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Differences in the Community Structures of Macrobenthic Polychaetes
from Farming Grounds and Natural Habitats in Gamak Bay
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Abstract — This study was carried out to investigate the differences in sedimentary environments and benthic poly-
chaete communities between farming grounds and natural habitats (non-farming ground) in Gamak Bay. Sampling
stations of natural habitats were evenly distributed in the entire bay. And mussel farm, oyster farm and ark-shell
farm were selected as farming grounds. Dominant sedimentary facies was mud in most sampling stations of farm-
ing grounds and natural habitats. However organic contents were higher in the farming grounds than natural habi-
tats of the bay. The species number and mean density of polychaetous community in the natural habitats were
greater than those from the farming grounds. Lumbrineris longifolia, known as potential organic enrichment indi-
cator species, was first dominant species both in farming grounds and natural habitats of the bay. However, the next
dominant species consisted of different species between two benthic habitats. As a result of community analysis
using cluster analysis and nMDS, the natural habitats were divided into several station groups, but most of stations
in farming grounds were clustered into one group. Pearson' correlation analysis and PCA showed high relation-
ships between sedimentary environmental factors and benthic polychaetous community in natural habitats, but low
or no relationships in farming grounds. That means benthic polychaetous community established in farming ground was
under unusual condition such as high input of organic matter. Thus it is necessary to improve the benthic environ-
mental quality of the farming grounds as well as the north-western inner part in Gamak Bay through long-term
monitoring efforts.
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A Fae ols/dol A1 A B njal dod o= 21 AL
AFE 7 AL QloiA] 717kl AR A 2R ] 82 wiso] 7 &
27 Foll 2 W H 1 gtk S AX =S AAE o] 22 Ws)
ol = TsHAl REg3H] witoll AArR ] AufE A5E ol ¢
slo] X212 €] Bl et AR YR E ATt R S 71l
G807 o]g8 4 I tH(Warwick[1986]; Bilyard[1987]; Engle

et al.[1994]; Baldo et al.[1999]; Frouin, [2000]).
3] Qlelolg P shdelle) Y AIBE B W 2 B
S 372000 ) FFS WA 1 F HARE ¢
Ao, H2A, a8)a HAE U fU)E g5 So) & ks
1 8] tH(Sanders[1958],[1960]; Rhoads and
Young[1970]; Gray[1974]; Pearson and Rosenberg[1978]; Grebmeier
et al.[1988]; Hong and Yoo[1996]; MacFarlane and Booth[2001]).
Arsa slool A= HAEY] Euol EEdrS Ed F
T 7 v o 23S A T o Wt
=) Jeh )= 81tHLim and Choi[2001]). & ¢Igke o] s}
& F7lE T E AH0R Qo] s wist Bl AXEE
TR Wgo] ZeH L Atk R ] 2 Al = A

A0 B FRE, RS Fol ZRH: e B 5 ok Ay
A7 e ) f71%0] U S F vipdn A 37
s v, f712.99) Aol vet 1 $8FE v ek

(Pearson and Rosenberg[1978]).
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7 Mgk 3| 7] gGAAIEe] sk Aol Tigk A=
o] 23 %] cH(Pohle et al.[2001]; Yokoyama[2002]).

7heake- %H—j ok 15 km, TAZ <F 9 km®] EFIE vjgto®
TS TIF-E 10 m o|ui 2] Hallo]n] oFalgjo] ksl o]FoiX]
QAT 7P dA) Sk, She ot 3HE e 3] SR
qaljed 0 7 A Fojgl o F) gt 817 & njnd REr &
2 Fogitt. 1yt of A1) ISl e sl F %
7tk 3 JFARQ 2 Dol I f71= T7F TOF 2007
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} 2 x3k3l gl o7
kel o] ApsElo] s 7 1 upet o S 7 WA
haxakar ik, ofof] whet o= Ake
Aele] T eAdo] tiFE AL Sl Aol 7ol AMu RS
3k A Ealel wet A 73] 213 vk QIok(Shin[1995];
Yoon et al.[2007], [2008]; Koo et al.[2004]; KORDI[2012]). 71¥]
Lol gk A= 7Ht AAE thdo® 2Absle kA aleds
Hlofet ApAM 2 A A1) dlels thds 2APF o] FoiFit
& ArelA s 7HmEe] thsEAR] Ersk A, SR EA )
SRR, T3 S T oR o] & kA A5 AXE
73 B AMTERTAE getetar, o] A o] QA ok A

A slelstel 2ol e sjetaliia) g,

];

Zharkd kA sl oo ApAM AR @]k S T A A
R T30 Aol nlwsly] f1ste] 20151 6€7) 1020
A TN G A AA] lols o AFIARE AAIst
SATHFig. 1). A AR] s o2 2 71eks: tpgo = oFA%
o] Ax|E|o] QlA] k2 el F 20719 A} FH-S AAsISi)
FAGE HA] SR A 235(10089F, 11285%), & ok &
217 335(108352, 10863, 10905%), 3|70 9214 232(10735%,
11257%) & & 7N 8 AWV 2o s Asisict. 2
FAFA M= Tt N 7RI el shkel S st s
N RS A7sisieh. 2P i elMe & 3571e] 2APRE 2
“dsloict.

