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HEL S, RV R T I TR E A D 4] 70 A R
G R (E AR F 200 min £ i X
MR IRCE L 1) P AR AL -k = A iy ol A 25
AU, PRLHR N [132) 9 758 5 f0 26 Ti Uk e
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AT IS, T — 7 FEIERN_E 3 RS i
R OR X — BB

1 ERNEEEKEEDSE

DARSB] JBE S i 4 £ S DK GE B 3 207 05
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LRI, LI RIS AT R 70 ettt , AR B
A A EI IR ES (Aerobic swimming) FI TG iz
IR ZS (Anaerobic swimming), X 2 FEHCHKR 24351
Xof B FRELEIF IR ZS (Continuous swimming) F1%5 i
VCIRZS (Transient swimming), %6 B 77K & — Fh il
TR 18 3h EEAREE PN 220, R 2Rt ) —fik
AL 15 ~ 20 7P A T IR E SRS . HREf
VK& — P I B DR, 12 3 EURSELL LA
M, —JBhb T Fus dpIR A  EARZ Sl 2 b
FNLRH L1z H, Qa2 Tk Ak 1728 s ik 18 O
B i R G AR RR A T
VK, SR RTRE I I ST TR O, BRI AE I A%
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Fig. 1 Traditional classification of swimming speeds of fishes

1.1 [EiEiFik (Steady swimming)
TE S 90 IR 2, — JBERR D i AL (S D) 91 Dk
(Cruising swimming/Sustained swimming) Sk

A& T ARG o B ARSI 5T H AR iR

A AT (Optimum cruising swimming speed) F11%
KA (ZL i) 33 (Maximum cruising speed/Sustained
swimming speed) FEAT IR, IR, B A FH L R
Pt 2 1 Ui UK 3 JE (Optimum foraging swimming speed)
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a5 | H Y AY B O 3 G i DK G 2 (Optimum migrating
swimming speed) DA KUK 3 EE (Optimum growing
swimming speed) A AR &5 AT IS TR A
B

AT AR 2 B TR AT AR TE SRR
THAERE R R/ B RAT IR, 2 —Fh e Prid. (HAE
WFFE AR | 3X— R BEARAE B Al S, R
RS — RN R, — s S Rp s R IE A SR
TR L HA AT B RS Dk,
TGRS, AN B 97 4, (B AR IX — 2%
R T 38 AT B 1] (Sustained swimming time), B[ 75 55
—KILE AT ] PN, £ S RE S PR A5 1 S TH 3 i Tk
ARSTEAR I TE I I7 G, BRI Ry HAL T3 it
FVICIR A, HORE R Ak i B B A A B, KT
FRUE A 2 2 R LA 200 min A Ry 38 A A ) £ 48—
FE T O ELALAS B RN, H T
Z A4 NME MR A= i B AR S s R A 1 38—
Foklal, HEOCT MU R e FZED TR
AFEFCE: 200 min 6 h 12 h.24 h, IR, ARG
¢ BRI, T LA 22 Rl s B2 B PEAN £
ALK RE ST B8 B , Foe DA o J3E A R Aot
(SEAL) TR R P12 L A )

AL IKAT I EE (Optimum cruising swimming speed)
SEARTEWE RS — HARIAR AT, ekt T
VIR XoF [0, 1) S BE , S f0 A IR 57 A, b
SRBFFSE B RIS Z2RE Y, (1A, Ware' ™' A
A=W RE R 2 I AR BEXT LT ORRIG £ (Oncorhynchus nerka)
AT TOFSE AL RRRIG R e i i B S5 1A K
0.4 5 IIE HE , X — R A R 1S FH T ) 20
IR . AR IRAE Ware B K, WA RE B FHU A
JER B S B A U, X — 4518 A3
Hammer' 2 (4 £ 25 4= KA B0 E 52 F5h, Trumpgf[lg]
AT B P L T S 5 Blaxter' /28
LA 2 BL/s FRAHNS 3 AR by 22 55060 28 A e DI it ik
BEo BIHATA IE, & TR UL i i i 25 MoE LR
INHIFSE TR SEATIR A ARG — Y518, iX LA i
A oA RAR IR

