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MK AR AR TN ] Sk 8 RN R 77 85 Y f Kiis kiR B A s s RS2
K KEZ A ® EEE MAFE

(VR R A ARl 22 e, WOK R B S BT R B A M E i %, HIK 400715)

FEEE: N T BRI IR g 2 AN [F) A6 25 o P 0 280 0k P e 8 AR M 1 s, VP4 413k 9 (Megalobrama
amblycephala) F1 ¥ J7 i (Silurus meridionalis) WG FHIF UK (Ugri)~ 188 K IEIKGE B (Upyrs) TR KA R
(MMR) WY& B 58 J772%, TEAFP A 24, A 1 S8 £ 10 S5 K I IR P (Vipay), BAK FARTE 12 Bl i FE v
Je 3 7795 JE AR ST I AR R (MO,) . 45 BN TR RL(AV) 20 e/s, DT FESEET (8] (A7) N2min i
TR, 13k 85 R0 B 7 85 000V SO0 IO 2 0 T S0 AR o L35 43 ) 4 2 o 1 A 3 e s B = (P<
0.05), RIERKIZFN(Upu) IR« TEAVH10 cr/s, A3 52920, 40F160min FEIIIHARL T, 5 b 1 0 AR L
EEIIFE12% AT HAH BLIA) G 2 3 22 5 (P>0.05); e rpr [ Sk f77 78 1 3 I T3S 20T 1R 0 1) TG A2 35 120 22
(P>0.05); T F 75 B TEAVR10 ecm/sy ACA20min 2k A B Vo 0 35 5 T 55 2RI A =X (1 5 {EL(P< 0.05) .
T £21 (1R MO 75 25 TN IgASE X 349 8 A6 e D s 52 1 T v i 384 05 L 8 A il Dk el R v, 1 i #2118 MO o Wi e K T 52
(3G 0 2 AN ) (0 A8 A 3, 11 Sk 75 P MO, i 338 P P 728 A il 2R 7 H20T 100 omy/s PR B H 33 AL, S5 MO, B ik
JE (Y S AR /)N 1T e i P 2% i 2 7R SHRE D20 em/sIN A PR A, MO, ARt N G 137 7E T I idifs
3R, WA 758 B 2 i ) B KRR A (AMO,) ¥ 5535 w5 T 38 Je AR & 39 ) 5 R AE(DMO,, P< 0.05).

F U0 0045 13k 575 1 AMO, 81 T Uy T IIASE, 17075 77 BE AR S . BB 9045 SR A5, I 1Sk 7 1) Ui R
FAV10 cm/s A{E20—60min 1 I A5 X 5@ B 1K, I B 77 85 Uy 38 BB R AV N0 cm/sy ALN
20min. FIFf ) B R FH AR 32 3 B AR (1 B R MOL 1E I MMR;, W 52 13k 855 I MMRIE Fl T U 2%, W2 F J7
BETRIMMRIE FH T Uy BS54 S35 UK 10 BE 75058, A3 R Ui UK PR I T3 /3 70 ARG 0555 1T e 7 8 D R 300 HH A

RIS, %25 R T A A A ST AL 2
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TiE UK 14 R A2 P8 0 S AE K PR 88 AR A7 1) O B
gz 2 KA 5 A B 2 AT A A
F S5 W LA A BRI e 5 55, IR Se AR S
A7 N R e T e iz sh e 0, ik
TEIX — R 5 UK AH 5T 30 1R 2 AR 5 I A
AR HEVIA G ik, fRMiE s fe
BRI — B2 B 0 K2 A 5

IS4 vk 3 E (Critical swimming speed, U,
IR R U5 UK IE FE (Burst swimming speed, Up ) /& A
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VIR E MR E R R Z — o 1E Upyrs L5000 E 1
(1 AGE H 9 1—2min, &7 — A IS 10min; X
LU L1 Ar— % B E15—60min, K4
SIS AT IR B Ui RS B I B O FE R EEL DA
AACEHR AL UK 3) 77, T W F0IE BRI 3R R 4t
i B R RS — R FE 1 Smin BA_E fry i e g gt
DRI I, 3o 4 282 B ) 71 K i A 75 2 0o ds B AR DA %
e VK I A PO BB M 3 RS M A —
Dowine & Kieffer' ' HL 4 4 H T 34 1.2 1 S 36 %
P, I A TR A R I A € Uy
B3 T [ 42 o 10 3000 e A A K 22 S, TR At AT T 92
HH T O R T UK I AR R 2 S T e R SR T UK
PEBE LA 7T IR RT3

