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A review of the mass-mortalities of sea-cage farm fishes

Jido Han and Deok-Chan LeeT
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NIFS, Yeosu 59780, Korea

The aquaculture industry has developed rapidly over the last three decades and is an important
industry that supplies over 15% of humans' animal protein intake; therefore, there is a need to increase
production to meet the continuous demand. The fish cage farms on the southern coast (Kyengsangnam-
do and Jeollanam-do) of Korea are critical resources in aquaculture because they account for approx-
imately 90% of the national total fish cage farms by water area ratio. However, the current aquaculture
environment is being gradually affected by climate change, which is a global issue, and its effects
are expected to intensify in the future. Therefore, it is urgently imperative to accurately evaluate
the effects of climate change on South Korean aquaculture industries and to develop social and national
strategies to minimize damage to the fishing industry. The damage to fish farmed in cage farms
on the southern coast is increasing annually and the leading causes are high and low water temperature
and red tides, which are directly or indirectly related to climate change. At present, global warming
can provide opportunities for aquaculture industrialization of fish or other novel species, with economic
implications. However, despite such opportunities, the influx of new species can also cause problems
such as ecological disturbances, increase in the reproduction frequency of microalgae such as red
tide, increase in disease incidence, and occurrence and periods of high water temperatures in summer.
The scale of farmed fish mortality is increasing due to the complex effects of these factors. Increased
damages due to fish mortality not only have severe economic impacts on the aquaculture industry,
but the social costs of responding to the damage and follow-up measures also increase. various active
responses can reduce the mortality damage in fish farms such as improving the management skills
in aquaculture, improved species breeding, efficient food management, disease prevention, proactive
responses, and system-wide improvements. This review article analyzes the large-scale mortality cases
occurring in fish cage farms on the southern coast of Korea and proposes measures to mitigate mortality
and enhance responses to such scenarios.
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8.6% A dsskom, 1Fe] AE&oR o] &H il 9l
= oFel A N2%E THSE T8 FEAHE o
AA I Q. Ty A7 el = Al v,
T &4 24, 715 Wl U3 Hd¥ As)
s AATA ZA S} HEo] B A2 97, A
= Ao B, FAUR A S o|= <k A
Wy R o R o] AAZAY A& THedt 4
ol obd F AFE BaFH A A A=
M-S Aasta JTHWWE, 2015; FAO, 2018 &

2020).

2020 71 f-Elvete] ol F/ sidvkTd 2 =
A2 FAA ARYA = 242 992719} 557001,
FHAL ZH7F 980,229m' 9} 608,570m ol FgHrk
(KOSIS, http://kosis.kr). E3], 733} a2
G7HFEl AR AEA Fof FHA S A
== thu] 242}t 88.3% (87670)2} 90.6% (887,934 m")=
2k 8kl Qlo] o 7 FA A A AHAElE T8
=7} wl-$- = t(Table 1). L& 20124, 20164,
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Table 1. Current status of the number and water area of fish cage and enclosure farms by region of 2020 (http://kosis.kr)

Type Scale Ulsan Kangwon Chungnam Jeonbuk Jeonnam Gyeongbuk Gyeongnam Jeju Total
case
1 14 4 2 2
Noy 3 95 0 388 88 99
rato gy 03 9.6 0 39.1 1.4 492 03 100
(%)
Cage
?;T‘; 250 0 70,036 0 408423 14316 479511 7,693 980,229
ratio
0 0 1 0 41. 15 48. 08 100
o 7 7 9
case
1 24 I 1
Noy O 0 0 0 0 0 55
ratio 0 20.0 436 182 182 0 0 100
(%)
Enclosure
?:1"; 0 0 71,700 345338 186,514 5018 0 0 608,570
ratio 0 11.8 56.7 30.6 0.8 0 0 100

(%)
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Fig. 1. The reaction stage of aquatic organisms under the
influence of stressor.

et al., 2002; Schulte, 2014). 22| A& Zoﬂ 12y
3t 2Ed e A E dAE vhE-E f =
sHAl ==H 713A ols T ‘ﬂ'%(sub-orgamsmal
response), 7N A T ¥H-S(individual response) E
ot ©$] WE-S(population response) > = g ko] i
HthFig. 1; Adams & Greeley, 2000). ©] &3+ 7]2H&
ZH Ao Ao o, ~EF 2o 25td
O M xe} 249 93 (inflammation), ¥ d(degen-
eration), 3|53} A &Y (repair and regeneration), &
& A (neoplasia), 72 L FH(genetic derangement)
5 AANHS, @ ol the WA Ash @ A
7, A5tetA] gl PEstH ol & UEdE
Zl(Sindermann, 1984)%} AAste] & F &
Zlo|th. o]Fe] g3 Tl Eo] 7} A4 =28t
2 3}(histopathological change), A o4 =] 2]
A4, B A4 o8 YEA HH, o]t
AN Fe] Fxo 7 FFE PIAA d
o A ES R g 9 R YEhE thekdh
W3to] A= A ES] 15), volrt HAbek A
#EBE AA AEE e AAE olslske
AL FAYES] Jof oAgolA ml9 T3 AA
olgt & + Utk

S vhet et A B g of Fo] thEFEH A
o 3k A A4e EHU}E} sojue FAlolH,
’\% Ee 2 39 4 A (@I, AT
2, A x)ol ot g3 A 7} ZA 2 °F 95%E

}0-1

Fof s Abol thatol 3

(Lee et al., 2018). 13 =
o A& dovl= dd < LAY,
& Foll et AEstal &40 FAbFA 3
of gk t-§ WIS AAA gt

