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Abstract : The Dokdo coast is known for its high biodiversity. However, few studies have examined the
biodiversity and macrobenthic community on the subtidal soft-bottom. Therefore, we collected
macrobenthos (> 1 mm) using a Smith-MclIntyre grab (0.1 m?) at 15 stations along the Dokdo coast in
September 2016. The sediments consisted of badly sorted (1.7) coarse sand with gravel and the mean
sediment grain size was -0.4¢. In total, 177 macrobenthic species were collected; their mean density was
1,566 ind./m?. The number of species and density of macrobenthic fauna decreased significantly with the
mean grain size. The dominant species were the amphipods Melita denticulata (16.5%) and Melita shimizui
(5.5%), polychaete Salvatoria clavata (5.4%), bivalve Glycymeris aspersa (4.4%), and ophiuroid
Ophionereis dubia (4.3%). The dominant macrobenthos species on the subtidal soft-bottom differed from
the coastal areas of the East Sea, suggesting that the difference in the sediment grain size affected the
macrobenthos. Cluster analysis was performed to divide the study area into four groups, and environmental
factors which correlated with species composition and distribution in the study area were the combination of
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the four parameters of salinity, dissolved oxygen, total organic carbon and depth. A future seasonal
investigation is needed to understand the species composition and characteristics of the Dokdo

macrobenthos.
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Fig. 1. Map of the studied area showing the sampling
sites in Dokdo coast, September 2016
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Table 1. Sampling site and information in the study area,
September 2016

Site Longitude Latitude Depth (m)
1 131.8610 37.25995 80.4
2 131.8742 37.25995 92.8
3 131.8545 37.25663 78.8
4 131.8676 37.25663 73.2
5 131.8774 37.25663 91.4
6 131.8545 37.25018 56.7
7 131.8774 37.2501 70.1
8 131.8709 37.24688 42.6
9 131.8540 37.24536 47.1
10 131.8545 37.23695 83.4
11 131.8610 37.23705 54.1
12 131.8774 37.23705 58.2
13 131.8608 37.23373 92.5
14 131.8643 37.23373 76.0
15 131.8742 37.23373 61.5
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Fig. 2. Environmental variables at each site during the study period in the coastal area of Dokdo
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Fig. 3. Number of species, density (ind./m?), biomass (g/m?) and diversity of macrobenthic fauna during the study

period in the coastal area of Dokdo

Table 2. Dominant species ranking based on the density
of macrobenthic fauna collected in September

2016

. . % of Freq.

Taxa Species Density tot;fl (%)

density

CAm  Melita denticulata 258 16.5 100.0
CAm  Melita shimizui 87 5.5 133
APo  Salvatoria clavata 84 5.4 86.7
MBi  Glycymeris aspersa 69 4.4 73.3
EOp  Ophionereis dubia 68 43 80.0
CAm  Byblis japonicus 61 3.9 46.7
APo  Syllis amica 52 33 86.7
CAm  Stenothoe valida 45 2.9 73.3
Others Phascolosoma sp. 44 2.8 73.3
APo  Amphinome sp.1 36 23 20.0
Cls Asellus sp.1 36 23 533
APo  Synelmis albini 35 2.2 66.7
MBi  Limatula japonica 32 2.1 66.7

APo, Polychaeta; MBI, Bivalvia; CAm, Amphipoda; Cls, Isopoda;

EOp, Ophiuroidea
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Fig. 5. Dendogram and 2-dimensional plot using macrobenthic faunal abundance data by Bray-Curtis similarities
calculated on the fourth-root transformed abundance data in the coastal area of Dokdo
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Table 3. Ecological characteristies of each group determined by cluster analysis and top five contributed species

Group a Group b Group ¢ Group d

1,4,7,10,12) 6,8, 11) 2,5 13, 15)
Similarity (%) within group 52.2 40.9 48.4 46.7
Depth (m) 73.1£8.8 51.1%6.1 92.1£0.7 771155
Bottom temperature (°C) 13.5+£3.0 16.2+1.7 11.9+0.2 10.8 3.6
Bottom salinity (psu) 33.6%0.1 33.6£0.1 33.6£0 33.8£0.2
Bottom dissolved oxygen (mg/L) 114£1.0 9.5+£0.6 12.7£0.1 12.1+1.6
Total organic carbon (%) 0410.1 0.5+0.3 0.510.1 0210
% of sand 33.1+£21.2 48.2+£34.5 62.5+25 75.5+£16.2
% of mud 3.6£4.8 1.8+ 1.6 27+1.7 06103
Mean grain size (phi) -1.2+1.2 -0.7+1.5 02+1.3 0£0.6
Sorting value (phi) 2.0%0.6 1.6 £0.6 1.6 £0.2 1.7£04
Number of species 51.2+9.8 42+3.7 40t2 445+6.5
Density (ind./m?) 1721 £ 566 1523.3£438.4 1395 + 445 1095 £ 305
Diversity (H’) 29+04 3.1£0 3+0.2 26%0
Average similarity % 52.2 40.87 48.35 46.72

