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ABSTRACT

This study compared aquaculture performance of the bay scallop (Argopecten irradians) between an inner-bay site
and an outer-coastal site in the Yeosu coastal area, Korea. During the study period, seawater temperature ranged
from 6.75 to 27.97°C at the inner-bay site and from 12.30 to 25.83°C at the outer-coastal site, with no significant
difference between sites (p > 0.05). Salinity ranged from 31.14 to 32.70 psu in the inner bay and from 31.91 to
34.01 psu at the outer-coastal site; although salinity tended to be slightly higher at the outer-coastal site, the
difference was not significant (p > 0.05). The mean daily growth rate (DGR) was higher at the outer-coastal site
(8.87% day™") than at the inner-bay site (7.59% day™). At the end of the experiment, survival was markedly higher
at the outer-coastal site (82.1%) than at the inner-bay site (11.8%), whereas mean biofouling incidence was
substantially lower at the outer-coastal site (3.03%) than at the inner-bay site (11.13%). Elevated biofouling in the
inner bay was identified as a key limiting factor, potentially contributing to reduced growth and increased mortality
through growth retardation, space competition, and competition for food resources. Overall, the outer-coastal area
of Yeosu can be classified as a priority candidate site for the introduction and expansion of bay scallop farming
(high suitability), whereas the inner bay represents a high-risk area vulnerable to biofouling and environmental
stressors (low suitability). These findings provide baseline information for spatial planning and management by
differentiating site suitability using survival and biofouling indicators.
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Hct (Shim et al,
2021). 3Hd ‘*BH °q°}—4 Fo 7T HGoM= I &
s dsE HAE A71E 4 ¥ 29 (organic
enrichment) 2417} 21.¥ v} 9len (Choi et al, 2013),
olzigt xd-+d &7 W= yntolA 9] 433 9 §EA
& W 28E e FANE ST o Al HA
Z 9FS £ 4 Yo+ (Diaz and Rosenberg, 2008).

St Wo A sgtrteln] (Argopecten irradians) &
o= wWE Y =2 AEH2E A3 oA B Al
FA EFor FEo gron o2 It HFem
o]8&o] gt} (Shumway and Parsons, 2006; FAO,
2023). FUHAAE Foff A7 e AR sty &
Al Ag 7HsAe AES A7t HuEo], A3 &Pz
stollAle] A Aol digt 7|xAte7E FAEA A (Kim
et al, 2016). THet 7h2H|RL 4o Ho|YE 9 47 37
Hsto] miZtein], £3 5’-—’?—%7]"“— tAkE F7Het oyl
S ofgl, Aika FH 7S SR AR AsH B HAPE
AT £ Qlo] YA A7t B A-E E4ol w2t 2A
gatd 4 9lok (Shumway and Parsons, 2006). weha] Al
T ol ddEE =Yste] AdAez HEsh] YsiMe
T Ao AESH AAYE ofde, s siollAe] A%
EXN 9 HEg HES AHFFH o2 AHASH= & 7|4 Hr}
7} "dgsitt (Shumway and Parsons, 2006; Diaz and
Rosenberg, 2008).

Aehd e of4 a2 sfehdo] Bxbelar ¥t (bay) &7}
ddsto], ooz Hajdol 2 Uty sio I
o AXAHog dk= Qutyo] ZZst}, dukd oz YgtH
I AFARE F7tet 43 gl o8 AFe] &&
1257 490, siF A4S (coastal hypoxia) & A A

FHogE FQ 37 EAZ Hizo] gttt (Diaz and
Rosenberg, 2008). ¥ ojuhe dj4wdto] Hlwa A
stol 40 U §Eu2e AT o3t Aol 4rjHoz B
s 4 gloul, b4 5 294 agol ¢4 722 o
A AE Aol o8 WAler A48 7Hs/dol it o
o5 sieF 2714 olaAe FUT A PAolet stefete
ARE 49, AEE 5 P g 4 globz
(Oliver et al., 2018; Shumway and Parsons, 2006), 94
S|Fol A ekt Abs Edoh= A MM AL 3l
ARvlelulsl b4 A Bk WA Best g