S gkl 927 o FEAFE
FAHR AT, FHG AFBA o,
Aol Al AR e} GUBele] B, A5
A, ThFE of e F2, ol FEAY ol
R o] g, off TR St
Az} = B A FE Abole] FE T Y
oﬂ Adstn e B oz} e <

;(—]/\9_ 741 H]/\]-/\_,__q 2z %)oﬂ

04443]1 T Aol mEFH JThElFgAt
3l ok}l 7] &, 2014; MAFRA, 2015; Lee et al.,
2018; ME, 2020).
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2001; Walther et al., 2002; Levitus et al., 2005; Kim
et al., 2011; Wu et al., 2016; UNDRR, 2020). $H5l=
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T g, N2 T Fddd o AeEA wa

of ti-&3t7] A vl&e F7t A= 5 vA=
A % Z7to)] o IS A Z ek
doll izt sl o Aad EAE DAL T =
I Th(Harvell et al., 2002; Gubbins et al., 2013;
Berdalet et al., 2015; Collins et al., 2020). 29} o}
o} s k] 23} 9 F st Alg), BEAA TS
A, AQE o dA T Ay wEA
Y= glom g FALEH Ao A g
Abol] WA FEFE Fo]7] AT A" o)
Z @ 3} th(Walker & Mohan, 2009; MAFRA, 2015).

F-A9] oF 1080l 3} ZHTHTsutumi ef al., 1991;
5, 2012). 3uE AR RS ofFoll 93t
AHE A 3 S Ee JAE frlECIY
Z1EE M AR A e B T
H 3A o] #olA FUh(Fig. 2; Brown et al., 1987;
Tsutsumi et al., 1991; Hall et al, 1990 & 1992; Holby
& Hall, 1991 & 1994; Holmer & Kristensen, 1992;
Kwon et al., 2005). F71%& E&2 5714 v =0
o3t 4k4 S & AME RAAFHE FAZA ]
o, Yolrt #7148 mlAEe] Mg ofste] A4
FAHE(EE A, dEYo}, WE 5)& A A8
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Fig. 2. Nitrogen mass balances in the cage farm con-
structed according to the flux and the accumulation
methods (from Hall et al., 1992).

ol Fo] Aol U S v thReynols &
Haines, 1980; Gowen & Bradbury, 1987; Bagarinao,
1992; Hall et al., 1992; Holmer & Kristensen, 1992;
Pearson & Black, 2001; =BS54k, 2009a;
Vaquer-Sunyer & Duarte, 2010; Shin et al., 2016).

ot hFY A ASE W TRt 5
o F YA FEOo= Qeto] HAFo] FHA B
Rom, o]Z Qg AL T G FU) AT
Z7A3} st 4k 2~ @ F-%, chemical oxygen demand/
COD; AF31¥FA 3}38}lE, acid volatile sulfide/AVS;
L7+, ignition loss/IL)e] ¢t3l, AAHE B
ZFell 2% N/C H]-E&(Nematode/Copepod ratio)2]
T 5 LEAFVE =A UEY I doh(Lee e al,
2004; =P AF248EA| 2010; Jang er al., 2015; 3=
3 FrAE-, 2018). 71 F P H &
A5 FARA 77 ASOoERY FEFa
2 AHE 37 s §UHoE T £
A, F3ris ofFol st 2Ef 25 F3
3} malondialdehyde(MDA)E A3 /4d 3t |24
< et Alze] &4 AlZALE 2 9
TH(Colby & Smith Jr., 1967; Smith Jr. et al., 1976;
Sreejai & Jaya, 2010). 23U GA| & ALS3E &
gz PRI FEUCH B Fohgdo]
QR 3] A E AL St T G
A FAB7 AT ARA R g3l o
AFE do7)= Aol tis SEE ARlE Wl EE
th(=Fg 548k, 2001, 2006, 2007a, 2009b,
2010, 2011b, 2012, 2014, 2016a & 2017a; Lee et al.,
2013; Park et al, 2013).

grEstEoly A& dil e g o
d @A 53] of o g 8
=] 5, 2012). B9k ofujE} AW A

fel 348 AT 2



A THRel A Faof

Fol A o] AHgste AAEE F2 5
asol, Aoje, 7hvd, Ad7gel, B4
FHFo] F718F Y TH(Chun, 2000; =
AN, 2014). ©] 5 o] Foll Wol x3Hd
n-3 ¥ n-6 thFEZ 32, Hpolyunsaturated fatty
acid, PUFA)2 A 328t 75 (/&3 3% F344) 74
wek ofet a5 S FHA7IE leu-
kotrienes(LT)$} prostaglandins (PG)$} 22 eicosa-
noids®] FAol FFS A BE Fa3HA U4 H
715 SHARY, EXSALLS ol T3 Hole
A Aol Fikstol] o3 YA Aol =57 4
th(Bell et al., 1986; Blazer, 1992; Lall, 2000; Chun,
2000; Bai et al., 2012; Oliva-Teles, 2012). &, A& 2]
Fbskrh A gk ol HA T ol Fe ARt <l
2 A Aol &d| 3] =(aldehyde)oll 23 A, A=
O]‘:(cermd) =7 Zof o3 Bzgo] %/%]6]-1]:] 2
Ed = WA Ad}, s, Aen] £, niHlS
AT, AR ARES A, AN SV 5
o] YEhdTH(Lee, 1993a & b; Chun, 2000; Bai ef al,
2012). 'Faliqte] 7HFE AR ok kAl AR
of T=A ool gk &nrt won de =3
BAg Ao 2 AFH (ot data). 7HFE] FA A
ﬂﬁﬂ%}%%4ﬁﬂﬂrcv%?%°%,
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of th UNEA A Shte] ERE Ulo] 2§
Ne AFE AL HAHA, AWHOE oY
3 A7 BYA R Felshi A 97} o Hiol
ATh F, W Aol 7ol AAE oY AAE
o BtHQl 97 E: AAE 1he) AFBAY
gBBA oJste] BAsHE Zlo] TRE Zo

