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1997 1149l &2} 247k AMBEEYE Hesl7] 98 At A=t AsETRY] Hardd
T 535 A /mPei e, EEFTE 1173010t ©] F UEF7F F9H SEZoIeH, EHESFE F 635, A
2UEE= 380 ANA/m*)A T RFE HES AXMTES S0 s 230800 71 AAder) sk,
Te] Alo] FFollA Wt} AXFEE F0 $HFL Cirratulus cirratulus(22.7%), Tharyx sp.(16.6%), Ruditapes
philippinarum(16.1%), Lumbrineris longifolia(10.3%) S°It}. £ A9 7 & S92 $3$E9 54 EX 3
Qo] FEFo| o7} s O =, SANAME Tharyx sp., R. philippinarum, Grandidierella sp.17}, 2RI &
L. longifolia, Euchone sp7}, 28|31 T ol F5H O C cirratulus, Cirriformia tentaculata’} 9883 o} &
HEY A3, ARG A 19 #YG-&AT S5, 24 4 4Rk 240 Afe] &JEd, 2o
BRIP4 BY ARAFE AXMEES] FIFTE Jou, AALET) 7Y & ADSR, C cirratulus, R
philippinarum, Tharyx sp7} T8 $8Zolt). &4 $9Y BAES AT Grandidierella spl7t ER3HLE &
A3l Ut} 4tvks) 24k Abo] QI He HFEY AAEET} ul- §lekst oo, E¥ESE vl B
24 e FHEETE Bon, AAEET o] wvh B8 $2 L longifolia®t Euchone sp.©lth.

This study was conducted to investigate the macrobenthic community in Ulsan Bay and Onsan Bay, in November
of 1997. The density of benthic animals was 535 ind./m? and the number of species was 117. Polychaeta was
the most dominant faunal group, comprising a total of 63 species, and its density was 380 ind./m”. The most
dominant benthic macrofauna was Cirratulus cirratulus (2.7%), and followed by Tharyx sp. (16.6%), Ruditapes
philippinarum (16.1%), Lumbrineris longifolia (10.3%) and so on. The dominant species occupied their distinct
unique distribution area. Tharyx sp., R. philippinarum and Grandidierella spl occurred mainly in Ulsan Bay,
L. longifolia and Euchone sp. in Onsan Bay, and C. cirratulus and Cirriformia tentaculata in both bays. By clus-
ter analysis, study area was divided into 4 station groups: Northern Ulsan Bay (AI), the middle area of Ulsan
Bay (BI), offsea area between Ulsan Bay and Onsan Bay (BII), and Onsan Bay (C). Northern Ulsan Bay was
characterized by low species number and high density. The dominant species were C. cirratulus, R. phil-
ippinarum and Tharyx sp. The middle area of Ulsan Bay was by low species number and density, and its char-
acteristic species was Grandidierella sp.1. The offsea area between Ulsan and Onsan Bay was by high species
number and low density. Onsan Bay was by high species number and high density, and its important species
were L. longifolia and Euchone sp.
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o2 A Bzs o] $thMinistry of Environment, 1999). Z# ]
Ak, 2R THEo R e A EHAEW AdeEERY
=7, AT AAAA FhElE A 2 30 9% 2
FEAY FH7 ANTEZH S FAANAA ARt LG8 A
& FEHA 2ARs o] FAAA] 3 YA 53] £ AL ol
Ao 2 g ANFTEZHY ATE Yi er al.(1982)0 B3 Aot}

B Ak g2 gdnke] AMEE L GAHE Heteial
Holrtre olejgt SHOE s 37 ] mEe] AXMFEZY
U)X QgL Hotelaat she At o FYHUY. HA
AR o7 gt} 2A41uke] AMFEZYS T29H T4 ¢
HATES £X 4%E S5k AXAEA g AR A dv
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19973 1199) &4tekal 24iqt Aol F 63719 HHE A
Aol AMFES AR sRTH(Fig. 1). RAERY] BFU=(@9)=
8.3x1.3(4.3~9.7)01H, R T(%)S H 13.1%(0.8 ~64.8), &
ETH %) B 55.0%(184~72.6)°1TH(Ministry of Environment,
1999). HAE 24L& d8 FHAM AL o] 50%0)4-2 A
AL Jouk, F2 silte} claye] o] B HolH, sile FEHE
The clay 4#-9] o] &2 Heolth 72 F24 mud, sand mud
o]thFig. 2)

