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B e IR AE R S 2 A R MU A B K
BRI, EEKRBEREEMNAE . MW is 3R
BE PR L AR R B R a] o RE A A bR
A4k Tritico 5™ A B, BERFYI G J7 77 A2 19 i H
BRI/ IR/ INHR 7 [ 20 1 (Semotilus atro-
maculatus) B 1 U DK 9 BE A E VKRR e 14 7= AR R
Ml o ETE A ARSI UK AT O A AY 3 AR Y —
MY RN RY, EANCTE RS T Al
WKAT M0 B 2 B0 e i £ 2k &R R (Cyp-
rinidae) 1 257E K 2207 T AT A ISR 2D

it RS KA TN B E K 1 S50
E— sy BN, AR, a3
1 B 00K 5 i R R N G, A v il O o R A
JIT T AE 1 B 2 B A I 1 1 R G KM, Pakkas-
maa S5 I, YA A )R B ORI R B4y £
G 5 b e 5 A FE 22 2 Haro 481 DA kil ife £
RS B B DR IE AR A, fE N
(149 15 T A 0 AR 2 5 i) £ 288 1 ) 3 Ao £ 0 7 R
HERZ M, guah, a2 mT AR 7K 3 7 ) R
KN B L B U UK O ) R VK GE B, (A
By PR T U U UICIR S B B () 45 A e — o
i T R AL R AN, SR B 4 A AT M R
fE . Ty ek o T Er ok o TR0 S 2B A i
FUYS AT N RRIE R A S A A BTk BE
BUECH G . 2 U o ik B 0 2 68 5 IR %) U 7
B, AR RIS EmtE), 40 H g b
B R ZE 0 iR e T R, 2 B T
oI T O B 0 ) G S Uk R B, a2y
FEIU S TOUIE A A U 2 I A T R I T
e LA, 2 R Bh LR R B R AR
LB K vp ) R, X AN UK AT O R T TR
JE AR P KT R AU UK B R, g
I HR U T B e T I R ok R TR i A T
R R VEA 0 2R A D) v I ) O B

RAE UK AT AR 2, LLaniiEdk
P51 N1 Qe =W A |70 € W P U s i T s
e vk 8 J1 2438 b A Bl T BRAE B A5 28 1 E K L
At 8 DL Mz 3l 1Y e IE AR, B (Hypo-
phthalmichthys molitrix) 1 3% [ 5522 () 28 5% f0 il
EENAAET, £ RKRMEE, KeEH Y
XA B ) T B R U VK BE O AT IS, O T
A BT K T i VK B T 2E A iR >
Bt , ARS8 A e 5 DA K R P B R — RS
K H Logger Pro %K {4 £i& Wi fifk %)) £6 75 B 18- ) 5 & A=
T3 i 1E AN ET HE TR B O AE AR, R R
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SRR IEAT XL, o F AR g B AN [ 3
ER W vk AT NI 28 Sk, R DT RS ) X £ 2 3
KB AR, Sy R RO THE S %

1 MRS A

SEI A0 X p A AR S AR AL, it R
FKALIE B ZIR R AR TREE, B 3d
o PEAT S, B IR E] K IR R (17.00 £ 1.00) °C,
24 h FRgism A, B2 RIE KM 30%, & 1K
BB MR A | kA — R, IE U A Ak
£ 24 h, BFAREETE 6.0 mg/L,

1.1 SEE 5k

SIS R H P KR X K 110 em, 5
22 cm, 5 22 emo 3T B AR ST AR I 4 £ A IR
IR B R 0.67 BL/S™Y, I BL i vk 1 R 4.97~
6.45 BL/s™, AL RE 3 HE T, 208
1. 3 71 5BL/s. BEFF 60 F{d HE i 55 4 ta 4 Sk o2
X%, KK (9.10 £0.61) cm, Hor 30 ik
17 H BRI T a2k gh 12 508, B TR
TAHL10 5 U 30 i AT REs ¥ 28 ik 3l
FESLsy, AW T 10 B SEERET, Krsd
I 40 B AR N 1 BL/s 197K 3 FP 4535 1% 30 min,
T N 45 R Se R AT TEREAF I 0 B ROk R S X
MRS, W7 AR Y) L, BERY S EE
AR B R 20 em Ak, HER Ry 2 R A 1A
(B A2=3.2cm; 1 B=22 cm), [ 8 50 85 1% Bl
(GoPro Hero 5 Black, GoPro Co., Ltd., American) il
B X 7 T SR R R S 5 A Y Ui Uk
17K, 30 E] 200 min, Ay 75 M B4 40 42 0 R
1~5 BL/s B 0 i ek ) ) 20 A, AHATL i 5o e
9120 fps, AR R AKE, # -
HMR . SEETIER FH/K 3 (1WZB50-0.75D, China)
H5 IR BT K AR TE o Ve BE AR L B KA, R
JK R PN B AR 42 R (17.00 £ 1.00) °Co KA A1
PR Skl A 55, DLUR A A FEx i 4,
SIEE R EIC KR (°C) . K (em). XK (em).
PRI (g) FIRFEE I H] (min),