AAM2IA] s ef ] A A A 0.0 m?e] JHEFE va
Veen Grabe AR8-8101 g 2814 ARl aL, 418 442§
T2 0.05 m*2] 2& van Veen Grabs AFE3to] A FH 23]
A AgsiAdek. A 1S 48] flste] Zlo] 1em FE2)
BT HAES ARSI, WA AR A TSRS A
Qo] EA7] 1 mme] AlE ARESle] BRI

EZHAE QJERAL AlFof| oF 15%2] ¥XFEEA(H,0,)9) oF

10%2] kS o] g8te] H71E7 ©bels AlASIGIT. o] #Hgel
A AFehs IREEaSe) Gaks AASY) 8l SRTE o4
sto] WA o2 AHSHF 63 um AZ F2A|
54 AEsh A AlEE Felsksitt

A AEE 110°ColA 2407HESE AR F FFAE ©]
Bt 12 A A (dry sieving)stol 1= FAIE T8, AIEA Al

=]

2 (wet sieving)3H]

B XA AE % 497191 sedigraph 510002 741510 {159
WE-E-S ARESISITE 4 & Foi7 A}Fi= Folk and Ward[1957]2]
%’*—.—% ARESI] QRS HHE 55 ARtsilth
ESHAEY f71E582 I (Loss on Ignition; %)=
o]-g3to] AIBIATE 110 °CollA] 6A17E o) A B 4= Al
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Fig. 1. A map showing the sampling stations in natural habitats and farming grounds in Gamak Bay.

B I2H7|2E o]g3slo] 550 °ColA] 4xI7E B2F Zdsle] £
=< AT gtE AlsE EE Al 5% (ash free dry
weight; g AFDW)& S5 $-, o] dpgellx] dofxl 7] A
G AR AF=el izt whieg= Alklsle] H4E U f71E &
F(%ye ARSI

ZF 743 elA grabo 2 AFHE B e EE=7] 1.0 mme] Aol
55 ARgSte] HAES Aouigint. Al A™ A& 10%
xEgRIoR yyste]l APAE eIt AR AXE
A A& w7 (Carl Zeiss Stermi 2000-C) 338H& w] 7 (Nikon
Eclipse 50i) ©]-g3}0] TErHE Fashl, AR R 7Fsst
T T S ATt

AXTEFTHL E4E AWehs AR SHFEEAITH)
(Shannon and Weaver, 1963), 557 5A15(R) (Margalef, 1958), %

SEAE() (Pielou, 1966), -3 5=4]5%(D) (McNaughton, 1968)E
AR Alksieict.

F2 S B A AAA ] 7 Rt $38) AJol vl A
317 Qlslo] AAuix] EAHEA (one-way ANOVA)S AA|81HI T

ARSI E E3E] $13ll PRIMER 6.05 o]-83to] &
ZA9] FAREE 7]1%E ¥4 (Cluster analysis) 2 HI A% T}

iy
3

2] =5 (non-metric multidimensional scaling; nMDS)S- 1§ 35}
AT AT A 28 e ® BAS Arfsigion,
2kg52] AFL 5] {130 g (logx+1))S sk fAREA]
9=+ Bray-Curtis similarity(Bray and Curtis, 1957)2 #|AF5}%3 T}
A7 2 AFHS Group average modes ARl AHTS M
sk3ict.

83 3R EAMEAR, F7 =T, I AXTHERTA
] AATAAE Sotr ] 2l o =2] A A5 (Pearson’s
correlation coefficient)S 75131 01, AAMTEF 413 sk
#0] Qli= AAEE QRS Fletsbr] flate] 4974 (Principal

Component Analysis; PCAYS 533} c}.
3.2 3 E9f

3.1 MMEEE-E

Zhekak xpd A AR aljed o] FQ i, YA 2
4l 7183 B Fig. 29} 2k ARIMAAs) 0] R5EAE
AExAS ARF o7 AvR™ sand TS B 0.93+1.08%, silt
S 45.43+0.41%. clay 32 53.6449.94%%F UENE O,
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Fig. 2. Characteristics of surface sedimentary environments in natural habitats of Gamak Bay.

8.53£0.4702] HYLE Kol 5 ARE HHEe] Aoz
FAIEE ggollet. Bl Ao B E A A kel o] i
A3E ALl o2l AR elA mud B2 o] vER T 15
ARO] G715 FHES I 7.46+1.39%31.0 1], HUzkS BA] Unt
o19] A5 20014 11.05%, gk BF F45- 2] A5 904
5.89%% UERETE = 7Hnke] B5E 4w AAA o® AR
FAER o]FolA ot At o & THRE B4 dintelo] ok
ool nlel e ko] v Eokom, FTHAES] F71ES
I =UTh 223 v S TReolA iAo m AEA Sk
o] Eekom, f7|EdF A At o® wke- He|gitt.

