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Ecological characteristics of macrobenthos community in soft and hard bottom substrate

of the East Sea, Korea

Han Na Lee

Department of Marine Biology, The Graduate School,

Pukyong National University

Abstract

This study was performed to investigate the macrobenthic community structure and
spatio-temporal variations in soft and hard bottom substrate of the East Sea, Korea. Total
macrobenthos was collected using a modified van Veen grab sampler in soft bottom and
SCUBA diving method in hard bottom. In the soft bottom of Uljin, a, total of 345
macrobenthic fauna were collected. The average macrobenthos density and biomass were
5,797 inds./ m? and 81.39 gWW1/ m?, respectively. Dominant species in soft bottom area
were Spiophanes bombyx, Magelona sp.1, Cadella semitorta and Lumbrineris longifolia.
Cluster analysis‘and nMDS ordination analysis based on the abundance data represented
two spatial groups along environmental gradients (Group A:.St. 1, 4, 7, 10; Group B: St. 2,
3, 5, 6, 8, 9). Community. structure in the soft bottom seemed to be related to the water
depth and sediment composition. On-the other hand, a total of 117 macrobenthic fauna were
collected in hard bottom substrate. The average macrobenthos density and biomass were
2,230 inds./ m? and 466.27 gWW?t/ m?, respectively. Dominant species in hard bottom
substrate were Amphipoda spp., Caprella spp., Mitrella bicincta and Temanella turrita. The
multivariate analysis based on the abundance data represented two spatial groups and a
sample affected by cold water mass (Group U: Uljin samples; Group Co: Pohang sample in
July; Group P: other Pohang samples). Community structure in the hard bottom seemed to

be related not only latitudinal spatial distinction but temporal cold water mass effect.
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1. Introduction

U FAXL 2 m olale] azA dtem, EH@RAow
2ARTE et 9Re SAA Wik B B st BEE L,

sigkiel s WMol s 4ol wASA deld T 4 FulE

a7 g4 Pt Hwang et al, 2008). o]&E% Wi Fa Wi ddtolA

i 6-8oll Al el Apo]E Ho|m WAl gkEK(Suh and Hwang, 2005). A= o] <}
22 2o Aole HIFAME=S 7FY B Heoldl 93dS Frh(Harms and
Anger, 1983). &t =20] Zfo| 7t | FxF BE 2D A AFS nx ol5S
AoletAy MAAR o] st HIAMEENARE 43S m ek (Marchini et al.,
2004).

e dqEAEEL Jdd 2o AAste dTAHd AFA
s=ol7v, EW 9 Ee WA AgtE FAYde THAE oleA
&2 °] ™ (Parsons and Takahashi, 1973), 27 W3l dis] d-s& & A= sEol
A o2 HtiJeon, 2007; Gang, 2008). H3t HAMEEL 71 AIAES
7HA™ g7 Wity g 7yl vgE WREE Koy wiiEd olE9
TR B4 Wste] wg Wsdrh nEbA gqi¥3ANTE L

BEZFONAF R ABAR) W3, F8 JhATe] AgA R ols AT

27 AQAEAY  walEs AT @etd o #ed asw
1
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2] ¥ oh(Yoon and Hong, 1995; Choi et al., 2003; Yu et al., 2011).
A I A sEANA EA] ddAe} TS ATt 71EY

@l wet WNFAASES] 227 A FFE e ANA 7HS 74

BN
u
lo
-z
2
29
(i
2
L
K

1)
L
(o,

o
il
2

o

i,
4
30,
o
L
o
65
o
il
i

A=l AYEts FaAATE A eEAe] Ads)

St AG7HE e AAAFE M2 dIAATES TS
2 7 HEE& B SIH(Choi et al., 2000; Paik et al., 2007; Yu et al., 2011).
2 AR7IAdAMY dBAANTE 28 97 299 9F, FHEFY
EA4, 340 3H L8R Aol T F;HASte] o]Fo] Fowm, FHA
apoli= S2|9ke] o4 Ame} #A7F JEH(Mohammed and Coppard, 2008; Martins
et al., 2013; Neves et al.,, 2013). 37 Ao w2 FXZHE Q] o]F Ao
el e, A 2O Aol Mslslo] 4 A xpolE Ho) A ¥ Tth(Mendes et al.,
2006; Gang, 2008). W, FA71d xsto] A A= Hallte] L=l
w2 AJEjx]4=2] M3} (Choe et al., 1995), Falcte] 9o wWE n A A FRFE
F)ol oE3 FurhokAl o] WM3k(Sonetal, 2004) T o7 23 sl HlwE

FgAoz, a9 A4 xsUdAE gPANERe] A
MBS nelths tee] ATl oo, 58 A9 Ed whE s
A7 wlastel AEA NRAAEE TATEe] WIS Tetd Bav)
Atk 3471 zaA e RREAT 2 FABG) BE FFANER
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2. Materials and methods

2.1. Sampling

2.1.1. Soft bottom

B 59

NFAMTES] AEddd, BEFUIAT 2 AAD) R oJATZE 98]
et 20139 44, 59, 79 % 99 5 43 AX A7 10719 HHES
ez dAFzAE DA THFg. 1). RAREELS 4 Frjol wel 3789

2 ARG m (8- 1,4,7,10);30m (B4 2,5,8);60m (H4 3,6,9)).
PE A EEY QS A ARl 0.1 m2el ZFH A7) (modified van Veen
grab sampler)E o]-&ste] B4 o 23](0.2 m)e] HA=ES AFAAT AHFHE
HAEL Ao 1 mm FEY AL ol&dte] dIAATES EYsn

0% 4 TEugon wgstel AYdE uEgn 1 F RRTEE
7

HE R FHe NS AN BATE s ¢E BFeqe
opi ATt BAG @FEAE ANE  OFRUY FEO BRF AW

(= aabd gel e 2018) HaA, 9] AF 42, §F4k4(Dissolved Oxygen,

DO) B HHE AnE ol g3t

2.1.2. Hard bottom

371 A AT ES A8 29 S e
20139 449, 74 B 9"l 77t 10 m WHele] AHE AR F dFAE

AANEFT HEAANEES] AHL 50 cm x 50 cm A7) FEUHETE

4
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2.2. Statistical analysis
el we ZAAZE-EE FHEE 54S dolry] 93

dolHe wws @

1)
N
o,
ML
A

23 (Principal component analysis, PCA)<
At PCAS] ol uixIE 918 eigenvalue”t =2 5 7He] principal
componentE A BT QI AMEE TH FERE HIsh] HAd F
o= (Margalef, 1958), & T}X=(Shannon and Weaver, 1949) 2 <5 = (Pielou,
1977)5 A& R S RSGet B A g2 Al.EIEA Q) Aol S
AR 7] Y8 dYEAHEA (One-way analysis of variance, ANOVA)¥} Kruskal-

