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Seasonal dynamics of kelp forest-forming algae, Ecklonia cava population formed following the large-scale
disturbance by Typhoon ‘Bolaven’ in August 2012 were investigated in Jeju Island, Korea. Morphological char-
acteristics, recruits density, mortality rate, total density and biomass were monitored bimonthly from June 2013
to June 2015. Total and longest blade lengths, and individual weight of E. cava showed distinct seasonal trends.
Stipe length increased from winter to spring, but did not show increase or reduced from summer to autumn. This
indicates that morphological characteristics of E. cava are mainly affected by the change of blades. The optimal
temperature for E. cava growth was about 15-18°C during winter to spring while the growths were inhibited at
the water temperature above 20°C during summer. E. cava exhibited very low recruitment during spring-sum-
mer. However, high recruitment was observed on April 2015 when canopy cover was very low due to low den-
sity. This indicates that recruitment of E. cava was controlled not by seasonal effects but by physical factors
such as canopy and space. The mortality rate of juvenile plants was highest due to their unstable settlement. By
June 2015, 34 months after the disturbances, E. cava was almost recovered to the pre-disturbance population
size structure. These results suggest that recovery of kelp forest following the large-scale disturbance requires a
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considerable period of time (more than three years). This study should provide valuable ecological information
on management, restoration and protection of kelp species.
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5 (kelp foresty> NFAFTFZE FAH 3F <& Hshd A
aPdol =31, tekst St EES AMAA 9 Ao B o] gy
o] Frierdol ul-¢ w2t 39S thExA Q1 A A gEjAlol Tt
(Steneck et al., 2002; Graham, 2004). 3l5H= 9= thadd
e 7Y AR, 2 SR ookRe dRE de o] §H
I Qlth(Vasquez et al., 2014). 3lEH 2] AYefers g AAsh4 F
QAT Bska, H I7HEe ot slkEE ed, 7swist
o} SJEe A Tl g3 AlsH> AEH 0w fHasta it
(Steneck er al., 2002; Nyberg and Wallentinus, 2005; Wernberg
et al., 2011). WA lledS Fdehe digdxm7e A 71
Wl Ak, o & B3 sleH ] 714 WEl o= RS
Ast7] S8l =2 F2) 7NAIE S8l (population dynamics)E ©]
sz Zlo] ml¢- T3 IAZ thFEH ST

Bz WA sl 3%, B2, 7RI AP BEiA A5E
lom, A AE, 719 AP FE AU ER VERdt
(Caswell, 1989). 7NAI-e] BELFT} Fe2] 54 MARES] A&
A5 e ZE=o|tH(Duarte and Ferreira, 1997). 53],
A SlE=fFe] AT M 18 B 7] 7E veke
E3llA] vl J&shA oS53 5 AtH(Arenas and Fernandez,
2000; Rivera and Scrosati, 2006). 7HAI* HE2] 2 %21 7RAlA2]
ASUE, VEHT Ju8 EHS T2 753, 727 e
B2 A ade) SJaliA] ks v Ao deA] SItk(Schiel
and Foster, 2006). 124}, 3=t

o 22

= -

At A3 dFdx/2] +
L2 A #4713l Adel fist A5t wlg F53
A7dolti(Kang et al., 2001; Kim and Yoo, 2003). T3}, T F-7-2]
WA WlEel Bt A= AEA WET) A §lolE RigE
Sl 1 oule] 713F <t JE| o)A AT FElE s s=t
AZ+et @ 75 W8 5= 9l th(Scrosati, 2001; Schiel and Foster,
2006; Sousa-Dias and Melo, 2008). WEFA 7HA- el 3t A
< ol5°l digt olall= 7} oSS o)1 g T HE Y 5
AL 3] 8A A7 o2 xdEojo) Shrk(Dayton et
al., 1984; Terawaki et al., 2001).

