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> Scientific and politic changes in climate change

® Science and policy related to climate change such as the publication of 6™
IPCC(Intergovernmental Panel on Climate Change) Assessment Reports and the Glasgow
Climate Pact are rapidly changed globally. The policies of climate change in Korea
government are also changed such as the upward adjustment of the 2030 National
GHG(Greenhouse Gas) emission target and the establishment of the 3™ National Climate
Change Adaptation plans(2021~2025)(1-1, 1-2)

® The Ministry of Oceans and Fisheries has set a target of —323.7 million tons of GHG
emissions by 2050 Carbon Neutrality Roadmap in ocean and fisheries parts and prepares
the legal basis for the investigation and effect evaluation in fisheries(1-2)

® During the 21 century, a report found the acceleration of the warming trend and the
increase in the occurrence of extreme conditions in Korea. Natural disasters in the future
are also projected to increase due to climate change in Korea. Various research and
development are being conducted to respond to the negative impacts of climate change(1-2)

> Impacts of marine environments and ecosystems due to
climate change

® During past 54 years, annual mean sea surface temperature in Korea Waters has increased
about 1.35C, which is about 2.5 times higher than global mean. The increasing trends
in sea surface temperature were highest in the East Sea. In July 2021, the highest level of
marine heatwaves over the whole global waters appeared in the East Sea, which was about
2~6T higher than mean sea surface temperature(2-1)

® Sea surface salinity tends to decrease and dissolved oxygen in the deep layer of East Sea
also tends to decrease. The concentrations of surface nutrients are generally decreased
around the offshore of Korea Waters. The proportion of small size species in phytoplankton
are increased(2-2, 2-3)

® According to the ocean surveys for ocean acidification, the Korea Waters absorb carbon
dioxide from the atmosphere throughout the whole season except summer. In recent,
hypoxia water mass frequently appeared around the coastal area by the frequent heavy rain
and the strong stratification due to marine heatwaves({2-3)
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@® In recent, the outbreak of Harmful Algal Blooms by Cochlodinium polykrikoides was
distinctly decreased. However, it should be needed to respond to the occurrence of new
Harmful Algal Bloom species and the species' successions. The appearance rates of moon
jellyfish and giant jellyfish(Nemopilema nomurai) have been repeatedly increasing and
decreasing, but the appearances of toxic jellyfish species have obviously increased recently

(2-3)

® The data and reports through the historical ocean surveys in the NIFS(National Institute
of Fisheries Science) were designated the Registered Cultural Heritage and the National
Scientific Heritage by the Korean government. According to the analysis of historical ocean
data and reports and the digitalization of ocean data, NIFS is trying to understand the
longer-term impacts due to climate change in Korea Waters(2-4)

@® Statistical downscaling of the global climate models based on the IPCC GHG emission
scenarios was applied to predict the future sea water temperature at six coastal observation
stations on the Korean Seas. It shows that the temperature will rise by around 2~5C by
2100. A high-resolution ocean climate model for the Korean Seas which dynamically
downscales the global climate models of the SSP scenarios is being set up, and a historical
run for future projections has been completed(2-5)

)» Variation of fisheries resources in the Korea Waters

@® Fishery production was an average of 930,000 tons recently and showed a decline in all sea
areas of the East, Yellow and Northern East China Sea over the past 40 years(1980012019).
The catch amount of warm water pelagic species increased, but the catch amount of cold
water benthic species decreased. This trend of decrease in fishery production is due to
a combination of various factors such as increase in water temperature, overfishing, and
reduction of fishing grounds by fisheries agreements{3-1)

@® Through the changes in catches by sea area over the past 40 years, anchovy, chub mackerel
and Spanish mackerel increased in the Northern East China Sea, while hairtail and croaker
decreased. In the East Sea, common squid, red snow crab, and octopus increased, while
saury and sand eel decreased. In the Yellow Sea, anchovy, blue crab, etc. increased,
but hairtail, croaker, etc. decreased. The timing of recruiting to the fishing grounds or
the wintering period of major commercial fish species may be earlier or slower due to
increasing of inter-annual variation in recent(3-1)

@® Subtropical fishes and virulent marine organisms have appeared continuously on the coast

15 HRZIER 2 OfRI0IS 915t 0

of Jeju Island due to the recent increase in seawater temperature due to climate change.
The appearance of subtropical fishes in the Northern East China Sea, East Sea, and near
the Dokdo has been reported and was especially many in autumn(3-2)

@ Taking into account the future marine environment change, compared to the present,
the habitat of chub mackerel expected until the 2050s to decrease in all seasons except
December in the Northern East China Sea, which is the main fishing ground, decrease
in August to November and increase in December in the Yellow Sea, and increase in
September to November in the East Sea. Therefore, it is predicted for the habitat of chub
mackerel to increase significantly by changes in the marine environment due to climate

change(3-3)

> Strengthen adaptability of aquaculture respond to climate
change

@ In 2021, the aquaculture production of olive flounder and Korean rockfish decreased due to
marine heatwaves and the COVID-19 pandemic, but the production of ark shell, sea squirt,
sea tangle, sea mustard, and laver increased(4-1)

@ In the past 11 years, the amount of economic damage caused by natural disasters was about
236.3 billion Won with marine heatwaves accounting for 53% of the total damage followed
by Harmful Algal Blooms (21%) and low water temperature (11%). Last year, 2021, was the
second-highest year of economic damage by natural disasters in aquaculture during the
past 11 years(4-1)

@ The timing of seaweed intake is being delayed due to increasing coastal water temperature.
It is needed to counterplans like the continuous water temperature monitoring and the
development of high-temperature heat-resistant species for the improving seaweed
productivity and preventing quality degradation{4-1)

@ In order to reduce the mass mortality due to marine heatwaves in summer, NIFS carries
out the developments of new species and aquaculture technologies to respond to climate
change such as selective breeding, hybrid breeding, genetic breeding, and genetic scissors

(4-2)

@ To adapt the high water temperature due to climate change in aquaculture, NIFS carrys out
the aquaculture technology for hybrid grouper and have a plan to extend the development
of new species for high water temperature{4-3)
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® NIFS is also carrying out various researches and developing eco-friendly aquaculture
technologies such as Smart Aquaculture Technology, Bio Floc Technology(BFT), Aquaponics,
and Recirculation Aquaculture Systems(RAS) for the adaptation to environmental changes
due to climate change and development of advanced technique and sustainability in
aquaculture (4-4)

® Analyzing the RCP scenarios in the previous study, the growing season of the laver, which is
currently around 150 days, is expected to decrease to less than 100 days by 2100 in the RCP
8.5 scenario, and the seedling period is also expected to be delayed by around a month(4-5)

> Developments of adaptation technology to climate change
in fisheries

® No significant change was observed in the annual detection rate of Vibrio
parahaemolyticus. However, if the climate change of longer summer and shorter winter

continues, it is expected that the traditional period of V. parahaemolyticus epidemic will
be prolonged(5-1)

@® As the initial occurrence of paralytic shellfish toxins tends to be detected from spring(March

OApril) to winter(January[JFebruary), it is necessary to strengthen the safety investigations
of shellfish toxins even in winter{5-1)

® The case report of fish diseases related to climate change has recently been increasing. As
an example, the infection of Acute Hepatopancreatic Necrosis Disease in shrimp, which
has been reported in low-latitude countries adjacent to Korea in the late 2000s, was also
confirmed around the Korean Coast in 2016(5-2)

® Fuel-saving fishing technology for distant water fishery and offshore fishery is being
developed to reduce GHG emissions and eco-friendly fishing technology. Due to the
implementation of fisheries policies such as the development of eco-friendly fishing
technology and reduction of fishing vessels, GHG emissions in fisheries were decreased by
about 3.7% in offshore fishing and 14% in coastal fishing in 2020 compared to 2005(5-3)

® Vibrio infections has recently increased by ocean warming and is expected to accelerate
further in the future. The outbreak periods and toxin contents of paralytic shellfish toxins
will be increased and the new species and spatial expansion of fisheries diseases will be

projected(5-4)
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® 7|5Hslof et AE7E F oA (Intergovernmental Panel on Climate Change, IPCC) & 2021 84 A1 4
5] A6x}F H7HE 1AE W 8 W2 19709 o]F S ASFH0~700 m)2] 33t 733t ek
B AMISE Aet D S SR Ath FE A 59 URICE 7t &l gt 2ATIA HjEo] A&
= 9-2(IPCC, 2021).

