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In this study we analysed the body size, age structure, age at maturity, longevity and
growth pattern of Argenteohyla siemersi pederseni in north-eastern Argentina using
skeletochronological methods. Body size was sexually dimorphic; females were sig-
nificantly larger and heavier than males, regardless of age. As A. s. pederseni is an
explosive breeder with only one reproductive episode per year, we assumed that
each Line of Arrested Growth (LAG) observed was equivalent to one period of
decreasing growth, LAGs reflecting a direct estimation of individual age. The mini-
mum number of LAGs counted was two for males and three for females, but there
was no sexual difference in longevity. The von Bertalanffy’s growth coefficients (K)
were higher in males than in females for both size and body mass. Females had a
lower growth rate than males, took longer to reach the minimum maturation size,
and were older and larger at reproduction.

Keywords: Argenteohyla siemersi pederseni; age; body size; growth; sexual size
dimorphism; skeletochronology

Introduction

The genus of hylid frogs Argenteohyla is included in the monophyletic group known
as “Casque-headed frogs” (Faivovich et al. 2005) and comprises a single species,
Argenteohyla siemersi (Mertens 1937), with two allopatric subspecies: A. s. siemersi, the
nominal southern form, and A. s. pederseni (Williams and Bosso 1994) the northern
form (Figure 1). In Argentina, A. s. siemersi inhabits the Entre Rios and Buenos Aires
provinces (Mertens 1937; Gallardo 1964; Lutz and Barrio 1966), while A. s. pederseni
inhabits the Corrientes and Santa Fe provinces (Williams and Bosso 1994; Céspedez
et al. 1995; Diminich and Zaracho 2008; Lajmanovich et al. 2012).

The main contributions to the biology and natural history of A. siemersi have been
related to taxonomy (Barrio 1966; Trueb 1970; De Sá 1983; Williams and Bosso 1994;
Céspedez 2000), advertisement call (Barrio 1966; Zaracho and Areta 2008) and to egg
and clutch size (Diminich and Zaracho 2008). During the past two years, we have been
studying the reproductive biology of A. s. pederseni populations (Figure 1), providing a
detailed description of the reproductive activity pattern, advertisement and encounter
calls, reproductive behaviour, egg clutches and a redescription of the tadpole (Cajade
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2 R. Cajade et al.

Figure 1. Some aspects of the biology of Argenteohyla siemersi pederseni. Upper left: female
taking refuge in a leaf of the bromeliad Aechmea distichantha. Upper right: male emitting its
advertisement call from the water surface. Lower left: female migrating to pond attracted by
calling male. Lower right: amplexus resting out of water before female moved to the water to
spawn.

et al. 2010). In the same study, the pattern of sexual size dimorphism showed significant
differences when we analysed amplected individuals, where females were larger than
males.

Sexual dimorphism in body size is the most common sexual dimorphism among
amphibians. Generally, females are larger than males (Shine 1979) and this variation
could be attributed to either differential age at maturity (Monnet and Cherry 2002),
growth rate, or both (Halliday and Tejedo 1995). Amphibians exhibit an indeterminate
growth pattern with an exponential period that decreases considerably after the onset
of reproduction, with the attainment of an asymptotic size (Hemelaar 1988; Halliday
and Tejedo 1995). Hence, the analysis of the variation in terrestrial growth rates, age at
maturity and longevity, is essential in the study of amphibian sexual size dimorphism
(Monnet and Cherry 2002; Hasumi 2010; Sinsch et al. 2010; Marangoni et al. 2011).
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Journal of Natural History 3

One practical tool to discriminate variations in sexual age of maturity, longevity
or sexual divergence in growth rates is skeletochronology. These variables are putative
determinants that allow us to explain the actual pattern of sexual size dimorphism in
amphibians. Skeletochronology is based on the presence of cyclic and annular bone
growth, which can be visualized in cross-sections of bone (Castanet 1982; Castanet
and Smirina 1990). This method of counting the number of lines of arrested growth
(LAGs) in cross-sections of phalanges obtained by toe clipping, is the most commonly
and successfully used tool for evaluating the age of many species of amphibians and
reptiles, providing an age estimate through non-lethal means (Castanet and Smirina,
1990; Marangoni et al. 2009, 2011).

