et al., 2008). 24 (9]
A B2 E AT R SHIsto] FaEE A A S of Hafj4
(045 um)ol] 4= 242 Al =3k,

AR gHksto] 4= 2] AlA St < o) ARt B
= AFsto] 247 A= AxAIZ T o sl 500 mLE A<
1 L9 bottleo] A28 At 2242 4, BAES G}
ek FAPLEL 150, 20 pmol-m* s8] 2ol 4] £=5]9]
o} EEH AN 24, 96 T & EY|0|EE o]-8-5]¢] 3
AAA g FF 1.2 mLA E551500h 1 5 50-6047F 24}
7hrolstel W9 A7H 525t 2710 EEE A o st
o} -4 9 vl S 87 1= 71 600-670 nm 1 241 et
§ A7 el §7]0f Hol 442 2J4]5}%cHLining and
Dring, 1972).

& v--A 2} 4= v-A| 9] FE o] 7 27191 24173 3 mmof|
= oA G of2]E = A 1] 7d (Olympus CK40-F200) oF
ol A o vl 2F = ui--A = S H ST oF vl->-A| 2F 4= v
QAE 212+ PES vl F3ll<=(Provasoli, 1968) 250 mLe} $H7|
blenderE ©]-8-5F49 1,000 um? o138}, Al Z4 107 H=o] 22+
02 Uhrglth 1 3 A4 WE(S HAE)E 34 skl ujop
j4= 250 mLe} 3HA| GeO, 5 mgL'& 715t o272 HA
% A5} th(Shea and Chopin, 2007). 2+t ¢, 4= 8l -4 ¢+
Ho| 2o ujYHE 24 thg & ET0|EE o|&5to 7t =
F 600 LA E5kieh vierl- 3 74 0 2 A wA|st
Aot 2= F(Temperature gradient table)y} LED (Light
Emitting Diode)E ©|-§-3to] 797t vljoFe A5, uljok
24L& 5709 2x=7K(10, 15, 20, 25, 30C) 12|21 3709 %=
=75, 20, 40 pmol-m?-s1) 0. 2 A5t 2 &= LI-250
(LI-COR, USA)2.2 2745151}, 4% A vl9-4] 27] o
S =i dln] 7 sfol| A ARzl #YP5ke] Image J =17
o A 242 B3 AT Aol AT EL of
2 o] 4]0 2 AAks1e] 1 (Morita et al., 2003), A1F] 7 H & ¢}
A, = oA Z2E 12704] 2 A2 SA5FAT

:

Relative growth rate = (InA-InA ) <100/ T,-T,
A 27) A HAL A, HE A WAL T, T, g 7]
ZH)

o vi-9-A, = ul--A4 of A B E A O] A&+ Levene
O] SEAEAS AAlskeT 2ot 2k 2710 thal] EARE

2 oA A4S AAIst en, Abro] BE -9 4o &
A AREAS AAISESIH B 241 SPSS (version.



706 A=A

21.0) $AZZ I o 5t} S5t

d I

o vi-S-Aef 4= u A O] S 2ot R0l whet 2}
o]F Hith E3t 2=} 22719 AT ARgo] glE St
(Table 1).

HjoF 79 &, 2&= 27 5 pmol-mr?s'shol| A < ulj-¢-A| <] A h
WAELS 10, 15, 20C7HA] F716k= A2 B Ylch(Fig. 1A).
oF Hj9-A| = 20T T2 7004 5.28+0.49% day' &2 X2
A 1 TH(Table 2). &L 25C 2] o]A4ke] &&= % 710]A]
= AdAgEe] A gastgon 3009 L=z
A 71 e YRAES BT 227 30°C oA o A2
A A2 1.30+0.86% day ' STt

4= 8 Al= o v AILE FUSHA 10, 15, 20 T7HA] Ay
el F7F8EAAL, 20 C ol A ) AES HATh(Fig. 1D).
25271 20T oA FAEL6.36+0.19% day ' ¢ TH(Table 3).
2E27 25T o dolA AHEE AT ElE %A 30T
ol A A WAES Holow 11 Zhe 1.41£0.84% day ' iTt.
Z2E=27 5 pmol m*s™ oF2 &] A 2= L7bol| A 4= vl 2]
S gAEe] o A E ek A UrebstT.

