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The impact of global warming on aquatic systems has been a priority research area in the past decade. However, the
possibility that increased temperatures will cause shifts in viral disease outbreaks has not been well addressed. In the
present study, with increasing water temperature (WT) in the coastal area of Korea, we estimated the possibility of
changes in fish viral diseases. From the present time, WT may rise between 0.62 and 1.7 C by 2050, and the effect
on aquaculture could be more adverse than benefitial. Red seabream iridovirus disease (RSIVD) and viral nervous
necrosis (VNN) cause high mortality above 22 and 24 C, respectively, and outbreaks could commence earlier and
persist for prolonged periods. Nevertheless, the period of occurrence of viral hemorrhagic septicemia (VHS), which
outbreaks at a lower WT (<187C), could be shorter than the current infectious period. Thermal stress in fish causes
reductions in growth and immunocompetence; thus, increases in summer WT can lead to the development of new
viral diseases. WT has a strong influence on fish population dynamics; therefore, entry of new viruses and changes in
the prevalence of infection can be expected if carrier fishes are introduced or migrate to Korean waters.
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7| & Higte] mhE

Har Qlek o2 It A=A MK Jung et al., 2013;
NFRDI, 2012), 73315} Z]0F4 H7K(Lee etal,, 2011), 224
& suoll vA= Gt (Lee, 2009), AR A o2k
73] ®52 A 5(NFRDI, 2012), 4F] 28 efoped 2
2 H9HINFRDI, 2012; Park, 2009) <127} =3 = AT}

7|58 3h= A Fofe glojA & kS UEhE Ao & o4
%31 QIEHFAO, 2009; Marcogliese, 2008). =412+ o] Hsh=
FAMYES A 2 ]S WSk, HelAlY] BE, &9,
=8, 54 T AT Ado] Qlof 7| FHstE Qe A
2 3Hibd Al o & A= Q). shA|gt o] F A At =
ol A A <] Bargut glot. ofof] & Ao A= At =22 ¥
Blof| W2 of FHtolBiAA A o] ol & oS5t U 2+
oAl 7| F R} o F Aol n|H FFS f-ejvtet Haligke
RS A-gsto] YES| Kz} shgict.

shlo] 24 AARSAR(ES $2)2 Erh2 19855

AZFE GAoke] 42 sk B A3t

U B2 S AR APFOE BN T, Y R
2 o] g3to] 4P 2AHS HA3to] 20 o2 HAJsHY
on, mat 2414 ATKFig. 1, A5 y=0.002x + 17.97, S
y=0.003x + 14.9, 9J%=: y=0.005x + 15.18)2 E | & 2050 =
A%, S 9 o] Gloke] 422 o Z3halrt.

= Halo] T ofFHI0|2{AY TY Hat 24

20109 E 0] Aot 4223} 2050 £ 0] of| = 2.8 ETE 4=
2 Wzl w2 o Fulo| A AH o] WshE BA5I3It 2
o] w

A B2 S sfjatolF FAOIA TSkl Q= Bl
A4 Aol AEolg] wHlo]g| A (red seabream iridovirus
disease, RSIVD), Hto| & AA) & A1) & Z(viral hemorrhagic
septicemia, VHS) & H}o] 2] 24 X174 I Al (viral nervous ne-
crosis, VNN)& thAt 0 2 7|2 HilE o] Ql= 3l 2w U
AR AA| o] E/dof et A=+ ArH(Cha et al., 2007; Do et
al., 2005; Gomez et al., 2008; Jeong et al., 2008; Jung and
Oh, 2000; Kim and Park, 2004; Kim et al., 2003; 2005; 2006;
2009;2011;2012; Lee etal., 2007; Lyu et al., 2006; Nishizawa
et al., 2012; unpublished data; Oh et al., 1999; 2002; 2005;
Sohn et al., 1991; 1998)2 Etf 2 4= H3}of w}2 2w o] A
3} o239,

Foole 2 0 A o] 5 583
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Fig. 1. Annual sea-surface temperature in Jeju (A) from 1990 to

2010, Wando (B) and Yeosu (C) from 1985 to 2010.

