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This study was conducted to investigate the benthic condition around Busan Port by analysing spatio-tem-
poral distribution pattern of polychaete community and some benthic environmental factors. Field survey was
seasonally carried out at 15 stations covering in and outside of Busan Port from February to December, 2007.
Water temperature, salinity and the type of surface sediment showed little changes among the stations, but fac-
tors related to organic enrichment such as TOC, AVS, coprostanol showed an obvious contrast, especially
between in and outside of Busan Port. A total of 96 species occurred and mean density was 1,814 ind./m”. Spe-
cies richness was higher at outer port than inner port, but density was higher at inner port. Dominant species
were Aphelochaeta monilaris, Magelona japonica, Pseudopolydora paucibranchiata, etc. and many of them
were typical species of organically enriched area. From the multivariate analyses, the whole study area was
composed of two distinct polychaete communities located at the inside and outside of the port, and seasonal
changes didn't have any influential effects on the structure. Coprostanol and AVS, indicators of organically
enriched condition, well explained the community structures of polychaete worms in the vicinity of Busan Port.
In this context, the innermost area of North Harbor was in a highly enriched state.
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Fig. 1. Map of study area and 15 sampling stations in Busan Port. Ini-

tials of station labels indicate the name of specific ports belonging to
Busan Port. N: Northern port, S: Southern port, G: Gamcheon port.
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Table 1. Physico-chemical parameters showing the benthic environmental conditions of sampling stations in the vicinity of Busan Port

Station Depth Water temp. Salinity Mean grain Sort TOC AVS Coprostanol
(m) 0 (psw) size(@) (9) (%) (mg/gdrywt)  (ng/g dry wt)

N1 13 16.6 342 7.1 1.6 2.7 2.85 11,684
(11.6 - 21.6) (33.9-34.5) (1.9-3.5) (0.68 - 4.86)

N2 15 16.0 338 7.1 1.6 0.9 0.12 99
(11.6-20.4) (33.4-34.2) (0.3-1.5) (0.00 - 0.45)

N3 11 16.9 33.6 7.4 1.6 2.0 0.59 1,237
(11.7-22.0)  (33.5-33.8) (1.8-2.1) (0.26 - 1.34)

N4 8 17.4 33.6 7.3 1.6 14 0.14 1,080
(11.8-23.0)  (33.6-33.6) (0.6-1.8) (0.03 - 0.41)

N5 12 16.5 33.8 7.2 1.7 2.6 1.74 1,215
(12.0-21.0)  (33.6-34.1) (2.1-2.9) (0.14 - 4.35)

N6 7 16.8 338 7.1 1.6 1.2 0.21 429
(11.9-21.7) (33.6-33.9) 09-14) (0.00 - 0.59)

N7 12 17.0 34.0 7.1 1.7 1.4 0.10 279
(12.7-21.3) (33.9-34.0) (1.1-1.5) (0.00-0.17)

N8 33 17.2 34.8 7.3 1.6 1.4 0.19 31
(134-21.0)  (34.2-35.4) (1.1-1.7) (0.00 - 0.51)

S1 16 18.1 33.6 6.1 1.9 0.7 0.04 124
(13.4-228)  (32.9-343) (0.6 - 0.8) (0.00 - 0.08)

S2 19 17.8 33.8 6.0 1.9 0.9 0.07 122
(133-223)  (33.5-34.2) 0.6-1.1) (0.00-0.17)

Gl 11 18.8 33.7 7.3 1.6 23 0.31 644
(129-246)  (33.4-34.1) (2.2-2.4) (0.11-0.7)

G2 13 18.1 339 7.4 1.6 1.8 0.40 464
(12.9-23.3) (33.7-34.1) (1.7 -2.0) (0.11-1.18)

G3 11 18.9 33.7 7.2 1.7 1.7 0.13 561
(12.9-24.8) (33.4-34.1) (1L.5-2.1) (0.04 - 0.23)

G4 10 19.0 33.7 7.1 1.7 1.5 0.32 361
(13.1-24.8)  (33.4-34.0) (13-1.7) (0.00 - 0.62)

G5 14 18.0 33.9 7.1 1.7 14 0.39 234
(13.1-22.9)  (33.8-34.0) (1.4-1.5) (0.05 - 1.01)

Measurements are expressed by mean and range (in parentheses).
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Fig. 2. Spatial distribution of the num-
ber of species in each sampling month. The
size of circle linearly increases from the
minimum to the maximum during the study
period.