7Fahare) okl Abs)ed o] {1l 9F mud 3 ob]l:/\l— 1 G7)&
IR Table 19} 2}, FAeo o] 25EAES] I A
1 sand TS H 1 0.96+0.95%, silt T 37.57+9.17%,
clay B2 61.46+9.5%2 LFEFEO.M, 9.14£0.790°] =S
Btk BAAe] RIS AR 112573.9) 108353, 1086339
FAEE AlL] o 4 3ol clay E]217do] YeRstaL, o=
Aol gt oF2ldoll A o2 mud E44-S YERIQlth B5E X5
71 BT et 8.54+0.78%3 01, FHok 97 10089ENA]
10.68%, 47k 3 11257ColA 7.29%%2 Uepsitt. ks ow
A A2 el o] HAlERT HEA o] ol Btk w2
#h& Bolal §lom(p<0.05), EFEAEL] f71EFE A A
AR SRt =2 7k BSTh(p<0.05).

71E2] 7t Z2AL Aol w2 AP The} wpE A R B4
yrteolu 53 ¢+ SHelA ZFEAE Ul A5 Fdo]
o} s o vl vh$- A YEFETH Yoon ef al.[2007]; KORDI
[2012]). 53] 54 ko] gt ekl uk 3] f7]
E 3, SHCETE Agslr U AkES /491, A A
A 5] o3t B0 A |ARE fr1e%e] vlg- s
ER= 702 B g ar Qlth (Noh er al[2006]).
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321 FAFT W AAUE

AFAX A=A 39 W kAl o] AP el AR ATk
o A Al 5418 Table 28} o, F8FG 0} AU w
3 Fig, 39 2tk ARAM A 199 FE2AETTE 515, B3
HAZHALTTE 17 spp./0.2 m?, A AU == 439 ind/m*2

YeRsTh RhE 770 o2 sldolMe] FEETTE 438, B E

HET 11 spp/0.1 m?, Hat AAUEE 335 ind./m*=2 YERSITE.

= ARAXAA] sljefo] FAE Bt FHETel Bt AU =Tt

3T (p<0.05).
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Table 1. Benthic environmental characteristics of the farming grounds in Gamak Bay

Farming Ground (n=5) Farming Species = Mean grain Size (Q) Mud content (%) Sedimentary facies ~ Organic content (%)
11285 Mussel 9.11+0.55 99.59+0.77 (g)sM-C 8.47+0.31
10089 Mussel 8.39+0.10 98.19+1.05 M 9.77+0.53
10735 Ark Shell 8.33+0.18 99.52+0.49 M 8.21+0.32
11257 Ark Shell 9.81+0.38 99.08+0.59 M-C 7.55+0.35
10835 Oyster 10.01+0.37 99.22+0.53 C 8.61+0.69
10863 Oyster 9.95+0.19 99.23+0.35 C 8.40+8.10
10905 Oyster 8.39+0.38 98.42+1.77 M 8.66+0.57
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Table 2. Ecological characteristics of benthic polychaete communities
between two habitat types in Gamak Bay

Ecological Parameters Natural Habitats Farming Ground

(n=20) (n=35)

Total species Number 51 43
Mean Density (ind./m?) 439 335
Mean species Number (spp./0.2 m?) 17 11
Ecological Indices

Diversity (H”) 2.15+0.59 1.79+0.82

Richness (R) 3.55+1.17 3.28+0.89

Evenness (J) 0.78+0.13 0.86+0.08

Dominance (D) 0.50+0.19 0.44+0.17

2 2N gl AR FEEE V18] s
AT Aol vlaf W2 kS Bola vk F FAPYA ) = 2 A}
A7], B1=9] x}o]= QIARE Shin[1995]2] 84, Koo ef al.[2004]2)
78%, Yoon et al.[2007]2) 119, Yoon et al.[2008]2] 95%] B3]
8] w2 sho|gint. 53] oA sljoelx ] EdET ARIA
212] ol v]s) whe ghlS gR1E 4= ISt Wk A AU =
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gt A E das = Qldok
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dido® FEEF 2 AT =9k e AT Q1
DXk 1008959} =217 109055, 1086352] ¢ A4
AT 9 AAEEe] Axpt ulg- Aselch oA TS
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T AR 5% ol T T2 F 650% A HLRF T 57.1%
= BT (Table 3). A 153 Th2F+= Lumbrineris longifolia=
AA BEF T 2021%F AL, B AU =S 98 ind./m?
OISt} U2 Terebellides horikoshii (13.70%, 14 ind./m?, Sigambra
tentaculata (6.28% 6 ind./m?), Paralacydonia paradoxa (6.22%, 6
ind./m?), Nephtys oligobranchia (542%, 5 ind./m?), Praxillella affinis
(5.31% 5 ind/m?)2] =02 33Tt wha k2 s oA A
A AGEF F AMATY 5% oV EdT T2 T 4502 A
A B F 52.2%= AAESITE Al 93 TRLFRE Lumbrineris
longifolia A TFLHF 5 27.34%= 3810, B AAUE=
110 ind/m? 1Tk, U~ Heteromastus filiformis (14.14%, 66 ind./m?),
Parapriono cordifolia (537% 27 ind/m?), Terebellides horikoshii (5.37%,
28 ind./m?)2] 0= FHTE P2 2FAXAA] gl eljA] €]
Al $H8ES L longifolia® A3, A2 $HLTE = & &
SE TAE Atk 53] suleld e eds el o =
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27 8l AAd A2 A e oo gEF R Al-HEL L
longifolia= =7 WRE ] 739 A 24| s olx= thg =3
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A 24| aljeds) Faldali ol M A1 5 TREF= Lumbrineris
longifolia® 5A3IA YERATE. L. longifolic= 71% 2l A&
glo] Zsirkal & #] 197 (Pearson and Rosenberg[1978]), 5+ <]
SFo] oFstal, YA EA S el R wE sellx] s
Tk 2 ArellA] FA gintel o] A A @) FA) s elA L.
longifolia®) AAAE7} 7F 54 755 5 sl v]sl] =4
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Fig. 3. Spatial distribution of species number and mean density in study area.
(Lee and Cho[1990]), clay 3Fgro] mll-9- =2 Azl E2doln], B ol8lA 213 2pAxAx] ] 94552 2lo)E Btk ARaA 214

