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Basic Studies on the Production of an Additional Stock
of Red Sea Bream, Pagrus major

I. Production of Vigorous Seedlings

YuicH! KosHiisHIY AND YOSHINOBU Y ASUNAGAD

Abstract

Several series of experiments were conducted owing to produce the vigorous seedlings of red
sea bream, Pagrus major, with appropriate quality for successful seedings.

The results are summerized as follows.

1. Seedlings weighing 70-500mg consumed 110-1609% (wet/wet/day) of Artemia salina at 24
and 28°C.

2. The maintenance rations were 1.629 (dry/wet/day) and 1.269% for the scedlings weighirg
0.4 and 2.6 g respectively. The maximum growth occurred when the seedlings fed 7.21% and 5.83%
ration for 0.4 and 2.6 g seedlings respectively.  The larger ration the seedlings fed, the higher body
protein and lipid contents were attained and the higher torelance against the fasting was shown.

3. Temperature, DO, Ammonia-N, COD and SS of the rearing crawl at Hakona Inlet, Noto
Island analized at every 4 hours of a day. No factor seemed to exert a direct effect on the survival
rate of the seedlings from these measurements. It took 6-8 hours to exchange the whole water of a
crawl.

4. Twenty-seven seedlings recaptured within 44 days of seeding in Nanao Bay analized their
body compositions and stomach content weights. The seedlings appeared to require 7 days or more

to acclimatize to the circumstances of seeded area.
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(Japan Sea Regional Fisheries Research Laboratory, Suido-cho, Niigata 951, Japan)
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Table 1. Composition of the artificial diet used in the restricted feeding experiment.

White fish meal 73
Dextrin

Cod liver oil

cMC

Cellulose powder
Mineral mixturea

N NS N - S

Vitamin mixtureb

a): U.S. P. XII, salt mixture no. 2 with trace minerals.

b):  Made up by, 6mg B,;, 20mg B,, 4mg B, 0.01mg B;,, 220mg AsA, 40mg Niacin, 10mg Ca-
pantothenate, 220 mg Inositol, 0.6 mg Biotin, 1.5mg Folic acid, 12mg PABA, 400 mg Choline
chloride, 2,000 IU VA-acetate, 4,0001U VD3, 5mg VK; and 60mg VE-acetate.
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Fig. 1. Sampling points for water analysis (A), and water movement (B) of the crawl
(dorsolateral view).
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Table 2. Daily food intake (seedlings were fed Artemia salina for 12 hours).

Tompoare FshSyete, | Aveste - Tood onamed - Feding rate (5
) (mm) (mg) (wet, mg) (wet/wet) (dry/wet)
20 15 13.5 63 64. 8 103 10.4
24 16 13.6 64 71.5 112 11.3
28 15 14.2 74 88.7 121 12.2
32 11 13.3 63 55.2 88 8.8
20 10 19.1 182 214 118 11.9
24 10 18.7 172 276 160 16. 2
28 10 18.7 174 277 160 16.2
30 10 18.8 179 275 153 15.5
20 10 20.9 246 266 108 10.9
24 10 21.6 256 379 148 15.0
28 10 22.6 283 444 157 15.8
30 10 21.7 254 372 146 14.8
20 5 26.1 476 423 89 9.0
24 5 27.0 485 553 114 11.5
28 5 26.7 494 544 110 11.1
30 5 28.2 571 566 99 10.0
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Fig. 2. Fluctuation of feeding rate per hour of a day (6:00-18:00) at different water
temperature and size group of seedlings.
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Table 3. Results of restricted feeding experimenta).

Feeding Growth Feed Mortal-

Experi-
rate

Fish mental Food consumed  Body weight Percent

Lot . - gain conver- ity
no. ?g;;"s‘)i (dry, g) (ratio) Initial  Final (%) (33/ VZ/:t/) ((Vigeyt’/";:t/) sion %)
As 543 100 5.0 89 78 13.1 9.4 0.71 23
Ar 2.43 45 51 81 59 6.2 7.6 1.23 31
As 122 22 53 66 25 3.4 3.2 110 8
A, 0.60 11 51 5.1 0 1.7 0 0 31
B, 53.7 100 36.7 89.8 145 - - 0.99 25
Br 0 20.4 38 37.4 588 57 - - .05 28
B, 0.9 20 372 451 21 - - 0.72 40
B, 52 10 36.8 331 —10 - - —0.71 70
Ch 9L9 100 521 5, 157 8.2 6.8 0.90 10
C: 1 4.4 48 488 o, 107 4.9 5.4 1.18
Cs 25.1 21 5.1 .9, 49 3.2 3.0 .03 5
Ca 3.4 15 535 g, 13 2.0 0.9 0.52 10

a): The values of dead fish weight were delt with the following manner before calculation.
A and C: Compensated on the basis of linear growth and added.
B: Added to the final weight.
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{-:044*0479 (A)
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0
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Feeding rate (f, dry/wet/day)
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Fig. 3. Relationships between feeding rate and growth rate.
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Fig. 4. Relationships between feeding rate and feed conversion.
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Fig. 6. Relationships between survival rate and duaration of fasting. Seedlings were fed different
amount of rations (restricted feeding experiment, Lot C), and then fasted.

