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T HOE B AR LTI AR (6.12~12.78) cmy/s, i fa | SEFIEH (14 8RN 0 T 50 482 30 IEL o) R 1 JR 7 5 AR, TR
R 4.75~7.75 cm/s. 8 F 255 £ {4 Y7 s BE A7 7E B0 3 22 5 (P<0.05),  H: Hp 5 £ R 56K %) 1 S50 DRk 0 2 O % 2 TR K
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(P<0.05), 7EZ5E 0 d A2 d B, SCO6a PG ARG & iF 0 B3 22 7(P>0.05); 25 5 d B, WEFIRE TREE
W A S d G, AR RIEHE S FET 13%~51%HM 9%~39%. 256 10 d )5, ISR & s 4 5 R T
29%~70%Fl1 20%~55%, Hr 10 d %5 £ 91 1] it i Dkt AR B o W % . PRI, 256 10 d 2 52 R fa 2K ik e
A S o o 5 X )y 19 JE I TG Wb I, (LI RO U R R R R VK R A2 AR i RS B ., HL AR R
[FERAS, WEDk AE )T Rk 0 25 L I Abh, G S0k o B 5 4% R e Dk o 22 1) ) 22 5 VT R TR T AN Rk O AR B J T AR
T2 5.
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AMFFEEB A TR ELR . B 8
oKt AE R SLE X 4 . 7 fi(Mylopharyngodon
piceus) A E TV WA TR Z KK
&, JR A&k, F £ (Ctenopharyngodon
idellus) ™= Z B VT L WA AT R 2Rk K
R, J8 R a2k % (Hypophthal michthys
molitrix) 13 B BT V0 137 B B sk 4 i
Z, BT a2k, i (Aristichthys
nobilis) ™ 3= A B T K s KKK AR 1
2, JEIEE B M Ze B a2 X Uk
AR R F A, RRERA LA, 2
VLI . WA 2, #ll(Carassius auratus) ™
FENE TR EEOKEF, Bty Em
et a2 K T (Leptobotia elongata)'® 3= 4
BTV T BOK R R R R, TR W sh ¥
TRt KO KT iR A 2k,
R 3 [ 5 fa Wy R, K g gk iR g ] S 9
f12%, JeHk(Misgurnus anguillicaudatus)!'” . &%
e (Par amisgumus dabryanus ssp.)! 132 B4 &, T
A IR 1 # K B A K R R 2, LA
Y B2 E Y. SLEHIET 8 g
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RUFKEEE, THAFSEEREXX 8 i
VKRB S e ) 22 5, PR S RA M FHEA T
DR R, B K . JRERORI 5 ISR Bk g £
AT R AZS 2T, T80T Oy Hoad £ et i 1T R0 3 4

JBCUE B 558 1) 06 4% LA R 8 B O A 19 etk 4 1
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1 #MBEFE

1.1 SEIEHR

AWFFEF 2023 4E 6—8 H e ML Wi AT Y
KRR AT R R, 5256 B FH £ 25 5 A
VL] SRR AT )1 oK ™ FRFE A R, SE e 3% )
I, AMRTCE Bk o8 B FE SRR T, SCgmfarE
PEAR SRR FE PR 32 2 8, FRIEAKCR A &Y,
TERFR I, A H 8:00 F1 17:00 £ M F UK LA 1]
BE, M G200 B SR K AR b S5 R S R Y
3%, B HK 2 B TR 30%. 2561,
FRFE FH K A SE 560 F K B RRUZ 200 H 38 ™5 8 1
ZALIK, KIREEHIAE 23~28 C, W#A 7.0~
8.0 mg/L,
12 gt

