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Rock type difference and Benthic Community Structures in the coast of Jeju, Korea

Bo Yeon Kimz, Jun-Cheol Koz, Han Gil Choi’
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AT A AMBEEIRR, FAFTE) TRTER7E AAM 718 FHo mE Aol S wopsty] Hs) Ags| oA
2015 2978 119704 v 2=AE Qe RO A s 27 S7EY FAFEE 102%0] AL S5
M 2T 2F% FHFTE 6750 WHE VAN AMYE] ST w2 AL e =
7o dAgF AEFS g HolA 1,601.13 g wet wt/mP 02 F-E4 0] 448.85 g wet wt./mr T oF 4u] =qtt).
el oA A ATl 62.64% (1,002.93 g/m)E AR sk ¢ EoIL, s=F M= WA,
A, F2wztebd, At Z2eERrt AT AT AFTEY A 2 A FgHAN 74
106.9 indivi./n?, 871.93 g/mro|m, BEH Yo A= 64.6 indivi/nr, 984.28 g/mE el FH 2550 YETF
FATE o 23, A= £2136.40%), vH]15(19.18%), EeHgA(13.61%) 3L, EEHoN A= 7]
FEALT(54.13%)% 1ER5448(24.28%)% 7] whE $AF] AolS FelstglH
FR0|: =R, PHESE, JUIYH SSHH RS

ABSTRACT

Effects of substrate types (bedrock and boulder habitat) on the community structures of benthic biota
(macroalgae, macrobenthos) were monthly examined at Sinheung in Jeju Island, Korea, from Feb. to Nov. 2015.
Species diversity of seaweeds and macrobenthos was greater at bedrock sites with 57 and 102 species than at
boulder sites having 42 seaweeds and 67 macrobenthos. Average annual biomass of seaweeds was 1,601.13 g
wet wt./m’ at bedrock site and 448.85 g wet wt./m’ at boulder site. Ecklonia cava was the most dominant species,
occupying 62.64% (1,002.93 g/m’)of total biomass at bedrock. Amphiroa anceps was the most dominant species
and subdominant species was Ecklonia cava, Grateloupia angusta, Peyssonnelia capensis and Meristotheca
papulosa at boulder site. Density and biomass of macrobenthos were estimated to be 106.9 indivi./m’ and 871.93
g/m’, respectively at bedrock site and they were 64.6 indivi./m’ and 984.28 g/m’ at boulder site. The dominant
macrobenthos species based on biomass were Turbo comutus (36.40%), Astralium haematragum (19.18%) and
Anthocidaria crassispina (13.61%) at bedrock site and they were Alveopora japonica (54.13%) and
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Psammocora profundacella (24.28%) at boulder site.
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2 2% A A0|tH(Oh et al., 1990; Terawaki et
al., 2001; Cha et al., 2006). T3t | 2F= dfoko] 4=
§571% 9 FR4S A ASHIR, Aok B4
3 HYE Yot FEAA AR AHS-E TH(Orfanidis er al.,
2001; Wells et al., 2007; Scherner et al., 2013). |2 F =
AvtA o g FA71Ho| skl A4 stal(Silva et al.,
2012), o5& A st YAanAQ] AMFHZEES
o 2AAEY Holgor Ak A A Y Frhkd A
Abgo 293 ¥9&2 dttf(Mclntyre and Eleftheriou,
1968; Cohen et al., 1982). AN FAZ:FE 7S &332
oIt ool Hlgl o]sAdo]l A7 o] UAIA 2
B3t AR A7)0 PR BEA] ghol A B MU
Yol=g 5835l (Warwick and Clarke, 1993; Burd et al.,
2008), o] =9 Fodret A= ALY ALY A=
g5 245t= 947 ¢ A th(Pearson and Rosenburg,
1978; Thouzeau et al., 1991).

zotol A4S dxRoh ANRHFERS FUTE
£ A, 2%, 712 $5 5ol o9 A4S 2o Neushul,
1967; Shepherd and Womersley, 1981), =413t $-74H
Hol= z27tdjet 24 A AR EHE 2Eets gt
527140 22 WA g 2019 JFe etk o
A Qlth(Mathieson, 1979). £3]|, Shepherd and Womersley
(1981) 71d& YAA &4 948 Hi glon, g2
ATAEO] AABAGHE 7149 E5)l T2 $HF
2ol & 7] 2351 th(Malm and Iszus, 2005; Ko et al., 2011;
Shin e al, 2011). 22 FH2 A2lo| Halst ohil 72
7b e, mxRe 4R, S50 Hef e 71E
Zo| A AEL0] =A YERyth(Fletcher and Callow, 1992).
Z+2 % Fucus serratus= 5-Z(boulder)of H|3| A3 2AA o
Hh(limestone bedrock)ol] $+2 44]3}% S H(Malm and Isaus,
2005), Befdho] ¢fHto] EEA WEEE 2o A=+
25| (Ulva australis), X%=0)(Sargassum thunbergii), 7}A|
L X (Hypnea charoides)?} -5 7} A} 2|(Gelidium amansii)
7t Ao, mee) ool E3HE 7] Ae Hol A,

Sl =
=

W FAF A%t A= A8 G A& HaLskGIt(Shin
et al.,, 2011). T3k AARHZEE FolA e A5 =(mollusca),
Z 2| 5 &(arthropoda) ¥ 2} 5= (cnidaria)> RF ¢ W
FoFgke] gEs AART dHA len, Ko et al.
(2008)> AU AR LAJE A-gafiete] vs) tha/d AR
O g gfgto] o]RolXl AFEoA AAFTEL AZFEY
A7t =4 dgvs A4S sl