2 AdHH(=E A, 2001, 2006, 2007,
2009b, 2011a&b, 2012, 2013, 2014, 2016a & 2017a).

1998 o] & -gufe} Gafi kol Al WA 2
A& ) Atdle F7sta e FAlolth(Lee
et al., 2018). 1998 A F-E] 2016\ 7}A] A #FA| o 2]
S A 842 F 1453] 9 k=), o] F 2012
AEE 2016@7FA] 5dZEe] Z=AF A7 A 9
73.1%(10671)°]1 ATt o2 gt BEE G2 F2HEA]
grFe] Fo WjE o2 dAE AXE MR AR,
Zefoll MAR ATt RO E Yy stat
3 AT st} AAG JAAES] 5IH dFo
2 & A 1) AgFo] FHEA ] HEoE
AT F, Falibo A G o] FFA ol A9
= FH7I(1~3¥)9 -A71(7T~109) = W
SHA FEE, F3) 712 99.5% (1,438/1,4457}
T)7F o] F Al7]el dEbgth A= A
I G AL 283 A5Hd e HxE, AT
2, 1L AT Ydo] 83 thFig. 3).

>

FH ol 7o HAE TR 2=
A2, 98 575, AHS 2%, 8344, super-
saturation, suspendes soils, &= o}, A4k 2 o}
4k, carbon dioxide, chloride, 2+%=, 4%, pH, T4,
Z5F 55, 2434, electrocution 50l 2|3l 27
EE HHHor JEFS wre=th(Ishioka, 1980;
Barton & Iwama, 1991; Anderson, 1996; Schreck,
2000; Brydges et al., 2009; Ramsay et al., 2009;
Uribe et al., 2011; Park et al., 2016a; Sopinka et al.,
2016; Werner et al., 2021). %k ofz} o] F= =
AR QRIE, S NAYAETH A & A
2 s} A, AR e FEZ(FT, M, 717 F)
oF A2 W, £ o] zpol, olifA] Rulje] thek &
TR, A, A 5) ol Yt S3td A
N2"'lE 7HABR o] EZF ofgFafol FFE
"X = JAAZ A ZLE (Watts et al., 2001; Bow-
den, 2008; Magnadottir, 2010; Uribe et al., 2011).

ol Rt ek BB o] o)F mEH AT W
oM ¥y ZEIA 55 ALT 2@ ASTY 27}, 1
T YA Ze A, A HEF I vk, of
7ha) Ao ga) s vitje} IS, G| A4
d 5 ke A gyt Bt (Philpott, 1980;
Yang & Chun, 1991; Dumas et al., 1992; Miiller &
Loyd, 1994; Chun, 2000; & 5, 1995; Panta et al.,

T

e T 641 - red tide

4 <-- = high temp.

= 600 | =  RSIViparasite
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g 500 wi | i = oxygen deficient = high temp.
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= Y

o I 295 285 |
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Fig. 3. Mortality tendency and main causes of cultured fish farms in southern coast (from Lee et al., 2018).
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2003; Oh & Park, 2011; Cho et al., 2013; Ruiz-Picos
et al., 2015; Park et al., 2016; Yang et al., 2016).
A o HARk-go] Sl e Thefgk o) F 1At
(2, W, 74, d8 SRR ot 2E
g2 82150l o3t PEF& WO (Ellsaesser &
Clem, 1986; Watts et al., 2001; Conte, 2004; Bowden,
2008; Ramsay et al., 2009; Magnadottir, 2010; Uribe
et al., 2011; Ellis et al., 2012; Martins et al., 2012),
A Zepidol 74 Bk ol e el W
3} =& A7 el o A F$ HA ol &
4 At (Jones & Reynolds, 1997; Lee et al., 2002
& 2013; Magnadottir, 2006).

Selvke gaekel A st o Abe] 2
e hHE AdRs B 4Dt Ao
gt 497} dRRoIY. &, S
Ae), Az, A% 49 Fol vl o 9

Qlo g #2319 th(Fig. 4).

= Ao 2 4HA thkFry, 1967; Kuroki, 1967; Le
Morvan et al., 1998; ¥l &, 2012). o Foll A &

ARE, AEE, Ao BA, o7 S,
2 28, AYnkg 5 A
o

diseaseg nutrition  etc. (low salinity, oxygen deficient, feed, transport....)
16%  03% 0.9%

unknown
1.6%

Fig. 4. Major impacts on mass mortality of cultured fish
cultured fish in southern coast (from Lee et al., 2018).

of 7o) ofst UARlo g A8 F UThFry et dl,
1942; Cocking, 1959; Ishioka, 1980; Woo & Fung,
1980; Barton & Iwama, 1991; Cai & Summerfelt,
1992; Collazos et al., 1995; Bowden, 2008; Choi et
al., 2010; Lopez-Olmeda & Sanchez-Vazquez, 2011,
H) 5, 2012; Jee et al., 2015; Musa et al., 2017). =3},
I W9 el 2 Wslel tisty S 7HA
AL o] @9& dolAe FA4T F29 Wk}
25 Z 9o wish= offF (Pl AsketA 2 AE
2 Al E dod B ofle} 22 U Akstd 2~
Ed 2 (oxidative stress)E Y271 tH(Hoff & West-
man, 1966; Davis & Parker, 1990; Parihar et al., 1996;
Abele et al., 1998; Chang et al., 2001; Lushchak &
Bagnyukova, 2006; Bagnyukova et al., 2007; Shin et
al., 2010; Sim¢i¢ et al., 2015; Park et al., 2016a&b).

