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We examined seasonal variation in the structure of marine macroalgal communities at five sites around the Byeonsan
Peninsula, Korea, from January to October 2011. Sixty eight species were identified, including 11 green, 17 brown
and 40 red algae. Species richness was highest at Gyeokpo (51 species) followed by Sambal (47), Gosapo (34),
Byeonsan (33), and Habgoo (18). Seaweed biomass ranged from 12.98 to 145.33 g dry wt/m?, with maximum and
minimum biomasses at Gyeokpo and Habgoo, respectively. Sargassum thunbergii was the representative alga spe-
cies occupying 47.89% of the total biomass. The dominant seaweeds were S. thunbergii, Corallina pilulifera, Ulva
spp, Gracilaria vermiculophylla, and Carpopeltis affinis. No distinctive vertical distribution of seaweeds was found
because S. thunbergii, Ulva spp, and G. vermiculophylla were all distributed from high to low shore. Community
indices were as follows: dominance index (DI), 0.44-0.61; richness index (R), 6.27-10.35; evenness index (J'),
0.38-0.59; and diversity index (H'), 1.48—1.71. Gyeokpo had the most biomass and highest species richness, and the
lowest percentage of Ulva species. However, species richness declined at Gyeokpo, from 78 to 51 species within 10
years, implying that eutrophication and sedimentation from Mankyeong and Dongjin rivers have reduced the stability

of seaweed communities.
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sl Adgnelol/ iy ZAskdd 7H Al 4
HIgoR AR Fo| 0% AXshH sjoFuol s
ofl A UARIAAFE A T1E]al FAF o= Fagt Aot
(Manilal et al., 2010; Satheesh and Wesley, 2012; Silva et al.,
2012). 25 2L of-HFS Eakeh 4 B PR &
A, AR 9 ol Akt 2o A A A AFSEE,
ARG A ol A ol A& 2] A 9loll = Y=L FHHEA
I, Holrt of g A ofl Y= ETH(Wan et al., 2009; Ja-
niak and Whitlatch, 2012; Satheesh and Wesley, 2012). &4

AR Sl 2= AAQHe] mASke} AR Sk Qlsl s ol -

= 37 771 9 7] L dE5S AATH= AEo| K bio-
filter)2 4], H¢t 34 HYE A= A=A EAH(biological
indicator)2 AR-FHTtH Worm et al., 2000; Wells et al., 2007;
Scherner et al., 2013).

o|efoflie SxF= A RE, YoFE, dlx F=oluAte, 3
Fo| YRt TEo AEEA ThkRt A et 28 W 3
A2 dFS F= TA% A EO|tH(Zemke-White and
Ohno, 1999; Koch et al., 2013). 3}A5F, dA2tol] Z x| thet
SAPE FAERA o] o8l 293t Beopeit g
B0} SRl FrebAT ABFE A& HoR 2ot o
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23t S o & gt Zdule)F(Ulva spp.)$}t tiube] s
(Cladophoraspp.) 22 71814 =257} $el A2
w2 7] W3}skar Qoh(Wells et al., 2007). o] 2|3k A4-2 17t
el Beke Qg szt 2ol ek A A
AAR O Bisi +E T glom, Aol A7eys)
2 QUGS RAS T SHPAIBIE ST A, B 9 2
Fzof GaFe vAE Ao FIEo, AA Y s 27 STt
3t Azl Hiek Akm o] et A7 o] eh(Orfanidis
et al., 2001; Diaz-Pulido et al., 2011; Roleda et al, 2012).

S} AaRke FaRo] ake won], 2lopad] sk
o ot S, w4 9 A Ak 5 e Sgom 7
A =)o} ¢lthJung et al., 2010). E3F, AL = FAE A4 A2
o] wrekela 24 7hebe] A7} 74 -4 Edo] Wot e
7t o Shilolt ghe Bol Wusha daf-aelel ulst
of AT BRI FrFE BANA e A0 el
Qlth(Yang and Kim, 2009). A|3}jot 3% F+= Kang (1966)°]
AR B2 Fo] Al B AtolA] 1400 FOoE 7|55

Ao =, SzAah 22170 Bk e A, 475

—F&E 7E T A, e 9 A T ot A
A B o] A= B tH(Lee et al., 2007; Yoo et al., 2007; Choi
etal., 2008).