T b f0 BE AL PR IE RUAS AR I B SE B A 60 B 4T
B3 2, A ) SR TR L I 0 S ALl A
DN 4 RN R VDK RS A 24, RR4 20 RS £,
7 U PR R AR EE 4 0l ke 7 A(10.74+0.75) cm,
(19.49+1.62) g; Hif(5.52+0.26) cm, (3.18+0.56) g;
#%(3.53+0.21) cm, (0.78+0.13) g; ##(4.57+0.18) cm,
(1.69+0.45) g; fil(3.32+£0.17) cm, (0.98+0.04) g;
K (5.49£0.19) cm, (1.89+0.21) g; JBfifk(7.04+
0.85) cm, (2.67+0.65) g; 51 JEHH(6.94+0.32) cm,
(2.84+0.46) g, ARWFFTIE 5 HEEEHE, 25N
0d.2d. 5d. 10d 1 15d, FEEEHR R ZH A0
FE 4 R, ST bR i S RS FR UK BE ) DU
T R B DCHN, P DK KR IR S (K
M K ETAE) 58 KA AR [R], L5 S g0 0 7E AR g
(5 cm/s)HIE N 2 h, SEKKIE 23~28 C, AR
7.0~8.0 mg/L,
13 XWRE

2 Ui VK SR B E X A I B PF 22 Loligo
system 23 H], SEUG KA FE WS, AT
R RN UK L . A R B L S ML B
MR AR AR, B S ALH S R e e, E i
7 Ui vk 2 Hp ) 3 R T A B K I, e
Uit S ASCIN S A [ A0 5 BT I K R B, O i
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20 cmx20 cmx70 cm (K 1) fd A A AL (L5 4k 3
{SER N FI ) YSISSOA) I A i 4, T (B R K

W oxygen pumpﬂ

SCALAR T LS4SA YT AR )M 5 A [R] i 48 7 T
AT 52 56 KR Uit Dk X3 PN B 9 e, ST 2R i
VK DX 3 7K I 3 (m/s) -5 i F8 5% 38 (r/min) 2 [8] 1)
KHR,
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A electrical machinery
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y
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frequency converter

v \d \
S R Wk X
parameter  stabilizer swimming area
detection site
1 Ik RE T KA
Fig. 1 Annular flume for testing fish swimming capacity

1.4 HEikiE ERNE
1.4.1 BRGRBEMME SCRIFETET, T8
AR SR, R S A T UK g D
KR K =, ERKPIER 1 h DIHBRTE
R X S BT 1S LS o Y 0 S8 N A B
Ja AR IE RS, R =X, L 0.01 m/s A
WU RERR 20 s 38 A3 KRR ] 5 7K it o 2
B EHE O 0.01 m/s, AU TE][E]FE N 20 s,
[F] Eof 55 52 56 00 %) 20 5 w), >4 S 6 £ T e
JK I B A8 A 33 A I s A A R U SR
W ESF R K UL T, B SRy S 4 0 1) SN Y T, R4
Ko SN I8 3 (U)o

AEXT IR N 3 (Uing, BA02H BL/S)RYTHE
R A

Uina=Uina/BL

1.42 WSLireikim B FTKGH B I i Sl i 5
AR IR, PR R S A A K E
7£ 0.5 BL/s (body length, BL)Ji# T i& ¥ 20 min,
DITH BR B i R (52 i 2 5 S T 4R, 10 S SE 5
THIR R IER], I AR, AERI AR )E T (1.0 BL/s)
FF 2 liF Uk 20 min J5, #5550 0 A] P KR 2L R K

20 min  JUJAS BT 38 D0 7K O S R, 3 R B R (U B ¢
1.0 BL/s, BRRHSE[A]FE(T>)2 20 min, HF| 5
o5 £ 77 A 57 4 Ak UK, 98 95 I F E bR A SE G
TR AL 20 s LA U2 g 95 5
S 8 AN A S 90 500 B

2 T i S VKGH R (UG, BN R em/s) Y THER
N-WIR

U2i=U H(T1/To)xU,

o, Uy 25050 BB RFE0ETK 20 min 195 & Ui
B (cm/s); Uy J2 3 BE B (1.0 BL/s); Ty J& S0 fa
Tt 55 L 8 RO DK B TE] (T1 <20 min); T, S s fa] a]
P (20 min),

