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Seasonal Variation in Community Structure of Subtidal Seaweeds in
Jeju Island, Korea

Bo Yeon Kim, Jun-Cheol Ko, Hyuck Joon Ko, Sung Eun Park, Hyung Kee Cha and Han Gil Choi'*

Subtropical Fisheries Research Center, National Fisheries Research and Development Institute, Jeju-do 690-192, Korea
'Faculty of Biological Science and Institute for Environmental Science, Wonkwang University, lksan, 570-749, Korea

Marine macroalgal community structures and characteristics of ocean environmental factors were examined sea-
sonally at four sites in Jeju Island, Korea, from March to November 2012. A total of 71 macroalgal species were
identified, including 9 green, 7 brown, and 55 red algae. Peyssonnelia capensis occurred at all study sites and in all
seasons. The average annual biomass of seaweed was 991.84 g wet wt/m?, with seasonal variations from 543.80 g in
autumn to 1,284.17 g/m? in summer. A green alga, Codium coactum, was the dominant species, occupying 21.31%
(211.39 g/m?) of the total algal biomass in Jeju Island. Subdominant species were Ecklonia cava and Lithophyllum
okamurae, comprising 20.85% (206.75 g/m?) and 19.64% (194.75 g/m?), respectively, of the total algal biomass in
Jeju Island. The vertical distribution of subtidal seaweeds was represented by L. okamurae at 5 m depth, C. coactum
at 10 m depth, E. cavaat 5-10 m depth and P. capensis at the 20 m depth level. In the present study, crustose coralline
algae, which predominated on barren ground, were subdominant species at all study sites. Community indices varied
between 0.51-0.63 for dominance index (DI), 5.53-8.14 for richness index (R), 0.51-0.63 for evenness index (J'), and
2.04-2.32 for diversity index (H'). On the basis of seaweed biomass and community indices, Sinchang was the best
preserved coastal area, showing maximal values in biomass, and evenness- and diversity- indices, and minimal value
in the dominance index, representing stable environmental conditions. In contrast, the Onpyung and Topyeong sites,
located near tourist venues such as Udo and Seogwipo were relatively poor habitats based on community indices and
biomass. The present results could imply that climate changes alter seaweed community structure, and long-term
monitoring of the study sites is required.

Key words: Community structure, Jeju, Seaweed, Biomass, Climate change
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Fig. 1. A map of the four study sites in Jeju Island, Korea.
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Fig. 2. Seasonal variations of temperature and salinity at four study sites in Jeju Island. OP, Onpyung; TP, Topyeong; SC, Sinchang; BC,
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38-59F o2 A Bl 7 AU HEoA it 2
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capensis) 15013101, 37] oA 2= Al ST F
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2% AfkollA AR SFT S2F= 39FOE K2R 4F
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7o vleo] 7MY wken, AdERE 1025522 719
&, Agof At AF St 52 Tell(Ecklonia cava),
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sp., A7HA-F-(Hypnea charoides)® 1% 1ttt EH oA
= A7t S B 3BH(E 3F, AR TE, X 28F)°]
Halglon, Hagus L i 7.80%, 225 1842%, &
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Table 1. Seasonal variations of physical and chemical values observed in the bottom water at four study sites in Jeju Island, Korea, from

March to November 2012
Winter Spring Summer Autumn

OP TP SC BC OP TP SC BC OP TP SC BC OP TP SC BC
DIN (mg/L) 0.343 0.078 - 0.306 0.081 0.101 0.117 0.075 0.027 0.079 0.027 0.048 0.128 0.090 0.080 0.090
DIP (mg/L) 0.006 0.005 0.003 0.002 0.001 0.002 0.001 0.002 0.002 0.001 0.000 0.002 0.010 0.008 0.009 0.009
SiO,(mg/L) 0.344 0.137 - 0.265 0.214 0.170 0.185 0.180 0.190 0.424 0.178 0.389 0.225 0.149 0.166 0.197
SS (mg/L) 12 14 17 13 06 05 04 29 1.0 09 11 1.2 38 14 26 15
Chl.a (ug/L) 0.43 1.03 0.71 1.91 0.65 0.75 056 068 146 143 148 208 143 0.81 1.17 1.08
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Table 2. Marine algal lists and biomass (g wet wt/m?) occurred at four study sites in Jeju Island, Korea, from March to November 2012. Wi,
Winter; Sp, Spring; Su, Summer; Au, Autumn

