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Abstract. We used Hoplobatrachus chinensis tadpoles as a model species to evaluate if the locomotor costs of tail loss 
could be compensated by tail regeneration. Different proportion (0%, 20%, 40% and 60%) of tail segment were removed 
in four experimental groups and the tadpoles were reared for 7 days. Swimming speed was measured three times for 
each experimental tadpole: before tail removal, after tail removal, and 7 days from tail removal. Gosner’s stage, body 
length, tail length and survival rate were measured for each experimental tadpole before tail removal and at 7 days from 
tail removal. We daily measured the length of the regenerative tail and of the remaining tail in 20% to 60% tail removal 
treatments. Overall, our results suggest that (1) tail removal affects final tail length and swimming speed, but not body 
length, developmental stage and survival rate in captive H. chinensis tadpoles; (2) tadpoles with more serious tail inju-
ries have faster tail regeneration rate; (3) swimming speed can be compensated with tail regeneration after tail removal.
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INTRODUCTION

Anuran tadpoles escape from aquatic predators by 
sudden turn and burst speed (Wilbur and Semlitsch, 
1990), in which the tail of tadpole plays a key role. The 
swimming performances of tadpoles depend on the tail 
size (Van Buskirk and McCollum, 2000a; Teplitsky et al., 
2005; Arendt, 2010; Ding et al., 2014) and on its shape 
(McCollum and Van Buskirk, 1996; Van Buskirk et al., 
1997; Doherty et al., 1998; Van Buskirk and McCollum, 
2000b), and tail morphology influence the probability 
of predation (Van Buskirk and McCollum, 2000b; Van 
Buskirk et al., 2003). Usually, the swimming performance 
of tadpoles can be affected only by serious tail injury (e.g. 
the swimming performance of Hyla chrysoscelis tadpoles 
was significantly reduced only by more than 50% tail 
removal; Figiel and Semlitsch, 1991).

Tail injuries are quite common in tadpoles from nat-
ural populations, due to the predation attempts of fish, 

salamanders, crayfish and dragonfly larvae (Van Buskirk 
and McCollum, 2000b; Van Buskirk et al., 2003; Wilson 
et al., 2005). The harm from tail removal is often rela-
tively small when tadpoles escape from aquatic predators 
(Wilbur and Semlitsch, 1990; Doherty et al., 1998; Blair 
and Wassersug, 2000) and larger tails, attracting preda-
tor strikes away from the more vulnerable body regions, 
could enhance the survival of tadpoles (Hoff and Was-
sersug, 2000; Van Buskirk et al., 2003; Miner et al., 2005; 
Laurila et al., 2008; Kishida et al., 2010). This mechanism 
is clearer in the presence of visual aquatic predators and 
when tadpoles show bright-colored tails (McCollum and 
Van Buskirk, 1996; Skelly, 1997; Van Buskirk et al., 2004).

Tail loss can reduce the risk of predation in tadpoles, 
but it can reduce their locomotor ability (Van Buskirk 
and McCollum, 2000a; Maginnis, 2006; Marvin, 2011, 
2013) potentially affecting their survival after injury. 
Tadpoles respond to tail removal with tail regeneration 
(Marvin, 2011), which is a common phenomenon in 
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amphibians (Dinsmore, 1996; Vaglia et al., 1997; Marvin, 
2011, 2013).

The Chinese tiger frog (Hoplobatrachus chinensis; 
anura: ranidae) is a medium-large size frog (up to 120 
mm or more in snout-urostyle length; Fei, 2009), which is 
widely reared in many regions of China as an edible frog 
(Fu, 2010). The larvae are carnivorous and can be can-
nibalized by sibling when food is scarce (Fei, 2009). We 
used H. chinensis tadpoles as a model species to examine: 
(1) the costs of tail removal in terms of survival rate, final 
length of body and tail, possible developmental delays, 
and swimming speed; (2) the tail regeneration rates 
among different tail removal treatments, to test if tadpoles 
compensate more serious injuries with faster tail regenera-
tion; (3) the increment of swimming speed in relation to 
tail length and regeneration, to test if different tail regen-
eration rates could compensate the loss of mobility of tad-
poles under more serious tail removal treatment.

MATERIAL AND METHODS

Animal collection and rearing

We collected 10 clutches of H. chinensis tadpoles, all of 
which were at Gosner’s (1960) stage 29-35 (GS29-35) in July 
2012 from the froggery at Lishui University. Seventy eight tad-
poles were randomly collected as experimental animals by a 
circular net (diameter = 150 mm) at one time from the mixed 
population, composed by twenty tadpoles collected randomly 
from each clutch. All of the tadpoles were individually placed in 
a 10 × 5 × 5 cm (length × width × height) plastic bin containing 
200 mL of dechlorinated tapwater (from an aerated 500 L tank) 
with spirogyra. Then all the 78 bins were transferred to a room 
where water temperature was controlled at 30 ± 0.5°C. During 
our experiment the tadpoles were fed daily with commercially 
sold food for larval frogs (crude protein ≥ 42%, crude fiber ≤ 
4%, crude ash ≤ 18% and water content ≤ 12%; Ningbo Tech-
Bank Co., China), and water was renewed every two days.

