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i1 2 B8 75 A L 390 B ke T £ 38 P9 oK 3h 4 A A
BUETkEE T, WUk, KIj2ERet 5 a7 %86
BRI 5% X6 IR A 0] WA 342 38 Pk RV K AR A B

H ffi(Mylopharyngodon piceus) , %fi(Ctenopharyngodon
idellus) . % (Hypophthalmichthys molitrix) 1 i (Aristichthys
nobilis)y&FKk “PURZK 7, RIEFRAMLT M,
S K VT3 ek £ 3 A R G 0 R S (2R R A
1998), KIT VUK fan) £ 2 EEMEH, KR
DU R R fa A Btk B B A T At K &R o KR TR
TEAT RS TAY AR K SO e, BELIKT PO R £ i i
P, 6 R A B s, 20 2 60 AEAR, ¥R
TLURYT . B FVLB: “PURZE a7 MR/ Y ik
25x10% 8, 20 42 80 UM = 13x10° &, 20
KEFEE 2000 T A AT, 2009 4 a5 T Bl “py
KEM” IPHAETEHR 600 Jik (B (XM 5,
2009) . Ak G I A BELBR 2 I, Ry 36 T A 28 A ik
AE S faa, M e K e A A, ARl

T S SRR S P B AR R, Xk
Ui ka2 sl i A BRI = A B 3R (IR IS 55, 2016)0
Il 3 K 3 J (critical swimming speed, Ui ) e PEAT L
A vk BE F1 10 B B HE AR (Zeng et al, 2009; F 4,
2010), IR EL, AR T 2 i S o A
[6, Wi7E 34°C K, fif(Parabramis pekinensis) it 4 %t ilfi
FUWETK G 4 (8.82+0.27) BL/s [BL hSZfa f AR K
(cm)], WIAE 10°C T HAHXT i 54 Uk 23 B2 4 (6.01+
0.32) BL/s (1 FH%, 2013), g5 8B, fa2sFkizs sh
A — IR, YK B AR R R, fa N iE
i AR BT RE R AT IR T 4 RE B 57 (Pang et al,
2013), FHOMUFKEE S5, AR 38 O 5 %,
2014), % T B EE X fa 35 ip vk fE 11 BA K,
[7] Ff 2% i BT AP R W i K i E AR I S 10T ~
30°C, AWFFEMRIERIT A RAKCAEER, BT
5ANRBE(10°C . 15°C . 20°C . 25°CHI 30°C)RREE, 4
S R A R BRI I G LA T
AR T “DURZE M ke 225, Rfail
T BT 5 e SR AU BE S S8k, R TR Uk
FA” WA U ACR FE AR A

1 #REFE
1.1 SCIEH

AL T 2020 4 6 H—8 ALEKITIUKRFE MmN
JC R BT R R, SCRpT I fa . B B

FEFICE I R A, deit 80 B, St kb IR
—REW, B aERERK SR, M
SRR R(9.7340.94) em HLN(7.36+1.00) cm
>4 (9.91£1.72) em LA KB 4 (15.53+0.84) cm, S50 1
TG IEH, APTCHh Bk 58 %
1.2 KIgit

AFFRBE 5 ARERE, 4k 10C . 15C.
20°C . 25°CHI 30°C(HH, 10CHI 15°CHRHMIRIERARE,
20°C. 25°CHI 30°CHHIRIRA), &R EEH A &
4 Ao, i RERh e 5 AR ALK — 3K
TRIT 5 AU AL EE N DUR K A Ik e ) o L9 iR
HFHE RV BEAILVE T S AN EERR B QR AR fb+1°C/d),
SRR 5 AN A B A RS IR K AR TR
TR 7 d, HEEFLHE 24 h, BREK—K, LBIT
AT S50 10 B8 AR 3K i I 2 R X, #
il B NS A OKIR . KB5S FR KA A A
I A AR (S cm/s)iE I 2 h, FEAS L FR IR IESS
HETE 7Tmg/L LA

