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WE ) ZHE R EX A B EH (Micropterus salmoides) £ % B FRF AR MO ELm L= FF A B, & 25 C A%
T8 1283 %k «d ' FRMEWMELE ENEH T 4K E (specific growth rate, SGR) . & & % (feeding rate, FR) , 47
KB 68 (feed efficiency . FE) . A & 41 & b F2 4% %k 30 &7 16 A (specific dynamic action.SDA) S %, # R L r. &L K%
BT E AN IR e ER28dREE RAERRK SR BT LA AR ITFEE X LN (p<<0.05); M & &M
FHH M@ A3 K dDSGR¥EMT 11%~14% ,FR# w7 16%~18%,.FE L& it # & X L W& 4 ,SGR 5§ FR =
HERAUNTFEXENEMAX(p<L0.05), AHMELN T H EHERFHE QM3 K -d D, EFZLEEHMT 16%~
18% M= mt B ¥ T 2~4h, EFZRERAEFTE, KT 24 5 LR # F (resting metabolic rate, RMR) .3 & R #t & &
(peak feeding metabolic rate, PMR) #1 1§ {f 3% £ 1% % & ] (peak feeding metabolic scope, PMS) 7 & % "8 #f & 4 5] & 4 it %
BEXEWZRMERBEMENHE w,PMR A1 PMS 2 71 8 m 7 4 10%, 23 FEH AT E L;SDAHEH T 4
43% ,SDA B AR H 3 mig £ 1E 702 ,SDA ZE B T 4 4526 (p<<0.05), LI RUH, Ak 0 B K ik R HE(E
BAKGENHENETEREIATORAENH M Mt A ZENRRAL . 2FEAZDHEZEAEMRL A0 B
YHHOFEREH W ANEILHE, ETADZYNAKUGEE v IR E BBV PELRBRILER X . A
HMARFERER2AAZREEERY 12h&Kh4E,

XgR: A L B AKF  FHTET BORM

PESES:QL75 MEKARERD A XEHS :1672-6693(2024)06-0007-09

P MR 23 2 A5 A A o e [) P GT Bl A T H MR A B G R LACIR - d T ROR s BEAE KT B W R e R R
05 ORI , — BLAT S22 TR L A B SR WS 4y 2 RO SR, — R A R 0 SR B A R A
JEAE B AR — S BT X AT R R A MR L AT R TR M R R S B A R MR
Xt A A 5 5 G TE R AR R AL 23S . TR A B 2 SR B B v 5 Bk 2 A B A R R
KHE T, K T ) B B A BT A B S A AR AR .

0 24 A KV R RSB B0 558 DR 3R T R T [ B B Y B AR AR TR R . R IR R &R,
A A Z AR R R S BRI . 18 HE 4 K (gastric evacuation rate, GER) &8s &5 & M B HE=
i 3 B AR H A Sy A A 2 AL RE T AR . Rk B 1 VE ] Cspecific dynamic action, SDA) 24§ 5h ¥ 16 5%
BI5GB B A B A B & AR T A 5 E R AR C R B BT Ak L Wl B A K R AR AR O AR Y g
FES . DA WRIE M, 2 RR 2 A K % (specific growth rate, SGR) 5 GER.SDA Z5UfF7E % VI JCHK .

K BT (Micropterus salmoides) X 45 M &5, Ry 7). H (Perciformes) K FH f £l (Centrarchidae) M i J&
(Micropterus) I —FnR K 25, HAG S N PR AR P | A 0T 4 B, S AL 1R o 45 S A E S T AL,
[ F 20 2051 FhIF LB AT N T 200, O R K FR G W B Rt 2 2 L HRG L HSCHE ST A
FEZ AP0 35 0 B AR B TR H R AL R AR K R B A T T T A TR A R A% VR A T Ak HE A o R A
T AR B R i B A . A RIS R KRR G Ay £ A TR [ R (1.2 A3 R - d D) B S I E B AT SGR.
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iR A A RS B AU B S e B G = IR B K L AR O R 2 SR A B K Sl ) e B R A 4
Tlt B 48 F0 225 Bk

1 #REFE

1.1 ZWaRIk

S IR 17T 2 s 4y 1 R PR T KO XA A g (IR BTl 10~ 30 g, Bl 300 ) L I 7E S % AR R OK
R R OISE 21 d RIS W AR50 P8 . R 9:00 FH I8 J 2 m)AE 77 1 IR P 2R AR CRE F1 R D O 2 R0 K 43 1
JoT 43R5 R 49.0%6.5. 096 .3. 0% 1 18. 0%, /K 43 B it 43 KUk 1. 6500, iB{E l 13.823 k] » g "I B 1
UL BEME 1 b5 PTG A5 B AR P R A . A ) PR A KR R (25 1) °C L KR i S T s Wk BEE 7 mg = L
PL b BRI EEAE 0. 005~0. 025 mg « L' OEMEEWI 0 12 h IR + 12 h BAWE, 43 K ) iR M SOK b A7 4K
oK & R TR AR 1/3 LA L,
1.2 AEKEENNE

