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Developments of the aquaculture techniques for Pacific Cod and

BlueFin Tuna applying to offshore submerged cage system
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(P<0.05). WA AIZtE B TAN 8l ELS = 9, 11 283 13TCAA 22 9.3, 11.0
283 119 mg TAN kg fish! h'o]lar, 11TC2F 13T7F 9TCol Hls) FoHoz =t
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2 HAuds AP 12 kg/m’olA 0912 4 kg/m®e] 0.86374 8 kg/m*2] 0.89
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FAol 30.442.68 12T 30.1£2.5 cmz ARSI, S AF A ZA ZHzh 198.5+64.4,
189.7£72.4 goll A AP F T Aol 247.6£85.2 18| al 246.2+85.1 go. & AP o Ad+
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Bt} zhol AAIAo] AT B-22] A% NPVZF -69.082 0X.t} 2kl B/C-ratiox 0.99%
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SUMMARY

I . Title

Developments of the aquaculture techniques for Pacific Cod and Blue Fin

Tuna applying to offshore submerged cage system

IT. Necessity and Objective of Research

Recently, environmental pollution on the Bay that located in coastal waters of Korea are
increasing due to the concentration of fish farming systems and equipment such as fish
farming cages, the expansion of intensive fish culture industry in limited space and the inflow
of the city waste water. For this reason, there have been eutrophication and increase the
occurrence of fish disease, and also aquaculture productivity is decreasing on the environment
around fish farming. Therefore, it has need to suggest the alternative way, which can be
innovate on the present condition.

The purpose of this research is to developments of aquaculture techniques for pacific cod
and bluefin tuna appling to offshore submerged cage system for increase the aquaculture
productivity. Furthermore, it is conducted to create the new technique in aquaculture industry
from obtain the aquaculture technique for fish species of high commercial value and led to
increase the efficiency in management of aquaculture system by development of new farming

system.

M. Contents and Extent of Research

This research was conducted to develop aquaculture techniques for pacific cod and bluefin
tuna appling to offshore submerged cage system. The study was consisted to pacific cod
culture techniques, prepare the obtain methods of bluefin tuna seed, economical analysis of
culture by applying to offshore submerged cage system in pacific cod and bluefin tuna. The

scope of the study are as followed.

Section 1. Pacific cod culture

- Seed production
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Physiological characteristics of juvenile

Rearing the juvenile from wild

Optimal stocking density and feeding frequency

Economical analysis of cod culture using by offshore cage system

Section 2. Bluefin tuna culture

Optimal site selection and environment assessment

Supply channels of seeds (juveniles) used for tuna aquaculture

Development of rearing technology for offshore cage culture

Environmental assessment of offshore cage

Economical assessment of offshore cage

IV. Research Results

Section 1. Pacific cod culture

1. Basic study in seed production

This report carried out the artificial seed production from January 17 to February 18, 2009.
Fertilization rate was reached about 80%, the size of fertilized eggs were about 1.1 mm, the
range of total length in the newly hatched larvae were 4.1 ~4.3 mm, which were not opened
moth and have the yolk. The hatching was occurred during the 3 days. We have fed the
rotifer with 5 individuals/ml for larvae, also formated the green water by chlorella. Larvae
were opened mouth on 4 days after hatching. And we could observed larvae with fed rotifer.
The amount of larvac were dead from 10 days after hatching, total length of larvaec were
reached 5.1~5.6 mm on 11 days, 7.0~7.4 mm on 22 days after hatching. We have fed the
mixed rotifer and artificial feed on 30 days after hatching. Larvae were grew to 7.6~7.9 m in

total length on 33 days after hatching, daily grow rate were 1.84 %.

2. Physiological characteristic in juvenile
A. Oxygen consumption rate
A study was conducted to investigate the effect of water temperature and photoperiod on

the oxygen consumption of the fasted juvenile Pacific cod, Gadus macrocephalus (mean body
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weight 79.9£2.0 g) in order to quantify metabolic response of this species at given conditions.
The oxygen consumption rate (OCR) of G. macrocephalus was measured under the combination of
four different water temperatures (7, 10, 13 and 16C) and three different photoperiods (24L:0D,
12L:12D and 0L:24D) with an interval of 5 minutes for 24 hours using a closed recirculating
respirometer. In each treatment three replicates were set up. The OCRs increased with increase in
water temperature under all photoperiod conditions (P<0.001). Mean OCRs at 7, 10, 13 and 16T
ranged 793.7~1108.4, 1145.7~1570.3, 1352.8~1742.5 and 1458.2~1818.6 mg O, kg' h',
respectively. Mean OCRs of G. macrocephalus were the highest in continuous light (24L:0D)
followed 12L:12D and OL:24D photoperiod under all water temperature conditions except 7C
(P<0.001). Mean OCRs of fish exposed to the 12L:12D photoperiod was significantly higher during
the light phase than during the dark phase under all temperature conditions (P<0.001). O,y values
ranged 3.19~5.13 between 7 and 10C, 1.41~1.70 between 10 and 13C and 1.15~1.35
between 13 and 16C, respectively. Based on overall results, water temperature, photoperiod
and their combinations exert a significant influence on the metabolic rate of juvenile cod.
This study provides empirical data for estimating the amount of oxygen demand and

managing the culture of cod under the given water temperatures and photoperiod.

B. Total ammonia nitrogen excretion rate

A study was carried out to examine the effect of water temperature on daily pattern and
rate of total ammonia nitrogen (TAN) excretion in juvenile Pacific cod Gadus macrocephalus
(mean body weigh: 36.5+0.3 g) under fasting and feeding conditions. Fish were acclimated over
10 days under three different water temperatures (9, 11 and 13°C). After 72 hours of fasting,
endogenous TAN excretion was measured at each temperature. And then, to investigate post-prandial
TAN excretion, fish were hand-fed with a commercial diet containing 40.6% crude protein over 7
days, two times daily 08:00 and 16:00 h. Water was sampled for both the inlet and outlet of chamber
every 2 h over a 24 h period. Both of endogenous and post-prandial TAN excretion increased with the
increase of water temperature (P<0.05). Mean endogenous TAN excretion rates at 9, 11 and 13C
were 9.3, 11.0 and 11.9 mg TAN kg fish' h', respectively. The value of 9C was lower than
those of 11 and 13C (P<0.05), but there was no significant difference between 11°C and 1
3C. Mean post-prandial TAN excretion rates at 9, 11 and 13°C were 23.0, 31.6 and 45.4 mg
TAN kg fish" h', respectively. A peak value of post-prandial TAN excretion rate occurred
after 2 hours from each feeding, and second wvalue is always higher than first value.
Maximum post-prandial TAN excretion rate occurred after 10 hours from the first feeding at

9C (mean 38.0 mg TAN kg fish' h'), 11T (52.9 mg TAN kg fish' h'") and 13C (77.5
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mg TAN kg fish' h'), respectively. The TAN loss for ingested nitrogen at 9°C (43.9%) was
lower than that of 11°C (46.4%) and 13C (48.4%). As overall results, water temperature

exhibits a significant effect on the nitrogen excretion of juvenile Pacific cod.

3. Rearing the juveniles from wild

This research investigated that the growth of cod juvenile from wild reared by fed krill
and growth of cod juvenile with the different feed types in Deep Seawater Center, Goseong,
Gangwon. In the first experiment, the size of experiment fishes with collected on January
2009 were 18.4+1.2 cm in mean total length (MTL) (56.8+13.5 g in mean body weight
(MDW)). Its were grow 21.6+1.2 cm in MTL, 95.9£20.8 g in MDW after 47 days, 26.6+£2.8
cm in MTL, 154.3+£57.5 g in MDW after 130 days. Daily growth rate was 0.81%/day during
the 130 days. On March 2009, juveniles (initial total length, 19.5+1.1 cm; initial body weight,
63.6£12.5 g) were grow 21.7+1.45 cm in MTL and 76.8+20.5 g in MBW after 74 days,
respectively. Daily growth rate was 0.25%/days during the 74 days. In the second experiment,
there was investigated the grow of cod juvenile by fed the different diet with EP-1 (be made
by extruded pellet 85% and moisture 15 %), EP-2 (extruded pellet 85%, krill concentrate
15%), MP-1 (frozen mackerel 65%, powder pellet 35%) and MP-1 (frozen mackerel 50%,
powder pellet 35%, and krill concentrate 15%), respectively. Cod juvenile were grow from
143~147 g in rang of initial body weight to 152~159 g in final body weight. Survivial
were 99.1, 96.1, 98.0 and 96.0% in EP-1, EP-2, MP-1 and MP-2. feed efficiency were higher
26.7, 40.3% in MP-1, MP-2 than 12.8, 12.3% in EP-1, EP-2. Feed intake were highest 7,035
g in EP-1 and lowest 3,803 g in MP-2, total weight gains were 900.5 g, 747.0 g in EP-1,
EP-2 and 1,062.5 g, 1,536 g in MP-1, MP-2. Daily growth rate were high 0.23, 0.34 % in
MP-1, MP-2 and low 0.17, 0.16% in EP-1, EP-2. Daily feed intake were high 1.34, 1.33% in
EP-1, EP-2 and low 0.88, 0.83% in MP-1, MP-2.

4. Optimal stocking density and feeding frequency

Growth patterns of Pacific cod with 178.9 g in mean weight on the stocking densities (4,
8 and 12 kg m’) and feeding frequency (3 and 5 times in a week) were investigated from
October 2009 to February 2010. Total weight gain increased from 17.8% in stocked at 4
kg/m® to 35.9% in stocked at 12 kg/m’. Specific growth rates, survival rates and feed
efficiency increased as density increase, but there were not significantly different. Daily feed
intake decreased as stocking density increased, whereas condition factors increased as stocking

density increased (P<0.05). Growth rates of Pacific cod with fed to satiation increased as
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feeding frequency increased, but were not significantly different (P>0.05). Survival rates, daily
feed intake, feed efficiency and condition factors of pacific cod were not significantly different
(P>0.05). Based upon these results, it is recommended that the optimum stocking density at

juvenile stage in cod is hold above 12 kg/m’, feeding frequency is three times a week

5. Application to offshore submergible cage on cod culture

A. Status of offshore cage in Korea

Fish culture applying to offshore cage have carried by government funding from 2005 in
Korea. Firstly, they candidated to the owner for pilot business per each regional government, also
invested to the funds. Already Jeju province, Kyungsangnam-do and Jeonranam-do tried to that
since 2006, in addition, the legal base for offshore culture on the fishery law administrated by
project. The offshore culture have to be combined with currents of fisheries condition,
preferentially, and special skills, infra-structure of these system will be prepared before it trying

to that.

B. Application and fixation of offshore cage

Offshore cage for cod culture were fixed the ball type cage produced by Aqua-pod in 2008,
and about six month later, assembled and installed in Yangyang province in Gangwon-do.
Nevertheless, had suffered to the assemble it by language problem and so on, it finished the
fixation about 24m depth. After supplimentary measures of air tanker, put into the fin fish for
pilot survey. But in Jan. 2010, by water temperature drop abruptly, all of fin fish died and
founded out that some of the steel sheet also tear off that the plan which put juvenile cod into
the cage were canceled. It was impossible to processing the cod culture applying to offshore cage

in coldwater area.

6. Economical Analysis

This study was carried out the economical analysis of pacific cod culture applying to
offshore submerged cage system according to 3 scenario in shipment (A, shipping the cod
with reared 170 g fish in mean wight for 8 months; B, shipping the cod with reared 170 g
fish to 1.5 kg fish; C, first shipping: about the cod with reared 170g to 600g; Second
shipping: about the cod with reared to 1 kg; third shipping: about the cod with reared to 1.5
kg) and 2 scenario in seed obtain (1, often purchase the seed during the business period; 2,
only one purchase the seed on initial time in culture, for the rest, obtain the seed by seed

production). In case of scenario A-1, net present value (NPV) was -15,092.73, benefit-cost
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ratio (B/C-ratio) was 0.422. On B-1, NPV was -1,013.03, B/C-ratio was 0.901, and -4,661.19
in NPV and 0.767 in B/C-ratio on C-1. And its were -6,721,74 (NPV), 0.640 (B/C-ratio) on
A-2, -69.08 (NPV), 0.99 (B/C-ratio) on B-2, -1,877.75 (NPV), 0.89 (B/C-ratio) on C-2,
respectively. This results recommended that the business of cod culture applying to offshore
cage system is no economically viable from NPV were smaller than "1" and B/C-ratio were

smaller than "O" in all scenario.

Section 2. Bluefin tuna culture
1. Feasibility of Offshore Cage Culture

Pacific bluefin tuna is evaluated as the optimal tuna species of offshore cage culture as it
is priced high, grows fast and migrates to the Korean coastal waters, making it easy to obtain
juveniles needed for farming. Its fast growth and dynamic swimming pattern requires a
large-scaled farming system. Also to be the optimal farming site, it should have well flowing
of tide and currents and be free of red-tide. It can be concluded that offshore cage culture is
practicable for tuna if the site is optimally selected based on tuna's biological and ecological

traits.

2. Optimal Site Selection and Environment Assessment

The waters of Pyosun and Hanrim, Jeju was selected as the optimal farming site as it was
assessed to have more favorable farming conditions like warm water temperature of 14C in
winter, high transparency, less suspended solid and high DO. As for other candidate sites,
Yokji-island of Tongyoung and Gujora of Geoje were assessed to be vulnerable to redtide,
Guryongpo of Pohang city vulnerable to hypoxic water mass and Geomoon-island of Yeosu to

be less accessible.

3. Selection of Offshore Cage

Safety of facility and reared tuna comes first to consider the location of offshore cage.
Considering that tuna swim in a large radiation, round cage is the most appropriate. Rearing

conditions should be also taken into account to decide the cage.
4. Supply Channels of Seeds (Juveniles) Used for Tuna Aquaculture

We reviewed on the supply channel of juveniles needed for farming. Juveniles can be

obtained through trolling, purse seine and import, though trolling is the most preferred as it
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costs less while offers a very high change for success. As such, trolling was evaluated as the
most effective channel of seed supply with a potential to boost the income of fishing

community.

5. Capturing Juveniles for Tuna Aquaculture

We captured 833 juveniles aged less than 1 year through trolling and 371 among which
were contained in the offshore cage. It was judged that securing a large amount of young
tuna is practicable. As for the seed import from Japan, it is technologically possible but with
diplomatic issues and a possible ban on the trade due to the more intense competition for the
tuna stock. Those issues are needed to be resolved through the long-term cooperation between

the two countries.

6. Development of Rearing Technology for Offshore Cage Culture

The tuna juveniles captive in the offshore cage were caught in 2009 and fed by raw
fish-based moist pellet. As of June 2010. the survival rate was 91%. The growth investigation
was conduced by the dual-frequency identification sonar and stereo camera, which enabled
effective growth investigations with no direct contact to the body of fish and no stress on it.
The duel-frequency identification sonar also showed that tuna swim in a small radiation and
in the bottom depth at night time while swim in a large radiation and in the shallow depth
at day time. It was also found that young tuna weighed 3kg accumulated the fat as fast as
adults while slowly accumulated the mercury as the weight increased. Genetic analysis on

tuna and its growth hormone helped to lay a foundation for genetics resources industry.

7. Environment Assessment of Offshore Cage

The open-type offshore cage is evaluated as eco-friendly as it is not affected by sea
currents, being free of land-based pollution and dealing with pollutants in a very fast way.
Meanwhile, the coastal cage is not only susceptible to land-based pollution but has less
capacity to handle the pollutants, leaving the land-based wastes accumulated around the

farming cages.

8. Economic Assessment of Offshore Cage
Though costing high in terms of regular maintenance and early investment, the offshore

farming of tuna is evaluated as competitive based on its  high survival rate. For cost
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reduction, juveniles are needed to be domestically supplied and for stable supply of juveniles,
hatchery-reared juvenile culture is urgently needed to be completed. The offshore culture is
judged to be more competitive than the coastal culture based on the fact that the former has
higher survival rate and less vulnerability to red-tide, typhoon, low water temperature, and

other natural abnormalities.
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E 5 T FEALL VT F BT T2, £44, pH, EEE

Water temperature Dissolved oxygen

() (mg/L) pH Salinity (psu)

9.8+0.5 11.0+£0.9 8.1+0.1 35.2+0.1
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7ol ¢k 1.1 mmUeE SHFI7IAIX9] 0.58+0.02 mm (¥, 2002), ‘d=| <
0.91£0.04 mm (Rho and Pyen, 1986), &, Oplegnathus fasciatus® 0.77~0.98 mm (Kumai,
1984) R0 diFeluth. B35t S Aojol H7|= 4.1~43 mm=E YERY B12008)e] 3.7~
4.4 mmet H=T HLE dERIS.

of 7Fol FHAINA Aol AN A HEE F=EsH] HeHe AZEAE
2 A ol Fgo] o]FolXof 3t B Aol HeldES EEIET o] &3t
ARSRE F 309 BRE wiEARS S TEe st T AlE AREEeH, AR
HOE st Azl vl Aol At tha Aolo] tiRFH AL EA
t}. Takatsu (2008)°] oJst™ Wi+ TEAAE Al 3} & 209 o|Fo = EHHATS ©=
2 Fustd dEEE §9 olFE 3 HAE SUFFERE drtemia nauplis &
AN71et SEES AAstE AL 27t Aol AEEE woleH TLoIHL
Fa, A 5(2007)2 F3} 359 Fol| Artemia naupliie Tl @ $ 39 o o

b dased A tRRe] A4S dremiart Al A5 R A2 upeke] 7}

ghekol YAk stATh v (2008)9] ATl E Aol BAAR] S fdAE
F3} 2 30¥ " ol d7HA BE|H O] Fgol FAo|H Artemia nauplii®] AFFEH(0.1704)
ml)sl= Aol viEAsitta AF3AT. T Artemia naupliiths @52 FFSIAS Al
AEEo] Dol AHRAQ] FHALS o]F7] ol st oY AAES E w o
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2. 97 Ade AeA 54
AR 2 W
(1) Bhe] 4ba M &

Ahole AAEE FAALAT LA AMS St A oS ARESEA T 4AbA A
& SAH3] A AP [71.5£1.2 g(mean=SE, F 5 %)= 1,000 L FRP =} A4 A
E32£(1.0 x 1.5 x 2.0 m, 3.0 ton)= o] Fo 3 &7 A &3 A|H 100mtE] &
A 27 ¢ SAANAT. A7z T APole AlHE Sfato] FFAFS(E-hwa Feed
Co., Korea, &2 & 46.7%)9 & AAE AGe I7|2 ZgA A3t AAFY 1.0~
1.5%5 Fwstden, dEHe Wzr|E o83t +&& 10.0£0.1TCE FASAL, 32-W
FB5E ol &3ty FF71E 12L:12DE ZHIAT AHSS W £2E4AE FF 2HT
oj# o] g T3l 80% ©l/de] EIFHE FASATE X7 B ARSF9 pHE

8.240.1, HE-LS 34.0+0.3 psuS ATk



h A3 FZA

7 xojo] A AH|E AL HFH A (reservoir), 3382 (head tank), 4t =74
A, 54 9 7tEZA FHE o|Fo HH &3F A2=®(" 10, 29 = 2006)=
E3tAth. FFH At AFHA olle 23719 oo 2EESE EE9d AASY 95%
Fe] Ata ZIlEE FASAL, A F2s FAGE] 8 As 25 2d ZAAUF A
Axo] A= slE WAr|E AASAT. s8rs X‘]*jf‘%ﬂq]’q o] TEHRIAE
Eo(7b7] Aol 1 me] 7tEZA =Z A EHE2
o] FEe HaeAT AA7IT T Al2E Yo dA8d U]/‘gi"ﬂ ol gl m
2HE Z017] AF F4 AL A7) (Model: P301, *8] €3 3 ton/hr, A
5

i
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of ﬁ
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)
Hate] A== AT §E4ka SAHLS APt 88 TFH A TEH
3 Yoll, 283 TFANL AN T AxH Ak ZH Mo Ak probeE A Fle] A4
o2 SAHES St 52 ZFAH AU EFt §E24E 5 Aot Ha
g 02 mgLol HEE §A3+Y oM (29 = 2006), BT FFE 601.244.5 L/ho|Ath

Cartridge filter

Temp. UV lamp

~ Respiration chamber Pump

Temp.
controller

oJE Al 200 L FElgxE 3749 A AEAHAR12 x
1.0 x 1.0 m, 1.2 ton)E TAH £&AH2] A 2" 4 set, T 12709 fFElFxo §vig] ¥
TZ2E 10CE FAAH. 43 =22 7, 10, 13
T AT 1 setE AYs 7C< 13C A4F4+= 10T
o, 16T AT 1 set= 6Y3el] 24 F&8 =Adoh
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FF7E 7 AY & xANA 24L:0D, 12L:12D 183l OL:24DE &
=3 L:12D Ao 2 £X3H ZF set Y A &% =
OL:24D=E SZt2 0 2 WSIAZ 2™ (Jonassen et al. 2000), YA 3

glx
>

ol
3
rfo
W
o

F2H FF7] -] o]Fox FT HAFE 10¥ ol A AP = FUF &AM
At A7 F Hole AEFAES = AAE 3T AAFTY 05~0.6% HIEE I
SHATH A3 A# A 297 A4 AIZ] $ 2-phenoxyethanol (Sigma, St. Louis, MO, USA)Z
EHAAA FAE AT F X" AP 21Y TFHA FEAAY. fYFxS 35
dol dxe HERE AAd AFue olfste] dWE Adsia, B2 32-W ¥R
T2 ol&std fFESAT AP AFE 79.9+2.0 golRew, SFA 77t 2wt
3gHE F85te APS AAISHATH

T FA] 83 % handlingell &3 FEFS viAISH] k] 3AIZE FF AR &

% 2443 F9F A 2HEe SASFATHE S} = 20006).

o

BSENATFY AL TFH Ao X" 4HA SAH probedt AE AR AX|Q
Multi Data Logger System (Oxyguard, Denmark)< /\]-%-3‘}92‘:} TEH FAdTS =T
8E4H4A F5F plog VL 100 SoftwareE ©| 83le] 5Eultt A H Y FAd 4tax 53
HdlS F3 Data Loggerdl A= AT ol AEE ZE2EIHE T3 2=t £4
of o]&stdth Adoje 4kA AH]E (oxygen consumption rate, OCR)<> Jobling(1982)°]
Haugk &3 22 el w2t 73k

OCR (mg O, kg' h'") = (Ci — Co)xQ/W



A7IA, Ci = ofF &FE U §EUd4L FE(mgl)
Co = olff TF4 vies9 &4 TE(mgl)
Q = oF EFH= Ah= AREE FH(L/h)
W = ZFd 78 oAAZF(ke)
AR AFa &ElE2 1AZE S E pooling o] F3E 4t AHE SRR AY
o

T A AHES PP o, 2 WSk mE rJHL 20)9] MAEE Fetstr] 95t
T} 2)(Wuenschel et al. 2005)3 2] Q) &S T3FATH

Elliot and Davison(1975)°] B3k Ah4 AR w}E o|Ux] HE A<4(1 mL 0,=19.9 J
=4.776 ca)E ©l&3st 74 =AE thAEHEol o7 oluA] &nlEE T

RE A8 EAAZE SPSS 11.5(SPSS Inc., USA) 54 Z2afioz RARX
(ANOVA)E A A3t Duncan‘s multiple range testZ B3+ £24(P<0.05)S AAIATH
7t o3} FFI)(12L:12D 2719 B9} 4r] EFHol WE A Hi Abh A S
one-way ANOVAE, 1831 F A9 53 9F2 two-way ANOVAE T3l HA3AT

(2) 79 FEYo} wjAd

(h A3 " &3

ARole ZAUE £ Fa3|FdTd A o-’F*ﬂEi oA A FQl T A (B
FA 32,1414 g) 60mtEE ARSI A@ol= AU Fxol 24717 s 2 A
FRP 42(&3 400 L) 271} HA 4 H4ks) *3-‘%0445(10 x 1.5 x 2.0 m, 3.0 ton)Z T
A wsholaky] Ade A 2F B¢ 11.020.1TC FANAH =XNAHY. =271 B¢t
] sl 4ko] AEALS (Purina Co., Korea, T 3FaF 40.6%)5 Y3+ AAFe 2.0~
sFFol 5 ¥ (08:00, 16:00 h) FF3tACH, F=2 3B} WAV E o] &8st =
o AT W 8834 AE FF 2d G dolgolds B3l 80% ol EIIHE
A3, S 2 adE AAE 8 dY AA S 10% ol
12 B¢k AFS2] pHE 8.120.1, HE-LS 33.2+0.9 psuS 43T}
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(h A3 ZXA

o7 X0 &0 mE TAN HAEES 430 &5 AT AR/ A=, 742 g
E A% A4 Aoz 283 AASF &85 3 IR A AFHARE o] Fo3l
4% oy AlzEHS o] &ste] SASIATHES X 2005). AAts ez 3
7 q 4828 m)S AFABEE AL
43 3P4 o H}Z (rotating biological contactor, RBC)E ©]| &3] A]2=®l U TAN
WASAA, 38 AE 9¥ 1Y TFR(E3 519 LE, 18 AFvas AAZ

