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Marine Algal Flora and Community Structure at Gwanmaedo and
Yeongsando, Korea

Su Jin Han, Da Vine Jeon, Jung Rok Lee, Yeon Ju Na, Seo Kyoung Park and Han Gil Choi*
!Faculty of Biological Science and Institute of Basic Natural Science, Wonkwang University, Iksan 54538, Korea

Seasonal variations in seaweed communities were examined at Gwanmaedo and Yeongsando, Korea, from May 2014
to February 2015. Eighty-nine species were identified, including 11 green, 20 brown and 58 red algae. Seventy-three
and 74 species were identified at Gwanmaedo and at Yeongsando, respectively. Sargassum thunbergii and Myelo-
phycus simplex were the dominant species, comprising 60.89 and 39.50% of total biomass, respectively, and S. fusi-
forme was subdominant at the two sites. Of six functional seaweed forms, the coarsely-branched form was the most
dominant, forming about 43% of the species number at Gwanmaedo and Yeongsando. Seasonal seaweed biomasses
ranged between 53.10 and 172.85 g/m? (average 93.57 g dry wt./m?) and between 83.11 and 176.20 g (138.21 g/m?)
at Gwanmaedo and Yeongsando, respectively. The vertical distribution from the high to low intertidal zone was S.
thunbergii and Gloiopeltis furcata; M. simplex and S. thunbergii; and S. fusiforme at Gwanmaedo. Seaweed zonation
was distinct at Yeongsando, with S. thunbergii and Gelidiophycus freshwateri; M. simplex and S. thunbergii; and S.
thunbergii and S. fusiforme. Seaweed biomass, evenness index (J'), and diversity index (H') values were greater at
Yeongsando (138.21 g/m?, 0.51, 2.18 respectively) than at Gwanmaedo (93.57 g/m?, 0.48, 2.04), indicating that the
seaweed community at Yeongsando is more stable than that at Gwanmaedo.
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ZtH(Lindstorm, 2009; Janiak and Whitlatch, 2012; Satheest
and Wesley, 2012; Liang et al., 2014). E3t, 3|27+ t}oFst
Fol A A-8= ALY, agar®} carrageenant 22 3l 4H 9]
A2 % oJorEe] YRZA BAH A7 R BB F 3
Lol th(Vandendriessche et al., 2006; Silva et al., 2012; Nadja
etal., 2013). o] 2Jo]| %=, B =F= 2AQHe] A|Ske}F Abgiste Q1

3ff sigel F71Ee= F7] H 7] LHES AASHE e
2K biofilter)2} e A 2] HFHE FAITEAL ASHe] e
U E P }= A& 2| A 2Kbiological indicator) 2 AR&-E]
1 th(Wells et al., 2007; Bernecker and Wehrtmann, 2009;
Scherner et al., 2013).

o| A 2= s W AA 7HA7F 2ol =
ShaL QI7HE-E-2 ¢1Qtet o] slek W AESH AEE WS
A T A, 9= A, T AAshE e[
Z3E 45 X&2 0 2 7FaA|7Ick(Parker et al., 2001; Wells
et al., 2007; Wagdy et al., 2015). 217k 50| G5t wgto]
U gefdo] Fi s dddoA= iAo w2 i
“d(canopy-forming) ZZF-of| A AAbdo] W2 H& g (turf-
forming) 15 &£ 7]8)44 252l 2wl Ulva spp.)2h
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tiute) e Cladophora spp.)7} 956t 22 wWEH
H 3} (Eriksson et al., 2002; Arévalo et al., 2007; Pinedo et
al., 2007; Kraufvelin et al., 2010 ; Whitaker et al., 2010).

Selike} Asiohe elokd) sk nret 24 9 Ay 27
o, 5HE B 5 chobe B0 2 TAjEo] glom, 24kl
A7F 241, JfEE FHYE AA= Qs BiAd 24o] wWot
vt 2zl d#A Qltk(Jung et al., 2010; Yang and
Kim, 2009). g+ A3ioke] st 7| 910l = Kang (1966)
of SR AR AeF FEOIA 1400502 Al
S A%E 3}o], Choi (1990)2] “Hepde afjxFo] B2
A Aepdeo] Asste sl2frt 416502 fefvet d A
Obof| A&-3h= AA| i 2F2] 62%= AFA|3tctar sF3ATt. o] 9
ofli= Z7bef ohvko] s, 7158 B, AR, thoke 4
5 vhoke e A Bajo] AlmE|gont g Rk AR
of et A= Y sl HFE Slal(Lee et al., 2000; Lee
et al., 2007a; Yoo et al., 2007), =4 9] =AM} AEaFof
3t A= W = (Back et al., 2007), 9Z2=2} F4H=(Choi,
2008), o] 3 =(Kim et al., 2013) 5 L+ EA o] A gt Z231E]of
e,