AEX I SR VK GH BE (Uerir, 5007 R BL/S) T
YNV R

UL =U%/BL

1.4.3 BEBEKEE 9K WEIKH I E )7 ik
55 Uerie BN E J7vE AR, (E 7 370 A 2 1 ] 30
BRI BB RE LA B AT

i ik B I S B S S G fR AR | R,
PR P R SR A A VK = Y, #E 0.5 BL/s U9
HRIEN 1 h DIEBREERS A i sgm . g 2T
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FErf, TERD AT R (1.0 BL/s)EFZE07K 20 min J5,
ANWTHE K R, B R (Uo) 172 R 1.0 BLs,
BB RIEIR (To) 8 20 s, B2 SC0 ik 31 % &R
Y1827 S

2 %8 3 K W VKGR FE (Uprus, SA0H em/s) Y3
RNk

Ubrus=U1H(T1/T2)x U,

Arf, Uy 25050 RS RR 22K 20 s 1R85 s it ik
(cm/s); Uy N EENEHE(1.0 BL/s); T, S [a] ] F
(20 s); Ty by b vk 38 2= o 95 57 (1) Bsf 18] (T, <20 s)o

AR £ A DK 38 (Ubrast, 0728 BL/s) T
BARXN:

Ubrust = Uprust/BL

1.5 HESH

SEHGRHE(H ] Excel 2016 HEATH MITE, Bl
Ja >k A SPSS 25.0 Seit bt A CE IR S T4y
Mro RAHIHAZR T Z 5 H (two-way ANOV A
PR RS R B X VK BE A G S B e ;. AN
FFEFAFZEEREE TH Und. Udic A1 Upys
Fb 38R FH HAL IR 36 7 2270 1T (one-way ANOVA), F]
H Duncan k#1725 H i A 0 2 R 5 o ST HE
L (H AR 1 22 (mean+SD) R /R, i MEHE R
Il 55 R P<0.05,

2 HREHH

21 AEEZEREBEET M4t BMRE. Ih57ikF
W, BEFEMNLLR
ANFZEEREL 8 FhSLIR Y Uipg XT HLUNA]
2R, 2 0d.2d. 5d M 10d, Se b
[ JE 7 7 R AT 7 3 22 5 (P<0.05), 28 & 0 d K
0 d FYIE G IR (11.9440.82) cm/s BE R T
H A £11 2 (6.71£0.60) cm/s, 1 Ulg F 14 {E 6
(2.26+0.09) BL/s I} 3 i T HoAlh £ 25 (0.88+0.08)
BL/s; 5 15 RGBT . K6k, %72 Ul
A Uhg 4359 82w T HAL ML 4.79 cm/s
0.77 BL/s.,
ANFRIZEERET 8 fifl Uy A 2), 3256
0 25 2 ] I S vk s B A A B 3 25 7 (P<0.05),
B0 d B Ul 7 fdes, M(121.65+3.19) cm/s,

MM Ul B 5, H(16.43+0.23) BL/s; U Fl ULy,
B 615V, 400 R (24.1542.16) cm/s Al
(3.48+0.31) BL/s; 25 5 d B}, 8 R sz il FLiiF
VKA AR, 75 Uk, (105.5544.77) cm/s
B, M UL 5, M (11.60+0.71) BL/s; K yHififk |
TR, BEABEFIR 2, Uty A1 Ubs 224 e
[(27.43+1.13) cm/s. (3.61+0.15) BL/s]. & 5
[(19.28+1.90) cm/s. (2.79+0.27) BL/s]#fl%; &
ZRE 10 d T 15 d B, 8 A SO A i DK R AR B
FARME, {H 10 d A1 15 d 2R Es B E 2R
(P>0.05), 286 15 d B EK Uls A1 Ul 20 5110
(51.33+2.33) cm/s. (10.63+0.86) BL/s fixfE, 1%
Je sk Ui 1 Ubse 20 911 0 (17.03£1.94) cm/s |
(1.50+0.29) BL/s 5 fik; #R4EE 2 A FZE SRR
T Ucre 22T, B Y Uy BEZE B KB 3E 0
FEARIS B, & TS e SR SRS IS i 55 12