Wallis testE AR&stelth. std =& T3 JfAIGT ARE ol &3t HiA

flo

Bray and Curtis (1957)°] FrAFE=A] > (similarity index)E. ]88} 31, FAE X4~

(3

PH=RY 7 24 AP F9 TS 45t WH O =T group-averages

i

Agadr. THEAAYNE FAE (dendrogram)et  tRabYEj € (nMDS

N

ordination) 2. & At $HEFS =3 MAFE 7122 AR §A

O

[e)
©
gy e 292 yEeld 259 942 ANOSIM(analysis of similarity) S

Agele] AASATE ANOSIME RELE 10] 717he4% gl Ajolr) 2

S,

S oJu]gt}(Clarke and Warwick, 2001). &Alo] ANOSIMO 2 &holE —1&
A Fodt ol 7lodsh= FE FQlsy] 9o SIMPER(similarity
percentages) =21S sttt A A TS SPSS version 20, thH S

PRIMER version 6% AF-&3}9i T}
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Fig. 1. Map showing sampling stations in Uljin soft bottom substrate of the East Sea, Korea.
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3. Results

3.1. Soft bottom

3.1.1. Environment

AT e AF £ 513-2317CY WYE UEoen, X z7he]
Al FAle] o]l wel  ZF7bskgitH(Table 1), Hidt AE Fee
12.26°C+5.080. 2 FAA] 7] ¢} 4lo] wat 98 x}o]S K. th(P<0.01, Table 2).
&E A (DO)+= 6.68-828 mg/Le] WHHE UEW oW, A|Zte] el 44
7kl wel AsE gEHS YEgdnh. He 8& AR ZHDOo)S 7.35
mg/L+0.430. % ZAMA 7|HE {93 2o]S H 01} (P<0.001), AHHE Fol3t
kol 7k gl HAE 2 WS E A E(coarse and medium sand)©] 3.1-
95.6%°] ® el 49 A 64 7HF ukekar, 5€ o A 794 7 ESkTh
MHBA EHE(fine sand and mud)= 4.2-96.9%<] H o 9€ ] AA 10914 71
Wk, 499 A 6ol MY EdT Qb ol A F FAY A 1, 4,
7% 1004 =HE HAES W FFol 69.31%£26.39% E3kar, AlHA
B A& H S 28.53%:27.89F UISITE Tkt ojdo] LA &

T AH 2,3,5,6, 8% A= AHAE HAHE] Hyt o] 92.62%+5.09%
=

=okal, FHA EAE Hit TS 7.38%:5.09F Uttt EAHoRE
HAEY s 2AMEAE F FAER fo3 2olE B ITH(P<0.001). AT
A aRle] wE A7 2 HHEH 5SS E921sty] 9%t PCATA S

T A %9 eigenvalue:= ZHzF 2.581%
0.959¢]%1tt. Ztzte] FHol whal AE® A S 27t 64.53%9F 23.97%% T
PCAS] A3 FAE2 F2 3 WA 5o glol w2t FxEv. =62 H4=
3+ (Coarse and medium sand)> 3 HA Foll tisto] 0.602, + HA Foll tfsto]

7

Collection @ pknu



w4 gol] ujet

aste]

eow

‘cq

3

0

-0.0229]

%)
7HAie,

WA Sl st

A

Fol ekl ol ke

A

A

0.8389] #tS YEMWIL, o

o @e 7Harh

o] AF <& -0544, DO

S

o

,‘W
_Zrl

Gl
b

KeN
=]

=0l

EXEEEE

7}3]

=
]

we} 2ol

Collection @ pknu



Table 1. Spatio-temporal variation of environmental variables with standard error in Uljin

soft bottom substrate of the East Sea, Korea

o Coarse Fine
Temperature (C) DO (mg/L.) sediment (%6) sediment (%)
Mean SE Mean SE Mean SE Mean SE
Month
Apr. 10.39 0.84 7.62 0.15 28.15 10.19 69.94 11.37

May 9.40 1.05 7.51 0.12 32.64 10.76 66.96 10.98

Jul. 11.89 1.18 7.34 0.10 31.74 11.76 67.61 12.06
Sep. 17.38 1.94 6.95 0.05 36.08 13.05 63.43 13.29
Station
1 15.53 271 7.79 0.27 39.23 5.23 60.78 5.23
2 13.63 1.48 7.46 0.18 5.25 127 94.75 1.27
3 7.30 0.83 7.01 0.11 6.35 1.01 93.65 1.01
4 15.76 2.39 7.58 0.27 71.80 12.28 26.40 12.63
5 12.90 2.15 7.22 0.10 6.53 1.01 93.48 1.01
6 6.73 0.65 6.95 0.10 3:60 0.19 96.40 0.19
7 16.20 2.39 7.58 0.27 92.43 2.06 4.65 0.10
8 11.72 2.23 7.29 0.13 5.48 1.03 94.53 1.03
9 7.15 0.88 7.08 0.12 17.08 2.35 82.93 2.35
10 15.71 2.57 7.60 0.18 73.80 1412 22.30 15.31
9
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Table 2. Results of ANOVA and Kruskal-Wallis test for environmental variables and

ecological indices

Month Station Depth
F P F P F P
Temperature 5.17 o 6.44 falakel 21.05 FrH
DO 18.29 Aok 131 n.s. 11.43 *x
Coarse sediment 1.03 n.s. 35.29 Lo 28.11 falaed
bost?(;tm Fine sediment 0.88 n.s. 35.34 *hge 28.11 Fkx
Richness 0.16 n.s. 14.6 bl 22.84 falelel
Diversity 0.59 n.s. 8.91 faieied 8.11 *x
Evenness 0.73 n.s. 8.4 fade? 11.02 falekel
Richness 0.87 n.s. 0 n.s. 1.02 n.s.
b':g;‘:n Diversity 2.02 n.s. 0.33 ns. 357 n.s.
Evenness 1.22 n.s. 0.6 n.s. 1 n.s.
n.s.: not significant
* P <0.05
** P <0.01
*** P <0.001
10
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f f | f T ) : —— 1 1 Axis 1
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Fig. 2. Results of PCA sample and environment joint plot.
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3.1.2. Macrobenthic characteristics

ATeidol EE3 NP A TE-S 345%5/8 m?, 231,88071A(5,797 74 A/ m?)
9 3,255.63 gWWi(81.39 gWWt/ m?) o] AtKTable 3). =38 F5+= 3= U2F7}
154F0] EH#sto] 4464%° F& HARES EHIa, AAFES #R
AxEEol ZHzZt 92%F, 26.67%9t 80F, 23.19%=  AA|EGITE o]  yro|
FYEEY 7egEETe 247 11F(B.19%)F 8F(2.32%)°] AHE]  wS-
AAeh ZARA 7Ol wEkA = 490 50F/0.2 m2o.® b AQlal, 59, 7€ #
99l 55%/0.2 m*o. 2 teldith £8 T4E AWH o R ZAA] o w2

z2Fo] S Holx UTH(Fig. 3). I FAPEA wE = F4E H 15-

n!

815/0.2 m2e] WHejoll g4 404 7HF AL, A 5ellA 7T BSkTHFig. 4).
o] ol AH 29} 8olA ZtzZt H 74%F/0.2 mPIt 81%F/0.2 m?2o] Ed 5t
didor vgsiditt. ERTEE AAd mE T AfFES Plusis
g, dEFE Z FA9 AAAA Mg Bel AN & &
ARk #AAFE F2 FAdA HAi&el E%a Ze FAdA Wtk Wk,
TEY FHFEY AREAAE e HEE Holx] ¢Fgkt.

