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To investigate the degree of pollution using the species composition of benthic community and environments,
the present study was conducted in Jinhae Bay, May of 1998. In Jinhae Bay, benthic macrofaunal community
was investigated on the base of the samples from 67 stations. The main facies of the surface sediment was silty
clay and clay. The total species number and the mean density of macrobenthic animals were 255 species and
984 ind./m’, respectively. There were 90 species and 773 ind./m? of polychaetes as the most major faunal group
in Jinhae Bay. At the region between the eastern mouth of Jinhae Bay and Gadeok Is., the species number and
density were higher, while lower at the western area of Jinhae Bay. The most dominant benthic macrofauna in
Jinhae Bay was the polychaetes, Lumbrineris longifolia(16.9%), and followed by polychaetes Tharyx sp.(6.7%),
Chone teres(4.7%), Glycinde sp.(4.2%), bivalves Theora fragilis(4.0%), crustaceans Corophium sp.(4.0%) and
so on. The most of the predominant species appeared mainly on the region between the eastern mouth of Jinhae
Bay and Gadeok Is. Cluster analysis based on the macrobenthic faunal composition showed that Jinhae Bay
could be divided into three station groups: The western Jinhae Bay(Station group A), the mouth of Jinhae
Bay(Station groupe B), and offshore area between Gadeok Is. and Geoje Is.(Station group C). The mouth of
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Jinhae Bay had the highest mean species number and the mean density, and its important species was Lum-
brineris longifolia. The offshore area between Gadeok Is. and Geoje Is. had medium mean species number and
the mean density. The western Jinhae Bay had the lowest mean species number and the mean density. The dis-
tribution of BPI and BC values, used to assess benthic pollution, showed similar patterns. According to the clas-
sification proposed by Borja er al.(2000), the stations of the western inner-bay were heavily polluted sites, the
stations between mouth of the bay and the offshore area were slightly polluted sites, and the stations of the other
area were meanly polluted sites. Benthic community healthiness of the western Jinhae Bay was classified to
“Transitional to pollution” by BC values. The degree of pollution in Jinhae Bay may have extended gradually
from the western Jinhae Bay to the mouth of the bay.

Keywords: Jinhae Bay, Benthos, Community, Distribution, Biotic Coefficient, Benthic Pollution Index

it
o
k3
el
e
]
et
o
7
A
PO
a2
&
Ol
B9
]

HIRBIAZ] AlFeteian, el v, e Fae] 24402 Qs
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kst o7 WRE] AEREI AdEAA gtk 2 7

AZ 59, JiA5-AESF 9] ¥ (Abundance-Biomass Comparison

(ABC) Method; Warwick, 1986; Warwick et al., 1987), th4=—4

TF 23 58 (Log-Normal Distribution Method; Gray and Mirza,

1979), &=9)-81% 41 (Rank-Frequency Diagram; Frontier, 1985),

381 (Rarefaction Method; Sanders, 1968) 5| It} ZujellA

T 99 F(1994be] H9] HHES ALl BHRE MRS

ARIZE Qe 7] AR E dist o] JEA] @R sl

& 2l Bag vk 9lrh(Beukema, 1988; 21} 5, 1994b; Nelson,

1987).

T TRE A X132 B71 7192 2= Infaunal Trophic Index(ITI),
Benthic Pollution Index(BPI), Biotic Index(BI), Biotic Coefficient
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Fig. 1. A map showing the study area
and the sampling stations in Jinhae Bay.
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Table 2. Overview of benthic community in Jinhae Bay, May of
1998. Densities are expressed as ind./m* The values in parentheses
are species numbers

Ecological Parameters Mean
Benthic Macrofauna
Total Species Number 255
Mean Species Number (spp./0.2m?) 22.8
Mean Density 984
Major Faunal Group
Polychacta 773 (90)
Arthropoda 101 (49)
Mollusca 68 (35)
Echinodermata 16 (19)
Ecological Indices
Diversity (H') 2.09+0.68
Evenness (J) 0.74+0.15

