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Abstract : This study was performed to investigate the community structure and health assessment of macrobenthic assemblages in Garorim Bay,
West Coast of Korea. Macrobenthos were collected by van Veen grab sampler at May(spring) and July(summer) 2012. A total of 247 species occurred
and mean density was 1,625 ind. m”, both of which were dominated by annelid polychaetes(120 species and 1,241 m'z). Dominant species were the
polychaetes Ampharete arctica, Lumbrineris longifolia, Mediomastus californiensis and Euclymene oerstedi, with a density of 445(x1,837 ind. ),
103(x148 ind. m'z), 55(#83 ind. m'z) and 50(x104 ind. m'z), respectively. The study area was divided into 3 station group based on the cluster
analysis and nMDS ordination. These assemblage were : 1)the group 1 and 2 were associated with coarse sediment dominated stations and 2)the
group 3 was connected with a mixed and fine sediment dominated stations group. The BPI and AMBI index were applied to assess the benthic
ecological status. The ecological status of the Garorim Bay was "good status(slightly polluted)" to "high status(normal)” at most sampling stations

during spring and summer. In conclusion, the two marine biotic index calculated shown that the Garorim Bay had a good ecological status.
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2.1 oFo] THMOMAF, 2006). 7} &9
SAEE Bk I AAtalel =
A E 2§ Fo] folrel &
T g xE 59] FRAEZE EAS. g t2 -k FH g
° 80.0 km22] ZA¥ o] H|w A
= Ezﬂ;]o{ k. ®Egk 7tRHERNS I (Crassostrea gigas)
9 ul2] Z(Ruditapes phllzppinamm)—o—/] FAAY o] FEHS)a1,
u} Ud]:loﬂ‘:, ok}qo];d-o] Hl—uLgH __5] /\}\].cﬁ Ao g
B Ao Abeket B =2} X] (Pholis fangl) 2 7l (Ammodytes
AEEA FAA Fol(Mugil cephalus), 7]
(Konosirus punctatus) 2 720 7-2] Abeks) Aol & 93 A4
2 o] &5 QTHKEL 2011). e HA7IE 3315 2
oo gl FAEd ol E¥ (Phoca largha)®] A2 %=
- olg]gh o] fr = RPN AR 192
s 0] 7] %= SFCHMOMAF, 2007).
NE AN FEL A} AuS EdA P58
= 015@01 A7 i ARl Feb) Wil F4
HAA kol whgae] Ao Evahe

personatus) 2]

PH lo

F

Tk A 0] o] AU eR AV Wi
of AWl AEE HwF Z gt AELO|T
(Dauer et al, 2000). ©| %% NFAAFES A e vk
st Uil AEApol7t AAGHER g vhFete] 3
o ey HdolHg AAEE T AT s A
¥} 7]*”‘]'014 FEA =8 FH dFEA AEAA el
UA AGx=24] 22458 SHdA g s8¢ 9Es

T3 G}J_ 21 TH(Diaz et al., 2004; Dauvin et al, 2007). w2}
AN SR FH S5 AN 2 BATEE doe
TZA oA W AZE .d7}g]. A 7 wEke] Al 2;
=24 w-- Fa gk et A 95 7HA AL A th(Parker, 1975;
Rosenberg and Nilson, 2005; Wildsmith et al., 2009).
AG7HA NG HAE o m A2 ago] e
FAAEE T MAEE gofstr] flste] =d
MAS 2 AeeA 2] A4 T5 o] &3 G EA43 o
3t a2 2 H(SAB curve, Rank-Frequency diagram, ABC
method)©] ©]&% o] L TH(Pearson and Rosenberg, 1978; Gray,
1981; Warwick and Clarke, 1994). 121} ZH ol o]=2] AY
A AFE o83 MR WHEe] FEatA A Bl
2NE I o] =)ol A= AMBI(ATZI's Marine Biotic Index,
2003), B-IBI(Benthic Index of Biotic Integrity,
1997), BQI(Benthic Quality Index, Rosenberg et

Borja et al,

Weisberg et al.,

A - 2]

LA e

, 2000215 5o, =rlo A= BPI(Benthic Pollution Index,
Choi et al., 2003)2} ISEP(Inverse function of Shannon-Wiener
Evenness Proportion, Yoo et al., 2010)%]4~ 5-°] tHEH o2 #
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b tel AadhE A EAI9 sl R Y A= 37t

PRIMER(Plymouth Routines
computer packageE ©]-83}o] 44| = (dendrogram)2} THX} Hl)
AH(nMDS ordination) & &2 Y ENN I TH(Clarke and Warwick,

2001). $HFL &8 MAFE 7|22 AN

Multivariate Ecological Research)

Daesan-eup

36°54'16.45"

Iwon-myeon

126°21'53.15"

