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Seed production of rainbow trout Oncorhynchus
mykiss throughout the year by photoperiod
manipulation

joon -sik Ham
Department of UR Interdisciplinary Program of Fisheries and Oceanography
Graduate School, Pukyong National University

Abstract

The present = study ™ compared. the effects "of artificial
photoperiod manipulation on maturation, spawning and growth
performance of fingerlings of rainbow trout Oncorhynchus mykiss.
For photoperiod manipulations, fish were divided into 3 groups
in March and were treated different day light hours. The fish in
the experiment 1" (Exp-1)-group was treated under 20 hours of
light condition (20L) petr day, and that of Exp-2 and Exp-3 was
18L and 14L, respectively for the first 30 days. Then light hours
were gradually reduced thereafter such as 13L in Exp-1
(20L-13L), 8L in both Exp-2 (18L-8L) and Exp-3 (14L-8L).

Photoperiod manipulation was effective on gonadosomatic
index (GSI), early spawning and production density of fingerlings

of this species. The photoperiod manipulation was also effective
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but negatively on egg size, total weight of eggs per spawning,
rates of eyed eggs, rates of hatching, rates of swim-up fry, and
rates of survival of fingerlings.

Total length and body weight of the spawners under natural
photoperiod were 53.59+5.27 cm and 3.23+0.29 kg for female
and 47.61+3.25 cm and 2.58t0.17 kg for male, respectively. The
GSI of the females were 10.20+2.71 in January, 0.81£0.38 in
June, and 12.43+3.12 in November, while those for males were
1234040 in January, 0.71£0.19 in May, and 4.29+1.23 in
October. The relationship between total length (TL) and
fecundity, (F) in _ovulating females was ~F=171.91¢"%"™
(R>=0.9317), ‘and the relationship between body weight (BW)
and fecundity was F=1178.80e"**" (R?=0.9358). This means
that spawning female of 3 kg in BW have around 4,500 and
that of 4 kg in BW. have around 6,500 eggs, respectively.

The GSI of females “treated all photoperiod treatments for 5
months increased from 6.54 in March to 4.53~14.6 in August.
In contrast, the GSI of control female was 3.17 in August.
Induced spawning of females in all 3 treatment groups (Exp-1,
-2, and -3) were successfully done on Aug. 3 for Exp-1, on
Aug. 25 for Exp-2, and on Sept. 13 for Exp-3. While the
induced spawning of females in control group were occurred

on Nov. 12.



Photoperiod manipulation negatively influenced on the egg
size and total weight: eggs spawned by photoperiod
manipulated female were ranged 4.4—4.7 mm in diameter and
64.3—718 g in total weight, while those of the control were
49 mm and 788 g, respectively (p<0.05). In general, egg
qualities from the control group were superior compared to
those from photoperiod manipulated fish. In the control fish the
percentages of eyed embryos, hatched and floated alevins were
83.21%, 81.92%. and 78.30%, respectively, ~whereas in the
photoperiod” manipulated fish they were 69.32—71.50%, 65.51—
69.53% and 63.72—65.41%, respectively (p<0.05). Histological
observations of gonads indicated that the photoperiod
manipulation accelerated sexual maturation of brood fish from
May, andthis is quite different from that in control.

Water temperature, DO and pH in rearing tanks of fingerlings
obtained from photoperiod manipulated fish were 12.15+0.67T,
9.43t0.5 mg/L and 7.76+0.2, respectively while those from the
control fish were 10.01+04C, 9.55+0.7 mg/L and 7.81£0.2,
respectively. Growth of the photoperiod manipulated group
fingerlings were from 2.09+0.12 cm to 7.3840.24 cm in total
length for 77 days, while those of the control group fingerlings
were from 2.09£0.12 cm to 6.98£0.25 cm. Growth in weight gain

of the fingerlings in the photoperiod manipulated group were
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grew from initial weight of 0.09£0.01 g to 5.08+0.16 g while
those of the control group were grew up to 4.26£0.12 g. These
growth differences might be due to the temperature differences
between two groups. Percentages of survival of the fingerlings
produced in photoperiod manipulated and control groups were
96.1% and 97.8%, respectively at the day 21, and 85.2% and
88.0%, respectively at the day 77, end of the experiment.
Photoperiod manipulation- was—effective for fingerling culture
in terms of bio-mass production (g/m’). The. production of the
fingerlings obtained from photoperiod manipulated and control

groups were 20,610 g/m* and 17,851 g/m’, respectively.
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I. A4 &

F-AME (Oncorhynchus — mykiss)v= Ao} & (Salmoniformes) 1]}
(Salmonidae)ol] &3t= WA RFZE HuY #HAZ FFAXNFEEH <F
B dro oz B BHEALGTY BAIEE G RE AH| o}

b2l ol MEHFAAeIN A 45E FolchBehnke, 1992).

1870—1973'd°] MEZGFA| =T A Fol X FHE At AlFolgtar o]
ALE = ™ (Needham and Behnke, 1962; Behnke,1992), @Al A AlA1 &S
2 FH Je FAASAE ofvtE AEHLE FAA AHEHE A
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SZuete] EANSo] e 19659 1€ 39 wl=F AP FEYolF
Henrycline Schmidt® 2 %-E Kamloop %] Tt 191E =35t 7
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AE5 ol &AelE EAMEe] B Aol B AR 2ol A

FFaol AostA Aok Ty $o] FAAEE 1966l = &
7t SRS BET e FA=dFAFE st IR $HFE
o] &3t A 1968 A7 AR B oM ke SIUAE o]t e
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FAMNEA N B AF= - LFAA AT F3HF &7 (Piper et. al,
1982), d+& x4 2 HI7HCraik and Harvey, 1984; Craik, 1985;
Springate and Bromage, 1985; Bromage et al., 1992), 74 %< d3
43 BE(Kjorsvik, 1994; Brooks et al, 1997), 7] 3% % A E(Piper
et. al, 1982 Brannon and Klontz, 1989), Z7]A}(Needham and
Behnke, 1962: Klontz, 1991), A< (Kwon et al, 1993; Mugiya and
Tanahashi, 1998), 4At&7] ¥ FF7] ZH(Brannon and Klontz, 1989;

