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N AT &8 i a R AL I E R & AViFik se i

FEMR, »IHA, FAEFE, FIZE, EHE,
MHxE, wAE, XNEF

(1. K SKF SH BB, HIdb BB 443002;
2. ZRRF AR A %0, Wk 5 E 443002)

WE: JTHRAREFANWIKE Y, il o Rkt s LRy Fo R R &L
B8, AFRUAHLBRTHALAHEREA (2K TL=12~16cm) AR %, Mz T HAE
(16.6£1.6) °C KU T Wy R RL 2 W il ok 2 B B R IF KT RIS 5 W AUk 8 4 o
RO, BHEEA RN REH (0.18+£0.02)m/s, # xt & Mk % A (1.40£0.23) BL/s (BL
RK); W A vk E O (1.02+0.15) m/s, A XF I o ik i O (8.58+1.65) BL/s; & & i
Tk JE O (1.39+0.17) m/s, A8 3t 4 & i vk 7 E A (10.92+1.86) BL/s; % K 42 ik £ JE
0.87m/s, AW AWKEE N 1.37Tmls, §FHFERIFKEZME . HEFESUIKEES
ik E ik (1gT = —5.136X +8.504), Y DMEFE @ § £ Fit o xt LB, 2V E 5
kN AW, HOmEEIT A 1.02~1.39 m/s, R B E kit A 0.20~1.02 m/s, 3
REEAREHKT 085 m/ise B KE A 1000 m B, & 38 1 F A E E N KT 0.78
m/s, RAXERTAHBALRT R RELFRENHARRESE, XK EHERD
Wk REH EER .

R e EE A, RNRE, WRBREE; BRFKEE, FEEREE,; B AHK
Wik E; kit KRR

PE ST HES: S 9563 B AR A

FIAT 3 [ IE A T K A K L e i, K
A AR 2 el ok BRI 2 55 3 as 9 Rl i, i 5
A P14 A 28 I e AR A2 3 S, KA AR
e 10 L 9 O P L O A v g
A, JEH R i R fiE A oy &
Btz —, IR EE Y, AL R
FIEH ARG, G K T BT X 0 2 3
S T T A 45 6 Ok MU 2T . BRI T
T 3o £ g SR Y A B FIBIE S 5 TR A B, i
AW PR BE T BERH A XS BE =2, A A BT
AR BE I WT T sk b 280 HEr,

s HER: 2019-07-03  f&E HHEA: 2020-04-01

018 & E AL T A mE Y, U UK BE T BB Y
Z E &R ST E A R B — A EE RN,
I 2945 iR BT RO . RUEIKARE T 51T R
SEat B T A OGN T, R AT T
T A2 R R R SRR, #k=
0 2R UE UK e 1 517 A SR 0y fE R AR s AT
BCRAES,

I & & i (Diptychus maculatus Steindachner),
J&#8JE H (Cypriniformes), #£%} (Cyprinidae), %
Ji§ £ 3V B} (Schizothoracinae), M FR«“®T KN, “BF
B I F2 A T s ) P AL TR I e A B

BUMTE: HxE SRR %S (51679126, 51709152); 1k 4 i & 2 A0 75 i 5 45 BL 4 608 1 BA i il fa 20 B R 0 H
(T201703); =g K2 2= A 18 SCHE L FE 42 (2019SSPY008)
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AR S8 Y P B s ) AR R S8
SR PR R A 2, Jh i
ZPEMZE S 2004 4 9 H B ALA R, LR
ZOH o T . BEH S R WL T KRB S . Kl
BARMEES, 5—9 A NS, AA RN
B A FE N o R BEEE R AR T 5T R AR
e A A . BEAEAE DY, SR TR AE
T3 BIETE i R WL ARG o A T 88K L 3R T 3
(O TF K, 7K T R 0T i) A R 5 8 £ 2 4l
Ui 08 G BELBRS , X ] B A 8 AR A R BB T IR K
R . BEEJR AR ARFLIR A L F YA,
IR ZARE T, R ARTERE &
ZIRNK G AW G ARSI HF A BE LR £
XFAR, IR H R U | e BRI R R L R
Tie kR JEE L AR S 5 I A I DK A T DK BE
LAY Sy i S5 A FLAR 03¢ 3 £ 26 47 Dy 25 B F 5 4
PEILRIGER, AR EROMATEST . R
AR LRI P £ T8 B B2 R

