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Abstract: For the assessment of the benthic community health of Jinhae Bay using
the Benthic Pollution Index, macrobenthic fauna samples were seasonally collected
from 23 different sites between February, 2011 and November, 2012. The macrobenthic
community health status was classified as “Poor” or “Very Poor” except for the bay
mouth part of Jinhae Bay at the northern part of Geoje Island. A large proportion of
functional Group IV and even azoic conditions appeared due to summer hypoxia
at sites in sheltered regions of Jinhae Bay. Some of the dominant species recruited
after summer hypoxia were Paraprionospio patiens, Sigambra bassi, and Theora
fragilis belong to typical opportunistic species. By comparing the BPI values of the
macrobenthic communities from other special management areas of Korea, Jinhae Bay
was considered to have the lowest condition that was heavily polluted among special
management areas.

Keywords: Benthic Pollution Index (BPI), functional group, macrozoobenthos, Jinhae
Bay, South Korea
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A2 Foll met oh= 2ol 4719 715+ Group I
A2 2} B2 S22} (filter or suspension feeders or large
carnivores), Group II= EZEZE2 2} (surface deposit
feeders), Group I1I+= 35-5HE| 4= 21 2} (subsurface deposit
feeders), Group IVi= 7]2]& %2 Q@ HA|A]E (opportunistic

species, pollution indicators) &= 235}t (Appendix 1).
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Fig. 1. The sampling stations for macrobenthos from February,
2011 to November, 2012 in Jinhae Bay of Korea.
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BPI=[1-(axNi+bXNy+cXN3+dxNy)/
(N1+N2+N3+N4)/d:| X 100 (Eq 1)
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2| A& (Group IV)©ll &ot= 52| HIFol 7V =4 Y
E}L T (Fig. 2). Group IVE] HF-2 AAE 55 A5 i
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Fig. 2. Proportions of each functional group at each sampling site during the study period (Gl (Group |): Filter feeder or carnivorous, Gll (Group
I1): Surface deposit feeder, GllI (Group Ill): Subsurface deposit feeder, GIV (Group IV): Opportunistic species or pollution indicators).
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Fig. 3. Proportions of benthic health grade at each season (Excellent: Grade 1, Good: Grade 2, Fair: Grade 3, Poor: Grade 4, Very Poor:

Grade 5).
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Fig. 4. The variations in the density (Line graph) and proportions of functional group (Bar graph) at each sampling site.
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Fig. 5. Assessment of macrobenthic community health by using the Benthic Pollution Index (BPI) from February to November, 2011 in Jin-

hae Bay.
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Fig. 6. Assessment of macrobenthic community health by using Benthic Pollution Index (BPI) from February to November, 2012 in Jinhae

Bay.
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o] 2] ¢FS¥Th (Lim et al. 2007). TF2 S 2] J 53} %5
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A AR AUAZETL 455502 LR O U tR-E9]
AHENA 1252202 St AEHHE EATH(Seo et al.
2017).2007'9 SHA| FA ZANA T gho] §f et B4t
W L5 goll Al BPI7T 40 o|5tE oFF @ A A= o
EFTH(Seo et al. 2009). Q1A Ao A = 1994 EH-E] 1995
W7kR] S35 2A19F 20079 790l SH FATA o

Th 555 2t RN ANAZ It 42 355, 55
FO2 YEFSTH(Lee et al. 1997; Seo et al. 2009). A 8+5.9]
AR A7 E= 19979 ool = thE-E2] sfollA] A A
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Table 1. Comparison of Benthic Pollution Index (BPI) value and grade among special management areas

Region Study period BPI Reference
Febl 2004 3-70
Masan Bay ebruary, Choi et al. 2005
August, 2004 1-64
May, 1994-Feb., 1995 45-83 (mean) Lee etal. 1997
Inchon coast
July, 2007 16-74 Seo et al. 2009
Gwanavana Ba June, 2001 Min 25 Choi et al. 2003
Wi
gvang Bay 2011, 2012 (Seasonal) 0-83 Seo et al. 2017
Busan coast August, 2007 31-90 Seo et al. 2009
1980, 1981 Grade I-11 (=41)
1994 Grade II-V (<60)
Shihwa lake 1995-1996 Grade llI-V(<50) Lee et al. 2003
1997 Grade IV-V (<40)
1998-1999 Grade I-V
May, 1998 10-60 (mean) Lim et al. 2007
. February, 2011/2012 2-67/1-61
Jinhae Bay May, 2011/2012 1-66/1-62
Present study
August, 2011/2012 0-57/0-97
November, 2011/2012 0-100/0-67