Taranger et al, 1998; Bromage et al, 2001), %217 374482 (Smith



and Piper, 1975; Westers and Pratt, 1977: Piper et. al, 1982; Colt et.
al.,, 1991), /\]-E_(]ayaram et al, 1992, Gomes et al., 1995), AE] 2 ok
(Gall and Crandell, 1992; Hershberger, 1992), A4t=3} (Klontz, 1991)
T B2 977 deH, sdAMe AssEEe 2% (Yoon et al,
1995), H-3} 9 Ax]o] A A(Baik et al, 2007) o] oy s 2L F
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Table 1. General information of Wonbok rainbow trout farm where

this experiments were conducted

. . . Ratio of
Fish Sedimentation . .
Culture area . Water usage sedimentation
(mz) Production (m3 ) area area
(ton/year) y/ (m’) )
(%)
9,671 150 31,500 2,000 20.7
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1. Photoperiod manipulationschemes for the induction of year
around spawning of rainbow trout. Control refers to natural

photoperiod.
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Fig. 2. Monthly fluctuation of temperature of the culture water in Wonbok

rainbow trout farm from January 2007 to December 2008.
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Table 2. Results of water quality measurements in Wonbok rainbow trout
farm from January 2007 to December 2008

Day DO BOD SS
measured pH (mg/L) (mg/L) (mg/L)
Jan. 1 7.62 8.26 0.83 0.784
Jan.16 7.51 8.52 0.74 0.347
Feb. 1 7.43 8.32 0.86 0.233
Feb.16 7.32 8.29 0.56 0.421
Mar. 1 7.30 8.08 1.12 0.272
Mar.16 757 8.36 1.27 0.620
Apr. 1 7.54 9.26 0.95 0.075
Apr.16 7.49 8.03 0.66 0.507
May 1 7.71 7.49 1.03 0.803
May 16 7.84 7.45 1.13 0.670
Jun. 1 7.71 7.46 0.95 0.732
Jun.16 7.80 8.47 0.65 0.333
Jul. 1 7.78 9.81 0.98 0.240
Jul.16 7.57 9.80 0.86 0.973
Aug. 1 o7 8.94 1.04 0.803
Aug.16 7.61 9:81 0.78 0.470
Sep. 1 7.39 9.24 0.93 0.515
Sep.16 7.66 8.22 0.65 0.813
Oct. 1 7.82 8.53 1.14 0.523
Oct.16 7.44 9.14 1.13 0.980
Nov. 1 7.55 8.43 0.97 0.307
Nov.16 7.90 8.42 0.77 0.932
Dec. 1 7.64 9.36 0.96 0.473
Dec.16 7.57 9.80 0.74 0.630
Average 7.60 8.64 0.904 0.586

SD 0.17 0.72 0.119 0.236
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Fig. 3. Fluctuation of- pH “and dissolved oxygen (DO) of the culture

water in Wonbok rainbow trout farm from January to December

2008.
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Fig. 4. Fluctuation of biochemical oxygen demand (BOD) of the culture
water in Wonbok rainbow trout farm from January to December

2008.
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Fig. 5. Fluctuation of suspended-solids (SS)-of the culture water in Wonbok

rainbow trout farm from January to December 2008.
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Table 3. Comparison of water quality parameters between inlet and

outlet water in Wonbok rainbow trout.

Day NH, N NO, -N NO; -N T-N T-P
measured  (mg/L) (mg/L)  (mg/L) (mg/L)  (mg/L)
Jan. 1 0.029 0.005 0.043 0.077 0.006
Jan.16 0.021 0.007 0.023 0.051 0.005
Feb. 1 0.016 0.012 0.030 0.058 0.002
Feb.16 0.024 0.010 0.057 0.091 0.006
Mar. 1 0.016 0.005 0.023 0.044 0.001
Mar.16 0.014 0.004 0.044 0.062 0.004
Apr. 1 0.028 0.003 0.032 0.063 0.001
Apr.16 0.014 0.003 0.044 0.061 0.002
May 1 0.017 0.005 0.052 0.074 0.001
May 16 0.015 0.004 0.050 0.069 0.003
Jun. 1 0.028 0.008 0.061 0.097 0.001
Jun.16 0.027 0.006 0.051 0.084 0.001
Jul. 1 0.043 0.006 0.044 0.093 0.002
Jul.16 0.021 0.004 0.058 0.083 0.007
Aug. 1 0.032 0.003 0.036 0.071 0.003
Aug.16 0.026 0.005 0.060 0.091 0.002
Sep. 1 0.028 0.004 0.063 0.095 0.005
Sep.16 0.016 0:006 0.062 0.084 0.004
Oct. 1 0.021 0.007 0.057 0.085 0.001
Oct.16 0.015 0.010 0.061 0.086 0.003
Nov. 1 0.017 0.008 0.062 0.087 0.002
Nov.16 0.015 0.006 0.039 0.060 0.001
Dec. 1 0.018 0.006 0.037 0.061 0.003
Dec.16 0.029 0.009 0.045 0.083 0.001
Average 0.022 0.006 0.047 0.075 0.003
SD 0.007 0.002 0.004 0.013 0.001
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Fig. 6. Fluctuation of ammonia (NH4-N), nitrite (NO;-N) and nitrate

nitrogen

(NO5-N)

of the culture water in Wonbok rainbow

trout farm from January to December 2008.
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Fig. 7. Fluctuation of total nitrogen (T-N) of the culture water in Wonbok

rainbow trout farm from January to December 2008.
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Fig. 8. Fluctuation of total phosphorus (T-P) of the culture water in

Wonbok rainbow trout farm from January to December 2008.
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Fig. 9. Monthly - fluctuation. of - water~ quantity - flow into Wonbok

rainbow trout farm from January to December 2008.
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Table 4. Comparison of water quality parameters between inlet and

outlet water in Wonbok rainbow trout farm

[tems SS BOD T-N T-P
(mg/L) (mg/L) (mg/L) (mg/L)

Inlet 5.69+1.47* 2.54+0.85 1.86+0.51 0.21+0.05

Outlet 4.63£1.15 2.27+0.57 1.62+0.33 0.19+0.03
Removal

efficiency 18.63+1.24 10.63+0.65 12.90+0.46 9.57+0.04

(%)

*Mean=SD.
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Fig. 10. Relationship-between SS and other water quality parameters
(BOD, T-N, T-P) in- the outlet water -discharged from Wonbok

rainbow trout farm.
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Table 5. Effects of feeding on the water quality parameters in outlet

water discharge from Wonbok rainbow trout farm
Before-fecding 1 hour' after 4 hour§ after
feeding feeding
Items - ? -
RE RE RE
Inlet Outlet Inlet Outlet Inlet Outlet |
(%) (%) (%)
SS
425 393 7.53 8.62 6.16 2854 454 415 8.59
(mg/L)
BOD 237 223 591 3.75 297 20.80 242 217 10.33
(mg/L)
T-N
1.66. 1.52. 843 257 218 1518 176 1.61 8.52
(mg/L)
T-P
018 017 556 029 0.23 20.69 022 020 9.09
(mg/L)

