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The effects of caudal fin loss and regeneration on fast-start performance in

juveniles of two cyprinid fish species

YAN Dongjuan, CAO Zhendong, FU Shijian "
Laboratory of Evolutionary Physiology and Behaviour, Chongqing Key Laboratory of Animal Biology, Chongqing Normal University, Chongqing
401331, China

Abstract: Swimming performance is an important capacity for fish species because it is closely related to the ability to gain
food, to predator avoidance and to other daily activities. As an important locomotive organ for most fish species, the caudal
fin plays a crucial role in propelling and guiding fish during swimming and thus the shape, size and stiffness of the caudal
fin are all expected to strongly affect swimming performance. In nature, the caudal fins of fish species are frequently lost to
some extent by aggressive behaviour, predation and diseases. To investigate the effects of caudal fin loss and regeneration on
fast-start performance of crucian carp ( Carassius auratus, inhabiting in still water) and pale chub ( Zacco platypus,
inhabiting in rip current) , 16 juveniles of both crucian carp ( body length, (6.27 + 0.04) cm) and pale chub ( body
length, (6.14 + 0.12) cm) were allocated to two groups, respectively. One group (8 fish for each treatment) for the

treatment of caudal-fin-amputation-regeneration (20 days) and re-amputation, the other group (8 fish for each treatment)
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for control. The movement of each fish was recorded by a high-speed camera after an electric stimulation for the analysis of
fast-start parameter. Furthermore, the morphological parameters such as body length (L), body height (H) , fitness ratio
(FR), caudal fin aspect ratio (AR) , relative caudal fin area ratio and caudal fin index ( FT) in the two cyprinid fish
species were measured. The experimental water temperature was maintained at (25.0 = 0.5) °C. The results showed that the
crucian carp showed a significant lower FR and higher FI than pale chub (P < 0.01), but the maximum linear velocity
(V,.) , escape distance (d) , relative turning radius (TRr) and bending coefficient ( BC) showed no significant difference

between the two cyprinid fish species. The V,

max ?

d and TRr during fast-start process of both fish species decreased

significantly after caudal fin loss (P < 0.01), with the V.

max

of crucian carp decreased by 39% while that of pale chub
decreased by 24% after caudal fin loss. After 20 days’ recovery, the areas of caudal fin of both fish species recovered about

60% those of the caudal-fin-intact fish. However, the V.

max ?

d, RTr and BC of both caudal-fin-regenerated crucian carp and
pale chub showed no significant difference compared with those of the control groups, respectively. Compared to the caudal-
fin-intact fish, the decrease of V,  of crucian carp and pale chub after the second amputation (17% and 9% ) was smaller
than the first amputation (39% and 24% ). The decrease ratio between the first and the second caudal fin amputation in
crucian carp was larger than that of pale chub. However, the bending coefficient ( BC) of pale chub increased significantly
after the second caudal fin amputation compared with those of fin-intact group (P = 0.046). The results indicated that (1)
the caudal fin of crucian carp played a more important role than that of pale chub during fast-start movement; and (2) the

pale chub which prefer to rip current habitat showed more significant functional compensation after 20 days’ recovery.

Key Words: caudal-fin-amputation ; regeneration; cyprinids; fast-start swimming performance ; habitat
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Table 1 Body mass and body length of different groups of pale chub and crucian carp

S8 IEH A YIkrdl IEH4(20 d) WE A iRl %S
Parameters Intact group Amputation group Intact group Recovery group  Re-amputation group
i BE R hH/g 2.53+0.19 2.45£0.20 3.01£0.30 2.98+0.33 3.0620.36
Pale chub K/ cm 5.94+0.27 6.08+0.19 6.29+0.19 6.41£0.17 6.59+0.21
il fay RE /¢ 6.56+0.33 6.34+0.27 6.99+0.23 7.15+0.31 6.80+0.31
Crucian carp &K/ cm 6.29+0.05 6.36+0.13 6.40£0.09 6.33+0.11 6.32£0.11
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FESEFREL(FI)
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K, SRR, L Fnaikifk,
FEBEAIRT TR S i+
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Table 2 The effects of fish species and treatment on the morphological parameters of pale chub and crucian carp