B AR (SEAT) 33 % (Maximum cruising/Sustained
swimming speed) f& 8 £ 7E R — 45 72 I [E] N T e 7 52
1) B R D DK B RE , DA A A 2 1 % 55 Ry 2 K
o AL, 2R E R REHEEE (Maximum
sustained swimming speed) HEA&, P R 38 A 5 B2 0
FHARBSTIRE TR AEF IR X — I B WK,
I R B E 5 45 7 I [R] A5G, — R & fi /)N ]
KERT 20 s, A e ok i Tl AL 245 7 20 s LAY,
22 Mt S b T I oh R TIOIR ST IRkt
[F1) 25 3 e b AT LABEAT BRI L AELE 45 A 1) e (1) 55 32
S, B KRBT BB N B R B — ok
ECHERIE (AT D3 5 i I 2 22 4R Y S ]
(Sustained swimming time), R FHECF 5 2% [ {E 2
AT R LA 2 S ] R A e kg i, Bk
TR, DS S IR P — 2 MR (1150 9% 1 5
109 ") B X 2 HH B 55 A Xof 7 £ 3 3 A A
FRR GRS, 5 LA AT A AP 45 S A P 1] 25
45 5 I 18] I FTRF W A 9 DK 3R 1 O i R
JEO R T N KRB R R
T RAMANEAAE DL
1.2 ZTiEiFik (Unsteady swimming )

AR K (Unsteady swimming) & 48 28 7E A KT
ALY B R AR K BB 7 O 1k, BE B
£, 45 38 3 Y7 9K (Incremental swimming) 1 I 3 7 1k
(Decremental swimming) 2 F{URES {0 HETJLF-rfi 2%
PR IS DK 7 R 8 27 iUk BE A T
o AR, 22 A UK A B A AN M G kR A
(Irregular swimming), B B R/INHIUT [ ANTE E , A A
FAEPRAE T B URCR S RV T ix — 15 B0, (HKf
R R R 7 AT ST RSP B 5, PRLHAR SO A%
JEX — AR

L R (Critcal swimming speed) S
AT RE ST 12 RN TR 2T SR A
BT EEIEA TN, 28 A —E A TA) A
TS KT, T REIS BRSO o Il il
VKGR B2 AR A2 P ] 2D AN B S i il , H G
TR RATAEAR K A7 B ) O Nt ] 28
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IR 3 e £ e Pk ol P G 7>,
A7 B2 AR X R R 3 R A SR A
AR — 5 1 B A 3 R S T L 22 Y O
TR, H AR 22273 a1 TR HII ) 26 K
20 ~ 60 min (FEF77 30 min), T AR BESE R A 1/4 ~ 1/9
T8 U, (W5 FUFRGHE) M IR T

55 Fe RS0 383 8 I 3k D7 2 R G i L0 Dk
R A7 T LR IR I XA A R s
[ > 27 0 d8 R W SR ik o R gt P AR A
JE b I 3 R W R (R 2P, N5 3 Y 1 1
QRS £ v 1P SRR E i -1 71 27
S AR ], Jaain 2524 4R H T — ol o 0
3% (Ramp velocity test), ZITIEFER PN S ~ 6 min
Z A B TR R T B 75 % 1 U, 9K 155 B
30 min B4 1V, B A BUEDT . Farrell 7 H2 1R
FAE I I 37% (Constant acceleration velocity test),
IFTA) 2 AN 1 min, SEPR 2 i ek i K 1k
J5 ) — R O, RV TE] 254 12078 T LA
R G S It ) , (B AR 237 A 550 e 1 i 5430
VKGHE I AZ

B ek S T U BE )32 T I £ 28 ) i
DKRE T, (B2 25 i AR DA e S0 DK B8 8 7 1 ke
Z A{E AR B AR AR L, SebR b, i
Fr R DN TR 38 5K e S kgt B2 e SR
JE b AT DA by S 5 SR i i ML £ 2 3l Uk
REJT RPN FE PR, TESERRIEE0T , MK T 3l 2 2
—E WA o AR H 38 o 4], 3 0 v i
TR Z IR 3 h 12 min, S8 )5 oK
JERE B RIAEZYTE 3 h 12 min, AW E X —iT
Fho AT B AR, B I S VK H i
JIv R IR T 1255 Jim & st B, E i o7
Xof X — i R S BE D AT . AR Uk
AE A SE BRI SO e, 2B 3 A B A0 2] DU b 58
TSRS A A D BB A% TR X — R A N
ZEFUKZ6 h 24 min, A B ST, BIRXTREERY
FFIEREE T , REAS R 5 X —id A, Bk Tk
TR, H 0 SE X — i R, W GF k2 57 IR,