Species Onpyung Topyeong Sinchang Bukchon
Wi Sp Su Au Wi Sp Su Au Wi Sp Su Au Wi Sp Su Au

Chlorophyta
Ulva pertusa 200 0.07
Ulva sp. 3.53
Urospora penicilliformis 0.93
Cladophora sakaii 0.53 0.33 0.07 0.13
Cladophora wrightiana 5.33 1.23 113 020 23.00 527 1053
Cladophora herpestica 019 967 041 7121 1.67
Codium arabicum 500 797 547 6.80
Codjum coactum 57.00 209.0 4423 1714 5196 6067 1619.2 303.0
Codjum contractum 76.87 32.54
Phaeophyta
Colpomenia peregrina 0.49 3.9 0.08 0.10
Undaria pinnatifida 5.98 0.24
Ecklonia cava 160.8 4955 033 2453 5699 2849 4620 2422 9191 3080 2267 2280 1106 1725
Dictyopteris prolifera 0.07
Dictyota coriacea 0.05 940 787
Padina arborescens 0.25 6.73
Sargassum horneri 7.67
Rhodophyta
Dichotomaria falcata 007 200 5.62 1.03 3593 020 040
Acanthopeltis sp. 007 10.07 020 140 083 1127 013 320
Gelidium amansii 073
Pterocladiella capillacea 0.14
Peyssonnelia boergesenii +
Peyssonnelia capensis 2114 1087 233 2487 2608 940 3533 2673 1259 453 4547 6487 5113 333 220 3127
Peyssonnelia dubyi + + 3.60 260 1060 1020 1.86 62.73
Hildenbrandia rubra 0.27
Hydrolithon craspedium 2218
Hydrolithon setchellii 22.96
Lithophyllum okamurae 164.8 79.87 6055 99.80 9527 1193 913 1648 1104 6612 6793 1341 7240 1905 37.00
Synarthrophyton chejuensis 567 187 460 178 487 233 571 793 013 487 145 713 067 407
Alatocladia modesta 37.80 447 120 3505 4040 237 2047
Amphiroa anceps 6260 087 1914 5653 4336 1460 3.02 7133 3013 2007 854 8853 24.07 2687
Amphiroa beauvoisii 140 023 16.60 2607 1150 4707 753
Amphiroa ephedraea 1143 2873 16.32 3813 8460 1059 040 3540 7267 167 195 4693 027
Amphiroa foliacea 5.93 3766 11.87 1387 099 807 827 1342 0.53
Amphiroa misakiensis 3054 10.53 243 367 132 2260 405 2140 13.93
Amphiroa pusilla 0.21 0.40 16.07
+, present

2(133)91, Aol A30F)g o, AFujckra, 4
AR, Fw AR Amphiroa ephedraea)¥; W37R

=

Aok
F T = Fol ek T3, ER ol Ant #HHE s 2 F= 7HA
Wl o) 52 Dictyopteris prolifera), 33§ 0| AWK Sargassum
honer))2} 31 2)35&0|(Plocamium cartilagineum)=. 3%
o], Zle|REEol= 43 A F 33] SR 4l
A Ay 59 5257 55(12.20%), 425 25(4.88%), ¥
25 345(82.93%) .2 5 4150 Sl on, AdE R
o} 51 7ol 2050 ® 24, Aol 2652 HSiTh Al

o
&
il

1=k

o, FuA, 2
e, HoW7MA, s
153} 3257 9Follon, Aol Ant =&t
2|(Gelidium amansii), 337-&(Antithamnion nipponicum), %
Z+ef %) (Schizoseris subdichotoma)©] T}, B0 A= 59%
(9%, 22 4%, T2 463)0] 27 4 B4 = o, AH

HR2E 1644502 7HSo) 24, ALl gl

-

o](Plocamium telfairiae) =

%20 om
<5

— T A

oM 4 AR ZAIZE B9 BAT ARl e, Ao}
oI, 359, G (Synarthrophyton chejuensis), -7
T-&AVE I Corallina pilulifera), S|

=
228

JhAt

1.0 =
H \_.7%]
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Table 2. (Continued)
Species Onpyung Topyeong Sinchang Bukchon
Wi Sp Su Au Wi Sp Su Au Wi Sp Su Au Wi Sp Su Au

