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Summary

This project is aimed to develop a target species suitable for offshore cage culture
and to establish farming guidelines for the offshore cage, which helps to improve the
offshore cage culture system, secure stable supply of high-qualitied marine fish and
find the way to reduce marine pollution caused by coastal aquaculture. The project
will contribute to promoting the offshore farming as a main strategy for the future

aquaculture industry.

1. Developing target species for offshore farming and aquaculture

management and operating systems

O 1076 ind. of adult mackerels were captured and reared as brood stock and
produced 155,000 fries at hatchery.

O For mass production, tests were conducted to inject spawning-inducing hormone
into 1600 ind. of mackerels. The hormone injection into the back muscle resulted
in a low rate of fertilization and pellet injection produced a small amount of
eggs on day 1, indicating more research is still to be done for mass production.

O Based on spawning characteristics in the offshore cage, mackerel and red sea
bream were found to spawn in the offshore cage and as much as 1,450 cc of
fertilized eggs of red sea bream was successfully collected.

O A 709g weighed mackerel which was accommodated into the offshore cage in
August 2008 was grown to weigh 584.5g in August 2009.

O Extruded components analysis showed that mackerel has lower level of fat and
higher level of protein in the back muscle than in the stomach muscle and a

farmed mackerel contains significantly higher percentage of fat than a wild one.

2. Close monitoring and economic analysis on the ecological change

O As for monitoring on changes in the surrounding aquatic organisms, water
quality survey like on biological COD, nitrogen, phosphorus was conducted for

four times, without showing any signs for changes in the environment.

_lo_
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O Mackerel economic analysis showed that at 8% of interest rates, the Net Present
Value (NPV) was measured about 470 million won(about $470,000) for mackerel
and 174 million won(about $174,000) for red sea bream. As for the Internal Rate
of Return (IRR), mackerel and red sea bream were shown to be at 24.5%. and

12.3% respectively.
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o, 4835 53 ¥Fol FANAE 27 DACA IPFFH lom, n= 19973 F-H
NOAA(National Oceanic and Atmospheric Administration, = H3l %th7]%)3} Department
of Commerce(’dF4) THSE NOAA/DOC Aquaculture PolicyE YUt 1999 o
BAAow F3sta Atk FHAAY dsi7bFe A7 =290, 249, 9= FollA
7Hre] FEjet AR mE fAY Adtel tid AU FES ol Fa JAHIL o
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et AEE dsta I 53] Y BridgestoneAtoll A /MEs w1 FA A AP 7tTg
= 4283 Ha o
AA7EA el F2 ol 22ol= 7HFel= R category 358 A=Y FFo A2 F
=5 FHoldn. Iy Aty I o) g FF & AdHY 5= 2 29 52
2 st o Za | oaf jFom =S Fytol itk o5 #sliA= category 4°]
Bol= AL T v AT JHFEY AR A s FETD F Ae ddF N
S deke] EAlE tiFH Al TtH(Ryan 2004).
I 1. 2ol 24 ThFE| "Bl FE(AIFEA TE =)
T 8 2 54 W g
Gravity type| ° A5ZQ1 WHOE A L= U= #J3l | -Rubber cage (CFL;E)
7FEEA 7P g 2ol e °Marine construction (:=24]°])
° Y platformol] AEshk= Zo] LwkE oW | Sadco Shelf (2{A°H
A2 & oFarm Ocean Cage (¢4l
o J2l, 8 (S AL TE F)oll 8o
Anchor- | ° 37E o] 83t ARSI, 7172 &3 # | °AquaSpar Fish Pen

tension type

AL} ok 21

c 44, 58, Belol gol

(Net systems, W]=)

)=l 7
Semi-rigid | ° Y7L ©] &3 AF WO 2A, 7FFE] &= | SeaStation (Ocean Spar, ]
type A3 FAsAY gt A
ool TlRorA Qi FF, YA
3H, A4 5) 5ol v ofEw
Rigid type | ° BAE o] &3 AlF WAOo=2A 7}FE] &= | °Aquapod Net Pen (Ocean Farm
+ AasHA 7A8% Technology, ™)
o e, B4, e A= “Ocean Globe (BYKS, =Zj°])
Tension-type| ° 7Fre] 18 Y& gravity cage®} rAFSHA] | °TLS system (RefaMed, ©]€©]
T 2lefe] 2 3 A 7Fs °f)
o 7HFEiel 8" "ol 1 JTs s, o
Foz A&o] golgt
Modified oUntethered (Net Systems, ™]=)
type Semi-submarine  Tuna  Ship

