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Relationships between growth and food intake of juvenile biwa and amago salmon
Yasuhiro Fujioka*

Relationships between growth and food intake of juvenile biwa and amago salmon were examined. When
juvenile biwa and amago salmon were reared in a tank in order to make rearing conditions uniform, these fishes
showed same growth under 7 cm in standard length (SL), but the growth of amago salmon exceeded that of amago
salmon over 7 cm SL. The times were required for stomach to empty 48 hrs after feeding in these fishes, and
relationships between stomach content rates and post-feeding times (gastric evacuation rate) represented exponential
regression lines in both species. The food intake diminished markedly after 24 min offering of diet, and the fishes
stopped feeding within about 40 min. The satiation ratios did not differ broadly between the species under 6 cm SL,

but that of biwa salmon decreased sharply over 7 cm SL, and this change coincide with the size of downstream

migration to Lake Biwa.

These results suggest that the decrease of growth rate in juvenile biwa salmon over 7 cm

SL causes a reduction in food intake of the fish, and the observed reduction in appetite may be an adaptation to prey

availability in the natural habitat.
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Fig. 1. Changes in standard length of biwa and amago salmon
reared in a tank at four different size classes
*xSignificantly different from the value of amago salmon at P <0.01.
Vertical bars represent standard errors (n=100)
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Specific growth rate=(InWt-1nW0)*100/T

(Wt=Standard length at end of rearing, W0=Standard length at start of rearing,
T=Elapsed time in day)

Specific growth rate of biwa and amago salmon

45



1.4
1.2 ‘ Biwa salmon
l y = 1.2164¢ 000
’ R? = 0.98 Solid line
~ 08 |[
& D
((/J) 0.6 B { Amago salmon
i y = 1.0018e %>
l . R’ = 0.99 Dotted line
0.4 f
Q :
02 | [
—
0 )

0 4 8 12 16 20 24 28 32 36 40 44 48

Post—-feeding time (hour)
Fig. 3 Changes in stomach contents (SC%) of

biwa and amago salmon
SC (%)=Dry stomach contents X 100/Body weight
Vertical bars represent standard errors. (n=10)
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Fig. 4 Changes in stomach content (SC%)
of biwa and amago salmon

SC (%)=Dry stomach content X 100/Body weight.
* x* significantly different from the value of biwa
salmon. Vertical bars represent standard erros (n=10).
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Fig. 5. Changes in satiation ratios (SR%) of biwa and

amago salmon

SR (%) =Satiation amount (feeding for 40 min) X100/body weight.
* xx Significantly different from the value of biwa salmon at
p<0. 05 and p<0.01, respectively. Vertical bars represent
standard errors (n=10)
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SC(%)=Wet stomach contents X 100/body weight

DHERIIZFY R bOLELZ LN, £k, V7T~
ATIZEEIRIEN CEIRICET 2 £ TOREMIZAD
YA XROKBICEEEZIT D05, REERA 20~30
SHETRRERIGEIVWEREES L, £ 60 2HTE

KOV A XOATHRRIZET S Z LRI TH
5, VoV ARR=YFSIZ oW T b R RS R A
BEINTWS, "AREROET< R ET<IIC
DWTHRRBRHERERL, ARELZRDDIZHIT
R L. 40 SR OGEERFHIZ DWW T HIZIE R Y2
bOLEZLND,

BIFFRICBNT, HERGEZE—ITodEey
TRETAEREBLTHELZHATH, &6
em LT CIRIAEOMREICEITED SN TREERK
BERTN, KRT7 cm ULETREY=20REE
MEFTLTT~a DB TREZENAELR, UED
FERIZ, TNETHREIN TV B U= 205 AH
DERLRDETHEEEREREILLD L0 TRA
SV ETRADEFEHETHDZ EEBITRHBRLTVWS,
T, ZOXHRCUVADEELEDOIETIX, KhE
6~7 cm ZHRIZHEBRERMETTIZ LIk v Eh
ETEVEERERRS BRI ZILEBPREATH S Z M
HEA L, 7y RAEEOERIZOVTIE, Nagata'
WY T T ADOHERIZ DOV TEHIMRAE T 2000mg F