1) 21542

et algae) BAGE el 1e
P2 N7 AZol &= tha Aol o 20T
olgle] & Holx= 7¢ T o|FRE 8Y Tt
A 25C A& = 1O o) F43] Skt oF
204 A5 fFAIE = AFE Bol=H, o= e
1] FEALGFY AR/ thrnbdfol o3
ko] A Th(Nitani, 1972; Lie et al., 2000; Teague
et al., 2003).

a0 o3 7HFE FAAF(FE 29 &5
o &g H A= 2012 9 201610 TFE TAHLS
23 A dd 7HFE S FACE S
HE AT AR Fold & 26CE 7R oR
HAZE AlAER oW, FA43 2 (1Y H
Fels £ 630)9 142, AYE@IFHE,
Microcotyle sebastis, QA3 T, vl B W, &
olelEutolz 2 5) S| fslo] Bt oz 2
43k Aoz FAA 20120l LAY S 21| B
o] FH b= 749 SR 8E X Atolol vEL
O FAS Feust Aol 13 o AL R
stglom, 8¢ Fo a27] o % 22k tFH AL
7} BT 53], 22 tiFE AL T A7)
HI B8] W (FE Vibrio harveyidl &3 7H)e] 7+
dEo] =7 JElTh(Fig. 5; Lee et al., 2013). ©] &
g A 2 BES g Ak dFeE
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Fig. 5. Water temperature and fluctuations caused by mass mortality of Korean rockfish, Sebastes schlegelii in
Tongyeong waters, Gyengnam in 2012 (HL, Haklim-ri, Sanyang-up; SR, Sirang-ri, Sanyang-up; PH, Poonghwa-ri,
Sanyang-up). The first mass mortality occurs during a period of rapid change in water temperatur, and thr second
mass mortality occurs during a period of high water temperature (from Lee et al., 2013).

oo AelstA gl Hy
7] Eo g AztEn

ZuEete e} @bl ThHFE kA Al
A ARSEL Yoy o gE 480 2% 1
afjol] FHofgt thE A o Folth. xuEete] A
Ao 12~21CRE, & 23T olAdAe= 9
o] 47t AstE L 25C ol dollA = AEl7]Fol
HA 3] HojA K, 30CE A& Loz et
3lar I tH(Choi et al., 2009; Jang, 2010; Do et al.,
2016; = @548, 2017b). =3 E2ol] o) g
A2 FFS AojBthe= HolodlA o& ¥zt
Al 2F-8-31H (Tsuchida & Setoguma, 1997; Oh et
al., 2007), 520 Qo= Ql3te] =] thAL
Ee A B #EG ofn 4k A 9

o] A3t

=31 g 5

54 540 Hdo] Mg EE AaaH F
AN S S7HAA gdEYol MidE F71et o &
Q13k &S 73tA WE=THON et al., 2007; Kim

et al., 2015; Song et al., 2019).
7@:‘%, %, H)Eol, 94 59 o R/ T
A HYA AN A FAT S
c}-/*o]] g2 AW 7+ slsAdo] ol = e
2] sl met FEole Eutole 2, o d
2] & A] 2~E] 2~ (epitheliocystis organism, EPO), $34]
T (Lactococcus garviae, Streptococcus iniae, S.
parauberis R Streptococcus sp.), Bl B8] L (Vibrio
harveyi, Vibrio sp.), &M, A EZ(Trichodina
sp.), I HF-/oF7 &S5 (Microcotyle sebastis, Dacty-

logyrus sp., Benedenia sp., Bivagina tai), E°|F &
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Fig. 6. Diagram showing the correlation between fish
health and disease outbreaks due to high water temper-
ature and water temperature fluctuations. High temper-
ature and rapid changes in water temperature reduce the
immune response and health of fish, and further lower
the resistance to disease.
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fa 32 rlo
o rr
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o
Y A" dFS A I 7es dojxeH
o Eo] o] {Fo] "A &4-& *3}A1 21 tH(Cuchens
& Clem, 1977; Elsaesser & Clem, 1986; Bly & Clem,
1991 & 1992; Le Morvan et al., 1998). =3k o] 72
AW BAG AAEH hA S A5
B 2 AAZ} A 010 483 5 gt
(Park et al., 2016a & D).

&S 10C olat=2 He7td 2] 8o] dA3] 2
AR, a7k Aol AA Fejold &) 5T
M= FA Feth 2y ] fsol AT A5
7CAME FHAZE UEFE = ATHWoo & Parker,
1980; ¥, 2000; Jang, 2010). AF7} & 73 A
A 0 WslRo= 43 Fevst 2e W
A Z ol WHEZQl 2 WsHETE ofY gt A4
o] A&AIZo] FHAL] YRS PIA = HoE B
Th(Ishioka, 1980; Woo & Fung, 1980; Thomas et al.,
1986; = | 4t2+8k4l, 2001, 2006, 2007a, 2009a,
2010, 2011, 2012, 2014, 2016a & 2017a; Choi et dl.,
2008 & 2009; Lee et al., 2013).

