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Fig.1 Swimming ability testing device
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A, Ulenc AARXTIG SR UK BB (BL/s) o ASHIF5E T
SIZ 5 a0 By A 110 A8 AR T AR XA /N T D R R AR T AL
10%, A5 EBHPIRN, BOICTHE K IE (Peake, 2004),
1.3 aAHEERRITH

1.3.1 Ak AT Ak [N SEYE B R o aid
VKEFTE] A 20 s~200 min B9 (E R ETLSE, 2011),
AHIF T 2R 1 [ %8 i 3 v (Brett, 1964), X} 66 & HF A=
U 5 76 W0 A E R K R (20.7042.45) cm/s, R H K
(83.77+31.35) glfiiEk i 71 AT A GGR 1) MR4REIE
SR DK AL 0 5 SR T WUk i X i B AR I
1E fe K AU UK R R A R R R R B R 20%
(60 cm/s). 60% (80 cm/s)F1 100% (100 cm/s){E A 5L 5
K E(H bR E), 3 M asE 25, 21 f
20 2P AR T AR AR T SC IS . Sk i B S
5ot R AR T ORM SE R R T, ok, ik
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R BB B 5 PR, B S o7,
2R SLI610 SR R]

132 @Hpidda R EHm R X VDA | SR T
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Bl 1~3 RS2 X (8 2), i &Kl s, fl
Brdss 1. Birksh 2 FIBYES 3 A9 4351 24 (41.00+0.99) |
(55.86+2.39)F1(74.57+2.49) cm/s., 45 4H i 4 S %6 FH
SEG 20 BB, KSR SRS 1 AR I R ] DX
X B EAT L, SRS IC S A PR LI A1 1)
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Fig.2 Diagram of fish ladder test site
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SEHG K R ] Excel 2019 il Origin 2018 %kt
Frab PR o Giit o MR SPSS 23.0 B fF. Rk
ANl S VG S 22 [] 14 5% 28 R FH A D5 72 [l A 73 #
KM Kolmogorov-Smirnov #5508 1E A4 A 1 L,
P IR A0 BYBEE AT I, FEART IS, S 2 R T
Mann-Whitney U £ 365} S840 8 1 T 48 1124 347

B0 1T B ¥ LIV Y9 £ 45 fE 2% (MeantSD) & 7k, DA
P<0.05 15 A0 ¥ 1 22 5 8 ) b 2 PR 1 AR o
2 HBRE55H
21 BEHRENIGEREKEE

30 BT FRAE 1 T I BRAR(RAE 1 241 U,
Ui 2090°0(31.66£9.97) ecm/s H1(3.25+1.42) BL/s;
30 B TFAE 2 1R E R 2 W4 Ueric
H Ui 209 8(57.77410.25) cm/s F1(2.69+1.36) BL/s;
30 2 A5 FE I i 300 B A 7 O U A A R A A ) B U i
H Ul 43 914(35.7346.56) cm/s H1(1.71+0.35) BL/s
(1) BPAMNHEL Y U FIFRAE 1 SLHAH 22 AN
% (P=0.058) ; 'HF A= MU 41 (P<0.01) I 3% 54 1 #& 4
(P=0.000)11 Uy ¥ 0 IR T F55H 2 40 5 BF A= e 20
1) Ul BECTFRAH 1 41 (P<0.01)FI5E5H 2 #54H
(P<0.01); F#FH 1 WAL FIFRAA 2 WAL Ul M L 25 5
AL (P=0.464)(18 3).
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Fig.3 Absolute critical swimming speed and critical
swimming speed of G. przewalskii