B RNAR I % (Maximum metabolic rate, MMR)#
S XCNTE—EASIEE FreocaE xR, v
W TEAFRE M4 R A S &A= A ER
B S HEAT A S RE R AR R SR T — A
LR MMRYEH € A %36 F (Aerobic scope, AS)P
FES e PEAE H, 2 S i R0 PR B 0 6 IR R il 2
B, KEILCk— B2 2 AR AR XN E T R
T R MMRI R T B, A
(P 9T 3 2 1k B A0 AR 7 32 31 1 R) 802 3l 45 oK 5 A
[F] B B 1) #E 450 % (Oxygen consumption rate, MO,),
fE Rt R EIMMR™ ™, H BT BT AR A, AN [
T B IMMRE S A FE £ R . Hul LA WM
I 12 S A I 7 (DR IE Uy, 77
TESRAFIBGE B 26 T MO, B A (1) s KAEAE
HNMMR, HFRA FI2 8075 ()R M E Uy 17715
IR1F FIMO, ) 5 KABAE IMMR, tFRICEH 2 8hik .
HI 3 AR E A2 A f AR i VKO B B P I8 B Uy, 13
R E LA ARt RE, Ik MMR BUE N FF
SR VKA R MO, 1 fe KR T 5 2 BIBOE A 44 DA
15 RN B 77 OB B Uy AR AT T KBRS
), MMR N4 W IRAE 77 98 5 42 3 48 g i A T &2
AR Rk B 535 B AR A G T B
BN, B, AFRIZ 375 XIREMMR N
FEAS [A) 0 A U B B AL P AR 0 30 5 22 B 2 )P %
7 THI B 5256 Bk DLt — 2P IE .

T SEIGHIT 5T A Ak 2 I 5 3 DA Fh #8288 9 %
B, PR e R s MMR™ 2,
5 H R M TE 5 A 5] b £ 2 DUAS [R) 455 3R A5 32 30
AU 2 (B3 AT LA ST 4R [ Sk 5 (Mee-
galobrama amblycephala) )& THE H . #EEL, i
WE )@, 25 ETE/KE NEAEEN e
¥ MTEMHERFEFEANZEE T &Y, HF
YRR A E G BT 8 (Silurus meridiona-

lis), FJFTHELH . ShRE 858, 2 THKK
REXR AR, B RMAR, i
F19e8 Jy oA 2 i 305 0 . AR 7 DA 3k
f 260 T 75 il 3K A AS [ 2R 2 ST R ) LR D E Tk
B, FAS R iR g 2O e de KT P B Sz 54
UFRIREI, B R (D)ARIT I RE P S 06 #9 F) d KU
VK JSE (U gy AN Upyyr) 38 BN AR 3 (2)5 563X Y
o g 7E Jie i R v B OB SR ) o K FE SRR, R
I E FEMMRIIE B T % . NaE— DR SR
e vk Pk e L AT A A B S AR A5 08 A B (Fitness)
5% R IR ORI TR o

1 #MR57EE

1.1 IR ERKIESYIF

[ 2kt ) £ ) S B PR T 5 )1 K= 2 R S 2
3 2 AE FIRERON TR B 1, /o7 G4
T B DY )1 N TEK = SR 5 3 24 N e 35 8 1 A
R BT W] LR SEES FRAE R g N T H AR /KR
556 AT YT E . YIFE A, RE 5 ik DL
5 (Ctenopharyngodon idellus) LRI VI R HRAE Sy
THRL, 2 R B IGA A2 5 [k oy LA b TDR g
RV, BRI h S 457 BRI . SEIG T
UETT, PR R H AR T, R ToA 4 16 9 Fh 52 58 1 57
15402, K A B = KTEM IR R 48 N 1E S50
AN YT . fE R, KEES A
(25+0.5)°C; J6JE 120 12D, BT3¢ Bk 45
RMDEMR IR, 777 B R IR E LN E 2%,
W5 R 7 AR A 2d™, Bk AR A 1d, 3R
I A6 i b T A BEDIRAS, DAVH BR8N 71 4E H (Speci-
fic dynamic action, SDA)X Ml 2 45 53 F5 1) 52
S I AR HT 1 AR B AR HEA T &, SR 5 e
& 0 2R UK R U &A% (Loligo Systems SY 10700,
Denmark; 5 L) E4T 12hVK 52, DL BRFR & DL A 3%
F& a5 vy 8 20 B ) o 3 S e, D8 iR E A N
(25£0.5)C.
1.2 HE{ % (Routine metabolic rate, RMR)HY
ME