KeX
8(1.0 x 3.0 x 1.0 m, 3 ton) FEHS] FRP FXE ARGSITh t7 A& +&3 oF
=

)
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=
1o
[
X
o
i)
o
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o
=
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ArSZE 7FE 23 em, AlE 39 cm, E°] 26 cm?] FEFERE AMESIRoH, A3 7
ol 8o 205405 L, 9 36.3+1.7 LhE FASAT. B3 F7)E0] & o=
371 #1384l ol B3y {7]EL 2ol 16

a
F SRS 150 AR FAE FPor, ®
=
=

7t AY w2 Aol eAs fFEleR(EA 200 L) 2719k A4 AEAR2(1.0 *
38 gAY A2 3 setoll A o] FoI AT AU Fxel =

A T AE A F2(110) 24" 7 setd FEFxEvie 1074, F 6719
el E4b s8stth A9 29, 11 I8 13C)e 2 vty flsl 11T A9
2 set®] w@AH] A2HFE 11TEYE 343t Z2H A A3

A F O Aols 108 ol &4 A
=al %7} ﬂtril/\lziiﬂ#, =A 71§ AR shRel AT 2.0~3.0% W& S

Gt Ad¥ 77 B¢ FF7]E 12L:12DS FAE o,
o]

F¥0
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o
4
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P
i
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©
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2- phenoxyethanol (Sigma, St. Louis, MO, USA)Z 1} A|A FAE
o] fAHE Ay A U oF ASGZe| & T, 2R L HHS
|
J

A Wl TAN v =s =AHs7] s 72413 225k

AT o AR A e A4S TAN WA 3"l
A 793 SFFo] 5 W(08:00, 16:00 h) THE AR FF
A3t AR T TOE AF TAN #lE2ES 2443t ¢ =AM

ol
ot Ago o] gH tF Aojo AFL 36.5+0.8 g(HT+SD., v H)olReH, ofF A



(ZH ¥dEYot 54 2 A5 A

7 Xjoje] o wE A2 A TAN HjHELS o
08:00/1 -8 2A13F A0 2 T & 08:004 744 AF8te] TAN $55 =
o AE FE wWE A% TAN MAEES AR FF A(08:00 hell A3 £
TAN HAE =4 W3 53 YHoE st TAN v55 34
F£719] TAN Hi2ELS AARE 834 &2 °
T3 (Leung et al. 1999a). TAN 42 Strickland and Parsons (1972)¢] wWHol uw}
S5kt
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TAN H]dE(mg TAN kg fish! h")={(Co—C)Qi—(Cc—CNQ:}/W
oA7|A, C = FUT4 TAN §5(mg/L)
Co = AFT = WETY TAN FE(mg/L)
Cc = H&F = WEFT9 TAN FE(mg/L)
| = ARTE AWIhe AEE (L)
Q: = HETE AYrte A 3 (L),
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4 E (mg TAN kg fish' h')& AlZtol tjd TAN s E
2 =Agste] A ofef Wz HEE Foll U3k TAN #jAE (mg TAN kg fish” d')<

RE A5 EAXEE SPSS 11.5 (SPSS Inc., USA) B4 T2 1L o] &3 &
g x]o]9] TAN wjAdEol U3 29 FF2 E4HEA (ANOVA)E A3 Duncan‘s

multiple range testZ 77t FAE 95% A FHFFoA HASATH

SRFE!
(1) 79 44 2vE

AE 247t Fig. 13} Table 1°] YERATE A%
(0L:24D)°] Xt 4bA AHlE HHe AP Y & 230444 & A3y glAA R, 124
B9 1242 7] 2=7(12L:12D) 2] 7§

A Aba 2HEo] FadhE BEFEES EATHAE 12).
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2500

—e— 24L:0D 7°C 10 °C
2000 { —©— 12L:12D
P —a— (L:24D
= 1500 -
Tbﬂ
= 1000
o
@)
) ]
g 500
N’
o) | ] | ]
< 0 :
: 2500
S 13°C 16 °C
S 2000 - .
E %
=
wn
= 1500 - 1 .‘M
=]
(P]
S 1000 1 ;
(=]
>
e
o 500 -
| ] | ]

0 2 4 6 8 10121416 18202224 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h)

O 12, 23 FF7]0 mE T XY 4hA AHlE

oft

Feo WE AY B A AHSS 24437 94 1] 27(24L:0D)2) A% 7, 10,
13 1813 16 CollA Z+2zF 1108.4, 1570.3, 1742.5 12]3l 1818.6 mg O, kg’ h'olA L, 124]
F w719k 12412 7] 2 (12L:12D)e] 73 ZHZ; 828.1, 1352.6, 1587.3 1E]il 1737.8
mg O, kg h'ollom, 2443t 7] A (0L:24D)2] 7% 247+ 793.7, 1145.7, 1352.8 L&
I 14582 mg O, kg' h'ollth F(Mel W o X0 AT B Abh AHlE
(OCR)<> 24L:0D, 12L:12D Z18]3L 0L:24D9] FF7] ZZ oA 2+ OCR=668.24+77.66T
(’=0.86, P<0.0001), OCR=240.95+98.75T (r’=0.91, P<0.0001) ~LZ]3l OCR=342.77+73.64T
(=0.98, P<0.0001)°] 3]72]< HATHE 8). wetx 59U FF7] =AM Fo] Eold
FE NG Hd Ata 2HES {FsHAl SR T (P<0.001).

YT T 2HANA BT WE AT B AL AHEY] A 24L:0D 2110]

+O 2 12L:12D$} 0L:24D =o]AARE (P<0.001), 7C< 79 12L:12D =
THE 8, P>0.05). H7]¢} 477} HHE

o [eX3
T Rl 5
e Wi AbA AH]EL L2710, 13 283 16TANA H7A 2+

®
.
=
S
i)
o,
o
>



Z} 1018.0, 1630.3, 1741.1 121 18183 mg O, kg' h'ZA, 471A @2 638.1, 1074.9,
1433.4 1831 16574 mg O, kg' h'") Boh F9&A =Jdth 18 13, P<0.001). @&t =3
719k H717F REEE o), i X o9 AIZIE W 4bA ARE2 WAl HlE] A
FrolstAl ZHAastA
o]’Fo] AuolA thF Xojo] At Wit AL 4]
A F7F8H93L (P<0.001), ZE
H7)9k ¢47)17F wrEE o)
WA =2 (P=0.000), %
T X oje] 2kA v g 93

8 5o BF7)d mE trAole] asn s

Photoperiod(P) 241.:0D 12L:12D 0L:24D
Temperature(C) mg O, kg h'
7 1108.4+16.73@™ 828.1+8.0°® 793.7+2.0%®)
10 1570.3+0.9@ 1352.6+3.0°® 1145.7+11.2°©
13 1742.5+6.9°@ 1587.3+9.7°®) 1352.8+7.9°C)
16 1818.6+8.74@ 1737.8+8.840) 1458.2+10.84©
Regression OCR=668.24+77.66T OCR=240.95+98.75T OCR=342.77+73.64T
(r*=0.86, P<0.0001) (r’=0.91, P<0.0001) (r*=0.98, P<0.0001)

Two-way ANOVA

d.f. 55 MS F P
Temperature 3 3076629 1025543  3618.58 0.000
Photoperiod 2 828931 414465  1462.42 0.000
Temperature x Photoperiod 6 60016 10003 35.29 0.000
Error 24 6802 283

* Values (mean+SE) with different superscripts within the same column are significantly different (n=3,

P<0.001)
**Values (meantSE) with different superscripts in parenthesis within the same row are significantly

different (n=3, P<0.001)
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a9 13 23 FF7) mE Ao tha &Ml

[
N

o Xojo] 3 FFrlo mE A ol|A AHES 19 140 YEHRIH. F
of W2 A3t HF thAF Al A AHE&-S 24L:0D 272 A 7, 10, 13 183 16Tl A
Zyz} 7559, 1072.3, 1190.1 L83l 1247.0 kI kg’ d'olla, 12L:12D =79 A 72
565.9, 923.7, 1084.4 121l 1186.7 kJ keg' d'ollem, 0L24D XA A$ Z+7: 542.1,
782.6, 929.1 L& 3l 996.1 kJ kg! d'E YEIY, F& ey A4 BHr] 2HAA =& o
AR AU A AHlES HA{T (P<0.001).

T2 FFrld wE T X9 Q) &S F 9o YEHATE £ 7~10C T3]
Q0 %< 24L:0D, 12L:12D Z18]3l OL:24DolA] Z+7F 3.19, 5.13 Z18]al 3.400]%1e™, 10~
13C FZFAAA 22y 1.41, 1.70 18130 1.740103L, 13~16TClA Z+2F 1.15, 1.35 183
1282 YE, 7~10C F3HolA 7Hd =39tk 2 & ®R9olA ZF7]dd & 0 &2
12L:12D(10~13C AL A 71 =2 HbE, 24L:0Do A 7 @ #S 2ig A &
< HA(T~16T)Y 01 & GAl 12L:12D FHA A 37302, 24L:0D(2.41)2} 0L:24D(2.95)
z7d v8) E& 3hs B

_l

1_.
n
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Water temperature (°C)

a9 14 w3 FF7]0 g Ao Al A ARE

[
(=)}

E 9. 23 FF7)od WE 7R 0 &

Photoperiod Water temperature interval (C)

7~10 10~13 13~16 7~16
241.:0D 3.19 141 1.15 241
12L:12D 513 1.70 1.35 3.73
OL:24D 3.40 1.74 1.28 2.95

(1) 79 gEYo} wjAd

(7h A2le] mE TAN ujd

o7 X9 F2o W A2 A AZME W TAN Wi &9 4z e 1 A3
a9 159 & 100 eI A4 Al AZME Hit TAN A& F2 9, 10 18
13ColA 27t 6.3~12.1(9.3+0.3, meantstandard error), 6.4~14.8(11.0£0.4) 18] 7.1~
15.6(11.9£0.4) mg TAN kg fish! h'2 YelY $& 5o uet Z71stdh 43 vid &
(L9 16)S ZHZ} 225.3+6.7, 267.8£10.2 L&) 3l 286.7+20.3 mg TAN kg fish! d'& e,
9Tl wliaf 11T 13C7F 22 oF 1L.1gvie}r 1.278) F7FstAth. o] 3] Aol i+

Aoje] A A A B Uzt BF TAN HAEL £ Aol me} BE 7o

B



o, 9T Ha] 11T 13T7F F23HA (P<0.05) S718tA AT, 11T 13T olE X}o)
7F 4tk (P>0.05).

25
—0— 9°C
—e— 11°C
I R KX ¢
S =
<
h‘T:
£ 157
-
g2
5% 10}
Z =
< ap
= g
N’ 5_
|
0 1 1 1 1 1 1 1 1 1 1 1 1 1
8 10 12 14 16 18 20 22 0 2 4 6 8
Time (h)

9 15 ol mE Ao dEYol M E

E 10, F2oll W iAol gryel widE

Water temperature (C)
9 11 13

TAN excretion rate’

g 9.3+0.3? 11.0+0.4° 11.9+0.4°
(mg TAN kg fish™ h™)

*Values (meantstandard error) with different superscript are significantly different (P<0.05,

n=39).



400

300

(mg TAN kg fish” d™)
[\
=

Daily TAN excretion rate
2

9 11 13
Water temperature ("C)

I8 16. 2o W& dFXoj dY d=EYo} ujAdE

(h AHE FFe @& 4% TAN 84

Feo e g Xoje A% AIZtY H TAN wjd &9 I3t €y 0 AxE O
g 173 3E 119 YeRATh £ 9, 10 283 13T EFoA AR T3 FAl TAN
A Eo] FrletAth. & 9T A9 As FFo ©OE AF A TAN HiEELS
12.5~40.7 mg TAN kg fish! h' W R o H 23.0£1.1 mg TAN kg fish' h'Z LERG
o A WA AR FEo] o] Fojx 08:00A FE TAN Wi &2 F718t7] Al&bs] 35 24
ZHZ, 10:00 h) 3o A WA peak ZEH(HT 28.9£2.0 mg TAN kg fish' h'")S HIt} o]F
TAN HiAE S ZH43 At F HA(F, 16:00 h) ALE FFo] o] Fo7 2 AIZKZ, 18:00
h) & % WA peak FL(FT 38.0£1.9 mg TAN kg fish! h')S HATH olF 7437 Al
Zhste] wiA 9k ALR FE 14AIZE ol A MiAER Yol th £ 11T 13T Y

7_'

AL A3 ANZIY TAN 825 Z+7F 9.4~59.79F 20.0~78.0 mg TAN kg fish® h'! 9

s H3C tﬁ, N7V Hd TAN w2 &S Zh7b 31.6:1.63 45.4+2.7 mg TAN kg fish' h'
2 Yehg F& Aol uet fosA S7FFthP<0.05). 45 U3t TAN A #Ee
T 9T TYaA F2 11T BCAAE AR F5H FA F718t7] AlZse] Abs
el (5 08:009} 16:00 hyo] ©]Fo]zl 2A1ZF (F, 10:002} 18:00 h)oll peak #h= H T
T2 11T A% A AR} F HA peak ah2 ZrZb Ht 37.4+£2.29F 52.9+4.0 mg TAN
kg fish! h'o]a, & 13C9 A$ 22k B 68.1x1.49F 77.520.3 mg TAN kg fish”' h’'



Z Yety 9T m A2 11T 13T A= F WA peak ako] A WA peak #FET}
A YESTH

AR Fgdd wE A% I3 HE TAN w2 ES £ 9, 10 18l3 13TCoA 72
564.3+11.5, 784.4+44.5 18]l 1122.8+53.8 mg TAN kg fish! d'2 Vel & 5o o
g oA F718IATh (P<0.05). AFHT Aol Tl TANCE ujAd, &4xHE dis
F2 9, 11 283 13CoNA ZZh 43.9+0.8, 46.4+0.7 1213l 48.4+1.1%= YEFE 9T ol
Hg 11CeF 13T &4 Hl&o] FsiA =kom (P<0.05), 11T 13T+ =kl 7}t
AT

ool Ao & 9, 11 g 13T EF F He A5 Fgo wzt F A
TAN HIAE peakE B A HA Btk T HA peak gkol A E3oHW, AlS FF 2
AZE & peak HIAES BT =2 5ol wgl TAN vl Eo] Fo8A F71stH o,
A Aid Wiz A4 E4 ¥E 9T His 11T 13T7F 9F 2.5~4.5% =4 e
et

£

100
—O— 9°C
sl —o— 11°C
£ =
o>
SE oo
~—
5% af
z &
= &
~ 20
0

8 10 12 14 16 18 20 22 0 2 4 6 8
Time (h)
a9 17 o mE 7Aoo & dEYol s E] d3)



E 1L g2 & T X9 A% AT dHEAAL HA TAN ujAd &

T Daily intake N TAN excretion Daily TAN TAN loss
emp.
P rate (n=3) rate (n=39) excretion rate (n=3) (n=3)
e mg N mg TAN mg TAN o
kg fish! d” kg fish? h™" kg fish’ d" ’
9 1288.1+47.2° 23.0+1.1° 564.3+11.5° 43.9+0.8°
11 1688.5+75.0° 31.61.6° 784.4+44.5° 46.4+0.7°
13 2316.3+78.1° 454+2.7° 1122.8+53.8¢ 48.4+1.1°

" Values (meantstandard error) with different superscript in same column are significantly

different (P<0.05).

. 1%

(1) 7ol Abs ALHlE

offel 22 WesEe A4, Hol Ao mE &3}, i v 3 A k=9
E 3 &2 tAR W ol HHAR GFe Hor, ANt o R M £ W9

oA 25 ol wet AdH o2 F713th (Forsberg and Summerfelt 1992; Tytler and
Calow 1985). & A3 A3 & A2 th7 A9 thAES /M7 JAARE 2838t
Fom, oA AT Ayl XA (Paul et al., 1988; Hanna et al.,, 2008). Paul et al.,
(1988) 185~225 g9 G. macrocephalusE W O.E +&& 3.5CoA 7CE FsAZE 7
$ Fe Aol wEk A AvEe FXAAH[OCR(MO,; g' h')=23.45+4.789T, r’=0.99]0. =
7ttt B 13519 9™, Hanna et al, (2008)2 Aol(H+ FA 1.5 kg)& WGOoE 4T
oAA 11TE A AT 28% AtA Av]Eo] F7Iital BRIstR T Schurmann and
Steffensen (1997) 22 & o7 thA ¥ 7 (Gadus morhua)s WG = 3 A3 ol A
5C 4+ A5 61% 4tA Av]&o] F713hH, Pérez-Casanova et al.,, (2008) SA] 10Cel
A 2CE 445 249 289 ZV13ttn Bt @ 5(2009a)S et e WA
AF A= (Platichthys stellatus) XA FA 374 & WFOE T2 4TofA
19CE A5 A9 oF 268 Z713cka B80Tk Jonassen et al., (2000) HA] WA
o]ZF<l Atlantic halibut (Hippoglossus hippoglossus) X 1(Bd FA 11.6 )& o2 F
oF 1.3~148] SrMetty Busigch B Ao A¢
F2o] 7CAA 16TCTE AT A5 FF7] =dol wat oF 1.6~2.68 thAbEo] F713st
= A% = Yt olet 22 Xol= A F, A7), A3 &, FF7], A4 713 17
H}
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2 Yedt} Biswas et al., (2002)
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o} 71 1999)0l = R Slom,
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T Adel AXFFATHEL 7 1999; & 5 2006; Jonassen et al., 2000). ¥ A3 Az} A
& w7 2AMA FE oA AHE&E B Wk, Biswas et al, (2002)& U Ezety]o}
9] o

749 33F7] 3L:3DF 6L:6D Z7o] 12L:12D AR 2+ 20%9}F 14% T =& oy
AE ARFFITL HAsHET o]5L Wi B Wy AU Ag ¥kgg 71453
AlA o]Fo] 54 == AA BB TS vH ¢ B oquyAE A¥E F At

Ou #2 T2 o= dd A A3y wkgo 4&S A% FAFEY A
2 7FS YEPAT (Spanopoulos-Hernandez et al. 2005). & A g o] o]Fof
ol A FF7)ol wel Q) S 241~3.7322 YERY}, GOE ofFoA dutz oz HuH
2~3 W (Fry 197D FAEAT Y o< O
(2008) AoJ(1.5 kg)2l A% 4ToA 11TE 24T AS$ 159 0 #S HA3H,
Paul et al., (1988)2 WA o](185~225 )¢ A% 3.5~7TC <
ST Schurmann and Steffensen (1997)2 &2 & oA/ MY tF26~35 g9& U2
2 5~15C HYANA 2.129 0y S B84, Soofiani and Priede (1985)% 31.5 g9
AsF dFE gz 7~15C HAAANA 1.932] Q) &S R3A T} Laurence (1978)
= 36.0-2684.8 ug2] tAY TITE HFSZ 4~10C HANA 5312 &2 0 #S X
g v Tk olef ZE Aol AYPo] o]Fojx £ WY, AF WH, o4F, A7 H
2 27 Sl 710% AeE AzEn. B A3 A9 M @2 2 1A 7~10T
AelA 7Hd =2 01 #(3.19~5.13)s BPom, o]de] A th7 (Saunders, 1963),
Gray snapper, Lutjanus griseus (Wuenschel et al. 2005) 183l E(L2} = 2006)¢ 23}
o frAtetth wEkA tiT Aol Fo] ASEr] AlEsteE Sl w2 tANE ST
7F o=, oo ©E A §E4A HE 9 ANUA & ©E Hol Fo] FE]
o]Fojxol & Ao AT

ool Ao i FFIE tF Aol tiAEd AHA

e
AZFJAAZ AGIGOr, 7 Aol BE A PSS AxE
o

il

0L
do
2
>
N
i
Lo
©
)

B K

e

Fe TA

rr
R

gz82 a7
9 AR Y oldA 2TF 5 0T Ao A% BAES AT ABAA AR $8Y

o

91 7ol

@ B7e gmyol WA

49 An Fee U xolo AT AR FFol wE rmujel wjde] A
A FFE vF oy, ojde AF A}t LAFHT (Cui and Wootton, 1988; Cai and
Summerfelt, 1992; Forsberg and Summerfelt, 1992; Tanaka and Kadowaki, 1995; Leung et al.,
1999; 2 & 2009b). AAlo] w&E <dRUYol wjEdE ofF AA AW o]3ztE
(catabolism) F WAFS] A (turnover)oll w2 WA (endogenous) HIA (Jobling 1981)= L}E}



e, A2 7|13 F2, ofFo weEl theksiAl UEhdth 2 F(2009b) 22 WA o
21 42.4 g9 starry flounder (Platichthys stellatus) X915 t2Fo2 3Lt A2 3 F20]
10, 15 2813 20CE sl wak Z+2F 109, 11.2 2213 12.2 mg TAN kg fish! h'Z
7kt A9E Rastgn. Axuele] 493k UJdAg widE JA 258.8~290.6 mg TAN
kg fish! d'2 UEY B A3 2253~286.7 mg TAN kg fish' d'¢} Ao FAstg oM,
T Aol et FUkeke A3E 2 Kaushik and Cowey (1991)9} Ballestrazzi et al.,
(1994) GA] B F9] AZHFE A E B3k 100~200 mg N kg fish! d'¢] 47+ W
AA Ha mEERE FASHA Yebgth ol AoelA 42 9Tl Bl 13T Y
A4 TAN HAHEL oF 127H] F71etR o, o3l 2 A5os e A 8%
< Ay ofu|Abke] ol -3} (deamination)oll &3 BFEAHO R FFHHU+= AL YE
T} (Forsberg and Summerfelt, 1992).

