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Abstract : This study was conducted to investigate the changes in the structure of benthic communities resulting from aquaculture activities and to
assess the benthic health status of surface sediment in Gangjin Bay, a region known for concentrated shellfish aquaculture on the southern coast of
Korea. Survey stations were divided into longline culture, bottom culture, and non-cultivation areas. The spatiotemporal distribution of physiochemical
factors such as the grain size, water temperature, salinity, and total organic carbon in Gangjin Bay showed no significant differences between sampling
stations. However, the species number, density, and diversity were relatively lower at the sampling stations in the bottom culture areas than at the other
stations throughout the entire survey period. Cluster analysis and principal coordinates analysis also clearly distinguished the benthic communities in the
bottom culture areas from those in the other sampling areas. At the sampling stations in the longline culture and non-cultivation areas, Scolectoma
longifolia and Sigambra tentaculata, which are indicator species of organically enriched areas, appeared as dominant species. However, excluding some
stations influenced by physical factors such as the water depth and current speed, the occupancy rate was not high. The health assessment results,
conducted using the fisheries environment assessment method, revealed good conditions with Grades 1 and 2 across the entive area. However, an
examination of the spatiotemporal changes in benthic communities and the benthic health index indicated that the benthic environment in the bottom

culture areas was affected by physical disturbances.
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b Byo] B #F %A
B AET| = o, dFuitet FHdgtSos
20130l &= 29.1THEZMA] F7HeF AL, 2ol 415%HE S|

ol #F 23 QJTHKOSIS, 2022).

olel g 4 YAl st Ao FREE A
o A% $471Q SABY FUZ JelE FH Y
s}, 47170 ol g, wmFEE AA % o FRA P
& 9l Sol FAF BAL s, B 4Y
Astsh W WA, WAL & Fugoss Byt

(Choi et al., 2013; NIFS, 2016).
F2 gso] FH A, 53] AT A v=
TR o s A B EAY s
A3 Eef Aol g e B wEs do
gl &olth olgg ek AlEE AF FYstE oF 7T
g2 el o =A LA (Gowen et al., 1990; Holmer
and Kristensen, 1992; Tsutsumi, 1995; Christensen et al., 2000;
Yokoyama et al., 2004) AtE 9] ZH ARl Fio] glE WFY
2oy slxFAAGAME FAEFoR Qg AT
go] AJjoz X d#lA Ath(Baudinet et al., 1990;
Grant et al., 1995; Buschmann et al., 1996; Cranford et al., 2007,
Zhang et al., 2009). L2} 3jFA2 o] Afom A E
2 FAYEE] AE 9, A AGelA Gt AE
A Fol AAH R HAE o] A {78 Fdo] TA
S (Crawford et al, 2003). 53] fr&o] W Uithol Al 7]
el 2A w77 AdER FHEE A, 771E 290
olgl st meko] WAStHE AyEo] Wiy Th(Hartstein
and Rowden, 2004; Giles et al., 2006; Metzger et al., 2007; Robert
et al., 2013).

= s FA el tig ATES FAe] Sk gk
I} G4 3 5X(Kim et al, 2011, Hyun et al., 2013) 2
55 T (Yoon et al, 2009; Park et al., 2017; Park et al.,
2021b)°ll ohal z=Abe AR i = T8 & AAksH
= ek RS AR FAHJT v vt

a = Arkete Axa FA gl dig dTE 25

= -3 (Choi et al., 2013; 2015;

Lee et al., 2020)°]l =7t o] Qlar, A FE&dol gk A+
= - w53k A7 o] th(Kang et al., 2002).
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21 32X N

o7 g&EZo] oF 18km, T4
Aol ¢F 15kmoll HFFAL oF 3.6mo]thFig. 1). AT
2 AYPHoR EFo FAT FHo LqfRE A &
F7F i HH, dee F2 39 FEE S fFednt

£3] s 959
ok, Ao =
al., 2011).