hy FE AT S I R UK B ) S R, TR B
Y sz g b, 0 1k 52 08 f0 78 FE RS A) J5  k A T
Tt LB RO R AT A R LA, RS TR T
T, ML R A R fR 3% B0 T e 0 0 TR R R
PRI 45 34, 3660 A4, FA4 P05 i
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AN I 8 5o DAAAAR KR M RRAE 81, R A2
T Matlab (4 51505 B2 55 B 1 S HF R BT 4 R0 S0 56
LB AR bR o R AR IO [) 338 T B 1) i 2 A7
B, B AR X B I B T 9 AN X (1),
EEAN X 8] B K x5 N 36.67 emx 7.33 em, 4t T
B A7 DX T B 2% B g TOU UL e Lk BsF T o5 1 )
k. Al Logger pro B FHE BT LA R vk o
JicEdR bR RS SER IR B N M K R
BE . OWRIKOM B R B K . BEERIETE 1 s
A0 R sk, b — B R R 4R Y
B EMNEE S HE T — KR . 8
JE R SR 0 1N 1R Sl W A B Y 172, % Ml
Bl e DL RS IR S iz g, A
S R ) S 0 B AR, T A I
1) B Bsf 3 38, — B[R] JIr A5 10 1sf 32 1 B
BIE . ko R i i A B,

a=AV/At (1)
KA, a FUFKINE B (cm/sY), AV R BERE X b
T K 8 (em/s), A R TRIBR A E] (s). 328 B
K e B — U R R 6T M Ui UK B BE S, T
= /NSl

GS =V/f )
K, GS Rz sh K (em), VR Xt H i o) o
(cm/s), fAEREMNR (Hz).

2.0 t A .
1.8 [ HHRIL  free stream A
1'6 Il /%57 obstacle
o |
c214t 2
L =
i g- 1.2
Es10} @ a a
IRt
w208t
206
04
0.2
0 . .
1 3 5
JiLIE/(BL/s)
flow velocity
(a)

3t 45 %
g =
53 ®© ® 0 @
BE[ 94| ®© ) ®
il o ® ® @
0 25 50 75 100

KK /em
flume length

1 KENIX X REE
P o f S o TR B 5 40 9 2 TR A
Fig. 1 Zoning diagram of test area

The black semicircle obstacle in the figure is a semi-cylinder

1.2 BIESH

2 21 St iUk 2h ) 2E A8 bR 35 R I (E AR 1
RN KRR ZE T 255 (One-Way ANOVA)
XoF S G f 7E A B AR A R OR IR iUk B ) 2
AT G 2E B, DA 8 B A Tk 3N ) 25 AR
FEATR] TS B R B AFAE B 25 5%, P<0.05
REBEHZR

2 4

21 TRBRIERBERMMBHRFATHSE
XN NFEDR

i &by 11 3¢ PR T R A, BEAS T BEY
PR IR B T A R (P<0.05)(K 2-a), 7F

6 | 1 HHRIR  free stream . B
Wl 5659 obstacle
*
5t b
s 5 2
£,
il
B,
&8
1t
0 . .
1 3 5
WLig/(BL/s)
flow velocity
(b)

B2 tE4&EEREAN 1. 350 5BL/s R HTURER LA AIRRESE (a) FIZERE (b)
AERNSZRRREBERRT, SHEZEPOEEEZR (P<0.05); AAMWKEZRRREBEYT, SREZEHOEEEER
(P<0.05); *5RRMMFERET, HHERMAEEY T FEEELEZER (P<0.05)