AR AAHE AR O BUES o3} PRl duyjcl M AU JF
] Xt (Brett and Zala 1975; Kaushik 1980; Ming 1985). <, €& ©wd o] {ld mE
AW AsH289] A3 TAN i S4- o2 F71stH (Kaushik 1980), o5 2 HAHAF

A &

a3 2 ol wEt A A 2 ey F& Aol WE AF TAN H
o F
(Epinephelus areolatus)(Leung et al. 1999b), Arctic charr (Jobling 1998) “1E]il starry
flounder (2 5 2009b) SAANE FL3 A5 BT
AR FE F UEide dRYol wjd e d3t e ARS Al2" U g A7) F
= 2" U £ AYE A 83 AHRE A FIHoh(Porter et al., 1987;
Forsberg and Summerfelt 1992). W4 TAN ®lAES] <3 HEHLES £ #AAGlol &
H3lE Rolx & WHH(Brett and Zala 1975; Kaushik 1980; Clarke et al, 1985; & %
2009b), 4% TAN HlEE9 <43 HEd2 Als 5 Wl TS = A= YER
o gHkx o2 A% TAN HIHELS A5 F3 3o W} unimodal ¥+ polymodal 2]
£4 HQltk(Kaushik 1980; Kaushik and Cowey 1991). ¥ 23 o] AL F W Ay FF
& 5 W TAN ®j4d peakE HA oW, B5F AR & 2AF & YERI 5 HA peak
#ol &4 =A UEFSTE Dosdat et al., (1996)2 sea bass, sea bream (Sparus auratus),

7F= minnows (Phoxinus phoxinus)(Cui and Wootton 1988)%} areolated grouper

turbot (Scophthalmus maximus), brown trout (Salmo trutta fario) “1€]3L rainbow trout
(Oncorhynchus mykiss)S ™4 OS2, & 5(2009b)2 starry flounders 3oz 1831 29}
#(2009)+= dark-banded rockfish (Sebastes inermis)E W32 F ¥ Aty I3 & F #HY
TAN 8] A peakE #F3F oMW, T WA peak= 3 HARG =ty BRsdo. I
peak A ZF2] 739~ sea bass, sea bream, turbot, brown trout :LE] rainbow troutS AlE &
3 3~5A1ZF ¥, 18]3 starry flounder= AR 3 2A1%F & 18]30 dark-banded rockfish
T 6AZE Fofl YEhY o] T wet t-E Z3#E B AT Lied and Braaten (1984)% 22



& o] 72l Atlantic cod (Gadus morhua)s W’Fo.2 3+

roi‘
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ot
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b
o

3 5~6A1F & 3 WMol TAN A peakTte] YEIGTHY R U3HTE Arctic charr
(Lyytikdinen and Jobling 1998) 712l F&(L & 2004) HA 3 WY Als &5 % 3 W
°] TAN i peakE B oW, 242t AbE 5 2~3A1%F 183l 641 & AT TAN Hj

a5 2
AE =23 B wEA AR Faol
Sk AIREE ofF, 2, AFTE 2AY 4 AR T
AH, ti79 B¢ AR Fwol ol Fofx 24 +
7} o] FojAqE Aow ATHT
2 Ay A I‘JHL 20)E e wEt dHT AR U FA9 43.9~484%F TANS
2 st on, deol et Skt WA oFQ] starry flounder HA
10°C o] 1l 2ocoﬂ/ﬂ 5.8%Z TAN HjA H]&o] 271818 0H (L S 2009b), waueyeA
$ 20Col Hl&] 25TColA 29.0% (Forsberg and Summerfelt 1992), 12|31l dark-banded
rockfish (22} & 2009)2] A% 15T vl&] 25TAA 55% S/t ALZ Yeh}
A AHRe FASIAH. olet Z& A= WA TAN ¥l &3 VA2 & A
°og2 fid 52 A YA aF7FS AFHAT AR W ofr4be ojg A g o w HF
AL A3 TAN vl Eo] S713 o2 Adn
oo AiollA F&& T AojY AAF} AR AHFH o @WE HIA Z 4F TAN
iAol folgk F3FS mFTH 4% TAN HjAd ﬁﬂ‘ﬂﬂr A e ALS Al 2H]
oto] A5 WA g & AV @ S AA 9 Fist e
s X

I T Ao AR dFe mAe Ao -’FXI e A% F8T A

6
% Hu) TAN W2 Ee =2
aelw 37) Sl wet g
b AlzEl U AT

rf £
Sou i
ST

r
>
i
oft
rok

S

re

A

A E 1€ 16901¢

3 TE)Y 39 493€Y 3 FE) 7 A FYste Adel ol &std e, gy 9
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O9 18 A oFd di7 FHES} 9 WEE

() AERFTFA e 44E
1 169l w3t AdA¢-2 Holedo]l € U7 FEE 419 dI5=(T7t 2
m)oll Uhro] 3047 A AES AT AEAEE E 129 Zo] AlEF<l EP HY

?J/\}EOH 27t st 29 FEAS TR ) HITEP-L EP)% ) AFTE 3

507k FAol B MP/‘PE, be 4YTE nEols AVEFAL EFU MPA

B 5 % 4l AYTE Sharh APE BP ARE PR AV SR FF

NA AZFGOM, MPARE AARS FUAR, AAFFY, RS WEFE F 23]
ol ©

2 ol g AXSAKIY 19) AF ARE 20T WE RBFAL Bad Fnd /)
Wol Uzt 23 FHEFHA

AL AR YUt E BEAS 98 SRS AdUHEAEZHEA10T, 247, 2
2 kjeldahl HAATFH (Nx6.25), 232 APIH oz EX43Att. A2 2 Buchi

extraction system (B-811, Switzerland)S AF-&3}o] soxhlet FEHOoZ EAsIHT Axd
AFE AR AEFFS F 129 Zo] EPAIETE FA4lo] H 2719 AFAEE FEO]
°F 16~17%, M Ao] 54~55% FFolRoH, MPALR 27FA& F8°] 45~49%, =T
o] 50~51% FEe AR



E 12 AEE AR Wie e (291 = %)

3 gggq) (li,%: ;,i}) =N L Fr 7
EP-1 - _ _ g5 15 100
EP-2 - - 15 85 - 100
M ® 5 - - - 100
MP-2 50 35 15 . i 100

O3 19, AL Al Ax



13 A9E ABo dugE (9] - %)
Dry Matter Basis
Moisture

Crude protein Crude ash Crude fat Carbohydrates
EP-1 1779 £ 0.12 5546 + 0.18 12.01 +0.13 12.23 20.30
EP-2 16.52 £ 0.50 5452 + 0.82 11.72 + 0.13 11.73 22.03
MP-1 4537 + 1.80 51.64 + 0.34 9.85 +0.15 12.77 25.74
MP-2 4962 + 0.26 50.55 + 0.54 1241 +0.21 16.24 20.80

® 14. A FE L7 AFSS Turnover Rate

EP-1 EP-2 MP-1 MP-2

] 10.66 13.22 14.08 12.34
(8l/day)

AHgre FANSTATAEANA HFS ASTE ©l&s8td FFAHoE ASSIRS
, Y7 AA54 F5 % (Turnover Rate)S 3E 149} 2o, A}
2zt 238 SAsI oM, 30249 ASTIE &

= 5
Fe 79-84 mgll, YEEE 339 psu SHFAHA AT AHLS FAFATHE 15).

F 15 AV = HA FL, 24, GEE

Water t?félferamre D1ssol(\$§L(;xygen Salinity (psu)
EP-1 53+ 0.3 84+ 1.1 339+ 03
EP-2 52+ 0.1 79+ 09 339+ 03
MP-1 51+ 0.1 79+ 0.8 339+ 0.3
MP-2 51+ 0.2 79+ 0.6 339+ 0.3




U, ds

(1) ZEANE o83 AA%t g7 Hol &

1€ 169 13(1€ FNEE)E F 498 kg 8777129 I+ £EHE £831o] 123¢3E
135 kgo| A2 S FF3A L, 62.7 kg (4oertehzE AAsHE T oluo] =8-S 46%
2 Uehgth v, 39 49 23G9 SHEE)E H)e ot 2EE F 715 ke (1,1240)
ZHOo 2 76Y3T 87 kgo AEBAMTE FEAOU 525 kg (684rtE) o2 FHASHITHE
16).

19 S35 E A4 Hd DA 18.43£1.29 em, HF AR 1525+1.12 cm, F AT

of

e

A
56.81£13.51 gol o, 479 Fal Z}7; 21.62+1.23 cm, 17.77+1.02 cm, 95.95+20.85 go &
et olF 130Y0lE ZH2E 26.26+2.88 cm, 21.47+2.37 cm, 154.35£57.59 gO. 2 A
Fetaa, A 713 dAARAELS 0.81%/dayS 7] E3Hch v, 39 FEHE JAA
o A 19.50£1.11 cm, Hv AF 16.00£0.95 cm, H AF 63.60£12.58 gollA, 74
N ZkzE 21.70£1.45 cm, 17.58+1.14 cm, 76.81+20.54 ¢S 2 A, ojufe] L%
2 025%/dayE 71 =3FATHE 17).
ojdel A% AxE BH, 19 T TR
}

o] dUYAPAE 0.25 %/dayRt} oF 3u) ©]A

O.N

1 T T

o
i

A AE] 0.8] %/dayE 39 7+ FH

A YESTHE 20).

i

# 16 Holesd A9 AneadH AEE

d

Krill .
Total Weight  No. Survival
(ke) of fish N lf;;ed rate (%) ~ Remark
i AbS 27
19 =718 Initial 498 877 =5 3
o 135 46 = H A
(1€ 169)  pipgl 62.7 406 w3
o] ==y Initial 71.5 1,124 Z7]1H A}
- ?ﬁﬂ 87 60 MA
(E 4%)  Final 52.5 684 2 9]
17. AFS71ZE] W& g+ 859 A A
AFS-712F  Total Len Body Length  Average Weight Daily
() (cm) = Yam) @ - Crowth Rate
(% May)
19 =7 - 1843 + 1.29 1524 + 1.12 56.81 + 13.51
=9 47 2162 + 123 1777 + 1.02 95.95 + 20.85 0.81
(1€ 16%) 123 2626 + 2.88 2147 + 237 15435 + 57.59
39 =31 - 19.50 + 1.11 16.00 + 0.95 63.60 + 12.58
ES 0.25
(3%5 jo 76 2170 + 1.45 1758 + 1.14 76.81 + 20.54




0.8 +~

0.6

0.4

0.2 &~

Daily growth rate (%)

() AR TR WE BEE

AMSEE A F 183 Zo] AP ANFA A4 AP tiTte BHEAFol 143~147 ¢
Mg om, 308 Fo FTEAE 152~159 g FFo2 AASAY. AITE HEES
X EP-1, EP-2, MP-1, MP-2 A& FollA 247} 99.1, 96.1, 98.0, 96.0 %= =7 YEMST

Abg 71%E T AMRESS 1F 219 YERAT EP-1, EP-2, MP-1, MP-2 2379
AN AREES 47 12.80%, 12.37%, 26.27%, 40.38%=2 EPALE S H <l *—CW%LEE} MPA}
€ 4 AFFANA L3 =2 AAREES BAT 53 MPAISY AE€55d3
7Fet MP-2 A TFANAE 40.38%Y AFEEES UEtH o] EPAIRE Hl AFTET 34|
o} ESktew AdF é‘?ﬂg A7FHA] & MP-1 AP THRTE 1.58] 7}F %—;—ﬂl e
ot Yoyt ABAFF S ASHE 71F0 2 EP-1 AF ) 7,035 g, EP-2 AF T} 6,037
g, MP-1 A&7} 4,045 g0 MP-2 A&7} 3803 g <=0 & o] HFH3Hh wekA EP
AGAEE B S AFASHAT &880 SR dol HAE] HE Ao AdH
o I A3 4 AdTY SFTEFS EP-1 APV 9005 g, EP-2 A@TUF 747 g, MP-1
A F7F 1,062.5 g, MP-2 AF 7} 1,536 ¢ &2 YEGT

AETE A EL EP-1, EP-2, MP-1, MP-2 A& oA 0.17%, 0.16%, 0.23%,
0.34%=Z YEPGTHIE 22). A5 E&3 /X2 EP AHRE F3% 7 ARG
MPALEE T3¢ AP TFAA £ dY894ES B



AT E dYAEFHFES EP-1, EP-2, MP-1, MP-2 A3 ol A 1.34%, 1.33%, 0.88%,
0.83%% UEtY AT 7IEo= MPAPALR Hls) EPARALRS] FFE°] =7 e
WL 23).

%18 4F AR A A3

EP-1 EP-2 MP-1 MP-2

Experimental Duration (day) 30 30 30 30
Total Weight (g) 17,010 14,741 14,796 14,488

Initial No. of fish 115 102 102 101
Average Weight (g) 147.9 144.5 145.1 143.4
Total Weight (g) 17,760 14,900 15,650 15,430

Final No. of fish 114 98 100 97
Average Weight (g) 155.8 152.0 156.5 159.1

Diet Ingested Wet Weight 8,558 7,232 7,404 7,550
(8) Dry Weight 7,035 6,037 4,045 3,803
Mortality (No., Weight) 1, 150.5 4, 588 2, 208.5 4, 594
Weight Gain (g) 900.5 747 1,062.5 1,536

Feed Coefficiency 7.81 8.08 3.81 2.48

Feed Efficiency (%) 12.80 12.37 26.27 40.39
Daily Growth Rate (%) 0.17 0.16 0.23 0.34
Daily Feeding Rate (%) 1.34 1.33 0.88 0.83
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oo #gol UM AAL MAE AFxod ASAZI= H U HolEd

TR R sjAsord HAAoltt HolEUS A= A tHFolFY HHelsAda
&3 AAHol ek Q1FAE HolE A FFSHA AEAAoF . FITMAX R, Siganus
rivulatus® 73-% AWzl F&st] 2R/ dx MiFAEE 3w FEAA Hel
o] 7Me3td A, 7HFEldAE AZE pellet AR ETE moist pellet & 352 o 4%
=ty RuEdl Qo (Kissil, 1972). 3™ F7FA X, S, canaliculatus®] 735 A4t
Tz &3t Yol BYS 7] A8l e, ZEs sxFE 109 F
N ZHFAIE S T8t HolElo] 753U TH (Hwang, 1999). ©] Ao A= x
o] A& 4o wet AA4E Hol2 A5 o] &3ttt AA4 o
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@ 74 feloz ULk toprt 2719 £ A, AA A7k AL £
o] ¢ ul o}¥W 3¥ FHE ARE XAVE VT UL, AFANE A2 2
Aol 5

S duFez Z wolHx ooy, AT MAEE & WwoUE @4 Rt =%
kA4t g FBS & R B A7 9 dEEde 28y 2L &% AF o
FES A YT geta AdL T FEE AF ASEY] fEiAe 2715H
FastA mFAEE FFete ARgE IEASE Holok S0 g HEAHS 4
= T AAE BFAEE HES Y XA 7= Aol a&Folgtn AHHT

7b 1239 R 39 FHO 76dET Alow, Agax A4 F dFd ek HAEe
B3t7] wE el

g FR WE AAENA 0¥ MPHAAS(FEETF OF 45~49%)2 FFatd
AR HT S $H= EPAY & &
e Eokom, dYASFTHES EPAFAE MPAFARRT 158 F& E9kth o
g Ave ATMFAREPS] Az FHNA e, WPFoR ABAR
extruding process 5782 A Abzol 2dd @Wid AJEo] A WY Ho
34 2YW oz YUY 5 Auk dopl tiFE AsHelFoln, 1 A B ASA
Y= 56T Agold APe FAs] vTe) Bud pojas Byol vl v
ashgo] BFEAS Aoz FAHSAT webA FF i FAelA As g
sixst ol g4 B AT AT okgE HY Agsed UF A/t BaF A
o2 ATH AT

oL

4. 7o FRFASAES} Ho|FF3F

7h As g2 Wl

(1) A5 90 go th7 Aol AA AFHEE

Aol A o] AbaidolA FAHo g ofgd AR HA 21.9~259
m (A 23.7+1.21). AF 80.1~127.7 g (BTAF 98.5£14.8 g) He AL 1007}z
Ao 23l F8UE 0.5kg /120L (n=5), 1.04kg/120L (n=10), 1.6 kg/120L (n=15)
T8 2.2kg/120L (n=20) Y7ol 23] WHE it kst 4.2 kg/m’, 8.6 kgm’,
13.4 kg/m® 18] 18.2 kg/m® VENAI T

A3

o

it



A2 2008 49 28U FE 68 9U7MA 673 JFHUT. AHFx2e= BAMDEE PP
(polypropylene) = A 2]3F 2| AHZFF2 (60x40x55 cm)® o 2(50x40%120 cm)ES
oA 2] AFFA S o] B3R AASFE S 22 A ST e
(JC-100, Korea)E ©]-&3te] 8.0+05C2 ZA3HTh &2 32.5~34 psu, DOE 6.
ml/LSA 3L, pHE 74~8.1 HAAT Hole ¥saAES 1¥€ 23] 10:009F 14:000]
ATh

ARPoje 2 FAHALE oA S AASATE oA SA Holl 2441 AN F
MS-222 (Sigma, USA) 30 ppmO.2 w3t AAL 1 mm7MA, AFS HAAA LS (AND,
GF-2000, Japan)Z 0.1 g7tA =43t}

-

A2
377
8~17.9
Cl

T3

() A5 170 go 7 X9 A AAFE=
AdolE 20099 1€95H 5€7HA AHE AT 2358 A AXEA 8T |
WA Ao} (171.9443.3 g, NOAA, 2010)2 =3l AT PN SFAEANA A

% ABATARE 2¢ B2
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=
e
o
oy
r o
o
>
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Y
>
4
ol
v
&
)

MAES AR

AEL 20099 102 22U HE 20108 2€ 19¥ 74HA] F 165 5% AAFHAG ALSS
FE o] 83HL, 16~18 /YR FASFAT F& dT9 A F
&3ko] 13T (T, 2006)°]1aL, AFAANA A2 4L 6-9 T (Ketchen, 1961) HHAUS 1L
sto] EXAME7IZERE AdolEEE FES] FASIHA ATl AR 222 A3
10.0£0.5C=Z AR oW, ol F2-fAol= electronic thermostat (DAC-302H, Korea
ol g3ttt 18a A¥r|t F¢ pHE 7.2~79, DO 7.8~89 mlI/L 1E1 HE
34.4~35.0 ppte WA FE&YUEE Atlantic cod, Gadus morhua®l 73-%- 2—40 kg/m’
o] ASEEAA AU APFNA AAEC] E 30 kgm’ o] FelA FAEC] A}
HAE A (Lambert and Dutil, 2001)3 =X AME7]17HE<E 15 kgm’e] WEZ AMSS Ax
2@go] AsHAl FAPA Ao A AAEC] T2 ALE AFFAA HAPS BT
71 98 27t 4 kg/m’, 8 kg/m’ 183 12 kg/m'e] 3 APFR At 23] WHE AA
AT (F 19). AP AL AEE ASAHAE WFAR (6.6 mm in mean diameter,
extruded pellet, ©|SHTA|FFF2AIAHE 1Y 13 7HE FH3RL, F5FS WA 71535

of AAREES FAEIAT

i

UEE o

+0H

3
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ol

ol
O



Aol o]gd BT

18 24,

E 19 ASEEC mE AFEAE He 283 AP

Experiment Replicates n Total length (cm) Wet weight (g)
Stoking density
(kg/m’)
4 1 13 26.7£2.4 (21.7-32.5) 149.8+45.0 (96.9—247.5)
2 14 27.0£2.0 (24.4—30.2) 157.7444.6 (94.0—218.5)
8 1 25 26.8+1.5 (23.9—28.9) 162.54£30.6 (108.2—215.2)
2 24 27.2+1.7 (24.2—30.1) 171.6+£33.4 (98.7—245.2)
12 1 32 27.6+£1.9 (23.2—30.8) 183.9+46.4 (99.7—280.3)
2 35 27.6+2.0 (24.2—31.0) 181.7+48.5 (116.4-284.6)




() 79 AAHo|FFIAT
ol FF3AFE Aol ZAE 2009 12€ 18I HE 2010 29 19¢ 7HA F 8
F T AAFAY. Ho] F3F 34= Atlantic cod®] AS F 339} 53] FFT 45l
AR50l a3 w A (Lambert and Dutil, 2001)S ZAZ, 2¥uit} 138 FF3I F 33
53 FF TR AASEA 23] WHE AASIAT (F 20). FEEEE 10 kgm'E

Atk AR S AT 170ge] tiTA o] o] AAHALS U = AL A 9] ALS
Wy 7 %%6}&"‘;1, A7) FeF pHE 7.1~7.7, DOE 6.9~7.7 m/L 183 FELS

% 20, Mol BFFol BE REAE o) 2T 29T
Experiment Replicates n Total length (cm) Wet weight (g)

Feeding frequency
(meals/week)
3 1 24 28.8+2.4 (24.0—32.6) 206.6+61.9 (102.6—315.3)
2 28 28.5+2.7 (24.0—33.8) 191.0+67.0 (92.8—328.2)
5 1 29 27.3+2.6 (23.4—32.8) 176.0£57.6 (88.6—308.7)
2

26 28.5£3.0 (23.3-34.4) 205.2484.7 (88.3—402.0)

. A=

(1) A5 90 gof W7 Aoje] A AFHU=

2008 4¥ 28URE 6¥ 9Y47tA] 677t L=Eo wE dige A AT AFL
19 259 Zrh AAel AAL AFAZ 2FFE AUE 42 kg/m’, 8.6 kg/m’ollA wE L
THE AT 134 kgm®, 182 kgm’ollA Ao =y} o|Fox e Hgko] HEE
o] HFFA 42 kg/m’, 8.6 kg/m®, 13.4 kg/m® 18] 182 kg/m’ollA HFAZLL Z}
25.4+1.3, 24.3+1.0, 24.2+1.3 183l 22.541.6 cmZE ARSI AWE A& FLoA A
STk (F 20). AT AFAS AIAZA 42 kgm’, 8.6 kg/m’, 13.4 kgm® 1|3l 18.
kg/m ol Al 100.4+11.4, 101.8+14.6, 95.6+10.1 121l 96.4+11.7 g olRom HAFHZEA I
ZY7ZF 109.5+13.8, 104.7+14.1, 98.1£13.0 123l 95.1£9.4 g & AAsle] A F7te] A%
FEUET GeFE Aol =4 e (B 21).

FZE5HE AFEFBA 9 42 kgm®, 8.6 kg/m® 183 13.4 kg/m*A A 2z} 76.0, 40.6
47.5g01 L 18.2 kgm’oll A= A2 QA AAS A EAY. HEE ZAbA AP=x7H
B 1UE AT AR BAEE MAIEC A717] AFStEA mEA=gurt '

. mao AAE YE AV A3 78 AT #HA o] 24 HYTh o)X H
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IUE AT FHAEA] AsAl UErY AdFTEA AEEL 72 80.0, 70.0,
63.3 1213 425%% ILE AP TFAA EA YERRT (E 21).
d F

ArEAF. QAR E, AN E 2 RINtEE E 219 YERA viel 2

o AARATE FEEEI RS E A UEUD AYE AT 42 kgm’olA 3.05%

&40l 71 =4 vEelgt 23y 8.6 kgm®, 134 kgmolAdE WX ulE

AEdS BEE = AT A ES 42 kgm®, 8.6 kg/m® 1813 13.4 kg/mioll A 2+t

T3 0.03% 2 AEE AFT 42 kgm’ollA 7P =A YERGT A37HA 2
4 0

A
1602 #EUES} HSFE EYa. MBEE A%
=

d

b

= 3T

o]
2 =
AP FoA A Aol WE AP AT

Initial Final

Stocking Weight Weight Surviaval
density Density  Total Body Density 1Tota1 Bo'di gain gain rate
(K8A)  (No) length(cm) weight ()  (No) UBT  Weight (gfish) (ghank) (%)
(cm) (©)
42 10 23.8+#1.0 100.4+11.4 8§ 254+1.3 109.5+13.8 9.5 76 80
8.6 20 23.7+09 101.8+14.6 14 24.3+1.0 104.7+14.1 29 40.6 70
13.4 30 23308  95.6+12.2 19 24.0+1.3 98.1+13.1 25 47.5 63.3
18.2 40 239+0.5  96.4+11.7 17 225+1.6 952+ 94 - - 425

-, A Al oF & AFT

L =4

322 AR mE ARAS, dAAEE A E, TS

Stocking density . Specific growth’ Daily feeding’

Feed coefficient Condition factor®

(kg/m’) rate (%) rate (%)
4.2 3.05 0.08 0.53 0.67
8.6 8.59 0.02 0.41 0.72
134 6.71 0.03 0.26 0.70
18.2 - - 0.16 0.83
-, A Aol <k & AFT
PARAT = AR ERETETE
P AR HEE%) = I(HAZAS-HATAT) AL Fx 100
A E %) = AR FFEx100/ [(AZATHHTAH S+ ANA )22 D LB 5 F



26

25 r

23 F

Total length (cm)

22
21 1 1 1
0 2 4 6
130
—=—A4.2kg/m3 —a—386 ka/m3
120 F —=—13.4kg/m3 —a-18.2 ka/m3

1o o

o | \—'/.

an r

Body weight (g)

0 2 4 6
Rearing time (Weeks)

a9 25 ARl wE e A 9 AT AR

(2) AZF 170 g 7 Ao AA A5EE

AMSEEE Y3 oA ASAEEAE 19 263 F 239 UERAATH ARAA
ZA] AASEE 4 kg/m®, 8 kg/m® 1 12 kg/m3«] Hol7t z+zb 26.7+2.4, 27.041.6 1
2lal 27.6£2.0 cmollA AFFTEA] 30.9+2.3, 31.242.0 T AL 32.0+2.64 cm= A3 A,
A FL 153.6444.1, 167.0432.0 123 182.9+47.5 gollAl Z+Z; 257.3£60.0, 273.8+61.6 18]
a1 302.7480.6 g = AASH oYU HAAH AT BEF APFIHY /1Y zbol= gl



(P>0.05). & S5 HL (total weight gain, g/tank)S A HFEA AASUE 4 kg/m’, 8 kg/m’
283 12 kg/mPoll Al ZHZF 739.7, 1,399.9 1E]al 4,399.7 g0 & HXxAF9 77t 178, 17.1
283 35.4% F7FeFE A, AR EE ZHZE 48, 93, 16.6 kgm’ 22 FUISIATHE 23).
AEELS ZH7ZF 703, 73.6 183 81.7%%E AEE AP FoA =hoy FAZAH Fo Aol
7F A4 (P>0.05). QA FEANHNE 4 kg/m®, 8 kg/m® 1L 12 kgm’olA 22t 4.10,
415 183l 425%% ASEEVF 5255 AFEC] XA FAA 79 Aole #F
A Ut (P>0.05). YA EL 7+ 278, 1.36 18 0.90%% AUE AP ToA
A UESA, AR EES 316, 335 I8 57.8%E AEE AFTFAA A UEHS
U 5994 zol= AT (P>0.05). BITIEE AR &80 F/HE wEt & Ao
Huds AdTF 12 kgm’ANA 0912 4 kgm’2] 0.867} 8 kg/m’] 0.899 WISt =A U}
E}SET} (P<0.05).
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Stocking density

4 kg/m’ 8 kg/m’ 12 kg/m’
Total weight gain (g/tank) 739.7 1,399.9 4,399.7
Survival rate 70.0+12.0° 73.6£13.6° 81.7+£9.5°
Specific growth rate 4.10+0.12% 4.15+0.07* 4.254+0.14°
Daily feed intake 2.78+0.07° 1.36+0.04° 0.90+0.08°
Feed efficiency (%) 31.6+2.6° 33.5+7.0° 57.8+8.1°
Condition factor 0.86+0.04" 0.89+0.07" 0.91+0.06"

Values (meantSD) with different superscript letters in the same column are significantly different (P<0.05).

