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The East Sea is almost entirely composed of sandy facies, and the facies type is the major factor influencing benthic polychaete
communities. There have been few studies of the effects of environmental factors on benthic polychaetes in thermal discharge areas
consisting of different sediment types. This study identified the spatial distribution patterns based on the species composition and
distribution of benthic polychaete communities, and the environmental factors influencing benthic polychaetes near power plants were
investigated. The polychaete communities in the Uljin, Hupo, and Gori coastal areas near the power plants in the East Sea were
seasonally investigated from August 2006 to February 2013. As a result, 283 species were collected. The dominant species were
Spiophanes bombyx, Magelona japonica, Lumbrineris longifolia, and Sternaspis scutata. Spiophanes bombyx was the dominant
species at Uljin and Hupo, but M. japonica was the dominant species at Gori. Two dominant species from the coastal waters of the East
Sea, Lumbrineris longifolia and M. japonica, were rare in the power plant water intake or drainage areas. Cluster analysis was
performed to divide the study area into groups by the total organic carbon content, sediment grain size and facies patterns. This study
suggests that the community structures of polychaetes are more affected by the total organic carbon, grain size of sediment and facies
than by disturbance from thermal discharge, which only affected the polychaete community near power plant drainage areas.

3R
Fl

BN

B >~

Keywonds: Coastal area of East Sea, Thermal discharge, Polychaete community, Environmental variable

Copyright © 2017 Journal of the Korean Society of Oceanography.



e o/ 5o Ba FHY AMGRT 2o FFE U= 874 89 - 19

1.ME2
AN ELS FHE YO G7ES HHO R 2HbsFN, A4 50 2 Q15| Bl E Yo YRS 5502 HFAlA o
2 5559 Hol7t B o= 5 AEiAl o] 9282}t &S Fh(Diaz ef al., 2004; Dauvin et al., 2007). £3] A 5 &5

gHsto] Tidsh, o5 do] A aL, HAeo] .- ZFsio] S 2hg HohE Atoh=t| 7149 A B2 AR 4 Sk
78 HolE wtefsh=t] e v} Alte] - Q F, ofof w2t
AMEE0] T2 ERa o8 AMYEA B P HAIRFE IR Jung er al., 2011). DR 0 & AAMTRRF=siof A/ d#14d
o Ak AAEE T =, 7l = SHOIA 7P 9T ERtoleh. TR AT F= SiFe] 4 (Lee, 1987; Choi
and Koh, 1988; Yu et al., 2011), <~2(Long and Lewis, 1987), E[&=2] EZ4}(Lim and Choi, 1992; Yuet al., 2011), EJ&&E
o] 6712 St Lim er al., 1992)5 Thelet 8.0 910] Jake Wk A0 2 kel 1 9lck. Teime AAkmae] 2T
= 74| APl A] HEEE ] mtets= o o §F4 o]tk Sanders, 1958; Rhoads and Young, 1970; Shin ef al., 1989).

Ut ek slidHlS 7o & SR FARE Holth G4 5] o] ZlofAl= e HolH, thiiEe] sfigho] A
AEA/FO 7 o] LA UTHKim et al., 2001). 0= 53l T2 ALtollA] 352 0= Hol=54 0 & 53] Ao 214
CH 0] 74 5L 3L EA4Jo] BEJAE0] B4/ dof] ofet Aol Hot B 244} €]o] thg 2178 8l B 2 IS S 2oz o
A, 53], 59l Aetol] YRRt AEjet 23 2|9 o] YAt Aol M= -2 H Tk oF 7°C~ 9°C S7HE 2R A
7+ ©F 44.6~60.82] = HIERITHEHYHT, 2007). o2 QIsf 4 FHs] o] th A M E= w42 =2Hllo] = 2l
A o= R Qe (Yu er al., 2011; 2013). ‘&5l Ate]] A5 &4 £ siflEiAls T4 7eo® 271 4]
S EBZO% 55km, 9505 9.7 km7H], 12| A A2 A HEE 3.3 km, A 5.7 km7HA] 2Hlla0] Gk e
1 4] 1 JTKKim et al., 2011; IR, 2015).