This study examines the determinants of the pattern of sexual size dimorphism in
A. s. pederseni, by using skeletochronology, which provides data on age structure, age
at maturity, longevity and growth pattern. We discuss and contextualize the forma-
tion and chronology of the growth markers with the reproductive biology provided by
Cajade et al. (2010).

Material and methods

Study site, collection methods and individual measurements
Field work was carried out in a semipermanent pond located in a modified forest of
Schinopsis balansae “quebracho”, at “El Perichon”, 10 km northeast from the city
of Corrientes (27◦25′55.6′′ S, 58◦44′47.8′′ W). A detailed description of the study
area – including climate, vegetation, pond and amphibian community – was given
by Cajade et al. (2010). From 29 September to the 1 October 2008, corresponding
to the second period of reproductive activity of A. s. pederseni sampled by Cajade
et al. (2010), we marked as many individuals as possible by toe-clipping the third
phalange. A total of 87 individuals (59 males and 28 females) of A. s. pederseni were
marked, of which 50 were in amplexus (24 amplectant pairs were observed on the
night of 29–30 September, and one pair was found on the night of 30 September–
1 October). New individuals (unmarked) were not registered on the third night,
suggesting that most individuals of that reproductive peak had been toe-clipped, and
that this species has a typical explosive breeding behaviour. Toes were preserved to
perform the skeletochronological analysis. Frogs were measured for their snout–vent
length (SVL) with calipers (0.01-mm scale), body mass (BM) was measured with a
pesola spring balance (0.1-g scale) and frogs were immediately released at the point
of capture. In addition, because of the lack of recently metamorphosed individuals
in the spring of 2008, we used SVL data of eight laboratory-reared metamorphosed
individuals, at stage 46 (Gosner 1960), to make a more precise adjustment to the
von Bertalanffy (1938) growth model (see below). These individuals were collected
as tadpoles (stage 40) on 30 October 2010 in a pond near the locality of San Luis del
Palmar, Corrientes Province, located approximately 20 km from the pond studied in
2008 (27◦33′46,60′′ S; 58◦34′55,66′′ W). These tadpoles were kept in the laboratory at
a roughly constant room temperature (range 24–26◦C) and the photoperiod followed
a daily cycle of 16 : 8 h light : dark. Tadpoles were kept together in a plastic container
filled with water from the collection pond and fed with boiled lettuce and commercial
fish food ad libitum, until they reached metamorphosis (approximately 5 days later).
Metamorphs were anaesthetized with lidocaine 10%, fixed in formalin 10%, preserved
in alcohol 70%, and then housed in the herpetological Collection of the Museum of La
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4 R. Cajade et al.

Plata, Argentina (Voucher specimens: MLP.A.5133–MLP.A.5140). Metamorphs were
toe-clipped and measured in the same way as the adults (see above).

Skeletochronology
Laboratory protocols followed the standard methods of skeletochronology (e.g.
Smirina 1972). Clipped digits were washed in water for 30 minutes and then decal-
cified in 5% nitric acid for 30–45 minutes. The digit samples were then dehydrated,
paraffin-embedded, sectioned (14–16 µm, Arcano®, Model RMT-30, rotation micro-
tome, Instrumental Pasteur, Pasteur 788 (C1028AAP) Buenos Aires, Argentina) and
stained using the Harris eosin & haematoxylin method. We took digital images, using a
high-resolution camera SONY® SSC-DC50AP attached to an Olympus BX50 micro-
scope, from the diaphysis where the size of the medullar cavity was at its minimum and
the perimeter of bone was at its maximum. Cross-sections were observed and mea-
sured using the computer package IMAGE-PRO PLUS Version 4.5 (Media Cybernetics
1993–2001; Silver Spring, MD, USA) and calibrated using a standard micrometer.
First, we recorded the presence/absence of the line of metamorphosis and the LAGs.
Age was determined by two observers (FM and EG) who counted LAGs indepen-
dently to prevent any bias. In those frogs with no remnant of the line of metamorphosis
we estimated the degree of resorption by osteometrical analysis (Sagor et al. 1998;
Tomašević et al. 2008). Second, we discriminated annual growth marks (LAGs sensu
stricto) from non-annual ones (irregular interruptions during periods of inactivity),
using the method described in Sinsch et al. (2007). The age of maturity was defined
as the lowest age recorded in a reproductive frog found in amplexus from this pop-
ulation. We measured the longest and shortest perpendicular axes of bone perimeter
(hereafter, BP, to the nearest µm) of two diaphyseal sections per specimen, following
the methods of Hemelaar (1985). We determined the average diameter of bone perime-
ter by taking the square root of the product of the two axis measurements. Finally, we
also measured the area of periosteal bone (hereafter, BA, to the nearest µm2) to obtain
a two-dimensional estimate for magnitude of three-dimensional bone growth (Sinsch
et al. 2007), using the computer package UTHSCSA IMAGE TOOL (Wilcox et al. 2002),
and calibrated using a standard micrometer.