Corallina confusa 220 9.13 16.13 3.75 11.07 227 191.7 22.53 17.93 18.93 31.53
Ellisolandia elongata 15.53 0.23 37.93 420 16.16 48.67 8.80 3.69 53.27 12.40
Corallina officinalis 2.67 15.73 3.87
Corallina pilulifera 3.27 2747 153 0.20 3.40
Corallina sp. 71.53 0.19 100.3 103.7 74.07
Jania arborescens 5.23 11.80 6.47 50.33 16.67 5.67 3.33
Marginisporum aberrans ~ 2.27 26.27 24.67 8.99 46.27 12.87 72.93 116.0 35.07 37.87 33.20 49.26 46.80 2.87 42.13
Marginisporum 202.7 35.67 3316 7.33 110.9 87.76 14.60 4547 292.1 7.20
crassissimum
Corallina melobesioides  11.43 + 24.77 418
Grateloupia angusta 11.37 11.80 0.67 6.07 23.53 11.20 19.07 27.83 54.80 11.73 8.73 342 79.73 240 25.93
Grateloupia kurogii 0.81 1.27 0.01
Callophyllis japonica 0.93 5.60 0.41
Callophyllis sp. 0.04 027
Schizymenia dubyi 242
Portieria japonica 1.01 0.14 1.05
Meristotheca papulosa 142 9.87
Plocamium telfairiae 0.53 047 147 0.86 0.67 580 021 193 460 413 035 1.80 7.07
Plocamium cartilagineum 0.29 1.40 533
Hypnea charoides 3.93
Gracilaria textorii 0.07
Chondracanthus tenellus 1.13
Gloiocladia leptophylia 0.05 0.22
Gloiocladia sp. 0.18 12.33 025 893 0.15 553
Champia compressa 0.98 23.40
Champia expansa 124.9 0.11 0.10 5.27
Champia parvula 16.92 8.07
Antithamnion nipponicum +
Herpochondria elegans + +
Plumariella yoshikawae 2.55
Acrosorium sp. 0.17 6.60
Schizoseris subdichotoma +
Heterosiphonia japonica 1.27 0.13 1.07 1.28 3.60
Ardissonula regularis 0.28
Chondria chejuensis 0.09
Laurencia pinnata 0.01 0.38 0.36
Neosiphonia savatieri +
Biomass (g wet wt/m?) 630.7 882.7 836.9 221.6 934.1 794.4 727.1 329.1 1257.9 1741.7 1437.0 1102.6 1486.4 829.8 2135.6 521.9
Chlorophyta 1 2 2 0 2 1 2 1 1 2 2 2 3 3 6 4
Phaeophyta 3 1 1 1 6 1 1 1 2 1 1 1 2 3 2 0
Rhodophyta 21 17 9 9 22 18 10 16 23 22 17 17 39 19 17 12
Total 25 20 12 10 30 20 13 18 26 25 20 20 44 25 25 16
+, present
ZH(Codium coactum), Acanthopeltis sp., A-FHFCFEL, S& GRS Hol= 4/l 5 &, A5 A (95), 25 B (2%, Al
o, A, WA, WAL, Fawziede] A% &3 2,52 AR), 15 C (%, A%, 529 &5, &% AE, =,

STk BEANT FET i 527 3%, F2F 3% 7h), 1F D (2%, A%, BE0 7w FRE] AHH
o7 F 16%0I%1aL, 11 5 23] o] S 2T A Zpo| & Hol= A o] 1= thFig. 3). 952 SHF(LFA)

