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ABSTRACT

Liolaemus is a diverse genus of South American lizards whose reproductive biology remains poorly known 
in several species. We describe reproductive aspects of Liolaemus monticola, an endemic Chilean species, 
based on two gravid females that laid eggs in captivity. Both females produced four eggs, with different 
hatching success. The incubation period lasted 52–58 days. Measurements of size, mass, growth rate, 
and body mass index of hatchlings are reported. These data provide relevant information for future 
conservation actions. 
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RESUMEN

Liolaemus es un género diverso de lagartos sudamericanos cuyo conocimiento reproductivo es limitado en 
varias especies. Se describen aspectos reproductivos de Liolaemus monticola, especie endémica de Chile, a 
partir de dos hembras grávidas que pusieron huevos en cautiverio. Ambas produjeron cuatro huevos, con 
distintas tasas de eclosión. El período de incubación fue de 52–58 días. Se reportan medidas de tamaño, 
peso, crecimiento e índice de masa corporal de los neonatos. Estos antecedentes aportan información 
relevante para futuras acciones de conservación.
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Liolaemus is a genus of lizards with 290 species (Uetz et al. 2025) 
and is the third most taxonomically diverse among terrestrial 
tetrapods (Abdala et al. 2021; Moya et al. 2025). The species 
of this genus are widely distributed in the southern cone of 
South America, found latitudinally from the center of Peru 
to Tierra del Fuego, and from the Atlantic and Pacific ocean 

coasts, from sea level to 5,400 m a.s.l. in the Andes (Abdala 
et  al. 2021). Within Liolaemus, two clades are recognized, 
Liolaemus sensu stricto and Eulaemus, which are also known as 
the ‘Chilean’ and ‘Argentine’ clades, respectively, since most 
are found on the west (Chile) and east (Argentina) sides of the 
Andes (Esquerré et al. 2019). These clades include numerous 
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groups that present a variety of morphological, ethological, 
genetic, and ecological characteristics, as well as different 
reproductive modes, which have allowed them to colonize 
environments from moderate to extreme climatic conditions 
(Pincheira 2012; Esquerré et  al. 2019; Abdala et  al. 2021; 
Moya et al. 2025). 

Remarkable reproductive characteristics are recognized 
in Liolaemus. This clade has a similar proportion of oviparous 
and viviparous species (Abdala et  al. 2021), which results 
from different reversion events from oviparous to viviparous, 
and vice versa, throughout its evolution (King & Lee 2015; 
Esquerré et al. 2019). Interestingly, an example of reproduction 
by parthenogenesis is reported in this clade (Abdala et  al. 
2016). All these characteristics have made Liolaemus a 
model study group for the evolution of reproductive modes 
in tetrapods (Schulte et al. 2000; Cei et al. 2003; Pincheira-
Donoso & Tregenza 2011; Pincheira-Donoso et  al. 2013; 
Esquerré et al. 2019; Cruz et al. 2022). However, there are 
many unknown aspects about the reproductive biology 
of many Liolaemus species, principally those distributed 
on the western side of the Andes (Ibargüengoytía 2008). 
For example, of the approximately 100 Chilean species of 
Liolaemus (Ruiz de Gamboa 2020; Moya et  al. 2025; Uetz 
et  al. 2025), at least 15 have known reproductive cycles: 
L. nigromaculatus (Wiegmann, 1834), L. pictus, L. signifier, L. 
tenuis (Duméril & Bibron, 1837), L. lemniscatus Gravenhorst, 
1838, L. bibronii (Bell, 1843), L. bellii Gray, 1845, L. gravenhorstii 
(Gray, 1845), L. magellanicus (Hombron & Jacquinot, 1853), L. 
jamesi (Boulenger, 1891), L. leopardinus, L. nigroviridis Müller 
& Hellmich, 1932, L. zapallarensis Müller & Hellmich, 1933, 
L. sarmientoi Donoso-Barros, 1973, and L. puna Lobo & 
Espinoza, 2004 (Donoso-Barros 1966; Lemus & Wacyk 1969; 
Lemus et al. 1981; Ortiz 1981; Leyton et al. 1982; Jaksić & 
Schwenk 1983; Leyton & Valencia 1992; Ibargüengoytía & 
Cussac 1996; Medina & Ibargüengoytía 2010; Fernández 
et al. 2015), while most of the other species present anecdotal 
and incomplete data on their modes of reproduction and 
reproductive cycles (Donoso-Barros 1966; Ibargüengoytía 
et al. 2002; Ibargüengoytía 2008; Valladares & Briones 2012; 
Demangel 2016; Mella 2017a, 2017b; Troncoso-Palacios & 
Labra 2017).