(3) T Hole AF ol FFIAS
Hol2FASE T AN AFAPATHE 19 273 = 240] BT A

o

o2

ANZA F 339 F 53] FETolA APolo HAo] b 28.6+2.59F 27.942.8 cmeoll A
AE ZFT A 304+2.68 LI 30.1£2.5 cmE AAdF L, AFS AH AFA 4z
198.5+64.4, 189.7+72.4 gollAl A FTF Ao 247.6£85.2 L8]l 246.2485.1 go 2 A3}
ou A7z FoFtols AT (P>0.05). FTTHS APTEAlN F 339} F 5
FFTNA 2zt 14317 18 A 17957 g2 HZAF9 16.9%, 20.8% =718, A
&2 frozate] glo] Hl3ATh (P>0.05). YHEAES F 53] FaF 7oA 047%= F
T TY 039%° Hla A Yetstou f9o ztole T (P>0.05). LM A E
= F 53 FET7NA 1L.12%= F 33 F 79 1.08%ET =hou FoAtol= /i
I (P>0.05), o|9t= HIE ASEEE&L F 33 FgToAA 564%= F 533379 50.0%
By =4 Yelgtoy fojztol= fIth(P>0.05). HITt=E 5 53] F3 7oA 0892 F
33] FET 0.84HTF EAINE F AP Apol= I (P>0.05).
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Total length (cm)

20

350

300 f

250

200 |

Wet weight (g)

150

50
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3

5

Feeding frequency (meals/week)

Feeding frequency (meals/week)

Three meals a week

Five meals a week

Total weight gain (g/tank)
Survival rate

Specific growth rate
Daily feed intake

Feed efficiency (%)

Condition factor

1,431.3
68.1+3.9%
0.39+0.07°
1.08+0.01°
56.4+11.4°
0.84+0.10°

1,795.7
68.5+1.9%
0.47+0.05°
1.12+0.06°
50.0+1.8*
0.89+0.31°

Values (mean+SD) with different superscript letters in the same column are significantly different (P<0.05).
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rainbow trout, Oncorhynchus mykiss (Bo#% 180g)2] 739 10-80 kg/m’H S0l A AR-&3F

A3 80 kgm'7HA Aol Thsdirha

X
o} (North et al, 2006). 224} Atlantic cod

s

o]
t}. (Lambert and Dutil, 2001). ©] &7-ol| A
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THE-9] 80%%] HMEE FFStE E d™ H 3 (El-Sayed et al., 1995;
Lee et al., 1990)ZA AW = 4 A& Aojth. & o] AFoA 2 AT g7} Hol&
HA gE W7tA HEORE FFT oA AUE APFAAE HolE AAY F A+e
71817} solubA] REES] 100%9] AFE7F AFH AT T2y Hol A Aol A% 1dx 4
PFoAAE NMAEE ALE APFANAET H2 o] AEE AT A7 79 H%
AHSA HAL AREEANA Fas AAE LS F AUE A
o2 dAddAn F FFTFAIAE FIUERE
9] 35.1%7} &7 S AMAEE #FE T 5 AT, AEEANAE 12 kgm'oll A
Mg E=Roy {9 Aole Tk I HIREAME 12 kgm’ XEE A TOlA
0912 7} E=Utt 9o AxE FT3) & o o7 194 vdoe AAZA A4k
AL A E 12 kg/m® o)A WEA ALS3ElE Aol Age Aog dAdHTT Olii
H dxe g RS olF i SA wat AFASEAAA Aol7t e
o8 E 4 glom, =3 22 ofFd JdojAx DA e AFHEAHL] WSt w}a‘r
ME zol7t & & A7) wWEe AR B E HAME FF AFDAA B2 HA
o3|
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o AAL AU AN AREES E& T
A= o2 AEVE FAEHE AARA &4 FE4
FAaE 98l 238t (Ng et al, 2000; Mihelakakis et al., 2002). Ht] A4S F=317]
EFF3TY 7|Evd-S channel catfish, Ictalurus punctatus (Andrews and
Page, 1975), estuary grouper, Epinephelus tauvina (Chua and Teng, 1978), “12]3l Japanese
flounder, Paralichthys olivaceus (Lee et al., 2000)°l| 4] o] Fo{Z wu} Qi1 Fo wat zFo]7}
AT Ao Z UEtSTh channel catfishe 19 13] Fg3te 2 Boh 1Y 23] 358 o
olg&o] ¢ il 3} (Andrew and Page, 1975), esturary grouperol| A AlE3F-2 2
of 13 Fg3st= Aol A¥slthtal 3t} (Chua and Teng, 1978). o] Fo ME zo|=

£ Aol & ZY H&=o] HYA= At AT AdAdd wE
a5 AFHEH A &o] HEoleE AXtel| e} F4d3 Alsgwe U A
& FFAZ 4 A (Holmgren et al., 1983; Lee et al., 2000). 7}AH]|
Lemon sole, Microstomus kitt= 5= 9.5~10.5 CHY A 72 AZF & 2] 88 T zto} A2
g5S AZSEATE Atlantic halibut, Hippoglossus hippoglossus< 120A17F o] Fo = A&
S MR =t ) o] I3 yellowtail flounder, Limanda ferruginea= <12 FE°l
Hl &l 7} 3}3’— 7ol 71°i 25 HolE A4 gthal gtk (Davenport et al., 1990). Atlantic
cod®] 73-¢- Aol B, I A4l Eud o AA7AIE 1 Alzto]l 4AQaH7] o
ol 24 ‘37%% FAAZ17] HsiA 2l 13] F5dte Aol A3 AR HiH nt
AT} (Braaten, 1983; Jobling, 1988). L& il /\}%‘QE 10 kg/m’o Al ALSS ] AlEE THE

i)

s



o8 F 23], 331¢ 5 3 E Fues 29l & AF F 230 3L W AAEC] ME E
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A oF 149 MATe] FEH TAH A AHARESE st 2HY
st T EES] ANAIZE Holo wEA WHEStHA FREHY ARE EYE
At 99 A9 Lambert and Dutil (2001)2] A#Z unlgtog
6 95 ASEE 12 kgm'olA F 339 F 53] FETE U ASAE @
Asol B4 Zole BFHA AUt HEEFLS 7 AZTFIY Zol7t glo] H
AN E 28 HTRoA F 53] FETAA =
%_g]z% zpol= 29l T}. A}gzgf% T 33 FFTFAA 56.4%=2 =4 e
Aol A F 33|19} 53] FFT Aol F
*3 o mgo e AA AARACH AL 18T AR
T 33 Fgshe Aol vEAE Zog AoE ATHT 1
st7] 1% ARFETE oAY =], AAsxdd wEt 2ebE
2°] (Wang et al., 1998; Lambert and Dutil et al., 2001; Dwyer et al., 2002;), &% Eﬂ:rl
AAGA O8]a Y AASEAd dEiAE ARFFITY BE&F Hele 4A
g a8t}
ol’de] A AFATTE ol &t AL dF 198 E FeE =3
e O E Pe e 2o HES A9E o <
A A AF AFLoE #AYUE oAfHE HolA T APz A&
E7}53bt}h. Atlantic cod®] A HH AR
ok o] 3 gkt (Jobling, 1988; Lee, 1988; Dos Santos et al., 1993). Lz{1} o+
T AEA TR FHL ol FoAA &g du. DB A FHA G A} =
oA AN QAN A S FATTFE ol &3t T Xl AsHE et AUe E TR
Wi F71EME 5o AL A7) {83 olth (T, 2006). A FUoA = oA} o]
EAsHA AEste Ao dARAQJ] IS 7 v e vi>Este Zo] Bad
dgoltt. olo wat -9 MV B4 AAE nHe A AT Hol g
AT7F ALZ o8 o] Fojxof & Aol
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4. AT g
L REDR

ol 27U B, HE 5 24 49 A28 @ YD T 4 A2
oA ol glalo] AHEL HAE Fol BATA} $A o] REEAE st
Sakepa soke] #7]#el tjeko. 2 9l %4 (Offshore culture)oll T Tl HEH T 9]
. w3, Akl M o SHA F2k olFolgta HHT 5 AAT A Fel ]
) Ag sl&o] aTHy) WEG, ARe AQoR F45 AALY e FEL FED
SABS AAFOEA At x]o_cem; TE 2R

= Eal

St 4 4 &2 2H (industrial cluster)

= %ﬂ 32 el #4971 A

I

2

X
|

Aquaculture’ 891 01]/\1 ‘Offshore’E IU| 2 H,jgﬂfs}@] A& 7]

=9 A= veugtet 28 At dsf(Zeh)E FAA R RS e, 1 olfre

FATE A 33E oWyt Bela AR F= 38 g~20080 2] Aol E BASaL

wolth. whahA, ml=ol A &8 A E B 9 (Offshore)oﬂ/ﬂ sl7] woll &

o7} A&ttt £ o Aok Ly ¢

g7t mEada & ¢ Aok FAEE Az dold # ﬂ:rLoi?j'ﬂ'E )Oﬂ"ﬂ 2] 3l &2
= Ao AR 217 #A F41L 40 m o)/delH, T Al FFAd A 3 kmo]

Moz o5, A9 4L ueste] o MRy gg Aty 1EL &

2] %

et
2

o
filo
rjg

steh = JAEF stk 28y vl A S0 7Hsdh 3HA s o] drk A=A
oA 57 Aol 2 o ow, tgFE &4 ZFo] sl AFoA vt =aE = Q1] W
ol A9d #¥A S 1HET HAEV 87 HE FiEolt

Oso 2 ‘gFolghe &olE dgdl BH, st A S Aietr] S Aol
= T Atk AR el AAT A|FAGAE 7| EA R AN I e 80
£ ARESaL Qlal, FE o /Nte g A E 2 WA Z|Qldth mEtA g sAES
o F, AAETE, A4, MEF, 18 8 FH FAE 1HITH, FEEAolgd=
&oj7F AAHE Aot =9 -5 FA ™ HE A= offshore aquaculture industry (2] 3l
F2 4, =), Aquaculture Industry (Y214, =290]) &7 AFEEH AL Ao

gebd, $edets daaage] ARLe veRgY Sold U@ Helr} $uHe
= Q@ = olof stk AZee], ool A/jshe BEL WAl Sl AR o
Aasts ole 4% JhTeE H8F ofF Ao 2HL T

FAH o2 8] FAo] BAS 71 F7He 109 el Atk deju FEAFYY
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AR 502 7454 | QAT 986 44,617
AATE 4,089,571 10,045 | SS9 121,355 6,383
IS 100,842 6,644 | A+ FY 1,307 7,083
IR 813 32,546 +Xr¥ 252 5,556
Uzesy 4,616 12,384 | ¥=7+53 22.540 29,593
@Il rd 42,840 15,543 | $=FIFE 1,474 34,951
NESH 52,644 7,515 I e 203,366 30,077
BIMATH 764,361 1,916 AAFE 2,681 15,345
Ry 200 9,004 | HETTFH 18 24,125
Ftry 28 7,464 FHTY 24,726 6,319
AR TE 167 15,477 AsTrd 83,776 11,208
NRAETY 83,801 14,457 | RAHA| S+ 294,423 15,611
ARk 31,971 18,316 el 1,286 8,148
XA FS 89 8,987 5499 32,065 21,478
E2ATY 28,228 8,417 | 3SteT T3 1,243 17,556
Sz 53 609,096 3,229
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oA AZF 0.056 kgZ7FA A8 == AZE 9 1471€94309) BEYA 5, 2007).
o]F 0.17kg7FAl Ao thik AZ=dolE7} glorg skdTddA 20093 10
229 FE 2010 2¢¥ 9L7HA F 16573 AP A FAHE Aol #I IJAA Y
(g) = 82T+165.7% HE&(A7IA Y& T, T=AMS71H/F)S 3t 0.035-0.040 kg/ €
o] AAE she AR JPEE oo wel oA 0.17kg7t Al F AQEHE A

S 1ITNER F=HH

A I 2 =L ) g
A Ao 20 cm "R (2F 70-80 g) VITHe] JfAl= EFo] FAH| o] o] &
o] B7Fs3ta 20 cm ©)XF HE dlFA ]9 7HAL §|& 7HAAfo|7F erng
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3E 43, AT Ay edE A

Auele Ael 278

A ARRZIbEE miE A
@ - Hlgo] Bol 5a1, A
A dgAoe] g g}

SR 7)Ee obF dAH R FYHEA e

1A g9 AMN &S o TYH G D AR

O % Aol QYoIA wge TA x7
Mg LA LPUEOR TRY 5 UL

O Investment cost
- Z7|FAFo] 82 ‘Cage-AquaPod’37]19] +FHE LS FU7HAT FaR| g A|ES

K

= A|du|go] olo] TEE, F BLL BiLA 20%E E3HY = 1,400,352,0009

o= 44d

¥ 44. Cage-AquaPod T-YHl&

T 1 T4 7} T =4
Cage-AquaPod 7,000m' US$188,000.00 3 564,000,000
A US$18,800.00 3 56,400,000
T H] & B 7HA US$20,680.00 3 62,040,000
>43 1Set US$30,000.00 3 90,000,000
27 US$257,480.00 772,440,000

SR ISETH 40FT ZH|o|U7E 67 Ba(F 1871), 71E&E : 1,000
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3£ 45. Cage-AquaPod A|AdH]| &
B 9 T4 l=d; T =9
=<l 193 US$500.00 30 15,000,000
A H] FEA 12,000,000 124 12,000,000
tholH 4 300,000 30¢ 36,000,000
A 14 150,000 15 2,250,000
A ] &8k 13 500,000 159 7,500,000
AR &8k iR/ L 1,500 3,0002] € 4,500,000
HEx] A 13 35,000,000 n<4 35,000,000
of 14 1% 25,000,000 1714 25,000,000
A R/ frRdsddd= 8,700,000
A A FF L FRAEWG = 60,720,000
vE=], o Q1A 60,000,000
#Fx ZAMY 1Set 1,650,000 79 11,550,000
Block Anchor 60ton 3,800,000 12 45,600,000
Block Anchor 6ton 450,000 6 2,700,000
Mooring Rope ;OgéZf; 1,500,000 12 18,000,000
Mooring Chain | ()Srglrf;;n;‘m 1,500,000 12 18,000,000
Mooring Buoy Set 1,000,000 12 12,000,000
7€l 4] 20,000,000 1 20,000,000

O A o7Yul&

- &AA hFA0] 20 cm IR (2F 70-80 g) "IWEe] JHAlE £ F o] FAFH o] glo] o] &o]
E7Hs 8L 20 cm ° He tiAIo ] 7HA 2 s &l ZARte|7) Jleu Ty
ey £4¢] HeE HsiA
IRT 2354,
Zo] £ W 199

A 76l e}

AAGE Fod F
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E 46, AYE 8 X o Y&
(& :9)
e L AYdge 1 Avgl e I
1 2,285,714,286 685,714,286 2,285,714,286
2 2,285,714,286 0 0
33 2,285,714,286 0 0
4d 2,285,714,286 685,714,286 2,285,714,286
5d 2,285,714,286 0 0
6% 2,285,714,286 0 0
7 2,285,714,286 1,028,571,429 2,285,714,286
8l 2,285,714,286 0 0
O AbEH| &

- & ARl oA Kol FPEIEH Eo] HI &} RN TP E BlEE ARG A
3N FAAFY AREFTFREES “HE”, BB, =79 3GAEZ UFUS
79 AAdlES =7 FEHE AR VNHET @l AsFAdES A=
AP AEFEEL oF 50%=E 7HEES &

- APAde] Az Ydehd ABAS 1.6 7S Aol dAHE 2 F ks
Fe 7o R AIEHI S-S AHE. ALR Y] 7HA L kg 3,000
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3 47 AYUE| 2 ALEH]

&

(@4 )

Augle 1 Avgle I Augl e
14 2,150,400,000 985,124,571 3,283,748,571
2 2,150,400,000 985,124,571 1,641,874,286
3d 2,150,400,000 985,124,571 820,937,143
4d 2,150,400,000 985,124,571 3,283,748,571
59 2,150,400,000 985,124,571 1,641,874,286
6 2,150,400,000 985,124,571 820,937,143
74 2,150,400,000 1,477,686,857 3,283,748,571
g8 2,150,400,000 1,477,686,857 3,283,748,571
O <1ziH]
- & A ATIEEE fAE AsiAE oF 3¥Y ZEAVE Fdasie, ZEA
A= ¢ 1,800,000 23RS

- oA Al SFFAFEH] Oxytetracycline (X EA4)E

T . A Oxytetracycline®] 7}4-2 10,5009 /kg &2
= 7.2kg 103 & 756,0004 0.2 243}

- 23 Jh%E SAN § AR
4%
- tholme] mge A 28 WAL

A 300,0009/21 4HA4 g

- Al 5l 2grlol e R Eat

,000 000

AHES 735 ©F 100g/1ton

AgEE

ofj

1 A5 295E A

o] Hagh

Ay
oFFHl

, 1,200,0001 0.2 A4
7H%°ﬂ °F 103 & 13 =34 H

ofo
rlo

o
fru

15 A



(h #JY 4HA
O Yrtdo=g af7tFe| g golA Tt HelS A% =9 v
I rHEgo R #PNAES, 1E&FEH Fo| LAT A=, 1H
o7+ 2l 7HF o F£FFE JRo7 oF 4] 60mol te= #gay
+ YA Be ASE AR B2 DE&FIHYL T3] mr|ste 49 #HY
£ flsted =3 %
O A A= EF3tA 7hHreAAdA AiEE FAEe Helo =z 4F
Aate. 24 Avel 2 AT ed)e ok x9 2
E 48 Aygled
(&9 9
AGE L 1 AvEle I Alvele I
1d 2,160,000,000 0 1,920,000,000
2 2,160,000,000 0 2,000,000,000
3d 2,160,000,000 5,400,000,000 4,500,000,000
4d 2,160,000,000 0 1,920,000,000
53 2,160,000,000 0 2,000,000,000
6 2,160,000,000 5,400,000,000 4,500,000,000
7d 2,160,000,000 0 1,920,000,000
8 2,160,000,000 3,600,000,000 4,000,000,000
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(vh #4723

O AYElL 1-1

QulA o2 AAA EGA

J

Fto] 9lojA B/CHIE(BCR) ©] B/C = 1, =EAZ7HNPV)

7b = 0 ,WH A E(IRR)O] = AFEANEY Ao AAHOZE EFg A=
HoAUZ L 1-1 9 AAA E443E A4HEd NPV -15,092.7302 0H T}
o, B/Cratiox= 0.442 &4 %ol 1HG ¢ 22 Ao=w ety TIE= § Ay
Elg% Aol e Ao E Fobd
49 ANUF L 1-1 AAA B4 23
LRl
H] &
#0179 equ R | j;; a
Al A H] & ol A= H] Y H| &-3HA|
0 1,400.4 0.0 0.0 0.0 1,400.4 0.0 -1,400.4
1 0.0 2,097.0 1,972.8 181.4 42512 1,981.7 -2,269.6
2 0.0 1,923.8 1,809.9 166.4 3,900.2 1,818.0 -2,082.2
3 0.0 1,765.0 1,660.5 152.7 3,578.2 1,667.9 -1,910.3
4 0.0 1,619.3 1,523.4 140.1 3,282.7 1,530.2 -1,752.5
5 0.0 1,485.6 1,397.6 128.5 3,011.7 1,403.9 -1,607.8
6 0.0 1,362.9 1,282.2 117.9 2,763.0 1,287.9 -1,475.1
7 0.0 1,250.4 1,176.3 108.2 2,534.9 1,181.6 -1,353.3
8 0.0 1,147.1 1,079.2 99.2 2,325.6 1,084.0 -1,241.5
NPV -15,092.73
B/C-ratio 0.442
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O AYg e -1
- AYEL O- 19 AAAR 4495 AHEH NPVZE -1,013.13 &2 Xt} 2o,
B/C-ratio= 0.9012 A =o] 1HT Zro} AAFo] gle AP E YES S

¥ 50. AU O- 1 AAA 24 Az

Mg
4 o
Agag | T g | BN R ey | WA o
il 71 EbH] &
0 1,400.4 0.0 0.0 0.0 1,400.4 0.0 -1,400.4
1 0.0 629.1 903.8 1953 1,728.2 0.0 -1,728.2
2 0.0 0.0 829.2 173.4 1,002.6 0.0 -1,002.6
3 0.0 0.0 760.7 159.1 919.8 4,169.8 3,250.0
4 0.0 485.8 697.9 150.8 1,334.5 0.0 -1,334.5
5 0.0 0.0 640.3 133.9 774.2 0.0 -774.2
6 0.0 0.0 587.4 122.9 710.3 3,219.8 2,509.6
7 0.0 562.7 808.3 121.0 1,492.1 0.0 -1,492.1
8 0.0 0.0 741.6 105.9 847.5 1,806.7 959.2
NPV -1,013.13
B/C-ratio 0.901
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O AYydle M- 1
- AYE L M- 19 AAAR EAZAAE AHEAE NPVZE 4,661.190 2 00X ZHA] UE
U AAAe] gle Ae® dotEm B/Cratio G4 0.7672 18T ol AA|Ao] gl

51 AUEL M- 1 AAR B4 A5
(he] aere)
g
2~ 0]
20} 9] N i ael
A g Sl ogmw |50 H) 237 RE
Gl 71 Ep] &
1,400.35 0.00 0.00 0.00 1,400.35 0.00 -1,400.35
0.00 2,096.99 3,012.61 231.11 5,340.70 1,761.47 -3,579.24
0.00 0.00 1,381.93 178.97 1,560.90 1,683.36 122.46
0.00 0.00 633.91 157.85 791.76 3,474.83 2,683.06
0.00 1,619.26 2,326.29 178.46 4,124.00 1,360.18 -2,763.83
0.00 0.00 1,067.11 138.19 1,205.30 1,299.86 94.56
0.00 0.00 489.50 121.89 611.39 2,683.20 2,071.82
0.00 1,250.36 1,796.32 137.80 3,184.49 1,050.31 -2,134.18
0.00 0.00 1,648.00 114.95 1,762.95 2,007.47 244 .51
NPV -4,661.19
B/C-ratio 0.767
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O AYyle 1-2

- AYEL 1-29 AAA

U AAACl g Rew

¥ 52 AU L 1-2 AAA

BEAANES 243 KEH NPV -6,721.742. 2 0B T}F ZHA e}

=
glorE] ™ B/Coratios 0.640%2 12T Zro} AR o] ¢S

Mg
4 o
Agag | T g | BN R ey | WA o
il 71 EbH] &
0 1,400.4 0.0 0.0 0.0 1,400.4 0.0 -1,400.4
1 0.0 2,097.0 1,972.8 181.4 4,251.2 1,981.7 -2,269.6
2 0.0 1,923.8 1,809.9 166.4 3,900.2 1,818.0 -2,082.2
3 0.0 70.0 1,660.5 135.7 1,866.2 1,667.9 -198.3
4 0.0 64.2 1,523.4 124.5 1,712.1 1,530.2 -181.9
5 0.0 58.9 1,397.6 114.3 1,570.8 1,403.9 -166.9
6 0.0 54.0 1,282.2 104.8 1,441.1 1,287.9 -153.1
7 0.0 49.6 1,176.3 96.2 1,322.1 1,181.6 -140.5
8 0.0 45.5 1,079.2 88.2 1,212.9 1,084.0 -128.9
NPV -6,721.74
B/C-ratio 0.640

— 108 —



O AYydgle 1O-2
- 29 AAA

- AYEle I BEMHANE AHEHE NPVZF -69.080.2 0XRt} 2HA e}
AA o] Qe Ao R wolE ] B/C-ratios= 0.99% 1XH T} Zol A Ao gL

® 53 AUE L [O-2 AAA B4 Ax
G )
H] &
T 2ol
Agag | T g | BN R ey | WA o
H] 7] EfH] &
1,400.4 0.0 0.0 0.0 1,400.4 0.0 -1,400.4
0.0 629.1 903.8 195.3 1,728.2 0.0 -1,728.2
0.0 0.0 829.2 173.4 1,002.6 0.0 -1,002.6
0.0 0.0 760.7 159.1 919.8 4,169.8 3,250.0
0.0 64.2 697.9 146.6 908.7 0.0 -908.7
0.0 0.0 640.3 133.9 774.2 0.0 7742
0.0 0.0 587.4 122.9 710.3 3,219.8 2,509.6
0.0 49.6 808.3 115.9 973.8 0.0 -973.8
0.0 0.0 741.6 105.9 847.5 1,806.7 959.2
NPV -69.08
B/C-ratio 0.99
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O AYydle - 2