SEut Aol Bl EF2 AeiAlel U G vA=
F a3k A wte dolct, o 7S sk o] oshH Z=rt
Al F2] WAMIET) FRH o7 Tl Ao R o SE L Qi)
(Easterling et al., 2000; Meehl et al., 2007). B}~ AAls=3} o)
FAxFo] Ul AFES Fete] AMBETH At JEs
z#sh, 7+ SRS A E= TR, ASUE, 7T
A oo M3lE doy|= Ao7 dA tHConnell,
1978; Dayton et al., 1992; Reed et al., 2011). thHf & =k 0]
I, HIES) s SEAAAE TR FEedel QlojA
A7 07 v 4gkS v]Hth(Dayton ef al., 1992; Kim et al.,
2014). BIE 2 22 iy wek el oJsiA e g gz

€

MAE] 3ol 7o) 7 Fash adlew defA vk
(Deysher and Dean, 1986; Graham e al., 1997). 3|FA5-2] 71]1-
NZ 7l F712 0% S = QLo AtelA= ofd QRle]
OJ3A ol|S ErFsslarl YAIA o=t A (stochastic event)Zr
SITh(Levitt ef al., 2002; Schiel and Thompson, 2012). =3t 7}4]
z719] T2 APLE wliel wekdd o] ATt A 2 2=
Z|AFE AT WskE BEsks Zl0] vilg- 5381 Dudgeon
and Petraitis, 2005). ©]%1 17+ 2012 8¢l HAYSH tfF EF
mepalel SJaA dlFH e T8 FAE THel(Eckionia cava
Kjellman) 7}l thi-2 A7) (< 1 individual m?, personal observation)
d 5, o7 ool tizke] 7i]le] i Aete] Al @/dE ZiAl
T BUEE Sl whebA BS54 e iR
HE 9 3| EFS FAkRE] v 2 713t & = glom, S
THe H9} REARRS st H3AR] AmE Alvd &
Ue Ao Hrt,

el @t ARelelld SEUS TSR dEHe U
DEREA 4 515 mglel A5sH thay shzgoln] )

AbEL 25 Fobl] R = AMEEe] Ao wA TiR|g} FeTt S
=32 2Ick(Bolton and Anderson, 1994). AlA] Z} =2
Protection and Biodiversity Conservation Act 1999 (25), Acts of
the Protection of the Fisheries Resources (<), Kelp and Marine
Aquatic Plant Laws (7]=1)2} 22 =4t A1 ol st W&
APEte] AR iz AS Falskal STk = Fisheries resources
management Act (Act No. 134955 A|7Jste] Ratlyd sl
o ZeE XxFAIFOH, AF BRRAFE dAsH 28k Ak
e Fest Rl SRl wtetal, sk At 1
B ZANATe] BED FEE At AT AeEE A A
9] Y5 %] ASITH(Kang et al,, 2001). wWetA] - ] H42 A
T2 ARbell gk el o) F- A 2 AT 722 AEE
HFS FARSR= Alold, 53] 2012 8¥of] whAyst g% <Eepil
of] olgt WA F FAE VAT Fx8 Al A e B8l 1
B eke] 3RS sletstaat silnt.
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ol A= 7l wEto] sl Al AT EA] B4 (33°1338"N,
126°34'04"E)°llA] 20131 625 2015 627k 271€ 1bA 0=
FEATHFig. 1). AFEE F2A 372 A7S] trpdRo]
B A2 Q1A witel p-uluete] Tt sl vis) AEH
Ht g~20] AfH 02 5 91 (Rho and Kim, 1983; Min and Kim,
2006), 71 Aol &3 FRAkso] FEHA A E A Wt
71 WA e A0 = o4 =] 31 QlUk(Takatsuki ef al., 2007).
ok, AlFEs XA o® HFY =l SX|te] HFel &%t
wEAe] F7)1H 0% =F]o] gitk(Kang et al., 2005). ©|¥ A
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Fig. 1. Study site in Jeju Island, Korea.
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QAR Al A2002-85%, 2002) A& B 2] & (UNESCO,
2002) 0.2 AR o] Routy Quh B4 F9= AF9 o]
15~80 me] L, AZ7HA] 90 7}77]~r Gl A o 7 Fof glo
), A5 vk, A, F2 2Eiel 52 didEE A H ] Stk
o] A)¢] thEAR] A/ el 74 5~15 m Alelel] A
sta glom, 4 10 mi-elA AAZe] 71 =h(Ko ef al.,
2008). webA] o A= ARl =2 4 10 mollx] st

