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Abstract. Age structure of adult Bufo gargarizans in the breeding season was investigated by
skeletochronology. The results showed that age at first reproduction was estimated to be 2 years in males and
3 years in females. The lifespan was at least 6 years for males and 7 years for females. On average, females
were significantly older than males. In addition, age structures differed between the sexes. Female toads were
significantly longer in body size and heavier in body mass than males. There was a significant positive
correlation between age and both body size and body mass within each sexes. Age differences between the
sexes caused the sexual size dimorphism in Bufo gargarizans.
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Age structure and body size are two important
characteristics in determining the life history of
amphibians (Liao & Lu 2011, Mao et al. 2012).
Skeletochronology has become a reliable tool in
assessing age in anurans and urodeles (Schroeder
& Baskett 1968, Hemelaar & Van Gelder 1979,
Altunisik et al. 2014). Since Hemelaar and Van
Gelder (1979) found that the phalanges of the
common European toad could be used to age the
specimens without causing damage to them, many
anuran species have been examined by using this
method (Hemelaar 1983, Khonsue et al. 2000,
Guarino et al. 2003, Pancharatna & Deshpande
2003, Lai et al. 2005, Tessa et al. 2007,
Kyriakopoulou-Sklavounou et al. 2008, Li et al.
2010, Liao & Lu 2010b, Liao et al. 2010, Chen et al.
2011, Liao 2011, Liao & Lu 2011, Liu et al. 2012,
Lou et al. 2012, Mao et al. 2012, Huang et al. 2013,
Kurita & Toda 2013, Li et al. 2013). As for bufonid
species, several previous findings have indicated
that some differences in life history traits exist in
different species and in different populations of
the same species (Acker et al. 1986, Hemelaar 1988,
Sinsch et al. 2007, Lee & Park 2009, Kusano et al.
2010).

The Asiatic toad (B. gargarizans) is a common
species in East Asia. It is widely distributed from
China to Russia and in Korea (Fei & Ye 2001). In
Northeast Sichuan, China, its hibernation gener-
ally begins in November - December and ends in
mid - March of the next year. Its breeding period
is about 25 - 30 days in December - January or
January - February when it temporarily stops
dormancy for its reproduction and resumes hiber-
nation after completing reproduction (Fei & Ye

2001, Yu et al. 2009). Hence, the species is re-
garded as an explosive breeder. In recent years, its
diet (Yu et al. 2009), habitat selection (Yu & Guo
2010), mating behaviour (Yu & Lu 2010, Yu &
Sharma 2012), mating pattern (Yu & Lu 2012), and
sexual dimorphism of muscle mass (Mi 2012, 2013)
have been reported. However, the skeletochro-
nological study for B. gargarizans has not been
previously reported. In this paper, I studied the
breeding population of B. gargarizans in Northeast
Sichuan using skeletochronology. My aims were
to: 1) investigate the age structure, age at sexual
maturity, and longevity of both sexes; 2) explore
the relationship between age and both body size
and body mass.

Study site is located in the campus of China West Normal
University, Nanchong City, China (30°49' N, 106°03' E;
251 m above sea level). The habitat of the B. gargarizans
population studied was a big artificial pond (about 150 m
long, 50 m wide and 6 m deep) and a hill is located beside
the pond in the campus. In breeding season, adult toads
migrate to the shallow edge of the pond for amplexus and
spawning. From January to February of 2011 I captured
68 male and 31 female toads by hand at night using a bat-
tery operated flashlight for illumination. Each individ-
ual’s sex was distinguished by secondary sexual charac-
teristics (the black nuptial pads on the inner three fingers
for males, eggs readily visible through the skin of the ab-
domen for females). For each case, its snout-vent length
(SVL) was measured to the nearest 0.1 mm using a digital
vernier caliper, and body mass (BM) was weighed to the
nearest 0.01 g using an electronic balance. The longest
fourth toe of the right hind limb was clipped off and
stored in 10% formalin solution for skeletochronological
analysis. The collection of these toads was permitted by
Forestry Bureau of Nanchong City, following all the ap-
plicable instructions of the Animal Care Guidelines in
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Figure 1. Phalangeal bone cross-section of B. gargarizans. A: a 3-year old male; B: a 4-year old male; C: a 7-
year old female; D: a 5-year old female. Arrows indicate the lines of arrested growth (LAGs). KL: the di-
vision line between endosteal and periosteal zones; MC: marrow cavity. Scale bar: 60 pm.