AR wd T 9§ AN 5 ostuE v
5290hat™= T8 FAFALL AAHNG A752 AF o]
S H(MOF, 2023), =972 7|&d wpef si9e] =247 g/
o] YA AEE HEste] oddel Ul XE5AA A9}

e 7} o] F oy x| 3L Q) th(Park et al., 2010; Shin et al., 2018). %
%

Ae] AFFAGE el el W xohe et
Hspe BT PPl W Qo FHAT AW A2

3
o Wb SRl ek FEA ] Tl 24 7
7+ A 20160 AR AAFHA Yol F 18270
1118 hao] o4 el 317k]o] Qliet. of & FAold2 Al
st 921037, 594 hayo] 7Hd w@okal, thgo 2= upx|et
(3071, 228 ha), 270277, 176 ha) B (2231, 120 ha) F=©]
ek 3, A el AF YA F 17908, At
1,204 B 3] 270 285 ] SATHNIFS, 2018).
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Fig. 1. Map of study area and 6 sampling stations in Gangjin
Bay, Namhae, Korea.

0.05 m'¢] A 7] (van Veen grab)
A H ]’Oﬂoml o] 5 23] AH

2 AHEsSiTh
nyg /\]E_% o] m P 7] Lomme] A

1o%°l ?/‘éie !

& E (Dissolved Oxygen, DO) & 7oA
(YSI 600QS)E °]-&3ate] 574313l

olr 7] 913l HA P, A3 e SgstE
AVS) ® Zf7]€k2(Total Organic Carbon, TOC)S
th o] ¥ HAFYES AVS B8 I D T A=
(MLTM, 2010)°l uje} F=2f&}3ic). gk TOC= & A A

it

(Acid Volatile Sulfide,
A5

20 A& 05g0l 1 NHCl 10 mLE H715te] gatdS 2l As)
aL, 70 TollA] 24413F &<t Fi3 ARALE SR

A E AlE= 105 CollA 22413 AzA|7)aL, A2o] €
|7k A] gA Aol E ol BHFE T 3-5mgo] Al8E FAu

o 2 ¥ 48] CHN YA FA] 7] (PerkinElmer, US/2400) =

A3,
AXGEFIHY F2E Fetsr] 8 24 T4, =49
MAG, TGS E A 4~H’, Shannon and Weaver, 1963) %

[e]

2 YA A 7 = A 5= (Jung et al., 2023) 5= A4LeA Tt o
o] A B o] d4dS HaldtalA}t SIMPROF tests Z]
3to] A A (Cluster analysis)S 3 sttt =3, 3
o] ztol & MAAIY FoRlS dotry] fla Fai A
H (Principal Co-ordinates analysis, PCO)S AF-£3} % Th(Gower,
1966) oluf HMTEFL] NAGF A&EE fourth root= H3H
3} 31, Bray-Curtis similarityS -3} %]-8-3} %1 TH(PRIMER-E
Ltd., Ver6.0). 5 A28 SPSS Statistics v21-& ©]-&3}o] =3}
SR AL, BAA Fo4FL pvalue<0.052 3T

iriol:om&_&

3.8 1

31 BAsY

ZAF sl AR FAle AR Ul X% FF
1ol A Bt 46m=z 7Hg wekar, W Fel fxg A
sellAl 3t 173m= 7P Aok #4243 55 Al9s
W AHZE 2polE AA) EYTH(Table 1). 2AF 9o A%
Fee =

58~24.6 CCATE 158464 €)Y WS, disE
29.0~33.7 psu(B 7t 32.0£1.2 psu)e] WY S e A3
o] & Ao nFeT A

= #EFHA okl AP A o]
B A 22 Jehy dubdol & oo EAS
Btk §EAE 2.69~11.06 mg/L(B 1 7.7+2.4mgl)e] W
‘?’]Oﬂ OE]J‘?L »JZ—-}\]' /\]7]9] Oil—g—iéoﬂ 2371(51 1~40ﬂ}\:| E‘l)\]'i =
ARk BEEH A

ETHAE] Astety 5484 A3, A Ae]
AEE 569002 B Udt A g 2go] A8}
gom, 4H 59 Wit A%} 5602 M ZUeChFg

2). BTHAE U %—w‘—’rﬂEM(TOC) FIEE 9.40~17.15 my/g
drye] 9ISt AAE SH7IEARS A sEE BH 6
(B 1261 mgg dry)olA 714 %Oh A3 23 15.02
mg/g dry)oll Al 7Hd kot 1 2bo] 7k A4 & U TH(p<0.05).
AR AL AR TRV ST o3t
7lEo® 29x7] WA 7E F%E2! 10.0~17.0 mg/g dry®]

