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SUMMARY

To develop and industrialize yellowtails aquaculture, we investigated seed
production (Seriola quingeradiata and S. lalandi), characteristics of growth
performance in nursery stage (S. lalandi) and effects of light spectrum on ovulation
induction in S. quingeradiata

Purpose

O To induce sex maturation, the photoperiod slightly decreased as follows:

- 11 Ligth (L):13Dark (D) in early November 2015 (non-breeding season)
- 9.5L:13.5D in early December 2015.

It increased to 13L:10D in early May 2016 (breeding season).

Natural water temperature increased from 16C in early January 2016 to 19C in
early May 2016. HCG (doses 500 [U/kg BW) was injected into the dorsal musculature
for natural spawning. In treatment group, spawning began in 56 hours and was completed
in 4 days after HOG treatment. In this trial for environmental factor control, the amount
of spawning (1,470,000 eggs) and floating (fertilization) rate (71.8%) were recorded.

O The photoperiod (light/dark; L/D) was set to a 12 L/I12 D from October
2013 to January 2014, and 15 L/9 D from February 2014 to June 2014. The
first spawning of yellowtail kingfish occurred in May 3, 2014, at a water
temperature of 17.0°C. Spawning continued until June 12, 2014, with the water
temperature set at 20.5°C. A total of 26 times of spawning occurred during
Outcome this period. The total number of eggs spawned during the spawning period was
4,449x10°. The buoyant rate of spawning eggs and fertilization rate of buoyant
eggs during the spawned period were 76.1% and 100%, respectively.

O The total length of larval fish increased to 113.79+14.74 mm on 60 days
post-hatch (DPH) and the survival rate was 9.1%. The absolute growth rate and
specific growth rate wunder laboratory conditions were 18.53 mm/day and
5.48%/day, respectively. In the incipient period, it hardly grew, but began to grow
slowly after 20 DPH. Then it showed fast growth from 30 DPH.

O Significantly higher weight gain (WG), specific growth rate (SGR) and daily feed
intake (DFI) were observed in fish reared in seawater mixed with underground
seawater (24.0£0.6 psu). Feed efficiency was significantly improved in extruded pellet
(EP) compared with that in raw feed (RF) (P<0.05).

O We profiled sex maturation hormones (GnRH, GTH, FSH, LH and VTG)
activity in plasma conducted by green LED (treatment group) and full spectrum
(control group). In April, sex maturation hormone activity under green treatment
group was significantly higher than that of the control group (p<0.05).

O The fertilized egg production technology of S quingeradiata is available for the stable
supply of fertilized eggs of the species as well as for the fertilized egg production of]
large-type fish like tuna.

O The fertilized egg and seed production technology of S lalandi provides
Future Use and |technical manuals about fertilized egg production and seed production to private seedling

Application companies.

O The outcome of this study for the effects of light spectrum on sex
maturation and immune system enhancement can also be applied for
strengthening immunity, controling growth and disease outbreak by using the
LED light spectra.

Spawning

Key words Yellowtails induction

Fertilized egg | Seed production| Photoreaction
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Fig. 1. A photomicrograph of cross-sections of a female
vellowtail (8. quingueradidiata) under high-water
temperature (A, C, E, G) and natural-water temperature
(B, D, F, H). A, B: Jan., C, D: Feb., E, F: Mar., G, H:
Apr., MO: mature oocytes, OD: oil droplet stage

oocytes, PN: peri-nucleolus stage oocytes, VO:
vitellogenic oocytes. Bar=50 pm.

IP:14.49.138.138, 2017-11-03 17:15:35



Fig. 2. A photomicrograph of cross-sections of a male
yellowtail (S. quingueradidiata) under high-water
temperature (A, C, E, G) and natural-water temperature
(B, D, F). A, B: Jn., C, D: Feb., E, F: Mar., G: Aor.,
spermatocyte, ST: spermatid, SZ: spermatozoon. Bar=50 pm.
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Cont. Green LED Green LED + 7IS

100 um 100 psm 100

Fig. 3. A photomicrograph of cross-sections of yellowtail
(S. quingueradidiata) under white fluorescent bulb
(Cont., A, D, G), green LED (B, E, H), and green LED +
high-water temperature (G + High T., C, F, 1).
Cross-section of fish ovaries at Jan (A, B, C), Mar (D,
E, F), and May (G. H. 1) wunder different Iight
conditions. PNS: peri-nucleolus stage; ODS: oil droplet
stage; PYS: primary yolk stage; SYS: secondary vyolk
stage; TYS: tertiary yolk stage. Scale bar= 100 um.
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Cont. Green LED +7}2 HE5+712

Mar

May : '

100 pm 100 pm

PNS: peri-nucleolus stage; ODS: oil droplet stage; PYS: primary yvolk stage; SYS: secondary yolk stage; TYS: tertiary volk stage.

Fig. 4. A photomicrograph of cross-sections of vyellowtail (S.
quinqueradidiata)  under nature light (Cont., A), green LED +
high-water temperature (G + High T., B, D) and white fluorescent
bulb (SNP) + high-water temperature (SNP + High T., C, E).
CCross-section of fish ovaries at Mar (A, B, C), May (D, E) under
different light conditions. PYS: primary vyolk stage; SYS:
secondary yolk stage; TYS: tertiary yolk stage. Scale bar=100 um.
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2 green W32 LED= 242t 27 W 2 05 W/m?e] Al712 44 3HA =431 th(Fig. 5).
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Fig. 5. Spectral profiles of green light emitting
diodes (LEDs) and white fluorescent bulb (Cont.)
used in this study.

ot
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BN
i
rlo
P
o
rL
—

19 Z<=52E 11 Light (L) : 13 Dark (D)ol 129 %< 95 L : 145
2 29 o)F Hx FUlste] 59 Z<&o) 13 L : 11 D2 A3 th(Fig. 6).
F22ELE 7FTHLED 1Y, 35)9 22 16CE Ue7ke 12€ 2+5E 159 (408

==«Natural daylength  =——Control daylength

Photoperiod (hr )

Fig. 6. The photoperiod for induction of sexual
maturation of yellowtail (S. quinqueradidiata) .

=== Natural temp. =——Control temp.

Water temp.{T)

"
PP
A
. A \,_ﬂ_/—’_’_l_l_’ -~
3 s
NP e
19 Moo _,\-...-“"'
- e ¥ et

1-Nov 1-Dec 1-Jam 1-Feb 1-Mar 1-Apr 1-May 1-Jun
Months

Fig. 7. The water temperature control for induction of sexual
maturation of vellowtail(S. quingueradidiata) .

Green LED+7}23 335+7H2 A7 AFEE 9% T2EHCG) FAAZIE 3oté}r]
L5t 4tghr] o]xQl 2016 49 7U(1xH T 4€ 204 22h ol g o)Al 2% W A FH <} YA S
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F-3 1] 7 (Nikon, SMZ745T)& AH&-3te] ¢ 600 um ©172] Hl&S ZASHATH

12} ZAE A7R= Green LED+7F2 Ad T 27 1.3% (478 =271, 0.22~0.73 mm), 0.6%(0.17~
0.66 mm) 3 0%(0.17~0.56 mm)°] i, FFe+7t2> 7= 44 151%(0.18~0.82 mm) 3
10.0%(0.17~0.80 mm)©] AT}

22} A1 A7= Green LED+7F2 A& 717t 13.8%(0.07~0.88 mm), 6.9%(0.11~0.69 mm),
0%(0.07~0.55 mm) F 0%(0.08~0.51 mn)°] AL, BFFS+7F2 AFT= 27 24.4%(0.16~0.87 mn)
2 6.25%(0.19~0.67 mm)©] A}

27 Fbol Aol A7 FUHe Ao ® YEhgta, AT

%

rlo

K

7

H oW 600 pm ©]’de] HlE
Fo+7t AET7} Green LED+7F2 Ag o vl =& AL

C

-

SEZ FA
32 (HCG)2 Green LED+72, 835+7H2 AP 79 e MAE thd 22 2016\ 4€ 28
A (18:00)°ll o1AZF 1 kg@ 500 IUE FAFstSATh

2014~20159 % ol £ Aol g AR HA&E3AAT, AL GRA 2/ dE5do
2 e ke =2 =

20163 =% Green LED+7}2, % %+7}% ddTe] A 7Hil o2 49 28Y(18:00)
o] A& 1kg@d 500 IUS FALE 2 oA HCG FAE 564
Zro]l 54 1¥ 24 B AALdTS A &8t 5% 49744 49 b ARl A &ET, A7
B F ASE 2 BAES 47 14701 AN, 71.8% ] A thFig. 8). AT Z7]E 1.03~1.26
m (B 1.13£0.05 mm)aiz, FTE 1~5/0A%

FgTzA A tHyo]Fl ol Ak = 212 FF7] 2L 1195-1341%), &%
A(215C-165CT—19C) 2 TEEHCG) FAVE W= olof 7lsd s oz dg

:4_
ot
i
5
0
=
o
[¢]
=]
=
t
w)
+
N
ﬂd
ruz U
d

=

OBuoyent eggs B Deposited eggs

Spawning amount { X 1,000)
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Fig. 8. Spawn frequency and egg production of
captivereared vyellowtail (S. quinqueradidiata)
exposed to green light-emitting diodes (LEDs) and
high-water temperature from May, 2016.
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ﬁ'\_
ol FRAAS Slskel AN AT 43), F 9104 AE F83ATHTable D).