YAk 58 WG, BEAILZERE 30 J2 FUAR AR AL i) 52 45 f CRg B R ATR 20 10 ) , il 8 A i o R K IS 5% 7 28 5l 1R
JUA% CREERITA 1 ) AT R 28 d MY FRFE A SE 00 . S0 60 J] 9 v 328 BOORE DR /N — 00 PEORE (55 91k 399 ] i 4
R ED PEAT AR R L % e d ' AR R 09:00 FeME,2 %K« d ' HAEREKR 09:00,21:00 0,3 %« d!
HAETER 09:00,15:00,21:00 HEATHEME, AE R 240 2 ) , SRR 1 h JRIE BRI A ZS (8 I ic SR a2, Hik
FEBH A 5 P ) PR R — B, 9058 58 B0 PR O A S8 fa R T RLR G, SR A KRS BT AR
mr.

Ver=C(Un M,—In M,)/t)X100%,
Vir=QF_ /((M,+M,)t))X100% .,
Vig=((M,—M,)/F.)>X100%,

H Ve RN SGREA AL d '3 Vi Fom FRBUE, B007 . d '3V o8 FE BUE M, Al M, 43 5 3RRSE2 5
W4y P2 A AR BT B, A @5 ¢ RN SR R BIERME  FRAL s F o 3R S0 f 8% 2 B B0 B A g
1.3 HEEAMNE

T IR o R B A I 6 ) A A R RS RN 15 em X 30 em [ BATTRR N L FEAR B B D 24 h R dEAT
AN [ 5 1 R M, 15 M AR A A K S0 i R A T S (A R R T Rl PR A . BAR TR 1k - 4 A AT 1
WM RS HEER 862 W - d " HHF T 2 ML RS HERE RN 1/2CERKSER T 2 PRk
BRAN T+ 1), 2 WM RIBEAT A 12 hs3 WK« d " kAT 3 e B8 B E R 1/3CERER T 3
WP RAN 1 1 DL 2 RIEWRBIFFETE A 6 h, W 1 h J5 0 58 & S0 56 fa JE 1T GER BURE . BUER
18] 20 0 7 B R A Y 1.2,4,8,12,16,20 A 24 h, B4 SC 50 41 A9 B — I 20 (U HURE 6 R ST, il R Uk
JESR 50 mg o L1 BYRREES MS 222 K 52560 0 58 4 RIS » 5 B0 B N R0 AR L 7E 70 C R4 48 h it +
EEFER"Y, BEE AN RERREE NAY TR O S 0. 001 @), 4R )5 85 T 505 55 1k o 350 W2 1H ) i 6T 197 69
i
1.4 BERBHHNE

SR FH T 7K 2P I A3 5 52 6 £ SR R A O BB AR AR DG S 8 L S 0 T 0k B O AR L S o ) A IR
FIA L SR 5 B AU 7K 3 P I A4S 0 R I 28, 505 7 24 24 b J (286 24 h LB L LA 1 b s Ja] i B 300 5 52 56 £ 4 6 4
6 U BT Y E R y 52 56 0 (4 5 1 R385 (resting metabolic rate, RMR) DU & 47 GE B A9 I #E . RMR
FE SE U S FT T I 5 A MR AL L X S0l fo b AT e i R (R AR SRr S L3 W —E0 . B 1 b EL T
52 SR Y A R PEAT AR ECR I E I ] IR A 1 h, 13k « 47 AIERHK A 24 h,2 A3 %k« d ' L E i
KR 30h, XMF 2% d " HM3W - d " 41250 a5 IR B IR B S5 R0 5 1.3 9T — B0, B B UL Scik
[197. T A i v i KAR S 34 O 8 £ AR 0% (B (peak feeding metabolism rate, PMR); PMR 5 RMR W % Z
ZENE M I {E B B X1 25 8] (peak feeding metabolic space, PMS) ; #8 Hf RMR #& & 400 SDA BFEE . 45 & &M
M RB(13.84 ]« mg KT SDA BAEAE™ s SDA EABRERT S AW RER Y G0t SDA RE, R
AR 2 S B o, KO AR A AR R TE (25420, 5) °C ¥ A 480 I0T o Wk 35 SR ) 56 [0 M Ay 2 W) A 19 s Ay HQ30d Y 335 fi
SIS SO A, S A P FE SR (L mg » kg ' o b DIIFREAE .
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MO, =0m(O,) X (v/m),

Horb s Am (O, Ay 52 56 W 105 5 00T BRI 052 2 (T £ 145 At 40 0 o VA B2 B50MB P 228, PR mg » L ' 50 W IR (9 i
HEE AL Lo b Tyom g SR MR BT A L AL kg
1.5 HiREAE

