3t4=A] 50(1), 055-064, 2017 Korean J Fish Aquat Sci 50(1),055-064,2017

2239

Species Composition and Vertical Distribution of Marine Algal Commu-
nities at the Taean Peninsula of the West Coast of Korea

Jung Kwan Ahn, Kyong Dong Yoo!, Ji Chul Oh, Jae Il Lee!, Hee Dong Yoon' and Young Hwan Kim'*

Marine Research Center, National Park Research Institute, Korea National Park Service, Yeosu 59769, Korea
'Department of Biology, Chungbuk National University, Cheongju 28644, Korea

Seasonal variability in algal community structure was examined at the intertidal zones of five study sites on the Taean
Peninsula, on the western coast of Korea, from February 2014 to November 2015. A total of 118 species of marine
algae, comprising 17 green, 24 brown and 77 red algae, were identified. The maximum number of species was ob-
served at the Mohang site (75 species), and the minimum at the Yeonpo site (46 species). The seaweed biomass was
160.24 g dry wt./m* on average, and was maximal at Uihang (519.04 g dry wt./m?) and minimal at Yeonpo (19.03
g dry wt./m?). Based on biomass, the dominant seaweeds at Tacan peninsula were Sargassum thunbergii and Coral-
lina pilulifera. Community indices were as follows: richness index (R), 3.21-5.01; evenness index (J'), 0.33-0.38;
and diversity index (H'), 0.90—1.12. Based on evaluation of the environmental states by the community indices, the
ecological evaluation index (EEI) of Taean peninsula was “moderate”. The overall species and biomass of seaweeds
decreased after the oil spill. However, Hakampo previously showed a similar algal community structure. In conclu-
sion, the algal community was temporarily affected by the oil spill, but rapidly recovered.

Key words: Algae, Oil spill, Tacan, EEI

M E Aol digh B717F A== ich(Littler and Littler, 1984;
Steneck and Dethier, 1994; Padilla and Allen, 2000). Orfan-
W2 2T AR AR A oA 1A} A4bRLL] gt Rt of dis et al. (20032 =& f=27F A&, YAE, 2P 45
et sjops X, B4 5 SO R dle a5 4, 5 9 Ho] RS Teiete] 5719 Hr} tiast 75
715& 43312l QIth(Whitaker et al., 2010; Janiak and Whit- o7 B3 5 AE|sHA 3 712 4>(EEI ecological evaluation
latch, 2012; Perkol-Finkel et al., 2012; Satheesh and Wesley, index)E A|A|5}913L, Oh et al. (2016)2 AE|SHAH7 IR |+E
2012; Kim et al, 2016). | lol = shFi RSP Fou]  galol 2 sk Y 63of e B1E AXjslol 1%
BEH st mtet 2 THY U, FAF L AR o)4ro] Eat ke AR BRI
o] Hskoh= A0 R SAHIE o 4= e EFe A 22Uk} AJafete] s 2F= Kang (1966)0] A|2]2] Ko
A& (indicator organism) E+= A& A|Z}(bio-indicator) 2 2] TARH A2 B 10458 B 151900, o3 Kim and
Ao 53131 QJth(Abbott and North, 1971; Orfanidis et Lee (1985)= thzfE AW, 2 H a2 2] 3 3224
al.,, 2001; Wells et al., 2007; Yoo et al., 2007; Scherner et al., H 5 A 7HE =Yste] sty S-S st
2013). 2ol w2 sfj =572 A& Feof uhet J43, AR SF T EiRIhE S 25 2 of) e A= Lee and Lee
A, AR, TS E Y, AR Sy e 24 9] (1982)2] 7t2 =t A2 A2 & Lee and Lee (1990)=