Table 1. Acceptation of the fertilized egg for seed production of yellowtail
(S. quinqueradidiata)

Amount

Date Rear ing tank (' 1,000)
1 2016. 5. 1 8 m (2) 280
2 2016. 5. 2 60 m (1) 420
3 2016. 5. 4 16 m (1) 100
4 2016. 5. 17 8 m (1) 110
Total 4 - 910

Lt 2ol 38 & Atse

Ao A7 Boke] Ho|RFe 23T 2d R FE N4dEZE Chlorella (H17, Korea)2 %
ste] vlo] 2 DHA marineglos (Marineglos co., Japan)® 8AIZF &< FEFAE3 rotifer
(Brachionus plicatilis), 82 A FE CELCO (INVE, Belgium)Z 8A|Zt &<t Y ¥73ts Artemia
sE s HFSAU
AEFee 186~211CHA FAGFA oM, S5 78 dfol wet 1Y 0154% F7138)
At

naupliu

ch =7| &%

27tol] AT 4203 HE FE&T 60 m FENA T3 18YAMTEA AT AL A 5HAE H-3)
5~10LA o AF AAE DS, F3F DAY Rt 2E¥ 35 dAd F3F 5~15
A Abo] AbEZ7] TAG A B o] F ] EAQ AR I 27 RE ATETh dRfA
= FE, 924 Sl BlE) gols B Dol AAHE o] B, A 27 R B o
FTOoFE EHA Qo] ol W FrF A7t Bag dFolth

Balxpolo] Z7)E 3.09+0.32 mn, 29 A 3.94£0.12 mn, 3 A 4.00£0.07 mn, 5L A 4.11+0.05 mn,
1024 4.19+0.10 mn, 154 A 4.22+0.33 m= &AL, <8 &S (AGR)F LA ZE(SGR)2 4
2} 0.08 mm/day, 2.08% /day°] AT

o
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A2d. FAE FAYL AT
1 #4844

7t oojAts 3 stE=xH
1) 20149 =
ojml= AF Akel A 083 Ao 2 2008 3Ll 207+ (4.5+0.7 kg)9+ 2012d 10€¥

of 397}2](2.6+0.7 kg)E F 59rtg] & AW FIYE F2B.0m X 80 m X 2.0 m, FETHF
100 )l A%STh AjFE A5 E 19 637 FFAD, 45712 Fee 12
3

~29.0°CAt. A=A FEFe b o] H3E ety 1< 3.53d e 2dste 4

(@)

nl ARE713E Fke] A AH(Table 2)2 2008 d 3€o FHd AAELS 77
MY B3k 31~59 kg (B, 45+0.7 kg)ol Al 9.4~149 kg (11.4+1.3 kg)& F7Fst93, 2012
1080 7Y MAEL 22719 Btoll 1.3~4.0 kg (26209 kg)ol A 6.1~10.5 kg (8.0+1.1 kg)
742 378k AT

o

Table 2. Growth of captive-reared yellowtail kingfish (S. /a/andi) broodstock used for the
induction of sexual maturation and natural spawning in an indoor culture tank

. Size
. . Indi. '
Rearing period 5 Total length (cm) Weight (kg)
number First Final First Final
2008. 3~2014. 7 20 65.9~80.8 96.0~114.0 3.1~5.9 9.4~14.9
(77 months) (74.3+4.4) (104.8+5.3) (4.5+0.7) (11.4+£1.3)
2012. 10~2014. 7 39 52.0~79.0 85.0~103.0 1.3~4.0 6.1~10.5
(22 months) (65.5+8.3) (93.8+4.2) (2.6£0.9) (8.0£1.1)

o] 72l California yellowtail s 422 140 m’ ¥ ¥ <4=(Stuart and Drawbridge, 2012)<}
Yellowtail kingfish= ti4oZ 70 m® Y FxoA Ut (HH+ AS, 17 kg) 83 4k
S fF=3Ath(Moran et. al, 2007). ¥ AFolA AFFE] A7) 100 m° 22 FAg ofd]
Aol EAI7F fllaL, FF7] 2HE Al fEHO FAATES de F AU WolF ofn

=

Belo] FzEAVE AE ofule] WEo} AeYE t Aow Amdd.

)
.
"
£ﬂl
o

P
Ho
oy
5
BN
=2
>
>
Ho
Q‘L
rg
>,
4
o
=

AbFzolA FAIE ofm < AT AL o¥le] A=
FAEe AR FATE AAFAHOR S AMAE AR SeneH AASEE dgn
AT E EAS 1T ASFER Az B 5 AEV a7Ed

Hole 2 46.0% o1, =AW 9.0% ©1%, 3% 16.0% °l3t, 2AHF 5.0% °l3t, Z+
1.0% °1’¢, &1 2.7% ©]3kQ1 48 A&l EP AHR(16~18 m)E 3+ 3L, 495 ks
B7HA ZeAolE F7HE FF AT ove] AsfE AgHEEdd I TFLe2A Hold
TRYs W T8I 24 d

%9 slvoltth. Yellowtail kingfish o1 7] o] AleFge] o) A AR
2HHUFAs, 5= eicosapentaenoic acid (EPA), decosahexaenoic acid (DHA),

2
ki
b
(A
K
o
N
ot
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arachidonic acid (AA), HIE}¥I(AL% %9 a tocopherol#} vitamin C) ¥ WY A=A BZF3l| F
I A H(Kolkovski, 2004). 18]l astaxanthin®] FHF YU E 10% krill meal= -3k soft-dry
pelletsS Hol2 FFdte] FaS FFAZ A $-(Verakunpiriya, 1996) = Jth. £ AFdA & =
ol 46.0% o), AT 9.0% ©14, 3 16.0 % ©13F, 2AF 5.0% °l8h, ZE 1.0% ©14, <
2.7% ©]3te] EP A5 (16~18 mm)E &

o

= FEsl 2P YASAA,

al
al

AefEs AT ofn Y Adde 218 9719 25E 180 LuxE FASIACH, 357 &
< 3= 20134 10258 2014 1€7kA] 12 Light
(L) : 12 Dark (D)ellA 2014 2958 A TEAI7HA] 15 L : 9 DE -3t A&t

2) 20159 %=

ojr]= 5172 (3.0~13.7 ke) o1, B718 2= ARSFZE Sl 130 LuxH Al stiom, %
F71= 19%E 11 L : 13 D2 A&35te] 540 15 L : 9 DE 1/1Y o2 Wr|&E 1A =
7hE Al Z2H A

™
dA Y AAF Fg-o st BERE el w2 £52 {95t Pso] FEHIACH
2 Il 1A AF9] FofdF £ q

FAAMSA WA= P AT FA

o

s
El
=L

=1
dog BHIA sHAUAN 22 F7FS0 Tl HuYe Aol FEHAT
TEWE Yellowtail kingfish®] 739 4SS FoAPF F 30214 902 Arolol] Akgto]
dojupEt, A 10~158 %0 thE2 F3lo] A Fost= AL B F AN (Moran et

al, 2007), &+ ATNME =] 2 3 viele A JHAE AFE A vV M2 AYA
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Te HEL met BoWA 4R AAF A2 DIt HEE qtubsiy wWE SEE f
Pl P2 dAY AHhS SEAIE AL B F AT 4 A FodFe ARE A
A Abgro] o] FoAZR] g FHo AT FH|VF heste] A A A mE AT HhHE g o}
oy Aol ofFk 7AIA E4s =9 F UTH(Moran et al, 2007)

3) A e B ek

7hH 20149 =

Hz AFe ASFLR0] 17.0°C7F HE 59 3d0 AZStY 4=20] 205°C7}F e 6¥ T
of FEEHATE ©] A7 T F 263 AHHEH o, F AFRFLE 4449102 18] H
A 1711070 A E Y] AETe BE RAEToR e g RFES W
761% R oM, BT Feke] A gk 7 E-2 100% A (Fig. 9). Ak 27]9f 3574
A Fe GRE WEd JPo REe 0%Ach 183 59 BIREH FAFBARA
= 23 HACR Aeshes e B, o AVe] FEE 33.3~964% A

800 25
= [—1Buoyant eggs EEDeposited eggs —e—Water temp.
§ M—M *
- 600 [ B =
£ 1% &
E 400 | 5
: BN
c o
E =
Ll il L] D
5/1 1/10 1/20 6/1 1/10
Fig. 9. Spawn frequency and egg production of captivereared
yellowtail kingfish (S. /a/andi) broodstock in an indoor culture
tank from May to June, 2014.