Fig. 2 Tail-beat amplitude (a) and tail-beat frequency (b) for each of three treatments (1, 3 and 5 BL/s)
when juvenile H. molitrix demonstrate top flow static
Different lowercase letters indicate mean significant difference (P<0.05) between different flow velocities with free stream treatment; different capital
letters indicate mean significant difference (P < 0.05) between different flow velocities with an obstacle treatment; * indicates the mean significant differ-
ence (P < 0.05) between free stream and obstacle treatment with the same flow velocity
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SBL/s T, SE4hfare i85 Jr i B A Widik sh
RS HBCRRAAH A R ER &), Hp
B B I G 4 R AR X M UK R R L TR UK
Jin B Az gl A0 8 W AR T A ORI (P < 0.05)
(l 3-a, c~e, £ 1), MBERERBIRERZESTH

Tk A 3 BL/s B, BRAH4 T 6 142 R ATFAH LT
ki, BEFEEIKT 24% (P<0.05)(& 2-b), ifij
RN 64% (K 2-a), FEHLH A 1 F1 5BL/s
BF, BT SRR IR B E T A Bk
(P<0.05) (K] 2-a), TM1ERBACR M H Z RIEH B

P2 R (P>0.05) (& 2-b), HIR I (P <0.05)(& 3-b, # 1), £ A 1 BL/s

s vt et o L BB T U R AT . X i T
22 BURBDEMBERMAMEBRETEDS o r o mr @ik (P <0.05) (4 3-a,
TEXN NFEDR

c e, Fe 1), TT42E R WRf J3E AP ik Mk J3E 7 35 22 1] 352

B 20y f0 R B WUR AT JE Y, EW O 3F A BEMEE S (P>0.05) (18] 3-b, d, % 1),

F1 EREAR1 3R SBLs TETURAIE AN NFEEEEHRRMBREBNZBMNERRSESH
Tab.1 One-Way ANOVA of moving forward kinetic variables between

free stream and obstacle treatment at 1, 3 and 5 BL/s

A5 & variables dfr (F1 sus P1sLss) (Fs s P3Lss) (Fsprss PspLss)
MM,  tail beat frequency 1 (14.299, 0.001) (37.104, 0.000) (4.669, 0.044)
B RIEE/cm  tail beat amplitude 1 (3.039, 0.098) (35.867, 0.000) (44.768, 0.044)
X M7k FE /(cm/s)  ground swimming speed 1 (11.707, 0.003) (767.444, 0.000) (9.055, 0.008)
WK E/(cm/s”)  swimming acceleration 1 (3.302, 0.086) (15.154, 0.001) (10.760, 0.004)
izzhFK/em  ground stride 1 (7.138,0.016) (228.004, 0.000) (10.677, 0.004)

e FEARE M P dB1BLs T, SEikah /) A8 84 0 dORGURA AT KK Z M B E R, P<0.05FnA BEEER

Notes: Table entries are F-values, with degrees of freedom. P g in the table refers to the significant difference (P<0.05) between free stream and

obstacle treatment for moving forward kinetic variables at flow velocity of 1BL/s

23 [ERYGEETREXNBLY &k HE
pp=A

AR Y AT i s % &) £ 3iF Uk 30 )
SRS AT ST A5 SR, IO i Lk I 6 4y £ 7E
B 1 40 I 7 A 455 R U AR i I R 1 15 i 3 in
(P<0.05), i1 Jit 74 % 425 2 e BE U A W TR 5
(P>0.05)(&] 2-a, b). 0t I Hif A Bt 6k &) £ 7F 5 5 47)
J& 7 ) A5 R R R A A 4 S I R ) B i
T, T A R T Y DK R I At A S
(P>0.05) (&l 3-a~c, 3 2). G40 7E 7 # 4 3 BL/s
F15 BL/s B 9 308 UK in 8 B 2% v T i 1 BL/s
N I (F] 3-d, % 2). BRI T %
oy f T A R, HLE B A8 K B A Y 3 K
BN (P<0.05) (K 3-e, 3 2).
2.4 TRERLLRIFERS AR IR L EMER T 8
yaRFLNESH

FEFTA L TOL T, SR AE | R Wb
()32 8l oy At A 0, W I BE R VK, A B i
()AL i X TH) (8] 4). TEABRIGY) 50T, Ui
k1S BL/s B, SEE O AEFEAFY G 7 61X .
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7 XA 8 XA G Aii o 43 3 BL/s, L) i
AR ARAE BRI R T 6 X, 7 92.5% (&1 4).

