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Abstract @ In this study, a health assessment was conducted using the Benthic Health Index (BHI) to assess fish cage farms, where a fishery
environment assessment was also performed. A total of 43 farms were evaluated located in the East Sea, West Sea, and South Sea in Korea. The results
of the BHI health evaluation included 8 grade 1 farms, 4 grade 2, 12 grade 3, and 19 grade 4. The grade 1 farms included sandy sediment farms and
those with low intensity aquaculture, while the grade 2 farms included those located in areas with active seawater circulation. The fish cage farms
belonging to grade 3 and 4 included the majority of farms with high-intensity aquaculture activities. There was no significant difference in total organic
carbon between grade 3 and 4 farms, but the results of polychaete community analysis show that organic matter concentration was significantly higher

in grade 4 farms.

Key Words : Fish-farm, Health assessment, Benthic Health Index, Polychaete community, Total organic carbon
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Table 1. Location of study station, water depth and sedimentary

facies
Staion Region Water depth Sedimentary facies
st.01 Yangyang 17—19m sand
st.02 Yeongdeok I5m muddy sand
st.03 Pohang 25—30m muddy sand
st.04 Gijang -
st.05 9.3 m mud
st.06 124—133m mud
st.07 12.6 m muddy sand
st.08 20 m sandy mud
st.09 7.8 m -
st.10 . 8m sandy mud
Geoje
st.11 34 m -
st.12 10.8 -
st.13 8m sandy mud
st.14 I11m -
st.15 10.6 m mud
st.16 - -
st.17 5.8m -
st.18 9.1m -
st.19 T 254 m -
§1.20 ongyeong 11.6m mud
st.21 8.4 m mud
st.22 I5m mud
st.23 30 m -
st.24 172 m mud
Namhae
st.25 162 m mud
st.26 14 m -
st.27 Sach 12m -
st.28 acheon 132m -
st.29 17m -
Hadong
st.30 25m sandy mud
st.31 6.5—16.7m mud
st.32 Y 12m mud
$t.33 oSt 20m -
st.34 20 m mud
st.35 12m mud
Wando
st.36 10 m mud
st.37 Shinan 6—8m muddy sand
st.38 7m muddy sand
Boryeong
st.39 13—15m muddy gravel
st.40 I5m -
Seosan
st.41 16 m -
st.42 18 m -
Taean
st.43 17m mud
AES AUd AAE Foll 10%2] A4 zETUoer uF
atglon, TR7Iea A Alae AP Al =golo}
o2~ Yol WEst.
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3.1 O{/7tFE AT ERI[EHA

=] 01%7}%31%*%”1 FH7E AL 0.80—34.92 mg/g
o] W9 th(Fig. 1a). 7] ek o] 10.00 mg/g ©]8F01 2]
e st.01—03, st32, st35—39%, FYEe} Ay, Ad d=
oF 2IF ejal S B o] Aot o & 7ol A
%7]% [eXez] o] N71—5} E] Z] /th] L}_E}LH_‘: &%7]%&%1:
2501 mg/g ©]¢l 7FFlE st12—13, st20—21, st. 24—26,
st28—29% 7w e] AAEIE wul o FrHE G
& BFEAE %—%ﬂﬂi%ﬁ ”oHOP"l 7HFE A

ek Ael A ZhFEell A ekt

2R’ #ExY

S At ol FIHFE A 8T HREFE T 224F0]
o MNADEE FiF 8300 inds/m Pk 2+ AT =
4T 6—35spp/0.05 m WY F o, sta2ol A 71 A
st1791 4 7Hg BokthFig 1b). @ e ThRF7E 105 v v
472 st.01—03, st.25, st.29, st.34. st42—43°]{ k. 7AE
= 590—21,735inds./m'2] HIH O™, st01—04, st.08, st.l
st.32, st.36, st.39 Aol 2,000 inds/m’ ©]5= EH3}
Aoz w7k G, st.24, st.26, st.28—29° A1 15,000 inds./m’
Z BE7F E3hFig lo). THSEAT(H )= 02-3.0 B
o™, st.03, st.07, st.25—26, st28—29, st.31, st.33—34, st.40,
st42—43° A4 1.0 o]5t2 W& 7S YERN thFig 1d).
437 Al A Tr/\}zfL T+ 545 7= 44T (Group)

Fae] R 359
% 1;]_ Group"] %9_ Hj.”\:ﬂ A=g=3 EH/\}OE
BAE Fstelon, 24 A3 A4 578 25 (Group A
i, T4 BE YA 2719 415 (Group El,
B)Z FEEo] & ¢/ 1802 TR THFEg 2).