SR FH A1 Sk R N B SO0t H AR 28 (RMR)
HEATINSE o VUK IR 2 N 7K I RT AR IR ¥ A3 cm/s,
MR, 7E ML E T, BE R R UE T Uk I 2 A 7K
R SRR B 3 ) A 2 e A g B UK o RMR
FRELI € I [R] g 4h, I E ok 7 rheRe F 23 Jo 303 2 )
B 055, AN SE JA A 10min, 5 2.5hill &
FI1SME R FEMENE NRMR . 24P % P ¥ A
F-80% 1 175 SU I 1E AT 3min ¥ 46 /K R 2min ) 55 £
DA 3 oK B AR B IR B R 1 ST IRET
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3 5250 0 FE S [MO,: mg O,/(kgh)HH A F AR
HEAT T
MO, = ([0, — [04],) X L/T x BW

to

K, [02] Pt BIVE AR & B (mg/L), [Oa); &t I
WA S B (mg/L); L2 = F K AR F(L),
L= 5 R RSB SR AR ), TR 0 R S8
JE IR (1,2, h); B2 S 1815 B (kg) o

1.3 FEKXJFKEE (Maximum swimming speed,
Vma) B BN 15 2 8950 E

28 Brett FIReidy5 " f# S 7 22, il id i
SIS, G REFPSL IR 0 55 AN SEER AbFR A, %R
AN TR i A I 22 S8 () Vs CA S UK FE
SR SOE FEAR I I B AR Fe . o, s X
1F 3 3 19 B (A V) 920 em/s, I 42 18] (An)
2min, PRSI S5 56 8 1 0 AU PO FE (U yrsy); IR
B2, 3. RHMAVEIN10 cm/s, At 435 R
20min. 40minf160min, FUURE I SZ L6 A 1) ifs 53 Ui ok
SHPE (U)o BEFN S 1 78 25 DAL A& AF T 1A
MFEAE I N102

Uypurst FINE DA A = 1) e 14 Sz 20
[0V max VKRR R FESZE o T UK R I =35 N 7KL
HIRI A6 TE W20 em/s, BEFE2mindE %20 cm/s, 24
F RN BE T K U 4k S vk, R S 1 R 0
5 B R A I3, SEIR SRR . BN UK
ok R % 2R 5 AR AR U532, B RE2mindl] 58
VRFRER, SN e, B2 1A #K .

Uit E DU AR R 2. 3. 44 5 &
IANSEIG )V ax S UK FR I FE AR . 34N SIS
YT UR 3 P I ¥ B N 10 em/s, T 4% 5256 4H 40 B TE
£$20min. 40min. 60min/5iE LI N10 cm/s, 24 fh
PRASRE X HUAK I B 4k 2Rk, L 350 0 7 R 0 Al
SsUA_F A Z S A6 f 0A B DR AS, SR gl . #
A Ik A AR P ) R SRR SR R vk, RIS
5E JE B4 vid: 210s, 2545 90s, W 5%E: 900s.

e KK FE (Vi) T LA RN

Viax = V4 (t/At) AVEY

A, VIR SEIG 1 56 BRIZ 2R R 2 I (8] BT ik 21 ) B K
W DK JEE, 12 77 95 T AR B 5 B IR RE I I T F 488 e
(] T S B ik FRTIR T8], Ao 253 88 o6 2 1) 155 PR 455
B8], AV 2539 5 6 58 T Pk P 4
14 R ESTIEFRERNE

Usriv T Upurs SR P BLIZ ) 38 )5, 5 FREK
TUE LI A3 em/sibk SEIG M {5 1R IK, 45471085 1
AT A R B BORE SR I I 2, JF4R20min A &F
2minill 7€ — K, SR J5 B Sminil 7€ 1K, LRI & 2 1%