Aol BAH g THASL S-S ol 8ste] B A E 4 ¢ 7, gl S-S vtk JEsi, o EAsh=
2HlE T sl 22 F45] S7HIA sidE0l Y= 7AW, SIFHAE A7 = T8 U9l o A
31 It Gibbons and Sharits, 1974; Durrett and Pearson, 1975; Warwick, 1993; Kim et al., 2007; Teixeira et al., 2009). ©]
of whe} B aol A WE s el E A FHE S AATEAIE 2 doke 72 AR AR QU FZel FLet
B2V 21 o] a7t A EE o] ] ol mIRl= 7 R A AL, TRt EjA 25 o] 2l s o]
A AAYEA 5] 7= AT w9 AlgFoltk(Yu et al., 2011; 2013).
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Fig.1. Maps showing sampling stations from three coasts from Uljin, Gori, and Hupo in the East Sea.
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Fig. 2. Water depth (m), mean grain size (phi), total organic carbon (%), Delta temperature (°C) at each sampling site of three
coasts.
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Stalom, 271 AStolM 203F 02 7P W2 Fol @5k, A7) 1915, -3 88F0] A5t 2] 61 g5 ollA
91502 7P wo] &5l F3L 0| 2H1 R0l A 1450 = 7P A7 sttt A8 AT RO & /A=
A Bt 4,91278/m’ 0] Ha1, 23 S|l A Bt 7,04971A/m’ 2 7Hg B AT Eds g o m, 18] 5,253 704 )/m’
T 23997 A /m’ 2 71 A2 AL S @t &7 qigte] 79 Aol 15,3187 /m’ 2 7P Egko, A
Qr] 9t ol 4957iAH/m’ 2 7Hg W9ttt 24717 E 1t 2H el E@T AA TR0 F vk A4 Bt 3.51
FaL, A2le] 6 Aol 4375 7 w3ke ™, S o) 21 Aol 2.39% 71 WA R Th(Fig. 3). ZF AR HoflA
O] F TR A= &7 Aol i 3.73, 2] 2| olA] 3.84, T 2]l 2.92 2 LFERTE.

ZAF7REER/Y AN 28T -9-1E-2 F2 ARl (Family Spionidae) 2] 11 G=AA[Z 0 (Spiophanes bombyx)7} 1L
25 ARt Aol 7Y S94oke Fde BRoH, SRR ol (Family Lumbrineridae) ] 1A% o]
(Lumbrineris longifolia), Ba7RA]= 0| Family Spionidae) 2] F<=NX]|Ho|(Magelona japonica), 257178 A= 0|7 Family
Sternaspidae) 2] Q57| 8A|H0|(Sternaspis scutata), 3157“2 ol Family Capitallidae)®] Mediomastus californiensis”}t
FHohs e Btk A7 IRE-59 0] 4 AHE 29 A 2R "IG=AAFEONS. bombyx)7H27] A1

of A= 5H, 671, 851, 10512 A| 2Rt Aol A -4 %’@3}9&1 S O] AR A3 312 0] 49 ol M e T2 = SASISAC
RS AA RGO L. longifolia)=-=713} F’—ﬂ A F vl A1 g2 ALl ol == Eds o, A
oM japonicay=-&713 112 A Hof= 43% AR, T3 2o M= 7 o] ST et 2571l
(S. scutata)y= 11212 109 Y32 Zﬂﬂ&?qoﬂoﬂ M B2 st o, 27 A2 w2 47 SR, S A
2 EHH] Gtk M. californiensisi= 112] Z|GoATH R 2 Sd5H= S Blth(Fig. 4).
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Fig. 3. Number of species, density, and species diversity index of benthic polychaete at each sampling site.
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Ured 7HE 2 Q& = 7191501 3Ark(Table 1). A 717 &9 AT FO] 74 FL20] Fde = 4 a9
BIO-ENVE 5ol 245 itk ZAF A o] AA TR 3] 2o 7P 2 9% F= 34 8912 HA Z

&7 S§E AT B nel 95, s, ElFES] Bgk 2 Yebton, BlEE o] 8 s oy Fxo] 9%
F= A 02 YT Table 2).