walQh AQte] 2 WSHE BAS Au, BE 2AFAG(HIF,
Qe 9 of4) 9] 222 A& O] At et G FAIE B
Ach(Fig. 1). AlF ALke] 79, 2 2197H0.31°C 453k
O H(Fig. 1A), §=e} o= AR 2L 261 52 212H0.7C
eH1.07C 53 202 UepsithFig. 1B; 1C). daiet ek
o] =2 Ak ZBES NFRDI (2007)2] QoA : Hars uf
24tk NFRDI (2007)& 3H= 23 Ao A &3t A2 S
o]-&3}0] 1968 HE| 20061714 397t FH s o] 422 W
T A £AS A, Jelle] #5 420] 1.04T A5et A
o7 Bustgict. o]e] AntE Faldh Ak xR ot
o] zfo| 7} 9l ot 4=2-0] A5t 21 0 2 SRl E ¢lrh. NFRDI
(2007)9] Ao} 2 Ao Ao 422 A5 =] 9 Afol= =2
57 a9 2 B4 717k ztolof| o5t A 07 AlRETh:
NFRDI (2007)2 391d7H(1968-2006) Haflgt L) o] thokst
A ARE EHE 22 BA8

AAY 4.0 HakA|FE: 1990W T} 2010 v, &= 2
o= 19853t 2010 H]i)E 2AFSE A3E Table 19 U
ERiich A=) A9, 14, 94, 1299 22 19909 =
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Table 1. Sea water temperatures of Jeju, Wando and Yeosu in 1985 or 1990, 2010 and 2050 year
Month : Jeju Wando Yeosu
1990 2010 2050 1985 2010 2050 1985 2010 2050
1 14.16 13.92 13.44 8.38 9.06 10.14 6.61 7.41 8.69
2 13.30 13.42 13.66 7.83 8.33 9.13 5.87 7.62 10.42
3 13.76 13.76 13.76 9.10 10.00 11.44 8.24 9.96 12.72
4 15.09 15.35 15.87 11.98 12.71 13.87 12.14 13.59 15.91
5 16.67 17.15 18.11 15.11 15.89 17.13 16.12 17.45 19.57
6 18.96 19.54 20.70 18.01 18.71 19.83 19.55 21.05 23.45
7 22.78 23.14 23.86 20.81 20.99 21.27 22.62 23.22 2418
8 25.10 25.90 27.50 23.54 23.34 23.02 24.53 25.33 26.61
9 23.77 23.59 23.23 22.30 23.90 26.46 23.56 24.79 26.75
10 20.45 21.87 24.71 18.92 20.27 2243 20.13 21.38 23.38
1" 18.15 18.55 19.35 14.60 15.15 16.03 15.73 15.56 15.28
12 15.82 15.54 14.98 10.74 11.39 12.43 10.11 10.64 11.48
18.17° 18.48 19.10 15.11 15.81 16.93 15.43 16.50 18.20
lyear.

2water temperature (°C).
3Average water temperature (°C).

Hr} oF7} U e o U20104 1Y 42 13.92°C, 9¢Y:
23.59C, 129: 15.54C), 71 £19] Z(10¥€ Aol A= =20
oF 0.1-0.8°C A58t Ao & tegh 109L 40] 1.42°C
Abs3to] 21.87CE YeEPW QL SHeof A= 89S Alejgt
£ oA o] sttt ol 5 2(79:20.99C, 8¢Y:
2334C)2 A9 ¥zt glglon 993t 1092 72 1.67T,
135 A3 2 o2 Yepdth9Y: 23.9T, 10Y: 20277).
71919 o A= 0.5-0.9C A3t o= 119(15.56C)
< Aol e oflA] =20 A3t 2-69, 94, 10€
o= 1.23-1.75C 2] =20] A5dts 202 UG oH(24:
7.62C,39:9.96C, 4¥: 13.59°C, 5¥: 17.45C, 69: 21.05,9
:24.797C, 109: 21.38C), 19, 74, 8%, 1292 0.53-0.8C
RS

o|Are] A= oot ¢Igte] AM A -8 2| Aof| upgh 4=
2 A5 Arolls Aolg Ho|u Mud o g Apal= ZloR
SRIF Y. 53] Al A2 AL 193 12¥& A Qg &
[ A T2 4=20] 5ot S W of4r 9ok Zk7t Yy}
119:& Al QJgh Dol ] 4=2-0] 5319t