FESEIG A R AR R IE L3I T R B L RMRIF110%
PLF Mgt g SRR AR S
Uiek i FE e G R R R (5 2 B FERE IR L1

TR & L= (MO, xA) | [X(MOyxAt)+

Y (MOyxAt)]

I, MO MMO, 733 9 vk i FE AR R 2 7%
0B BE H R AR AKCE DL REECR Al
At 53 59 i ko AR AR U P S R 4 W B 11
PRI 1]
1.5 SCISIFMERAEH

TEREN S0 FE IR DK IR A P 7K R 42 1 7
(25+0.5)°C o A T WEG AN FEAS L BB, B — R
PR W U VK IR SGEE Y, AR IR B — AN T
T W82 s SR A, FEAE 2R SR el 2 ) S
B E BRI AR R SL IR T AR AN 45 R
T Yk R AT 3R A O s, AR R S B[R]
J910min, FLE K3 cm/s, BIX 6 FIFIEAE N
e AOK AR FE A MR, S50 f B SR I 2
BIURBR TS SeREA R, T BR 7K A4 o 40 B DA B oAt
DRI 2% R RE SR S 36 0 o 45 SR T3
1.6 HIBGZITSHR

K Excel(2010). SPSS(24.0) #4347 $ s 1
IR T Gt oy, B S 3 (H AR #E 1R (Mean®
SE)# 7, KB B ANOV AR 6 HLEEAS 5] in i
R BRI . MO, LA A R BUE I B~ MO,
2T s 22 5%, PLP<0.051F N8 1418 % ik 3
3 AR

2 R

2.1 FEKIERER IV . SN

PN A 1 (Ar=2min, AV=20 cm/s){I %1} F,
W S f575 5 B 3 iy 1) B R DK B (Va3 20 0 S 25
o T AR AR =, ek g I G ) e %
3 FP R (P<0.05, % 1R 2).

EME 2. 3FI4(AVI910 cm/s, Atsr N
20min. 40minF160min) )25 1F T, B85 1V 0 L
B] TG &5 2 Pk 2 5(P>0.05, 3 1); 1M g 75 5 K V00 B
HAIE I TR R ER, K AC~20mingk
PETR IV oy 2 2 51 T ACH40minF60min 2548 T 11
M EH(P<0.05, 3 2).

2.2 FEKIMEER T IEFIMO, RN

FEAN I s A, Bkt e 7 il 7 s
By 3k 2 HH (1) MO, 357 I Vit bk S35 T 389 g 38 e (B 1
I 2)0 FEMERELL 254 T (AV=20 cm/s, Ar=2min),
P 3k 77 11 MO, i 36 T K T8 (100 398 K ot 288 7 3t 5 42
1100 em/siF H IR m, o5 MO, AS i 45 o B2
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(8 = A B 5 A () 1) FEZ il T,
5 85 PR MO o i i i s B2 3 K it 2 11 3 s IR T
13k, 2438 B ik #1020 em/s b, HMO, B i i 1
TN B B B AR N, 3N S B (B 2). RN
A2, 3HAMZFAE T, PIFh 5 B MO, B H
TV FE ()28 40 35 AR S . b4, 72 DB
126, PP SEG f 7E T vk o 2 10 0 S8R o5t
35153 9 . 3 v T AR AR A X S T & H
MASH(P<0.05, & 1F1% 2).

23 FAMERXNSBREMBNRAEEE
(MO ) HIFZ N

To VAT Fh i vk g A =, w7 G S H Sk A
—ANIEEI R, BIFEKIE 3 5 A T 5 A a3 43
) K FER R (DMO,) Y B K T 128 sh i 72 A i 15
)5 KAE (AMO,, P<0.05, % 1R15 2).