ut2l(Ulva pertusa), FAHEE(Champia parvula)i} 28915
(Acrosorium sp.)= 2H1 =] T},

2UTY fRE GALE BHS AN AT, BASHOR

L R

2 YA 370 15T} 45.98%9] 7HE W2 SALEE HEC
o, 715 C9} D Afo]9] FAHEE= 54.87%, C-D 153 B 115
7k AL E 50.80%2 -2 312 LFEFHTHSIMPROF test,
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P<0.05). TEE 471 18 7+9] 2po|(H]9-AH, dissimilarity)
of| 7]ofsh= & E¢1st7] f13l SIMPER 415 AAIRE A,
MLARE} 71 8 18 A%} B Alolol A A7loldjult]
W Cladophora sakaii), RHEE3 712 Colpomenia peregrine),
ol Al (Amphiroa  misakiensis), W-&AS(Corallina
confuse), WA oFutthAt &2 Corallina melobesioides), 9 4%
M (Portieria japonica), Gloiocladia sp., 21 &4 A (Laurencia
pinnata)o] 1§ AHES] 7117} Stk W, vl AHE7 7}
RS 5 CoF D 7] HlfARE || 7]ofshes 2 e
ZA a2 (Alatocladia  modesta), ZHAtjult] I Cladophora
wrightiana)¥} A+ 3 H-2(Corallina sp.) %t

AT 471 (2%, B8, A, 5E)9] 2o si2f o
B AETS 991.84 g wet wi/m?o| ], R gE =2l
7} 224.40 g/ (22.62%), 225 209.43 g/m? (21.12%), T2
27}558.01 g/m? (56.26%) 0.2 T2 57} o) eSS B
o} AW BT 642.96-1,384.79 g/miE Lol A 4,
Ao A 2 Glom, A e 543.80-1,284.17 g/m?
2 7RZol| 22, o] 5ol i $ick(Table 2). 471 A5 o] A
AETFS two-way ANOVAR EA%H Ax} HH(F,, =221,
P=0.11) 9 AHE AEHEF, =195, P=0.14)2] £A4 Ho
= alolek. A a2 ollA] 221.60-882.67 g/m? (
ot 642.96 g/m?), Ao A= 1,102.60-1,741.67 g/m? (Bt
1,384.79 g/m?) .5 7h5of| Z 4, woll Hfflom, Egol A=
329.13-934.07 g/m? (B 696.18 gm?) O & Aol Huj, &
Zo| A= 521.87-2,135.60 g/m? (B 1,243.42 ) O.2 o]
ol FH= veptet BE AR olA AR 710 w2 {23t
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Fig. 3. Results of cluster analysis performed on Bray Curtis simi-
larity from standardized species presence/absence transformed
data. The dotted lined indicate no significant difference among
four sites and four months (SIMPROF test). O, Onpyung; T, To-
pyeong; S, Sinchang; B, Bukchon; Sp, Spring; Su, Summer; Au,
Autumn; Wi, Winter.
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+ §l3ItHFig. 4A).

A A e 23ollA 241.33-1,258.77 g wet
wtm?, EHol|A] 473.64-1,014.78 g/m?, AF oA 477.06-
2,076.65 g/m2O. & 4241 20 mo| A H 2493, 5 mol|lA Hl
o, Bz A 343.93-2,561.78 g/m> 0 & 441 20 mo| A X
2, 10 mol|A] 2| Sict. 47] Aol A o] =41 A ETFS two-
way ANOVAR EAg+ A3t HH(F, , =4.39, P<O.01) 524
H(F,,=14.02, P<0.001) 2127} BHel=| 9l 4241 20 mof
A 9] B 27 AEF 5, 10 me] AEFo| vls| FAs] @oko
™, 4241 5 me} 10 mof| A 9] BETF] FoJaf= WA= A ok
CH(Tukey HSD test). ¥ 2= 23 3] o] =4 5me}20m
of| ], B20] =41 10 me} 20 mo| A 27 AEFS Gol3)
£ Bloy Bt A% oj 9 o] =4 AETFY] F9Ak= ¢l
9lch(Fig. 4B).

o X
=

O

AT o] s SolA At Bt Augol 7M=& F
& F2H7H211.39 g, 21.31%)0]%lem, 11 tha-& 7
(206.75 g/n2?, 20.85%), Z-=2(194.75 g/m?, 19.64%) <=0 2
Uebgth 2 AR 23X 55923749 gm?)at
(17029 g/m?)7} A HE2H642.96 g/m?)] 2+t 36.94%,
26.48%= x| 51 ©-A 3l Ark(Fig. 5). ZAHA 7] 0] b,
Agole EUALE, S5, AE7E ol A 1501, o5
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Fig. 4. Annual mean biomass (g wet wt/m?) in different seasons
(A) and tidal levels (B) at four study sites in Jeju Island, Korea
from March to November 2012. Vertical bars represent standard
errors.
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Fig. 5. Annual mean biomass (g wet wt/m?) of dominant species
at four study sites in Jeju Island, Korea, from March to November
2012.