1.3 LIGEE

0 2 Uk 3R DU A A F12Z2 Loligo system
o], AR SR KA L KIE . WAL, shi g s
A5, (A AL (GRS A 7 B YSISS50A)
ME S, 2 HP H R BRI CT~40C) T /KR, ¥
HAS(F PR SRS LS45A RUBERR ) I & A [ -
FR A PRI S50 AR R Vi U DX R P R A, ST A
TiE K DX 3K i 3 B 5 i e i i 2 (R ) G R . MR 5K
KA AR 90 L, ek AT R 12 20 emx
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Fig.1 Annular flume for testing fish swimming capability

ay flay: BIIERATs b BIIFEHIE S o0 KE;
d: WUk IXHG e: SERGIARNAL; £ WBEHL
a; and a,: Power part; b: Control part; c: Water pump;
d: Swimming area; e: Parameter detection area;
f: Heating and cooling machine
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M8 45 ¢ AP B X 0 O 5% s 54 DK 3k B ) 2 ) 55

BRGS0 K 3 B 15 7K AL T AR A5, e e R AT 4 o A
DL AR AT B e LR 7R, PRI PN 22 FL 8 it A A
ik DX A% Al 7K T JBE DA B4 203, SR P R ASORS A [
AR N IR A T IR, fpe T e 1 R AR KU
H A8 ST PR B o RS BRI SR KR SR T 2 T ) AR

FOICIR , AN A TR 42 R I M WL £ 0 DR A T

1.4 Iifa 5% iF% ok 2 BE B RE

S0 Il SR DK RS A9 E SR B Brett Y i 3
%:(1964), IERTIFFIRZ AT, Sedb AT Bl SC 56 )
o b PR B (U)o BRI 1 R A Bl H TC 43493 1) 52
Bt A KA, TEARR (S em/s) R FREE & N 1 h,
THBR AR R B = A i . 2 )54 2 min 3
T 0.4 BL/s MUEEFE, 1 E LKA 55 Liklifsh, It
AP RO R Ue, AT 2 1 2 S 56 Bk & X 11 53t Ui Dk
T S PR {i (absolute critical swimming speed, U,) )1
AU (15% U,).

TECSCR I, o S50 0 AR AR I B (5 em/s) Hh 3
1 h, &k S min BEH7#E 0.5 BL/s & 60% U., J&5%E
B 15 min BEINFE 15% U, B2 JCE 57 1,
A SE 7 58 1) T v oA 2 G K ol R U TORE R HL G
TSR ZS  WETE B 22 MR L 20 s DL L 7ESE g R
FI Y DAL P S 90 /KRS A T4 i L IR] 25 I s 4
ABFFE R, SEI AR A e AR A TR B AS B Ao T Dk /K
FEREBRIARIY 10%, XHOIEHEKAT ICsEm, Mo, Jt
T IE (Jain, 2003) o G SRR 3 (U o) HHRA AT ¢

Ul,=U2 /BL

K, Ui ALAEXTIm WKL, U e R TR BE
i 1) B3 P8 i KU K G 3 (em/s) , t o oA S8 I I 1) )
FREEPK ] (1<15 min), T M¥ERTE[(15 min), AU
JERE S IS R] PA B BE 1 i (15% Ug), UL, S AT I 5L
VGHEEE, BL ASLE A K (cm).

15 #HESH

STV BORE T Excel 2019 #EA7HHTE, R
SPSS 21.0 BEFTEUE 0BT Fb 8 o X 4 EBAR il 5L ik
P Y W 2 AE JE AT S F P O 22 53 BT (two-way
ANCOVAA) o AN [R] I FE A5 1T B 2408 %5 ik S i ko B2 A
AH G I 5% iE vk TR B B COR BRI R 7 22 T
(one-way ANOVA), F|f] Duncan #1728 A M
R, WEE ARG FHESY 0.05, GeitEE A
SEEE AR MR (Mean=SE) /N o

2 HR5HH
21 AEREXE TMAREK G FkEE L8
AFENREET “PURZE A" I Ak A (R 1),
KR 10, 7 A I B [0, H(3.93+
0.24) BL/s]iici , HUA[U, 24(3.50+0.48) BL/s]. fii[U, Fy
(2.2240.18) BL/s]ikZ, fiEfAK[U, }1(0.95+ 0.04) BL/s];
KR 15 I, A I B (U, H(7.38+
0.08) BL/s]ii, 5 [U, 4(6.73+0.25) BL/s]. #i[U, }y