2050 =2 Het o=

20509 = ook Qo] =2 WSS o &3t A, B =
A A (A, ke 3 0]4)2] 2.2 4teleh(Table 1). A
T Qo] A, 19.1TE 617 0.93C A5 A o8 o5
B]o, hies} of4: QI9HE 661 2t 77t 1.820(20504 4
£:16.93°0)9} 2.77°C(182°C) 43 21 0.2 Lhebrh. NFR-
DI (2012)¢] ®i1of] w2, coupled global climate model
(CGCM)E ol-gste] =Wl At F342-2 A% A7,
2060 ol = Al 9, ol $A9ke] 420] Z}Zt °F 20T,
17C, 17.5CE A58t 7102 o &5 itt NFRDI (2012)2]

<2

ASATH= 2 A9 o] QY] ol & 22 7)= FRe] AJo]
7F Ao Ao} e Ate] oS =23k = AT E
Aol A= FAIALE o] &-8to] =2 ol 53191 7] wiioll <t
of| QloJ A= A7} Lot CGCME 0|43t of| = Aulel &
AFgH 710 2 LepyiTt.

20509 % AEE 4=2-0] BIgE o553 At Hs A=
o] A4 2010\ =0 o3} v 1 A] 129, 1-3Y, 9L A= 7
o] W37} glonk(129: 14.98C, 19: 13.44C, 29: 13.66C,
39: 13.76°C, 99: 23.237), 495 ¥ £20|(15.87C) A%
517] Al#kste] oF 1T AsH 40| 5-78717] A &= Itk
(5%: 18.11C, 69: 20.7C, 7¥: 23.86°C)(Table 1; Fig. 2A).
8Y, 10Y, 11¥2 717} 1.6TC(27.5C), 2.84C(24.71C),
0.87C(19.35) AF&shelc). olAke] At 2050 % AF% &
oko] 4220 129, 1-39L2 20109 =2} F- A5} 4-11 Lol =(9
o A 2]) =20] 0.52-2.84C /5T 2 02 A SE Gt

2050W % Qe QIote] 4220 2010 Lo 4223} H]IL A] 7
A3t 8Yofl= WSl A9 glovk(5=2: 21.27,23.02C) 114,
129, 1-692 5220] oF 1°C A48 rH11€Y: 16.03T, 12Y:
12.43°C, 19: 10.14,29: 9.13C, 3Y: 11.44T, 4¥: 13.87C,
59:17.13C, 69: 19.83C) (Table 1; Fig. 2B). 947} 10€->
7}7F2.56°C(26.46C), 2.16°C(22.43C) A58ttt o] 4re] 2
3k 2050 % 2 AQFe] 4222 7-8Y€-2 20101 =2} 345t
U 11 9]9] ofl s 42201 0.8-2.56T A58 A0 R o 25
et

2050 = 9] o= ko] 42222010 = 9] =27} H| WL A|
119€9] Ao sy 72] 9lok(15.287), 1Y, 74, 8Y, 12
Ao 00| oF 1T A5SIATHIY: 8.69T, 79: 24.18C, 8
:26.617C, 12%: 11.48C) (Table 1; Fig. 2C). 2-6%, 9, 10
Y2 4220] 9F2-3T Aot A 02 YeTh2Y: 1042T,
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Fig. 2. Seasonal mean water temperature in Jeju (A), Wando (B)
and Yeosu (C) (-e-: 2010 year, -o-: 2050 year) and change of vi-
ral disease on increasing water temperature (—: outbreak of viral

diseases in 2010 year, ---: outbreak of viral diseases in 2050 year).
VHS: viral hemorrhagic septicemia, RSIVD: red seabream irido-
virus disease, VNN: viral nervous necrosis.