Melita denticulata ~ Melita denticulata Ophionereis dubia  Melita denticulata

Salvatoria clavata
Contributed species Phascolosoma sp.
Glycera nicobarica

Stenothoe valida

Syllis amica
Glycymeris aspera
Synelmis albini

Areopaguristes japonicus

Asellus sp.1 Salvatoria clavata
Stenothoe valida

Melita denticulata

Emplectonema sp.
Glycera nicobarica

Glycera nicobarica  Amphitrite sp.
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area, September 2016

Table 4. SIMPER analysis of macrobenthic fauna, listing the main characterising species at each group in the study

Species Av. Abund Av. Abund Contrib. % Cum. %
Sabellastarte sp. 2.35 0 1.96 1.96
Crassicorophium crassicorne 2.27 0 1.89 3.86
d(i}srs(;umpilzgf[yb: Areopaguristes japonicus 0.30 2.34 1.76 5.62
60.73% Chrysopetalum sp. 2.00 0 1.72 7.34
Janiralata koreaensis 0.80 2.27 1.67 9.01
Salvatoria clavata 3.58 1.67 1.64 10.65
Asellus sp.1 1.05 3.47 2.29 2.29
Sabellastarte sp. 2.35 0 2.2 4.48
d(i}srs(;ﬁﬁlz r‘%yf Limatula japonica 2.15 0 1.99 6.47
56.42% Pareurystheus amakusaensis 0 2.06 1.97 8.44
Synelmis albini 1.95 0 1.82 10.27
Phascolosoma sp. 2.94 1.75 1.74 12
Asellus sp.1 0 3.47 2.75 2.75
Synelmis albini 2.65 0 2.12 4.86
Groupb& ¢ g10notnoe valida 0.7 3.21 1.98 6.84
dissimilarity: . . .
70.67% Aeropaguristes japonicus 2.34 0 1.85 8.7
Galathea orientalis 2.26 0 1.81 10.5
Syllis amica 3.18 1.06 1.77 12.27
Sabellastarte sp. 2.35 0 2.2 2.2
Crassicorophium crassicorne 2.27 0 2.12 4.32
d(i}sr;umpﬂi r‘iy‘? Byblis japonicus 1.52 3.15 2.08 6.4
50.27% Glycera capitata 0 2.11 1.98 8.38
Aricidea sp. 0 1.87 1.8 10.18
Orchomene obtusa 0.3 2.04 1.72 11.9
Ophionereis dubia 3.86 0.75 3.19 3.19
Byblis japonicus 0 3.15 3.05 6.24
d(i}sr;umpﬂz rﬁﬁ Asellus sp.1 3.47 0.75 2.65 8.89
50 64% Pareurystheus amakusaensis 2.06 0 2.1 10.99
Glycera capitata 0 2.11 2.1 13.08
Stenothoe valida 3.21 1.06 2.07 15.15
Byblis japonicus 0.59 3.15 2.12 2.12
Syllis amica 3.18 0.89 2 4.12
d(l}sr:;flgriyd Aeropaguristes japonicus 2.34 0 1.95 6.07
68.27% Galathea orientalis 2.26 0 1.91 7.98
Janiralata koreaensis 2.27 0 1.83 9.81
Amphitrite sp. 0 2.1 1.78 11.59

Table 5. BIO-ENV test to analyze the effect of environmental variables on the macrobenthic community

Number of variables

Correlation (%)

Best variables

4

3
2
5

0.507
0.504
0.478
0.459

salinity, dissolved oxygen(DO), total organic carbon(TOC), depth

salinity, DO, depth
salinity, depth

salinity, DO, Gravel %, TOC, depth
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Table 6. Spearman rank correlation within the environmental variables and dominant species in sampling periods
(*, p<0.05; **, p<0.01; ***, p<0.001)

