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1.1 SEIEfER

LRy SRR B FUE, fh o i R, B
AT AN 430 g/kg. BENI & 120 g/kg HYSE
iR kHGR 1) SEERiER Y HIE L 2% (D
D5 AR ) PR AR S A KN sl R e AN ] R
& ORE T RE o R L R AR S UG B IR AR
3mm FERL, NS SR AR AR 1.5 mm
MR, SCERAEDEHRIVE S, DU TR A o R Rl
gr, NHE TR, RABELEH DR E T
—20°CIUKFE TR URIAE, LIFRFE .
1.2 LI fa R gt

S FH 2 fek ok [ R R VTR dL i B T R A
Al o ARSLIRAE K R ST B BRI VTR 7
FTE KGR R G kAT . SR A 55 7E 60 cm x
60 cm x 50 cm /KGR R II4E 3 LA E . SR
6], KIRPEHIFE(16£0.5)C ., ARG 45 AL HLH LUK
2~3°C 14 T ik Bl 56 L ok 6 ) A B SR L AR i
BT REYIFE 1 B IERSC R . SLi i it 3
MREHCNIE, 7 g TR, 68 g KHHE,
169 g), 5 MEEKFE@GT, 10°C, 14°C, 18C.,
22°C), B 3 ANEE . B E A SR A
28 do NARIEAS AL BRAL AR AT, BRAHSCE
FarhiE AR AR S (VN ERAS, 50 B8, i
¥, 6 F&; KA, 2 ). SEuaitiln], oK DL derinlkl

F1 KWRERNEAREFEK
Tab.1 Formulation and proximate composition
of the experimental diet
%

JE L ingredient & content
ik D white fish meal" 55.00
T H soybean meal 6.00
3 fish oil 8.00
FRPEH corn starch 10.00
MWIILYER; a-starch 10.00
#e: ZFIRY) 2 vitamin premix? 0.39
Y B FUE Y Y mineral premix® 5.00
FALARHK choline chloride 0.11
B ALF ¥ antioxidant ¥ 0.02
R AN sodium alginate 1.00
R LA HE R carboxymethyl cellulose 2.00
=& L8 Cr0; 1.00
4% cellulose 1.48

b2z, chemical composition (% of dry matter)
ML M crude protein 43.30
MR crude fat 11.97
BETH/(MJ/kg) gross energy 19.72

e D) #EOAARCEEIFEA R, PIRER, B, SEE); 2) it
FEIRY (mg/kg 3 TU/Kg fikl): #2EFR A 8000 TU, 4% E
70 mg, 442 %K Bl 18 mg, 44 %K B2 35 mg, #4i/EF B6 18 mg,
1Z MRS 60 mg, HHR 200 mg, A 2.5 mg, 4iEZE B12 0.6 mg,
i@ 6 mg, WLEE 1000 mg, 4E2E% C 500 mg, 442 D3 2000 IU,
dirbE K 7 mg; 3) B R FUR Y (g/kg): Ca(PO4H,), H,O (30),
CaCoO; (6.5), KC1 (2.5), NaCl (4), MnSO4-H,0 (0.2), FeSO4-7H,0
(1.5), MgSO, (4.6), KI (0.02), CuSO4-5H,0 (0.05), ZnSO,4-7H,0
(0.2), CoSO4-7H,0 (0.05), Na,SeO; (0.218x1072), Al,(SO,);-18H,0
(1x107%); 4) 2,6- BT 3-4-F FLZR .

Note: 1) pollock fish meal from American Seafood Company,
Seattle, Washington, USA; 2) vitamin premix (mg/kg or IU/kg diet):
Vitamin A 8000 IU, Vitamin E 70 mg, Vitamin B1 18 mg, Vitamin B2
35 mg, Vitamin B6 18 mg, calcium pantothenate 60 mg, niacin
200 mg, biotin 2.5 mg, Vitamin B12 0.6 mg, folic acid 6 mg,
inositol 1000 mg, Vitamin C 500 mg, Vitamin D3 2000 IU, Vitamin
K 7 mg; 3) mineral premix (g/kg): Ca(PO4H,), H,O (30), CaCO;
(6.5), KCI (2.5), NaCl (4), MnSO4-H,0 (0.2), FeSO4-7H,0 (1.5),
MgSO, (4.6), KI (0.02), CuSO4-5H,0 (0.05), ZnSO,4-7H,0 (0.2),
CoSO,4-7H,0 (0.05), Na,SeO; (0.218x107%), Aly,(SO,);-18H,0
(1x107%); 4) 2,6-di- tert-butyl-4-methylphenol.