- AYUE L M- 29 AAA

U AAACl g Rew

¥ 54 AYyE L M- 2 AAA

BEAA3E A EH NPVZE -1,877.752.2 0Kt} 24 UEr

=
totsl ™ B/C-ratios 0.892 1HTH Zro} AA Aol ¢l

Mg
4 o
Agag | T g | BN R ey | WA o
il 71 EbH] &
0 1,400.4 0.0 0.0 0.0 1,400.4 0.0 -1,400.4
1 0.0 2,097.0 3,012.6 231.1 5,340.7 1,761.5 -3,579.2
2 0.0 0.0 1,381.9 179.0 1,560.9 1,683.4 122.5
3 0.0 0.0 633.9 157.8 791.8 3,474.8 2,683.1
4 0.0 64.2 2,326.3 162.9 2,553.4 1,360.2 -1,193.2
5 0.0 0.0 1,067.1 138.2 1,205.3 1,299.9 94.6
6 0.0 0.0 489.5 121.9 611.4 2,683.2 2,071.8
7 0.0 49.6 1,796.3 125.8 1,971.7 1,050.3 -921.4
8 0.0 0.0 1,648.0 115.0 1,763.0 2,007.5 2445
NPV -1,877.75
B/C-ratio 0.89

O AYgleE=

X
B/C-ratio & 0.993% 714 AA Ao
Aol AFdo =z 71 A 4

O I8y & AFdel JoAA =E AY

4
o, Y S EY YA S ANT A AT A E42 A

= 2+

AAA BEAAANES vwsiEA AUE - 27F NPVELe]l -69.08,

| we Ao® Yeue, Ausle 1- 10 4
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B/C-ratio
0.442
0.901
0.767
0.640
0.993
0.891

NPV
-15,092.73
-1,013.13
-4,661.19
-6,721.74
-69.08
-1,877.75
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4 dsi7rreE 28T

O dubzio= ARjle] Z

ERGAS

O

st7] S1siM AR BohE
AA Bl olue A 7}

T2 0]

O ™+ a7l Aol diste] me) BT AAHe] JAoka steets A H o
2 39 1oy 71ed ddrbsAe] SR 52 XITH Aol Aget
A Zalgta & U

JI=% Bt

o AtH0 CHe =23 H= o A7t S7lsT AtY o AfEo| oiet 7|=H
ZuE Ho = HES ol HEY, g1l &8 48 7158 7o HE
E AMAZES 7ts) 458 87t 2014 87

> HZ-He| £ > 3uE @Y D) | > ¥RzAl

> u8-31 £ > BeAE X B Uny | | > Aexd Bt

> HIAZ7HK] $=38F > X|EZEH oeadt > =dant g7t

a7 52, AHE el Ad HrHEy

O AMdel HEAAFS Fotslr] g AYDAZA Falt i+ QsirtFel el st
o SWOT 4% 3|2, 7 H(Stength) T3 28 FA, o A A,
B 24, NFAHIS 5L AT ow, ¢F X (Weakness) 2.2 thTFEH 9
grolEg, FAES T L a5 HeF BEHxdoez A% I, r|&o
g1 5 APLQ HE 5ol %—Zﬂﬁh‘f AoE EAHAS.
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Al 2 A R FAE-oF
1 984375 E Be4 AR
$o]% mFojolE mFolmbel &3km, tiHY HTHFol (Thunnus

o]
thynnus), B8 FOAo| (Thunnus orientails), &% F &0l (Thunnus maccoyii), A1 %

A (Thunnus atlanticus), ¥+ (Thunnus albacares), T (Thunnus obesus), ‘&N

.E'
o]

T30y (Thunnus alalunga), ™ TH1 (Thunnus tonggol) 8% 2.2 HEFH T}
B8 & FJohEdol (Thunnus orientails), WA kol (Thunnus thynnus), &% FTh
o (Thunnus maccoyii)’t T8 FAWFFoIH, hAF Fhdol= F2 AF8] AL, H

G FoRels 2% A, ST Ed s EFAAM F2 FHEHL A

ot

o
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F 58 FAY FTF B 54 Blu
=5 37 AN T e Ao 2]
B oF Ho)eo] Pacific bluefin tuna 7~30 C 500 kg ©]%
A Fohsto Bluefin tuna 7~30 C 500 kg ©]%
koo Southern bluefin tuna 5~30 C 260 kg ©|
th A oo Blackfin tuna — 20 kg ©]7%
gosto Yellowfin tuna 15~30 C 200 kg ©]7
o] Bigeye tuna 11~29 C 200 kg °]7
Exdih= g Albacore 14~25 C 50 kg ©]%
Bl T} 5 o] Longtail tuna — 30 kg ©]%
59, Aol 7o A2 54 29
A 2 s o
EER; AT A% Lk
dE GREE nZ2 74 REH  AlX
FAE i o A el dAze
A7 5~74 5~64 6~8¢
AEFE [25-30C(AFAE 20C FETRE HIE 39
2| A o] AF
A ﬂﬂ"ql%%Lf s 8 A 4~54(130 cmo] A
Aerss 270~300 kg7N A7} A& 200~250 cm R |[7FFel A& 200~250 cm
v 1A 2ol °F 1,0009+H  |[A7F °F 3,400%¥ AA7F 2,000~3,8005H]
7 0.85 mm(A &), 0.98~1.02 mm(AAA =3
-3} 2}o] A% °F 3 mm
1A 51.8 cm, 2.9 kg 48 cm 53.4 cm, 3 kg
2A 782 cm, 9.6 kg 74 cm 77.0 cm
3A 102.0 cm, 20.8 kg 97 cm 98.4 cm, 18~19 kg
44 123.5 cm, 36.4 kg 119 cm 118.0 cm
54 142.9 cm, 55.6 kg 139 cm 135.8 cm, 45~51 kg
64 160.3 cm, 77.7 kg 157 cm 152.1 cm
74 1176.1 cm, 102.1 kg 174 cm 166.9 cm
8A 190.3 cm, 127.9 kg 190 cm 180.4 cm
A7 | 94 |203.1 cm, 154.6 kg 205 cm 192.7 cm
104 214.6 cm, 181.5 kg 218 cm 203.9 cm, 146~176 kg
114 |225.0 cm, 208.3 kg 231 cm 214.1 cm
124 234.3 cm, 234.6 kg 242 cm 2234 cm
134 242.8 cm, 260.2 kg 253 cm 231.9 cm
154 272 cm 246.6 cm
308 cm. 7FEgolAA; 255
204 cm ©°l%F WA F 60~|273.5 cm
70%7F 3
A AT EHAYE AT (keg)=2.95%107x A 2 (cm)*
A 2 A Z 3l A S (kg)=1.9607x107x ] Z(cm)***?
g 108 o]/ 204 o)A} 25~30u
e Falare 239 o)y - -
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. elH e JFo] (Thunnus orientails)2) AT, BE)Z EA

(1) &=

AMEEEGS gt - v e o ALY 9 ARy dE B el o
2= Aks9(20~40° N, 120~180° E)oll X3t AFE AP A 235y,
ol FF AdA G2 8~10€0 IF 3 f{3le AoE FlFHI QT

e

At die) FR(e7IvehRE FeA s MeE gl Feol AxR

d HE FlolitEe] AA AA A7t AFHE Ao2REH HFolu

&AM AEdite 7heA Eohal RuEa ok

tet7)= sERE 7deln, 3 & 14 oF 50 em, AT °F 3 kg) AEIA=

YE 9 AFE AdS A5HS B, ALHe ddlste A {FE T 2, 3A/A
< 10 = WA T dFIE T Bel= &

HioHE Eﬂrs}fﬂ Bk T }Xl IFe F EFsts MAE o =3 AR A= H

FEe Foste] Aezyol Agh

doz s, ek = Ei% @estAY FEAL FE Bl FFE OIE?SPL

FE e AoR AU,

a9 54 SHE G ATl i F=

o s 2 g
(1) ol A% A Y
B gFtofutd FARE N7 Ad T4 L oAnt AR ALd HA F
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& WCARE SPUee] AFE AG7 fAST, 48 Wit wAs, Axe
A5 WA Aol
ofuln] @ AlnlE ARe] efelel =AW
g FAS, B G Yol Wi 25
NBAGozE U,
& ol FolxA] e gk

R

dom Aed HA FL& 20T °]
of &3 EAF fdell 2% HAF AHZE AT

ol A 7hFE AEF] Zo] (9F 250 kg)
o]

% 3dol AU 2R Q4N RANY ARE T 57} AW AR SR G
,‘:_ Z
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Fyuct

A4S o], 20894 1 cm, 30Y
HAF W o 7 A=

4

Kl

}

9
yul

=0 ¢

=
o

thole] shEel ulolAel et s

)
=

pzs

0% Wb

Type 1
Type 3

3 mm WelolH, 209 ©]

g 57.

T

T

3}xto] o] A7
Al 35 cm W2 FE(13 ecm A3%), SHE778°](1 ecm

(1) #AAo17] 3%

T

% A%
=]

2717% =™, olw A

9]
— !

__OT
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Minced raw fish

100 - Formulate feed T
S
g 80 A
< Hatched larva
2 60 1
Q
S 40 Artemia
(@)
It
20 - Rotifer

0 5 10 15 20 25 30 35 40 45
Post-hatching days
19 58 FTEel A7) e] 4 (A =, 2008)

T)o 4% 13 4 kg, 213 20 kg, 3
W 50 kg AASHH, ojupn] QL eAntE ALH HASFL 20T oS FAsH, 13 15

kg, 29 45 kg, 3'd 85 kgl E A}o]E HIT

2001.6.1  2002.6.1 _ 2003.6.1 __ 2004.6.1
a9 59, 23 Ao B
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mh, Ao
(1) A e}7) 4

a
FAG 544 olF

E 60. o]FH 4FA 2] FF(Miyashita, 2002)

. . b2 2]

o F A A ZF(g) F2(0) (mL/min/kg)
B 3H & oo 86.1 26.0 14.96
o] 86.6 26.0 4.96
5 200.0 26.6 2.14
A5 183 25.7 3.64
g g}y o} 5.6 27.2 4.65
< 64.3 26.4 3.88
o 51.4 26.8 1.19
W 7o 79.8 26.8 1.08

FEEE FAE AT 22 TFES A 50 cm] A TuFo, o

0.5, 1.5, 1.7 mL/Lolth. A& 75 ecme] A5 TohEo], oo,
3, 1.4 mL/LelH, Fthgdo]e] A2 A9 A 4AFEE 1.0 mL/L
Ao H27bs A AAFEE 1.0 mL/LE ZAE AT

S
IS}
53
e
{r
v}
o
2
E )

vl @8 WA

(1) AAo)7] A4

Healol= AEEFE 5 psugt 15 psudlA= H3F 3 24417 2 5UYjo] &
u, AFxo17]= 30 psucll Al 7 =& AEES UERAT 432 23 10Y &
25, 30, 35 2 45 psu AP FolA HAA Z2+7}; 54, 53, 5.1 E 6.1 mmE YE}

32
ot

2) B9 d2ud

e A9 Addes ey dEde w8 AR FAHY, Arpd ddsida
Yo oE o %
z

o},

AN

.

— 121 —



AL FE

(1) Z=AFS] Ay
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.M_.w_wo

o] FRAMAAANA AR F 5 ecm ool HHE LA, FEAE

o

S

AR

st 718

A A

of

O

s=%

Aol Z

/1\_]_.

2 60. =EA

a1

Atharol w4 o)l

a3 6l.
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Pacific bluefin tuna

Unbalanced development of propulsive power 440
and controllability in swimming

Frequent collisions 120

5 EEEEEEEEEENEEE Illlll100 s EEERRER

160

= Caudal fin area = Caudal fin area

Pectral fin area Pectral fin area

Ventral fin area20 = Ventral fin area

0
100 150 200 250 0 50 100 150 200 25

Body length  (mm) Body length (mm)

a8 62, ool e} 3150 Xigv wg nu

(3) o

Ao)7] FEAE =017] A8 5 om AFA W JHFEol F&ste] ARSSAY, A4
AN A-sA), VRS o A9 2E xdetr] fg Aides AR ok HE
Atz B a8 T2 SR 2 AR g)S 18 FES AEtes ATE A

3 Qon, Ao} 8 ugole] 448 Fxu 1T 1EAE At Adrt 1 ol

o}. AR
(1) £3Fs5H4
AR Hrhae] FATHOIA ASHE ARE BFEo] AT It ofF

Ho] A3 A3}t HlTALE O] uro

o]
s °]
o] A 7k HAgoA e @l Aol dJder EHEY. oZe & A o
2

FaTF o] s YA Ut
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-
o]

B Fish meal
EEEE Sand lance muscle

-
o
1

Relative liberated amino acid (%)

o - i
g activity Total activity

D AYAtg o] e EYA G40 JtEs] 59 (Takii et al., 2007)

A

13 63. o

@) @A AL

HEF €9 8PS 1,000 mgkg AHRE EF ofFol Hla|] wouh, wigAsY w8
=9 HAUMES 8% HEE B ofFl Hls| Wk Almd AA AF FEF oF 18% A
=olu] QA de] @] %rh 2007d Xol§ WAL 7R zAo] dgEen, 4
Amsh Hwstel AE Aol HAA 21 =L ARALS RATHIE =3 29). @
A S AR o] Fs] o] 2ol gon, wmE AUl ZHAHA AT}

[}
A& AoZ 7gi=E QUTh

— 124 —



50 - 160 X
. mmmm Body weight mmmm Feed efficiency :”
2 /3 SGR /1 Survival rate =]
N— 40 i S
% F 120 “©
n =
= 30 4 <
> 30 S
= Lso 9
D 20 7y
d’ :
= @
S 10 =
v -
3 5
a1] °
(]
0 T , 0 I.E
lkanago Test Test lkanago

Dietary group
WAL R S AR A H W

Pacific Bluefin Tuna
56 days (50-60 g)

2 71 AEE BA

(1) 7(-]}_
Bramgo] ol Aol HAzAE HAASH: AUt A, 200609 54 AFE

_]
o
A2} (Chattonella globosa) A& % (10 7NA/mL)o = FHASH &7 Q1o] F=97F &9t

@) EAF #
20049 HEo] 2 Z9E Frhdol P FHULE ofvbE] Lo Anhe| AALE7}
WAyl WAk EAZL fredElo] td AAAG o7k Theisle) o 200). Friaol

:{o
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R ARSAIAEe] Hasty, 2FuU sFo °E°1 A&t AdaF
Aotk =% §AZRH FFEAolY EAY Fef 1ol ¢l
= AYo] dHANE AFT Aoz FgHAT. Frieto]
g2t AARE FFSoF For AYAES FHo] &0l
T3k, FoEole 3 IFE ALt FAE TEe ALt
Azl ofEstal 9ol TH FHIE &ol3 AHe] FET Acw Addn. weps Fo
= olHd A - AEstd 54e nEd HA @A =zAL
o, 718 AelA Fogols AAdAC] we Tasty FF7)
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36+
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g 24 e 2 3=
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43 A
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20079 12€~2008d 5¥7HA

2ARE

Hlo
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oy

-8, o= A S

B, Aol A3

. 24 A3

7h &
‘07, 12, 20~°08. 5. 297}A] 43]o) Ax =A}
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o

Aed HA Fo] 14T o4

|

Az o}

=
=

2004~20079 EZ AR H
o] W 1448C=E 7
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o FL&L& 1933Co|y 2
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=
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o 29.7C
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AEZE 19959 F-E 200737HA] HH 17.62CE 2005d H) 17.82C7A <3}
o 1995'd o]|F A&HAH o R Frtete AEFES HAFUAN Az 0.05CH FUhste A
et 998 FHA 1249C A Hdl 2491TC HHE YERST

59 (EA ) 20053 FE 2007d7HA] HiF FS 17.02Co|H, 2ol 9.98C=E 713
go 1S Hola 89 2503CE /M =2 &g HEATh

AAEE 1995 HE 2007d7HA] B2 1640Co| o, AHe Xz ]3|
HAA o] 2TAHE 52 1197CE HAAT HIF2 15T 2 2351 CE BHth

ZIH(FTE) 1995 FE 2007d7HA] Bt 16.06CE HAFALH, 199910 H gk

|

2 & AolE HAH.

21 28
—&®——  Pyosun 26 —&——  Pyosun
£ O Hanli

204 O Hulim anlim
- ——-%-——  Geomundo 24 1 ——-¥-——  Geomundo
z — —A— - Yokjido = — A= Yokjido
S 194 — ®—  Geojedo Y — & —  Geojedo
5 — —O—— Kuryongpo g 5 ——f—-—  Kuryongpo /
3 s B 20 /'_/// /
oy /‘ ,E){’
3 % 2 18
o S x
g 17 /\ﬂ v’ -\ /. g 16
g - /A\\/}l = .
< ﬂ ; 5 ;
2 /)i/( N N N 2u{ oo oA \
g “ V™ . g ). _*79:(/ \
& J:/ £ 12 A XL N

o B /

107 oA
14 T T T T T T 8

T T T T T T
1994 1996 1998 2000 2002 2004 2006 2008 0 2 4 6 8 10 12

9% 67 2AEE FE AVAARS £ WE

i #Z713E 3+ A4 Ho
AR - FA 2004 ~ 2007 19.38 + 441 1448 (2¥) 26.65 (89)
A7) - - 2004 ~ 2007 18.85 + 4.59  13.54 (3¥) 26.79 (8€¥)
ARLE - ARE 1995 ~ 2007 17.17 £ 450 1249 (29) 2491 (89)

B - X% 2005 ~ 2007 17.02 £ 536  9.98 (2¥) 25.03 (8¥)
S(AolE) - AAE 1995 ~ 2007 1640 = 408  11.97 (3¥) 23.51 (99)
ZHE7IZ) - TEE 1995 ~ 2004  16.06 £ 5.20 9.57 249) 23.68 (8¥)

A& o7 Ar)5ee 24 Aol RURE 4U7H A5 AFAZE ol &

st 308 HASE 4 S m FE ASSAY. A Y] HA 143TE HI 16.
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(th &4t

AF(EA, I Z3NA FHF 10.56~14.07 mE 5 EHES HoFU SAE

¥ 62. A 671 sHe &

b

z A=
7] zF A o e
T2(C) HETE DO(mg/L) F1 =(m)
________ ATGEN) 180 348 L TA BT
12k e ATEE) LT3 349 T2 o 13719 .
. AE5(11.20) 14.1 34.8 10.9 7.0
(07.12.20~ B P R A S A R
22 ESGAs) s s LT
ZIH(TEE) 15.2 34.7 - 8.5~10
________ ATED) el 382 A T2
27 | ATEE) 142 352 L 4
. AEE 14.6 34.7 9.1 6.0
COBOTL 2Ly ™ e T 77 T 35T
0220 [ BAEAR) [ 10s | 343 [ 82 | 15725
ZIH(TEE) - - - -
________ ATED e 382 L 8s 2
3 | ATEE) 18T 350 e 88 o 14
. AE= 13.3 34.6 7.1 7.0
(080403 = e e a9 T go T3
01D [ BAEAR) a2 | 350 [ 88 ] 40
ZRTEE) 13.7 35.0 8.6 12
________ ATED o2 3856 L 8T 10
4 e ATEE) 148 350 e 935 i 1o
‘ A E5(6.10) 17.6 35.3 10.9 -
(080506 e e g T g5 T 55
029 | BAEAR) [ des | 337 69 |20
Z(TEE) 17.1 33.8 8.2 10
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(h e

8
=

oA 1.75 mg/L=E

5}

3L
s

AAZNA 714 =L 298, 2.82 mg/LZE UEFOH,

=i
=

A=

ol

o] A AYEE 0.083~0.107 mgLZ SAZA 7}
AAZANA g Fe S BAT AZIER 12 2AF Ao M =S e Holth 4%

24 Aol 71 Fe ke e

148 4

7

=
-

A AGEE 0518~0.736 mg/LE 71229 o] &AToA 7%

9

A
=1, AAZA 7}

W

ol
L

BYomw, Al7]E

o
NE

1

K

XO

1

ﬁo

AA-ANA 12} 2ZAA 7] 0

%
%

kK

o
o
o
Hlo

Br

o

)
Ho

} 0.006~0.015 mg/L, 0.012~0.022 mg/LE £-A Zof A]

=,

)

DAGNA b e e BPoU, AYE dF

)L}\’
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< A YEhA|

oy
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E 63. AR S| s FRP AL A

COD | DIN | T-N | DIP | T-P | SiO2 | SS | Chl a
71%¢ A4

(mg/L) (ug/L)
Al (A 0.67 | 0.125 | 1.360 | 0.009 | 0.014 | 0.254 | 2.67
AF(THE) 0.86 | 0.185 | 1.473 | 0.014 | 0.019 | 0.336 | 3.18

12} TR
(‘07.12.20 A Gah| - - - - - -

~12.27) EYEAE) | 089 | 0204 | 1.192 | 0.021 | 0.028 | 0.404 | 4.00
ESH(TEE) | 131 | 0166 | 1.073 | 0.017 | 0.023 | 0.352 | 2.50
AlF(FEA) 0.39 | 0.126 | 0.950 | 0.007 | 0.014 | 0.315 | 3.43
A () 0.76 | 0.118 | 1.146 | 0.008 | 0.016 | 0.322 | 3.33
AE= - - - - - -
AAZ(GTZ2H)| 0.82 | 0.156 | 0.863 | 0.018 | 0.025 | 0.360 | 3.40
~02.20) EY9(EAE) | 061 | 0.107 | 0.867 | 0.021 | 0.028 | 0.388 | 4.33
EF(TEE) - - - - - - -
AlF(FEA) 0.90 | 0.054 | 0.172 | 0.005 | 0.011 | 0.181 | 1.80 | 2.13
A=) 0.43 | 0.038 | 0.210 | 0.003 | 0.012 | 0.164 | 1.35 | 0.66
AEE - - - - - - -
AAEFZ2H) | 1.38 | 0.011 | 0.174 | 0.002 | 0.010 | 0.202 | 2.23
~04.14) EY9(EAE) | 0.16 | 0.009 | 0.149 | 0.002 | 0.008 | 0.159 | 0.60
EF(TEE) | 081 | 0.024 | 0.211 | 0.003 | 0.010 | 0.170 | 1.00

22}
(‘08.01.21

32}
(°08.04.03

AlF(FEA) 1.35 | 0.018 | 0.162 | 0.002 | 0.009 | 0.172 | 2.17 | 1.88
45} AF(FHR) 1.66 | 0.084 | 0.253 | 0.008 | 0.014 | 0.450 | 2.65 | 2.31
AEE - - - - - - -

(°08.05.09
05.29) AANZ(TZEH | 247 | 0.074 | 0.206 | 0.005 | 0.015 | 0.482 | 3.97

B( 5) | 2.51 | 0.048 | 0.154 | 0.003 | 0.012 | 0.546 | 3.10
Z3H(FEE) | 221 | 0.051 | 0.155 | 0.002 | 0.009 | 0.441 | 2.70

ARt FAE, FE A-Zo] HA o) AFHoE &
dE|Soz "7l ofgf ol A" WUt 25 o=
‘deoltt.

