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Growth of Juvenile Chum Salmon, Oncorhynchus keta, Reared in
Tanks Supplied Sea Water in Relation to Food Consumption,
Salinity and Dietary Protein Content

Yuicur KosHisHID

Abstract

Growth rate of the chum salmon, Oncorhynchus keta, was studied in relation to food consump-
tion, salinity and dietary protein content. Juvenile fish in its size corresponding to coastal life just
after catadromous migration were subjected to several feeding experiments.

The results obtained are summerized as follows;

1. The maintenance rations ranged from 0.73% (dry/wet/day, 8°C) to 1.43% (15°C). The ra-
tions required for maximum growth ranged from 2.299 (8°C) to 3.63% (12°C).

2. Though there was little difference in feed conversion and protein efficiency ratio between
the fish fed to satiation and those fed about half ration of the satiation below 12°C, significant differ-
ence occurred when fish were fed at 15°C.

3. Practically same patterns were shown between the fish fed in salt water and those fed in
fresh water on the effect of dietary protein content on feeding rate, growth rate, feed conversion and
protein efficiency ratio. The growth rate of the fish fed in salt water was inferior to those fed in

fresh water at every protein level.
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1. HREEHALRLEFRERE
FRE =) R A O8I, SAb3 R cffFaaFE R L atkhc i KIEL L, FRED
YA XAEFCTHED = =AM 75 v 7 A TRE LERCH L. SFEKECIZI5407 7Y L
KR HCEKRAKR & Lic. g0 KR T c—BRAOFHEE 2Tk, 1AV}
WY LB R (BB1R) % 1H 3 L. FERl Tii 149 +1 X0 RERxH
W, KiiEE 8 TR LIONI2C, MBEMRMAY 12HME L, HBRI Tik3.08 1 X offEE
V, KIEERI0CHK LO15C, MBEMMAXIIARE L. £ 4 X, KESLOGT CHEEHEREY
#AfT L7c Lot 100 & Lot 100 o #91/25, 1/4%, 1/108E0#6% 177527 Lot 50, Lot 25, Lot
10%58 0 72, ok, Z OKIRFEEFY 1 AHEROMEIKTORE KR A 2E T Tieoi.

BRI KO — M AT (HIRR £ A ERAER)

Table 1. Composition and nutrient content of the test diet for restricted feeding experiment.

White fish meal 65

Dextrin 10
Cod liver oil

CMC

Cellulose powder 10
Mineral mixturea) 4
Vitamin mixtureb 1
Water 65
Moisture (%) 39.6
Protein (N x 6. 25, %) 28.7

Lipid (%) 6. 85

a); TU.S. P. XII, salt mixture no. 2 with trace minerals.
b):  Composition is the same as given in the previous paper (Kosuiisui et al., 1980).

2. B9, RHEPOEAHSERERICHELEFTHE

BT EBE A DY, S LIV fF R F BTNy H 2 7 v 7 s fikhic,
BEFAKHE K Z T THE Licfx FIX GRKEEX) , 1F E&EKIEE LAE Ly
S (HKEMERK) DAL Ui, RIS 2 BCR Lic &R H €, BB
(Ar Vv rz) mREfv, EEBRSLIOFFA ) vOoREBT2 XV ELNESE
OBRMCHTE L. MENX1ASEEL, =1 & Py MO Lkl p g e S
ztc. FIBKEISS 607 7 ) VKETHAKRNE L, BE= v hr—idfTisb oot
BPRNIZ24HME Ly, MEITHEH L D S—3 KB \WTE 7 U A E & B 5 BYE A 7
B LTcicdd, B -tk TOHRAE, IHEOERKLS oM MFEMHHA 170 & L
THEHB L. B ITHS—3KEBRL KR LEAI0BLEEMERBCHt Lic. 72, SK
DWW TLTH AR SRR il 7 » 2% AFEIC 1 BERIN L, 24B:f% 1 B & L3 x f77s
DOTRHIER L ) EABEOHE LR A RD .
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Table 2. Composition and nutrient content of the test diets.

Diet no. 1 2 3 4 5
White fish meal 37 48 58 69 84
Dextrin 10 10 10 10 1
Cod liver oil 6 6 6 6
CMC 4 4 4 4
Cellulose powder 38 27 17 6 0
Mineral mixture 4 4 4 4 4
Vitamin mixture 1 1 1 1
Protein (N x6. 25, %) 27.1 34.6 42,3 49.1 61.4

Lipid (%) 10.5 12.2 12.9 15.7

— BRSO 5 BAKLE Y, HERIL I 2 ey A2 — i, IS Folch o g X b
kdto, HEMEAER (f) B3I OBRMAEEE (9) BKRAC X vkpie (2L W ik
#, Wr: TH#OAKE, F:WEdboEME) .