3 iR

3.1 PRI & Kk E N F R

5 HBCRRARLL, A FRGY00 K A E
A 2 . KU 4R 0k PR A B RS B ) T A A
1E 300~15 000 B, 38 H 232 R T TR AP, ARSE
55 rh 10~50 cm/s Y I R 28 0 R 40 7 A Y B T A
T 3 013~15 066, L 7E BRI )5 J7 & E Bk
Rt AERIRERSRBIRET A H
W W E kAT R B, B, W8 (Oncorhyn-
chus mykiss) 75 B i34 5 77 2390 U0k ¢ 1) 12 Bl
AORAEFFRUEWEIK , FRZ R RITEED, X FpiE
P T AR T, &R B KA1 R R A
AR IR A 00, AWESY % PLLE TR %k 3 BL/s
W, L) A AT A T Ok R R
EREST AR, EESREEMRT AN
S o AR B AT BB A Ok IR Ry 3 BLYs B RS
FHEET RIEEE., RITEEBEIHIHAR
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A T SR cconl g 1.2+ b (
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il | : il .
E R ; e L
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N 08|
2 L - - 0.6 -
1 3 5 1 3 5
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flow velocity flow velocity
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50 ¢ 140
< 45 | s R free stream s ARG free stream
2% a0 o [EA5Y)  obstacle —~ § 120 ¢ o [%f54) obstacle l
= a i R
§,§D 35 ¢ £ 5100}
g 30 =3 |
@Eas| 4 miwr | 1~
XE 20 L R S =2 60l - .
i @ — Bz _—
S22 10 @ L E 40 e -
= g e q =z
on 5t 20 | 1
0 L L Il L L Il
1 3 5 1 3 5
JRIE/(BL/s) IE/(BL/s)
flow velocity flow velocity
© (d)
7 —a— HHRIR  free stream
6 e [Ei5Y) obstacle
E '09) 5F T
0% 4 ~
EN 'E 3L % -
R 3 T
& 2t gL %
Ll —4
0 L L ,
1 3 5
% /(BL/s)

flow velocity

(©

B3 RMEEHR1. 3M5BLsE, BHRRRMAERYTSETURBEE X D F BT
() BEMAF (b) BEMRZ: (o) MHBHGEZ; () BnERE: (o) 8shPk
Fig.3 Dynamic index of swimming in free stream and an obstacle treatment for each of three treatments
(1, 3 and 5 BL/s) of juvenile H. molitrix

(a) tail-beat frequencys; (b) tail-beat amplitude; (c) ground swimming speed; (d) swimming acceleration; (e) ground stride

A RMBEE NSk AR, RLHhY
TR 1 F S BL/s B, 65 3% A T00IA LR B Y
RS A ok fAH TG R, R
MRS 0 2 KT B iR, X UEWITE 1 A 5 BL/s 3
JET, BERZEhERZE T RITIRE W,
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N NFEREE A 3 BL/s I H B0 112525 0 mT g
I o Taguchi 2507 A 5T bt & B0, T 6 7 35t
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8 10 AN, S BRI X BES) UK Bl T2 1 1411
*2 ERYTHIURATERANNZEEEAE1. 3IMSBLs ZEMNBERRFENITR
Tab.2 One-way ANOVA of moving forward kinematic variables between 1, 3 and 5 BL/s in obstacle treatment
AZE variables df (F1,3BUs PraBLs) (F1,5BLs P15 BLIS) (F3,5BLis P3, 5BLIS)
2SR /Hz  tail beat frequency 1 (38.438, 0.000) (65.116, 0.000) (13.478, 0.002)
$BRMEE/em  tail beat amplitude 1 (17.350, 0.001) (34.737, 0.000) (6240, 0.022)
Xif ik R E /(em/s)  ground swimming speed 1 (0.280, 0.630) (0.603, 0.447) (0.305, 0.588)
WPk NI E/(cm/s”)  swimming acceleration 1 (10.148, 0.005) (6.474, 0.020) (0.588, 0.453)
Z8bK/em  ground stride 1 (7.380, 0.014) (13.546, 0.002) (8.021,0.011)