=t el HEvla EE= g2 et ofdigd
FAEEC] thaFstA AAlstaL glo] Fohekdol A 1
B A= A AMAES e ZstA A3 E
o] 9It}(Lee and Lee, 1976; Yoon, 1985; Kim, 1991; Lee
et al., 2001; Lee and Hyun, 2002; Yoo, 2003; Oak et al.,
2004). skARE, FFof 27 A4t= AlF A AHKiIm er
al., 2013; Kim et al., 2015)3} AF FHE Ao (Kang ef al.,
2015)00 A, FAF=EES AT FAEE o1 (Ko et al,
2011)3% Al F5 (Ko et al., 2012)00| A =3 = of A
T A%k AMAEA 9 FHY HMIE ostrlof =
Ag7b o FE3E Aot 58], £t Ao 271
of vlsf iAoz ghAo] AL, W WAS AA| 5}
A Qlo] st AAshs A EA Y thet A9 Fa
Aol ZFzE 1 3oy, SCUBA divingS Ed| At A}
o|FolA= g g o r s ot AMEEAS FF A
A ofal, e E BHET 4= 9l B 7|2 AR
T

sz 5] SaA AR Brrolt 22 7]
sEAA £ A4 A2 HY, o5&
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Figure 1. A map of sampling sites in Jeju Island, Korea

1, HUSAEAL
£ A3 HEIS] AF 52 A5 LEEAAHOBOose)
£ 40 10 mo] Axste] 1413k uhth 2 0n, 4

>~

| &+ Niskin 7] & 0]-§3to] Ao A] XHTOM 4C
£ FASHA APARE ukel Tof B4t FREd
(SS)& 35 2LE GF/F oA 2 o|}star 110To A 2
2% % AAALR $AE 4ot Chlak dA12
ILS GFF of7H2 ojzhat ¥, 90% oM = 91 10 oS
Whstel ABLE 2EF 0 QURAVIR BelE A4S
o2 H[ M A (UVIKONxs, SCOMAM)E ©]-&3tof 743}
I th(Parsons et al., 1984). Y I F+= ST HTAAH
7]Z(MLTMA, 2010)°] whet ¢ryof 2 A (NH,-N), of
A4 A4 (NOy-N), FA A4(NO5-N), ¢4k 2l(PO,s-P)
S Z}7} Indophenol method, NED method, Cadmium
reduction method, Ascorbic acid method® EA 3% o0,
TAE T2 (Si(OHy)-Si) = Molybdenum blue method 2 H]
MAE o]&sto] A3} s¢ith §EF71HA(DIN)= o
Hujopet opHA W A4 A4 fﬂﬂi LHeRR T

ME

2. HAMME MY Y 24

B AT dlede] 4 10 molA 10x10 ecn= 2% W
T+(50%50 cm) 37|S FAY R =1 T Yo =
Tl FHFEES B4 olgate] A% A3k

A AXYES A £ £(10%) 2.
i ugste] APARE eutstlth. A% APE HxfFe

TR 7 3] AFHs] T FEEE SAsseH, W
Uﬂ;‘*“ =g wet wt./m) 0.2 Skl & 2579 %
AT et —:’-7] of upe} AL (kelp), FFHATZ
&(coralline)?} 48 F53l 2 3 (understory seaweeds)«]
370 7158 Z-Eﬁoi T3} TH(Britton-Simmons, 2006).
| 2F T Algaebase (http:/www.algaebase.org,
Guiry and Guiry, 2016)9} Lee and Kang (2002)2] Zﬂ
Ag sl AX FHF5= 5 H AT &
Fe Ao, &9 WA WA (indivi/m') <} *3'5
(g wet wt/m)OE FHiEIQITE FHFFES] Y
Hong (2006)= #+113}%] 01, A4 FE(Okutani and Habe,
1990; Choe, 1992; Nishimura, 1995)3} %% %(Dai and
Yang, 1991)& Thokgl =28 Zyaheict

3. X+

AT A xR A E 28T AT ASE
o]-g-3}0] LA (richness index, R), 76 % *|<*(evenness
index, ¢} ThFE A (diversity index, H)E A4t
(Margalef, 1958; Fowler and Cohen, 1990). X% A&
(dominance index, D)= "7 AA| A&l gk A
1,2 $AF] A= 39 = 2HE3H3 thMcNaughton,
1967).

2 1}
HI:

A AFE &S 14.8-28.7C (20.7£3.67C,
mean+SD)S1 01|, 9ol Hit 257CE HAR 1 3€0|
153CE HAath =479 A 722 13.7~273T
(19.343.45C) % UEFst o, 9ol Hit 244CE H3!

3¢l 143TE H20h F 449 AF F2 E%%J
*171 of MY w PP 1T ©
gl 5]}l th(Figure 2).