*B: Bivalvia, P: Polychaeta, S: Sipunculida

EZ HAE 242 gravelo] 18] VeRR] ogto
| sandt A FAoA BxsaE QAN geHlEe] ¥ X5
WA 542%04 BA 0.7%, B 5.9882%F BHEHFS
Aoz WA JehAw ZH7 2jo)7) 4A8Ieitt. sand] w32
E B9, AR 7R Alle] g T4 10~20% WSl
9} FHREES wolu 9lor, A 60014 54.2%Z UERS Z&
AQ)Ehd 1 9le] AGoME 10% vk e SRS BE)
o}, silte] A2 F 45.7%, HA 1.4%, BT 22.8+8.6%%
A ARZ 2oz} Blwd A4 g ANk o R X9 Fi1
= Bxsh= Aok clayd] &S Hl 95.9%, A
343%, BE 713211.3%% £ A7xd 55 HY 8 F FA4L
2% B gl9loH, v g7 AR X9E AL tiiE
2] x| Aellx] 70% oS & A E RGITHFig. 2).

EF 5459 gt A 1016004 HA 4992 B
9.20+£0.85¢ ©|.o.H, A9 A Alel7t AL ¢lGlth #
ZAG ] EA clay, silty clay, sandy silty clay, sandy clay,
clayey silt, clayey sand® %F 67] BJZAFOZ vhr]olxut, WA
6770 ARAFNA 3B A silty clay2 UERET 187077 0)

Table 1. Summary of Biotic Coefficient (BC) and Biotic Index (BI) (Botja et al., 2000)

Site pollution classification

Biotic Coefficient (BC) Biotic Index (BI)

Dominating ecological group Benthic community healthiness

Unpolluted 0.0<BC<02 0
Unpolluted 02<BC<1.2 1
Slightly polluted 1.2<BC<33 2
Meanly polluted 33<BC<43 3
Meanly polluted 45<BC<5.0 4
Heavily polluted 50<BC<55 5
Heavily polluted 5.5<BC<6.0 6
Extremely polluted Azoic 7

I Normal
Impoverished
m Unbalanced
Transitional to pollution
v-v Polluted
Transitional to heavy pollution
v Heavy polluted
Azoic Azoic
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Table 3. Dominant species above 1.0 percentage in individual number, collected in Jinhae Bay, May 1998. The assigned ecological groups

and feeding types were also shown

Species Name Total Ind. No.(%)  Mean Density (ind./m%) Frequency Feeding Type Ecological Group
Lumbrineris longifolia (P) 2,240(16.9) 167 53 SSDF v
Tharyx sp. (P) 885(6.7) 66 43 SDF v
Chone teres (P) 623(4.7) 46 24 FF 1l
Glycinde sp. (P) 558(4.2) 42 47 C il
Theora fragilis (B) 527( 4.0) 39 37 FF v
Corophium sp. (A) 527(4.0) 39 16 SDF 111
Heteromastus filiformis (P) 448( 3.4) 33 37 SSDF v
Prionospio pinnata (P) 448( 3.4) 33 33 SDF v
Magelona japonica (P) 403(3.0) 30 23 SDF I
Aricidea sp. (P) 389(2.9) 29 19 SDF I
Laonice cirrata (P) 381(2.9) 28 11 SDF I
Sigambra tentaculata (P) 371(2.8) 28 48 C I
Glycera chirori (P) 342(2.6) 26 54 C I
Capitella capitata (P) 300( 2.3) 22 13 SSDF A\
Polydora sp. (P) 296(2.2) 22 30 SDF v
Ampharete arctica (P) 286( 2.1) 21 28 SDF [
Prionospio sp. (P) 177( 1.3) 13 35 SDF v
Euchone sp. (P) 168( 1.3) 13 15 FF I
Nectoneanthes latipoda (P) 168( 1.3) 13 25 SDF N.A
Grandidierella sp. (A) 164(1.2) 12 13 SDF m
Monocorophium uenoi (A) 152( 1.1) 11 9 SDF I

*P: Polychaeta, B: Bivalvia, A: Amphipoda, FF: Filter Feeder, C:

Feeder, N.A: Not Assigned.