FEAF I A AR T, B3k e vk 72 o i)
AMO,S351291064.07. 1101.88. 1216.22F11198.40 mg
0,/(kg-h)(F 1). Guilkuie s REMH, Bk

R FEKINER T XS K8 B B KRk A S AR

Tab. 1 Effects of swimming acceleration modes on maximum swimming speed and oxygen consumption in M. amblycephala
Wik I A 2 Swimming acceleration mode
fi#rIndex Rt Mode 1 Jin#REsR2 Mode 2 Jin# fEst3 Mode 3 Jinig 4 Mode 4
At=2min, AV=20 cm/s At=20min, AV=10 cm/s At=40min, AV=10 cm/s At=60min, AV=10 cm/s
A E Weight (g) 15.62+0.70 16.14+0.99 15.16£0.73 15.67+0.68
f&K:Body length (cm) 9.36+0.12 9.414+0.19 9.2240.15 9.34+0.14
Vimax (cI0/S) 118.07+2.55" 102.8142.94° 102.45+2.67" 97.84+5.03°
AMO, [mg O,/(kg-h)] 1064.07+55.63™ 1101.88+30.30™ 1216.22+46.80™ 1198.40+51.53™
BMO, [mg O,/(kg-h)] 991.40+70.76™ 1048.29+47.48™ 1173.26+60.95™ 1152.59+61.88"™
CMO, [mg O,/(kg-h)] 667.70£31.91" 672.23+55.98° 800.60+86.35 710.40+62.36
DMO, [mg O,/(kg-h)] 689.23+31.86 674.74+55.43" 800.60+86.35" 710.40£62.36”

205.62+5.89°

409.81+10.69"

587.04+30.17°

Wik 2 T3 I Swimming 11.81£0.26°
duration (min) ’ '
TEE AR & B Proportion 0.64+0.08"

of anaerobic metabolism

0.12+0.02°

0.07+0.01° 0.06+0.02"

VE: ACA IR RS

SIS ()5 AV FESE B V0 A BCRIKIE L ; AMO, 9IZ 8 12 i B KA AR BMO, NIB Ehid 12 vh i 5 By BUve

% CMO IR E M BUr ¥]2minkE A%, DMO ARG BU i KFER AR . TR i L= (MO 5 AL/ [ X (MOzxAL)+Y. (MO > AL)].
MO, FIMO,; 53 ) Yo vk RE ARG RS I R 45 I B I B E 1 AR /K DL_E IFE SR AR A 5 il AR SR A %
W B RS 1A) o 004 F T3 EEAR R 2 RN (n=10); a, b. I_MTEP?ETI_U:*T?%T%EE%(P<0 05); x, y. [FIFIHFAAF s

FoRE R BEP<0.05), £ 2 [

Note: At. Duration of acceleration; AV. Velocity increment; V... Maximum swimming speed; AMO,. MO,,,,, during swimming;
BMO,. MO, in the final stage of swimming; CMO,. MO, for the first 2min of the recovery phase; DMO,. MO, during recovery phase.
Proportion of anaerobic metabolism =3 (MO *A{)/[Y(MOxxAL)+3 (MO, At;)]: MO,; and MO,; are oxygen consumption above the routine
metabolic rates at each measuring occasion during the swimming and metabolic recovery processes respectively; A and A are the time
between two measuring occasions during the two processes respectively. The data were expressed as Mean+SE (n=10); a, b. different
superscripts in each row indicate significant differences (P<0.05); x, y. different superscripts in each colum indicate significant differences

(P<0.05). The same applied as Tab. 2

=2

ek iR AE R X 7 77 B B KifFOR S FFE S R 1

Ej ur]

Tab. 2 Effects of swimming acceleration modes on maximum swimming speed and oxygen consumption in S. meridionalis

Wik oI 45 2 Swimming acceleration mode

fHirIndex AR 1 Mode 1 A2 Mode 2 I3 Mode 3 IR R4 Mode 4
Ar=2min, AV=20 cm/s  Ar=20min, AV=10 cm/s Ar=40min, AV=10 cm/s A=60min, AV=10 cm/s
14 Weight (g) 15.16+0.77 16.67+0.59 15.31+0.42 15.29+0.46
fA-KBody length (cm) 12.81+0.19° 13.25+0.14° 12.82:0.14" 12.9040.14"
Vinax (cm/s) 68.03+3.06" 45.23+2.70° 32.97+3.13° 27.33+2.75°

AMO, [mg O,/(kg-h)]
BMO, [mg O,/(kg-h)]
CMO, [mg O,/(kg-h)]
DMO, [mg O,/(kg-h)]

Wevk 2 P70 Swimming
duration (min)