Az U f71E Fe] s8] =4 vehds 5 L longifolia?t §-
B AN B 20 25T U8E % ek kol L
longifolia7} T8 $-7F UL ofg] AFoAx geld v} gt}
(Shin[1995]; Yoom e al[2007], [2008]; KORDI[2012]). A 1952 ]

3|3 2] - T horikoshii, S. tentaculata, P. paradoxa, N. oigobranchia,
P affinis®] A2 A 3, FA A A H filiformis, P
cordifolia, T. horikoshii®] <=° 2 -3} o]#3t =2 52
Seo et al.[2012]2] ZAF A9} FALBIGITE 53] 2 9ol A
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Table 3. Dominant polychaete species occurred at each habitat type in the study area
. Natural Habitats (n=20) Farming Ground (n=35)
Species Name — 3 PP >
Mean Density (ind./m°)  Percent. (%) Freq. Mean Density (ind./m”)  Percent. (%) Freq.
Heteromastus filiformis - - - 66 14.13 25
Nephtys oigobranchia 5 5.42 14 - - -
Paralacydonia paradoxa 6 6.22 12 - - -
Paraprionospio cordifolia - - - 27 5.36 23
Lumbrineris longifolia 98 20.20 18 110 27.34 29
Paraxillella affinis 5 5.31 11 - - -
Sigambra tentaculata 6 6.28 13 - - -
Terebellides horikoshii 14 13.70 16 28 5.36 22
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Fig. 4. Density (ind./m?) distribution of dominant polychaetes in natural habitats and farming grounds in Gamak Bay.

2 EHs= H. filiformis, P. cordifolid= =l 71852)%0 =2
ZdeA glom, f7E eqdo] Aska HelA dig A Ak &
AN 7= @ANE R delA Qe FEolvh Faz 7
B Ugkede] A9 AAH o Z f7EdA Ao E 2 2eizl
Capitella capitata®) A4 Wgo] 413 39 0% 53] sA|-=Al
C. capitata’} =973 Edsl= A 02 B 1% 9l 21 (Yoon et
al.[2008]; KORDI[2012]), ¥ ZAR= 20152 FA|of] A7l
C. capitata?} NG FA3K= A719} ZARZ17E Eet A w 4] ok
Z10% ®Welr},

323 ZHT B

AAM A @1k sl 2071 AR 7 kA 3571 F
APPSOz AAISE A 9 nMDS 4] A3E 2
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Fig. 5. Dendrogram of cluster analysis and non-multidimensional scaling ordination (nMDS) plot of the sampling sites based on the species

composition of benthic polychaetous communities in Gamak Bay.
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Table 4. Characteristics of benthic environment and polychaetous community of each affinity group divided by cluster analysis and nMDS in