U Rk

1.1 SEIe# R

BEEJE 8T 2018 4F 8 H ) F #b % Al 4
(0 75 A AR, Al AR b R BT B A B R R KR
T S T FE IR B35 PR FL AR VAT 3 SR BT A A R R
LR 20 km N, SRHIRBEE S0 224 B, AK
T [ R 8.6~17.2 cm, A 5T ¥ [l Ry 5~56 g5 M
Pk A 22 05 . A5 {3 1Y) BE R £ 4R O I %
G, HIBERFSHOLE 1o N S0 3,

SLE RS TR SR TR I 24 ho B AR
8 m’ FFUKAR, B H K =2 20%, W
PR FEXT T R 7 4, AR S i 47 7E 7.0 mg/L
Db, B3R K I ARFLER WK, B FRKIRN
15.2~19.6 °C.,

1.2 SR E

SEES K P22 LoligoSystem 23 ) A= 72 A ik
JKHE SW10150 47 1 28 Y UK RE 73, 31X
vk X)) RoF (K xFEx85) 24 550 mmx140 mmx 140
mm, RFH 30 L& DY, WK X sk ] 25 5,
AL 3 T K I S A R Y KR AT K A 3E 4
P A8 A3 I8 Y R S AL T, DA R A R
DU DX 9 174 06 v R A U 2 B mT R 0 3 DX 3
TSI AR o IR A I I i G R R K T
FE Y% H LoligoSystem 23 ] it £ 15 £ 5E 1l
1.3 BRRAIRM

SRV T DK 38 R B I S SR P << 3o 49 R R
K 20 P S 56 £ T DK BE UK R R,
KGR 1 h 5, R 5 s LUROR Y J5 2008 40 1Y
RV, (R UL A i kAT o 5 9058 i
Bl A KA B G S, B DK A AR R IR
2 3k FR R [0 ROk 5 [ B SRR, i E
S £ 14 RN I

1.4 llm 7ok B
SYGITAATY, ORI f EAE R N 1 BL/s
(BL oy S i A ) (97 ik RE 0 I Kkl B

®1 HERGKRTSESY

Tab.1 Morphological parameters of D. maculatus Steindachner for experiment

Eizpan RS 8 U 5 L k8 BRI FE RS ST AR B
index induction velocity critical speed burst speed sustained and prolonged speed
SaG £ FE AL number of fish 40 38 34 79
f&¥/cm  body length 12.90+1.55 12.09+1.59 12.88+1.54 13.22+1.35
XK/em  fork length 14.00+1.50 13.21+1.70 14.08+1.52 14.52+1.60
4:K/em  total length 15.42+1.65 14.56+1.87 15.45+1.64 14.52+1.60
%% /cm  body width 1.31£0.23 1.23+0.25 1.30+0.20 1.22+0.20
f&#/cm  body height 1.69+0.28 1.62+0.25 1.62+0.22 1.56+0.26
{&Jfi /g body weight 21.53+8.08 18.03+8.34 21.48+7.27 17.95+8.20
JKi#d/°C  water temperature 18.20+1.22 17.40+1.70 17.30+1.50 15.80+1.50
FiFE/(g/em’)  condition factor 0.57+0.08 0.55+0.07 0.5620.06 0.5620.17

e FERHEE=RE (g)/ 4K (em)x100
Notes: condition factor=mass(g)/total length® (cm)x100
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Fig.1 Swimming ability test flume

A. variable frequency drive, B. motor, C. thermostat, D. honeycomb mat-

rix for flow alignment, E. swim chamber, F. net

O fife S0 £ (0 LRV, 3E VIS TR T he 3 W
GEORJE . R M B A HEAT A, B 20
min BB 1Y 1 R G, WEE AN 1 BLs, H RS
B B 57 (LI A REAE TR B, BT R
BET 20 s, AT HES), o0 o9)!", Bl
9% 55 S 1Y) S £ 0 D R A B i LR A 2 S
B ARG AR VKGE BE (Ueri, BL/s) % LA T A2
RN,
t
Uerit = U+ 7 AU (1)