clayZ WHelLt o] 278 Fla7do] AAl 439 91%E ARt
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UASATH(Fig. 2).
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Fig. 2. The characteristics of the surface sediment in Jinhae Bay; Sand, Silt, and Clay content(%; A, B, C respectively), Mean grain size(¢)
distribution(D), Ternary diagram(E) and Areal distribution of the six surface sedimentary facies(F) (C: clay, sC: silty clay, ssiC: sandy silty

clay, sC: sandy clay, ¢S: clayey sand, cSi: clayey silt).
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Alo] sl F7 EFHst I, L longifoliaRth T 4T
Zog 93 BEX 2 st 9t 339A 359 C reres®] 7
2, 7siwe] B Q7o) WAIHe] $u3n gov, 53] 3
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Fig. 3. The spatial distribution of (A) benthic macrofaunal species number(spp./0.2 m?) and (B) density(ind./m?) in Jinhae Bay.
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Fig. 4. Spatial distribution of six dominant macrofaunal species in the study area. Density is expressed as ind./m’
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Fig. 5. Distribution of the three station groups which were divided
through the cluster analysis.
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Q1 DR Corophium sp.i= LEH‘:’J—J YA F2 SH3k
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RN
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A 3749 AAFow FREG]

tHFig. 5). AHT AL Do) dAeke ue}l MZEs)oda) Ha)yt
o] HE3|de A3k FHER ZuA FYENeH, AT
CeE AARS] 5% At 7T Al 8z dd=Hx &89

of] YRIFH= A% % AEgth AAT BE AAT A AA
ol ARl SISISIc. B 2SI wejs) 7 3
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Table 4. 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 station group

Ecological Parameters Station ~ Station  Station
group A groupB  group C

Total Species Numbers 118 145 106
Mean Species Numbers (spp/02m?)  13.0 42,7 28.6
Mean Density 504 2,166 934
Major Faunal Group

Polychaeta 345 (59) 1,846 (58) 809 (56)

Mollusca 74(15) 79(24) 41(13)

Arthropoda 72(24) 178(38) 37(14)
Ecological Indices

Diversity (H') 1.81+0.67 2.67+0.22 2.45+0.43

0.75+0.17 0.72+0.06 0.73+0.10
28.1£20.1 35.0+11.6 45.0£15.6

Evenness (J)
Benthic Pollution Index(BPI)

Biotic Coefficient(BC) 3.8£1.0 3.1£04 2.3+0.9
Dominant Species
Ampharete arctica - 93 -
Aricidea sp. 25 - -
Capitella capitata 36 - -
Chone teres 46 56 -
Corophium sp. 51 - -
Glycera chirori 12 59 30
Glycinde sp. 22 79 73
Heteromastus filiformis - 63 93
Laonice cirrata - 118 -
Lumbrineris longifolia 50 528 172
Magelona japonica - - 119
Nectoneanthes latipoda - 45 -
Nephtys polybranchia - - 21
Polydora sp. - 98 -
Paraprionospio pinnata 51 - -
Prionospio sp. 12 - -
Sigambra tentaculata 30 - -
Sternaspis scutata - - 27
Tharyx sp. 13 239 101
Theora fragilis 60 10 4

1.35%Z Tha 2 golsit.

AT B F2EESFE 45502 Y ARTFT R B B
o uELOR], BAT BAES A TEOR A9 EH
AT 3 2,166 0A/MmMO R 71 & ANUES KT
OE AR RV E 9ER7E 1 8467HX1]/m2—E F oﬁ%
ET o)t} SRR 26701901, 85 L. longifolia,
T fragilis, Polydora sp., A. arctica EOM SIMPER £ A3}
AHT BY AR Jlodshe A 2 L. longifolia, Tharyx
sp., G chirori, H. filiformis 5 9A| 2*24—? BY Q2 $HFER
T3=t

AAF C: AATY FF A 7HE % Aleld] gas A
9oz 798 AT co FEHETTFE 1065, MY =
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Table 5. Results of the SIMPER analysis showing ten genera which
contribute most to the similarity at each station group by Cluster Analysis.
AV. Sim: contribution of the ith genera to the total similarity; Contrib.%:
percentage contribution of the ith genera to the total similarity; Cum.%:
cumulative contribution to the total similarity

Av. Sim Contrib% Cum.%

Table 6. Results of the SIMPER analysis showing ten genera which
contribute most to the dissimilarity between station group divided by
Cluster Analysis. Av. Diss: contribution of the ith genera to the total
dissimilarity; Contrib.%: percentage contribution of the ith genera to
the total dissimilarity; Cum.%: cumulative contribution to the total
dissimilarity

