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Compensatory growth and development of tail loss in Pelophylax nigromaculatus

Tadpoles
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College of Ecology, Lishui University, Lishui 323000, China

Abstract; Many animals often undergo compensatory growth with adverse growth conditions or in hostile environments. We
studied the growth trajectories of anuran tadpoles ( Pelophylax nigromaculatus) with three tail length treatments, including
full-tail, 1/3-tail loss and 1/2-tail loss inflicted by the predatory mosquitofish ( Gambusia affinis). We also evaluated the
effect of tail injury on the swimming performance and size and time at metamorphosis of the tadpoles. Our results showed that
the body length of full-tail and 1/3-tail loss treatment tadpoles was significantly longer than that of the 1/2-tail loss tadpoles
the day following predation stress, however, there were no significant differences between these two groups. On the 19th
day, the body length of the 1/2-tail loss tadpoles was significantly longer than that of the full-tail tadpoles and there were no
significant differences between the 1/3-tail loss and 1/2-tail loss tadpoles. No significant differences were found among
groups in tail fin length of the tadpoles. The burst swimming speed of full-tail tadpoles was significantly faster than that of
the 1/2-tail loss tadpoles and there were no significant differences in the swimming performance of tadpoles between the 1/
2-tail and 1/3-tail loss groups. These results suggested that the performance in burst swimming of tadpoles was negatively
affected when the tail is impaired seriously by the predators. The tadpoles from the three experimental groups almost
synchronously achieved metamorphosis at a similar size. P. nigromaculatus tadpoles can adjust their growth trajectories to

compensate for the growth loss caused by predator risk at the early development stage before metamorphosis. Although the
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tadpoles can compensate for the loss of almost half the tail, they must pay in locomotor costs.

Key Words: tadpoles; tail loss; compensatory growth; burst swimming speed; predation risk; metamorphosis
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Fig.1 The growth change of Pelophylax nigromaculata tadpoles from different tail treatments
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Table 1 Average swimming speed and morphological characteristics of Pelophylax nigromaculata tadpoles

AR AW 1/3 Wik 172 Wi
Variables Full tail N=17 1/3 tail loss N=19 1/2 tail loss N=19

S/ (mm/s)

Average swimming speed

29.76+3.39
(22.75—35.26)

28.89+3.49
(23.92—35.47)

29.30+5.72
(16.40—38.76)

SR/ mm 1774.30+49.53 1733.58+48.03 1758.06+78.73
Total distance (1364.73—2115.47) (1434.96—2128.05) (985.13—2325.36)
K/ mm 14.88+0.64 15.68+0.64 14.96+0.62
Body length (10.42—18.95) (11.75—21.77) (9.40—18.79)
K/ mm 7.60+0.26 7.89+0.33 7.73+0.26
Body height (5.87—10.09) (5.46—11.47) (5.21—10.39)
B /mm 4.1320.21 4.15+0.15 4.59+0.41
Tail muscle height (3.08—6.44) (3.02—5.44) (3.08—11.53)
& /mm 9.57+0.45 8.98+0.26 10.46+1.61
Tail height (6.20—12.44) (6.68—11.55) (6.21—39.15)
A /mm 32.52+1.40 29.35+0.76 32.10<1.17
Tail length (24.35—45.03) (24.40—37.47) (19.21—39.79)
Fz2 EMEEWTRENRASTL
Table 2 Morphological changes before and after metamorphosis of Pelophylax nigromaculata tadpoles
A KW 1/3 Wi 172 Wi
Variables Full tail N=16 1/3 tail loss N=16 1/2 tail loss N=18
AR 2SI ] 63.13+1.40 59.63+1.40 63.16+1.53
Time to metamorphosis (55.00—73.00) (51.00—70.00) (53.00—79.00)
42 i) s/ 1.51+0.05 1.45+0.06 1.38+0.05
Tadpole & (1.18—1.86) (0.96—1.76) (0.90—1.64)
oy 69.85+1.45 68.51+1.53 65.70=1.31
mm (57.34—79.31) (54.38—77.35) (52.00—72.90)
.y 22.6120.35 21.52+0.52 22.11£0.50
~/mm (18.87—24.65) (18.09—25.70) (17.69—25.21)
oy 47.04+1.08 45.22+1.24 42.40+1.03
m (40.27—53.91) (36.81—54.15) (33.62—50.88)
46 %)k thif/ 0.98+0.03 0.96+0.04 0.92+0.03
Froglet 8 (0.80—1.15) (0.64 — 1.24) (0.73—1.25)
ey 20.53+0.38 19.930.34 18.84+0.30
i (18.08—22.80) (17.20—22.49) (16.37—20.35)
. 11.7420.20 10.64+0.27 10.46=0.19
FilK/
HT B ./ mm (10.02—12.92) (8.23—12.04) (9.03—11.98)
32.22 £ 0.55 29.91+0.66 28.7120.50
<./
SRR/ mm (26.40—34.60) (24.39—33.48) (23.86—31.47)
'y 8.89+0.18 8.58+0.17 8.200.12
i/ mm
g (7.27—10.21) (7.27—9.94) (6.97—8.89)

ABFFEERFRN] 172 R0 173 Wi B4R i R 2 il XU AL BR 19 KR I A K ) 4 FR 41 IR} G 2
KRR RE R TR S 7 o 2t 0, T MR A ol B X LR R i i A 1 5 G 1
3.2 TR AL HT SRR BE 1 K R R I A R A S