KEFHE AB A/NGF0E ab 525 Jy s Xt
15 UK T (U o) FREDRT I KGR (U ) BT 22 57
i, ARFEEERR 225 B3 (P<0.05), T
AB and ab are the statistical difference marks of absolute
critical swimming speed (U;,) and relative critical swimming
speed (Ug,;) respectively, and different letters indicate
significant difference (P<0.05), the same as below
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(P=0.565)JC i 5 22 5 5 FRIH 2 e 4L 77 M AR AE AN 7] 4 _ jg [ B A S B (U 1"~
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WA AR P B Y U, B2 BEs ] | w3
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T T, 25 B 36% (9 FB)FFLLiiFik B [A] 7E 1 min Absolute critical swimming speed
X IR o 80 - I AR I WK BE (Vi) 14
VA, 48% (12 FE)FFZLIETK B A1 7E 1~5 min Z[7], 16% 2 %70}  Relative critical swimming speed 2 @
(4 ROFFSQIFKITILE 5~15 min 200: {£ 80 emis i B=Bel A At 3Bz
e a o
- #EZsot W E 3
57_xa gg%‘to' —2§§a
> 8 | a ° S < E201 415~
% ? st ° Bl g
g E 4r Q\?e» Lo 0 0
&5 N FRTH2ARLIA S FRR2R IR Q
SEa ot b 5 G
% .§ 5l °% % eo><@ ;&;"189 \A\f‘iﬁ 80 - O %X?Ill’“ﬁﬁ?ﬁ(ﬁﬁ . -4
= B ox® T o % %l x - m (Uer)
Z 3 1k X X N 2 2 70r Absolute critical swimming speed gﬁ @
£ S E ol EAIIRRUKHERE (U 13 EsB
5 05 : - = = . 3 % :“"E) § so|  Relative Znucal swimming speed b % E
- &K Body length/cm %5 ?040 B A B b 12 %E ?o
E80 8530' gg%'g
A%m o s a0 s gﬁém- 'lﬁm§
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B =260 * 0
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®E 30 N & ox xx Fig.5 Relationship between sex and critical
® ﬁ 201 . ,%° x swimming speed of G. przewalskii
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Fig.4 The relationship between body length and
critical swimming speed of G. przewal skii

AR 5 248 X 1 S DK FEE (U o) FIAE X 1 5
TP DK E BE (Vb)) — & U5 J7 B2 2000 (y=1.148x+21.163,
R2=0.22, P<0.01)f1(y=—0.115x+4.607, R?=0.38, P<0.01),
a: ARFHIE B E I WAL b ANTIRAE 1
HIGIREE; o NTFR5H 2 W7 1 IR
The fitting equations of body length and absolute critical
swimming speed (U and relative critical
swimming speed (U¢;,) are (y=1.148x+21.163, R*=0.22,
P<0.01), and (y=—0.115x+4.607, R?=0.38, P<0.01),
respectively. a: G. przewalskii wild during reproductive
migration; b: 1-year-old G. przewalskii cultured;
c: 2-year-old G. przewalskii cultured

1 min AN, 15% (3 BB)FFELIFPK I I 7E 1~5 min Z [H],
5%(1 BB )FFELIF K I ) 4E 5~15 min Z [8]; £ 100 cm/s
W, 21 RS A RE L DK i ] 4 4 vh A A A
1 min AP, $ZE0] ] }(27.67+5.67) s (] 6), Ak
L RN R LK B ) 22 5 W 2, KR B S ALl
K I [] 52 676 5 (P<0.01) (8 7).
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KR, SEH 0 I R 3 8N (P<0.01)
3 Iit
31 FHilgHRERNFIKEE
S FIKRE J) O R B AR . R RO

FEAFAEAS 2D, LUK FIK B TR i £ 240 R
1 S VO I BT R ARG (F R BH A, 2017). I FHi
VKR N T EES RN E L —, R E
A1 B 5 I L i £ 2 R 47 (Kleffer, 2010).
AR, IR E A H RS R T R T 280k g
M . ARBFSE T, FREE 1 ST IR0 B 40 f A I
LY vk B2 RN 5% (Hypophthal michthys molitrix) ., &Eff
(Ctenopharyngodon idella)%h faf L F AL, 29°C~31°C
KIRTF, BEAAK A 7.3~16.8 cm)AY I FLIE Tk E B K
52~100 cm/s (ZE245E, 2016); 27 C~29°C/KIR T, B
i (KK 5.0~15.0 cm) il 537 vk 3 68.0~
100.0 cm/s (ZERN 4%, 2015), THEBZE(2017)0F 58 £,
VI BE 5 R 2 PS40 8 1) FH B AR AR B AT, 2 T 3 35K
TF UK RE 1 T W o 7 T A LR LR A 1 D K £
J5, BRI K R RT g T BOHEIK RE B 5 1Y E R
o ABFFTEs S0, B A it 75 Vi ) MR B 1 1 55U
K R A A T 20 2L £.(Schizothorax wangchiachii )il
FiL 2 %415 101 (Schizothorax macropogon) 8, 76 12.1°C
~16.1°C /K il Ao 5 20 24 1 £ [ 1A 4 (23.83+2.47) em] Y
I 55 T Uk B M (75.04+7.60) cm/s (3.17£0.42) BL/s
(K4, 2016); £E 10°C /KR 20 2 fa [ K
(24.6+2.6) cm] 1Y Il 5+ %% Tk 3 FE 24 (109.0+7.0) cm/s
(4.400.16) BL/s (IR 9845, 2012), 26 iF vk A 5 H:
AWt FEAE R, 5 AR ST PR O (A /N AR,
2012) BRT/KIZA, 8 P45 25 52 Ml £ 2 11 i
VKRBT, QA= 36 A SO0 v ) £ 2 — R LA B T UK
PR, T A I AR R K R ) S TG AR (R R
%, 2016) 0 ABEFTH, T IR T A AR A
TrRdhok . miEk . R Z ), 5EATRE
1 (4 POV R 20 2 £ CRRE 5 AT V) S BRI ) 22
5] RS2 T SO A T U IR BRI DK AR O TR AR
JRHE(RERSE, 2016),