Fig. 3. Spatial distribution of polycha-
etes density (ind./m?) in each sampling
month. The size of circles linearly increases
from the minimum to the maximum
during the study period.
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Fig. 4. Spatial distribution of diversity
(H") in each sampling month. The size
of circles linearly increases from the
minimum to the maximum during the
study period.
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Fig. 6. Two-dimensional MDS plots from squre-root transformed polychaetes data. Apart from the labels of sampling cases, (a) season and

(b) area are superimposed on them.
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Fig. 7. Dendrogram from cluster analysis for searching for community structure related to spatial variation at each sampling month. Dotted
lines are produced by SIMPROF test, indicating stations linked with each other belong to the same group.
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233 ZE e B3] UE JPE0] shie 5%
Fdshar, & AFMT 24T ojFoigy Fia) B o)
BAEC] E OE I5E sk AL B2 5 i) o
T S N1 A AE ER 9F N8| olgd ol 7zt
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gheted JARAE AASE Ao FARE HES B tkFig.
7). SIMPROF &g oo AR, AAES F4 349 2
TS 27%, 945 12852 % TEERen, A4 N1, NS, N8
ol Aol wheh HWAY] ATE-S FYIH 53] AF N19
THE A9 e AL A9 ol dds s Eae 24
ojich. vk, AddE & UEH Sl H3hs 159 A9
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o2& FARE SAE BAOH (Fig 7b), N6o} N7 8¢
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B AMGEFES G WS 9508 78 Aed 2
AR 4L T FHFES Coh) A3 SIMPEREAN S
Wolm 7 ANE Wil FE 490) Nz T jEy 93
F5E MDS 27H1 o] Easte] BgkekFig. 8). WA, 9
& & tiske 2% Magelona japonica®. '&83 53

Zoll F2 31 0m (Fig. 8a), H-915 T HHAES 71.1%
of ohet 7d 7%} 9.1%% =& BolSith. 1 2ol M. japonica
9} FAMEE B3 el-g W]l F 0 B= Mediomastus californiensis,
Prionospio saccifera, Sternaspis scutata, Leiochrides sp. 5°] 3}
om, A 7]oE 2.0%~4.0% FEM A5FTHS dEske
Foladet. v, & 73 E dEdhs S3FS dphelochaeta
monilarisZ. 7 FT B3 Ul 2 F381%l 2w (Fig 8b), W
9% A2 WFARE dig AE N5l 11,99%F & H
oIt 2 9l A monilaris?t FAFS X JEHE B FOF
+ Pseudopolydora paucibranchiata, Spiochaetopterus koreana,



W F ANTETERL] AR BEe AMEEL 54 133
(a) Magelona japonica Suess: 0.141| (|y) Aphelochaeta monilaris Stress: 0.14
[

& 200 . 500

. 800 . 2,000

. 1,400 . 3,500 : % .
. 2,000 . 5,000
() capitella capitata Stress: 0141 () Lumbrineris longifolia Stress: 0.14

e
®
& 00 @ o

® -
. 280
. 400
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tional groups.

Euchone alicandata 5°) 8101, 71 7]9I % 3.0%~5.0% 5
M UErE diseigict. A, 22 US AdolwA] 739
EAo]l A 29d 34 19 A9, Capitella capitata?} T35
82 FFoRivhe oM ok uis AR FHAHER Aozt 9l
SUth(Fig. 8c). RbH, o]d F=3 2] e USa 95l 44
AFoR 3B UE FEE Hl FEo] lon, duggow
Lumbrineris longifolia(Fig. 8d), Heteromastus filiformis, Sigambra
tentaculata, Glycinde gurjanovae “5°] ©19l 231}

AMTEFEY 20 Al-S7H MEd IS 2 dE e
91& gfelsly) 918 BIO-ENV #4418 Saaigict. 873 U A8
A58 UAY FA Wl A ) s 84 AP s
A 293} 8 AlmThE Aol o gsiitt ddWeRA 1A
TE WE 7R e AWIE Ve WS coprostanol(p=
0.695)°1 .20 | ARSI HEE(AVS; p=0.403), F-57| AT
(TOC; p=0.335), 44 (p=0.303) 5] S5 ot} 3
2= N, ABIAEEE BE T 183 coprostanol?] F3t
o] 7 AT AR (p=0.72005 B}