2 Ate oF sYolA 514 AF HAoE AT S
Thrte] X|sfe] 4 A4S Asetr AR A 7 8%
9 AYEE Aol & HlwstA} g}, EE FJAolA e A
15 Ediz off sfqollA sietztein|e] FA st EF
st Bel 48 h5AE Bistel, 3% HebdE ofs
AQtollA] siut7belH] FAl A& ofF wdo] od 7|xAE
2 Algstast ah,
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1. ZAA| A A A HojA}

2 AT AL 45H HFPAo
oj4 sjgoz MAstgth Adolge s
B3 gfsjEoR TRete] Mgstgion), sEirten]
AL Wetdel o] E4bg A2 E QA it oside]
oAl A ARE QI s F 271 Aol +skltt
(Fig. 1).

2. 872 A

AgolZel 2 EAE sty fsto] £ (water
temperature, °C) ¥ @+ (salinity, psu) & 2018 1¥%
Bl 12974 € 13] @%olA S5t 2 9 d22 o
& S£-EA7] (YSI-556MPS; YSI Incorporated, USA)
& o]&sto] AL oM AH FAsIATh

3.FA R Y FHIFA
sigtztely] QlgEate AddE AA &2 SR F4
ool A ATt Aol o)A A 2018L=1 5-6¥oll &7t
FS AAslon, Haito) Bae Zkan oF 510 mm 7H
A& AEsto] 52 AZ (lantern net) ©ll —’F shoich 3¢
P HBee AE 12 o 200 WA OPQ‘A‘:}. S A
2 A% FotAlo® dAetglal, 46t Zo] 100 me] 1
& AHESIITH A THdollA BE E gl oJst fAs
I5t7] 3 #2 9 2xE BAslqlet. elsid Ao 73
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Fig. 1. Map of the study area showing harvesting sites for cultured Argopecten irradiansin the inner bay (A) and outer

coastal (B) areas.

Fig. 2. Experimental cultivation procedures of bay scallop
(Argopecten irradians): (a) seed sorting, (b) cultivation
procedure, (c) early growth stage, and (d) adult scallops.

3 si7hEe Ao 28 shelol Aldslgion], Azl
43t Zolt A% 4344 A 24 273 FUsHA A

shit.

4. NESH 2 B
F7904 ¥ 712 9 20,0 mm vi2le] AzE Mgalo] 12

5.4% R yEE 2

AdolE A 9 AE 4S5 7kl flsted 20184
795E 129712 € 13] A &S AHFHs AT 24
Asf wi 2AF Al AE A F FA9E 30 WAIE AF sk
AgAz eukst & 7k3 (shell height, SH) S Vernier
calipers& Ar23te] 0.01 mm7kA] S, HEF
(total weight, TW), %% (meat weight, MW) & 1z}
A& (CAS, MW-2H) & AH&s}to] 0.01 g5 A5kt 34
#e ol&sto] ofzff Ao w2t AdidFE (absolute
growth rate, AGR), ¥iMd%& (daily growth rate,
DGR), &% (survival rate, SR) 2 of2fj A& o] &3} A&

shaict.

Absolute growth rate (AGR; %) = (Le - Li) / Li X 100
Daily growth rate (DGR, %/day) = (Le - Li) / (T - t) X 100
Survival rate (SR, %) = (Ni - Ne) / Ni X 100