SAEE, 7Mool TEY IS0l HEFS T
gk TR SRIE I B s oAl = Ze(225.24
g/m?)2h W-2A(174.03 g/m?)o] B+t AB=7H(696.18 g/m?) 2]
7¥7} 32.35%, 25.00%2] H]- 8-S 5 9] 0 H(Fig. 5), A &4H 3
F2 Aol 7, W2 AN, Bolls= 7, Corallinasp., A&
o= HeAE, EUAMEE, 7Holl= F2uAE 1502 f4
APS 257 7h A% S8k A% sl Gol| A Alsk= a2 F
A el 7MY =2 T2 HA BE(1,384.79 gm?) <]
29.17%Z A 8H= 259(403.91 g/m?)o| 9L, 7HE](303.69
g/m?,21.93%), -3 71205.67 g/m?, 14.85%) <=0 2 LFebyt
tHFig. 4). A HE R = ALl 2, +28 2, Bolle A 15
o], A5 7ol U F2A 0] =2 AEFS Hol

Aot 529 dl2F ABT e 1,243.42 gm?
ofn, 23 71(625.63 gm?)o] 50.31%E A5k 71 -3
31, 7HE(127.79 g/m?)et TE9(108.52 g/m?) <= 0.2 3¢l
= ch(Fig. 5). AEE AEFS A0k T35 A2dde
277 SUALET A olar Eols AEie WA o]
™ o] 53} 7R oll= g7t gt o & YERyT

100 -

@® Onpyung A Topyeong
60

[ Sinchang X Bukchon

40 I

Cumulative Dominance (%)

20 L L L L
1 10 100
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Fig. 6. K-dominance curves (x-axis logged) for mean biomass at
four study sites in Jeju Island, Korea. Data were pooled for four
months and three tidal levels.

oA, A 2 S Fo] A%+ &S k-dominance ¢
Ao & u|shi, $4E 359 el APHEE, 4H,

TS I
EFEH, S2AE, SZuA)oA = A e
2}, A, S5 9)ollA
70% =g AHAsHAoH, 2Hol= +HF 35U &=

Sl A, FEAEEo] A A=l 70% olde e
(Fig. 6)
TR

o
=
B

o,
>
o
£
i
rlo

Agto], 4241 20 moj A& WA 2}
FulrhE 2 SRl o] G2 o] A =4l o A - ek

sk Aol A= & =9l 7l (5 m) - e+ ZH(10 m) - A+
FHRFE AL -2 W 720 m) o] AR E S HYlon, BE
9] =41 5 moj A= 5 EY AL E], 10 molA+ =2

Table 3. Vertical distribution of dominant and subdominant seaweed based on mean biomass (g wet wt/m?) at four study sites in Jeju Island,

Korea
Onpyung Topyeong Sinchang Bukchon

5m Lithophyllum okamurae Ecklonia cava Lithophyllum okamurae Lithophyllum okamurae
(579.02) (461.06) (1134.49) (247.39)
Ecklonia cava Amphiroa anceps Ecklonia cava Marginisporum crassissimum
(312.61) (193.40) (262.10) (183.29)

10m Ecklonia cava Ecklonia cava Ecklonia cava Codlium coactum
(198.00) (212.49) (635.31) (1843.48)
Lithophyllum okamurae Amphiroa anceps Codjum coactum Ecklonia cava
(75.32) (137.39) (616.36) (274.04)

20m Lithophyllum okamurae Amphiroa anceps Peyssonnelia capensis Ecklonia cava
(58.13) (191.30) (161.33) (71.76)
Amphiroa anceps Peyssonnelia capensis Prionitis angusta Peyssonnelia capensis
(35.85) (69.68) (36.74) (57.75)
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Table 4. Various community indices of macroalgal flora for mean
biomass (g wet wt/m?) at four study sites in Jeju Island, Korea

Community indices  Onpyung Topyeong Sinchang Bukchon
Dominance index (DI)  0.63 0.57 0.51 0.61
Richness index (R) 5.88 5.65 5.53 8.14
Evenness index (J°) 0.56 0.60 0.63 0.51
Diversity index (H") 2.04 2.17 2.32 2.07

#2}3 776, 20 mol Al Zehol AR etchEa7E Stk
SRR AL 24 10 m, FAFA AT ELLE >
420 moflA] & AHEFE B ALK Table 3).