TeE AR & e Proportion of

anaerobic metabolism

498.69+22.70™
438.63+15.92%
384.39+18.78"
403.84+14.52"

6.80+0.31°

0.72+0.04"

471.16+28.95™
471.16+28.95™
294.69+22.21"
312.50425.00"

90.46+5.40°

0.11x0.02°

359.81431.64™
358.89+31.96™
202.71+21.85
242.97+25.00°

131.90£12.52°

0.10+0.04"

bx

328.62429.52
323.114£29.46
167.31x18.10%
199.05+15.04"

bx

163.99£16.52"

0.04+0.02"
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—e— Ar=2min, AV=20 cm/s
r ——Ar=20min, AV=10 cm/s
—a— Ar=40min, AV=10 cm/s
—o0—A=60min, AV=10 cm/s

—_ =
N B
[
S O

1000 |

800 r

600

400 r

200
0 1
3 10 20 30 40 50 60 70 80 90100110120
U
Swimming speed (cm/s)

FESER
oxygen consumption rate [mg O,/(kg-h)]

B Wk n A SO 11 Sk 1 )38 S A 5 e ko A 2 5
ENipEA

Fig. 1 The effects of swimming acceleration modes on relation-
ships between activity metabolism and swimming speed in M.
amblycephala

500
400 r

300

200

—e—At=2min, Av=20 cm/s
——A=20min, Av=10 cm/s
—a—A=40min, Av=10 cm/s
—o—A=60min, Av=10 cm/s

¢
100 T

0

FESRR
oxygen consumption rate [mg O,/(kg-h)]

3 10 20 30 40 50 60 70 80
ik B
Swimming speed (cm/s)
B2 Gruionn s 2Ot e 7 118 B AR S I bR RE R AR 56 5%
ZRHI S
Fig. 2 The effects of swimming acceleration modes on relation-

ships between activity metabolism and swimming speed in S.
meridionalis

AVH10 cm/s. AtAH40minZk 4 N HIAMO, 5% & T
H Uyt RS (AV=20cm/s+ A=2min) 1 AMO,(P<0.05),
MAE U IR T B350 IR AL (A3 79 J920min
40minf160min) {1 AMO, 2 [81 A &3 7 5 (P>0.05).

1 7 i CE AR s A SR TN I AMO, 53 7l
498.69. 471.16. 359.81#1328.62 mg O,/(kg-h)(# 2).
B 7 B Uy JB BRI AMO, B 151, SEvH R 56 45
REH], BE G T HULIZ3IRE T Ary40F160min
i 1.4 MO, (P<0.05).

3 it
3.1 IRIERX KTV, 8220

Uprit M Upyrs A8 S5 B8 057 KV BE 1A 5 A 2 22
SIS ATTARFR: (1) Uy H BT A £ 44 3 22 DUAT AR

WAL BE ARSI AR 17, 1K 798 B RR 2 ] — N
T (2) UprseFH LAPPAl £ 42 32 B2 DG S80A 6 O
P fif ) L RE, TP 8 7 Tl 3 IS g 3 U Uk
e 71, — M FES210min - R 7738, {H AT BB B 5
T HU B KRB R BRI B Uy
Upurs I8 38 3l S FEAR DS IAR B LA, FE 8 1H4Fh
g A 2 [ Sk 5 R R O i R AT SIS AL TR, K
BULE TR 3 1 (A=2min, AV=20 cm/s) %14, MY
XA IRIF IV o 22 502 8 T I A2, 3014,
B v R 1 O S AR o B ) Rk 64% F172%,
103 AR m T AR S A3 R A 2 A T
T EE(P<0.05, & 1A13E 2). AN, 7E AR X
TR, BAAIERIV,, 5 5N 11.8 Imin Al
6.80min, T 7£ 53 73 0 id A =A% A4 R e A 1I4 2
Vonax RIS TB) AIE1.5—10h. R FRATIA N, R A
S0 A A 1) 5 3 PR A ) U 38 EL 1
FENEBL2 . 3FN456AF T, 1]k fig5 F0 B U7 i Jie vk
TR T AR o LAY AR 4%—12%, 11 HLFR—Ffi i
P TE A 7 EUAE X 3A I A X N 3 22 R
I T B Foft 1 (1) U JUL TS 1T DA Bl B A5 502 . 3041
N A H SRER

