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The study has been conducted to know an appropriate feeding strategy and effects of
the rearing density on larval growth of the rockfish, Sebastes schlegeli. The results obtained
are as fellowed ;

1. Thirty-day-old larvae reached at 25.25+3.76 mm in total length and 0.23+0.07 g in
body weight in experiment A, at which rotifer was provided from the beginning to the
end of 30-day experiment, Artemia from 3th to 18th day, and artificial feed from 13th
to 30th day after hatching. When rotifer was provided for 30 days, Artemia from 6th to
18th day, and artificial feed from 18th to 30th day after hatching (experiment B), these
larvae grew up to 27.52+2.50 mm in total length and 0.26+0.06 g in body weight. On
the other hand, when rotifer and artificial feed were supplied with the same time schedule
as shown in experiment B, and Artemia was feed from 6th to 30th day after hatching
(experiment C), the total length and body weight of those larvae were 23.22+3.44 mm
and 0.15+0.05 g, respectively.

The best result for larval growth was obtained from experiment B. The survival rates
estimated were 57.6% in experiment A, 66.4% in experiment B, and 44.4% in experiment
C.

2. The growth in total length of the larvae according to their rearing days could be
represented by the following equations :

Experiment A | Y=4.350+0.116X+ 1.887X? (r=0.993)
Experiment B! Y=4.500+8.931X+2.221X? (r=0.994)
Experiment C : Y=4.478-+5.734X + 1.881X* (r=0.990)

The average number of Artemia nauplius intaken by the larvae was rapidly increased between
15th and 20th day afer hatching, and 9, 212, 242, 750, and 1,171 nauplius were found
in the different sizes of larvae, whose total length were 5.65, 6.81, 9.45, 14.96, and 24.52
mm, respectively.

3. Larval growth in total length and body weight reared at four different densites (A;
1.8 kg/m’, B; 4.0 kg/m®, C; 5.0 kg/m’, D; 6.2 kg/m®) indicated that the best growth
was found in experiment A, at which the larval were reared at the lower density and the
final survival rates extimated were 92.9% in exp. A, 99.5% in exp. C, 89.0% in exp.
B, and 88.2% in exp. D. The amount of production per cubic meter turned out to be
30.45 kg in exp. D, 25.89 kg in exp. C, 20.75 kg in exp. B and 10.48 kg in exp. A.
therefore, considering both larval growth and survival rate, higher yields seemed to be attainable
at the relatively high-rearing density.
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Fig. 1. Three kinds of food regimes used for rearing
rockfish larvae for 30days after hatching.
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Fig. 2. Schematic diagram of closed-recirculating
sea water system for the experiment. A, — A4’ rea-
ring tank, B, C ; filter tank D ; storage tank, E ; zi-
gzag stream sedimentation tank, F; inflow pipe,
G ; drainage pipe, H : corrugated chloride vinyl
plate, P ; pump.
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Fig. 3. Fluctuation of water temperature, specific
gravity, and pH during the period of rearing rockfish
larvae.
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Table 1. The growth in both total length and body weight of rockfish larvae by using three different
food regimes during the experimental period of May 22 to June 21 in 1993

Days Experimental MeanS.D.
Date of
rearing No. TL (mm) BW (g)
May 22 A 4.4910.18 0.013
B 4.4910.18 0.013
C 4.4910.18 0.013
May 27 5 A 5.55+£0.24° 0.024
B 5.96%0.19* 0.020
C 5.78+0.32 0.020
June 1 10 A 6.7910.65° 0.025
B 6.831£0.79* 0.024
C 6.04+0.67° 0.025
June 6 15 A 10.78+1.25° 0.039
B 11.20£1.18* 0.043
C 9.4710.89° 0.037
June 11 20 A 14.90+0.88" 0.047+0.01*
B 15.90+1.11° 0.050+0.01°
C 14.25+1.32° 0.043+0.01°
June 16 25 A 17.94£1.69° 0.060+0.01°
B 19.62+1.15° 0.082+0.01*
C 16.98+£0.77° 0.0491+0.01°
June 21 30 A 25.21+3.76® 0.230£0.07"
B 27.52£2.50° 0.260£0.06°
C 23.22+3.44° 0.149£0.05¢

Different superscripts indicate significance (P<0.05).

% 2 % % P2 $A3E A BARTH
AEEe) M &} (Fig. 5).
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Fig. 5. Survival rates of rockfish larvae reared by
using three different food regimes.
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Table 2. Results of the rearing experiment with rockfish larvae by using different food regimes (A,
B and C) during experimental period from May 22 to June 21 in 1993