AFAJAA F3HALEER] FAIEE o R sl FF7]E o] &3 A= ArSHEE
Zhol B 7] o] g9}, AFA| Aol A2lsts SHARESA TAHAE dFoR2 FAE S} fFARSE AL
e 21 ALIdAYY FEHEE AsFrES FAHHE AAEt A Song, 2004). €&
o FAlY FAT A4S dE FR TEQA F20] 155~185°CSl 4~59 Aol T2 A
gl 9% AFTFAHE TP tH(Fugita and Yogata, 1984). California yellowtaﬂ% A8z
°} San Diego®} Catalina Island®|A] 4~79 Alo]o] F=20] 165~220°C & w, & FHAA=
East Coastoll Al A28l Yellowtail kingfishe 11~29 Afo] & 17.0°C o]/delA] 4tehgich
(Stuart and Drawbridge, 2012, Moran et al., 2007).

California yellowtailt 16.5~22.0°Ce] & WHeolA 37~433] Abghs 83 (Stuart and
Drawbridge, 2012), & dATFlA FA g+ 17.0~205°C 72 HYoA 263 4Hehstdict. d&
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GREA G v Aegzyol 81 wHWE FAME F2o] 15°C ol dZz A AN AI7L
dojubs AL fAety Ak FaAIZIS A SlgolA A 9E Aol & Kol AL A-gA
Z BEHom B 5 Iy

Fugita and Yogata (1984)t #4129 JAFFAHA FHELS 81.6%= HistY AL, Yellowtail
kingfish= 4=ZU AA4tgkoll A FA3gke] 99% o] do] =4 o] th(Moran et al., 2007).

3 B FTY HEE 1Y AR BT 30ME RIS ol &3t 0.001 m7bA

290~1.495 mm (33, 1.388+0.041 mn) HAHLH, /1] FFE 713 £&
P 5¢k 349 dF 2 {7749 W= Fig 1001 YERAAT dE o]

St A 27] 5€ 8¥dll 1.366~1.495 mn (1.416%0.030 mm), AF+ Z7]Q0 6€ 9Y o= 1.290~
1.430 mm (1.351+0.037 mm)A Tk F7F74 2 W= 4teko] AztEE= 4 27]90 59 8Yol 0.294
~0.393 mn (0.348+0.025 mm)ol A Atk FHI7| = Z4E ol = 7ol
16 1 10
——Egg =o—0il globule —_
1 o8 E
E T
E 14} 2
E W { 0s %
g -
""fn 12 } — S - - —j 1™ %
o W
4 0.2 —
(=]
1.0 - - ~ - = - 0.0
May. 3 8 13 20 27 Jun. 2 9

Fig.10. Spawn frequency and egg production of

captivereared vyellowtail  kingfish (S. lalandi)
broodstock in an indoor culture tank from May to June,
2014.
Fugita and Yogata (1984)2 Z == Aol o8] A&AAR FA2e] dA4S 742 4
Z} 1.36+0.07 mm, 0.34+0.02 mm&}x2 R st Jof B AFo| A AALrE3E EAge 4 {
T4 AdFFAHES T A Bohe 9Kt At California yellowtail®] W4 3 77 2009 9

Z+7F 1.36+0.03 mm, 0.29+0.02 mm, 20103 Z+ZF 1.40+0.05 mm, 0.31+0.05 mm (Stuart and
Drawbridge, 2012), Yellowtail kingfish®] 373 772 247} 1.4040.04 mm, 0.31+0.01 mmo] ot
(Moran et al., 2007). ¥Al2]¢] %742 California yellowtail® Yellowtail kingfish= Bl =2
719t & dFoA dAEH FTel ARZIZEY Aol mE =] WstE AARIRAL AR ol
Hll FE A 22t 4%, 13%7F Zr4stAar, Ao wet 745 Abet7|zbe] Aol wet
oA &= BAEFS BT + Yellowtail kingfish®] W7ol AF&7|3t F<tol] &
Ao g o 15%7HA] Haste As B F AR, 7742 A Uy #-do] e i

of Wla| o ol fadte §F A7t Agol Mal SHo %04 WojE AL B &

3R
T
o
fo
L)
rlo
>
::1
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LY

Folu} 4Heb7]7H(Fugita and Yogata, 1984), ==& 4H7]X

A (Moran et al., 2007).
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/alandi) broodstock in an indoor culture

tank from May to July, 2015.
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Spawn frequency and egg production of captivereared
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Spawning amount (*1,000)
Water temp. (T)

515 61 615 ™

Fig. 11. Spawn frequency and egg production of
captivereared yellowtail kingfish(S. /alandi) broodstock
in an indoor culture tank from May to July, 2015.

7749 W3t= A7)0 0.36+0.02 mn, AFHE7|oE 0.35+0.02 mm, AFEE7]o 0.33+0.02
m= W7 WH3lel o] ALy 2 A4E ZolA = Aot

2. TEAL
7t 20144 =
1) dr&
TEALS AT G882 AALsE TS 20149 59 30€ 0l 320970 E SAAFE(GBS m

x50 m x 1. 5 m
2) A58
ZEE 85~320 Lux$y, #5715 F3k%F 209 o]#olE 24 Light (L)/0 Dark (D), °l%+

15L/9DE =Ad3Ant £, i, 85444 9 pHE 47 19.6~24.4°C(21.6+1.0°C), 30.7~33.

3%0(32.1+0.7%0), 5.86~8.96 mg/ ¢ (6.90+0.60 mg/ ¢) & 7.38~8.20(7.97+0.17)°) At} A= 1Y

A3 A FE 0~453 A=A HAAF FrhstAa, F3h 8ARE = FHAA A E HA5

o FHo| FuS AASITE = 2 AAHES AT Green water2 DHA - EPAV} /%

Super fresh chlorella (Chlorella co. Japan)g #7F9} tEo] ASFxe FHALE st

PRO-W (INVE, Belgium)$} PSB Plus (Bioheli, Korea)E % 7}3t T

o

3) Hol Ad % g5 A7

AA o] AFF7IZE Feke] Holg g2 H3% 244 HEH Y455 Chlorella (7, Korea) 2 Hi
%3t vlo]2 DHA marineglos (Marineglos co., Japan)Z 8AI7bE<QF FFA43IAIZ rotifer
(Brachionus plicatilis), 8458 CELCO (INVE, Belgium)® 8AIH&?t G4
naupliusE &FH38IAth 2L AFE vHA 27] WAL RS FF3H7] AFete] Eatdl oz AR
o AVIE F7HNAY. 283 259 A B = =5 (Oplegnathus fasciatus)®] F-3lAo]1 & 53+
}.

o,>"
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—

ol o] e o] FFF INMTH 19 1S 1004 FAIZ AQste] YANE
1

@77 (Nikon, SMZ745T) 0.2 Asl#S ##3}3Th.
AF FEADE A% A Aol o) Hol AP B HHAEE Table 3o Vel Tk A%
'{l: 218i02°c0ﬂ /\‘1 }_7] E”]j O] O] rotlfer—‘:— _]_§]_ 30] aH oﬂ 30. 0%’ §]__—5;_ ]&H Oﬂ 100% 23 O] =

gl & 5 AN, Artemia naupliusv= F-3+5- 94 A o] 100% AHolE sttt =7] wi A
F(100~200 mm)= &3b7)de] WP Adste] F3} RUYAFTEH FFSHA 100% HolE =<l
AT =59 FiAo e HEF B5AdANEH FFsEA 100% Hel AolE & 4 AT

o

A Hel FFAVIE B & 22°CAA 73 AFRH dgo] Ao FoE F3F 72431
olM Apoje] Aot A7l 0.259+0.039 mol ATk ol Z-e fUHI(1970)e] Wl mel Heol A
A TR Ha 0542 TP Aok BAE Aole] A HQ rotifer AF A st A A

= 573} 3dA el 30.0%, 42 Al 100% AHolE AT AH} LA et= AU FH FA L
Zolo] A Ml rotifer= I FA Z717F 100~210 mZ2A H3}E 72A7FRH rotifer A4l 7) 7}
T Yo V2 AHdHT =S Artemia nauplius®] F7]1= 540~750 mEA -3 8U A
20%, F-3F 94 Aol 100% AolE &<l sk, 7] WFAEE F3 1297/ 5E F5stHA
100% ZdolE stath ey 27] widALE S =717} 100~200 m=E rotiferet &S A7 E 9
HIAIF A A B3t 7~10Y Abelo] Z7MAAIEE A FFS § 49, rotifer Eoh= Hol] g
dol ZA3tFARE, FFF 24 oldd AF FEIT LASATH

Table 3. Feeding rate of larvae and finger|ings on food proceeding of vellowtail kingfish (S. /alandi)

Food proceeding

Rotifer Artemia naup! ius Comg%?al 'E{g(t;téhbirﬁamfrsy
DPH=* DPH DPH DPH DPH DPH
(3 days) (4 days) (8 days) (9 days) (12 days) (25 days)
Feeding rate 4, , 100.0 20.0 100.0 100.0 100.0

(%)

*DPH: Days post-hatch.

flo

ZEAR] 23 A& HolE oty &FANA FoshA FoEn Aoje] AEF A
u-- T35l A& th(Kjorsvik et al, 2004). Aoj7F FEjdtH 0w wo]E wrolEd F QU
HAg stHsE, 23As ST Zles s7I7HA dde) W3 gAE AAA " (Govoni
et al, 2004; Canino and Bailey, 1995). 43}2H-82 913 7237 ddo gk AL 43 2§
< olsista Apole] HolgE Fue Al&stes AHI} AIE AARske dHel ot
(Watanabe and Kiron, 1994; Baglole et al., 1997; Cahu and Zambonino Infante, 2001).