671 715® 15 FE5HL, 7I5F Y HAvER At A2 A= e 157] A 2Aksko] <fsiel, Wshet
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13 oAk oke] 37) K] of0 2 T sielc. shAlef S5t
A9k, Kim et al. (1995)2 B QI 127 2| S 9] s =7 45
T} YEFS B 1593, Yoo et al. (2007)% 57 2|9 9] afjx
24 722 v msfel ATl 0 A= S slotslairk. Lecet
al. (1997)& u}w=2] 0]£]9] 37 Aol A], Oh and Lee (1998)
= o7 A 9] A 2ALSERITE Lee (2004)+= #1222, Yoo
and Kim (2003a), Heo et al. (2015)-2 8FF3E, Yoo and Kim
(2003b) Hfeksel a4 ZuS ZARIRT, 012)9] thre
o] A5 g ol HFEH oI U

EQHIEE QI 3ol A 2007 12 7o S Elight ¢
s AL A 6ok Slol 4 3 AAo] 241 Hebei
Spirit& o}t sl A 1AV FE== R °F 10,900 ton©]
SH = AR EAEeIT 2 Hhe B0 akehA ddle
2 7 AeAlo] ot ake w77 E=s), Hong et al. (2014)
of W= 422 2009\ of] K7 S5 AL, AT 49
5912011410} Ayks] SlEEle 202 Uefytey, ahAnt of
oFat A Al et R dol et dvt Raal] Sal,
a2 sz ol et A AR Aotk

wheba] 2 A= T EiSHE s 2Tt Hebel Spirits
= AL o] ol e sl2at S Blugho A et
HHe s 2ot 0] s S/ whelstalat ahqitt

Mz H L

e Qe skt 57 A (e, ofR), 2, B, AE)ol
A1 2014\ 247E 20159 119714] 2d5<¢H 2 A E =
2 el chet Ak AlAshTHFig. 1), A4S
o1s}7] $1at B4 FARE 2 7k27) ZARR ool Lpehbs #z
75 Fcker AR, Bk 27k A, 5, k2] 25
7Rl A8 H(10 em X 10 cm)E U0 2 B 450 cm X 50
em)S 2-38] 249} 0.2 AAsaL BT ol EAf5H o)
259] 7% (coverage) S 2431, A A5tk AgE
S2fe 5-10% E2E-sa FH o= AR oA 145}
AEAR o8F ¥ 47 AT 29 slanol B8 W 3
o 2} gEERE o] nsheh(Kim et al, 2013). 4% 3
gt 2= Hem AlAskL FHE ko] 105T A=
2(drying oven)oll 4] 48417 2 AZRAZ] F 001 g FF0
7okl =g dry wt/m?) o2 skt sj2 7 &
Bt A SHA AEd AR(%)E okl A
= Y7 30% oS TR, 10% ©4430% Hvk
o £o FoHF o7 TESIAKKim et al., 1995; Kim et al.,
1997). 3, A SAS N AEF ARE Al oR 5
Z]4(richness index, R), TFFEA]>(diversity index, H)S}
S EA)4(evenness index, E)& AAFelth(Margalef, 1958;
Fowler and Cohen, 1990).

Orfandis et al. (2003)2- Littler and Littler (1984)2] 6 7]} 7|5
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Fig. 1. A map showing the five study sites and the location of Taean
peninsula at Korea.

4 28T QPAle) 4 8 Hol S mejale] s
€] 145 I, [(ecological status group, ESG I, IN2 &5} tt.
Z+ 250l &5k 3 A% T =g o] gato] etz ot
Z]4=(ecological evaluation index, EEI)E AF&31al 2|4 gF 2
o3} L 24 W2 4.6 BE 6-8 2, 1004} 202 914
SFTHOrfandis et al. 2011).

ERT 2UF4R 225 g5 5250 0|(CP), 22
Foll e T27 BI(RP), Z2Fo] et 527 L T2F0
b2 (RECYPE Tolo] s)2440] 5448 shekstoirh(Feldma-
nn, 1937; Segawa, 1956; Cheney, 1977).