Z2=271 20 pmol-m™s'8h, 2= 271 10, 15, 20CoA ¢
w-e-Ae] A AHTEe] S AFES HloH
25C 9] LE=RAA ot At ot 5.99+0.70% day’!
o] zro & ulwd =4 A= ckFig. 1B). & wi-2-A|9] X
o A-E 20T oA 7.39+0.30% day' Sth(Table 2). 2%
221 30| 2= AEEC] F4SHA Akl
1.04+0.66% day' & LFE}StT}

4= v 9-A 2] -9 10, 15C o] 2ERZANA AiEC] 5
7Fhe AEAS BAom 20T o4l et A= Tha

=i

o] 2t AL 15T oA 9.62+1.38% day ' §ItH(Table 3). &
270 30T Y] 2o A= oF v A eF w7 R = Ao Ay
Eo| A 1At 1 3 1.17+£0.71% day ' St) &
T2 25TE ALstL 10, 15, 20, 30°C oA 4= w24 <] A
Ag7Eol o vl 9-A| ok = A LrEksth

Z524 40 pmol-m?-s'8}, =24 10, 15, 20T ol A & sl
A& N ES Sk W& B A ThFig. 1C). o vl
©.A0] o A2 20T ol A LrER AL T2 3H 10.53£2.51%
day ' ItH(Table 2). =27 25T ool = AtiA-Eol
wAHA A skginh ey =27 25T ol A= 10T EE:
=0 AJAAES Helon, 30TolA] 1.18+£0.27% day ' &
2| A A BES Hlt

T Hl--A41 2] B 10T 15T o] =2 oA A&l
<7 olAtHFig. 1F). = vi9-A1&f 2|t A= 15T oA g2l
13 7.07+0.70% day ' StH(Table 3). &=271 20T o4
oflA] st A o 10T ol Hls 20T e 25T
A Aol = vrebTh o sieAIeF 5L skA 30T
LA A YAES Beom 1 3 1.36+0.11%
day'glth 2= %7 2002 A &8k 10, 15, 25, 30 CollA] 4=
-7 o] e AYgEol o Bi-e-Al el Bl =] Urebett

HiF 79 5, 252270 10T ofef oF vi-A o] AiAEES S
umol-m?s'9] R 2704 3.2440.40% day'= 71 =7
UERETHFig. 2A). 22271 20, 40 umol-m2-s' o] A= £7|
o2 {ofgt 2o 7} QAT 4= ul-9-A| o] AFh A E-2 2 vl
LA} up7 A 2 5 umol m?-s' 2 A o) A 3.58 £0.41% day!
2 71 =7 e th(Fig. 2B). 2%=271 20, 40 wmol-m?-s™!
oflA= ¢F u At FLsHA FAIZ L= {27t ol 7} §1SL
ot 2E2A 5,20 pmol m?-s o) A& 4= vl A o] A AAE

Table 2. Relative growth rates (% day™) of fragment female gametophytes in Ecklonia cava according to different temperature

Light intensity

Temperature (T)

(Umol-m?-s) 10 15 20 25 30
5 3.24+0.40° 4.02+0.45 5.28+0.49° 2.46+0.69° 1.30+0.86¢
20 2.1610.67° 6.71+0.34b¢ 7.39+0.30° 5.99+0.70° 1.04+0.66¢
40 2.58+0.232¢ 5.45+0.30° 10.53+2.51° 3.44+0.272 1.18+0.27¢

Values are means=SD (n=12 replicates) in each row with the different superscript are significantly different (P<0.05).

Table 3. Relative growth rates (% day') of fragment male gametophytes in Ecklonia cava according to different temperature

Light intensity Temperature(C)

(umol-m?-s™) 10 15 20 25 30
5 3.58+0.412 5.3240.52° 6.36+0.19° 2.56+0.71¢ 1.4110.84°
20 2.71£0.402 9.62+1.38° 7.58+1.94¢ 5.97+0.87¢ 1.17£0.712
40 2.2140.842 7.07+0.70° 6.37+0.56° 4.10+0.46° 1.36+0.11¢

Values are means=SD (n=12 replicates) in each row with the different superscript are significantly different (P<0.05).



T oA S o) 2mef 2ol whE AR 707

o] oF uil-2-A|of| vzl A YeRd vhH, 40 umol-m?-s ol A=
oF ui--A1 o] e AEo] = A YEsLT

25270 15T ot o vi9-A1 ] AdHA8AES 20 pmol mr
2512704 6.71+0.34% day'2 7Y =A Uehdon
(Fig. 2A), &= wj$-AQ] AAYAEL 20 umol-m?-s'of Al
9.62+1.38% day'2 4= vl $-A| 9] AA| wjkzA F 7H =4
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20 umol'-m?-s'o A 7.58+1.94% day'2 7}4 &=A el
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Fig. 1. Relative growth rates of female and male gametophytes fragment of Ecklonia cava under different temperature. Culture conditions
were 5 pmol-m?-s' (A, D), 20 umol-m?-s! (B,E) and 40 pumol-m?-s™! (C,F). Vertical bars indicate SD (n = 12 replicates).