Yellowtail kingfish®] 3 z°] Hol&= F Y7433t rotifer (large size)E 7| AlZtste F3l%

RYAFE S 333 Artemia nauplius, 53 209A 78 WMiFAIEE &5 3L (Kolkovski

and Sakakura, 2007), California Yellowtail Seriola lalandi®l A}o17} w2 749+ F3% 6UA|
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B Artemia naupliusg AHZ
Al Arofoll Artemia naupliusg &
o7 FAGHAR, 27| WiFALE
EsRa=

ol
_,>L
N,
2
=
i)
e
u
i)

}
Sl—l
rlr

we o o

4) AR 1 =g

Axjole] e F3h 19AFE 104 HA 02 1004 T2 2 Q] AL vhE 3
MS-222(Sigma-Aldrich, St. Louis, MO, USA)E ©] &3t nt3 & A7 whet YA FdAn 73
(Nikon, SMZ745T)3} Digital caliper® 0.01 mm7H# ZAFsHTH

AdE ZAE €44 E(AGR, Absoulte growth rate) mn/day=, 93HA78E(SGR, Specific
growth rate)> %/day® XA TH(Hopkins, 1992). AGR¥ SGRS 77t (TLf - TLi)/At,
100(LnTLf - LnTLi)/Ato. 2 Al4tat G a, o714 TLf TLiE A F3 2 A% (m)olH, Z+zte]
At AF717ES] A < (days) el H-

AEES 3 19AFH 10 HAoE AEFS s, 60LA o= Aad MATE A
FEAE AT

A AFEA LA A oje] A AELC] W= Fig. 120 YERAATH B A%
S H35 194 449017 mollA 608 Aol 113.79+14.74 mZE F7FAth =44 &(AGR)
UM A& (SGR)S Z+2+ 1.85 mm/day, 5.48%/day°l L, 2087kA] Z7] @AM E Aol A

of HA FkAIRE, 209 o] FHE AMA3 FTkstr] AFste] 30 olFFEHE F4%% 4A

rto

—V‘—l‘

o

-e-Total length -@-Survival rate

g 100 £
< & B
£ 80 £
EIJ -
2w a0 2
E £
g w E

1 10 20 30 40 50 60
Days post-hatch

Fig. 12. Total length and survival rate of
yellowtail kingfish (S. /al/andi) larvae during 60
days post-hatch.

Atxj o} o] AEELS H3l AFHY dgo] @3] Fretal 7] HolE Ao
60~70%7F HAFSEA, 109 ZAHAAI7EA] Apol o AEEL 275%FA X7 i F
o 283 F3% 208A AEEL 15.7%F Wold T, I o] FREHE 27| ERS 22 O
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+44-8(AGR)T A4 4-8(SCR) thal A= Yellowtail kingfish Seriola lalandi®] #3]0] %=
2335 36U 7k 242 0.51 mm/day, 4.60 %/dayE H13}3 Q)THChen et. al., 2006). ¥ 5ol
H31% 60U 7kA 242} 18.53 mn/day, 548 %/day® FAIE2] AR 27| AN E 4
ol Ao HA FRA, 30 o] FHE = o] wE ASE Uehdth =3 AS2ol o8
A= Yellowtail kingfish Seriola lalandi®] o1& F-31% 1097k & 21°C, o] Fof #pojo] &5
o] A RE= Aolgt A FHIE& Y3ty 23~25°CE gHoF st Hista Uk
(Zhenhua, 2014). %Loﬂ/\i‘: F33 10U 7HA 9 AFSGFLE 21.7402°CEN ALF420] #}o]
o] A AEd FFo] glv Ao AddEAT. 81 W7 AXo e FE Pagrus ngjor,
8% Acanthopagrus sc]ﬂ@elfiiﬂ- 22 ofFe Wl wmE AAS YeEhdo(Kolkovski and
Sakakura, 2007). ¥ AFolM = 53 1Y R ol 4.49+0.17 ol A 60L A ol 113.79+14.74 m= =}
Aol GANA WmE e HAT
WA Adol(Endogenous feeding)oll A &JA 4] ©](Eexogenous feeding) 29| +8 F&F A g7]l
oAF & FAE o dt}(Otterlei et al. 1999). ¥} Seriola quinqueradiata®) & X34+ A1 710l 2
Aol g HAE doju, sty A F7IRV oz EYe F3% A Hol HH7|7HA oY, =
2 AL Ho7le] doyes T4l &3 Aotk (Sakakura and Tsukamoto, 1999, Yamazaki et
al., 2002). 7|7 717t ol o} Aoy Seriola dumerili®] A+ A §-ol& AMS 29| vig o g 7}
e Aol Aed o= Jdl v HAE dojdnt o] HARE A7 §U1F AAS o8
A =Y T AT (Shiozawa et al. 2003, Yamazaki et al., 2002). &2 /2 ®of(Mizuta, 1981,
Sakakura and Tsukamoto, 1999), ™ ©}(Shiozawa et al., 2003)9} FA|2|(Ebisu and Tachihara,
1993)2] FEALE AlZ]el YEtUH, Bojet Antole FAZEG B 344 Aom AR
A H(Kolkovski and Sakakura, 2007). California Yellowtail Seriola lalandi®] X717k A] A &-& &
5%l F3HF 17~20 Abololl le & o §le= =2 WAL 718 A7 40% 2 Bist
3L )th(Stuart and Drawbridge, 2012). £ AFoA & F315 60 A 714 ] 91% 2 F3} 2 SH
B o] hdd] FstaFEH 109 Akelddl 60~70%7F BAFSA AL, 209 o] S HEH = VAR
o 22 i R &4 2 A A
=59 F3Ae FFo = v & JFX(Thunnus orientalis) ©] AFx]012] 43 HE&] Eol=
I ATH(Seoka et al., 2007). & AFANAE T35 BAAFE FEAolE FFH
o= T2 o3k HAZE QIE Aoz ATEHY, o) Fe FRAYLA 3o iAot &
2 A a3l g 347 59 HEV a7EH

i
of

2) 20159 =

FAE Y A 82 549 15¢FE 79 119704 1138, 2,250 7R FAZS A ZAEE 13~
26 m' Tz F&3AT.

53} 2UAFE rotifer, 3} 8YAFE Artemia nauplius, F3} 1294 FE 7] 8] AFE (100 ~200
m), F3F B5AAFE =5 FIAAE FEEHAT
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FTAYLEE 62 1299 1954 MY FAHTS 83 26 m' FRAA F3F 0L A A A
ate] 181~54.1 g (B AT, 274+126 g)o TA 6,0007t2]E A4FstA o U A 103] 9]
A T8 F3F 6YolA 159 Abojol tigdmrt B AT FA Y A Aol e A
4 Fig. 130 YAt A1) Ha e 73k 1Al 4.7+0.2 molA F34 80L A <l
145.4+30.3 m= FAstAth Fsldgo] w2 Ao 7 §3 3599 124+3.0 mE 7]
GA A= BREC] ERXAN, T3} 409 o] FHE XA FIFEE7] AlFEte] R3) 70 o] %
e w43 $7kstk7] Azt

AFe S7hs 73 40LAFE F71etr] AlAbste] Rt 70 o] Felle Ao FUheh 2ol
7543 S/t 3 80¥7tAl =AAEAGR)Y YA AESGR)S 27t 1.76 mn/day,
4.29% /day©] A th.

A-2o] AR 7IE FF ARTL)Ol tiE AZBL) B AFBW)S Hd A #AE 44
BL = 0.8827TL - 0.4183 (R* = 0.998), BW = 0.000005TL>*** (R* = 0.9935)2] 3|7 #HA o=
T 5 A tHFig. 14~15).
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Fig. 13. Total length and body weight during 80 days
post-hatch of yellowtail kingfish (S. /al/andi) larvae.
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Fig. 14. Relation between body length against
total length during 80 days post-hatch of
yel lowtail kingfish (S. /alandi) larvae.
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= BW = 4E-05TLZ8054
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Fig. 15. Relation between body weight against
total length during 80 days post-hatch of

yellowtail kingfish (S. /al/andi) larvae.

3. AE9} oo HE

A FAAL A G5 e

211°C WA ZASHAT
AL vHE JA S FAm
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e zv7+ 58~14.770/L, 19.5~
1072
7 (Nikon, SMZ745T)¥} Digital caliper® 0.01 mm7}2 ZAFSH$ T
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17. A comparison of the growth according to

water temperature of yellowtail kingfish
lalandi) larvae.

NHE F5°1(423%), °H71HH(30.8%), FF°© ]+O]-7]-U](26_9%) 4=0]
16

7%) =22 YElsTH(Fig. 18).

(S.