Depth (m) TOC (%) MZ (phi) Sorting value (6) Temp. Salinity DO
Number of species -0.022 0.004 -0.599* 0.369 0.165 -0.143 -0.1
Diversity(H") -0.007 -0.132 -0.236 0.164 -0.025 0.389 -0.154
Density -0.475 0.018 -0.621* -0.068 0.636* -0.675%* -0.525%*
Biomass -0.607* 0.093 -0.225 0.096 0.65%* -0.339 -0.875%**
Melita denticulata 0.136 0.043 -0.375 0.000 -0.007 -0.211 0.014
Melita shimizui -0.121 -0.012 -0.266 -0.205 -0.012 -0.085 -0.018
Salvatoria clavata 0.154 0.0734 -0.337 0.188 -0.007 -0.077 -0.097
Glycymeris aspersa -0.519* -0.197 -0.005 -0.235 0.558%* -0.291 -0.443
Ophionereis dubia 0.094 0.144 -0.360 -0.410 0.004 -0.363 0.094
Byblis japonicus -0.080 -0.593* -0.191 0.060 0.018 -0.109 0.115

Table 7. Number of species and density (ind./m?) between present and other Korean studies on macrofauna around the

East Sea
Year Area Sam.pllng Sampling San.lpllng Numb?r of !)ens1t)2' Reference
site number time species  (ind./m”)
1980-1981 Ulsan Bay 5 Season 127 - Lee et al. (1982)
1997 Ulsan Bay 63 Winter 117 535  Shin et al. (2001)
Onsan Bay
2006 Ulsan Bay 9 Season 199 4,578 Yoon et al. (2009)
2006 Gijang 18 Season 157 552 Kimetal. (2011)
Southern
2007-2008 East Sea Wolseong 10 Season 163 1,005 Seo et al. (2009)
2011-2012 Gori 11 Spring 369 1,712 Yuetal. (2013)
Fall
Winter
2012 Yeongdeok—Gijang 27 Season 458 4,859 KOEM (2013)
2012 Pohang~Busan 16 Summer 158 834 Leeetal. (2014)
1993-1994 Gangneung 14 Season 163 1,168 Choi et al. (2000)
1997 Gangneung, Namdaechon 9 Fall 50 427  Hong et al. (2004)
1997 Yangyang, Namdaechon 11 Fall 17 380  Hong et al. (2000)
2005 Hupo 15 Season 319 1,972 Paik et al. (2007)
2006-2007 Northern Uljin 23 Season 334 3,221  Yuetal. (2011)
2012-2013 East Sea Uljin 23 Summer 319 3,330 Kwon et al. (2017)
Winter
2013 Goseong—Yeongdeok 27 Season 487 2,603 KOEM (2014)
2013 Uljin 10 Spring 345 5,797 Hwang et al. (2014)
Summer
Fall
1999-2000 Dokdo Island 10 Spring - 1,242 Choi et al. (2002)
Ullungdo- Fall
2012 Dokdo Island Ullungdo—Dokdo Island 10 Summer 135 413  KIOST (2012)
2016 Dokdo Island 15 Fall 177 1,566 In this study
g ol (M Japonica)® B3 Al Fo] AEHH 0 F 38t Ut 1A AAF O]

NAZ0I(S. bombyx), FENA]
A THTable 8). £3] &3

o) BE 5o

2 20054 o] %

$1 (L. longifoliay= B2 g
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st 7R FAEe] NIRRT M E & EER
Edste] AEfA 97 B T2 L 3
2002). A 5 (2011)2 1A S A B ol(L. longifolia)
= AP #a sdwste wet 2t EskrE L
2 ZF7tste 7135 o R Bl B3 vg AR F ol
(S. bombyx)= AFHo] WA AM2AA| A & HUER &
Fahe 713Fo s ByE 7 )ov(Desprez 2000), 5
af J- afjeoll A 7 sholl A " A S A9
g BRE AYeA A Atk FEAAH (M
Japonicay= B3} Bej7t EFE HAZAAN ZAEET}
- =2 5AL BHRATHAH 5 2011). Al & 25 A4
A7 AR Y FARET| S3THA T 2009;
& 5 2014). E 2AF A9 20124 H= A9t 3 HA
oM ©ztRQl M denticulata, € EH]E-2] 207 Q| $-
(B. japonicus)7t &A%t T OS2 YEFSITH(Tabel 8). M.
denticulatar= ¥/1X & (Epifaunal species)® # -2
A AN S8t o), dEHEE 27 FA5-(B.