*RE: removal efficiency.
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Table 6. Biometry of the rainbow trout brood fish used in photoperiod
manipulation for year-round spawning in Wonbok rainbow

trout farm

Body

No. of Total length Fork length . Ages
Sex |, S weight
individual (em) (cm) (year)
(kg)
Female 50 53.59+5.27%  46.2843.74  3.2310.29 3—4
Male 30 47.61+3.25 = 4217+256  2.58+0.17 2-3
*Mean+SD.
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Relationship between-total length and fork length of rainbow
trout brood fish wused in photoperiod manipulation for
year-round spawning experiment in Wonbok rainbow trout

farm.
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Fig. 12. Relationship between total length and body weight of rainbow
trout brood fish wused in photoperiod manipulation for
year-round spawning experiment in Wonbok rainbow trout

farm.
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Monthly fluctuation of gonadosomatic indexes (GSI) of female
(A) and male (B) of rainbow trout brood fish wused in
photoperiod manipulation for year-round spawning experiment

in Wonbok rainbow trout farm.
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Fig. 14. Relationship between total length and fecundity of rainbow
trout brood fish—used -in—photoperiod manipulation for

year-round spawning experiment in Wonbok rainbow trout

farm.
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farm.
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Fig. 16. Changes of- gonadosomatic indexes (GSI) by photoperiod
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manipulation

rainbow trout wused in photoperiod

year-round spawning experiment in

Wonbok rainbow trout farm.
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Table 7. Effect of photoperiod on stripping rate and egg quality of the

rainbow trout

Stripped Stripped rate Egg-diameter Egg weight

Manipulation o (%) (o) @
I Exp Aug. 3 72.5+7.8" 44+0.2° 64.3+4.2°
I Exp Aug. 25 71.9+5.3" 4.7+03 71.8+3.7°
I Exp Sep. 13 78.1+5.4° 45+0.4° 68.2+4.1°
Control Nov12 81.2+8.3" 4.9%0.3° 78.8+6.5°

Different superscripts in-the same' column are significantly different
(P<0.05).
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Manipulation of photoperiod for spawning induction of rainbow
trout. Control refers to natural light. Arrows indicate the time
of spawning. The resulting spawning occurred from 3 August
to 9 October for Exp-I, from 25 August to 21 October for
Exp-II, from 13 September to 5 November for Exp-III, and

from 12 November to 15 December for control.
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Table 8. Effect of photoperiod on egg development, hatching and

swim-up rates of the rainbow trout

Eyed egg rate Hatching rate Swim-up rate

Manipulation
(%) (%) (%)
I Exp 69.65+3.5" 65.51+2.8" 63.72+3.1°
Il Exp 71.50+3.8" 69.53+3.1" 63.15+3.0°
I Exp 69.32+4.2° 66.84+2.9° 65.41+4.2°
Control 83.2144.6° 81.92+3.4° 78.30+3.7°

‘Different superscripts in the same column are significantly different
(P<0.05).
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Fig. 18. Effect of photoperiod on egg development, hatching and

swim-up rates of the rainbow trout.
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Fig. 19. Comparison of GSI between photoperiod manipulated and

control female rainbow trout.
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Fig. 20. Comparison of GSI between photoperiod manipulated and

control male rainbow trout.
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Fig. 21. Histological observation of gonadal development of photoperiod
manipulated and control rainbow trout in March. a, Control

female; b, photoperiod-manipulated female; ¢, Control male; d,
photoperiod-manipulated male.
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ent of photoperiod

manipulated and control rainbow trout in May. a, Control
female (at early vitellogenic stage); b, photoperiod-manipulated
female (at maturing oocyte stage); ¢, Control male (at the

intermediate stage); d, photoperiod-manipulated male.
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3. Ao 4F AE

31. X o] A5 7|ZHe &7

2o] Ak A R7IRY T BF7] Al dxTe 2, DO % pH
59 SAHAXAL Ad¥d= Fig. 283 #Zu. BF7] APTY FEE
12.15:0.6°C, DOE 94305 mg/LA3, pHE 7.76x020] Qo m, 2T
o] &2 10.01:04C, DOE 9.55+0.7 mg/L 1L, pHE 7.81+0.20] Ath.

3.2. X|ojo] AA W3}

3l g Xo]g 7797 A AlES A WG AT F AN BARLSF
(ED)ol W& AZHTL)S FBAAE Fig. 249 2oh #F7] AT+ #
Al A7 E A 209012 cm R, 1498 = A 2.85£0.13 cmE F-4
o] o] FoJAAL ANOH, Al 21E A= G 3.36:0.15 cmE FFo] <

FTHo HolE HI AFEATh o]F A AHEH MIA=
A 4.69+0.19 cm, 639A = A 6311021 cmZ FF3oH, HF
A 779 A o= 7.38£0.24 cmE A AT

NzTe F3IA AF 209:012 emPLH, 14LdA= AF 2.79+0.12
cm, A 219 A= AF 3.20€0.15 emZ AJA3IATE olF MAdA= A
2} 431+0.18 cm, 63Y A= A 595+0.22 cmE AAAsP o, H= A}
& 774 A = 6.98+0.25 cmE A A5t}

AHS AHYSED)] wE AA(TL)Y AZdA FF7] AlgT3E TL
= 0.5486ED + 1.35 (R® = 0.9954, p<0.01), thZTF : TL = 05081ED +
1.3442 (R> = 0.9953, p<0.01)2 F A=At
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Fig. 23. Changes of water temperature (WT), dissolved oxygen (DO)
and pH in rearing tank for summer (A) and winter (B)
2008.
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6 | TL =0.5497ED + 1.3416
(R? = 0.9954, p<0.01)

Total length (cm)
'S
T

TL = 0.5081ED + 1.3442
(R? =.0.9953, p<0.01)

0 | 1 | | 1 1 |

0 7 14 21 28 34 49 56 63 70 77

Elapsed days

Fig. 24. Growth comparisons ‘of rainbow trout fingerlings produced

from photoperiod manipulated (Exp.) and control group

brood fish.
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33. A A ZE

Aol Azt AFEL Fig. 2504 He npel o] FF7) AlgTE 7
A 2.04%, 14LAE 240% %2 Z71etPoH, 2894 253%E HUS B
Atk 2 o]F A} FAasle] 4998 = 1.83%, 63LAE 1.01%E AP
B A Z71ste] HE AL 77941 1.32% 2 YRR