4. TH 7]?%1

BAPe 718 E 2AME 201595 FHE AR 13} 84U A9} 1299 Aol 23] 2ASN L,
Aol Zhzh 702vHe] (27.3+14.0 g), 6730121 (292.6468.3 g)S AFE3IA T 718 HBHLS So =
B8, Xray 2Y2 23 AN §U02 BAHH VP olE UG R ST

A TR St 718 oyt FF0l, opiul+FFol, AFE VIFor FESta, HF
718 Ao Auky, bR gl B3-SRk VP es TR

12348} 22 ZAA] SR HES 2442 3.7%, 22%°193, 718 FeHdE 24 WEE 13 24

= AL, 22 ZAIAME HF

Z1GMAE BANAL] vlE dAeR He ASFE YERRIL(P<0.05), Xray EFell o3 HF

71ge] 928 29

W=

BEHA1.7%), DHR(16.7%), THH(16.7%)

o=

o 2 YU THFig. 19).
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Fig. 18. Frequency of occurrence
according to abnormal fish (gill +
snout, gii, snout, spine) of yellowtail
kingfish (S. /alandi) seed.
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Fig. 19. A comparison of the growth
according to abnormal (gill + snout,
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yellowtail kingfish (S. /al/andi) seed.
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A3, RAY FL F40 4% L AAY B4

1318l =5 o] &3 BAE THY AF B ZAE A% AP 20143 =00 Ak X of (A
T 89.84%0.66 g) & ©]&3te], ZATYE 8 m Fx YT WERE 1507t & FE3ATh AET
= At g, EFF AN F+AA ), Al AP TE 3%6‘}04 2RkE O 7 AN AT f5
F2 72 L/min, 3273 % 100 Luxell Al 12A13F B 7], 12413 971(L:D=12:12) &4 10F
AT AR S 2, ', 8344 9 pHE éﬁ}é}%i Apgolo AtsEEe FY
€ EP ALS(F#El7h 9 33)5 19 43 vHEo] A FFsATh

= :;5_ 2]

AAE ZAFE #1823 ol MS-222 (Sigma-Aldrich, St. Louis, MO, USA)E ©] &3l n}
T MAE Aes S8R A T8 F 7 AP FE SAH E(weight gain, WG), €HAEARE
(specific growth rate, SGR), A5 & & (feed efficiency, FE), At54]# & (daily feed intake, DFI),
A E-&(survival) 2 BHIFFE (condition factor, CF) & Al4Fst AT

AA7IE T Agtelr, Ed B A& AFTY F2 247 18.540.3°C, 21.0+0.9°C
2 236+1.7°C, FES 7474 16.040.7%), 24.0+0.6% = 31.6+0.6%, ‘=a4E Z7Zt 8.6+0.8,
78+0.7 ¥ 7.1+05, pHE ZH7F 8.2+04, 83104 % 8.4+0.3°]3{T}.

ARSSRo| 2 FHO 4 BEAS ZAGE A3 Table 4)ol4, SAHE&WG)S Astsls A3+
7F 287.95£888% = 7HE  wten, Tdget Adsx AIT= A 439.78+7.26%,
470.40+59.41% 2 =2 A HYTHP<0.05). T YIAFESGR)I AHsAH
A&WG)H 22 oIt wido| WES, ARFEEFE) ¥ BIWE(CF)
40 AFol= |LATHP>0.05).

kel (Epinephelus bruneus) 2101 @AIQl 01018 SA&(WG)= Abso2 26, 23, 19 B 16°C
oA Z}7} 1058, 56.4, 94 H 32%°F F2o] YESFE volxs AHFo| FHIIIT Hast

AH(Yang et al, 2014). # AFolA] 19, 21 ¥ 24°C T4 FAHEWG)o] 72t 288.0,
&

i
I

439.8 2 4704% 2 HAE = AFo] £L& ofFoF HATtHT. E3 Adlae) AAFE £
T AFHEE 24%)7F AdslTE a3 ADTG2%) Bl

__).4_1"
o
ol
s 3
4 =
N
R o
e
P
mlm&g
fov R

=
o o

AN Zol7h QAL ROE AFE FAFRAM PAUE FHT A, A

F FESE Aol 4B 1L, AL AFLd U 9P Has T 5

Wo 2 gtEch
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Table 4. Growth performances of yellowtail kingfish (S. /a/and/) seed in underground
seawater (US), mixed seawater (US+NS) and natural seawater (NS) for 10 weeks

Underground Mixed seawater Natural seawater
seawater (US) (US+NS) (NS)
(16.0£0.7 psu, (24.0£0.6 psu, (31.6%0.6 psu,
18.5+0.3C) 18.5+0.3C) 21.0+0.9C)
Initial body weight (g/fish) 89.84+0.66™ 89.02+2.43 90.98+1.98
Final body weight (g/fish)  348.55+10.56° 480.42+6.67° 519.36+42.76°
Survival (%) 94.74+1.24™ 95.18+0.62 92.98+2.48
Weight gain (%)’ 287.95+8.88? 439.78+7.26° 470.40+59.41°
Specific growth rate (%)? 1.91+0.03? 2.37+£0.02° 2.45+0.15°
Feed efficiency (%)° 67.20£2.11™ 73.85+1.36 70.02+5.21
Daily feed intake (%)* 2.334+0.03° 2.54+0.05° 2.65+0.01°
Condition factor® 1.10£0.00" 1.10+0.00 1.00+0.00

Values (mean % SE) in each row a different superscript are significantly different (P<0.05).
ns = values are not significant (P>0.05).

Values are means = SE (n=2).

'(Final fish wt. — initial fish wt.) X 100/initial fish wt.

’[Ln (final fish wt.) - Ln (initial fish wt.)] X 100/days of feeding.

et weight gain X 100/feed intake.

“Feed intake X 100/[(initial fish wt. + final fish wt. + dead fish wt.) X days reared/2].
°[Fish weight (g)/fish length (cm)® 1 x 100.

g2 st 2WR 0% 6FIF AMSEA T AFSEHAE 2 5

Abgol o] AAREFE S 1Y 23] RwhEo] HA FEstitt. AE ZAFE 98 ddole MS-222
(Sigma-Aldrich, St. Louis, MO, USA)E °]&3td nl3 3 MAE AFS 4390 Ad &
g3 3 ZF AgE SA4E(weight gain, WG), €M A& (specific growth rate, SGR), Al &
& (feed efficiency, FE), A5 # E(daily feed intake, DFI), AE&(surviva) ¥ BHITE
(condition factor, CF) #< Al4SIAT.

AR 67 B ASEA, &, @i, £E44AD0) ¥ pHE AAE A7+ 44
209+0.7C, 33.3%0.6 psu, 10.0£20 mg/L % 85+1.6%1, EPAIE AdF+= 27t 21.3+057T,
33.0+0.6 psu, 10.2+2.3 mg/L ¥ 7.7+1.4%th.

FAE F3rolo] AR EPAR gl WE AMSANE Table 59 YeElAAT. SA&
(WG), 97+ A E(SGR) & A5 HHEDF)S AAE A7 2442 97.540.6%, 2.4+0.0%,
13.2404% 2 EPAS AT ZH7F 79.4+0.3%, 21+0.0%, 44+1.2%°] HI&| £ RIH, Al &&
(FE)& EPALE AP 77} 5610+1.47% % AAE AgTo] vls) 330 =hohP<0.05). A=

[e]
'é“;‘l
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HIWH=(CF)= A7l Aol #23 2tol= fIATHP>0.05).

Table 5. Growth performances of yellowtail kingfish (S. /a/and/) seed in raw and EP
feed for 6 weeks.

Raw feed EP feed
Survival (%) 98.1+2.7" 97.7+2 .1
Initial body weight (g/fish) 213.9+2.5™ 211.4+2.5
Final body weight (g/fish) 422 4+6.2° 379.2+5.12
Weight gain (%)’ 97.5+0.6 79.4+0.3°
Specific growth rate (%)? 2.4+0.0° 2.1+0.0°
Feed efficiency (%)° 16.95+0.512 56.10+1.47°
Daily feed intake (%)* 13.240.4° 4.4+1.2°
Condition factor® 1.240.0™ 1.34+0.1

Values (mean £ SE) in each row a different superscript are significantly different (P<0.05).
ns = values are not significant (P>0.05).

Values are means = SE (n=2).

'(Final fish wt. - initial fish wt.) X 100/initial fish wt.

’[Ln (final fish wt.) - Ln (initial fish wt.)] X 100/days of feeding.

Wet weight gain X 100/feed intake.

“Feed intake X 100/[(initial fish wt. + final fish wt. + dead fish wt.) X days reared/2].
°[Fish weight (g)/fish length (cm)® ] X 100.

2. 37t $40] BUHY 8 £9%714 24

g Z2F 12,0000+ (A 5 24.7+12.6 g)= FAE 7IFE, 90 7HFE 2
al 4,000m+2], 20153 ol AAFGE FAE] FAF 55007 (A1F, 30.3+11.7 g)=

FT27HrEol BFeRaL, 249 HACE AHEE A tH(Fig. 20).
2014'd FT 37| AR A, HnZHEE ARsole v 718 Benedenia seriolae=. )3
FASHFZRE ARGSF20] 175~178Co2 Ads)] 11€3H 4%

o AW, FAE T BFOR FPFelrt fus
W

ol
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Fig. 20. Growth changes of yellowtail kingfish (S. /a/andi) seed
during from 2014 to 2016.