AR Wb SR sl Ak o
o] 2 i of thofet st dlAlet g ffsl WA
FrAhEA §- 7] QRO B £ FE0T 9O
A1 Ale] e Qlelol BAME} AT Aelole
(Kim et al., 2009; Choi et al., 2013). w2tA], F3lQH 39t
of Blsf sz Al Al o] Folgh sl MAh = o] S
st} 7| S Rstol| w2 B2 TR AR 0] WIS} ohet
W A7 ASHE A SAS 918 7 2] BE W B
& AT /1A% sz} ol S8 Aol
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RES v__Lé! S5/ ghefstr] flsko] AR 57 A5 of o
A Sl F o T AEL, FHET R A EEES

Qls}7] 913 4-pshsict.
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Fig. 1. A map of sampling sites and the location in Byeonsan Pen-
insula, Korea.

Table 1. The number of macroalgal species observed at the five study sites of Byeonsan Peninsula, Korea (Wi, Winter; Sp, Spring; Su, Sum-

mer; Au, Autumn; To, Total)

Taxon Habgoo Byeonsan Gosapo Sambal Gyeokpo
Wi Sp Su Au To Wi Sp Su Au To Wi Sp Su Au To Wi Sp Su Au To Wi Sp Su Au To
Chlorophyta 3 31 3 5 4 4 3 8 9 5 4 4 5 6 3 4 5 4 9 31 3 5 8
Phaeophyta 11 1 3 3 5 4 2 4 5 5 4 1 2 7 5 7 3 7 12 8 8 7 9 13
Rhodophyta 6 8 5 4 10 MTM112 1 9 19 11 11 13 8 21 19 14 16 13 26 21 16 20 15 30
Total 10 12 7 10 18 20 20 16 21 33 21 19 18 15 34 27 25 24 24 47 32 25 30 29 51
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B 59 B2 Absiglon FH Y $AES Hdete S8
I (importance value)= At 3] = (RC) L} A HI = (RF) Q] A&
B2 YERATE (Mueller-Dombois and Ellenberg, 1974).
2T SR REEA T ERTEE RS & AR o
o x50l H(CP), ZERol i S50 HRP) U 2
5o gt F27Fet w27 T H(R+C)/PE AL
(Feldmann, 1937; Segawa, 1956; Cheney, 1977). Al/dHZ &
At sl 7o) TE Hot AEdY T5E AR st SEA
Z>(richness index, R), Shannon’s T} | <>(diversity index,
H), #5=A4(evenness index, J'), =44 (dominance
index) 511, 2t 4] SARE (similarity) S 2A45}5ck,
£33 272 $3x = K-dominance 34102 H| W3}
O uj(Lambshead et al., 1983), - A|4=9] A& U =A]51=
PRIMER version 6 (Clarke and Gorley, 2006)2- ©]-8-3}3it}.

z4 J_-'-I'

L

Opt

&3

& A7t HAtEo] ST AR WAL ARE, A

>

W AT FHT HEFE F BFOR BRT U 52

(58.82%)& ApAJsto] 27O SHT7E UL, 427
o 270l o2 YEltHTable 1). AHE= Q7 =3
gh 2570 T 185158 Ao A 2o, ol A] X
axqlow HARME A 2AF AR AGE ST AR
A2, 5 43, 95 40F 1L 7o) 4150 & Fofl Yl
o} 5ol 4=tH(Table 1).