ARGl dAME GEFE= 19332070 A7 A ] 83.37%2] E
AHas B9, 1479 AAEEo] 242t 17,5057141(7.55%) S 16,92071 A|(7.30%) =
A skl o] Qe TeREETH - Sy EEC] Z42F 2,35570A(1.02%) <
1,78070A(0.77%)7F  AFEATH(Table 3). ZAMAIZ|HEREE HA 4,84370A/ m?
(5ol Aol 7,58170 A m*(9¥)e] WHAE B, o] 9o 4€¥ 7€ 77t
563370 A|/m2¢} 512971 A1/ m27F AF Ak AMATE A or "ert A7
718 99& A9k, Z1EF Al7]els Do) Wyl Agidor g4 okt

A AAE J 28 MASFE 472-15, 73470 A m2e] HY o AA go|A 7HA

¥

1

Aar, AH solA TR wkth o] vl gH 29F golA ZHzt H
10,87170 A1/ m29} 9,3307H A1/ m27t AP E o] AthA o2 wWoktkFig. 4). ERTEE

Aol mE ApAlge] ArEes vasigle o, EFs 22 A =9kl
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o
gﬁg
k
N
rlo

Fe FAeA woth AR ARES e FAAdA
FAlell A vttt

Al o= FHsEN} oEF7E 77 1,24025  gwwitd
1,204.99 gwwte] AAHS Hol 3810%9 37.01%% HfF&ol 7FF EHga
tggog AAssE 44HF 2 7eEEde =A% 7217 476.81 gWWt(14.65%),

230.78 gWW1(7.09%) 2= 102.80 gWW1(3.16%)S LFEF A TH(Table 3). Z=AFA] 7] ol

il

wehA = A 66.08 gWWHY m*(4d)ell A Hol 97.17 gWwt/ m?(5€)°] H <

Har, o] 9o 7¥3 9¥o] ztHz} 82.28 gWWt/ m23} 79.97 gWWH/ m22] A A S

Btk ZAM Ao w2 WA S HL HyF 2255 gWWH/ m? (B3 4)oll A H
178.64 gWWt/ m¥( A 8)9] W& Hglar, o] Hre] A 37 5o A 77t Hit

92.05 gWWt/ m?¥} 110.18 gWWt/ m>S LEF] At H o= 3= A th(Fig. 4).
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Table 3. Total number of species, abundance, biomass and ecological indices (richness,
diversity and evenness) in the Uljin soft bottom substrate of the East Sea, Korea

(parenthesis refer to mean number of species (0.2 m?), density and biomass (m?))

Component / Time Apr. May Jul. Sep. Total
Total Number of Species (1590% (2505% (252553 (250543 (3525)
Annelida 97 106 118 116 154
Mollusca 43 36 35 30 80
Taxa Arthropoda 48 56 61 48 92
Echinodermata 7 5 7 5 11
Others 4 5 4 5 8
Total Abundance (inds.) ?5%33455) 2148; 4345) 5511‘12299(; (775,%8811()) 2(2178%)
Annelida 47,835 36,620 40,960 67,905 193,320
Mollusca 4,750 5,360 3,970 2,840 16,920
Taxa Arthropoda 2,845 5,470 5,365 3,825 17,505
Echinodermata 445 415 540 380 1,780
Others 470 570 455 860 2,355
Total Biomass (QVR/Vt) (66661.i:3415) ?9771..178% (88222.-288(; (7799?9770) 3(825 .2'3)3
Annelida 224.56 383.86 241.23 355.36 1,204.99
Mollusca 67.00 22351 107.80 78.50 476.81
Taxa Arthropoda 10.80 71.96 54.88 93.14 230.78
Echinodermata 333.75 276.90 405.60 224.00 1,240.25
Others 25.25 15.55 13.30 48.70 102.80

Ecological indices

. 1.77-9.92 1.69-10.42 2.40-9.24 2.63-8.87
Richness

(5.86) (6.44) (6.50) (6.18)
Diversit 129294  152-335  132-327  0.93-3.33
y (2.05) (2.25) (2.11) (1.89)
Eveness 0.30-0.74  044-0.92  0.31-080  0.24-0.82
(0.56) (0.60) (0.54) (0.49)
14
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Fig. 3. Temporal variations of mean number of species, abundance and biomass of
macrobenthic animals with standard error in Uljin soft bottom substrate of the East Sea,

Korea.
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3.1.3. Dominant species

AFALNA  EFAG  DFAABRY AAFE AFor A9

oft

109974419 4FE AT R dolXe tERIF 1¥er M
B, dAAlT=d gaFs A4 2% 150l Al sAEAT. A

He vy, gRFe wld=70X 3 ol(Spiophanes bombyx), Magelona sp.1,
ol 3| 2] Cadella semitorta, TF2F2] Z1&}gh4 3270 2] & o] (Lumbrineris longifolia),
oluf o F2o] AR Z N (Alvenius ojianus), TFEFE  AFZFR A7) 3 o] (Scoloplos
armiger), 2 P UF A X & o] (Praxillella affinis), Lumbrineriopsis sp.,
7o 702 & o] (Maldane cristata) 2 7H7bRo] GAl$-Fol £38k= Urothoe
orientalis Fol3lth ol& A9l 1091 FHFTEcl UEdE JHASEE T
17411070 A= ~AAS  75.00%E  AAET 58] WAIAAGol=
124,38570 A (H o 3,11070 4 £4,434), 53.64% = e 71 £& HA{ES B,

U} 22 Magelona sp.1°] 16,1307l % (3 ++ 4037 A +926) = 6.96% S  =}4| 3} 51 T},

of
bl

o nHell C. semitorta, AAFERAAR] B AN AN FME 242
6,3257 #1(2.73%), 5,01071 #](2.16%) %= 4,8207HA[(2.08%)7} = F = A TH(Table 4).
FH FQ $HEFTY TR EXE HUFig 5), WIAAH= AA
=dotA Fkd A4 8,6 H-95 Ale|stH, Hak 101146670 A/ m2e] H 9fl
AR a0l 7Hd AQdar, BAUE M 7 Bekth o elol AR 29k 8ol A
Ztz}y 758170 Al m2ek 577470 A m7y & ste] AdlF o g Wirh =QktHFig. 5).
T2 02 Magelona sp.1> #HA Ht HA m2(44 29} 8)ol A ] 2,791/ )/
m¥ (8% 3)° WHE Btk o] well B 63 9ol A Z+zt Pt 82674 A/ m2s}
40670 A/ m?7E ERElTh o] T2 P ekl fxsta = BA 3, 6,
9o FEAHoR UE7} =ATHFig. 5). ©]v#F<] C. semitortar= A 1, 7%
10917 Ed33 7hed 2z o 89070 A/ m? 69070 A/ m2ek 1/HAl m27)
AR A HFig. 5). NATEXAAH) = & IAE EHA &2 A 1&

Aelstd, Gt MADEE 15157041 m2e] W elel FH 7ol AAa, A
17
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2014 74wk o] Brol A4l 59} 8olx ZHzt W 316701/ m2el 2167H A/

7k APl FHoR West wkeh mekd B Fe mwd He F0A

)

EIXWMLAE dUea oy, F M4 ®xee A3 2, 59 82 uHT &
AATHFig. 5). PHAt e R AR 7= HA NA m2(8A 13 4)elA FHo)
8007HAl/ m*(H 5)° WHAE B o] Qo] A 29 8oA ZAZ