2012:d 7€) 7He) AR 22 elslr] 2iA

ek -, 2012 8¢ B Eepl o] el ZE
2% 37k sk meb el AT 835 o
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5 vlwsie] Frreigict.
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TR, I G 20139 684E 2015 487H4] SA
SISt 535 22 A7 FEE 4 10 me) e T
ol 4] HOBO 414(HOBO Pendant temperature/light data logger,
Onset Computer Corp., USA)S AX|3l] 105 7H2 07 431
o, B2 = (fouling)oll 2J8h 542 exks Has) 547 ¢
3t HOBO AlAlell F-2tgl AP E5S 27 T 0 & A7 3510

1 QS HAsISIE 7532 LI-193SA 2414 (LI-COR
Inc., USA)9} LI-1400 7]Z A (LI-COR Inc., USA)E o] &34 =
A @95 WAz o) A F&(mol photons m? d1) O = LEL
wSlth. HOBO AIME o] &8l S4¥ 722 dd Hargto=

ERigIT). a5 U -8 ulf ZAFA]7) mhe} YSI (YSI model 63,
YSI incorporated, USA)E ©]-&-3ld S7s13it).
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sto] A0 FEE 2 TIAlES i e® ZAFSISITE ST
Aol, 53 54 (primary blade)z 7Hd 31 974-<] Aol
(longest blade length)7} &-gollx STt 7HE] ] HAl| o]
(total lengthy= &71F-9} 7 71 GAHF- Hol9] o= Yehgl
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(2) = 0.033X>™]2 o]-g-alo] 245}t H(Kang ef al., 2001).
7] A = WU vlel] i srt Fold BE iAES]
TE Ao, A= (biomassy> AT FAIS AFLEE o] &
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E}u}fﬂc} AL AFFE A7} 71 = A $A8) xﬂﬂﬂ R
ks "LO}?&E A, 27159 AR} wdolgl ot x4o] Halx L

Ag 7NE0R e AT 711 2 BT el 3

O

ol

1

o)1= 7.
AT



106 7&/&—01 . 7]—.8_ 5] .

ol

o = e}

flagging tape ©. % TS E o153 th. A (thallus height)
5cm ©]3}e] o™ JRAE= Q12 3ol 93k 2] o7 F oA et
wo] AbgEoe] SISt M APAR] eFE HAasksh] 9
A Aol 5 emeldRl IAIES AR 7R A o® 7Hdsisict.
ZHel) AL} 27] 2= Kirkman (1981)9] -5 7155 B2
] ALAL SAIgE 27152 ol & 7l 718t sl
o7 AlEslelo] QE-Faltt A7)15F RS 71 oE Hod A
719l AAEC aFstar, Fe 715 Z2ol7t 3~10 cm o|Ule]1 &
o] T3] sl A7k Q] wAlel sidsict Al =715
Aolg 71F 02 Al-A3 Al TR AlR3EIelth Al 715
Zo]7} 10~30 cm, A2F E715-2] Ao)7F 30~50 em@] 3L A3 &
715-2] Zo|7} 50 emeVdR] JHAZ Hax 2-3do P A weit)

HS7F A8 JHAIES ALl d A2 7H1E JiAlEE Alstar
1

N 1o 1o

A &M

FA B4 A, 25 A=+ Shapiro-Wilk test®} Levene’s tests
0|83l 72 (normality)2} ‘5--:Hd (homogeneity of variance)s 212t
AgstRom, 71del S1iE 739 log- E= arcsine-transformation
A F SARAE FsIsict. FujA 54, A, e 7t
Ao} APTES] A7 Rjo)9} 7] T83F APEES] Alol=
one-way ANOVAE o]&-3fo] 2413150ct. 247 gro] /-2 ¢
SNK (Student-Newman-Keuls)-test= 2} A}5.2] 248 A3}
Sk, 2= 57 #2492 SPSS (version 20.0) 27388 o] 83]90c},