Days Experimental No. Coeff. Surv. .Wexght Daily
Date of of of increase growth
. No. . rate
rearing mortality  fatness rate rate
May A (3,000) 1.53 100.0
22
B (3,000) 1.53 100.0
C (3,000 1.53 100.0
May 5 A (2,595) 405 140.3 86.5 84.6 11.30
27
B (2,421) 579 94.3 80.7 53.8 7.82
C (2,355) 645 103.6 78.5 130.8 6.80
June 1 10 A (2,457) 138 140.0 81.9 4.2 0.80
B (2,400) 21 94.3 80.0 20.0 2.74
C (2,210 45 103.6 77.0 25.0 4.40
June 6 15 A (1,992) 465 79.9 66.4 56.0 8.38
B (2,196) 204 78.4 73.2 50.0 11.02
C (1,443) 867 113 48.1 48.0 7.07
June 20 A (1,953) 39 31.1 65.1 10.3 3.72
11
B (2,190) 6 43.20 73.0 36.1 2.99
C (1,407 36 43.6 46.9 27.0 2.96
June 25 A (1,767) 186 10.7 58.9 16.3 4,70
16
B (2,037 153 11.3 67.9 6.1 9.53
C (1,383) 85 11.5 46.1 4.2 2.97
June 30 A (1,728) 39 14.1 57.6 360 23.34
21
B (1,992) 45 12.5 66.4 400 20.76
C (2,355) 51 11.9 44.4 204 20.11

Coeff. ; stands for coefficient, surv.; for survival.

A, B, CAYF+= ZHF 23.4, 20.76, 20.11%
Sk (Fig. 6).
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Fig. 6. Change in the growth rate of rockfish larvae
reared by using three different food regimes.

xeje] Wxy A%
A58

53] 4] ASZ|A e 2o]BE X)ojg]
AR P ANRALE FIE vXE 3
73899 ¢, pH, ¥ F, $E44£(D0O), ¢=
Uoleh A& (NH, -N), oA E4£(NO,-N),
AARALE(NO;, -N), QAA(POS-P)SE =
AR Ads g3 Zrh

1600 =

1400 Mean
-

1200 AQ100012L)

_|
B(2000/1L)

8O0~ =

€(300011L)

-
«00- D@ooonLy

Number of intake, Mean

L] 10 15 20 25 30
Days after hatching

Fig. 7. Changes in the number of Artemia nauplius
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ting sea water system.
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AEF 34.948 ppmolgor, AdedL A
GEYols} uptAE RYE ARFRAA €
Aol vlal Ekt 20 0% & dolAItr)
3090)F thA] Folx|7] AlFste] 45Ul
7} AgFwbet 75.877 ppm, 77.395 ppm, 77.
184 ppm, 82.917 ppmoZ 7H ¥gta, ol
70957t A= W37t elslch

QAJPOSH-P)L = AHFA 1.064 ppm,
0.977 ppm, 0.767 ppm, 0.883 ppm °l$ix
A|EGMA 1595 1.279 ppm, 1.442 ppm, 1.448
ppm, 1.418 ppmo.E Hix|o} dgos 13
2E Zasirt 459s8E] oA ol 70
245 1.019 ppm, 1.170 ppm, 1.199 ppm, 1.
257 ppm2E F3ith

A57 3}

z3Eg xoi7ldl YolA AHFLEd v
AR YEES vz A3 A (1.8 kg/mY),
B (4.0 kg/m*), C (5.0 kg/m*), D (6.2 kg/m®
)8l 47HA] g FEI Hasdis] A
SZol4 1993 9¥ 29%E 1994 3¥ 31
L7AA(210%7) A & A= Table 33 2t

2t AR AEYEFe] BHE 39 AL
AEAMA 45LA(102 15Q) A= AAETA} 10,
61+1.18 cmZ 7P AAo] wWgten HAA
ARAZ 95%FLollA BAET 10.42+0.78
cm, CAET 9.96+0.85 cm®h= Xol7} UA
HA &gAGE, DAETF 10.25+£0.78 cme=
94 olglx, CS DAYTE AololAe A%
Zol7h AARA ket 12084112 1) 6ll=
AARTF7} 12.55+1.32 cmE 71 AAo] ut
2, 2UE A4S DAY B Al
L3k 7 AEF7e) AAAlelE f4 ARG
A3 A= BAEFS) Aol7t fliAE, C,
DA F2l4el UATHP<0.05).

ARZEAY AHSFE 210¥8A(3E 31Ydle
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Table 3. Growth and survival rate of rockfish reared at the four different densities during the experimental
period from September 2, 1993 to March 31, 1994

+ No. . Total
Date ];:\?p' MeanSD of Survival weight
0- TL (cm) BW (g) survival rate (kg/m®)

Sep. 2, 1993 A 7.531£0.59 7.71£1.93 98 100.00 0.76
B 7.53+0.59 7.71+£1.93 219 100.00 1.69

C 7.53+0.59 7.711£1.93 270 100.00 2.08

D 7.531£0.59 7.71£1.93 340 100.00 2.62

Sep. 20 A 8.63+0.88* 13.00£4.33° 97 99.07 1.26
B 8.34+0.89% 11.50%1.07% 217 99.09 2.50

C 8.06£1.09° 10.80+4.33° 266 98.52 2.87

D 8.06x0.74° 10.20+2.66° 335 98.53 342

Oct. 1 A 9.56+0.96 17.50+5.67° 94 95.92 1.65
B 9.17£0.83 15.17£4.54% 213 97.26 3.23