ETE 794 1.98%, 14LA= 215%%2 Z715t9om, 2894 2.23%
2 HAYE HAY I o|F 9YAE 1.89%, 63LAE 1.15% = 74238
o, HF ALK 7794 1.13%E YEGT

AT A% B A BALFED) ©E AF(TW)l A4 Fig. 263
2o BT AT = A0 1ot HEA TS 0.0940.01 g o,
142 A 026£0.01 g, 342 A= 1.03:0.03 g & S7}8tgtk 1 o]F 56Y
A 1.98+0.06 g 704A = 3.66:0.10 g2 Z7lstgon, HF ALS 77
AA = 5.08+0.16 go. 2 F53+ATH

z7s R34 HaAFS 0091001 ghoy, 1494 0254001 g
344 A= 09140.08 g& 2 F7FskAth o] % 56U = 1.53+0.05 g, 70
AR E 2974008 gO & Z7bstgon, HE A% 779AE 4.26+0.12 g&
2 94t F71E By
A% AARLFED)S whE AFTW)S AN FF7) APTE BW
0.0784¢"*** (R* = 0.9846, p<0.05), THZETE BW = 0.0783¢" 7 (R*
0.9881, p<0.05)Z + F7I5 HATh
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25 —— Exp.

0 | 1 1 | | | | | | |
0 7 14 21 28 34 49 56 63 70 77
Elapsed days

Fig. 25. Comparisons of-specific- growth rate (SGR) of rainbow trout
fingerlings produced from photoperiod manipulated (Exp.)

and control group brood fish.

_54_



m Control
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BW = 0.0784e %"
(R*=0.9846, p<0.05)

Body weight (g)
w

BW = 0.0783e"°"*°"
(R*=0.9881, p<0.05)
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0 7 14 21 28 34 49 56 63 70 77
Elapsed days

Fig. 26. Weight gain comparisons of rainbow trout fingerlings
produced from photoperiod manipulated (Exp.) and control

group brood fish.
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35. AF Ut S E

Mg 4 STE> Flg 273 2ok FF7] AdTe 78A 7.30%l
M 1497 786% 2 HA3E HYom, 34AAE 552%% HAdHAch

1 o]% 56UME 4.45%, 70D = 435% 2 AT HE AN 779
e 4.68%% THA Z7lsls 4SS By

fz3Ee 7904 4AR7A 730%2 1S BRPgon 34Adx=
619%= #aFh 1 ol F 56UAE 347%2 FASA 2z} 70
AR = 475%, AZE A5 77958= 515% 2 THA] Z7lels AsFS B o

36. 4EE

AMS A8 717 F AEES Fig. 287 2ok 377 A= 214571
A 961%2 F=L AEEES Holurt 28A4= 92.6%, 499A = 87.5%<]
AEES HAY I °o]lF 56LAE 86.7%, 70LA = 95.9%HoH, HF
AL 774 A E 85.2% 2 MESS HITH

NEzTFe 219A7A 978% =2 T2 AEES Holgrl 28UA=
96.0%, 49YAE 91.7%] AESS BJTh 1 o]F 56YAE90.7%, 70
A= 891% Ao, FHF A& 7744 88.0% 2] =85 B

3.7. A vl

13l & B3] AP 2ol Ui Xoje] AiHS FANEH] 9
o 2AYE F£% 168 m (7IE 2.8 mxAE 6.0 m)ol 80HrtEE &
st 7797 AFSS A= Table 99 2t 33F7] AAF 2L iR+
Hzx FEFL 7200 golRoy HF ANFS BTV APTFE= 346,253
g, ETE 299,904 golFth w3 xo] @9HAT Wik (g/m’)S @
F7] ANFTF7F 20,610 golQar, HETF7F 17,851 g2 A 4kat ).
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Elapsed days

Fig. 27. The variation- of specific growth rate .(SGR) in body weight
of rainbow_ trout fingerlings. produced from photoperiod
manipulated (Exp.) and control group brood fish and reared
for 77 days.
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Fig. 28. Survival rate ‘of rainbow trout- fingerlings produced from
photoperiod manipulated (Exp.) and control group brood
fish and reared for 77 days.

_58_



Table. 9. Growth results Of rainbow trout fingerlings produced from

photoperiod manipulated (Exp.) and control group brood

fish and reared for 77 days.

Items Control Exp.
Animal stocked area (m’) 16.8 16.8
Total no. of fish stocked 80,000 80,000
Ind'1v1dual mean body 0.0940.01 0.09+0.01
weight (g)+SD
Final total Individual 70,400 68,160
Final mean body weight 496+010° 5.08+0.16"
(8)+SD
Final survival rate-(%) 88.0™ 85.2°
Final total weight (g) 299,904 346,253
Final gross weight per 17,851° 20, 610°

unit (g/ m’)
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z.‘,:
ElEL ’“1‘(D0, pH SE712 T)ol ATH(TIE, 1970). Bk (1970)& FA
1BCEA o] HM9E it dolXE 7h53hA

7—
B AL B3l A7 BolA L, meoqE Wekgo] wrolA 1

E3 pHE 7.60:016 Mo, DOE 864+0.74 mg/L I ZA
Huet (1975)9} Nepal et al. (2002)> FAMNES] F23e] pHE 6580,
§EAE 8mg/L ool APsitkal Bagh A b IR EHon,
Ao RIEKERES AN AH8ste 83 4282 pH 72-76, DO
8.88—11.05 mg/LZ e T+= Kohara et-al. (1994)2] ®i19} FA}SIA
o}

FAMNE Folol AHgsh= A5 AshehA kA Q7 BOD) tist
o Jo et al. (2005)= Al&}rolA 043 mg/Lolet 3+%1al, Kohara et al
(1994)= EBEKPEAEES N AHEshs S350 1.23-3.04 mg/Lol2}
Hustdoh £ 2AAY &3 = 0.90440.186 mg/LEA] Kohara et
$31F BHos wkoy AskE(Jo et al, 2005)9
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al., 2005)°] 018 mg/L Htue= =torw, & &4 (Kohara et al,
1994)9] 0.6—4.2 mg/L XU BlwE woph