=
EgdE = AR AFetal HER AdehA] oskth

Al 71zst FAE FAe AANE B9, 1 hadl sid7kFe] FARCNA 217 m FE= A

g w7} o]fo] o] He EYRTVIFRI Aew yehston, weba FAY YA 271 m' ols)
o] A FEolAME APl AHIA Eehe A oE £ HUTKFg. 21).

TS A oA FAlojrt Bt o7tAS 439767 WS A4S AsiAl= 8.65m ©%F
< Asofste Ao E BAEUET S 1 hadl odellA 865 m' ©o]/de] FAIZE A4ksloF A7
ARl Aol 7ted AR ATEHAT

Ag, AR FRE ALT 5 A% WEVEL ALSA £ WAH) Tk
[e) é—l_ le)

s BHo] FrbHoR Bag golv, wAE el gl
B4 ANAE ABAS, S/ S5} Lol HA FHAYNA FLARE G| BEH
ZUE 9% 97 2 J1EM%e] Basioh
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Fig. 21. The prediction results of the break-even point and
general management point for yellowtail kingfish (S. /a/andi)
aquacul ture.

IP:14.49.138.138, 2017-11-03 17:15:35



A 44 o ofn AFHFE VX = FHE &3
1. LED 33 woje] A< 3itst 3 Wy

E4 g Akl ©E Wolo Ae 7= Aol kst 9 woy 3 a3E Rl B
sk, Al el ATt debs+as, AP 1 (Green 3+A+A d
A+7)| 2 78§ ¥, quantitative real-time PCR (QPCR)< F3le] <3 d4tkst

o Ao 4 A HIE Blastth

7h M=o g
1) 4o

B AFoME 45 Al Woi8.762143 kg)E APl AHEEHoH, A A&5e W E 3
A

g+t ow TR Afsgon, ¥35 2 green e LEDE 27 27 W 8 05
w/mel A= QAEA 228 AT Fig 5)

MEPS 9 A7) ATl Al v AR st] i g 22(AGSHE, HekeA, 1
2)E AHSAT. 23S AFHT F, total RNA F= A7EA] -80 T A2 WFao] B
#3tAth Heparin sodiume A 2]¢t FAZ|E AFgste] v|REAC2REY S AFHT & o

24 T, 10000 x g, 10&)3te] d2 A4S T2 4 A7kA -80 T A2 Ysiol
HASATE MER Al AR FAE S43M90m, A4 AE Bouinol] 143t 22 #E

3) RNA % % DNA &4

Trizol reagent (Gibco/BRL, USA)E ©]-&3tc] Wojo] thafst 204 total RNAE F=3I3A
o =9 RNAY 5 ¥ &5+ 2607 280 nm 39| UV spectroscopyoll 2Jall A7 = ATt
25 ug® total RNAE template® 3} oligo-d(T);s anchor primert M-MLV reverse
transcriptase (Promega)E ©]-83t cDNAE ¥4A3tATH F4dE cDNAT RT-PCR 4] Al7FA]
20 T WEael Zastarh

4) Quantitative PCR (QPCR)

Zte] Ay ole] 4 A% Fx¥2HGnRH, GTH, FSH, LH, ER ¥ VIG) ¥ ks {3
X}(SOD, CAT ¥ GPX) mRNA &3 W35 QPCRS o] &3te] ZASIATE QPCRE F3& 9
gt primere= o9 A7|AES 7]|ZE Beacon Designer software (Bio-Rad, Hercules, CA,
USA)E ©]&3te] tAelat 9 tH(Table 6). QPCRS Bio-Rad CFX96™ Real-time PCR Detection
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System (Bio-Rad, USA)%} iQTM SYBR Green Supermix (Bio-Rad, USA)E ©|&3t 95 TolA
587 27] dWA 18], 95 TollA 2023F @4, 55T A4 20237 primer 23S & 403 4
At WHEEE FAAZEE B-acting AHE3te] PCRo] &l we} calculated threshold
cycle (Ct) #< AABtA Bactinell e LTy A Fslatdt.

Table 6. Primers for QPCR in the yellowtail (Seriola quingueradiata)

Genes Primer Sequence
GnRH Forward 5-AAG AGG GAA CTG GAT AGT CT-3
(KT229623) Reverse 5-TCC TTT CAT TCT ATA AAT TCT GGC-3’
GTHa Forward 5-CAT GGG CTG TGA GGA ATG-3%
(KF719239) Reverse &-CGT GAT GTT CTT TGG GTT GT-3&
FSHB Forward 5-ACC GTC GTC AAC ATC TCT-&
(KF719237) Reverse 5-CCA GTC GTA GTC GCT GAT-3’
LHB Forward 5-ACT GTC CTC CTG ATG TGA-%
(KF719238) Reverse 5-CTA GTA GTA GAA AAG TAT GTC ATT CA-3’
ER Forward 5-GAT GTC CCT CAC CAA CCT-¥
(KT229624) Reverse 5-AGA ATC TCC AGC CAG CAG-3’
VTG Forward 5-CTA CAG CAT ACA ATT ACA TCT TGA A-3
(KT229625) Reverse 5-GTG AAA GGT GAG AAC TGG AT-3
S0D Forward 5-ACA TTA CAG AGG AGA AAT A-3
(KT229626) Reverse 5-CACC ATT TGG AGA GAG GTT-%
CAT Forward 5-ACC CAG ATT ATG CAA TTG G-3
(KT229627) Reverse 5-GAC CAA ACC TTG GTC AGA-3’
GPX Forward 5-CCC TAT TGA ACG ACC CAA AG-3
(KT229628) Reverse 5-GGA ACC TTC TGC TGT AAC G-3
B-actin Forward 5-CGA CCT CAC AGA CTA CCT-&
(AB179839) Reverse 5-TTG ATG TCA CGC ACG ATT-3

5) €% GnRH, FSH, LH, E; ¥ VIG 5% &

¥4 W GnRH, FSH, LH, E; % VIG ¥%
(ELISA) kit [GnRH (catalog no. CSB-E08810f; Cusabio Biotech, China), FSH (catalog no.
MBS035576; Mybiosource, USA), LH (catalog no. MBS283097; Mybiosource, USA), E, (catalog
no. MBS283228; Mybiosource, USA), VIG (catalog no. CSB-E14116Fh; Cusabio Biotech, China)
£ o] g3ty =AFHAY. 7o) S0l &A(GnRH, FSH, LH ¥ E, ¥ VIG)7} ZH =]
plate] @7 50 uLe} 50 uLe] HRP-conjugates ZH2He] wellol] B2 %, 4 W s=230] plate
of &0 &Aet vkd 4 AUEF 37 TollA 243 & ¥-SAIZ T PlateE washingd ¥, 50 1
L9 substrate A%} substrate BE 37 CollA] 1583t ¥-3AZH S, stop solution 50 pLE #5-3}

1%

212 enzyme-linked immunosorbent assay

i
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o WL HANAT vpATo 2 77te] BEE 450 nm TS o8t FREE ST

6) SOD, CAT, GPX, cortisol &/ ¥ glucose &% &4

d&2 heparin sodiume A2 FAZIE AHEst ofFel rRdHo =Ry dds AHT
F, dAEZ@ T, 10000 x g 10&)3te] H5 & MEE ARSSRT. & W SOD,
CAT ¥ GPX #42 enzyme-linked immunosorbent assay (ELISA) kit [SOD (catalog no.
CSB-E15929Fh; Cusabio Biotech, China), CAT (catalog no. CSB-E15928Fh; Cusabio Biotech,
China), GPX (catalog no. MBS024388; Mybiosource, USA), cortisol (catalog no. CSB-E08487f;
Cusabio Biotech, China)]E °]&3ly A3t} zHzte]l Holx<Ql 3A|(SOD, CAT, GPX H
cortisol)7} FEEo] Q& plateo] €4 50 pLet 50 pLe] HRP-conjugates 2H2te] wellell 32
T, @4 W TEE0] plateol] o] FAg v F UEF 37 TollA 243t 5 RESAIAT
PlateE washing®t ¥, 50 pLe| substrate A%} substrate BE 37 TollA 1583t vHEAFH T,
stop solution 50 pLE& #F35l] W& AAAFHG. iAo 2 7F FE= 450 nm IS o] &
st FREE SBT3 EF Wl glucose FE+ biochemistry autoanalyzer (Fuji

Dri-Chem 4000; Fujifilm, Tokyo, Japan)& ©] &3} 413ttt

A9
~

m{o

=]
R

7) H,0, ¥5 9 A& A4} (Lipid hydroperoxide, LPO) %] 4]

H,O, ®%+ Nouroozzadeh (Nouroozzadeh et al, 1994)°] g WHE 83 Peroxid
Detect kit (Sigma, St Louis, MO, USA)& o] &3t ZA3IAth HO, =+ 560 nmo] F3
TolAd FAHsNCH, 5 £F AL ol &5, nM/mIZ EFIA

LPOE  polyunsaturated  fatty acid (PUFA) hydroperoxides®]  &3]® AHE<]
malondialdehyde (MDA)<9} 4-hydroxynonenal (4-HNE)®] & A3t A A A&
vetst=d, B ATl = Lipid Hydroperoxide Assay Kit (catalog no. MBS013426;
Mybiosource, USA)E ©]&3to] SAHSAT. FHE< 500 nm A FAHsACH, @G9<=
MDA and 4-HNE/g protein (nM/g)E YEIAATE.