MIEC M 2 YR (8:00 1 15:00), IEAHE KT 8.5 mg/L,
AT 0.15 mg/L, JERJEWIN 120 : 12D, 5
YR, gLk 24 h, FRE .
13 HHES

iR A K R B 2 A2 K R (SGRyy, %/d) Rk
SGRy=100x(InWr—InWo)/t, 2> Y W AT Wo 7351
7 S 45 ORI S8 T Ui e £ (A
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B K% B % [g/(ind-d) ] 5 7K R A B 22 Ja] /Y 0¢
ZM I InCha=atblnWHCT+dT?+eTInW 47 [1]
AL, YR AR E 2R K R (SGRy, %/d) 5 KR AIA
FZ A ER TR In(SGRy)=a+blnWHCcT+dT? 3
Tyl Ak hE o AR E (kJ/ind) 57K
TR Z ] R Al 15 2 InE=atblnWAcT+dT*+
eTlnW #47 [ 40 ,

I H Statistaca 6.0 AT, KR
VA FGT 290 i fek 5% B AR K RE M I 25 R L R
7 22 43 B (one-way ANOVA) 5, 17L& L
(Duncan’s multiple range tests), P<0.05 3/ 25+
35 L AR AR O A i ek e R R L AEROR
FREAE MY 8] 05 77 R 33 77 22507 . Duncan’s £ 5
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Fig. 1 Effect of water temperature and fish size on
maximum food consumption of Brachymystax |enok
At the same temperature, different capitals mean significant
difference among different fish sizes (P<0.05). At the same fish
size, different lowercase letters mean significant difference
among different temperatures (P<0.05). S, M, L represent small
size, middle size and large size experimental fish, respectively.

6C: InCpax=—4.7520+1.02411nW
(R*=0.9938, n=9)
10°C: InCpax = —4.2655+1.04511nW
(R*=0.9939, n=9)
14°C: InCpax = —3.4869+0.9615InW
(R*=0.9950, n=9)
18°C: InCpax = —3.1404+0.86361nW
(R*=0.9962, n=9)
22°C: InCpax = —3.1714+0.80511nW
(R*=0.9934, n=9)
20 il i 11 o AR 12 R 5 /K TR R AR 5 11 26 &R A
Bl 2 A 2 iR . 2ot A S 4T s /K R AR
Xof 240 ff i 5 KR B R A R e A] LA T A4
INCpax = —6.8282+1.16031InW+0.3729T—
0.0095T*= 0.0157TlnW (1)
R*=0.9930, n=45
A [F1H 43 BT 2 BH 7K TR 5 0T 290 9% ek g K
BRI SE AL 2 28 BAEH (P<0.05)(& 2).
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Fig. 2 Multiple regression model of maximum food consumption
of Brachymystax lenok relative to temperature and body weight
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6°C: InSGR,, = 0.3825-0.26541nW
(R*=0.874, n=9)

10°C: InSGR,, = 0.9506-0.24231nW
(R*=0.693, n=9)

14°C: InSGR,, = 0.7886-0.07421nW
(R*=0.735, n=9)

18°C: InSGR,, = 1.0589-0.16931nW
(R*=0.677, n=9)

22°C: InSGR,, = 1.0140-0.3469InW
(R*=0.882, n=9)
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PE2E 5 (P<0.05); MFEBUE T, bR A F/NG TR R R ANH
KR 4] FLAT B 2% 5(P<0.05). S M. L 4Ml R/
Ko HP AR IR AR S 46 £
Fig. 3 Effect of water temperature and fish size on specific
growth rate in wet weight of Brachymystax lenok
At the same temperature, different capitals mean significant
difference among different fish sizes (P<0.05). At the same
fish size, different lowercase letters mean significant
difference among different temperatures (P<0.05). S, M and L

represent small size, middle size and large size
experimental fish, respectively.
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InE= 1.0012+1.20701nW-0.0002T>—
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Fig. 4 Multiple regression model of specific growth rate of
Brachymystax lenok relative to temperature and body weight
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B F M2 F(P<0.05); MHFEMMET, bafAF/NE 54
FORANFK IR AL 0] 2 B 3 25 5 (P<0.05). S. M, L4
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Fig. 5 Effect of water temperature and fish size on energy
of Brachymystax lenok
At the same temperature, different capitals mean
significant difference among different fish sizes (P<0.05);
at the same fish size, different lowercase letters mean signifi-
cant difference among different temperatures (P<0.05).