Ao =9 ofF= AHAQ Y& o3
ol Fo] thEFd Abellvt 202 AHE3t= Flol
ofue} 24 o] FHE HIZHOoE £ 5
A 71ol ke AW el tigk 7hAdo] EokA|

M, 371502 At dehte Ro2 B,
Mol of3te] ol Fe] Fudo] Whslo] A
Ao )@ AL Bl AgAE R BE, Yol



10 A= -

Hansan-Do

4 Mangsan(Mt)

SEE!

Fig. 7. Example of damages caused by heavy snow (Hansan-do, Gyeongnam; 14-Jan-2013). Depending on the geo-
graphical characteristics, the inflow snow melted water () concentrated in one place (affected area), and due to
the influence of cold water, the cage farm in this arca was severely damaged by cold water.

A5 Gl ofste] AU |27 1ZdE = o]
= 11€3% 12€9]] Blgte] HAP} s ohaaf
1€ Tawd, S, FFH2HE 5ol &7
23] ol Ae]aefol o3 IF ot AT
=205 A, vl B8] 9} o} 71| {5 (Bivagina tai)
of &3 3ol dojue AR dud + Ao
(Menasveta, 1981; Procarione & King, 1993; Chun
et al. 2002; Choi et al., 2002 & 2008; Kang et al.,
2007). 3, Ago] BA7IZF FAHE ¢4
7l A% B Lalls7t= A3 A (dEYol,
obLE 23 AHES FUHE H& U Vs AE
8, o5 el ot AedlA Yot
7F ool A3 Z4 02 AR dE vEE
Hold 4 2 tH(Reinbold & Pescitelli, 1982; Lewis
Jr. & Morris, 1986; de Oliveira et al., 2008; Barbieri
& Bondioli, 2013; Yang et al., 2016).

Harmful Algal Blooms, HABs

HAAAHCE 224 2 584 SHIEY &
& A (Harmful Algal Blooms, HABs)ol| 23+ =& Hl
5, ¥, A F A8 52 ALK R Sl
S THConell & Coross, 1950; Grindle & Taylor,
1962; Subramanian & Purushothaman, 1985; Ander-
son, 1989 & 2005; Kim et al., 2010; Al-Ghelani et

al., 2005; =@ 74F8H, 2009b; Park er al., 2013a;
Lim et al., 2020).

A, el A FAZ HABs= 727
Akashiwo sp., Alexandrium sp., Chaetoceros spp.,
Chattonella sp., Pseudo-nitzschia spp., Scrippsiella
trochoidea, Skeletonema costatum, £+ T2 5(dino-
flagellates)?! Ceratium furca, Cochlodinium poly-
kroides, Gymnodinium sp., Gonyaulax sp., Karenia
mikimotoi, Prorocentrum spp., Protoperidinium spp.
ol &3 ZEolH, 53], 19953 o] %2 FA
Al C. polykroides®l ©]3+ o] 4137} 4l 8t A oh(=
Y4k, 2009b, 2014 & 2017; Park et al,
2013a & b; Lim et al., 2020).

HABsoll &3 93l H 8o EHlsk=
o &g Fafet 1% WA o F &E4HA At
of W2 7t A dFoz Rz =, A
A5 C. polykroides®ll &3+ 2z 137}, $2}¢]
A5 20099 AE X3, S4B oo By
Gonyaulax sp.2} F4F, AA 2 vlibgke] By S
trochoidea 5°l &g A= I &7} g &3t} of
Foll tis AAA A g st 2 A=
Ql C. polykrioides®] WAL Bl F, 24 =& 1 9]
9l e] S sto) ofste] FRofFo] Algpzl &
Aetn e afga dHE Ado] Jlon, Hx Iy
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[e==)

S UER FEE, 59 5 oA T2
StAY 784l L d7t FUE F TR 7
o= 74 ES Bolal dth(Lee et al., 2001; =
FAEF S 2009b). C. polykrikoides 2] At B

.»l-a‘to] %T%Ti /\Alo] zl gé'[:i .2.7]_ }_

& BT FiFo] A& o AxAAEY] 5 F
£l AEEo] 543 SUFetH =T &
29 §43% Ast7t vE
oA AFOE 7t} gkol AHARE &
0r17 AL H3l| 7} BTk (Sweeney,
1984; Na et al., 1997; Shim et al., 2009).

C. polykrikoides7} 15 o}7}w] ol F-23l@A 23}
A ¥ (lamellae)] FE" I oA 2F 9 Hhe,
transport-related enzymes, carbonic anhydrase %
Na'/K'-ATPase®] &4 1A, 94 o pHE} 2HaE
WOyl A s}, obrbn] S I} 1], oA W
oll superoxide anion(O,)3} hydrogen peroxide (H20»)
s &4d 44 (reactive oxygen species, ROS)S] I}
AP o7 olF ME9} 22 2EHAE FIHA
THKim et al., 1999, 2000 & 2002; Dorantes-Aranda
et al., 2009). Chattonella &2 J4 o] &, o}7}v]
el Y7t AP Y ol &FF 71 Adt S