8) Melatonin, lysozyme % endorphin &4 4

¥<% melatonin, lysozyme % endorphin F5%+E enzyme-linked immunosorbent assay
(ELISA) kit [melatonin (catalog no. MBS013211; Mybiosource, USA), lysozyme (catalog no.
CSB- E17296Fh; Cusabio Biotech, China), endorphin (catalog no. MBS036835; Mybiosource,
USA)|Z ©]&3te] 450 nm FF=olA A3t

10) A &4
7t Ay AR=RE Lo AR F Al fFo|AF -5 Statistical Package for the Social

Sciences software program (SPSS; version 10.0)°] €3t One-way ANOVA % Newman Keul's
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multiple range test

Lt & Tt

1) LED #9ol oJ& o] 4 #d x4 2 $=2& W3}

Green LED 3¢ 9 @35 o] Wolo Aol vA= IS 2AEH] 9o, 4 4
ZZHGnRH, GTH, FSH, LH, ER ¥ VIG) mRNAS| @& 3} Ao ztzte] 28 Wsts 32
&} THFig. 22~25).

BE Ad@FOA 3 7MY 2 @S UERA Y ol F THAadhe Aol BEEgon, 3
H AdEE 24T Ay dx274(F35)0l YIEt Greendt Greent7h A@AFolA A A<
T B A s =2 Ho Tglzﬂgi =A FZEAY. 13 Y Greend Greent7F2 A d
T Aol M= o] &Rl Afol7t IFE A T,

2 dA7Aazel fARE A7 Hag Volpato (2000, 2004)°l ¢J3}H Matrinxa fish, Brycon
cephaluse Green 3730 =27 A 52 X9 As/HA #H S=2Fo] AE50, Green
o] ol Fe] W2 F9E& FHAYIE B vk Bk b ok
et B AFAAE o]Ho AFAIet FASHAl Green o] Wolo] Aol A2

N
’oﬁ g

2) LED Z9of ot ol aitsl A fHx ¥ s2# w¥s)

Green LED ¥ 2 271 335 o o
o, g4iksl FHAHSOD, CAT 2 GPX) mRNA T3 8 U iksl a4 &4 ists #as)
A ThFig. 26~28).

I A, dE2TH(FF5) vt Green® Greent+7F2 A3 T oA 4kst fdx 2d 2 &
W st 340 4o folFor WA #FEHJY. T2y Green?t Green+7b AAT
Aolol A= o] Q1 Afol 7t AEE A okt

2 AT fARE AFE Choi et al. (2012)Y Ao &J3H  cinnamon clownfish,
Amphiprion melanopuss 12€3F A2A A A AEY2AE FZAZ F, 35 Red, Green
% Blue LED® =ZAI1Z1 A3, Green LED ATl tzFo vt &4t {3z 4
At did Bdo] fFojH o st via Bk vk o

metx 2 AFAAS olHe AT FASHA Green o] W Wojo] AStiE

BEATE 4TS S Ao Bl

&
[
Ll

IP:14.49.138.138, 2017-11-03 17:15:35



A)
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®B)

|EICunt. anG -G+Highl'l
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Time after LED exposure (month)

Fig. 22. Expression and activity of GnRH in the brain and plasma
of yellowtail exposed to green light-emitting diodes (G), green
LED + high-water temperature (G + High T.) and white fluorescent
bulb (Cont.). (A) GnRH mRNA levels relative to B-actin mRNA
levels in the same sample. (B) The plasma activity of GnRH was
also analyzed with a plate reader. Values with letters indicate
significant differences among lights of different wavelengths (F
< 0.05). All values are means £ SE (n=3).

Ay

OCont G -G+HighI.|

tin)

GTHamRNA expression
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c
=
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-
=
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B
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Time after LED exposure (month)

Fig. 23. Expression GTHs (GTHa (A), FSHB (B), and LHPB
(C)) in the pituitary of yellowtail exposed to green
light-emitting diodes (G), green LED + high-water
temperature (G + High T.) and white fluorescent bulb
(Cont.). GTHs mRNA levels relative to PB-actin mRNA
levels. Values with letters indicate significant
differences among |ights of different wavelengths (P <
0.05). All values are means £ SE (n = 3).
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Fig. 24. Levels of plasma FSH (A) and LH (B) of
yellowtail exposed to green (G) light-emitting
diodes (LEDs), green LED + high-water temperature
(G + High T.), and white fluorescent bulb (Cont.).
Values with letters indicate significant
differences among lights of different wavelengths
(P<0.05). All values are means * SE (n = 3).

)

ER mRNA expression
(relative to [-actin)
-

(B)

o

Ey levely
{pg/mL)
RN SNRRRRRRRERERRARAY o
SRRRURURRARRARRRARY

NN

“

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Time after LED exposure (month)

Fig. 25. Expression and activity of ER and E, in the
gonad and plasma of yellowtail exposed to green
light-emitting diodes (G), green LED + high-water
temperature (G + High T.) and white fluorescent bulb
(Cont.). (A) ER mRNA levels relative to B-actin mRNA
levels in the same sample. (B) The plasma activity of E,
was also analyzed with a plate reader. Values with
letters indicate significant differences among lights of
different wavelengths (P < 0.05). All values are means
+ SE (n=3).
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b |EICunt.IZG -G+HighI.|

-4
T

Vitellogenin levels

NSUNRRRRRRIRERRRRRAY

NN

Time after LED exposure (month)

Fig. 26. Expression and activity of VIG in the liver and
plasma of yellowtail exposed to green light-emitting diodes
(G), green LED + high-water temperature (G + High T.) and
white fluorescent bulb (Cont.). (A) VTG mRNA levels
relative to B-actin mRNA levels in the same sample. (B)
The plasma activity of VIG was also analyzed with a plate
reader. Values with letters indicate  significant
differences among lights of different wavelengths (P <
0.05). All values are means = SE (n=3).
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Fig. 27. Expression SOD (A), CAT (B), and GPX (C) in the
liver of vyellowtail exposed to green light-emitting
diodes (G), green LED + high-water temperature (G + High
T.) and white fluorescent bulb (Cont.). mRNA levels
relative to B-actin mRNA levels. Values with letters

indicate significant differences among |ights of
different wavelengths (P < 0.05). All values are means
+ SE (n = 3).
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3) LED &%l 93 #ole] A4 (H0,), A& HAESHLPO), cortisol ¥ glucose &5 W3}

Green LED 383 tiz7<l 35 xHo| o] Aue A4,
glucose Ao WA= FEFe ofstr] fste, @4 W HO,

glucose &% W& B&3FATH(Fig 29~30).

A A 3}4ks)  cortisol H
LPO &4 3} cortisol 2

I Ay, dz7FH(FF5) vlsted Greent Green+7]-9— Ad oA H,O, LPO &4 X,
A

cortisol ¥ glucose ¥ EF7F FYHOZ 2A %

T Aol e frolHe Aol BATA ek,

2 A7 FARRE 972 Shin et al. (2011)9] ATl A= clownfish, Amphiprion clarkis
k3t LED T4 ©=2A71 A7, gzl vty H0, 57} §odoz 7HAasgdon

I ]

el B AFgaE o] del Aol $ASH Green ¥ W&o
E AN A AAHIEE JAAZ Ao Asd

(£5)

At 213 Y Greend} Greent+7}2 Ad

Pi—ﬂ

ool M AW BA A

NNNNNUNNANSANNRNWE

[oCont. mG mG + High T.

= JFan Feb Mar Apr
(Ced]

aa

Jan Feb Nar Apr May

Time after LED exposure (month)

Fig. 28. Levels of plasma SOD (A),
of vyellowtail exposed to green

CAT (B), and GPX (C)
light-emitting

diodes (LEDs), green LED + high-water temperature (G +

High T.), and white fluorescent bulb (Cont.).
with letters indicate significant
lights of different wavelengths (P < 0.05).

are means * SE (n = 3).

Values
differences among
All values
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Fig. 29. Levels of plasma H.0, (A) and LPO (B) of
yellowtail exposed to green (G) |light-emitting diodes
(LEDs), green LED + high-water temperature (G + High T.),
and white fluorescent bulb (Cont.). Values with letters
indicate significant differences among lights of different
wavelengths (P < 0.05). All values are means = SE (n =
3).

Ay

OCont. G WG+ High T.

b b

b

NUSURRRRRRRRRARRY &

a
£
;
g
%

[SNRUURRRRERRTRE

KA A A
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

B b b b

[aaga

AENERRRURRRRRRRR
NUSNURRRRRRRRRARRRRT
NUSRUGR AR

RURRRRRRRRRRR IR
NN

- Z
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Time after LED exposure (month)

Fig. 30. Levels of plasma cortisol (A) and glucose (B) of
yellowtail exposed to green (G) [light-emitting diodes
(LEDs), green LED + high-water temperature (G + High T.),
and white fluorescent bulb (Cont.). Values with letters
indicate significant differences among lights of different
wavelengths (P < 0.05). All values are means £ SE (n = 3).
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4) LED x93l 23 ¥oje] iy #d s =22 st
Green LED 37 2 tjz=791 35 xHo] wold WY nx= HEE Foslr] 93ty
AWelx ddgS FIA7E S22 melatonin, lysozyme 2 endorphin®] &4 ®¥3tE #3z

391 th(Fig. 31).