FH Excel 2021 B4 %5 i A 52 56 B0H8 JE 478 BLTH5 H SPSS 17. 0 B4 55k F8 £ 45 R 0 Ak R 2 Rl & 50
SO AT BLIR 2R J7 22 93 0 CANOV A 50 55 B 450 3 1 EBURE IR (8] %) B P4 28 9 08 52 ) 1547 0UIR 2R J5 28 40 7 s Bk 5 22
3T 2 J5 #E 4T Duncan 2 8 WL, SR FHARMERC B FF O AR A BRI B Ji — IR R B /5 04 1B N 8 9 i (LA B Y Jo
AR R R 3 D SRR R I CRAL ) B OC R BEAT MR 20 M . BE S5 2R 1 DL (E S AR R TIE 3R
R4 p<<0. 05 I, BIRGEIH A R B A gt E L

2 #R

2.1 XMEKMEENZID

F 1R ALK ML 28 d FMJE , AR 1t FI LA R A AT T 00 4R 7R 5 12 Fw) dn AR K 3414 Se it
B LRI (p<<0.05):2 W «d " HM 3K - d ' AEEAMA SGR A FRVBE T 1K « d ' 41/ SGR
FR.A CEIE2Z R EA G FE L (p<<0.05): FLBAM FE BRIF¥ B X FES ., A L84, SGR
5 FR [E 2575 X FRYIEF XK (p<<0. 001, 1a);SGR 5 FE [ f1 FR 5 FE [ M XX R A BG G %5
X (K 1b.o),

x1 BERMENAOBHFERKERHZM

Tab.1 The effect of feeding frequency on the growth performance of largemouth bass

PR/ (K - d D)

S
1 2 3
WA BT & /g 19.6140. 84 19.0140. 70 19. 8340. 97
ZORIR &/ g 43.99+2.17" 46.45+1.70" 49.45+2. 34"
WA K /em 10.034-0. 14 9.9640.17 10.1540. 19
ZKARMEEK /em 12.7440. 18" 13.08+0.18" 13.4640. 26"
SGR/d ™! 2. 87%+0.09%* 3.19%+0.09%" 3.26% +0.13%"
FR/d™! 2.11% 40.06%" 2.44% £0.04%" 2.50% 40.07 %"
FE 129.42% +3.07%" 122.61% +2.50%" 121. 78 % +1. 91 %"

T PROR AR B (RO SRR R (SR RO 22 5 B ST L (p<<0. 05) s N [R/NE 8RR [ — 47 19 B s
SEA G E L (p<<0.05),

y=1.188x+0.319 y=11.887x+152.53 y=0.011x+1.705
400 « (r=0.081.n=30,p<0.001 ) 150% ¢ (7==0.346.1=30,p=0.061 ) Lson ¢ (7=0.264.0=30,p=0.159)
o 1K - d!
. 140% o2 - d! 140%
3.5% A3 -
< 130% 130% .
= 2o = ity e o e
R I 120% 120% f --- S
y -1
2:3% o2k - d 110% 110% O 2% - d”
A3 - d! A3 - d!
2.0% 100% 100%
1.5% 2.00 2.5% 3.00 1.5% 2.00 2.5% 3.00 206 2.5%  30%  35% 406
FR/! FR/! SGR/d™!
a FR 5 SGR X% b FR 5 FE X% ¢ SGREFE X%

1 BRMEMKOBHFERKEERNXER

Fig. 1 Relationship between feeding frequency on the growth performance of largemouth bass
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2.2 xtiHLEE BRI

3 2 AL BRI (F .10 = 147. 603, p<<0. 00 1) FIRAFEET ] (F ;50 = 286. 680, p<<0. 001) X F 42 B A &
PIeE g B G A R 1 W d AL, BE T A ) SE A R A B N A D P R R 1,48,
12,16 F1 24 h Ay 4L 50 25 S X A Giit 248 L (p<<0.05)7E 2 K « d ' A WK G (1~8 h) L, Bl H %
Yy ik B T A IR 8] S T 9020 Y R R RS (12~24 b R4 B 28900 6 e B0 . P B A F TR) 28 T 9 /b 5 7 3
Woed AL BRI (1~4 b FRIA B PN 259 Sk I A I Tl 22 T s 20 PR SRS (8 h) L F/ A N A
I 45 3 B S (12~24 ho Sl B P9 78 W0 6 S 08 1 B 9 e I 1) 228 s 2D

TEMIRBEEST 1~4 ho 1k - d " HRRENEYERET 2K - d " ARRENEDE 2R - d " AFRE
WEDEST 3 - d ' AFKENEDEERERS 8 h 1K - d ' ARRENEYRET 2R - d ' 4
3 d ' HAFAFAFY R EVRBEEE 12 h 1K «d " ARRENEYEMET 20K < d HM3K - d
R ENEY R RS 16 h.3 W - d ' ARKREAFYRERSGT LR - d T AW 2 - d ' 48
RENEYETEVREE)E 20 ho 1K - d ' AFKENEDERT 20 - d ' FRENEAY SRR E
JA2dh 2 e d T HRMRBARR T 1K -d T HM3 K- d ' HRREANEYRCED.