o

flo ©

3

-~

i

il

SAt0] MAE
2 AT 2 ASSY Seu ¥, 103 EFHAE

= g, aely 2] J-eE
= 107 LERYTHTable 1). 542 4
Uj-9)&0) 23] AR MR Ao)F ol vz
A=)}, 18y {4718 2 7HsA d
2 A E 5 Qs SERTE THVEA(TOC), AR
3 (AVS), 28131 coprostanol FolA 3] UIST} 2SS,
Tdar A el 23] dhlEE 23E HolFqith
FRNHAE VTR fYIELAE oE & ¢ ole diE
A QAL BUdte] NI, N3, N5, 281 7] Gloz g&
A5 vs) A 4u) 7irle] &2 Fhol SAF Y o] A=
oA 2] ZA4ZHS Kang er al.(1993) el Rue @3l 4 H
7+ 2.18%RC}F -2 2 gollrt. 3HA|9h, Kang ef al.(1993)
o] BAliel 2470 7 W IEk 3.44%L ¥ 5-(1995)0) Hufgka
ko] ZAzko g B3k 32%, 3.1% Buls ¥ glolqlth
gy Esl s 7)1Eo 2 §71E e TS A A,
ZNek 715 Al Bt 1 e 9l AR SR & 5 ik
At AHE Jhed A Bdgke]l LAERE TIB(AAKES
TR e, 1972)%) 0.2 mg/g dry wtZ g@x] obs & 59
ol N7, 5 7] N8, @3 )9 §1, 2 181 7HdE
G3 ol et o] FeME AEA e FIE 0.2 myg
dry wt.Z 9= 29hd 7 N7, S1, 82 o), kA, Ak
F3E 7150 edwrt M AR AHe SR ek vt

e,
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FZAE N1, N3, 2813 N5, 53] NizF N3 Ao
we} 71E s 20ulE Y S5 B —E:E 715 38t N1
I N3elA 893 12€0]] B59 ol v v 5(1995)°] Sl
ghollq 1294 SA381E FHdigkd AR =Eoldn. $hd,
Kang et al.(1993)8} 54149 H84(0.29 mg/g dry wi)d 2 3
Ate) & A71(28) BHFEK0.15 me/g dry wt)E Hlwahd, 2
ZAYA 28l 7i7ko) who} A ) AkEIYselE R Ay
A7) g8l AR 3] EE & 5 AUk

Hatcher and McGillivary(1979)°f W29, ok HAE o]
coprostanol 57} 10 ng/g dry wt. ©|3lo]9 3092 o)
e Aol & 4= gick. vt 2 2A A vk BE
A T N8 A$olT 31 ng/g dry wiE EAIERS 4
oJAle &= gl FERTE B3], Buidke] A3 7Rd N2E A
3 L}YP]X] 47 AR EZ 1,000 ng/g dry wt, 01 & ;

Bglom N19 555 11,684 ng/g dry wt.ol] Dasitt. 3
(ZOOSa bl Ful At F HAEY @5 vlnA 52 303
Akl 3%

-r-’ 00!'

N
-

[e)

‘T’

‘OIﬂgﬁ;sEm

Wit 2 ol 242} 3,964 ng/g dry wt., 8,257 ng/
g dry wt. o]QI"] A vlwaiE N19] gho] dids] w8 g
°‘ T Atk N19 HA7F s-9] ¢k QAT oA

coprostanol.l IEE 2 FHOETH Ak 7S AA
AIBHA, ol W (1995 BUEH 239 f71E 29dL
2A AN BaEs 8 IR e Qs E Ale)
T2 SIS AR AAse Aol

AR MMCIEEAE

% ?’“ Erdoa Balalel]l Sdshe AATER] o] A
EE dolry] A8 £ Al T2 A7ITE AR #4427
A oV ZARE ST 7€ AT ZHE Table 200 =8
Has) Baiel B Ak AgEAE 8.4 & Table 200 AAE &
167 ZAL FollA ml A uhe £FelgiAnt, & T 96520 %