Gamak Bay.
Affinity Group A B D El E2 E3
No. of Sampling Sites 7 14 3 22 2 2 2
Benthic Environment
Depth (m) 6.94+3.12 4.95+1.37 4.5+2.95 4.46+1.14 6.7+1.70 7.9 5.45+3.46
Sedimentary facies M(7) M(11), C(3) M(3) M(9), C(13) M(2) M(1), C(1) M(2)
Mean grain size (Q) 8.32+0.34 8.61+0.63 8.70+0.48 9.40+0.75 8.95+0.56 9.42+0.21 8.88+0.46
Mud content (%) 98.38+1.29  98.86+1.27  99.63£0.15  99.22+0.65 99.87+0.10  99.94+0.01  99.67+0.35
Organic content (%) 6.854+0.60 8.52+1.73 7.68+0.55 8.28+0.73 8.17+0.48 8.70+0.32 8.90+1.19
Benthic Polychaetous Community
Total species Number 40 49 25 44 5 1 6
Density (ind./m?) 555 627 128 320 40 10 30
Mean species Number (spp./0.2 m?) 20 16 14 13 4 1 5
Ecoligical Indices
Diversity (mean; H’) 2.42+0.32 1.94+0.58 2.29+0.44 2.23+£0.28 1.39 - 1.37+£0.13
Richness (mean; R) 3.99+0.59 3.39+1.26 3.55+1.11 3.42+40.80 2.16 - 1.68+0.20
Eveness (mean; J) 0.82+0.08 0.71£0.11 0.90+0.04 0.88+0.04 1.00 - 0.92+0.01
Dominance (mean; D) 0.40+0.12 0.60+0.16 0.42+0.15 0.43+0.09 0.25+0.35 - 0.69+0.03
T. horikoshii L. longifolia  G. japonica L. longifolia M. japonicus P. cordifolia L. longifolia
(23.4%) (39.0%) (15.7%) (19.1%) (28.6%) (100%) (25.0%)
P. paradoxa  H. filiformis  H. filiformis  H. filiformis M. dubia M. dubia
(12.5%) (5.4%) (14.7%) (16.1%) (28.6%) (18.8%)
Dorminant species (%) S. tentaculata T. horikoshii  P. cordifolia T horikoshii P, cordifolia
(9.8%) (5.4%) (10.1%) (6.6%) (18.8%)
N. oligobran- H. elongatus N. oligobran-  Tharyx sp. S. tentaculata
chia (8.0%) (5.3%) chia (8.3%) (6.2%) 18.8%)
G chirori P, cordifolia
(6.4%) (6.1%)

St B AL e S, RS v s e
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Ao AT B, AHE D9 2o] P ARAAA) Sl
57129 o] 30 ek GRS L longiflia’} A 3
AsiRlon), W f71EH) At oR A ghe AT A, 4
B CoAN= L longifolia7} P TR $50] T2 $HF02 5
34—3]_031;].

Thelgh AR e AR 0% B g, v
Ujste] ol F20] Aolk i 4lo] Aol gl
14 S4ch(Shin[1995]; Yoon er al[2007), [2008]; KORDI[2012]). =
Q2] AU aleloliel 2l Astel Qs

81'5}‘ :FLX] —]?L_—}_L‘_‘_ :..T}\i LHU]—Oi (o] %‘}‘\:]y_j 6—]_ g x]_ L:E Eﬂi
5, 1B A w5 Be) 22 AXE me] Widd
A2k A= 3 LT} (Shin[1995]; Yoon ef al.[2007], [2008];
KORDI[2012]).
3.3 MAMEE1 HACIRE2EZE 25|
Zhept o) A A ) e AR e AN

mud & t‘sla‘c sand & t‘slak

e, B, 47158 AM R

ESF, FUT AL, SR, EREA, A

, %@%% B = %7]%?}%01] w9 S B
k. A7 1ESE S e AE AR L longifolias

==
AT el $HESS f71E S0 A

3 PAE B3I,
S. tentaculata®) 73-5- B]114] =& 32] JHAE Rolth HF
T MRUEE T horikoshiiS}h 32 8] AlE Helow, H
Siliformis®}t S. tentaculata’s TFRFEAT S} 32 k) AHEAIE B
At L. longifolia= 35 =ATS} & 2] A, $REA