C 9.11+0.95 14.6714.34* 264 97.78 3.87

D 9.291+0.72 15.57+3.76® 333 97.94 5.18

Oct. 15 A 10.61+£1.18* 25.57%9.32° 92 93.88 2.35
B 10.42+0.78* 22.4716.23* 207 94.52 4.65

C 9.96+0.85°¢ 21.10+7.01° 258 95.56 544

D 10.25+0.78%* 22.07+5.05° 326 95.88 7.19

Oct. 30 A 11.16+0.89 29.30+5.55° 91 92.86 2.67
B 10.78+0.99 26.50+8.00%° 206 94.06 5.46

C 10.47£1.27 25.90+9.12% 257 95.19 6.66

D 10.45+1.00 23.97+6.93° 322 94.70 7.72

Nov. 15 A 11.24£0.72 30.40+6.79 91 92.86 2.77
B 10.99+0.99 29.07+7.67 205 93.61 5.96

C 10.91£1.07 29.10+9.47 253 93.70 7.36

D 10.73£2.32 27.90+8.18 317 93.24 8.84

Dec. 1 A 11.44%+0.71 33.2318.16° 91 92.86 3.02
B 11.31%+1.06 31.80+8.85% 203 92.69 6.46

C 11.16x1.12 31.16%1.12%® 252 93.33 7.85

D 10.91£0.69 29.30+9.47° 317 93.24 9.29

Jan. 1, 1994 A 12.55+1.32¢ 39.83+10.38° 91 92.86 3.62
B 12.12+1.27* 37.53+12,73* 202 92.23 8.58

C 11.78%1.10° 34.70+£10.97%° 251 92.96 8.71

D 11.59+1.25° 31.9019.99° 311 91.47 993

Feb. 1 A 12.58+1.38° 40.63+£10.30° 91 92.86 3.70
B 12.141£0,99% 38.93+6.53* 198 9041 7.71

C 12.10£1,02% 36.00£6.95* 249 92.22 8.96

D 11.84+1.25° 32.23+10.40° 305 89.70 9.83

Mar. 1 A 13.31£1.23 43.10+14.47 91 92.86 3.92
B 13.061£0.99 41.50£11.0 197 89.95 8.18

C 12.9610.58 40.93%7.27 247 91.48 10.11

D 12.94+0.89 40.73+8.76 303 89.11 12.34

Mar. 31 A 13.75+0.76* 48.37+10.61 91 92.86 4.40
B 13.56+1.12% 44.70+11.37 195 89.04 8.72

C 13.22£1.11=° 44.03+10.12 247 91.48 10.88

D 13.10+1.12° 42.63+12.91 300 88.23 12.79

Different superscripts indicate significance (P<0.05).
Density (kg/m®) :A; 18, B:4.0, C;:5.0, D; 6.2
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AAIETE 13.7510.76 cm, BAET 13.56+1.12
cm, CAIETE 13.22£1.11 cm, DART 13.10%
L12 cm8 £o.2 7h Y e AXET7)
IYUEQ] DAEFEG Afo] W, A§ 2
=4 ARG AAxol g HAAR A= sh
AYE APFA AAEF7 B CAETFEYG
AR ohd w3l §2HQ) Rele AR
WX, TP L LUE AP DAE TS
frox7t QAZ AR T3 DARTE AR TS
AlelshH B, CAIEFZl AAxol7t QA= =R
okt

ARHEEE AFYse wE AT AF
AL Fig. 108 Zch AEMAA 7.50+1.93
g oA AR 459R(102 15D o= ANE 17}
25.5749.32 g2 713 oo, BAET 2247+
6.23 g, CAI¥T 21.1017.01 g DAY 22.07+
5.05 g 2& CAIAT7t 7P @kt 24 AA
Azt AANGT= CAIET ool Ui,
B, DAEF= AZo|7t AAHA kkrH(P<O0.
05).

Total length(cm)

0
‘93.Sep.2 Oct 1 Nov.1 Dec.1 ‘P dan.t Feb.t Mar.1 Mar.3t

Rearing days

Body welght(g)

Dec.1 ‘W Jant Feb.1 Mar.1 Mar31
Rearing days

o
'93.5ep.2  Octt Now.1

Fig. 10. Growth in total length and body weight
of rockfish juveniles reared at the four different
densities during the experimental period.

ARAE 909 (12€ 1Dole AAYFE)
33.23+8.16 g, BA¥ T 31.80+8.85 g, CAB+
31.16£1.12 g, DAIET 29.30+£9.47 g2 A
Al THE AWER ASE ANETFY Aol
7 E3slgda, o ¥ oelEdt 7 AdFzhe
AR B 15094 (2€ 19)74A) A& =gl

A¥F8A4 210¥84(3€ 31D dle M A
U5 e AR ANYTEI} 483711061 goF
7+ wk2A ARslger, nd=g AF3 D
A7t 426311291 go&2 7B =3, B
AT CAETE 44.70£11.37 g, 44.03£10.
12 golsivh