A&7 sTEo= ufje Ao e = Ueit e
L, 1999 o] % AR FHE Al efstal HAAZFETL 1~2
SEo R SEEIT (Lee et al. 2003). 0] A H ThE EHT
ol =2 Zsirte] AU EE vl ws & At Zs)
T} o] o 34 RMtAS7}F AR o] FAESLEHE
Hol= 32 glglom, Uinte AAoA BE Aol A A
A7t 4~55FS Hole 22 glo] Asfinke] 2Ag
7ol dZteHA L9 +EdS d 4 U

Zagte] A7 = 2011 ] HSH 2012E1°ﬂ o5}
H Zo=g vebgth 2011800 2370 2AFAHE S 4 S
2 s5Fo R Yehd AHL 14~187H, 20120l = 14~19
7HM‘:1r(F1gs 5,6).201197} 2012 B o240 4 5&
Sa°l &= AR 7P Ak, 7Rl P B
gtk ol2idt A A% E k= XsiREe] hypoxia A7/}
Aol Qe Ao ToHh B A= A-AE 9
sto] AA| hypoxia®] 2| 7|7HS whold = glalon,
7|1& A7 A= W= upAHEe] hypoxia A/ 5Y
off AJ2tE|o] 7ol A Ao & SikE T, 9d7ER] 2] &
Attt 109l AFREAl= A 0 = WEF T (Lim et al. 2006;
Lee et al. 2021). & A7 Aol A+= 20119 0] 2012

_l

%

rd
P

0

FP

H|of| §litaa-1]7F A == L7t WA, A QA 2
SUTh(Seo et al. 2015). 958 hypoxia @4 ©]F 7= 9]
A7 &7t At A FdstA, 201180 B8 A=
St hypoxia @AFC. 2 913f] 201210l AM A E7} ofshe
S97e] A4 14~162] F-$ 2011
A} 20120 AAARET 7HE 3A HsE JHdo=z
o] 2199] H TOC F2 ZAPITE 51F 3.0% od e
2 u$ =9ken 2011 8¥E AS §E44A0] T
7} 0mg L'712] WO H th (Seo et al. 2015). 20111 7H& =
Ab ol AF §EAS] TR ST o, ol o

Z|AEo] tig A=A 201287H2] FRAlTEO] FA] =
A 201200 AT} oSt = @4l LRt

BPIi= 09141 100 Ate] 9] A2 UrEtl= 0 2 o]
IWHeEE QA" AH, 1000 7SS QAEA] &
2 A AL E Anitt) o] 22 22 BPI7} 100
< 4 Y= 7= Group 1] &ot= oAzt 22
S22k HIFo] 100% Y 7-F-oltt. Lt Ak
QL AE2] oFe A7 S A=

gl

rr
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N 7121F B LGA|AFTo] A4 715 A7 H
T} (Pearson and Rogenberg 1978). BPI= E@E2] AEHF
ol gTglol 4719 715w or i &, 2 75w E
Al ol 75215 Fofsto] vHlgr AHE%7] wiwol =
HzAgo] wleket oA Group I &2 I1°f| sligsl=
Fol 1A 2@t AMAR E= 1552 % UE
L ez = S Qlok oA s o] de] AMEE
1 9= AMBI (Azti’s marine biotic index)g] Q& o]
ot EAIES Botr] $15 F-F-5F I (species richness)
o} thof (community diversity) & A3t M-AMBI
(Multivariate-AMBI) S 7H5F$1 1 (Muxika et al. 2007),
numerical species abundance (NAMBI), biomass (BAMBI),
population (PAMBI)= AMBI®|| Z3et Wk AFEE| L
STk (Warwick et al. 2010).

2 Aol &3 ZHA7F 10ind. m™ 05k RIAEAS
Eoll A Group I -2 Group 119 &ot= 5 5
A e 15w = HEhd HHE0] 2

m? o SR A= 7het FA WE-E 89% Uil sf
g &= AESH, sF ol EdFTE Hole
oA A AL E H7HE 535HA T (KORDI 1994).
& Aol = ol 2Rt A& S35t ¢15] KORDIS|
19948 A7 AWE EHE 9 T4 5% 1T, A A
A&7} 10ind. m ™ 0|5k} 4 o4 Group I 2~ Group
I1°f| &5h= FRte] & HMAEEIE 1 &2 25 F
o= i BrHd A4