%9 Ao ot oodH e

S A
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Table 1. Summary of Physico-chemical parameters at each station in Gangjin Bay, Namhae, Korea

Station Parameter 2013 2014 2015
Apr. Aug. Nov. Feb. May Aug. Nov. Jan. May Jul.
Depth (m) 45 6.6 37 36 44 56 35 38 56 5.0
Temp. (°C) 12.1 24.3 9.0 5.8 20.8 24.6 13.1 6.1 18.8 224
St.1 Salinity (psu) 32.8 31.9 31.6 33.0 334 29.0 31.6 329 30.9 31.3
DO (mg/L) 8.83 3.81 11.06 10.89 7.04 2.74 10.18 10.39 7.26 5.38
TOC (mg/g dry) 13.35 14.33 13.73 16.30 15.10 12.70 15.75 15.80 15.55 15.80
Depth (m) 56 55 53 44 55 62 46 55 62 57
Temp. (°C) 11.9 23.8 10.5 59 20.3 24.4 14.6 6.9 17.6 224
St.2 Salinity (psu) 329 32.0 31.9 333 333 29.5 32.0 33.1 31.1 31.3
DO (mg/L) 8.84 4.01 11.78 10.43 7.12 2.69 8.03 10.67 7.67 5.71
TOC (mg/g dry) 12.19 14.85 15.90 14.55 14.00 14.55 15.40 17.15 15.95 15.70
Depth (m) 7 55 57 56 72 72 7.8 73 75 6.5
Temp. (°C) 12.2 23.0 10.4 6.4 19.5 23.5 15.2 7.6 17.4 22.5
St.3 Salinity (psu) 329 32.0 31.9 33.0 33.6 29.7 323 332 314 31.1
DO (mg/L) 8.74 3.88 11.71 10.61 7.44 5.66 7.65 10.17 7.77 5.95
TOC (mg/g dry) 11.84 13.65 15.20 13.00 12.35 12.35 11.85 11.25 14.30 13.85
Depth (m) 6.2 7.2 5.5 6.5 6.2 49 7.9 6.5 7.1 6.5
Temp. (°C) 12.8 23.1 11.8 6.6 19.9 24.0 15.0 7.6 17.7 22.6
St.4 Salinity (psu) 32.6 31.8 32.1 33.0 333 29.7 32.1 332 31.0 30.8
DO (mg/L) 8.59 3.07 8.64 10.47 7.24 4.68 7.74 10.41 7.74 5.79
TOC (mg/g dry) 11.70 13.95 11.50 14.40 12.75 10.90 13.30 12.00 14.20 14.60
Depth (m) 16.5 15 175 173 173 19 15 18 182 19
Temp. (°C) 12.7 214 11.7 6.7 19.0 23.8 15.4 7.8 16.6 22.5
St.5 Salinity (psu) 32.8 323 32.0 33.1 33.7 29.8 324 333 32.1 30.7
DO (mg/L) 8.39 3.97 8.69 9.92 7.33 4.63 7.58 9.95 7.45 5.95
TOC (mg/g dry) 14.16 13.90 12.25 14.75 16.35 13.50 14.00 14.95 14.70 14.50
Depth (m) 72 83 75 72 73 57 8.8 6.4 53 55
Temp. (°C) 13.0 224 8.4 6.2 19.4 23.8 15.7 7.1 17.6 22.7
St.6 Salinity (psu) 32.6 322 30.7 32.8 33.6 29.6 323 32.8 30.8 29.7
DO (mg/L) 8.48 4.14 9.44 10.75 7.31 6.07 7.68 10.74 72 5.69
TOC (mg/g dry) 15.82 14.50 10.45 13.30 13.15 9.40 12.35 13.70 11.00 12.45
GRAVEL SAND
80% gmS=gravelly muddy sand sC=sandy clay
E F sty gravelly mud e
sty pavaly s i/
M=mud cs m$ z8 Z=sit

sM=sandy mud

mS=muddy sand

S=sand

50%

@ st5
30%
sC sM sZ
am gms 98
@ st3
10%
5% ENT ] 1.4
N/ - | gms o3\ /o ae 9\ 2 %
0.01 = mS X g st.6
19 55 91 21 12
MUD Mud:Sand SAND CLAY SILT

Fig. 2. Classification of surface sediment samples from the 6 stations in Gangjin Bay, Namhae, Korea.
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AMGEF= A A7) S &

& 1850 FRAIAL, 4
8 28 Fou

TTE A 194 M%(ﬂé& 5%), A3 2004
5265 (1 13F), B4 394 7~45F(F - 33F), B4 49
A 20~54Z(B I 31F), AH 5004 18~50F(H T 32F), AH

6914 16~30F(F 1 23%)°] HHE Heb A2 2] %“—! I
o AH 137 AR 204 =8 FTFUF FUlHoE A
(0<0.05). 53] A4 12 20133 8ol {7t A &
I THFig. 3a).