China. Toads were killed by double-pithing and stored in
10% formalin for other studies (Mi 2012, 2013).

The skeletochronological procedure was completed
following the method of Liao et al. (2010). The procedures
are described briefly as follows: The basal phalanges were
taken from preserved toe specimens, and surrounding
tissues cleansed. They were processed with Harris’
haematoxylin and eosin staining, then embedded in small
paraffin blocks and transversely cut (13 pm thickness) by
a rotary microtome. Sections with the smallest medullar
cavity from the central zone of diaphysis were observed
under a Moticam2006 light microscope at x 200 magnifi-
cation, and photographed using a Motic BA300 digital
camera system. The number of lines of arrested growth
(LAGs) presented in the periosteal bone were counted.

Sexual differences in SVL, BM and age were tested
by Student’s t-tests. Age distribution differences between
males and females were identified using the Kolmo-
gorov-Smirnov test. The sexual differences in SVL and
BM within each age class were tested by Mann-Whitney
U-test. One-way ANOVA analysis was used to test for the
differences in SVL among the different ages. I analyzed
the relationships between age and both SVL and BM for
both sexes using simple regression equations, and com-
pared regression coefficients between the sexes by regres-
sion analysis for homogeneity. All statistical tests were
two-tailed, and the significance level used in all tests was
P <0.05. Means + SD were given.

The section of phalanges showed narrow, concen-
tric, hematoxylinophilic lines in all specimens (Fig.

1). These blue lines or rings were regarded as the
lines of arrested growth (LAGs), and one ring in-
side the first year LAG as Kastschenko Line (KL,
Fig. 1), which was the division line between en-
dosteal and periosteal zones. They were easily dis-
tinguished by their different shapes. In all indi-
viduals, the KL was found to be retained com-
pletely or partially. Double lines and false lines
were rarely observed.

In this breeding population of B. gargarizans,
adult age ranged from 2 to 6 years in males, and
from 3 to 7 years in females, the age structure of
these adults is shown in Fig. 2. Age distribution
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Figure 2. Adult age structures of male (close bars) and
female (open bars) from a population of B. gargarizans.
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differed significantly between the sexes (Kolmo-
gorov-Smirnov test: D = 1.771, P = 0.004). The
mean (and median) age was 3.40 (4) years in males
and 4.52 (5) in females, and females were signifi-
cantly older than males (Student’s ¢ -test: P < 0.001,
Table 1). Individuals of 4 years old were most nu-
merous in males, whereas 5 year olds were pre-
dominant in females.

Females were significantly longer in SVL and
heavier in BM than males (Student’s ¢ -test: P <
0.001, Table 1). When the effect of age was re-
moved, the intersexual difference in SVL and BM
remained significant (ANCOVA, SVL: Fi,9s = 45.16,
P < 0.001; BM: Fi,0s = 54.77, P < 0.001). With the
exception of the 6 year-old age class, there were
statistically significant differences in SVL and BM
between males and females within other age
classes, with females being longer and heavier
than males (Table 2). The interaction between sex
and age on SVL was non-significant by general
linear models (GLMs) analysis (Fi,9s = 0.308, P =
0.82), the age-SVL relationship between the sexes
did not differ in slope, implying that males and
females had similar growth patterns. There was a
highly positive correlation between BM and SVL
within each sex (Pearson’s correlation coefficients:
male, r,=0.943, n = 68, P < 0.001; female, r, = 0.858,
n =31, P <0.001).

Linear regression of SVL on age was ex-
tremely significant for each sex (males: SVL = 5.6
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age + 83, F; 5;=59.55, 2 = 0.474, P < 0.001; females:
SVL = 2.87 age + 105.14, Fy, 5 = 8.30, 12 =0.222, P =
0.007). In the comparison between males and fe-
males, the slopes were not homogeneous (f = -
2.208, P = 0.03). There was no statistically signifi-
cant difference among adjacent age classes in SVL
for both sexes (ANOVA, P > 0.05), except for be-
tween the 2 and 3-year age classes, and between
the 3 and 4-year age classes in males (ANOVA, P
<0.05).