TR w2 ) AdHIAE Bl
7k o Al sl ZAPE R e] AX S 21 AA TR

7Y Pearson JTATAIE AR, Q@’E}Jﬂr %ﬂ%@%‘ﬁ Aole] ’23}

A= B3 WA veptal, 4S5

Sl v A vke A Bt f1EE “?*7‘4%—?: 1k

AAIAE AARE L. longifolic= VW2 =

BGAT oA SHEES e JUAS
AR BE $IFEN 52 g0l LA g o



TOAS] 10"0sx TAI] SO'0sx Y} & PIIOUSP dIB UONE[ALIOD JUBDIJIUTIS

8€¢ SELY LT LSOF ¢sT  TlT 85S¢ ,SSE .99 Nd4 Ly1'- LTT  60¢- TCE 10T~ vxopvavd
374 8¢’ w897 YeT  L8T  £TY L0V 167 WSSV yic 790~ ,.89v- .68V G8l- vpjnovjua) °§
09¢ w097 997 €0€ 06V L T6V V€9 095 910" ¥TI- 0vg¢- ,29¢  90¢- suofiff “H
elre LOT 16T LS9 PSS .08 =989 810" ¢Cl° 800- TCO° 9S0°- nysoy110y J
.£08° 620" [ Tot  ILT 618 w95 88¢  80CT- 916~ LES T6I- vijofiduoj "7
LSTT 00" CTTE 118 WOPS LE1ST vog- | plIe- €€ SIT- a
Ww1SLT 698 €€¢ WwCLS 901- 69T 800" 1€0° ,.98%- [
856" ,LTL LSO €90° 861" $0T- 6£T ,,6€5 ki
LVE9 ~OLS’ 00~ O0LT ILI'- 60T ,,L09- »H
wL98 L6g so1- €18~ 665 LLE- Ayisuop
S61°  9Il" 60€- LEE L0 Ioquinu sardads
€8C- 01T- LIT s8I~ 20
L09¢°  ,SPe- 881~ ON
L9606 S9T PN
66T~ pueg
lee [oABID
,ﬁ_ pdop
M.L vxopoapd g vionovjual 'S suulofijyf [y 1nysoyrioy 1 vyofisuo] T [ N JH  Ansuop requnusaoeds O'0 @IN PN pues  yidop  spunoin) Surwre]
o
MNM wlOL 900" Siy €8¢ €P0™-  9L1T  LOE 98¢  TeY Y0¥ 8¢~  Tvb- L. S6L- ,poL  gel” vxopvavd
G148 LSE 181~ 180" 1T 90t . 8p¥" 085 KIS L9868 L PL9- 106 106" PE0 vp[novuadl g
Yot €T 010~ €€ LIS T6Y  L6T VS 6¢v’-  IpE-  LEOT  9€0-  8€0 suLiofiff “H
g6l ¥ST 6S0- 68T 80T ,,0€9 oS 1ce- obT-  LI€-  91¢ €Tl mysoyrioy [,
L00L7 169 ILI- SE€p-  S9¢ 610 90¢ Iyl TCC  €TT-  S60°- vijofiduoj 7
L1197 9C1- 667~ ,90L° el 001" 980~ ¢€10° +¥I0- <Ol™- a
=809 088 €T LLE 0ce- TET- T8l S8l° L9 [
LLT6 L1V LCE6 LJ0S™- 0€b™- $0E- 90E  6El” i
wT .,.008° LCCS- 8SY- She-  LvE 99T H
L.0069 00t’- ,08%- CIv- TI¥  8v0 Ayisuop
L8666 €€ L0V 80 ITIT  Joquunu sordads
LOL8 STV 9Th- S9T 20
L5987 ,.896 - 69¢° O
L0071 170 PNA
0¥0'- pue§
ydap
vxopoapd g pvionoviual S suuiofijiyf [y 1ysoyrioy I vyojfisuo; T [ NI JH Ausuop lequinu saoads  O'0 O PnN pues pdop  sjejqeH [einjeN

‘Keg yewen ur A1unwWwod snojeeyoL[od Jo sorsLIeloeIeyd [91S0]009 PUE SI0JOB] [BJUSWIUIOIIAUS OIYJUS] USOMIA] SIUSIOJO0D UOHE[OLI0D S U0SIEd ] S [qEBL

306



uha} ORAI R}y A [e) S = Z
7Pt gt Apd Al el o] AT Al o] 307
1.0 1.04
L3N]
" L longifolia
' density
o' E .
o.c
o 057 o o« 059 o o M fiiformis _
= . fitormi - S. tentaculata species number
£ . ].ufmml.\ v s P. paradoxa °
g Depth spem:s number g R
2, 2 Thorikoshii @,
g Mud P. paradoxa @ Sand g o
1S} 0.0 ° *—o 8 0.0
° ) Thorikoshii S tentaculata ° Depth J
< M2 [ ] < |
E E‘ Y Gr:ve )
by eo0C S
< £
= density =
-9 [-™
-0.5 L4 -0.54 o
L. longifolia
° D Mud
° [)
1.0 1.0
T T T T

.00 0.5 1.0
Principal component |

Natural Habitats

Fig. 6. Distribution of factor loading by PCA in Gamak Bay. (MO
J : Eveness, D : Dominance).

horikoshii®} H. filiformist= TFFTA T} 32 oFo] A3
gk
3|9IZt Pearson “FZAAITE] Aol & AR, X}AX2)A] 3]

=
=
o] A f71E HAwzt 0.8762] w9 =2 ARATE
o

il

K

wolom APSFTR= 3o IAUATFTR= o) #A)E Kol
% ANkl MM ] 548 & HolFal Qlok WhA o3
92 71 ETE Hot =gt A7) 028322 vgkon,
A ST} o] BAUAEHT 22 IANE ol 5 HA%
Th= 73 BEgo] gl Aoz el & g sl ®E
B F715S FAAE] v E Soll 71938t f7152 v1g34
Ql T o Qlalo] BA s Fghs WA o R & HojFal §)
ok ohug} AT} AU s 291 A)%] sodor= Y
Ak, Bls, f71ES T gl S0 #AlE Hola glo
, FA oM olst TAIZF s Par k. 1] an
AR 212] SN = A 1HERL L longifolias A|$13t L=

Oli T
SRESS A71ZRD oleblE wolx glovt, B4 sele]
L

A BE SAFET e glol7l shAw o) $1 nat,
2 P Sl 1B R AHEE 2918 ARl A2
o] 4

3wl AYEETRS) G4 B 6 e 71 Ahe
a1l

AE Tetalr] flato] FAREAS AAISE A, 2 e Akt
S (factor loading)®] -3+ Fig. 63} £t} Al15/d53} 257
9] A7 82 60.38% o190, Al 153 65960 %
TfrFh(eigenvalueys HGITE. A 1592 AA] 24kl tial] 41.22%°)
Z190E&E B0, mud ¥ Bals, eSS =& 9 A
HAIAE B, ZAFe AIER, S, tentaculata, P paradoxa®}
=2 A AHIAE Bk A|253 5 A atel] isl 19.15%°)
7o E5 Bl ow A1F3E fARE S Bt