Ugit =Uma +(/TAU (3.03+0.47) BL/s]¥kZ, fi[U, 4(2.19+£0.28) BL/s]
x1 AREET “OXKRE” Bl 5FiiFikiEE
Tab.1 The critical swimming speed of four major Chinese carps under different temperature
T G i % L
Temperature M. piceus C. idellus H. molitrix A. nobilis
10C i 5 4L Repeat 4 4 4 4
&4 Length/cm 9.95+0.85 6.83+0.72 11.95+0.07 15.27+0.31
{RTE Weight/g 17.48+3.46 6.61+£2.43 29.16+1.01 63.18+0.86
o8 o I SRV R U, 39.08+2.49"  23.91+4.95° 11.4+0.62¢ 33.95+3.08"
Absolute critical swimming speed/(cm/s)
AH N I AL Tk U, 3.93+0.24° 3.500.48° 0.95+0.04¢ 2.22+0.18°
Relative critical swimming speed/(BL/s)
15°C 52 L Repeat 4 4 4 4
&K Length/cm 10.03+0.64 6.05+0.72 11.53+0.31 15.50+1.22
R HE Weight/g 18.9742.55 4.66+1.41 27.37+2.40 68.56+15.51
o X I FLE VK U 67.50+2.09* 44.64+5.47° 25.29+3.44° 47.01+8.43"
Absolute critical swimming speed/(cm/s)
I L vk R JEE U, 6.73+0.25" 7.38+0.08° 2.19+0.28¢ 3.030.47°

Relative critical swimming speed/(BL/s)




56 i R A S i 2 543 %
R Hh Hifh 63 %
Temperature M. piceus C. idellus H. molitrix A. nobilis

20C 52 4L Repeat 4 4 4 4
&4 Length/cm 9.93+0.96 8.08+0.38 8.30+0.90 15.03+0.76
PRE Weight/g 19.45+4.12 10.05+1.87 10.18+2.49 59.89+12.22
o Sof e L VKO R U, 85.13+6.79" 79.66+23.11°  42.83+0.95" 59.31+3.13°
Absolute critical swimming speed/(cm/s)
K AL O U, 8.57+0.95° 9.86+2.91° 5.16+0.63° 3.95+0.23°
Relative critical swimming speed/(BL/s)

25C T 2L Repeat 4 4 4 4
& Length/cm 9.73+0.88 8.30+0.59 8.83+1.15 15.95+0.85
1A Weight/g 15.65+5.17 10.52+2.17 12.77+4.28 71.58+10.96
o o1l FLE VKO JEE U, 79.98+1.11% 75.44+5.99° 49.10£13.96°  63.72+2.74°
Absolute critical swimming speed/(cm/s)
Il L vk R JEE U, 8.22+0.78° 9.09+0.93° 5.56+1.15° 3.99+0.20°
Relative critical swimming speed/(BL/s)

30C & H Repeat 4 4 4 4
& Length/cm 9.03+1.37 7.55+0.48 8.90+0.68 15.90+0.89
1A H Weight/g 14.00+5.24 7.87+1.67 9.90+0.89 68.32+13.95
o o I SR vk FEE U, 89.78+£14.92°  79.69+12.19*°  41.54+7.63° 75.67+4.05°
Absolute critical swimming speed/(cm/s)
FEF I L vk R U, 9.94+1.65" 10.55+2.07° 4.68+0.58° 4.76+0.16°

Relative critical swimming speed/(BL/s)

e F—1T PR E R R s 41 25 5 B2 (P<0.05)

Note: Values with the different letters in the same line are significantly different (P<0.05)

A% WIRAIETF (0T, 25CHI30°C), 4 Freafi
Yot ilfe iUk o FE 2 L LA [ U, S4(9.83+0.73) BL/s]fx i
F U, 4(8.91£0.91) BL/s] . fit[U, A(5.13£0.48) BL/s]
W, B[V, M (4.23+£0.46) BL/s|iA% ., % 1 HA
(] 5 A 2 Mt SRk 3 85 0 Ak R R, R A I AU
VK A I I RE T R A et

22 BESEI “MXKRE” BEXTIEFRFKEE

sk

PLCTURF A PR AE S AR &, IR 2
Sy [T AR e, % SIZ BG4S 3 4 BT A X I S e Dk R
TR Z I 22001 S5 R WoR, KX R KAl
AT I S Dk 2 B2 TGt 3 52 W (P>0.05), B 5P
Ko 35 W) A8 AR 2 43 56 D Kk 5% A (49 A X5 I S Uik
B A W E 520 (P<0.05)(38 2).