2EAI4

AR 47 Hol| 28T sl2F] Bt HEF o= ALlst
S AEAS(DI)E= 0.51-0.6308, LHo|A= A 1,2 SH-E
ol EE59)(237.49 g/m?)i} 7E)(170.29 gh?)7F AA| A
(642.96 g/m?) 2] 63.42% = AFA|5to] T AL, Al el A= &
B AR A 1, 2 95590 S5%(403.91 g/m?) ey
(303.69 g/m’)7} A A=(1,384.79 g/m’)2] 51.10%E A
Asto] 2 g FRIE| Qe FEAG(R)= 5.53-8.142 5329
A Fd], Aol A Haglow, 8559t el wet ¥
3pohe FE AT FEATE Wz AlgollA 2
(0.63), E=oll A 22(0.51)2 Ul 2354 A=
Rl FE Ao sl AR FEARH )= 2.04-

2.32% yEht 2ol A Z 4, Aol A 2o $ltk(Table 4).

o
ol ofN ot

r

Al AL tiupdR, SRS ASE, Fei A,
Fsleiohs 5 Thre 43159 JoR B3 9
& 710, duhis, 7| s 5 0.2 ol
RSl A7 QAgkel Al4lste] Friopy
AS Kol ¢IthYang et al., 2007). o]
= b A7} B 5o ofs) 2]
™ (Yang et al., 2007), sl =7 =3t Q2 AFE 3
ot A7} =3l =] o] 2hth(Lee and Lee, 1976; Park et al., 1994;
Lee et al., 1998; Yoo, 2003; Kang and Kim, 2012). 1 &3-Lo]
M AFE 4N S GolA F T1H(EE2 95, 2R 75, 255
D) 77t =L, AAE R = 38-59F 0 7 SR8
ol FEo| A 7H EE SdETTE AT ol AlF 871 s
(7, 9], Heh i, Sk, 3, &, o) Q) Z8)follA
2331 70-109%(Lee et al., 1998)0]] 1|8 LA Lhepgom, &
AST7E 7P 2 S5 AlQe 371 Ao £d 54+ Oak
etal. (2004)°] </do| A E113t 41, Ko et al. (2008)0] &4
ol A Bzt 46FTt FAfsFATE F| ol AlFeol| &3k 44
LEof| A 162%(Kim et al., 2008), 2-=of| A 2625 (Kang et al.,
2011), ufeteof A 144 (Kang and Kim, 2012)°0.2 @2 &

A HE ue
s oo flo o
rﬂxa
m o
R oo
o L o
L Jo N & ox o o

2}

o ©
o2 & |
=2
2

-4 Mg
BN R
¥0,

=2

N

o] Fdsto] & AFATe} AATE Aol 5 KTt & FAo|
A Bl AEHETE)S 991.84 gmro| o, £4(2,784
g/m?, Ko et al., 2008), $-%=(2,934.6 g/m?, Kang et al., 2011),
ule}=(2,932.3 g/m?, Kang and Kim, 2012)9} 22 AF =
W EA]of H]gl Wokont, o]= 20124 o9 i e (&t
Hlp AbaE 5 0= Qlsff efite] FRS|HA sixFol Ee 9
AL, Al Aol WHAYSE 53 FAH(Chung et al., 1998), &F
Aol Al ti=ke] f71% Y (Delgado et al., 1997) 3 <]
A g7 S71o| o)et A el Al Wk (Davenport and Davenport,
2006) 5 TH¥Et 24 2 919] Bkl AHg-o & At &
3], A5 s dite iR Gk 7MY gol e soe
B o] Fol AT A 60% ool f1AIsl 2laL, sf
FellA] o] &4 7} Eirof Hlsf oF sufj %= =3L o (Chung
and Kim, 2012), 325 QEafe BH o) 22124342 ¢/m?)
T} A FO] A17H(1,384.79 g/m?)of| Al 52} ol 1A gt 2+
(642.96 g/m?) T+ E78(696.18 g/m?)o] 1] 28] A= =7 Liet
HORHN 7| SHIN 5, s dehet el e adl
o] sl 2t ] Wzkel HAH-S AT SER| T, & Aol A
AR o} ol 27O el A= FEgh s §lo] Kol x| okek
=, ol A5 s ol thet 28 Ahm 7t A E 4] 2837]
O 2 Abm vk upehA|, 7] sk} s WSk 2 A 8l oo
A Ak sl 2o AaThdd 9 Aol ojwet F3kE vl
A=AE gefslr] 91347142 RU B AH7F a7k