A A S| 2dS B, ool St 27 F18
Z(=2 5, 4% 3, B2 102)0|9.0H, TXRT}55.55%2 7}
A=tk Y] A SET2 T-12F 08 ol gl
o 2o g ow, x|Fo|(Sargassum thunbergii), 7]
7HAF)(Gelidium divaricatum), 72 Carpopeltis affinis), 72
A& 7)(Gracilaria vermiculophyllay= A% &35ttt HAF
oA=& 33F(=x 9, 4= 5, Fx19)0] T =N o, A
= 16-2150] Sds0 A5 At si2F= 2t
(Ulva compressa), T-"823|(Ulva pertusa), BF & A] (Ralt-
sia verrucosa), A150], o7 $-571 A1), 71t 2o S AkE
Y Corallina pilulifera), ® A=W R ( Titanoderma dispar), %1
Al 712 7 5-0)(Neorhodomela aculeata)®] 1050]%
Tk AAREO| A= B2 215 (61.76%)= o] 5 3450]
A=A, AAE 1521508 Aol Hflar 7ol
axQich. AApszof| A Habutel, wmetztutel(Ulva conglobata),
T, 250, of 7| -ET A, ATt 7kt
v FA7] 8F0] AF UEHETE Aol A= 44 - o 5 47
T(F29, 4212, 3% 26%), A 24-27F0] 71551,
BRI EHA], A Z-o0l, of 7] -Z7 A, mANMME WA, AF2A-EAt

AT - 24 -

2l - kA -

by

3 - gl

gl

Sk, 7P, | 4=ote](Grateloupia filicina), LA 2) 7], A7
Aot A% TAE ST Az M= T SIS(AAE 25-32
20| A= 1L, 9|(Ishige okamurae), W =l (Ishige sinicola),
A 30, S57 A2 (Gelidium amansii), o} 7] 57 A}, 215
S| (Hildenbrandia rubra), R ARFEH R, 225415,
N 7| 7FAEE(Caulacanthus ustulatus), 7Vef4}, A7, 7
2 XA (Laurencia intermedia), %30 A (Laurencia okamu-
)2 13%0] 1% Lyetet.

HARE 57) A ollA B Edet T2 15F©
PR %25 4% (S, dfel, Bl 7y}
&), Ax27 3FAH7EALY, A Aot S5 8
FORARY L, 7] 9527412, 7hb L, ol hA 2, Al
7], HlehE, A o], R SR o= 2Rl E gich

5o
ki
1

4

MEZH I A

HAREE 570 %] o] 2ol AAlehe s 279 AFt A
k(g dry w/m?)&- 91.45 g/m?o]al, A9E 12.98-14533 g/
m’ &2 ol A 2|aglar, Ao A Xt &2 YEpyith(Table 2).
ol Al sl 2T e A% 1298 gm? (A 8.41-
16.95 g/m?)glal, 29 H R 27 AR A 2.04 g/m?,
ol A 19.38 g/m?, dH5Lol|A] 18.55 g/mie 5ol A] &9k
t}, HAlo| A ABEEES. A 140.77 g/m? (AEE 103.15-
197.94 g/m?;, 29" 73.65-197.45 g/m)2A AHRoA 714
XL FRolA Hhglon, MAREO A= ABF 94.58 ¢/
mA(A A 58.13-126.44 g/m?;, 229 90.91-117.33 g/m?)&
A FRoll A Hf ek, APgell A AETF 94.58 g/mPol¢laL
AAEE 45.08-76.89 g/m?, ZWH 33.83-94.92 g/m’E AFE
of| Al Hth e}, Ao A AEFS 14532 g/m* 2 A| o] Fof| 2
293 ALl Hhgom(112.27-16840 gim?), Z2YERL
79.22-211.69 g/m?>O.2 dHEo| A 71 Wl FHojA 2ol
CH(Table 2).

A 27 ABWA BETH FTHFEE AR K-
dominanceA1S EA|3}51H, Ftoll A= 7haha, WAJE7]
oF Qutaf 7} AA| WETFO] 76.43%S 2FA|5FY I Al A=
A2 tEAita v, x| g0l o g dutel 7l 81.53%, ALAREA]
£ ST AFol, A2 -&Ats Ea} 7kabaro] 80.58%F 2t
AlSFTh EL, Aol A= A Z-o], 7habaka) i apto] A&
9] 76.42% %, 18] AL Ao A= A F0l, 2S4S T}
AL A 0] 84.62%= 2 A THFig. 2).
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FzFo FAr(V)E HAMIE 27Ho] 298 422
£ HH, AF0l2643)= IE AT =AY 27F
Ab-Z R0l 4], A7) (38.61) = FH(A-F5H)e} Ahk(
AREOll A S5k A Quhl)(26.75)= FHE(EHL)LE HAKAY
oA F8F 0]t Table 3). 3HH, T257 7F24H20.40)-2
FFLo] AR, 2RO AL WH(10.41)2 TAFES] AFR, 2wzt
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Fig. 2. K-dominance curves (X-axis logged) for average seaweed
biomass at five study sites of Byeonsan Peninsula, Korea.