AF717F EF7142(DIN)Y| sees dF+t 0.106
mg/L (2%, 0.061~0.154 mg/L)2 4 27| (9~11€)0] =&
7He B9 th(Table 1). £Z57]¢1(DIP) &%= 0.001~0.005
mg/LE Y ztol7h AL glglou, sHibata(Si02)=
0.059~0.373 mg/L (B 0.193 mg/L)2. &2 E A 9} 70|
2 T5E YL, FRELY B d¥d 23 mg/L°
2 0.7~4.4 mg/Le Y{E Holil, Chlorophyll a2 7
1.26~2.40 ug/L (B 1.82 ug/L)=2 HA o] &2 %EE E
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=
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Table 1. Monthly variations of physical and chemical values observed in the bottom water at Sinheung, Jeju Island
from February to November 2015

Factor Feb Mar Apr May Jun Jul Aug Sep Oct Nov
DIN (mg/L) 0.090 0.065 0.127 0.061 0.111 0.083 0.108 0.123 0.136 0.154
DIP (mg/L) 0.001 0.001 0.002 0.001 0.005 0.002 0.005 0.002 0.004 0.005
Si02 (mg/L) 0.259 0.243 0.361 0.373 0.141 0.072 0.169 0.059 0.148 0.104

SS (mg/L) 1.9 0.7 1.1 0.8 4.3 2.7 2.9 2.8 1.8 4.4
Chl a (pg/L) 1.26 1.80 1.39 1.78 1.95 2.40 1.60 1.96 2.09 1.98
" et
Average: 20.7°C (A)
Max :28.7°C
25 r  Min:148%C 2 3”.75_-%-
SD:3.67
2 ¢ 1) %EAO-I
At 717k R oA EdT 2T 12~28F 2
e 2 % STH(52 6, T2 5, §X 4630|900, BEHHo|
N Nl 1221808 % 02F(=2 6, T2 2, T2 34%)0]
g =3 tH(Table 2). & FHolA F277F 7H4 -4 she=
E | memn (6) Bgdolgdon 325 238%F 49 Aolg vy
3 | Min:13.7C F oA dF 283 T2 Q2L Umphiroa anceps),
e S AL (Marginisporum crassissimum), $I2(Synarthrophyton
w0t chejuensis)T} 5-2W 7122 (Grateloupia angusta) = 4% 0]
om, Lel(Ecklonia cava), =V A (Amphiroa foliacea),
5k W3 A WS (Marginisporum aberrans)©| 103] ZAF £ 73]
o4 @5ttt o] Yo dH YN AT
wMar A;:\r Mlay Jll.ln J;.u All.lg Slep ol:t N;.:v nlec (Cladophora wrightiana), 5+& 7 Z-(Codium minus), &<
o] A\ (Amphiroa ephedraea), 717} A A& (Ellisolandia
Figure 2. Variations of seawater temperature at Bedrock elongata) 450 A5 £HsIH L FeA4HA = T2F2 &
(A) and Boulder habitat (B) of Sinheung in SHChE 31 (Peyssonnelia  capensis), 2|45 (Meristotheca

Jeju Island from March to December 2015 papulosa)®t B2 0| (Plocamium telfairiac)®) %@ ¥%

Table 2. Monthly variation in the number of macroalgal species occurred at the two different habitats of Sinheung
in Jeju Island from February to November 2015

Habitat Taxon Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Total
Chlorophyta 2 2 0 4 2 4 3 2 3 3 6
Pheaophyta 1 2 2 4 2 1 1 1 1 1 5
Bedrock
Rhodophyta 25 23 12 18 16 15 9 9 17 16 46
Total 28 27 14 26 20 20 13 12 21 20 57
Chlorophyta 1 3 4 3 1 2 1 0 2 3 6
Pheaophyta 1 2 2 1 0 1 1 0 0 1 2
Boulder
Rhodophyta 17 16 15 15 16 12 11 12 12 9 34

Total 19 21 21 19 17 15 13 12 14 13 42
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HHM{J%UEP (Dictyopteris
sp.), LEHIE T2 (Dictyota sp.)7} &d3}R L, H7}x]>‘é}

7\ & (Antithamnion densum)i} ZA
pinnatum)T} & 2L 227} Uiy
A F8F 79 Aol HAd
2) Y=Y
&= AF7|7te] AT 27 ABH A
oA 1,601.13 g wet wt./m* (729.75~2,807.12 g/m?)©|H,
=4 Ao A= 448.85 g wet wt./m? (164.46~778.46 g/nr)
at AHoNA F=d Aol vl oF 4 = qkTh(Figure
BRI NEFS AU oA 24 RF(1,004.34 g/nt,
62.73%), BZF(554.45 g/nt, 34.63%), =2 E(42.34 g/,
2.64%)9 wAAoY, FEHANAME F2F(341.65 g/
m’, 76.12%), Zx5(82.24 g/n?, 18.32%), 527 (24.96
g/nt, 5.56%)°] ¢AE Eoletl, 227 A AETol
T+ A ZolE HAh

H2f7ol 4l FEFe v FRolA 5Uof 2,807.12
o2 QT 9ol 729.75 g/ E HA Qo 5Yof
7 AA AEF] 71.31% (2,001.87 g/nt)S A5
O, 9¥ol= TE AEFo] 159.33 g/mE B2 HAE
ngo2A 9u BB UAE £ Go 4D
T B i BN e Mg 11
of 778.46 g/m o2 Zdjgha H AL, o] Al7]o] e A=
F= A Y 61.17%E AA A Lh 1145 A 9fgt o
A A7 WA, m2m s e SR A

o] %7 Lpebute.
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Figure 3. Monthly variations in average seaweed biomass
(g wet wt/m’) at two different habitats of
Sinheung, Jeju Island, from February to November
2015. Vertical bars represent standard errors
(n=3replicates)