X, UM RENS 58 MR 22 B 18] A ¢ A B K i Dk
BB, A ¢ B0 U A [E] Y 18] B (20 min), ¢4
FE H5¢ 15 U R UiE K B B IE] (min), A UZRy 3 B 3
i (1 BL/s)o AHXTIG Ak B (U, BL/s)

U'yie = Uarit/BL 2)
K, Ui ARG S UK 3 (em/s), BL WS
B AR (em)o 24 5256 A 1Y) B R A T Y
T 10% B3 ik DX B 1w LR, 2 3 R BEL PSR
TG BT RS OE , A 5T S 50 a1 S5 R 4K T
FUNT 10% i3 Dk XA AR, A 23 3 B BH £
N, AR ERIE",
1.5 1B & KR E N E

$ D Ui K R TR ) S SR FH << 3o 39 R 9
5511 U 3 T R AR — B, R
AR B ] E] PR M 200s, 3 I BE{TS O 1 BLS,
o1 AR 95 It X6 17 1) 3L T B0 g g i Tk T Y
S e vk B T B8 3K I A vk R R A 5
—3.

o R 2 U K R R U £ i R A T IX
4y 1] o B2 25

D = (Upurst — Vy) x 20 (3)
Xf, DRIFIKEEES (cm), Upwrs N FFEEIFTK 20 s
AR B Y B RUFUK R BE (em/s), VKL (em/s)o
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1.6 FESH A NKRE N E

SR [ s g s ik, BPAE 1 BL/s Ji
TEE 1 h 5, 7E 1 min PR 7K G 8 I 2 5
T B T M) IR (2 % 5L 0 2l
TV UK B, 0 SR ARV E R A I K B TE]
M4 R P T A I K B ()RR 5 200 min B 5 1
SES . FANWE R ER 5~10 B, R SRgs R,
T % T ) FE R L R R — 4 AR RE I
WA E N 0.1~0.2 m/s, A< I3t 558 Y
4354 0.87, 097, 1.07, 1.17, 1.27. 137, 1.39
147 mis, ME—WHE T A 50% 1550 RS
vk B TE) R /N T 200 min B, D0 gk 3 3 Sy e oK 4
S UK B o /N T B R AR SR T K G B 1Y) I (L
HOFR Ry R e kG R, MR R A 50%
14 52 56 £ RF S UK B R K F 20 s, DU g i
Tie TR AU Dk TERE o e R AT AR £ U Uk R B &
e A AR Uit ik S B T 1) 9 T 91 P12 Shy T A i Dk
.,

HR 5 AT 47 2 Y Uk of ] AT DA 22 o3
FTE, T P AT SRR R B K R

Vimax = max(Vs — d/E ) “)
A,V max B ATE T ARV TR (cm/s), 7,
S H by 0 U UK BE (em/s), doMGE K E (m),
E i BARETEV, T B9 IK I T (s)o
L7 HEALE

% F Microsoft Excel 2010 % 2F %f 48 347 &b
PRAIZE . FH SPSS 19.0 8 ik 4k pE A7 e Al 56
PE R BN A AT, Gt BB 34 DT 34 b o 22
(mean+SD) £/~ , Z 57 W& /KA P<0.05,

2 4

2.1 RARORIER
A S 56 3000 45 B RS £ 246 o SR 3 5y (0.18+
0.02) m/s, HHXJJE& R I A (1.40+£0.23) BL/s, 4t
Xof I 7 i Uk S R A 3G 0 AR AR S B 5 AH X
TR ik R B A A i SRR R B (1] 2),
AR RN T 5 AR P e R
y=-0.088x +2.535(R*=0.367, P < 0.001) (5)

22 I&FFFKEE
BEEJR AUy M (1.02+0.15)m/s, U’ ok (8.58+
1.65) BL/s 55 3o 45 R 3¢ W] BiF o JRs £ 266 X It 5L 9
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Fig.2 Relationship between absolute and

relative induction velocity and body length

VKR SERKCRARE, (HAH XTI A ok R
JE B AR 3 hnmn sl (81 3), LG X FR
y=—0.645x +16.382(R>=0.390, P < 0.001)(6)

