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Abstract: To investigate the swimming capability of typical migrants and consequently serve the fishway design in the Red River
( Yuanjiang) basin of China, we conducted an in-situ experiment on three presentative wild fish (body length: 0.05-0.45 m), i.e.,
the Semilabeo obscurus, Cyprinus carpio rubrofuscus, and Bagarius rutilus, testing their induced flow velocity, critical swimming

speed, and burst swimming speed. The results indicated that (1) the relative swimming ability of the three species presented a signif-
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icantly negative correlation with body length compared to the absolute swimming ability. (2) On the difference between species, the
B. rutilus exhibited the highest inductive flow velocity of (0.10£0.01) m/s, while the C. carpio rubrofuscus ranked first at critical
swimming velocity ( (0.66+0.01) m/s) and burst swimming velocity ( (1.48+0.18) m/s). (3) By fitting the percentage of rheotaxis
and flow velocity, the functional relationship between them of all tested fish was Pre=19.80V-1.13 (R*>=0.96, P<0.05) , deriving
the rheotaxis velocity of 95% target fish of 0.11 m/s. In survival analysis, the critical and burst swimming speeds of the 95% target
fish were 0.58 m/s and 1.01 m/s for cumulative fatigue, respectively. (4) Altogether, the fish passages targeting S. obscurus, C.
carpio rubrofuscus, and B. rutilus was suggested to generate the in-channel velocity larger than 0.1 m/s, the velocity at the entrance
from 0.6 to 1.0 m/s, the main-flow velocity in rest pools between 0.1 to 0.6 m/s, and the high velocity at verticle slot and orifice less
than 0.8 m/s or slightly heighten to 0.8—1.0 m/s with a rougher sidewall or bottom. Our study on fish swimming ability in the Red
River ( Yuanjiang) facilitates the construction of future fish passage and rare fish conservation.

Keywords ; Semilabeo obscurus; Cyprinus carpio rubrofuscus; Bagarius rutilus; swimming ability ; fish passage; survival analysis;

Red River ( Yuanjiang) basin
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Tab.2 Determination of target fish based on criteria
. e WiEH Ry &P Pl B
i ey S EREE SE R bk 5%
I 899 H i R 4B g Cyprinus carpio rubrofuscus 1 2 0 2 2 7
Cypriniformes Cyprinidae ot Opsariichthys bidens 1 2 0 2 2 7
AL Ctenopharyngodon idellus 1 2 0 2 2 7
) Carassius auratus auratus 1 2 0 2 2 7
SR ) Culter alburnus 0 2 0 2 2 6
% {0, s fig ™ Semilabeo obscurus 1 2 1 2 2 8
ii BB} Cobitidae & £ 7 ik Schistura fasciolatus 0 2 0 1 2 5
M&5 H i #H65EF Clariidae wH Clarias batrachus 0 2 0 1 2 5
Siluriformes i #4F} Bagridae WA Pelteobagrus fulvidraco 0 2 0 1 2 5
KW fifi Leiocassis longirostris 0 2 0 1 2 5
7k il Mpystus pluriradiatus 0 2 0 1 2 5
P Mystus guttatus 0 2 0 1 2 5
iii Bk} Sisoridae 2Lk Bagarius rutilus 1 2 1 1 2 7
M&FH imifafl Cichlidae R Oreochromis nilotica 1 2 0 2 0 5
Perciformes ii fi#F} Channidae =X Ophiocephalus argus 0 2 0 2 2 6
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Fig.1 Sketch of the study area
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SCHRAE T SPSS 19.0 et FF AT AR B, I Origin 2018 JEATL2 AL S0 i 8N It ok | e 231 ik
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Tab.3 Relavant parameters of swimming ability test
FEvk g St SR R/ (2N 4 &K/ 7K/ e it g/ S ]
m Rk e g cm cm C (100 g/cm3)* ol
SR ROERE 12 7942030 5.99+0.67  7.99+0.76 24.16+0.28 3.68+0.04 2019-08-25
ASEGHE 10 291.11+30.04 22.58+1.71 26.48+1.62 23.75+0.25 2.51+0.02 2019-08-27
FAR 10 744.48+59.94 41.31x2.25 44.44x2.17 23.51x0.21 1.05+0.02 2019-08-29
IRk s 12 8.03+0.22 6.18+0.50  8.20+0.57 23.66+0.72 3.39+0.03 2019-09-01
1EEHE 10 293.52+30.03 22.72+1.71 26.61+1.62 24.5+0.50 2.48+0.04 2019-09-05
Fan 10 704.71+51.20 36.89+0.69 40.02+0.64 23.59+0.52 1.40+0.02 2019-09-10
RUFIGEE mEOER 7 8.01+0.28 6.14+0.63  8.15+0.71 24.33x0.44 3.44+0.03 2019-09-14
MEEGHE 10 292.02+27.91 22.72+1.71 26.52+1.57 23.84+0.41 2.46x0.02 2019-09-17
AR 10 705.64+51.04 36.91+0.69 40.03+0.64 23.95+0.39 1.38+0.04 2019-09-20