Transform: Square root
Resemblance: S17 Bray Curtis similarity’
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Fig. 5. Dendrogram showing faunal affinity between sampling sites using the Bray-Curtis similarity matrix based on the
fourth-root transformed species density data from the study area.

Table 1. Dominant species contributed to dividing the polychaete community into two distinguished polycheate
assemblages in the study area

Groups A & B
Average dissimilarity = 85.26

Group A Group B

Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib.% Cum.%
Spiophanes bombyx 3.53 19.17 4.67 1.25 5.48 5.48
Magelona japonica 13.68 2.81 3.26 1.06 3.82 9.30
Sternaspis scutata 10.59 0.23 2.59 1.65 3.03 12.34
Lumbrineris longifolia 8.13 4.55 2.37 0.72 2.78 15.12
Mediomastus californiensis 9.52 0.83 222 1.90 2.61 17.73
Sigambra tentaculata 6.50 0.73 1.54 224 1.80 19.53
Terebellides stroemii 5.53 0.33 1.41 1.36 1.66 21.19
Ampharete arctica 5.77 1.17 1.31 1.40 1.51 22.73
Scoloplos armiger 1.69 4.82 1.13 1.32 1.32 24.05

Heteromastus filiformis 4.50 0.18 1.03 1.83 1.21 25.26




Table 2. BIO-ENV test to analyze the effect of environmental variables on the polychaete community structure

Number of variables Correlation (%) Best variables
5 0.774 Total organic carbon(TOC), dissolved oxygen(DO), sand %, mean grain size,
sorting value of sediment
5 0.770 TOC, DO, clay %, mean grain size, sorting value of sediment
5 0.769 TOC, DO, sand %, clay %, sorting value of sediment
4 0.762 TOC, DO, mean grain size, sorting value of sediment
5 0.762 Depth, TOC, DO, mean grain size, sorting value of sediment

Table 3. Spearman rank correlation coefficients between the environmental variables and biotic ones from all study sites
(¥, p<0.05; **, p<0.01; ***, p<0.001; -, p>0.05)

TOC(%) MZ(phi) AT(C) NS H MD SB LL SS MJ MC
depth (m) 0.53*%*  0.56%* -0.90%** - - - - 0.84%** - 0.45%* -
TOC (%) 0.84%**  -0.45% 0.63%** (.70%¥** (0.38* -0.65%¥** (0.53*%* (.76*** (0.69%** (.52%*
MZ (phi) -0.48*** - 0.42%  0.51** - -0.76%**  0.60*** (.70%** (.58%** (.57***
AT (C) - - - - -0.80%*** - -0.36* -
Number of species (NS) - 0.97*%**  (0.47** - 0.37*  0.53*%* (. 72%** -
Diversity (H') - 0.44* - - 0.627%*% (), 76%** (. 45%*
Mean density (MD) - - - 0.39*  0.52* -