2 1

M
ro
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L

20144 A-L5E 20159 712704 Bjohake 571 A ol &
A R T F 18H(SE2F 175, 227 4%, 3%
F)CE Ko A 7P B 758 2R sk o,
oA 46T o2 S5 ST o] A vetkith AdE2s
of A et 23F 0.2 WAL, 7H2ol Bt 18F o= AA &
kAT Bl A 20159 A2t ol 217 3352 s =77t
St 7P weken, 2 s S8 oA 201549
7ol 7E o= yEth AHE Hat sl 2T 2l
A 2AE 717 Hat 2650 = ggton, AxzoA Hat 1652
2 A cK(Table 1).
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Table 1. The number of algal species observed at the five study
sites of Taean peninsula from winter, 2014 to autumn, 2015

) 2014 2015
Site Taxon ) ) Total
Wi Sp Su Au Wi Sp Su Au
Chlorophyta 1 1 1 2 2 4 2 1 6
Phaeophyta 2 2 3 1 2 6 4 2 10
Hakampo
Rhodophyta 15 13 12 12 10 21 15 11 39
Subtotal 18 16 16 15 14 31 21 14 55
Chlorophyta 2 1 1 2 3 2 1 1 6
) Phaeophyta 2 2 5 4 4 4 4 3 8
Uihang
Rhodophyta 17 13 15 13 11 22 16 12 37
Subtotal 21 16 21 19 18 28 21 16 51
Chlorophyta 1 1 1 3 3 6 1 1 8
Phaeophyta 8 5 7 8 7 8 9 8 21
Mohang
Rhodophyta 15 9 12 18 23 19 17 15 46
Subtotal 24 15 20 29 33 33 27 24 75
Chlorophyta 4 2 3 2 3 4 2 10
Phaeophyta 2 5 4 6 7 7 4 5 13
Tonggae
Rhodophyta 24 16 11 19 12 18 14 14 46
Subtotal 30 23 18 27 22 29 20 21 69
Chlorophyta 3 1 2 3 5 1 5
Phaeophyta 7 6 2 3 3 7 5 2 13
Yeonpo
Rhodophyta 6 5 5 13 9 10 4 28
Subtotal 17 15 8 10 19 21 16 7 46

5 AR 5hY SR =7} ohE BRtof vls| A =7 velyttt

AAHRE oA F27F Ht 2 E 72.55%= 7MY =

oo, ALol|A] HH 60.87%= W why, Zx=o] ZaH]

S7F Hdt 28.26%= 71 = UERIT 5257 FRAlA
s

AL Wl A W AR E R LERd T
Sz A 2HS
M 570 g 2 ZAbeoll A Ajshs alleRo] A%t A

2 160.24 g dry wt./m?$} 0.1, O] 3Fel|A] H4F 241.20 g dry
wt/m2E ok, dAszol| A Bt 75.65 g dry wt/ m2E A S
ot AAH 2= o 5o Hot 220.76 g dry wt./m?2 Bk, &

o] B4t 110.32 g dry wt/m?& A itk 2A7|7F % At OHJ,
7 AETL oJ5to 4] 2014 oS0 519.04 g dry wt./ m*$

on, A4 eSS Ao 4] 20149 7H29] 19.03 g dry wt./

m*o|$Ith(Fig. 2). sj27o] 2wl e e 4277t
B 4781%E 7P Hom, B27 34.17% 12|31 %257

18.02%2] <=0]

& Aol A et 48.86%
A 64.67% 2] 3L

Zoll A it 57.56% o]oﬂq AJESRS uhelo 2 ukA

oAk 2570 AR TN 71 e 4
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Fig. 2. Seasonal variation of the mean biomass value of algal spe-
cies in Taean peninsula frome winter, 2014 to autumn, 2015.