Station group A (average similarity: 21.53)

Theora fragilis (B) 3.64 16.93 16.93
Paraprionospio pinnata (P) 3.63 16.87  33.80
Lumbrineris longifolia (P) 232 10.79  44.59
Sigambra tentaculata (P) 2.15 9.99 54.58
Glycera chirori (P) 1.71 7.94 62.52
Glycinde sp. (P) 1.45 6.74 69.26
Nectoneanthes latipoda (P) 111 5.16 74.42
Tharyx sp. (P) 1.06 4.92 79.34
Prionospio sp. (P) 0.64 296 8230
Capitella capitata (P) 0.53 248 84.78
Station group B (average similarity: 43.90)
Lumbrineris longifolia (P) 5.89 13.41 13.41
Tharyx sp. (P) 3.84 8.75 22.16
Glycera chirori (P) 3.03 6.91 29.07
Heteromastus filiformis (P) 2.78 6.32 35.39
Ampharete arctica (P) 2.63 5.99 41.38
Glycinde sp. (P) 2.45 5.58 46.96
Polydora sp. (P) 1.88 4.28 51.24
Cirriformia tentaculata (P) 1.42 3.24 54.48
Pista cristata (P) 1.40 3.18 57.66
Phascolosoma albolineatum (S) 1.24 2.82 60.48
Station group C (average similarity: 43.30)
Glycinde sp. (P) 5.32 1230 1230
Heteromastus filiformis (P) 4.54 1049  22.78
Lumbrineris longifolia (P) 4.50 1040  33.18
Glycera chirori (P) 3.74 8.63 41.82
Maogelona japonica (P) 332 7.67 49.49
Sigambra tentaculata (P) 2.16 4.99 54.48
Nephtys oligobranchia (P) 2.15 4.96 59.44
Tharyx sp. (P) 2.10 4.85 64.29
Ampharete arctica (P) 2.01 4.64 68.93
Sternaspis scutata (P) 2.00 4.61 73.54

*B: Bivalvia, P: Polychaeta, S: Sipunculida

HEFE 286502 P FUF0| LR Rolgirk. A4y
= wlAme R A BE Bolglon 49HFETL AR

T AZ TRV E R FEA 80971 /m el MAHES Ve
Ak, TG oA] 2457 W3] - Holglek AT

Fol Qlslth. B3] M japonica®} S. scutatas e T ART
o= sl FdskA st

SIMPER #4°] &)al| 7} F37 19 vlfApgel 71ofskes &
S A RU(Table 6), 94 FHT A9k 87 B vlRAMIl
7138 = E-2 L. longifolia, Tharyx sp., A. arctica, H. filiformis,

Av.  Contrib. Cum.
Diss % %
Station group A vs B (average dissimilarity: 82.29)
Lumbrineris longifolia (P) 3.61 4.39 4.39
Tharyx sp. (P) 3.02 3.66 8.05
Ampharete arctica (P) 2.64 3.20 11.26
Heteromastus filiformis (P) 2.35 2.86 14.12
Polydora sp. (P) 2.05 2.49 16.60
Glycinde sp. (P) 1.92 2.33 18.94
Glycera chirori (P) 1.83 222 21.16
Pista cristata (P) 1.76 2.14 23.30
Cirriformia tentaculata (P) 1.74 2.11 25.41
Aricidea sp. (P) 1.67 2.03 27.43
Station group A vs C (average dissimilarity: 80.03)
Magelona japonica (P) 3.99 4.99 4.99
Heteromastus filiformis (P) 3.95 4.93 9.33
Lumbrineris longifolia (P) 3.51 4.38 14.31
Glycinde sp. (P) 3.51 438 18.69
Tharyx sp. (P) 2.92 3.65 22.34
Theora fragilis (B) 2.50 3.12 25.47
Paraprionospio pinnata (P) 2.35 2.94 28.41
Sternaspis scutata (P) 233 29 31.32
Ampharete arctica (P) 2.14 2.68 33.99
Glycera chirori (P) 2.11 2.64 36.63
Station group B vs C (average dissimilarity: 66.19)
Tharyx sp. (P) 1.98 2.99 2.99
Lumbrineris longifolia (P) 1.89 2.85 5.84
Magelona japonica (P) 1.64 2.49 8.33
Nectoneanthes latipoda (P) 1.42 2.15 10.47
Polydora sp. (P) 1.41 2.13 12.60
Pista cristata (P) 1.36 2.06 14.67
Ampharete arctica (P) 1.36 2.06 16.72
Cirriformia tentaculata (P) 1.33 2.01 18.73
Aricidea sp. (P) 1.32 1.99 20.72
Phascolosoma albolineatum (S) 1.12 1.69 22.42