(IZAR Fene, 2~H|%])
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=g A7]lel LHRHa S 25 AREStY ofAlF Kgd 125 pg HIE&2 SA=Y

- Asoe] de AAT FREH AR 2AE dste 4dz AR, AR, AS S
Otz AT 7/

-2E2E A FA A" FEE Sske 2 20T AF, Fo] 600 m A F-oll
—

- ZEEA pellet FA : LHRHa £2&2 08 A5 L 2| x3le] 5 Z5ol FASAH
A < Azste] AAst

. IS0 AS Fx2f ol A E AHEY.

O AThols B A hEE A
- AR R QA Aol sivbReel $3ted sl AsHe AEs)
ek

O a7l F48 A4

f

=
S A TFole] $A HEL WY Astel ANRAE W
M

3te] AOAC (19904 ™ol wet /S FU7FEaxH(105T, 6A17h o=, e
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2 Auto Kjeldahl System (VAP500T/ TT125, Gerhard)E AF83te], AW
soxhlet +EFH o2, 23 &2 A3z 747F 4530,
O A AA A+
- A Qe Tl i FEvFEAAe] A" A Aste] ARG
:

< Mdete] adde A

g 2. JHeEof =SItFElo SHEF MY MR 2Y.

1-2. A58 2 LIAA I+
O 7b7e] Akl & Fd 4% H71
- AQLE aFolet QEirbFel A sl S QRS HUlsly] fste 71
918 Aestal AOAC (1990)8Well wet ¢#-& FA7FIA=EH(105T, 6413
o5, W2 Auto Kjeldahl System (VAP500T/ TT125, Gerhard)E AF-&-3}4,
TEHOE, 2IES AHIHe R 747 B4

Z AL soxhlet F+=

So] FAAA Fo AARAL THET BIAWAL 27 95k ¥ AR

£ FgoA s A}

- FRAL B AR T AE, ASF, FE 5
WAE 93] AHEE= MS-222, clove oil ¥ 2-Phe -noxyethanol P} A&
S 50, 100, 200, 400, 600 % 800 ppm= st viH 2 3 EHAHAHS HAAs
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O el o3 s Eo7] 9T vHALd A3 Ms222 ¥
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o] A#ga, AsAEY TS o8ty T s
S o2 A3FALE AN A MAF 2 AFFANA THFE
o] E=A UEbge

O 71529 COD &+ F3olA 49 0331034, 5€o 1.84+1.04
mg/Lol™, AZol|A 490 0474021, 520l 2.0940.83 mg/LE Al7]E

2 alol® welm glom 3 HFo| BFMT ¥ FEE Holw

O
o

AbEE ek fairrele] #dEH A3 CODe dAbFEvt
1.10, Yei7FFE7F 0.60 mg/LE A7MF2| 7} oF 2 &g, 32
Z(TP)E A¢7HFEl71 0.680, &8l7HF2]7} 0.150 mg/LE A7}
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A2d d7¥EE 97 2

1. i FH EF AEd AsaE 2 A4 a7

1-1. 93715 ¥ ddF AL
7h W ofnl A
ol ofm FE B ARSS
a7t ah A F7HFE) 5o o

E 2. 150 ofo|7 HE ZTAK2/427])

TR FA2  whels Wl
A& (em)  AF(g) (%)
Al F A ZIH F Iy
3. 26¥ 564  38.0+1.8 581.8+1184 9.0
R B AR =) o7 71.1%H A
e 59 AAE EHto g2 10%
6. 22 512 325408 37024460 783
Y Qe A% A4

O 5ol olmAge g8 AUASE A3 68 YT 2Fo] ¥l 119744

39.9%2 AEES YA T, 713 AAL 28.3+1.1 cmol A 31.942.2 ecm= A A
ST}
¥ 3. 350 AuUirts A& =AF Ao
ey 7}l A A =g
M
(cm) (cm) (8) (%)
6 32.3+1.3 28.311.1 369.6+75.6 100
94 34.4+1.8 30.8+1.8 374.4+59.7 48.1
11€ 347424 31.9+2.2 363.6+81.8 39.9
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- AWASAT 99 ol F AU BAZ AMe] A MeHRA FH  HAT)
WS, Aol tE stz AsolA whelg s
A A gksket.

