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Abstract — To determine the impact of abalone cage farming on environmental quality, organic matter content of
sediment and benthic polychaete communities were analyzed in areas where abalone cage farms were concentrated,
and the environmental quality grade were calculated according to the Fisheries Management Act. Total organic carbon
(TOC) under the abalone cage farms was generally low, but higher than the controls, and was relatively high in the
farms around Nohwa Island. Benthic health index (BHI) also showed no signs of ecosystem disturbance, and grades
were relatively low in the farms near Nohwa Island. The environmental quality in the densely concentrated area of
abalone cage farms near Wando-gun were relatively good, but based on the TOC and BHI, the impact of aquaculture
clearly existed.
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Fig. 1. Location of sampling stations in Nohwado, Bogildo and Ge-
umildo, Southwest Coast of Korea.
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Table 1. Physico-chemical parameters showing the conditions of the
benthic environment of the sampling stations

Textural parameters

Station  Mean Sand  Silt  Cla AVS - TOC - Depth

Y (mg/g) (mg/g) (m)
(@ (o) () (%)

BI1-1 6.3 229 467 304 0.01 7.6 6.2

B1-2 6.9 21.1 42,0 369 0.01 44 6.3

B1-3 8.0 6.1 448 492 025 10.3 7.3

B1-4 8.6 1.4 41.0 576 026 11.2 18.9

B1-5 8.0 7.9 395 526 024 5.8 15.0

B1-C 4.5 649 196 155 0.03 2.0 9.7
B2-1 6.1 295 432 273 028 5.5 10.0
B2-2 53 21.1 587 203 0.03 3.5 10.7
B2-3 5.8 341 415 244 0.08 2.8 10.8
B2-4 7.0 9.1 58.7 322 0.01 2.0 12.0

B2-5 54 242 561 197 0.08 5.0 12.0

B2-C 7.0 131 494 375 0.00 1.6 12.5
N1-1 8.2 23 441 536 040 119 6.5
NI1-2 7.9 65 434 502 030 9.9 8.0
NI-3 65 245 432 323 0.4 33 8.0
N1-4 6.6 250 38.6 364 0.63 5.4 12.3
NI-5 7.6 74 523 403  0.05 5.7 12.8
NI-C 6.9 169 449 382 0.0 4.5 17.0
N2-1 8.8 14 388 598 013 151 5.8
N2-2 8.4 22 441 537 009 118 5.0
N2-3 7.1 1.8 593 389 0.08 125 59
N2-4 8.5 09 448 543 0.00 110 6.5
N2-5 7.8 45 498 458 0.02 9.1 7.1
N2-C 60 315 421 264 0.00 2.3 6.0
Gl 8.0 1.1 500 490 019 103 200
G2 83 08 482 510 039 100 150
G3 8.6 52 366 582 005 5.5 20.0
G4 92 1.5 332 653 033 99 250
G5 62 273 436 290 0.01 34 15.0
G6 7.6 3.1 536 432 052 8.3 20.0
G7 7.5 27 560 413 0.08 7.0  20.0
G-C1 8.3 55 407 538 0.08 9.4 28.0

G-C2 7.8 1.9 531 450 0.25 7.9 15.0

mg/g), x> 1.6 mg/ggi A o7 ;}% 2z0]9]
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HALT AE7F8 S 33 =8 S oA = Sternaspis
scutata, Notomastus latericeous, Thelepus sp., Terebellides sp. &

o] A 9] 10% o4& A-ah= ¢ F0] 3 thTable 2). 53] .
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T 9] -HF2 Scoletoma longifolia, Thelepus sp.,
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< Paralacydonia paradoxa, Sternaspis scutata,
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Mediomastus sp., Flabelligeridae sp., Cirrophorus branchiatus”} -