Demographic life history traits
Five life history variables were measured for each sex (sensu Leskovar et al. 2006):
(1) age at maturity: the minimum number of LAGs counted in breeding individu-
als; (2) longevity: the maximum number of LAGs counted in breeding individuals;
(3) potential reproductive lifespan: the difference between longevity and age at matu-
rity; (4) median lifespan: median of age distribution; (5) size at maturity: the average
SVL of all first breeders with the minimum number of LAGs.

Growth estimation
We estimated growth by applying the von Bertalanffy (1938) growth equation:

(
St − Sm − (Sm − S0) e−K(t−t0)

)
,
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Journal of Natural History 5

where t = number of growing seasons experienced (age); t0 = age at metamorphosis
(proportion of the growing season already elapsed at metamorphosis); St = average
body size after having experienced t growing seasons; Sm = average maximal body
size; S0 = average body size at metamorphosis; K = growth coefficient, defining the
shape of the growth curve.

Statistical analysis
All variables were log-transformed to meet the normality and homoscedasticity
assumptions. We used multivariate and univariate analyses of variance to test for dif-
ferences in body size, body mass, diameter of bone perimeter and area of bone, between
the sexes. We used all individuals (amplected and non-amplected) to perform the anal-
ysis of sexual size dimorphism in SVL and BM, whereas in the previous study by
Cajade et al. (2010) only amplected individuals were used. We carried out analyses of
covariance (ANCOVA) using age as a covariate to account for the effect of age on SVL
and BM. We also estimated the sexual size dimorphism with the Lovich and Gibbons
(1992) sexual dimorphism index (SDI): where SDI = (size of larger sex / size of smaller
sex) ± 1 (+1 if males are larger or –1 if females are larger), and arbitrarily defined as
positive when females are larger than males and negative in the contrary. We also anal-
ysed differences in body size and age between amplected and non-amplected males,
to test whether increased male body size is an important determinant of male mating
success in A. s. pederseni (Shine 1979; Monnet and Cherry 2002). We used linear regres-
sions to test the association between body size (SVL and BM) and age, and diameter
of bone perimeter. The von Bertalanffy growth model was fitted to the average growth
curve using the least squares procedure. All analyses were carried out with type III gen-
eral linear models using the STATISTICA 6.0 statistical package (StatSoft Inc. 2001),
and a significance level of α = 0.05. All data were expressed as mean ± 1 SD and
mean ± 1 SE for Sm and K , the von Bertalanffy growth curve parameters.

Results

A multiple analysis of variance (MANOVA) showed significant effects of sex on SVL,
BM, BP and BA (Wilk’s λ = 0.591, F4,37 = 6.133, p < 0.001). Univariate ANOVAs
showed significant effects of sex on SVL and BM, but no significant effects on BP
and BA (SVL: F1,85 = 33.371, p < 0.0001; BM: F1,85 = 33.866, p < 0.0001; BP:
F1,41 = 0.089, p = 0.767; BA: F1,41 = 1.281, p = 0.264). Hence, body size was sex-
ually dimorphic, with females being on average, significantly longer and heavier than
males (Table 1). ANCOVAs show that, regardless of age, females are longer and heavier
than males (SVL: F1,53 = 22.720, p < 0.0001; BM: F1,53 = 20.491, p < 0.0001). Males
showed larger bones than females, although this difference was not significant (BP:
F1,41 = 0.088, p = 0.767; BA: F1, 41 = 1.281, p = 0.264) (Table 1).

The SDI in body size was 0.072 (SVL) and 0.31 (BM). In age classes 3 to 5, where
sample size allowed estimation (age = number of LAGs observed, see Discussion),
variation in SDI was: (age class/SDI) 3/0.146, 4/0.082, 5/0.113 for SVL, and 3/0.206,
4/0.348, 5/0.366 for BM. Females were larger in their average SVL and BM than
males in all age classes. The mean body size of metamorphs was 32.48 ± 1.61 mm,
n = 8 (SVL), and 2.29 ± 0.24 g, n = 8 (BM). There were no significant differences
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6 R. Cajade et al.