A Z(g) A2 FH(g) GSI W] 3L
‘089 69 9Y 370.2+46.0 25.8+13.3 6.8+2.9
64¥ 12% 369.1£99.7 28.615.5 7.3+2.8
64€ 30% 392.1+111.1 33.7+24.1 8.013.1
7€ 29 406.9+56.2 61.6£53.4 14.3£10.5
74 16Y 368.8+65.8 20.4+13.3 4.613.2
9¢ 59 331.5+89.4 1.240.3 0.440.1
1149 109 363.6+81.8 1.8+1.2 0.610.3
- 150 FAT FHE 95t LHRHaS 28-S FASHY g =8 AAIES
=), 2008 % S2& FA A7 69 18YHEl 79 31U7HA 43U FAFH
AFeko] A &Aoo o] FolF
- AE AT dE 2 0.89+£0.05 mn(F+T78-2 0.19+0.03 mn) FoH, JAFFH
A skel &8 = Atk
¥ 5. S22 Ml wE ML e
Z =g}t gkt ¥ HF2=A 8
A2l YA 1l e il TETHE ez
el Al FAY Abet (%)
‘08. 6. 16 166 535 214 321 40.0 6.16~ 6.25
6. 25 24 161 8 153 5.0 6.26~ 6.30
6. 30 43 247 20 227 8.1 717731
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Survival rate (%)
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E 1. 250 =7 MZF Z2H(2008)
H 3k 2 of Aol =71 A%
74 11¥ 79 22 84 2¢
o1 A% | nEs
24 @) | (@) | A% | PEF AR AR e s AR e AEE
(em) | &) | (%) | (m) | F) | (%) | (m) | &) | (%)
7/213.9742| 210 (07712 190 | 90 (22735 150 | 71 |727105| 100 | 48
7/4(38742] 390 (06711 250 | 64 [1.0721| 20 5 - 0 -
7/6139741| 350 (06708 300 | 8 |2574.0| 80 23 697113 50 14
- QEi7HrE] arso] ol oA THRE wEAVIE s AdA s E d4
skl AAE AL Folm AAL 1F5AE QsivtFEd &3t Afie 7&
T OF 2447 AFRAICIE SHA R oA AFFTEAYL] o7 thFAEA A 2
z7] Fgo] M3 aFHY
#* 12, 2lslivtFel & 150 MZE Ant
A% (em)  7FOlAA em) A 3l(em) A Z(cm) A ZF(g) H| 31
‘08. 8. 5 20.0 18.7 3.4 2.4 70.9 o8] &
9.5 20.5 19.1 3.5 2.3 724
11. 5 21.7 20.2 3.9 2.7 96.3
- fsfi7bFelol 081 8¢ 70.9go 1FolE YA sk ARSI A3 ‘09'd 84 5845¢g
o7 AAsIAN FEHS 8ot E3E AASHAT
F* 13, 150 MZE ZAL ZAmf
g = BHS ogaeg god 5w 0od 8Y 09d 109
° (08. 8Y) v v v -
ZbFelAd 187+16 258419 25.142.1 34.6+1.1 B3ILT g
=
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5

TooA R AHIT=Eo FHAAY HAUIAMEE BAR o, I o)
AdAEE ofu| x4t AEE 21359, 1= NCBIY 5= 39Th