® 19804d T} o]F oA} 142(Marine Heatwaves, MHWs)9] BHA BT+ oF 2 o)A} S7}ol3l o,
20064 o] HHAgt tiRR0] ol 22 QI Esof oJsf 'S 7hsdol AL 7ssigke. Rt
A7 Al XY=H o) 1=0] HAY Hlert A &A 0 g FrKt Aos Hustal QlHId 1-1)
(IPCC, 2021).

33 1-1.1985~2014 O[A 14-20] SrA HIL (A7} BHAHQN) =X (a), KoM R|(b) 2 1985~20141 CHH| 2147]
St 2719 2MTIA HIEALIZ|Q(SSP 1-2.6, SSP5-8.5)2 £t LrMEIT Mal(c, d) [EX : IPCC(2021)]

® IPCCE= 3543 HA 4 Z(Shared Socioeconomic Pathway, SSP) A|lUg|2E &3 2147] &9t
S 2457t ARY(1971~2018E H3f) thH] 2~4Hi(SSP1-2.6)00A1 4~8HH(SSP5-8.5) Hl2A ZeYE FHo|n,

‘ 19 ‘ ANY. sYpLh20F 7|2 e SO S8
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SF A5HY 83} NFASt E S| 2AtASHDeoxygenation)7t 21417] WY S7F Ao2 B
13k P2(2¥ 1-2)(IPCC, 2021).

Surface ocean pH

8.2
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» low ocean acidity
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7.7
7.6
7.5

7.4
1950 2000 2015 2050 2100
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SSP3-7.0
¥ high ocean acidity SSP5-8.5

T3 1-2.IPCC 29| D] ZE S5t X7 SHYEH pH Hstof tht 2k AlL{2| 8 #3t MY [EX : IPCC(2021)]

© 7193} ol H S PgElAC] PIX= A71AR] FFE olsietal A&sto], A o] L2 7] 5
A2 TGZE 407 oY SFAEA EE-S Hwok= TEAE(Fisheries and Marine Ecosystems
impacts Model intercomparison Project, FIshMIP)7} 32 $9. “BejE Y} sjF3H7|7+(North Pacific
Marine Science Organization, PICES) A% 7] 557} A EfAlof m]x]&= J3F 2HHK(Section on
Climate Change effects on Marine Ecosystems, S-CCME) &5 Solo], 2E A5 7H4 9 o]fd&5of st
A S0 12 2A3}7 QS (PICES, 2021).

@ PICESE= 20219 “EHjHF sfokAeiAlo] B3t Z3HE 14(2009~20164)"S W7kste], 201495E 20164
THA] o) a-2-0] RIFIgH o] A2t e Aol 14} AejAI7EA] AYejA Axte] B2 I vl Fe=
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Annual report for Climate change Trends in Fisheries, 2022
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9l 1509 njg AAA BEE AWeR-S. AA1A 2EL Maximum Entropy Model(MaxEnt)'®

< E3 AAA AT AS(Habitat Suitability Index, HSDE AH8st3 2. (Phillips er al., 2006),
2000~20159 A= Argsto] dA Aohe F53H91L, mEAE2 20508 H(2050~2059)E AlAIg
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© 19909t FHI7HA &= vlnF 71Fo] Y2 7, u|g, 33, &, X Fo| F2 FAGAFFe[ o
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T 747+ 10.9%, 30.2% 743t

© THAIRRH20204 675,074%/8709 9 — 20219 677,537%/1,1882¢), 1|H520204 501,501%/1,3109 € —
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© L2 WA 944 oA R Adet waf7ke] WHlE Bof AJARE 142 A HAEC] A AAS Ao ¢
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[EX : New and Future Developments in Microbial Biotechnology and Bioengineering(2020)]
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B offe}, Al AALTE A|of 2 2A7EA viE Aftl|e B3} 912, 2021 7|& =t SchE|Aj$- BFT
FAFL 8747 SHH T 2.

© FFBIT A Ul S45= 241 Alots E°”‘]‘=%‘r4 AAFE-C = HiESE QIR A9t @ B3 0|1 A|2 A Aok
ofl A} Blojut AH|A] QILoflA] AYAL, AH]7} Jofd 4= Qli= 7|5t o3 Bhas Ay A= A7 AL &

© OFOREY A AR A IS BRI X1e 3 AAbTR o & Falite] o] Wt $HA| Aol SfiE 1
. AA ool A A2 w3, 2oL, S, Yol 2 BIFS AFAISHAL Qlom, 20269714 202 2
o] =gt Ao g o AR 4-11). 1978ERE 2018714 529749] A+ AP HE|QLT, AAN Q= 0%
2 A== galuolobHldo] o] 1 918 (Brandon and Zheng, 2019).
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T2 4-11. OFFOIEYA MAAE MY [EX : Stratistics MRS(Market Research Consulting), (2019)]

© U5 71 T A A9, ool 2442 22} ol 100, K ol tfablo
8513 9131, Tk CEAC) 9ol T B WA 4120 GRS SR S W o183k 918 5%%
LS 7 201920214 BT /48] ofol 212 2310 ol v o 2
OEE AR, AL, B E A 48 753 R0 wjor

4-4-3. DI G A2 A

© TR} HFO FFE W= o Ao 24 FAlolRY] AR @—}F&ﬂ% it 4~570Y ol Iumt
U279 A7) 9 Wt 9] Sd0) wpeh GAlojFrt i e AEF AL 3|E7|7E 9 Ho| 3
G Aletst J 92191 JA71710] B2 HQl. 9to] 342 TojSo] opAlak= QA 4] ofAlA
9] A%, 2 ol9o AT U HutE A oj7} of .

© 7|3H3l WE SHA AAE FESH| Aol «Tofd4], HolE
Aquaculture)?] =& 58 A&7t FA QGO R Fgto] 951l
© <3Ho A A AE](Recirculation Aquaculture System, RASK 111]4]"‘6 SAPZA] FAAAHIY] SR, oF
ARBE AR Al ARG B HIE W E|A] 3 Ao 29 2+ 13 w04 824 #71E, BAt
3 HAES o7t 9 Aot AeTA|A o] &ots A0 2 5 A Alojg Boto] &4 gt

AZ 38 5 Ut ALY,

© RASE A 0] B3R T 2] AP 1060W0T) Qo] giofabe] ol o Memphis 97
519) $olop) 5ol L2l 9lov], ol 1968d9] A2 11 DelawarechotiLe] £Toiah) 5o A7t
19704 1) st #3540} s A ol AL 91 19804 Holol R /19 o
Hofo] MESHAA M2 SE2 A, B8 F2E 2% 4 W H%S

© B =2 9o], WnlL 52 wTR BRY oL RASY $22 BE, 7 A o] 2814 X0 RAS
A% A BP0 2 A1) SS9 ol 4 HA 71D 9o, Lest viel
 RAS®] G179} Tl 5 A14io] FoISaL 918, ol P AATE AR G5 WA W
7198k-3A3kElo] 710 9L AR

© RASE AP AR Ao £98 (430 Pelep] Sste] PHOZ AT P 5R2] F3 13

2 59 HHE FAT4(Closed
7 92

=

65 | W I e S e B U

9B A, 843 87}BDisobed Organic Mater, DOM) R, 01257 2, 4% 271 28, 420k A7 52
AR S, k% 4 o] wfek A 9 5% 0] F5 I 4-12)

© ELH9 RAS T502 S0 59 PHIHL AolgomA BU7 92 AT, oA 22 L B
A 238 719 4 98,

ogl-‘

TYERE W/ 2Z |72 WR/Mxz|
(Discharge, waste treatment) D\scharge waste treatment)

SAUF A= THRE HA 8-.'_-’8 F71E HA pH/0[2%X] =3
K (Fish culture unit) I» (Solid removal unit) I» ssolved organic remov (pH/Ion balance comrol)
- SEMA HE
PYVPRY 7t A m# @z 23) M2 041} (antsy/erm) e
(Make up water) (Aeration unit) (Dlsmfecllon unit) (Blologlcal filtration unit)

(Oxygen supply)
j_%! 4_]2_)|,_\_§_I_|-0:11|- | F IA|AHI_4 __I.D( EAIE

© FUAALA e 54 FUNH) 2AE o 7R 4 S8oish S 298 ek
942 20174 8% o] A2 U] xj3to] AEE 2k ol YU 92 THY FA AR FHAS
49 48 42 SRV Kt £Roiah Szt 404 220] vistel o] 29 H HE A0
=9 8.

© 5 U9 AR FAEF AV Rsol Qi 0 2200] FET USE olg3tel f54) Fez
2350l 2.3 9.