Liolaemus monticola Müller & Hellmich, 1932 (Fig. 1) is 
an endemic species to Chile, whose information about its 
reproductive biology is almost nil and has been reported only 
as anecdotal observations. It is an oviparous species whose 
females deposit 3-4 eggs with developed embryos (Donoso-
Barros 1966). Its copulation period occurs in October (spring 
in the southern hemisphere), and its pregnancy is from 
November to January (spring-summer) (Donoso-Barros 1966; 

Ibargüengoytía 2008). Notably, information on temperature 
and humidity requirements for the eggs, incubation/hatching 
time, and biometric data for neonate growth remains 
unknown. In this work, from two gravid females who laid 
eggs in captivity, we describe reproductive aspects for the 
first time. 

Liolaemus monticola is distributed latitudinally from the 
Coirón mountain range, Coquimbo Region (31°57’ S; 70°45’ 
W), to Alto de Vilches, Maule Region (35°36’ S; 71°05’ W), 
and between 300-2500 m a.s.l. (Mella 2017a; Abdala et  al. 
2021). It is a saxicolous lizard, occupying a rocky habitat with 
shrubs on slopes and hills, preferably xeric (Mella 2017a), 
and it has an insectivorous diet specialized in eating ants 
(Jara & Muñoz-Pedreros 2018). This lizard presents apparent 
sexual dimorphism where females have a slender appearance, 
less blackish and reddish flanks, and grayer backs with less 
obvious light blue scales than males (Fig. 1), and only males 
have two precloacal pores (Mella 2017a).

In November 2022, during an ongoing study of L. 
monticola, we captured by noosing a total of seven adult 
females (mean snout–vent length, SVL±SD = 51.93 ± 5.31 
mm), four from Chacabuco (SVL±SD = 53.19 ± 6.34 mm), and 
three from Pillo Pillo (SVL±SD = 50.26 ± 4.10 mm), both from 
Valparaíso Region. We verified the estimated age and sex 
of each individual by observation of the base of the cloaca 
and by other morphological characteristics (e.g., presence 
or absence of precloacal pores), and transported them in 
voile bags inside individual plastic boxes (volume: 0.7 L;  
17 x 12 x 6 cm) to the vivarium of the Laboratory of Ecology of 
Interactions, Faculty of Sciences, University of Chile, located 
in Santiago. Upon arrival, all specimens were relocated 
to individual terrariums (volume: 16 L; 35 x 20 x 23 cm) 
containing Kraft paper as a substrate, a shelter, and a couple 
of rocks. Water was provided with sprinklers for the first 
week, and then ad libitum dispensed in water containers (3 
ml). Individuals were fed thrice weekly with larvae of Tenebrio 
molitor Linnaeus, 1758, and adults of Drosophila melanogaster 
Meigen, 1830 (Curly phenotype), sprinkled with vitamins and 
calcium (SERA Reptimineral C). The terrariums were placed in 
an indoor vivarium with conditions mimicking those recorded 
in the field site during normal spring days, photoperiod 14:10 
h light: dark, temperatures between 25 °C and 30 °C, and 
continuous ventilation. Temperature and light were provided 
with an artificial UV/IR bulb (Exo Terra Solar Glo 125 W) 
placed 30 cm above the terrarium base. Relative humidity (RH) 
and temperature were measured using a Hygro-thermometer 
(Extech 445715, United States; Humidity: 10 to 99% RH; 
Temperature: -10 to 60 °C; Accuracy: ±4% RH, ±1 °C).
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Figure 1. Adults (A) female and (B) male of Liolaemus monticola. / Hembra (A) y macho (B) adultos de Liolaemus monticola.

In the laboratory, we visually noticed that two of the seven 
females were gravid: LmCH09, captured on November 17, 
2022, in Chacabuco (from now, F1; SVL = 54.8 mm; weight 
= 4.4 g), and LmPP04, captured on November 29, 2022, in 
Pillo Pillo (from now, F2; SVL = 51.9 mm; weight = 4.4 g), so 
an up-side down small container (volume: 0.25 L) filled with 
leaf soil was added to their terrarium so they could lay their 
eggs in them. 