2.3 BEAMFKRE
Pt JE 1A Upruse M (1.39£0.17)m/s, - U'y
47 (10.92+1.86)BL/s, H: 4 XiF 45 & Ui vk i B B 1
138 14 B AT B A2 OC B, AH O R O T UK
JERE ARG N2 T @ (8 4), MAECRA:
y=-0.842x +21.747(R*=0.484, P < 0.001)(7)

BE 0 /N R WG B 1.0 s, P
VYRR O Ui K T N 1.39 /s, Fe RO A T K G
1 1.66 m/s, AR 22X (3) AT A5 d5e KU X 5k A
(] o B 8 5 K O B P ) O R IR (| 5), A LA B/

o ANl KR
o AHXS I 1 vk i

absolute critical swimming speed
relative critical swimming speed

o o]
8 16¢ 114 =8
E;DIA- 0o 8 o .12@/20
™ E L2y go)%‘\: Béod ° -10@5
HE 1.0} o8 . . 9.5
o= WP oo 18 TE
Zo 08F ] ® 5 G- o R o
ESirS o fo N 16 $5—=
Eg 0.6} s ks
= 04} 14 2%
®e 02l 12 =
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Fig. 3 Relationship between absolute and

relative critical swimming speed and body length
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Fig. 4 Relationships between absolute and

relative burst swimming speed and body length
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Es5 aERAREXBMNERESS
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Fig. 5 Relationship between maximum flow
velocity areas distance of fishway and allowable

water flow velocity

P U UK BT, M0 TE 4 KON 30 em,
18 RN B KN B 0.85 em/s, X AEA]

PAPRIEJi7 Uk RE 7 %5255 14 £2th B8 B D od 1o £ 38
2.4 FRESTREKEE

i SO A AT, BE R AA Y Ui K A )
Wi 5 1 A It 114 33 19 BH R B (/1 6). M ER IR E
UL T P 2 S R (1.07 m/s), 430 2 0.87
m/s I, HUG 50% 149 55 5 #1152 i vk I ] K T
200 min; 4 M\ #JEE 5% E TR EE I F 1.37 m/s B,
50% (1) 55 50 f0 KL DK I R /N T 20 s, BOBE R
ﬁlmjc%é?;w?wﬁﬁ?ﬁ 0.87 m/s, e K A iUk
A 1.37 m/s(E 6). FUA BEH S fi RS2k i
[8] (T, s) FUKFEE (V, m/s) BIRR .
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6 [ElERETHER S FFETKITE
Fig. 6 Duration time of D. maculatus Steindachner

at a fixed flow rate

lg 7=—5.136V+8.504(R*=0.681, P <0.001)(8)
a3 (@) nT AR Al K 5 A N iR i
TR E (8 7). BaIERKE d H 10~1 000m i,
1038 PN T 7 VR i KT 24 7K I U R 0.78~1.03 ms,

3 iR

JER N P BRI GG L RS, R
Wl 47 8 % 77 A I S I ) O (B AR S U
15 B 1 Jrs £ %) J8NE I S5 A KR R R R AR
i (Schizothorax irregularis) W) FH X J8 N 7 3 [(BL -
(18.544.23)cm, (0.250.04)m/s, (1.41£0.28) BL/s]
15 B IR e 8 EZ 96 B DA B4 | =3 11| /NP N
R R M 246 Xo] %07 9 A R R K P, R
1) £ ELAT B R I 48 0 SR i B o BB Ah L RO T

7 BEKESSEARLAITEX
FHKRIRE IR R
Fig. 7 Maximum allowable flow velocity over
fishway length

B AW PR UIAH O, W E £ (Crenopharyn-
godon idella). i (Hypophthalmichthys molitrix). FL
[ 15 i 1 (Pelteobagrus vachelli) %5 7115 1 JiF 14 £
B K B /N B DR, R KO Y
SRR, RN Y BRI T AR R TE A T T Y
BEE R,

ek S T DK 38 2 # 28 d R ] 1R 22 A 4elis 3l
RE T IR AR, Ao Y Uk BE g b 8] L 5 17 i 2L
S, E T E YOG T R £ SR Dk R Y B
R (£ 2)o TEKRIEE WA, ARS8
I E S A5 5 07 408 4 (S. oconnori), JEIEHE
WE £ A 24 G 1 (S, chongi) % 5% 10 ZLHE 1 (S.
prenanti) )4 X6 Il FU Ui Uk S R ARG, TR TR0
241G 1 (S. wangchiachii) Ml & 22 24 [ a1 (S. doli-

R2 HERESHMRESIRRIFKENLR

Tab.2 Critical swimming capacity of several Schizothoracids spp.