Fig. 1. Location of sampling stations in Garorim Bay,

West Coast of Korea.
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A AMAEAL AREE Hrtsy] Y5k, @Y
of A2etes PAATES A5 E 7|25 BPI®H AMBIA

S8 AEHAT AFE A5 e ofesh Pk,

1) BPI=[1-(axnl+bxn2+cxn3+dxn4)/n/3]x100
. N=nl+n2-+n3+n4
nl=0] 722} gl oS24 2te] AT
R=RFEHAEA BE 2P FAA A
mw=RFE A ] =dF
M= QAN F = 73T =dF
a, b, ¢, &=32T9 715 (a=0, b=1, ¢=2, d=3)
23} g2 0 < BPI < 1009] M 9|E YERH™, gho] szobd
= S H7E ok o g tk(Table 1).
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2) AMBI=[0%%G1+1.5x%GI+3.0%%GIII+4.5%%GIV+6.0x %G V/N]
- N=G1+G2+G3+G4+GS

A= Fom, ARk

s

= R4
GllI=f-71% <7t Aol Ad FRIEHEANAZ &
[e]

A A ol

(Cirratulidae)'s-©] *3-%)

T5 =5

g oA AAEE g Adtel Al A s Bkef 2ol
high(71d FZ)9F good(FZ)S Y53t 374 E| S, moderate
= S EE, poor(E ) bad7HE S3)E S A
BE Wl Aoz aelslal ¢lTHECIRC, 2008).

Table 1. Classification criteria of each biotic indices from Choi
and Seo(2007), Borja et al.(2003)" and ECJRC(2008)

Condition / Index BPI' AMBI”  Ecological status™
Normal(unpolluted) ~ BPI=60 O0<AMBI<1.2 Hhigh)
Slightly polluted 4060 12<AMBI<33  G(good)
Moderately(meanly) polluted 3040 33<AMBI=<43  M(moderatc)
Highly(heavily) polluted 2030  43<AMBI<S5.5 P(poor)
Very high(extremly) oy 54 5 scAMBI<7.0 B(bad)