Zt ARAEE APFgl AFe AAxels
95% TEollA A4 AR A ZE AP
kol Al Zpol7t 1A =] gkstet, o] A+9 F8A
ZH A AF AN 2EE 27 1048 kg/m?,
20.75 kg/m’, 25.89 kg/m’, 30.45 kg/m’°]git}.
A Yol uhE 7H Ao UEH A g
A A= Table 49 2ok A{7bd 7
A@Fe] AR AEAA 308#I(10€¥€1
WA E2.69~2.90% HAZ A APFol] FH
F3%A, olFAE AAEETL 290% 2 AR
=%k AlEAA 459(10¥8 159 HE 29
3743 A A4EE oA 15049018 1Y)
MR AgEQ[t 2Ela 1Y 209588 3IELE
ARgte] o] 10T FAEHA AH4ge
2858 oA Agsigieon, A AE77He S
AYE AU ANETFIE EF ATl vl
Aol ESeh

A AE7IHE B ASUE WE 974
AEL AR ALE AYEA AAEF)
AAgo] Edch(Fig. 11). AE &L AYUANF
NEARAE AAMG7E e A+ B, C, DY
AEEe] g2k 2 o|F AAe] ALHMA
1E24EE AAs7E He ALEAGTY A4S
ol Uk A AWINTE FH AU
AEEL AUEE AST AAEFI OE A
ol Hlsl 92.8% 2 E9kA, BAIYT 89.04%,
CAET91.48%, DA B T88.23 % YH(Fig. 12).
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Dally growth rate

83.Sep 2 Oct1 Nov.1 Dec.t ‘Bddany | Feb1 Mar. 1 Mar 31
Rearing days

Dally feeding rate

'93.5ep.2 Oct1 Nov.1 Oec.1 ‘S4.ant Feb.1 Mar 1 Mar 31
Rearing days

Fig. 11. Changes in growth rate and feeding rate
of rockfish juveniles at the four different densities
during the experimental period of September 2,
1993 to March 31, 1994,

Survival rate

Mar.1  Mar.31

Oir—————————
'93.Sep.2 Oct.1  Nov.1 Dec.1 '84Jan1 Feb.1
Rearing days

Fig. 12. Survival rates of rockfish juveniles reared
at the four different densities during the experimen-
tal period.

I 2

AEOIFY 0P FEALS A% =P o
olAdel ALe cik HPSE WAL &
A 288 FAY U gFHT ged,
FAYAEL Aol Hxz Aol AW

Holell, TolE, wolo] AS Hxls= el
olglE FAZ AFlE Sk §E-7] 271A o]
oAl g 2ol FFsl= A7l Aol Hold
3 Hue} REolsAl FFEHel sHEdtsEle
a3k 95| A8 wfo|ck(Eda et al, 19
90).

ARl g mixE 9H89 i o
ojAlde HlawF fo| ALET e FE |
o|AIF(RR, 1975) 3 FAsiAl ARt ik -
AE(1991) € 50 m® 24 23 &2 FH A4
FAel & 13~2797A JAFE FHshd
69.5% 7} A&siickn Basldel kb §(1993)
5 ZAE FA%e zuEE FE39 6047
53 An AR QEFe] Foivkn Hist
Frt o] ATdAE 39 AHFE FolA
3047 ARAEE 3 A APMNAA HEA
70| 4.49+0.188 mm, HF 0.013 gol® ZHeol
E23} 94X 4TS TFY BAYT(27.52+2.
50 mm, 0.260+0.06 g) 7} AAIE(25.21£3.76
mm, 0.230£0.07 g), CAET(23.52+3.44
mm, 0.149+0.05 g)oll Hls|A nlawd F& 2
FE Ak BE AYPFIAN LE 15%4elel
EggEdgo] dolykon] HF AEEL BA
d77} 66.4%, A, CAETF 57.6%, 44.4% <]
%02 BAYETF} 7 A el 27] ARSA
ojfFe A FFel AT HEE P &
F7} ek AL A IXHUch o] dAFolA
A AP YE o] FH3] HolR U 15¢
Atolo] ZARE A£FFzA] 0.5 ton FERE FH
7194 A7) 2E 20} 3t FREA, Artemia
FAE ZA4F A8 FRAAE 2FT AR
HFehd FAZMe BlAkss 2 £ 5 AL
ol AL 4& 15Ycllell 53 Ao
o] 7I7H5oll Rpolg] o|Folu}t HFAY LEd
£E 238 2loj 9] At g AFo) A F¢E
Fi ol W=k

Az F o] 7HA A2 CAEF-+= YollAle] 9
ol¢Joll = Afoj7t ATl wat de] Al &

oo wo|E T Zolok AT Artemia®
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Table 4. Results of the rearing experiment with rockfish larvae at the four different densities
during experimental period

Exp. Daily Coefficient Feed Daily Food
Date No growth of coefficient feeding
. rate fatness rate rate amount (g)