20l SRR BE/(m/s) ARG Il Sl VK s B /(BLYs)

UES At /em Ki/eC " L EE DTN
R absolute critical relative critical
species body length water temperature L L references
swimming speed swimming speed
WEFEM  D. maculates 12.09+1.59 17.4+1.7 102415 8.58+1.65 PN
JBIERE M S. irregularis 20.13+3.86 11.5~16.0 117.64+12.34 6.04+1.21 [23]
S E S oconnori 20.96+2.66 14.6+1.1 101.01+20.86 - [28]
SR S oconnori 26.6+11.0 16+1 79.70~144.00 3.07~6.20 [19]
NEENE S chongi 10.60+0.54 26+1 110.28+2.02 11.5+0.5 [29]
Bt S.macropogon 24.6+2.6 10 109+7 4.40+0.16 [30]
FORNEE S prenanti 14.0~17.5 25 7.87+0.35 [31]
FFORNE M S prenanti 30.0+1.0 16.2~18.2 65~109 - [32]
HAZNE A Swangchiachii 23.83+2.47 12.1~16.1 75.04+7.60 3.17+0.42 [33]
KeL2gt S dolichonema 19.78+2.32 12.1~16.1 60.13~97.50 3.04~4.93 [34]
W URITINERE
Notes: “-”means the content is unknown
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chonema). W RENR T 5 JUFh fa (15 8 M 25 FE AN )
D % = B W Y N R N 5
TP S . BT R £ A R R I A i Tk
R R A SC, HOM B OC R T T A
Fofp e AS [ R Ui Uk T ) 25 5, T AR T
£ S HE PR AR R 100 A i o S Al AR
WFSE 400 25 5, mT 0000 A [ 4 ) 400 s 284 i
1) T VK BE T I 5

Fr 22 20U Vkaz sl AR S W 2 R — A 8
(S S E Sl =B =) by = W = ¥ 1 i U SN N
BT WA KWk 2 R Az kR0, i A vk
JEIE A BPEST IR R, ERRR D, S
F5 22 2Qi Uk 32 Sl U T 1 8 48 & i Dk OB Bl A B
DA A RN SIS 3 BE I R A B KRR S vk
LR 087 mis, W KA REhHE ., H
MR 2R G vk % [ BEE R, (1.02+0.15
m/s)] {E NI R ARz shie I $sts, X2h T
i IR B Uy B, J0 A Y o3 k8 T DL 22
W, AT R FH I U Dk R A S A AL A R K
A EZ BRE T TR FR,

F 2 R DK R SR 0 DS A B TE] PRI Gk )
FR) Joe KR BBE o 00 288 2 0T D A e K R B A AR
), HEEEAT B AT 0 R R T R — R
F 10 BL/s™, AHF 53 15 21 BE 5 s 1000 X 48 % Ui
WS AEERNE R, B E R TEARE MR,