RFZEEFEE T 8 il Upys AF(E 2), 5E
£ i SIS 22 1)k e e UK B A AE W 25 R (P<
0.05), 256 0 d I35 i Ul (143.48+5.77) cm/s B
B, T Ul B8O 25 (24.1741.55) BL/s, Bifn
Wz, Ve, o, SIFEEFLIR 2, Upnse 1 Uprust 3
J AT VEERIRAR, 43 91M(47.38+1.57) cm/s F1(6.82+
0.23) BL/s; 256 5 d W), 8 P S50 (1) 15 A& Uitk
EF R B L, H M Ul (130.40£3.41) cm/s
e, KM Ul (19.51+£0.48) BL/s fix i, Hifh
W2, B SERBPEIRZ, Uy, A1 Uy 35 R VR SR
BT Je Bk AR, 409 0 (58.03£2.06) cm/s. (7.65+
0.27) BL/s #1(31.53+2.14) cm/s. (4.56+0.31) BL/s;
LA 10 d A1 15 d B, 8 FhSLE faliFikod i &
R EAA, 310 dF1 15 d 2SS AR 2
F(P>0.05). 251 15 d BB U s AT Ubruse 53
H°H(107.58+13.79) ecm/s ., (19.78+2.54) BL/s fx =,
G VR K oM (16.92+2.63) cm/s . (2.19+0.34)
BL/s 5 fi%; ARAEE 2 HORFIZS R T Ubna 2240
AL, T AR Y U AR B B 3G MR
(EES =27\

TE 0~15 d BAE VB RIN, X 8 Fh iy iifF vk
FEHBIE Upurst 51 T Uerit s Uing B X T Upurst A1 Urie
(A 2).
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Ne d
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=8 d
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£
<
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£ |
SPisorl ¥ 4
Qé I T i
Hﬁg b
g; 100 | Y
:M_E g € Cllc
3 d
\"8 h
0
0 2 5 10 15

A RH0/d days of fasting

== # {1 Mylopharyngodon piceus
1§ Aristichthys nobilis
== JR i} Misgurnus anguillicaudatus

= #if Ctenopharyngodon idellus
==l Carassius auratus
== & & ek Paramisgumus dabryanus ssp.

3% gmsD
~& Ef ? ab 18 f
58 a 2 ab ab b
e 27 e bl b [bl,, fo  |LP
2 b c
27 ol il 3 g
¢
o i
o 1F[
gy
=< g €|
3
0 0 2 5 10 15
A K¥/d days of fasting
20r d n=4; xtSD
AE aab abe
2a | eyt T
g2 h g a[ 2}13
<= T
®mE |d be i
§'§ 10
£ ¢ g
BS 5
EH 5
= 5
2 S
22
o
—
0 0 2 5 10 15
A R%¥0/d days of fasting
301
o fa n=4; xxSD
2k [ ¢ :
25 |
en
N
ol g od| B
BE
KNE10 e
%ﬁ f £
=
0 0 2 5 10 15

24 R%U/d days of fasting

% Hypophthalmichthys molitrix
= K3H#i# Leptobotia elongata

K2 8 M e e AN Rl AR S 18] Y kit BE /Y LU 4K
A [R)/ING g FR [ — A8 b BSR4 255 ) Jig vk o i 22 5 8% (P<0.05).
Fig. 2 Comparison of swimming speed of eight fish species at different fasting times
Different lowercase letters indicate significant differences in swimming speed between
different fish with the same fasting treatment (P<0.05).

22 FEMEEI 8 TN &K S N
PIIX 8 Bt i vkl BEAE M A B, Pl
FIES By [ A e, S0 A5 31 1) JIr A itk 3
AT WH Z W7 2250070 SR BR, PR Ui
i EMWE W, 2EEXT U R EEEm, f
FER A 1 22 BN Y %F 8 FhaLge ) Ui £ 13