AMTERY] Fd dEs 13 AA 204 2zt
0~205 ind./m (3 72 ind./m’) 2} 30~345 ind/m' (B 163 ind./m’)
o] W& YeERATE kA A A 33 AA 4
= 55~1,805 ind./m’' (A = 1,059 ind./m’)2} 270~2,800 ind./m’(*H o
905 ind./m") 9] M AL, vk FAF-o AH 504 285~3,675
ind/m(FE T 1,702)= FAF A7)0 e D% W3y} 7). v
ko 7 A 69 WEE 140~890 ind/m' (B 578 ind./m’)<]
H A tkFig. 3b). AATEF 28 e =8 T
B frabetAl A FAls o] Aol ek u ek
sl o] g vaa] A o2 A A thp<0.05).

AXTGEFTHY] F=m)E v 7P WS 4 100
A1 0.00~0.18(8 7 1.18)°] W= the Aol sl vk,
A A7IEREE WS ZAohp<0.05). o A 2%
1.56~3.03(B2.16), B4 3L 1.80~3.14F 2.72), A4 4=
2.71~-3.11(F - 2.84), AH 55 1.93~2.99H ¢ 2.35), FH 6
2.332.76(8 1 2.53)2] HYE e A4 18 AQsd B
AF oz Fondt zlol= ¢l ATHp<0.05, Fig. 3c).

A EA AR EAFBHDE 3 1914 0~67(H T 45),
A7 2004 51~80(B T 64), A 3004 49~73(F 67), BH
400 A 54~76(B T 68), BA 594 44~80(F i 58), A He6ol

il

47

A 60~79(3 1 722 S YERH AT ANt s o] A
Fre L9x719 FE(50~70)0 4 A H *Pﬂ}(25~50)9]
B918 HolthFig 3d). A4 EATE= E}O&E FrAFaRAl A
2 A A 1014 A vEks E}% A
o nigFA Aol 1A% G3 5ol A vhE e v
AU o Z AREAF7E SR TH(p<0.05).

(a)
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£ 40 -
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o 30 4
8
g 20 A
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2 0 + —4
]
2 Apr. | Aug. | Nov. | Feb. | May Aug.‘Nov. Jan. ‘May‘ Jul.
w
2013 2014 2015
()

—8—st.1] —A—st.2 —W-st.3 —+—st.4 -o--st.5 --A--st.6
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(©
—8—st.1 —A—st.2 —@—st.3 —+—st.4 --&--st.5 --A--st.b
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[
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5

Apr. ‘Aug. ‘ Nov. | Feb. ‘ Mav‘ Aug. ‘ Nov. | Jan. ‘ Mav‘ Jul.

2013 2014 2015

Fig. 3. Spatio-temporal variations of species number (a),
density (b), diversity (c) and BHI (d) at each station
in Gangjin Bay, Namhae, Korea.
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Table 2. List of dominant species at each station in Gangjin Bay, Namhae, Korea (In parenthesis, showing density (inds./m’) and
proportion (%))