23 “MXKRE” IEFiFEKEENETL

JKIRAE 10°C~20°CHERIN, “PURFM” m4sxt
53 S i 3k T8 8 R0 X I AL U ik 3ok 447 s K IR T o T

WK MKIRIRE] 20CJ5, “POREM” ByLxfih A
TR DK T 5 TR X ek SR ki B2 A TAR e, W LR
t, KIRAE 20°CHY, “PURFE A" WiFKEE ) B ik F)
HAE A ACE . SR L, AREAE T (0 CHI 15°C) “PUk
FA” I A EGH B A I TR IR AR (20°C
25°C A1 30°C)(P<0.01)(I¥ 2),

F2 BREE#AEX “ODXRE” HXIER
il ik R B R I B XU R 5 E A
Tab.2 Two-way ANCOVAA analysis of the influence

of temperature and species on the relativel critical
swimming speed of the four major Chinese carps

HT fHE 7
Degree of  Mean F P
Factors
freedom  square
&4 Body length 1 2.293 2.262 0.138
2 Species 55.019 54280 0
IR Temperature 4 53.794 53.071 0
Py B 12 3.565 3.517 0.001
Speciesxtemperature
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YT R Tk B
Absolutely critcal swimming speed/(cm/s)
N
S

%%\\“S s P
C- {0 @ o

#h2K Fish species

AFIT 1 e Dk
Relatively critical swimming speed/(BL/s)

F12& Fish species

B2 PR FEAN [a) i B Ao B Il St i vk o 32 ) L A
Fig. 2 Comparison of the critical swimming speed of the
four major home fishes under different temperature gradients

a: “PURGEM” FEAN[A) L BE R BE T 4 %o i U3l vk 4 B2 (U,,)
F#s b “PURGEM” FEAN [RGB BE T AR X G ALl ik
HEU)LE; ARG FEEa, b, cMd N
Bt 1) 22 5 8.3 (P<0.05) . B EhrifE 2
a: The absolute critical swimming speed (U,) of four
major home fishes under different temperature gradients;
b: The relative critical swimming speed (U,) of four
major home fishes under different temperature gradients;
Different lowercase letters a, b, ¢, and d show

significant difference between the data (P<0.05).
Black bars refer to standard deviations

3 g
3.1 EEXEEIEREKEENSMN

T BE 25 L B IR 4 5 | A A0 28 AR AR P R ) e Y
Ak, MRS F S DK RE ) 7 HE SR (R 1 4, 2016).
REATFER B, 028 B llm SOk B 5 TR 5 ek
(Jain, 2003)8f, “BPIE” (Kokita et al, 2002)) 25L& £ .

CLET TR IR B Y BT s S VKGN TG K
“BRIE” SR 1K B i i R I S0 v G K I 1Y
Frm g K, FEAL T Had R B N B A 0, 8

a0 A B 3 IR R Y L B IR B T N, AR
T EE 55 I SR Ok R B OC R B TS o AR AR R
Y, G T, FHARI K OT B  E A4 T  if 1
SR (X 4E, 2018), Randall % (199 )G, “PUK
FA0” iRk, HAERKIE IR 200C~28C,
TEH IR AT S0 s B0 Uk B 0 s TR
(Guderley, 2004), A5 5 Lk 45 e —2, 7
TRIREE PR A Al S DK B A, Bt IR
() TV e e S e vk R 2 H n  HERT Re R
A F I N2 LR T35, G R AR A B Tt
LA B SRR T RE , AR SRR E R 3G . g
P o B B AE LTS MR ORD N BRSO B M B 18 i 4
(Randall et al, 1991; Johnson et al, 1995) K £ T} i N2 i
FAT —WEIR (ATP) . B NLFR (PCr) M 2 B (Glo) 559
AR IR BE K, B5R A LB FR AL RCR , M4
155 £ 28 UK BE 71 (Kieffer, 2000; Pang et al, 2011), &%
Xof 10 28 i Bk BE 775 1 35 ) 7K B4 4 B AR (R )
BX, MBERETE, KOFEEZEAS /N, Sk
HH ) 1 £ 28 78 5 IR K (2 3l 19 B 1 /s IR IR K 1
(EEA, 2012).