39: 12.727C, 49: 15.917C, 5¢: 19.57°C, 6Y: 2345, 9¢:
26.75C, 10¥: 23.38C). 0]Are] A} 2050 % o= 91¢te]
22 1192 20109 =8} FAfsHY 71 9 9] Hof| A= 4=2-0]
0.84-2.8C 45 A 0 & A S Q)

Foole 2 0 A o] 5 585

2050EE 2 O=0 27et £ 0fFHi0[A =Y
Hat o=

VHS

VHS 2| 491 UA|2] VHSVi= 20009 =742 = sj4iko]
2 dojat ofFoll A HEHHE glot 2001 oA
A %)= QX (Paralichthys olivaceus)ol| A A28 Hi1%H &
A=A oz Ya| FAES BlEgt A4l sjitolo A HEE
¢Ith(Kim and Park, 2004; Kim et al., 2003; 2009; 2011; Lee
et al., 2007). kA © & 2] QFAlA}o| Ao VHSE 1-59 4=
20] 15T o]a}e] Ag=27] o 2| oj#nt of] e} AJofof| A & Ht
Ao, 2 AS(CF 18T o)t oA AAA o2 FAE
5], VHSo|| &J3t s HAR= SHA A Ak d2] 2o
SR YA 7= Al7IQ1 3-4Yol(4=2: ¢F 12-14C)
Fygiet.

20504¥ % o= 28 2R VHS WS o &8 B, A
T A 1249, 1490 = 529 HE9 A §lon R (42
13.44-15.87C), VHS ¥ 9|€-2 2010 =2} 7] 2] F-AFek A
O 8 AL 5YO| 20] 18.11TC(F 1T 5)7HA] &35t
H& VHS $4] Al7|= #ebd 2 o8 245 rh(Fig. 2A). ¢
Lo} o]=0] 9= 129, 140 220] A58l 16T o|5}
S UER B2 VHS 3 el 2 7| &3 frArd A o2 24
th(Fig. 2B; 20). L2y 599] A, =0] 17.13C(¢H=)°t
19.57C(Ap)7HA] 5ot 2 A o] F4] A7 @A H
sto] P AE Ao r FA T o]ekgo] 2050\ =ofl= Eah
QFo] o2 s o' Qlsl {A| Aol A 9] VHS Y 7]7to]
OFZFgobd Ao 2 o SETt

T A ox

RSIVD

RSIVDi= 1998 Haligtol A ofAl5<l E5(Oplegnathus
fasciatus), 25 (Pagrus major) Y 21|22} Sebastes schlegeli)
A HLoz BiH o] Z(Jung and Oh, 2000; Oh et al.,
1999), & 2r o] 2191 B Al RSIVE Haliet 2 5530l
A A AlBE= AFAAE o] 7of oFA HA| ol A HEE Ao (Do et
al., 2005; Lee et al., 2007), ESF RSIV-like virus=©] QFA14F
E|$(Scophthalmus maximus) D =JAF A ol of| A A=)
th(Jeong et al., 2008; Kim et al., 2005; Lyu et al., 2006). & 2l
2 sfrtet o 58 14-271(8-9Y, °F 22T ool = =
5 GAOlA Faste] tiF HIARE fEshe, oA &f A7)
whe} 73 9 Atol= QUA|NE 2 ofof| A Ao 7hA] B W)
7 " th(Jung and Oh, 2000; Kim et al., 2006).

20504 = o] = =28 A Z RSIVD 22 of 23 1, 7]
F0] A5 Thof =20] ¢F 24°C(F 1T A5)7HA 55k (6
4:20.7°C, 7¥:23.86C, 84:27.5C, 9¥: 23.23C), 10714
2471 CE AR R (ALp20] Ao s 27 g4 2
o] X BL&2) RSIVDE| B A| 7= "R m] FAA] 7] 7} =0