R sfial ol 915 Fate et wl = shefgh 73

T 2 e SR80 clste] o] T3] F71et
31 glo], A% <Iot YA RAZ Slste] xR B
A7 2P HE L BYS 9% 71 24F st o) Fa
3 Aotk whebAl, £ AT JAbet i cloke] Al
5P St ABARI SRR 2 B4 siefel] 9ist
of S, 9 8%, FARELL YBI] ARE ASlPFS 0
8l shgiet

Mz W

e 2ot 22 Tl E o AIQkE SAMH Fateo] A
20144 SURE 20154 220744 ALER fEFE 4 2
3/ WA sHAH(Fig. 1). AgzAte 20 4, 5, 5t
1 370, & 970 HE-H50 cm X 50 cm)E FAR|H 0= &
PRl 2 BE H2RE TA 4T J3a
], 248 shelels] $isto] Thaper 712t 21o] 4
s 2FE A skl AR E sfxfe =ww-
8H(5-10%) 0.2 BgolA] LA A AR vl
0)7d& AMgSte] 5 9 A5, EdEe] oY E
2 Lee and Kang (2002)°] witt}. | 279] 7| 582 &
of ofsagel Wl o] ukeh he A, §EALE U
@, A9, S8 AMER Y o7l Vst e ®
& H(Littler and Littler, 1984), ThA] AJesH4 15 191 ESG
(708719, 0he A, S840, 24l BSG I (4
A&, AR B53HtH(Orfanidis et al., 2003; Arévalo et
al., 2007). sj2/Fe] 54 Thetslr] flsto] A AHxE ol
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Fig. 1. A map of study sites and the location of Gwanmaedo and
Yeongsando, southwestern coast of Korea.

O] ¥|(C/P), x50l gt &272 HI(R/P), ZZFrol tieh =
259} $279] H(RICYP)E T8l ArkFeldmann, 1937;
Segawa, 1956; Cheney, 1977).

A AR E 2 BE o 3 AlAste] Rt B
AL, F47 T 60C= A Ax7]oA 797 A
sto] AFa S8 DU AT A EH (g dry wt./m?)

3 AREE 29 27 Bt e =
$E 72 3Fo] F A4 (richness index, R), Shannon's
TFFE A (diversity index, H')2} w5 4| <=(evenness index,
IS AlAFSHS 0 1 (Margalef, 1958; Fowler and Cohen, 1990),
97 %= 2]4>(dominance index, DI)= w7 ol 4] o] AHETF &=
Aol whet A1, 2 $HFS Adskar, 259 e ool et
F AEF HjE&2 AFESH TH(McNaughton, 1967; Lee et
al., 1983). 33t |2 729 8= = K-dominance HA1 S 2
H] 3}9] © H(Lambshead et al., 1983), 3 x| 422] A1& 9 &=
A]3}ofl&= PRIMER version 6 (Clarke and Gorley, 2006)E ©]
Eadpitag

rlot
2
k)
2

o PN oo
oy Hu

2 I

& A7713bel| B e} PAHeo| A ST S 2Fe 89F
A 15, 225 205, 27 om, 3

7H A 28F 9] 65.17%5 AR ot m2 7 op dxfol ¥
3 S@NETL =3 AEE @5 sHlol 81522 7}
B =okon, A0l 3%, 90 645, SAI0l 5652 71
Z|SlcH(Table 1). ol ol A S& s 27= T 735(5= 10
%, 22 7%, B2 465)0]0), T277} 63.01%2 71 5%
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Table 1. The number of macroalgal species observed at Gwanmaedo and Yeongsando, southwestern coast of Korea (Sp, Spring; Su, Sum-

mer; Au, Autumn; Wi, Winter; To, Total)