1H(19.19)2 AREHo] 815, -2 4 41(22.76)3} of 7] 957 P4t
22693 A ] F-3piel 4 MFsHT,
TEX|S

2ol Wt AEFORE AET =R (Dl)= WAk
A AT, 2938891 A1501(52.09 g dry wym?)2} -7 22
(10.27 gm?)7F AA| 3|27 AE(140.77 g/m?)2] 44.30%=
ApA 8t 2| 229131(0.44), ALAREO| A= 2| 5-0](54.52 g/m?) @}
A (2.93 gm?)7k BETFE] 60.50% (T BETF 94.96
g/m’)E AFA8te] 0.61=2 2|t itk Table 4). SAFot #7l

AT - 24 -

2l - kA -

by

3 - gl

gl

= TEAFR)= 44F50] S8 ARl A FoH(10.35) ¢
11, 32%0] 233 Al A 6.278 XA tHTable 4). 3%
ot BT met Mkl de A EEET A1
ST 27O A= Apol7F AA] o2 ol A Al
o} S&ot s ol ol ALtEE FTFEAFH)= AR
of|A] 71 322 2H(1.85)2 Bl o FH(1.71), ¥14K(1.65), 4
32(1.52)9F TAFE(1.49)2] 424 & eI

B z/del 294 EAE Uehl= C/PE WAREE 57 74
ZollAl 0.65%1 0.1, Fikel| A 2| tH(1.80), Aol 4] 2]22(0.62)
Atk R/PFEE 2 Atal Hofl 4] 249101 BAkO A 2|(3.80),
Ao A 2,172 2|24 % tH(Table 4). (R+C)/PELe] 7-F+= HAE
Hhe 57 Aol A 3.00]131 0w, FHE 2.92-5.602.2 C/P, R/
P npeb 7R &2 s Aol A 2| T(5.60) S AL Abdhol| A 2.92 2 4]
%4 9ItH(Table 4).

RESTCIR =t
defet 71 HsE kel el A 32K biological
indicator)= Z-8-FITH Wells et al., 2007). - &1Ll A] BlAk}
=0 57 Aol AR E si2Re 685l AR
18-51F 02 ztol& Btk Aaljete] 27tdiolA 27 &
FE 2 BHF Ak o] )0 A 30%F0]5K Yoo et al., 1996,
1999), F-H-3] A (HAF — Ei2b)oll Al 50-84F, F-al A (A1¢H-1
Ahol| Al 58780 & EQtt QItollA] Frhakdol = A Uret

Table 3. Vertical distribution of dominant seaweeds (IV>10) growing on the intertidal rocky shores at five study sites of Byeonsan Peninsula,

Korea
Site High Middle Low
Gracilaria vermiculophylla (62.64) Gracilaria vermiculophylla(51.71) Ulva linza (42.23)
Habgoo Carpopeltis affinis (20.40) Ulva pertusa (18.43) Gracilaria vermiculophylla (15.02)
Gelidium divaricatum (16.95) Ulva linza (10.77) Ulva pertusa (12.44)
. Sargassum thunbergii (28.33) Ulva pertusa (25.08)
Byeonsan fj‘?vrgé;if;g% t;hLzl%)erg// (50.14) Ulva pertusa (25.86) Sargassum thunbergii (23.38)
' Corallina pilulifera (21.59) Ulva linza (13.90)
Gosapo Sargassum thunbergii (50.03) Sargassum thunbergii (43.46) 37;3 Z‘ge‘i;l:;;/zgq%%g ii(29.15)
Corallina pilulifera (10.41) Ulva pertusa (16.86) Gelidium divaricatum (18.33)
Sargassum thunbergii (33.16) . Ulva pertusa (22.93)
Gracilaria vermiculophylla (25.10) Sargassum thunbergii (21.04) Sargassum fulvellum (20.10)
Sambal . : Sargassum fulvellum (18.28) -~ L
Carpopeltis affinis (12.87) Carpopeltis affinis (11.36) Gelidium divaricatum (14.18)
Ulva compressa (11.38) pop ) Sargassum thunbergii (14.07)
. Gelidium divaricatum (29.63)
Sargassum thunbergii (44.93) 2
Gyeokpo Sargassum thunbergii (62.30) Laurencia intermedia (22.76) Sargassum thunbergir (19.05)