A Fled o] S vt o R FARA S AAISE A3 Al

S

.. 00 0.5 1.0
Principal component 1

Farming Ground

: mean grain size, O.C : organic content, H' : Diversity, R : Richness,

O] 41710182 66.09% ©1912H, A1
=S 1-F-gk(eigenvalue)s BT} Al 15422
1l 40.42%2] 71015 B3l oM, mud 33} 7]
AE RO B e9l SAFTT, AUE, EAT,
= g A Rk Wi, A 25d -2 24 Al
54%2] 710388 W3 ow, mud S} HHUEehs w2
WAE B, 7=t S5, AU, e,
FHEAG, SHATASE, L. longifolia, T. horikoshii, H. filiformis, S.
tentacualta, P. paradoxa2¥= 7 *F#AE BT

Yoon et al.[2008]2] Q17ollA = 7hehekd QAR 2191 2)%] &
o) AT o] F Y vIAE T2 el w F
F7leaeh AR slRE, TElal A 58 EXET], ol
Aol Aol & dxekar Qlek. ek FAs ek &= A4
7 Q13 USRI TR (el A waAdo] wilg- oA Gl
© A0® & ZAPIA YeRtaL QlEd), ol 2ol ] Frkek
718 o] dEFrR e 24 T & FEE A
=]

Al A AR Bl oflx] o} 22 ARk o] FdHA L Sl

X
X
oX
2L Mo

X oX
o A

o &

L
O—'
| oL
k i

=,

J

Mo
b
=2,
=
ot
it
_\g

o
1
g B

i

oL

Ju—
~J

Sy
O]
il

>,
O:

)
0

¢

418 S o 12 2

ll

E)
o

2 ¥
“
)

References

[1] Baldd, F., Garcia-Martin, S.F., Drake, P. and Arias, A.M., 1999,
“Discrimination between disturbed coastal ecosystems by using



Ho

308

P

macrobenthos at different taxonomic levels”, Bol. Inst. Esp.
Oceanogr., Vol. 15, No. 1-4, 489-493.

[2] Bilyard, GR., 1987, “The value of benthic infauna in marine
pollution monitoring studies”, Mar. Poll. Bull., Vol. 18, 581-
585.

[3] Bray, J.R. and Curtis, J.T., 1957, “An ordination of upland forest
community of southern Wisconsin”, Ecol. Monogr., Vol. 27,
325-349.

[4] Engle, V.D., Summers, J.K. and Gaston, GR., 1994, “A benthic
index of environmental condition of Gulf of Mexico estuaries”,
Estuaries, Vol. 17, No. 2, 372-384.

[5] Folk, R.L. and Ward, W.C., 1957, “Brazos river bar: a study in
the significance of grain size parameters”, J. Sed. Petol., Vol. 27,
3-26.

[6] Frouin, P., 2000, “Effects of anthropogenic disturbances of trop-
ical soft-bottom benthic communities”, Mar. Ecol. Prog. Ser.,
Vol. 194, 39-53.

[7] Gray, J.S., 1974, “Animal-sediment relationships”, Oceanogr.
Mar. Biol. Ann. Rev., Vol. 12, 223-261.

[8] Grebmeier, J.M., Feder, H.M. and Mcroy, C.P., 1988, “Pelagic-
benthic coupling on the shelf of the northern Bering and Chukchi
Seas. 1. Food supply source and benthic biomass”, Mar. Ecol.
Prog. Ser., Vol. 48, 58-67.

[9] Hargrave B.T., 1994, Modelling benthic impacts of organic enrich-
ment from marine aquaculture. Canada Technical Report on
Fisheries and Aquatic Science, Report No. 1949, Bedford Institute
of Oceanography, Dartmouth, Nova Scotia.

[10] Hong, J.S. and Yoo, J.W., 1996, “Salinity and sediment types as
sources of variability in the distribution of the benthic macrofauna
in Han River estuary and Kyonggi Bay”, J. Korean Soc. Ocean-
ogr., Vol. 31, 217-231.

[11] Jang, S.Y., 2016, Comparison of benthic healthiness between
farming ground and non-farming ground in Gamak Bay. MS The-
sis, Chonnam National University, pp73.

[12] KOEM, 2013, Environment Conservation Sea Area (Benthic
environments) Gamak Bay, Deugryang Bay, Wando-Doam Bay,
Hampyung Bay.

[13] Koo, B. J., Je, J.G and Shin, S.H., 2004, “Benthic pollution assess-
ment based on macrobethic community structure in Gamak Bay,
southern coast of Korea”, Ocean and Polar Res., Vol. 26, No. 1,
11-22.

[14] KORDI, 2012, Ecological responses in the hypoxic condition in
southern coast of Korea for ecosystem management. BSPE98661-
10046-3.

