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Abstract. Sexual dimorphism is commonly regarded as an outcome of inter-sexual differences in intensity of 
sexual selection. In this view, the inter-sexual difference in mass of hind limb muscles of Bufo andrewsi in 
relation to sexual selection was investigated by dissecting four hind limb muscles (sartorius, plantaris longus, 
triceps femoris and gastrocnemius) from the left and right side of each individual. The results showed that 
females significantly exceeded males for muscle sartorius, muscle plantaris longus and muscle gastrocnemius 
and total mass, independent of body size. There are no significant differences in the four hind limb muscles 
mass between amplectant and non-amplectant males. Relative hind limb muscle of females is significantly 
larger than males, but it is not different between amplectant and non-amplectant males.  There was no 
significant or positive correlation between relative hind limb muscle mass and SVL for any of the toads. 
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Introduction 
 
Sexual dimorphism is commonly regarded as an 
outcome of inter-sexual differences in intensity of 
sexual selection and natural selection (Darwin 
1871, reviewed in Andersson 1994, Blanckenhorn 
2005). Generally, sexual selection promotes the 
evolution of morphologies and behaviours that in-
crease male mating chances (Anderson 1994). 
Natural selection can favour different adaptations 
in males and females and reduce competition be-
tween the sexes for habitat and/or prey (Shine 
1989). In most species, studies on the evolution of 
dimorphism are mainly focused on the mecha-
nisms leading to sexual dimorphism (e.g. Howard 
1981, Webster 1992, Rogers & Mukherjee 1992, 
Lindenfors & Tullberg 1998, Lee & Corrales 2002, 
Zuffi et al. 2011, Liao & Chen 2012).  

In 90% of anurans species, average body size 
in adult females is significantly larger than that of 
adult males (Shine 1979). However, for many spe-
cies, a conspicuous sexual dimorphism is the pres-
ence of muscles mass in males (Shine 1979, Duell-
man & Trueb 1994, Lee & Corrales 2002, Liao et al. 
2012). Studies of muscle dimorphism in frogs have 
typically compared differences between male and 
female muscles mass (Kirby 1983, Yekta & Black-
burn 1992, Lee & Corrales 2002). Dimorphic mus-
cles in males are much larger than in females. The 

robust hind limbs in males can confer a locomotor 
advantage in swimming or hopping, so that males 
with more robust hind limbs might reach females 
first (Bufo typhonius - Wells 1979, B. bufo - Halliday 
1980, B. marinus - Lee & Corrales 2002). Moreover, 
the vigorous kicking motions done with the robust 
hind limbs by the amplectant males might serve to 
defend against attempting takeovers from compet-
ing males when they approach an amplectant pair 
from behind (Lee & Corrales 2002). The sexual 
dimorphism in hind limb muscles has been re-
garded as the consequence of sexual selection 
which is expressed as male-male competition (Lee 
1986). 

The Andrew's toad (Bufo andrewsi) is an elon-
gated species inhabiting montane regions at eleva-
tions ranging from 750 to 3000 m in Western 
China (Fei & Ye 2001). Population distribution, 
mating behaviour, and life-history traits of B. an-
drewsi in the wild have been reported in recent 
years (Fei & Ye 2001, Liao & Lu 2009a,b, Liao & Lu 
2011, Liao & Lu 2012a,b). Moreover, Liao et al. 
(2012) found that, for those muscles likely to be 
important in clasping the female, the muscles 
mass of males is significantly larger than that of 
females, and the muscles mass of amplectant 
males is significantly larger than that of non-
amplectant males when controlling for the effect 
of body size. However, there is little information 
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on the evolution of sexual dimorphism in hind 
limb muscle mass in B. andrewsi. Here, our aim is   
to test the differences in the hind limb muscles 
mass between males and females and between 
amplectant and non-amplectant males of B. an-
drewsi in relation to sexual selection.  