~
kd
32
Py
ox
ol

_ﬁ
=2

Jjaponicusy= 55 (tube-dwelling species)® FH 45
ALlgt 5 F& At Avk Z3skh. v, M
shimizui®t WA T ZIN(G. aspersa)y= A 9o 1
=2 Z93Act S FHZN(G aspersay= a9 A}
Zo] 4131 A gelA Edstar k. oj9f o] 5% A
b} ol Aol 93Fe] Alol= HAES] 2R}
7V A YEFE = 5 AHE F 2000; Weston 1988).
Faf gt St Yehs TR R 7], RdEA
A FGol(S. bombyx)E ALT ZIA=EIL AR (L.
longifolia)2} FEAA B ON(M. aponicay= 2 A 3l
A EdslA] &ttt FEl A Fld2 tiaE AESL A
E7F SAlE Aol a2 Zdrs Al-eiAl= A
S B3lov, & A7 sl Hit PEE 32-18 o=
Y4 A4S Bk ] freel dgs A B
dolle Ao m e f7le e Qlal olnfsiF
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(Maurer and Leathem 1981; Frouin 2000). T=3F 5% <

Table 8. Comparison of dominant species of macrobenthic communities around East Sea of Korea

Year Sampling site

Sampling time Dominant species

1980-1981 Ulsan Bay

1997 Ulsan Bay

Onsan Bay

2006 Ulsan Bay

2006 Gijang

Southern East

Sea 2007-2008

Wolseong

2011-2012 Gori

2012

Pohang—Busan

2012 Yeongdeok—Gijang

(Apo) Cirratulus cirratulus
(Apo) Lumbrineris longifolia
(Apo) Tharyx sp.

Season

Winter (Apo) Cirratulus cirratulus
(Apo) Tharyx sp.

(Mbi) Ruditapes philippinarum
(Apo) Lumbrineris longifolia
(Apo) Aphelochaeta monilaris
(Mbi) Ruditapes philippinarum
(Apo) Magelona japonica
(Apo) Lumbrineris longifolia

Season

(Apo) Magelona japonica
(Apo) Lumbrineris longifolia
(Mbi) Ennucula tenuis
(Cam) Amphipoda spp.

Season

Season (Apo) Spiophanes bombyx

(Apo) Mediomastus californiensis
(Cam) Amphipoda spp.

(Apo) Sigambra tentaculata
(Apo) Magelona japonica

(Osi) Apionsoma misakiana
(Mbi) Ennucula tenuis

(Apo) Lumbrineris longifolia

Spring
Fall
Winter

(Cam) Ampelisca miharaensis
(OAn) Edwardsioides japonica
(Apo) Maldane cristata

(Apo) Spiophanes kroeyeri

Summer

(Apo) Spiophanes bombyx
(Apo) Lumbrineris longifolia
(Apo) Tharyx spp.

(Apo) Polydora spp.