Sep. 2, 1993 A - 18.06 - - 918
B - 18.06 - - 1,365

C - 18.06 - - 1,404

D - 18.06 - - 1,617

Sep. 20 A 2.68 20.23 1.78 477 469
B 2.07 19.83 1.64 3.40 898

C 1.85 20.61 1.70 2.96 1,053

D 1.45 19.47 1.92 2.80 1,275

Oct. 1 A 2.57 20.20 1.13 2.90 664
B 248 19.82 1.14 2.82 1,504

C 2.75 20.63 1.03 2.83 1,478

D 3.78 19.48 0.71 2.69 1.656

Oct. 15 A 248 21.41 0.88 2.19 779
B 2.56 19.86 0.98 2.51 1,288

C 2.37 21.36 0.88 2.09 1,077

D 2.28 18.75 0.77 1.76 1,416

Oct. 30 A 1.40 21.08 1.44 2.02 737
B 1.09 21.15 2.26 2.47 1,878

C 1.36 22,57 1.13 1.53 1,395

D 0.55 21.00 2.72 1.49 1,674

Nov. 15 A 0.23 21.41 6.58 1.52 659
B 0.58 21.90 2.40 1.38 - 1,267

C 0.72 2241 1.34 0.97 1,094

D 0.9 22.58 1.21 1.14 1,524

Dec. 1 A 0.56 22.19 2.56 1.42 1,330
B 0.56 21.98 2.28 1.27 2,300

C 0.41 22,35 2.23 0.90 2,221

D 0.31 22.56 343 1.05 2,706

Jan. 1, 1994 A 0.58 20.15 221 1.29 1,330
B 0.53 21.08 2.01 1.07 2,330

C 0.36 21.23 2.43 0.86 1,221

D 0.27 20.49 3.31 0.90 2,706

Feb. 1 A 0.06 20.41 15.63 0.97 1,138
B 0.12 21.76 5.89 0.69 1,695

C 0.11 20.32 5.09 0.58 1,655

D 0.03 19.42 19.82 0.63 2,015

Mar. 1 A 0.20 18.29 6.64 1.31 1,492
B 0.21 18.63 4.29 0.91 2,178

C 0.43 18.80 1.90 0.81 2,320

D 0.77 18.80 1.07 0.83 2,755

Mar. 31 A 0.37 18.61 3.88 1.44 1,862
B 0.24 17.93 3.35 0.79 2,103

C 0.24 19.06 2.84 0.66 2,172

D 0.15 18.96 4.79 0.70 2,749

Density (kg/m®) 1 A; 1.8, B: 4,0, C;5.0, D; 6.2
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ArtemiaE3F717He 4% 3097HA] A&AQoR
A AEYlE Axse Aole AAAEHNA
HALE 9 HolHFho] HoiF] A Fol /EH
Hell 710= ek A7,

# 5(1993)L Artemiast wigALE &Y
Aol Ae e 5Y oluol]l HA] 40% o143
F2 HAEE BQ Aol F4AF oi(5.82
mm)8 FHel uFld wlEA & AreemiaE
AEHE T wiFolgtn Faea, x7)
Hol9] 77t F8hrta ek o] AellA=
DY IYAEE] Artemia FFE A7 el wi
ARE 13YARE FEE AAETE AR
AFe 43 9 AESNA BAYEF Fo271
Sk WA F o ekl 4E ele] F
HAZISE € 23 A9 oA EstARL
AEFoI71E o183 wigALE Y] FFo| ulmy
2 ATE Ho FF, olF o8 uFA A
B9 &7) TH2E rotiferoll A siPAEE 5

ol29E AEdN BE AE AAAHY A= A
7t}

o} F-9 FE A4 BG4 2}x)o| g FAEALLS
F8% 7AESQNS) hlB A, 2 AEE oFd
weh sh2e] 4k, s7), wol, Fol 3t o)
S QAL Ak, S48, E71AH) S
Zo) FAAAeIt 2442 el AE B4 glrh
FAe Heloll YA ok sj7lek 7o) &
A7 e ANE BAske AR Aoy
7iAwigl zhel Felut Areimls Feo UYEE
HAAY EolZel A e AU ek
oelldE Mz MR FAlel Yolun|
THE 33 AMAZL F o $pHel 4R Esln
E4olgt FEAlolrt A3t 2mlelt BE )
AR - P, 1989).

uole] Xole A 14~18 mm Z7HA
TAL DojuA eEskAgh 10~18.5 mmE X}
o7} & ASollE 5~6%/10] HlEE Tl
3 ZAEIF dol I (FEakR, 1974). o] ¢
TFollAE U7 2094 BHE FAEFo| dojur)