A5o2 AdE ol o3 YN Z 7t
3 58 A3}, AH 2] carbonic anhydrase &4 4,
AW A 22 o] BEF(edema)d} Al E(chloride
cel)e] BH 55 Yo 3tKDoi et al., 1981; Shima-
da et al., 1982; Endo et al., 1985; Toyoshima et al.,
1985; Ishimatsu et al., 1996a & b). Karenia mikimotoi
(formerly known as Gymmnodinium aureolum)®l < 3F
S W o F{9} FHF FEL A WA (necrotic
degeneration), 33 Al 9] ¥g] 9 F3 Fo| #2
FthH(Roberts et al., 1983; Mitchell & Rodger, 2007).
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XRIH
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AL AL Fr, 25, 3719 B3 7%

o] H

.y T
T2 % doliht Ao BAH F4E 7}
2 AT WA YT oIS, obshEm A
AR AR, SEaAel Bie 2y

oA AHEREE vl T 83 Ao Th(Walker &
Mohan, 2009). <F(o1F) 71&olA ZEH L WAA

ok 2l o]

ol theFs Aol thate 11

AA AAke] ZAlol] ofste] TAYsi,
o WL 4, 5 B Ao ZaAaA
31 A4 (Snieszko diagram)@ 5 A Th(Snieszko, 1974).
T BEE 4L, A, HABs, 83444, Y F
el ol A ZAI7F B0 e olFol J]s)
= e

Lo, L
o

ok
i ox

[}

olF
H ©

=
=
ARk WA E A F Ak

1) 44 Al 93t g3

19981578 2016\ d7kA] & E o] J I3l A
oA YA Aol AHAA HA FAG 5
1% wro = wf-g- giokrt, T2} 7HFE] A
ol Al & FolAY -’4"5H7]' TR A=
, &0, 2 EH, BojF 59 1t v 4 ’1‘_]
S dlete] ArA o E B ES W A=
macrophage aggregates (MAs)7} €A T2= %]
THWolke, 1992; =+ 5~4k}8H, 2001, 2007a, 2009a,
2011b, 2012, 2014, 2016a & 2017a). ©] 213+ =&
AW melanin, lipofuscin (or ceroid), hemosiderin 5=
= OE A& E-29 JAERDA ot Yt
= AR olFo v AAe] 222 9 Tk

‘|—‘

b BN it o e
al o}i Y _l

A BREE AN $H4 FrEolY, oF
o 0 w& BAH ~EUs, AW, JAH,
Wel @ Aol td SHANE AFSL Aok

(Blazer et al., 1987; Wolke, 1992; Argius & Roberts,
2003). 53], lipofuscin®] F Aol 2]t ceroid= I
2F8L & 7 H(peroxide value, POV)7} =& A3IALRE
A% o =5 52 BxsiA 4k vE E 4
HA7F Ao Aoz W of Foll A A (Fig. 8)% H,
AdF A9, AlFoly vlolg o) 9% A4d 2 =
AEA /lffL ol To A AFolM = e
ThLee, 1993a & b; Argius and Roberts, 2003; Wang
et al., 2016).

EXFAGE] At o3 AR R A
o A=< Fr MY EnFs AN B ol
2} &H3] = A E(aldehyde ketone)S A st 2+
FHAZE A5t e ety 3 v g
A Aol g Fol HdA ] HYde &olst
Al Fet. =3, o] Foll AatsAE S Sk 4
A Axzet AAe ASAA AL EH/\POH CRlEs
¥ © 7)™, aldehyde Aol o3 oo AN &
g A5}, AT A ol AxRd A4 &

r

r
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Fig. 8. Ceroidosis and diseases symptoms in farmed fish organs. A~C) Ceroidosis in the kidney, D) Myopathy in
black sea bream, and E) Browning and yellowing of the liver in korean rockfish.

222 T ¥3kE
3, o5 B3l 9
2 B LA s o] & 29F
Atz o] #ele} Fol= F 23t (Hazel & Carpenter,
1985; Bell et al., 1986; Tacon, 1996; ¥l 5, 2012).

Seuete) A%, o} 7hasl AR B ol
& RO FF BA, Hol m& Az A4
ol(#)9] A8 F7h AR B o] By BA 5
o] Q910 Fe|F o] YA ohvlet AYZ,
GrstE AYdF 5 dAEH FAAT 5+ Ao
FLEE AW ©=ol o3 o] 7Fo HA= FA 2 0]
A ot A A QA 9 AW AT AgE =
dEolAds dFAAE DA TS, 1 RS
O AAA Aok AR F7 & o529
A9, HAkA, Az AW S o3 #H AL 7Hs A
AAE Aoz ATE(=HTAAS, 2001,
2007a, 2009b, 2011b, 2012, 2014, 2016a & 2017a).

2) g4 A9 9% 3

EA AEZToA dZFAAE BAsHA =HAH A
=54 Aol o3 FH AL 7Hs 8 & 7 TK(Sinder-
mann, 1984). GWFH 02 A AWLE &5} 7
A | 2] FA| (host-parasite relationship)7F 2= A
< o 1 ARE e, 42 s =3k iy
QIAke] gk lo]th(Snieszko, 1974; Chun, 2000).
Tl A e Aol Fa UAoE 283 of
4 )3l = viral nervous necrosis (VNN) 2+ ol 2]k
5/ ol (sevenband grouper, Epinephelus septemfas-
ciatus)®t ZR(Sciaenops ocellatuds) X1 H| A},
iridovirus®l| 2|t &5 (Oplegnathus fasciatus)2] |
AL, Vibrio ordalii®l 2] Z3] &-2(Sebastes schle-
gelii) X]©] # A}, viral hemorrhagic septicemia virus
(VHS)®l &8t d X (Paralichthys olivaceus)2] A}
59 5 % 91THJung & Oh, 2000; Sohn ef al., 1998
& 2000; Kim et al., 2001; Oh et al., 2002; Jeong &
Jeong, 2008; Jang et al., 2018). ZHA &9 &&=,
2| B o7t 5, w019 AT+, A
o=t AT, Aol Fo vl e