Le: ¥ 3¢ 241, Li: 32 ¥ 43, T-t: AHS €4, Ne:
| zAEnte]4 Ni: 23420k 4

6. RAYE ZA}

254 A TFgollA o] HAYE B P2 mieletr] ¢
stod, A 2ol e TEZEG A2 FE oF 1.0 mm9|
o ARsto] 2 HYLE AAstL 2YA AFEEH
FEIHA] ZASIIG B2 A-8otA] g2 izt 2
T2 A& HFE Hlusiglth Alg JHAEE w7 529
o] R2MYES Scraperz AAT £, si¢=2 7PHA AlH ko
siRtzteju]e] S SAgsigich AAT RAYEL HERE
75t RAYE FFS FAsIeH, T2 JAAES
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Fig. 3. Monthly variations in water temperature in the inner bay
(A) and outer coastal area (B).
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ojgste] 0.1 g YI7HA &4

itk iz Ewle) Batug
B 2(%)2 of2 AAE olgsto] 4

ol APsiSicy

ot

Biofouling ratio(%) = W¢ / W, X 100
We B2AE 5F (g), W FHAAE AlA = sintztey] A
+Z (9

7. SAIEA

EA RS Python (version 3.14.0) & Atg3l9lon, &
8 B Agl= SciPy ¥ statsmodels #7]| A& AH&-5FSAT

5 g 7+ B Aol AAL AR Fxo| gt
two-sample t-test =& paired t-tests A&t SEA
ol FEHA| o= B¢ Welch BA t-74A & ARgsllon,
Fold2 F94E P < 0.05 =304 B2 ghe /e A
sttt

Y
i

i)

1.529d8

ZAN Yol ¥¥ £ WgkE Fig. 30 Yehloh o5
Ugke] 422 29 6.75°CE A, 8Y 27.97°CE 1S &
dom, AYF £ 16.71 + 7.02°CUtt. o4 &3 &Y
2 29 12.30°CZ A, 8¢ 25.83°C2 1S vehdy, o
By £28 17.23 + 4.59°CE Wdto] H]s) AR W} Zo]
gtsioict. siefdz s AL (1-2€) e 23l siejo] W
ghETh &9k, SERE 11€olE Wikl o3 R} =7
Uehts 43S BEQod, 94 Hd $29 319 7+ Apol=
FolstAl ket (p > 0.05).

g & Mgk Fig. 40 YehATh ol uinte] o2
2 9¢ 31.14 psuZ FHAE 22 H 12¢ 32.70 psuZ 3=
golon, A GBS 32,62 + 0.74 psulch. 94 93]
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Fig. 4. Monthly variations in salinity in the inner bay (A) and
outer coastal area (B).
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Fig. 5. Changes in shell height (mm) of cultured Argopecten
frradians in the inner bay (A) and outer coastal area (B)
during the study period.

oo 29 34.01 psuZ I, 9¢ 31.91 psuZ A S e
T, AYF PEL 32.87 + 0.86 psuch. AHHZHOoZ 9|

Aol UhEth Etou), dyd AR i 7t
ztol= frolstAl ettt (p > 0.05).

2. 3% wst
1) & My w3}

ZAIZE 5 sirtE]n|e] A A4S mhelsty] ffs)
1= EAsilom, 1 ZA3k= Fig. 50 MAEh AA
APIZE B9 T A mE At A&H o7 Frkehe A
g EQth AE FE AR Zae uyehsiold
49.58 + 16.38 mm, 2J3f s{ollA H 52.38 £ 18.42
mm® 2J3j sjejo] MetHoR o I YeYch A 2
7] (7:99) olle F Y 2+ % £Fo0| FASte] Zbol7t
gl5lA] dgroL} 71g o]F (10-12€) ol <Jaf siedolA] U
graf ol wla] folstA &2 Ztart R (p < 0.05).
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Fig. 6. Changes in total weight (g) of cultured Argopecten

frradians in the inner bay (A) and outer coastal area (B)
during the study period.
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Fig. 7. Changes in meat weight (g) of cultured Argopecten

frradlians in the inner bay (A) and outer coastal area (B)
during the study period.