27870 A m2ek 12570 A/ m?7E AFEATHFig. 6). oS ek, W= AR H ol
3}

™
D)
19
oy
>w
N
==
X
A
o
rlr
ol
N
N,
)
o

2 A7 dHeE We FRZF

2 g)olA 5AH oz MAGF7E ol ztelrzt it g Cadella semitortat
FATo 7Hg Ztzteld AAAstY RHE FAAE AR 13 7oA EEEgld
HHH | Magelona sp.1¥ AR == ZHzE odde] AAL(HHE 3, 6 2 9

Tg9e ZH(EA 2,59 g)olM ARHeE H=T} =9kt
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Table 4. The top 10 dominant species raking based on abundance data in Uljin soft bottom

substrate of the East Sea, Korea

Rank Taxa Species name Apr. May Jul. Sep. In d-:—\?it(j‘lljals Pro?(;)r)tion
1 APOL Spiophanes bombyx 31,580 17,975 28,160 46,670 124,385 53.64
2 APOL Magelonasp.1 3,290 5,150 2,450 5,240 16,130 6.96
3 MBI  Cadella semitorta - 3,565 2,715 45 6,325 2.73
4  APOL | Lumbrineris longifolia 1,635 935 740 1,700 5,010 2.16
5 MBI Alvenius ojianus 3,440 295 115 970 4,820 2.08
6 APOL Scoloplos armiger 1,330 1,050 880 1,065 4,325 1.87
7 APOL ' Praxillella affinis 765 760 800 1,320 3,645 1.57
8 APOL Lumbrineriopsis sp. 590 1,150 445 1,300 3,485 1.50
9 APOL Maldane cristata 1,070 ' 880 470 760 3,180 1.37
10 CAM Urothoe orientalis 775 390 1,370 270 2,805 1.21

Index: APOL, Annelida Polychaeta; CAM, Arthropoda Malacostraca Amphipoda; MBI, Mollusca
Bivalvia

Collection @ pknu
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Fig. 5. Spatial variations of mean density + standard error for top 5 dominant species in

Uljin soft bottom substrate of the East Sea, Korea.
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3.1.4. Ecological indices
AFadelM Fdd NI FES] MAF A5E 7|22 AT
A4S FEATHTable 3). £ THEE 1.69-1042° WYl Hi g
6.24°]Atk. HAAze 599 A 49 YElR, F A7 FH 5oA
Hoges Bolth | ZAME T FHEv HA Wi 5.86(4€)00A Hul
6.50(7€)°] WIS YERAAT. o] Hel 543 9€o
FHE Hol 49 A, ZAA Y WE Ht FHEY FHE Aolvt
o

2.28-8.782] WH{lo| HA

Z}7¢ it 6.449 6.189)

S tHFig. 6). WA AR A wWE FREE o
4ol A 74 whe s yebd vk A golAl T Eokth o] el FA 2
99} 10014 1 7.00-01°F9] @S Ho] AUz #kTh(Fig. 7).

T g 0.93-3.359 Wl H g 208Ut H A 999
A5 7oA VERAL, 599 A 10914 HuighS Btk ¢ A F
Ud=Es 4 H 1.899€)oA Aol 2256€)e] BE el AT o] vh
493 9ol 77t Wit 2059 2119 FAE Ho] A wWE HAF F
TOE =2+ o) 7 AA| @ THFig. 6). AP Mol W HF g 1.49-

Helol " AR 794 AT FelgSs dErd W, A 9dA THR
=okth o] o] A3 6,:87 1044 Hit 2.00 o] de] FE Kol HUiHoR
= A TH(Fig. 7).

TeeE 0.24-0929 Wl W g 0550t Hagk> 94
AR 7oA v, 59 AR 4oA Hoghs Btk @ 2AAE
WEE Ha e 04999)elA H el 0605 H)S] WS HERAATE ©f i

A3 79 A He 0563 0549 F£AE YERY Awrdor mE

Lo

AN 7)ol e FAE WEATHFig. 6). A e Hd HeEE 0.34-
0.77¢] ol AH solA 7P @Fe S yekd wkd, A oA JH
=9k} o] Lol A 2, 3, 7¥ 894 050 ©|ste] FAE Ho AuUHo=w

P aiee CIE N < dexE A= A 29k gdM= TEHeR
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WA= Ax ol 7k, A 394 Magelona sp.1°], Z22]al F % 7oA += Cadella
semitorta®] W &l 1 Ulo] AATHFig. 7). BT e EA Aol A 4
fFolgk 2ol 7} gllont, Al 2 FAEE {28k 2Fo) 7 AU (P<0.01, Table

2).
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Fig. 6. Temporal variations of mean ecological indices (richness, evenness, diversity) +

standard error in Uljin soft bottom substrate of the East Sea, Korea.
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Fig. 7. Spatial variations of mean ecological indices (richness, evenness, diversity) +

standard error in Uljin soft bottom substrate of the East Sea, Korea.
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3.1.5. Macrobenthos community
Aol =33 dIFAMTEIS AT ARE SR

TR TR EAS AAEte] A et thabda G H(nMDS) 2.2 328 3L THFig. 8).
THEAANAE F 1,20070A o (EE UES 050% o) =3 22T S
= AT 9F adE Fol7]l 9] dAE= fourth
root= WS 1 A, A mE 2719 IFF 5¥9 AA 42 1F
Aodeh &2 A s A AR 1 4 7 B 100® FAHACH
nMDSo A EA A Al YEFRT W E 2 A T1F B AA 23,56, 87
92 FAHAe nMmDSel SHFHol vElgt o

TAE % Bl AH 3, 6, 9 FAE I1F B2E A3 Htl ANOSIM

B A4 2, 5 8o

ol

XA 25 A9 BTl 28k 2oz 9l At (Global R=0.818, P<0.01, Table 5).
I% A9t 2§ BY 319l LF B1, B2E ANOSIM #2413k Ao = 1&F 7
Frol gk zpol7) 2l o} (Global R=0.675, P<0.01, Table 5), ¥ 2|3k Ao]=
Holx  ¢rkt}(Global | R=-0.055, P>0.05). 3FH oW A3 G| =

gepd bed olg Adw 7

DAZAAHelZd E5HIR 2 UE

il

IJFE E S w9, 2§ Aol Cadella semitorta®t Lumbrineriopsis sp.

o

o]l 1H BellA = Magelona sp.l, Z1AteFAA & o), 2R ARA] ] o],
AR o], Rlg iy A Fof, ARz eF armpkt

subquadrata) SolAth 1719 AHow Euld 599 AH 4= AECYAo

BN

7l (Axinopsida

=d T dx7F v srke 5340 AT ANOSIM A ellA 59 FA
47F st AolE Kol (7] dwiitel IF At A SIMPEREA S
Adste] M I1F(1HF A Bl B2)S YEHE 71oFS FRlsHSITH(Table 6).
nMDS®] ZFfol A HEEo], 1F AY IHFU fFAEE 272302 1F Blet
B2°] 58.15¢} 57.2¢] H|3| AdiHo= woptt 1F A9 FALEe 7]ofske
&2 Urothoe orientalis, WA =71#5Jo] 2 Lumbrineriopsis sp. 52 = 7] %7}