R ' R it

034.
T
r-

=

R A e
Z|=(Whittaker's d;
o} gels] ok 2 9]
&re wal KH“ o
*&U&, 7}”“# 7%%1] sfl*&?} 1’43 258k = THTable 2).
Fakgk gl 7 Qi @& o E‘i"ﬂ’ﬂ 1917 87 wte]
7¥s7do) vl - lolx Esla &9 F— AR Fe)
Z7) 919k Eol Wk ZRefle v 22 E 7K Q]1E0]
298l 243 Flo| ohdrt FE5FTH AN, & ZAlelM= ¥
Abak i) o) WA 952 e s Z/\}ﬁ}"”
o Q)= JHENN = UFelr] 28EHA 2 vlnE B
o] MR 2@ 58 UE ST F —?—’F
= 6950 % 9= I3 AIS oF 30% 7R Alo)E BT &
3), 9% 44 71 819 AR F F5E 61F0R AR Q)
ZoAl o] o) AErierd SHA UF ‘hot spot’°1] )
“3?“ AHQ Zloz ARt B4, AR 9l 7 el
F FR718(TOC)S} At "é%ﬂ*ﬁ(AVS}* 7lﬂx~i BL‘?P3
GHQOHH HAE e e RE wAkbs oA BEEE g
Yoon et al., 20077H] T3 4718 29 A%k A
ﬁfﬂrﬁi olg{gt el 2Fe it U ot AR o
2 FTEA 238 MAA o8 FETeEA AL FY
E ':'lr‘”o@}oﬂ 71ojEld g Ao wE), o8} fARSE dde
st o Gt #2EE 2AMH(Yoon et al., 2009a)% 7H}
"H(Yoon et al., 2007) SoIHE A uf Qict AlF, FAge]
Q3 A (N1, N3, N5 5)2] A3l S4%0 Wik
ol P S glo] AS5HIAN o] F o M=
Bk S ol guket AR Aels B5EHA ottt f1E
o] B2 HARENE F71E) T 3 F33)
o)) AkgPaA] #EE-2) H5ot wolkA v (e.g. Como er al., 2007),
ol2f3t o) AFAT ) AThE WS A MAkh B0l F

B ORI,

Table 2. Compatison of yearly sampling frequency (n), sampling area (m?), total number of species, and density (ind./m’) between present and
other Korean studies on polychaeta communities. Whittaker(1975)s d is also presented for the comparison of relative species richness

between studies with different sampling areas

Reference Study site Yearly sampling Samplinzg Total nurpber Mean der;sity Whittaker's d
frequency (n) area(m?) of species (ind/m?)

Lim et al. (1995) Kyeonggi Bay 4 20.4 1 332 85
Park ef al. (2000b) Chonsu Bay 4 252 143 474 102
Park et al. (2000a) Mokpo 5 15.0 88 389 75
Ma et al. (1995) Deukryang Bay 2 6.0 52 276 67
Lim ez al. (1991) Yoja Bay 2 6.6 46-62 140-239 76
Yoon et al. (2007) Gamak Bay 2 8.0 81-119 900-2,802 132
Shin and Koh (1990) Gwangyang Bay 4 10.0 79 520 79
Lim et al. (1999) Aenggang Bay 4 21.6 90 874 67
Kang et al. (2002) Jinju Bay 4 16.3 132 321-494 109
Yoon et al. (2009b) Geoje-Hansan Bay 4 12.0 131 2,775 121
Paik and Yun (2000) Jinhae Bay 6 9.6 78 1,533 79
Hong and Lee (1983) Masan Bay 4 4.0 34 547 56
Yun and Paik (2001) Kadugdo 6 12.0 89 1,263 82
Yoon et al. (2009a) Ulsan Bay 4 3.6 99 3,208 178
Shin ez al. (1992) Yeongil Bay 4 8.0 72 1,485 80
Present study Busan 4 8.4 96 1,814 104
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2kt 7P°J°ﬂ To% s Fgoay Z%E I FIE T AL
él(Snelgrove and Butman, 1994)] AR o A
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Spiochaetopterus koreana, Euchone alicaudata 5-°| )30}, ©] 7}

+H P paasibranchia!aﬂ S. koreana= F71E 29 Fo 23

Q9T WA 32 7FH O ol 3R FO B v} 9lo]