24 CIT BT 5 FEFH M E i 544ml Oy/hr/kg 13,
2.72 Kcal/hr/kg=0. 0653 Kcal/day/ ¢
D=FAF—BCHY TS, 0 = ANF -2 BHEC BETL08Y BRETS
L, ToWHH=FAF—FII1.2Kcal/ g LIRESI D DT, iR O FRHE KR BT
(0.0653 Kcal/1. 2 Kcal) ikt (9)/day/fafk® (9)
Tl b, 0.054 2 (wet)/day/ g =0.014 2 (dry)/day/ & &L 7c5. fABEERC L bRD IAREHE
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Table 4. Proximate composition of the whole bodies at the end of the restricted feeding experi-
ments, protein and lipid retained and protein efficiency ratio.

Proximate composition (%) Proteina) Lipida®
Lot retained retained PER
Moisture Protein Lipid (%) (%)
A, 77.8 14.8 - 21.9 - 2.19
A, 77.9 14.8 - 38.4 - 3.77
As 79.1 14.3 - 33.0 - 3.25
Ay 80.1 13.6 - —6.9 - 0
B. 75.5 15.1 5.27 - - -
B 77.2 15.4 2.97 - - -
Bs 79.0 14.3 1.69 - - -
By 80.5 13.0 1.43 - - -
Ca 73.7 16.6 5.74 30.0 41.7 2.84
C. 75.1 16.2 4.05 38.4 40.3 3.73
Cs 77.2 15.6 2.03 31.7 12.2 3.26
Cu 77.6 15.3 1.51 14.3 —-7.3 1.63

a): (Protein or Lipid increased)/(Protein or Lipid intake) x 100

$BOK LG ORRENE

Table 5. Resting rate of oxygen consumption at different water temperature.

Body length (mm) Body weight (mg) Oxygen consumption (ml O,/hr/kg, Average+ SD)
Range Average Range Average R 20"?‘1 2;C 5&3@ 30C 7
11.9-23.2 17.0 42-304 151 352+169 463+216 544+ 240 682+ 248

FHEMBEIL0.49 1 XT0.016¢(dry)/day/ & TH 55 W FHEC L DRBIAEIED e DT
LLT2. FEHBR IR ENER &b, RURIES oo EEhc & Mo
EANAF =TS O/ SEBRNEED S Uik EESMERHEE RS bR
HEHEER I NG, Lo Lisnih, Sl KBS B W T e WETRHS RIS LCREH v ~ L Mg T
THIH, ZOXICHELLIENE ORI DEEL LS.

S LI REA L S & MHLEED ST LA RS 7. Wk (1971) REEDR L
D Z Ao NFIREREY, HEER=80x (1 3 OEMRERH MR X
DRDI. <~ 2AfEROEE, —ERAITBOFTNAYREL, $£6 KT kLR D ERE
AR R T CiiziE — g Rich, BE G L Ciiebhd. Ly >, ERE M H
M5 LRETHDH, KE2 IO~ 2 fERTIE, H7 RS Ui 4 ik
FERIC Y T2 LB REBR TORKEHE LITIEE LEAE SRz, Zoifcoun Tt
WE CEATECBE LTI LI LT — 2 OEREALE L EbR A,

ks, BT DRI H HEEBBOHFIR ALK T2 KL LT, 20~30C DK
TToO~ 21 fERDOEABEMIELZIE Lic. FO/E, £ 209 OREATIIKER L O
BHC X 2 bR DEILTD Bitleh 27z (3 7).
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FBOXR 77 IAFRMEUT TOERRNEYT (wet/wet, %) HNZEL (BW;6.554)
Table 6. Diurnal change in the stomach content (wet/wet, %) of red sea bream seedlings
(BW; 6. 55g) under a excess feeding of Acetes japonicus.

; Ti
Tetnllllr)sra Ime Ave-
(C) 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 '8¢
24 0.3 11.3 12.1 11.9 80 10.0 9.9 85 9.9 125 87 84 97 10.0

28 0.1 147 121 13.7 136 9.8 80 7.4 83 91 77 71 74 9.9

BIR WrdokAEiN Ll XU, & PR

Table 7. Apparent digestibility of proteins and time taken for initial and final excretion.