HEEE NS van Veen grabGEIHTA: 0.1 m)S ARE-5he]
Z+ A 288 AFsAT Qg HHEL Ao FE
7] 1.0mmd AE ARSI ARlom, Ao 49 58L& 10%

Fig. 1. The sampling stations and bathymetry in Ulsan Bay and
Onsan Bay.
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Fig. 2. Fork’s triangular diagram of sediment composition redrawn
from Ministry of Environment (1999).
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4 zEUdos v ARAR ewsich AUY ANE
e 5EPUE A¥F ¥, F 45704 54 ol o2 A
st

FEFEAFR), FEEFEAT(), FEEATFD)E AFHER A

ATt 2 Ao ARG L TeT 2

Z0SAA R H' = ~Z(P)X n(P;) (Shannon and Weaber, 1963)
FEHTA$: R = (S—1)/In(N) (Magalef, 1958)
FASEASF: I = HYIn(S) (Pielou, 1975) »
$HEAF: D= (n+m)/N (McNaughton, 1968)
A7) P A Fo| HA| AN AR Fhe &, S= &
EAEF, N2 ZE2MAF, n FHA 23859 MAS, e
FRlA 22 AAFE gt

T2 AR 728t ARG S R3] Fstd
4 (cluster analysisyS AT o] o) AME3F A5 A &8
TS UdeR kA%, A FAREA T chord distance® A
SiAer, 7 A3 7S B A HE (WPGMA)YE ARS8t

op

2 I

1997 1190 S4kgkat 2xbakoll M AR | A FEY] HaA
HEEE 535 fA/m*e, FE2HFFE 1175013 tH(Table 1).
o] F OEFI/ 9 BELLEA, FE2EESE 635, I
A== 380 NA/MA(71.0%)°10 . T 3 SEZL dAF
EEA T 13%0] EHsIRoM, HUEE 100 71A/m? oIt
22 AASEFHDR), FEEE, AEEEY Lolsith. AXTE
Evge] AEXFE A, ZokdRsE HaE 1.53£0.59
olw] Hdjf 2.71014 32 0.509) BT FEREAFE 172+
0.90(0.31~4.09), ZASEATE 0.69+0.20(0.27~1.00), A=

T
AFE 0.67+0.21(0.27~1.00) ©)Th.
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Table 1. Overview of benthic community in Ulsan and Onsan Bay,
November of 1997. Densities are expressed as ind./m” The values in
parentheses are species number.

Ecological Parameter Mean
No. Station 63
Mean Density 535
Species Number 117
Mean Species Number (spp./0.2 m?) 9.0
Ecological Indices
Diversity 1.53+£0.59
Richness 1.72+0.90
Evenness 0.69+0.20
Dominance 0.67+0.21
Benthic Faunal Taxa
Polychaeta 380 (63)
Mollusca 100 (13)
Crustacea 49 (22)
Nemertina 3(5)
Anthozoa 2(6)
Others 1( 8

AE AMFTEY BEXE 49EA Fig 33 2ok B AR
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3 2lol& RBolZ Yk & MAEEe ST i 22 4
71‘5‘0] Sl W] M3 HAFEe] AFHA g A= ok
Abekat 22kgte] Atojo A et AAEHE MY
-4 AL AMTEY MADE SHTUL AUFeR 54 &
Al WEbsT.