Immediately after we noticed oviposition, each egg 
was gently photographed on graph paper and weighted (g) 

with a balance (Boeco, Germany; accuracy: 0.1 mg), and 
then transferred carefully inside a plastic container (0.5 L) 
filled with vermiculite (Fig. 2A) to an incubator (ZOOMED 
reptibator incubator; Fig. 2B), that maintained a mean RH of 
80% and a mean temperature of 28 °C. Eggs were left in the 
dark and in the same position as they were initially and were 
not disturbed for the remainder of the incubation period until 
the hatching of the neonates, except when they were visually 
inspected each day.

The neonates were maintained under the same conditions 
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as the females, and we inspected them daily to assess their 
condition and record shedding events. We also weighed them 
with a balance (Boeco, Germany; Accuracy: 0.1 mg) once a 
week from hatching to week 32 in captivity to assess their 
growth.

We calculated the Hatching Rate (HR) using the formula 
HR = number of neonates/number of eggs. For the growth 
rate, we used the software ImageJ (version 1.x, Schneider 
et  al. 2012), where individuals were measured weekly until 
week 32 in captivity using a photograph on graph paper, 
and the difference between consecutive measurements was 
calculated. We calculated the Body Mass Index (BMI), using 
the equation BMI = M/SVL2 (Peig & Green 2010), where M 
is the mass of the lizard. All data are expressed as mean ± 
standard deviation (SD).

Both gravid females laid four eggs (ALS = 4), F1 on 
November 29, 2022, and F2 on January 2, 2023. The eggs 
had smooth, oval, and white shells (Fig. 2A) and were buried 
underground. We did not observe any maternal care behavior 
during the incubation period.

Only one of the four eggs (HR = 0.25; egg weight = 0.54 
g) laid by F1 hatched between January 23-26, 2023, having 
an incubation period of 55-58 days; the neonate was named 
N1 (SVL = 25 mm). Conversely, only three of the four eggs 
(HR = 0.75) laid by F2 hatched between February 22-23, 
2023, reaching an incubation time of 52-53 days. We called 
neonates as N2 (SVL = 27.2 mm; weight = 0.70 g), N3 (SVL = 

24.9 mm; weight = 0.63 g), and N4 (SVL = 23.6 mm; weight = 
0.63 g) (Fig. 2C; Fig. 3). 

At birth, all the neonates presented an opaque coloration 
in gray and brown tones, in addition to the typical dot 
design of the adult morph, but with less brightness (Fig. 2C). 
Remarkably, N2, N3, and N4 presented malformations in 
their tail, presumably caudal scoliosis (lateral curves of the 
spine, Bateman et al. 2022; Fig. 3).

All the neonates accepted tenebrionids and flies weekly, 
but N1, the one with high length and weight (Fig. 4), was 
a better eater than the others. N1 showed a progressive 
increase in weight from hatching until the seventh week, 
when it stopped eating and began to lose weight (Fig. 4); it 
died of unknown causes in the eighth week of life. 

The other neonates (Fig. 3) also increased their body size: 
at week 25, they reached a SVL of 38.4 mm (N2), 33.2 mm 
(N3), and 33.1 mm (N4). Weekly average growth rate had a 
high interindividual variability, with a mean value of 1.54 (± 
1.62) mm, 0.83 (± 1.34) mm, and 0.81 (± 2.26) mm for N2, N3, 
and N4, respectively. Besides, they progressively increased 
their weight, although N2 always outweighed N3 and N4 
from week 7, reaching a maximum weight of 3.7 g at week 
32 (Fig. 4). N3 and N4 reached a maximum weight of around 
1.5 g at week 26, gradually decreasing in both neonates until 
week 32 (Fig. 4). The average BMI of N2, N3, and N4 for 32 
weeks was 0.13 (± 0.022), 0.10 (± 0.008), and 0.09 (± 0.007), 
respectively. 

Figure 2. (A) Eggs of Liolaemus monticola were laid in the incubator. (B) ZOOMED reptibator incubator. (C) Neonates of L. monticola at 
the time of hatching. / (A) Huevos de Liolaemus monticola puestos en la incubadora. (B) Incubadora ZOOMED Reptibator. (C) Neonatos 
de L. monticola al momento de la eclosión.
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Figure 3. Juveniles N2, N3, and N4 of Liolaemus monticola at week 20. Note the malformations at the back end of his tail. / Juveniles N2, 
N3 y N4 de Liolaemus monticola en la semana 20. Nótese las malformaciones en el extremo posterior de su cola.