>/tmp/outseqg.input.5029 [Unknown form]
DNA: AIGARCAGAGICATCCICCTIGCIGTCAGICATGIGIGTIGEECGTIGICCICT
+l: M N R ¥V I L L L 5 V M C Vv & VvV & 5
DNA: CAGCCAATCACAGAGAACCAGCGCCIGIICICCATCGCIGITGETCGAGIT
+1: Q@ P I T E N 9 R L F S5 I A ¥ G R WV
DNA: CAGTATCITICARCCIGGIIGCTAAGRAACTCTITCAGIGACTTITGAGARCTCA
+1: § ¥ L H L Vv A K K L F 8 b F E N S
DNA: CTACAGITGGAGGATCARACGICITCICAACARAATCGCTTCARARGAATTT
+1: L Q@ L E R L L N K I A 5 K E F
DNA: TGICATTCRGATRATTITICITGAGTCCGRATICGRACARRCACS ﬂuHCACARGGC
+1: € H § D N F L S P I D K H E Q G
DMNA: AGCICAGTTC'GAA:CTTII'?CGSICIC?TRTCRAT_CAIT“A*:CCTSG
+1: § 58 ¥ ¢ K L L 5 ¥ §8 ¥ X 1L I E § W
DNA: GAGITITITICAGICGCITCCIGGICGCARGTTITTGCTIGIGAGGACCCAGSETT
+1: E F F &§ R F L ¥V A & F A Y BT @ ¥
DNA: ACATCCARACTIGICAGRACTGRAGATGEEICICCTIGARGCTGATAGRGECC
+1: T 8 K L 8 E L K M 6 L L K L I E 2
DNA: AATCAGGATGGAGCAGETGGATICICTIGAGAGTITICGGIGCTICCAGCTICACG
+i: N @ D 6 A G G F 8 E 8 5 VL QL T
DNA: CCGTATGGAARACTCTGARCTGTTCGCCIGCTTITRAGAAGEATATECACARG
+41: P ¥ G N 5 E L F A C F K M E K
DMA: GIGGAGACGTACCTGACCGTGGCCARATGCCGACTCITICCAGAAGCTARC
+1: Y E T T L T YA E € R L FP E A N
DNA: TGCACCCIGIAG
+i: € T L
a3 16. 1150 dEsE=E A HI7(ME

M
1

X
G5 UEIT(EA)  AAED)  QukR@ER)  dsskRe )
525 WSS 528 d9Es 528 42s 528 Hos

= 5237+  33.87+ 6850+ 5855+ 55.70+ 38.09+ 53.93+ 36.16%

qH(%)  29.01+ 51.87+ 731 2251+ 2774+ 4862+ 30.04+  50.80+

WA (%) 1792+ 1391+ 2372+ 19.04+ 1670+ 12.09+ 1859+ 14.13+

23] 2 (%) 0.95+ 0.87% 1.53+ 1.42+ 0.96+ 0.83+ 0.89+ 0.90+
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Cage E100 E200 E500 N100 N200 Cage E100 E200 ES00 N100 N200

T8 32, bFEl YAFC BY (0D RE(FHE 4Y, 5 58).

- 94YEF DIN 5t EFNA 499 0.067£0.012, 54 0.027+ 0.010 mg/Lo]
o, AZolA 49 0.076£0.008, 5€ ] 0.054+0.006 mg/LZ A7 & Aol& H
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TP F=& EZoA 49 0.010+0.011, 5€ 0l 0.011£0.002 mg/Lol™, AZFlA 4
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8 34, JtFe| LATe 3E TP 2E(EES 48, 95 5d9)
O Qsli7tre A% f38= 54 =4 23

- HAEY fUlEES FE AR R ofgd IAste HAHE AEFS B
53] AdiEFe FAH AN MY 52 e Holu AAAHR] s obF
S FER A ARt offe o Q3 £ H HAE o & 9
g FA e Ao AgHL

E 16. 2lsli7tFel SATCRREO HelE EXME W sEE EY
32~ 8 }d 72k A}3] HF A BBl E
= & AR Edgn A sk E COD
(%) (% (mgS/g) (mg/kg)
Cage 25.50 7.96 0.001 105.73
E10 37.28 5.13 N.D 129.87
E100 37.12 4.62 N.D. 119.70
E200 37.65 4.16 N.D. 74.65
E500 32.20 6.22 N.D. 105.64
O ArtFg ¢ airtwe] A2 854 =4 A%