*B: Bivalvia, P: Polychaeta, S: Sipunculida

Polydora sp., °1™, 53] A. arctica, H. filiformis, Polydora sp.
L ART AA 719 FRAsH] ek AT Bel JFHoR &
Zau). e AET AY ™ o] uliAbdel Zlolehe
F2 M. japonica, H. filiformis, L. longifolia, S. scutata b
ov, M japonicaSt S. scutata= 3R AsllE 9] VEREA ¢
T ART ol AEHo] dshe 5A4& Bolvh = L B
9} AR Y ARl 7ledls 2 AHRH, Tharyx sp.,
L. longifolia, M. japonica, N. latipoda 1™ 53| M. japonica
o] ASL s AT BolME A9 EdaA U 54 2
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Q1 Folv, N. latipoda’= ©18} HHJZ AT CollMs AY &3
3] kom AR BoAT EHEH vehe S Btk
Tela AAT A8 FET B, AET Ast AHET 9 vlHAMA
o 71943 F FollAd B3] HAAR $7199 ARFTOE U
A e C capitata®] 735 87 vlARE o) thst 7ol go] =
Al EX = FATHEET A vs B: 0.85%; AHT A vs C: 1.22%),
AT B HAT Colls HME EdsH ¥ AAT AdAMT
AzH o2 FHsH= 545 B

MMESE 28l 718 BME S8 MAEE ot

AXEE TR A EAE o83t sRke] AXNEAEE
B7ks17] Y5l BPI B BCE AbEdte] #443191th BPR= 3+
33.0+18.8% 4F3] W2 S Helon AT AAUEY
WX 74t 2o AR 2|7k syt AT o3 +
EoR BEE BPIE AuRE, AAT AcA B 2812
7P 2 g2 BT, SJside] AT o M Bl
Bt 4508 HERiSleH, A48T BE v 35.00% ekt
(Table 4). BPI®] H3H B2 & And gkl e g5 oz o
< @l AAE T 9T F e AAE Afolg] glEY
& HA E2 el Zev AR st A A= T §)
A7 1d ol X ViR F Y ala ehdgk e
AelME BPIZ} 10 YIS E o5 w2 Zhollth(Fig. 6A). wehA
uintedo] Slafiode] vlsiA FiH o R {788 olgshe 253}
HEEAA LAANE i 7181Fe] 0| gol S ¢+
eH, Wit 9] frlE FE%e] vE Evha & < Qiok. 19
B2 o)y} 22 BPRLY £EE & o, Urlelo] gaiddnr} o
E2 295 ez gioka Frkst = Qlth

BCY ¥ ExE A¥Ed V|1EH de] fARE W
BPI®] £x9} I/ th2A] A8kthFig. 6B). BC= 0.4~6.00] B4
o HME-S R on HF 33+1.00F DA Bl@ A AA7F xjo]
7} “335199t}. Borja et al.(2000)°] Al EFol W=, As)er
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Fig. 6. The distribution of (A) BPI and (B) BC values in Jinhae Bay.
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Table 7. Comparison of the macrofaunal density between the literatures and the present study

Literature cited Sampling date Station No. Sampling gear/area/replicate Macrofaunal density (ind./m?)
Hong(1987) 1983.9 83 van Veen grab/0.1 m%/5 times 1,441
Lim and Hong(1997a, b) 1987-1990 10-12 van Veen grab/0.1 m?%/5 times 1,045
Lim et al.(1992) 1990. 10-1991. 7 13 van Veen grab/0.1 m%/3 times 404
Paik and Yun(2000) 1998. 1-1998. 12 8 Smith-Mclntyre grab/0.05 m*/4 times 1,939
Present study 1998. 5 67 van Veen grab/0.1 m%/2 times 984
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Fig. 7. Comparison of dominant species between the literatures and the present study in Jinhae Bay.
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