A\ Zstg o0 ol Aef o] AR} B E A}
25 dlAsle Aol BEHNUL d¥ols F29
A, F30] e vl Wkl &Fole =29 Wioly
EZd Easlo] A4HA 4AEES 23 A
Yol ZAoAWA EdsE RS I &
Fi0i=

wkA, zuEete] FAAE AdAE A
olg] g A& A% HolFFH 4 %
daxtolE £ F Aol Fo3ckn A7t

ATl X o7)oll Artemiad olE3 ¥4
FzARA ZAES] A4 7~10 mmAlE &
16.0~18.0C, ZE7} 2000~5000 Lux Z73ol| 4
100~ 12070418 EA(FEbE, 1987), HA
9 AA 10 mm AolE 120~140702E T4
(S T, 1986). o] dAFtollA vl&d Z7]9]
A% 9.45 mme] 2IEZAI= -2 17~19T,
2% 3,000 LuxollA 242/0418] Artemiags %
Alsle] 2=l &(1987), et +(1986)9 ZH}
Het 2w A= Bo| EARRCh olE¥ Aol&
o}Fol] o g EA|ZS] Xpo|9} Aol HolHE
59 A5zA 9 $H2A 59 Heldl 7%
Aoz Aztsin] £33, zujEe e ofF
24 g ojFHr 7o) In AER oY 2
717F o7 wiFell EA|TFe] Brixn AHzhHc),
Z31&%e) TAR i A7 oFA7HA n)
F3 AAelw, Aol Y 27 Foll whE TAFE
A=A Esixn vk FIPAE agHoE
7] A $733 o] 7 itgghAlud
EAEE el ol 83, Sof HelgH
ARE olFe] A Al A= F2%
89T &, 1988)0] SHlug &3, zulEshe
HolAldell Qlo] 7+ A A(FL, 25, 9E, U=
ol W FATo)| e 77} AlLslojol &
FAgtar Az

gl A&rlel] ot o] {akAle G54
EE JHREIE o8 olfdAF vimE o
FALRE AH o AoE ¢ Qe S
7HA 2 en] f4] A&l vagds o ol
&% B& Agsin] 2 e o 418
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Ze] wiEse] Aok (Honda et al., 1993).

AF7A A sghel ol 23 AFAELS o)
HEo] geolE ez AT WA o
FdAell g BuE v AAelck Kawai
et al. (1965)& &7 F2U9 £33 873
89%F M5 o= pHE 7.30~8.0022
B3 #girt o] dAFollA A5 pHE 7.21~
8.00 224 AR WAL H AFF9] vFL
AgaTAe] ulekel e "ol JAIR dif
FFo] YA E3lod 1.0110~1.0215 E9) 2
ik Au|Fog ARt AEdle Aol 9
g ARSI dog FE-Exdd @ 7
A AgAdel Hasica Pz, A57)7¢
B9 2 FHA 7CAA FHa 22T ¥WYE
HalEo] 4leigeon 10Tz s o 4
Algol F43] Wojzla, 7CoA= A¥ Aozt
o] o)A gikevt YEole Yol sislch

BB5Fe] 2244 FEY olF Xl 4
AAANA A2 5 ppmE TAZ slod 1 04t
SEAAT A9 HuilAge] olFAx, 5
ppmelsilAe S&8F% FAH g&d 1
ppmeE ZHAslm ok 30% AAEo] 74
(&S - T, 1989). o] AFollA ) A%7|17HE<t
SE4LEE 3.1~7.7 ppme] HHE 5 ppmeol
3ol 717bo] da gigieu AAlely Adlle
A7rol AW HRez A7«

ol ftol] Wb wjAdE ol ALge] F-llol] <))
A71E #8 dEYHNH) Y o} A Aol 2(NO,
)€ 53 fasleh o]AL ¥ dzFule)
Ak P F ARAA Il Yo7y
Eoln, +F9] ALr) 53] TEo] Joi=E
ol2d FAFES] <ol BA =HYE P44
ZFo| F7tslAl g7l wiFoll, Aolgke] FAsHA
Aol AA = AAA s Yol Brh(Liao and
Mays, 1972 ; Robinson-Willson and Seim,
1975: Robinette, 1976).

£33, FA-d] QlojA vekslAl =l Qe
olg]d g]lo] duly gho] A5, FL oA H
£ doglerlol weba zxole] A, PEof

ggko]l veble B9t BoHEER - BE, 19
89).

o] ATl e A% 717 5 NH, -N< 0.302
~5.898 ppmel¥Z, NO, -N-2 0.014~0.645
ppm, NO; -Nell $loji&  4.099~83.917
ppm, POZS-PL 0.186~1.487 ppmo&E <&
oat A25l9] sHE x7l6 gEUotefR A}
AR A L7 A3 FolRl wirl URAT, o
e 7150 AFH ez 7HEEHA EAA ol
o|Fo|# AbFolfFe] A AL ol
*xick