9 & 51 ¢ ch(Figure 4).
94 AzFo| A7 3%%(1 601.13 g/m)°]
62.64%2 A5 7, BEQ A ML sl2s| 223 o] A
A A EF448.85 o/n)9] 42.11%2 A\ ate] © 4t 7]
SHZeR Ueit £ AW BE Ange gugEael
e 15019200, 24 AR WAL |
o, BEHHOA 8206 g2 e £ 7
AT B A ana HeEres
o oru} A Hol A 464.49 g/miE EEX
wa) 20 o4 24 Uehton, £
EYAES] 22 =TS Hoth &
£ @I oles A2 elso,

BETFANA 2 Aol HolA %?
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Figure 4. Average seaweed biomass (g wet wt./m’) of
functional(F)-formgroups at two different habitats
of Sinheung, Jeju Island

4) S

PPN HAshe dlzf § A3 B A=Fol A
A HEFO] 10% o4l & 7 (1,002.93 g/nt, 62.64%)
o W2ALAT73.15 g/, 10.81%)0]910H, S ALE
(7.35%)3} RALZ(6.88%) 1 W2 A= H I TH(Table
3). &¥, e HAAM s W2AE(93.29 g/, 20.78%),
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Table 3. Monthly variations in average seaweed biomass (g wet wt./m*) of dominant species growing at two
different rocky shore habitats of Sinheung, Jeju Island, from February to November 2015

Habitat type / Species Feb Mar Apr May Jun Jul Aug Sep Oct Nov Av
Bedrock
Cladophora wrightiana 36.17 12.11 26.55 13.55 7.97 19.52 39.04 4.17 16.15
Codium minus 54.57 28.73 36.07 80.45 11.23 1.52 39.76 25.23
Ecklonia cava 186.93 82893  1,291.33  2,001.87  40.13 198413 1,695.20 15933 932.80  908.67  1,002.93
Amphiroa anceps 37465 17587 138.55 14836  249.81 112.15 81.03 159.16  137.37 15459 173.15
Amphiroa foliacea 8.89 66.55 19.43 14.07 22.29 6.99 4.43 28.43 7.71 4.85 18.36
Ellisolandia elongata 112 39.32 33.67 8.40 2.83 5.44 32.60 12.34
Marginisporum aberrans 95.39 163.53 161.52 240.25 106.80 87.95 44.29 6.95 52.85 141.59 110.11
Marginisporum crassissimum 65.95 78.96 59.19 177.23 126.57 93.25 102.09 22615 7583 171.43 117.66
Grateloupia angusta 69.49 60.51 49.05 44.72 95.45 141.40 13567  71.19 5931 65.31 79.21
Other algae 31.07 67.83 50.64 84.35 91.87 16.39 17.09 28.28 22.76 51.89 45.97
Total 92424 1,522.33  1,769.71 2,807.12  754.88  2,533.51  2,099.32 729.75 1,299.76 1,570.68 1,601.13
Boulder
Codium coactum 2.74 48.24 26.16 79.16 48.64 20.49
Ecklonia cava 248.42 0.16 0.10 0.32 94.40 476.20 82.06
Amphiroa anceps 130.44  231.60 61.30 176.16 22.70 173.14 4330 56.90 30.76 93.29
Lithophyllum okamurae 18.10 5.60 122.02 133.24  26.02 30.50
Marginisporum crassissimum 40.92 24.04 4.92 30.78 20.04 40.96 58.56 28.38 26.42 77.54 35.26
Peyssonnelia capensis 20.20 35.14 35.36 54.70 19.60 36.04 93.48 81.32 56.28 40.84 47.30
Meristotheca papulosa 33.22 16.66 14.92 15.18 115.62 74.20 24.68 36.34 0.02 33.08
Grateloupia angusta 15486  92.10 24.32 62.00 183.90 14.28 36.04 4932 107.66 48.88 77.34
Other algae 28.68 28.20 36.54 33.18 34.80 17.80 23.42 36.94 7.78 55.60 29.54
Total 408.32 67890  164.46 27534  555.72 354.48 636.96  301.62 33422  778.46  448.85
ZHE(82.06 g/n, 18.28%), - 7HaH4H(77.34 g/ny, 17.23%) Aot HEF ARE AR ASS =AY
I AFFHTEI(47.30 g/nt, 10.54%)7F LE AEFS B e H)E 238 FEFANA A detdozZH
ol AOE AU GeTable 3 gEYHo] g HRT 2579 D2 HEA} eyt
[e)
98 9UFO BEF WUskE B, WYL 1
o] O = d =] = = . . . .
7t 0¥ AL mE A 7|7l & 0?3’13‘11, 53], 3~5 Table 4. Various community indices of macroalgal
QA 7~8Y, 10~1190= AA] WEF] 54.45~80.75%= flora for average seaweed. b10mas§ (g wet
A Ee DO MZE O Ul W0 uro 04 = w0 x wt./m) at two different habitats of Sinheung,
Aot F¢HEoE e YA A% =2 A . land
. Jeju Islan
E(81.03~374.65 g/m)S HHow, UIALSL 3~6
A 1% s o 5-69, 8~94, 11¥9] 100 g/n? o Habitat type
4, éoﬂn Ei’ﬂ A =2 . 114 & Community indices
oJAFo] AEFS Hojn A 3}o] 7]'EH9]- A3 x79 4 Bedrock  Boulder  Average
o
E=7F A et sER s g dat g 1Y Dominance index (DI)  0.74 0.39 0.57
ok EX 127HE)o| AA AEHFES AAs= FoHE0 . .
off et 15 (E)ol AA = A%chs %S Richness index (R) 7.59 6.71 7.15
o
= FAshleh. A ARt AEFS 2 WEATE 23 Evenness index (J) 0.35 0.59 0.47
_ A% X . . .
8, 623 4o, $ LR ARHTE L A5 ¢
= = Diversity index (H' 1.43 2.22 1.83
Hatedeh. ZHBEE 10-1192 AT AT 7o) 943} Y Index ()
gom, Ao GFS Holk 679l £ ABFE By
HHo| O o=
U HA AL e $H ] HEEEYOL BEY 3 RARSS