1997 11% ket 24TeA A E AMTES
oix EHE 1% o)de] $EFS F 12%0)Y, g=EFA &3t
£ $E50] 9502 URES AAFE, 2L 9 olwiEF 2%, G
F 1522 YEPTHTable 2). HF-HF2 ”E‘r"/HZHX] Belgl
Cirratulus cirratlus24 A AXTEZFT 227%S JAEH2H,
FFAALEE 121 AA/m? o1t - GA] A"
012l Tharyx sp.(89 7NA/m? 16.6%), ©1™I31F<| Ruditapes
philippinarum(86 713 2, 16.1%), X AABOIFR] Lumbrineris
longifolia(55 /WA /m?, 10.3%) I ol & Tharyx sp.&+ L.
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Fig. 3. The spatial distribution of benthic macrofaunal species number (spp./0.2 m? (A) and density (ind./m? (B) in Ulsan and Onsan Bay.
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Table 2. Dominant species above 1.0 percentage in individual number collected in Ulsan and Onsan Bay, November of 1997.

Species Name Total Percentage(%) Density(ind./m?) Frequency
Cirratulus cirratus ® 1527 22.7 121 15
Tharyx sp. ® 1116 16.6 89 28
Ruditapes philippinarum (B) 1088 16.1 86 13
Lumbrineris longifolia ®P) 695 10.3 55 27
Grandidierella sp.1 (A) 514 7.6 41 21
Cirriformia tentaculata  (P) 380 5.6 30 25
Euchone sp. ® 215 3.2 17 12
Theora fragilis (B) 113 1.7 9 14
Glycera chirori P) 92 1.4 7 26
Magelona japonica P) 86 1.3 7 15
Paraprionospio pinnata  (P) 85 1.3 7 23
Heteromastus filiformis  (P) 79 1.2 6 17

*P: Polychaeta, B: Bivalvia, A: Amphipoda

2ol AslE Lo jFeE Fdshe ]

Fo 718FeR gy &
oA JEdez 8%
e o] wPHZ

longifolice F71= S
209 ANE B JeisE ol
2 ol o FEo| L4 297

A3t of

3% 7

&< ovght
A9 T $REE] NG BE d38 AWEA Fig 4~6
Zo 2 2B 7P & B $HSEY B X 3§
0] Zlol7t Pl Aoluh. H9HFU Cirratulus cirratulus
$} Tharyx sp., Cirriformia tentaculatas V03 25k oA =2
T 23l AvhFEg. 3). Bolg AL o] 3% 25 HElH AR P
O]} (Family Cirratulidae)ell &3hi= Zlolt}, 28jaL ol s F<l
Ruditapes philippinarum3 Y2520 Grandidierella sp.12 23}
Tl Mgt JEeR o T SHSI(Fig. 4), Lumbrineris longifoliaS}
Euchone sp.= 24104 ;szq_i Z¥sl2 AthFig. ).
LA C cirratulus®] 739 L2448k SAME 291 o)A
T H sty ot 53 z“&‘ & o] AR 1394 5,370
A eE S93 4L 2tk 47 AR B3l 85
F 24wtge] Alo] LM 3 &9 5]' | &t} F HA
$EQ Tharyx sp.2} 735 BlE7} 3FF59¢l £AME AR 5

ﬂ
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A AF 2dsien, &% 25k %?3_3]' At} A <
&< R philippinarum®] 7% €373 SR 437 Aol
Az 2E9st9=, Tharyx spd S 28 293 dx3ia 9l
o 4HR 4520 L longifolia®) 7% 22 lM 2 233}
Rom, 4N 2A4lkTke] Alol9 LM E A% EHIHL
o, £ A e AE EEsA LA k. 585 4%
YT Grandidierella sp.12} 734 £4He] TR E AN &
et oy, Tl B MAEEE 14T 6l 3
F9 C. tentaculata®] 735 Az 2xlbdlA 324 25}

<]