F2 KRRMENAOBHEREHZTERNZMN
Tab.2 The effect of feeding frequency on the empty space rate of largemouth bass after feeding

BE WA /h

BB/ (R - d ) S
1 2 4 8
K/ g 21.51+2. 21 24.03+3.91 21.5542.67 18.41+1. 04
1 K F 2.07% 40.00% 2.07%+0.01% 2.06% +0.01% 2.07%40.00%

FAEANEYRE  1.96%+0.02% 1.94%+0.02%"* 1.78% +0.03%"* 1.23%40.14%*

/g 20.04+0. 70 19. 424-0. 84 22.0341.03 18.284-1. 06
2 BEE KT 1.19% +0.00% 1.19% 40.00% 1.19% +0.00% 1.19% +0.00%

FLEBNEYR  1.12%+0.02%"" 1.03%+0.01%“" 0.87%+0.04%"" 0.66%+0.01%"

NG 21.50+0. 93 19.1741.54 19.4740. 97 18.95+1. 43
3 15K 0.82%+0.00% 0.82% %0. 00 0.82%+0.01% 1.63% =£0.00%

FABENEYRE  0.76%+0.01%™C 0.69%+0.01"¢ 0.45%40.03%“C 0.85%+0.04%""

B WA /h

PR/ (R - d D) 28
12 16 20 24
Wiim/g 20. 54+1. 97 20. 49+1. 09 21.89+1. 92 21.374+1. 25
1 B K 2.07%+0.01% 2.07%40.00% 2.07%40.00% 2.07%40.00%

FLEBNEYE  0.75%+0.07%"" 0.23%4+0.02%"  0.14%+0.03%""  0.00% +0.00%"*

Wi/ g 20.5741.22 20.2840. 94 20.1741. 64 19.650. 96
2 BEKF 2.37%+0.03% 2.38% +0.00% 2.38% 40.00% 2.38% 4+0.00%

FAEANAEYRE 1.35%+0.01%"" 0.75%+0.04%" 0.35%+0.06%"" 0.26%40.08% "

N 18.5742. 42 21.95+2.11 20.224+1. 45 21.2341.08
3 BB KT 2.46% +0.01% 2.45% 0. 00% 2.45% +0.00% 2.45% £0.00%

FLEBNEYE 1.27%+0.02%"" 0.50%+0.04%  0.25%+0.07%* 0.08% +0.04%"*

TE  BEEKF FR A B 8 A8 DR i AR A B 9 S 20 3 o R SR B9 T 20 Le TR TR R RN T R R ] — A7 e
ZES BA G E L (p<<0. 05) A FIRE FH R om [/ — 5 Bdls 22 5 BA G 22 B L (p<<0. 05)
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FLARSG T RBEREA W d " d.1~24 hs2 K «d "AHRM3 W - d " 4l 12~24 HFEISENE SR
(] B 2R R | 9 5 F2 h y = — 0. 0952 + 2. 040 (#* =0. 934, 7 =48, p<C0.001) .y = —0. 0922 + 2. 328
(r*=0.844,n=24,p<<0. 00D Fl y=—0.096x +2. 245(r*> =0. 8427 ,n =24, p<L0. 001) ; 3 J5 HR 4% I [n] I Jy 2
AR v =—0.0550+1.505(r*=0.957,7n =48, p<<0.001) . y*° = —0.063x + 1. 899 (+* =0. 902, n =24,
»<<0.00D)Fl y"°=—0. 0842 +2.124(+*=0.934,n =24, p<0. 001) (& 2),

2.5% 2.5% 2.5%

2.0% 2.0% 2.0%
iz B
E?g 1.5% 1.5% = 5%
g R
BT 1.0% 1.0% 1.0% F° 8
<_-“-<' 0 +,' 0 «4 0

0.5% 0.5% 0.5%

0 6 12 18 24 0 6 0 6 12 18 24
P JE A/ PG I Al/M P A/
a 1Xk-d '@ b 2% -d'4 ¢ 3k-d'4A

2 FAEERAEXABHEHTHEN 2 MEFRALES

Fig.2 Two mathematical models fitting the gastric emptying curves of largemouth bass with different feeding frequencies

2.3 MEBEREMNEIW

FEREME I, 45 92 06 41 92 50 0 AR 3 R 5 B ni A LU A e ih B O AR (p<<0.05).2 K - d T AL
3R - d A i IR0 R e AR S AR Ak AR il 2, B TS AR 3R 18 0 18] U BB TR T (8] 3) . Siiefa
RMR . PMR Fl PMS 7¢ 4 52 % 41 [l JE 4 2 8 X L i92% 551 K+ d ' 4110 SDA S AEREFIl SDA & HUK T
2W od MW e d K SDA BFEREM SDA REL, 2R HA G222 L (p<<0.05),SDA BFEREF SDA
A2 - d T AM3IK - d T ARSI FEE L EMES (R,

450 450 450
T T b T i
T 350 = 350 = 350 P
T .} ++ g b4 . } T U T
= % $ ++ 2 + H+ ¢ H# % v %50 ﬂ%
2, 250 i H? $ W 2501 b byt L 2504 34
=z + +N%+++H+ z K b H%%
j‘\j 150 j} 150 JﬂE 150
50 50 50
0 6 12 18 24 30 0 6 12 18 24 30 0 6 12 18 24 30
FFELR/h FrELa)/h FrZEmf [ /h
a 1k-d'4 b 2%k -d' 4 c 3k-d'4A
B3 AEHRBMETAORFBEARGETHL
Fig.3 Changes of postprandial metabolic rate in largemouth bass at different feeding frequencies
3 it