o
HoAAde 49278 AT T2/ FH= w4

5) =&KX

AR AR dE A 1,2 $U% AR o) vz

AEE SYEASDDE FHFHolA 0.742 Zeeh g

oA AEepo] AA | T345%F Hol FEYY
o]

of v} FAA &2 #& ERiL(Table 4), Y2 o=
STV B2 I FEALR)E =%

QA7 7170 AN AHEYZERS F 102%
(¥4 24~42%)0] 283t on, A4 %5 E(mollusca)o] 50
F(49.02%) .2 7MY $Ashe R0l °of F 5%
271 315(30.39%), o|uj= 37} 165(15.69%) .2 YESE
t}(Table 5). t}2 0 2= AX|FE(arthropoda), =15 &
(echinodermata), 235 (annelida), €] ¥-5E(bryozoa)2)
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Table 5. The number of macrobenthos species observed at two different habitats of Sinheung, Jeju Island

Habitat type Taxon Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Total
Porifera 1 3 1 1 1 1 1 1 3 2 4
Cnidaria 2 - 1 2 1 2 2 2 2 1 4
Bryozoa - - 1 1 1 2 - - 4 1 6
Sipunculida 1 1 1 1 1 1 - 1 1 1 1
Bedrock Mollusca 15 21 13 15 15 11 11 12 16 21 50
Annelida 2 2 2 4 2 - 5 3 4 3 7
Arthropoda 6 3 3 3 3 3 5 2 4 7 16
Echinodermata 3 3 3 4 3 1 6 6 5 5 10
Chordata 1 1 1 2 1 3 1 2 1 1 4
Sum 31 34 26 33 28 24 31 29 40 42 102
Porifera 2 1 1 - 1 1 - 1 4 1 9
Cnidaria 1 1 2 2 1 2 1 2 2 1 2
Bryozoa - - - - - - - - - - -
Sipunculida 1 1 - - 1 - 1 - 1 1 1
Boulder Mollusca 8 9 9 8 9 9 9 12 10 8 34
Annelida 1 - 3 2 2 1 2 1 2 2 6
Arthropoda 2 - 2 2 3 - 2 1 3 1 6
Echinodermata 1 1 1 1 1 1 - 1 2 2 7
Chordata 2 2 1 - 2 1 1 1 1 1 2
Sum 18 15 19 15 20 15 16 19 25 17 67
TAE Bt SEAA AAste AMFHFEES ¢ & 2, HIF=E 6, AAEE 24, FFFE 2, AAsE
MR 15-25F 0% F 6750 Sdsglon], vy dat nf 10, S95% 6, A4sE 2%)01%L, a= oAt =4
A7HA = A5 EC] 34F(50.75%) o2 7HE HEshe & 2 F BFEIHEE 6, AT E 8, F3 5= 1, =59
FolQlL, o] & EE{7F 18%(26.87%), ol 77t 13 & 3Bl At Aol A= o7 Rt L F
2(19.40%) 0.2 B2 ZrlofAlo] =it} o] ok 3 E(Columbellopsis bella)T} Z+2 1 cm ©]3}¢l 48 E2%
W& E(porifera), 53955, B3P 5=, dAsE 22 U o HAAlFEol Bol Edstlon, FEAddM = fHRF
ehtt. 7 o B AE
AL S| o A vt LG (Astralium haematragum), | 7|
=02 (Lithophaga curta), 20| EH| 570X & o|(Halosydna 2) NHEE | Y=Y

brevisetosa)?} E8 Y 7A|(Herdmania monus)7} E3HE 4%
& 7 BHNA 103 2AF 5 78] o4 SIS o] Yo
T PR F A= A8 F(Hadromerina)@} A2 (Turbo
cornutus)7} A% Eds} 1L, Ao A A (Phascolosoma
scolops), Y¥ 1% (Ergalatax contractus), 1E5FHYFL=
(Pyrene testudinaria subcribraria), 23S (Septifer keenae),
) A MR o)(Diopatra sugokai), ZGN$-F(Ampithoe
sp.), B B 7= A (Paguristes ortmanni), ¥ 7 0| &7} }E]
(Ophiarachnella gorgonia)®} X234 7(Anthocidaris crassispina)
g EENETE A veyth F58dAE AFEAS
(Alveopora japonica) 1E°] % &&s%oH, o] & 71
Y 252 (Arca boucard), FE5AE2Z 7 (Cardita leana)
&} B Al(Leptodius exaratus)7} A5 & d3Fch
AR o A9k et S3E(EHEE 1, AR

\_zo;‘a
1_01__

AMFEHE=FEY MATe S HAA Hd 106.9
indivi./m* (29 52.0~157.3 indivi/n?)0] Qo0 BEEA4H

o A= 36.0~86.0 indivi./m* (B 64.6 indivi./m’)2 A
Bt Ao A BEA A v oF 26 =7 e ch(Figure
5. B2id ARl £ AAoA BE AR EE0] 5736%

(61.3 indivi./m")9} 65.94% (42.6 indivi/m)E 7}4 =9k}
(Figure 6). o] &Jo| = JHtA Mo = FuEE(12.1 indivi./
7, 11.35%) 2 A A SE(11.3 indivi/nt, 10.60%)0] <3}
sou, BEAINE $HET A5 R0l SUst
54.0 indivi./m? (8 36%) %A T}.