ZAF 27] (7-89) olle F AFolA FARE 371 HdE B
o, A% FHIolE Y3f sfellA o 2 AFFol HEH
At 9-10€0ll= WRtslo] dAjA ez =3tou, 1145 H
© 9 o] uiwkslide A3lsiia, 12€ol= 23)
(50.81 g) ollA Wigk (43.01 g) 2tk A et A 8
A 71E Aol ] 87 A7 a3kl hE X7
e AEFFS UTF 29.35 + 18.60 g, 93 28.72 +
16.95 g2 AR (p > 0.05).

siRt7tejH|e] §FFS A 27loll= URtelo] tha =
2 AFE BAou, A% IR0l ol siellA o 2 %
o] #Hrlo] QJsf LAIZF ekttt (Fig.7). 7-9¥ell= Wittol
ofsjEct =31, 10-11€0ll= F sHHe] FFFol AR 4
o2 Uetigicth. o]F 129l 93l (15.40 g) 7t Wiwk
(12.09 g) Bt} &2 g Uetdle] AdEE AIH 71E 23l
oA ZHAR SA7E o Al FFE Bt ghH AA|
717 BE $FHFS U 9.89 £ 6.34 g, 3l 9.61 £ 5.70
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Fig. 8. Changes in absolute growth rate (AGR; %) and daily
growth rate (DGR; %j/day) of cultured Argopecten irradians
in the inner bay (A) and outer coastal area (B) during the

study period. Different letters indicate significant
differences (p <0.05).

gi 3] gl; Z_]_- ~,9[.9_]?)'_]_' f(]‘ol"\:; %igil:]' (p > 005)

A& (absolute growth rate, AGG) &4 Z3}
Fig. 8aoll AAIsH3ITt. ZA7I7F &9 AGR (%) & F
RE ARHod Zulete AP Elon, AA Hie 9
3| 52.38%, WTt 49.58% = 2l oA thh =A YEeRE
ot ZAF 7)ol s 7+ ztol7h 27 gkou, 7k o|F
F20] sHste Al7]ole Qs ol doider &2 4
Fol fAH s 7+ Axpt el s Yol AU
(p < 0.05).

U748 (daily growth rate, DGR) B2 Z3H= Fig.
8boll UERURIth. DGR (% day?) & % di9) 2% 7-8€0|
=2 42 B & 52 51 AR 245 F45] 4std
e £E02 AStEE AR WES Uehh Y 2t
HlaoxE 7-8€0l fARRE £2& Blou, 9-10¥dE ¢
3 sieje] DGRo] uiRtsiH B} 85 =of 4% £=ol
A Qs eA7E 7 HESHAl Ul (p < 0.05). 0%
11-12¢€0l= & 319 2% W2 DGR ¥l fARE 42
S Hol Azt Zrastglch. Al 717t BF DGR <3
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Fig. 9. Changes in survival rate (%) of cultured Argopecten
frradiansin the inner bay (A) and outer sea area (B) during
the study period. Different letters indicate significant
differences (p <0.001).

8.87%/day, Wt 7.59% day'2 23] sigolA &=A bt
=2

SR E L

sfurkelale] slold AEEL Fig. 9 2ol Uehith &
APIZE 5 velst ojsidel e sRvteule] HES
2 ulag Az, I3 sojo] AWPT F AHOR Y
FAE AE debich 7200E slo] 2t folat wfolrt
ot} (p > 0.05), $YRE 12871 il 23 sole] 4
o] Wekslol et golatl 71 STt (p < 0.001),
A7k 7ol ket 5 so] 7F Az gejsgie, vt
=z