L S 33— i R AT I 38 B AR A e R 4% T 0k ke
(Maximum domed swimming speed), % KA TRV 3
JEARME FLHEI R , 5 B2 G i A e Ko
GiisyNAeiNEIPEE NS I R S vE S iNilpi
TR THESN E | J5 SO R — R E LT T .
1.3 jhifiliFik (Burst swimming )

OREKGE B (Burst swimming speed ) X [ £ fi%)
ORI DICIR A, H 2 O A RS PR N TR
NAF BT KA T R, X B AP A 3 B e FE B
SR kR — R TGRS BT, T ]
— L 15 ~ 20 57 AT 43 A (Sprints) FAN
# (Accelerations) 2 PR AR, BT, — ik
RO X 2205, ORIk s B2 0 AT SRR
FI10 BUs HEAT A5 5, T 5 0 il Ff 2k T 56 225 (|
XN A A £ A ELAT AR s A ol B B 2SI 7, X
— BTN R L s B S A
S, Bl g A HOB AR TR0, [l o]
TP R 8 P RIS AT DG, SRR P e X, o] e
JE S AR AR BROE PG R ISR AR X S,
IR KRR LR,

2 EKERTNFEKEE (Maximum domed swimming
speed )

T KR Tk S BAT A A8 9 S B
Xof T R SR BHLIE X Ve HAT H S B 2%
I (H AN E T e AR T Dk 3 BEAR X B4
JE , i EA IR T BOEATHER o AT5OR LIMLIU A H
TR, R AT 1) S S AR A i /N2
= A 391 (R~ 1 P e i 1 A 84, 1 HE
S 2NN A AR AR) FnE A R GRS H 580
AR SRR P, FTH R R

Vi=Von - sin(2T7Z
c

t)+K'an’sin(%zt)’sin(szt) (1)
A, VAR AN, Voo sin (5 0454

P 6. Vo sin (57 1) -sin (77 1) Jy2F A1
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WA V=V, + V)72, R R R V,
FV, 43 B3R~ R /NI A ) 5 K ks K= (V,— V)
IVt V), R Ui 3h R Te=12.4h, 2 H
W15 T,,=14.75 d, 21 H R, R S o 0 28 3 UK fg
JIWARGE, Jo T % SR 0 00 el A8 Ak, > H
(12.4 h) FosE AR AL R 6 0 28 NIk E T EL LIS
PRI (1) AT A B A i B — L, HL TR d R i
A -S4, H

V,:Vm-sin(szt) (2)

TEEAEH E W e (0, T) I, Fil s H B 2 b
KA BB A SEAE )y A B o AR 0 2SI Vk RE 7
B IC T % 1 1) [l DRt H5% ee (0, T/2) B
i) B, 7E3X — I BN, it i P 24K 2 e KA R
2%, 1E X, v, B2 TR AR T K
I,

WRARV,,, W20 L 0 280 UK RE ) k. AR
o

sy O OB TR, R 2 RS i)

T=aV’ (3)
A, VRS 5 TR SR A VIS X N A F
REEI ] 5 a, b FZ KL, W I E . K (2) Hr
A (3) 115

T=a - Vmb'sinb(;,ft) (4)

b RIS T AT R 20 %68 o7 () ik T, R 2 Y A
TR IS [] o 28 0 £ 288 Bl 5% VK 388 B2 (Critical
swimming speed ) 11822 2 Ry

U= U, +[ (1)< U, ] (5)
K, U WG SRR 5 U, A % 55 1 FT— Ui
5 U, s S0 5 ¢ e S5 Ui B N R i T UK
IFIE] s ¢ PG . b v o iR I, 6 267
255 7 TURE BN IR DK B[R] 2 Ve fin iy, BV 120
FEBN 1 R IR R 51 B . TR RIAER
I E e, BIZEA L (4) i an a5 B T /2
53 AR Z2 1) 8] 40BE e, D) A N ] G Bexss o7 19> 3