4 AAMsE MATE Etﬂ, AR Mo M= 1140
157.3 indivi/m o 2 F o)L, ol w7 25(26.7 indivi./
)7 8 I15(16.0 lnlel-/HfH MAIG=7F = A ERst

AR 27 7P Fe 4Yo| = v F 1E(6.7 indivi/m) T 2

o R
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b X (Musculus viridulus, 5.3 indivi./m?)%] 7§47}
%9_14. ] 7\}0] Eo] z] o}ol-r,]. EEZ—] | oﬂ/\—1 ;q /\1

NA G 10€0f 86.0 indivi/m* o2 Y HL, F8
2 0H7]5UP}_7H(10 0 indivi./m?) e} FA4 A (10.0 indivi./
NTE E3E 290 AAEE MAeE HANCH, F
H A Aol gLl

AP BEFE G AA 871.93 g wet wt./m (Y
¥ 232.56~1,658.64 g/m?), 5= A4 984.28 g wet wt./
n? (152.80~1,948.72 g/m) 2 T+ AA Alo]9 Aol Holx
AdthFig. 5). R AT AR dAEsE
0] 564.57 g/t (64.75%), 2T EE 150.61 gm’ (17.27%),
ALEL 99.07 g/m (11.36%)9] &2 e, BEg
Ao AL AEEE(T71.72 g/nt, 78.40%) T AR EE(176.71
g/, 17.95%)0] =2 H|&& R A th(Figure 6).

4 AsEs B, AAd et v 2 b Aol
Ae 11490 1,658.64 g/m*E 2 Har, A2k(1,334.93 g/
)&k HEF AL 5(176.15 g/m) ] =70l w3t el

AR Ve 490l = HapdA(94.43 g/r), vHA1E(46.05
g/nt), W& 7 AE| (Centonardoa semiregularis, 44.04 g/
m)7F FREFCE IRIE G FEH A= 108 F

ofN offf 52 4

B

250

O Bedrock habitat N Boulder habitat

200

150

00

Density (individual/m?)

50

4,000

3,000 |

Biomass (g/m?)
5
=

1,000 |

Feb Mar Apr May Jun Jul  Aug Sep Oct Nowv

Figure 5. Monthly variations in number of individual
and biomass (g wet wt./m’) of macrobenthos
at two different habitats of Sinheung, Jeju
Island, from February to November 2015.
Vertical bars represent standard errors (n =
3 replicates)

o AEFS B3, AZEAE(879.34 g/m) 42K(733.12
g7t FaFo|oH, E‘W HEFS B 29 AF
E4M3(125.88 ginr)7t AA A=Y diFES A8l

o AAste FHxEsE 5 A Bt AAS7t
Aol 2L vFATE27.3 indivi/nt, 25.56%)0] 900,
1 e B35 A(6.8 indivi/n?, 6.36%)% CHTable 6).
m
[e)
8.8

N

=

JAo| e A2HE42E 15 (Bittium  alutaceum)o]

indivi./m* 2 A 57} R ar, v 1%5(8.05%), of
ZIERENT12%)F BEBA(T.12%) = FdFo=H o
HEg o] Hlsf thekgt Fol "*%’4 5% o= A8kl AT
FHZEY 9E HEE 2y, YoM s Bh AL
o] A% fdsten, &A= S5, 7, 10€] B2 A
7F debd T =AM vl 8~9d], dEEF
AELFE 3, 5~640l|, of 7|50t 27l 8, 10, 7Y 2=E
2Me 8, 114, EF8 A= 39 @2 7WA7F SH st
FA&ZEol A7lol wet th=A eyt
MEZ E SHFL oHbA A of| A Aglr) 338.99 g/m’
2 AA WEFY 36.40%S AA|5FH AL, v L5(19.18%)
I A A(13.61%)7F 10% ©]AFo] i th(Table 6). &4
Ao M= AEFEQA AESAE(532.78 g/m, 54.13%)¢F 1
E I3 EAYS (Psammocora profundaella, 238.94 g/nt, 24.28%)
o AEol ¥4 vehgen, I tFoz 287t 13.99%
= ZA 5

>
5

N

Bedrock habitat

Porifera Porifera Cnidaria

Sipunculida
2.87%

Number of individual Biomass

Boulder habitat

Number of individual

Biomass

Figure 6. Number of individual and biomass of the
macrobenthos at two different habitats of
Sinheung, Jeju Island, from February to
November 2015
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Table 6. Monthly variation number of individual (individual/m*) and mean biomass (g wet wt./m*) of dominant
macrobenthos (> 5%) at two different habitats of Sinheung, Jeju Island, from February to November 2015

