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2 o E AFAE AFIIFHGAT AL AuA] o] F V)E FAF ok HAHEY 35S FHEsA gglen, o] & 98
o S ot HAEN AXMUGEF ZH ZAME FASAT FAF AA o)A 2017 108 AP RALE FaEglon, A A
7] o] <1 2017 1€ 55 20183 10€ 714 % i o] 3 2020 1027HA & 2~39 FA o R 2ALEI T A AAS AR FAA 9
2ol 37) A% (Farml ~3)3}F F2 A Bo] gl 9 3o 37]9 EHZ 43 (Conl ~3)2. 2 MABIATE AFH AL A 71E F2 7] T
Z1eF A (H A 22,67 mg - g dry weight)= tH2 A (H T 13.68 mg - g dry weight) BT} kot F2% HA o] F HxF 7A4sle] o 1d 9]
Foll= BAHCR Fod Ao]E Holx| g th(p<0.05). AMTUEF THE 54 7]E AN FAE o] Fds o, TS
A7) o] QAR FRQ] Capitella capitata FLF 0] F9-Hae WE dre] +J o= Mol thas] A5d FAE Al7] o] d7HA
TUHEETF S LAA AT v o] adte] AMURR o] IEE= FESs YERUen, ol ¥stE mjd W E
AT A AL FaF ofe] AP EAoR Qe wpd FAE F£Ho] FAd L oy, A APESE FAE DA /)7
FrolxaL, wtgo] 3| EE= AL W2 A 73 El th o] A o F VE FAF AHY HAES A=A FE] o7
Y Folw, F7HA RUE RS S8 350 AFS A+ vk Ak

Abstract @ The purpose of this study is to investigate sediment recovery after the relocation of fish cage farms, by examining the changes in sediments
and the benthic polychaete community. A preliminary survey was carried out in October 2017, before the relocation of the farms, and monthly surveys
were conducted from November 2017 to October 2018 after the farms were moved. Subsequently, it was conducted every 2-3 months until October 2020.
The survey was carried out at three stations (Farml-3) at the location of the removed fish farms and at three control stations (Conl-3) without farms.
The overall organic carbon content of the farm stations was higher than the control stations, but it gradually decreased after the farm was demolished,
and there was no statistically significant difference about one year after the relocation of the farms (p<0.05). In the benthic polychaete community,
abiotic community appeared at the farm stations in the summer, and consequently, the community tramsitioned to a low-diversity region with the
predominant species Capitella capitata, which is an indicator of pollution. Until the abiotic period in the summer of the next year, the species diversity
increased and the proportion of indicator species decreased, showing a tendency of recovering the benthic polychaete community, and these changes were
repeated every year. In this study, the abiotic community appeared every year owing to the topographical characteristics, but as the survey progressed,
the period of abiotic occurrence became shorter and the process of community recovery progressed expeditiously. Biological recovery of sediments after

the relocation of the fish farms is still in progress, and it is imperative to study recovery trends through continuous monitoring.
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2000; Gao et al., 2005; Tomassetti et al., 2009).
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& ot f71=S N WE5Fth(Beveridge, 1987; Pereira
et al., 2004; Lee et al., 2006; Kutti et al., 2007; Huang et al.,
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WS ¥5tal 9 th(Aguado-Gimenez et al., 2012; Black et al.,
2008; Macleod et al., 2006). =] o F7H72] 242 o] Ft
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H R FANME A 0% ANE Wk FRAAE %
94 A% A e ot o ARE o5 % )
FHg vz obel HAEL FHge FAG 4HE Fehsh
FAE ARE 9 5 Ao
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= = olo Al Wol %18 o]
gk © ™ (Liao et al., 2022; Macleod et al., 2006), ¥4 5 3

4 EF, F95 9

2, &2 F71, FAEe 97 H 7‘:}5—, HAE 54 F
o %S WTHBrooks et al, 2004; Macleod et al., 2006;
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7 Ao AETAQl SEEETL Ao o AR
o 2y A o] SHEW EAE] IEHE A
3% (Brooks et al, 2004; Johannessen et al, 1994;
Karakassis et al., 1999; Pereira et al., 2004; Pohle et al., 2001).
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Fig. 1. Sampling stations in the relocated fish farms and control

sites (Il fallowed stations, @: control stations).
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Table 1. Procedure for the determination of benthic quality grade
using TOC and BHI

s Point 1 5 3 4
TOC < 10.00 10.01-17.00 17.01-25.00 25.01 <
BHI 71 < 51~70 26-50 <25

Point sum. 2-3 4-5 6-7 8

Benthgirca ;uality 1 ’ 3 4

tok

31 ER7Igay A

P

ZAF 71ZF Bt ER71E A% EE(TOC)E 10.80 ~28.28
mg- g’ dry weight$li, HHER AHRd 7E FHE
16.18~28.28 mg - g dry weight, T} A2 10.80~17.80 mg -
g' AR TkFig 2). WA AL 7] ot iz AHL FH
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Fig. 2. Temporal and spatial changes of total organic carbon
content.