A} B4R A4E AEgol 45 it 129

rok

rlo

—

89712 Aot ¥, ofsh s A 7|7k A ow

AEES fASH 48 FEAFCE 82.1%= 7|53

k. ol Ak 93 siojo] & Aol sftrteiu|ol

AT Hok f2F A4 2AE AT+ USS HA
o

‘é__].- ETS\’)]\EIE h
Aoz vetdls Z¥et & 4 o

Hr = b Jm rN &2 >
Mo — 12 o mo ¥Q

4. BAYE

sitzteiu|e] AlEGA Azt Wik} elsfollA] ARSgt siRt
Zteju]e] oz} mHo| EAYE H| &2 Table 13+ Zro] et
gk ynkele] RAME Bl &2 8 ZAMIA 6.99%00A 12
2ol 16.53%2 Z7letom, XA HWAEL 1113 +
4.94% 2 Uetsttt, BHE 9Jsig2 8YolA 11€71A] A7)
ZF 59 0.63-1.67% W] Y2 £E2& AAE oL, 12¢€
ol 10.9%2 F43] F7leteh. sl AP B
BAME HEL 3.03 + 4.420%ch A¥bdoz AFHPA
23} sfigttejue] A Qs RAPE vl&2 Wit
]3] @3] o} ola] ¥ FAo] HAAYE LAY A W
oA feElst Aog yelyTh

L

0

2 Q7 off st g seld P skl
(A. irradians) o) 4% 2 AEE Hl@stR, o2 et 9
o slololnl Qe sRslellel A% % AE Hate el
s, ¥¥ A8 Fsde FHo Y AYHS 2
o 423 gEe A 5 Pyeld Aol Busgle

Ouz] =]

[e]

sl5to] 1290l 11.8%7HA] ZH4si3itt.

ofahiA 2 Aol AHAY e nlAE By 2Qlo,
217 W9l el 44T B e S0t 34% W5

TE 2EHA HoME A% E5tet A& A
4 ot (Shumway, 1996). £ A-FoA W2 ejsfo H|3F
AR ¥F Zo| 2 AFZ Bt

sjgrtaiule] BT & A
oA =2 AFES AT 4 Aoy, si+f5 &L

Table 1. Monthly variation in the biofouling ratio (%) on the shell surface of the bay scallop (Argopecten irradians)

Total weight (g)

Biofouling biomass (g)

Biofouling ratio (%)

Month Inner bay  Outer coastal Inner bay  Outer coastal Inner bay  Outer coastal
Aug. 14.30 15.80 1.00 0.10 6.99 0.63
Sep. 31.70 21.70 2.20 0.20 6.94 0.92
Oct. 37.40 39.10 3.30 0.40 8.82 1.02
Now. 35.50 41.80 5.80 0.70 16.34 1.67
Dec. 36.90 45.80 6.10 5.00 16.53 10.92

Mean + SD 31.16 + 9.69 32.84 + 13.25 3.68 + 2.23 1.28 £ 2.09 11.13 £ 491  3.03 + 4.42
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99%0A 12¢¥ 16.53% 2 Z7}ste] FAM|Z B
4.94%2 ety olsie 8-11€97H4] 0.63-1.67%2] &
22 gAs 1290 10.9%2 F3sto] HF 3.03 +
A2% %k BAAPEL |7 P T HES At
£ dEy gQog dejx Jom, wzt FHeo| a2 iu
9*54 OM Al E&2 ASAIZ # ofzt AJd 2 A 2
g ol 224 &7 43s U 4+ o
(Claereboudt et al., 1994; Fitridge et al, 2012; Sievers
et al.,, 2013). =35t 3 & FAlojA HAYEL L3 ﬁe, s
2] H]&-2 F7HA7| A4 Astel A delo] F 4 o
e Az sHoA WA HeE ORIt (Forrest et al,
2009; Sievers et al., 2013). °o|2{g ¥2] Yol w2 A
olX HESt] & A%, UHolA diEor =2 X
Adeo] A&H AL 4% FH] Uigke] 4% £3F ¢
FHS A¥ste F2 890 F YR W
(Claereboudt et al, 1994; Fitridge et al., 2012). $Hd
SlolAs 12€o] HAYE H|go| FTHIolT HEES
82.1%E =2 & AU ol& 3l 7HAlwe] 8-11
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fﬁgrlr
t_.ool'-'o
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o fo [l mo m