* I =1/ A (g/em®) T4,

&R
2.1 FEKBE ISR

20 BRI IR R A L 0.06 ~0.07 m/s, PR
Vi 0.96~1.51 BL/s, E-H(E H (1.17+0.14) BL/s.

R A (0.08£0.01) m/s 5 AH X J8 v it 1 ¥ il 4
0.30~0.43 BL/s, FE3{H#(0.35£0.04) BL/s. £ fif
H RN W 3 K 0.09 ~ 0.10 m/s, - X4 J8% 17 37 3 Ky
(0.10£0.01) m/s; AHXF /BN i T Bl 2 0.22~0.30
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I € S 0k 240 T JRR BT I TR 5 RO I M OG R BEAA
Krahnmissim, #45% 28 U, =0.003BL+0.052
(R*=0.69,P<0.05) , £T fif I 4E 5 15 Fr) & Xof Jg 17 3
AR TC R E IR (P>0.05) , {HHAHRT I 7
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NI 3) IR A 2T f 1) AR X J% Iz A 18
kK& Zn 54k UL, = - 0.173BL + 2.206
(R*=0.95,P<0.05) . U,,=-0.019BL+0.775 (R’ =
0.95,P<0.05) f1U’,, = -0.007BL+0.525(R* = 0.91,
P<0.05) ,3 Fhad 8 X3 42 A4 BN i 3 /N Ky - )
1 <AE R H< LT .
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Fig.3 Relationships between absolute/relative

I U A (0.070.01) m/s ; A X R
A R ) RS 34 9 VS BT 0.07 ~0.08 m/s, - P47 Jk

(/7160 /UL TS fx HY

induction speed and body length of three fish species

NI A Pre=19.80V-

LI3(R*=0.96,P<0.05) . 2551, 3 Filv S50 61 (4 2 5 56 Bl 25 /K 000328 P82 38 o i 48 o, 224 7K 97 3o 8 A5/ 5 O
U B AR, 2K U R 0.08 m/s I, B4 A 50% , 2K i U K E] 0. 11 m/s B, 4 3 5

ik 95%.

2.1.2 ®BIbEkEE  HE OS4SR HEEIK RSB 0.77 ~ 111 m/s , SF3{E R (1.01+0.10) m/s; 4
Xif & UK BV R 10.67~20.60 BL/s, F34{E 2 (16.79+3.10) BL/s. 45 R # [ 48 Xof 5 i ifp Uk 28 2 i PRl
H1.20~1.81 m/s, FEI9{E K (1.49+0.18) m/s s FXT 5 HEUiE vk 4 75 [l A 4.80~ 8.78 BL/s, I {H K (6.62+
1.31) BL/s. £T A2 XF 58 U e ki B Y L A 0.70~ 1.04 m/s, SEI{E A (0.86+0.10) m/'s 5 AH XF 2 Ui ik il 13
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JEE S 1.86 ~ 2.88 BL/s, {8 K (2.32+0.30)
BL/s.

HRATE T2 oy 35 S | IG5 20 R 8 ARV f ) 448 % 52 38k
WKHESRK N ER RN BE(P>0.05) , £ HLMY
4 %o} S DK R B S AR OG R 3 A A R 3
MmN, A ARH U, =-0.079BL+3.27 (R* =
0.55,P<0.05) ; B {0 5 | A6 p LN 21 S 1) A X 58
YUK R A ARG I s b A A 2 5 R
Ul,.=-3.875BL+40.587 (R*=0.88, P<0.05) .U}, =

burst — burst —

-0.65BL+21.386 (R*=0.83, P<0.05) fiU,,. =
-0.27BL+12.288 (R*=0.49,P<0.05) ,3 Fid %t
G GEHEUFIKGE BE IR LTI < 5 6 f i <A g B
(#5).

3 Pl e £ ) fe/ NG IR VK S8R D 0.83 m/s,
SR SEHEIETK R BE R 111 m/s , B A 58 1 e vk o
h 147 m/s. ARHEAF(3) AT AR B A0 A 5 kG
BETF B K LW HE B 5K 2 R C R
(El6).
2.1.3 W Rl ok B I GBI 1% 248 XTI SR UK
BESEE S 0.57 ~0.59 m/s, E-351E K (0.58+0.01)
m/s 5 PTG SR Ui ik 3 J32 5 Rk 0.67 ~ 0.64 BL/s,
F-HI(E A (9.44+0.80) BL/s. S8R 1) 268 %o 1 5715
YK BETEE 4 0.66 ~0.67 m/s, EHI{H H (0.66+
0.01) m/s; AHXTIIfE F Ui Uk 8 3 v L O 2.63 ~ 3.47
BL/s, F-3{H K7 (2.92+0.22) BL/s. Z1 k(14 % I
Tl vk T S L 0.59 ~ 0.62 m/s, T I{E Ny
(0.6120.01) m/s 5 FHX Il FHyifp vk 8 B 3 L A 1.59 ~
1.72 BL/s, -3 (1.65+0.04) BL/s.
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