FFFFol JoAM dEYod AANHAN)E 0.022+0.007 mg/LZ
Kohara et al. (1994)9] E¥f & WA @A AH8st= &39 0.06
— 067 mg/Le}t wBId} ARE HJth o}bFAA  FA(NOAN)E
0.006+0.002 mg/LZ A3}5(Jo et al., 2005)2] 0.009 mg/L Rt} ko,

FAPADS 75?1_

(NOs-N)+= 0.047+0.013 mg/L2 EBHd WsH Aggo)A

21104673 ton/miny, 22.75:7.82 fon/min. 0.2 2478l AL R 10
ton/min. AEo|H, F&FolnEo] 92 dl= oFdd+= 30 ton/min.

e Fao] FHaL:

N
cll:
o
N
=
BN
)
2,
L5
o
X
fr
I
Lo
W
=
2
b
Lo
o
[
ol
o
(.
r o
2
b
9,
o

P7E(1965)S] Hato] o3t Foj&FZ A E3E 100%2] &2 75%9
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Agdol F71E ZANE 5 EHEES BT B FAFIE &
Aol g YAH FAL AUT 5 Ue Ao Bewh

elet FAge WEF A @Fe FABFRAW] <5
ARAAT), WAE A8 LA 5 Y A A5 A
WA 20% ol4olT Zolzk 1-2 mel AANAG AAsofo Ak et

3 FASI ATHEAR, 1999).

B A FANS] AR A HlER wlEY FEEE e B
B4 (SS)o] BT 5.69+1.47 mg/L, BODZ} 2.54+0.85 mg/L ™, T-N&
1.86+0.51 mg/L, T-P2 0.21£0.05 mg/LE YElRtth. o= 373 5(2003)
o] 71EA oY Ao H, A 5(1999)8 Hilo] Hldte tha v ot
st Az AHFY TS AALEL FHEHD] 18.63+1.24%, T-N°J

12

H

12.90+0.46%, BODZ} 10.63+0.65%, T-P7}-9.57+0.04% 2 A 5(1999)¢] -
4 g Awst Mzsgort SUDHY AAS Ml WX
Se B89 Bel ES Ao Wil Wik 2 Ao]F Holm gonz

o
Lo
o
i
i
)

FAge W5 FHEde) AL FE@
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AL Uehy.

aHy fd FANE] FAACNA e sEe AR
EAF B Ael wE eaprt Aga B 5
ol met Aojstez ol Wigk A7t
A 5(2000)9] Hare] ofstH Ats EH
AAS = HEe o 7T4%9AW, AR 5 Fole A=
Ao o] 242 ol HA AAEE 482%=
9

7heE AE ade SUHEATA Hugows B 2

e
=)
o
o
olN

H= SAgth dEYok vid fF3 ] Sle] Als ITF FAFE wiEES F
As A F74stn o]F AAHAZDAA AMA3F]  F7}3tKKaushik and
Gomes, 1988). FA/NEo7k Als A $ FEYo}l i thitel 484
+ AJZt2 ' Fauconneau and Arnal (1985)°] &J3}H, Als 3FF ¥ 24
At AE AeHal, & A5 (Loughna .and Goldspink, 1984;
Houlihan et al, 1986)& Al&. 33 § 1R2=2©UAZF £a%<= Ao R ¥
AT

B 2AIA AR H 147 Fele T-N3 T-P7F =944 whd Als

ol

T 4N Fole Ar FR old4UE BRI Aoz Hol
Fauconneau and Arnal (1985)¢} Kaushik and Gomes (1988)¢] X 119}
2 dAskar ok

AR 9% FALAL ARHI] ANNE 2Bag] EE ARG



22 4 A AEEES fASY A8 AMATeER oF9

s
SEuet FAFY MBS BF 1FES WSy ot WA A%

A Yol AFe FUAL JFow s Uy fEel AgHE &
ot wRaA Hol FREFE AT AR ANT 57} 9

58 g4 FAFS AU Fo] B A, ASEE B

% 7t AR zhd gep wolaA thad.  waA dAdle A
e MEHE A5 AAANAN AR A4 wvele TR A

Ho] 7] wiEol FA AFFH AdSE BFE EHESHA At U
AGolng NZE A Fto] tiFEa ok

oo HiEsel tg A= FHIVIAFANA B F Ak ol
ek FAE F2 WEFY A4S Bote WA FAE AR Ths e
AR Fg gtAlskeE B o] ATHEES, 1992). TH I/t = FA%
o 1¥ 0F A WHog =dAdFE (Lawson, 1995)E ©]&-3

QA oAt 2FE GFL YA, HFAME T2t B A4

e

18
filo

g 0gBAe 54 FYAZ FARE 2o BaF Ao



U FANE FAFNME 53 TEE FHEY] et 4%
o] ¥4 MAE A AMEe] HaA "t}

B (1961) & FANSA S #3F & 198 174 20 em, 294 35
cm, 394 45 em= AT st B ZAAE 3494 HFle] A
7 53594527 cmolgon, FAL 2-3 o7 HA 47614325 cmK U}
ekt ole Mgz A Al 93 Aolgta B 4 gl

AF wWatel skl mft 4(1991)2 134 100g, 234 400g, 337
1,000 go.2 AAsH, ool e 2350 4kegol D= AF FAAN
ol Aty AT B ZAMIA = $Z(3-49)0)3.2310.29 g, FH(2
—3Wd)o] 258+0.17 g 2 R IE FAJfFo] R A Fo] AR ¥
AR Oy vk B Blad JFo] e, ole £ &
Fo] gEdA 2= zelgla Al T

|

2. FF7] 2FH 9% 27 A=

o Aste AL AHH R EPAIAAN-THE 7é}‘%olﬂﬂ(Hinshaw et al,
2004), -FElvEtel EdE FAE FFS BT 7Fed AEete ofFolth
Z(Ishida et al., 1961, FALL - FAHE,

1982), H73 9 WME=FEY BALFIFAFGS]) WIE FHs= YW=
(19

o,
Ay
flo
“
12
p‘L
rr
=
rr
a9
=
e
ry

£ 6dol 8 ApsakAn AAse dPe ARG FII Fol o) F

o]AThal dfo] B xAl)A 69 GSIZ} HAES HSl & O o]F Z7}3}
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o] 9UREH FZFoZHN ME1975)9} Bl
IHE(1975) =

st
= %o AAF O] GsIFb HobAAY
Rgo] wgahs

= 23704 #<Ql 9¢
astlon & EAIAM= 10¥

2= g2

o] HE HFon, 9¢
Ho|BZ JniE1975)% &

AN Folel FaAge
1973; g, 1975), %

1% o
o SHNE NRFE FTA

b
2
N

i

i

Ju

el

r
N
i
2

(Islam et al.,

ERECEREL

. AT B3 sk A TS
1% 1 kgol FojollA 250070, 1,5 kgoll A 3,0007H, 2 kgoll Al 3,5007H 2k
B3t