WHE 3| 272] 32 R 50| (Sargassum thunbergii) = H+t

=i AEFY 39.11%E A =T o 2 A
T&AY S (Corallina pilulifera, 14.96%) +-4 21}l (Ulva
australis, 10.77%)2 A=At AFHEZ = WA, kLo
A ASASAT (B BET H8lE 37.84%)0] S5t
= 7Rt X1 301(27.13%) 2} AT (14.46%)7H 9%
o2 e}, o F RE AHolA] AFolr} AEet 749
31.86-61.93%2] H]&H Q2 AR5k 24 Z0]9 1L, AA
upe} 22eats ) Ly dule] o) @of X2 (Chondrus
ocellatus)2} ThA|uK(Saccharina japonica) 5-°] 7501
TH(Table 2).

_JIK_IIﬁi

Bt Y=g v o R e 7 Al =
Tk Zoh(Fig. 3). WAL, BHRFE 2l A Ay dute, =
ol A2FEAT R R =Y, FHoll= 4Tt
, AZol, A2AsAte T il shitof| Lt 2|5
o], A2 & Akt A FRt vl GE(Dumontia simplex)&
#8 = Qo 9k 2| Aol Aol 5 “7]'/\]'31
(Gloiopeltis furcate), -0 X|%0], 25-=7FAFE] 12|12
b s o= ThAa}, A2t S A, I, A P—L}EH =
© 2 eyt Hakol A= Aol o 7] -7 kAl (Gelidium
freshwater), A|%0], B5Z&7FAE], 5ol A 0|, (8. fu-
siforme), 7-42ue], vlEE o]l shto] A2AEAe
5, 1y, RFo|, LA Ahnfeltiopsis flabelliformis)
w07 Fxsiqlet. FHolA = 27 227t vy o
A UEfLRA] Aol 2] 50| 2} vt Ceramium kondoi),
Z5oll Alsoleh trgdutel el shRoA 2]go], MR
Tridut], A2tEAe T o= YERith A 270 A
Foll= J&a(U. compress), ++42atel, atef(U. linza)
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Table 2. Spatial and temporal patterns of dominant (©) and subdominant (A) species in biomass at Taean peninsula from winter, 2014 to
autumn, 2015 (Wi, winter; Sp, spring; Su, Summer; Au, Autumn)

2014 2015

Wi Sp Su Au Wi Sp Su Au

Corallina pilulifera ©) © © ©) ©)
Sargassum thunbergii A @) © A ©
Ulva australis ©)

Site Species

©)

Hakampo Chondrus ocellatus ©) A
Gracilaria textorii ©
Ulva compressa A
Dumontia simplex A

Sargassum thunbergii ©) ©) ©)
Saccharina japonica @) @) A
Chondrus ocellatus ©)
Uihang Corallina pilulifera A © ©
Ulva australis ©)
Gracilaria textorii A A
Sargassum fusiforme A
Gloiopeltis tenax A
Sargassum thunbergii © © A @) © @)
Dumontia simplex ©
Chondrus ocellatus © A A

Corallina pilulifera

©)
> O

Mohang  Sargassum fusiforme A A
Neorhodomela aculeata A
Ulva australis A A
Ahnfeltiopsis flabelliformis A
Gelidiophycus freshwateri
Sargassum thunbergii © ©) ©) ©)
Chondrus ocellatus ©)

> > O|>
©
©
©

Gracilaria textorii ©)
Sargassum fulvellum A A

Tonggae . oo
Corallina pilulifera A A
Ulva australis A A
Ahnfeltiopsis flabelliformis A

Corallina officinalis A

©
©
>
>
©

Sargassum thunbergii
Ulva australis A © © @)
Ulva compressa A ©
Pyropia tenera A ©
Yeonpo ) L
Corallina officinalis @)
Ulva linza A
Ulva prolifera A