Gwanmaedo Yeongsando
Taxon - -
Sp Su Au Wi To Sp Su Au Wi To

Chlorophyta 8 9 6 6 10 7 8 6 5 8
Phaeophyta 15 14 12 13 17 12 13 13 9 16
Rhodophyta 33 38 30 25 46 34 38 28 26 50
Total 56 61 48 44 73 53 59 47 40 74
T, A EUEE 4461502 o] AR SA ] A 500 —
ATk O 527 85, DEF 165, FER 052 T 40| rion Bt mto @
2 F 7450 sAHeH, F2RF7F AA 28FY 67.56% E
2 71 w0k, AU AFSE 40-59F 0= sHA o) A § 00
&3l FAof H A H(Table 1). g 200

ol reof GAte = s oA AT W H = 2 {e w2F £
3F(E 2B, g dut, mebdule), 2R 635( & 100 |
BRgIe, B8, A4, ulY, B, AFo)T F2F 6 ﬂ
FOIHE, HFEF, W7 R A, WA R, B © T g Summer | Awmn  Winte
7hAbe], A0 & F 15%0) r. o

- OHigh @Mid ®Low

Jlsd H dEieN OF E a00 | (B)

Pojme} GabEolq FET LT 9FS ARG 3T 2 g |
Z(41.57%), E4F 195(21.35%), A3 155(16.85%), TF %
§4F TEO8T%), AT TEO8TN), KANERY 45§ 0| A WI |_’_I
(449%)02 TEE|, H7Br|Ho] MY S Asd 8 |
F0.2 SholE|Qe}. Pl Eol A AE|EHa] A1 E-& ESG Ie]
£35h= S 277t 48%(65.75%) -2 ESG o) £&3h= G4 0 ‘ ‘ ‘

Spring Summer Autumn Winter

I AV B 2725, 35.25%)°l Bl8l @okon, Gite
3t ESG 1 3|237} 475(63.51%) 2.2 ESG 1l 3|22(27%,
36.49%)°l| B]3l A LrEFth(Table 3).

MEY U 2HE

Aol o} Grkeo] 2o MAsh= sfaFel dAHat
=g dry wi/m’)& 115.89 g/m’low], AEHE AY=f
80.56-164.61 g/’ ZA] Aol a1 Ao Hrj= 2}l
EUch Wi s 7o) A AETEE 53.10-172.85 g/m(
AR 93.57 gm?)EA Ao HhHom FAlof 2|49l A
A WEs Bolri(Fig 2). Gk sfdellA sizw A=
& At 13821 g/m’ (A7EH 83.11-176.20 g/m’) =4 57
ol W AL FA ol 24 HAckFig. 2). 2HE =2 Hf =
Z7bo) Aol A 44.93 g/m?, S0l A 83.51 gim?, SHEo] A]
15228 gm’= 297} Solda5 S7iehs iHE Halo
At e 23 Aol A 89.63 g/my, F7-ofl A 91.48
g/m?’, SRl A 233.52 g/m’ R A Al A] 7HE R GEAL S|
A 2 ickFig. 2).

QESBEER!

Flo oz

]
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Fig. 2. Seasonal and vertical variations in average seaweed biomass
(g dry wt./m?) at Gwanmaedo (A) and Yeongsando (B), southwest-
ern coast of Korea. Bars show standard errors (n=3 replicates).

T4 EASReHH, P e S Fe AF0]
(43.64 g/m?, 46.44%)S}F F(13.57 g/m?, 14.45%) 0 & 2F0] A
A BEF] 60.89%F AHA|BFAL, FatEol A= Al 1 3%
H}9]4293(54.74 g/m?, 39.50%) 3} A 2 ©-HE £(16.24 g/m?,
11.72%) 9] e e & HEF 51.22%2]1 138.21g/m>2.
2 gl =] qlrk(Fig. 3).

AR

oo} it 27kl ohgtell A Aok sl 2 A ETFY] 4
s B, P 270 ARoA A Folet E5E7Ht
27F 5 A= 43.94% (19.74 g/m?) & AHAISHAAL, S5 A
E5F0] 52.79% (44.08 g/m?)= BRI A (A -} A%
oj(H12 $F)7t AHA|8kGItt. B3], = FHol A= A
0] A&H 07 Fadhs HEUFTU FHU17E S5 sz

1

==

N



\
)

60 oGwanmaedo aYeongsando

40+&~

Cumulative dominance (%

201, L
1 10 100
Species rank

Fig. 3. K-dominance curves (X-axis logged) for average seaweed
biomass at Gwanmaedo and Yeongsando, southwestern coast of
Korea.