polluted or Azoic

3. gdu

3.1 gE R0l

AF Aol AFFY 2 FA9 A 242 881
~14.23 C(F 1 11.04+2.06 T)2} 21.88~25.00 C (H 7 22.95+1.05
)Y BYE el dRF5xs FA40 A4 32.32psu
ol Al Hdl 3246 psus VERNIA I, Ak 32.39(20.04) psu
o]tk TFF B}A O = 32.32~32.69 psu(FE T 32.44+0.12 psu) <]
o2 W) 8EALHEL A0 H A 962mgL oA
o 1022mg LS YERNAL, EHEEES 9.88+0.21 mg Lo
o} wh sHAlol = 5.58~7.51 mg L' 6.58+0.63 mg Lo W
A2 Bol m$ A5 THTable 2). 38 E| A &9 243t
ZF2 F=A A 27 Hit 3.0 %(0.0~19.3 %)k 4.0 %
(0.0~13.4 %) 5 YEHISITE o] & FAd= Z4 3, 107} 119
A, Al E BA 2, 4,5, 6, 107 11014 A% pzo] X
ghx)of et mgee FA9 sHAlel 47 30.7~97.7 %
(F 1t 66.2 %) 30.1~88.4 %(F i 64.2%)2] MHE YERNA
. 2AA 7] 2 AHER FAdE 3, 4, 7 2 9~11914, &
Aol 4, 5 D 7~11°914 60.0% oS A3l e 54
ol fAg nut% 1S, AR v YT o ol
A sk wbd FeeFe FAl Hat 30.9 %(2.3~69.2 %)=,
SHAll H 31.8 %(4.6~66.0 %)2] FAE R REe] ¢k
A H A okt HEYEE EA0 HA 020 oA A
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Tt 0.47+0.49 %)°] HLE HIATE A3 Ad 3
Aol 2 0.000mg g dry wt.ol Al H ] 0.074 mg
ERH AL, FdghS 0.022+0.027 mg g dry wt.©]
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Fig. 2. Temporal variations of total species number and
abundance of macrobenthic animals in Garorim
Bay, West Coast of Korea.
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Fig. 3. Spatial variations of mean species number and
abundance of macrobenthic animals in Garorim
Bay, West Coast of Korea.
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Table 2. Summary of physical and sedimental parameters at each station in Garorim Bay, West Coast of Korea(S, spring; Su, summer)
]i;:?e];n }i;zgrn D]?Sost(i(l)\t:d Gravel Sand Mud M;a;m Sorting Ignition Ofgzllic AVS,]
Station Temperature Salinity Oxygen (%) (%) (%) p Value L;’SS Carbon (g g
e (psu) (mg L™ (9) (2) (%) %) dry wt.)
S Su S Su S Su S Su S Su S Su S Su S Su S Su S Su S Su
1 1423 2500 3232 3239 980 558 00 0.0 346 340 654 660 52 54 24 50 312 178 044 046 0.009 0.006
2 14.02 2446 3238 3238 9.62 566 00 13.0 458 30.1 542 569 48 42 25 46 330 295 032 048 0.074 0.010
3 1230 2340 3238 3232 977 616 69 0.0 782 486 149 514 21 50 28 3.0 317 341 0.13 044 0.010 0.044
4 12.14 2352 3241 32.62 984 640 00 63 977 8.6 23 81 12 07 14 22 170 040 043 1.88 0.000 0.000
5 1239 2293 3241 3233 988 631 26 6.0 307 8.5 667 115 51 1.8 32 43 505 170 049 022 0.000 0.000
6 1030 22.69 3246 32.69 965 649 00 3.7 308 58.1 692 381 50 34 24 36 411 118 046 025 0.046 0.026
7 1028 2253 3238 3238 990 7.16 00 0.0 9.4 623 36 377 16 39 15 27 081 099 0.04 0.05 0.063 0.000
8 894 2207 3238 3248 1019 705 00 0.0 494 625 506 375 48 33 26 33 364 294 037 037 0.000 0.003
9 9.08 22.08 3246 32.46 9.67 707 00 0.0 928 884 72 116 18 34 14 26 081 057 0.05 0.09 0.014 0.039
10 881 21.88 3237 3246 1022 698 41 23 929 713 3.0 264 12 25 15 35 059 078 025 053 0.000 0.000
11 890 2194 3238 3236 10.12 7.51 193 125 784 829 24 46 02 08 18 76 098 086 018 042 0.032 0.000
Minimum 8.81 21.88 3232 3232 9.62 558 00 00 307 301 23 46 02 07 14 22 059 040 0.04 0.05 0.000 0.000
Maximum 1423 2500 3246 3269 1022 751 193 13.0 977 884 692 660 52 54 32 76 505 341 049 188 0074 0044
Average 11.04 2295 3239 3244 988 658 30 40 662 642 309 318 30 31 22 39 248 160 029 047 0.022 0.012
Table 3. Spearman rank correlation coefficient within the environmental and biological parameters(*p<0.05, **p<0.01)
Index SP ABU WT SA DO  Gravel Sand Mud  MP N IL TOC  AVS
Species number(SP) 1000 0955 051 0175 -0.191 0027 -0.608 0638 0483 0353 0680 0211  0.I38
Abundance(AB) 0955 1000 0278 0199 -0310 0117 -0.632 0616 0442 0439 0650 0262  0.095
Water Temperature(WT) 0151 0278 1000 0082 0937 0080 0346 0368 0293 0685 0019 0368 -0078
Salinity(SA) 0175 0199 0082 1000 -0.177 -0.124 0069 0031 -0074 -0.075 -0233 0155  0.036
Dissolved Oxygen(DO) 0091 0310 -0937 -0177 1000 -0062 0311 -033%4 0241 -0665 0051 -0344  -0.040
Gravel 0027 0117 0080 -0.124 0062 1000 0071 -0295 -0510 029 0222 033 0263
Sand 0608 0632 -0346 0069 0311 0071 1000 -0944 -0841 -0.504 -0756 -0.515 -0.163
Mud 0638 0616 0368 0031 -0334 -0295 -0944 1000 0939 0439 0724 0480 0197
Mean phi(MP) 0483 0442 0293 -0074 0241 -0510 -0841 0939 1000 033 0706 0330 0227
Sorting Value(SV) 0353 0439 0685 0075 -0.665 0296 -0504 0439 0336 1000 0232 0321  -0209
Ignition Loss(IL) 0680 0650  -0019 0233 0051 0222 -075% 0724 0706 0232 1000 0289  0.175
Total Organic Carbon(TOC) 0211 0262 0368 0155 -0344 033 -0515 0480 0330 0321 0289 1000 -0.306
Acid Volatile Sulfide(AVS) 0138 0.095  -0.078  0.036  -0.040 -0.263  -0.163  0.197 0227 -0209 0.175  -0.306  1.000

Table 4. Total species number, abundance and ecological indices(diversity and evenness) in Garorim Bay, West Coast of Korea

(parenthesis refer to mean species number(0.2m") and density(m’))