© HL AR §050] 3 9 vk 2] 5o vt ol e 02 ftofnh 9|0 0] gho] AT

© RASS 0|83 PA7lKo] AR THIEHE S1o) Ao QpAle] St RAS R AR o 51

© 71E Aol @it oz dgstel VIS FATI7] Al FAINS ] FAlol SobE RAS A
AE2 At FAE A8 28 A

ER o120 7j2ts 0j2f 2

© RCP ALte] 0 A A7 7|58 A2E o|§3fe] a4 4Hg 71 H0% THYE(F 10 km SHY=)2)
3 28l S| FRDE FEte] RCP 459 8.5 AUl 7]9] 2100874 H) o) Az
(o, GE, HF)Z Y DI PABAAL, FAY) /15t Y B7HKim e al., 2019, FHY
o2} 2.9 9 HY(Kim et al, 2021), ek 01 L olFS] 7|55 1wE BA(H 5, 2016) 59 4
o} el 02 H g Bl 912,
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© E3 AHAFE RCP AL 7[te] vizf o2 0 RS 285101 AL o] Jl Aol e Ak 22 wa)
AR o IR Ee] iR FAAA] Mool dfslo] 1dRtH Sl HErAek e 2019,

© 2021Lf1f>ﬂh 5YS RCP AU 9] mje =2 v AA5E E-glo] s279] nje 4] RAL 7HsA]7] HStE o
Z31902. AIRF T4 B, T ZEAI ALEY] 2 A o] ofSd T} ot 3k YA E5-5, 7HE A
O*Hol =2 £50F s YHKim er al, 2021). 3= A% TIEAQ S2F9 AR ASAl7] Hal 20]
15C, ThAIRERA= 14T, 195 1801, 2|4 4222 5C 71 71%0] 8
© VI S5 FA AL 7S A7 BSHE &b Hoto] St e Tell i 7|1 R F RCP 8.5 AR
NEAZE ARSI, 7 Ao At 19 5 420] 5~15C M9l sfg=he I8 2011~2020(F
), 2041~20504 € 2091~21004 5 371 7k oo =2 104 etk 2 ZHH AR lol9ts:

© °1& Bl = ol BS54 0= 5~15C 9 Hiflol 207K D47t 7t 150 HRIAANE, rlRi= 445 3
A #assto] 21001900= A2 T2 si9eflA 1009 HIREe = HiFA] g SR 4= 92 &, S ARt si2F7
kX

P 75 B foF 2dalo] ket 13 ofalE 102 AYEIAS(TH 4-13)

Annual report <—.A—(:.I..FiLq )

e for Climate change Trends

in Fisheries, 2022 2 0 2 2

% 4-13. RCP 8.5 AILKEIQ T|¥t AI7| 5~ 157 +2419/(2 MATKSA)) 3hY 24 22

© A% A1719) vl WsE A7) Sfstel S5 F2lol 71 BT o|ROAT Yk A A B
99| RCP 8.5 Atfel2.) g 52 13} 4 #8517, 19 AR 4% 520 el 2200 £
S A71E AR,

© 4725, U e YT 20071 033/ i ARAY 004, 34 98 ol ool 7 At 5-1. 242 HAHY AZOLH gisio 4

2100‘1—1101}—0k 127 =507 109804 119200 7Fs2 2 0 2 A= 92H(11 4-14). -~
5-2. 7|5sleL A2 T S
5-3. Al 2&Y KF7 Iz /i H =27t Hig o”
5-4. S UMFH 20k 7|2 He} Do HY

03 4-14. RCP 8.5 L1192 HE5H Bz He 9E a2i0) 2 MBAT|(42 22T ZZATS &7 st 33
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5-1-1. A4 sfa-of FAu|He) 2qt LA A%

© BQH B e (Vibrio parahaemolyticus)& 7154 ARt o=}t 2ARE0] A de] Bioh= 3 /(i
1) S Al o & o 5-o] LFH AN AYAlo|uf BSESH7HE & A3 Al e Rk

© A 4 At AAF SR BB o AT WA Fo] i1 Ql=H], HE E]QE' A& EXlok=
9910 2% A5ol7] g0 A F 2U3HE T YRleE B A7t £7E o] F1 9(Froelich er
al., 2020).

B 5-1. G2t ofl=0fl M HEHIEE| 2T HEE

AT 1975 1995 2017 2019 2021
2

HEE(%) ‘ 2407 ‘ 18.02 ‘ 22.9 ‘ 26.8 ‘ 18.5
[EX:V01YM S, 1976; 2 =M £, 1996

© = EF FL 3 54d(1968~202191 F3H-AsiE S4 & 247 1.75C, 1.24T A5stglen
(A2 =), JJ 3097 712 204171 2(1912~194DEH 1.4T 3533 oH 52 199 2]
AL, AL 189 Zé}"}ﬁ‘:}i EAskAl Q2(=77143eH, 2018).

© T Ak afiaeollA] HE 409 W7 F AR B o A7 HEEClE RN "t B A] RO (E
5-1), o0l ZoJA 1L A&o] FotA|= 7| TS} @/4fo] ALHTH H5A U AGH B+ F371(5
E~109)7} d8E Ao 3.
© TEIFEAE L = Aol W A AH| B ot S AT H LAl mEY = A AT A 3 14
AL 17 ofslz $A1] SI9 RTEH: olEAEY) 48 T W27 2% ofsl)7A) Ak S8 AR 2009
941171001 20209 6.7A17FOE £01E01(1H 5-1), 015E F-& MG Aol thet Kot 7Jate A7t/ %
#2](Time-Temperature Control)7} 5.

olN
‘“ =3

H
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8 5-1. dE HF =2 Q1o YYH|E2|R YS U G/ EX: s 2020]

5-1-2. T4 T A7 BF

© 20214 10COA E7HeE 715 15b7} fou M 2R dig T nlA]= G 2AF 7Ho| Bl « 7
THSIE QI YR (2 A5, YUY 2 A FAISE )9 I fofulARFY #£x, 400
T Y2 MHHL 5195

© 71$HslR 424 %ﬂ%A i 2 A7l 1099 794 FFAA L Y2 (GlobalHAB, 2021),
AEA Z9E0 420l YREd Yol EFIE(Alexandrium spp., Pseudo-nitzschia spp.,

Dinophysis spp. %) Y W97 S E A Qs FAIY(EE 5-2)(WHOL, 2019).

O

O 5-2. OH|YIR =49 X258 21 [£X : WHOI(Woods Hole Oceanographic Institute)(2019)]

© FUATLNE ThEL B4 4 Hslel 28 JPiBELe] 23] AAH0R tfeal] st
PYBEL BUHAT A7E SR YL,

© T3 Aokl BB TR E LY B9, HE BHGY-42)0] WHo] AFEoY, HE 5

2z W4 A7)t AL (192D B FIARE AL Hol T YL(E 5-2)
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aEY 35‘36‘48‘48‘328‘2.26‘225‘32‘112‘27
7 AR R AL B1871(0.16 my/kg O1oe] % MR 4E02 A 02 HEso] rout, 20219
® e A% Botold AHE GAFAA 3187129 49(0.65 me/kg)el TR Savt AEH A 2
e,
© 2% <ol mhl g EA0] Mk 20 A1/} JRAX L, AR EAC) Bo 230 Bol A9
291 7150ste] A - Ggolehn Helshl Zekk. ST ko] o] hEa U
aze o 248 $402 Wateln ek B 4 glo] BlA oA

e R ERES MR EE AL B
1ot A2 S APBBEAT BT A 44 FoHIT UL,
© WFEA P FIE Utel 202190 V1 APANRFELS DU FROE 313t

20225000 Tl 3 EA B AAIEES 2A3EE Ststel, A, 4 5 fB 57
4e So RS54 TPF0] SEHOE ot 9L,

A d B0 HMIE 4o AF Aol Hsks 9 F StURE A EF
1999; Snieszko, 1974).

53], 7145 2 il Algdold dolAle 715Est 71 4E e eAL A Bl 9%
o] FAPEo] 714850 Jt A AF AElo] 9SS AARKDiederich er al., 2005). E3, 715#5}tE
ol

8 o] £ES % H 017} Shal- W E3ko] whef, 437} Hislhs WU E o)9} 3 Q1 AY B

© 7|13H3to] 9o ALH $20] 5ol wat, H2 Lo F4lo] AAE o] JH WA F4lo] 7}
SOl o] k4] e WA B, Ao HHo| §FE & & IS HEH AR F=E(Crassostrea
gigas)?l 715k= QR B= 71X8%2 Perkinsus marinus®} Haplosporidium nelson?Z} 0l=+9] 2 ¢joto g &}
Abste] BEof Mafsh= BAYot Z(Crassostrea virginica)®] WA E 23t%=], o= 3T Ul

‘ 71 ‘ HoE L0k 7|2He US 718 M
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o] oA = HE o] Qlejete /o] JA =] old 7|A¥50] 7] S stE Qs
AHA ot Ao 72 B H vF 9JS(Hofmann er al., 2001).