586 A4 - QA - el - o)

A0 2 FAECKFig. 2A). RSIVDE ZHEAH S E8) 4-20]
E=OHIPE FHOR HAF2 21°T: 33Ul 100% AL
28°C: 12249l 100% FAP) Hthar B 1% o] )tk (Nishizawa
et al., unpublished data). WA $220] 27.5T(1.6C A=%)7}
A] 755k 8ol RSIVD7F A 5HA| = oF 10 ool A
ol FARE A 2o At Swo] H9= 6¢it
7ol =20 gt o 21CE UERY 8doll= =2 |
g7h 719] §lo B RSIVD W2 7|3 Ak Ao &+
AE ), 22U 990 AL 4220] 2646°C(2.56T A5)7HA
AFEH 1090152243016 T A2 SR = B2 9%
RSIVDe 2 Qlal 54 tie FAE e 4= glom, Aol
TA A= =old AR A o0 A= 6YRE
2345T(24T A%)E Holw, 109714 23°C ol49] =25
FAISHLE RSIVD O] WY A 7|71 e A 6 E S8 7
gol Qlom 10€71A] A&d Ao g FAH B2o] 999
£ 920 26.75C(1.96C &5/ Adsstiz 940 = 2l
S =g HAE 2 2o ' A o] 2ko] 2050d ol
= Folere] 2 A 07 sl EiE FA ol A9 RSIVDE]
P A AR AL FA AR =3A AR AAdE o
2 Ao o5t wefi= vL T F7hE Ao R FAH

VNN

VNNL2 19904 FaflQtoll Al ARS-FQ1 573 ol(Epinephelus
Septemftasiatus)o| 4| *-& H11% o]z Z(Sohn et al., 1991;
1998), SFAAF Y], &5, $0l(Mugil cephalus), 3 0}(Sci-
aenops ocellatus) Y SHEZ(S. oblongus)ol| A A o] vkAy
%)%131(Cha et al., 2007; Oh et al., 2002; 2005), =+1j] 1Qtof| A
A Aleh= ZFAAE sAto ol A e ARTHAAII NNVZF HEE
AtHGomez et al., 2008). ¥ AB2 o] 5H 71427]0f 9F2]
AbEAololl A T2 A ST, AR 0] oF 24T Q1 8E K
B 5] AJAFsto] 109712 2<% m(2F 20C), Ao Kot
£ 2|00l A & A ARES YEPHTHKIm et al., 2012).

20509 %= o= =28 72 VNN 2S5 1, A
0] AL 799] -20] 23.867T(2F 1T A5)7HA] At
109744 24.71CE A (24T =27 27] B4
I AojR]) 11 4=20] 9F 20T E Ho| =& VNN 2y
A7 ek TERE DAY 11E7R] A&E Zles &
AE T VNN ZAAES 36l Ao =255 HAL
20| =A120T Y] HARE: 46.7%, 23°C: 93.3%, 26°C: 100%)
yehdo] 2ol w| i th(Nishizawa et al., 2012). wehA] 40|
27.5C(1.6T “&5)7H] A5k 8Yolli= VNNoJ| 2Jgt wj3f
7FH sold AR A et 6-790) 0] 455t
22T olekE yeh i 899l 23.02°T, 9€ 26467, 10
Hof| 2243TE Ho|E= VNN e 7|E3 FASHA 8¢
FE st FAAT = ot dojd Aog FHE 9
U 20] 26.46T(2.56TC A5/ AsstEE 9¥oll=

: AYEIAE o] 2A -

HEY - 057

VNNej| oJgt w87t 5 02 45 o2 49+= 64
T 23457C(24C A5)E Holn, 1097H1] 23°C o]4fe]
& FASIER VNNO| WA 7]= et 6978 s
W 11E7R] 2158 02 24T H8o] 9gol= 422
26.75°C(1.96C 35)7HA 5ot s v RASA] = AL
2 ojoj Ao 2 Hnt oleke] 20501 ol et
T2 ATOR el 5ol Falel Al VNN HAA7]=
F I SFEARA L AN = ZH A A 0B g Eof 23
gofl ot vl Hed Sohd Ao m FgHnt