3, T 9 Alo)e] QEgoAE AE 23R o}ob:}. TR S
qE ?_T Euchone sp.8] 7% &2babolAjut Az
S XH;QQQ}\E}

xﬁﬂw%% o= FARNe NS 2
iﬂl 47H4 AHFo = :,Lfﬂgm

_E_L
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RE & F29) YXshs A 240 ] vl BPe=
TAAEJTE FAT BE: 4% sHito) Xghs FHER olF
oJ& 9o, AHF Blle 4 244k Alele] 9)3) o @34
e g gH3e APFER HAAFHAT. ARE Ce 24
e} AAER o)A gtk
7k AT e B4 A RET Table 33 7).
AETL A (137H 94) - Czrratulus-Ruditapes Tharyx assemblage
EHTTE 463, BT F2EFTFE 108%, AALEE 1,556
A et} 782 BHEF 7 Xﬁ’\i SEY AYdzrt &
BREolt). o] T TEF MNUET} 7FE Eo} 1,057 7HX'l]/rn
o|gl o, ThEF¢] ‘E‘ﬁ_% = 28F0|3tt. TUMIA = 0.83
o2 e won, LAEATE 09022 v¢ g} & o] A
TN 1~2F0] FHHINIL Ues & F Uk HE F2
Cirratulus cirratulus, Ruditapes philippinarum, Tharyx sp. 5°]TF 1
2} Cirriformia tentaculata’} $-73312 JTh.
A7 BI (&N AA) - Grandidierella assemblage
2225 3% WY 2P2SE 69202 28T o)
F3A] Eslr), AT 94 348 AI/mME W& Holu} zkzt
F71 280 MA/mM’e® 7P Fa8 FEZITh FOFIATE
1.05% & Holy, SHEX+E 0.82% H]_,‘}!_X =1} o)l= Bz
Foll &3+ Grandidierella spp7t SR8 Ye ARE &
7] wEo|t.
AR BN AA) - Syllis-Magelona assemblage
22 HETE 6950i W) AP 7P ROy, AT &
9FLE W Yot MAEEE 116 7Hx4]/m2i 7}
%E}. TR} 7W TR FETOIN. FUHIIAFE 1.58
F HolH, $AEAFE 0612 Yt of @@%f 3
ke Abolo]] #1x]31H, Yslo AAEE sld o2
E38F0] ok, 534 Fdeol UeRE 23ttt
THEY AAE=Er @A) Ry A=
Syllis elongata$t Magelona japonica?} -3k it}
AHT N ) - Lumbrineris-Euchone assemblage
U T2 v 2oH, YT AT 94 219
FTOoE 7P B2 FE0] £9s1A Slvh HEAAERE 94 1,016
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Fig. 4. The density (ind./m?) distribution of Cirratulus cirratulus, Tharyx
sp. and Cirriformia tentaculata.
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Fig. 5. The density (ind./m?) distribution of Ruditapes philippinarum and Gradidierella sp.1.
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Fig. 6. The density (ind./m?) distribution of Lumbrineris longifolia and Euchone sp.



186 APz -

129727 ¢

Fig. 7. The spatial distribution of station groups which was divided
by cluster analysis, based on the species composition.

7R /m*Hong, 1987; KORDI, 1993), 53] U7l 2,085 7HA)/m’
(Shin et al., 1992a)H T @A3] ¥ gholt}.

A AXTES NAFA QoA DEZFI7} AR SR v &
71.0%EX = Ate] & g} fAME fEolut. A3 7]
gt BHEF Qo2 63.2%(Shin ef al., 1989), A7) FEs] 9
57.4%(Shin et al., 19920)RTe o}, 22 YL 71.3%(Shin
et al., 1992a), F4F Aote] 90%(Lee, 1976), 22F7H2] 88%(Yi et
al., 1982)RT= WAL A fFARE $Folth tREFe A4
T e e ddd] vl AEs] Wi Holth e #
el 749 342~ 520 71A| /m*19]. 2™ (Choi and Koh, 1984; Jung
et al., 1997; Shin and Koh, 1990), {37+ 825 7§ /m* (KORDI,
1993), 3¢l YL 1,485 7RA /m*(Shin ez al., 1992a)3) A=
v B - g 3le U 5 ok URFY EHES 9
Al THE A9 | Aol Hlg] e kg Hela itk &
39 Tl As 70~79%°12.2™ (Choi and Koh, 1984; Jung
et al., 1997; Shin and Koh, 1990), <=} e+ 72%(Lim et al.,
1991), A& ke 88 (KORDI, 1993), Sl 2] G U7t 725 (Shin ez
al., 1992a)B o= oF7) B Ho|x|gh, A3 737]9ke) 124%(Shin
et al., 1992b)y3} ¥ 23HE wi-¢ e Flolo)