(o P WrW,
o T W0+WT ’ B W0+WT
. — — T.i

2 2

M. # R

1. WHERMOHKI-EHHERE

HIRCHBI T2, Uie, BEREAKE S RIFCEENOR b & bichot. i, £K
Rzt 5 Lot 100~Lot 10 DEAH R II R F TR TEM D 100 : 50 : 25 : 10 DK LD 7:

WA A & Lot 25 ¥ TR E AR Bttt Lot 10 Crisfic ik ifiiiid Lic. &<
30941 XD Lot 10 &% % £15C TIX10C D 1. 6 fEDIBME AR LI AMEE KD RA10TC D
2L E Lt D, F7:43.8% LB WEEIER AR Lz, WiV M X ESICHEKR T CaRELSS
I b 2 DfERE Lot 100 & Lot 10 ofEMK, ARE, WEROENEKRET LD AKEBb
iz,

AREER LA EROBERY 1.49 4 RI2OWTE 1, 3.0 A4 RI2D\WTH 2
R L, WOt A X, KiREgE T\ WTh Lot 50 T OMMX CIiEMR LA EX
DECRGHEBIMED bt 7, 1EEIEA Lot 50 Ll EA HEIAICE 5 Mo 4 REET Lot
100 THEbLIAERKCELET AT THENT 5 L& b5, 4, FEc Lot 50 LIFTo
EFEMR & Lot 100 oAREY 7T BEROLASARAERC BDEF/MEBAREERDLT LT
%&, 1.49 41 XCIiL 8 CT2.29% (dry/wet/day), 12CT3.63%, 3.0 1 X Tixl0C
T2.32%, 15C Tk 3.49% Lot F-fREMFHEMAKILL 4891 X8 CTO0.73%, 12C
©0.97%, 3.0¢ %A X10CT0.77%, 15C T1.43% & 1ot

AR A% 1.49 1 X8 Cd Lot 50, 12C o Lot 50 3 L0 Lot 100 T 1.0 L E%xR L
2. EF7e, 15CLMFo >~ ) — Xk Lot 100 & Lot 50 D REIc k¥ 7 LD bR ish Dk,
AR & RO BAGREE 3R 2 b REMRFEHARY kD2 L, 1.4 Y1 X8 TR LIV
12C, 3.04 %1 X10C Tix0.7~0.9%, 3.0 %1 R15C Tl 1.2% & 7aooi. 15CITK W
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Table 3. Results of restricted feeding experiment.

. Experi- Average body Percent Feeding Growth Feed Mortal-

(T];gf- Fish ental Food consumed weight (g) ain rate rate conver- it
erature) 1o period g (dry/wet (wet/wet v y
p *  (days) (dry, g) (ratio) Initial Final (%) /day, %) /day, %) sion (%)

Experiment (I)

100 46 21.12 100 1.32 1.77 34.2 298 292 098 0
gc| 50 46 11.54 55 1.37 1.64 19.1 1.67 175 1.05 0
2% 46 577 27 1.31 1.37 41 094 041 043 0
10 46 1.97 9 127 1.18 —7.0 035 —073 —208 0
100 47 4026 100 155 2.44 514 4.2 446 104 0
REY 2288 57 1.56 2.06 32.2 269 2.8  1.03 0
12C) 95 47 11.45 28 151 1.69 11.4 1.52 108 071 0
10 47 390 10 1.42 1.32 —6.9 060 —071 —118 0
Experiment (II)2)
100 19 17.3¢ 100 3.06 3.82 24.9  3.12 246  0.79 5.6
loc| 50 19 852 49 2.97 3.32 1.7 158 123  0.77 5.3
25 19 431 25 2,92 2.98 24 0.8 026  0.30 10.5
10 18 174 10 2.98 2.78 —6.5  0.35 —0.75 —2.12 10.5
100 16 T 233 100 3.02 406 344 407  3.26  0.80 0
|50 18 11.27 48 2,98 3.29 10.2 222  1.08  0.49 0
15C| 95 18 6.05 26 3.02 3.04 0.6 1.23 0.06  0.05 11.1
(10 18 . 2.08 9 278 2.40 —13.5  0.56 —1.61 —2.88 43.8

a): The weights of dead fish were compensated on the basis of linear growth before the culculation
of each values (except Mortality).