e RPPIEIEE BB Py SERISYT, SETUR TR S50k 30 )% R S 7E 1BL/sHI3 BL/s Z [H {2 F MR, P<0.0SFERH RELER
Notes: Table entries are F-values, with degrees of freedom; P 35 in the table refers to the significant difference (P<0.05) between 1 and 3 BL/s for

moving forward kinematic variables in obstacle treatment

100

80 | H R free steam:
= | BL/s
60 r - 3BL/s
40 | =+ 5BL/s A =

20

) 7 43 E /%
percentage of time

0
20 "GFERSY)  obstacle:, a |
40 + = 1BL/s [}
« 3BL/s -
60 1 SBLs
80
100 e

0123 456 7189101112
e

section number
4 SEBEERBRR (BE) MERY @)
Hr TR A% L BT 7R & S X AT (B B 43 EE
Fig. 4 Percentage of time within each section for
H. molitrix top flow static in free stream (black)

and obstacle treatment (red)

S A, B FE Y s T I
o, WEAIAREM N, ik T ] D gERE
FOEMRE T o R0 000 5 R 4 76 1 B
T 9 — o B 10 008 7 DX Ui kT 0 e 30 R A
B A5 ) R Ui 2 20~30 em A 17 B AT R T AE
B, AU LB, FEREE ) 3 BL/s i), 54
100 5 Al 4 AE B 50 )5 T 29 5~30 em AbIETK, T
1 f15BL/s T, JF&A LA B M6 & mar. o
— U] T RN 3 BL/s R i 78 B iS4 5 07 Tl fig
EETRINESES. CHMREH, Kila
Ry RER AR T T A Re B I TEAEDY, TR
R A A X DR A Y RN A3 AT
SO, T AR T S B B i B 3.5
BL/s, A i J5 RS2 7 T 8 5 1] 2 25 i B 5 P R
JH 50 mm B £ B BE AT 4 BN, A B 58 2 32 mm
HEMEERY, NRBEGYERER T AR R
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FE KA B A e, BT AR
B &S EUE R AN

B T T00 Ak, SEO6 fa o 22 00 e BN TR
HIHE o 7K I 28 2o i A 4 AR 4R K U AR PR AR 4
W ER A A 4K H R . RIS A
BIX L KT X AR TTIwE X, Hrh sy
b Ui ph A B A0 SR L ER R D R R Bl 4
X, BEAGY) T UiF 3 23 43 51 A K G e A DX
R X 0 A [ AT U IO A
TiE Uk B A% T B 282 = 1T A XK R ey X,
BB RRTE - RITEE S iz sh Z A &
A, A I 0 AT 8 4 £ 7R B S 0 7 TR T
HEET IR R R . SRR . BRI . R
I iz B L K AR bR, KIUMHEERT A ok
Ui, BEAEREORY T R AR . WUk HE . U
VKN B S Bl A0 K BAIR (3 I 5 BLs)., iz B4R
PREY R/ S ik e i THFE A G, MR
Y ER AT R | 1R R ARG S SRR £
B UE UK AE M FEDY . PRI, BEYE B AT T Ui DR
AIERTERE T A RE R MIEAE. A RIS &
a2 Bl BA i B e, IR 1 BL/s o
T, BEARY T U K G e X I ] BB AR T
RN T, AR TR BRI R AL, SR R B
L ER KA T MR UKCIRAS B 7E BE AT 4 T UiF
B AR AT R | i Pk L s s A K E R AR
WP . SR, 7E 1 BL/s 19308 T 422 B I 8 it
WEES Bkt o EEES, e
S EBA EEAE R TTIR T X S T TR AT i iE 3,
FEEA I B KR e X o
3.2 RIE X EELN Rk EN 1 F B R

A R 3 H 4 0 3 X FR 2 1) Ui UK OB Bl 2 )
O A RZRE, AR B AR, A
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1412 KorE ¥R

45 %

P R i, T L I A R T A B U Y 1
IR0, A3 R R RE A A U (R A I T
St o BEAE PRGN W 0O A R N, B U Y
R IG . T2 A AT RE R B A R
A IEN,  BE AT YT U I8 B0 AR R 2 1
e s P O T AR R AR E T AR T L o Y O
JRE A I i I 3R (R G B, A B AT T U
TOURE AT AT, A AT B R R R ok 4R R R
FEFUK , I T G AR Bl R Ok A R Y
T Ve RBER YIS Jr 2 A . e B YY)
PR HR DK ERE | i KO 38 RS Bl KRy AR
AT DL e 0] 7 5 25% At 3 1Y) T UK R0
AIF 5 i B R 78 e o) S P Dk R R T R ), i