Z}7y 24.06%, 22.85% % 19.13%= =gt WA= AAHOlE AL F T2
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T2 dw A9 AN RAETL

Wokal, 4% E5 T1E B9l AGHelA

sk @skth. IF  Bl1e FAb=Cl Tlddte 2 A=A,

DA SN AHo]l U Tharyx sp.l o= 7]o%=7} Z}Z} 19.51%, 8.58% <

6.3200% =Uth 7|ET} e 3%

B5 5 A9l AHEAA AT M
wolth 718 A9 BlE WA =ZF/AA|Hol 7}

I+ B29lA1& Magelona sp.19] 7]od %7}

AR ARA G0, DEUEARGo] 2

35 &2 Micrura sp. 59 7199%=7F Z+2F 11.67%, 10.9% % 7.53%= =94t}

Z1=7h 2 4% B 1EAS A4

RN AWAG7E Bk 257

Aol A AW g7F 7 Alal 25 B2

HGALEE 18 A9 B2oA 86.430.2

7 =gtk o3k BlfALECl 7]ddstE - F2  Magelona  sp.l,

Wty A% 8ol 2 Galathowenia oculata®.® 7)ol E=7F Z+ZF 11.48%, 7.82%

9 631%% Eon, FE 1§ B9 AL F4d RIS, 1% A9

B17te] HlfAlEE 67.288 RIAEAARo], A =EIAAF o] B Tharyx

sp.19] 710l b Zh7; 11.39%, 7.45% B 5.76% % =¢t1, = 1 B1o] Al

e

XESTE 1w Bleoh B27te] H|FAMEE 4792 AulH o= ubopr, o]l gk

Hl-fAL o] 7]odebeE - & mAdF A Fo], "Magelona sp.l 2 Urothoe

orientalis©. = 7] %7} 7+Z} 20.5%, 10.59% 2 6.05%= 3T},
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Fig. 8. Dendrogram for hierarchical clustering (upper) and 2-dimensional nMDS
configuration, using group-average linkage by Bray-Curtis similarities calculated on the

forth-root transformed abundance data in Uljin soft bottom substrate of the East Sea, Korea.
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Table 5. Results of ANOSIM for macrobenthos abundance and biomass in month and

station
Macrofauna abundance Macrofauna biomass
R P R p
Month -0.055 n.s. -0.012 n.s.
Group
: 1 ** " 1 *%
A B 0.818 0.818
Group ¥ o
Soft A BL B2 0.675 0.673
bottom
Avs. Bl 0.565 EE 0.528 ke
Avs. B2 0.854 eE 0.92 ol
B1 vs. B2 0.997 *% 0.998 ol
Month -0.111 n.s. -0.152 n.s.
Hard Station 0.963 ns. 0.778 n.s.
bottom
Group
1 * . *
U.P. Co 0.955
n.s.: not significant
* P <0.05
** P<0.01
*** P <0.001
28
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Table 6. Contributed species for group similarity and dissimilarity in the Uljin soft bottom

substrate of the East Sea, Korea

Group sii:faljrﬁ)ty Taxa Species Av.Sim  Sim/SD  Contrib%
A 42.42 CAM  Urothoe orientalis 10.2 1.2 24.06
APOL  Spiophanes bombyx 9.69 1.12 22.85
APOL  Lumbrineriopsis sp. 8.12 1.13 19.13
B1 78.96 APOL  Spiophanes bombyx 15.41 12.43 19.51
APOL  Lumbrineris longifolia 6.78 12.44 8.58
APOL  Tharyx sp.1 4.99 11.65 6.32
B2 82.51 APOL  Magelona sp.1 12.48 5.93 15.13
APOL _Scoloplos armiger 9.63 14.84 11.67
APOL Maldane cristata 8.99 10.55 10.9
ONE  Micrura sp. 6.21 11.97 7.53
Group dissc;:‘r;(:rapri ty Taxa Species Av.Diss = Diss/SD  Contrib%
Avs. Bl 67.28 APOL  Spiophanes bombyx 7.66 1.55 11.39
APOL  Lumbrineris longifolia 5.01 3.78 7.45
APOL  Tharyxsp.1 3.88 3.59 5.76
Avs. B2 86.43 APOL - Magelonasp.1 9.93 3.8 11.48
APOL  Maldane cristata 6.76 5.03 7.82
APOL  Galathowenia oculata 5.46 3.98 6.31
B1vs. B2 479 APOL  Spiophanes bombyx 9.82 9.36 20.5
APOL  Magelona sp.1 5.07 3.39 10.59
CAM  Urothoe orientalis 2.9 4.25 6.05
Index: APOL, Annelida Polychaeta; CAM, Arthropoda Malacostraca Amphipoda; ONE, Others
Nemertea
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3.2. Hard bottom

3.2.1. Environment

ARAE RS AR FEARS o] &ahalth(Fig. 9).

A 77 =W £ 8.90-29.00C 2 WY =E, 590 wekar 9¥9o] =9k}

7o) Hred 19,

[{e]
(6]
iy

799 HHFEL 11.74T+3.3001 L, 7] 10Colst= YERE= 7]to] 9Y

A% A%Eo] Wt WA Hees ¢ % 2lrkFig. 10).
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Fig. 9. Mean of temperature with standard error in hard bottom substrate of the East Sea,
Korea.
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Fig. 10. Changes in the surface temperature of two hard bottom area in July. Dotted line

express limit level of cold water mass.
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3.2.2. Macrobenthic characteristics

7473 zstdlelA Ede P A TES 1175/2.25 m?, 501871 (2230
WA m2) = 1,049.11 gWWi(466.27 gWWt/ m?)o]AtHTable 7). E3FF+=
AAEEo] 51F FHste]l 4359%° = HFES Hy, FYsE9

O Fel AR EEo 1R 27 34%(29.06%) 9} 215(17.95%) S A 813t
o] wtol FuEEY 7ebEE-S 77} 75(5.98%) 9 45 (3.42%)°] A H =] vi$-
Ak 2AEH wE Fd T4 EAM H 27F/0.25 mo2 A 9lal,

=Xl W 38F/05 mrem @tk ZAMAAC wE 9€d Fewds

],

59 7P BTt ¥ &2 23F/0.25 m?o. 2 59 71 AQlal 48F/0.25 mPo =

H] S o], EXAAE 25F/05 mo2 7L 7HF A9, 55F/0.5 mO 2

El
ot
38

790l 714 2dkth(Fig. 11).

AA Gl QoAM= BAF7E 314870A17F QA E ] 62.73%2] H&
AREs B, dASER TRFI7E Az 1,350704, 26.90%9F 43670,
8.69%% A}l th(Table 7). o] €Jdl =3 &&= 7| Es =°] 5071 (1.00%)<}
3471 #1(0.68%)7F A A = ATk, ZAMAIZIERE= H 67971A mP= 7ol 7
ARQar, A 1,070 mP2 5€ M 2otk o] o 9¥€e Ht 72370A)/
m77t AR A, AR - e AAAFE E  64370A mPR XA
AAaL, Bt 102970 A/ m?& el Aokttt A A wE 4 Al
Wl vl s wl, ExloAE 35070A/ mrE 9¥el 7H A LAl 101470 A/

m?=2  7Eel g Wtk X2 7ol 344A mPE 543 AASTE
sl o, oAl 99 Frtelke RS B SITH(Fig. 11).