Wt a2 vhgrel B A7l 8o vige] AESHe A B Akl dH, F

o ¥y 2 s w2t @EAAY, sHA s At W 1, &4k AE, &3,
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A wEsEA 8L Aol Ao sdHT

Hzo PYAFL BE FZ G 8 Fa) Avte] AR B 2
oz zAHor A2 WY el NWs Hs)st BB 2AXGA £, 7
3

AE, 23 fig vid =z & B 3Eolw, o]of diaf AtdA =7 Blojd A
5 2 AFEA, DA FA = FsjAte7F B A T
1995 996 ) "fgtﬂ
(3.29-_1?0-.231 © 5-16":35‘ e | (8. 25»?9 17)
%, [‘ﬁs s M gg\é ’
T

TR

9 2000
(8. 10~um; = }] (8.22+9:19)
i‘ﬁoz i zoﬁ::
(&2"9‘27] (8. 13-10 43)-
)05 2006
2664‘ 971 (8. 7-_2‘3)*-
(8.5~9. s} g £
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™ 69. FlAZ (Coclodinium polykrykoides) 24 &l 9 =
(BA : 459l E3 oA http://nfrdi.re.kr)

() B3

Sedete] WEe FE HFS 190l 1-27) Axoln, Ao GRE AFEE A
galgtel ARIAY FAXLOE WAL A2E B AFEE HEY FO
2 Selueel 9Fe T BFY ABAA JFL GY B3 gov, AREG 8
=, AAEE vid BBe] JFae] Ak TF FE 20079 el BF 0 g 33
bomgstgon, 24 o] FHoj s WS = HoE =AHUG Tt A
QRdos S Walrh By AFEE oaTee A4 2 AE s fKd

Aoz FAHAH.
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ey
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30M
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120E

1308 140E 150E

(2006 9€ 17¥)

A 11 5 vl (20079 9€ 16%)

38 70. A=

< 4 % =

A=

Q) Bd=E 874

AF(EA, FEHAYY 23 FFEZ U5 FAALS AFEo] 95%0]14 Z3E A= AL
2 Yehgorn 835 9 AAZE 70% oA siltE FAEH JATh e, AEE, 3
SHAA A T B AR SEE BFoA X3 FEE E AFEEA, SFEHAIFA A T}
A G2 4E Bolu SAE 9 AAZoA T =2 3hs B, olv YEAAA B
T AgH FARIA T
X 64 ZAA Y HAHE I Z=AE G

o Gravel Sand  Cray Silt s AEuE COD AVS

- (%) (%) (%) (%) (%) (%) (mg/gdry) (mgS/gdry)

g4 4.8 94.2 0.5 0.5 22.55 2.69 1.25 0.00

3+ 15.9 82.2 1.1 0.8 26.43 2.86 0.86 0.00

AE= - - - - - } - B}

S5 0.0 8.1 20.3 71.6 56.74 8.58 12.72 0.06

AA = 0.0 3.5 21.4 75.1 60.64 7.33 13.71 0.06

X3} 4.9 90.3 2.2 1.9 20.65 3.52 1.62 0.00
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of AAY 723%E HFA3IFAL, hFoE AATEEL, AATELY 4R, FUTEL
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21718 R 0L, AAFTEEY AR 470A, 11%E ATt S9sEES 7104,
3%, 71&%-‘%%7 AATE=E S8MA S} 53MA L AR H ] 3%t 2% Ee HAFES
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F 67 A, FEE A HuE(YE:0, HE A, 913:x)
2 are s | 44 A8 a4 7)€}
DOZAH Az | BREE | Agd 5 | FAAd
AF F2A O O O O O O
AT gk O @) @) A O @)

T AR A @) O @) O x
€9 &A A O x A O A
AA FZ2} A O X A A @)
X3 X A O A O X O

3. I & 483 d3rtTe A4 A=
7h =99 s R 7HFY AL A%

FHT AAL A$7Hs3 924 (Sustainable aquaculture)S $31A] A &dl= E®7F WHSE
I Y & O 55 g E £dIYH production-oriented aquaculture (A§4F A &FH
F2) ol A environment-oriented aquaculture (FFAFH F2HE vHHIT & F o
5, AMAl &2 environment-friendly/ecosystem-based management (X137 Z/AY €]} Al 7] ¥F2]
A A A) L food-safety product (2] FHFAT ALHE)o| 23S F& /T AAZ vt
Ao Ao
ngfo] FAs AAstE Y Yol oAl olg7 sidel 7IvkE FA Fie &

=

% e H
AA7E o ARl ol=23inta Azsta th ol# e EEe wWErhr] fsiA = o
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-

.1

)

F AT o] A 0@ B b5l U P AP A Utok T ol
itk maEh T A el el A ARERAAY AL FA SdsstEdE o
Fe el 2 54 AU Ak

b AabEO AN F AFS A% 27

AR, oW T 2e AAY mm, Se, AW, 2% 52 AT AFRA 2
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A, B4 8 A 29 8 (12, 99, 99 5, oA, 78 18 Ag A=
4 2A, FRIe @Y 5) 5L TAT A4 ANHHL 98 GFF AR} o] Fof

Aok e},

. AA Z3e) AP F2 WY L AY

AA 2ol A olnl AEAUAL A FQ Asizkrels stel nF Fol At ¥
U BF &5 AT Y hTel Folde] AHE wekstel yehgE 1 E3o)
=34 gz,

- s
of WHHYT AFH AUREL FAOD 199080 EWHE s Fav)&o] W
3, T O ol A, FH Fol FRE olF1 Yk

EU 67153} =297} #odsle Offshore Aquaculture Technology Platform (OATP)S Tt
EoiA BEAZAR] A Fsta ATt F8 5HL §H dAHIE9 ] FAA
o

AR 7189k 284S ATelH, 771, FHAAS, ThE, 7% S0l 3

a9

(2) "=
2 Qs FAle] 1998'd NOAA Wloll "National Marine Aquaculture Initiative (NMAI)"

d At fJsirbFE A 2 Al AT FAIE o] FA L AT SeaGrant Ab

A QAR AFE FXI =2 ‘SeaStation” 7N'Eell AEstaL, A = HFAASAI ATt
1ot FA Foie)ol 5o =sto] AlFEo] X3 Fi AddTE F2

<ol At

"National Offshore Aquaculture Act of 2007" =3] Al&F Fol| J=dH, ALHR7 BL3}
= A 3ukd e HoA AEATINS e FAD F Ue
o At

Stelol ol A= Cates international Inc¥} Kona Blue Water FarmsollA Moig} Ao & U
Aoz kAlS Alxsta glon, FoZEHAAE Cobia?t & F(snapper)S Ao =
A= Foll i, FHZMHANA= ti75 A2 Qai7bF+e Al2=H, Asgol7] 9

A A Foll Ao

b
WA 2AE vd =+

3) =5

Inshore®} offshore@ #8]st] 247z F=HHol AW RANA FE] % Fo| Ut "The



Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act/37dE S W A&

gFd HEY 1999)'E HO=E AHslo] AQF &40 S F= o Hd A4 &
gl FH FolH, Y3 TS AT Ttol=gels Xﬂ/\](EPBC Act Policy Statement 2.2,
20061 8¥)sll Tl Aok A S¢S T GO AEFE 3 F AUTFRAA AFTRE

]
A2k &= A F(Clean Seas)sFH T

4) €&

WE, AEE, Z1EAT BT S0 ule fAS 98 ZhEY GAPEoRE 1980
AURE FEs ANA ARl g He ZIEA e AsPoRA,
$Eo} HOEWOE o|F

2t AlA Z=9 fajrte NS A%

(1) 54 W& Qal7tF2 &F(James Ryan)
A ANTHAAG AL T =9 QT Al2gE A
38, ¥ ToE e Joi vUs F don, tf AX F4

1000-5000m' &2 ThFatal Al Wajol] Mt TheFet Epddol it

Gravity type> AEZ Q] oz @A MTHo A= a7t Fel 24 71 de 220
1 FEE JHFes Aad AJERE o] RojA L, Foet FE o] &t 1AIY. T
platformell AZ23st= Zlo] UwkHolm AUz FEatH, U4, =&, YK ETE, &
A, HF= F)ol &olstr

% ARE 9: Rubber cage (¢} @ =), Marine construction ((:=Z$J©]), Sadco Shelf (2] Ao},

Farm Ocean Cage (2= %)

Anchor-tension type> 4 AE ©]-&3te] AFsH, 7H5e s FAAY At A
sttt 94, 78, A ETE, A4, dF 5)7F &l AHol Ut

% AR8 of: AquaSpar Fish Pen (Net systems, U|=)

Semi-rigid type YAE o] &3 AlF WHO=A, JtFE X2 AU i A
ask, FFo] Vo mA 44, 5, A ERETE, AL 5) T ]

% A& o|: SeaStation (Ocean Spar, V]=)

Rigid types BAE ©|&3 AF WHOEA 7HFE =&

=
22, $H2, £349 gom, 44, 3, BANEFF, B



% AR 4 Aquapod Net Pen (Ocean Farm Technology, V]=7), Ocean Globe (BYKS, =Z°])
Tension-leg type®] 7}l 1A WYEl& gravity cage2} FAFSHAIRE, &8l 22 3 A4
7bsstth ZhHreler 429 do] 1A J&E st, P o= AFo] Lol o] Ut
% AR of: TLS system (RefaMed, ©]&©]o})
Modified type
% AR8 d]: Untethered (Net Systems, V]=7), Semi-submarine Tuna Ship (IZAR Fene, 2=#|%])

@) FAFALS 9% 715e 44 2a
2 o

T AEE B ARSAE P o] fAE ok &, FA Y A, HEA B 4%
P oo]:‘ 3%:_

4. A& FAFE FrRAYE nt
7h =9 o8 d%

A FA FAHol AHEEE TEE ASH, 35, WAIZY A9 10-15 kgo] FAE A
Foz AMEst FARANA FEF T F 3-6/M€Y S Aulste Hlo] Ykl 3
otk d&o] A= 5-68 Bl ZajolA Atste] A3k Aoyt B FE H
al= AA(500 g S 8-108 Aol ARV 2 ANE3te] 23 FA st Z3stE FE o]

(i

}.

& 7|18 FtadFAeE 20029 GRS DS AANA FLA AFTF
BE TEE AMgsta 9ow, 20079 12€0& TIZEFA A 1,50071H2](800 g)o] X/l E
HFste] WAGES dFFA Y AUE A GG o2V A E FA, X
g, AT, TR E, AR 59 tdd 7so] A F #E Hojof stEE Y&
M Z27] dAAE AQL XE A EZste] AFsle Aol E&AHola AA Aol

HA FAe] AdIE Addstal Aol ALFR FH ALe A= TR
H s Q
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of Pue AMEse Bl F
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() FAEE ANE
7h A7
2007 11€ll A 2008 6€7kA] T 83] o] oFxAE AAIG A 20079 11€
e F 777 Y thEolE A =St e, FAAY 57k, F& 30kE], YV 1702
Aol A 714 w@ol g = AT
T2 ogd oFoEE HAuFdolrt 4ntgE VP wekow, #ndolet JtgEgox
AR Y FHUY. HohFole] HF AFS 877~2740 g WM ow, WiFol= 1,700 g
el o] olgHAT TihEgols 742 g & TP Aol

11€ell= o857 Ghd Fadole AXolge FHo=m Zo|g Ay odEol
ol3] 3o oF 15947 s F oz ofFE o, XA oFe S Ay ofilo]
Ao o= A ol A 1Y 7HhEE o &
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HA, 23| 17012

2|o|, 23| 5002

F 68, Fxo1g A4 8 oA 54 A

AL}
olx]_ ;(]Od 5_%'_ a1 N L
- R e T AT gzem Az
(cm)
4 AHAgs 50 53.2 8.9 2,740
2007. 11. 7 A
T ATE 1 35.6 5.0 619
2007. 11. 8 & FoEo 2 46.5 8.3 1713
Bl T} 2 of 4 455 7.3 1,726
2007. 11. 13 v Ao 5 36.9 5.9 877
7o 4 35.5 5.7 742
Wl T} 2} 2 455 8.1 1,741
2007. 11. 14 <m) Al
oo 2 52.7 8.0 2,588
2008. 3. 8 x4 FHoE 7 47.0 - 1,400
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(W FRAAK")

7t Hed Ao ZHE A genomic DNA % total RNA+ ZH7ZF DNeasy Tissue kit
(Quagen)¥} Trizol solution (Sigma)E ©| 83t FZF - E3tATE FET total RNAZF-H
M-MLV RT synthesis kit (Promega)E ©]-8&3t c¢cDNAE AZstA, I WHS
Az ol wet 35k A T

(th) Primer A2 A

ol g EAEE AFE EA4S 93t DNA barcodes® 2] AHEEHI &
F8 FZH A 47 (Cytochrome oxidase ¢ subunit 1, Cytochrome B, 16S ribosomal RNA, 18S
ribosomal RNA)2} Ag]z2d BRI AFE=2E F2 A 17)] (Growth hormone, GH) & 74
skt
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Ir

DNA barcode®] &3t AEEFHAA ] AL Q= EHHEd A7ALEE 7+

T
© 2 gpecific primerE S A Z3F L, 1 VAL L g3 Zo(E 70).
¥ 70. Aol A}83F Barcodese} 1 E71A4<E
name primer sequence exp. size
forward | 5-GGT CAA ATC ATA AAG ATA TTG G-3'
co1 ~0.7kp
reverse 5-TAA ACT GGG TGA CCA AAA AAT CA-3'
CviB forward | 5-CAT TCC TCA TCC TTC TCG CCC TAA-3' kb
y reverse 5-TTA GCC TCC ACA TTT GCG TCC TT-3'
forward | 5-CGC CTG TTT ATC AAA AAC AT-3'
16S rRNA ~0.6kb
reverse 5-CTC CGG TTT GAA CTC AGA TCA-3'
forward | 5-AAC CTG TTG ATC CTG CCA CTA G-3'
18S rRNA ~1.9kb
reverse 5-GAT CCT TCC GCA GGT TCA CCT TAC-3'
GH forward | 5-ATG AAC AGA GTC ATC CTC CTG CTG TCA GTC-3' “07kb
reverse 5-CTA CAG GGT GCA GTT AGC TTC TGG AAA GAG-3' '

(2H RT-PCR ¥ FAHZ

PCR 4H=2 3XF PCR T334 (precedure scheme)oll ™2} Taq polymerase premix
(TAKARA)S o] &3l FZEs1 o, AR 2HE2 T&A Cloning kit (Real Biotech)oll 4+
Qslal thAT (E. coli DH5a stain)ol] & & A3 Al
HiYield & plasmid miniprep kit (Real Biotech)E ©]-83} plasmidE FZ3tal ©|
A E4 AHgs

i

7]

4 5 g &47] (Prism 3700 Genetic analyser,
ABDE o] &3le] s-ouha) 3ok oo g AESHTl =3 18S rRNAS] 7H-$-9F o)
PCR 4F=9] o4=7]7F 1kboldo®E ATE = -9 DNA walking methodol @} 3t
71 ES 7IHHO 2 primers THA A|ZSta &34 @714 ES B=3A T

(Mh A gEHE 2 EARA AT A4

H5d A7IAES o] 83}  ClustalW2 (standard condition)E  ©] 83} multiple
alignmentE AA3FA AL, F24<Q0 A-l& Kimura's methodoll we} A4HSHATE o] & nl&
o2 T FABAE FHe] Hst AT ETFEA (molecular phylogenetic analysis)
S MEGA v.4.0 3} MegAlign (Lasergene) & ©]-83} bootstrap valueE 10003 HFE-3}31
Neighbor joining (NJ) methodZ #2435l AlFTE A5t
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(2 a7 2%

h ool EAAE #E FHAe d7IME

G7IMEel BEXAFNA 22 Cytochrome ¢ oxidase subunit 1(COI) <  703bp,
Cytochrome B (CytB) & 563bp, 16S ribosomal RNA (16S rRNA)~= 619bp, 18S ribosomal
RNA (18S rRNA)E= 460bp=E HF-E2Q1 A7 A ES SRHAT
AT 2E (GH) FAA= 573bpE TFAE o™ 6 frame amino acid translationS %

3ted 190aae] ©Y ORFE 7HAl= AL &2 A=HUTH

O DNA barcodes based mt DNA

> Cytochrome oxidase subunit 1 gene, partial sequence, 703bp

GGTCAAATCATAAAGATATTGGCACCCTCTATCTAGTATTCGGTGCATGAGCTGGAATA
GTTGGCACGGCCTTAAGCTTGCTCATCCGAGCTGAACTAAGCCAACCAGGTGCCCTTCT
TGGGGACGACCAGATCTACAATGTAATCGTTACGGCCCATGCCTTCGTAATGATTTTCTT
TATAGTAATACCAATTATGATTGGAGGATTTGGAAACTGACTTATTCCTCTAATGATCG
GAGCCCCCGACATGGCATTCCCACGAATGAACAACATGAGCTTCTGACTCCTTCCCCCT
TCTTTCCTTCTGCTCCTAGCTTCTTCAGGAGTTGAGGCTGGAGCCGGAACCGGTTGAACA
GTCTACCCTCCCCTTGCCGGCAACCTAGCCCACGCAGGGGCATCAGTTGACCTAACTAT
TTTCTCACTTCACTTAGCGGGGGTTTCCTCAATTCTTGGGGCAATTAACTTCATCACAAC
AATTATCAATATGAAACCTGCAGCTATTTCTCAGTATCAAACACCACTGTTTGTATGAG
CTGTACTAATTACAGCTGTTCTTCTCCTACTTTCCCTTCCAGTCCTTGCCGCTGGTATTAC
AATGCTCCTTACAGACCGAAACCTAAATACAACCTTCTTCGACCCTGCAGGAGGGGGAG
ACCCAATCCTTTACCAACACCTATTCTGATTTTTTGGTCACCCAGTTTA

> Cytochrome B gene, partial sequence, 563bp

CATTCCTCATCCTTCTCGCCCTAACGAAACAGGTTCAAATAATCCAATCGGATTAAACTCAAATGC
AGATAAAATCTCATTCCACCCATACTTCTCTTACAAAGACCTCCTTGGTTTCGTGATCCTGCTAGTA
GCACTCGCCTCTCTAGCACTATTCTCCCCTAACCTCCTAGGAGATCCAGACAACTTCACCCCTGCCA
ACCCAATGGTTACTCCACCTCACATTAAACCTGAATGATATTTCCTATTTGCATACGCAATTCTTCG
GTCCATTCCAAACAAACTAGGAGGAGTACTAGCCCTCCTAGCCTCCATCCTTGTACTTATAGTAGTT
CCCTTCCTGCACACTTCAAAACAGCGAACTCTAACATTCCGACCAGTTTCCCAATTCCTATTCTGAA
CCCTTATTGCAGACGTAGCCATTCTTACCTGAATCGGGGGTATGCCAGCAGAACAGCCCTTCATTA
TTATCGGCCAAGTAGCTTCCGTCCTCTACTTCTCCCTATTCCTTGTTTTCTTCCCACTTGCAGGCTGA
GCTGAGAACAAAATCCTTGGATGATCCT
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> 16S ribosomal RNA gene, partial sequence, 619bp

CGCCTGTTTACCAAAAACATCGCCTCTTGCAAAAACAAAGAATAAGAGGTCCAGCCTGC
CCTGTGACTATATGTTTAACGGCCGCGGTATTTTAACCGTGCGAAGGTAGCGCAATCAC
TTGTCTTTTAAATGGAGACCTGTATGAATGGCATTACGAGGGCTTAACTGTCTCCTTTTT
CTAGTCAGTGAAATTGATCTCCCCGTGCAGAAGCGGGGATATAACCATAAGACGAGAA
GACCCTATGGAGCTTTAGACACCAAGGCATATCATGTCAAACACCCCTAAACAAAGGA
CTAAACCAAATGAATCATACCCCCATGTCTTTGGTTGGGGCGACCGCGGGGAAATAAA
AAACCCCCACGTGGAATGGGAGTACTACCTCCTACAACCAAGAGCTGCAGCTCTAAAA
AACAGAATATCTGACCAATAAGATCCGGCAACGCCGATCAACGGACCGAGTTACCCTA
GGGATAACAGCGCAATCCCCTTTTAGAGCCCATATCGACAAGGGGGTTTACGACCTCGA
TGTTGGATCAGGACATCCTAATGGTGCAGCCGCTGTTAAGGGTTCGTTTGTTCAACGAT
TAAAGTCCTACGTGATCTGAGTTCAGACCGGAG

O DNA barcodes based genomic DNA

> 18S ribosomal RNA gene, partial sequence, 460bp

CGGTCCGCCGCGAGGCGAGCTACCGTCTGTCCCAGCCCCTGCCTATCGGCGCCCCCTCG
ATGCTCTTAACTGAGTGTCCCGCGGGGTCCGAAGCGTTTACTTTGAAAAAATTAGAGTG
TTCAAAGCAGGCCCGGTCGCCTGAATACCGCAGCTAGGAATAATGGAATAGGACTCCG
GTTCTATTTTGTGGGTTTTCTTTCTGAACTGGGGCCATGATTAAGAGGGACGGCCGGGG
GCATTCGTATTGTGCCGCTAGAGGTGAAATTCTTGGACCGGCGCAAGACGGACGAAAG
CGAAAGCATTTGCCAAGAATGTTTTCATTAATCAAGAACGAAAGTCGGAGGTTCGAAG
ACGATCAGATACCGTCGTAGTTCCGACCATAAACGATGCCAACTAGCGATCCGGCGGC
GTTATTCCCATGACCCGCCGGGCAGCGTCCGGGAAACCAAAGTCTTTGGGT

O DNA barcodes based brain ¢cDNA

> Growth hormone mRNA, complete CDS gene, 573bp

ATGAACAGAGTCATCCTCCTGCTGTCAGTCATGTGTGTGGGCGTGTCCTCTCAGCCAATCACAGAG
AACCAGCGCCTGTTCTCCATCGCTGTTGGTCGAGTTCAGTATCTTCACCTGGTTGCTAAGAAACTCT
TCAGTGACTTTGAGAACTCACTACAGTTGGAGGATCAACGTCTTCTCAACAAAATCGCTTCAAAAG
AATTTTGTCATTCAGATAATTTCTTGAGTCCGATCGACAAACACGAGACACAAGGCAGCTCAGTTC
AGAAGCTTTTATCGGTCTCTTATCGATTGATTGAGTCCTGGGAGTTTTTCAGTCGCTTCCTGGTCGC
AAGTTTTGCTGTGAGGACCCAGGTTACATCCAAACTGTCAGAACTGAAGATGGGTCTCCTGAAGCT
GATAGAGGCCAATCAGGATGGAGCAGGTGGATTCTCTGAGAGTTCGGTGCTCCAGCTCACGCCGT
ATGGAAACTCTGAACTGTTCGCCTGCTTTAAGAAGGATATGCACAAGGTGGAGACGTACCTGACCG
TGGCCAAATGCCGACTCTTTCCAGAAGCTAACTGCACCCTGTAG
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> IGF 1II candidate gene

GTTTCCGTAGCTGTGACCTCAACCTGTTGGAGACTGTGCCAAACCTGCCAAGTCAGAGA
GGGACGTCCACCTCTCTACAGGTCATCCCCATGGTGCCCACACTCAAACAGGATGTCCC
AAGAAAGCATGTGTCCAAATATGAGGTGTGGCAGAGGAAGGCTGCTCAGCGGCTCCGG
AGGGGCGTCCCGGCCATCCTCAGGGCCCGGAAGTTCCGGAGGCAGGCGGTGAAGATCA
AGGCCCAAGAGCAGGCGATGTTCCA

(th o FAAk A g7 e
471 DNA barcode +Z=}tel st 7 E tFuld 234E AYHA to]s U
Al COI& 98%, CytBE= 95%, 16S rRNAE 100% & <& #
rRNAS] A= T orientalis &3 100% "¢ =2 FAMEES YRS, d A%
T2 s Asolst 100%e] FAES HERHAL F7IMEE FHo] 42bp A=
o

Aol7k A A= AU

O Multiple alignment of Cytochrome c¢ Oxidase subunit 1 gene

Sequences producing significant alignments:

Accession Description .;E‘m Q"::ﬂl A !& _Q_r’-:—x!
01l 281428546|GU256522.1 | Thunnus thvnnus mitochondrion, complete aenome 1300 98% 0.0 99%
0il532351881[AB0S7665.1 | Thunnus thynnus thynnus mitochondrial DNA, complete genome 1300 98% 0.0 99%
0i|33622385(AY302574.2 | Thunnus thynnus thynnus mitochondrion, complete genome 1294 98% 0.0 G9%
0i|294847538|GU256528.1 | Thunnus albacares mitochandrion, complete genome 1277 98% 0.0 98%
91|254847924|GU256523.1 | Thunnus maccovii mitachondrion, complete genome 1275 98% 0.0 98%
0i| 25975593479 [HMO71005.1 | Thunnus cbesus cytochrome oxidase subunit I {COX 1) gene, compl 1271 35% 0.0 S95%
0i|294847934|GUZ56 1 | Thunnus obesus mitochondrion, complete genome 1267 98% 0.0 98%
Qi|298162680|GU4S1771.1  Thunnus thynnus isclate JHL424 cytochrome oxidase subunit 1 (cox 1260 939% 0.0 100%
0i|298162678|GU451770.1 | Thunnus thynnus isolate JHL423 cvtochrome oxidase subunit 1 (cox 1260 93% 0.0 100%
0i|238162674|GU451768.1 | Thunnus thynnus isolate JHL421 cvtochrome oxidase subunit 1 (cox 1260 93% 0.0 100%
0i| 238162672 |GU451767.1 | Thunnus thynnus isolate JHL420 cytochrome oxidase subunit 1 (cox 1260 93% 0.0 100%
011288162654 |GU451758.1  Thunnus thynnus isolate JHL410 cytachrome oxidase subunit 1 (cox 1260 93% 0.0 100%
0502|GUTS9567.1 | Thunnus obesus cytochrome ¢ oxidase subunit [ gene, complete cds 1260 98% 0.0 98%
Thunnus thynnus voucher JHL567 cytochrome oxidase subunit I (CC 1260 93% 0.0 100%

Thunnus thyvnnus voucher JHL530 cytochrome oxidase subunit T (CC 1260 93% 0.0 100%