%

5 -
%
4 4+
g o
3 3r =3r -
g g 0-9‘-0%\
% et 2ot
s
;3 I+ o IF
3 ° S
5 0 ! § 0 o T
I 2 3 4 % g 4 %
Feeding rate (f,dry/wet/day) Feeding rate (f,/dry/wet/day)
-1F -
o
F1R HEEEREAERE (FHRI) F2R HEREHERTREARR (FRI)
Fig. 1. Relationships between feeding rate and Fig. 2. Relationships between feeding rate and
growth rate (restricted feeding experi- growth rate (restricted feeding experi-

ment I). ment II).
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TITfLD 3 v ) — X L B h IBEAROBEINC fE e 5 R R O R n2uEME © Lot 50 <k Lot
100 D 60% D% R Lic. F71z, W41 X &S APRIR DR AMEILREKICT )b bTE
F—E LD, 1.4 94 XTI1x3. 09 1 XL 25 Th ot
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T o
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©
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S
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]
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o
o
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N '
R 9 Feeding rate (dry/wet/day)
21 —e— 8T .
A o 12 } experiment 1.
-8 w107
-3.1 _
' o |5 }experlment I

3R AR & kR

Fig. 3. Relationships between feeding rate and feed conversion.

EEAHIBRO L BEO—BONRER L, BEHEB IOIFEOERE, BHEMNRLYE 4 KR
Lic. &9 ) =X L QICEBHEAKME R TS EKDX ER UFESRIMET L. BRHEGET
3.0 %4 XD Lot 10 THI b el nigied bhvie, BERLFHEEEOMHGR (4 X)
TITEKIREIZ & Lot 50 & Lot 100 DEA VTl Lz

ARHEAR E BEEEREOBMGERHE 5 K, FREEHEE0MGEYE 6 Koz L.
FEEEERERITIL49 v1 X 8CoD Lot 50 T41.3% LiAfExRrL, %>V —X&% Lot
10 C~A FA{HEL Ok, 309V 4 X1I5CHBE X4~V — X L3 Lot 50 T Lot 100 »fEi% I
By, ZOEAGHERE EEL Ieo7. Tiobb, 1I5CTRARICES ¥ TEMRD L7 L3t
WCEBEE LM L, TAHUTOKE TR ROMEIIEREERENLARD LHATH
Dt Ex L. IREEEETIIL YY) — XL L2 Lot 25, Lot 10 T~ 1 > AfH & 7xD7e.
¥, 1.49 A X8 CUS TR XA B\ CER R I m 2 o Lic.

2. B4, AHEPOEREESENERICELEFTHE

S, FR&DCEEREGERSIHIC 1 ~5 Raiid7. 1THMOMERELH b5 RIC
¥ Lot fok, 24HRBOMBIRIFOKIREL SX 11.2~16.4C (F#14.6C), F[X11.8~
16.4C (FF#15.2C) THOr.

SKOMERIZVCThOEAEERICEVTH FXDOL/2~1/3THo%k. Fh, SK, FK
LD AR GEEHEEEL 1%) TRODBWARZY R LG TN, H5K). REHEGELHH
BEROMREYE S, Fi, HEARKREDOBMREYE IMICR Lic. HREEMRILSK,



— 46 —

FAR SHEEKO—BHITES IOEBEL, REOEFEE, EAEMYER FIRAFEEAR)
Table 4. Proximate composition of the whole bodies, protein and lipid retained in the bodies and
protein efficiency ratio (restricted feeding experiment.)

Lot Proximate composition (%) Protein®)  Lipid®
(Tempera-) Initial Final retained retained PER
ture Moisture Protein Lipid Moisture Protein Lipid (%) (%)

Experiment (I)

100 79.4 164 3.25 35.3 35.1  2.05

gcl o 162 296 79.4  16.4 3.12 41.3 36.2  2.20

25 8.1 16.8  2.41 38.3 —41.2  0.91

10 8.0 16.4 1.98 —54.4  —280.8 —4.36

100 78.4 16.7  3.65 38.2 2.7 2.18

|50 801 162 3.05 g5 467 262 39.8 1.5 2.16

12C| o5 80.2 17.0  1.93 35.8 —49.0  1.48

10 80.8 16.6 1.80  —26.2  —205.6 —2.47
Experiment (II)

(100 78.1 17.1  3.15 31.9 3.0  1.67

el 0 706 166 273 79.4  17.1  2.72 34.1 18.2  1.64

25 8.0 169 213 17.0 —62.8  0.64

10 80.7 16.2 1.89 —103.2  —279.8 —4.50

100 78.0 17.6  3.21 35.6 435  1.70

|50 803 165 2.2 78.7 175 2.40 28.5 181  1.03

15C1 o5 79.0 175  2.12 22.0 7.1 011

10 80.6 16.4 1.63 —10L.5  —153.8 —6.01

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

%

ar
- S
s !
< -
]
o
o
= | S
a -7 —eo— QY
a -
- Ll BC] experiment L
-2
/ -1 0% )
o’ experiment IL.
-o-—-15 J P
(Lo 1 1 1 1 1 1 1 ] )
0 I 2 3 4 %