2 o] Fol ol
E &3 AI7|E §l%dt)

71E AAoA 4 vRFo JNAEEE Farml 0~
8,450 7HA|/mr, 3+t 1,040 7HA/mv’, Farm2+ 0~ 8,350 71 A/,
Wt 1,081 7N A/, Farm3- 0~2,740 7| A/, 4 752 70 A
/M2 28 Z459) g FAAo A A7 W A2 Farm3
oAlA AL L7} S T(Fig 3b). MA HLI=o] Al7te] W&
Mok P ARETe) Aeld] ek Aol ued, ¥4
AT} g A o2 717e Farml, Farm2ol A= 20174 10€

Oll

A 71E JRER FLRAD 24

(a) Number of species

50
| —®=Farm 1 —#&—Farm 2 —#Farm 3

4 Con 2

-#-Con 3 [ B

40 - Con 1

30 1

No. of species(s/0.1m’)

—®—Farm 1 —*—Farm 2 —®Farm 3
~®-Con 3
[

~®:Con1 =& Con2

Diversity (H')
(a8 ]

2019 2020

Fig. 3.

2 R E R
AL AE o] 11€¥9 MAL 7 23] Z7)ste] txA

A ool HEE By ocq 2018% 293} 3¥o = <F 3w 7}
7ol 271890} Ramsol A& A2 AAG7E S7hes
O} Farml, Farm29} 2 321 F7le §lUth Farml,
Famol 4 AR S] Zohe o 48ARA Al a1l &

S} Capitella capitata &2 Foll 23] o]Fo] Hom, 1A
Ml Zupde] 27} o3 Bl & o ulo| 5}

= v
al,

lo

IR

8 7t
ia

719] Ay

B>

HUEU

Atk o]l F 71E A MALEE A2
ZEl7E vEbsTE 2018 o 5 %j‘*ﬂ
I {54 717F A zbe]E B Farml 1 102714
o} Farm3-> 9Ll vk FA1E e ot 7]% 370 ARl
A FAE G o] o vEhd AU RSl Sk 20177
g2 st e, C capitata NALES] F7tE
o Auk ettt AR MALEE 3] A 1t Aol
7F Aon, FFHoRE FHd Fi AFH @& 54
S HYYh
71E AHe

_4ﬂ$_,
E g:.u.,

FAE

=

Farml

SRk EPOJEE G2 Gl A He "ol
Farm3°ﬂ A 7H EokeH, F < Farm2 < Farm3 . & x}o]

S B3 tHFig 30. &4 ZO] ﬁﬁl 7k Al71 9} “*@%
Ha“@ Al7)ol ThFEr) vrorom 49 H-Fo| =itk
AR g 7 Q8o A Con3ol A tha Eokal,
T Ei AFH ¥ EAS Bl

é‘

(b) Density
10000 -
| —®—Farm 1 —*—Farm 2 —#Farm 3
8000 - @ Con1 ~4-Con2 % Con3
E i
6000 -
T
i i
4000 -
2
- i
& 2000
n 4
0

Temporal and spatial changes in the ecological index of polychaete community (a)Number of species, (b)Density, (c) Diversity.
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Fig. 4. Temporal and spatial changes by types of dominant species (a: Capitella capitata, b: Eteone longa, c: Lumbrineris

longifolia, d: Pseudopolydora kempi, e: Mediomastus sp.,
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W2 F33slE 7]3] %5 o] th(Pearson and Rogenberg 1978; Seo
et al, 2015). A} Z7]o 2% 717FL 432 Farml,
Farm2el| Al W =7F 338k, 20179 108 FAE A
o] %21 2017 11¥F-H F™3H7] Al #Fste] 2020 49 74A]
680 ~ 7,980 7NA/m, H+t 2,859 WA/ m 9 & ULEE YE}
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Jung et al., 2007). 7] A A= H 35 A/, = 3
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et ARl METE ofWA Wste=A A E Sk tHEg
5). WA 7]& @@oﬂﬁ FAE Al7]E Farml©] & 83], Farm2
7} & 53], Farm3°] ¥ 332 YA H I} 7S APAFE
WokthHFig. S5a, 5¢, Se). Farml, Farm2i= 217 A o]# Q]
20174 108 ZAMNA FAE #3 ol9len, brirt &4
gk ol % 11EFE R297HA= A9 3, 4715 Fo| A8ttt
7} 2018 59 o] %ol 1, 2 ZHFFo] 50%S WAk 2018
Al o] AL A]7] o] Fo = 2019 29 FALOIA 1, 21 F
°] 50 %2 Wem, 20190 = A FAE Al7] o] Foll =
2019 1299l 50 %= ‘@ A tKFig. Sa, 5c). Farm3-> AL 27]
of 71&9] F Xé@iv} 3, 47179 A7 AdiA o s Wk
om FAE WA o]F FA = 77k E i, 1 2725 A
e = A o2 -4 8 THEFig. Se).