B zAbol ATl i E@EKF)Q  #AlE F=171.91""7
R'=09317)2 & 45 em¥d W AAZFLS 220070, H7F 50 cmY W=
3,000/ 282 60 cm¥ ®W= 550070 A= ST

A= (BW)oll t3k ¥
(F)e] BAE F=1178.80e"""*"" (R*=0.9358)= A% 3,000 g

g
4,5007H, 4,000 g& = 6,500715 X&FO=N T B Ho} Tk
o] B2 AL® YEstth

ol &=

A 55(1991)0] Baigh Edol 9 SN E o)} @
AT dutA o oA el 277} 252 Wolx A
SEE]

710l olsl =A Aujdvta gk Ay

, AR HETE oA
o7 =7

LA skt

e ATe Bl 38 o 4 A=
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}\1 =
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ThH(Takashima and Yamada, 1984)

u
ofd
BN

%7 24
(Duston and Saunders, 1990; Holcombe, et al, 2000; Bromage et al

2001) ¥ FANE)e] FF7] ZH(Duston and Bromage, 1986; Randall

et al., 1998; Davies and Bromage, 2002)°] tjgt 457} Bt
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B ZA A GSI= F57] A8 A1ZFSE 3€9l= 6.54% H o, 89

E 453-146% 2 FZ3t9om, AAFS o] &3 HETE 317%(8Y) 2
olz ALrrl vy wjiEo| FF7] - s GSIZF wEA F7ts)
Gt AdE)

FAMNEY steke] F2 11-12€0| AW FF71-Fde 93l 3470
4 I3 89 AFICHA, 1978; )T 4, 1981, 5T, 1981). FF
7] 23 AFA dAZAE 20413 =AS AP TE 88 3Yel ATHA
A, 9AS 18417 A3 AJdFE 8¢ 259 AMTEEHIoH, AARS
o] &3t txF= 11¥9 12¢9¢ ANFESEHN FF7] =4 o3t A8
#7t Z A0 Z YESTH

(1984, 1985)¢] Haro] ot F A Eo] H 2ojolA dAT]
2 Fdzol A Attt SaaAdd g oz A e WHS FYA &9
27|75 AASH oA AF ol Aidvs Buet & 4

o, FANEY FA g gk ZV|ste dIAI FRE
S AAE AAARE o] W FAe AFS g AAdo] Fesitde
Barh Joi(ikA, 1979).

AFAN BF7] 2ACY FRE FAE 45S GRS QA P

iy
=
g

o\

o] At A H7}7} E 235 tH(Bonnet et al, 2007a,b). ¥ ZAlNA FF7] =
Aol 93 AL 44—47 mmPo, AAF] 93 hERFE 49 mm
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ot SFe Aolrb A HJAH(p<0.05). wEkA FF7] - o3
s}

dA(GEH dT ) ALl o3 dEEG 2 Aoz YEyEth
off T tiREe HFF ofv #Fol osn, dEL f34 WA, &
24 2 9A% g2 AA 549 W #A7F AH(Craik and Harvey,

1984; Craik, 1985; Springate and Bromage, 1985; Su et al, 1997)= X1}
o] ojrjdgrt ¢ Hrdl T JFS vAER FFV] 2HRE dT =

7] s Al 9F FHold ZIE | A aclo]l FESHAl AL ook

FA g0l B8 HEf(1970)2] Ko o3t wetgkol| M 2317}
2] 81.1—99.5% 25t 3L, Brannon and Klontz (1989)= ¢F 75%, Horstgen
et al. (1986)2 Al A% oF 67%, FEA FF 695%z dFIom,
Ham (1996)2 4337 18 CallA AA A&sk JMAS delste] zloj& o]

2319w #3182 oF 70%etal B st

BF7] | 2A A PN EetES BF7] Al FolA 69.32-71.50% RS
W, &7 8321%A0H, F8&2 F57] AlFAolA 65.51-69.53%
Foy, gxFE 8LN%E YElGT oF dE2 AZAA 49 b5
gl Al e “OEst, A e 4 A wjAH S HALE 94
dd o mEt Y-S v THBrooks et al, 1997). wEtA FF7] -] 9%
FFoz AATE tixTo| Histe] g} Fglgo] W ZoZ AR

BF7] 24 AES v T AFETE ddez FAME ] ALt
gk 2254 Was 4] 9ste] 20089 129 19%E 60Uzl ZAA
FF715 20L/4DE 28 § AdFow FAF AP AAFelT
qES xTE PRI GSl Wst R 2ASH o AR A,
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oA Aol7h HAJoew FF7] £HS vzl 3 LA 549
GSI= #pol7b AA yehy FF7] - o Asadrt e Ae=w
At ol AAFS o8 x| GSI Mste nik1975)9 K
oF Skl A ZALSE Fig. 129} 2 YAt FF7] == 5490l A0l
Hup Ao M= o] o] FojAA B AR Heln.

F8 2454 BRI YETE 59714 HFHAS Holw gou
P77 2AFAAE dadel UeEdn Qo] W] Jusges @
A Wgae o

T Ao, 549 FF7] AFFY dRAFANA BF
FAFEZ Fdoll gk Fer ATHM(Tyler et al, 1991), FF 3

A YAAATEEE 8 AN SHZ]S 52R Wse]

FEAME 3 A4 7-13C HHolth o] ¥AE i doA
M= 53t d7b Z2ojAaL, oM wEekEol
o] F7FTH(IFKS, 1970). £ AFodA= AlF 717 T 3
71 ANEFE F22 1215206C, DOE 943405 mg/L3
, pHE 77620201 o™, x99 22 10.01£04C, DOE 9.55+0.7
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W et

olFol g Holh Az 9%l Holg ME e YWFHow
AAF) FFH7] Ao o] FoJ AW (Runa, 1985), F&o] FFHAA 97
2RE o] HH7} o]Fold HAHA g AEo] o] Fo]WThRuna,
1990). & o] wehd do] F4HE A77F 2EZ(Kuo et al.
1973), oldl W& FHzx Ho|] FFAl7IE AQste Ak
atath B A7) wo] FFL o] 70-80% F5H FHA Hi} ¥
20U 7RE AZHAE vk ol Wt mua Fssgck