U5 AR ZAdo) U BugA 429
Honda et al. (1993)2 @24E Z+& 53t
ot A&wg AMgsle] dlE vEA g 1
U 273 A9 FotH x|k o] rhssicin
slodeh & 5(1994)2 25E2fe] A vlX]+=
AEEEe] g3l FH AFoNA BEAEF 3.55
g 719 XoE 5 kg/m®, 10 kg/m’®, 15 kg/m®
9 IE8 UFi £ 15~25C9 AAHFE
ol&3led 230 19 AHdezoA FFAl2E 112
A7 AR AT HFHAAFE AEEY 4
Zol 7M1 AR HF AFPET AUE,
FUE, IYEFANA 22 77.1, 137.3, 169.6
kg/m® & F71 39S B3 ik o] dF
oA & 7~22C2] HH A HFAF 7.71
g 3719} Xoj& A (1.8 kg/m*), B (4.0 kg/m?),
C (5.0 kg/m*), D (6.2 kg/m*) 2] 47}A] =2
o] 21097 Sl o g A5s A
A} AZEL A, B, C, DARFAA 22+ 13.75
+0.76 cm, 13.56+t1.12 ¢m, 13.22+1.11 cm,
13.10+1.12 cm % 48.37+10.61 g, 44.70*11.
37 g, 44.03110.12 g, 42.63+12.91 g2 A
AE AEFA ANETF7 2EE AEF] DA
HrEe 3T 4L 2o & 5(1994) 9
Buet dxEgch HAFAFLEE 42 10,48
kg/m® 20,75 kg/m®, 2589 kg/m’, 3045 kg/m’
22 Frhged, dAAES A ARANE
T AR AR 24 g%k 974
ol& % B|E g BRI oA HA] AYE
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223 HEEE Y & U= WUt A7

%G Aol BAZAE Sdele] R 4
A2 % FaAolE T ol 2kt
FEAAl TIHolehe A3 Fol ol FY
AW A7 SpEsolor ¥ e g ARWe

AHolel ARUEE PPl Yol TAE A
87 Boe AYE AET Aol Al
glo] #Aele At Yehirle Mo,
2 Aok gl HeE Hol, FAAHAME
2% 4 AZDEC] HE ATFA A& oo}
¢ sez Az,

PR

Zu]22l, Sebastes schlegeli®] 7|47
A oAl AFEE W AL 5
oksl7] 17 2719 Aol loiMe] Ho A
AR ANETATA] AR A 45HA 9
Y= (AAIEF 1.8 kg/m®, B : 4.0 kg/m?, C :
5.0 kg/m’, D 6.2 kg/m®) & Z2AH AFAY
A oS3 2o
1) 37kA4 HolAld A (rotifer+3~18 Arte-
mia+13 diet), B (rotifer+6~18 Artemia+
egg+18 diet), C (rotifer+6~30 Artemia+18
die) 2 AFE Axloj9] AH(HA, AF)L B
(27.52+2.50 mm, 0.26+0.06 g), A (25.21+3.
76 mm, 0.231£0.07 g), C (23.22+3.44 mm,
0.15£0.05 PAEF* TARY, WEEL B
(66.4%), A (57.6%), C (44.4%) APT9
<Gk 2 A7 2px)o] 9] AK Yol HE
AArzre] AR[AAL,
A AEF Y=4.350+0.116X+1.887X>
(r=0.993)

B Al¥3 Y=4.500+8.931X+2.221X?
(r=0.994)

C AET Y=4.478+5.734X+1.881X?
(r=0.990) ©13i=},

2) Apole] =)ol W XD Arternia naup-
lius®] 7 EAFL HA5.65 mmPal 97,
6.81 mm, 21270, 9.45 mm, 242704, 14.96



ZY) B8, Sebastes schlegeli®) ZNA3A) B3 4F

mm, 750714, 24.52 mm¥= 1,1717042 A%
9.45~24.52 mm (¥¥ 15~20%) Aol F
23 IAZ] UM Bk

3) Hdestednt A2Rlo4 4dAl U=
AlPF] oA (FF AT MF) L A (13.75
+0.76 cm, 48.37+£10.61 g), B (13.56+1.12
cm, 44.70£11.37 g), C (13.22%1.11 cm, 44.
03£10.12 g), D (13.10+1.12 cm, 42.63+12.
91 QAETY £28 AYETolA Y,
2F YEEL A 929%, C 91.5% B 89.0%,
D 88.2% <1k

HEF AsEsd 499 d3 3 kg/m?
)2, D (30.45 kg/m®, C (25.89 kg/m*), B
(20.75 kg/m®), A (10.48 kg/m?) 2] €924
A2 st YEES] Xole T43H v|sty
FAAZANA Z XelE Uehe] B AgzA
o4 FAAHL We mPhy aUETe A
7t F3sgih

FzEA

Boehlert, G. W. and M. M. Yoklavich, 1984.
Reproduction, embryonic energetics, and
the maternal fetal relationship in the vivi-
parous genus sebastes (pisces : Scorpaeni-
dae). Biol. Bull.,, 167 : 354—370.

Bowers, M. J., 1992. Annual reproductive cycle
of oocytes and embryos of yellowtail rock-
fish, Sebastes flavidus (Family Scorpaeni-
dae). Fishery Bull., 90 : 231—242,

Eda, H., R. Murashige, Y. Oozeki, A. Hagi-
wara, B. Eastham, P. Bass, C. S. Tamaru
and C. S. Lee., 1990 Factors affecting inte-
nsive larval rearing of striped mullet, Mugil
cephalus. Aquaculture. 91 : 281—294,

Honda, H., Y. Watanabe, K. Kikuchi, N.
Iwata, S. Takeda, H. Uemoto, T. Furuta,
and M. Kiyono., 1993. High Density Rea-
ring of Japanese Flounder, Paralichthys oli-
vaceus with a Closed Seawater Recircula-
tion System Equipped with a Denitrifica-
tion Unit. Suisanzoshoku 41—1 : 19—26.