47



THE 7] R 54

THRERERICHEVRAIETTIZ L 2BELTVD
N, AESRZEEGHICBWTREYAD LD
RAKRIETIZIRD bR TV, 46 sl &
Liz7 =328V THEER Sem A6 12.5cm Tilfd
BRIZIZIFEED 23%T-ETH Y BWLE/IT
BEIhihok, EUTAOMAERDIET & HE
FILTFTREZ DERE 6~ Tem 3, ARSI AEE
NOLEBMOWTARICBITT2CHS, =
DI Y~ XA TREEHRIRA L THEERBIC
BRI LE-RERLERT, "Ll $77<2A
LT v I TIIREBLBOR, Bl L TRB2RREL
RETHR, EUCRATREOL D RERKIRD LN
VY, ORI RN ST ARFRTH L T o 72
BROME T, EU =200 SEEW~AETFZE
WEBITTH2Z &I BLTRRVNEEZLR
%,

U= A S EEMA~AEEER 2 BT 5
WZHESE LD 1 2& UTRIFARBROELBL LR
B, TibbLEJIAEEROE T < AGAITHNICE
FELTH T LT BEAESCKEDRREFFRIHLRZITT
METAIN, BRI a2 RFELRNS
B4 5 (EMOARK), Z0X5 b TR
OELEA S AN L2253 b OB &) A BN AL
NEZ AL L THREFEITENICG L&
fEER SICERE LTy, 2L, ThETHS
T2 ART v IDANLEHEIZBWT, RN—»hbRE
N E~OERBMOMBICRBITIREELREDOKRE R
TRk 2 AR T A LEMII I E TR SN
TWRY, 7<ITRAE/N Mk bt fRE TR
hEEZRT, “WolE S EIL i, BRSO
¥ Fw AAE/N b TIIBBITEIOEM L Lz @k
TR RTEE AR T LTRSS —T ke
LT LTWBZ EE2HE LTS, RKAH)I
DET 2 AHBIHENAEE cm TRBMIZIETLT
WA, ZAVERE% OB RICIENIITIG L
bOLEXHIELTED, LML, ZDOXORYE
7w 2O EROETILAER 7 cm LD KRR
BETEH R EHRTDLZDZHDOTHS, U AL
HRES cm (2B L TAE 9 cm TIXBEE LI G
HEVEELTWRZ LMD, THTBRHEHN
RIEFETE U RAIRIPLRERB 2N EERL
TW5, BEOBRICE L TiX. BR2WIAL, KIE,
PR R R E B+ 5 L AT\ %, Simpson

48

and Thorp™ X, KV &7 MBS FEA 2O BIZHEIG

LI BEEEORLE RTZ e @ELTED, &
I CE 2OBRODFEHIEIZE DT TRNL LML
THOTIRRANEEZEZLNTNWS, EUTRIL6
AEHRLIZENDHEBEMA~BET 52, Z O
I OKIEDS 20 CEBXKERROBRHETT
DML —EKT 5, "RMLEE T v RIXERH
[ZHEDEA~BH L EICg a2 2R LT
VDS, E OBEE BB Ae o (BER O R FER) .
IRLDI ENL YU AOBMBICRIT HRED
KT, RO EICKIS LT BISHI R T2
WinkbEZLND, A%, BT XDNIH G
~OBETHZ RO E Lo R 72 & 2 5
R HZ 8L, ZOEXZFERIELEZ,

AERTIIE TR ET<d% 1 DOKEIZIERE
LTHBREIT-T-, ZHIIFRABESRMEZE—IZT S
HOLDTHBHH, MEOEFENFERICEKIZTTESR
ILONTERE L TR, M5 REEROTY &
YPAREREBLTRHETDEHMTHELEZEG LY
BENELIMTIEA2RELTNS, Pk
MREOBAHA RO Z TS, EWICHBLE
o> THEIEES 2 RS BEROHME 6T &
EREL TS, KERIZBWTHET - XDHEAHE
WX, IBEL-SARBEMTHEE LESS L VENE
VMR E R LT, BEIOKRT2EE8d 5L, MR
BLUYV G- TERRICEEE L TWD X SR AT2H,
EUADHABLEMET L THL LTI DOIERR
BETHRRONT, BRI EUSREIY T =T
NEOH A XTH ERI-TEY, BRELEHAEEY
T ANT v IAOBETHIIMARE I N TE Y v AHR
DHFEL D T ML D2 BTN H >
TtbDEEZLNB,

BElZ, SEBALNIR-TLE T v AZBIT 5K
R 6-Tcm i & L7 AR OE FIZBT S H R,
EU v AERFICBWTIHREI AT L 8B ARDE
NRFREORAEEZFILTHZ LRI E BT,
PEEBICBT AU v AMHICEE LT, MEO
IR A AT O R BICHERERERD Y
DEEZ LIS,

# 5

AR E R T HICHe ZHEELZ - T2 TBEH



PO RETvIADRE LB

MG ROMRAE MELIZEH T E L bIZ, #
BRADOFHBIZBHEEIC R TP EFRICBILBE L
EF 5, £, XEIZHOWT ZHRW 122 iar
ITBUE NIKPERS B AFIE - o & — FTEMT FERT D 1L A
B EIE < RHT D,

X [

1) Weatherly, AH. & H.S. Gill (1995): Growth,
Physiological Ecology of Pacific Salmon, ed by C.
Groot, L. Margolis & W.C. Clarke, UBC Press,
Vancouver, 101-158.