Stickney (1979)= °jF-ol 44EL oF, IV, AASFed 4= T
e} zpol7k A2 S Autn Ba STk FAMES ] 27 A A
e T 5(1998)e HE AR 25 cmolA 27125k 44 cm=E AT

%]

3 B3P o, Baik et al. (2007)2 AF 21+03 cmolA 14LA
2405 cmZ A4S AR, 562 A= 4.0£0.7cmE SIS g
Hu3dth Myoung (1992)2 <1ojelA F3t & Aojo] i HALS
2274019 em, ¥3} ¥ <F 304 BHE FF 3.05+017 cm F3 F 60Y
of B AA374+021 cmzZ AZstH ok B st

B AFode £3A] AF 2091012 emP oW, HAA = DG BF
71 AP L gz 242 2855013 em, 2.79+0.12 cm, 123l Ho|=
9 7] Al Zse @A 219 Aol 242t 3.36+0.15 cm, 3.20+0.15 cmE A
Aetank w8 63YAE 47t 6.31+0.21 cm, 5.95+0.22 cm, 774 A= 7}
7} 7.3840.24 cm, 6.98+0.25 cmZE st ¥ 5(1998) % Baik et al
(2007)2] B aro] wsle] o] Y53 Aoz Yl

ol A% &7t &HFEAN AY AT FS FAEL JowH,
7E FAFAA AT ALS BEEE VEo] FFEHIY] HESR

detdn 3 FF7] ATt izl e A AR FF7



NPT SeG ACE UehgEd, 337 APTE AN 890
AT ] Ho] Hes FozA 1L ABF W2FRG AL £2
of % 4 Aoz oAAAM, o] ARz 27| Aol 4F Zwo
I3 24 AYEE ol B BAHe A7} Bastm ARd

2

ol FoA A7 AFEL AN %79 Z7ettrt 2 o]|Foe AR
2} ZA%tal sk tHTandler et al., 1989; ©], 1996). 2|7} %o] 2]
37 E o)A Baik et al. (2007)2 AFS 794 0.19%, 2 F& 0.11—

AFAA FF7] AIZF dEzTE 795 H 289714 747 2.04—
2.53%, 1.98-223%%Cm, 1 o]FE 1.01—-1.83%, 113—1.89%= =}
223to] Tandler et al. (1989)¢F & <LXA|&k3th. T 1} Baik et al
007)2 ot A3t FAECl FEeoH, FF7] AP dxTodME
FF7] AFTF7E T2 FeE Ueieth ol AR 22 e WA
Fol =555 ABAEe] =okAl= AES Sockeye salmon, O. mnerka
(Brett, 1976) "2 Common sole, Solea solea (Fonds, 1979)¢} % A X]3} 3
=3
As Aol tste Leitritz (1963)2 FX7h%0] A3 25cm Luf A
% 018 golal, A 75 emdd) AT 51 ge = "t Husiglon,
Baik et al. (2007)2 B¢ AT A 3394 023 g, AH% 5694 0.62
getil Bistrh £ Ao F3A] AT 0.09£0.01 g™ Ao
BT Al@TFe BlagolA 1494 AT 242 0.26+0.01 g, 0.25+0.01
golatt. 5694+ Ztzt 1.98+0.06 g, 153+0.05 gol™, 774x= 2z
5.08+0.16 g, 4.26£0.12 gO 2 S7}3to Leitritz (1963)% A& A A3
1}, Baik et al. (2007)9] ZA3tol|l Hlgte] Hat AT F 20fe] F5 & AF
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T A7t FFES Baik et al. (2007)2 A5 56U A 38-45%Tk X
w3t B AT BF7] AP TE 7L 28U A 7.30—7.86% 9]
A FFES HYon, I o|FE 435-552%% #AEId RluTE
7dA 144A7IA] 730%2 LI FTES HYOoH, 1 o|FE 347
6.19% = 7+ A3ttt

AZELo| B3t Klontz (191) LollX R3xtoiZztx] HEE 88.3%,
471 AARA BEE 848% oM, FHAIMA BEE 63.0%H3, =
A ZFA] AEE 59.8% kAl B s iTh E-Baik et al. (2007)2 el A]
3oy 7 A] AYZEE 86.9%AMS 48U A} 74.7% A, A5 56D A 64.5% A
o1 R

2 AFAA BF7] AeFE 219AZHA %6.1% = 52 4 < Ho
07 494 Al= 875%2] HEES BIoY, HTF A 77U = 85.2% 9
AZELS BYY. Q2TE 2UALA 978% 2 =o PESS Holtr}
49d9A= 91.7% ] AEEE BEAOH, HT AbS 7794 = 88.0% 9 HE
Bt o= Klontz (1991)9} HIzst HEES HPon, YA of
2Fdo}(Hong- et “al., 2001) 2 <dol(Lee et'al, 2001) xRt} H=2
&S Bt Eg A5 ATstd AbSS BT AP AES
st LS gx2FY AEE B ¥nE dded], o
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o] 43

F824 247 62 kg/m’T 189 kg/m’E F7tE o] Wxr}t F7}
Gl met Ad o] Hs) 1™-E AMSA] 44 FAE YEIT L B
138t o, Baik et al. (2007)> AbSFZE 25m'ol] Ao] 56.2407H] &
§3te] 569 AMS AlEE A AES M5%S AT R h

Nepal et al. (1998)9] H.i1o] 93t FA/|Fo] Xoje HAA U=E f

at

A& 739 374l 20 kg/m® S & F o, 70 ¢ AE He A
& 30 kg/m” Aate] 7hEslthal Bk

B ApME ZIATYE FZ 168 mPol x| 80,0000}8]E &35
7797 A BTl AZ TN 68,1608 (AW EE 85.2%), O
Al 70,4007 2] (B EE 88.0%)S A& AAF st eHl o] W Xoj= 77}
B AFo] A7 508 g 426 gAT HAE BHAL A F(g/mH) S
FF7] AET7E 20,6100 gl R, HIRTFZE 17,851 g2 M4 FF7] AlY
T7F B8R F53t Nepal et al. (1998)9] H e} U X3} o™, Baik et
al. (2007) Hiro]| w5l £ AHS A,

ojde] A#=E & wf vt FAMNE
2 7}l olFolAH, TA3 A7)d FFsle] E3lEt7] Wil Hu)r}
2 z-d JEeE A e A AsH, BF7] o A A7)
g oz zdsw dF Bdol Asith wey gow #F7) 24
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V.8 ¢

® ATE fPun RAREe 337 28] J% 4

=4
HEE S FHH R ZAEAT

FA G A S FAME] Moje] ¢ A F AFo] #
7} 5359527 cm, 3.23+029 gollem, FAL AR D AFo| ztzt
47.61+3.25 cm, 2.58+0.17 go] ATH.