 
 

Materials and Methods 
 
A total of 41 specimens of Andrew's toad (16 males and 
11 females in amplexus, and 14 non-amplectant males) 
were collected during evening hours between the 30th of 
April and 2nd of May  2007 from a breeding congregation 
at Dengchigou Protection Station (30°33′N, 102°56′E, 1700 
m elevation) in Fengtongzhai Nature Reserve in Western 
China. We stored all toads in 10% neutral buffered forma-
lin for dissections in the present experiment. The snout-
vent length (SVL) of each specimen was measured by 
vernier calipers to the nearest 0.1 mm. We then dissected 
four hind limb muscles (sartorius, plantaris longus, tri-
ceps femoris and gastrocnemius) from the left and right 
side of each individual. The hind limb muscles were dried 
to constant mass using a thermostat drier of 60°C for 48 
hours, and each hind limb muscle was subsequently 
weighed using an electronic balance to the nearest 0.1 mg. 
These muscles were chosen for gaining insight into the 
evolution of sexual dimorphism because they are in-
volved in the clasping of the female by the male during 
the axillary amplexus.  

We used One-way ANOVA analysis to test for dif-
ferences in body size (males vs. females, amplectant vs. 
non-amplectant males). To test for differences in hind 
limb muscles mass between amplectant males and fe-
males, we entered the data into a general linear model 
(GLM) together with muscles mass as a dependent vari-
able, sexes as a fixed factor and body size as a covariate. 
We ran GLMs treating male mating category as a fixed 
factor and body size as a covariate in order to assess dif-
ferences in muscles mass between amplectant and non-
amplectant males. We analyzed the allometric relation-
ship between SVL and total muscle mass for the three 
types using a linear regression. Relative muscle mass was 
estimated as the ratio of observed muscles mass to that 
predicted by the allometric regression. We analyzed the 
relationship between relative muscle mass and SVL using 
a linear regression and tested for homogeneity of the re-
gression slopes. All probabilities were two-tailed, and the 
significance level was set at p = 0.05. Data were presented 
as means ± SD. 

 
 
Results 
 
Average body size of females was significantly 
larger than males (males, 76.9 ± 3.7 mm, n = 30; 
females, 94.1 ± 5.4 mm, n = 11; ANOVA, F1, 39 = 
136.6, P < 0.001). Mean hind limb muscle of fe-
males was significantly larger than that of males 

(Table 1). Females significantly exceeded males for 
the size of three muscles and for total mass when 
the influence of SVL was controlled (GLMs, mus-
cle sartorius: F2, 39 = 15.352, P < 0.001; muscle plan-
taris longus: F2, 39 = 5.833, P = 0.021; muscle gas-
trocnemius; F2, 39 = 9.858, P = 0.003; total muscle 
mass, F2, 39 = 15.458, P < 0.001). Muscle mass of tri-
ceps femoris did not differ between the sexes 
(GLMs, F2, 39 = 3.724, P = 0.061). Total hind limb 
muscle mass regressed significantly on SVL within 
each sex (Fig. 1; males, r = 0.818, n = 30, P < 0.001; 
females, r = 0.724, n = 11, P = 0.012), and the slopes 
were homogenous. Relative hind limb muscles 
mass in females was significantly larger than in 
males when the four hind limb muscles were ana-
lyzed as a whole (ANOVA, F1, 39 = 4.524, P = 
0.040). Relative muscle mass did not increase with 
SVL for both sexes (Fig. 2; males, r = -0.004, n = 30, 
P = 0.984; females, r = -0.024, n = 11, P = 0.944). 

Body size of amplectant males was not larger 
than that of non-amplectant males (ANOVA, F1, 29 
= 1. 60, df = 30, P = 0.22). Average body size of 
amplectant and non-amplectant males was 77.6 ± 
3.1 mm and 77.3 ± 3.2 mm, respectively. Average 
hind limb muscle variables are reported in Table 2 
along with statistical results. Linear regression of 
the total hind limb muscle mass on SVL was sig-
nificant for amplectant and non-amplectant males 
(Fig.3; amplectant males, r = 0.807, n = 16, P < 
0.001; non-amplectant males, r = 0.819, n = 14, P < 
0.001), and the slopes were not homogenous. 
When the effect of SVL was controlled, mass of 
muscle sartorius of amplectant males significantly 
exceeded that of non-amplectant males (GLMs, F2, 