Figure 4. Weight (g) of four neonates (N1-N4) of Liolaemus monticola over 32 weeks. The triangle represents the first molting event. / 
Peso (g) de cuatro neonatos (N1-N4) de Liolaemus monticola a lo largo de 32 semanas. El triángulo representa la primera muda.
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The first molt of each neonate was noticed during the fifth 
(N1), seventh (N3), ninth (N4), and eleventh (N2) weeks from 
hatching (Fig. 4). Neonates shed their skin in parts, so discrete 
shedding events could not be distinguished. 

The reproductive biology of L. monticola is poorly 
understood. We know only that copulation and pregnancy 
occur between spring and summer and that females lay 
between 3 and 4 eggs (Donoso-Barros 1966; Ibargüengoytía 
2008). In this work, we presented previously unknown 
information on incubation and hatching times, as well as 
biometric data for the growth of neonates of this species. 

The observed incubation time for L. monticola is 
approximately 50 days, which is intermediate to that known in 
captivity for some of the other oviparous species of the genus. 
For instance, it is longer than that observed in L. scapularis (44 
days; Lobo et al. 1995) and L. quilmes (45 days; Abdala et al. 
1997), and shorter than that recorded in L. tenuis (72 days; 
Lemus et  al. 1981). There are no records of the incubation 
time of L. monticola in the wild. However, it can likely be 
differentiated from that observed in captivity, considering 
that the duration of incubation in lizards is dependent on the 
environmental incubation temperature (Van Damme et  al. 
1992; Qualls & Shine 1998; Li et al. 2013; Raynal et al. 2022), 
including the genus Liolaemus (Medina et  al. 2009), and on 
the geographic population variation (Smith et al. 2001; Ji et al. 
2002; Li et al. 2013).

Liolaemus has a wide diversity of clutch sizes (see Cabrera 
2021), which can be explained by different factors, such as 
the size and age of the female, or a progressive reduction 
in follicular atresia as the females grow and have greater 
abdominal capacity, among others (Leyton & Valencia 1992). 
Notably, L. monticola had an average egg-laying capacity (4 
eggs) lower than many other Liolaemus species, including 
sympatric ones that have a similar body size, such as L. 
lemniscatus or L. tenuis, which lay on average 5.9 and 5.3 
eggs, respectively (Cabrera 2021). Other factors, such as 
environmental variation or phylogenetic signal (Meiri et  al. 
2020), would determine the number of eggs laid for this 
species.

One of the neonates (N2) exhibited a higher growth 
rate than its siblings, and coincidentally, it was also the one 
with the highest weight at hatching. Lizard neonates born 
from the same clutch may show differences in phenotypic 
traits, such as early growth rate or body size (Overall 1994; 
Werner & Andrews 2002). These differences would depend 
on environmental factors, such as incubation temperature 
(Martínez-Caballero et  al. 2017), humidity (Pandav et  al. 
2012), or food availability (Mugabo et  al. 2010), as well as 
maternal and additive genetic effects (Noble et al. 2014). As 
the environmental conditions in captivity of this study were 

the same for the clutches studied, we hypothesized that 
maternal and/or additive genetic effects would explain the 
individual differences observed in the growth of L. monticola 
neonates.

Although this study found that L. monticola eggs can 
develop at a specific temperature and humidity (28 °C and 
80% RH), it remains unclear whether these values represent 
the environmental characteristics selected by females to lay 
eggs in their natural habitat. The environmental requirements 
and preferences for oviposition sites are unknown for many 
Liolaemus lizards, including L. monticola. However, in other 
oviparous lizard species, the behavior of selecting oviposition 
sites is not random and is subject to natural selection (e.g., the 
development of eggs in a suitable microclimate or protection 
against predators; Santoyo-Brito et al. 2021). This could occur 
for Liolaemus, considering that the temperature experienced 
by eggs in nature is a limiting factor for their development 
(Medina et al. 2009).

The causes behind the tail abnormalities observed in 
neonates are not clear. However, it has been observed in 
other reptiles that genetic and congenital factors, such as 
metabolic dysfunction in the mother, and/or environmental 
factors, such as extreme incubation temperature, habitat 
deterioration, agrochemical effects, or toxic pollution, could 
be involved in causing these malformations (reviewed by 
Bateman et al. 2022). 

We hope that this report will encourage studies that 
enhance our understanding of the reproductive cycle of 
Liolaemus species (Ibargüengoytía 2008; Cabrera 2021), 
providing valuable information that could help with ex-situ 
conservation plans for species that may require it.
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