The body mass (BM) was also correlated with
age in both sexes (males: BM = 18.17 age + 66.22,
Fi, 67 = 40.62, 12 = 0.617, P < 0.001; females: BM =
16.66 age + 134.36, Fy 5 = 4.82, 2 = 0.377, P = 0.036),
and the regression coefficients were homogeneous
(t=-0.229, P = 0.819).

In this study, phalangeal skeletochronology
was applicable for B. gargarizans living in sub-
tropical zones. The phalangeal sections of B. gar-
garizans took on hematoxylinophilic lines clearly,
and the division line between endosteal and perio-
steal zones (KL) could be consistently found. En-
dosteal resorption destroyed KL partly in some
older individuals, but LAG-1 next to KL was com-
plete, so the true age of B. gargarizans should not
be underestimated. In the population studied, hi-
bernation was generally from November - Decem-
ber to mid - March of the next year. The metabo-
lism rate of the toads slowed down during the hi-
bernation period due to lower environmental

Table 1. Comparison of body size (SVL), body mass (BM) and age of B. gargarizans
between the sexes. Values are mean + SD. (Student’s f-tests)

Male(n =68)  Female(n = 31) t P
Body size (mm) 102.03 £9.12 11810 £7.34 -8.609  <0.001
Body mass (g) 127.94+33.02  209.61+£53.31  -7.869  <0.001
Age (yrs) 3.40+1.12 452+1.21 -4495  <0.001

Table 2. Differences in body size (SVL) and body mass (BM) between the sexes for each age class of B. gargarizans.
Mean * SD are given, sample number of each age class is in parentheses (Mann-Whitney U-tests).

Age class Body size (mm) Body mass (g)
(yrs) Male Female Z P Male Female Z P

2 91.84 +4.49 9244 +14.82
(n=17) (n=17)

3 101.85+8.26  112.88+526  -3.255 0.001 12645+29.99 18342+3749 -3.102 0.002
(n=20) (n=38) (n=20) (n=8)

4 106.68 + 6.41 117.45+8.19 -2.752 0.006 148.67+27.15 203.53+55.25 -2.395 0.017
(n=22) n=7) (n=22) n=7)

5 10758 £585  120.30+6.08  -2.572 0.01 140.02+£16.79 216.11+52.67  -2.449 0.014
(n=5) (n=10) (n=5) (n=10)

6 11380+1.74  12089+6.99  -1.155 0.248 157.20+£15.77 23641+68.64 -1.155 0.248
(n=4) (n=4) (n=4) (n=4)

7 124.66 +12.47 249.61 +75.98

(n=2) (n=2)
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temperature, the appearance of lines of arrested
growth (LAGs) probably resulted from dormancy.

Age at first reproduction of B. gargarizans was
2 and 3 years in males and females, respectively.
However, 4 and 5 years in Bufo bufo L. (Hemelaar
1983) and 1 and 2 years in Bufo japonicus formosus
(Kusano et al. 2010). This indicates that the mini-
mum age at first reproduction differs among dif-
ferent bufonid species, and females reach sexual
maturity one year later than males, i.e., females
require a longer time for sexual maturity in con-
trast to males. This pattern also exists in many
other anurans (Eaton et al. 2005, Li et al. 2010, Liao
& Lu 2010a, Mao et al. 2012). The difference in
sexual maturation time between the sexes is gen-
erally considered to be a result of the higher cost
of reproduction in females than males (Misawa &
Matsui 1999). Females need more stored energy
before sexual maturation for future development
of their gonads and eggs.

In B. gargarizans, the female toads significantly
outweighed the males. Longer SVL and older age
were responsible for heavier females. Nevertheless,
because all specimens were gathered in the breed-
ing season, the heavy ovary peculiar to females
might be the main factor for heavier females.

Sexual size dimorphism (SSD) has been ex-
plained by differences in growth rate, age struc-
ture, and resource allocation theory (Monnet &
Cherry 2002, Liao & Lu 2011, Kurita & Toda 2013).
The present study demonstrated that females were
larger and older than males in B. gargarizans.
Moreover, there was a positive significant correla-
tion between age and SVL for both sexes. There-
fore, age difference might be an important factor
that causes sexual size dimorphism in B. gargari-
zans. Similar results were reported in earlier stud-
ies for other anurans (Monnet & Cherry 2002,
Kusano et al. 2010).
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