1 AdA = AMTEASG ALt Al 1225F2] Spiophanes
bombyx(863 inds./m’, 77.5%)7} =& LEZ FH3A, 271
552 Chone teres®} Glycinde gurjanovae’} $-HE 0.2 &4
3} EH(Table 2). 13 BE 2715 % Magelona japonica(385
inds./m’, 29.6 %)7} 2 -8t o, 172552 Mediomastus sp.
9} Heteromastus sp.7} -8ttt 2F CoAA =
Cirrophorus armatus(433 inds./mv’, 19.6 %), Euclymene oerstedii(400
inds./m’, 18.1 %), Mediomastus sp. (390 inds./mv’, 17.6 %)7} fAFgH H]
2 STk 494 HFL 32552 Scoletoma longifolia
2 300inds./m'(13.7 %)7F S &3+ ). Group D, El, E20l A&
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Fig. 1. Total organic carbon content in surface sediments of fish-cage farm. Spatial variation of total organic carbon content and

polychaete community index in fish-cage farm (a: total organic carbon, b: species number, c: density, d: diversity (H’).

4 1,598 inds./m’'(25.0 %), Group E2°1 4= 9,074 inds./m’(78.5
%7t Z2ds3t. e $AHETL Group DAlAE= S
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Fig. 2. Grouping based on abundance of polychaetes that appeared in fish-cage farm (a) cluster analysis, (b) nom-metric

multidimensional scaling (MDS) plot.
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Table 2. Density and appearance ratio of dominant species of

polychaetes for each group classified based on cluster

analysis
Group Dominant species inds./m’ %
Spiophanes bombyx 863 71.5
Chone teres 40 3.6
A Glycinde gurjanovae 23 2.1
Mediomastus sp. 23 2.1
Nephtys californiensis 23 2.1
Magelona japonica 385 29.6
Mediomastus sp. 110 8.5
B Heteromastus sp. 65 5.0
Prionospio saccifera 65 5.0
Trichobranchus glacialis 60 4.6
Cirrophorus armatus 433 19.6
Euclymene oerstedi 400 18.1
C Mediomastus sp. 390 17.6
Scoletoma longifolia 303 13.7
Harmothoe imbricata 80 3.6
Capitella capitata 627 39.7
Scoletoma longifolia 156 9.9
D Sigambra tentaculata 81 5.1
Scoloplos armiger 73 4.6
Sternaspis scutata 66 4.2
Capitella capitata 1,598 25.0
Schistomeringos rudolphi 1,299 20.3
El Scoletoma longifolia 1,007 15.7
Aphelochaeta monilaris 293 4.6
Cirriformia tentaculata 191 3.0
Capitella capitata 9,074 78.5
Schistomeringos rudolphi 857 74
E2 Sigambra tentaculata 360 3.1
Scoletoma longifolia 198 1.7
Eumida sanguinea 167 1.4
o] F A gl A BHIZ &3 WA= MluE 93,
AMBIE 2+ 8o W] w8} Th(Fig. 3b). AMBE= 0.9—5.99] ¥
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Fig. 3. Comparison of benthic community health of fish cage farms using BHI (Benthic helath index) and AMBI (AZTI’s marine biotic
index). (N: Normal, S/P: Slightly polluted, M/P: Moderately polluted, HP: Heavily polluted, A: Azoic benthic community health).
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Table 3. Community structure, range of total organic carbon high ranked dominant species by group

