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Abstract Male-biased sexual dimorphism in hind limb muscles is widespread in anuran species where scramble
competition is common among males. Such sexual difference is thought to result from sexual selection. In this view,
we tested the differences in muscle mass between the sexes and between amplectant and non-amplectant males by
quantifying the mass of four hindlimb muscles (triceps femoris, sartorius, gracilis and plantaris longus) of females
and males of Odorrana schmackeri. The results showed that females significantly exceeded males for muscle triceps
femoris, gracilis, plantaris longus and total mass when controlled for body size. There are no significant differences
between amplectant and non-amplectant males. It is probable that the maintenance of the amplectant position in O.
schmackeri may depend on the strength of hindlimb muscles in females to support the pair.
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1. Introduction
In anurans, as in many other organisms, sexes often differ
in limb muscle mass as well as overall body size. Such
sexual divergence is generally attributed to intra-sexual
selection among males (Shine, 1989; Andersson, 1994).
The robust forelimbs in males may result from adaptation
for amplexus, during which males with robust forelimb
muscles presumably are better able to maintain their grasp
of the females and thus to reject rivals that attempt to take
over his position (Oka et al., 1984, Yekta and Blackburn,
1992; Gaupp, 1896; Duellman, 1992; Peters and Aulner,
2000; Lee, 2001; Clark and Peters, 2006; Navas and
James, 2007; Liao et al., 2012a; Mi, 2012). In some
species the relatively larger hindlimbs in males may be
linked to scramble competition in which amplectant males
frequently kick attackers with their hindlimbs (Wells,
1979; Halliday, 1980; Wells, 2007). Moreover, males
*
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with robust hindlimbs may have a locomotor advantage
in swimming or hopping, so that they can reach females
first (Lee and Corrales, 2002; Gillis and Biewener, 2000;
Mi, 2013). Recently, Liao et al. (2012b) gave a counterexample to the general model that relative hindlimb
muscle of females is significantly larger than males in a
toad (Bufo andrewsi). The current data suggest that there
is no general pattern in hindlimb muscle dimorphism
when different species are compared. Thus, the issue
needs to be further researched among anurans.
The piebald odorous frog (Odorrana schmackeri)
inhabits streams in mountainous forests, which is widely
distributed in the southern and south-central areas of
China (Fei et al., 2009). It is an explosive breeder with
a spawning period of usually less than 2 weeks in late
July. In addition, breeding males have swollen nuptial
pads on their thumbs and sexually mature females have
fully developed oocytes present prior to reproduction
(our unpublished data). In recent years, information on
population distribution, female-biased dispersal, auditory
response characteristics of O. schmackeri have been
reported (Ye and Fei, 2001; Fei et al., 2009; Yu et al.,
2006; Wang et al., 2012), but little is known about the
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evolution of sexual dimorphism in limb muscle mass of
this species. The aims of this study were to investigate the
intersexual difference in the hindlimb muscle mass and
compare the masses of amplectant and non-amplectant
males of this frog.

2. Materials and Methods
Specimens were collected during the breeding seasons
of 2008 and 2009 at Baotianman Nature Reserve (33°31′
N, 111°04′ E, 584 m–654 m elevation), southwest Henan
province, China. The samples consisted of 19 females and
21 males, 7 of which were amplectant and 14 of which
were calling non-amplectant males. These male frogs
were adults which were identified by swollen nuptial
pads on their thumbs. All frogs were sacrificed and
stored in 10% neutral buffered formalin for dissections
in experiment and their body size (snout to vent length,
SVL) was measured to the nearest 0.1 mm with digital
calipers. All individuals were dissected from 26th
November to 2nd December 2012 in lab. Four hindlimb
muscles (triceps femoris, sartorius, gracilis and plantaris
longus) were dissected, then each muscle was dried
to constant mass using a thermostat drier at 60°C and
weighed using an electronic balance to the nearest 0.1
mg (Liao et al., 2012b). The action of these muscles as
follows: the triceps femoris flexes the thigh at the hip joint
and extends the shank at the knee; the sartorius flexes
the thigh at the hip joint and the shank at the knee joint;
the gracilis extends the thigh at the hip joint and flexes
the shank at the knee joint; the plantaris longus flexes
the shank at the knee and the foot at the ankle (Wingerd,
1988). We chose these muscles because they may act in
kicking rivals during scramble competition among anuran
species engaging in amplexus (Lee and Corrales, 2002;
Liao et al., 2012b).
We used independent sample t tests to determine
whether significant differences existed between the
sexes and between amplectant and non-amplectant
males in body size. To test for differences in hindlimb
muscle mass between males and females, we ran general
linear models (GLMs) with muscles mass as dependent
variable, sexes as fixed term, and body size as covariates.
We ran GLMs treating male mating category as a fixed
factor and body size as a covariate in order to assess
differences in muscles mass between amplectant and nonamplectant males. In addition, we tested the slopes of
the linear regression lines for homogeneity and tested the
significance of differences in adjusted means by analyses
of covariance (ANCOVA). Prior to analyses raw data
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were transformed to their natural logarithm to correct for
heterocedasticity and allometric effects. All probabilities
were two-tailed, and the significance level was set at P =
0.05. Data are presented as mean ± SD.