Y 5o BRYEIe] 3074, HolBy SolA olEe &
Astol e AT oix| 4L olgo] AEHA Yol

FFH o2 =9S 7HsAS AlARRIT (Forrest et al., 2009;
Fitridge et al, 2012). 3}A|5t Sievers et al. (2013) o] &
TFollMe BAYES T2, & A, HEF 9 192 5
¥ 27 (HATEY, vl 5) o 9 B FUT 3
&°] =0t siojgte Ay B2 44 £= oy B
5kt ot FE AFoM e FA THeoRE ¥
A e FAYE vE I —tv'—i“o% 24
T ARE AHH o7 HAAYsto] B
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SEreltle] ABLH 3 UEels BaE A2 go] 39
% ot ©Y 2Qlojety By Bkt B3 20l 4147
o gzo| =Ag &AY Fhsol Atk Aoz g

o 5 of BAAYZ Aol

golsH, #7188 54 4 HJJi 42 WA QFo] A
et al, 2009; Fitridge et al,
2012). o3 21L& —‘?'—i—. o% S7tek Aol 4 7iAe
AEAS ZEAFE WHOE 488 4 glou], ARHo
2 4% Astet HA F7t2 dZ2d £ 9
et al., 1994; Sievers et al., 2013).

FAIFAEA oA £ AT A= 9ls) sigo] siRtrt
2o Aol Uittt feEjdt $HAY TheAe HolsH,
ik el A9 RRAYE w7t QrhsAd 2 AAhE
Z7tek= Aol Forrest er al (2009) ¢ Fitridge er al
(2012) 9] Atollxel Zo] Fogt Wt golow Ueyith
A osi oA sigtrlejHl g 4 4 uittola 22t
AE HEo] 8¢ o|F &Aooz FIIE HE Aafshd, A
& =] (9-129) ole AH, T 1A, FEeEE £2H F 4
=4 He7t =N, A HH x| R 77 gEEE A
S A4 1S "ot e ez wdd (Sievers et
al, 2013). o] s FA AAoIME 120 Y=
H|go] F=3 Ao Hz_l—j\ﬂ 2 Qlgk AFZA Stk A H| & =
7§ drast 348 4 g dustee, £ ) &
4 52 53 FAYE Yol H4s ok Zo] adHd 4
At (Fitridge et al, 2012).
2 od7E 5U 24 71T 52 o4 st kel o
THrteju] o] Agtat AEo] FEletA AfolE Hol= AME &
Sttt §o| Qside] A@reolMe Al & AlH A
o] 82.1%= A1 ®¥hH ujghe 11.8%7HA Fstod,
H9e] it Axp7E BEEM AAAHoE e
SHoME esid2 Y7HIEE SollA uintely Hot
A3k2 Uehiigitt. olzi Aol vgaelolq 2zhy
H &2 FF 11.13%E siEct oF 48] &9k7, o=
A &g Ash AR B2 oy AH] qu} so2
oloix 4 Aslet S oEE FAHoR fuRE s
o] At} (Forrest et al., 2009; Sievers et al., 2013). &,
2 A7 Ane gsfdo] duider e RAYE ot
A =2 AEE D BT $AE S0l FES sjgozA,
siutzhEln] 4l YAz o A gS S

wehA] of 4 sfollA] 311‘?_}7}3]‘:‘ g A7ts s HESH
of 2 49, ¥ HAo| 4 8 =g

(Claereboudt
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Zelet.
2 o

2 AFE o5 oA sfnirtaiu|e] k4 Aats yrkat
oJsi2 FEsto] Hlw-@rlslgley. 2AIE B9 22 Y
2k 6.75-27.97°C, 9|3 12.30-25.83°C WA, Y 7+ &
o2zt ATt (p > 0.05). P22 Wiwk 31.14-32.70 psu, 9
3 31.91-34.01 psuZ Qai7F tha Ekou fojak= gl
ot (p > 0.05). Y7H3FE (DGR) 2 3o AdFolA 3
T 8.87% day’, W5t AT 7.59% day ol H|3] &4 e
gt 2AF A3t olsle EE0] AY TEAIH 82.1%=
=1 BANE UYEL 30308 ol oH Al AT} At
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