Table 1. Basic statistics for body size: snout–vent length (SVL) and body mass (BM), and bone
size: diameter of bone perimeter (BP, to the nearest µm) and bone area (BA, to the nearest
µm2), of males and females of Argenteohyla siemersi pederseni.

Sex/trait Statistics

n Mean Min Max SD

Males
SVL 59 69.17 60 77 3.56
BM 59 18.8 11 28 3.51
BP 29 325.16 217.51 464.1 59.25
BA 29 102723.4 41991.2 194919.9 37290.5

Females
SVL 28 74.19 68.48 83 4.14
BM 28 24.64 16.5 44 5.77
BP 14 319.19 202.02 456.51 58
BA 14 88740.5 52708.4 157640.2 27162.4

Metamorphs
SVL 8 32.48 30.46 35.51 1.61
BM 8 2.29 1.9 2.81 0.24
BP 8 153.57 106.8 198.65 26.83
BA 8 18730.5 8094.5 32016.7 7127.4

between amplected and non-amplected males in their average SVL, BM and age
(Wilk’s λ = 0.984, F3,36 = 1.198, p = 0.897. ANOVAs, SVL: F1,57 = 0.197, p = 0.658;
BM: F1,57 = 0.733, p = 0.395; Age: F1,38 = 0.0008, p = 0.977), although those males
that were caught in amplexus showed smaller body size and were the oldest on average.

Out of 87 processed samples, 64 sections (40 males, 16 females, 8 metamorphs)
showed recognizable bone structures that allowed age determination. In these sec-
tions, well-defined LAGs were found in the periosteal bone and were relatively easy to
count to assess individual age (Figure 2). The line of metamorphosis was visible in 80%
(n = 51) of the samples. Moreover, even in those specimens where the metamorphosis
line had been replaced during the formation of the endosteal bone, the first LAG was
never completely removed. Therefore, endosteal resorption never prevented age esti-
mation. Annuli (sensu Peabody 1958) were easily distinguishable from actual LAGs.
They always stained more faintly and were often broader, as previously described by
Leclair et al. (2005) and Sinsch et al. (2007) in temperate species.

The demographic life history traits of A. s. pederseni are summarized in Table 2
and the age structure of adults in Figure 3. Females were older and heavier at maturity
than males, but the differences in body size at maturity between sexes were not signifi-
cant (SVL: Mann–Whitney U-test = 7, p = 0.881; BM: Mann–Whitney U-test = 4.5,
p = 0.368). The minimum number of LAGs (= age) counted in reproductive individ-
uals was 2 for males and 3 for females (Table 2). We did not find sexual differences
in longevity (5 years in both sexes). Hence, the difference in Potential Reproductive
Lifespan between sexes was 1 year. The mean age was higher in females than males
(Table 2), but it did not differ significantly (Mann–Whitney U-test = 242.5, p = 0.132).
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Journal of Natural History 7

Figure 2. Cross-sections of phalanges stained with Ehrlich’s haematoxylin of adult male
67.67 mm snout–vent length, from the El Perichón population. Four lines of arrested growth
(LAGs) are visible in the periosteal bone (indicated by arrows). The first LAG was par-
tially destroyed by the endosteal resorption (er). This individual was 5 years old. Arrowhead:
endosteal resorption, mc: medullar cavity, eb: endosteal bone, pbm: periosteal bone margin.

The body size of A. s. pederseni was poorly correlated with age and bone size.
A positive but not significant correlation was observed between female size (SVL and
BM) and age. BM was strongly positively correlated with SVL in both sexes. A signif-
icant positive correlation between SVL and bone perimeter (BP) was only recorded in
females (Table 3).