Gelidiophycus freshwateri A
Dominant species, 30% < biomass proportion; subdominant species, 10% < < 30%.
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Fig. 3. Vertical algal distribution patterns by mean coverage of five study sites at Tacan peninsula.
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5 Tt A of 7] kA, el Tk, 2] 5l
O 574 AVe)(Gelidium elegans) 18] 11 3H5-of| A] - Zhu}af of
Hatute) 2 o =l 27t UER

o] A A ARE vgeE AE &
YAg= & SHFEAFH )= 2AZIZE Bt 1.0302 o
ofl A 1122 #3431, A432(0.90)0f| 4 ekt AFE == 2014
W Ao A ot 1.322 £9k31, 20159 7Rl A Bt
0.760.2 oItk ZR w223 R)= 2A|7E Bt 4.012 238}
(5.01)0ll A 3=3kaz, AE(3.21)00l A Wokeh A E == 20154
Holl AE FHat 5952 =943, 20144 29| 3.0622 Wk
ot 5 EA () e JHE R Bt 0.33-0.382 W= 2AM|
ZF 3t 0355 YRt AAERE= 2014 A&of 04305
QAL 2015 7R2ol 0.28% WdTh sj4be) 2|94 54
< Uehfi= C/P 3HS Hat 0.58(0.38-0.77 1 9)), R/P 3+ 3
Tt 3.28(2.15-4.63 <) 18] 31 (R+C)/P ZH-2 H 3.86(2.54-
5.38 ®¢])o] Itk Table 3, Fig. 4).

s

0l

AAEA7Y, A Y, FEAS S 1o 2HE sl 2R
7} £381= ESG [ AA4 &8 |25 118F F 78F(66.10%)
o8 LAF o, A AMER dll2F2] ESG II= 40F
(33.90%) 2= Itk ESG | Z159]| £31= 25 vle= 3
o+ 17.94% 3ol A =9kaL, AzofA Wttt ESG I T1&
o] M= Hat 17.76%=2 A A =11 ool A Wttt 1]
L5 v o R AEgh Aeshs g7 ~(EED= BA Bt
59308 olglo||A] 7} =0 7330|9100, AXEoA] 3772
SHeFtH(Table 4).
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Table 3. A various community indices of seaweeds at the study site
in Taean peninsula
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Fig. 4. Seasonal variation of community indices in Taean peninsula
from winter, 2014 to autumn, 2015.
e T I8F(HEF 7%, 227 245, T2777%)

Ao, B ERE 46-85F0] ek Bt of A AR Ab=
= Zotal e ZAPY o] mel 33-9159] WolR SR 23
o] AT Mol SR FHBSE o BE BAw
o 4] 91%(Yoo and Kim, 2003a)Q] HHH, |4 2 5F &8-S
o} o] A 33%(Lee and Lee, 1990)©] 1T Table 5).

ZAAE R = B S T St E A oA £ AFE
EPFSto] TH O] A7} o] o] Fom, Ht 2F TS
= 61F0|3th H4& 2 F EdF4+= Yoo etal. (2009)°] &
agH46Fo|ql o, & Aol A= 5559 s R77F S5t
o4 S5 3149 Yoo and Kim (2003a)0] 2113915
o= Elglo] HE519 11, Z|Lol 1% 64 (Heo et al., 2015)
Wb 7haslolt), sl Bae) RARE 7heA o 49}
ddEE SAEROH, e A s A4 2% 55

v o

Table 4. Evaluation of ecological status classes and community
stability using ESG based on algal coverage (%) as modified by
Orfanidis et al. (2003; 2011)

ESG Hakampo Uihang Mohang Tonggae Yeinpo

Community
indices

Diversity
index (H') 0.98 1.12 1.06 1.1 0.90

Hakampo Uihang Mohang Tonggae Yeonpo

Richness
index (R) 3.36 3.70 5.01 4.79 3.21

E}‘c’,i?("('j,s)s 034 038 033 035 034
cIP 06 075 038 077 038
RIP 3.9 463 219 354 215
(R+C)/P 45 538 257 431 254

C, Chlorophyta; P, Phacophyta; R, Rhodophyta.