0d 20 d
ZH ¢“ o ffbigm AR ST
Parameters Uin g Lk Uin g iy ta Species Treatment Interaction
Pale chub Crucian carp Pale chub Crucian carp
fa RN FR . F=614.9 F=0.410 F=1272
Fineness ratio 5.00+0.08 2.59+0.03 4.8320.14 2.63+0.09 P<0.001 P=0.577 P=0.269
Rt AN F=87.24 F=52.66 F=3.235
1.3120. 32+0.07 " .82+0.07 .50+0.13*
Condal fin area/en? 3120.09 2.32+0.07 0.82+0.0 1.50+0.13 P<0.001 P<0.001 P 0083
R E 3 L F=0.055 F=139.3 F=6.569
Condal fin area rtio/% 19.64+0.65 18.29+0.43 11.300.64 12.92+0.58 Po0.817 P<0.001 Po0.016
FEEHPHELL AR F=0.786 F=134.4 F=1.978
.6920.12 .6420.0 2.33+0.0! 2.57+0.1
Caudal fin aspect ratio 3.69% 3.6420.08 3320.08 *0.13 P=0.383 P<0.001 P=0.171
MR FI F=103.8 F=93.81 F=0.459
0.04£0.01 .06+0.01* 0.02+0.01 .0420.01 *
Caudal fin index * 0.06+0.01 * 0.040.01 P<0.001 P<0.001 P=0.504
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Fig.1 The photos of caudal-fin-intact, caudal-fin-lost and 20d-regenerated pale chub and crucian carp
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Fig.2 The effect of caudal fin loss on maximum linear velocity (V, . ), moving distance (d) , relative turning radius ( 7Rr) and bending

coefficient ( BC) of fast-start process in pale chub and crucian carp
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Fig.3 The 20 d-recovery and caudal fin re-amputation on maximum linear velocity (V,, ), moving distance (d) , relative turning radius

(TRr) and bending coefficient ( BC) in pale chub and crucian carp

a, b R —F R IE R IR AR EEF IR A 22 5 35 A, B R (b SRR 5 122 53 3% (P < 0.05)

14.62% ; 52838 20 d AR KW IER 4UA LL, S ta Rl s 3l v, i d R 2 TR (P<0.05) , seEg i fnala v
1R B DR BE 23300 9% F1 17% , SElg 8RN BC WEIEM(P = 0.046) , MG Y BC A PG, (A EE (K 3)

3 e

3.1 JREEXIRIEUS ShilFIk RE I 1952

— PRIy 2 g TET L 4 dfe 2 A A 1] T O o S B T BRI L R AR D) ok B A R U I 4 5 i £
( Parabramis pekinensis) .40 ( Carassius auratus) B4 ( Cyprinus carpio ) F1HAEAR 68 ( Spinibarbus sinensis )
ALK AE S FREDSS D MEPE B AR ( Gambusia holbrooki ) 15 R BB T 1 JC 8 & ek 3 2B % 2
8 TR AR AL/ N T B AR A S R EE R S Shii Tk RE T OIS A R JANAENL 65 ( Salmo gardneri) )
5T & AT B TR AR BE VIR |, S0 ta i Dsl i 2 A8 ) 1B 38 TR B S DIBR TR AR S IE AR OG> ARBF S 1
bS5 £ B DTSR i DREE IR SRE 734 W25 T e (181 2) , mT DL R g A b S 6 £ 14 PR Sl E ) D T 3 B
YER . BT /KR PR EE AN [ A IS B T e S e e (AR P AR AR R 22 5 AT T B R BB ARG TR AR A 700 . AR
e RGBS v, T REIR N 39% 1 e SE AR T B 249% , 2 B 6 £ 1Y FE 68 7E PR 33 3h i vk & 1Y
VEFRTE R, o R EETE TRH R iz 2 b B9 RO PT 5 AR A7 I /K BR B8 K sk i 1o P 1 A T JE 18 i) s ~F
AR G

1 Sk S AN F R S AT G, 36 5 2 R shad R i R TR OC . RTr T et
W B R I E R AR AN kR Y R TE YRR AR R R, R I S T A S £ Pk
JEBIRY RTr 35 TR 2)  tH LR TEVERT R E A B S . SR R S0 0 R AE B AR IS | B R B 1 1 %
T2k 1% W [ SR PRGN I 1 U
3.2 WREAE RSP S ShilF vk BE 1 R