Season
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Table 8. Continued

Year Sampling site Sampling time Dominant species
1993 Gangneung Season (Apo) Spiophanes bombyx
(Apo) Prionospio sp.
(Cam) Wecomedon sp.
(Cam) Urothoidae spp.
1997 Gangneung, Fall (Apo) Hediste japonica
Namdaechon (Apo) Ophelia limacina
(Apo) Rhynchospio glutaea
(Apo) Scoloplos armiger
1997 Yangyang, Fall (Apo) Heteromastus filiformis
Namdaechon (Apo) Minuspio japonica
(Apo) Hediste japonica
(Cis) Cyathura higoensis
2005 Hupo Season (Apo) Spiophanes bombyx
(Apo) Scoletoma longifolia
(Apo) Magelona japonica
Northsern East (Mbi) Adontorhina subquadrata
ea
2006-2007 Uljin Season (Apo) Magelona japonica
(Apo) Spiophanes bombyx
(Apo) Scoletoma longifolia
(Apo) Chaetozone setosa
20122013 Uljin Summer (Apo) Spiophanes bombyx
Winter (Apo) Magelona sp.
(Apo) Lumbrineris longifolia
(Apo) Scoloplos armiger
2013 Goseong~Yeongdeok Season (Apo) Axinopsida subquadrata
(Apo) Spiophanes bombyx
(Apo) Magelona sp.
2013 Uljin Spring (Apo) Spiophanes bombyx
Summer (Apo) Magelona sp.
Fall (MBi) Cadella semitorta
(Apo) Lumbrineris longifolia
2012 Ullungdo—Dokdo Summer (Cam) Byblis japonicus
Island (Cam) Melita denticulata
(Apo) Syllidae sp.
Ullungdo- (Apo) Terebellides stroemii
Dokdo Island 2016 Dokdo Fall (Cam) Melita denticulata
(Cam) Melita shimizui
(Apo) Salvatoria clavata
(MBi) Glycymeris aspersa
et HA=e] At 7= B 1.7 0, 1.0-3.1 0 W91 A5Eo $AF Aol 2HI HH= 24 9
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Qbel HAES AE W Azte) wH 2 ARAM 71 AN B9 Holof 9% Ao AR,
AT B A E, Y " EC] EEo] ok & 2 2AF A9 YA EsEe] 2F TRE
29 BT wug 24 AN AL A FOE TRAUATHF 5 HIANELY 2
£ Aol ekl ol2e BAL AFEINE Bi 9% T RS 9, §ENLY, 45
HATHA 5 2008). 5= FHO 4 100 m o Wfe] & ©AEKHTOC), T4 22 VeI TH(Table 5). T3
A HAHE ﬂ%ﬂ~r7} *@% 719 A ER s, A o] Sk A EE HEEY Yt 12 *ob?_r
AFR 2, HFEE, TR T AHG 5 EiE}(Table 6). 3, Xi%— ¢£o1 iowfi A

2009). 1HEZ, B 0#77 oH FJr Fof Ao o] thE A



Macrobenthos along the Dokdo Coast 59

ATH A A4 YollA @AM E=2] F e H
X E29o] A7} Aga|d42 Z7stti(McLachlan 1990).
T3 HAES durt YIS JUFoR =2 5
7F JeRdth # 2001; f+ 5 2013; F 5 2014).
FAXMSE T ke s 2y, 2 5 i) B34
o] $AISH B A& val] thst H dolA Srteth(A
2003, 4 5 2014). & A7AA HFAASEL] HHF=
ole G, ST, HHE U F fUIeAw, 40
FEFS T 2= YEton, HAE] YAt A-S
= @AM sE] T MAUEE S7FsHTHTables
5,6). 1HBE 2 Afsf| oA dFAXFES] £
TR} F 2L 75 I 2 HAE U frleiwgs

o] JEFE W YE AOE AR 5], 8 E9 &
oMol A astel o8 B4 Jeka) gatyl 71909
ZY3 FAY 2L Y A= Aol XS sl A
AR AFEAA L] NPAAMFES] T 2T FALSHA
YERAL ATA] 5 1998; 8 e e 2015). &
At FA19 54 A71el 2APT ], S A%
o] PPAMETES] T 24 ¥ 7= WstkE et
T Atk 1Y EE &5 B Al AdE 2AKE
Eote] AN TES] T 2 2 2T W $
74 813l A #A4o] HoF Ao=Z oA

2 =S Al AESFA 7 el A

e =Pt & A7E dgetel Ades

Hef e ador FHE Frl] A&7 o8
T(PG51010)” A= kT

re o Wy

ey

!

SHAZEALTE (2017) 5o FHFEEREFHETE)
Tk ZAHIAPAR). FHAEAYH, 75 p

AE, 753 o]F 2 (2017) B8 21 AA Lnjuj St
FH gl A e NPBAMFE - FZF. Ocean Polar
Res 39(2):125-148

A, A4, 3%, Hyr], s, £73% (2011)
7174w A G Ak PAMTES] 27T
S=taf| oFste]®] wlt} 16(2):97-105

Wt e, DAL, o)A g, S (2007) B3 2T
W ARz o) A2 sk AT ELH e FXEA.
Ocean Polar Res 29(2):123—-134

ARl (2003) 1A AH AMAEL] FHF2} o), vt
AFSFe] =, QI8 gL, 273 p

M1, B, A0, Aeg, Aohel, fA4, BEY, H

2, £9E (2009) 94 ARFEEALS FHE| o) A2
= WIAMEEY ZHFZR. SHFIANESS|R

AL, A, BE A, LA, B
BUGH B RE} 4 o]z

el

S8, WA, o] 32, o] AT (2011) 21 4 FY A
AEE 2R A-F7 Bxer s aczte] A,
Ocean Polar Res 33(4):421-434