ESGIA 447 12.62 3.93 4.53 0.14
ESGIB 9.18 13.46 16.94 14.98 6.12
ESGIC 13.32 4.26 5.16 2.73 0.36
ESGIIA 3.63 5.23 16.27 4.73 8.41
ESGIIB  15.69 3.25 6.81 5.75 26.67
ESGI 19.80 25.94 20.57 18.15 5.25
ESGII 18.59 7.44 19.82 9.54 33.40

6.05/ 7.33/ 6.00/ 6.51/ 3.77/
Moderate Moderate Moderate Moderate Low
IA, thick perennial; IB, thick plastic; IC, shade-adapted plastic;
1A, fleshy opportunistic; IIB, filamentous sheet-like opportunistic.

EEIESC




61

Table 5. Floristic comparisons of seaweed for several location in Taean peninsula (Wi, winter; Sp, spring; Su, Summer; Au, Autumn)

Locality Season C P R Total Dominant species Reference
Su 3 12 44 59 ND Lee and Lee (1990)
Wi, Sp, Su, Au 7 9 40 56 ND Lee et al. (1997)
Holampo)  WhSp.SuAU 12 13 es 91 Gl Y linaspp, Y00 andKim (2003a)
Wi, Sp, Su, Au 37 54 S. thunbergii, Corallina spp. Yoo and Kim (2003b)
Wi, Sp, Su, Au 36 46 Corallina spp., S. thunbergii Yoo et al. (2009)
v SRSUAL 6 12 46 e Coralina pilfer, 5. thunbergt, Heo et al. (2015)
Wi, Sp, Su, Au 6 10 39 55 C. pilulifera, S. thunbergii This study
Wi, Sp,SuAu M 12 52 75 g"t’,‘j’”’”a Spp., Gloiopeltis furcata, v, and Kim (2003a)
Maoe . thunbergii
Wi, Sp, Su, Au 7 7 35 49 ’gﬁg ;};‘;":gﬁ’a g"%‘f{fj’;’a Yoo and Kim (2003b)
Su 5 15 42 42 ND Lee and Lee (1990)
Wi, Sp, Su, Au 7 7 35 49 ND Lee et al. (1997)
Uihang Wi, Sp, Su, Au 6 15 57 78 S. thunbergii, U. australis Oh and Lee (1998)
Su 6 1 45 62 S. thunbergii, Corallina spp. Kim et al. (1995)
Wi, Sp, Su, Au 6 8 37 51 gatchc‘;,’;‘;;’gj’a; ,ﬁgg”fe’ a, This study
Baekripo Sp 3 5 30 38 ND Lee (2004)
Chollipo Su 9 18 31 58 S. thunbergii Kim et al. (1995)
Manripo Su 2 1 24 37 ND Lee and Lee (1990)
Oundol Su 7 18 36 61 ND Lee and Lee (1990)
Su 5 15 24 44 ND Lee and Lee (1990)
Mohang Su 8 15 23 46  S. thunbergii, Corallina spp. Kim et al. (1995)
Wi, Sp, Su, Au 8 21 46 85 S. thunbergii, C. pilulifera This study
Wi, Sp, Su, Au 1 21 62 94  Silvetia siliquosa, S. thunbergii Lee and Chang (1989)
Wi, Sp, Su, Au 9 16 42 67 C. pilulifera Lee et al. (1997)
Padori Wi, Sp, Su, Au 6 15 29 50 C. pilulifera Lee et al. (2000)
Wi, Sp, Su, Au 3 13 28 44 ND Lee (2003)
ND 3 13 28 44 S. thunbergii Lee and Lee (2004)
Su 3 7 26 37 C. pilulifera Yoo et al. (2007)
Tonggae Wi, Sp, Su, Au 10 13 46 69 S. thunbergii This study
Su 7 10 22 39 ND Kim et al. (1995)
Yeonpo i N . i
Wi, Sp, Su, Au 5 13 28 46  S. thunbergii, Ulva australis This study
Anhung Su 3 7 23 33 ND Lee and Lee (1990)

C, Chlorophyta; P, Phaeophyta; R, Rhodophyta; ND, No data.