JEEBCRN 1A S RST8] 7, 3 HLAE 1208 BE B iUk
R TV i85 JE 2 A A A , DRI IO R ) ABE e P
FR A I FE FE A by e/ T KA T I G T I ] B
T/ 2 NHEATRRY , IRA G G5 T 1, RN R E A
SEARTHAE, THEA

j(: %dtzlﬁ-[ mm—l (6)

T:

b, HEHGE R A o Rl b, B AT SR HTEUE AR 2 1
IR ARAT B RIR TR JE V., , PRI E e KAR T
Dk B SE PR IR 25N 72 fe KB T FIEEAE
JEE , NRRH T SC L, S KR TOU i o -5 e K
I T ST B S A o R ORI IR T 129 328
JEE B 7 HAT B RO RGE T, AN AR IR ) 25 A IR
TG R ) R, T LI 307k 1 B, PRkt m] ORAIE
BRIk AR e

3 itig

31 MR SRR E %

Uik ol JE 2 1 2 VK RE O Bk BB T A 4R
b, BRI (ST Wrdk o i | b fil it vt B
I SR DR B, 3K S A A AL 5 A A S I D
W ABE R NTEBR O AR S T KR
FHITZ WS, Hammer ™ I Plaut ™ % B AT %5 K
SRS SR, 76Dk B i 5 f o2 T
HURtEHER , 35 10 DAR TR SR AR RIS (SiEk
B I A = SR UK T, B AU [a] )
BioE L LB G — . [l SO A 7T bk B
(Endurance swimming performance) #2514 (ZEA17)
DK R 1 EAT X 43, Bl £ 28 VK BE 1 A& o0 2K
TR, RS PR . e R ] S
FEXTR PP FURE FA 16 > M OC, T BN Ao
FRTE , TR G — S . T, MR 2 1243
[i1) (o FH I U373k 3 (Critical swimming speed) 1
Wt 2K RE 7 o I IR 8 33 A Ay S £
AT R KA IR T i — Pl Bz 20, i L
ST S B AR T, SR T X TR ALY
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PN ek . AR EE IR TR AEE IR
AGET 27 A7 A R PR R ok S Dk R £ 28 A 3
E Y RO S et AN T N (ER e g = S i N
FEA R AU LN TE A TR,

AR SCHE T A 10 26 i vk AE T RIS, AN B R
iFUK IR TA) A B , SR A 2R DRI AR S A al o £
UK E (RE D) HEATE B 328, T (AN [R] 272
M RAGRGE—. R, 51 BAT SRR 2 A iRk
& T JiE K 3 & (Maximum domed swimming speed) HE
& U SR UK ) A RPN R AR, BT
1 UK AR 1 o3 2 A4 S PP viGH B s e A A
i3 (Optimum cruising swimming speed)\ % K2k i
J& (Maximum sustained swimming speed). IIfi %t i ¥k %
J& (Critical swimming speed)., £z K48 T # & (Maximum
domed swimming speed) THIIEK I (Burst swimming
speed), IRTE L3R SR Pk B Z Ah, ib A LR
TRIFKGERE (Optimum foraging swimming speed) e ffiiE
HEUFIKHE B (Optimum migrating swimming speed). {1
A K UK G E (Optimum growing swimming speed) 45,
AIAT RIS Z T o AKX #E (Endurance
swimming speed) FJ T T 5 REEMTH S, e RIKMTH
JE 5 B R U B 2 A Y, 1B TR B T ki
2 NLAARSE 97 M, I e — R B R i
B AT 3 B (Cruising swimming speed), 22 fiif 14 i
(Sustained swimming speed), F SREK# 4 (Spontaneous
swimming speed) 35 HRAN 2 ELHE S B S VK R 1 1
FEPR, M SOn 2R T AL O AERp P alRICIRAS . I
WK # B (Prolonged swimming speed) FH F32 5 TR] AL e
(20's ~ 200 min) FEN, T L F BRI S DK
5D B EIR T BUIGEE
3.2 RTTEN B KK IE RS0