3. Results
The body size of females ranged from 72.2 mm to 84.0
mm (76.9 ± 2.8 mm; n = 19) and that of males from 40.6
to 55.7 mm (46.0 ± 4.5 mm; n = 21), with the former
being significantly larger than the latter (t = 25.79,
df = 38, P < 0.001). For all cases (males vs. females,
amplectant vs. nonamplectant males), the slopes were
homogeneous (P > 0.207 for all comparisons). The results
of GLMs indicated that the three hindlimb muscles
(triceps femoris, gracilis and plantaris longus) and the
total muscle mass differed significantly between the
sexes when the influence of SVL was controlled, but the
mass of one muscle (sartorius) did not differ between the
sexes (Table 1). Total hindlimb muscle mass regressed
significantly on SVL within each sex (Table 1, Figure 1).
By ANCOVA analysis, the means of females adjusted for
SVL significantly exceeded males for the size of the three
muscles and for total mass (all P < 0.007).
Average body size did not differ significantly between
amplectant (46.9 ± 4.4 mm) and non-amplectant (45.5
± 4.6 mm) males (t = 0.89, df = 19, P = 0.491). When
controlling for the influence of body size, mass of the
muscles of amplectant males were not significantly
exceeded that of non-amplectant males (Table 2), and the
adjusted means did not differ significantly between the
sexes (ANOVA: for all cases P > 0.304).

4. Discussion
Female-biased sexual size dimorphism is common
among anuran species (Shine, 1979). A similar trend was
also observed in O. schmackeri. Factors underlying the
evolution of this pattern have been intensively studied.
Fecundity selection is often considered as the ultimate
cause because there is often a positive correlation
between body size and fecundity (Halliday and Verrell,
1988; Andersson, 1994; Duellman and Trueb, 1994),
but it also involves several proximate causes, including
sexual differences in growth rate, age at maturity, and
adult survivorship (Halliday and Tejedo, 1995; Monnet
and Cherry, 2002; Zhang and Lu, 2012). Considering the
information that females of this species mature later, thus
live longer than males (our unpublished data), it may be
reasonable to assume that the females grow to bigger
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in hindlimb muscles when removing the effect of body
size. Why might this species show a reversed pattern
of hindlimb dimorphism? O. schmackeri is a stream
dweller which breeds in the rapid rocky-bedded streams
of the forested uplands (Fei et al., 2009). In such adverse
circumstances, it might be possible that the females with
robust hindlimbs could maintain balance better during
amplexus. The results were similar to those reported in
B. andrewsi which lives in subtropical montane region
where the conditions is harsh than flatlands, although
their spawning sites are located in small, shallow pools
near rivulets (Liao and Lu, 2009; Liao et al., 2012b). In
addition, three hindlimb muscles mass (triceps femoris,
gracilis and plantaris longus) in females was significantly
larger than in males, suggesting that these muscles may
play an important role in maintenance the amplectant
position. However, we did not find a significant difference
in the muscle mass of sartorius between sexes. This may
suggest that the muscle of females may play a minor role
in pair-maintenance.
Some researchers reported that hindlimb muscles
differ between amplectant and non-amplectant males and
speculated that males with more robust hindlimbs may
produce the vigorous kicking motions during amplexus
and thus resist attacks (Gillis and Biewener, 2000;
Lee and Corrales, 2002; Vargas, 2005; Mi, 2013), but
other researchers have failed to find such a trend (e.g.,
B.andrewsi: Liao et al., 2012b; O. schmackeri: this study).
The lack of muscle size difference between amplectant
and non-amplectant males may be suggest that there is
little intrasexual selection on the hindlimbs in this species.
Scramble-competition polygyny is currently recognized
as common among anurans (Wells, 1977), especially in
explosive breeding species where scramble competition
(many males attempt to dislodge a male that is already