I A%, dEZ2F(FF3)0 vIste Green?} Greent+7} A4 melatonin, lysozyme %
endorphing=*|7} feoldq oz =4 FE=AT T2y GreenZt Greent+7F2 AT Alolo| A=
oAl zto|7t BAEE A kgt

B dFA47e}t fFARSE A7 E Choi et al. (2012)& cinnamon clownfishE A2AAAH 4l 2~E
d2g FEAZ $, 83357 Red, Green ¥ Blue LEDO =ZFAIH EF lysozyme TE& =
Argt A3}, Red LED AT A& lysozymed] FE7F FoH o2 7F4stH o), Green 2 ¥
ToAME FoHom Frlstdvral Bagk v S

metA B AFE ol ATt FAIAl Green 39 W ooz WYHE FHAY
= A7 U= Aer FdEHG.

[SCont mc mc + Fign T

AL en

Fan Feb Adar Apr XNMay  Jun Ful A Se et N
@y P > = >

naanaani i

Lyrozyme
(nginl)

P

-] ] 1]
T T N

B
PN

Melatonin
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<y = SRR ey

[Coonr oc me « mian T

i
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u
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[ T

Time after LED exposure (month)

Fig. 31. Levels of plasma lysozyme (A), melatonin (B), and
endorphin (C) of yellowtail exposed to green (G) light-emitting
diodes (LEDs), green LED + high-water temperature (G + High T.),
and white fluorescent bulb (Cont.). Values with letters indicate
significant differences among |ights of different wavelengths (F
< 0.05). All values are means = SE (n = 3).

2. LED 331 oo 53t Y 3 T2 £4
E4 37 At WE Wol A = ade} ke B gy S 35 gRls) B
Qate, Al Aol APF[ET: AAF+AAS, APT T (Green FA+7FES), AHFN(HFE +
7P E T8 ¥, enzyme-linked immunosorbent assay (ELISA) 71H < €83t A5 W
o Fd sEgo ¢¥ WEE by
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2) A=W
2w 27ke] AFTolA Al rlelde ARt AR A SHsE o, e AFYeY
= 1=]

r

t}. Heparin sodium< 23 FAZIE AREslo] plRd@oeRe d9S AHT & 2@

C, 10000 x g, 10@)st] €2 &= T2 B4 A7HA -80 CTo| A2 Wead BHasiint

3) @% GnRH, FSH, LH, E;, ¥ VIG &% &

¥4 W GnRH, FSH, LH, E, ¥ VIG % #42 enzyme-linked immunosorbent assay
(ELISA) kit [GnRH (catalog no. CSB-E08810f; Cusabio Biotech, China), FSH (catalog no.
MBS035576; Mybiosource, USA), LH (catalog no. MBS283097; Mybiosource, USA), E, (catalog
no. MBS283228; Mybiosource, USA), VIG (catalog no. CSB-E14116Fh; Cusabio Biotech, China)
g o] &3t SAHUTE 47| EolAl FA|(GnRH, FSH, LH % E, ¥ VIG)7t Z& = 2
platee]l &7 50 uL}t 50 uLe] HRP-conjugates ZH2He] welle]l B2 %, 4 W s =239] plate
of o] dAe}t vk ¢ AEF 37°CollA 243t ¢ WA T PlateE washing? $, 50 1
L] substrate A$} substrate BE 37°CellA] 1533t ¥H-§-AIF 2.1, stop solution 50 nLE 53}
WS AAAAT v o2 ZH7he] T =+ 450 nm S o] 83t FREE SFsAh

1%

4) Melatonin ¥ lysozyme &4 £4
g% melatonin @ lysozyme FE+ enzyme-linked immunosorbent assay (ELISA) kit
melatonin (catalog no. MBS013211; Mybiosource, USA) % lysozyme (catalog no. CSB-E17296Fh;
& y ysozy &

Cusabio Biotech, China)]& ©|-83t 77t 405 nm 3} o] 83t FFEE SA3IAT

= L
1) LED Z<oll o3 Wojof Hd& #d T2+ W3
Green LED 3¢ Bl 35 xrgo] Wolo] Ao mAe S AR 9k, A olA 2+t
o] 4 4<% 322 GnRH, GTH, FSH, LH,
E2E Aol 499 M =2 @S
Green LED+7}2(19T) A3 ol = 549 =0l AHas 2o &2 e o, h2(Ad3) %
P S+7H2(19C) ATl = qbdo] SAFA A3ttt
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FUE AR 243 43, 4ol FHT] HAR] 4doll= dE2T B I3 A9
7ol Hl8t Green LED+712(19C) Aol A As 29 v57F foldoz 7 42
= ATk

2 d7AsRet fAE 99 EIE Volpato (2000, 2004)°] ©]stH Matrinxa fish, Brycon
cephaluse Green Mol =AM A w2 g9 d=/H4 Bd T=280] HEH 0], green
o o

o] olfel WA B FAAYE G} drkn Buw ok

rl

T
Mty B ATARE ol ATATe} FAEA green Tpabo] wWolo] A B AHetfmol
34H9 JFL vA T Y= Ae s,
60
‘ OCont. ©G+High T. ESNP+High T. ‘
50
= 40 by bb
B a
Eg x
= £ 30
< 20 < 12
10
'] 1
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Time after LED exposure (month)

Fig. 32. Activity of GnRH in plasma of yellowtail exposed to
green light-emitting diodes (G), green LED + high-water
temperature (G + High T.), white fluorescent bulb (SNP) +
high-water temperature (SNP + High T.) and natural light
(Cont.). The plasma activity of GnRH was analyzed with a plate
reader. Values with letters indicate significant differences
among lights of different wavelengths (P < 0.05). All values
are means = SE (n=3).

IP:14.49.138.138, 2017-11-03 17:15:35



(ES)

[ OCont. =G +High T. mSNP+High I. |

[ OCont. @G +High IT. mSNP+High I. |
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Time after LED exposure (month)

Fig. 33. Activity of FSH (A) and LH (B) in plasma of
yellowtail exposed to green (G) light-emitting diodes
(LEDs), green LED + high-water temperature (G + High T.),
white fluorescent bulb (SNP) + high-water temperature (SNP
+ High T.) and natural light (Cont.). The plasma activity
of FSH and LH was analyzed with a plate reader. Values
with letters indicate significant differences among |ights
of different wavelengths (P < 0.05). All values are means
+ SE (n=3).
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Fig. 34. Activity of E»> in plasma of yellowtail exposed to green
(G) light-emitting diodes (LEDs), green LED + high—-water
temperature (G + High T.), white fluorescent bulb (SNP) +
high—-water temperature (SNP + High T.) and natural light
(Cont.). The plasma activity of E, was analyzed with a plate
reader. Values with letters indicate significant differences
among lights of different wavelengths (P < 0.05). All values
are means t SE (n = 3).
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Fig. 35. Activity of VTG in plasma of yellowtail exposed to green
(G) light-emitting diodes (LEDs), green LED + high-water temperature
(G + High T.), white fluorescent bulb (SNP) + high-water temperature
(SNP + High T.) and natural light (Cont.). The plasma activity of
VTG was analyzed with a plate reader. Values with letters indicate
significant differences among |ights of different wavelengths (P <
0.05). All values are means £ SE (n = 3).

2) LED 9ol o3 ®ojo] M fd =3¢ W3
Green LED ¥ 5l tix7<l &35 o] Wojd W] wA= A=E Hofstr] Hs)
o, AWA BYdES FXAIIE E2EQ melatonin Y lysozymes] 24 WH3tE #HE3A

C}(Fig. 36).

I A, 447E 9247HA] AR 2 [F35+7H19T)] 28Tl BlIste Greent71(197)
AT A A W melatonin F lysozyme TA|7} o)X o2 =4 BT

B AFA7e} AR AFE Choi et al. (2012)F cinnamon clownfishE A2 A A 4Hst2~E
=g FEAZ F, 83357 Red, Green ¥ Blue LEDO =FAIH EF lysozyme §E& &
At A3, Red LED A g Tl & lysozyme?] =71 Fold o2 7F4st o, Green A3
TolAE FoAez Skt vhal Hargk b o

E3gH Wang et al. (2008)2 sea cucumber, Apostichopus japonicase W7Fo2 g FE¥3t A
ToA, A% A3t a2 Aol ASEEHAE FEAA EF lysozymed] FEF
Zanttal Bagk vp it

ks 2 A AT FAFSHA green 9] B2 WololA = HAHS FIAAT=
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Fig. 36. Levels of plasma lysozyme (A), melatonin (B) of
yel lowtail exposed to green (G) light-emitting diodes (LEDs),
green LED + high-water temperature (G + High T.), white
fluorescent bulb (SNP) + high-water temperature (SNP + High
T.) and natural light (Cont.). The plasma levels of lysozyme
and melatonin was analyzed with a plate reader. Values with
letters indicate significant differences among lights of
different wavelengths (P < 0.05). All values are means * SE
(n=23).
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