(BW:2.06g)
Apparent Time taken for (hr)
Food ingested Temperature  4;0eetinility - o

(C) (%) initial excretion final excretion
Artemia salina 20 94.6 6.5 >32
(adult) 24 93.5 4.5 >392

28 93.3 2.0 28

30 94.0 2.0 28
Artificial diet 20 94.2 2.5 36

24 92.4 3.0 >36

28 93.7 3.0 36

30 93.0 2.0 32

~ XA ORFEIIYEE O T T b FICIN b Tk b (YoNg, 1976), & 7FiE
TPHEf A O B ELE O SR OWTh Hi LW A2 HE I h w5 (4, 1978). T ofk
B AROAETRL AR LA o AT o GBI KT RIEEES e STk L Ligad
5, HEBE ROV 1 B LCoWE A7 < (in, 1978), WiFE B+ o B Hiil & fE5k
1T I T B BB,

B2 RICR LI X S bR BRI 5 %4 X< 24 ffEfaid 90~160% o H [FHE#FR
Aor L. b (1978) R HT0mg D~ £ 1 HEfR O F 77 ) o < A O HIEMR%63% & #d LT
WA Er, oEH (1977) 112 ~ 3enDREFA O B IEMERIT100~120% TH H, KEOFEIC
LOTL 00 BEDH MM INTHB LHT LTS, Lo RMOKTE7.39 725 43.9¢9
DB LTlia (1978) EMAERE (19) Yo dRREAE(Yn), HEWS), K
I (TTC) OREICY =268. 6579—2. 0549(W) —20. 8597(T —22), (K{fi16.9~27.2C) DBEIF
AP T D LaR LTS, COXNLHRT S & HIBBMRIL020% Liss. Licho

R IE s (1978) w X R (T8, D BLoFERicY s, - Okl
WEEOBNZE LS, B2 b AHEELEIRcEb T Lfigshs. —J, EEHAEK
1M 7D T BoKi 2 BAEEN, 77 vz by (CBD L7 (8, RASORMEANE
EEFENEALT A, Licns 2T, M OsBSECGh ST 2 5 fcdic, +
AR KEBHICERI D&, BOMF L & STy, T BRE DT S RE
nHH5.
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2. YA FHFRSOBEFRFICHEALT

SRR R & LR BB 35 0 & 5 fi4 ATLIEHE 0 £9400m, #H & C oy, 400m,
oA K E2Am CTHREE R AARIE D X 0 900m, KERH 10mOMLEICHREBE IR T\,
AL LIERIT A XA x4mDF A v v ol (1401R) BlThHork. 8 ERIC 6 Bl KE T
RO A R Lic.

F8F FMKESIR (1979%E 8 A 3 H, 4 MR ICiR/K)

Table 8. Results of water analysis of the crawl (sampled at every 4 hours on Aug. 3, 1979).

Depth st. 1 st. 11 st. 11
(m) Average+SD Range Average+SD Average+SD
Temperature 0 2.7 + 0.3 2.4~ 273 268+ 03 266+ 009
©) 2 2.4 + 0.3 2.1 ~ 266 264+ 02 265+ 0.3
4 2.0 + 0.2 244 ~ 2.5 258+ 0.7 2.0+ 0.3
DO 0 445 + 011 419 ~ 4.64 446 + 0.17  4.55 + 0.20
(0, mi/D) 2 464 © 0.14 440 ~ 479 460 + 0.18  4.73 + 0.21
4 465 © 007 450 ~ 474 462+ 010 469 + 008
CoD 0 0.154 + 0.086 0.080 ~ 0.231 0.150 + 0.055 0.169 + 0.045
(meq/1) 2 0.147 + 0.068 0091 ~ 0.216 0.148 + 0.049 0.125 + 0 045
4 0.107 + 0.026 0.063 ~ 0.135 0.094 + 0.029 0.074 + 0.031
Ammonia-N 0 19.8 +13.0  11.2 ~ 336 219 +10.4  14.0 = 5.
(ppb) 2 9.6 + 4.7 5.6 ~19.6 124 + 52 103 + 45
4 10.5 + 4.6 7.0 ~210 133 + 6.1 7.7 + 4.1
ss 0 2% + 6 11 ~ 25 2 + 5 2% + 7
(mg/D) 2 2 + 9 20 ~ 33 30 + 6 23 + 6
4 27 + 5 14 ~ 31 % + 7 2 +10

KT DU TERY [ oW B o £ IEKI25. 6~26. 0C L Ibied 5 Loem <, ERoTriET
26.7CTHo7c. Z OKILFEI Y A XD RKKF N O KI25~26C %0. 7~1. 7C k[ b, *
P E B E DARTRRE W b5,