708 A=A

271 592420 umol-m?-sof| A= 5= vl 94| 2] Ay -Eo] oF
vi-e-Aof] Blsf = A LEFEIL, 40 umol-m?-sof| A= ¢ Hi-$-
Al 2] A yA-Eol =4 YErTh

2227 25T ofef oF vi-A| Q] AAFES 2=27 20
umol-m?-s'oll A 5.99+0.70% day'Z2 7P =4 Uebdch
(Fig. 2A). 5= vlj--A| o] A& oF ufj$-A| ¢k &2k 20
umol-m?-s'of A Zo| 2 LFebytal 71 k2 5.97 +0.87% day!
9Ith(Fig. 2B). 2271 5,40 umol-m2-s7 o] A] 4= vj-2-4| ] A
o A-Eo] oF vi-9-Alel Bls =7 Urekstal, 20 umol-m*s’!
ol A= F vl 9-A| &) AT E O] A UERSIT

2227 30T ot oF wieAe ARTES 2Ex
5, 20, 40 umol'm?s'ollA ZHz} 130+0.86, 1.04+0.66,
1.18+0.27% day'2 LEelgoy SAACR {23t o7}
UATHFig. 2A). 5= 8i-A| 2] A AAES 2 =271 5,20, 40
umol-m?s'o A Z+2}F 1.41+£0.84, 1.17+0.71, 1.36£0.11%
day'2 VeSO of v e-Ale} A & FAK R {9
St 2o 7| QLI ek(Fig. 2B). =271 5, 20, 40 umol-m?-s!o]|
A 4= v A 2] e Sl oF Bi--Aloll Bls =] LrelstTh

oo

e 225 el A T uijeF 2o uhet AGE
oAl 2o & HGIrt dutA o2 ui-e-A ThH o] A2 ¢ HY
SAS] A7k o] A7)of uhel dEbE 4= QITtHWi et al,
2008). 2 AA-Fol| A= FAlof Holsto] 27 3 mmeof| =E3 oF
Hj-9-A 2} = B S-AE Ao 2 T A o] YR = A
715 1153l oF 10709] MEZZ H EX5HA] g2 AMAIE o]
gatglom, W2 1,000 um® AL 27] wjo-A Yoz g
otk 2227 5 umol m?-sof| 4] F vl A<} 5= uj-A]
= 20CoA Foe AR Btk =2 20 umol-m?
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sl A QF ui-A 9] 79 20T oA HTho] A Hlom
o= o9 9 15TollA o] B otk =27
40 pmol-m?-sol| A} QF vlj--A| e} 4= vlj-e-A|= Z+2+ 20C, 15T
of| Al Z[eh o] A Urebuith =271 10,30C & uf, 9F HY
SA e 4= v e-Al= 2EET 5 pmol-m? oA Z| ] YA
S Bk =2 15T 25 ColA= ¢ vl 9} 4 v &
Al B 2= 20 pmol-m?-sToll A X[t ] A BT
2227 20T oA = oF wiA1Y] 9 =270 40 pmol mr
s, 4= A 0] 79 22270 20 pmol-m?-s ol A] Z T €] A
A& 2ot A4S St o vieA1Y 2 AEES
207, 40 pmol-m?-s'o| A 10.53 +2.51% day' 4.1, <= vl -]
= 15T, 20 pmol'm?s'of| A 9.62 +1.38% day'=Z e}
F el 2S5 5 x 25239 QQ4A 2 2335}
of At A4S EAsIITh 7 QI B4 Al AACE
oJat A= E015 It P<0.05). &&= %71 10-20C, 2=F71
5-40 pmol-m?-s" o] A= &= @F R L7} L Szoby] of] whef 4
ECl S7IohHe A= Bolh 18U 25T o4 AL
2ol A= SR AR o] LA bttt kA, 2ot =
279 ga gl Wt 7 A QT Ao ' Helrh