Feeding rate (dry/wet/day)
FAE HREBEELLSAKOIRESEE

Fig. 4. Relationships between feeding rate and lipid contents of the whole bodies.
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Fig. 5. Relationships between feeding rate and Fig. 6. Relationships between feeding rate and
protein retained in the bodies. lipid retained in the bodies (marks re-
ferable to the previous figure).
Ho5% MBEARMER WTHRHEH)
Table 5. Results of feeding experiment (17 days feeding).
Fish  Food AZierﬁtg% t;ody Percent f:teeding r(%art(::Wth Feed Protein Mortal-
Lota) consumed M gain (dry/wet (wet/wet conver-  efficiency ity
no. (dry, g) Initial Final (%) Jday, %) /day, %) sion ratio (%)
S-1 34 49.6 1.69 2.41 43 4.45 2.22 0.50 1.84 0
S—2 34 46.1 1.62 2.44 50 4.17 2.51 0.60 1.75 0
S-3 35 40.9 1.66 2.63 51 3.51 2.53 0.72 1.71 8.6
S-4 34 36.3 1.65 2.55 52 3.21 2.59 0.81 1.65 2.9
S5 35 37.9 1.71 2.39 34 3.38 1.81 0.53 0.87 11.4
F-1 36 4.4 1.00 1.89 88 5.33 3.83 0.72 2.65 0
F-2 36 44.2 1.05 2.08 99 4.91 4.14 0.84 2.44 0
F-3 36 42.6 1.05 2.26 112 4.53 4.47 0.99 2.34 2.8
F-4 37 44.0 1.10 2.43 121 4.21 4.71 1.12 2.34 0
F-5 37 40.0 1.02 2.16 112 4.24 4.48 1.06 1.72 0

a) : S; Salt water, F; Fresh water

FREDIZCI~AXTEAEGRELADHEERL (SK2%, FKR0.1%KETEE), 5K
TR E < feode. foks, BMAEYM ) OREEREIE 6 R/ R LIcL SR TRAE
7eote. FREMHEET S & SKOEHRIIEL FXO 8EFiE THOL. HEERRKILHHIE
HREAWCSK, FKEDICI~4XTEABEGEELEOHBEZRL (FX0.1%KH#ET
), BRXTIMICIET Lz, I S—5XKoARRIL S—1XKUTFEhiEEIRE. ¥
7o, SKICET B IARAERKIX2.50% (S—4X) L FROR/IMAES 83% (F—1X) % F[E
7.

BRI OV T FIXD0. 72~1. 1212%F L S K Ti0. 50~0. 81 & B\ ME AR LAz, WK &
b1 ~4XTRHEAEGRELOMICIEDMHER (X & 0. 1% KETHER) ZmL, 5XKTH
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Fig. 7. Effect of dietary protein content of the growth rate.
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Fig. 8. Relationships between dietary protein
content and feeding rate.

Fig. 9. Relationships between dietary protein
content and growth rate.
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Table 6. Daily protein intake (mg protein/g BW /day). (17 days feeding).
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Lot
-1 —2 -3 —4 —5
Salt water 11.38 13.59 14.01 14.83 19.59
Fresh water 13. 66 15. 98 18.07 19.50 24.60

FREBIEE R X024 MOMBERTHCEBEO— RO 2T\, HELYEAES L0
BEBRLADLETCHETRCR L. MBRTHOERY % SK, FRTEKRTS L SKTK

Dk IOERBASEL G, FHEHSEMECEHALSRD bhic. FAFXTR1~4XTER
BEEO R L5 KpDET, EEER IOREGEOMMARD bht. SK, FK
[ 2.8r
e : Salt water °
H o : Fresh water 5
= | o 24f 5
g B r
2 oo g 20r
- orf 2t
2 <
0'5- 1 1 1 1 OB- 1 1 1 | I
30 40 50 60 % 30 40 50 60 %
Protein content in diet Protein content in diet
F10X fARhOoEAEAR &R F1R AR OEHEAE L ELEME
Fig. 10. Relationships between dietary pro- Fig. 11. Relationships between dietary protein

tein content and feed conversion.

content and protein efficiency ratio.

BITR 2AEO—RIVES XOCELE, IRAOERME C4AMEH)

Table 7. Proximate composition of the whole bodies and protein and lipid retained in the bodies

(24 days feeding).