BE I 5 0 GE i A B B A AT E A K DUS DI BR = A (A FISE 0, 585 ( Etheostoma edwini )
A Mg R B AT IIBR IS, WA S SRR 4 1T S8 W E AR K BRI IR N A R ST T A P

http ; //www.ecologica.cn



6 1) RIS 2 RRSE B A A A XA ] A 358 4 A R £ 21 PRI Sl ik RE D 32 ) 1953

JA BRE I RE M AS ], A5 1 PR o S 56 £ R Sk A A P B0 B 3 25 57 (48t 20 d I AR KRR g T AR
Y2 B YVIBRETN 62%—64%) , JAEABEGE Y WIFh 5250 10 B2 6 1 B A 58 2R (e T ek )5 iz sl
TERRN T R E (K 3) . 74k, BEEFRVIGRIG S5%4d 20 d A KA IEF AU L, T i 65 A6 0 st e
SV, T FEIEEE (9% R 17% ) ¥/NTFHIR B EE VBRI (24% M1 39% ) , B I HETS bRk 52 2 6 1 B FH LAAD , 7
TSI 56 10034 1] e A7 AE LA J7 T8 B D REAMES , Qi R BE RS L ) S E R (3R 2) BB AL D RE R i o (LEF
YEASHKL) A8 s A NP &5, S A R Y 2, A A 5 o 6 i AN B 6 2 6 (609% ) ARG Bl B
(100% ) FAPI 52 T8 5 AR ARL , K T B0 €00 2 6 PR DTG i DR I 30 VT BRI 2 (17% ) KT SE BB AR (9% ) , W 58
SR T D REAMEAE TR K . R B DI IR S 7E sk IS B B8 ) AT S AMEE 5 25 i 8 B0 — A0 Bk
TERYFE bR 38 H AN I8 A B A Bh T2 = sh W A s s s Y W45 ( Eurycea bislineata ) A4
A BN i Ok A M R AR 2 S I 7 A RRARG 2 i £ 88 R e A ) of 0 R 46 2 DD R AN A I il 1t
AR I AR BN ) AR AN R EE DI bR A AR R P AR o, R EE PR VI BR S T 6 i 10 A
R 200 20 d AR R AVIER A LR B35 ETH(P = 0.046) , Ml 8 A9 4000 8 & 84k (1 3) , R U] S B |
FSEWR I A G AR ARG B 04T MG

FRHENE N T B s B B X RN sie S A HEAEH . Az T FF R v i ) e {70 B 0 | 2 6 Xof
PR e eV RE 1 PR PR 5 T AR 96 FE R R v 170 i B i A 780 O B R A 1) i 4 18, R B R A KR 1
P ShRE ) R B R A MG AT o R ME T BE AT R AR

2% 3L HR ( References)

[ 1] Langerhans R B, Layman C A, Shokrollahi A M, DeWitt T J. Predator-driven phenotypic diversification in Gambusia affinis. Evolution, 2004, 58
(10) : 2305-2318.

[2] FuS]J, Cao Z D, Yan G J, Fu C, Pang X. Integrating environmental variation, predation pressure, phenotypic plasticity and locomotor
performance. Oecologia, 2013, 173(2) ; 343-54.

[ 3] Langerhans R B, Chapman L J, DeWitt T J. Complex phenotype-environment associations revealed in an East African cyprinid. Journal of
Evolutionary Biology, 2007, 20(3): 1171-1181.

[4] YanGJ, He X K, Cao Z D, Fu S J. An interspecific comparison between morphology and swimming performance in Cyprinids. Journal of
Evolutionary Biology, 2013, 26(8) . 1806-1815.

[ 5] Haas T C, Blum M J, Heins D C. Morphological responses of a stream fish to water impoundment. Biology Letters, 2010, 6(6) ; 803-806.

[ 6] Domenici P, Blake R W. The kinematics and performance of fish fast-start swimming. The Journal of Experimental Biology, 1997, 200(8) .
1165-1178.

[ 7] Domenici P, Batty R S. Escape manoeuvres of schooling Clupea harengus. Journal of Fish Biology, 1994, 45(SA) : 97-110.

[ 8] Handegard N O, Pedersen G, Brix O. Estimating tail-beat frequency using split-beam echosounders. ICES Journal of Marine Science, 2009, 66
(6): 1252-1258.