538 old, olAlE AAE, BES, F3H, W5
(2013) 9AE W io] 20 v & el w2 ojE
AMEE 32l 37k M3} Ocean Polar Res 35(4):299—
312

4, AUE, A9, A, ARt oY, 289, &
271 (2009) 24Hre] A EA ool whE AMTEL
7] FzZ. e s A vit} 14(2):102-117

o|F5, o|FA, B+t A4, Hed, A¥E, F5
(2014) = 53l G A FEol A2lsl= P A A
Ef FHEEE AR sk 38Rl shalgetEA|
Bt} 19(1):66-75

A, H9- (2001) = A g 2ol The
A AMTE -T2, 5] R] 34(4):327-339

AHg, 92, AT, s, ALY, o194, oA, A
A, 257 (2002) Hallt 7HrE] FAF EH A 9
WA FE ol the AT, =3 dets| x| njc}
7(4):235-246

A, M2l o]z, AP, uhE, 71wl
B (2014) AR A 2ske diFAA 5= T4
sHAle] 22 2 A= H7
19(4):272-286

AR, 229, AAE, A, A71H (2000) 5= =
= Zals ] o] 315k B F Al AEA W
s}, A ETFS|A] 18(4):425-440

AFA, oAk, AldE, 7d3 (1998) 5= ulglsfiet Axls
Eo AEAYEE. In: SEATREHIY (eds) S+
A 4, EEAFREYSI], pp 119-139

Aad, 744, A4, H=d, F54, 2 (2008) A+
T3 A Aol B2 diA HAE 71
FgA 71, A E3|A] 44(5):615-628

R, AFA, ol AT, dA2A (2000) B3l 74T AL A

A

OH'l oX,

=
2}

gh=ral| a3 #] vitt 5(4):346-356

HZS-, A, AEA, A4 (2002) =t Bl H 5
A3l 2 Apds| S o] A A FETF. Ocean Polar Res
24(4):429-442

S| gel7led (2012) 59 AE7HsE o] ST
Es| Y, 1033 p

sl Fgd el (2013) G ENAl 7122 S5 FHEs)



60 Kang, S. M. et al.

o A1, s G52 11-1192000-000002-10, 600 p
S FedAel T (2014) SHFYEHA 7] E2AL-F ) 556l
A

s A AT (2015) A FYEA 7| EXA-ETE S
. s AR 11-1192000-000282-10, 373 p

AV, M, o1, &3, B S (2000) FF HH
o] A5 IAMTE 2] ek 5A4.

SabekslA] 33(3):230-237

Mer, S5, UM, A3 (2004) A5 A

9] 1997 98 F HIAMT=2 Exold. =

A E}F8]A] 22(2):341-350

P, MR, v, o3, 0 -S, AR, A, o
T (2014) =3 vt FHaEY A4 714 Zsidol
AMAsle PAXT=e 2HTE. =SB =3 A
32(4):286-296

Bilyard GR (1987) The value of benthic infauna in marine
pollution monitoring studies. Mar Pollut Bull 18(11):
581-585

Burd BJ, Baarner PAG, Wright CA, Thomson RE (2008) A
review of subtidal benthic habitats and invertebrate biota
of the strait of Georgia, Britich Columbia. Mar Environ
Res 66:S3—S38

Clarke KR, Warwick RM (2001) Change
communities: an approach to statistical analyses and
interpretation. Primer-E Ltd, Plymouth, 144 p

Daan N (1973) A quantitative analysis of the food of North
Sea cod, Gadus morhua. Neth J Sea Res 6(4):479-517

Desprez M (2000) Physical and biological impact of marine
aggregate extraction along the French coast of the

o

in marine

Eastern English channel: short-and long-term post-
dredging restoration. ICES J Mar Sci 57(5):1428-1438
Folk RL, Ward WC (1957) Brazos river bar: a study in the
significance of grain-size parameters. J Sediment Petrol
27(1):3-26

Frouin P (2000) Effects of anthropogenic disturbances of
tropical soft-bottom benthic communities. Mar Ecol-Prog
Ser 194:39-53

Gray J (1981) The ecology of marine sediments-an introduction
to the structure and function of benthic communities.
Cambridge Unive Press, New York, 185 p