FFAT = HFAAE 2 7= oy ol



= WAVt 8 JAAEA 283 P
1998 XE] 20163712 o] H&fol] o
Abell Al HABsY 3152 Al7] =& o]
sto] G Wk o] Fof HHE oA, SFATF E
= FEolgxulol g 20 o3 J&j Az &9l
B v Atk E 54k, 2001, 2007a, 2009b,
2011b, 2012, 2014, & 2017a; Kim et al., 2013).
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e 53 Akl 2 A
1:1]721 E,H_u o].qa. /\gzoﬂc Odsk ]‘_]
(Breitburg, 2002; Karim et al., 2003; Min et al. 2013;
Abdel-Tawwab et al., 2019). 3|5~ =8| Z=]2| F=
Wit A& A5H E35529] Aol st 72
ofZFo] FAE L, A/skEo] tiR7t o] Fo A #| ot
AZ Ak a7 o g b E R H A U
Y 4= 2ltH(Yang & Hong, 1988; Degobbis, 1989).
HIGHE oA Aholrtal Qe T4 ES zi—"—
st §EAAE o] &8tA Hew A
/\EE} 25:];(«] 01_74] Jo Aaev s g3l

-0 -5 -1

of Mt e rpr

o mf o
tlo rlo =

%
__1
=T al
arehal o NIk

ter mass) 3% ¥
a7}

2253 (hypoxia wa-
T3 (an0x1c water mass)= I
T3 EQojE TalH,
7‘47(]'4 d-7-ol E4H47F 3.6 mg/L ©]3st
d HE, FAe] Aol sl T 8E4t47F 0.036
mg/L °]3tYd W2 &3t % gt RHILk A ¢
P2 73"]'4 ;ﬂsﬂ‘ﬂ' A9 A= 2 S48
o] 314y
LR 2] 7ol A

A stE APl A (=H 48, 2009a).
7o EFo o] &d Athe PEZEg oo}

A1) ATP A4, A X tiAbe] 93 =H &S ajid
Holol Z3H o= 5184 A Fol /‘]'%
Hu, o] & HiR o E AW FA &F, &3, A4,
M2 55 F3Y3tA FH(Chech Jr., 1990). 4k
H F2 &, Hol ﬁfﬂat g ol w2t 2
o7} b=l F20l 255, "ol A3V B
TE, F9sh= °1‘rr?=_]‘/|\‘ =, o7 2717t A

Kl
J
h
<
T 5

]"{F‘i o]:}\]

ok 2l o]

Fof thars Abel el 13

= Z7}3ch(Fonds & Veldhuis, 1973; Itazawa &
Oikawa, 1983; Jo & Kim, 1999; Jung et al. 2014;
Park et al., 2017). §&4ta7Fo] YA 7|EA] o] 3
Z W7 AR A, HoldF B A F
2, 4% A A Sol Y 4 Aokl 5
2012). 355 B3t AWE S0 At A
4 B AEAE HYREES 2™k JAAEA 9] o
-2 s e, g A 93 T FZ i (res-
piratory burst activity)Z FH ) FA g7t =4
o] o sty (Watts et al., 2001; Bowden, 2008; Uribe
et al., 2011).

7|Et

T, HABs, A1, &40t e die =
(M), handling, AHS9) A48}, pH| 243
4 TE o7 ’\Eﬁﬂ’\ A= olefd =+ 3
6L:l oA E AFE AZE oA Y3 A
v‘:} of oJaf ApA4t I ES] HAPL EAYZ o
ATHSuh et al, 1999). AIFE= Y FAE
-?‘]3}04 5524 Z*(active regulation)®] & 3},
LG AW AEY FAE fst &, AZ W
A, FFEHY TE5 2434 h(Morgan
& Iwama, 1991). F&2 o1F7 730 waf th4
7<]-°]—L; o} drinking rate, &2 S5, o]
A Foll F&FS PIAAl Aot o 7Y A
Ir%ﬂrﬂg} ol Foll LAt thFst P e han-
doo] & wislel] FES vA = glu-
cose &%, lactate 5%, tissue glycogen &=, &3
triglyceride 3% 52 A% W&°] #2HHMor-
aes, 2000). AHEF9] A skE AW AEY 2
ol ikt 2Ef 2 QAR A-gste] A A8
94 AEE FAE F33cH(Portner et al., 1998:
Moon et al., 2017). pHS] §43% 4= ol/fu|&
&S st o] 2 ke AFEgzRHE ZAE
TAAI 71, pH 2] 8] M= El W lysozyme}
IgM X & W19 Ao FFS vAA Ao

1980).

dling &

(Tomasso et al.,

e v FAYGE B YA AR 2
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Fig. 9. Farm management to reduce damage in aquacul-
ture. In order to reduce the mortality, it is necessary to
comprehensively manage, culture and breeding, health,
disease and other factors.