XlF2tatol Et=|0] HISEI0Xl= 7| Hio[2{A EE
HFAH
=2 O

4ol = P u|ZTHFAO, 2009). =+
W 78 FAlo1E P28 B, =0] 21224 T oA 7HE A
o] Fou arpgof tigh WAd o] ofsfiA] 25°C ool & |
o] A F|FFo] #slshH, 1420 7|7t {21 E wjoll= HAls}
Al Ftk(Jang, 2002). T3+ 20]E2h2 A4 Ap20] 15-20T
o, Aa2ofli= 7t thal Aol ofsto] 23T ool
= o] o] o5l Aleol dagtthJang, 2002).
2050 %= o5 HolQh AQhe] 2F B, AlFol A= 8
o 27.5C, eollA= 99l 2646, ol4ollA= 841} 9
of| Z+7}26.61 T2} 26.75C7HA] AFsd Ao & o S¥F ) et
A1 20501 8H T} 9Hofl= H A&} 2u]EhE BRI 420
oFgt o) T2 A4, A, A Gl Azt Ao s Ao
B FAE gLl o4 A% A7t o sk ol e B, Al
T T 7] B violg| A o] WAE 75/ o] itk
O]} ARG 42 Bl ol A Hare vl QltK(Kim et al., 2005).
B2 A% A p20] 14-18°C ol 20T o)/FollAl= 289 0]
wrolzth(Jang, 2002). RSIV-like virus A& 58 23T o4+
ol A f-¥sh=d B3] 7B--= 20 Cofl A = A HE qltk

A2 HAYERA o7

22 Seyel Qe oS AHeol(Todarodes pacifi-
cus), "BX|(Engraulis japonica), 11°5-%1(Scomber japonicus),
Hehegol(Thunnus thynnus) 52| d7Ad o1& AJikel 5
7Veh= ®HA, YYEl(Theragra chalcogramma), = F5(Arc-
toscopus japonicus) 52 Y4 o]FL AAto] AskaL Q)
th(Joung, 2010). E3F A F= FH 8o A= 1990 T F-E
W 2|( Thamnaconus modestus)7} A 2] AFRFA| AL 11501, 2+
2|(Trichiurus lepturus), 2371 (Larimichthys polyactis), 7178
O|(Trachurus japonicus)7} $-78-& Ho|1 o u(Jung et al.,
2013), Faf o] G2 9 == s HollA] of Bt ofF<l A
= (Chromis notatus), 3=l 71(Pseudolabrus Japonicus), ==
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ShE(Apogon semilineatus) 52 1% ¢ W=7} S7lslkaL
%tH(Joung, 2010). o]eFzto] X[ i ARk 7| FHS}= ¢l
3ff o} 7F9] o] & ®ut oftfet ofFo] Far} v AL qlrk =
of 2 0]F2] FY W A oFY A Rl S7k= 9
2 LA o] S 9 vpol 2 Frof o5k WS E FTHIA &
QJt}. Kim et al. (unpublished data)y2 A|---235}o] 2|5t 9
2 HAA Y] FUARE 2ASEILA} 20107 2013 7HA]
walloh 2 Al F oA A= A4 o] FE tAFO R ol
22 HARS AARE Ao Al Thekst o FH(ESR, w0, 'Al,
o14}o}(Neoditrema ransonneti), | X|(Stephanolepis cirrhifer),
2-ullo|(Sebastiscus marmoratus)) - Z5-E] A t)5}o] A3z
A7 K cytopathic effect, CPE)E 3= Al5o2 A
= vl AE AETE vE Utk B Kol alQl dAtollA Ak
% W 94 WEsF AT olF %, 5ol VHSV, RSIV 2
NNV 4 52 dejA qlom, 4], Mo, A7dol= 2t
Z} VHSV, RSIV, NNV Zrg =il B %o Qlti(Gomez et
al., 2008; Kim and Park, 2004; Kim et al., 2011; OIE, 2009).
ki 2050 = sl ofgbell 1ot o] ¥ violz] A
Apidol Sl ofFe SERIE 9 Aol SVt Hlo]
ga-TfE|o| = A 2hgste] FAFoA= Hlol A Aol
tL F7H 7FsAd ol Sk 3 ol HarE]o] QIA] oh=n}
ojg]o] Al Sl ofF =] FHE FUE A of
YA o] @ o & Qg T = ot

SHTAET AT e IEAR 9 Aol s
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