A doix = AAFEIN T|ebsELo] 77 58174 gWwitt
184.88 gWwte] A AS Wo] 747} 5545%9 17.62%= Ar&o] 7 9k,
Eor S3sE, 44 F 9 uERFY &A2 47 22186 gwwi(21.15%),
53.74 gWWt(5.12%) % 6.90 gWWt(0.66%)< LFEFUQItH(Table 7). ZARA 7]l

el s W 134.83 gWWHU m2o.Z 78] 7 Woka W 25017 gWWY
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m2o. & 5o 7ba =9kl o] £o 9ol Wit 139.55 gWWt/ m27h A = et
ZAPRA A wE A Hit 6599 gWWHY m2o® SXoA 7 wrghar

koA it 283.71 gWWt/ m?7F AR E ATE ARG wE 9 AAFS

]
790 7Hd =kth E3-S 18559 gWWH/ m2E 79l 323 1At o, thA

[{e]
o,
=
o|\
N
N
o
rlr
2

S 23 oH(Fig. 11).
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Table 7. Total number of species, abundance, biomass and ecological indices (richness,
diversity and evenness) in hard bottom substrate of the East Sea, Korea (parenthesis refer to

mean number of species (0.25 m?), density and biomass (m?))

Component / Station Uljin Pohang Total
Total Number of Species (gg) (gg) (15167)
Annelida 14 28 34
Mollusca 2 3 51
Taxa Arthropoda 14 16 21
Echinodermata 5 4 7
Others 2 3 4
. 1,930 3,088 5,018
Total Abundance (inds.) (643) (1,029) (1.673)
Annelida 140 296 436
Mollusca 906 444 1,350
Taxa Arthropoda 852 2,296 3,148
Echinodermata 26 24 50
Others 6 28 34
. 197.98 851.14 1,049.11
Total Biomass (gWWt) (65.99) (283.71) (349.70)
Annelida 2.98 3.92 6.90
Mollusca 90.14 491.60 581.74
Taxa Arthropoda 22.92 30.82 53.74
Echinodermata 46.46 175.40 221.86
Others 35.48 149.40 184.88
Ecological indices
Richness 5.21-5.78 4.11-7.29
(5.42) (1.56)
Diversit 2.01-2.66 1.85-2.51
y (2.41) (1.34)
Evenness 0.57-0.74 0.52-0.78
(0.67) (0.73)
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Fig. 11. Spatio-temporal variations of number of species, abundance and biomass of
macrobenthic animals in hard bottom substrate of the East Sea, Korea. Unit of species

number for Uljin samples are applied 0.5 m? and Pohang samples are applied 0.25 m?,
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3.2.3. Dominant species
A AE R JIAATESY ATE VIeoE A
HEs Agsisith(Table 8). 92 Bd, F A 2T 4247 vEd
AA)9-F(Amphipoda  spp)2t &4 wihdiEE F(Caprella  spp.)7F 7HE
AT oo R  SXdAE BESFo B TS (Mitrella  bicincta),
18- 315 (Temanella turrita) 2 % ¢ 5 315 (Cantharidus callichroa bisbalteatus)-©]
S-HsAey. EgolM = e wvkzliE 3 Al(Areopaguristes  japonicus),
B350 Zu|al%(Crepidula onyx) 2 thRFo] o570 =] & o] F(Syllidae unid.)
ol FAsdH. AR mEd dAeRs =X 2 EFolA A
2 1,020704(33.03%)7F AP AL, HeoE HEA
2 99270 (32.12%)7F AR Aok
1573

51071 % (26.42%)

sloo e R o Zb2h 25670 A (13.26%)
ZFo diste] Ao wet €8 AslEs BH, #34F9
SRl A 5Yo] 24070 A, 7€l 156704 = 9¥ol 11474A = A7
108 A= H243]

A E F/3
AT X
Aol wE #AstE HEHS Bt A= 7Y
asgla 9] s6MAIR  FrEETE e o mEA Hitdidd =
7oA 5gell 152704, 7€l 907/NAl, 9¥€ol 14/fA=E A|Zt Aol we)
Aadle WES B EgAME 5Yol 7az7iA ey 79l 4aA=
WA kAo 9del| 27671A = F ket
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Table 8. The top 5 dominant species raking based on abundance data in hard bottom

substrate of the East Sea, Korea

Station Rank Taxa Species name May Jul. “In d-:-\?i?lIJals Prog;)r)tion
1 CAM Amphipoda spp. 240 156 114 510 26.42
2 CAM Caprellaspp. 152 .90 14 256 13.26
Uljin 3. MGS Mitrella bicincta 36 140 38 214 11.09
4 MGS Temanella turrita 4 174 14 192 9.95
5 MGS Ei"’s‘gg}f‘er;fl:‘; CEllichioa SN 1308 10 | Fi42 7.36
1 CAM Amphipoda spp. 376 108 536 1,020 33.03
2. CAM Caprella spp. 712 4 276 992 32.12
Pohang 3  CDA Areopaguristes japonicus 84 4 48 136 4.40
4  MGS Crepidula onyx 60 28 32 120 3.89
5 APOL Syllidae unid. 16 36 16 68 2.20

Index: APOL, Annelida Polychaeta; CAM, Arthropoda Malacostraca Amphipoda; CDA, Arthropoda

Malacostraca Decapoda Anomura; MGS, Mollusca Gastropoda
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3.2.4. Ecological indices

SR EE P

N

oft

3 HIAANEEY AAF ARE 722 A

¢
¢

AGE T8 TtHTable 7). & FH-% 4.11-7.299] 9ol 4t g2 5400 Ut
A T FHEe EFOlAM Hib 537% wokal, &xlelA W 5.42%

=X A A7 weE WaEi R, exldM = 59, 7d R 9¥9]

g® 521, 578 B 5200 % UEhuth ¥ @R 729, 411 B 471%
74l w43] shdshlth(Fig. 12).

T OdE 1.85-2662 Wl Ht g2 2.3001ATh A AEE F

OYEs Xgo A Hot 22002 ek, Sxlo|A H 2412 =9kvh

XA Ht 0622 F%I, SFAA HF 0672 =dth AHE ZAA 7]

¢

wel vluef R, SxoAs= 549, 79 H 999l dWE 057, 072 ¥ 0.74%
Z7letE HES Byt 23S Y¥WE 056, 078 2L 0522 7€ F

Aol 7}

EATHFig. 12), EE ey Xl dE R AHE fo

b

A 2A THP=>0.05, Table 2).
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Fig. 12. Spatio-temporal variations of ecological indices (richness, evenness, diversity) in

hard bottom substrate of the East Sea, Korea.
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3.2.5. Macrobenthos community
Arsodeld 83 FANEER Adse Ans 2=

THTE BAS AAEe] FA R gakdu Iy (nMDS) o2 i A 8k v (Fig.