A B C D El E2
No. of station 3 3 4 14 17
Average no. of species (spp./0.05m’) 8+2 167 18+3 16+2 2746 14+6
Density (inds./m’) 1,113 1,300 2,213 1,577 6,404 11,553
Diversity (aver.) 1.1£0.2 2.6+0.2 2.240.2 2.440.6 2.340.5 0.9+0.4
TOC (mg/g) 1.8£1.3 16.0+£2.3 5.4+0.6 10.5+4.2 22.1£3.7 21.3+7.2
BHI 9444 79+7 80+6 56+14 3648 13+6
z} Group-‘ﬂ BHI d42] HHE AHRH, Group A—C=  mudtibranchiata®}, 15 7+ VHARE 7191520 Girrophorus armatus,

7} 15:{4 RAAAFE] 9 o1 Group D= ARE7}) 2—
a1, Group E12 A% E7} 3—454, Group E2+ 4
© 2, Group El, E29] A7} oF3tH e St (Fig. 5).
N e P e e
SIMPER 4% ?f‘fﬂ’é}m‘ﬂ. T2 Aols v FHFE
FHAE FEY AU T8
5 W 2 al a5 ko] zbelell
Aol FdA TexEE 7H 35 el A 2 A8k SIMPERE
2 8-51 % TH(Table 4). WA, Group AS] A NEFTS 17 W
FAE 9} 15 3 WA 5 7] 913 Spiophanes bombyx
Fon, 53], 715 W 719&0] 909622 vll$- 3=3kth. Group
B 25 W 71995 Prionospio saccifera, Ampharete arctica®}
53 vFAE 719182 Magelona japonica”}t Tl 3%%©] A Th
Group Co YEFTL 15 W 71952 Mediomastus sp., Prionospio

(a

~

40

30

20

Average number of species
(spp./0.05m)

Group A Group B Group C Group D Group E1Group E2

Group A Group B Group C Group D Group E1Group E2

—
()
-~

40

30 A

20 1

Total organic carbon (mg/g)

%l Group DE 13 Wl FALE 7199F<
Nephtys oligobranchia®} Heteromastus sp.”t 3% A}, L&
b HFAE Z]olEoll A g Y= T2 ]ller, ¢S
Q1 Capitella capitata’=. Group E291 4 U7} ] o} Group D
o] tfxFolA A3t Grouwp E19] H%FS 15 W, 1
F ZF &l 25 7143t S longifolia, Schistomeringos rudolphi
o} 2% FF WAL= 71913k dphelochaeta monilaris®) A TF.
Group B2l A= 1% W] 71o4ER1 C capitata®t 153 VI
AL 7103521 Sigambra tentaculata?t T 3 5-0] Lt

7 ge] 73 548 JEE guEEe gohnr] 9
g E oshfe] Yo FHREFA(PCOE T3 0}0" Ch(Fig.
6. 189 F4E TAAH=E A ¢ ,
2ol wiAeh b a5 g 9FE WA qqg% =)
SIMPER £4] Z3}e} A3t

Euclymene oerstedi

i

—_
O
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Fig. 4. Comparison of community structure by group. (a) average number of species, (b) density, (c) Total organic

carbon range, (d) proportion of the four groups in the calculation of the BHI.
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Table 4. Species contributing to similarity within each groups and dissimilarity between groups as revealed by the SIMPER procedure.

Numerics in parentheses are percentages of contribution to the (dis)similarity and letters indicate the stational group where

species in question are more abundant as a result of pairwise comparison

Group A Group B

Group C Group D

Group E1

Group E2

Group

Spiophanes bombyx (90.96)

Group
B

S. bombyx (36.56, A) Mediomastus sp. (31.25)
Magelona japonica (14.01, B) P. saccifera (18.75)
Mediomastus sp. (4.02, B) Ampharete arctica (9.38)
Heteromastus sp. (3.65, B) Glycera chirori (9.38)
Prionospio saccifera (3.12, B) Lumbrineris cruzensis (9.38)

Cirrophorus armatus (2769, C) C. armatus (11.96, C)
S. bombyx (12.24, A) E. oerstedi (11.71, C)

Mediomastus sp. (51.77)
S. longifolia (9.16)