[15] Lee, K.H. and Cho, K.D., 1990, “Distribution of the temperature
and salinity in Kamak Bay”, Bull. Korean Fish. Soc., Vol. 23,
No. 1, 25-39.

[16] Lim, H.S. and Choi, J.W., 2001, “Community structure of subtidal
macrobenthos in Hampyung Bay during autumn in 1997, south
west cost of Korea”, J. Korean Fish. Soc., Vol. 34, 326-339.

[17] Lim, H.S., Choi, J.W., Je, J.G. and Lee, J.H., 1992, “Distribution

k)

e

pattern od macrozoobenthos at the farming ground in the western
part of Chinhae Bay, Korea”, Bull. Korean Fish. Soc., Vol. 25,
No. 2, 115-132.

[18] MacFarlane, GR. and Booth, D.J., 2001, “Estuarine macrobenthic
community structure in the Hawkesbury River, Australia: relation-
ships with sediment physicochemical and anthropogenic param-
eters”, Env. Monit. Ass., Vol. 72, 51-78.

[19] McNaughton, S.J., 1968, “Structure and function in California
grassland”, Ecology, Vol. 49, 962-972.

[20] Mrgalef, R., 1958, “Information theory in ecology”, Gen. Syst.
Vol. 3, 157-175.

[21] Noh, I.H., Yoon, Y.H., Kim, D.I. and Park, J.S., 2006, “The spatio-
temporal distribution of organic matter on the surface sediment
and its origin in Gamak Bay, Korea”, J. Korean Soc. Mar. Env.
Eng., Vol. 9, No. 1, 1-13.

[22] Pearson, T.H. and R. Rosenberg., 1978, “Macrobenthic suc-
cession in relation to organic enrichment and pollution of the
marine environment”, Oceanogr. Mar. Biol. Ann. Rev., Vol.
16, 229-311.

[23] Pelou, E.C., 1966, “The measurement of diversity in different
types of biological collection”, Theoret. Biol., Vol. 13, 131-144.

[24] Pohle, G, Frost, B, Findlay, R,. 2001, “Assessment of regional
benthic impact of salmon mariculture within the Letang Inlet,
Bay of Fundy”, ICES J. Mar. Sci., Vol. 58, 417-426.

[25] Rhoads, D.C. and Young, D.K., 1970, “The influence of deposit-
feeding organism on the sediment stability and community trophic
structure”, J. Mar. Res., Vol. 25, 150-178.

[26] Sanders, H.L., 1958, “Benthic studies in Buzzards Bay. 1. Ani-
mal-sediment relationships”, Limnol. Oceanogr., Vol. 3, No. 3,
245-258.

[27] Sanders, H.L., 1960, “Benthic studies in Buzzards Bay. III. The
structure of the soft-bottom community”, Limnol. Oceanogr.,
Vol. 5, 138-153.

[28] Seo, J.Y., Park, S.H., Lee, J.H. and Choi, J.W., 2012, “Structural
change in macrozoobenthic communities due to summer hypoxia
in Gamak Bay, Korea”, Ocean Sci. J., Vol. 47, No. 1, 27-40.

[29] Shannon, C.E. and Weaver, W., 1963, The mathematical the-
ory of communication. University of Illinois Press, Urbana,
125pp.

[30] Shin, H.C., 1995, “Benthic polychaetous community in Kamak
Bay, southern coast of Korea”, J. Korean Soc. Oceanogr., Vol.
30, No. 4, 250-261.

[31] Tsutsumi, H., 1995, “Impact of fish net pen culture on the benthic
environment of a cove in south Japan”, Estuaries, Vol. 18, 108-115.

[32] Warwick, R.M., 1986, “A new method for detecting pollution
effects on marine macrobenthic communities”, Mar. Biol., Vol.
92, 557-562.

[33] Yokoyama, H., 2002, “Impact of fish and pearl farming on
the benthic environments in Gokasho Bay: evaluation from
seasonal fluctuations of the macrobenthos”, Fish. Sci., Vol.
68, 258-268.



Pk o gt A Ao A AR T R 309

[34] Yoon, S.P., Kim, Y.J., Jung, R.H., Moon, C.H., Hong, S.J., Lee, environment and polychaete communities of Gamak Bay, Korea”,
W.C. and Park, J.S., 2008, “Benthic environments and macro- MThe Sea J. Korean Soc. Oceanogr., Vol. 12, No. 4, 287-304.
benthic polychaete community structure in the winter of 2005-
2006 in Gamak Bay, Korea”, "The Sea; J. Korean Soc. Ocean-
ogr., Vol. 13, No. 1, 67-82.

[35] Yoon, S.P., Jung, R.H., Kim, Y.J., Kim, S.S., Lee, J.S., Park,
J.S., Lee, W.C. and Choi, W.J., 2007, “Characteristics of benthic

Received 7 September 2016
1st Revised 16 October 2016, 2nd Revised 19 October 2016
Accepted 20 October 2016



	가막만 양식장과 자연 서식지에서의 대형저서다모류 군집구조 차이
	요약
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과 및 토의
	References