Habitat / Species Feb Mar Apr May Jun Jul Aug Sep Oct Nov Av
Bedrock habitat
Astralium haematragum 29.3 14.7 6.7 36.0 54.7 34.7 24.0 34.7 12.0 26.7 273
Herdmania momus 53 53 2.7 12.0 9.3 10.7 2.7 2.7 12.0 53 6.8
Other species 84.0 81.3 0.7 72.0 62.7 52.0 58.7 61.3 88.0 1253 72.8
Total 118.7 101.3 52.0 120.0 126.7 97.3 85.3 98.7 112.0 157.3 106.9
No. of Boulder habitat
S Astralium haematragum 2.0 2.0 6.0 16.0 18.0 2.0 6.0 5.2
individual
Bittium alutaceum 16.0 2.0 42.0 26.0 2.0 8.8
Lithophaga curta 2.0 4.0 2.0 2.0 2.0 14.0 4.0 10.0 6.0 4.6
Arca boucardi 2.0 6.0 4.0 8.0 10.0 2.0 10.0 42
Herdmania momus 2.0 16.0 8.0 4.0 8.0 4.0 2.0 2.0 4.6
Other species 30.0 30.0 32.0 32.0 40.0 28.0 32.0 36.0 74.0 38.0 372
Total 36.0 66.0 48.0 82.0 74.0 52.0 78.0 62.0 86.0 62.0 64.6
Bedrock habitat
Psammocora profundacella 40.16 155.97 32.92 316.08 265.72 7.84 81.87
Turbo cornutus 507.20  215.88 6.24 32843 12047 25023  364.05  154.67 107.77 133493 338.99
Astralium haematragum 20927  71.84 46.05 21607 40176  236.08 149.68  212.85 66.75 176.15 17865
Anthocidaria crassispina 482.51 9.08 94.43 24.48 358.87 108.55 11.59 134.97 42.65 126.71
Herdmania momus 6.13 8.49 4.88 44.92 20.77 33.87 1.99 3.71 7.63 3.00 13.54
Bi Other species 80.13 105.84  80.96 40.11 13239 12991 211.61  177.29 269.39 94.07 132.17
tomass Total 132540 41113 23256 654.00 103425  914.60 771.84  864.60 85223  1658.64  871.93
Boulder habitat
Alveopora japonica 12588 31682  362.00  582.68  70.54 45534 57506  842.60 879.34 936.54  532.78
Psammocora profundacella 677.87 290.80 8.58 840.80 232.40 238.94
Turbo cornutus 34.24 215.44 121.32 733.12 256.16  137.74
Other species 2692 107.02  63.65 12.78 36.48 5198 9332 137.56 103.86 82.80 74.82
Total 152.80  423.84  1706.64  886.26  322.46 51590 668.38 1942.28  1948.72  1275.50  984.28
AT Al A= s Y, A A = o 4) 2H-X|
o] O = [e) =]
7h 442 AolRt A A 71k sk Yo, 5 S ATADIE QbAoA 05602 2ebel vl 1
ol, 114of = 1,334.93 gt o] BEFS o] WA 2T o) 1A gEape) 55.59%F HAT, FEYHeIAE A
9
o o
9] 80.48%% A3t %TE‘%OI%E}. 15 A% 1, 2 $HF AFEATS IEFEAT O AEF] A
0 Z5lod o A AL 7. 109 HS AL = s
gotglon], Bepdzl= 2, 674, 108l S FWA= gmere] 78.40%2 AHFHTable 7). FEAFR)E
~7910ﬂ =S AEde 20 %%Xéﬂ Ax = AFEsAt AA o7 ZHAELTL e oA A A 14778 =7
[e) fe)
371 A LAY, IEISATE 4597} 9~10€ 9 Uelda, 75T ]T(JI)Q} D}o()]:c;(]v/;\_(Hr)E oFulA] A of
o o
¥o ABFL BYTh Z, PHYRANE BER $H 4 wo go nar REGH L BAER 22 o
stolon, vt FEA e BRI AA AET Asho] ohubA Aol nla| ErhorAo] Lrgrth
o T5% o4 st BREow HeHs
| o o &
Table 7. Various community indices of macrobenthos
for mean biomass (g wet wt./m*) at two Y ater o SRR . - i
different habitats of Sinheung, Jeju Island A S dubdRaeo] G 7]SHs Foz Q)
an) 9 ofelely AEES] Adstel Fehpyel wo A
Habitat type
Community indices Bedrock Bould A AL FAstL JtHKo et al., 2011; Kim et al., 2013).
edroc oulder verage
2 A7 #RE AT NN =TT f2Fe T 685
Dominance index (DI 0.56 0.78 0.67 ; =
(®D Qom, HEFL 1,025 g wet wt/nro| ek A% 87) &9
Richness index (R) 14.77 9.58 12.18 (49, 9u], HE =2, sk, ok, o=, dE)9] 259
Evenness index (J) 0.45 0.32 0.39 A E33 AxFY F4E= 70-119F 02 X (Lee et al.,