S. bombyx (SB) - -0.65%**  -0.43*  -0.43*
L. longifolia (LL) - 0.57*** -
S. scutata (SS) 0.66%** (.6]1***

M. japonica (MJ) -
M. californienesis (MC)

ZAL 71359 8 8 Q1 A AT 0] F B/ 3t 93 TH] A A| A4S AAISHITH Table 3). A ATHER-9] &
T = EA RS Bl eot A= F fr1eA0] dat fo AHRHAE Bl o, A ATk fofRt
AE HolZ] ¢ISktHTable 3). BFHol, ATt Fo] MAL L= B|4E9] F f7eahgt o] AHiAlE Bt 2
AT e FAEY Aret F f719A0] o] SRS foloMl 5716t o RIGZ AR ON(S. bombyx)= 2]}
Al A5 FQ 4% 712, AR ARHO|(L. longifolia) 2t BRI FON M. japonicay= AT Z7Fek
A R o] 7ok P B0, UMA] F52 FolRt HAIE HolA] (3t th(Table 3). 2H=2] kS
T A A ThF0] Tt B A, e 9 3E St 2 2 Q1o *Jﬁl&ﬁ] B8 G AT AR A
N1 2| o] Mt 7 ETF ot e 4, EIAEC] Ak, EAE W 7 Ieas ak ARt SRS
SF FO] FRIHAIE Helom, 84 A E0] R gwfo] S5 ot = 94 &
Bt AAEEE 4, EAES] A, EAE U 18R, ARt SIS S0 ARTHAIE e, 88 A
Tt E|AE0] R o] S7FE FoR 2o A Bt =8 4F 5 L2 AAZ OIS, bombyx)7H 4,
EAE0 A, BAE U A7 190 AR 57 RS foe o A E 7o, A Bl A Ee 1t
T2 Folet SO AHAIS 717 71 2 & LRt TH Table 4). Y& EJ2ARS 71 T E]o A= A ctF
T4, FAE0] A, AR SRS ROk 20 ATRIAIE Bl oH, AT B A E ]
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mef o] S7TEE FolRt o] S Halrt Hat AR 2 @ Qv ot AT gle Ao s
BT, 328 S 7kl ARSI AR ONL. longifoliay= 47 E|H=9] Uk, 27t S7Fde= ol
FHIAIE HloH, AT HA e Rl dEfe] SIS oot 2o ABEAIE HIT Mediomastus
californiensis= 537 Aol S0 ATHAE HAIL, ST Fol JBEAIE EATHTable 4).

Table 4. Spearman rank correlation coefficients between the environmental variables and biotic ones from Uljin and Gori
coast (¥, p<0.05; **, p<0.01; *** p<0.001; -, p>0.05)

Depth TOC MZ (o) Salinity DO Sand (%)
Number of species 0.78*** 0.65%** 0.69* 0.67* -0.77%* -0.67*
Mean density -0.95%%* -0.83%** -0.79** -0.86%** 0.89%** 0.84%***
Diversity 0.76%** 0.69%** 0.69* - -0.62* -0.70*
Uljin Spiophanes bombyx -0.98%** -0.90%** -0.84%** -0.86%** 0.89%** 0.89%**
Lumbrineris longifolia - - - - - -0.62*
Sternaspis scutata - - - - - -
Magelona japonica - - - - - -0.62%*
Mediomastus californienesis - - - -0.78** 0.77%* -
Number of species -0.76%* - -0.65%* -0.69%* 0.74%* 0.68*
Mean density - - - - - -
Diversity -0.82%** - -0.64* -0.76%* 0.79%* 0.68*
Gori Spiophanes bombyx - - - - - -
Lumbrineris longifolia 0.87%** - 0.89%** 0.82%** -0.82%** -0.89%**
Sternaspis scutata - 0.61* - - - -
Magelona japonica - - - - - -
Mediomastus californienesis -0.72% - - -0.64* 0.63%* -
Uljin - sand bottom Gori - mud bottom
4.3