Hapglor, ol5 $HFES FHEUE 20 ind/m', FHE 10~

67), 2T AL 7701tk ZAPA 29] oFA1 A ML 40~ 13 %E e Pl 182 HH-EE S8 69 tH(Table 2).
6083 49)9] WG om, T AL 7001k FAE

o] kAl e 62~92(F it 81) W AL, thET

qL 34 MMCIREZEEAM

747} 799} 810] A tH(Fig. 2d). ﬂ A ABE A A7 (BHD= S AR =g ¥z, 1A a3t AXTE R
2o ANk o R Y AHEE S5 A w3t o] Ao} apel & HAAIZ] T A ey FHEAAS &
djode] A f-ofnt A N’éL T A% oA B 3| —zr&ﬂg_%i“ ‘%ﬂ(Pnnolp ordinates analysis, PCO)

7o A=
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Table 2. Dominant species of Bogildo, Nohwado and Geumildo. Species are listed from the 1% to the 10" based on their numerical abundance. In
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parenthesis, showing ecological groups in BHI, density (ind./m’) and proportion (%)

1 Co-o
Fe AA Wk 27.1% F
7 © 2 LFEFTHFE. 3).

A

Rank Bogildo Nohwado Geumildo
| Sternaspis scutata (G1) Scoletoma longifolia (G3) Paralacydonia paradoxa (G1)
(296, 19.1) (728, 41.8) (21, 12.7)
2 Notomastus latericeus (G1) Thelepus sp. (G2) Sternaspis scutata (G1)
(263, 17.0) (164, 9.5) (17, 10.5)
3 Thelepus sp. (G2) Flabelligeridae sp. (G2) Mediomastus sp. (G1)
(199, 12.6) (155, 8.9) (16, 9.5)
4 Terebellides sp. (G2) Praxillella affinis (G2) Flabelligeridae sp. (G2)
(176, 11.3) (124, 7.1) (11, 6.8)
5 Scoletoma longifolia (G3) Notomastus latericeus (G1) Cirrophorus branchiatus (G1)
(134, 8.7) (72, 4.1) (10, 6.4)
6 Euchone alicaudata (G3) Aphelochaeta monilaris (G3) Amaeana occidentalis (G2)
(53,34 (70, 4.0) (8, 5.0)
7 Mediomastus sp. (G1) Terebellides sp. (G2) Heteromastus sp. (G1)
(48, 3.1) (56, 3.2) (7, 4.5)
3 Flabelligeridae sp. (G2) Amaeana occidentalis (G2) Lumbrineris cruzensis (G2)
(46, 2.9) (37, 2.1) (7, 4.5)
9 Praxillella affinis (G2) Phylo felix (G2) Terebellides sp. (G2)
(43, 2.8) (34, 2.0) 5, 3.2)
10 Cirrophorus branchiatus (G1) Sternaspis scutata (G1) Glycera chirori (G2)
(36, 2.3) (32, 1.8) (5,32
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Fig. 3. Principal Co-ordinates analysis (PCO) for sampling stations
based on Bray-Curtis similarity from square root transformed species
abundance. Vector overlay on the PCO, showing the relationship be-
tween benthic community and environmental/ecological parameters.
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Table 3. Grade of fisheries environment assessment using TOC and
BHI in sampling stations

. Benthic
Station TOC = TOC BHI BHI Point ecological
(mg/g) point point sum quaﬁty

Bl-1 7.6 1 63 2 3 1
B1-2 44 1 73 1 2 1
B1-3 10.3 2 74 1 3 1
B1-4 11.2 2 87 1 3 1
B1-5 5.8 1 76 1 2 1
B1-C 2.0 1 82 1 2 1
B2-1 5.5 1 82 1 2 1
B2-2 35 1 75 1 2 1
B2-3 2.8 1 78 1 2 1
B2-4 2.0 1 81 1 2 1
B2-5 5.0 1 88 1 2 1
B2-C 1.6 1 77 1 2 1
N1-1 11.9 2 50 3 5 2
N1-2 9.9 1 67 2 3 1
NI1-3 33 1 71 1 2 1
N1-4 5.4 1 72 1 2 1
NI1-5 5.7 1 76 1 2 1
NI1-C 4.5 1 77 1 2 1
N2-1 15.1 2 40 3 5 2
N2-2 11.8 2 45 3 5 2
N2-3 12.5 2 43 3 5 2
N2-4 11.0 2 57 2 4 2
N2-5 9.1 1 60 2 3 1
N2-C 2.3 1 70 2 3 1
Gl 10.3 2 92 1 3 1
G2 10.0 1 73 1 2 1
G3 5.5 1 92 1 2 1
G4 9.9 1 62 2 3 1
G5 3.4 1 80 1 2 1
Go6 8.3 1 91 1 2 1
G7 7.0 1 75 1 2 1
G-Cl1 94 1 79 1 2 1
G-C2 7.9 1 89 1 2 1