Maurer D, Leathem W (1981) Ecological distribution of
polychaetous annelids from the new England outer
continental shelf, Georges Bank. Int Rev Ges Hydrobio
66:505-528

Mclachlan A (1990) Dissipative beaches and macrofauna
communities on exposed intertidal sands. J Coastal Res
6(1):57-71

Pearson TH, Rosenberg R (1978) Macrobenthic succession
in relation to organic enrichment and pollution of the
marine environment. Oceanogr Mar Biol 16:229-311

Rakocinski CF, Brown SS, Gaston GR, Heard RW, Walker
WW, Summers JK (1997) Macrobenthic responses to
natural and contaminant-related gradients in northern gulf
of Mexico estuaries. Ecol Appl 7:1278-1298

Reiss H, Kroncke I (2005) Seasonal variability of benthic
indices: an approach to test the applicability of different
indices for ecosystem quality assessment. Mar Pollut
Bull 50(12):1490-1499

Rhoads DC (1974) Organism-sediment relations on the
muddy floor. Oceanogr Mar Biol 12:263-300

Sanders HL (1968) Marine benthic diversity: a comparative
study. Am Nat 102(925):243-282

Shannon CE, Wiener W (1963) The mathematical theory of
communication. Univrsity Illinois Press, Urbaba, 125 p

Snelgrove PVR (1998) The biodiversity of macrofaunal
organic in marine sediments. Biodivers Conserv 7(9):1123—
1132

Somerfield P (2008) Identification of the Bray-curtis similarity
index: comment on Yoshioka (2008). Mar Ecol-Prog Ser
372:303-306

Song SJ, Park JS, Ryu JS, Rho HS, Kim W, Khim JS
(2017) Biodiversity hotspot for marine invertebrates
around the Dokdo, East Sea, Korea: ecological checklist
revisited. Mar Pollut Bull 119(2):162—-170

Weston DP (1988) Macrobenthos-sediment relationships on
the continental shelf off cape hatteras, North Carolina.
Cont Shelf Res 8(3):267-286

Yi SK, Hong JS, Lee JH (1982) A study on the subtidal
benthic community in Ulsan Bay, Korea. Bull KORDI
4:17-26

FE AR o] F7)
English translation / Romanization of references originally
written in Korean

NIBR (2017) Biodiversity of Invertebrates (Cnidaria and
Echinodermata) in Dokdo Island (I). NIBR, 75 p

Kwon SH, Yu OH, Lee HG (2017) Community structure of
macrobenthos around the thermal discharge area of the
uljin nuclear power plant in the East Sea, Korea. Ocean
and polar Res 39(2):125-148

Kim DI, Seo IS, Moon CH, Cho BM, Jung RH, Son MH
(2011) Community structure of macrobenthic assemblages
around Gijang province, East Sea of Korea. J Kor Soc
Oceanogra The Sea; 16(2):97-105

Paik SG, Kang RS, Jeon JO, Lee JH, Yun SG (2007)
Distribution patterns of sandy bottom macrobenthic
community on the Hupo coastal area, in the east sea of
Korea. Ocean Polar Res 29(2):123—-134

Seo IS (2003) Community structure and trophic relationships



Macrobenthos along the Dokdo Coast 61

of macro- and megabenthic assemblages on Incheon
Macrotidal flat of the Yellow Sea. Ph D Thesis, Inha
Uinversity, Incheon Korea, 273 p

Seo IS, Moon HT, Choi BM, Kim MH, Kim DI, Yun JS,
Byun JY, Choi HC, Son MH (2009) Community structure
of macrobenthic assemblages around the Wolseong nuclear
power plant, East Sea of Korea. Korean J Environ Biol
27(4):341-352

Shin HC, Yoon, SM, Koh CH (2001) Spatial Distribution of
Benthic Macrofaunal Community in Ulsan Bay and
Onsan Bay, Eastern Coast of Korea. J Kor Soc Oceanogra
"The Seas 6(3):180-189

Woo KS, Ji HS, Kim L, Joen JA, Park JS, Park HS, Kim
DS, Park CH (2009) Distribution and Origin of
Carbonate Sediments near Dok Island: Preliminary
Study. Kor Soc Oceanogra "The Sea; 14(3):171-180

Yu OH, Paik SG, Lee HG Lee JH (2011) Spatiotemporal
distribution of macrobenthic communities in the coastal
area of Uljin and Its relation to environmental variables.
Ocean Polar Res 33(4):421-434