32 "MARKRE” B9l iEKEE

ANFKEAMET, Hfh, wfa, SERMSHIEKRE
A REDE, 2012), APF5EH, KRS T (10°CHI
15°C), 4 Fhf iy AE %I e Tk o BE 4 DL B (U, R
(5.43£1.97) BL/s]e i, 1 f[U, M(5.34+1.42) BL/s] . i
[U; H(2.616 25+0.52) BL/s|IkzZ, E[U, K(1.571 25+
0.65) BL/s]EAIN; # i &1F ~(20°C . 25°CHI 30°C),
4 Fhfo [ RE O I S DK R ¥ D) B A (U, SR (9.83+
0.73) BL/s] 5, (U, }(8.91+0.91) BL/s]. ##[U, N
(5.13+0.48) BL/s]X ., #§[U, }(4.23+0.46) BL/s]HxAIk .,

1 RIE SRR — € B E L oeE T %M 2510 i
VKRE ST (FP A4S, 20205 {7 K{-4%, 1998; Fu et al,
2014), ARWFFEH, M AR AaREFRFEE, S
BRI R, 55BN, T R I UK R
THEFNGH . AHOCHERE R W], VLAY [ E 4 £
(Coreius guichenoti) . S i fifk#¢(Xenophysogobio
boulengeri) 4 5] ] JE £ 25 19 Il 5L Ui Dk o 3 40 5 aid /=5
TJH A% i (Myxocyprinus asiaticus) . i 25 i 1 11 25
(F 3)o ik, FHLLMRIEREE . &, BFEIENE 6O
M AT VK IE 3 32 BIRBH TS/, Wik R
A BT RGN PREECE . A, mAAElKZ s A
By 7 A 0 AR BN A, 2 3 A0 2SR R UK AR D AR
2% 5t(Via et al, 1989; Milligan et al, 1987), & T ff1 .
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Tab.3 Comparison of critical swimming speeds of fishes with different body types in Yangtze River
o i L ek Uz, Ul il
Body type Fish name Temperature/’C  Body length/cm /(cm/s) /(BL/s) Source
5] {5 2 [7] 14 4 C. guichenoti 25 14.7~19.3 — 7.37 {,Z}‘—?,:l’f\j%, 2012
ST X, boulengeri 18.9~24.3 6.6~11.0 65.8~85.5 8.4~10.7  T/buk%E 2020
S5 )4 2241 11.35+£5.05 112.55+25.36  10.45£2.39 #2016
Spinibarbus hollandi
i M. piceus 20+1 9.93+0.96 85.13+6.79 8.57£0.95  AWF5Y This study
®ff C. idellus 20+1 8.08+0.38 79.66+23.11 9.86+2.91  ZKHF5Y This study
) s e KRS M. asiaticus 18.9~24.3 9.7~23.8 70.3~95.1 4.0~5.4 T4, 2020
fik Siniperca chuatsi 28=+1 28.88+1.55 65.92+3.88 2.29+0.14  BFsEt4E, 2015
fi P. pekinensis 18 6.92+0.12 - 7.79£0.23 % PHEE, 2013
% H. molitrix 20=+1 8.30+0.90 42.83+0.95 5.16+0.63  ZAHff5¥ This study
i A. nobilis _ 15.03+£0.76 59.31+£3.13 3.9540.23  ARWF5E This study

A | SN LY AE A AR A AUL A S RE S A BRSO
WUk BE 1 R el A 15 1k — 22T

33 &XFXITAHAESRERIT

AR PR R B85 3 8 X IS ) Ui U AT Sl ELA AR
I (FEEE, 2016), — MM F, A 4axtim A
Uik o it AR 3G RTS8 A, R XoT e SR Ui Dk 3k i
R B Kk, Bl dn, il (Carassius auratus
auratus) (BtaEut4s, 2015). K I H ffi (Stobutzki,
1998). 4&fifi(Morone saxatilis) (Peterson et al, 2001)
SN S DK R AT B X R R o E KRS A B i
LA EEDK SRR, 0 2 A I S Ui K SR i o ek
R R (B B4, 2013), AT R, 7EKIR
RIKH| 20°CH, PURGE MUK RE T BIBEK i 5T
MG 58