29 = 4.550, P = 0.042), but the other three muscles 
and total muscle mass did not differ significantly 
between amplectant and non-amplectant males 
(GLMs, muscle plantaris longus, F2, 29 = 0204, P = 
0.655; muscle triceps femoris, F2, 29 = 0.591, P = 
0.449; muscle gastrocnemius, F2, 29 = 0.708, P = 
0.407; total muscle mass, F2, 29 = 0.108, P = 0.745). 
The relative muscles mass in amplectant males 
was not larger than that of non-amplectant males 
(ANOVA, F1, 29 = 0.079, P = 0.781). Total relative 
muscle mass did not regress significantly on SVL 
for the two type-males (Fig.4; amplectant males, r 
= -0.055, n = 16, P = 0.839; non-amplectant males, r 
= 0.047, n = 14, P = 0.874). 

 
 
Discussion  
 
Body size of the females is significantly larger than  
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Table 1. The differences in mass of hind limb muscles between males and females 
 in Bufo andrewsi using One-way ANOVA analysis. 

 

Muscle mass (mg) Males (n = 30) Females (n = 11) One-way ANOVA analysis 
Sartorius   64.05 ± 10.69 71.87 ± 7.05 F1,40 = 5.040 P = 0.031 
Plantaris longus   60.66± 10.94 70.78± 7.79 F1,40 = 8.454 P = 0.006 
Triceps branchii  149.08 ± 23.75 200.67 ± 28.32 F1,40 = 34.283 P < 0.001 
Gastrocnemius  102.74 ± 14.53 131.38 ± 21.85 F1,40 = 23.628 P < 0.001 
Total mass  376.54 ± 50.84 474.71 ± 57.93 F1,40 = 27.873 P < 0.001 

 
 

Table 2. The difference in mass of hind limb muscles between amplectant  
and non-amplectant males in Bufo andrewsi using One-way ANOVA analysis. 

 

Muscle mass (mg) Amplectant males (n = 16) Nonamplectant males (n = 14) One-way ANOVA analysis 
Sartorius   68.22± 8.75 59.29 ± 10.98 F1,29 = 6.154 P = 0.019 
Plantaris longus   61.41 ± 9.80 59.81 ± 11.55 F1,29 = 0.170 P = 0.683 
Triceps branchii  150.64 ± 20.14 147.29 ± 37.99 F1,29 = 0.145 P = 0.706 
Gastrocnemius  103.39 ± 11.73 102.01 ± 17.63 F1,29 = 0.065 P = 0.801 
Total mass  383.67 ± 41.85 368.39 ± 60.10 F1,29 = 0.666 P = 0.421 
 
 

      
 

     
 

      

     

Figure 4. The relationship between total relative mass of 
hind limb muscles and SVL for amplectant (close cir-
cles, thick line) and non-amplectant (open circles, thin
line) males in Bufo andrewsi in Western China (Relative 
muscles mass = the ratio of observed muscles mass to 
that predicted by the allometric regression). 

Figure 3. Regression of total mass of hind limb muscles 
on SVL of amplectant (close circles, thick line) and non-
amplectant (open circles, thin line) males in Bufo an-
drewsi in Western China.

Figure 2. The relationship between total relative mass of
hind limb muscles and SVL for males (close circles, 
thick line) and females (open circles, thin line) in Bufo 
andrewsi in Western China (Relative muscles mass = the 
ratio of observed muscles mass to that predicted by the
allometric regression). 

Figure 1. Linear regression of total mass of hind limb
muscles on SVL for males (close circles, thick line) and
females (open circles, thin line) in Bufo andrewsi in West-
ern China. 
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that of males, similar to the widespread pattern 
among amphibians (Shine 1979). Body size of an 
adult animal is a function of growth rate and age 
(Lu et al. 2006). The growth rate in B. andrewsi 
slows down after sexual maturity (Liao & Lu 
2012a). This may be because once they mature; in-
dividuals use most energy for reproduction rather 
than growth (Hemelaar 1988). Previous studies on 
aging in anurans have indicated that males are of-
ten younger than females (Miaud et al. 1999, 
Khonsue et al. 2001, Liao & Lu 2010a,b,c). This pat-
tern is also found in B. andrewsi for all populations 
(Liao & Lu 2012a). The female-biased sexual size 
dimorphism can be explained by the fact that fe-
males need more stored energy to allocate to go-
nad and embryo development than do males (Hal-
liday & Verrell 1988). Moreover, fecundity selec-
tion is suggested as the main causal factor under-
lying the prevalence of female-biased sexual size 
dimorphism (SSD, defined here as female 
size/male size) in B. andrewsi because there is of-
ten a positive correlation between body size and 
fecundity (Liao & Lu 2009a). 