ol Ayo] 2141 5]o] 34712] | F2h= 2 Aol 7} ek, Yoo and
Kim (20032)9] A= 1987 9] ZAME vlE O 2 HA15}% S
o, o) BHELE QTR SANTE AREE Al 1
W, 2 AT AU 2 el ol F2] AT A|F
WH3lo]| wpe} g 2Are] HElrt Uehd Ao g AtaEh

Sl g o] vhelolAle Bat 6250) 2R EHo| B

] 0}(Yoo and Kim, 2003a; 2003b) & o110l A LFeERt 4
Bt 2T ST 59T SR olgol Al 57l A
TFHIIE 53l Bt 5659 sj2F7t EHs= Ao ® ey
o, 2|t} 78%(Oh and Lee, 1998), %4~ 425 (Lee and Lee,
1990)¢] sl 27 & o] ZRI=| St ol A= 44-46F(Lee
and Lee, 1990; Kim et al., 1995)2] 8| =5 &3 o] B 1% Ao
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Hla) B Aol A kel 2713t 8559 a2 20| el
ATk IA 2] ZAL |2 F ABEo] A2 of Fofl AAJE o
2 AR ST A Ao ety geg|of A=
94%(Lee and Chang, 1989)9] af| =77} Hil% o]% |20
2 2§ 250] 747} YER=T), Yoo et al. (2007)2 242
7t T2 7S Yol o2 FESIGAL, FAE SHAE 5
T 2P} A& E L Qe AR olrt uhe ] )19 FN
oflA= £ AFE B3l 692 R 77 e o, ol = ot
2|ofl ] 67%S Rt Lee et al. (1997)2} H|<=3t 43| gith
A FLof| A= 7FA FhA o] 2AFE 39F(Kim et al., 1995)X .t} of
& F7IRE46F0] SRASHITE 2ARA] 2 RE Aok o
HHA o & g7t 31 oto] =2 A= dof §lo] B2k 714
o] 2F3to] S FHTHTE Ao, S22 HEY =
of 25t Aol K= Wafioh sl =, T4 = i Tha oef A
tH(Koh and Lee, 1982; Lee and Lee, 1990; Kim et al., 1995).
o= B9 Afo| & Hlert =2 WallE k= sfjol 4] s
o] F3 A thwskar Qlow, o] Avf= AUF et A
= SolE A tHAhn et al., 2014).

Biokte 220 s3] o 9SS ASoleh A4t
TR w2 4 QIek(Table 2). 3ol whet Fdule, &
TEM S0l TR SHSANE AFol9 A2E
Ah o] 94 A2 A& E Gl on, o= Aafiet F5et '
ot A= 35402 LEFGTHKIim et al. 1995; Lee et al.,
2000; Oh et al., 2015; Oh et al., 2016). Lee and Chang (1989)
2 mlr 2], Kim et al. (1995)2 b= R| & (HFE sk, Aale, 3l
) 28] 2 Kim and Lee (1985)= FA3Z 0| A] F-H-7](Silve-
tia sliquosays 94502 B 13} O} Lee and Lee (2004)
+ 7= 2], Hwang etal. (2015)2 8l okt A3t ALt Al &
F719] HEE Basteitt F77] 25 9] o] £/ e
= olof] thgt A7t F gt Aot & ¢Ato A o7 A4
TSR AL UEs=l, Lee (2003)= =29 1
(Undaria pinnatifida)®} ThAlul= S35 Elal SR04 7]
013t Ao 2 A5}l al, Baek et al. (2007) 1990-19974d Ak
olo] At SHRA ol A ThAluk Sl ARME S 574
skt A= ekt A E ZARE AJsfieh Aol A m| <
I HpAJaR} TR AL E AL Qlof o] 59] 7] 85| 7] of 2%
Agole,