© OlA FAAYL 1990 o] % BAatgko] &Aoo g FHE|o] grout, HT Ao Sl 0|47
H(EY, HE 5o e FAYEY A4 Bote FE2Y tA L BE WAL, HEA 2 Al
STAHY 8 Z 7M.

© HEH AF Ad 3 M7 FHAEHAB(AHPND) S 54 ESANEE {3 Vibrio
parahaemolyticus©l| 2o} Aot} AJ-72] iFHALE Po7|= A O 20094 == AlZOE HIEY,
B, EolAlof & A 7|% A7tEolA BAEo, 20169 A ATt ALS- FARIAE
S 225 7ol EelEof(Hwang et al., 2018), FH A FAE H3f 20219 +AIEH AL
= A==

© 2 = FAFAONA ThefRt HAXARS T A7E Harsar glom, %o 7|A¥5ks FEoks Kudoa
septempunctata (Myxosporea: Multivalvulida)2] 7+ E11(Song et al., 2014) L gA] oJg52] QA=
FEnteromyxium leei, Parvicapsular sp. 52 77g0] 18 (Kimer al, 2011, Kimet al., 2015).

© £ &5 35, 501 5 71 FRletiolA ool 2122 ofe]eHioleiAd] Zedo] AL k. o]
o] ofet o= 41 A 0 = offfterHo] 0] A RIBY AKim er al, 2018), HFO] Hlo|RiAYd WElAIE
HAS(Kimeral, 2018), o] Sfml2Bol2iA A AF Parkeral, 2012) 501 H1E,

i

o
E

5-2-2. 7|3 W3} Of-3 A T V)& A

© FHHOIAE 7|78t Hg thalo] BUF Wash, 71T g FAY V7SS AL

SAT DU 271 1271 R 5 thg Al2do] T Elolok stal, @415 24o] telsk WAl
1% 9 ook ol At

© B S4B WL A 9 AES] FoA] AGEE 24bE QloRES P FRA 48570, WAl
307, 754 6170, 23914 677

do

(©)

HEA AE 9 Hol§ HiEA g 4= Q= eS| E A Fgotal om, Lo
& ¢ 0| 7]&=E PNA(Peptide Nucleic Acid) Z2HE 0] &3t % —] Y9 SPF(Specific
Pathogen Free) A9 Yol Aot 4FFlexibacter maritimus, Streptococcus parauberis,

@
mlI
)
-
i
F_,

ox
>

Lactococcus garvieae, Edwardsiella tarda), Bto]#2 4%(Viral Hemorrhagic Septicemia

=L IIEE, YS0[2|=HI0[HAE, Yojo{IAHO[HAS, YoiZHI0[IAY, SEFYE, Sl CY2|E, MHY Tjot & Z27|UAS,
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Virus, Marine Birnavirus, Hirame Rhabdovirus, Viral Nervous Necrosis Virus), 718% 4%
(Kudoa septempunctata, Parvicapsula anisocaudata, Enteromyxum leei, Enteromyxum
scophthalmi)& A0 Adsts 7]& 9 wixto] vlo]gA 2% (Anguillid herpesvirus-1, Japanese
eel endothelial cell-infecting virus) A JAe7|&E 22} 7fdste] £5] 714 &HSE ESL of|=8
E 9% 4% 4 ofFiethHlolg|A B3 Y 455 BA Adoke 7laS dtte 5 AE A8 30 gt
At 719 N=okE 915 7ol gty 9.

© 715THSE Q5 FAES ] U thARE o e Tonz AF Ay T gist i S 7|E2 =
WAL A2 A T FABES] HIHE o] tpofFst AW g 7| 5= Qe HAMISF B &
1A A8k /e Q3
© TSI A= 2000W H FH HAES F-83t thfst A 3 S5 gkom, QujRH2006), &
HFEHAR17H2008), B2010), 14H2012) 5 B¢ A Q 7, 2018)°l 5= 83t ¥ o7
& Nt o] Yo HAEE 0|83t o] 74 A7 A gt %‘Lé $3 Zof 9l

%o o

© E3 142 HA g3 %HLE g2 & <9l TFo|H(Fucoidan)& Ak=o Esto] Fojgt 4
I FA gaeh 2ulEeto] WY AR g 7 9 1427 it AW A3 a3E g9lsto]
2 A} i 93t %Oﬂ%%xﬂi S Fo|t9] AL 7HsAS AETH2018~2021).

© 7153}t 4] 2 HokE s ofF A o] A7k flol thst o4k WAlS 1999WRE S

2 9lem, 1959 WA Jfdste] 1552 £ARE WAl AZXAA A 71sold St9w. 0] e F4A
o AJAREFS 50%E AA|oh= GAof B2 HARE do7]= At ARSI =W (Bdwardsiella
tarda, 1999), AH+(Streptococcus iniae, 2005; Streptococcus parauberis, 2012), B|E.g]
Q¥ (Vibrio harveyi, 2012)°] tigt @7P8Al 9 Aot SFHAIS 7E6t9lS. vrolg A4 A<l |
olgAA &84 HE3(Viral haemorrhagic septicemia virus, 2013) & 7|54 Al AFZEFHH
(Miamiensis avidus, 2016)& S 4= Y= FARIALE 7idsto] AloFdAlel] 71eol s o9k, ol 7Y
of= A& AP AdftarE o &= s At T FEA(2019) 2 5] Hol S =9l Al A+
WA 7]t} AHIaHE 2 R15HT 92(2021).
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EE oiuim =213 of1s e 2 2ata s By

5-3-1. o] 24V~ viE 9

FFAREFE 7HE0 2 2AVEA &S B4 A3 20208 o PRk & 2A7IA wiETF 279
T tCOeq. 22, ool 1687 tCO,eq., A%MIH 1075 tCO,eq., 7IEHOIY 47t tCO,eq. & 44
Hi&ok (T 5-4).

18 5-4. 0fH0{YQ A RATIA HiS g (HY: 2HE CO,eq.)

18 5-5. FQ UIE 2/ HiE A(HY: 2E COseq.)

@ I3 F8 4= 18719 71E oY 52 TS 2070 o4 FEo|A Y LAVMA BiEHS 20054
1,737,066 tCO,eq.014 20204 1,675,276 tCO,eq. O& OF 3.7%7} 7443 2ot 38 9% 97119} 7] €} of
T3t LAZEA HlEHL 20059 1,250,758 tCO,eq.olA 20208 1,074,581 tCO,eq. B 14%7} 7
25k92(1" 5-5).

5-3-2. A AHY oj¥7Ie ML L B

o

© FVLAIIUAN AL 2712 W A7 2 AR ol971& AT stel UF 2 A9 o4 o
BOR §5 AU ol/le AL A4H0R 24 Fof 9L,

® 20074 EFEGOVIA A5 B Al B2tk XL Poof 75510 4ol 8
o 328 1@ 22kl 20 A5S S Ae R22ALIE B P4, A2 Hg 5
o 2 eI A4 25 A o A A, 59 5 ) A 75 S
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S17] Mt vl dike ) 7.8%2] H7-87 A7t Fofd 202 SRI9HCIH 5-6).

7% 5-6. L EIRWA{E ME[5 2Y EZOf

2

® 20084 9 Aol Aol AL Bulbous bow)s AAJsto] 23} AgE ol ATLE =385k AA| R
AAE AR Bl Pl 125 kel off 171 4 ¥

S 700 RPMO2 %, AWe} 3 50 RPMo] #H4
5o} FafjalS St 77 2 a3t 9E2 FAWIH 5-7).

12 5-7. PANS MR H

®© 20124 AZafoiAl] A aE RS el ZrHEY A5 AfAl
A7|oj Ao H-gsto] fFH] AAaINE AEs] B, A7t 2]
2 Uehd 99 A7ER 1518E, A7F 37,9262 E(QF 190=3)7} dofy] =
2,541 A(HEAR 12€3 670 7199 /-74] 47 a7HE A 5-8).