P WA SRR K 7 B ) % A BV T B IR Y 2 — R B R K 7 3 ) RV R AR SR R
B 5 A BR L 38 o 48 AT R 2 fif £ 28 A KR 5 L A Rd 7 8 (Silurus meridionalis) W3k il (Megalobrama
amblycepha) | FL IR Ffh (Pelteobagrus vachelli) % 3 W« d " FMEAY SGR 1K « d " FMHEAY SGR 435138 I
T 21%, 1790/ 23 %65 ARBFRR R K R4 2 R 3 WK - d BUAY SGR L& 13k - d 7 BUAY SGR 4y
FIEE T 11280 14 % s K 0B &TH SGR 5 FR BAA G ¥ E X EAIEFH X (p<<0.05) . X 5 A5 4R —2,
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2% W 88 Jon 4 DR AR A A0 AR KRB Sy B s ) R B RN FE T H R 3G, b Ah, 2 8 R B i B — B,
12514 FR 1 SGR A FE I, 421 68 25 7 6l ( Taki fugu rubripes)%s 2~4 3K « ' # W5 SGR.FR # FE 4
- N L (Al

F3 BEAEMNAOSHEARENHEMN

Tab.3 The effect of feeding frequency on feeding metabolism of largemouth bass

PR/ (K - d D)

S
1 2 3
i/ g 18.334+0.79 19.50+1.16 20. 20+1. 08
&K /em 9.8940. 15 10.1040. 15 10. 0340. 20
B K 2.07% 40.00% 2.38% 40.00% 2.45% 40.00%
MRS ER/ (k] kg D) 285.98+0. 15 328.39-0. 04 339. 050. 09
RMR/(mg+ kg ' «+h™") 165. 4146. 57 176.024+5. 89 175.6947. 30
PMR/(mg+ kg ' «+h™ ") 357.91423.91 386.66+17.78 390. 21+8. 62
PMS/(mg+ kg ' «+h™") 192.50423. 50 210. 64+15.77 214.52+8. 62
Rt/ h 21 30 30
SDA MAERE/ (K] * kg™ ) 26. 39+4. 64° 46. 9542, 49" 45,7842, 54"
SDA %%k 9.23% +1.62%" 14.30% 40. 76 %" 13.50% 4-0. 75 %"

T AN RN 5 R 3R R R — A7 B0 28 5 HoA Gt 220 30 (p<C0. 05) .

S E KB R RERZ Y B RE w2809 A4 K BE ) T B8 52 3138 1L Be 1 AR stk 7
MRS, T PRI R, A B i HE A B S S AW VA G, WAL 8 (Oncorhynchus mykiss) H
WZYIHE 8 50 %0 05 . BRI IR & it 50%0 . WA B, KO BE 2 1)k - 47 RS, B NEWHEN
50 % MBS ] R2Y 10 ho ABEAERF 24 h, KW 1K « d 1 BRIFBA WU R F R B 1 23 £ AROR T Ak v g, (Rt
A DASE o 3 A R R 3G i H R DO TR RE . 28 GER MR B AL AT 7E — 8 AR B L o 150 MR I J] )
B, ARBIESE R B, K DR HEE GER V- A A B0 TR MR (IR 3), 5 E A MFE 45 1 — 5077, R
R E G EWIFEAIF RS RS EN ., PRAR IR < d "2k -d T HM3K - d T ARHE
B 53 B TERI R BR B 24 21,25 M1 23 h J5 HEZS 58 i GE G 2 v [ )9 07 R oR A 181 2) s SRR 2 M3 - d D)
JEiZ A H BRI T 16 %0 ~1800, KRBT HES I BALHE N T 2~4 h, Wik, HEEBEFHAR —
S AR HEAT AR, HE 25 5 — 5 B IO, BE I A e H AR i, A, RAREE 1~3 W - d T
R TERI IR MRS 24 h AL FEARSE (2 - d P M3 R - d " A BIMA 11260, 3% H 8 5 AR 58 A
) s ARMAE AR TR 2K« d7 ' Ay 2 IREEE 52002 4706 F 53%, 78 3 I« 4" dH v 3 IRk & i 4 5l
37% 3500 M1 2806, W LA ER B i HE AR — B (R R 22 A 1020) . XS5 RRH], R P RBEE (E
HOBR T 5FAHNEWA K, 162 3 HAB P R 8RR