BHEMmFRBNEMEICTRS 4ne/ [ DET, EEEEELS ERCTHcS F), 2248
bkEnDN. KE, 2mBCK D HROEMFIER O TR OUvKIRE & B B
LTWwa EHfERE IR, oo & X DIHKKIEP MM CZ ENdhnbh s, BFHE R
R THAH Tk JIF 38 o CFH (1977) 1k, AT 0.8 Dftfla Ay, B
D4 4ml] [ H>53.6, 3.0, 2.6m/ [ AT D LB EL 100% 0580, 60, 40% LI L,
1.5mé/ [ TUXFERHE D B2 ) o CTHET 2 b o MBT2 LWt LTuw5. Sl T
4ml) [ LFOMEMEE 2 lcZ L, BURTRREBOERSCHBIEANICT 5 M
s o LtBbhs.

COD ol V-1l 0. 12 meq/ [ =0. 98ppm “T/KE PRI KB JLHEE (1972) © 1 ppm & (&
IF% Laode. %70 Ammonia-N B U T3 LHEE (MEEEREN) @ 0.1ppm L 1 4 — & —
K ThHok. ChbORN LA TEBENOKEBEESSURRIFEBbhS. Lo Lk
» Ammonia-N, COD, SS O /LN TORIEMITE oML v i hEL k> Tk b, 4%
L TIEBEY OB, ERI/E LTSI L, FRALLNSEROW KRB
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Table 9. Stomach contents and proximate composition of released fish recaptured by small trawl
net. (Koda Bay, Noto Is., Released on Aug. 6 and 8, 1979)

Date  Fork Body Body Condi- Stomach contents B Proximate composition
length length weight tion Weight Ratio o
(Twet N @y .\ Mo in Lipi
captured (v oy (g) factor (oq mg)(i»vet L %)<dry gW’ %) Moisture  Protein  Lipid
Aug.9 404 352 1.21 1.84 9.6 0.79 0.16
375 330 0.97 1.84 336 3. 46 1.78 79.2 13.9 137
427 373 1.40 1.80 209 1.49 0.70
451 399 1.65 1.80 185 1.12 0. 67 8.5 15.3 16l
411 350 119 1.71 199 1.67 0.85
406 350 1.13 169 17.4 1.54 0.56 7.3 140 1.53
473 408 1.76 166 290 1.65 084
35.6 304 0.76 1.68 9.0 1.18 0.56 79.0 4.2 1.57
455 389 1.56 1.66 14.0 0.90 0. 44
420 363 1.21 1.63 24.0 1.98 1.01 79.4 13.8  1.53
Average 41.8 36.2 1.3 1.7 19.6 1.6 0.8 79.1 142 15
T e i £ + ¥ 5 +
SD 36 32 03 01 7 0.8 0.4 0.4 0.6 0.1
Aug.15 70.4 60.9 6.95 1.99 641  0.92 0.28 77.8 16.3  1.49
679 586 569 1.8 142 025 0. 09 773 16.8 0.95
50.0 523 3.70 1.80 11.4  0.31 0.05
40.8 337 1.24 1.83 98 079 0. 08 7.2 5.6 1.20
626 543 4.28 1.74 100.8 236 2.13 78.3 157 1029
527 452 2,37 1.62 18.3  0.77 0 28
46.7 398 1.73 1.70 58  0.34 0. 06 79.0 4.4 115
Average 57.2 49.3 3.7 1.8 32.1 0.8 0.4 78.3 15.8 1.2
T 7T Y F i £ £ £ 1 £
SD 1.0 101 21 0.1 362 0.7 0.8 0.8 09 0.2
Sep.20 78.6 66.8 11.80 2.43 100.0  0.85 0.99 75.7 16.9  1.30
632 554 6.01 2.38 189  0.31 0.25 77.2 159  1.53
853 734 14.17 2.28 2362  1.67 1.23 771 7.2 1.7
70.2 602 7.86 2.27 817  1.04 1.59 770 157 1.19
81.0 69.6 11.14 2.10 120  0.11 0.09 78.3 159 1.38
81.4 71.2 12.27 2.06 201  0.16 0.17 785 165 135
681 58.6 6.44 204 768 019 0.91 77.9 163 123
72.7 620 7.61 1.98 4.1  0.54 0.44 78.0 16.4 1.31
70.2 592 6.74 1.95 225  0.33 024 771 16.5 1.27
706 598 6.82 193 195 029 0.26 76.6 15.8 1.17
Average 74.1 63.6 9.1 21 62.9 0.7 0.6 77.3 16.3 1.3
i e + < £ £ £ £
SD 70 62 30 02 686 0.5 0.5 0.9 0.5 0.2

a) : Fish not marked (natural fish).
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