=™ SE 01

e Tehe] g RIS A A oS HolH] oo,
A7 Bt L HH 5972 5.6 mol photons m? d'2 =
¥ A th(Fig. 2A). F22 FEE A UGS Hlom,
13.7~28.4 °CZ W2 % H(Fig. 2B). BT 52L& 19.6 °C °]3
o, A 1 - 9o, HATE 3490l YERTE 7

B 9% A9 AAslgl o, 4% 5971 e ol gl of

O -1
7¢ 7Fes A BYTHFig. 20). G777 ok AT I8
FEE 324 psu® WEEQICH

el S3

] AA doli= ALFE F7Isle] Hell Hagho14d 49
1 63.0 cm)S How 7122013 108)3} 4220139 1293}
2015 2€)ell HA7k2013 10€: 46.2 cm)S Hol= T3l A
A7 Wol(P < 0.001)E YERSITHTable 1). =715 Aol= =5
7122013 6-1023 2014\ 4-108)7HA LAsH HA ==
s s R0, =7HEHE] o] & (2013 10€5-E]
20141 493} 20149 10256 20159 42yl 78] S7teh= &
‘$& BtK(Table 1). 71 71 735-2] Zdolg} /A FAI= A
A Aolgk fFARSE A A e eSS 7P 21 445 A
o= 2013 623 2014 420 Z}7); 4487} 42.6 emE 7P A
.o, 2015 2ol Ht 24.7 emE 7P ZITHTable 1). /1A S
A= 2014 490l 147 g wet wt.2 718 3gkom | 20134 10-12
E7} 2015 2¥0l| oF 90 g wet wtH|TEOE 7 WSITH(Table 1).
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Fig. 2. Daily underwater photon flux density (PFD; A), water tempera-
ture (B), and salinity (C) at a water depth of 10 m at the study site in
Jeju Island from June 2013 to April 2015.
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Zholl W F-2J 3k Hol(P < 0.001)E KoM, 2013 8-1020]
21~35%, 123 20159 690l 68%F - =3TH(Table 1). 12
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Table 1. Morphological characteristics, recruit density, mortality rate, total biomass and density for Ecklonia cava at Munseom in Jeju Island, Korea
from June 2013 to June 2015. Values are means + SE (n=6-48 for morphological characteristics and n=4 for recruit density, mortality rate, total

biomass and density). With each zone, means with the same letter are not significantly different among sampling times (SNK test, P<0.05).

Total length  Stipe length  Longest blade

Date

Individual weight Recruit density Mortality rate

Total biomass  Total density

(mm) (mm) length (mm) (gwetweightind") (individuals m?) (%) (g wet weight m?) (individuals m?)
2013
June 596.7 £25.1" 149.0 £20.0™ 447.7+18.8° 128.7+11.1" - - 1064.6 £79.2"  63.3+10.7°
August  534.8£31.6™ 149.0 £20.0" 385.8 £22.7"% 104.1 = 12.4™ 2.3+0.8 20.7+1.3*  1050.9+52.8° 52.5+92
October 4622 +47.7*° 1262+ 12.8* 336.0 £42.9™ 79.5+15.9° 0.5+ 0.5° 354+£2.0° 658.4 +£26.9" 34.5+ 6.0
December 469.8 +19.7* 150.0 = 12.8" 319.8+ 17.7% 80.1 £6.5* 0.0+ 0.0° 11.5£1.5" 1022.2+ 144.8" 30.8+5.6™
2014
February 563.5+20.9" 179.9+ 11.4™ 383.5+17.1™ 119.2+9.2% 0.0 £0.0° 94+28 1752.8+3393™ 27.8=£5.1"
April 629.7£17.7° 203.4+12.1" 4263 +12.9% 147.5£8.3" 0.5+0.5° 54+34 2382.8+530.1" 26.5+£42"
June 6042 £19.3™ 2052+ 13.0™ 399.0+ 15.4°° 136.7+8.7% 0.3+£0.3° 12.6+3.0° 2040.5+£415.7° 23.5+4.1™
August  565.7+18.0° 2059+ 14.3™ 359.8+9.9"%*  119.0+7.6™ 0.5+0.5° 125455 1530.7+341.1" 20.8+2.5°
October  535.7+19.9" 204.8+ 13.8™ 330.9+ 11.6™¢ 108.1 +£8.3™ 0.3+£0.3° 11.1£2.6" 1279.7+383.8" 18.8+2.7°
December 516.3 £21.2®° 215.8+15.0° 300.5+11.3®  101.1 £ 8.4% 0.0 +0.0° 10.9+4.0° 1120.6+335.7® 16.5+2.0°
2015
February 483.9+20.5® 236.6+16.2° 247.3+10.0° 89.2 £ 7.2%® 0.0 +0.0° 11.4+£5.0" 985.1 +309.6® 14.8+2.4*
April  590.5+24.9% 2445+ 17.4° 346.0% 12.5% 133.5+£10.6° 523+ 17.6°  7.1+£3.3%  1447.9+£4542% 66.0+16.2°
June 613.9+£29.3® 249.1 +£18.3% 364.8+ 15.7%% 147.1+12.6° 9.0+5.9° 68.5+£9.5° 1550.3+493.0" 28.3+10.8%
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Size class
Fig. 3. Size-specific mortality rates of Ecklonia cava at Munseom in 0 0