2) ALREERS (1980): dipE DY 7 T~ XA DATEH
BT o, dbHbE X - E3 LB, 34,
1-95.

3) AREFEH (1995): APNILEAF F D)1 % £
MNEFT Y7 T~ AOATELRDOHI, FRAFETT
PTafF g, 7, 1-188.

4) AIEERIC (1977): 7~ I OMFEICEE T D R
ROWTFE, I K EABTER, 22, 1-103.

5) k#E— (1985): ZE)N MEESHZR T 542
T~ A ORNE L BATARE,  dbifEE K ER LY
IFER, 40, 69-75.

6) Higgins, P.J. (1985): Metabolic differentces between
Atlantic (Salmo
Aquaculture, 45, 33-53.

salmon salar) parr and smolts,
7) Bjornsson, B.T., H. Thorarensen, T. Hirano, T.
Ogasawara, and J.B. Kristinsson (1989): Photoperiod
and temperature affect plasma growth hormone levels,
growth, condition factor and hypoosmoregulatory ability
of juvenile Atlantic salmon (Salmo salar) during
parr-smolt transformation, Aquaculture, 82, 77-91.

8) Yada, T., K. Takahashi and T. Hirano (1991):
Seasonal changes in seawater adaptability and plasma
levels of prolactin and growth hormone in landlocked
sockeye salmon (Oncorhynchus nerka) and amago
salmon (Q. rhodurus), Gen. Comp. Endocrinol., 82,
33-44.

9) Bjornsson, B.T., S.0. Stefansson and T. Hansen
(1995):

hormone levels during parr-smolt transformation of

Photoperiod regulation of plasma growth

Atlantic salmon: implications for hypoosmoregulatory

ability and growth, Gen. Comp. Endocrinol., 100, 73-82.

10) BEMEESL (1987): EUSAD/— -« ZFE)L b
ZHE, B/KEE, 53(2), 253-260.

11) FEMFESL (1988): P U= RETFTvIDRER
BT /N— -« 2E)L MERBIZME S S RE D £ 1L,
B K3E, 54 (1), 77-86.

12) BEEFESA - (RAE = (1988): B U< RHhAD
RETAT & gREAL, A /KGE, 54(11), 1889-1897.

13) jEMEESL (1987): B U< ZADFRER & UNIA
BE - AERBIZRET DP9, WEREBEIRMGUE, 3,
1-112.

14) gk (1993): 4o BAKOWMLEE, It
MW S0 - 950G, 47, 101-107.

15) Nagata, M. (1989) :
evacuation in juvenile masu salmon, Nippon Suisan
Gakkaishi, 55(9), 1523-1528.

16) AIEE M (1968): A OFMALIZH T 2 AREFW
Wge—10, H/KRE, 34 (7), 604-607.

17) AEEEH (1968): AOBANCHET 25 4EMEFN
W4t —1V, A KL, 34 (8), 691-694.

18) Brett, J.R. (1971): Satiation time, appetite, and

Satiation and gastric

maximum food intake of sockeye salmon
(Oncorhynchus nerka), J. Fish Res. Bd. Can., 28,
409-415.

19) BEFHESL (2002): B U~ XDBRKFEICBITS
RSN & R AR X DR AREE, B AR,
49, 57-65.

20) JEMIEESL (2003): 7 <wadmo— - ZAFE)LLE
REDIIY A X - FEIREE L OMFAEEIC RIETE
e, WK, 50, 43-50.

21) Elkk (1992): H 7 7~ A Oncorhynchus masou
(Brevoort) M KO AETER L OVEREREIZE T 5
WEFE, Al X1 - £7 5L, 46, 1-156.

22) Fletcher, D.J. (1984): The physiological control of
appetite in fish, comp. Biochem. Physiol., 78A(4),
617-628.

23) Simpson, A.L. and J.E.Thorpe (1997): Evidence
for adaptive matching of appetite in juvenile Atlantic
salmon (Salmo salar) with regular seasonal rhythms of
food availability, Aquaculture, 151, 411-414.

24) JHPIES - @FBIEM - K)ITAC(1958): 7 U D
ARICET S T, ZoXRMFFE, AKEE 2404),
251-255.

49