HEZYL FHSHE B0l B2 Z718 Kot rHzk
ALY STF Hik= ddA WA thd o K-A=f 50 5
7¥obe &, ARl R 02 oA 7F XIS E kAL Littler
and Littler (1984)7} Aok} 4itt. Lee et al. (1997; 2000)= T}
Zelo] ] dWA B2 kAN SNEFIE F7HES SIskct,
Orfanidis et al. (2001; 2003; 2011)+= o] &3t =5 Q) EA4
2 olgstel Slxf7h AASHE MRS Btskaat Al
St AR S(BED S AN, BEL 3t 68 71502 o
W FTSAL TS FEE A0 WS, e A4S A

|o

oY - &3F - 49

A EHo] "asitta Frlskeith o]= 2-8-510] Yoo et al.
(2007)2 e QHte w2 of| A 2.29, vl 0.89, 24 3£ 0.80, 2
A 1.01 Z12] a1 vgtolef] 0.85 -5 EEI gh2 -5k, ejeite
sele] Sz e Pyt B A AFo] e Beld A
o2 7ahglr}. yhlo] Ohetal (016} vy %739
o] Aefata 712 Ea B/ EEI 2k 5.70, WAL 5141 5.15 5
shepre e o] A7 487l B (moderate) < 3l
stAth. Aol A BEI gho] 3.772 Wk, Kim et al. (1995)%
Az M= AETS SHYDRE a2 A WAsHA] 25kl
oo B8] AL Qlof wiAPgo] skl ¢ito] A8 AL X2
S Aol mf- dorehs glstalet. A2 E A &5t et
B 2 AP o] = EEL ko] 6.00-7.330. 2 322 45517
& HE AH = Aok

ANx2A o) SHEE EAS solsl] S5t xR LR
3 EET U2 CP #0] 04-1.50]H Stfjof| A ofFthA]
l(Segawa, 1956), R/P gto] 1.1-4.30]H re-tjof| 4] G« <]
(Feldmann, 1937), (R+C)/P gto] 3 o]3h= 2t A Ui =] g4,
6 oAol W Aeh s 1e) 31 3-60 BEHY HEAL 5
Ao 2 st th(Cheney, 1977). Oh and Lee (1998)2} Lee
(2003)= shzelo] S|Ae EUY 20T WUty
Leeetal. (1997) 2ol 77k E9F s 2422 Lee et
al. (2000)& F-2-0]o] sfzAko 2 Fhekslir). 1 o] A
C/P 0.38-0.77, R/P 2.15-4.63 18] 1 (R+C)/P 2.54-5.382] H
= Y BieHtE s 24k LAl 7k 3 sl
REER RIS

Hebei spirit& -4 ARl o] Ak @A) 9] e okt s 2
A WHSk= 31 o2 A 0 2 gkt Heo etal. (20152 -5+
a7} 71 ARE SRHER 2 o] AT AE A7 B AL
31 79120109 off= sl 2wt 27k QPP = AL el st
ek SHAEL SRR BT 1987d EHE it 14411 g
dry wt./ m? (Yoo and Kim, 2003a)3} 19931 %t 355.06 g dry
wt./ m? (Yoo and Kim, 2003b)Et} A&E=Fo] Zrast 75.81-
102.06 g dry wt./ m*E R 115} s 27 o] oF2] 3]0 nj &
& Hastelnh ey 2 Aol A B3k SR e
£ 106.04-343.61 g dry wt./ m>8] ¥ $], ZA7|7t B4t 199.70
gdrywt/m*2 T71e] 202 52E Ao s ARt net
A S5-5% AL o) F HiohikE slz7710] Sl2o] vl
2A yehd sl 29 S, e 1A SHE sl 2

2 Wsp} glolon), |2l Aol SRRE =
B9} lmste] 2 Ao]7} gl Ao Wt Hr). o)
T Agreb o] gRskar 71419l 7|5 HE} Fof ekt &
z27o] ke 1 Aow PerEr) netd 2 gEal
A o, STl BN S E-A A9 s =7
AAA 8B5S SlaA 4712 FAa wagegere] nh
o] W asjtt.
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