S (P<0.05) o FZEXT Uore A W& VER I, 2R EXF
Uerc A S & PERZ IR, FhSORNEE 1 (1) 58 5 300 % 8
AL 1Y Uy A 23 5 (P<0.05) . FhZexd
Upurse A 8 Z P20, ZEEXT Upured A 50 51,
PR B S B AN X 8 FhCEE 1Y Upurse
H B F R (P<0.05)(F 1),
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Tab.1 Theeffect of speciesand fasting on swimming
parameters based on atwo-way analysis of variance (ANOVA)

n=4; x+SD
shag Fhk S SERL
treatment group species fasting interaction
effect
FI 7 4 28
degree of freedom
y F=58.782 F=1.369 F=2.959
e P<0.0001" P=0.249 P<0.0001"
y F=250.874  F=340.406  F=18.675
o P<0.0001" P<0.0001" P<0.0001"
F=291.755  F=118.149  F=1.919
Uburs " . .
' P<0.0001 P<0.0001 P=0.008

e * R i 2 (P<0.05).
Note: * indicates a significant effect (P<0.05).

23 EZRMET 8 Mt MM RIE., HFRFE. B
EiRENTW

8 MY Ung BEHEZEE REW AL ILE 3,
Uina FEIERYEALTERIFE 4.75~13.75 cm/s, Hi
FAEAR, N 4.75 cm/s, FLRIEHE(S.25 cm/s)Fl
B5(5.00 cm/s), FRUIET A, B BRI Bk,
BIBIRIK(13.75 em/s)ikimy, FIETREKAY Uing 3%
T A 40%~50%, KK S TR . U
Bk B Uing A PTFHE, O d 2 15 d B3 5038
T 2.75 cm/s. 2.75 cm/s. 1.35 cm/s F1 0.38 cm/s»

RS RBE N, SR U, S5 W REAR (]
3). 25 0d M 2dHf, LEMAY Uy IR EZE
5(P>0.05), 256 5 d B Ue TR HBRFRAR A # 24,
{E35 8 28 T25E 10 d 115 d B} (P<0.05), 7E2%
110 d B, 5 FsEREIL 5o B3, H Ugi it
WL 0 d FEIRT 62.9%F01 70.3%, HKEHRfh | B
VIR T 50% /A4, HAbMZEREAL T 30% A 45 .

BEES B REGE N, LI Uy FBIEWIREAR
(K1 3). 25 0d. 2d, SEHAAN Upys B E 2R
(P>0.05), %5 5 REFFFURREAR, HImRE W& T
A 10 d F1 15 d (P<0.05), 256 10 d i}, #7Y
Upurse t6 0 d IV BE, FEIKT 55.5%, HIKE
6. JREK . AISVREAYRRIR T 40% At H
i, Ff L KRR T 25%.

Bl 25 B R BRI, X Uing 76835 52 M

(P>0.05), fHXF Ueqe FEE & liE ¥ A 1 3 52 i
(P<0.05), Hrp Uy, b 2 Ui s AR i 5 ok 325
MO dZEEE] 10 d B SCI A0 ) U FIUER & VI 3
BRFET 29%~70%F1 21%~48%.

3 itig

3.1 8 Tl fa B N AN K BE 1 b 4R

F N S T N = VB S T N B ()
(6.35+0.23) cm/s, x5 M (12.30£0.48) cm/s,
A BRI ) SR A R A A0 L A 114 SR
U, R 4.75~7.75 cm/s, HKJEH
SRR R, I8 SRR 15 7 V8 BROGT I S 1 SR
IR, 2R T A 40%~50% . X LEL
SRR WA R] i 2 b 28 2 ) 2 iy 3t o A7 7 B 3 22
o AETRAEARTR K 2 B £ 28 35 36 B S — RE UK
R AYAE N, Hod, R R A X K A
FXH B U Y AL, KR B X T A
W > e 2R 5, 2 TR B AR ) K
Wi o DRI, g 28 X I TR T ) JES R AR
Bl M R T R 2 ks, AR
T LR, X 4 Fpa 28R E T e fa
25, HATRGRMIFIKEE JT; Kk, YRk, 5L
[ R = e (E R O RN O e
DAL, %o 3 T 4 SR A R A