[ 9] Plaut L. Critical swimming speed: its ecological relevance. Comparative Biochemistry and Physiology Part A: Molecular and Integrative Physiology,
2001, 131(1) . 41-50.

[10] Domenici P, Turesson H, Brodersen J, Bronmark C. Predator-induced morphology enhances escape locomotion in crucian carp. Proceedings of the
Royal Society B: Biological Sciences, 2008, 275(1631) . 195-201.

[11] Winemiller K O. Caudal eyespots as deterrents against fin predation in the Neoptropical Cichlid cichlid Astronotus ocellatus. Copeia, 1990, (3):
665-673.

[12] Sinclair E L E, Ward A ] W, Seebacher F. Aggression-induced fin damage modulates trade-offs in burst and endurance swimming performance of
mosquitofish. Journal of Zoology, 2011, 283(4) ; 243-248.

[13] Ziskowski J, Mercaldo-Allen R, Pereira J J, Kuropat C, Goldberg R. The effects of fin rot disease and sampling method on blood chemistry and
hematocrit measurements of winter flounder, Pseudopleuronectes americanus from New Haven Harbor ( 1987—1990). Marine Pollution Bulletin,
2008, 56(4) : 740-750.

[14] Ward D L. Effects of marking techniques and handling on swimming ability of Bonytail Chub. Journal of the Arizona-Nevada Academy of Science,
2003, 36(1): 34-36.

http ; //www.ecologica.cn



1954 JAE = 35 %

[15]

[16]

[17]

[18]

[19]

Kasapt M, Domenici P, Blake R W, Harper D G. The kinematics and performance of the escape response in the knife fish ( Xenomystus nigri) .
Canadian Journal of Zoology, 1993, 71(1): 189-195.

Fu C, Cao Z D, Fu S J. The effects of caudal fin loss and regeneration on the swimming performance of three cyprinid fish species with different
swimming capacities. The Journal of Experimental Biology, 2013, 216(16) ; 3164-3174.

Champagne C E, Austin J D, Jelks H L, Jordan F. Effects of fin clipping on survival and position-holding behavior of brown darters ( Etheostoma
edwini) . Copeia, 2008, (4): 916-919.

Bickelmann P K, Ochandio B S, Bechara I J. Histological study of the dynamics in epidermis regeneration of the carp tail fin ( Cyprinus carpio,
Linnaeus, 1758). Brazilian Journal of Biology, 2010, 70(1) . 217-223.

Fu C, Cao Z D, Fu S J. The effects of caudal fin amputation on metabolic interaction between digestion and locomotion in juveniles of three cyprinid
fish species with different metabolic modes. Comparative Biochemistry and Physiology Part A: Molecular and Integrative Physiology, 2013, 164
(3): 456-465.

EIF, OWPRAR, ATHERE, BRUEOL. AR ) f i POEUS S S HGRAT . AR, 2010, 29(11) : 2181-2186.

Yan G J, He X K, Cao Z D, Fu S J. The trade-off between steady and unsteady swimming performance in six cyprinids at two temperatures. Journal
of Thermal Biology, 2012, 37(6) ;. 424-431.

Domenici P, Blake R W. The kinematics and performance of the escape response in the angelfish ( Pterophyllum eimekei). The Journal of
Experimental Biology, 1991, 156. 187-205.

Webb P W. Fast-start performance and body form in seven species of teleost fish. The Journal of Experimental Biology, 1978, 74. 211-226.
Azizi E, Landberg T. Effects of metamorphosis on the aquatic escape response of the two-lined salamander ( Eurycea bislineata). The Journal of
Experimental Biology, 2002, 205(6) . 841-849.

W, WARA, AHIbEE. FREEUTRRA ik 0 4 Dk BE ) RERLSCR 51T MR, KL AW, 2013, 37(1) ; 157-163.

Webb P W. Effects of median-fin amputation on fast-start performance of rainbow trout ( Salmo gairdneri). The Journal of Experimental Biology,
1977, 68 123-135.

Domenici P. Escape responses in fish: Kinematics, performance and behavior//Domenici P, Kapoor B G, eds. Fish Locomotion: An Eco-

ethological Perspective. Enfield; Science Publishers, 2010, 123-170.

http ; //www.ecologica.cn