(Yoon et dal., 007) A. monllarzs«l LA 3} A Fakek S &
718 29 7Fsdg AER AAFL it

A 3, 6,7 53ER] Pseudopolydora paucibranchiata,

I UE S Bud $oga 9o e 5 9o 5
71%kA, L’«}‘““%ﬂ'q 4 coprostanol 5] F5e o] FAkg

el 7Hg =& @hg Hols A Nl shga o Baxs)
Z50) Qlv}. Capitella capitata®t Dorvillea rudolphi7t 1 th3E
0| A monilaris 5°] ‘intermediately enriched sediment'®] A
Agolgbd § 5 E& highly enriched sediment'®] A|AlFo)z}
& 4= QlU(Pearson and Rosenberg, 1978; Bdgar et al., 2005; 4
5, 2007; Yoon et al., 20093). &3}, C. capitata’= 73= ¥ gt
A AEf AL S Y] R AARE 7|FESR o
3o w712hel AT URE 1000 o SEAL £ 9 T
#& 7hx] F0 B (Tsutsumi, 1987; Charconpaich et al., 1994),
1” A& Aofg o g PR BE BEAE Bo)7k Sheg
} %, 2000b; % 5, 2002; % 5, 2007; Yoon ef al., 2007). £
‘?3%101]}\15 AE N1l FAKle] iEd] 985521 4. monilaris,
P. paucibranchiata, Lumbrineris longifolia 3 72 W&l &
71 LAAANFES] MALET 5438 AV H8 &35}
A e ol BEHSI O (Fig. 5), C. capitata’} N1 A A
HAAWATE 90.9%F 2HAIste] i)l 4 s v
oleldt A 4 FIE C capitara®) EHIHN X"ﬂr TE
o3R7FrEl @2 tHeg. B 5, 2000b; 7 F, 2002; F F, 2007)
ofut Rlnka 3] A & (Yoon er al., 2007) 3 ‘4:01 7%
9_0:10] 4Alo}7]] xau}cl ﬂﬂoﬂ/ﬁ E"“IE] \3} 017] “Hp‘r } ng]
F71E 29 A5 A7 559 5 _E HeEh
’:‘)\]-6‘1—‘4 E‘HJ_?(‘]O] Lﬂﬂz 53+
Heteromastus filiformis, Sigambra a‘emaculata, Glycinde gurjanovae
TOF UFE FXY FE Al 1 299 dus 2
Feol v 235 ATk L longifolion= S A9t 30
NN A. monilaris?t XA7) A947}FF FE AAE FowA
okl Aglel A 4. momlarls@r Gl A | B A 2 $REeR
FHsh= FTolvi(eg 2L, 1995; U7 #, 2001; H 5, 2003; ©] &,
2005; Yoon ef al., 2009b), ¥ FA A E A 5 A2 E Ae
% 5.0%) .= EHsI3iTh. H filiformisSt S, tentaculata-i 735
Ut Aol {71E LPRAE F71E2.<3e
,OH Uido] 4t F0 2 BARE T e TEE H filiformise A
& A7 Aol (eg I %, 1997; A3} 1, 1998; A3}
1998), S. tentaculata= 23l AeolA(e.g. Paik and Yoon, 2000;
&3 9, 2001; Yoon et al., 2007) ALY Ti= F9 $HL0R
38 Abglge] Qlrk. 1ol AFE Al Fo Fatgtelale]
3RS L longifolia?y AR EelA] dulEoR &
B el it tiHE Alde] ot il B g50% §
o TS &l 5AE Ho] AR g5 s fU)E o9
AFFEo] APl Wk AAE 4 Qle EHEAE AT
A, kgl o2 By 9HEoR s
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scutata, Leiochrides sp. 5°] 3tk ©] & M. japonica= & A
AR 11.4%, B2A A5 s19elA 35.7%2) &S B
Q1 FAREE] A 2 2T o] FY F EX AL Uiy B
gko] 9lF o7 HouE: 590 NeolA BEF 1450 HA/m?
olth. A7k Hard o] Fo] ] VI Flode A A
HolATHe.g @ ¥, 1995; 93 A, 2001; ©] &, 2005; W =
2007), 2 A7} FARSE 5 T 7 o] AAY R B B
28 gL 2 T3 Adel sigshs 242,460 THAm>-
Yoon et al., 2009a), FE A%H(1,878 7WAl/m*w ¥, 2007) Fo)
9T Yoon et al 20092y ©] Fo] B Y=rrh= e} ¢
T2 5T 7ol I ol 4T 48T d4 £%0) &
B oo FE BT AMIE 7)€ vl 9lo] B 2L
ARE ARISF Sk, ©1EF M japonica?) &) A& L
EACE Q3] 15t Y] Aol o] & 48 29 7
#EFo7 7IeH7)E st e.g. Yi et al., 1982; U &, 1997;
31 5, 2007). Z2&Y Yoon et al.(2009a)0] A& &k ule} 7o) o]
Fol §718 299} ARAQ Fede vt sheeks Aldae
2 2R U BHYE8S A3ss B3E AR E E,
2003; W -, 2007)eHE AT e SANE w Mz
RO D 57 ol HU1E T Q7 Hojghs 48 &
2o} ol M japonica’} V1 BX Y 4L =
el 7L AR T4 U] N1E A9ls A AhdN &
kil ks ARdeME kzlE

A S MDS)# =) -4 (Cluster analysis) B3}, FA18¢
9 7 Qe AMUERTES YHAE 408 39 s
9]&0 R FHlo] FtE e, W4 o FHEGY, GS,
N6, N7)2] Z-¢-ellut Adel wpe} &e] WiE == 9% 49 &
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