Hoshiai, G., 1977. Larvae and Juveniles of

the Scorpaenid Fish, Sebastes schlegeli. Ja-
pan. J. Ichthyol. 24 : 35—42.

Kawai, A., Y. Yoshida and M. Kinta., 1965.
Biochemical studies on the bacteria in
aquarium with circulating system. II : 37—
140.

Laidig, T. E., S. Ralston and J. R. Bence.,
1991. Dynamics of growth in the early life
history of shortbelly rockfish, Sebastes jor-
dani. Fishery Bull. 89 : 611—621.

Laroche, W. A and S. L. Richardson., 1981.
Development of larvae and juveniles of the
Rockfishs Sebastes entomelas and S. Zacent-
rus (Family Scorpaenidae) and occurrence
off Oregon, with notes on head spines of
S. Mystinus, S. Flavidus, and S. Melanops.
Fishery Bull. 79 ! 231—240.

Liao, P. B. & R. D. Mays., 1972. Salmonid
hatchery water reuse system. Aquaculture.
1:317—335.

Macfarlane. R, B. E. C. Norton, and M. J.
Bowers. 1993. Lipid dynamics in relation
to the annual reproductive cycle in Yellow-
tail Rockfish (Sebastes flavidus). Can. J.
Fish. Aquat. Sci. 50 : 391—401.

Nie, N. H,, C. H. Hull, J. G. Jenkins, K. Stein-
brenner and D. H. Bent., 1975. SPSS ' Sta-
tistical Package for the Social Sciences,
2nd ed. McGraw Hill, New York. 675pp.

Robinson-Wilson, E. F. and W. K. Seim, 1975.
The lethal and sublethal effects of a zirco-
nium process effluent on juvenile salmo-
nids. Wat. Res. Bull, 11 :975—-986.

Robinette, H. R., 1976. Effect of selected sub-
lethal levels of ammonia on the growth
of channel catfish (ctalurus punctatus).
Prog. Fish-Cult, 38 @ 26—29.

Shinomiya, A. and 0. Ezaki., 1991. Mating
habits of the rockfish Sebastes inermis. Env.
Biol. Fish, 30:15—22.

Yamada, J. and M. Kusakari., 1991. Staging
and the time course of embryonic develop-
ment in Kkurosoi, Sebastes schlegili. Env.
Biol. Fish, 30:103—110.

B, 1977. BRAEN. —Ert A& 498—
507.

RE ¥, 1975. fHH. HADHRELEE. KkEEY
VX, 8. EEMEEM  67—83.

AN - B B—, 1982. 7uV A OEERE.



FIEHW I . 35—44.

S8 - F@E 1991, 2L (Sebastes schle-
geld) o WWEE MY Fik. P =
3, 14847857,

SR - BB, 1991, 23 B (Sebastes schle-
geli) S WREILE, Bk, 3:67—-83.

FXREE - & B, 1977, 70V 4 DEBEBICH
TEMR(BIR). dkRKAR, 34:1-8. ‘

BURES - # Bl - THRBKE], 1979, 7uv 40
AT 2P (H38). dbkR B, 36 1 1
—8.

FEF - B, 1987. ZAE, Mylio macrocepha-
Ius(Basilewsky) 9] M#iZio] WY Mk #
MABE WEMEN MR®E. 12:9-17.

FMR - FEA - B - FUEE - FEH, 1993,
Z3 & Sebastes schlegeli®) n-3% BE &
H0A TREGER BOREL @okdk 261 67-83.

FOkER - BRI, 1994, 2322, Sebastes schlegeli
ol7 REfiel RE 3 #R4 MRl nxE oy
B fURS] TN B, WAk 27 1 69-82.

FhEE - B - ©AEIR, 1993. ZFEE Sebastes
schlegeli (HILGENDORF) 9] FaEs %

HIRE. RFEHFIRE. 47 1 45—57.

FERy sk - TIATh, 1989, AREME, EF | 239
—277.

BB - TRE, 1986 EMEE RE(SAdIY
SR WY N B 9 dxmy &
Efboll BASE BiZE. BHIKBIE EEABAS
BRMHR. 32037,

BEHER B, 1981. 70V f DM, BGERE L BR
1IZ2WT, B 90—95.

o - A7 e - BA9, 1994, 29 R,
Sebastes schlegeli®] Aol n|X& A% U9
Jdafoll J A7 IFTPA 3, A133] T
wESA, 7Tp.

HAR - AVERE—, 1991, REDFE 50. a4
HEHAE C101—-107.

EARAESREE, 1974, RAMOEEISETENE
e BREERE, TVENEE FRRESE. 28p.

TEXE - REIR - MIBE, 1988. X, Paralichthys
olivaceus FFfa = Ffmeol B|ES WL, BEE
BEEE 1:1-11.

IRREAK. 1985. fa)tol] Wit 23] Eete) R, ki,
18 1 119—123.