Growth fitted well to a von Bertalanffy model [R2-values, female: R2 = 0.978, male:
R2 = 0.949, for SVL, and female: R2 = 0.948, male: R2 = 0.897 for BM, p < 0.0001 for
both variables and sexes; and observed asymptotic SE of the estimated parameters
(Sm and K), see below]. Average body size at metamorphosis S0 was taken from
eight recently metamorphosed individuals, as described above. The predicted max-
imal body size (Sm) was always larger than measured average values. Females had
larger average maximal body size (Sm) than males (female: 87.06 ± 6.88 mm; male:
71.48 ± 1.57 mm for SVL, and female: 34.21 ± 8.20 g; male: 19.9 ± 0.97 g for BM).
The growth coefficient (K), which determines how fast the body size approaches its
maximum value, was higher in males than in females, for both size and body mass
(SVL, females: 0.37 ± 0.10 mm; males: 0.82 ± 0.15 mm; BM, females: 0.30 ± 0.15 g;
males: 0.87 ± 0.23 g) (Figure 4).
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Journal of Natural History 9

Figure 3. Age distribution of Argenteohyla siemersi pederseni.

Table 3. Relationships between body size (SVL and BM), age, and diameter of bone (bone size)
in both sexes of Argenteohyla siemersi pederseni.

Females Males

n Equation r2 n Equation r2

SVL vs BM 28 y = – 3.27 + 1.005x 0.637∗∗ 59 y = – 0.749 + 0.079x 0.264∗∗

Body size versus age
SVL 16 y = 4.217 + 0.022x 0.094 ns 40 y = 4.288 – 0.014x 0.071 ns
BM 16 y = 0.945 + 0.029x 0.102 ns 40 y = 0.984 – 0.001x 0.0007 ns
Body size versus bone size
SVL versus BP 15 y = – 2.526 + 1.992x 0.346∗ 37 y = 4.145 + 0.392x 0.006 ns
BM versus BP 15 y = 4.737 + 0.947x 0.126 ns 37 y = 4.92 + 0.917x 0.052 ns

SVL, snout–vent length; BP, bone perimeter.
All variables were log-transformed. p-values: ∗p < 0.05, ∗∗p < 0.0001.

Discussion

Body size, age and growth pattern
Argenteohyla s. pederseni shows sexual size dimorphism in SVL, with females being,
on average, longer than males (Cajade et al. 2010; this study). This pattern was also
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10 R. Cajade et al.

Figure 4. Growth curves for snout–vent length in males and females of Argenteohyla siemersi
pederseni. Growth curves were fitted to von Bertalanffy’s growth equation: [St – Sm – (Sm –
S0) e−k(t–t0)].

maintained when we analysed the body mass, although this dimorphism could be
induced by differences in clutch mass, because the females measured in amplexus
could have been gravid. This sexual dimorphism is common among amphibians, being
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Journal of Natural History 11

present in about 90% of anuran species (Shine 1979; Kupfer 2007), and several non-
mutually exclusive factors can contribute to it, such as the capacity of larger females
to produce larger clutches and larger eggs (Crump 1974); sex-specific differences in
mortality rate caused by differential predation pressure between sexes (Howard 1981);
restrictions on the growth of males because of the energy demand linked to repro-
ductive activity (Woolbright 1989); or faster growth rates and delayed reproduction in
females (Monnet and Cherry 2002; Marangoni 2006; Marangoni et al. 2008, 2011).
In A. s. pederseni, we found that females reached maturity at 3 years of age, 1 year
later than males, but they were also bigger at that age. In addition, the growth coef-
ficient (K), which determines how fast the body size approaches its maximum value,
was lower in females than in males, for both SVL and BM. Hence, the females of
A. s. pederseni took longer to reach the minimum size at which maturation may occur
(Hemelaar 1988) and were older and bigger at first reproduction than males, but with
1 year shorter Potential Reproductive Lifespan than males. We suggest that the dif-
ferences found in the age of sexual maturation and growth rate may determine the
sexual size dimorphism observed in A. s. pederseni. The sexual size dimorphism could
also be accounted for sex-specific differences in longevity (Slatkin 1984); however, our
results did not support this hypothesis, because both sexes had the same longevity
(5 years). Alternatively, the sexual dimorphism in size could be determined by evo-
lutionary (taxonomic) relationships, more so than by reproductive variables, because
there is no significant correlation between fecundity and sexual dimorphism for size in
amphibians (Crump 1974).