Thunnus thynnus voucher JHL525 cytochrome oxidase subunit I (CC 1260 93% 0.0 100%

Thunnus thynnus voucher JHL521 cytochrome oxidase subunit I (CC 1260 93% 0.0 100%

Thunnus thynnus voucher JHL520 cvtochrome oxidase subunit I {CC 1260 93% 0.0 100%

Thunnus thynnus voucher JHL519 cvtochrome oxidase subunit I (CC 1260 93% 0.0 100%

Thunnus thynnus voucher JHL518 cytochrome oxidase subunit I (CC 1260 3% 0.0 100%

Thunnus thynnus voucher JHL513 cytochrome oxidase subunit I (CC 1260 93% 0.0 100%

Thunnus thynnus voucher JHLS10 cvtochrome oxidase subunit I {CC 1260 93% 0.0 100%
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O Multiple alignment of Cytochrome B gene

Sequences producing significant alignments:

Accession Description K_f%é E‘)Lr: Sl -‘EEE
0i[281428546|GU256522.1 | Thunnus thynnus mitochendrion, complete genome 1038 1033 95% 0.0
1154745075 |EU036523.1  Thunnus thynnus voucher TunThy-EM-02 cytochrome b (cvtb) qene, 1038 1038 95% 0.0
0i[125631285|EF141185.1  Thunnus thynnus cytochrome b (cvth) gene, complete cds; mitocho 1038 1038 95% 0.0
01|71835163|0Q080270.1 | Thunnus thynnus isolate ThuThvdm cyvtochrome b (Cvtb) gene, part| 1033 1033 95% 0.0
0i|71835157|0Q0B0267.1 | Thunnus thynnus isclate ThuThyWM2 cytochrome b (Cyth) aene, pa| 1033 1033 95% 0.0
0i[154745073|EU036522.1 ' Thunnus thynnus voucher TunThy-EM-01 cytochrome b (ovtb) gene,| 1033 1033 95% 0.0
ai|133924426|EF43960%.1  Thunnus thynnus voucher BMVE/0963 cytochrome b {cvtb) gene, cc 1033 1033 55% 0.0
0i[133924424 [EF439608.1  Thunnus thvnnus voucher BMVP/0962 cvtochrome b (cvtb) gene, cc| 1033 1033 5% 0.0
0i[133923684|EF439243.1 | Thunnus thynnus voucher MMF 35592 cytochrome b (cyth) aene, co | 1033 1033 95% 0.0
0i[133923692 |EF435242.1 | Thunnus thynnus voucher MMF 35591 cvtochrome b (cvtb) gene, co| 1033 1033 95% 0.0
Qil129561793|EF427612.1  Thunnus thynnus voucher BMVYP/1185 cvtochrome b {cvtb) gene, cc 1033 1033 959%% 0.0
a1|125561751 |[EF427611.1 | Thunnus thynnus voucher BMVPf1184 cytochrome b (cvtb) gene, cc| 1033 1033 95% 0.0
0i|33622385|AY302574.2 | Thunnus thynnus thvnnus mitochondrion, complete genome 1033 1033 95% 0.0
0i[32351881|ABOS7669.1  Thunnus thynnus thynnus mitochondrial DNA, complete genome 1033 1033 95% 0.0
gi|550138[X81563.1 T.thynnus mitochondrial cyt b aene 1031 1031 55% 0.0
0i|71835161|0008026%.1  Thunnus thynnus isolate ThuThviCS cytochrome b (Cytb) gene, pal 1027 1027 5% 0.0
9il71835152|00080268.1 | Thunnus thynnus isolate ThuThvMAZ cvtochrome b (Cvth) aene, pa| 1025 1025 95% 0.0
0i|71835155|00080266.1 | Thunnus thynnus isolate ThuThyWM1 cvtochrome b (Cvtb) aene, pa| 1010 1010 95% 0.0
Qi[125631285|EF141183.1 | Thunnus maccavii cvtochrame b (cytb) gene, complete cds; mitochs| 1010 1010 95% 0.0
Q71835187 |D0080287.1 | Thunnus albacares isclate Thu&lbCIZ2 cytochrome b (Cvtb) gene, pe 1004 1004 95% 0.0

O Multiple alignment of 16S ribosomal RNA gene
Sequences producing significant alignments:

o sescpion T
Qil294847938|GU256528.1  Thunnus albacares mitochandrion, complete genome 1150 1190 100% 0.0
01294847934 |GU256525.1 | Thunnus obesus mitochondrion, complete genome 1150 1190 100% 0.0
0il281428546(|GU256522.1 | Thunnus thynnus mitachendrion, complete genome 1150 1150 100% 0.0
0il33622385|AY302574.2 | Thunnus thynnus thynnus mitochondrion, complete genome 1185 1185 100% 0.0
011284347324 |GUZ56523.1  Thunnus maccovii mitochendrion, complete genome 1181 1181 100% 0.0
0i]|281428574|GU256524.1  Thunnus orientalis mitochondrion, complete genome 1173 1173 100% 0.0
0il284810419|GU325784.1  Thunnus tongaol 165 ribosomal RNA gene, complete sequence; mit| 1173 1173 100% 0.0

11258445030|G0461734.1  Thunnus obesus 165 ribosomal RNA gene, partial sequence; mitach 1173 1173 100% 0.0
gil115351860]AB185022.1  Thunnus orientalis mitochondrial DNA, complete genome 1173 1173 100% 0.0
0i|297553527|HM071029.1 | Thunnus albacares 163 ribosomal RNA qene, partial sequence; mitc, 1171 1171 99% 0.0
01132351881 |AB0S7669.1  Thunnus thvnnus thynnus mitochondrial DNA, complete agnome 1159 1169 100% 0.0

. Thunnus alalunga mitochondrial DNA, complete genome 1158 1158 100% 0.0
011281428602|GU256526.1 | Thunnus alalunga mitechondrion, complete genome 1152 1152 100% a.0
0i|296784635|HMD48877.1  Thunnus albacares voucher AAAant-1 165 ribosomal RNA gene, par | 1148 1148 97% 0.0

1127597252 |AB099716.1 | Euthynnus alletteratus mitochondrial DNA, complete genome 3133 1133 100% 0.0
0il40714127|AB105165.1 | Auxis rochei mitochondrial DNA, complete genome, haplotype:II Ec 1127 1127 100% 0.0
0i|40645773[AB103468.1  Auxis rochei mitochondrial DNA, complete genome, haplotype:II Me 1127 1127 100% 0.0
oil406845753|AB103467.1 | Auxis rochei mitochondrial DNA, complete genome, haplotvpe:I 1127 1127 100% 0.0
ql281428616|GUZSE527.1 | Katsuwonus pelamis mitachondrion, complete genome 1121 1121 100% 0.0
0il40645250|AB101290.1 | Katsuwonus pelamis mitochondrial DNA, complete genome 1115 1115 100% 0.0
0140714141 |AB105447.1 | Auxis thazard mitochondrial DNA, complete genome 1100 1100 100% 0.0
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O Multiple alignment of 18S ribosomal RNA gene

Sequences producing significant alignments:

Accession Description Lo R
0i[51537013|AYE85887.1 | Thunnus orientalis 185 ribosomal RNA gene, partial sequence 885 885 100% 0.0
oi|62858568]|AB19374 Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. ITS2, 285 rRNA | 885 885 100% 0.0
oIl 62838567 |AB193746.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. IT52, 285 rRNA 885 885 100% 0.0
0il628%8566(AB183745.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. ITS2, 285 rRNA 885 885 100% 0.0
0i|62898565|AB153744.1 | Auxis rochei genes for 185 rRMA, ITS1, 5.85 rRNA. ITS2, 265 rRNA |~ B8S 885 100% 0.0
0152888564 AB183743.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. IT52, 285 rRNA 885 885 100% 0.0
0il62858563|AB193742.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA, ITS2, 265 rRNA |~ B85 885 100% 0.0
0i|528838562|AB183741.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. ITS2, 2385 rRNA 885 885 100% 0.0
0i|62838561|AB193740.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. IT52, 285 rRNA 885 885 100% 0.0
0i|62858560|AB193739.1  Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. ITS2, 285 rRNA |~ B85 885 100% 0.0
oIl 62838558 |AB193738.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. IT52, 285 rRNA 885 885 100% 0.0
0il628%8558(AB183737.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. ITS2, 285 rRNA 885 885 100% 0.0
0i|62898557|AB193736.1  Auxis rochei genes for 185 rRMA, ITS1, 5.85 rRNA. ITS2, 265 rRNA |~ B8S 885 100% 0.0
01| 52888556]|AB183735.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. IT52, 285 rRNA B85 885 100% 0.0
Oil628G8555|AB193734.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA, ITS2, 285 rRNA 885 885 100% 0.0
0i|62898554|AB193733.1 | Auxis rochei aenes for 185 rRNA, ITS1, 5.85 rRNA. ITSZ, 285 rRNA | 885 885 100% 0.0
0i1[52888553|AB193732.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. ITS2, 285 rRNA 885 885 100% 0.0

i|62898552|AB193731.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. ITS2, 285 rRNA 885 885 100% 0.0
062898551 [AB193730.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. ITS2, 285 rRNA 885 885 100% 0.0
052838550 AB183729.1 | Auxis rochei genes for 185 rRNA, ITS1, 5.85 rRNA. IT52, 285 rRNA 885 885 100% 0.0

O Multiple alignment of Growth hormone gene
Sequences producing significant ts:

L e R gheces e s%é ;Tn:%e cl.ﬁﬂ' Ava%ue‘ ﬁ

1|64220|¥15055.1 Flaunder (Paralichthys olivaceus) mRNA for growth hormone precur 1103 1102 1009 0.0 100%
@if213511|M23439.1 Flounder growth hormone (FGH) mRNA, complete cds 1102 1102 100% 0.0 100%
0i|268376534|GU138643.1  Scomber japonicus arowth hormane (GH) mRNA, complete cds 1098 1096 100% 0.0 99%
0i|268376536[GU138644.1  Epinephelus bruneus growth hermone (GH) mRNA, complete cds 1094 1090 100% 0.0 59%
01|64225[X12887.1 Flounder mRNA fragment for growth hormone 1073 1073 97% 0.0 100%

1170859161 |D0113550.1 | Paralichthys orbignvanus growth hormone precursor, mRENA, compl 563 962 g9ge; 0.0 G95%
gi|116248455|00Q992535.1  Paralichthvs lethostigma growth hormone precurser, mRNA, comple 8950 950 99% 0.0 8955
gi1116247548|00990918.1 | Paralichthys lethostiama growth hormone precursor, mRNA, comple 8950 950 99% 0.0 95%

1171845247 |001136185.1 | Paralichthvs dentatus qrowth hormone precursor, mRNA, partial eds. 871 871 91% 0.0 95%

Pleuronichthys cornutus growth hormone mRNA, partial cds 706 706 91% 0.0 90%
Qil74486670|D0174438.1 | Cynoglossus robustus growth hormene mRNA, partial cds 536 696 76% 0.0 94%
gi|262081423(GU004357.1 | Platichthys stellatus growth hormaone (GH) mRNA, complete cds B4 878 100% 0.0 GR%
Zebrias zebra growth hormone mRNA, partial cds 585 685 76% 0.0 93%
Verasper variegatus growth hormaone precursor {GH) mRNA, comph 667 849 100% 0.0 96%
Hippoalossus hippoalossus GH mRNA forgrowth hormone, partial cd 623 806 95% 3e-175 96%
Limanda vokohamae growth hormone mRNA, partial cds 614 791 91% 3e-172 95%
Platichthys bicoloratus growth hormone mRNA, partial cds 602 780 91% 7e-169 95%
Cleizsthenes herzensteini growth hormone mRNA, partial cds 483 589 76% Be-133 91%;

i|1877037|026737.1 Paralichthys olivaceus gene for growth hormone, complete cds 279 1112 98% le-71 100%
Qi|148363852|EF467362.1 | Scophthalmus maximus arowth hormone precursor, mRNA, complel 275 275 97% 2e-70 75%
Qi|61104878|AY337466.1 | Scophthalmus maximus growth hormone mRNA, complete cds 264 87% 5e-67 75%

— 190 —




(th BAs=2E A2 g 72 &

Atheole] GH genedll tid 72 7|54 £4 A3 A4¥Rd, AFS2E Fd4
19070 ] olr4bSs tEslate FAAE AAWAAA AGEE 8%
% ojmi=Al 7] 4 G (MNRVILLSVMC VGVSS QPI) & 71A 1L A= A|Z A Bujgy
A2 FAF A

GH®| HA &A= °F 21.45283kDac|™, 545 (PI)< 8.26 ©]il, Phosphorylation sites

+ Serine 571, Threonine 27}, Tyrosine 171 € E3IAl = ASE FRJAHIJT Tl 50| =
HlE] GH gened S?%(0.686), S%(0.970), S7°0.979), S$%(0.788), S'°'(0.659), T'°(0.838),
T'3(0.664) residue site®] 4] O-beta-GluNAc ZA¢S FE3taL, 5712 Al2=HQ (Cys) oFF] -
A A7 E Bishe AEFH T2E fAAYS AEAsid.

o

2y

]oll
r
rlo
3
o
o
(o]
>

F

S+, Insulin-like growth factor II candidate gene> FThidojolx] X ¥ wirl glo
Hol7h wj-- g Zo 2 AAAH, dA dF A5H 4 Els
I AEZ /Y IGF II ¢ & FAHAE HeERH L o] FRFHAAE A A sta 3ok

> Electrophoretic patterns

T1% 126. Tuna GH expression pattern
Lane 1~3: Tuna GH, M: marker
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> Open Reading Frame
MNRVILLLSVMCVGVSSQPITENQRLFSIAVGRVQYLHLVAKKLFSDFENSLQLEDQRLLNK
TASKEFCHSDNFLSPIDKHETQGSSVQKLLSVSYRLIESWEFFSRFLVASFAVRTQVTSKLSEL
KMGLLKLIEANQDGAGGFSESSVLQLTPYGNSELFACFKKDMHKVETYLTVAKCRLFPEAN
CTL*

> Six frame amino acid sequence translation

>/tmp/outseq.input.2880 [Unknown form], frame+3, 190 bases, E5B checksum.
EQSHPPAVSHVCGRVLSANHREPAPVLHRCWSSSVSSPGC*ETLQ*L*ELTTVGGSTSSQQN
RFKRILSFR*FLESDRQTRDTRQLSSEAFIGLLSID*VLGVFQSLPGRKFCCEDPGYIQTVRTED
GSPEADRGQSGWSRWIL*EFGAPAHAVWKL*TVRLL*EGYAQGGDVPDRGQMPTLSRS*LH
PV

>/tmp/outseq.input.2880 [Unknown form], frame+2, 190 bases, FO checksum.
*TESSSCCQSCVWACPLSQSQRTSACSPSLLVEFSIFTWLLRNSSVTLRTHYSWRINVFSTKSL
QKNFVIQIIS*VRSTNTRHKAAQFRSFYRSLID*LSPGSFSVASWSQVLL*GPRLHPNCQN*RW
VS*S**RPIRMEQVDSLRVRCSSSRRMETLNCSPALRRICTRWRRT*PWPNADSFQKLTAPC
>/tmp/outseq.input.2880 [Unknown form], frame+1, 191 bases, AF8 checksum.
MNRVILLLSVMCVGVSSQPITENQRLFSIAVGRVQYLHLVAKKLFSDFENSLQLEDQRLLNK
TASKEFCHSDNFLSPIDKHETQGSSVQKLLSVSYRLIESWEFFSRFLVASFAVRTQVTSKLSEL
KMGLLKLIEANQDGAGGFSESSVLQLTPYGNSELFACFKKDMHKVETYLTVAKCRLFPEAN
CTL*

>/tmp/outseq.input.2880 [Unknown form], frame-1, 191 bases, 1793 checksum.
LQGAVSFWKESAFGHGQVRLHLVHILLKAGEQFRVSIRRELEHRTLRESTCSILIGLYQLQET
HLQF*QFGCNLGPHSKTCDQEATEKLPGLNQSIRDR*KLLN*AALCLVFVDRTQEII*MTKFF
*SDFVEKTLILQL**VLKVTEEFLSNQVKILNSTNSDGEQALVLCDWLRGHAHTHD*QQEDD
SVH

>/tmp/outseq.input.2880 [Unknown form], frame-2, 190 bases, 408 checksum.
YRVQLASGKSRHLATVRYVSTLCISFLKQANSSEFPYGVSWSTELSENPPAPS*LASISFRRPI
FSSDSLDVTWVLTAKLATRKRLKNSQDSINR*ETDKSF*TELPCVSCLSIGLKKLSE*QNSFE
AILLRRR*SSNCSEFSKSLKSFLATR*RY*TRPTAMENRRWEFSVIG*EDTPTHMTDSRRMTLF
>/tmp/outseq.input.2880 [Unknown form], frame-3, 190 bases, 24EF checksum.
TGCS*LLERVGIWPRSGTSPPCAYPS*SRRTVQSFHTA*AGAPNSQRIHLLHPDWPLSASGDP
SSVLTVWM*PGSSQQNLRPGSD*KTPRTQSIDKRPIKASELSCLVSRVCRSDSRNYLNDKILL
KRFC*EDVDPPTVVSSQSH*RVS*QPGEDTELDQQRWRTGAGSL*LAERTRPHT*LTAGG*L
CS
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SignalP-HMN prediction teuk networks): Seguence

T T T T T T
C score
Y score
MMRYILLLSVMCYGYSSQPITENQRLF SIAVGRY QY LHLYAKKLFSOFENSLOQLEDQRLLNKIASKEFCH
1 1 1 ! 1 1
5} 18 28 38 48 58 &8 78

Position

> Signal peptide cleavage prediction

Phosphorylation potential

MetPhos 2.8: predicted phosphorylation sites in Sequence

Serine ——
Threonine ———
Tyrosine ——

T T T T =T T T T
2a 46 [=15] a8 188 1z2a@ 14a 1668 18a

Sequence position
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> phosphorylation site prediction

YinOYang 1.2: predicted 0-cbetad-GlcHAc sites in Sequence

1
m 0-GlcHAc Potential
r Threshold
E B.75 — - Yin-fang Y
a
5
= B.3 4
L
%
§ B.23 —
; 1L -l
= G T T T T >
5] 28 48 =15} 1|a|a 128 148 168 188
Sequence position
O-(beta)-GlcNAc site prediction
> Insulin-like growth factor II candidate gene
Sequences producing significant alignments:
Accession Description Efe ;rcnzt:i tfv% al =& @ i'_d%t
Salmo salar insulin-like growth factor II (LOC100136550), MRNA = 416 418 100% 4e-113 92%
TSA: Oncorhynchus mykiss 332.0nmyecontio mMRNA sequence 384 394 100% le-106 90%
Oncorhynchus mykiss insulin-like growth factor II {iaf2), mRNA =gt 384 3594 100% 1e-106 90%
Salmo salar insulin-like growth factor II (IGF-II) mRNA, partial cds 352 352 89% 4e-04 0%
Pagrus auriga iafll mRNA for preproinsulin-growth factor I1, comple 293 293 100% 3e-76 82%
Dentex dentex insulin-like growth factor-II mRNA, partial cds 288 288 S7% le-74 B2%
Diplodus sargus igfll mRNA for preproinsulin-growth factor 11, come 284 284 100% 2e-73 81%
Sparus aurata insulin-like growth factor 11 (IGF-II) mRNA, complete 284 284 100% 2e-73 81%
L Sparus aurata insulin-like growth factor 2 mRNA, complete cds 284 284 100% 2e-73 81%
AYE54417.1 Synthetic construct clone SCRI408 SCRI408 (AVGEIL) gene, comple 280 280 100% 2e-72 81%
AY941255.1 Umbrina cirrosa insulin-like arowth factor II mRNA, partial cds 280 280 100% 2e-72 81%
AF282621.1 Synthetic construct IGFII-GFP fusion protein (GNQIS17) mRNA, comr 280 280 100% 2e-72 81%
AF267910.1 Synthetic construct 48 kDa IGF-1I fusion protein (fIIGFII-EGFP) gem 280 280 100% 2e-72 81%
AF325573.1 Synthetic construct SooQI-507GFP fusion protein (FIIGFII-EGFP] mR 280 280 100% 2e-72 B1%
AF091454.1 Paralichthys clivaceus preproinsulin-like arowth factor 1T (IGF) mRN 280 280 100% 2e-72 81%
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1) phylogenetic tree of Cytochrome ¢ Oxidase subunit 1 gene

I bony fishes | 4 leaes
Thunnus tonagol cvhochinome ¢ oxidase subunitl 9ene, complete ods; mitochondrial
Thunnus thennus isolate JHL425 crtochrome oxidase subunit 1 (cox 1) 9ene, parfial cds; mi.
4 Thunnus thennus thennes mitochondtion, complete genome
-} Thunnus thennus mitochondrion, complete genome
@ Thunnus thunnus thennus mitochondrial DA, complete genome

& Thuninus thennus isolate JHL+24 cotochrome onidase subunit 1 (con.

@ Thunnus thinnus isolate JHL423 cotachrome oxidase subunit 1 (con.

& Thunnus thinnus isolate JHL421 cotachrome oxidase subunit 1 (cox.

@ Thuninus thinnus isolate JHL+20 cytachrome oxidase subunit 1 (cos.

L Thunnus thyninus isolate JHL4+10 cytochrome oxidase subunit 1 [cos.
@ Thunnus thynnus voucher JHLSET ctochrome oxidase subunitl (SO,
- Thunnus thennus voucher JHLS 30 cvtochrome oxidase subuniti (oo,
& Thunnus thnnus voucher JHLE2S ovtochrome oxidase subunit] (S0,
Thunnus thinnus voucher JHLE2 cotochrame oxidase subunit (CO.
9 & Thunnus thinnus voucher JHL520 ctochrome oxidase subunit (CO.
& Thunnus thinnus voucher JHLS19 cytochrome oxidase subunit (GO
@ Thunnus thinnus voucher JHLS 135 cptochrome oxidase subunit (o0,
& Thunnus thynnus voucher JHLS 13 cptochrome oxidase subunit] (CO.
@ Thunnus thnnus voucher JHLS 10 cvtochrome oxidase subuniti (oo.

@ Thunnus thnnus voucher JHLS0G cvtochrome oxidase subuniti (oo

¥ Thuninus thannus voucher B A 1157 cvtochrome oxidase subunit 1

@ Thunnus thynnus voucher BW A 1160 citochrome oxidase subunit 1

9 Thunnus thennus voucher B 41159 cvtachrome oxidase subun...

S Thunnus thyninus vaoucher BYE A 1158 cvbochrome oxidase subun..

7 aldHeaid
t Ibony fishes | 2 leares
biony fishes | 4 leaves

| bony fishes | 66 leaves
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2) phylogenetic tree of Cytochrome B gene

bonwfishes | 27 leaves

Thunnus thynnus isolate ThuThwdti 1 cotochrome b (Cwtb) gene, partisl cds; mitochondrial

Thunnus maccowi citochrome b outh) ge..

@ cliens+3 4

0 bony fishes | 3 leaves

&

| bony fishes | 14 leaves

| bany fishes | 5+ leawes

3) phylogenetic tree of 16S rRNA gene

Anoplocapros lenticulars mitochondrial DRs, complete genome
G bonyfishes | 57 leaves

bony fishes | 4 leaves

@

Maso lopezi mitochondrial DM, complete 9enome
@ Scomberomorus cavalla mito.
& “Abony fishes | & leawes
2] | bonwfishes | & leaves
¥ Euttwninus alletterntus mitochondrial s, complete genoms
) Sarda chiliensis 16 5 ribosomal RhA gene, parfial
‘bonyfishes | 15 leaves
@ Thunnus themnus thennus mitochondrial D&, compl..

o Thunnus thynnus thennus mitachondrion, complete ...