TiE VK e I AE S £ 28 A A7 ) G B A PR M 2
— U8 e ot v BLBLIN BB 25 5, X S ik
ML LM . AR AR | SRR U R A
SRR B N FZ IR A s, #
o R TR 1 U R g R T Uk
W T Yesk . sEREY, Hob SIS Rk
T VIO et . MK B SRR RE A Y
U I Ty N R £ R s 2 N R S8 27 S 9 A
fif Syt s Bk, T AR LK R ORI R A R — £
e, WL H RS ESRIEIKEE S . BRI &
B, UL AR R A0 UK ORI UK AE T
LTS e I ¢ | K= R e Qi U N R
fAT I, e 55 R A ) A g M e o AR IF 5T
Hh T ORI R I SR DK A L R
T [ 3 T2 AR B TR A 5 i 4 Y, 75 £ FRE 6 7F
e vkaz g sz 2 B T8I, ek B R, 3
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aA U U
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£3 E g 100
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® g
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cA bA cA cA
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bAB cA cB cA cB cB
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80 200 r
aA -0 Uy f +gi“"
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_ I U, _ | aA
g © o U 33150 s Uy, B
g % burst 5 % aAB
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Fig. 3 Effect of fasting on swimming speed of eight fish species
a. Mylopharyngodon piceus; b. Ctenopharyngodon idellus; c. Hypophthal michthys molitrix; d. Aristichthys nobilis;

e. Carassius auratus; f. Leptobotia elongata; g. Misgurnus anguillicaudatus; h. Paramisgumus dabryanus ssp. Different
lowercase letters indicate significant differences in swimming speeds of same treatment group (P<0.05);
different capital letters indicate significant differences in a particular swimming speed between

different fasting treatment groups (P<0.05).
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Effect of fasting on the swimming exercise ability of eight juvenile
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Abstract: This study was conducted to explore the swimming ability of different species of juveniles under fasting
stress. Herring (Mylopharyngodon piceus), grass carp (Ctenopharyngodon idellus), silver carp (Hypophthal-
michthys molitrix), bighead (Aristichthys nobilis), crucian carp (Carassius auratus), long loach (Leptobotia
elongata), loach (Misgurnus anguillicaudatus), and Taiwan loach (Paramisgumus dabryanus ssp.) were studied.
The induced flow rate (U;,q), critical swimming speed (U,;), and burst swimming speed (Uy,,s) were determined
for different periods of fasting (0, 2, 5, 10, 15 d). For all the eight fish species, the following result is obtained:
induced flow speed < critical swimming speed < burst swimming speed. The variation in the average induction
flow rate ranges from (6.12—-12.78) cm/s. Meanwhile, the induction flow rate of grass carp, silver carp, and
bighead is close to and sensitive to the flow rate, and the induction flow rate is 4.75-7.75 cm/s. The swimming
speeds of the eight fish species were significantly different (P<0.05). Among the eight experimental fish, the
critical swimming velocity and burst velocity were the highest for herring (121.65+3.19 cm/s, 143.48+5.77 cm/s),
which were followed by that of long loach (85.08+£3.23 cm/s, and 132.68+8.52 cm/s). The critical swimming
velocity and burst swimming velocity of the Taiwanese loach were slower, which were (19.28+1.90) cm/s and
(31.534£2.14) cm/s, respectively. The effect of fasting on the induced flow rate was not significant (P>0.05);
however, the critical swimming speed and burst swimming speed decreased linearly with fasting time, and the
decrease in critical swimming speed was more significant than that in the burst swimming speed (P<0.05). At 0 d
and 2 d, the critical and burst speeds were significant (P>0.05); at 5 d; after 5 d, the critical and burst speeds
decreased by 13% to 51% and 9% to 39%, respectively. After 10 d of fasting, critical and burst swimming speeds
decreased by 29%-70% and 20%—-55%, respectively, with the most significant reduction in swimming speed
during 10d fasting. Therefore, 10 d is a critical period that affects the swimming ability of fish. Fasting had no
significant effect on the induced flow rate of juveniles; however, the critical swimming speed and burst swimming
speed were significantly affected by the fasting time and a longer decrease in swimming ability. Moreover, the
difference between critical and burst swimming speeds may stem from differences in energy expenditure between
the different swimming modes.

Key words: fasting, induced flow speed, critical swimming speed, burst swimming speed
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