Component / Time May July Total
Total Species number 177(45) 177(40) 247(43)
Annelida 96 99 120
Mollusca 18 21 27
Taxa Arthropoda 53 46 85
Echinodermata 4 6 7
Others 6 5 8
Total Abundance 12,705(1,155) 23,040(2,095) 35,745(1,625)
Annelida 8,535 18,775 27,310
Mollusca 1,335 510 1,845
Taxa Arthropoda 2,035 2,845 4,880
Echinodermata 505 710 1,215
Others 295 200 495
Ecological indices
Diversity 1.33~3.72 (2.77) 1.62~3.43 (2.54)
Evenness 0.67~0.96 (0.82) 0.36~0.89 (0.75)
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Aradold A% NFAN SR AAF A8E 7]
22 49 $HFE AASAY ERTEREE RS9
Tow 7 Wokal, SIEES 150] A9l A&
o5 FHGM =9 o FeAEAA o)

L

XA O] (Lumbrineris longifolia),
Mediomastus californiensis, Euclymene oerstedi, 2571784 %
&9 YA BT (dmphioplus
Jjaponicus), CFEF2] GG A o(Nephtys  polybranchia),
N ZH A7 A 7R A] 0](Czr’rophorus armatus), Protodorvillea egena

1 g AFE A A H o) (Amphisamytha ]apomca)voli’iﬁ]-. o] =
A Golsh NAERAA D) 22 978070
2736 %k 2275704, 636 %5 ot @A Fow M ¢
e A& tH(Table 5). H Fo $HF9] Al-F3t
e w9, AeAEAAG o EAs aAe] 242} 2557
A 234270 A m?)e} 9,52570 A (866+2,587 70 A m?)7} & 5}
Aol WwTE - Srbek vk AR ol W= A A
Ft 30A m (A el A 4343704 m*(F A 6)2] B
Z JeERgIth o] 9Jelw A gellA] At 320704 m*7h iH
A=A, AH 7,9, 10 D 11614 = FA8HA vk vhs
2 ARSI AAG ol = AR R EA0= 1,5407H7<ﬂ
(140174704 m)7h, sHAlO = 73570 A1(67+11370 A m?)7} A
A= FA0 Bxrt stk 2AEA-EE F3H 1, 4, 7,
10 2 1ol = FdaHA @2 7hul B 43~413704) m*e
Mol A4 solA b Aw, 44 314 b g o
holl A 29} 6ol A 242t At 218703 m?9}F 208704 m?7}
AR o Fofd o= BUh M californiensis A< SHA
o Z}zb 69570 A (63+9070 A mH)L 50570 A (467770 A m)7F

(Ampharete arctica), VAV

o|(Sternaspis scutata), =

O
;
M

S ELREELE

i E I i

AF = FA MAF7E Bk, 1 dEatelE A4 ek
oh APl webd s i Fd 10704 mP (3 9)ellA F
o} 180704 m*(B A 8)2] WS YehHAa, HH 7, 10 2 11
= SR LAT) TS0 E E oerstedi= =401 290
AA26+7070A m>)7F, dHAo) = 80571 A (73+12970A] m?)7F A
H=lo] stAl &7t E9UT ZAVWHE& Bt 3213704
m?2] Weloll A 404 7 A, FH 6ol 7 Bokk
o] &o A 1, 7,9, 10 & 11°14= %zﬂ’é‘} | eFSkchFig. 4).

3.4 HEfSHA A X Y ZHETLE
AT el AT HIAATE] AAT AEE
22 F d¥Ee 455 AFE PGtk € s
At shAl k7t 1.33~3.72(F < 2771091)9} 1.62~3.43(3
2.54+0.68)°] HAE HEFNATE AP WE Fa ok
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Fig. 4. Spatial variations of dominant species in Garorim Bay, West Coast of Korea.
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Fig. 5. Spatial variations of diversity and evenness of
macrobenthos in Garorim Bay, West Coast of
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Table 5. The top 10 dominant species raking based on abundance data in Garorim Bay, West Coast of Korea

Density

Rank Taxa Species name / Sampling Time (mean ind./m’) Propoo rtion

Spring Summer Total %)
1 APOL  Ampharete arctica 255 9,525 9,780(445+1,837) 27.36
2 APOL  Lumbrineris longifolia 1,540 735 2,275(103+£148) 6.36
3 APOL  Mediomastus californiensis 695 505 1,200(55+83) 3.36
4 APOL  Euclymene oerstedi 290 805 1,095(50+104) 3.06
5 APOL  Sternaspis scutata 465 530 995(45+76) 2.78
6 EOP Amphioplus japonicus 390 555 945(43+122) 2.64
7 APOL  Nephtys polybranchia 725 80 805(37+59) 2.25
8 APOL  Cirrophorus armatus 150 605 755(34+80) 2.11
9 APOL  Protodorvillea egena - 740 740(34+152) 2.07
10 APOL  Amphisamytha japonica 330 385 715(33453) 2.00

Table 6. Summary of BPI and AMBI index at each station in Garorim Bay, West Coast of Korea(parenthesis refer to H-high status
and G-good status)

Biotic Index / Time / Station 1 2 3 4 5 6 7 8 9 10 11
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