Zoi ol 27 2> Y A2 RV =Yt AHA
Skl Ql=dl, AlFe A%k T Foll A AEjet AR =8
Z9] 9&-5- 3}l ItH(Oak et al., 2004; Ko et al., 2008; Kang
etal, 2011). & Ao A Aasds SAR T 152 A%
T FZo AR S A 2H211.39 g/m?)ol Pl e, 7
l(127.79-303.69 g/m?, Bt 206.75 g/m?)= = Ao A =
< AEES o] A9 9] disHe 5k el
Ak T3, A FRolM TR FELT R/
A BETH(194.75 g/m?)o] E=A e, ol= 4
AP S| Gol| A Frefet FEAS 2 FT ATk oA
- Aol UA5HATHOak et al,, 2004). =4 -
S ZHEH(S m), 27 2R (10 m)= A e 7F =4 5-10
mof|A] k= AR ERIE o, 4] 20 moA= 15
20 Z8lef qhebolL} of -8 313} 22 oFgh ol A] AlS s A
o2 ezl ArekEazt ¢ Hsteict

T2 T sHEEE st Fa% THede
2 dEA 9lom(van den Hoek, 1982), -9 A2 o|&
o] A x5 #FA7IttaL 51l ch(Tenger and Dayton,
1987; Serisawa et al., 2004). A5 Qe 35 =22 A 86
4(1924-20091) S0kol] oF 1.941T AH4319 0L (Suh et al,,
2011), sfj =57 A= gol thet o] o Apz 7} F5sho] 245
I} | 2t HISFe] BAIE A At A A9 =
7Fasteh sHAE, Aol A AF == s 2R (E, SZ7HAR)

i 4 o

=

Job 10 EL o ok
2 oox

f
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A e WlES AANA B, 422 2 201(1991-
2010)o]l oF 0.64C A53laL, & AJARFS 3,7515(1990
9)oll A 360.6E(20108) 0.2 90% 4 & 7Hasgom, o5}
Atg)= 5o 7)7bof| oF 86% 714513 T}, Serisawa et al. (2004)
2 A} TosaVtol|l A 70l o]} ©] (80, 90, 2000 tf) <=
©0] 43 0 2 AF55I 1S Bhelakl, o] 2 213 704
ol o] A1 7] ool el 4SS s}
o}, E3h Kim (2006)2 & #5417 @A) e = A1
chel A% qighe] #0590 47t B 104 Flo|= sy
P 4 A A o, ol A WA 3
2570 HAo] Hasirtal k3l Kang (1966)2 42, 27
S v o & gkt A9k 57Y (s al A, Ha el
8H—“r1 /‘1 St A Al = AL, Al s 2
Jo] EHA| 2%, oA 74%, ‘FEA 10% W HAIAIE 15%
o] O‘E]—_l_ 3tk |, Kang et al. (2011)0] $-=9] 8=
Foll A A sl 25771 37.80% S@ASTH 918 11 SN
ol AAsHA F7tskAttal WE it Kang et al. (2011)0] A
431 9l (hitp://www.algaebase. org, Guiry and Guiry, 2013)
o7 & dFolA EA% xR 5 FEA AR 2159
29.58%2 Kang et al. (2011)2] ZA7to]] 1] tha wH7] byt
o, £3|, G->Auk|F2(Gloiocladia leptophylla) 5 3T
of| WA|5=7t F7ket of AT s 2 R7E TR E e H, of 509
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—4 g‘ﬁ%ol S7HE| AL lth= 218 AR ol
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% 3| 5%t 71501, 7ol 7 A2 2dErE A
o}, SO A AEFS 991.84 g wet wt/mzollli o=
ofl 1284.17 gm0 2 713 A ekt 4B S 71202
T QA E O =047 T, EEQlo]glon 4 BT A
ol 570 Lhehd el A o] oA Fagolet o
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