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Tk & BF ( prolonged swimming speed ) £ 28 i i &
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A ARIBOT ABEA A At AT AR, PREAA
R ALY RE TR B , 217 5 BRI d LR fof £ 28 J%
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2.3 RPEFEEWNE

F T 58 S R T A 5 1 s (R R e, L AR IS
AN, N30 X DA A AR 3 26 1) B () AR A
W&, 384, 1%A7 07 I & T AR R D . R
BB bR AT L [ 7 i 34 V5 ) i ( Peake S et
al, 1997; Pedersen L F et al, 2008 ) , {H JyE#f 1 %
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Tab.1 Relationship between fish swimming speed and tail beat

BRE(F) Slifk

, N .
" HEJE (U) B A5 o

fi U=0.95F-0.46 (R=0.99) a3, Wardle C S, 1989

LR U =0.96F -0.48 (R=0.98) {3, Wardle C S, 1989

il U=0.71F-0.03 (R=0.98) A, Wardle C S, 1989

Isurus oxyrinchus F=0.94 +0. 14U Sepulveda C A et al, 2007

Isurus oxyrinchus F = 1.240%% Sepulveda C A et al, 2007

leopard shark, Triakis semifasciata
Fo=1.50%%

lemon shark, Negaprion brevirostris

scalloped hammerhead, Sphyrna lewini

Triakis semifasciata F = 1.790%%
3 (R ETHE)

5 (R L)

fitf F=1.31U+0.35
[ fitf F=1.30U+0.52

F =0.16 + 1.37U

F =0.8 +0.65U

U=20.65F -34.80 r=0.73,n=18,P <0.05
U=81.39F -57.88 r=0.91,n=24 P <0.05

Sepulveda C A et al, 2007
Sepulveda C A et al, 2007
Sepulveda C A et al, 2007
Sepulveda C A et al, 2007
2= 14,2008

Z= 1452008

Ohlberger J et al, 2007
Ohlberger J et al, 2007
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[ b2 e R B F T Bl L A5 T — R
255/ 3 (Beach M H, 1984 ; Rodriguez T T et al,
2006) , 3k 7 FUKEE S A YOG R, B Uk
SRR A ) KR, BRI RA, XY
Iy — e i AR IR R A 2 (8] O AR, B A
K 57 Z A 15 2 (Quiros R, 1989 ; Peake S et
al, 2000) ,

TEIX S ZR A, R #Y 2 Hunter I May-
or(1986) R AA: V=aLl"t ™, .V a2
XKL AR DK BE , Loy B S, o Sl 98 57 N ]

a.b.c RIEAEE AT B 9 55 B ) A HLAR
{H, DA FH A5 {8, i A 5 A 30 min, 5E33F 3 B Oy
10 s,

AL, 3B A S AN [ Uk AT 0 B e 15 2 Y
—ZRANR R W A5 Y fa ) S iU
FE Vo (/) FIAK L(m) Z[ERFR:V,, =0.4
+ 7.4 LOGEATHREK/ANT 0.5 m i) ;18 H FIR
K/NTF0.55 m A ROKIEE EE V., (m/s) FlA
KL(m)ZEMFEER:V,=0.15 + 2.4 LKV, =
2.3 L”*(Larinier M et al, 2002)
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VKR P F A 22, O B TR ARG (X)) 1Y bR
#:S = Syx" (Hildebrand S G et al, 1980) ., S, &
AR 1 em B AR BRI VK B2, b Dy 81 H R 40 (T
W), 44 0.5 ~0.7 WA HCFH% 0. 6 115

#1288 1) 5 U vk BE 5 7KL R A AR JC G L H
SRR, HRBALT .S = ax’ (Hildebrand
S Getal, 1980) ., a fil ¢ i [ %E & %%, Bainbridge i
nhiE gt 5 R KA KA IR AR a =
14.8 s7',c =0.88(Hildebrand S G et al, 1980) .

TEBIE BT, WA UK RE I i R,
AR R 2R A A AT A B A |, SRl
HELFE T 2 ~4 51K, 2% E 5 (2005) F)
FH/NASIG KGR /K REIN E 1 1A 18 ~29 em (14 fE
( Lateolabrax maculatus) &K 10 ~14.5 em B K
V-fif ( Sebastes schlegeli ) (1) $5c J I 3 FE , 43 | 75 4
F02.28 ~4. 74 fEREKFN 4.32 ~3. 01 fEIRK, Mk
ARG UK BE 20 5 T AP0 10 ARG . 24K X 02
FELIES P Al AR, XA [] e 2R i, Lk i Bt e A
)Y o LT ) 3 32 R B 10 A5 A, 5K fi
NS T ~ 13 R, AR H i (coho salmon ) 2y %
P26 ~9 AR, AR RBEIRRIG t g B0 7 ~ 11 A%
A o SR ) AR A R L RE4ERF 10 ~ 20 s,
ZIaEE R 4 f5RK (Blake E F & Anderson
JJ,1991),

3.3 FikiEESRERNXE

0 28 BB UK AR A A IR UG S 5 I R )
RFRBOR T A S A T 90 BT DY ek 3 B sy e SIS i
VKR BRER X FEIE b TR A T s LA
WCAR IR T] o 5 ek 1 A 288 P 3R 3 o L, Rl
TR T F 2R A IRV e T B2 B . (HXT T2
SEHEIEVK B T R U, i B ) AR B A bR 2k
H: 52 ( Nikora V I et al, 2003) , %, IR/ EMA S
TE 25 ~30°C BE AT d M FRF UK G 38, v Kk P £ 2k
FR) e O B9t DK 38 J3 W) & A= A8 15 ~20°C (Hammer
C, 1995),