Experimental treatment

The tadpoles were randomly divided into four experi-
mental groups including a 20% tail removal group (hereafter 
E20%; n = 18), a 40% tail removal group (hereafter E40%; n 
= 21) and a 60% tail removal group (hereafter E60%; n = 21), 
and a control group (hereafter C; n = 18). Before tail removal, 
Gosner’s stage was identified, and body length (from snout to 
anal front) and tail length (from anal front to tail end) were 
measured. After that, the swimming speed of each tadpole was 
recorded in a 50-cm-long straight lane (water temperature was 
set at 30°C) by digital video camera (Sony DCR-SR42E). The 
video files were later examined with the software Ulead Vide-
ostudio 8.0 (Ulead Software Co., Canada) for the fastest swim-
ming speed in 15 cm interval. Two hours after the swimming 

recording, we cut off the corresponding proportion (0%, 20%, 
40% and 60%) of tail length from tail tip on each tadpole by 
using a surgical blade according to the different experimental 
groups. The swimming speed measurement was repeated with 
the same methods after two hours from tail removal. Then, the 
growth length of the remaining tail (calculated as the difference 
between its length at each day of the experiment and its length 
just after tail removal) and the length of the regenerative tail 
(from the cutting point to the tail tip) were daily measured in 
the three experimental groups. 

The duration of the experiment was seven days, which 
was also the maximum duration of the experiment, since at 
this time to see the cutting point of the tail begin to be difficult. 
Indeed, some black spots were always visible on the remaining 
tail, but not on the regenerative tail, enabling us to accurate-
ly determine the cutting point of the tail, and to measure the 
regenerative tail length, but at the seventh day the black spots 
appeared again on the regenerative tail of H. chinensis tadpoles.

The number of surviving tadpoles in each group was 
recorded, Gosner’s stage was identified, and morphological 
traits (body length and tail length) and swimming speed were 
measured at 7 days from tail removal.

Data analyses

All statistical analyses were performed with the Statis-
tica software (version 6.0, Tulsa, OK, USA). We tested the data 
for normality (Kolmogorov-Smirnov test), and homogeneity 
of variances (Bartlett’s and Box’s M tests) to meet the assump-
tion of the following parametric analyses. The growth length of 
the remaining tail was calculated as the difference between its 
length in each day of the experiment and its length just after 
tail removal, while the increment of swimming speed was cal-
culated as the difference between the swimming speed at 7 days 
from tail removal and just after tail removal. We used G-test to 
examine whether survival rate of tadpoles differed among the 
four treatments. We used linear regression analysis to examine 
whether increment of swimming speed was related to regenera-
tive tail length. We used one-way ANOVA to examine whether 
the Gosner’s stage, body length, tail length, swimming speed and 
increment of swimming speed were different among the treat-
ments. We used repeated-measures ANOVA to test whether the 
tail removal treatments, the measuring time (seven times: day 1 
to 7; or three times: before, just after, and 7 days after tail remov-
al), and their interaction had a significant effect on the growth 
length of the remaining tail, on the length of the regenerative 
tail, and on the swimming speed of tadpoles. Tukey’s post hoc 
comparisons were performed when the results from the ANOVA 
were significant. Throughout this paper, values are presented as 
mean ± SE, and the significance level was set at α = 0.05.

RESULTS

Before tail removal, the Gosner’s stage, body length 
and tail length were not significantly different in the 
four experimental groups (Table 1). At 7 days from tail 
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removal, the Gosner’s stage (F3, 72 = 1.56, P = 0.208) and 
body length (F3, 72 = 1.40, P = 0.250) of tadpoles were not 
affected, but the mean value of tail length was longer in C 
than in E20%, E40% and E60%, and longer in E20% and 
E40% than in E60% (F3, 72 = 27.55, P < 0.001) (Fig. 1). 
The survival rate was 94.4% (17/18) in C, 100% (18/18) 
in E20%, 95.2% (20/21) in E40% and 100% (21/21) in 
E60%, and did not show significant differences among 
the experimental groups (G = 0.47, df = 3, P = 0.925).

During the tail regeneration period, the experimental 
treatment did not affect the growth length of remaining 
tail, but the length of the regenerative tail was significant-
ly longer in E60% than in E40% and E20%, and longer 
in E40% than in E20% (Fig. 2). Both the growth length 
of remaining tail and the length of the regenerative tail 
increased gradually during the experiment (results from 
Tukey’s HSD) and were affected by the treatment × meas-
uring time interaction (Table 2).