NG 71T AN LR AL ol 85 A% AHFel A 2 T AN e 57t 69

o= Fgu= Ak WAl vhef] vs) S4 9} "ozl A
of fIxeke] FalAo] WAl glont do] sEo] dgda)
o, Agtel vl&l A RHES] 7= Tl A o] F
Al Ao ddtdnt. ey 5 HA =] TR
o] ARFA O vho|E ekl g et HAE d9 9] A
G- A% oteell vlE) T F ] TR ATe] dA st
A Rgs & 4tk old Arp= A ] 7] &0l 28
Al AR A= ol 2T a9 vl wEkel S u) oF
A& o7 et F7HAQ 7= Yol EATS RolF
EIACIR=

AR A AR EAFBHDE & A5 7] Ag 3+
ol oS Bt FA g dRE Algetae Ao R
vl Fo st AESiTh ol AR TSR] HEGE
A x| et= Aot vt RAE 9l B FH7 €]
AA A o7 S o] Wk oA ob# o} th kel T
718k 28Ee] 2pol 7}t 9o & BHIO A= 813k 2] 7} §19)
th o] S HAE U THVIeATe] 4 S Y
ool AMFETH A TS T AARLe] EATE HolF
= A0tk o] A= HAES FR7eaTgo] A4 ALE

o _

=
9T} ek AIZhO = AN S 10 mgg o141 e BHE O

al o
FEAAE F47)ae] uet ANGEFER Y AZEs
Wstehs WS 2ol o) 8 1w shn et

o g ke oA AlRehiL Q= o HEdBIbE A% APy
P2 gl 2§ ATNAE 0] 43 B0l 15e]
o, Q3 Bk A g EO] 25 FOE o kel H Al AAL
B gl £3HA 5 skek. ol o A A 5 A o]
W 357k e w3 elol v S5 Aol AR g
Blo)7] WFolch. BE A% /e o] of F /e o
o &l 291737t A3 Ank Ak 2 Aol 7} ek A

(Shim et al.[1997]; Park et al.
ojfe] et d3=5

=
= fus
2 WA o] FAA = opA g

—

2012]; Jeon et al[2017]) = 1 o4,
[e]

ECEERE

ok )

o1 =2 0 T1= — g pud
AZFE I QAT GO Qg G B3] £
SH3 .

HoAqt= 20249
(R2024015)2] A5 o} a5} 5 Ut

References

[1] Crawford, C.M., Macleod, C.K.A. and Mitchell, I.M., 2003,

Effects of shellfish farming on the benthic environment, Aqua-
culture, 224, 117-140.

[2] Giles, H., Pilditch, C.A. and Bell, D.G., 2006, Sedimentation
from mussel (Perna canaliculus) culture in the Firth of Thames,
New Zealand: impacts on sediment oxygen and nutrient fluxes,
Aquaculture, 261, 125-140.

[3] Gowen, R.J., Weston, D.P. and Ervik, A., 1991, (Aquaculture
and the benthic environment: a review), In: Cowey, C.B. and
Cho, C.Y. (Eds.), Nutritional Strategies and Aquaculture Waste,
University of Guelph, Canada, 187-205.

[4] Hall, P.O., Anderson, L.G., Holby, O., Kollberg, S. and Sam-
uelsson, M.O., 1990, Chemical fluxes and mass balances in a
marine fish cage farm: I. Carbon, Mar. Ecol. Prog. Ser., 61, 61-
73.