Ayl E R 2 3F04IAR 5 B R BTV,
Z TR EF(P>0.05, £ 1), 4, AL EE
X 3AN I A (AN 10 em/s, At4) 5 420min.
40minF160min) Xt I 5E Z b (1) U,y 32 B %2 &
HE. CAW IR EYIE (Acipenser breviro-
strum)~ YLE%(Salmo gairdneri)%5FF LIk e 1%L
BRI F81, Uy 52 N 252 I ] fy s e A B 112 151
B2 B nER A2, 3. A& MH TN, A
ARG IV o BB T BRI B, I A A =X
20TV a3 1T 5 AR AN 0 A XA I A5 (P<
0.05), At g AR 2(A=20min, AV=10 cm/s) 24
e D2 e 5 B U RS B 790 A AR i 2 1
2K 1 B A (Micropterus salmoides) 1T 5T 1 %
B, BRG] U= W R B
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EFFECTS OF ACCELERATION MODES ON MAXIMUM SWIMMING SPEED
AND ACTIVITY METABOLISM IN MEGALOBRAMA AMBLYCEPHALA
AND SILURUS MERIDIONALIS

ZHANG lJing-Jing, ZHU Feng-Lei, LONG Jing, YAN Yu-Lian and XIE Xiao-Jun

(Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, School of Life Sciences, Southwest
University, Chongqing 400715, China)

Abstract: To explore the effects of acceleration modes on the locomotor performance and metabolism characteristics in
swimming for the species with different ecological habits and to evaluate the applicable methods for determining the
critical swimming speed (U,;), burst swimming speed (Uy,,;) and maximum metabolic rate (MMR) for M. amblycepha-
la and S. meridionalis, maximum swimming speed (V,,,,) and oxygen consumption rate (MO,) of the experimental fish
during their swimming processes and metabolic recovery after the exhaustion were measured under four different acce-
leration modes. The results showed that under the acceleration mode with velocity increment (A¥) of 20 cm/s and dura-
tion of each acceleration (Af) of 2min, V,,,, and proportions of anaerobic metabolism in swimming process for both
species were significantly higher than those under the other three modes, respectively (P<0.05). And their burst swim-
ming should occur. Under the other three modes (AV=10 cm/s, A=20, 40, and 60min), the proportions of anaerobic
metabolism of both species were below 12% and there was no significant (P>0.05) difference among the three values
for the same species. There was no significant difference for the V,,,, of M. amblycephala among the three modes.
Meanwhile, V.« of S. meridionalis under the mode with AV of 10 cm/s and Az of 20min was significantly higher than
those under the other two modes (P<0.05). MO, of M. amblycephala and S. meridionalis both increased with increas-
ing swimming speed for all acceleration modes. However, MO, showed different trends with the increasing swimming
speed in Uy, measurements for the two species. The inflection point of correlative curve for MO, with swimming
speed occurred at velocity of 100 cm/s for the M. amblycephala and MO, did not change significantly with increasing
velocity in the subsequent acceleration process. But such “plateau period” of MO, appeared when the velocity was
above 20 cm/s for the S. meridionalis. Under all acceleration modes, the maximum oxygen consumption rates (4MO,)
of the two species during swimming process were significantly higher than the maximum value (DMO,) during the
metabolic recovery period (P<0.05). The AMO, measured by U,;; method was higher than that observed by U, me-
thod for M. amblycephala, and the value for S. meridionalis showed an opposite trend. It was suggested that it should
be applicable to determining U, of M. amblycephala by the acceleration modes with AV of 10 cm/s and At of
20—60min, but only Az of 20min with AV of 10 cm/s was the applicable mode for S. meridionalis. The maximum MO,
measured during swimming process should be used as MMR for both species. In addition, U_,;; method should be ap-
plicable to MMR measurement for M. amblycephala, and Uy, method be applicable to that for S. meridionalisis. The
strong sustainability of swimming for M. amblycephala is accompanied by the weak ability of acceleration in burst
swimming, and S. meridionalisis shows the opposite trend. Such differences between the species might reflect the trade-
off effect in adapting to their ecological habits.

Key words: Megalobrama amblycephala; Silurus meridionalis; Swimming acceleration modes; Critical swimming
speed; Burst swimming speed; Activity metabolism; Maximum metabolic rate