S, M and L represent small size, middle size and large size
experimental fish, respectively.
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Fig. 6 Multiple regression model of energy of Brachymystax
lenok in relation to temperature and body weight
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Sif B LA Xt 00 14 30 T IR A o R 5 2R B AE
HARORET, Bk T Mo X LR
AR — AR, VK 2 A A I R
7E 0°CH| 22°CZMa], /KM LL 22°CHf, ¥k
RORMPT“EHAEN, BE. ERKRNEFE
1k, EEFET-PYL B4 FRP A, T 2 R
JE 38 B PERRAE, DO BT — A I R id A KR
BE: 7~9°CHI 16~19°C, AHr RN, 7 7~9C
B, AKIRA, TG sh/D, HE AT 4R ay

WmEhFERE D, AZRuerH TAK, HAKR
KRG YUKIRIE 10~15°CHE, 02805 576 R, 5%
Bl A TR EmGIMFERZ, BAZRK
BAZateRHTARK, 16~19°CH, faZsumiis
&, EEsh A 10~15CZ s, WmEsEes
WEKRZZREEHTAERK, (HARKBCRMK; K
F 7°CEE T 19C, BEERIF AT, KE
IR ARG, 7E 6°CHY, 4Nk K E
R AR KA R T H A B, KRR
) 22°C, HIp KB &R AR A KR B B AR,
X5 FRREg R AR R [HACHESE T R A%
1) 4 il o A 3% 45 1 AR KRR ARAE 14~18°C, IF
A& P ol B KR, Xt 5 A R &Y
XHTUGARE 1.72 g dnii b (A 78 45 A — 2, 7F
ZHFSE A, KRN 16°CHF, 40t 10 45 4R K
FRERY D E R T HAA A 54k A
), w6 8 2V B 5Tl ok B E N 3.8 C TR
21.7°CHY, ARfEAU—E LT, oAb bR 07 18°C
Miic A —Efdr. 72 18 CLL L, i, HiZE,
Hett | A KA REAE SO T 5 o AN [R] fek B IS () T 5
&85 L 00 B e 0 ) 1 35 B IR BE T RE R RR 2RO [
FFFE—E 25 g itk 2 b 6 5 P AR L3R Y
— PV K A, RS PO 2 vk )1 B A RO o A
DX G A1 ) 30 e 2 3k e g 0270 20t K 0 A i Ak
G gtk L B — ARl E AR, I BB A 2
1E£7E, X 5 i1 (Oncorhynchus mykiss) . < JFEE
f1 (Oncorhynchus keta) 45 Fk £ 25 B o 1 fe: B 0 2k
AARKA 2R, Bk, #4785 T 40 i fek: 1y
ST VA i R Y AN 5 s BT R B i 9 B R 1 S )
EARFMERZ—,

*2 MHREXEEER. HEEKEREESKEMAZEZEMEIEFXR
Tab. 2 Regression coefficients of maximum food consumption, specific growth rate and energy of
Brachymystax lenok relative to temperature and body weight

il model [HJH &% axSE  [HAS b+SE  EIHZES c+SE  [IHZR¥ d+SE  [J9 R %L exSE P R n
A ~6.8282+0.1746 1.1603£0.0347  0.3729+£0.0204  —0.0095£0.0006  —0.0157+0.0023 <0.001 0.9930 45
B ~1.9390+0.2387  —0.2184+0.0244  0.4376+0.0350  —0.0147+0.0012 — <0.001 0.8549 45
C 1.0012+0.0542 1.2070+0.0108 — ~0.0002+0.0002  —0.0021£0.0007 <0.05  0.9995 45

e (A) BRIEE R 5K E AR Z 8 BT R InChpa=at+binWHcT+dT>+eTInW [ [7] I R % (B) 4578 45 K K 5K IR AR 2 18] 1
JHX A In(SGR,)= a+blnWHcT+dT? #9114 R KL (C) BB S/K IR AIAH 2 [ AY 0] JH 5 5 InE= a+blnWHcT+dT>+eTInW #Y 0] 1 R 4L