A B BT B N 78 43 5 A 6 B i Uk
AE 71 M40 fa T8 P K U B RE N K A a0 R
JEN I, A ) A 2 A T P 2 2 R T W
BUAh, £ 2B T, R A A 3R I
KT £ 1 S P i R Al A S 1 O S A R
TEVUBEE S fa o BBt ot , @il miEn
PR AR T 0.2 m/s, 3 Py FL I Bl e 4%
Ab ) I S RN T g O DX A S N F £
(R e R o BRE TIPS 14 AR Ry (1,39
0.17) m/s, B 5 f0 /Mg & Uk 3R R 1.00 mi/s,
K ATIR 1.66 m/s, HIIE S AT, Yf0iE R aE K
FER 30 om, Ry PR IR KR A i vk B B/ 1Y) BE
£ R DL ) 3 O R A, I R A A B KOK
T AN EE A 0.85 m/s. IBAL, B AT DUAR HE 2
2 (3) iz 56 £ 3 i A I S DX I ) 1) I P 04
o W02 W OK R AR . O TR
M 4k B I s T o A E O, 7E A E
1 Ab — f SR FH 5 K ) i i e 5 | fa 2, ELaE T 9
AT AR MMM Z W 2, 2 R T
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FRWEUKER L, /N TR RIS, d DI R
Sy N G T E O BT 1.02~
139 m/s, A RSP ORE M IR 2 1Y BT 5 I
T R G RS Y K S B AR ik s ] O
VK REOC R Ty M4k, T ah A AS B 2R A
SE K UL BE T U K R T R OB K B S, AT A
AN TR K B 0T P IT SR 4R R e KT 349 K T
(&l 7), e R R R EES %,
W04 A 38 K 1000 m i, HEICA TE N BT fR
) e R 9 1 /N T 0.78 m/s. L E AR 3 U
BET R A B 38 3 I S 9 =2 ] Y, L
BE S Ak B0 a0 R R B i kT
0.20~1.02 m/s, A7 | T 0 7 38 &3 £0 38 /9 3 72 i
HAIRZARTT o

AR B 5 v B S £ i Uk g 00 2 A B A
KAEN BT, KIENMRSEEYSR, 5
AR RS A B R ZE S, AR A
PR 2 [B] BHLAR T g ek A7k, 3 B R 28 i Uk fig
IR FT BE AR /NS T SRR AR R OK R
PTF R f0 R KRR K . b Ah, S R B
BEH R M BEER, 0 a9 BEER A8 1 2l ik
EESHNEY, AT oA TE SR
APEEYORE, A7 06X BE R f0 A0 UF Dk BE 1 K i
WKAT R it — R .
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Swimming ability of Diptychus maculatus Steindachner in
the Muzati River for fishway design

LEI Qingsong ', TU Zhiying’, SHI Xunlei', LI Zhimin', TAN Junjun ',
KE Senfan', SHI Xiaotao', LIU Guoyong >

(1. College of Hydraulic and Environmental Engineering, China Three Gorges University, Yichang 443002, China,
2. College of Biological & Pharmaceutical Sciences, China Three Gorges University, Yichang 443002, China)

Abstract: In order to explore the swimming ability of Diptychus maculatus Steindachner, provide reliable para-
meters and data for the design of fish facilities and the study of fish swimming behavior, the swimming capability
of wild D. maculatus Steindachner (total length TL=12-16 cm) from the Muzati River in Xinjiang was measured at
(16.6£1.6) °C water temperature. Results showed that the induction velocity was (0.18+0.02) m/s [relative induc-
tion velocity was (1.40+0.23) BL/s]; the critical swimming speed was (1.02+0.15) m/s [relative critical swimming
speed was(8.58+1.65)BL/s]; the burst swimming speed was (1.39+£0.17) m/s [relative burst swimming speed was
(10.92+1.86) BL/s]; the maximum sustained swimming speed was 0.87 m/s and the maximum prolonged swim-
ming speed was 1.37 m/s, which was close to the average burst swimming speed. The swimming time was negat-
ively related to swimming velocity(lg 7= —5.136X + 8.504).When the target fish of fishway is D. maculatus
Steindachner, it is recommended the flow rate at entrance should be from 1.02 to 1.39 m/s for attracting fish into
the fishway, and the main flow rate in the rest pool should range from 0.20 to 1.02 m/s.The highest velocity in the
fishway should be less than 0.85 m/s. When the length of the fishway is 1 000 m, the average water flow velocity
in the fishway should be less than 0.78 m/s. This investigation provided a reference for the study of swimming cap-
ability of fish in the Xinjiang Muzhati River and is of great significance for the protection of endangered fish.

Key words: Diptychus maculatus Steindachner; induction velocity; critical swimming speed; burst swimming

speed; sustained swimming speed; prolonged swimming speed; fishway design; the Muzati River
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