13). A= Ed dXE 050% ©]/d]l 22FS tigo=E AAsela,
Az o3 aNE Zol7] Yste] YA=E fourth root= WI3IYITE 1

[e)

o

A3, Qe we 2o 1Fd ¥de 79 A% 1% AAd = &1
o

4He] 15 U (Uljinget 23 F e 15 P (Pohang) B W5t

xgol 7¢ MEol 15 Co (Cold water mass)@Z T4 = 12 nMDS plotol] A
B 5o] et ANOSIM 241243 78 ko] fol8 xko]l7t 9l tHGlobal
R=1, P<0.05, Table -5). Zejt}, TFHTx 9¥H Ho3 olx RHol
9r9ktH(Global R=-0.556, P>0.05). 3 &E AHoA HzF vEH
AA-Fe e AdoEE R F880E 2 dWEE Ui Jhed

ol A&e 7 I1FE HE TS HY, Iu UdAe EF5F9 HIFE,
Al

LE7b w9 Shelx= EAo] Itk ANOSIM Aol A el 15l uhef
SIMPER®A-& Adsta A LFS Yellle 7l9F &3 th(Table  9).
% U 9 OF PY aF FAIEE 247 7046 % 814109t 1E U9
FALES 71 TS AR vEdH IS, o HETE,
#Azbel vEA nigudeR So® Jlowrst Zhzt 16.96%, 12.45% 2

11.6%= AT L5 Pl FAHEC] Zlojshs F

)

ZHge] vsAd A9

e e s 2 avpleg A o= 719 =7F 72 16.25%, 15.04% 2

9.71%= YTk 1HEE] WMRAMEE 1F U CoolA 56.25% 7ME wkaL,

1% P9k CoollA 422302 7h wotvh. 21 9ol 5 Uk PO HIfAMEE

521431tk 15 U POl BIFALEC Y]ojeke F H557] Aj71alE(Lirlaria
A

iridescens), Wealy, ARy W oojufulFo] of 7] &k
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Nzt Z4ZE 7.33%, 7.13%, 6.42% 2 6.32%=2 =t WeauFy
AEL AN FE BIFH, fr)EuzfE s Uehlx
gtort oA uehd HlFAREe Zlojskgith s U9k Codl Aol
71l 2o BE=Ho HYRS #ZH9 Janira chuni, B/ A 7Htas
2 77rFe] S5 R F-x g (Cirolana toyamaensis)Z 719l =7} Z+ZF 9.69%,
8.63%, 8.16% H 81%= XTI RYFSH A7|PiFES Xl F=
WX ekal, Janira chuni¢t S REHFAEHE SxloAE YERUA gFgkon
ZEe] 7EAEAAMT E™ste] ARl ZloeEginh. F PTeE Codl
zfolell - 7lolshE Fe AR Hls4H vwodidEeE R, Janira chuni H
SERHFAEY 2 7l =r} 217 13.48%, 10.47% 2 9.83%= Ut vl EA
Fe XA 599 71270 /M Edelsl o 7 4 A/ImiE
F278 728t 99 thAl 27670 Alim2s. 3 =5 Qth. Janira chuni 2

ST RYFALUE 15 US Cool Hladd Aot FdstA 7] &3t

42

Collection @ pknu



L ) AU
v P
H Co
5, 60+
F)
©  [rpmmmmmmmmmedeeeee e
=
(7))
80+
g A A [ | v v
2 s @ ¥ = 2
D S 2 o o o
Samples
U-s 2D Stress: 0.01
U-J UAI
A A
P-J
[ ]
P{QA-S
v

Fig. 13. Dendrogram for hierarchical clustering (upper) and 2-dimensional nMDS
configuration, using group-average linkage by Bray-Curtis similarities calculated on the

forth-root transformed abundance data in hard bottom substrate of the East Sea, Korea.
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Table 9. Contributed species for group similarity and dissimilarity in hard bottom substrate

of the East Sea, Korea

Group siiirloaurlioty Taxa Species Av.Sim Sim/SD Contrib%
U 70.46 CAM  Amphipoda spp. 11.95 10.77 16.96
MGS  Mitrella bicincta 8.77 9.45 12.45
CAM __Caprella spp. 8.17 4.22 11.6
P 81.41 CAM  Amphipoda spp. 13.23 - 16.25
CAM - Caprella spp. 12.25 - 15.04
CDA  Areopaguristes japonicus 791 - 9.71

Group disgr;(;:]aprity Taxa Species Av.Diss' Diss/SD  Contrib%
Uvs. P 52.14 MGS  Lirularia iridescens 3.82 4.07 7.33
MGS  Temanella turrita 3.72 2.71 7.13
MGS  Homalopoma amussitatum 3.35 7.28 6.42
MBI Lithephaga curta 3.29 8 6.32
Uvs. Co 56.25 MGS . - Mitrella bicincta 5.45 12.05 9.69
CIS Janira chuni 4.85 9.3 8.63
MGS Lirularia iridescens 4.59 4.02 8.16
CIS Cirolana toyamaensis 4.56 9.3 8.1
P vs. Co 42.23 CAM  Caprella spp. 5.69 9.09 13.48
CIS Janira chuni 4.42 7.58 10.47
CIS Cirolana toyamaensis 4.15 7.58 9.83

Index: CAM, Arthropoda Malacostraca Amphipoda; CDA, Arthropoda Malacostraca Decapoda
Anomura; CIS, Arthropoda Malacostraca Isopoda; MBI, Mollusca Bivalvia; MGS, Mollusca
Gastropoda
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4. Discussion

4.1. Soft bottom

4.1.1. Environment and macrobenthos

)

1 9 TH(P<0.001).

FoAR Aol B

ToR

1.3 tH(P<0.01).
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A7 QA sE AT E YEsen, o5
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}$3 TH(Choi et al., 2000;
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o] zfel =

Jeon, 2007; Paik et al., 2007;-Kim, 2009; Yu et al., 2011).
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SRR
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1994; Snelgrove and Butman, 1994; Mendes et al., 2006).

o

wefgteFo] iz o2 =tH(Choi et al., 2000; Paik et al., 2007). 53] Hjr}a
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ol w54l ule] wepa
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dddew mYyrk @i, a2 By e FAdAe= Eeeh Hel ®ol

2

(o]
12
2
>
fo
o2
12
o
fitl
o
(]
&
Jfu
Y
i)
:Oé
B
rr

[e]

F24o] LEFRLTH(Paik et al., 2007).
ol AT AE dAtell 7HHAl A E A= AAANAE 2HAY] Bt ol %
FAalo] zZlojAWA oFdow AFF A HI mo] o] wWolAE
%

A3 AxE BHYPvh Yu et al. (2011)oM = ol At FUdT A

deglen, ol % FHIATIH  EHH=o LAY FThe

[e)
o
A = 24 TH(Martins et al., 2013).