Zeng Ling-Qing 55 (2009 ) B} 5 1 I BE % 1w 77 4))
A5 IR 9P ik S8 ARV 52 IR 1) PRS00 o A IRl Dk 3 B8
£ 10 ~25°C Fifi B T i M, 76 25 ~ 30°C s T
SE o A2 ) (B BR300 1. 23 (1,59 (1. 79 1%
P RS 1 ¢ R PP M 2k o AR5 I A R
P (B 3. 4 A5 1) A TR 72 28.4°C

Beach (1984 ) i = X i A 5T 4E 1 A AR E T
ANTA] K Y i UK Rl £k (& 1) o Hammer
(1995 ) tuxffit ta BIFFE JEAT S 4G , 5 LA E £8 g A

FR Uk e SR A e AR (181 2) 6

co

3 1
% 18C T5°C
ég ' = 10C|_—1

2 B4 5C
K g /491//// ]
B 2 7 2C_|—
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Fig.1 Maximum swimming speed vs. fish length and

temperaturefor salmonids( Beach M H, 1984)
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Fig.2 Critical swimming speed of species within the family
Salmonidaein relation to temperature ( Hammer C, 1995)
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3.4 FREEEREENXE

MHHE AR, T A S EURT 0 288 4R i U G A
i ATk o JEE A S, e DKk P -5 T Ak SR JC K
DR o SR i ik P T AR RE G AU R AT o (R
USRI R A PR S I 18], 5 1] RE A 1 i il
25 F il R ME ( Crocker C E & Cech J J Jr, 1997), —
FREACIE , 225 T ik SR R L AR T U R it SO P I, 288
PR R 0 K 3 8 e Ut £k D7 3l o HLmig 1oy ml ek
N:Sc = SO,OZ(OZOiK)

P Se g M BRI IR BE , em/s5 0, O %8 LK
JE ,mg/L; So, 0, M FITE SRS T B £ 20 BRI
VKIAE  em/s 5 K by 2145 R Dk o J38 il /) 31 4 A
ifp SRR S T L EE A — 2RI A S AR, mg/L(Hilde-
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brand S G et al, 1980) ,

VA S8 Z KRR o KR R, R e, AT
— I BRI i S R KGR I K &R
P A s £ SIS ) A A i 0 8, #2830 i T AE TR
NG 10% F 300, PR 1 2 00 58 S 3 R R
FH W ASCIN 7 £8 250Dk R ) 5 #6 A 1 1 ¢ & (Kauf-
mann R & Wieser W, 1992) , 255 & B, 23S B iif
VKL SFEER I B R R G R, Bl i Dk
FERIE I, FEAA R, MR ERET B, T fa Sk ik
DR THFE , RIS Bs i DRk A T Sy, BUE R UK RE ) B
% ( Kaufmann R & Wieser W, 1992; Crocker C E &
Cech J J Jr, 1997; Sepulveda C & Dickson K A,
2000; Domenici P et al, 2000) . 47KA&F (157 R
WL BRI AR A T0% I, A S AR AT R 2y
%/ (Hammer C, 1995)

4 BREKTAFESERITHHNAR
AR E) R

AW FIOK ) 5 e DR TE BTN 2 RO A
R EEY AR T BERWFKAT N EREHE,
TE AR E PR BT E A B
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UFIKCE BT (A R i L TE I 38 i £8 2R Y
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WABERT . LA, £ T8 P L 1T s B 4 19 BT A
A H TR R R DX BT AR R/ N T S R SRk
WPV o A, 4028 30 a5 U ik B 9 s 3
it T K TN P AL B 2SR Dl £
1 F2 A, kAT R 3 FOE BT AN 1Y o

SR, BT 52 F B A B DR 2K A ] R A 5
PRUER RS2, AN TR I AN ] f ok i, AT 3%
BUARATAE 22 57 , 3300 SR AE HEAT #3E BET A i S al
REZ ML A48 21 3t F AR F G RO AR SC BTRE . B J2
IR A 2o 8 B0t P ARG . 28 AT S BIE AR D
20 287N AR AR B 2K PR i Gk BE D e — 2890
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53,2005 ) , {HC A RE I JE £ 18 BT A i B, 7R UK
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b AR 26 A SO0 f 2R R DR OE BE AT A 5
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JRERY BRI R

B2k
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Fish Swimming Performance Related to Fishway Design
ZHENG Jin-xiu, HAN De-ju, HU Wang-bin, WANG Xiang, ZHANG Xiao-min

(Institute of Hydroecology, Ministry of Water Resources and Chinese
Academy of Sciences, Wuhan 430079, China)

Abstract; With the habitat destruction and fishery resources dwindling, fishway and other facilities have become
important measures to mitigate the disadvantages of water conservancy construction. While early worldwide fishway
construction mostly became decorations without consideration of fish. The re — rise of fishway construction in China
need more reliable biological informations. The fish swimming performance is related to fishway design and deter-
mines its success or failure. Aiming at the fishway design, paper reviewed the decades of research achievements of
fish swimming performance at home and abroad. Fish swimming performance has been classified into three distinct
categories: sustained speed, prolonged speed and burst speed, among which the latter two are closely related to
fishway design. Fish swimming speeds are affected by biological and physical constraints, including tail beat,
length, time to exhaustion, temperature and oxygen consumption etc. Finally, the article describes the application
of fish swimming performance in fishway design. Fish swimming performance research has been seldom reported in
China, so that summary of research method and experience abroad can provide biological basis for our fish facilities

construction and promote its development.
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