—_

118 5-8. 7|E Z2E2 2|3 H AEA FTI(@)

ES =

Ho% =Lh=20F 7|2 et TS 71 e

‘ 75 ‘ ACT Fish 2022

© o119 571 2 BEF Aol AL 99 2016012018474 4.99% ofAlef oA BAHAZ
At AT Y L 2718 4

gL AAIS 3 AAFA|YSHCEFD, Computational Fluid Dynamics)&
83 Al B o)} 2AEE Fo olvA] AR 9 A 7fA] whe aatet A B45kal #E0]
X

18 5-9. 7| Z2H2(e} H(fin) €X| & 7 vortex H5t

© oA A7 2 2A7EA viE AR 91eF LED(Light Emitting Diode) o159] 7% 4385 $=. 20084
LED Hol5(ZH4] 2%, +384] 15)Z 7fdsto] ofdSAIA(08.9~12.) Folie. 2 Aw719 4+,
AgAlo] 7|gt o4l o] HFHT} o] EFe 24.46%, JTFAL 4.54% B XTI 86.7%] UAE H
3lo] Fofs FFHIE Y 3407 A7 & 9128 BRI 9Ao] A9 A, AlgAlo] Y 29 H]
A 1A R o] F L 4].55%, JuFHL 45.84% T =941 40.1%9] oUAE Fztsto] Yol
HIE € 2107 A48 4 92 EATHIHE 5-10).

T=2T o= S und

=
1 °]
o=
Rl

© 2012955 337 A7) o2 2 B0l W g Sk TED Hotst A4l dgiE A3t 7|& i
AT4E Y. 2015~20179 LED Hol5 g deto| & 52 A& A3t 4o 7] oj4 9
Zo] A|AH 9] 2]A2-87]&E /ol AFRYS E4 300 W LEDS 1.5 kW MH(Metal Halide)
o= S&oto] AEYAREFS 25%7HA] E0] & v ojAate] dHtoi g 57t gl gl

o = v

s}
=

O 5-10. LED HOIS(SHA 23,

© & AT ARl B9 Fold A2 Ve BEH Al 84 A1l e E5 o=
29l LED flot5o] Ha=laL, tigt 215 o0 A& 4%
719
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St AR 22 SSP2-4.5 AU oA = 21009 7HA] <F 21 A&, SSP5-8.5 ALt

2| Q0| 4= 21009714 4~5T W 220] 5ol AR dSH U,

© S-1H& A FollA FAHE AFHE Qg HlE o AETY WA 371 FAIE 549 5t 19804
tioll Hlste] 50.6% S7Fot%om, At Q-] S} 2k 7P do|-(E A, E9) 52 8%10] 7HAsto] 71435}
g Aoz AYE(PCC, 2022).

© °l°l w2t H]EE] 0570 1Y uiZfA] TS T 4 Qs AREY] 27] 0 H|BE ot 9] 37 D AN HE e
79719 4ol ol ol uhet 214291 HUER T} B Eo] AHB/IE FT A

© FolmNRTF= Aot AAEEo] A 7oAl $41E Bolet], §9] 22 Hfiisa 9¢
FAEAlexandrium spp. )2 W F41Z 25k SHUAAE = FH 9 20] A& 4
ofd, ol AMEAH MM 2 AYoh= vhe|JiiFsa] A9l 3= WA o] o2t Afef &

"=

HO @
ra

HI ojo o2
K <2 K oo
oz
o

>
|'|_|II
™
11][o)
4o
=Cl)g
H
i
ol
=

o2 g o8 AYE.

© T 59 S W oJAETHSTBAL AR 59§02 of S Mo H RS AT IR 4
Ao =2 MH(Laabir et al., 2013). o ACT FiSh
u rt
© AR o 5 AT AU Gambiescus pp)= 99 L 4 A 72 ¢~ forClmatechango Troncs
St 20 el v Aol AR Alo|d Sl glow, o B TR ot 4 e 2022
g 7Hs 4ol 2
ool wke} Afo}E Al ciguatoxins), Ze}EAl(palytoxin) 5 TACl SHIE] o] ofLigld M- bR
=45 7H o7t 29 A0z WYL,
@ AIAAA71Z(World Wide Fund For Nature, WWF)Q] Z|AYEE114(2020)0] w2 7] S S}o|
of8 whEgt kRt AUk shelo] 28sHs o}F B WRA o159 471 A2 6UTt o 18% S7H
oha BgH(1549 52% — 209 70%).
© oJF% BHL 7133} ol aelo] A4 ARy HstE 29
S R AE 44T 5 UL,
© 742 Ut 4 BT 43 2 4
sk gsin, b 714e BB} HHlA T
L Al A Ao 21 e 10
o] 3-45200] 332 113 90| {245 eI A48 4518 A
© IPCC 57 B7PA 7] 3315} Aol 0.2 ol 83 24 23} 2147] $MOE 24E
4319 208 AUE. 21004 8 B 4w A5 FlolAl 7V AAsHA et
o] wel, 24 5 afolol A of50) et 1% HUA §9) M54l 2 Ao jEg




2022 £=AF20F 7|2 HeE G A 219t 21N ‘ 78 ‘
ACT Fish 2022

(— =]
w39

© 20219} 202292 IPCC 3749] ARTE B AGK BHH LA} FFE TN
Sew 71505} 8, 48 0 45} 714 Sof et A= A eka 23t B

—\~
of~
ro,
=)
i
o
)
rr

k=l
u)
R
%0
mlo

© IPCC BIAGIAL 3jF Luste] Hajo] w2 54t ,
B % tjope] 13 ojelo] Sk A0 AERT UL, HY 7|F SN 0| Fof wiek 40 7o)
A e} 158 A0 A,

© 12| 7|5 oL gof o] & ATPE R AIE =A|2] 71 5-Hs} 9of7} pidwte] o] Fof el whet 20234 o7 = of
e A AT A7k 0] diek ol B EHI7HAIFEAAL ofE At =7 t8F vho] AlF]
O]FoAAL Q5.

© TR SA7EA HiEF2 =7 27 HiEF] 0.6% olstolH, of7IRlte] et 1st F71o|
T2 A SARARS] FeRAol AL, At tiREol @ Rste] WtehA| Hheeto g 7| S stet
gHsto] et o ALY MEHo] A Uere. mEbA sjdeatEele 247RA AR

71505} 48 71 AT 1505 7149 Aol FrHE Bobd.

[e]
=
L
Ei

]

i

)
T

© =Y 1919 At pakE 2 AAIA 7HE 2 el Jled, sEA B F ibEo] AAske
HF2 35% O/ o.2 vt FA 7L 57t FolA e W w2 £ES UER.

© B G EZSL SES A AANA Y 22 89 F shtoln, FE olgu ] £ o3
BES Uehfe SgQ. B4 ol 14 W WEoh Bt F7HE A, W FAAEL R

F4o] €L, s f-50] 22 Wit 2o glof o] 7%l W T 27t &=

© B Sie) et G2 e slefsh] s T ool B 1352 ol 8t ol 1
T4 Foto] Sfgpatiiors] 71 3us} el AE 7191, o|Q ol 5 SRR 1 5Mal] The B
ujef o] ol ol Aok &,

oo ot
o2

ACT Fish 2022

79|

© E3 215 7 Wl U 9 shejo] A2 Wt 2 S Hol AA Wak, R UF
A% Soll B2 A2 STRy U AAA 87 wale 2 ob7k) YrEA ok Beby st
AL A5 olol W 24 % shekehg A4 vieto] AT A

o
=

o=

é".:

3 o b33 Statel, AR Hste] B2 P4
AT 9 A3 DEE B 1Y AL, AEESH TS A8 AR E A %%o R EE

S 71 gust) B o) Has But ohet AR e A5 FEAE WHY B

r
ox

2

el

o

sy A
|o

Hu

© WAT 24EY) B FFT £EATY AABEY|E0] Dol s FYHHE o % W
540] 58 A)7] st B, 950] 28 7E54o] e AYIE 2710] olath 4ol dig A1 T
o 7 AVI AU ORI 549 1 o] A1/ 401 1Y 48

_\',1_,
m}r

of B2 A ZgP=] ofofF & ARG

© FAEoL 159)7] g S %s}oq 7] 71588 §F 2 o471 m}% w7 11_1 2 XWXHOH m% 5

© WIHORL HT W] BASH: o7\ 5ol T SApe] T)o) HASHE Sfdtel thd THLAZ B
WS YT, A D fBY1BR] BAL Sotol A3l AH AT L HAH S AAS o
3 9%

@A71HozE o 54 w919 V1TSS HPSALE SUAL'S SYskL gom, A4 AY
(222601 41k ol 715917 7 AL £, ol QRIAIE D) A, S4B B o) 7] M
71597 ShS FABY AE ot 5| ABS WFH 0 24T ALY,

© FYFANTUL AFEAE, AYAATAL WA oYY 7| FAA ST 2L 457150
A 9fsto] AT 9 714 ol b S HAE 7% AR,




‘ 2022 4H20F 7 |2Het FEt 5 St 1A ‘ 80 ‘

anEs

BARA FE(2021) : A263+ -] T BHE oF GAIZE 3] (COP26) Hut REALE, 9ur/gA8/
AE AR/ 71 QA YR Tl Y HEALE, 11 pp.