Proximate composition (%) Protein Lipid
Lot Initial Final retained retained
Moisture  Protein Lipid Moisture  Protein Lipid (%) (%)
S-1 78.1 17.4 3.5 33.0 24.6
S-2 78.1 17.3 3.7 32.5 30.0
S-32 79.7 16.8 2.7 (78.9) (16.6) (3.5) (24.1) (24.9)
S—4 78.2 16.9 3.8 26.0 31.0
S-5 79.0 17.0 2.8 16.3 10.9
F-1 78.0 15.7 5.1 41.3 48.6
F-2 77.6 16.0 5.2 40.5 53.2
F-3 80.3 14.9 3.1 77.8 16.1 5.2 39.0 52.2
F—4 76.6 16.5 5.7 37.9 59.7
F-5 77.5 16.4 5.0 30.8 42.7

a);

About a half fish of this lot were taken a bacterial inecftion.
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Fig. 12. Relationships between dietary protein = Fig. 13. Relationships between dietary lipid con-
content and protein retained in the tent and lipid retained in the bodies.
bodies.

BN B R TR OZ X OREROREMM 2 2R R 2R Ui, BB R R L
TUWBMMEERGIEMELTHS. FFEBMETIE, FXED 5 CRHiED HEBANER &
th, 2CH®F5&S—1, F—3, S—2X-DIHiCEEAFA R E, FIEREZS—1KX,
F—1[X, S—2KX---DIficz@d bt Fiz, KigiL0.1C FTET 811D
PEIENED LN/ DIZS—1, S—2KDATHOk. KICEEMMETIE25CUETEKITIE
FRWER D RBD B, FEERIES—5, S—1K-, RWOEEELS—5, S—1K-DIHC
Robihie, Dk, SKILF KICHENTREMEME S, Fio, L TEEAESRAHER
K it tEA S E RS R & oo 7.
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Fig. 14. Effect of dietary protein content on tolerance against high and low temperature
of the fish fed for 24 days (Arabic numeral represents the diet No.)

FEBRMEITHBIE. Lo, ZoRlicksF s ffoEREIIEE LTKEE R
LOEMATREHEDDOEGHEC I VI ESL LD EEL RS, BERIE L YR e
ERLBEL DN EERIIRRELD v (FAAEM) 7, EHEROHEINT—F CMkghRo
B F% & b7 5 (PALOHEIMO et al, 1966). “FafHaR2s bR I fRHEERE" TN Ak
DOV r RN EDREDEMAYERL, TOERKIZLEOBRE THL 1 EHETHERLE
Lo rHARE LTTRRDk.

B LUTCEORHEREREY 71 — A FOREAICET T2 BICIIER =% L+ — O F|
R, ki ziEEEe Aubhs =32 vF—Esg, ChERDLAZ O Hieo2nwTing
BOWHEE LTHRELEDD. 1.49 HB\33.09 1 Ao CikEER0. 73%
(dry/wet/day, 8°'C)~1.43% (15C), IKEFI1C2.29% (8 C)~3.63% (12C) DiBAFI N
BEThok. TREEWENCBRET DY)y fEROEIREERN A= 1 ¥ —%
ERBE4Kcal/ g, FE8Kcal/ g, Kt 2Kcal/ L{RET B &, #3752 A (Calanus
plumchrus) ¥ & L7854 IKEpDA (1972) DOHFE R HHAE LT, HEMEECIT2. 57~
5.03% (wet/wet/day), RKAERIC 8. 05~12.77% DIERENNE LS. Fi, *F7 3
(Euphausia superba) T2 5 v (1978) DMEEE & LiciaEd 5 &, hEHERFI2. 99
~5.86% (wet/wet/day), KRAEFRICI.39~14.88% DIEMHNNIE L 705,

—RTA SR TS X S IR A O RBLINIBEEROET, KiEo BT EHEROM s &
4 7e o7, KIBOEEIAEMFEARKICAKE <BHIISC TIRI2CU T D 2 50\l & /o2
fo. Fie, 15C EZRUT OKIR TRAR LIRS LOEAELR LMK L ORI T
W e B bhvie. i, 12CH T CIEMEIME T (Lot 50) 3% L fiAEMX (Lot
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100) LA o fiktah4, BMEABERELY T OIK LISCTILZ OB 4L BD bl hof. i
FIR Rk LT ey 7 fE fosde BB b 5 KIRIZIB CHIR TH S L abh T %
T D RE R IIBAT A FBEAE E O A LIS CHTHRIC S 2 2 E 2R LTS &z L 5.
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