It is widely agreed that sexual selection in males is a major evolutionary force that
selects for larger body size in many organisms (Blanckernhorn 2000). In amphibians,
there is also ample empirical evidence for greater mating and reproductive success of
large males, either related to male–male competition or female choice (Shine 1989).
Based on this evidence, we expected to find that males of A. s. pederseni captured in
amplexus would be larger than non-amplected males; however, there were no signif-
icant differences between amplected and non-amplected males in average body size
and age, although amplected males had a slight tendency to have smaller body size
and to be older. We suggest two possible explanations for this absence of differences in
body size in males of A. s. pederseni. First, the absence of differences caused by a lim-
ited opportunity for effective female choice, as happens in explosive breeders (Emlen
and Oring 1977; Wells 1977; Sullivan 1982). Argenteohyla s. pederseni is an explosive
breeder with very short breeding periods, it breeds only once per year over a 3-day
period, immediately after the first heavy rains in the middle of September (Cajade
et al. 2010). A second alternative explanation, based on the results of this study, is that
older males have an advantage in reproductive success over younger males (possibly
as a result of reproductive experience), but they are not necessarily the largest. This
is in agreement with previous studies that cast doubt on the hypothesis that size and
age are significantly and positively related in anuran amphibians (reviewed by Halliday
and Verrel 1988; Cherry and Francillon-Vieillot 1992; Leary et al. 2005).

Reproductive activity pattern and formation and periodicity of LAGs
As described above, A. s. pederseni is an explosive breeder with a very short breeding
season. This population bred in a semi-permanent pond, which was completely dry
from May to August and refilled with water during the wet seasons from September to
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May of both years studied (Cajade et al. 2010). Consequently, this pond’s hydrope-
riod determines a well-marked pattern of activity of A. s. pederseni. This pattern
is characterized by a dry season (autumn–winter) during which this species has a
period of inactivity where it is difficult to find adults moving through the study area,
or even hiding in the bromeliads they use as refuge during the wet/spring season
(Figure 1). Breeding activity occurs immediately after the first heavy rains in the mid-
dle of September, at the beginning of each wet season (spring) (Figure 1) (Cajade
et al. 2010). For this reason, the well-differentiated activity/hibernation pattern has
implications for the formation and periodicity of growth-marks in A. s. pederseni.

LAG formation is ultimately caused by a genetically based, circannual rhythm,
which under natural conditions becomes synchronized with, and reinforced by, the
seasonal cycle (Castanet et al. 1993; Smirina 1994; Morrison et al. 2004; Marangoni
et al. 2009). Therefore, both intrinsic and extrinsic factors may cause LAG forma-
tion and periodicity. We found well-defined LAGs in 74% of the analysed clipped digit
samples that were relatively easy to count to assess the individual age of A. s. peder-
seni. The present skeletochronological study is one of the few studies that confirms the
presence of well-defined LAGs in amphibians from tropical or subtropical regions (see
also, Kumbar and Pancharatna 2002; Marangoni et al. 2009; Jovanovic and Vences
2010; Andreone et al. 2011), and it reinforces the hypothesis that in amphibians of
these regions, where growth seems to be less constrained by temperature and subjected
to periodicity through wet/dry seasons, well-defined growth marks are formed. Hence,
both intrinsic cycles and extrinsic factors may be having an influence on the rhythm of
osteogenesis throughout the year in A. s. pederseni.

Finally, the periodicity of growth mark formation, one LAG per year, which is
equivalent to the number of hibernations or aestivations of each individual, represents
the most common observed pattern of periodicity of LAG formation in palaearc-
tic, tropical and subtropical amphibian species (Castanet et al. 1993; Smirina 1994;
Morrison et al. 2004; Marangoni et al. 2009, 2011; Andreone et al. 2011). However,
exceptions to the “one LAG per year” rule (e.g. double LAGs), which represent infor-
mative histological correlates of local environmental impacts on life history, have been
observed occasionally (Sinsch et al. 2007; Olgun et al. 2001, 2005). We found a strong
correspondence between the local environment and the periodicity of LAG formation
in A. s. pederseni. All individuals of this study were collected in the only reproductive
peak of 2008, occurring immediately after a long dry period. The histological obser-
vation showed that the outermost LAG and the perimeter of the phalange were very
close together with an extremely thin thickness of bone tissue between them, and had
become almost indistinguishable (Figure 2), suggesting a recent period of decreasing
growth and the consequent formation of a LAG. In addition, supplementary non-
annual LAGs have never been observed. So, based on our skeletochronological results,
and as A. s. pederseni reproduce once per year, we assumed that the number of LAGs
observed is equivalent to only one period of decreasing growth that corresponds to the
dry period (May–August), giving a direct estimation of individual age.
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