F AETE83.51 g/m?)Q] 12.73% (10.63 gm?)E AA& e
2 = Uepskon, shol A= Fol A a2 76.92%¢<1
117.13 g/m*S A6k --E0|Qth(Table 2). GAtE =7+
o Aol A= K Z-ole} of 7] -7 kA AETFO] 46.90 g/m?
© 8 A M7 AHETH89.63 g/m?)2] 52.33%= UEh L, &
o= vl Tt A 5ol7t & BE] 40.61%E A5t
A FZE = 11.21%2 Mtk gatz 274 a1
o A B2 AJEEFS 23352 g/m?0| 9. on] X]50](115.87 g/

m?, 49.62%)2} 5(48.72 g/m?, 20.86%)°] s=Q¥T}. wtehA, o
o} GAtmollA sj2fo] Bede SR o 200 4
T2 AHOIA AFol, FHOIA vheled, sHElA it A
o2 K 290N 22FTE $Asks AL R SelE
(Table 2).

2Ex4

frF e SATFEAEE A% FYAFE B,
T ol A Al 1, 29-F2 5(46.34 g/m’)3t Wl 4=4(13.57
gm)O.2 A A=H(93.57 gm?)9] 61.15%F 2R3t ¢
H=24(DI)7}H0.61%.0.1, GAME o] 4] 2] Z0](54.74 g/m?)e}
£(16.24 g/m?)0] 51.35%= AA|8to] 0.512 Lpelstch At
7170l 441 EAFot Bt EFS o8 FEAFR)
L P ol A 15.85 (A1, 9.86-14.09)2}F HAHE ]| A 14.60
(A, 8.82-11.78) 2 A] A A ¥isto| vlal & =A ety
on, AR Al 1 £HF(E)0] 47%F ZFA[7E 2l
5 (0.48)0] vl | g ol 2570 Eo] o 5okA gt
AFE(0.51)0ll Al s=8keh. thF A 4x(H )= T eollA] 2.040]
11, GAME o] A] 2,185 LFEFTHTable 4).

s z24o] 2194 £40S UEtl= C/PgHE T =0l A] 0.46-

Table 2. Vertical distribution of dominant species (< 7 g in biomass) based on annually-averaged biomass (g dry wt./m?) at Gwanmaedo and

Yeongsando, southwestern coast of Korea

Tidal level Gwanmaedo Yeongsando
High Sargassum thunbergii (11.90) Sargassum thunbergii (31.98)
Gloiopeltis furcata (7.84) Gelidiophycus freshwateri (14.92)
Other species (25.18) Caulacanthus ustulatus (14.72)
Gloiopeltis furcata (13.56)
Other species (14.45)
Total 44.93 89.63
Mid Myelophycus simplex (32.17) Myelophycus simplex (20.79)
Sargassum thunbergii (11.91) Sargassum thunbergii (16.36)
Silvetia siliqousa (10.63) Gelidiophycus freshwateri (13.11)
Ishige okamurae (8.91) Ulva australis (10.26)
Other species (19.88) Caulacanthus ustulatus (9.70)
Corallina pilulifera (8.99)
Other species (12.28)
Total 83.51 91.48
Low Sargassum fusiforme (117.13) Sargassum thunbergii (115.87)

Sargassum thunbergii (8.15)
Other species (27.00)

Total 152.28

Sargassum fusiforme (48.72)
Corallina pilulifera (29.16)

Ulva australis (15.77)
Sargassum fulvellum (8.25)
Other species (15.76)

233.52
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0.642] 19| = SA o) 2|2, sHAo A& Helom, Fate
A= 0.46-0.622] HS|= FA o 22, sHAlof 2= Yk
o}, R/PZH} (R+C)/PZES il ol A 0.37-0.52(3H 24, 5
A 2dh), 2.38-3.36(5HA| 2, sA 24) HeIen], Fite
ol A= ZF7} 0.34-0.46(5HA| 2|4, 4] 2Hh), 2.62-3.54(5H|
2|, A )2 " =A = ko] Hd, Ha AE S vtz
YUENITH Table 4).