Diversity index (H') 2.07 1.36 1.72 1998), & Aol Hef 2dEF7E Bk,
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Hilf‘i 2 H(39%, 643 g/nt, Kim et al., 2013)3+ A5 (44
£, 166 g, Kim et al, 2015)0] 8|3} oo} A B2
o) 50 Hebteh, 0 AF gl drldd F0T o
7o FREH)E fASYOY, dETe
(Kang et al., 2015). & oA AAFEHZF
Fol ZAson, ABF MG D AEFE 47 86
indivi./m’?} 928 g wet wt/mE A, EHFLE= A
ookl 135%(Lee ef al., 1989), AN EE Tk
173% (e e al., 2002)°] H]3) H O, AF FE(OT~104
F)% FH(53~75%)00 vl Be Fol T 2=H(Lee
et al., 2001; Lee and Hyun, 2002; Ko ef al., 2011), 5+

Al AT MY T Bl ol Hlsf FrheFAol
o Aoz s,

Zotd) Ao AMBESS FAT &7 MK (L, 1
9, Az )9 Ge e 2UYohe hed 24, 25,
718 o3 dEFe detil o e

2 A ] (Neushul,
1967), of FollA 7ol AAAY &7 202 7] FHo
2 tH(Shepherd and Womersley, 1981). 2 A+ &l Al
59] JLO}EH(—’F’H 10 m)of A 7]3E B ZE)S %

9HFY Hols A

= 1_. 3T A

< G elA 1,603 g/mzoi TE
g) oF 48 =& A1o' SlE G, o«
T AE Y BEF Afolof] 7% Ao E eyttt
F AHe dRtoly A% 50 am o] FEo &
A eEA Rk, A Ao oF 10%5to] RArgtrhal e A
2lth(Konno, 1985). & Aol A e b Hoj A 8
257 AA A=Y 63%E AAIeY, FEY A=
A AEF 18%E AA st AAFAFEEY] =8

Zol oA A A 102202 BEAH O 670 1|3
wokow, ol AXTEL AAFEY FrHFAY Holgl
ok A AFAA chefgh AMFH ST ik BY, &
N 27ke] AAs T 8492 H(Ko er al., 2008), ¢yl
Aol N A B2 Agripgol ¥nA Atk 23t
9} S-AFSHATKSeo et al., 2010). E3H 47 BE7 9 thm
2 5 R ANEEO] AANRR A, B 2L
o3 Ao g2 71EH=

AR BEE T E RIS

et al., 2000; Park ef al., 2014), 2 AFo A= 7|7}
dste AU $A35R0 S0l Rt
= AAAA Y A AT =9 8T Aolgde =
Al o159 e dH (87193 g/t TEHA
(98428 gnr)oll A T A eptEd, ol BER

n—lo

A==

_'4
ks
=

3T

A ":.Hikxéxdiﬂ (et v 5)ol Hls i3

(¢]
40
NER(AFEAE, 12IE

2 AV B2 A2xsed &
AT)7E $RFo] fEe® ZelE A

xF =8FY FHS 270 "t 7T 7B
A EA% Ay, AR e AxY A E
%, 1,003 g/mr)7t SAstglon, 1 o JeAd, &
gALS 2 AGAES T2 4D 27465 gn)7t =7
Uett=tl, ol AlF oAl dHEet AAn xRt AT
o= A3 04?—94 Ao} §-ASFATHOak et al., 2004; Kim
et al., 2013). W, FEF oAM= AF Aol &3] #
ZE = I d2Fe AEH7E ofd 239 shFa 2RI ol

At #o B A
At A= o559 ag 2R TS F=71 3
S o (Dayton et al., 1992; Schmidt and Scheibling, 2007),
YEEERE AR DAL FEG B G 359
250 JEgo] Zylsle Ao OPEVi Q) tH(Clark et al.,
2004). & oA HE el ¥ FEHHAMA= +
A%, ARLEL, DAL 5 SH3a259) 42
o e e SR AE 7| 4o teba ¢He
£ Hapal /15y ol dedE A8 FUsAT,
Aol 4 2T ANAE F AT Aol F
Eﬂf’} apolE Holz F2 27 AefaE(Meristotheca
papulosa) 3 th. Zefi = ATt Al Kang (1960)°]
ofsf 19609 e] Hxz HiEglon, ofF e it A
FollA Zdstg o EFS 0.1~122 g E w2
7125 9 th(Lee ef al., 1998; Oak et al., 2004; Kim et al.,
2013; Kim et al.,, 2015). 3}A|H, 2 A3 sj9o FEHH
oA A FEY A WEFE 33 gmrolglon,
WAL Holt 6790 ABTL T4-116 gr2 BA et
HOEN AZsfoo] A FRT "R AH FHAR
ek, 2 BEE 374 20 1213C o]4ke] el
A A Aehe, A% Aol 20241030 ot wiA o
EE or#] 7 9lth(Lideman ef al., 2011). 0] &2 A7to
0}01 7].11- Hja]._‘: EHXE /\ug_lcg OPg%xq o] o
211T01W AF = B Aol A7tE fEEE v%
| z2o|t). FA| U, FFAE T 27| HJFEEB_, 19904
tjo] 40~100F0]d W7t AAreko] A} 7HAsithr} 2007
W o5 AAteke] Qo |SH T ol ol B4 4
ko] 918 AL AT S245 28 BAac)
Hohs @8] o3t Aeor dnEy, 53], 454714
8] RRY A FaT 2d08 FEA, vl
A, AejFEet 2 AAF A&7HeE
Aol 59 44 3 ABAE ol AEEE
SJaA AAl7lo] A FAeke WA 247 Bashv,
HEol Zefiiol] tiet e Ae 2 AT A7 A%

LAY G BRF ZASHE

.

=
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