28 SDA AL 45 A T AL WO e 13 TG A AR RE L AR L H b 32 A 35 R B W e A il mT RN oy 1 i T AR
3 FIKE BT /NGy F A BOK A T B A TR AR 43 . BF 9 & B, 45 52 56 41 4% VR AT 19 RMR 48324 5 X 1
Mz T ed "l 2Wd T HMIK - d T HRHIBETEPRIEE 3 h JFH 2 - d7' A 2 AR
[6] 452 6 h.3 ZHHIUHEE)S 3 h o 6 h AU (ED AU AR 1512 316,307 M1 322 mg + kg '« h (K 3), = FEH
ANBAT G 5 X R S R I R SDA T AL FERE T 70 5 5 B i 2 0 5C RN RAT 5, I g T AL i L3 AR
MR TR BE R B L BB MEAR R (2 M3 K - dT D R H R PMR R PMS WM N2y 10 % (225 R
HAG 28 30 s HE I 166 ~18046 . SDA WA #2443 96 . 1 SDA L FEREHS I 7000 . A i SDA
RBUEIN 45% (K 3. AR K, —mIE SDA BFEAE S HE /KPR IE & . g )y g™ | b Ae g
HIE (Spinibarbus sinensis YO LT 5 — s o AR AR e &L WS (Silurus asotus Linnaeus)P | 55 4R
(Carassius auratus gibelio)m] s RARKAEFEENEEESIE, FEIGEFREEHMA AN 2 a2z 2,
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AEABFIE A T 3805 BB SGR ARSI 2 B B 9 0 25 M A SEE 45 A SDA 7] 1 BEE
A S 22

G P R PRI AU A ST 46K 11 SR 0 A 7 o o 5 5K 0 2 0 LRI LR 29 12 b e 2
RPNSE VIEOS PIES 3 S S S EEe s EV N 7 ST S L TR 1A S R E AU E R A
EZIE

CE e

[1] POUOMOGNE V,OMBREDANE D. Effect of feeding frequency on the growth of tilapia (Oreochromis niloticus) in earthen
ponds[ ] ]. Tropicultura,2001,19(3):147-150.

[2] BISWAS G,KUMAR P,MANDAL B.et al. Effects of feeding frequency on growth,survival,body composition and size variation
in long whiskers catfish, Mystus gulio (Hamilton,1822) fry reared in net cage system[]]. Regional Studies in Marine Science,
2023,61:102851.

(3] B X RE w55 AN R BT 52 G AR B 1 0 A AR )R X R 10 B 7 A R P R R BE 52 [T ], K AR A 2
1R ,2024,48(1) :63-76.

LUO H, LIU H K, YANG Y X, et al. Different dietary replacements of fishmeal by non-food proteins blend on growth
performance, health of largemouth bass (Micropterus salmoides) at different feeding frequencies[J]. Acta Hydrobiologica
Sinica,2024,48(1) :63-76.

(4] BRAE . BT WETR  RAM AR L 55 SRR 3 0 21 88 A< J7 fili A= 4 RIAT A 152 [, 7K Az A 024 4. 2024, 48 (1) 1 77-85.

ZHANG J,GE X Y, CHEN S M, et al. Feeding frequency on the growth and behavior of Takifugu rubripes []J]. Acta
Hydrobiologica Sinica,2024,48(1) :77-85.

[5] RAHMAN H M, ALAM A M, FLURA, et al. Effects of different feeding frequencies on growth performance and feed
conversion ratio (FCR) of TilapiasOreochromis niloticus[J]. Asian Journal of Fisheries and Aquatic Research,2023,23(6) :49-
57.

(6] QUIROS-POZO R,MOYANO F J,BAINOUR K, et al. Evaluation of the effects of two different feeding frequencies on the
digestive biochemistry of two mullet species (Chelon labrosus and Liza aurata)[]]. Animals,2023,13(2) :287.

[7] XIE Y X, YANG X M,KANEKO G,et al. Effects of different stocking densities and feeding frequencies on growth, physiological
and biochemical indexes, and intestinal microflora of largemouth bass (Micropterus salmoides) under land-based round pond
[J]. Aquaculture,2024,580(2) : 740385.

(8] L. kAl ks . O 55 M B R MU ) AR rp AR B AE f8 AR K R B HEZs i s ma [T 1R K ¥l . 2019, 49(4) :90-97.

GUAN M, ZHANG D Z, RAO ], et al. Effects of satiation feeding frequency on growth and gastrointestinal evacuation
characteristic of juvenile F, Chinese sturgeon [J]. Freshwater Fisheries,2019,49(4):90-97.

L0 sl , PMRE, REAS T PR 00 15 HEzs 0. RN A2 35244, 2000, 11(2) £ 287-289.

ZHANG B,SUN Y, TANG Q S. Gastric evacuation rate of black sea bream (Sparus macrocephalus)[J]. Chinese Journal of
Applied Ecology,2000,11(2):287-289.
[10] SECOR S M. Specific dynamic action:a review of the postprandial metabolic responsel[]J]. Journal of Comparative Physiology
B,2009,179(1) :1-56.
(1] BE%, 5, k45 MR A U s [T, t8 Talk . 2006, 27(22) : 42-45.
MU C K,CUI X,WANG H F,et al. Study on energy metabolism of fish[J]. Feed Indust,2006,27(22) :42-45.

[12] BROWN T G,RUNCIMAN B,POLLARD S, et al. Biological synopsis of largemouth bass (Micropterus salmoides)[]]. Lake,

2002,31(11):1763-1769.