S AMEEZAL Yi er al.(1982)00] &3 2AFR Ho]
AT Yi er al.(1982)= 198014 19810d71A] 441 AX =
ARBIA T, & 12759 AAMTE] APHR oA, thnie 675
olAth B Al E 1171 CHER 63%)0 2 A7|et £ ol7t
AATH(Table 4). 23t FFAHEEE 953 MAMLE B =
Ab AR A998 B3 Yioer al(1982)914 Y S HEZL

Cirratulus cirratulus, Lumbrineris longifolia, Magelona japonica,
Tharyx sp. S0I2H, B ZAlel & 2jo]E Holx] e9it). 28
u, & ZAMAM = olWloiF-2l Ruditapes philippinarum, 231
Grandidierella sp.1°] 8522 et Fo| o7} gt

Z $HEES EX e QA FAe} E )7} QIATE Yi e
al.(1982)1 F2Fo|9d Aele) AR FH 72 C. cirratulus, C.
tentaculata, Tharyx sp= E187) slgollAnt ey oz s
FEH, °le B ZAMME v 2 vebgt) v L
longifolia®] 735 Yi et al.(1982)°)] oj&ta YAE A =} 3F
AN BT EHstE, Bl 35 AGdAM AFHeE 233N
o ZEg £ 2 BERE siedite Ay 28R %,
23] 24T drielA JFHoE FH3AL e Ho| Aolrt
AT o) FA 1980 FAlolle 24keke] A do] R A) ok
of glafiol =&d oI, Al UuA TAPE S5
2 S| ert A= APA HEHEo] HAEm nabA F
HEY A71EQEe] A%s] AW giEQ Aoz welt),
olg #HA 24H duiolA HlwAH PG EFHdhe JoE
GHA Magelona japonica, Sternaspis scutata’} #-3-RAZo|ATt
= AMYME & F T :

B 22900 23 £33E FES(Table 2) 2], T2 =
YA 7B, FFECE 299 g IE st 7
3]F2]F-E24] hypoxia ZZ1ou} 1 9] 873 o}8l= Qlsl] &
e Z2 WA 8739 38 wh) 71 |A A A
(recolonization)dhs XA FEo)t}. Fw| 22 AL 7 A9
$AF5 YRR Cirratulus cirratulus, Cirriformia tentaculata,
Euchone sp., &4-7 Grandidierella spp 52 9] thE 4919
MM +EFLE & ST FUR FTUH, B A G AA
F8 FO= JERIThs Aotk ZF 8 F5¢] 874 ogel ol
g uhe B4 ot 2

Cirratulus cirratulusis TBT W8 A4 oln)d 7= &
A BT wkA] 2O ™ (Beaumont ef al., 1989), EFE | F
FEEE(PD, Cd, Cu, Zn, Fe, Mny7} B3 k44 870] 93
717y Ask T FEHUAN HEx2 A3 dxEY 7135
Z2 2 HIH7|% 5} tHDiaz-Castaneda et al., 1989).

Cirriformia tentaculata’s YEANNE A& AsdbFss HF
B 3 238 To= RydT vh(Tamaki, 1982). ] &
< 4894 hypoxia *FelolAle] ABelH Wl st 22
7t FEh=lo] sk, hypoxia F710] FAHA Ao AaE
AL, E714 tAE SR8, BAlY DRSS YEo A
ol AI71& A, Aol alanine®] F=7} 7183, tiEo] ¥
Ao} pH7} A5 RolX] e ALE ZAFE A THDales and Warren,
1980; Warren, 1981).