=k

a1 =

oAl el FAE A FAHE RF= 89F(
52 11E, 22 20%, 3% 58F)0|9loH, Il o= 73%
(A, 44-615), GAto A T4S(AEE, 40-595) 08 1}
Rttt AR S EAX Y 27 sl 27 SdE2 5t
A bl A Bl FRJAEA 62E(Oh et al,, 2002), 419 F
B, AR2HIE QP Q12] 167 FQ1%=A] 63%(Oh et al.,
2005), Aot =2 o] 157) F-Q1 %= 4] 53%(Park et al., 2007)
o &2 715Eek gk AldafiQte] 1A A2 o)A 92,
ZEFEOA] 114F, A% EoA 124F, SAE A 67,
TrofA 70%0] &35t 2 (Choi et al.,, 1994; Oh et al.,
2013), Fafigtel ARt @5 Lol A 573, HIXI o) A 89F, 4
u-EEof| A 80F0] EABFATHON et al., 2014). & A7} 4=
e Ao} Pate o] iR ST = el 2%

57

b el v ot A EE Mok WA UEg oL,
BSAME O} B 18] a1 AIQKE 157 FLQIE A of] H] &) =0} Z7k
Fo|Slth sl 2 2T AR W, A7) 28w st
we Zolsk glon @ zAslele SR Friepie Aavt
SA % Fof| =olEojop & Ao wrkE |, YRS R A4
P ot JAFE= o] Y F7of| whE s A ] Y
TRTE IS A7|A o' HUE sk go] aE
d2fe = S Hol= thdAd s 2= ¥ ESG T
(CF=A9, 478719, aste Ty, 2H49) slaf 1E
wholu} @ s ol mhE S Hol= ESG I (943,
AER) 2T LFoR R 7R HHlES sl
F A4 S e AR B S Hol= A o' g A ltt
(Arévalo et al., 2007; Pinedo et al., 2007, Wells et al., 2007).
Sk Asfehat gefetolAl AAshs xR Ve d
el AR Z (A8l 38.3%, Falit 41.5%), AHd
#(28.8%, 24.5%), B (13.8%, 15.2%), Th2A 3 (11.7%,
13.3%), 248(3.9%, 3.3%), 24458 (3.7%, 2.7%) <=
MzA AE718 AVSR sl2R/7E 22 Hlee Bt
(Sohn, 1987). & ¢1tofl A &&3t s 27 8952 4112713
(41.57%), A% (21.35%), AH3(16.85%), T2 3 1 214
ol 2171 7.87%, L2]al FAEAES T o] 4.49% = A, AlBet
3} gaor slRe] 715 F4uIst fARBEL 0 B (Sohn,

o o=

Table 3. The number of species (percentage, %) in functional form group and ecological state group (ESG) of seaweeds occurred in Gwan-

maedo and Yeongsando, southwestern coast of Korea. (S, Sheet form; F, Filamentous form; CB, Coarsely Branched form; TL, Thick Leath-

ery form; JC, Jointed Calcareous form; C, Crustose form)

) ESG | ESG ||
Sites
CB TL JC C S F
Gwanmaedo 32 (43.84) 6 (8.22) 3@.11) 7 (9.59) 16 (21.92) 9(12.33)
Yeongsando 32 (43.24) 5 (6.76) 4 (5.41) 6 (8.11) 15 (20.27) 12 (16.22)
Total 37 (41.57) 7 (7.87) 4 (4.49) 7 (7.87) 19 (21.35) 15 (16.85)

Table 4. Average biomass (g dry wt./m?) and various community indices of seaweeds at Gwanmaedo and Yeongsando, southwestern coast
of Korea (Sp, Spring; Su, Summer; Au, Autumn; Wi, Winter; To, Total)

o Gwanmaedo Yeongsando

Community indices - -

Sp Su Au Wi Sp Su Au Wi
Biomass (g/m?) 172.85 70.33 53.10 78.00 156.37 137.15 176.20 83.11
Dominance index (DI) 0.63 0.62 0.54 0.74 0.59 0.55 0.63 0.47
Richness index (R) 10.67 14.09 11.82 9.86 10.29 11.78 8.89 8.82
Evenness index (J') 0.45 0.47 0.53 0.35 0.44 0.43 0.42 0.60
Diversity index (H') 1.80 1.92 2.07 1.31 1.73 1.74 1.61 2.21
Chlorophyta/Phaeophyta (C/P) 0.53 0.64 0.50 0.46 0.58 0.62 0.46 0.56
Rhodophyta/Phaeophyta (R/P) 0.45 0.37 0.40 0.52 0.35 0.34 0.46 0.35
(R+C)/P 273 3.36 3.00 2.38 3.42 3.54 2.62 3.44