514754
Q9

bony fishes | 5 leaves
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4) phylogenetic tree of 18S rRNA gene

Lateolabras japonicus gene .,

& Hula chrysoscelis 155 rbosomal RMA gene, parial sequence

- Trichiurus haumela partial 155 rRbA Qene
= bonyfishes | 4 leases

9 bony fishes | 27 laves

o bony fishes | 2 leapes

& bany fishes | 10 leases

bony fishes | 5 leaves
2 bony fishes | 2 leaves
{bonwfishes | 3 leames
o TS &: Oncarhenchus mykiss 151113.0nmycontia mRMA sequence
PT5A: Oneothenchus mykiss 148950.0nmeontia mRRA sequence
2 T5A: Oneothenchus mykiss 148944 0nmecontia mRRA sequence
@ 154: oncorhynchus mykiss 14594 3.0nmycontia mRRA sequence
E154: oncorhynchus mukiss 145940.0nmycontia mRRA sequence
S uncultured funqus clane serad_Fo2 155 Hbosomal RMA gens, parfial
3 bony fishes | & leaes
(b fishes | 4 leaves
=] Siniperca chuatsi 155 ribosomal RhA gene, partisl sequence
-1 Auis thezard genes for 185 rRMA, TS, 585 rRMA, IT52, 255 rRMA
<3 Aunis rochei genes for 155 FRMA, ITS1, 5.85 FRMA, ITS2, 255 rRMA, parfial and complete sequence, mediter 3
3 Aunis rochei genes for 155 FRMA, ITS1, 5.85 FRMA, ITS2, 255 rRMA, parfial and complete sequence, mediter 5
4 Aunis rochei genes for 155 FRAA, ITSA, 5.85 PRMNA.ITSZ, 265 rRMA, patfial and complete sequence, sflant 1
A Aunis rochei genes for 155 FRAA, ITSA, 5.8 5 FRMA. ITSZ2, 265 rRMA, parfial and complete sequence, stlant 4
@ Aunis rochei genes for 15 5 pRMA, ITSA, 585 rRAA, ITS2, 255 rRMA, parfial and complete sequence, Atlant 7
o Aunis rochei genes for 15 5 pRMA, ITSA, 5.8 5 rRMA, ITS2, 255 rRMA, parfial and complete sequence, Pacif 1
 auvis rochei genes for 155 PRI, ITS1, 5.55 FRMA, 152, 255 FRMA, parial and complete sequence, Pacif 4
: bany fishes | 19 leames
Alcliass4

5) phylogenetic tree of GH gene

. delicatissimus mRR for growth hormone

Seriola quingueradiate gene for growth hormone, edoni- 6, complete cds

i Seriola dumerili growth hormone (GH) mRRA, 3 end of cds
[
@
Saquingueradiate growth hormone (GH) m RMe, complete cds
=
¢ spnthetic construct pHA 1 DM, conteining cOmMs insert for Serola quingueradiate growth hormaone, complete sequence
bony fishes | 3 leauses
bony fishes | 2 leaves
& bony fishes | 2 leaves

Siganus gutetus mRMA for growth hommone, complete cds

L

- Pleuronichihvs cormutus grow..
Epinephelus bruneus arowih,
]
] @ lelizEo4ad
&
bony fishes | 5 leaves
Tl Q@ Ibony fishes | 6 leaves
bonu fishes | 6 leaves

Ibonw fishes | 2 leaves

bony fishes | 62 lepues
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6) IGF II candidate gene

Dianio rero insuline like growth factor 2a (igf2a), mRM
ph Ictedurus punctedus 1G F2 mRMA, complete ods
bony fishes | 6 leanes
Anguillz japonica 13 F -2 mRrA for insuline like growth factor -2, complete ods
<1 carmivares | § leaves
Q Anguilla japonica lGFIF1 mR
@ PREDICTED: Callithrix jacchus insulire like growth ftor Ik like (LOC 10039351 5), mR
<Y rodants | 5 leaves
@ PREDICTED: Ponga abeli insulir- like growth factor Ik like, franscript variant 2 (LOC1004 5.
W PREDICTED: Ponao abelii insulir-like arowih factor - like, franscriptvadant 1 (LOC1004 5.
( Papio anubis insulire like growth factor 2 (somatomedin &) (1G F2), mRkA
@ Synthetic constuct OMA, clone: pFi KEBGSE S, Homa sapiens 15 F2 gene for insulire like gro...
@ Homa sapiens insuline like arowth factar 2 (somatomedin 4] (15 F2], RetSeqGene on chrome:
ﬁ Pongo abelii BAC clone CH27E 476011 from chromosome unknown, complete sequence
4 Synthetic construct Homo sapiens gateway clone IMAGE: 100017976 5 read IGF2 mRbA
Salma salarinsulin like growth factor 2 (IGF2) gene, parfial sequence

g

£

o

3 3Icl|263351
@ Salma salar insuline like growth factor 1 CLOC 1001 36 5500, mRkA
& by fishes | 6 leaves
bonw fishes | 29 [eaves
3 bony fishes | & leawves
rx icropterus salmoides insulire like arowth fctor Il gene, complete cds

bony fishes | 2 leaves

Cotus scorpius mRMA for pro-IGF 1| protein
Lates calcarifer insulirelike arowth factor Il gene, complete cds
4 9 buony fishes | 2 leawes
5] Synthetic construct clone SCRI40E SCRI40E (A VGEI) gene, complete cds

A Synthetic construct IGFIE GFP fusion protein (GROIS 171 mRRA, complete cds
9 synthetic construct 45 kD216 P fusion protein (AIGFF EGFP) 9ene, complete cds
a Synthetic construct Soogk 507G FR fusion protein (113 AF EGFP) mRkA, complete cds
i Faralichthis olivaceus preproinsulire like growth factor I (1GF) mRRA, complete cds

o bony fishes | 11 leaves

o

7. AR FAA BB 9T B

A L P = B B o B

oth
o
-+
X
riot
o
ftlo
PN
>
ol
N
Ho
)
o
!

A3ttt

(2) &9 2¥

h F71EA-

COD? wx+x ZEZolA 0.18~0.66 mg/l (0.35£0.19 mg/olH, AHZFol|A 0.25~0.64
5

mg/l (0.35£0.15 mg/)= FFE 2ol HolA| &t AP Aol& HH 7H+y A
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Aol ¥ 55 Hola JAT 7FFEREE 100m B E100 AHAIME BF
NA 7HE w2 FEE EROH, 200m Eol E200 A MM = FF 2 AFolA =&

FE=E YER Y AT 500m BolF E500 A HoNAME TES AT U] FA oA
= 7hre AAH H3 v 2EZE BAT ol AR FFd Y3l JHFElEREH o
AAE 100m 7M1= {7 AARZE Bt 559 §55 S7HA7IAL o] F 200m A A ol

AME olFA ZFT AR AAFORE 3 F, ATY FEE ®olv ALE AEHT
500m AJNA = FFE FA v AR AddHT

E 5EZ£0F 100m, 200m EoiF N1007} N2009 A= 778 XA FARE ghs B
ola o] F&EWFo] FE FEo] ofd FAWFOR It Y A HHEES AL
e & 5 AN

Chl.a® TEE EZoA 045~0.56 ug/l (0.51+0.04 ug/l)olH, #ZolA 0.44~0.60 ug/l
(0.50+0.05 ug/HE F3FHE ZolE HolA| FUth ZAFHE olE BHH 7bre A

]
71et & A9 w57t 2 Aol fIAIRE E100 AR T3 E200 AH S A Foll A
Ta e AL HolT Ut ok YUde] wE 4BAL 2T A: Ao By
At}
0.70 oD "us
0.60 - '83s
" X%
050 -
040 -
0.30 -
0.20 -
010 |
0.00 . . . . e
CC  EI00  E200 ESO0 N10O  N200
070 | Chl.a "ws
060 - "83
Az
050 -
040 -
030 -
020 -
010 ||
0.00
€C  EI00 E200 ES00 N10O  N200

a3 127, 7F5E FA4Ae] S8 COD ¥ Chl. a #3X
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hH FLEFT
NH4+-N 5= EZolA 0.005~0.015 mg/l (0.009+0.004 mg/1)°]™, A ZolA 0.007~
0.011 mg/l (0.009+0.002 mg/E HF#2> Zol= AT AT FF A

oA 71 B FEE Holth HFYRIH ““ﬂ’é#i FEE as

= Age nol
3, FFeIME A7t Beld4 % Fvkshe A% Uit ol AR BRA 27
of AFARI AT EFoA gEUch Aa BalHo} 4T AMelN Ee BE
g ot} AFHYERE Wod4E 1 BEs} gastn FEIME APHoE Fojd
ABE AT g8 HFeERE Wel "ol RO o]FHI o) FHE F7ho| YEFA
o5 P37t AWPOE A8 AFYERE 200m o AN EE e Hol: A
o= pgat

NO3-N 5= EZA 0.051~0.067 mg/l (0.059+£0.005 mg/)°]™, A ZolA 0.053~
0.065 mg/l (0.059+0.004 mg/)E Hgt- zkol7F AT =3 AHE zpolE B 7HF
g ARA & @S Hola o]AA} BoAFE Hadte AFS YERUTH

DIN(NH4+NO2+NO3) == EZFolA 0.067~0.088 mg/l (0.079+£0.008 mg/l)ol™, A
o A 0.071~0.086 mg/l (0.079+0.005 mg/)Z HFFL 2po|S Ho|A ottt ZALAH
b FHA £& FEE Holal Ayt HAHASTE Fhdste AFS Hola o
PrUol A4 FFOE E200 AR FFAA 7MY L sEF UERATH

DIP 5= #3914 0.007~0.011 mg/l (0.008+0.002 mg/)°]™, AZolA 0.008~0.011
mg/l (0.009£0.001 mg/)Z HFFEE 2o]E Koz &Ut}h A TZFoHE E100 A3

oA 7HE e TEE Holtk E200 ARA Fadtes AFe Hola FFAAE THF

=
[¢}
==
=
U

2 AROA 1 B BEE Kol 3lom AFAE = WEE RolX 2
JHY FE FFPY A% olF L ol §old| FFW AR 2 479U
Qo RASH WA Jhe] POz Bel Wold TAx FFE vAE AL #

AL = AATH
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0.060

0.040 -

0.020

0.000 -

0030 NH4 L 2

0025 e

’ s ES
0020
0015
0010 |
0.005 -
0.000 -

cc E100 E200 ES00 N100  N200

0.100 - "us

iz

0.080 LS

cC E100 E200 ES00 N100  N200

0.070 - NO3 "nE
0oz==
0.060 - oo
"
0.050 -
0.040 -
0.030 -
0.020 -
0.010 -
0.000 -
cc E100 E200 ES00 N100  N200
0.012 DIP LErES
=
oo
0.010 " g
0.008
0.006
0.004 -

cC

E100

E200 E500 N100 N200

TN
mg/l (0.268+0.042 m
B 7h5g AHA 7 & @S Roln
Wi &3,
FToA ol FA L A7

TP 555 EZo|A 0.013~0.017 mg/l (0.015£0.001 mg/l)o]H,
mg/l (0.015+0.002 mg/)E FZ3 A Z3+e] 7<]—O]
TN} vR7kA| = 7HFE

H #frleEde

a9 128 7HEE FHe 38 RAGUY

=
TEE

mg/l)2 3%

I == 0O
xFe

sl uls) F59

J

Ao FFeNA =

o =

&g dAFH Y FUFH
A A A FZo|A HET A3
t}. o)== E100 A HANA =&

=

oy &

EZFolA 0.218~0.256 mg/l (0.236+0.016 mg/1)°]™,
oA ET A ZF ol A

XX

A

o] =
- T

A Zoll A 0.225~0.348

Bo %S BT A AW Aol &
ol A4S FE7h RopAE AFS Uw
$E7h ¥ @ R,
goz pudn.

o= AR FFol

A ZNA 0.013~0.018

AT =AEHER HE,

< #e Hola U=H FUI9dEd v
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0350 - TN LETE
e

0300 | oo
"HS

0.250

0.200 -

0.150

0.100 -

0050 -

0.000

cc E100 E200 E500 N100  N200

0018 - LT

0016 Ll

0014 - Ll < F==

0012

0010 |

0008 |

0006 |

0004

0002

0.000

cc E100 E200 E500 N100  N200

a9 129, 7F5E] Ao S TN, TP &3

FEe Aol met Al Fglol FAR #=s BOlAWKDIN), EA2H shAlell H
3 BA =& S HolH(DIP, TN, TP), DIN, DIPE F3oA, dAF S £33+ TN,
TP= AToNA 2 T5E e
DIN# DIP= oo} SHibo] golstef sfel Wafol wet 1 s5
ZHE olA4A2 200m AH<Ql E200004 M w& ghe HolAW, SHL0} F
2l AR T3 EE wEE Holth Rl ol ols, Aet=
o -

AZAHE At Dol d5e
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. Qsi7HFe e WRizbRe o deE S

AHFEI7E 1,10, Q7R 7 0.60 mgLE Q3i7FFEl7E oF 2n) B ge
Bola, FHALE AT 7E 0.680, Ya7HFEI7E 0.150 mg/LE AT 7F oF 4u)

ol T #S Eolx Utk HIE 13F A Aol o3 AiolAnt S tiH E =

¢

Cage Type COD (mg/L) DIN (mg/L) DIP (mg/L) N/P TN (mg/L) TP (mg/L)
Inshore Cage 1.10 0.082 0.016 11.71 0.680 0.023
Offshore Cage 0.60 0.067 0.005 30.63 0.150 0.012

A}

rlo

Rl

g AdtFE e AS HF 49.89%, AdMIMFE= 33.75%, AL H
ol A 7.62%, A7FFEloA 5.62%= AU7FFEl A =& #HS Hola Ut

HAE CODE A7bFEelAl 175226, &al7FFElol A 107.16 mgkgl = A7 FE
7b gaizrEeel vE) 158 o] = #e Holu on 53, 9sirtFE] AdA ARG
Wgkel] X QslvtrE gE2Fe TR 8 A% e Fhs HoFUh
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A3 A BLELE (AVS)E Ak EFE oA 0.022, QEi7EFElE 7HFE vEE LA "ol A

0.001 mgS/gtte] HEHAS ®oltt. o= AbFEAge] s &Fo] AdshA X

goz Qlaf PAR dAZ FAEH e Yulsta HAE FFY FrlE0] A&
el oz A
3 72, 98] B2 WRrbRE Aol HAEW 295X
Cage Tiype Distance (m) W.D. (%) LL. COD (mg/kg) | AVS (mgs/g)
0 47.17 6.81 1613.74 0.040
10 45.38 6.80 1836.75 0.043
Inshore Cage 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 5.13 129.87 N.D.
Offshore Cage 100 37.12 4.62 119.70 N.D.
200 37.65 4.16 74.64 N.D.
500 32.20 6.22 105.85 N.D.
Control 28.76 2.77 893.65 N.D.
AYE EHHE U CODe= A7tFElolA 1374.10-2218.79 mgkgl 2 7FFEE FAL

E & AolE Hola YA Ffem Lsfrtr oA 74.64-129.87 mgkgSE 10m E

CODE WRIIEE ool ezl ogRT 208 A7te]l HE& e RPOH,
AVSE Utto] gajmth 0 mAHAA 408 7Pho]l ¥& e BT EE 100 m A
HREE 0 2 Yen) ok
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o

s
(3/S3w) SAV (3/S3w) SAV £l
vw 2 9w o= v = w = o a 2 & & T g 8 o
T 3 2 &8 & 8 2 2 S 7 S £ £ £ £ 2 2 ) oy
= s = = S S s = = o = = = = = = = _Lmo
1 1 I 1 1 L 1 w Cmﬂ . L | 1 1 L M _ui ,wvo
Ho e Ho
%) A XV
= > > alf]
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— ﬂ_1ﬂ F m ,Aluﬂ ‘mmo
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S - N
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8. Qs FAFH AAE 4
7t A%

(1) FAE" 2 JA

b =l

SHels Htigels =3 =
@ QAL oFAAA glol AR B aslel dlg olee Mol Ak WA oA
Adrieho] o] FF JAE 2377 Yom, SAE AGAE 08 FALoT =
83 20004 v, A5 B‘?.]ﬂxﬂ‘— 08 129 12 kg AAA EE 12000} 8 = Tt EE
ol A 099 13000}8]E FUAs] SAA AFS Fo] Atk =3 | FEsFEE A
FAH B AFAe Hodr|gol woldo]xdMolo] 371t S Al A}

olA Y 4tPA TR FAZ o] FoIAA S WA ofYEk E8HrE o] Fo| XA &
A [e)

of FAFHA i, 4Z7IZL, HARE Fol W ZER7}

2 AFdAE FEluetet 9% BB Y JAodo] 1 kg WHe TEE AEst &k
28t FAFETE A A A5 E Fxst AAA B Ol%ﬂix} El=
£ 73, Sy}t AoEo] FAGA 9 ASEE
FAA Y FA QA A4 mtE] (A F) AA ArKulE] (1A F)
Py | ‘081 A4k 2501 (2~3 kg) ‘08134 250mH2] (20 kg)
O 0934+ 9601}2](1~2 kg) 0932k on}g]
‘08 a4+ 1,2007}H2] (1~2 kg) 0834+ 236mHE] (25 kg)
A F 2 ‘09 d 4k 1,3007F2](1~2 kg) 091 d 4k 1,000mH2](5 kg)
09 34K <]38l) 370m1E](1~2 kg) 092k 3l 3500HE](5 kg)
Al 3 4,0807}2] 1,8361}2]

() ==l (L#)
YEL 1970d =R Frido] AT 1] 1980 FHHLE 4G 9k
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of AREA. 2008 7IE A=A om FopEo] FHve MELHOR sh= A= 38

MAA, dordeiet 718k off F4E 1

Folstar gl

Gl AHEHE FHO F= oF 400,0000F2]7F AREET, AL 2008 52
%

O 57008 AEZE HIFHJOY, 7,00% oS Fd& Zlog FAHEI 9o, 2009

Ok Al Z__E_ =z} <] Ok A]
A THE) At _ : —]_O jgzg 5‘3]]:;‘
(GIs=)) ofgutEls | oAfFF Az (B3R g A)
(=) (&) (g/mHeD)
o 7} 3 A} 3,200 102,575 3,544 2.5 714 7 (10)
| T 400 13,200 - - - 1 (1)
2]
|z E 150 150 - - - 1 (1)
T | okulx| 80 3,000 - - ] 1 (1)
U] 850 97,726 ( 48,375 33.6 695 20 (38)
N - - 13,682 45.0 3,289 -
%L I 700 40,053 46,103 16.2 351 2 (4)
-, | &7Feknt 200 12,456 4,939 0.7 143 2 (4)
TlzoxA 150 24,959 124,959 - - 2 ()
of 3] ? 37,852 18,056 3.6 198 2 (6)
F | A Hy - - 118,780 53.8 453 ;
i<
8| x = - - 33,245 146.0 4,368 -
A 5,730 431971 ¢ 3;3%3 :;3 4’;“5‘2 38 (68)

(2) G}
7h EE Horgo] A At
AEO| FAF Frhgole] &3t =719 40~50 kgol A

Z1BA o Z 2001, 20043 E5F o]o] A 200439 HG o]E o] 23%=E H
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(A/kg * %)

g = H-§ - 714 A&
DOF5BM| 157 (7.3)
oF QAFEH] 1,147 (53.4)
A @<1n] 563 (26.2)
H] @7 EHAREY, 732 5 282 (13.1)
& BAFATHD+D+B+D) 2,149 (100)
®Z3FAYU7HGG B 94%) 2,286
12002 3 20049 = Hla| 20023 2004
OANA71 A 3,500 2,800
(O] 5= 200
=314 l(®+©)
O Z(D*0.055) 193 154
@AY LA A(D-10) 3,108 2,446
120] 2 (@-®) 821 160
@30] ¢} &(1/@D*100) 23 6
¥ FA M= E3F0] (60 k)Y 1 kg W], HI7HHIELS AAHATTA AR g ZF ]G
H| &
# YA L 2,000mH2], FARES 13A 30%, 23 A 10%, 330l &35 7]1F
¥ T8 FHPAY HAEFRALE VRESH A

7h EASHA "o Ao gpytopntd G oA A HQl ofuiH] @ AwtE HalsHH,
o} 7tofrli= E3HAl H A F o] 40 kg Welolu ofulu] @ Almk= 70 kg o1 7MA] A
o} olomE FstFe] Abolrh wAEH, ofnpm| @ @ Ajwke] - o)A St mE A}
07} oFtobmtR T oF 70 %P = S7FRTL
olXH 4tAe] wE FAAH B ZFIFE A F FFES v BT Ao
=+

AFE FA B0 FAR YR shrtobule] A9 B

40 kg MAE E31E HFF A
A71A 0] 3,500 <Mkg Aol o] EC] 34.8%, 3,000 kg 4 23.9%2] o]YES HA
o dEo e AlATEAC] 3,000 kg ool ATH A A H] FEE| A= AL

Z IEEHAG
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¥ 76. FHOgo] Ao AHAZE ALV vl 7| e AR A SR ALA, 2005)
2} 7} okn} oln}lm] @ @ Almr}
nlg] 4= 2,854 1,217
S ;
A Z(k 0.59 0.59
(200. 8. 17) o (ke
T H(kg) 1,695 723
. nhg] 4 1,610 797
=3} -
FZF(kg) 27,847 38,622
AR mkE] 1,143 361
a4 251 59
F7F vkgl S 294 0
n}ha] 2= 144 0
=8
A F(kg) 39.26 74.66
(2003. 3. 18) -
T (kg) 5,654 0
A ZE(%) 51.2 65.5
S5 &(%) 6,510 12,469
SSATAEA T 15.6 13.9
AL &S 7K S/kg) 68.5 81.3
AL 573 H) 29,759,055 42.726,095
¥ o}Flofn}, ofnju]| e @ Alu} =5 A 35 m ¥E JHFE 1IE AME
¥ F71 vtElaee o8 JhrgddA AbsEd MAE FUHE 4
¥ A= nfg s &5k A1 A
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3£ 77. 9F7boknt 7|1 E AT A Fohao] A ALkt
718 A T4 SR ILA, 2005)
Hof F kg 30,000 30,000
kg BTt A/kg 3,500 3,000
1rhel g B kg/mHe] 40 40
AT ol 105,000,000(100%) 90,000,000(100%)
SFAAH(ZETY, AR ol AN
2] 3_}7Mjwul 5) o 68,500,000(65.2%) 68,500,000(76.1%)
FA S (ol Y) ol 36,500,000(34.8) 21,500,000(23.9%)
F 78 o] Ao AR FAAARATE ¥l 7|t e A TEA FXEEALAL, 2005)
9} 7}ofn} ofntr] @ @ Al m}
2~
A TFA T 2,854 1,217
A 5 (k 0.59 0.59
(2000. 8. 17) 15 (ke)
3 ? ¢ (kg) 1,695 723
. ve] 1,610 797
Z3} =
F 5 (kg) 27,847 38,622
AP k] S 1,143 361
PrET whg| 251 59
7t viEl 294 0
- vk 144 0
TE .
A & (kg) 39.26 74.66
(2003. 3. 18) =
T35 %(ke) 5,654 0
A ZEE(%) 51.2 65.5
=5 &(%) 6,510 12,469
SSATALEAT) 15.6 13.9
AL &S 7H( <l /kg) 68.5 81.3
A= 74 8] 29,759,055 42,726,095
s ghztobul, bt @ @ Ak W A 35 m UF pRE 14 AE
¥ F7F ukElee OE VHREdA ARSI NAE FUEE Y4
% AE vlRlFE Edtek FRA9 FAY
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(h =] ool &2 A7HEFA)
O FEH|

HAA FAAAEE 95 FE R F23F ootk T A oJFEE A HA
7FA0] 60,0009/ 2 2ALE Lo, ERlet ZIEGHIE 2siE viEld SRS

68,0008 A== A=),

B 08I HE AR G2

YARRE YRelMe Yol AxFY o, FelN Fx
o sk ool o il ojEstelol Bk FUAF FH FYUE AR
Wsk 71x g e, e ol BRuE Fol wekeid vheld 1229009
o] 29% Aoz Bt}

Al
=
o

-

b

H o
T ©
[e)
= 7
AN
o

k

79. TH F4Y7F vl

zus}4 Z=g=n] 7)€} 1) A
Ul AAAE 70,000 /1}2] 7,500 /u}g] 500 /v 78,000 /1}g]
10,7909 /m
FRSIOEN kel 12,5009 /1}] 2,500 /m}g] 122,900 /7}2]
(8,300411x1,300%))
# YE FUFTHIMEL 099 A AES V2o ®E F, gy AAL JHE L oRl "
FA A HEZA ] 93 A A
¥ s 2,0000H] FUA ol 13 FEHHlE TE
% 7|EbAN] 3 RS FAdon], ERHLE So0F yEsle] 4kA
@ ArsH|
ALE R = Ak wiEsteE geEtr & 4 dEd 53] A=Y AEA S 9F
g gdo] ok AmHlE el AgAFE dEY AFAA ZASY 157 1
Aata, &L WE W8S AT =3 Frgole] ZdtAV|E 40 kgE T1ES

= stal ool o AlgutelaE 2,000WHE 7€ 2 ST
AR = (AFEAIST 15 x AR x kg ARRH 1)/%/%'le
AEFALE FAl ARR also] TS VIELR e, AEE 50%Y A F A
FHl= 450,000 €, =& STl wel ArsHlE S7hske] 80% Y 737 720,000 Y o=
e T kg@d AFREHIE 11,2509 22 A4S T
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A9)

H](
450,000
540,000
630,000
720,000

=
ar

A

o

=

At kg)
600,000
720,000
840,000
960,000

o

=
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