The swimming speed of H. chinensis tadpoles differed 
among the four groups and it was significantly faster in 
C than in E40% and E60% and faster in E20% than in 
E60% (results from Tukey’s HSD). The swimming speed 
differed among the three measuring times and it was 
faster before tail removal and at 7 days from tail removal 
than after tail removal (results from Tukey’s HSD). The 
swimming speed was also affected by the treatment × 
measuring time interaction (Fig. 3, Table 2). Especially, 
after tail removal, the swimming speed differed signifi-
cantly among the four groups (F3, 72 = 60.08, P < 0.001) 
and it was significantly faster in C than in all the tail 
removal treatments and faster in E20% and E40% than in 
E60% (Fig. 3). At 7 days from tail removal, the swimming 
speed of H. chinensis tadpoles differed among the four 
groups (F3, 72 = 3.53, P < 0.02) and it was faster in C and 
E20% than in E60% (results from Tukey’s HSD). 

The increment of swimming speed differed among 
the three experimental groups, which was greater in 

Table 1. Descriptive statistics (mean ± SE) and range (in brackets) for Gosner’s stage, body length, and tail length of H. chinensis tadpoles in 
the control and experimental groups before tail removal treatment (one-way ANOVA was used to test the differences among experimental 
groups. NS: not significant. N: number of samples). 

Variable Control group
Experimental groups

F df P
20% tail removal 40% tail removal 60% tail removal

N 17 18 20 21

Gosner’s stage 32.5 ± 0.2
(31–34)

31.8 ± 0.3
(30–35)

32.0 ± 0.5
(29–35)

32.0 ± 0.3
(29–35) 0.60 3, 72 NS

Body length (mm) 10.8 ± 0.3
(9.4–13.0)

10.3 ± 0.2
(8.6–12.1)

10.2 ± 0.3
(7.6–13.1)

10.4 ± 0.2
(8.6–13.2) 0.79 3, 72 NS

Tail length (mm) 20.3 ± 0.5
(13.9–25.2)

20.3 ± 0.3
(16.8–25.0)

20.2 ± 0.6
(16.5–25.2)

20.4 ± 0.5
(16.6–24.7) 0.10 3, 72 NS

Fig. 1. Mean values (+ SE) for Gosner’s stage (A), body length 
(B) and tail length (C) of H. chinensis tadpoles at 7 days from tail 
removal. Letters at the top of the bars indicate the statistical sig-
nificance of differences between treatments. Treatments with differ-
ent letters are significantly different at the P < 0.05 level (one-way 
ANOVA followed by Tukey’s HSD; a > b). C: control; E20%: 20% 
tail removal; E40%: 40% tail removal; E60%: 60% tail removal.
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E60% than in E20% and E40% (F2, 56 = 5.47, P < 0.01; 
Fig. 4A). The linear regression between regenerative tail 
length and increment of swimming speed showed that 
the increment of swimming speed is positively related to 
the regenerative tail length (r = 0.49, F1, 57 = 18.17, P < 
0.001; Fig. 4B).

DISCUSSION

Tail injury may affect many aspects of individual 
performances such as survivorship, growth, develop-
ment, locomotion, foraging and escaping predation 
(Maginnis, 2006). Serious tail removal (50-75%) may 
not only affect the escaping ability of tadpoles, but also 
their survival (Van Buskirk et al., 2003). For example 
the survival rate of tadpoles with 50% tail loss level in 
Bufo gargarizans was only 68.4%. However the same 
level of tail loss did not affect the survival of other spe-
cies (e.g. Rana zhenhaiensis tadpoles; Ding et al., 2014) 
and our results show that also the survival rate of H. 
chinensis tadpoles is not affected by tail removal, sug-
gesting that some species could be particularly resistant 
to tail injuries. A decrease of the growth and develop-
mental rate of tadpoles has also been documented after 
experimental tail removal (e.g. Rana catesbeiana tad-

Fig. 2. Mean values (+ SE) for growth length of remaining tail (A) 
and regenerative tail length (B) in the first 7-day period. Letters 
at the top of the bars indicate the statistical significance of differ-
ences between treatments. Treatments with different letters are sig-
nificantly different at the P < 0.05 level (repeated-measures ANOVA 
followed by Tukey’s HSD; a > b > c). C: control; E20%: 20% tail 
removal; E40%: 40% tail removal; E60%: 60% tail removal.

Table 2. Effect of tail removal treatments and measuring time on growth length of the remaining tail, length of the regenerative tail and 
swimming speed of H. chinensis tadpoles (results from repeated-measures ANOVA; NS: not significant).