[5] Hartstein, N.D. and Rowden, A.A., 2004, Effect of biodeposits
from mussel culture on macroinvertebrate assemblages at sites
of different hydrodynamic regime, Mar. Environ. Res., 57(5),
339-357.

[6] Hyland, J., Balthis, L., Karakassis, 1., Magni, P., Petrov, A.,
Shine, J., Vestergaard, O. and Warwick, R., 2005, Organic car-
bon content of sediments as an indicator of stress in the marine
benthos, Mar. Ecol. Prog. Ser., 295, 91-103.

[7] Jeon, S.R., Cho, Y.S., Choi, Y.S., Kim, K.T. and Choi, Y.H.,
2017, Estimating Benthic Nutrient Fluxes at the Sediment-Wa-
ter Interface for the Management of Tidal Flats in Gomso and
Geunso Bays, J. Korean Soc. Mar. Environ. Saf., 23(7), 878-
884.

[8] Jung, R.H., Lim, H.S., Kim, S.S., Park, J.S., Jeon, K.A., Lee,
Y.S., Lee, J.S., Kim, K.Y. and Go, W.J., 2002, A study of the
macrozoobenthos at the intensive fish farming ground in the
southern coast of Korea, The Sea, J. Kor. Soc. Oceanogr., 7(4),
235-246.

[9] Jung, R.H., Yoon, S.P., Kwon, J.N., Lee, J.S., Lee, W.C., Koo,
J.H., Kim, Y.J., Oh, H.T. and Park, S.E., 2007, Impact of fish
farming on Macrobenthic polychaete communities, The Sea, J.
Kor. Soc. Oceanogr., 12(3), 151-159.

[10] Jung, R.H., Yoon, S.P., Kim, Y.J., Lee, W.C., Hong, S.J., Park,
S.E. and Oh, H.T., 2013, Effect of an offshore fish culture
system on the benthic polychaete community, The Sea, J. Kor.
Soc. Oceanogr., 18(4), 195-205.

[11] Jung, R.H., Yoon, S.P., Park, S., Hong, S.J., Kim, Y.J. and Kim,
S., 2023, Introduction to the Benthic Health Index Used in
Fisheries Environment Assessment, J. Korean Soc. Mar. Envi-
ron. Saf., 29(7), 779-793.

[12] Kim, B., Choi, A., An, S., Kim, H.C., Jung, R.H., Lee, W.C.
and Hyun, J.H., 2011, Rates of sulfate reduction and iron re-
duction in the sediment associated with abalone aquaculture in
the southern coastal waters of Korea, Ocean Polar Res., 33(4),
435-445.

[13] KOSIS, Korean Statistical Information Service, Fishery
Production Survey, Https://kosis.kr/statHtml/statHtml.do?or-



70 Z:]}?joo : ]i]l'ifﬂ .

gld=101&tb1id=DT_1EW0001&conn_path=I2, 2023 (ac-
cessed 2024.01.05)

[14] Lee, J.S., Jung, R.H., Kim, K.H., Kwon, J.N., Lee, W.C., Lee,
P.Y., Koo, J.H. and Choi, W.J., 2004a, An evaluation of the
environmental effects of marine cage fish farm: 1. Estimation
of impact region and organic carbon cycling in sediment using
sediment oxygen consumption rate and macrozoobenthos, The
Sea, J. Kor. Soc. Oceanogr., 9(1), 30-39.

[15] Lee, J.S., Kim, K.H., Yu, J., Lee, P.Y., Jung, RH., Lee, W.C.,
Han, J.H. and Lee, Y.H., 2004b. Environmental impact as-
sessment by marine cage fish farm: II. Estimation of hydrogen
sulfide oxidation rate at O,-H,S interface and sulfate reduction
rate in anoxic sediment layer, The Sea, J. Kor. Soc. Oceanogr.,
9(2), 64-72.

[16] Magni, P., Tagliapietra, D., Lardicci, C., Balthis, L., Castelli,
A., Como, S., Frangipane, G., Giordani, G., Hyland, J., Malta-
gliati, F., Pessa, G. Rismondo, A., Tataranni, M., Tomasseti, P.
and Viaroi, P., 2009, Animal-sediment relationships: Evaluat-
ing the ‘Pearson-Rosenberg paradigm’ in Mediterranean coast-
al lagoons, Mar. Pollut. Bull., 58(4), 478-486.