SRt EolRk aiohs 710 2 QIR ZANE Kol 525] 4lo] ZofRi= e HRItKKim er al., 2001). 2
T AR A 4 5~60 mE SfieEAof Q137 9171 0] A ellxt= Eal Qo= T Zojx]= e Ealt
2 A 22 (X - T2 A 2] BE o] AH ElAGS Helo, 12] 2|92 E H3S AlelRt BE o] YA F
g Bt ZAF O] B3 E U & A7 RS o] @ AR ARellA Bl A Wi A o 2 4-4o] Z 1 Y]

o] gro| agke AgHof|A] = veht Bl Agte] AutAl sfjof 25 0] £S5 HYirk(Paik ef al., 2007; Yu et al., 2011).
A A HollA ST AATHRFO] F T4 77} 283%7 4,91271A)/m 0] .oH, 231 Sigtof|A]
20339} A E(7,04970A/m?) 7} ko™, 12)(191F, 5,253 70A)/m*)F T2(88F, 2,39971A/m’) A|Y o=
SIATH(Fig. 3). 0= 71 Aol AR A TheF-0] Fpet AT E BTt ¢kt 7]1E Aol 2% o H <] A A
Ths 50 B AU TS 7827 1515, 2,496 70A4)/m” 0 2 VPG T(Yu ef al., 2011), ]9 (145F3% 1,601 74)/m),
72 3910157} 39971A4)/m’) =02 AT F O] F4=0} MA U&7} 71451 tk(Paik ef al., 2007; Kim ef al., 2011).
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Ath(Seo et al., 2009). O]= LRFA.0 & A YA | A HA 18] 11 F 24 e52o]| b 2fo| = o AR Tt A
ATHRFO] - A A A = E| 20 o] A o]l Fake BH=THKSeo ef al., 2009). YRHA0 2 P2 A FE9] & 24
& T | 2AF Bk thoket Bl 4A oA Z71RICkNishijima ef al., 2015). £ AT 2| oA ZALE 7|12 Ao =22t
O] ZAtalj el ] B[4/ 2to|7F A UehdA] ghgkont, & A-FollA = iRt B2 dol| A ZAbE|olZlth(Fig. 2). 18|12
22 Al A9 2F AR S Fat AL O] Zfol= A7 | Q- AT F B4 <5 T2 EJAAT)
o|A/de] wet 2ol & Holi= A0 R o AZIL £35] 1 Aol|A EAS T 52 A4 2ot Teisto] B thiE F-24
of 71t} WA S 250l 77k FEE UEPA|TE M 0 2 & o) 11 4= =6] Ao o] AlEo] A
50] T2 420 A4l of| ARt 37 tiRioh= A 02 o AZITE
8 T 7HH, 27 SEA| ol A= D2 AAFON(S. bombyx), AR ZFONM. japonica)@t NAFEFEHA
1E*°](L longifolia)7} 735,02 ™, M2jol|xl= AR 0N(M. japonica)?t 7A5HATH(Fig. 4). = A sioA <]
FQ 9HFL TY A YofA AR 7]E Ao} 2 AfolE HolR] QFth(Paik ef al., 2007; Kim et al., 2011; Yu et al.,
2011). YIGZZAZIFO|(S. bombyx)= B Fo] 2Fdo] 79] Gliz Aleh AP 124 2] ol A 9313l om, E9A17]¢
WAE=2] B Zo] ZITKFig. 4). MAZAAIHO|(S. bombyx)=-53letolA] At o2 Sl Edoh=Fo2 Ta
Hj4— S0 2p2ro] glego] w9 W2 7h= AH EJA Bl A F2 ZASHH(Yu er al., 2013), E5 EJ&El|A] Ho|E A4}

£ B3 EEEARE I 9lai(Macdonald et al., 2010), 23 Hslo]| 1171t 718504 F.0 2 E5] dll=2] 550l 5
7¥ste] Bl ol Mgk} ole Al /WAl gateke A 0 2 e A Slthhitp:/www.marlin.ac.uk). £ ZAPARE 1=