C, Chlorophyta; P, Phaeophyta; R, Rhodophyta.
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1987), agtoli} @ ¥ s oA Mot AP 943
3| 2F(ESG I)7} oF 40% = A] 217 @ ¢ oLt algto]| thgk A4
ek o7k e gt ol

7124 27| BETE T
T3 A JHE e ARE S
< AHEEA S oHE/d T A ol Bl
o|th(Choi et al., 2006). & A roflA] S| 2F] AB Y=TF
£ 115.89 g dry wt./m>Q 3L B =9} GAtEo)| A 247] 9357 g
dry wt./m?¢} 138.21 g dry wt./m*S Uebdch Asjjetol 4 )
%520| 270 ABE AR o] we} 2 2fo] 2 K,
AL, 01 T, BAVE OF FE A 150 g dry wh/m? ool
¢13(Yoon and Boo, 1991; Kim et al., 2013; Oh et al., 2013),
ORI, 4, BA L of Z ol A= 100 g dry wt./m” ©|5}5]
TH(Lee et al., 2007b; Choi et al., 2008; Wan et al., 2009). ©]£]
of A oAl ARt 2] 70 (A =, A, 55,
A5)0] 3AE(EA, SHA, FAI) 2ARIA sf2F A= 3
T 121.48 g dry wt./m*@.2.1(Koh, 1990), 1153 47} 2] %0
AW EE, AL, ofial A, XA 2ol A shA o 50.85
g dry wt./m? (Song et al., 2011)2A] 2 A2 Sl Hof =9
FAE o] AEFE oA =, SAE -G HsiA = Wt
UhE EAeb= 2po|7h A9 gl dxf AFol= Asiet
Of 1171 A H(Kim et al., 1995)014 -3l om, tha A
Aol A FAFE A s BEEO 57.83%, ] ol Al
56.88% 18] 1 FAIE O A 54.64%E AFA| 1o Alsl|ote] o 3
Z0 2 YERGTH(Yoo and Kim, 1990; Lee et al., 1997; Lee et
al., 2000; Choi et al., 2008). ¥ 173} o} 4] 2] Zrol= Z A A
0] 28.21% ZA], W ol A 11.38%, FAFEO|A] 39.61%
£ A 5=, T =] A9 FR719F R BARRE &
A717] $1_E A 717} o] FofA| AL glo] A|50]8] BEHol ¥
Al vehd A o2 gRolEc,

fEFo] B SATTE VISR 2w AYH &
3 EAS Y= C/PEE gteffollA] ofddf sl <ol A4 0.4-
1.5%$919] 2hS el a2(Segawa, 1956), R/PZHS atthol =
2120l 4 <1.0 05}, Lo oA 1.0-4.0, Aefafel ol A 4.0
o= E L m(Feldmann, 1937), (R+C)/Pgte] whef, 0|/
WA gHH3), =3/ (3-6), EHHA(6) 2o Sttt
(Cheney, 1977). & A--ollAl= C/P gte] 0.47-0.65, R/P ko]
2.56-3.129] WY E 203y st EYom, (R+C)/P #F
= T oA 3.29, YAkl A 3.622 A4 St st H
ek T eof PAHE S 2R Ao 91 9 RQl= A €
(RHCYP 7k 2 Aol FARE AufeA 234 sjados
LERE O LH(Oh et al., 2013; Yoo et al., 2014, 2015), C/P, R/P,
1e) 3L (R+C)/P k2 Wiwtell 12|13t Ao Hlal 2Jsfol £x|5t
Aol A G 7k 2 9] © 2 4 (Ohetal., 2013; Yoo etal., 2014),
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oF Z&=(12.82)°] HI3 =7 UEFta(Oh et al., 2013), &=
o AR AR 7H(14.55) HATH(Yoo et al., 2014). ot
S 2|4l BAE(0.44), ARHE(0.47), Tl =(0.48), FAHE
(0.51) ¥ F5(0.59)2] &4S 2 KO et al., 2013; Yoo et
al,, 2014). 2= A 5H)E SALE 7} 1.872A] 714 wor
I AAET}2.02, T w7} 2.04, GAHE7E2.180]9l0H, T
of| Al Zth%H(2.50) H GITHOM et al., 2013; Yoo et al., 2014).
s Al gk A AT7F WA GrobA] vt Agh
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