o7 A5 of2fet @42 St hypoxia @40l &
Asto] FAE AHE BAE AAsolA R A=
& Fo] 7)== A7l 2 vrebdttt o] 23t F R Eol
A E@Rt T2 DOooll Higt iAol =2 o= a3l v
I1F9] Nectoneanthes oxypoda, &ZF 2] Lysianassidae unid.
Sinocorophim sinense 522, hypoxia '&d & DO thgh W
do] At Fol ¢4 7Hdd Aoz weEn A A9
A= w3 Asfte] A Mgy A A3, sk 5t
Alof] §HEA 0 2 hypoxia @40l WA, 2011
+ B4 77 8& AL BE AN AT §EATAY]
57t 2.8 mg L' o|st= LFEFH T (Seo et al. 2015). E2E,
AT FH7IEE AT FH 4,14, 15, 18 5014 3.0%
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o AH (K aut AA Bt 2.3%) & BH(HH 0.9%), Q1
AL (B 0.6%), FAY (B 1.3%) 5 HE ESET
2l Hof HlShA = vl =2 S H Tt (Choi et al.
2003; Seo et al. 2009; Seo et al. 2015). ©] A H A A A7 L]
T 9 BeS QoAM= AAEE D PR/l tigt o
T A7t vigo] E|ojof & Zo|H, % 7t AT E 5
o AMBI®t Zo] THFEA| S, ERTT T %
o] A%S E3t Kt AUt g E|ojof & Aoz wmt
2=

N 9

20114 295 20124 11€7kA] Fafete] 2371 HH
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Appendix 1. The list of species belonging to each functional in Jinhae Bay

Functional group Species name Feb, 2011 May Aug Nov Feb,2012 May Aug Nov

Group | Achaeus japonicus o o] o) o] o) o] o]

(Filter feeder, small carnivorous)  Aglaophamus sp.
Alpheus brevicristatus
Alpheus japonicus
Alpheus sp.
Anaitides chinensis
Anaitides koreana
Anatanais normani
Aphrodita japonica
Arcania globata

O O O O

(o]

Asterina pectinifera
Asthenoganthus inaequipes
Athanas lamellifer

O O 0O O OO0 O o o o

O O O O
]
(]
[e]

Bullacta exarata
Carcinoplax vestitus
Cavernularia obesa
Chaetognatha

O O O O

Chaetopterus sp.
Charybdis bimaculata o o]

Charybdis japonica o

Chionidae unid

Chone sp. o} o o} 0 o} o 0
Ciona intestinalis o

Didimarca tenebricum

Diogenes edwardsi o] o]
Diogenes nitidimanus

Diopatra sugokai o o o o o) o o o
Drilonereis sp.

Eocuma hilgendorfi o} o}
Eteone longa

(o]

Eumida sp. o o] o)
Eunice antennata
Eunice sp.1 o

O O O O O

Eunice sp.2
Felaniella usta o]
Fluvia undatopicta o]

Fulvia mutica o o o
Galathea orientalis
Gammaridae unid.
Gammaropsis japonicus

(]

Gammaropsis utinomi
Glycera chirori
Glycinde sp.

Goniada maculata

O O O O
O O O O
O O O O O O O

O O O O

Harmothoe sp. o o] o o
Hydroides ezoensis

Laternulidae unid. o

Latreutes planirostris o] o]
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Appendix 1. Continued.

Functional group Species name Feb, 2011 May Aug Nov Feb,2012 May Aug Nov

Lepidasthenia sp.

Lepidonotus sp. o o)
Leptochella gracilis o] o]

Leucothoe incisa

Lilieborgia japonica o
Littorinidae unid. o

Lumbrineris heteropoda

Lumbrineris japonica o) o o)
Lumbrineris latreilli

O O O O
O O O O

(]

Lygdamis giardii

Lysianassidae unid o} o} o o}
Lysidice sp.

Maera pacifica o
Marphysa sanguinea o

Megacardita ferruginosa o o

Megangulus venulosus o
Myriochele sp. o}

Naticidae unid. o

Nephtys caeca

Nephtys oligobranchia o o] o o
Ninoe japonica

Niotha livescens o o

O O O 0O o o

O O O O O

Niotha sp.
Oratosquilla oratoria o) o o]
Owenia fusiformis o o

Paradexamine banardi o o

Patellidae unid.

Perolepis sp.

Philine scalpta o o o)
Philine vitrea o) o]

Pillucina pisidium

Polynoidae unid.

Polyplacophora o) o]

Paphia undulata o

Pyuridae unid. o o)
Sabellarte sp. o

Sabellarte unid. o o} o]
Saxidomus purpurata

Scapharca broughtonii o o) o o o)
Scapharca satowi
Scapharca subcrenata
Sigalionidae unid.
Syllidae unid.
Synchelidium sp.
Tambalagamia fauvelli
Thalenessa digitata
Turbellaria
Tylorhynchus sp.

]
O O O O

O O O O O O
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Appendix 1. Continued.