KT TC FE PR IR K RE 0 ) C AT WFTE A T, RHsh i 5 AN TR TR ) MR 0k, > bl Al £ 2
TEAE SR HUHE 25 IR I3 P sl o RO 2 25 A e X2 25 0 R SR 8 SRR 5 19 K R [ 92
YR A 22 A B3 (8 172 W FR 2L IRk A0 0 o Y 25 (0 T 4 R AL MRHIS) AT, T RE 2 oh T R e
X A BT TIB R, it — Bt a] K A R, S BRI AR, A T RE R A RRIE S LR A
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JITUAS BT KGR AR A BEL S, ke i s o SCECE 172 10 T X R S 0 A 2 i T
L IER AR AE A A rp M UTC I 58 KA NS 1 R AR iz sh Zh e, BRI 1 elieid . AR
M, 1 8 T Bl (Scincidae ) W W5 75 W B 5 iz 2 3 T B 19%—35%, ¥ 2 b B} ( Teiidae ) F1£f 8
( Phrynosomatidae ) ¥ Fi F [ 32%—42% , Wi 15 #} ( Lacertide ) 38 43 %) F T [ 28%—48% " * | EIRKIF%E N
(2015) WF5E T a8 ( Zacco platypus) F#H ( Carassius auratus) FEEEHLI J5 B 2 A 0 HAP s 5 shii ik g
IR SR WI 24 20 d BIMREE ALK, R B T ARV 2 B VTR Y 62%—64% , W4 0] 2 88 1 52 A6 K iy
25 RN 3 BAR WA R TR B S WK (e TR Yo 5 shig shg 3R 8] T amk g ', X5
ARSI RA P I, AT RE SR T 2 Sl I SR EE R A SRR S, X BRI, AR R EEEIE 7
TR AR VR (R SR R S VR R 25/ N, O Dk RE AT T — 8 e IR E ORI W 5 . A&
WFFEEE R T IR © A R Z BT 50 O — 20, Sl 2 1 2RE FE g | >4 B T E Sz 4t | BV 52 ok
RIS AEDIRE EAAT T — @ MRk BN, SO BRI (Rana zhenhaiensis ) W38k () 37 UKk i BE 5 2 1K 8 22 I
ARG, BIVRA SR AR bl WS D B2 1) DB DR 3R B 173 8 R 4 0 2 2 LV AR I s ok — i Y i
AR
3.3 KRR AL AN SN AR AN ] F R )N

TCRRAE I S rh AR A E] 5 R/ N A 58 B B R b, ORI 2 (TR R W] AME AR K A T e K
PEREASRR B 22 DR S B AR Al 20 R S A iR s ) A A A G i A RS /N i At BB T
RN BRI RS A ATE B AR L& T & | HLEAH R e i 0 7

AHFFELE RT3 > 06 2 R el 1) A8 AR A [ 2 S AN I 35 ) BT SR8 ), Wb i) 5 A 1 B AS R A2 () PR 35
T, BB 50 R MRHISHAE [A]— B[R] N S8 U S A B, AR SHIE S IRTEIE AR IE 22 R AR R 2, 3R] 4
B JIR R, SRRk T 3 g A M A 1T R T 8 A A A8 2 X AR 25 IS ) 5 R/ N R8s i, i, 22 T )
BRAY R. temporaria SFISHFEAR AR d2 A e 700 A SR i RIS A I AR AR A T A6 FiEE T [R]— 7K F X R R
T B A K AR 6 P 2 A A B A ; Fejervarya cancrivora YRHEF A ER B hE A R 3 1 2R 1) v 6
JE 20 550 1 2 RHISL A AL AR A 1] 45 /DN | SRR 5 4 1A A R M2 Bt UMK e 19 I D R ey R 32
RS T8 ARG, £ 00 0 i S R ) 30 26 B 4 3 XA 4K ( Catch-up growth ) i 7, A8 25 EEUNEE
50) HRZH AR AE AR ) 5 38 AL 20 J 2 AR YIRS — R A i ) 0 e 2R B TR A 28 I3 R A4 R 2R T A AR ] R
AN A Hector S5 VRIS T R R A0 ) BIR X 4 B BB RIS Litoria ewingii) RS HT R IEAS 5318
B EAHDCAT R A 20, 45 R B, 5500k HRAHMRHBHAR 1L | PR MR ZH RSP SE G 5 RARZS T8 iR A8 54
T, WA EE R, AR SRTAR R, temporaria $HISHR] S TE B W) Bk = 5wy AR BHMR E 1Y B BT FR 58 op U
WRHISLTE 2 B B B B 218, IR A e B S AP T of B2 b} T AR AR A R B AR A AR v AR R A o B
0 T R ) B A R A B TR R SR A KRS 2 ad — B i 4 BR i A A
A BREAT N B R A KR A, AT T R A B A R AR s M R T AR U B iE ik
I TRIEA IR AT AR R st o g 0 5 0

L5 BT R BEANRE dek R s B 6% 1 7108 AN VA AR A IR A LA IR i A A R TR R A R O
AN AE S I TA) 5 KD | W g A o — 2 A RIS 28 i M AR S AT AT — s s s

Brigt: FWBIR) AR EF A SR RS 56 48 4] 57 K S K SO T T B A B, Rr A
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