Jeju Island from June 2013 to June 2015. Size class R is a recruit; J is
a juvenile plant and stipe length is from 3 cm to 10 cm; A1, A2 and A3
are adult plants, Al: 10 < stipe length < 30 cm, A2: 30 < stipe length
<50 cm, A3: 50 cm < stipe length. Data are means + SE (n=4). Values
with the same letter are not significantly (P<0.05) different among size
classes.

2015 490l 217t A AT 6370719} 667NAE 7 sgron,
20154 280 @AY oF 1570412 7P e ASULEE 1S
CH(Table 1). 5T} D] Hefe] AEFS T3 AL4 ¥
ol(P<0.01)y5 Rtt. AELS ALTFE F7Iste] ol Hulztel
Teiglon, o SR 7R AT AEFE 20149 4
o] ThRAAT 2383 g wet wt.E 7 =001, 20143 102l 71
whE 21658 g wet wt. m2)yS WERASITE A1 &<t T A
2 1376 g wet wt. m?Z S = QI TH(Table 1).

R J A1 A2 A3 R J A1 A2 A3
Fig. 4. Size-frequency histograms for Ecklonia cava at Munseom, Jeju
Island from July 2012 (before typhoon ‘Bolaven’) to June 2015. Size
class R is a recruit; J is a juvenile plant and stipe length is from 3 cm
to 10 cm; Al, A2 and A3 are adult plants, Al: 10 < stipe length < 30
cm, A2: 30 < stipe length <50 cm, A3: 50 cm < stipe length. The num-
bers of individuals (n) in each sample are given at the top right corner
of figure.

JMIZ 371 2=

FHe) ANAREe] F27] F-3E o ANAS] vlEo] =& A A
Z7GA, AT A5 dA, 7Fell Qg Al AP o=
TEECE 20121 8ol MY el Bl o) Al e
H 1.2 ggiitare]l 77k FEE e, o sl e
w2} dAel sigehs AlZh A2 Hlgo] A /lAle] 85.5%%
ZFABIAEHFig. 4A). 13U Bl 28t weh iy 5 ot R
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Fig. 5. Ecklonia cava. Seasonal changes of adult sporophyte in water temperature and total length (A), stipe length (B), longest blade length (C)
and individual weight (D) at Munseom in Jeju Island from June 2013 to June 2015. Data are means = SE (n=6-48).

7Ilo 2 olaiA 2013 6ol R} J552] oA 7AISo] AA
AT 96.8%5 XISt H(Fig. 4B). Bl 248 22715, 2014
d 62l AlGH2) A7 DA WAL 40%E ZFA|SH 0H,
715 4o)7} 30 em oV dE = ANA(A2GHYF AS 0w HEE
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AS mX= A o7 AeFTH Edwards, 1998; Vega et al., 2005).
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