Functional group

Species name

Feb, 2011

May

Aug

Nov

Feb, 2012

May

Aug

Nov

Ungulinidae unid.
Veneridae unid.

[¢]

o]

Group |l
(Surface deposit feeder)

Acila (Acila) divaricata
Amaeana sp.
Ampelisca sp
Ampharete arctica
Ampharete sp.
Amphicteis gunneri
Amphiopholis sp.
Amphioplus sp.
Amphiplus sp.
Amphisamytha japonica
Amphitrite sp.

Aora sp.

Amphiura sinicola

Arca avellana

Arcania undecimspinosa
Asterias amurensis
Brada villosa

Byblis japonicus
Caprella sp.

Chaetozone setosa
Cirolana harfordi japonica
Cleantis planirostris
Corophium sp.
Cymodoce japonica

Dimorphostylis brevicaudata

Echinocardium cardatum
Ennucula niponica
Erictonius pugnax
Eriopisella sechellensis
Eucrate crenata
Grandidierella japonica
Hemigrapsus penicillatus
Idunella chilkensis
Laonice cirrata

Loimia medusa

Melinna cristata

Melita koreana

Melita sp.

Melitidae unid.

Moerella jedoensis
Moerella sp.

Neanthes succinea
Nectoneanthes oxypoda
Neodorippe japonica
Nereidae unid.

O O O O

O O O O O O o

O O O O

O O O O O O O

O O O O

O O O O O O O

o

O O O O O

O O O O ©O

(]

O O O O

O O O O O

O O O O O
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Appendix 1. Continued.

Functional group Species name Feb, 2011 May Aug Nov Feb,2012 May Aug Nov

Nereis longior o o o) o o o o o)
Nereis neoneanthes

Ophiopeltis sinicola o] o o]

Ophiopholis mirabilis o] o o

Ophiura kinbergi o o o)

Parthenope validus
Pherusa plumosa
Photis longicaudata
Pinnixa rathbuni

O O O O

Pista cristata

Podocerus sp.
Poecilochaetus johnsoni
Sinocorophim sinense o o] o o
Spiophanes kroyeri o} o} o

Stelleroidea unid.

o

Stelleroidea unid. 2 o o
Symmius caudatus

]

Terebellidae unid.
Terebellides horikoshii
Tharyx sp.

Thelepus sp.
Trichobranchus sp.
Upogebia major o) o o]
Xenophthalmus pinnotheroides
Yoldia amygdalea o o)
Yoldia johanni o)

Yoldia sp. o} o} 0 0

O O O O
O O O O O
O O O O O

[e]
(]
]

Group Il Amphinome sp.
(Subsurface deposit feeder) Aricidea assimilis
Aricidea pacifica o o} o o
Armandia lanceolata
Asychis disparidentata
Asychis gotoi
Clymenella koreana
Crysopetalum sp.
Cucumaria chronhjelmi o] o] o]
Cucumella problematica
Heteromastus filiformis o o o o

O O O O O 0o 0 o

o
o
(o]

Heterospio sp.

Lagis bocki o o} o
Lumbriclymene japonica

Maldane cristata

Notomastus sp.

Oncoscolex borealis

Ophelina acuminata o) o

Paralacydonia paradoxa

Phylo felix asiaticus o o

O O O O O O O
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Appendix 1. Continued.

Functional group

Species name

Feb, 2011

May

Aug

Nov

Feb, 2012

May

Aug

Nov

Praxillella affinis
Protankyra bidentata
Rhodine loveni
Scoletoma longifolia
Scoloplos armiger
Sipuncula unid.
Sternaspis scutata

O O O O

o

O O O O

O O o o o

]

o

O O O O

Group IV
(Opportunistic species,
pollution indicators)

Capitella capitata
Cirratulus sp.
Cirriformia tentaculata
Dorvillea sp.

Euchone analis
Macoma incongrua
Macoma sp.
Micropodarke sp.
Musculus senhousia
Nebalia bipes
Paraprionospio coora
Paraprionospio cordifolia
Paraprionospio patiens
Polydora ligni
Prionospio cirrifera
Prionospio ehlersi
Prionospio japonicus
Pseudopolydora sp.
Raetella pulchella
Scolelepis sp.
Sigambra bassi
Spiochaetopterus koreana
Theora fragilis

O O O O O ]

[e]

O O O O O (]

[e]

O O O O O O

O O O o ©o

[e]

O O O O

O O O O O

O O O o ©o

O 0O O OO0 0O OO0 O o o o o o o o

O O O O O (]

@]

O O O O O O

o

O O O O

O O O O ©O

O O O O
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