[13] HUSSEIN G H G,CHEN M, QI P p,et al. Aquaculture industry development,annual price analysis and out-of-season spawning

in largemouth bass Micropterus salmoides[]]. Aquaculture,2020,519:734901.

(14 Sokg e 5 3 X BB L A ORI R Ay g 6 T SR BB B R [T ). B2 3R 41,2023 (10) 1 46-47.

GUO H Y,JIANG W, LIU D L,et al. High position pond aquaculture technology for largemouth bass (Micropterus salmoides)
[J]. Scientific Fish Farming,2023(10) :46-47.

[15] YANG Q.TU Y Y.Z HANG N,et al. Co-infections of Aeromonas dhakensis and Chryseobacterium indologenes in largemouth

bass (Micropterus salmoides)[]]. Aquaculture,2024,579:740259.



14 ERMEAFZERCELAFFIR  https://cqnuj. cqnu. edu. cn & 41 %

[16] SHARMA A,SEMMENS K,GOMELSKY B. Evaluation of hormonal agents for artificial propagation of largemouth bass[ J].
North American Journal of Aquaculture,2021,83(4):390-401.

[17] LIU Q Q,XIE R,DENG X,et al. Effects of dietary starch and metformin levels on the growth performance,body composition,
hepatic glycolipid metabolism,and liver histology of juvenile largemouth bass Micropterus salmoides[ ]J]. Aquaculture, 2023,
573:739582.

[18] PANG X,TANG G,SUN H,et al. Effect of feeding different diets on postprandial metabolic response, digestive capacity and
growth performance in juvenile southern catfish (Silurus meridionalis)[J]. Aquaculture Reports,2022,27:101413.

[19] FU SJ,XIE X J,CAO Z D. Effect of feeding level and feeding frequency on specific dynamic action in Silurus meridionalis[]].
Journal of Fish Biology.2005,67(1):171-181.

[20] GUINEA J, FERNANDEZ F. Effect of feeding frequency, feeding level and temperature on energy metabolism in Sparus
aurata[J]. Aquaculture,1997,148(2/3) :125-142.

(217 Z= 54K X0 SOuk o H 214G, 55 AN [R) Ga] i) ek 78 e 45 A1 3 56 kF o S 2 Ml & 0 A < K LRt B @ s [T . o |1 OK 72 B 2%, 2018, 25
(6):1260-1270.

LI1Z Q.LIU W B, TIAN H Y.et al. Effects of different feed types and feeding frequencies on growth and muscle quality of
juvenile channel catfish (Ictalurus punctatus)[J]. Journal of Fishery Sciences of China,2018,25(6):1260-1270.

[22] Ay R /N7, S DO . ] MRS S X B 7 s 1 488 0 o3 L A A R0 ) ek e Ak 380 s i [T ). 7K A AR W27 31, 2003, 27 (4) 1 434-436.
HE L J.XIE X J. Al Q H. Effects of feeding frequency on feeding rate,growth and feed conversion efficiency for the southern
catfish, Silurus meridionalis[J]. Acta Hydrobiologica Sinica,2003,27(4) ;434-436.

[23] Ak, 2 u i, S BE -, 45 BRI 0) T Sk 57 40 # 2E RVERE L JULPY 0 BT AN I AR AL R AR i sE ma [T . S8 35 % 1. 2015,27(9)
2749-2756.

LIN Y.MIAO L H,GE X P.et al. Effects of feeding frequency on growth performance,muscle quality and plasma biochemical
indices of Megalobrama amblycephala juvenile[J]. Chinese Journal of Animal Nutrition,2015,27(9):2749-2756.

[247] BB B FE RSB AR 25 B AR BU IR B 1 (Pelteobagrus vachelli) &l ta B Hezs A K 2s RAR A g ma (1], g3 5
W18 ,2011,42(4) :506-511.

QIN Z B.ZHAO H X,ZHAO H L,et al. Effects of feeding frequency on gastric evacuation, growth performance and body
composition of juvenile darkbarbel catfish (Pelteobagrus vachelli Richardson)[]J]. Oceanologia et Limnologia Sinica,2011,42
(4):506-511.

[25] AR, E@% 55 E %, L8R 7 Bl 4 08 T8 R R AR K CF B9800 ). s 972 4R . 2021, 33(3) : 1755-1765.
WEI Y L,WANG J X,XU H G,et al. Study on optimum feeding frequency and feeding level of juvenile Taki fugu rubripes[]].
Chinese Journal of Animal Nutrition,2021,33(3) :1755-1765.

[26] GROVE D J,LOIZIDES L. G,NOTT ]J. Satiation amount, frequency of feeding and gastric emptying rate in Salmo gairdneri
[J]. Journal of Fish Biology,1978,12(4) :507-516.

[27] ZZWIH @ 2L, JT 4 50, % BSR4 0 18 HF 2 FRAE T8 AL G IR 1 A B B JR s B R R GA [T, K™ %41, 2022,46 (6) : 906-916.
LIMY,GAO Y H,WAN ] M, et al. Gastric evacuation characteristics, digestive enzyme activity and appetite-related genes
expression in juvenile yellowtail kingfish (Seriola aureovittata)[]]. Journal of Fisheries of China,2022,46(6):906-916.