S7HF R EAE (2022) : 71 RS 7@ S« 71871e9). WAA, 6 pp.
ZY71A8HA(2018) : gt 10099 7|53} 714, 31 pp.
=971 A(2021) « R 7153 AR 1A 2020. 714, 38 pp.
THFANSHA(2019) ¢ SpARROF 7135} B7F WA S ANEEY, 168-178.
HANERA(2021)  7HYor & AR A Rafidx A - AR A 1EAR}EH, 80pp
T HPATEHA(2022) © TRY Q] HARRIE Q=7 kR4 27 55 S s Hs B A, 14 pp.
71%7%8(2021) : S-2uet 1099 71 WSt B4 A, 714 /=9 71438H, 68 pp.
A&, o5, A 9/4(2016) : RCP AlHE] 0] w2 Eojeh o] & o] F9] 7|38t & B 1 52
oS O, FAFYEA, 47(4), 31-44.
FAR(2019) : ATME AL O] A A I A RARA, 1-28.
o5, v/, ol T, AAH, AP4(2021) : ARHERFA] 71 AW} AFAS} R ARG S AT,
33, 412-420.
o]
olgd

=7

Fl]I.

43, TPR(016) - HT ANKE 34 71E B BF B4 AZRALEREA, 22, 26-33,

UA, oFE$(1976) : 5N 9] Vibrio parahaemolyticus®t V. alginolyticus®] 3. THFA],
9(4), 233-237.

AE4A, A% }l’:ﬁ’? Trjjl] A3, -2 A1G2(1996) - Y BlE 2| ot} 554 S| BACl

el A]. 29(5), 557-566.

re,
-+ o
oll

274, %“%41 A4, S499(2021) - S A6lE tido 2 i Holw 7Rt 33k AJef el 1=
A SappA ke Bl A, 54(2), 194-207.

EA(2021) : 2021 TFA EA4. 4%, 2 pp.
gttt ] &1 9(2020) : 2021495 FAT7 & 54 AFAY. jFFAHE, 310 pp.

Sh=pAtets)(2021) - 2@ AR 10057 E 7194 B At aols] shadie] ] Qb
Fr=patet *Hil, 10 pp.

g Fatelr| &g 91 3](2021) 1 20219 ot atsl7|&E O3] Saotetid] 254, e gst
71€39)3], 145 pp.

S FAH(2020) : S=TFABAL.. AFFAR, 107 pp.

S FARE(2021) 1 20219 A2 A FF oA SjFARE, 1 pp.

A FAE(2021) A FAREOE 2050 ©ASH ZEH. dFAHE, 19 pp.

O

ot

<)

I

[e]

‘ 81 ‘ 25

Andersen G. S., M. F. Pedersen and S. L. Nielsen(2013) : Temperature acclimation and
heat tolerance of photosynthesis in Norwegian Saccharina latissima (Laminariales,
Phaeophyceae). Journal of Phycology, 49, 689-700.

Baek S. H.(2012) : Occurrence of the Toxic Benthic Dinoflagellate Gambierdiscus spp. in
the Uninhabited Baekdo Islands off Southern Coast and Seopsom Island in the
Vicinity of Seogwipo, Jeju Province, Korea. Ocean and Polar Research, 34, 65-71.

Bartely D. M., K. Rana and A. J. Immink(2001) : The use of inter-specific hybrids in
aquaculture and fisheries. Rev. Fish. Biol. Fisher., 10, 325-337.

Brandon Y. and Y. Zheng(2019) : Aquaponic trends and challenges-a revies, J. Cleaner
Production, 228, 1586-1599.

Chang, C. C., K. K. Chang, W. C. Lin and M. H. Wu(2017) : Carbon footprint analysis in
the aquaculture industry: Assessment of an ecological shrimp farm. J. Clearner
Production, 168, 1101-1107.

Chang, P. H., A. Isobe, K. R. Kang, S. B. Ryoo, H. S. Kang and Y. H. Kim(2014) : Summer

behavior of the Changjiang diluted water to East/Japan Sea: A modeling study in
2003. Con. Shelf Res., 81, 7-18.

Davison L. F.(1991) : Environmental effects on algal photosynthesis: temperature. J. Phycology 27, 2-8.

Diederich, S., G. Nehls, J. E. E. van Beusekom and K. Reise(2005) : Introduced Pacific
oysters (Crassostrea gigas) in the northern Wadden Sea: invasion accelerated by warm
summers?. Helgol. Mar. Res., 59, 97-106.

Durack, P. J. and S. E. Wijffes(2010) : Fifty-Year Trends in Global Ocean Salinities and
Their Relationship to Broad-Scale Warming. J. Climate, 23, 4342-4362.

Erick A. B. T, A. P-A. MarAa, C. S. H. Luis, M. N. Antonio, R. M. Isidro and H. G. M.
Raymundo(2020) : Factors That Limit the Adoption of Biofloc Technology in
Aquaculture Production in Mexico. WATER, 12, 2775 p.

FAO(Food and Agriculture Organization of the United Nations)(2019) : Quantifying
and mitigating greenhouse gas emissions from global aquaculture. FAO Fisheries
and Aquaculture Technical Paper No.626, FAO, 36 pp.

FAO(2021) : Adaptive management of fisheries in response to climate change. FAO Fisheries
and Aquaculture Technical Paper No.667, FAO, 285 pp.

Feng$S,, S. Zhang, S. Sun, S. Wang and C. Li(2015) : Effect of duration at low temperature
on asexual reproduction in polyp of the scyphozoan Nemopilema nomurai(Scyphozoa
Rhizostomeae). Hydrobiologia, 754, 91-111.

Fennel, K., J. Wilkin, J. Levin, J. Moisan, J. O'Reilly and D. Haidvogel(2006) : Nitrogen
cycling in the Middle Atlantic Bight: Results from a three-dimensional model and
implications for the North Atlantic nitrogen budget. Global Biogeochem. Gycles, 203), GB3007.




2022 4H20F 7 |2Het FEt 5 St 1A ‘ 82 ‘

Froelich, B.A. and D.A. Daines(2020) : In hot water: effects fo climate change on Vibrio-
human interactions. Environ. Microbiol. 22(10), 4101-4111.

Fulton, E. A, J. S. Link, I. C. Kaplan, M. Savina-Rolland, P. Johnson, C. Ainsworth and D. C.
Smith(2011) : Lessons in modelling and management of marine ecosystems: the
ATLANTIS experience. Fish and Fisheries, 12(2), 171-188.

GlobalHAB(Global Harmful ALgal Blooms)(2021) : Guidelines for the Study of Climate
Change Effects on HABs. Paris, UNESCO-IOC/SCOR. M. Wells et al. (eds.) IOC
Manuals and Guides no 88), 120 pp.

Han, I. S. and J. S. Lee(2020) : Change the annual amplitude of sea surface temperature
due to climate change in a recent decade around the Korean Peninsula. J. Mar. Env. &

Saf., 26(3), 233-241

Harvell, C. D., K. Kim, J. M. Burkholder, R. R. Colwell, P. R. Epstein, D. J. Grimes, E. E.
Hofmann, E. K. Lippa, A. D. M. E. Osterhaus, R. M. Overstreet, J. W. Porter, G. W.

Smith and G. R. Vasta(1999) : Emerging marine diseases-climate links and
anthropogenic factors. Science, 285, 1505-1510.

Hofmann, E., S. Ford, E. Powell and J. Klinck(2001) : Modelling studies of the effect of
climate variability on MSX disease in eastern oyster (Crassostrea virginica)
populations. Hydrobiologia, 460, 195-212.

Hwang E. K, D. S. Ha and C. S. Park(2018) : The influences of temperature and irradiance
on thallus length of Saccharina japonica (Phaeophyta) during the early stages of
cultivation. J. App. Phycology, 30, 2875-2882.