[17] Metzger, E., Simonucci, C., Viollier, E., Sarazin, G., Prevot, F.
and Jezequel, D., 2007, Benthic response to shellfish farming
in Thau lagoon: pore water signature, Estuar. Coast Shelf Sci.,
72,406-419.

[18] NIFS, 2019, Management manual on artificial breeding of aba-
lone, National Institute of Fisheries Science, Busan, Korea.

[19] NIFS, 2023, Standard Method of Examination for Marine En-
vironment, Notice no. 2023-5, National Institute Of Fisheries
Science, Busan, Korea.

[20] Park, H.S., Choi, J.W. and Lee, H.G., 2000, Community struc-
ture of macrobenthic fauna under marine fish culture cages
near the Tongyong, southern coast of Korea, J. Korean Fish.
Soc., 33(1), 1-8.

[21] Park, J.H., Cho, Y.S., Lee, W.C., Hong, S.J., Kim H.C. and
Kim J.B., 2012, Comparison of Material Flux at the Sedi-
ment-Water Interface in Marine Finfish and Abalone Cage
Farms, Southern Coast of Korea; In-situ and Laboratory Incu-

S [e) 37
AR Heg - &

bation Examination, J. Korean Soc. Mar. Environ. Saf., 18(6),
536-544.

[22] Park, S., Kim, S. Yoon, S.P., Jung, R.H. and Lee, W.C., 2017,
Effect of longline shellfish culture on benthic community struc-
ture, Korean J. Malacol, 33(1), 21-34.

[23] Park, S., Kim, S., Sim, B.R. Park, S.J. Kim, H.C. and Yoon,
S.P., 2021, Changes in the community structure of benthic
polychaetes after the shellfish farm cessation in Tongyeong bay
of Korea, J. Korean Soc. Mar. Environ. Saf., 27(5), 605-617.

[24] Park, S., Kim, S., Sim, B.R., Jung, W.S., Park, S.J., Hong, S.J.,
Lee, W.C. and Yoon, S.P., 2022, Environmental Impact Assess-
ment of Fish Cage Farms Using Benthic Polychaete Commu-
nities, Korean J. Fish. Aquat. Sci., 55(5), 598-611.

[25] Pearson, T.H. and Black, K.D., 2001, The environmental im-
pacts of marine fish cage culture. In: Black, K.D. (Eds.), Envi-
ronmental Impacts of Aquaculture, Sheffield Academic Press,
Sheffield, 1-31.

[26] Shannon, C.E. and Weaver, W.W., 1963, The Mathematical
Theory of Communication, University of Illinois Press, Urba-
na.

[27] Shim, J.H., Kang, Y.C. and Choi, J.W., 1997, Chemical fluxes
at the sediment-water interface below marine fish cages on the
coastal waters off Tong-young, south coast of Korea, The Sea,
J. Kor. Soc. Oceanogr., 2(2), 151-159.

[28] Tsutsumi, H., Srithongouthai, S., Inoue, A., Sato, A. and Hara,
D., 2006, Seasonal fluctuations in the flux of particulate organ-
ic matter discharged from net pens for fish farming, Fish. Sci.,
72, 119-127.

[29] Yoon, S.P., Jung, R.H., Kim, Y.J., Hong, S.J., Oh, H.T. and
Lee, W.C., 2009, Spatio-temporal changes in macrobenthic
community structure and benthic environment at an intensive
oyster culturing ground in Geoje-Hansan bay, Korea, The Sea,
J. Kor. Soc. Oceanogr., 14(4), 213-228.

Received 15 January 2024
1st Revised 5 February 2024, 2nd Revised 15 February 2024
Accepted 16 February 2024



	어장환경평가 기법과 저서다모류군집을 이용한 전복 가두리 양식장 및 주변 저서생태계 평가
	요약
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과
	4. 고찰
	References