KT Uk BT R AR fe A 2 R
P S — B ARSIl Sl v s BE R
I ) 25 AR B G i 14 S0 A2 3 ) OGE A R Y
ZEI AN T I S o A Sy A
O ZRIFVKAE I Wt B R HE bRz B Bse . HRTAR
Z E 1 TR E] 2 20 ~ 60 min (EFF N

30 min), i 34 £ 48 W 4 1/4 ~ 1919 U, /E R ik T
Beo AHK AR A2 TSR A R KR SR BRI, e Xt /)
FIAK A0 AU UK 8 0 DT, B[] 254K 20 ~ 60 min
BRI, HIR Z 2 AR 9 e Tk g ST,
FHE SRR K, A2 min 2

REFHEEZ AR B Tl 50
TG e, B PR IRGH B R )7 R A it 2k
WPk BEJITEMHERR s ML, SR e 1)
IR A A B R I G R ikt et )
7 L S o AT ) A0 S sk B 22 1] )
BE SRR I THREHER . (RS B vl DL
b Sz WA DK BE T, JEHO T ik A 7
A B AR AR AL LM A O, DR R A5 A
IV AR R . R T R RS IR, 1)
G T BRGSO P S R B T KR O
TS PRI A oy A1, B B A K I AR R A
A0 T A e D s 7 AR A sk 2 0 ek
BRI ST N7 o IS 3 7 A R A o ek B ] ) 4 e, —
FB A R AR I 2 g gk s
GESRIMTE > AT o H 5 TFA00 5 Y 185 7
I 2 X 0 UK AR SRR RE 0 7= R 1 TG
HIATHIIERAE . EH G 363 em 38
[EI£1401 (Sciaenops ocellatus) FIPF-HA1AA 23.6 em Y HEHR
(Sparus macrocephalus) W RKELURE I RIS,
RGN SR I K A ) 4 a0 O A I FE 1.5 BLs
g i KA 1 38 13 KT, 1 7K 4% T 7
(20405 XCLAT 3t 7 it XA LS SR LT 52,
X — it Blaxter' " 56 L2 BL/s 3 8 1 g e ffE 3
T VA Y o AR B R B, it g O
TEFA] 1~ 8 min) X 2 P60 1 5 R ZEATRE T 0045
WRA B I —45 R L 5,
FRRTRIUARS By £ S0 AR B0 E , KXo i AT J3E Py
T AR (8 , Tt A 2 AR [ ks 7 A 7K
DL W AR S AT LA T B LA
33 AEEKEEZ BN R

o R0 ik 88 511 A ek o % ) 72 ik
VR R 1, 25 AN g Rk R St 1) £ S8 VK R
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R R , B A S ) TR 8 B, 1A PR IOk oo
FSF 2 A e vk A . SR AUk R 1] 5 i
VKR IR ARGtk e &R (PR MR RO R), Rt f
PRI VK T8 BE AN SR i S Dk o B Y —2f 3
P AT REELAT SR Y AEIE R, A fB Ao A o i
THRUARAS e R T K S8 P8 I S e K 3 ) 4
SROCFR , B AT SE A I SR UK o R R R AR
TOUJE VK AR, 0 b s SR D o o LA — s A
PR o H F 3R 2% R SR G S i vk o B 1 PR 2 7E
3 h 12 min CGREIUIF: H ) PUREA I | B 1) 20 1 >
ST BESE (A5 min 394 38 1Y), 7t 34 14 Wt 17 R FH A
SEREE, DL IE I AR AR

— 5 T R B AR TR B 5 1 itk o
TESR 2R LA A AR, T HLA AT AR 7 5
RGP e A TR J32 AR S0k 3l B A ot |
BABARMN . T3 —J7 1, e RO GH B AT DA
L i e T B NS TR] 1) O R A T4
R A, DRI e SR TR Dk o 35 i RS 8
JERIRN . WX — R , e KRS I AR TR
Vi I SRk R — B e PP iR Tk
BT A AT A S5 A0 19, G SR e ) S B B 5T R
SEOMHT, REASHR HhAH B R A5 SO R Lk A
VKRE T B PTH A KA R A

e KPR TOUE DK B (9 4R B2 1 2 1 e 5 i
VKGR G T 0 2R TRAA T 7R 38R BE N34 51 A e i
S BRI — {15 14 AT A RS BINE 5,
A2 TR O SE . BB G XA K 36.3 em
() 3% FE 2T fa 7 B0 TR (2040.5) CF A B KR T
DK B A TR WA A5, R L3R 5 AR A i 3
] 21 £ Fe K AR TR UK BE R 76 em/s , Ff-4i B KR
OOV R A T/ NSO, (R85 SRR B H,
A BE I S e O¢ (MRRET X5 X 5 e+
BN SR 1L A, C i T 2005, 75 2 i T
22 1) LS RN B A A B i SR B T
34 AEFXEERERMYE