Wi et al. (2008)> Z4el] oF vi-¢-A2} 4= vl-e-A 2] 2o A%
°] 157, 20 pmol'-m?-s" 271 of| A Yebe-2 SeIsk3iT. 919
Aib= 2 AP ATReb= oo AfolF Bt 2 AtollAl=
el wf-Al o] do] Al HA ZHE ol-&sto] FHBAES
EEon o= 33k o 2 Ao BA|5k= vi--A 9] &
g1 E4L8 1183t Aolch Wi et al. (2008)L} & i By
Ho] Ayolsto] Aol atol 7} At A o & 7Tt Ty
U, 2l vl 9] - 10-27C 9] 2= 2704 Aol 7hs
14 (Ohta, 1988; Tanaka et al., 2008), 71 E] <0 52 Ao
2 AHS Al 23} E. maxima= 15-20C, E. stolonifera
=15, E. radiata=20-22°C 2] 270 A 2|t ¢] A o] o] F

15

—e— 10
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Fig. 2. Relative growth rates of female (A) and male (B) gametophytes fragment of Ecklonia cava under different light intensity. Vertical

bars indicate SD (n=12 replicates).



T oA S o) 2mef 2ol whE AR 709

o] 7]o] 2ol u} ¢lth(Bolton and Levitt, 1985; Hwang et al.,
2010a; Mohring et al., 2014). & 13- A3}, 7= 9o A
S FARE 15-20T 9] = 0flA] Ztho] AAo] o]
ol

A5 iy 2 AQskal = A= oF wieAEY =
o A YAE-S RSt o|= Laminaria saccharina (Lee and
Brinkhus, 1988), Undaria pinnatifida, U. undarioides (Morita
et al., 2003), E. stolonifera (Hwang et al., 2010a), Eckloniop-
sis radicosa (Komazawa et al., 2014) 5 227 A2 3
AL AT A = Bl T} Destombe and Oppliger (2011)
= L. digitatas 33O 52 A9-S XI3ggh A} oF w94 9] Z-¢-
A5 A S ol Al A2 fls A S AIRE = ul9-A|
= A4S A FAl ol S XIgghekar shGich E3F oF
B-A= 4= wie-Al el Blsl 7HA| 2] 27 ZAT AFES W
=t o= FA 952 8 offjofl A = B AI7E o wl-e-A] 2
oF 2 2k 4= Q7] e o= A ShGlth 2 dAtol Ak o] 9f
o] theft alof ofsf| HHBEE =& Al 5wl Ao A
Sl o A E T B A U A o2 A7
Komazawa et al. (2014)2 & 0922} 4= vl 2] A& 2|
o] ofafE AL-Lof| A A&t thy AxR{o Solgt A4
%= 9lrkar s}k HhE, 7] 22] Wi et al. (2008) ¢17- Ak
ul9Ao] A o] 4= 4] mck A L, o]
o Aol A= A7) A 9 A A 3] Aolel A 7<)
ek Ao g2 AHZbET) Eok vk figh AW AR a2
oflAle] 4 27 Aol = $a7 A3l0R HEHEL AR
oIt} 2ol 274 S Fe] A= Slre] 4% 5 Beld
fQl gk ofue} 3}ek4] g Qlo] Heta o2 2851 H(Hurd,
2000; Peteiro and Freire, 2011) AU A3 9] 4L s 45
o] glo] A 7} -4 17| wizoll 2F A gwiet Ao &}
o7} Sl& A o= Azl

2L 270 20CollAl, oF vl e-A|oF Ee 4= mf A0 A 2
27 5 umol-m?-s& A 2]t 20, 40 umol-m2-st ZAf| A Al
o] vk vebg o, @A 9 Adxdolss Akt A
o] o] grhal AZte Tt 9]oF & Avb= A &S o= g
Wi et al. (2008)3}+ Hwang et al. (20102)<] A2 3te} 3-Als}
ATk 2= 257 o]/d9] Lol A] of a2} = vl &
A FEEHA Fraxtle A S Btk 53] 30T o]
Ao s HE 2Lt 2 E R A 1% day! A =2] 2|4 A
o] Ukt em, oF vl 7F 4= u-e-A o vlsf =Rt
s BESRTh. 2 AL AT} S YA = oA o
B AxFRed WES FAH Ak A% Eut oy e}
o oA 9 s =7 F FA5HA Boldths A4t HarE
"} Qlth(Morita et al., 2003; Zhang et al., 2013; Komazawa et
al., 2014). o] &7} A|7-2:43to] 7H&3ke Qe s =2 422
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etal, 2011). 58] 422 7|2 vl 23t o) 250] 2| 2jata] &
2ok & FFE = 2% T o= HArE v Qlek(Druehl
1981; Morita et al., 2003; Komazawa et al., 2014).
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