Table 1 Results of general linear models to test for differences in
hindlimb muscle mass of Odorrana schmackeri between the sexes.
Muscle type

coefficient ± SE

df

F

P

Triceps femoris
Body size

0.216 ± 0.888

1, 37

0.06

0.809

Sex

1.518 ± 0.478

1, 37

10.07

0.003

Body size

2.005 ± 1.406

1, 37

2.03

0.162

Sex

0.325 ± 0.757

1, 37

0.18

0.671

Body size

0.928 ± 0.743

1, 37

1.56

0.219

Sex

1.132 ± 0.400

1, 37

8.01

0.007

Body size

1.652 ± 0.490

1, 37

11.35

0.002

Sex

0.826 ± 0.264

1, 37

9.78

0.003

Body size

1.081 ± 0.482

1, 37

5.04

0.031

Sex

1.060 ± 0.259

1, 37

16.69

< 0.001

Sartorius

Gracilis

plantaris longus

Total mass

body size at maturity than males.
In anurans, mating success of male frogs is not only
related to their ability to clasp a female (amplexus)
but also related to their ability to prevent other males
taking over their position by kicking before mating
occurs (Wells, 1977; Arak, 1983; Elmberg, 1991). This
may contribute to the evolution of male-biased sexual
dimorphism in hindlimb muscles of anurans. As expected,
many studies have found that the hindlimb muscle mass
was greater in males than in females, even though females
are larger in body size and mass (Lee and Corrales, 2002;
Vargas, 2005; Mi, 2013). In O. schmackeri, however, we
found the frog with female-biased sexual dimorphism
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Figure 1 Total hindlimb muscle mass (triceps femoris + sartorius + gracilis + plantaris longus) of Odorrana schmackeri as a function of
body size. Ln indicates natural lognrithms.
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df

F

–0.092 ± 0.982

1, 18

0.01

0.926

0.027 ± 0.188

1, 18

0.02

0.887
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Body size

0.798 ± 1.626

1, 18

0.24

0.629
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Sex

0.236 ± 0.312

1, 18

0.58

0.458

Body size

0.239 ± 0.924

1, 18

0.07

0.799

Sex

1.187 ± 0.177

1, 18

1.12

0.304

Body size

1.334 ± 0.641

1, 18

4.32

0.052

Sex

0.051 ± 0.123

1, 18

0.17

0.681

Body size

0.647 ± 0.604

1, 18

1.15

0.298

Sex

0.095 ± 0.116

1, 18

0.67

0.423

Table 2 Results of general linear models to test for differences in
hindlimb muscle mass of Odorrana schmackeri between amplectant
and non-amplectant males.
Muscle type

coefficient ± SE

P

Hindlimb
Triceps femoris
Body size
Sex
Sartorius

Gracilis

plantaris longus

Total mass

grasping a female) is more extensive (Wells, 1977; Arak,
1983; Elmberg, 1991). Based on over three years of
field research, however, we did not find that males of O.
schmackeri exhibit scramble competition for mates. This
may be why there is no difference in muscle size between
amplectant and non-amplectant males. In addition, most
research studies have found that linear regression of the
total hindlimb muscle mass on SVL is highly significant
(Lee and Corrales, 2002; Liao et al., 2012b; Mi, 2013).
The hindlimb muscle mass of the piebald odorous frog
followed a similar pattern in each sex. This may suggest
that the evolution of hindlimb muscles in O. schmackeri
is not independent of body size under natural or sexual
selection pressure.
Though O. schmackeri is an explosive breeder, it is
very difficult to find amplectant individuals in the field.
The accuracy of these results may be affected by small
sample size, so further studies are needed to avoid the
pitfalls of them. In conclusion, the current research
reveals that sexual dimorphism in hindlimb muscles is
present in the piebald odorous frog, with females showing
more robust hindlimb muscles than those of males. This
may suggest a stronger effect of natural selection on
females to maintain pair stability and oviposition sites.
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