Carpopeltis affinis (11.89)

Ishige okamurae (17.77)
Caulacanthus ustulatus (12.65)
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Table 4. Average biomass (g dry wt/m?), percent cover (%) and various community indices of seaweeds at five study sites of Byeonsan

Peninsula, Korea

Community indices Habgoo Byeonsan Gosapo Sambal Gyeokpo
Biomass (g/m?) 12.98 140.77 94.58 63.61 145.33
Percent cover (%) 5.26 34.55 20.79 14.71 29.20
Dominance index (DI) 0.45 0.44 0.61 0.59 0.59
Richness index (R) 6.62 6.27 6.81 10.35 9.64
Evenness index (J') 0.59 0.48 0.43 0.49 0.38
Diversity index (H') 1.71 1.65 1.48 1.85 1.48
Chlorophyta/Phaeophyta (C/P) 1.67 1.80 0.86 0.75 0.62
Rhodophyta/Phaeophyta (R/P) 3.33 3.80 3.00 217 2.31
(R+C)/P 5.00 5.60 3.86 2.92 2.92

C, Chlorophyta; P, Phacophyta; R, Rhodophyta

wreh(Table 5). Aol A Aelo] dz5 2854
S0l 21-41%, ZHolHE 100-101%, diol AL 86
o] BhelE|g o, 51| A AXE EACIA 2R

]

T 32-45% 0 2 vl WA el TH(Table 5).
Silva et al. (2012)& Ea}alo|A g22] ZL 3

aAE S vlawe) & A, 27 A
Fge HEA AT FAENANA =
A A Wbtk skglch 2 A7t
2 STHEES WH =S A3 = A Aol el A 1t
Ebt oL, B Qb fARSHA L ol Bls) A vrebat). 514
Ok 2 A ] shul AxoA] sl 2 28Tt 785
A 51808 oF 10 Abolo] 27F0] Fst et Fohd &
4’1o A Qlte] AgA] Ao wh
Histol Felo] YA FE &
o] Y&lof & 74| o] th(Kim, 2005).

Aol el WANE 57] A e] 27t slxEe] A
it AEHASEE, g dry wt/m?)2 91.45 g/m? ZA, FH3)
o o] gjobt wHE 2](123.23-254.25 g/m?)2t LJafol| ¢Jx]3t 4
A, o] w8t SAtE - g of| vlg) WA Uepgtont thE A
AH= 2 Aol 7k UrEfLEA] §RSktK(Table 5). 2 Atal <ol A
A 5ol Bl AETFO] 47.89%% 0.m, AR A ETF

e o

BE EAS LRl P

=2 -
5%

9] 57.64%, A ZLN A 56.70%= A}A|5to] 7 -3
2 3H1 ] QJH(Table 2). TR A LA T} ol A & 2| Z0]= LAk
of| A dl| 25 AEeFO] 57.83%, ulka] oA 56.88%, 1)1 =
AL O|| A 54.64%S AA|3Ee] Aote] tlEE o e}
(Yoo and Kim, 1990; Lee et al., 1997; Lee et al., 2000; Choi et
al., 2008). E3F, Z|Lof| 2 tfhA¥(green tide)S
3]0 Zhabel 2 Ulva spp.)7t 1ot WAk A] 325 A Eaf
0] 22.16%%} 11.44%2 2| 5F= A0 2 UER}O 1 2 (Table
2), 35 Alalet o] @)

=] = == =ZF|ZAE
rFo Eautd 2dE4E

¥ 2952
ohi SR
BRI ¢gto)

e
]

o T

Neow slxsel x4

gtefjoll A ot s ol A

FoF 27

o 2420l AT 43

ot

-

ol

[e]
S

0.4-1.5991] gke Yeb 1 (Segawa, 1956), R/PEE Hf

ek Aol <1.00]3}, 2eh =] el A 1.0-4.0, 2

3 ol A

>4,00]4-2 YEelFHTHFeldmann, 1937). %35t Cheney (1977)