ARWFFE Y, AR AR AR A 3 DL, I
TiFPk e 1 B AR T IR0 2 WS4, Al %% 2 W4z
TKAE T B35S T IR 1 W4 . X T REMR LAY & B
By A 22 (G A5, 2018), NHREIARTE, HEE
TV T) AR SO A 174 398 R (AR B R AR K 8 in O TS A
B, BUEAR I 0 R B K A8 1 I E A — 2 14 5
P27k, W AE fa(Myxocyprinus asiaticus)ff-fa [ % H #
BN U LRI S35 BEAR B B 3 (A /N i
55,2013), s34, AR, FREH 1. FRGH 2 R
BFAE AL TSR R R B BB, HE iR B KT A7
FEZS, X RE S BON RIAF % (B) R B iEvk e ) 22 5
(B ATH4E, 2018; B SR, 2016), ELARJR A fy it
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Swimming Capacity of Gymnocypris przewalskii and
the Efficiency of Fish Passing the Fish Ladder

LI Xindan'?, XIAO Xinping?, ZHOU Weiguo®, LUO Jiang®, ZHOU Yanghao™*,
RONG Yifeng'?, QI Hongfang’, SHI Jianquan®, DU Hao'***"

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture, Chinese Academy of Fishery Sciences,
Wuhan, Hubei  430223; China; 3. Qinghai Naked Carp Rescue Center, Xining, Qinghai 810016, China;
4. Huazhong Agricultural University, Wuhan, Hubei 430070, China)

Abstract The increasing velocity method was adopted to test critical swimming speed of
Gymnocypris przewalskii using a wild migratory group and cultured groups of the ages of 1 and 2 years
old, and then the fixed velocity method was used to test the swimming endurance of G przewalskii.
Finally, we simulated a three-stage fish ladder and calculated and analyzed the efficiency of fish passing
the ladder. The results showed that: The absolute critical swimming speed (U.;) of the wild migration
group (35.73+£6.56) cm/s was significantly lower than that of the 2-year-old cultured group (57.77+
10.25) em/s (P<0.01), but there was no significant difference between the wild migration group and the
1-year-old cultured group (31.66+9.97) cm/s (P>0.05). The relative critical swimming speed (U’ of the
1-year-old cultured group (3.25+1.42) BL/s, the 2-year-old cultured group (2.71+£0.61) BL/s and the wild
migratory group (1.71+0.35) BL/s significantly decreased with the increase of body length and age
(P<0.01). The U’ of males in the wild migratory group (1.96+0.27) BL/s was significantly higher than
that of the female (1.54+0.31) BL/s (P<0.01), while there were no significant difference between the sexes
in the 1-year-old and 2-year-old cultured groups (P>0.05). The duration of swimming in wild G przewal skii
was very short at a high flow rate of 100 cm/s (27.67+5.67) s, and there was a significant negative
correlation between the duration of swimming and the flow velocity (P<0.01). The passing rate of wild
G przewalskii at three levels of the fish ladder was significantly different (P<0.01), and the lowest pass
rate was only 36%. This study shows that G przewalskii, a typical cold-water fish in high altitude and
high salinity environments, has a relatively weak swimming ability and is likely to be affected by dams
and other obstacles during their migration. The results of this study could provide basic data for the design
and optimization of fish ladders and the protection of the migratory populations of G. przewalskii.

Key words Gymnocypris przewalskii; Critical swimming speed; Migration obstacles; Fish ladder
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