Dependent variables
Treatment Measuring time Treatment × Measuring time

F df P F df P F df P

Growth length of the remaining tail 1.43 2, 56 NS 611.42 6, 336 < 0.001 3.47 12, 336 < 0.001
Length of the regenerative tail 38.82 2, 56 < 0.001 411.54 6, 336 < 0.001 44.21 12, 336 < 0.001
Swimming speed 14.19 3, 72 < 0.001 70.73 2, 144 NS 11.39 6, 144 < 0.001

Fig. 3. Mean values (+ SE) for swimming speed before tail removal, 
after tail removal and at 7 days from tail removal in H. chinensis 
tadpoles. Letters at the top of the bars indicate the statistical sig-
nificance of differences between treatments. Treatments with differ-
ent letters are significantly different at the P < 0.05 level (one-way 
ANOVA followed by Tukey’s HSD; a > b > c). C: control; E20%: 
20% tail removal; E40%: 40% tail removal; E60%: 60% tail removal.
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poles; Wilbur and Semlitsch, 1990). On the contrary, 
these parameters were not affected by the tail loss in our 
experiment. Our tadpoles were maintained in artificially 
safe conditions during the tail regeneration period (no 
stress from predators or cannibalism), probably influ-
encing the high survival rates and unaltered develop-
mental rates in all the experimental groups. 

Tail regeneration is a common phenomenon in 
amphibians (Maginnis, 2006). Some anuran tadpoles 
were reported to lose their regenerative ability transient-
ly in GS45-47 (Beck et al., 2003), but the latest Gosner’s 

stage of H. chinensis tadpoles was smaller than GS40 by 
the end of the experiment, so there was not possibil-
ity that experimental tadpoles lose their tail regenerative 
ability. Our results revealed that different tail removal had 
no significant effect on the growth of remaining tail, but 
on tail regeneration in H. chinensis tadpoles (Fig. 2). H. 
chinensis tadpoles can compensate more serious tail inju-
ries with faster tail regenerative rate. Similar compensato-
ry mechanism was also been found in other amphibians 
species (e.g. Xenopus laevis tadpoles and Desmognathus 
quadramaculatus; Tseng et al., 2007; Marvin, 2011) and 
in other organisms (e.g. Hemiptera insects can hyper-
regenerate seriously injured antennae; Ikeda-Kikue and 
Numata, 1991).

In many caudate aquatic organisms, such as tad-
poles and newts, the swimming performance depends 
on the size and other morphological traits of tail (Webb, 
1984; Wassersug and Hoff, 1985; Long and Nipper, 
1996; Van Buskirk and McCollum, 2000a). The swim-
ming speed is usually affected only in the presence of 
serious (> 60 %) tail removal (e.g. Hyla chrysoscelis tad-
poles and Desmognathus quadramaculatus; Figiel and 
Semlitsch, 1991; Marvin, 2013). However, in our experi-
ment the swimming speed of H. chinensis tadpoles pro-
gressively decreased with the proportion of tail removal 
increased (Fig. 3), which was similar with the results in 
Hyla versicolor, Bufo gargarizans and Rana zhenhaien-
sis tadpoles (Van Buskirk and McCollum, 2000a; Ding 
et al., 2014). We conclude that tail injuries could often 
incur locomotor cost in H. chinensis tadpoles in natu-
ral conditions, as relatively small tail injuries can affect 
their mobility. 

Tail regeneration does not only repair tail injury 
(Maginnis, 2006), but also compensate the locomo-
tor cost caused by tail loss (Marvin, 2011). Our results 
showed that tail regeneration in H. chinensis tadpoles 
could completely recover their swimming ability in a 
relatively short time (7 days), with the exception of the 
tadpoles in E60% (their swimming speed was 2.5 cm/s 
slower at the end of the experiment), which however 
showed a greater growth rate of tail and a greater incre-
ment of their swimming speed. Both tail regeneration 
rates and the increment of swimming speed among dif-
ferent tail removal treatments indicate that H. chinensis 
tadpoles can compensate more serious tail injuries (and 
the related locomotor costs) with a faster tail regenera-
tion and greater speed increment. Under natural condi-
tions, tadpoles with serious tail injuries are preferentially 
preyed (Figiel and Semlitsch, 1991), and these compensa-
tory mechanisms are likely to be an adaptive strategy to 
partially reduce the costs of tail loss. 

Fig. 4. Mean values (+ SE) for increment of swimming speed (A) 
and increment of swimming speed in relation to regenerative tail 
length (B) in the three experimental groups. Letters at the top of 
the bars indicate the statistical significance of differences between 
treatments. Treatments with different letters are significantly differ-
ent at the P < 0.05 level (repeated-measures ANOVA followed by 
Tukey’s HSD; a > b). Regression equation and coefficient are given. 
C: control, E20%: 20% tail removal, E40%: 40% tail removal, E60%: 
60% tail removal. 
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