+ (R+CyPgrol| whh, 24 WA 2l d(< 3)

, =2(3-6)

3} A 6)2) HEAR 2 FEAC 2 Aaolel WAk

Tl A= C/PEEo] 0.65, R/PEE2 2352 23 < o

EEN

Fou, (R+C)/PFHE 3.000. 24 E3HA 24 BTk £
gufet AQkell A A E 27| A2 B 2 Aot ol
L A UEFU AL Q) 0 WK(Lee et al., 2007; Oh et al., 2013),
C/P, R/P, L& 3L (R+C)/Pgl-2 ksl & at elsfof whef, 12|t

& Aol A Ko AA |-

AR

Eol Ane Aol g B

Q1o 2 0|2t gH5 2] AR of Hoj Tjgt Al 218 ATr} 4

AE|ojop & Fl o= o HEr.

ABHGE WAREE ST A ReA APBEIAS] 7] ARl
114,02 2 uf o2 shel o

H2F STF A=
3 FAl 4] ke, o A

© Zulz] o

o =

A2 ST ATl ¢

Seon], A FyolMe vlad Fusteint 7, 570 A
oA 27 FdEre YN == sadd W
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kst

-

.

ZAeke BolaL, e WAK(140.77g dry wt/m?)3}

Z{3(145.33g dry wt/m?)oll A frAFskGl oL, A A agol o
gt Zupef 7 uleS Ak B2AIS} 77ke: MAK(11.44%)0
A A3 (< 1%)0] B3l =A] Lebdt). Wells et al. (2007)2 3
57-0] F-5- -5 (species richness)= 27g o] HHAA| ¢k 7
o] dAsh] wioll, FdFre 2w 2 S WY
o 7R =2tar sheleh AR REe o] S7) A ollA &

SPATL, Y

O
A5, A Rt 2RIl A 7 Fast A et
old

Aol =3 A2 ute vl & o @St

=z

=3

F= 710 2 shelE| 9Tk (Kim, 2005). ZHEH2
ot B Aol M BRF 653 TR 21%

o} s el A E@ohe 27l tut

W52 (Cladophora spp.)7} 10 Zof v]3f Wo| 2713+ o=
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Table 5. Annual seaweed biomass (g dry wt/

_(P_x]i‘jj .

5] . uAlA -

j&

Rixd = o Ees

m?) and species richness at the intertidal zone of coastal and island areas along the Yellow Sea

of Korea
Region Stations Biomass No of Species References
Coast area
Northern Part Inchon dock 25.02 24 Yoo et al. (1996)
34.00 30 Yoo et al. (1999)
Middle Part Maoe 171.10 75 Yoo and Kim (2003)
Padori 254.25 84 Lee et al. (1997)
123.23 50 Lee et al. (2000)
Kkotji 54.54 79 Lee et al. (2007)
Muchangpo 73.66 63 Kim and Lee (1985)
90.43 77 Yoo and Kim (1990)
Maryangri 72.73 73 Yoo and Kim (1990)
Southern Part Byeonsan 91.45 68 This study
Gyeokpo ND 78 Kim (2005)
Yonggwang 72.55 58 Kim and Yoo (1992)
138.88 61 Kim and Huh (1998)
Island area
Northern Part Bagryoungdo 119.43 41 Baek et al. (2007)
Deokjeokdo 80.63 21 Lee et al. (2007)
Middle Part Bunjeomdo 144.11 91 Yoo and Kim (2003)
Ongdo 39.52 32 Wan et al. (2009), * Heo et al. (2011)
Nachido 84.32 ND Kim et al.(2010)
Odo 107.50 ND Kim et al.(2010)
Sapsido 173.43 100 Yoon and Boo (1991)
Eocheongdo 196.38 101 Kim et al. (2013)
Southern Part Jusamdo 97.46 45* Choi et al. (2008), * Heo et al. (2011)
Woejodo 59.25 44* Choi et al. (2008), * Heo et al. (2011)
Heuksando-Hongdo 235.06 86 Oh et al. (2013)

ND, No Data; *, Summer Data
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