Lumbrineris longifolia= 3= Atolx] F71829¢] 434
7 AZHHE] 97 2dshs URA Folth. & Yt
FYH(Choi and Koh, 1984; Shin and Koh, 1990, Jung, 1998)3}, T
3ITH(Lim and Hong, 1997, Lim et al, 1992)014 thEd 4=
o8 25

A} AR BT Tharyx sp. G4 AAAZCZE 9HH &
Ao AeHo Zdst= Fo2 UHA o™ (Hall and Fried,
1998; Nakao et al., 1989; Raman and Ganapati, 1983), ZUjollA

=
o
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Table 3. Comparison of ecological parameters of benthic assemblages between station groups. The individual numbers of dominant species
are expressed as mean density (ind.m/?) at each station group. The values in parentheses are total species number collected at each assemblage.

Station Group A BI BII C
Parameters
Number of Station 13 8 22 8
Total species number 46 33 69 64
Mean species number (spp./0.2 m?) 10.8 6.9 8.9 21.9
Mean density (ind.m™%) 1,556 348 116 1,016
Benthic Faunal Taxa
Polychaeta 1,057 (28) 38 (19) 99 (44) 969 (38)
Mollusca 442 ( 7) 29(5) 7(4 21( 8)
Crustacea 53( 4) 280( 7 5712) 9(6)
Others 4(4) 1(2) 5(9) 17 (12)
Ecological Indices
Diversity (H') 0.83+0.24 1.05+1.40 1.58+0.56 1.89+£0.20
Richness (R) 1.23+0.49 1.40+0.59 2.23+0.90 3.04+0.40
Evenness (J) 0.50+0.20 0.84+0.11 0.84+0.14 0.68+0.09
Dominance (D) 0.90+0.07 0.82+0.15 0.61+£0.22 0.60+0.09
Dominant species
Aricidea sp. - - - 13
Cirratulus cirratulus 515 4 12 82
Cirriformia tentaculata 97 7 - 72
Euchone sp. - - - 127
Glycera chirori - - 4 39
Grandidierella sp.1 47 243 - -
Grandidierella sp.2 - 30 - -
Heteromastus filiformis - - 8 28
Lumbrineris longifolia - - 8 395
Magelona japonica - - 15 -
Notomastus sp. - - - 16
Orbiniidae indet. - 4 - -
Paranthura japonica - 5 - -
Paraprionospio pinnata - - 9 23
Praxillella affinis - — - 41
Prionospio sp. - - 3 -
Ruditapes philippinarum 404 23 - -
Sigambra tentaculata 18 - 3 -
Sternaspis scutata - - 7 -
Syllis elongata - 55 -
Tharyx sp. 382 6 - 65

= 7 7|9K(Shin et al., 1992b)3} F4T(Jung, 1998), 7F=7H(Shin,
19951 -4 &3sle Aoe Rtk B3] Gibbs ef al.(1983)
& Tharyx maroini®] AWl As7} 2,000 pg/g-dry wt. o) 53
He @48 Rasigien, 4 diFRte H3EL 58 5
o] Alsittar st

£ 2ARIGNA -dete 2R Grandidierella sppi= =
We] g Aol $-Fo s vuE o) A9 gith Tzt
o] TR YFlAE 7Iegdlr] @k o2 g48A Ut
o] F7 JA| 718FF 02 HE9 hypoxia 27 (< 0.1 mg-Oyf
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Table 4. Comparison of macrobenthic communities between Yi et al.
(1982) and present study.

Yietal (1982) Present Study

Sampling time 1980-1981 1997
No. of Station 5 63
Total Species Number 127 117
Mean density (ind./m?) 953 535
Polychaete Species Number 67 63
Dominant Species
Cirratulus cirratulus (P) 269 121
Cirriformia tentaculata (P) 33 30
Euchone sp. (P) - 17
Grandidierella sp.1 (C) - 41
Lumbrineris longifolia (P) 258 55
Magelona japonica (P) 81 7
Ruditapes philippinarum (B) - 86
Tharyx sp. (P) 72 89
Theora fragilis (B) 32 9

*P: Polychaeta, C: Crustacea, B: Bivalvia
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