- #4534 A3 CODE dAHFE7t 110, Y3i7HFEl7E 0.60 mg/LE AE7H7E]
7F oF 2v) E3, FHEL(TP)= A7HFEl7E 0680, &8i7HF2l7F 0150 mg/L=
At7HFEI 7L oF 4n) o] ESkth
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kH

17. ek 3 osirtFe| X oy sE5H 21

Cave Tvpe COD DIN DIP N/P TN TP

& P (mg/L)  (mg/L)  (mg/L) (mg/L)  (mg/L)
A7 1.10 0.082 0.016 11.71 0.680 0.023
L& 752l 0.60 0.067 0.005 30.63 0.150 0.012

- BHE odEA Ax HHE CODE ASHFEAA 175226, 372 ol A
107.16 mg/kg=E A7HFe7t siztFelol His) 158 o] =A JEtsta, 43
A 835 (AVS)S AdrtFElelA 0.022, fsi7bFEE JHFE vkE "AH(©
m)°ll A 0.001 mgs/g®] HE=ATH

£ 18 oot U olsleAOIE HNE 29 54
W. D. COD AVS
Cage Type Distance (m o I. L.
ge Typ ™ @ (mg/ke)  (mgs/g)
0 4717 6.81 1613.74 0.040
10 45.38 6.80 1836.75 0.043
A7+ 100 44.70 7.86 1717.93 0.007
200 55.02 8.36 1374.10 0.016
500 57.12 8.25 2218.79 0.007
0 24.50 7.96 105.73 0.001
10 37.28 513 129.87 N.D.
e 100 37.12 4.62 119.70 N.D.
a7k 200 37.65 4.16 74.64 N.D.
500 32.20 6.22 105.85 N.D.
Control 28.76 277 893.65 N.D.
O AT 44 B 5D ZAET ALBEDE & szl e T8 fYol Rt
BBEA 2ok, SeRaEY)T DB ARAA 24 AT

a8 35. JtFel FH
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Aol deirkFe A AALES A
O A=
AFAG Qs 7HFe 1204 F 120,000mH2]e] 150 XA (HTF FF 80g)E
Y2lsked, 15701 €(2006.11 ~ 2008.2) % ¥FAg A oF 91.2F0] AL AT
AETHQ WAFEA Qdsfirtrelds 5ol HEES P BrE AT
=& Aoz Yehgon, AsAFE 16, 183 AR7IEL kgd HF 10,000
A Ao AEA.
@ Hl&A=
A7 B Tl YR E gAY +@HEe Wit 729 do® JEy
=, o] FolAe AA¥(27.1%), AFERI(26.8%), Z&] 3L X]oJth(11.7%) T°] 7t
B2 s AA S AR BAHA
FFol YT gAY A AX1R)E A 27 FAHELE JHFE, OE,
AT ], ~2FWAE], AARAZAAE T et oF 4039 AT AQH
= Zow EAHNSH, 4 AHEEY WEdre JHFd 2 =9 49 H
T 89, =FugH 52 o 5d AEE ZAEHAT
® A A
a5 YaErbrEFAAY AALS BAT A, FF 10d 59 HAE o] s
ojA&RE AT EHAZIA(NPV)S g2 ofe <E-20>4 He wpel 25 F,
ojAEE 8%E THT A EAATIA(NPV)E oF 4709 Ho= EAHAT
LT YESFIE(IRR)S H 245% FFEOoE BAFHOH, %277t (1570 Y)
W o)A ENoME 49 oF 9129 9 agla FHIEL oF 7209 Yo
2 UehY 2o &L oF 21% =2 H7FE AT
E 20, 50| olsivtTalA AMMEA An (e9l: of 9)
o] A&
4% 6% 8% 10%
=@ A 7R (NPV) 6.89 5.72 4.70 3.81
W52 E(IRR) 24.5%
ol’¢3 o] NPV IRR 7|Fo2 & o, a150] ffsirre el A4S
ol H2 Zo® U, xdnv AbsH] JEal Xojn] 5o Az, AT
Aol Wslel] uwe} 150 QsfirtreldA e AAY BrtARTE A detA=
Ao g2 eyt
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