[28] CAHU C,RONNESTAD I,GRANGIER V,et al. Expression and activities of pancreatic enzymes in developing sea bass larvae
(Dicentrarchus labrax) in relation to intact and hydrolyzed dietary protein;involvement of cholecystokinin[J]. Aquaculture,
2004,238(1/2/3/4) :295-308.

[29] WH/NZE gk, w7l i) B AR AR Bk 30 0 A F m RE R TH #E LT . K A= AR ) %441 . 1992, 16(3) : 200-207.

XIE X J,SUN R Y. The daily total metabolism and specific dynamic action in the Southern catfish (Silurus meridionalis)[]].
Acta Hydrobiologica Sinica,1992,16(3) :200-207.

(307 T A7, DENE X /INEL 55 AN [ 4 S5 et b A6 450 00 600 170 0 ARS8 A A e [T ], K 7™ 2% 40, 2021, 45(4) 1 515-521.

PU D Y.PANG X,LIU X H.et al. Resting metabolic rate and growth performance in Qingbo (Spinibarbus sinensis) with
different body weight[J]. Journal of Fisheries of China,2021,45(4):515-521.

(31 B A /%2 AN . HORRK - fil i 1R AR LR R 3 J 4 R3S sl A8 5 ma L 1. 7K A A2 0 24412 1996, 20 (4) £ 333~
339.

YANG Z C.XIE X J,SUN R Y. Effects of ration level on the daily total metabolism, specific dynamic action and activity
metabolism of the oriental sheatfish (Silurus asotus L.)[]]. Acta Hydrobiologica Sinica,1996,20(4) :333-339.



Vol. 41 No. 6 Journal of Chongqing Normal University (Natural Science) https://cqnuj. cqnu. edu. cn 15

[32] H )™ Wy, #2283 REIR S, 4. At B0 0 7 7 A 050%  AN [) JO o sk el 11y 2 A SR R kM S L 3R L . 7K A AR W 2% 45 2003, 27 (6)
572-579.
YANG Y O,CUI'Y B.XIONG B X, et al. Comparative studie on nitrogen budget and energy budget of jian carp (Cyprinus
carpio var. jian) and gibel carp (Carassius auratus gibelio) fed diets with different qualities[ J]. Acta Hydrobiologica Sinica,
2003,27(6) :572-579.

[33] PANG X,CAO Z D,PENG J L,et al. The effects of feeding on the swimming performance and metabolic response of juvenile
southern catfish, Silurus meridionalis sacclimated at different temperatures[J]. Comparative Biochemistry and Physiology, Part

A :Molecular & Integrative Physiology,2009,155(2) ;:253-258.

Physiological Ecology and Ethology of Fishes

Effects of Feeding Frequency on Growth, Digestion and Feeding Metabolism of

Largemouth Bass (Micropterus salmoides)

YANG Jie"*, XIANG Shenao'?, LIU Yingtong”, LI Yun'?, PANG Xu'’
(1. Integrative Science Center of Germplasm Creation in Western China (CHONGQING) Science City &-
Southwest University; 2. College of Fisheries, Southwest University, Chongqing 400715, China)

Abstract: In order to investigate the effects and relationship of feeding frequency on growth, digestive capacity and ingestion
metabolism of largemouth bass (Micropterus salmoides). The specific growth rate (SGR), feeding rate (FR), feed efficiency
(FE), changes in stomach contents and special dynamic action (SDA) were measured after feeding at different frequencies (1 time
per day, 2 times per day and 3 times per day) at 25 ‘C. The results showed that the end body weight and body length of fish in each
group increased significantly after feeding for 28 days. With the increase of feeding frequency (2 times per day and 3 times per day) ,
SGR increased by 11% ~14% , FR increased by 16% ~18% , and FE did not change significantly. There was a significant positive
correlation between SGR and FR (p <C0.05). The results showed that the growth ability of largemouth bass was enhanced by
increasing feeding frequency mainly due to the increase of daily feed intake. With the increase of feeding frequency (2 times per day
and 3 times per day) . the daily food intake increased by 16 % ~18% , and the emptying time only increased by 2~4 h. The results
indicated that increasing the feeding frequency of largemouth bass had a superposition effect on gastric contents emptying. The
results showed that there were no significant differences in resting metabolic rate (RMR), peak feeding metabolic rate (PMR) and
peak feeding metabolic scope (PMS) among different feeding frequency groups. With the increase of feeding frequency, PMR and
PMS increased by about 10% respectively (the increase was not significant). The SDA duration increased by about 43% , the total
SDA energy consumption increased by more than 70%, and the SDA coefficient increased by about 45% (p<C0.05). The results
indicated that the assimilation ability of largemouth bass was enhanced with the increase of daily food intake. Therefore, based on
the growth performance of largemouth bass, it is appropriate to feed twice a day during the breeding process, with a feeding interval
of about 12 h. These are related to the daily intake, digestive capacity and metabolic reaction of food intake.
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