Note: (A) Regression coefficients of temperature, body weight and maximum food consumption, InCp=a+blnW+cT+dT*+eTInW; (B) Re-
gression coefficients of temperature, body weight and specific growth rate, In(SGR,)=a+blnW+cT+dT%; (C) Regression coefficients of tem-

perature, body weight and energy, InE= a+bInWHCcT+dT?+€eTInW.
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IRE] 22°CHITFAR T B, 1o B 1A i X 4 g fe: 1) A 4
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nerka)!" 1% % ff1 (Hucho taimen)“ B 5% 45 S AH
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BERTIN=) @ik 2R 7 NI OB | N4 =R N i 5
FEAE AU, A 28 0 Bl A K TR BE AR A AN
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AR LTI 3 BT A 3 G 7K SR A B AR — B B 7
FEARFEAE B B A 25 [0 50 A, PR IS [) RIAS 41 il
(38 LK TR ELA A . ARWFSE H, KRR E
XoF 240 5 e A5 KA 13 Y B R AF AR S AR, Xt
FEE KBS MAFAELBAEN . X 5KV)§
(Leiocassis longirostris) (i iF 57 2% AR — 551 sk i
Xt 5 fi# (Channa argus) i it 5% s H AH SRS 45 4R,
Kk R AR T 5 i 1 5 At R B B,
XA KB B s BARE P, A ks R
7K ek A A FE 6 5 AR ) (Carassius auratus gibe-
lio) P VRN % £ PO £ A K 10 52 WA 4 A7 A B 1Y
ZHAEM . R 5E 45 53R I K IR A B X 28
A A K 5 2 A B 38 BAR AT g S5 R TR]
1 IS AR 3 I 1 2 S A K

L ISTE A SR TG IR B v T 32 KR I 2
MER AL, EAMR LB, S8 55 5 HE
A K TR R A AR R B A L £ SRR — 5
— SR AT T IR B AR A S R A AR Y A
KAy, 2R B 7 HAE LR D7, #rge
ot S WA PR B AR IR T LA — 22 R R R K A sh W Y
AR ARICRAGSEEIRIR T, BET 5 A
AR U B AT AR R SR, A 5 SRR AR Ak
Xof 20 e B R AR RS . ARIRAS TR 2T
VA3 33 i Pk A% 8h 1E B B T R TR, 40 5 fe:
T I A PR A K R TR ) S R, TR A R )

SRR IRBR K. L, 2 AR T
5% FP R AR I 7 A o) 400 i 1 R I B 1 5
M), D25 T Gt L e 0 5 i Xof A R P10 38 IO o
g5 LTIA, AKR R (A FE X 4 el e 1) R B
LHAEH, 1 g e i A K WA SR HAE . 4
B 7K IR AN ) 44 T A0 i e e KB B R R AR K
SREZW S5, AT LLIA K 20 6% e 1% £ Fn A K 1938
HIREEEAE 14CH| 18°C.,
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Effects of water temperature on feeding and growth of the lenok
Brachymystax lenok (Pallas) with different sizes

LIU Yang', LIU Hongbai', XU Gefeng', MOU Zhenbo”, YIN Jiasheng'

1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. Institute of Fishery Sciences, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850032, China

Abstract: This study was conducted to investigate the effects of water temperature and fish size on feeding and
growth of the lenok Brachymystax lenok. The experimental fish of three sizes (7 g, 68 g, and 169 g) were reared at
five water temperatures (6°C, 10°C, 14°C, 18°C, 22°C) using artificial diet. The results showed that the maximum
feeding rate (C.x) was observed at 18°C in small size, 14C and 18°C in middle size, and 14°C in large size
(P<0.05). The highest special growth rate (SGR,,) was obtained at 14°C and 18°C in small size and middle size,
and at 14°C in large size (P<0.05). The maximum feeding rate and energy content of the lenok increased with
increased fish size, however, the special growth rate decreased with increased fish size. Multiple regression model
of SGR,,, C,.x and E; of the lenok in relation to temperature and fish size was InC,,=6.8282+1.1603InW+
0.3729T-0.0095T*~0.0157TInW, InSGR,,=—1.9390—0.2184InW+0.4376T—0.0147T* and InE=1.0012+1.2070InW-
0.0002T°-0.0021 TInW, respectively, which indicated that there was interaction on C,, and E; of the lenok be-
tween temperature and fish size (P<0.05), while no interaction on SGR,, of the lenok between temperature and fish
size was observed (P>0.05). The results suggested that the optimum temperature for different fish sizes of the
lenok was similar, which was between 14—-18°C based on maximum feeding rate (C,,) and specific growth rate in
terms of wet weight (SGRy,).
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