Hwang, S. D., ]. Y. Hwang, B. C. Kang, H. R. Jeon, W. J. Chun, D. W. Lee, S. B. Sohn,

S. M. Kim, S. R. Kim, K. Y. Lee, M. H. Jung, J. S. Seo, M. Kwon and B. Y. Jee(2018)
Whole genome sequence of acute hepatopancreatic necrosis (AHPND) isolated from Korea. In:
Proceedings of the Korean Federation of Fisheries Science and Technology Societies (KOFFST)
International Conference 2018, Busan, Korea, 492 p.

IPCC(Intergovernmental Panel on Climate Change)(2019) : The ocean and cryosphere in a
changing climate: A special report of the IPCC. Cambridge University Press, 460-462.

IPCC(2021) : Climate Change 2021:The Scientific Basis. Contribution of Working Group
I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, 3948 pp.

IPCC(2022) : Climate Change 2022:Impacts, Adaptation and Vulnerability. Contribution
of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel o n
Climate Change. Cambridge University Press, 3676 pp.

Kim, B. T., C. L. Brown and D. H. Kim(2019) : Assessment on the vulnerability of Korean
aquaculture to climate change, Marine Policy, 99, 111-122.

Kim, B. T., I. S. Han, J. S. Lee and D. H. Kim(2021) : Impact of seawater temperature

‘ 83 ‘ 25

on Korean aquaculture under representative concentration pathways(RCPs)
scenarios. Aquaculture, 542, http://doi.org/10.1016/j.aquaculture.2021.736893/

Kim, S. M., L. J. Jun, M. A. Park, H. D. Jeong and J. B. Jeong(2015) : Characterization of
the myxosporean parasite isolated from emaciated olive flounder Paralichthys
olivaceus on Jeju Island. Kor. J. Fish. Aquatic. Sci., 48, 337-345.

Kim, S. M., S. M. Ko, J. H. Jin, J. S. Seo, N. S. Lee, Y. S. Kim and Y. R. Bae(2018) :
Characteristics of Viral Endothelial Cell Necrosis of Eel (VECNE) from Culturing Eel
(Anguilla japonica, Anguilla bicolar) in Korea. Kor. J. Ichth., 30(4), 185-193.

Kim, Y. C., W. J. Kwon, J. G. Min and H. D. Jeong(2018) : Isolation and initial
characterization of new betanodaviruses in shellfish. Transbound. Emerg. Dis., 65(6),

1557-1567.

Kim, Y. K., J. B. Jeong, M. K. Lee, S. I. Park, M. A. Park, M. K. Choe and L. K. Yeo(2011) :
Pathophysiology of olive flounder Paralichthys olivaceus suffering from emaciation.
J. Fish. Pathol., 24, 11-18.

Laabir M., Collos Y, Masseret E, Grzebyk D, Abadie E, Savar V(2013) : Influence of
environmental factors on the paralytic shellfish toxin content and profile of
Alexandrium catenella (Dinophyceae) isolated from the Mediterranean Sea. Marine
drugs, 11, 1583-1601.

Liining K.(1984) : Temperature tolerance and biogeography of seaweeds: the marine algal
flora of Helgoland (North Sea) as an example. Helgolinder Meeresunters, 38, 305-317.

New and Future developments in Microbial Biotechnology and Bioengineering(2020) :
Chapter 3 - Biofloc systems in aquaculture: Global status and trends, 31-42.

Noh, C. H.(2020) : Hatchability of fertilized eggs from grouper (Subfamily Epinephelinae)
hybrids in Korea: A mini review for selection of commercially promising cross
combinations. Kor. J. Fish. Aquat. Sci., 53, 479-485.

Odegard J., T. Moen, N. Santi, S. A. Korsvoll, S. Kjoglum and T. H. E. Meusissen(2014) :

Genomic prediction in admixed population of Atlantic salmon (Salmo salar).
Frontiers in Genetics, 5(402), 1-8.

Oh S.J.(2019) : Aging speed of getting faster. In: Weekly KDB Report. KDB Future Strategy
Research Institute, Naju, 1-3.

Park, S. W., E. B. Jung, and D. W. Kim(2012) : Outbreak of Anguillid herpesvirus-1
(AngHV-1) infection in cultured shortfin eel (Anguilla bicolor) in Korea. Kor. J.
Fish. Pathol., 25(3), 151-158.

Parry M. L., O. F. Canziani, J. P. Palutikof, P. J. van der Linden and C. E. Hanson(2007) :
Climate change 2007: impacts adaptation and vulnerability. Contribution

of Working Group II to the fourth assessment report of the Intergovernmental Panel
on Climate Change IPCC Fourth Assessment Report (AR4), Vol 2, IPCC, Cambridge, 976 pp.




2022 $=4F20F7 |2t &5F & Ot 211 ‘ 84 ‘
ACT Fish 2022

‘ 85 ‘ - 8oz

ACT Fish 2022

Phillips, S. J., R. P. Anderson, and R. E. Schapire(2006) : Maximum entropy modeling of 20{=7]
species geographic distributions. Ecological modelling, 190(3-4), 231-259. =i
PICES(North Pacific Marine Science Organization)(2021) : 2021 Annual Report of the Section
on Climate Change effects on Marine Ecosystems, PICES, 10 pp. 201 HAHA 3 Hof e
PICES(2021) : Marine ecosystems of the North Pacific Ocean 2009-2016;Synthesis Report, CoP Conference of the Parties/ 1992 QU SHZEIHL S0 A R|ZSH 7|SH1EOF0| AL
PICES Special Publication 7, PICES, 82 pp. FUI | SO TA= 3] 0 HIORS =0lo}7 | Yol O 7HZ/ok=s FA=ES 310
h P it Eff - -
Qian R., Z, Zhang, X. J. Li, J. H. Pan, B. L. Sheng and Y. X. Jiang(2016) : Guidelines on CPUE Catf__’rol h‘j;‘iﬂ‘;ilaf”/ 20|88 S0{8 202 Ui O XYY K42 AIRE
disease prevention and treatment duri ing period of kelp. China Fisheries, 6, 96-99. S
p uring seedling pe p €s " Exclusive Economic Zone/ X2 GotozE 200512/7IKI RE X20| s SHE Hale
Rimmer M. A. and B. Glamuzina(2019) : A review of grouper (Family Serranidae: Subfamily HHEHY Z R4 OIXGH= 2R S
Epinephelinae) aquaculture from a sustainability science perspective. Rev. Aquac., ood and Acriculiure Oraaniaation IF|OIBL0] ZHALZI0IALE] M7 (RO M2l AlZF 2 =2l A4t
11, 58-87. FAO | TocaERG IR e e O | aie 2 s M 2 2010 2 % MEAES B4 52
[0) e unite ations s
Snieszko, S. F.(1974) : The effects of environmental stress on outbreaks of infectious _ — — : # foq =° -
diseases of fishes. J. Fish Biol., 6(2), 197-208. HS| Habitat Suitability Index/ T 2% HHEY 8 UL 0185101 M4 VIES &E, thEZS UiA
AR BR| MAIRIS) HE OIS 0-1 AOJ2] 4312 Tl
SongJ. Y., M. J. Kim, H. S. Choi and S. H. Jung(2014) : Monitoring Kudoa septempunctata
in cultured Olive Flounder Paralichthys olivaceus in different Regions of Korea in 10C Intergovernmental Oceanographic | & X701 25l O, SiRIE A, SIS LHS S LISt affaeet
2013. Kor. J. Fish. Aquatic Sci., 47, 611-621 Commission/ 7.2t aiigfst 212i3] E2 T Bl RHAT oKl TR B
Stratistics MRD(Market Research Consulting)(2019) : Aquaponics - Global market outlook e C'If‘tertgog]mmef/‘;?';;'l‘:('ﬂsl 2}”& UNARSE A7 A7 | 70) Qolakz7|3l0] ol) 19884 MRl 72,
(2017-2016). Market Research Report, 198 pp. imate Iﬁggféﬂo%‘l—i cF 7| SHBI0| B 2Rl 0|2 7 HIOS BHT IS T 2710| S5 010
van den Hoek C. and K. Liining(1988) : Biogeography of marine benthic algae preface. _ . - 24 5|4T0| SAITIA HIE0| T3t HOIT SIS T2{5(01 AIHHO2
Helgolinder Meeresunters, 42, 131-132. NDC Nat'onagj?gﬁ;ﬂ”fégﬁmb“m”/ oIn{aIZo| LAITIA HIES F9 ZHOIX|E Q07| S H3HECk)
s EETE AN Z51= A&
Wahid A., S. Gelani, M. Ashraf and M. R. Foolad(2007) : Heat tolerance in plants: an overview. SHHOE HESIE A
Environ. and Exp. Botany, 61:199-223. Nutrient-Phytoplankton- QU SIOMENA TLAIQIXIOI ope! Al2TalgE =2ZagE
NPZD 2 Zooplankton-Detritus/ R7IMAEZ 45 HAQ Fats 40| YPACR Bt ME-22
Wernberg T., M. S) Thomsen, F. Tuya, G. A. Kendrick, P. A. Staechrand B. D. Toohey(2010) 19| AYER pa Aoyl
- Decreasing resilience of kelp beds along a latitudinal temperature gradient: e Partnering for Green Growth and AR} 2030 22 SEE 25t AR 7|5 (25T
potential implications for a warmer future. Ecol. Lett., 13, 685-694. P4G Bzl the Global Goals 2030 |£7Ks51T ERRIMOI ZAR|Z TE517| O[3t MAEO! SOl
WHOI(Woods hole Oceanographic Institution)(2019) : Distribution of HABs throughout the PICES North Pacific Marine Science SEEY i L QITaHS Q| SHYHIT EE U 23S 2ot 148
World, http: i i istributi -li Organization/SEHEY SRS |t Y2t 5|
rld, http://hab.shoi.edu/maps/regions_world_distribution/. (on-line) 9 =HSS ofie] ST A
WWF(World Wide Fund For Nature)(2020) : Living Planet Report 2020. WWEF. http:// SPF Specific Pathogen Free S8 SEA0 g g2 9o
livingplanet.panda.org. LREIS ALZ10] oYt 7|9 S2/MQl #3ts HHot= Holg
SR Spatial grid YHAO| GHE Fot/| Hofl, 3R St FTAA L2 Mo HEe=
ZARfEtet A
N Ma(IHE) BF & GILIE, MEto| RIS AAA7|7| Sioh 3
Tt Bulbous bow ofeH0] 2 Soro = 7
210 IYBYS FUOR WS |E0] Eot HAN, SN TRt g1
7;?;% National Scientific Heritage 00| ASE HR7t A= ARE S50l #E&-H2|E XJ6t, 015
= Sof 8871718 S0/ HE