Sexual dimorphism in hind limb muscles is 
the result of sexual selection because those mus-
cles are important in resisting attempted take-
overs by competing males, with males having sig-
nificantly greater muscle mass than females (Lee & 
Corrales 2002, Vargas 2005). In the study, we find 
that females significantly exceed males in hind 
limb muscle mass when removing the effect of 
body size. The female-biased sexual dimorphism 
in hind limb muscle suggests that the maintenance 
of the amplectant position in B. andrewsi can not 
depend on the strength of hind limb muscle in 
males.  

Previous studies have shown that forelimb 
muscles are important in clasping the female due 
to male-male competition, with amplectant males 
having greater forelimb muscle mass than 
nonamplectant males, independent of body size 
(Oka et al. 1984, Yekta & Blackburn 1992, Lee 2001, 
Liao et al. 2012). According to that interpretation, 
there are no significant differences in muscles not 
involved in the clasping action associated with 
axillary amplexus between amplectant and 
nonamplectant males. Our findings are consistent 
with the prediction that hind limb muscles not as-
sociated with axillary amplexus would not differ 
between amplectant and nonamplectant males. 
However, males with robust hind limbs presuma-
bly can produce the vigorous kicking motions dur-

ing amplexus and thus resist attempted take-overs 
by competing males in B. marinus (Lee & Corrales 
2002, Vargas 2005). 

Sexual selection on the forelimb can result in a 
correlated response by the hind limb, with hind 
limb muscles mass of amplectant males exceeding 
those of non-amplectant males (Lee & Corrales 
2002). In this study, Sartorius muscle mass in am-
plectant males was significantly larger than in 
non-amplectant males, suggesting that the muscle 
may be most indicative of males that have a high 
probability to obtain mates. However, we did not 
find significant differences in the muscle mass of 
plantaris longus, triceps branchii and gastrocne-
mius when amplectant and nonamplectant males 
were compared. This may suggest that the three 
hind limb muscles do not play an important role 
in competition among males. Moreover, the rela-
tive total muscle mass between amplectant and 
non-amplectant males is not significant, suggest-
ing that hind limb muscles have no effect on male 
mating success.  

In most anurans, linear regression of the total 
forelimb or hind limb muscles mass on SVL is 
highly significant (Oka et al. 1984, Yekta & Black-
burn 1992, Lee 2001, Lee & Corrales 2002, Liao et 
al. 2012). A similar pattern is also observed in hind 
limb muscles mass for B. andrewsi. Independent of 
SVL, total forelimb and hind limb muscles mass 
do regress significantly on SVL in B. marinus (Lee 
2001, Lee & Corrales 2002). Moreover, total rela-
tive forelimb muscle mass increases significantly 
with SVL in females, amplectant and nonamplec-
tant males (Liao et al. 2012). However, there is no 
significant positive relationship between relative 
hind limb muscle mass and SVL, suggesting that 
the evolution of hind limb muscle in B. andrewsi is 
independent of body size under sexual selection 
pressure.   

In conclusion, the hind limb muscle mass of B. 
andrewsi females significantly exceeds that of 
males when removing the influence of body size. 
The inter-sexual differences in hind limb muscles 
mass is inconsistent with the prediction that hind 
limbs muscles not associated with axillary am-
plexus would not differ between males and fe-
males. Similar to the prediction, total mass of fore-
limb muscles mass is not different between am-
plectant and non-amplectant males. Contrary to 
other species, the relative hind limb muscle mass 
does not regress on SVL in males and females.   
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