T2 g0l o) AT FAS(GSI) Mol FAL 1400 10.02+2.71%
o] ot 6¥ol= 0.81+0.38% 7+ A ZHAdII o, 1 o]F oAl A3 =
7vsle] 11€0lE 1243:312% % HTS BYTh 2L 190 1.23£0.40%
oA 5¥ele 071£0.19%Z HAE Yepd T oAl F7hste] 10€9
49241.23% 2 H1E HYTh

ATL)Ol e TEEkF)e] #AE F=171.91e"""™" (R’=0.9317)= 1}
Boen, AFBW)d wid TIHF) ] BFAE  F=1178.80e "V
(R’=0.9358)& A% 3,000 ¢ = 4,5007H, 4,000 ¢ w 6,5007HS E&3
Ao 2 YelEh

27 24 Pyel BE AN2FEASGS) Wt BF7) AY A
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23 3helE 654%5 0}, 8UolE FF7] AFToA 453-146%=
A 2FFAT7E FE3I9on, T 8o txTE 317%= o3 A
SE7F okt

BF7] 2 AFAA RS 2073 2-T 1 AP = 849 390l A
gEon, dFS 18417 22T I A1FF= 89 250 A=A
A4S 14417 243 M AT 99 1390 AT, AAFE o]
&3 g2 119 1299 ABE] FF7] 2™ g5 27 A& 2
Aol 7hst At

dAe BF7] NFFNA 4447 mm HAFo Y HETE 49 mm

2 AFEFY Aozt JBEHASH, dFHFS BT AFFAAN 643
718 golleou HETF+= 788 g= AP TFY Zol7F G HUH
(p<0.05).

F37] 24 AP ojgk ke FF7] AP oA 69.32—71.50%
HARoU dzToMe= 8321% = Al ¢t 2ozl AT HIee
BF7] AdTollA 6551-69.53% BN HEF= 81.92%= T
7} Egton), BAEL A FdFolN 63.72-65.41% HARLY tHE T A
= 7830% = ATk b7t 178 ¥ A v (p<0.05).

FANEol Aol HREGSE Wt R x7ska fEo A 3= B
F7] A9} dzFolMe GSIgt 2ATgH oz po|7p FHAo 599
T FF7] 2477 gzl Blste GSI7F A% ApolE HYoew, =
A AFZAME Fsg MAZE FElsH A
o] A ARVIZE T BF7] AT dx2Te SARANA 3
F71 AFTY FLe 1215+06C, DOE 943+05mg/LAil, pHE
7.76+0.20] 9™, tjET9 22 10.01£04C, DO= 9.55+0.7mg/L
a1, pHE 7.81+0.20] it}
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Al Z7] AA 2094012 cmZHE HE ALS 77 A= 2zt 7.38+0.24

cm % 698+0.25 cm2 R3] B A@TY 4Fo] FEsATh H
FAZL 009001 gdou, HE AL 77dRAE ANFF 2 2T 47
5.08+0.16 g, 4.26+0.12 g2 FF7] AP FTFo] & o= YN

T},

AR A7 T AEES BTV AT dE2TERE dozl A
ol 219A 7 A Z+zt 96.1% L 97.8%, HF A% 77¢AE 852%
88.0% A &3ttt

FF7] NPT dE2FE2RE ARl Xojo] duAHT KA
(g/m)e Z+zt 20,610 g, 17,851 go2ZA BF7] ZHo| o8 AF AT
o= o AAkste Ao] fFEg AR UEETH
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A Letter of thanks

It has been passed almost 45 years since I started an exploitation
project for Kamloop rainbow trout in order to improve the dietary life
of Gang-won province in Korea by the way of producing fish protein
through transplantation of trout eggs in the period of 1965th.

When most of people had severely suffered from poor shortage of
food in their lives. I had started the cultivation project of "Kamloop
rainbow trout" for the first time in Korea as a fishery official in
Gang-won province after graduation from Busan fisheries college in
1964.

At that time, 10,000 eggs of Kamloop rainbow trout were donated to
Gang-won province from America on 3rd. January in 1965.

I'm greatly proud of a self-confidence as a pioneer of the cultivation
project because the amounts of these trout production in the inner
region these days in Korea amounts to nearly 3,300 tons.

It would have been quitewimpossible for me to mask the cultivation
project successful without the assistance of Mr. Tanisaki Masaiki and
Mr. Kamata Tankurou, who had sent me not only a lot of an artificial
feed, books and a letter about trout culturing, but also considerable
amounts of assorted feed for trout culturing.

They helped me to cultivate the development project of Korea
rainbow trout for nearly 30 years until the last days of their lives. I
would like to thank with all my heart for their kindness contribution
to development project of Korea rainbow trout. The project of trout
culturing in Korea has come to a new development opportunity ever
since it began 45 years ago. By the changing pattern of eating habits

which has been to a new aspects. The consuming patterns for trout
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have been changed from the previous ways of sample edibility into a
new trend of food life together with sightseeing phenomenon.

It's quite advisable to develop several kinds of cookery pattern for
trout on the occasion of nuclear family age. As a way of consuming
promotion for trout, both catching the fishes with bare hands in
winter and fishing on the event of local winter trout festival have
been introduced these days at Pyeong-chang county which is regarded
as a wonderful opportunity to accelerate the culturing industry for the
trout living in the cold water.

On the other hand, it-would be a proper trout culturing in the net
cage of the sea-at Go-hung county and results in-.a near future. We
had been published the 25th and the 40th anniversary collection of
articles on'trout at first.time in Koera.

I would like to thank greatly for the kindness and assistance to my
elder brother who had encouraged me to enter into the field of
fishery culturing and T also would like to thank with all my heart for
Dr. Yamazaki Takayoshi, “Mr. Tashiro Fumio, Mr. Ooto Hitoshi and
Mr. Jeffries who helped it for Gang-won province a trout of culturing

project for a long time.

Thank you.

3rd, Jan in 2010
New year

joon-sik Ham
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