01 25 T vk R A S I R,
il Ay 0 Tt 3 R | R R SR B & T A T
PRUES 0 T8 PR KO T RE A T R R L 1028 A i i
VKHBE LT, TR 0 28 K Rl e S lifikiz shimi A &
Hh LI B 07 (A /N, 20115 XIERRAE, 2016). 7E
A B R, AN [E] e 06 G T B AN [ 1Y
T FRAEL, 38 F DA DK RE T 55 55 00 R S A B i
S H A (G EE, 2018), KL, sdmx4h
V1t R S B~ B = = W =i 2 T i
KU B T Y LR, e K A A R T
RIS [E] [ e 55 4 i SR 0% Dk 3 B A Sy #3310 2
SRS

4 z

i

i#

K LR 5 i) £ 2K A TS IR K RE D Y R A
AR T o T B Y IR E T RUBRE A 2 A B T,

SRR AE 1 . APPSR EAGR A T (10°C A
15°C) “PURFK " 1y FHE vk 8 5 5 A F0°C
25°CH1 30°C) G FHlF ik R AT e, A7 AR
FZ5(P<0.01), /KIETE 20°CHE, “PUkZEM” ATk
e B B AR K, Sl A POk R M7 il
FRUDK R, T RN A B YUK B T R, RN )
TEVKRE ST AT 455 . M R x4 h “IURKMm”
B, RT3 E B 2R 0 T ST ), K 95 114 s 5 U
PKGH FE A Ry £ R T Y AR

2 % X M

CHEN K Q, CHANG Z N, CAO X H, et al. Status and
prospection of fish pass construction in China. Journal of
Hydraulic Engineering, 2012, 43(2): 182-188 [F&ElE, &
fipde, ERLL, A P HE BB IUIR S . KR
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Effect of Temperature Gradient on the Critical Swimming
Speed of Four Major Chinese Carps

WANG Xiao'?, LIAO Dongya’, YU Lixiong’, GAO Lei’,
DUAN Xinbin’, CHEN Dagqing’, SU Yungai‘, OUYANG Shan'"

(1. School of Life Sciences, Nanchang University, Nanchang, Jiangxi 330031, China; 2. Fishery Resources and Environmental
Science Experimental Sation of the Upper-Middle Reaches of Yangtze River, Ministry of Agriculture and Rural Affairs,
Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan, Hubei 430223, China;

3. Jiangxi Provincial Design & Research Ingtitute of Water Conservancy & Hydropower, Nanchang, Jiangxi 330029, China;
4. National Original Breeding Farm (NOBF) located in Jianli, Jianli, Hubei 433300, China)

Abstract Fishways are important ecological compensation measures that come with the construction
of waterpower dams. Investigation of their swimming capability will provide the basis required for the
design of fishery passage facilities. In this study, we used four major Chinese carp species to measure
critical swimming speeds under five temperature gradients (10°C, 15°C, 20°C, 25°C, and 30°C). The
results showed that the relative critical swimming speeds of Mylopharyngodon piceus, Ctenopharyngodon
idellus, Hypophthalmichthys molitrix, and Arigtichthys nobilis were (3.9340.24)~(9.94+1.65) BL/s,
(3.50+0.48)~(10.55+2.07) BL/s, (0.95+0.04)~(4.68+0.58) BL/s, and (2.22+0.18)~(3.95+0.23) BL/s,
respectively, across 10°C~30°C. The absolute critical swimming speed and relative critical swimming
speed of the four major Chinese carp species increased with the increase in water temperature at 10°C to
20°C. The absolute critical swimming speed and relative critical swimming speed reached a maximum at
20°C, and then tended to stabilize. The swimming capability at 20°C was significantly higher than that at
15°C and 10°C, but was not significantly different from that at 25°C and 30°C. In addition, the critical
swimming speeds of C. idellus increased faster than that of the other three species of the four major
Chinese carp, as the temperature increased. At the same temperature, the critical swimming speeds of
C. idellus and M. piceus were similar, and significantly higher than those of H. molitrix and A. nobilis
(P<0.01). Based on the results of this study, we suggest that the opening time of the fishway should be
extended in the summer in the year, and the critical swimming speed of A. nobilis should be taken as the
main basis during fishway designing.
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