4.1.2. Species composition

ol AT A SHT 345F

rlo

Hhehsg o] ol dATo] 319E(Paik
et al., 2007)3} 23X W] 334 (Yu et al.,, 2011)7} B uLs] FAFSFAL =

o 2] 163%(Choi et al., 2000), €4 FH3] <] 1635 (Seo et
al., 2009), 7174 F¥s|d 2] 157F(Kim et al, 2011) 53 H]asfr = oF 2-2.54)
2 AEGYAAS vepdla o E=8k w9 WAG( m?) Hd AT T

A tUrEFe "WERE 747 5797/0A19F 4833MAE UEH AT

Lo

Aotaf el el 1,18770 A2k 60070 A (Choi et al., 2000), H}t}Eo] o] HAF

1,97270 A9 1,60170 A (Paik et al., 2007)¢F &% FWade  322170A <

2,49670 A (Yu et al., 2011), €4 931l 1,0057] A<+ 77670 A (Seo et al., 2009)

2 7] e o] 55270 A2k 39970 A(Kim et al, 2011) <F W] WA= wf-$-
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Magelona sp.1%to] 54 A oA U7l E=tdd wbd k&0 %] 7 o] ¢} Magelona

sp2= ZHZE 270A m2ok WA mPER O dEZE ol AQdh webA e
FEAA Gol ol digt BHHH HAE 9 A glo] st A7 e
Aoz getEch

iAo 2 7ixEtE AR PGol= AP A unk ExPe Fow

Z7HaRk(Yoon et al., 2007), 23 7H(Lim and Hong, 1997), 4 %%+(Jung et al.,

H4=vH(Park et al., 2000), $+#"H(Lim and Choi, 2001), 5@ %H(Shin and Kim, 2002),

1997) %

= 2kek(Yoon et al., 2009) T Aol A HFe AT fAs Ao £ F7]=

ey AejE el 297 ml$- We Fow volya ¢lti(Jung et al., 2002). ©]H

ArelM e @ BAL( m) 1257447 S8k Falote] A dAH 2

B

T 99 33714 (Seo et al., 2009) 2} P A RES] 1037 A (Shin et al., 2001) 2.t}

ko), ol uprhEad o] 25070 4l (Paik et al.,, 2007) 2 &A4keke] 2577 (Yi

et al, 1982)¢} Hlaste] oA oz AU ;A SR AA o=

EREE

F3AH8N7E= F4A, 7718 2 23 Fos AABAE RHoles A=

deAd v Ty o A= =R
A7 2, 5 6 83 9oAME AR o7 W} o

TR A o] iyt AGEATE JASHA edar, FHelA

o9 &
Ragel e moz TAHE AGNAE e UEE vehy oW As

i
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4.1.3. Macrobenthos community

ATalgelA dFAMNTE +HZS A 209 aFH e
AAGLY AH 4oz FEHJTL, WdIAA|Hort FEHoR -
b olE AL 7o) aFe 5AAN #dAH AEISH 5EA4S
BT & 2% Ac BEE A7 AA 14,7 3 1002 A,
-0z FA% HANS 724z 5 m Wele] zHA HAHE AT
Aol 77k A ECIUTE B A=A o E = 181F, 3,287/ A/ m2e} 49.99
gwwtim?2e] &3 Fok AEFS UEdY, F8 $3FS olwIlFe C
semitorta®} TFEF2]  Lumbrineriopsis  sp.  wolth WHH  1F BE O EE
ZAA719] 8- 2,3, 5 6, 8 2 97 AN, F 282F(Hd 66+15%)°l
74710 A m2eF102.33 gWWt/ m2e] AJA=S UERdH, FAldl whEl 5199
1% B1Y B22 Uro]l Mok 1F Bl 30 m 9o AlHA EHEo] A%
T FA S0l ek OF Blol Fske d¥AANTE
11,97870 A1/ m?¢} 12051 gWWt/ m?e] ABAIES eI 1o, 8 TE=E+
AARE A Bol, aetiut7Rx G o), olujglFo] AxA et hrepbEdkz )
oIt 2F . B2e EE AN AR 3, 6 H 9= FAESIJAL, 60 m
el Agd HAEo] FAlgk ST FHECIUTh B 15 B2 &=
PH A TES T 153F0- 2961704 m2et 84.09 gWwWt/ m2e] A A =S

ety gon, F& 52X Magelona spl, WEuUEAA ol

drh. 75 Bel AR ol ARAHYE FFol wE& RIA f71E B
S0l %7l wWEel HAE ANA} Avl Frh Wy 297 5%

DER f4S e 8244 4483 /e ga4R vand wen, e
oA HARE A5 fEo] I D BAeNA Avlel % FseHChoi
et al., 2000).
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ol et ol Aol  AMHshe= dgAMEE  LHE

O

Ao RHES o)A Aol 1o w2 FAY HAHG o8 o1 FERE
gefsta vk web Aol &3 EaEohe AM-daekat vlas ey
wal, s AT Fe AAske ek O ¥ gEE wa gus
Ardstets dAstar gk wieEAe] oA el ME el mEl 10 m
i o 3050 m WE vproiAH ZArhe AR UdR A Fo

Falol AolAes ARaArh(Tale 10). olol w ANFEe FHE ¥
o]

lo
oL
do

Row, zZ& FA9 aFdAE= 30 me FA4F 40-50 me]
FAel WM sYagez  UFolHthPaik et al, 2007). HE
dAetsl ol A= 10 m ool Weiel 30-100 m W= FolAm 4o
Zoldes AEd A HHE Aot old wet AXNTES THE F

= vroixion #4457 A8 HEgY sae e yd A
A Fo] Eskth(Choi et al., 2000). %1 T3 G A= 20 m o] o] W22} 20-
60 mel HAR oW AZe AR YAZ FAHAT ol we)
AXMTEY THE F 2782 Wrolflen AT Ex7t o A9
FAFITH(Yu et al., 2011). €4 FHE Gl = 10 m M 9F 10-50 me] W=
Lol A e b2 A AR U A el $heFo] olafo] 7k QITE Z3 E[A Y, 30
m o]%o] YA FHFon vrolfry ol mt AXFE THE F Y
OFoR wrolxlon, olgle T3 HALS AP T aF% ZyHo
UFEFSETH(Seo et al., 2009). 7174 FH s o] 4= 30 m o2l W], 30-50 m W,
50-100 m WEIE vroixiom, 30 m o]le] T AHAAW ALE HANS
Bnojom, Fiol ZojAFE AgsAs Ud HAMS B old et
A= % Al He 2F5o =2 vyl A tHKimetal, 2011). A= 533t

NAske gEANEEe] FRTZE BB olde wEgdTe ze

'

$e) AR AL FRAIIAE BEAoR A7 HAEe] SAREIYE
1

TZE gl Ao duksl & 4= Qlti(Fig. 14).
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Table 10. Comparison of macrobenthos community structure and environment in soft
bottom substrate of the East Sea, Korea

. Macrobenthos :
Station community groups Depth(m) Sediment texture Sources
GI 10 Coarse sand
Gangrung Choi et al. (2000)
GI 30-100 Fine sand
GI 20 Sand
Uljin Yu et al. (2011)
GII 20-60 Mud
GII 10 Sand
Uljin Paik et al. (2007)
GI 30-50 Mud
Gl 10 Sand
Wolseong Seo et al. (2009)
G2 10-50 Mud
Gl 30-50 Mud
Gijang G2 30 Sand Kim et al. (2011)
G3 50-100 Mud
A 5-10 Sand
Uljin Present study
B 30-60 Mud
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Fig. 14. Spatial macrobenthos community structures in the previous studies of East Sea,
Korea. a: Choi et al. (2000); b: Yu et al. (2011); c: Paik et al. (2007); d: the present study
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4.2. Hard bottom

4.2.1. Environment and macrobenthos
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4.3. Conclusion
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