13401(S bombyx)7} &1 WA F- vl T8 2] Hol| A = 2Hste] 2o, Eo] W71 2012E S50k B
BHE2013E B0k g BTk ols 27 2AFA 0] HAdo] 20121 Apzo] A9 Il AIHT AP B4
Oﬂ*i 20131 2pZo] o] H-2 2 g A El&Afo 2 Bl 2ifo] wstoto], T1A=HA]=0N(S. bombyx) 2] HA T 7HA
4 -2 A 299 El2P g wstel o] w2 2102 of AZIh
DAFEFAAZGONL. longifolia)?t FLEAXFBONM. japonicay= MEME@E}) T APEAEE) 2 o7l
BPEEA Fullaet QT A 9]1 A0l E@skA] 29k, g4l 7 Aol SHsHArkFig. 4). JIAREIAAFH (L.
longifoliay= U0l LAt AR YA &3t B2 dol|x] Zd ot Wlita ajo| Mk Edctk= A A7 B @ NS 2 &
22 QTHLim et al. 2006). Y AEWsellA= AFE ko] a1 4lo] W2 sfjHol|x] 2 Z35}al QIrk(Nishijima e
al., 2015). ER+ ARGV M. japonicays 54101 702 AHE E|9AFE Aoshe F02 9efA IrkKim er al., 2011).
M=) F 232 E-EC] o d 7t il st &S] Higo] 3 F 24 Wt op gt A7t 74t Abe
et al., 2015). ‘YA I it 2| Felxiz =2 ol Fa57 = QI AAl s =] 2B~V F71RITK Lardicei e
al., 1999). 182 1 Ao A 7R ARFHO(L. longifolia)2t FEARFHON M. japonica) 2] A4 g740] gt AL
A = YA ERAoA S5 g olf= F il sl a7l SJgh A o] vl o] A iAlGTF Aag A
© =2 o AZITE QEF| MR O(S. scutata)y= 112]Q] thFE] 2ol A ghe 42 97 ZRsol=t), x}u}a] AlEst UA
QS Aodke Q5 71ARHONS. scutata)®] B4 TRl A0 2 HRItKShin ef al., 1989). B A% o] 7K Family
Captelidae)®| Mediomastus californiensist. 12]2] 2 AHS AHLQE A|YojM] W 2 Edsk= ¢ % B9t M
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Al 2502 A VIR Fesigion, A2l 258 2] SFUA LISk PGS 2, 7 2SI He)

WSl 7P 2 8018 HAE o) R IR 8 AT 52180 et Hay, Halge) Bgra el
(Table 2, Fig. 6). 5 97:9] 79 Sollet a2l Ma1h F00| AMCkEf 2Pehe oz @ 47 Fupt glw, o
AAEEO] 27 97 Ak B olot 27 vl BEAR Fo) FETA bR EsIe] AAShe AR e

ST EIR B QI ElHE W2 TR ekl JRS TotThPaik ef al., 2007). TS50l 7S ALte] AHY ElH &
Aokt AAFEHSFEE2] B3 Aol & Gk BEO™(Choi e al., 2000), 50l 717d<E T sl oA A Alok=
AR as gl A ) et 28 221 7]1 Alg=2] 2ol 7 ERGTHKim ef al., 2011). E35], ¥} @4 0] 2uj7] of

03?%%4 ol L n|xE= Ao A YA (Yu et al., 2011; 2013), & A7 A} -8 ST A ATHLF

gle 202 et Table 3). Z12{22 T4 FHs|H o) AT 7= Fd=F=2
H* Ut HH%“—TL-OJ AR 2 w2 T4 0] -l Ftof =R, 11 0]9)¢] X Hofid= 4, &= He]
71 & HEHTOC) 2 H A =0 et Ui, E2VS 5 LRbQl 2 clo] AArFo] F 243 4T3l o &
QoA FFS vRl= A= A,
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Fig. 6. Multi-dimensional scaling (MDS) ordination showing the relations between benthic polychaete communities and
four environmental factors such as total organic carbon (TOC), dissolved oxygen (DO), sand %, mean grain size (mean),
sorting value of sediments (sorting), and clay % in the study area.
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