003 1T A2F A 2 B — EL4EFEAE (8.05 £ 4.95)~(9.57 +
3.72) emy/s, iz B A5 K B A U Y 1 n REAIG,

VLR BB N, B Eh OB TR, R IR A3
NI A iz s R, RO N T i
Tk

P — BG4 TR R AT g R AR e i R
IR, AR 3 BL/s B, ffn] A FH FE A
YIIE W R T iR A R 20 5 4 12 SRR BT AR R K
IR Y o A 3B B B RS R A TS
A WA KR, EhRalE P EEZDA
) HE 0 A7 B B R A, T I 3 R e 2
BN, HIemse i fe et b i s
LT RS TR PR TAEZ —,
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Effect of an obstacle on swimming kinematics in juvenile silver carp,
Hypophthalmichthys molitrix

SHI Xiaotao ', JIANG Zewen ', TU Zhiying', LUO Jinmei
TAO Yu', LEIQingsong’, KE Senfan"
(1. Hubei International Science and Technology Cooperation Base of Fish Passage,
Three Gorges University, Yichang 443002, China;
2. Pearl River Water Resources Research Institute, Guangzhou 510611, China)

Abstract: Weirs and dams affect the hydraulics and geomorphology of natural rivers, greatly modifying fish hab-
itat, in some cases, creating barriers that prevent fish swimming upstream. Typical engineering methods to mitig-
ate dam effects on movements of fish include fishway construction and riverbed reconfiguration. Among these
measures, it is common to use obstacles to increase bed roughness and create microhabitat that slows flow velocity
and helps fish ascend fishways. Obstacles create a complex flow environment in fishway. Understanding swim-
ming behavior in complex flow environment is critical to improving the effectiveness of fishways. A stationary
obstacle within a fish passage can be either beneficial or detrimental to fish depending on the direction and mag-
nitude of flow velocity and the ability of the fish to maintain stability. Flow velocity in relation to energy expendit-
ure is critical when considering the effect of obstacles on locomotory behavior. We also discovered how silver carp
(Hypophthalmichthys molitrix) alter their locomotory behavior in response to turbulent flow caused by varying
flow velocities around obstacles. Silver carp is an important native commercial species in China. Silver carp tend
to inhabit fast-flowing streams with structurally complex flow environments. No quantitative kinematic studies
have described the locomotory behavior of silver carp in unsteady flow. In this study, the swimming kinematics of
juvenile silver carp holding station and moving forward under obstacle conditions were analyzed at different flow
velocities (1, 3 and 5 BL/s) (body length per second). Metrics used to quantify kinematics were tail-beat frequency,
tail-beat amplitude, ground swimming speed, swimming acceleration, and ground stride. Compared to free stream
swimming at flow velocity of 3 BL/s, silver carp holding station behind the obstacle showed a significant decrease
in tail-beat frequency and significant increase in tail-beat amplitude; silver carp moving forward behind the
obstacle showed a significant decrease in tail-beat frequency, ground swimming speed, swimming acceleration and
ground stride, and significant increase in tail-beat amplitude. This result showed that the obstacle help fish to save
energy at 3 BL/s. In the obstacle-placed currents, tail-beat frequency of the holding station behavior increased with
flow velocity. Tail-beat frequency, tail-beat amplitude and swim acceleration of moving forward behavior
increased with flow velocity, while ground stride decreased with flow velocity. At flow velocity of 3 BL/s, we
found that silver carp held a preferential position from 5-30 cm downstream of an obstacle where fish might adopt
Karmen gait, and residence time accounted for 92.5%. At flow velocity of 1 BL/s and 5 BL/s, silver carp did not
hold an evident preferential position in the flume. Silver carp often swam close to the wall, and there was no obvi-
ous position preference. Our results indicate that a certain combination of obstacles and flow velocity will create

flow refuge for fish. The results may provide important reference for fishway design.

Key words: juvenile silver carp Hypophthalmichthys molitrix; obstacle; holding station; moving forward; swim-

ming kinematics
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