7)€ AAEL A FAEAT] 3, 4 2El A4S Al
7], 1, 27150 AISH A7 2 3= S Belth ot
Alzke] ZAaghel whe} 1, 22150 SAEHE Al7IeF 1, 21
o] AdiAQl vl&e Aak Frtekslar, A ke A
Aol A ®glEo]l Aujd oz Zirh dx 4L o5 3,
47179 HlEo] AFEglon, 1 9 A7l 1, 27159
H| & o] —Or/‘ﬂ;]'oﬂr/]r(Fig 5b, 5d, 5).

AMTEATL FH7184R9 AT WIE AHET
AGAAH TH5e B3 A 78‘94 7% WskE Hrt
SEich WA gz A 7‘4L A A s

6, Table 2).

71E AR A7 Ad st FElEgled, 59
AXFTEATE A5Fd B FAE A7) 7 Ao wk
o] x4=9] W37} ZAth(Fig. 6a). Farml, Farm2 43S A}
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Fig. 5. Changes in relative density proportion according to the four polychaete groups used in the BHI index.
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Fig. 6. Temporal and spatial changes (a)BHI and (b)TOC.
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Table 2. Benthic ecological quality using BHI and TOC
) 2017 2018 2019 2020
Station Index
Oct Nov Dec| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Dec | Feb Apr Jul Oct Dec | Mar Jun Oct
BHI | 0 3 2 24 3 7 17 52 65 0 0 0 0 17 | 38 60 1 0 55176 0 0
Farml TOC |21.45 27.20 20.00(28.65 17.40 19.05 23.55 20.55 19.70 20.25 17.65 16.60 17.75 20.25|21.00 18.60 20.75 194 19.5 |18.15 19.65 18.45
Level| 3 4 3 4 3 3 2 2 3 3 3 3 3 3 2 3 3 2 2 3 3
BHI | 0 2 4 9 23 51 53 0 9 0 34 40 | 64 47 48 0 57 | 62 12 0
Farm2 TOC |22.85 33.30 21.85(24.70 17.50 15.90 27.70 22.30 19.00 16.95 16.75 16.15 17.30 18.45]19.85 17.6 17.15 20.25 19.7 |15.05 16.65 18.75
Level| 3 4 3 3 3 3 4 2 2 3 3 3 3 3 2 3 3 3 2 2 3 3
BHI | 29 6 15 15 37 31 36 4 52 14 0 14 57|72 4 55 0 46 | 65 33 0
Farm3 TOC |22.70 24.35 22.40(23.25 20.60 17.05 20.50 15.85 17.55 16.35 18.30 15.80 17.85 18.40|17.60 16.25 17.05 19.45 20.45/16.65 16.6 13.85
Level| 3 3 3 3 3 3 3 2 3 2 3 3 3 2 2 2 2 3 3 2 2 3
BHI | 48 53 61 | 50 64 58 62 66 52 55 54 34 52 5|61 60 63 53 61|61 46 o6l
Conl TOC |13.00 14.80 14.95[15.55 14.30 14.60 14.80 14.10 1045 12.75 11.15 12.25 13.95 12.15/17.90 16.55 13.95 1545 12.6 |17.05 1645 16
Level| 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
BHI | 41 57 60 | 57 54 59 61 54 61 66 47 55 65 55|60 49 58 53 51|66 57 63
Con2 TOC |13.25 13.55 13.65|17.40 14.30 11.55 12.85 15.00 10.80 14.25 11.75 13.55 13.30 9.55 [17.80 15.65 14.10 17.15 16.55| 16.6 155 1445
Level| 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2
BHI| 50 56 66 | 57 63 60 57 54 49 53 46 62 61 54|54 55 5 52 58|69 48 52
Con3 TOC |14.80 14.60 15.50|16.25 17.45 13.80 13.65 14.50 11.15 14.35 12.70 14.75 14.60 16.30{17.70 17.15 1420 17.6 15.6 |13.55 155 14.35
Level| 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3.5 MACtRF i”él-_rligl A - 37t Hsl Control Group< 22+ HWHAANA F7& 97 dHH
AT Ao 67 AA, 223] 2APlA ST 132708 Al 7 Wgeks U, B EHTE Al 1~32F ] ek
o|AE TR i]—u.l"%@, (Principal coordinates analysis)S S Ak AAIE B 18y Control Group©l A
FAsto] A 540wt A5 AFoR RSk, 7 1 L longfbliaTJrEI Gl Al ew Ztke HelA f7l=
wol AeA, getd aflat oW JaAdS zheA dob kol W2 W olYUth Group I 2 F71E dE g ¥
YTHFig 7). WA, o]xkd Bl dix el A °l Froll ek, gkt AR mo] el oo ek
=< 79 Bof et 715 Aol AolaE2 Fidel  wAE Bilew, 224 Fugel ] 7 wiAl Abaste]
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Fig. 7. Group classification by Principal coordinates analysis(

variables (a) chemical variable (b) dominant species.

PCO1(28.5% of total variation)

PCO) bioplot and correlation with environment and biological
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