2 A A AR, S, A n

At o) & 2 WY Tol EAHCE Rl@ﬂ#
ATHMa et al, 2015). F2 T3l = g W3}, &
213e], AW A o ZA T FgkEojA e
U= Ao ohet alde] BAA EE ol A7
gk he FHollA Al FARE 2he e
uZ olE 7} 499 EAl, &, FAEY AS
9 #Ar)E &, &< Hol #e, AW Ao
554 U8, A= M T TFH o B/

F4 313 TS0 ol ol o Frh(Fig. 9).
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HHATHFAO, 2018). &3], A+
b 52 e FAAAL vAE T8
% 3lUZ r5"H(dris et al., 2014; Ham-
dan et al, 2015). 7| W8l o3k ¢ F52 A
AT TAR o7 e dHNAE wstE o
A o] Agstoll w2 A &5t M E HA et
=¥o] FQasiH, o]e} FAM MEL 73] E E’l
7] 9% gk HE nFstoof @tk &, &
AEC] Ao, AR A FEH ”401 &
g, Ao A #e, A= N 5 oheFs By
< Bt FA4Fl A-gstoof shH, o3 o
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S
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rlo 01[‘ of il >
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il
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N

g A7l mE B AVE 95t ASEE
% 70, B H o) E(big-data) S &3 7] E W3}
&9 A W N, dF M Thed S
gb F71E N 5] AP Egsteof ATk

INE=F ]

AEE /7Y AGE FAeste =
9] shvfoltt, MMAH &2 FoJALE o] A4HRF
AL F7Fsta Qo FojAts ] Y8Ql vl
T 09 R&F o] & A EAV} AH
A THwww.WATTAgNet.com; https://climatefish.eu).
IHEE ‘2 ARE TYstd -84 35
stefof st O & A, AW, g3, 5714,
HIEMR] 5 ofe] 7}A] @7 0% %L%Eloi
NI, @ &3k} F 7]' zZrE ojof 3tH, @) ol {7}t
AHAEs o Aerles BAHeE 22 = 3
ofof g+ 2= %“-17“—401 ofF gt} F, YFaTt
I} e FEe AW A" AEE dFH st A
2715l A7t et AE FEE Aol
g}3. & 4= 1TH(Cho, 1983; Chun, 2000; Lall, 2000;
Shafat & Karim, 2018). 53], 7} 78] &2 o] Fol A
UE7] & AW o] 2 Q1% ks H4
slst7] flate] F2 AR TFYE FR8HA| N
ol B¥st= A 3 vfg Fasteh g olFY
AR E Eole A2 A7 &FE=E TS}
=Y Bl oly2}t 14, A5, HABs
| © H W fﬂ/‘} %‘gg’ o o] 7o &

Fasic 59l YA BAE Bak) Ame) v



4 THEE R P ol

o A WYy S 2 stth(Blazer, 1992
Chun, 2000: Tocher, 2003; Wang et al., 2016).

AALR o] B3PS Ab7H(acid value, AV)2} F4tkst
E7H(peroxide value, POV) Aol F&&S wx=
2, ofFfel ZAE LdorA F= WA 35
Absol tigk WErt desit & JAEE Y
T e A& HH—‘?J'*]"E«] W, B 84
Fole Wt v, EE3 AR S HA
3to] o] F&A e lﬂ AAHedE o= A T
714 HEo A HALEFS Eole Wl 2
A& Ho ]E]r(Kwon et al., 2005; Dawood et al., 2018;
Jung et al., 2020).

|

0

Arg 2|

ST AL E FHol Rl UF A
Azslol HES, B0 W T Luksh,
o, ol %, 27], A% W 59 =70 ute} 2
Hgatolor Arha B} Teue AgEe U
wRel B2, A, Agne 9 e e 7}
A BA AL ols e daE B doR
Hostolof shm, ol Fakel FIHHORE WAL
Aale Haslete] AL o) FE AN S0l
).

oJFE Uutro g F2o] AFetd }‘]‘ﬁ"\E
& 2~ (oxidative stress) A3}, WHE A3}, =& A
3} 5ol YEeEldth(Maule et al., 1989; Lee et al.,
2002; Shin et al., 2010; Kim et al., 2015). AL523}
Aol o3 7 A ol 7o = A
AFHN} ALH AR e B ok
2ol 9% 11‘9"%31 el /\17]X4 OE Eol3 B9
FFE = —’F °‘~Eﬂ ATt &8t

o BF 25 5C o] ¥ diolth(Lee er
al., 1998; Choi, 2015; Yoon & Yang, 2016). T=
64 oA 98 7R EfARA o ® YUY, &
3] 7€ 23 8Y Fol =3 HlEo] EHSuh e
al., 2001; Kim et al., 2019). T3] FF == 3|
FHALe] W 4L 5T &EeHLim
& Chang, 1969; Lee, 2011), Tsushima current®| cy-
clonic circulation (Lee, 1978), & 3tdHF(East Korea
Warm Current, EKWC)Z <13} baroclinic tilting (Lee
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and Na, 1985), F-4H-73 6HZ1040},] 23
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Austin, 1999; Egusa et al., 2006). €¥+H S 2 1)
AR 4 e A 2de A
ksl

J Poﬂ gk 7ol -r]-rJZ]—L 3) 7H?<ﬂ-4
AL 2E# 2 e AS ool A
217] W& o] th(Snieszko, 1974; Sinder-
mann, 1984). 1222 o] Fo A AA AH S
Zr3ed glo] A= & 2 S8 A-L
S, AREEA, 83 7 A el e S
#eE|7} HEEA] o] FojH o) 3hH, o] & F3te] o] F
o &S v e 2EHE FHag =
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THOEH A, 2008).
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