Yu OK, Lee HG Lee JH, Kim KT, Myung CS, Moon HT,
Byun JY (2013) Spatial variation in macrobenthic
communities affected by the thermal discharge volumes
of a nuclear power plant on the East Coast of Korea.
Ocean Polar Res 35(4):299-312

Yoon SP, Jung RH, Kim YJ, Kim SG, Choi MK, Lee WC,
Oh HT, Hong SJ (2009) Macrobenthic community
structure along the environmental gradients of Ulsan
Bay, Korea. Kor Soc Oceanogra "The Sea; 14(2):102-117

Lee JH, Lee JS, Park YG Kang SG, Choi TS, Gim BM,
Ryu JS (2014) Environmentally spatial
distribution of a macrozoobenthic community in the
continental shelf off the Southern Area of the East Sea,
Korea. Korea. Kor Soc Oceanogra "The Sea; 19(1):66-75

Lim HS, Choi JW (2001) Community structure of subtidal
macrobenthos in Hampyung Bay during Autumn in
1997, Southwest Coast of Korea. J Korean Fish Soc
34(4):327-339

Jung RH, Lim HS, Kim SS, Park JS, Jeon KA, Lee YS,
Lee JS, Kim KY, Go WIJ (2002) A study of the
macrozoobenthos at the intensive fish farming grounds
in the Southern Coast of Korea. Kor Soc Oceanogra
"The Seay 7(4):235-246

Jung RH, Seo IS, Lee WC, Kim HC, Park SR, Kim JB, Oh
CW, Choi BM (2014) Community structure and health
assessment of macrobenthic assemblages at Spring and
Summer in Cheonsu Bay, West Coast of Korea. Kor Soc
Oceanogra "The Sea; 19(4):272-286

associated

Jung JA, Cho EY, Cha JH, Kim MK, Kim KT (2000)
Seasonal variations of physico-chemical characteristics
and phytoplanktonic pigments in coastal sea water from
Ullungdo and Dokdo Islands. Korean J Environ Biol
18(4):425-440

Je JG, Lee SW, Shin SH, Ko CH (1998) Zoogeographical
distribution of molluscs on rocky bottom of Dokdo.
Dokdo res ser 4. Dokdo Research and Preservation
Association, pp 119-139

Ji HS, Woo KS, Kim R, Choi DW, Yang DY, Park BK
(2008) The age and origin of carbonate sand dunes in
Gimnyeong area, Jeju Island. J Geol Soc Kor 44(5):615-
628

Choi JW, Je JG, Lee JH, Lim HS (2000) Distribution pattern
of macrobenthic invertebrates on the shallow subtidal
sandy bottoms near Kangrung, East Coast of Korea. Kor
Soc Oceanogra "The Sea; 5(4):346-356

Choi JW, Hyun SM, Kim DS, Kim WS (2002) Macrobenthic
faunal assemblages on the soft-bottoms around Dokdo in
the East Sea, Korea. Ocean Polar Res 24(4):429-442

KIOST (2012) The report on a sustainable research and
development of Dokdo. MLTM, 1033 p

KOEM (2013) General investigation of marine ecosystem in
the southeastern sea of Korea. MOF, BSPN11-1192000-
000002-10, 600 p

KOEM (2014) General investigation of marine ecosystem in
the northeastern sea of Korea. MOF, BSPN11-1192000-
000203-10, 665 p

KOEM (2015) General investigation of marine ecosystem in
the sea of Ullungdo and Dokdo Islands. MOF, BSPN11-
1192000-000282-10, 373 p

Hong JS, Seo IS, Lee CG, Yoon SP, Jung RH (2000) An
Ecological feature of benthic macrofauna during Summer
1997 in Namdaechon Estuary, Yangyang, Korea. J Korean
Fish Soc 33(3):230-237

Hong JS, Seo IS, Yoon KT, Hwang IS, Kim CS (2004)
Notes on the benthic macrofauna during september 1997
Namdaecheon estuary, Gangneung, Korea. Korean J
Environ Biol 22(2):341-350

Hwang KS, Seo IS, Choi BM, Lee HN, Oh CW, Kim MH,
Choi CG, NA JH (2014) Community structure of
macrobenthic assemblages near Uljin marine ranching
area, East Sea of Korea. Korean J Environ Bio 32(4):
286-296

Received Apr. 18, 2019
Revised Jun. 5, 2019
Accepted Jun. 12, 2019