2022 #AH20F 7122 e 5 2 E 1A ‘ 87 ‘ BN W7t Qal 25N BE
ACT Fish 2022 ACT Fish 2022

(=3 MAIHX| Ol of (=3 = | S — — =HE=E
50 A13H 2 IE HTA BI2HS Ofsl 25t B
3 ) . 0| Z2A 2| MAZ HA XAEZ2p7 | OHA 22k S0
=295 ) i i
SE25H Registered Cultural Heritage SAT £22 o5t XX} S5 W50 S25t 23|
ISl Roasting 7|, d S D20|A 7tEX2[6HH 82 H7Holk= U HIA K 2 K2
L o = M2
19 . o = <
ISEIEF Pathogenic Vibrio spp. 2014 - AFOH SO B0 M Z Sl 2ME0M EE
_— . AA 3] 712 ZE2Z (LT 5D), RS 71 THSAFHY, A AL AL,
Bkl 241 meversible nur 9/20| 20& M7} £AE 20| XZiHe i e
ThEe ury 0/F AE|2 3|2 4 ol 4t FEt FAATIE, S98 AFATREIE, e eAE S, 2e|Y AT
ANEEE Feed utilization HESR MateE AlZo H|g (O 24 A4H S 9 AY), A AFTA 14), eI A7H, AAHA, £ 23S
MEEE(%)=(HME371Z/AM2HFE)*x100 Fs 3 =
R RS L LA}si OIEETTW— . 23], g2, olEF, F3H|, L3, AT AFAHCME Al 23), 1 3E, o]5F A+H,
2t ILI0|E ) . ASIEL K. MSZe NS S| ZES PIT=0EaA0!
Z o
pag-iies Aragonite Saturation QAR AMBE | ZIGHK [ ORFILIO [E S5/ A0 K] I2E, 433, ARA, AASE AFAHCA Al 3%), 484, GRd, 274 A+,
oIt OE A - ZIUE YRZOM ST S42 S 312 S0 K20 R AFAHOIG Al 47), AAH, B2E9], $2%F, LAY AFAHCIE Al 57)
AL FE Changjiang Diluted Water o[t T[3h= 73|7 9l2
o = MD
2Y oM HESSD AT SHES 20| HTEHH 1S o
g Age-structed group (Cohor)O2 L 4 912
ojop0y2 Nutriont HIGIE 250| TR, QRe] TIMQI S A2 ZRI5S0| S HAE 4 L XIE H HERER
ceeT srens QU= 012 = EAIES| QIR BRE BH3
K29 Heritabilty MSTT0| 26 QEH B0| FOIA CHSAITo| HYEE Hig 54 AT, A7) ALBAAERLY, AAH FALI AT,
QFRHgene)2t HAMF|(chromosome)E 45t HO{Z A AHFZ o|A& A7 (o] A, vrdF FAHShY. W, A S FAd e 2R
SHA Genome Tdots BE MEHYES A HolE RUEE 2195 BAGET 7404 49)
(32 SuER)S SN Bas oY
FEA MY Genome selection FUH| T 2126l= FHHOOAHZ S571E OIS0HH LE/NA| M
ox Breeding ME0| 71X RN JHE 0|80t M= 258 a0 WAL .
oe 7|1E 252 WY o= 2 2L A2 3
) UM 711 HITHS| 20| HIHYHO R ME0l= SR -
O|)<‘:~U_’——)|&—s|_Z Marine Heatwaves %.I%E 4\_7-(|__|ka0,” %g ES %% EH%FGE'HTEfJ_'_E gﬂ} —9—1417] }\]‘JL_;L-?—]—-—’ *34% /\]"":ll"?_, % _/'\_7&10 —’F—/&Z}%ﬂ‘?ﬂﬂ%}
ESRSENE Provisional Zone EEZ &3t M7HK| YX7|7H EEZ HE2 ME2e QEGI= 4+
o . A A S| 2I5t0| 5t HOIRA, Q|9 EXO| 2XIQIS HIEE 0|25A
A QR s Computational Fluid Dynamics | ™ i =il *i|F6HJJI:TH:|H* OOE_‘HI*:H_‘LHD‘LE;; 1 01Z3HA
T 1 oHd— (4 = =2
HRY Set net At 20| D=0 Bl 2T/ | RIS o 01RE U= 226101 Che 4=0|
e S0PV = 2L EE0IHR7 | OF=S MR [6H047
TJE2ELE Kort nozzle LMY T2HHE S0 et 2RO AX|
_— . . 2 3 OH20] M0 HOH ASES U0 |= 50| FEO=
i Shellfish-poison IR 54 210l 224958 20[2 oi= IR X IR AL SA7} 5%
ZgtADIE Plamid Mi0] AtA1o] HAHA DNA /01| 7EX| 1 Q= &2 12|32 DNA
AEH|C T O AE Mol Li=7| Tofl 2240 43E 4= g AAXIE 0|2
HIAEHI= ost bed 20}i7| Sl AIFHOR HEH HE AT Al




=
<F
ot I, 1
g =
J
¥ = ﬂh_ S 81 KO
] £ T IH Q R0 &
od T - N o S
o 7ol M 8 7l 2 &0
__o._ E _l__”_ n_ru KEH El_ =
w0 = Bl o 9 5 O
¢ Euw - oy
_ - =y K m—py S o0 X0 o0
< __o=._ H_.__u n* %) = ol Kl
__OO = ° = == =
. 2 oo o & 287
=< ToT ok N .—OO o <) 30 Kk
— == - _”_
TR &N 80 2 o
of I nE < Ly
Ea) © = Rl <F
A w_.“ = N o 8 o o S0 2 uo
LJ _Ll—l Ov _./y Ov =
_A_I g 5 Bl = o Yo g 1o W0
o oA o O | OF ZF X0 RO KO
2 = 0F 5 I ko %O A0 <0 QU
o — mld ol — —5 g5 M0
<k nr © ool % 80 o
2 o’ ~N\ 5 | @ & o K z0
2 By A EEEREELT
! = g —F == f IO
= K- £ F 0@ oo o
==X Sz 8 abida
X< ol ol EI = & © T Ok RO < W
= < on o & e
™ o or =<J A s
H /= A_. b [zl
— o~ O R

=4

=

CINQI/EMET HO]
TEL: 051-257-0302, http://mapledesign.blog.me

=

RAEIN 18T 7 IEE 71z 216
=

TEL: 051-720-2230

QU4 - 0O}

xRl -