NSEBR I ) B 6 AN R a2 ek e
IV FEFR EA AN R 38 FHE S X5 TR0 )Rk fa 2k

PR AT H ) K R AR TR O AR AE , SR B R 22
FULE viGH REAE D AR TR RE 1 RO PEAN 48 b LA S0
S 53— T5 T, SRR R SR A (5 A i ofl Ui
DK, DAL e R R R BN K FE T Y L
FebR. XTI R R K 28, 2R RS
R BE ~J P AN R L ) R A 9 , e DL s o ik
JEE TCRE S AT A A5 b0 ok B2 U2
P H e I B S BE T I 2R, X T
PO 0 L X 17 L 0 288, 0 O L o s ) 2 80 ) 34
B, e RAR Tk 3 B2 187 T VR Sy He ik BE 1V 1)
AR bR, TR SRR I X PR A S K
Xt T £ 2K TR AR S g S 2%, ool
TR L R RS DK IELE | S LSk i E
A HIH B

R RS Ty DK 2 B (o e R FL i Ik ik i) 2
—FHEEAS I DK HE ST, BRI 1, SO, n]
VRN W FEWE oA T Xt 0 28 A B A CARAR DT T
FURRSF 1935 ) 2 LU R PR I 1~ (UIDIG B
19U GRS MK RE SR A E 2P bR (]
At ] VRS HAR PRI R AR (AR KR O R E 452
IUEHEIE S8

e S K T J3E R )2 R D (L ke =2 W ) 5
PRIE o RPN T, O 8 e i St i i ke
bR EHARAF A LR S HB M. (BAEE T
AN TR BAN [R) KL £ IS i K E 77 B FE AT e S5
e ks BE p T 106 5 vk g B IR D R
AR SRR R R R 2 —. &1
JI3R , Wi G0 K A A PRI A B A 2
AR SR, HA B I IC 2 R S, HAE o 2k
IRl G WAL N s e =

SE Lk
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Classification of fish swimming speed

WANG Ping, GUI Fukun, WU Changwen
(Zhejiang Key Laboratory of Marine Aquaculture Facilities and Engineering Technology , Zhejiang Ocean University , Zhoushan 316000,
China)

Abstract: Swimming speeds are the most important indices for evaluation of fish swimming performance. The
terminologies and classification of fish swimming performance were summarized in this paper. Based on the duration
times for which fishes swam, fish swimming speeds can be divided into cruising swimming speed (7>200 min ),
prolonged swimming speed (200 min>T>20 s) and burst swimming speed (T <20 s) by a recommended
classification method. However, this classification method has not been generally accepted due to lack of convincible
physiological and ecological evidence. Much wider time range has been used by many researchers, which makes the
definition confusing and the classification be of little meaning. Taking most evaluation methods of fish swimming
performance uesd by different researches into consideration, a new classification method of fish swimming
performance is proposed in the paper. And a new concept of swimming speed, maximum domed swimming speed, is
introduced into this new classification framework together with a discussion on its calculation method and practical
significance. According to the new classification system, fish swimming speeds are classified into five kinds : optimum
swimming speed , maximum sustained swimming speed, critical swimming speed, maximum domed swimming speed
and burst swimming speed. Other concepts of swimming speeds can be ultimately merged into the above five kinds
respectively. Furthermore, possible relevance among maximum sustained swimming speed, critical swimming speed,
and maximum domed swimming speed was discussed. It is regarded that common consistence may exist among these
three swimming speeds. [ Journal of Fishery Sciences of China,2010,17 (5): 1137-1146 ]

Key words: swimming performance; optimum swimming speed; maximum sustained swimming speed ; maximum
sustained swimming speed ; critical swimming speed ; maximum domed swimming speed ; burst swimming speed
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