Rank St.1 St.2 St.3 St.4 St.5 St.6
1 Sigambra tentaculata Glycinde bonhourei Praxillella affinis Scoletoma longifolia Scoletoma longifolia Sternaspis scutata
(185, 26) (260, 16) (2370, 22) (1480, 16) (7530, 44) (855, 15)
5 Scoletoma longifolia Scoletoma longifolia Mediomastus sp. Mediomastus sp. Isolda pulchella Tharyx spp.
(150, 21) (165, 10) (1380, 13) (945, 10) (1535, 9) (675, 12)
3 Pseudopolydora kempi Polydora spp. Terebellides kobei Praxillella affinis Tharyx spp. Scoletoma longifolia
(55, 8) (110, 7) (860, 8) (735, 8) (760, 4) (550, 10)
4 Amaeana occidentalis Amaeana occidentalis  Scoletoma longifolia Scoloplos armiger Magelona japonica Heteromastus sp.
(50, 7) (105, 6) (740, 7) (460, 5) (570, 3) (495, 9)
Pseudopolydora Prionospio krusadensis ~ Sigambra tentaculata Isolda pulchella Prionospio krusadensis Mediomastus sp.
paucibranchiata (45, 6) (100, 6) (430, 4) (410, 5) (520, 3) (480, 8)
6 Prionospio pulchra Tharyx spp. Glycera chirori Heteromastus sp. Mediomastus sp. Sigambra tentaculata
(40, 6) 95, 6) (325, 3) (365, 4) (515, 3) (430, 7)
7 Prionospio krusadensis ~ Sigambra tentaculata Heteromastus sp. Terebellides kobei Glycera chirori Glycinde bonhourei
(30, 4) 95, 6) (315, 3) (330, 4) (410, 2) (285, 5)
3 Glycinde bonhourei Heteromastus sp. Scoloplos armiger Sigambra tentaculata Prionospio pulchra Phylo felix
(25, 3) (70, 4) (310, 3) (280, 3) (385, 2) (195, 3)
9 Mediomastus sp. Paraprionospio Tharyx spp. Tharyx spp. Ampharete finmarchica  Aphelochaeta monilaris
(20, 3) cordifolia (70, 4) (265, 3) (275, 3) (365, 2) (165, 3)
10 Micronephthys Spiochaetopterus Amaeana occidentalis Glycera chirori Micronephthys Micronephthys
oligobranchia (20, 3) koreana (60, 4) (200, 2) (265, 3) oligobranchia (360, 2) oligobranchia (135, 2)
3.3 985 = AL SASA WA FFe oA FAe e
7 AL RCA 9 SAFTOR EET [ T 2 olXRt S-S FEE P affinis®t Terebellides kobei7} 5]
w5} 7} Bl Ae] A ES Table 200 HERIQITE 2AF A9 Qi F Be wEAOZ AW 304 WEs ¥%a AF

= o
6) =
oA AHEE 10% o] 43 EFe A4d 12 Sigambra ZHSFATE ol¥roll $HEFA G bonhoureiSt  Prionospio

QA% AR Agel ST

rir

tentaculata®}; Scoletoma longifolia, AH 2= Glycinde bonhowrei®t  krusadensis
S. longifolia, A 3L Praxillella aﬁ’inisg]r Mediomastus sp., s

4= S. longifolia®t Mediomastus sp., 378 5% S. longifolia, 18] 3.4 NMCOIRRZE &AM

3 A 62 Sternaspis scutata, Tharyx spp., 5 S. longifolia$3 Tt BT 671 AH2l 103] FAFANA AES] HHFA| &

ghA 2AE s gell A T RAlG tiE] A9 109 AEEe Ul AAES AL 59 AHS e R Y] fAME
AlEE WsE P A 37 o E AAE AT = o] @A S vaskaral A (Cluster analysis)¥ T 9.5}
Fig. 4. 4 AA F82 AA A - AF 4% H72H(Principal Co-ordinates analysis, PCO)S %8313t}
o2 S longifolia®}t S. tentaculataAT}. S. longifoliac’s A A9 52 SIMPROF test 73»}2 722 FEs9h
e HeHdFom dxd FAage] Aol wH AP dgolA AMTEFLHS A 3 AHELGI, G
ot EF@skglar, Wk Fek A njgEAE e AAelAe I, GIHeRE TEEAAL, o 7}“‘?“3] GII 32 Al 570
A AT 58] g ge] A selA & B AOFoR YHATh GI S B 19 ALH Gl
2 A AY. 9207 S tentaculata= A7 19 H9HFE S on, GIZE2 20139 119 A 3 A 93k A ¥
o JAEEE ot FAsde] AHA A 6ollA A FHEAY AHER A EATE v GITS 20159 A 2
Ao o ok, A5 sk 2UA FoRE 4X 2 Y IFGI-), 7ok g dHER 499
2 FAsge] M E EdskA Sk = S IE (GII2), AH 6 fFE o Folxl LF(GI-3), A 5
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Fig. 4. Spatio-temporal variations of density in Gangjin Bah, Namhae, Korea (In parenthesis, showing ecological groups in BHI).
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