Grgup Mediomastus sp. (11.36, C) M. japonica (11.52, B) Prionopsio nudtibranchiata (8.74)
Euclymene oerstedi (11.16, C) Mediomastus sp. (9.60, C) A. arctica (7.05)
Scoletoma longifolia (8.29, C) S. longifolia (8.70, C) Harmothoe imbricata (5.56)
S. bombyx (36.53, A) C. capitata (16.28, D) C.capitata (13.05, D) Nephtys oligobranchia (14.53)
G Capitella capitata (15.02, D) M. japonica (15.36, B) C. armatus (11.71, C) S. longifolia (14.24)
rgup S. longifolia (605, D) . longifolia (636 ,D)  E. oerstedi (1148, C)  Mediomastus sp. (13.61)
Scoloplos armiger (3.74, D) Ciniformia tentaculata (3.72, D) Mediomastus sp. (11.37, C) S. tentaculata (12.88)
S. tentaculata (3.73, D) S. armiger (3.60, D) S. longifolia (8.60, C) Heteromastus filiformis (8.77)
Sthistomeringos nudolphi (1764 El)  S. rudolphi (18.07, El) S. rudolphi (17.6, E1) C. capitata (21.88, El) S. longifolia (28.38)
G C. capitata (16.48, E1) C. capitata (17.01 E1) C. capitata (16.84, E1) S. rudolphi (19.38, E1) S. rudolphi (25.62)
I]:E(){'lp S. longifolia (14.84, E1)  S. longifolia (1521 ,E1)  S. longifolia (11.92, E1)  S. longifolia (14.34, E1)  C. capitata (11.05)
S. bombyx (13.25, A) M. japonica (5.75 ,B) C. armatus (6.04, C) A. monilaris (3.31, EI) C. tentaculata (3.60)
Aphélochaeta monilaris (297, E1)  A. monilaris (3.07, El) E. oerstedi (5.76, C) P. multibranchiata (3.15, E1) Mediomastus sp. (3.31)
C. capitata (70.96, E2) C. capitata (70.65, E2) C. capitata (67.40, E2) C. capitata (73.36, E2) C. capitata (58.11, E2)
G S. bombyx (7.71, A) S. rudolphi (6.62, E2) S. rudolphi (6.21, E2) S. rudolphi (7.34, E2) S. rudolphi (11.04, E1)
TOUD ¢ rudolphi (6.69, E2 M. japonica (331, B C armatus (347, C S. tentaculata (2.97, E2) . longifolia (648, E1)  C. capitata (92.30)
E2
S. tentaculata (2.78, E2)  S. tentaculata (2.76, E2)  E. oerstedi (3.27, C) S. longifolia (1.93, E2) S. tentaculata (2.55, E2)
S. longifolia (1.99, E2) S. longifolia (1.97, E2) Mediomastus sp. (2.99, C) Eumida sanguinea (1.35, E2) A. monilaris (1.87, El)
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Fig. 5. The box-plot chart showing the range of Benthic Health
Index (BHI) by group.

Fig. 6. Principal Co-Ordinates for 7 Groups based on Bray-Curtis
similarity from log(X+1) transformed species abundance.
Vector overlay on the PCO, showing macrobenthos with
vector longer than 0.6 or high contributing species to
distinguish macrobenthic commmunity group.
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Table 5. Comparision of BHI grade in various research areas in other Korean studies

Reference Study site BHI grade
Park et al., 2017 Shellfish farm in Southern coast of Korea Gamak: 1—2 grade / Goseong: 3 —4 grade
Park et al., 2021a Shellfish farm in Tongyoung fish farm: 34 grade

reference site: 3 grade

Han et al., 2020

subtidal target coast of all over Korea
(Environmental Impact Assessment, EIA)

generally: 3—4 grade
West Sea area: 22.4 + 94
South Sea area: 274 + 4.7
East Sea area: 22.2 + 8.3

Lee and Kim, 2021

dumping sited of dredged sediment

relatively good Benthic Health Index
4 grade at some stations

Park et al., 2021b fish cage farm in Hadong

stations of the removed fish farms: 3—4 grade
reference site: 2 grade

Ong et al., 2021 tidal flats in Saemangeum

generally: 1 grade

subtidal area of the Nakdong estuary

Youn et al., 2021 (Brackish and marine) generally: 1—2 grade
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