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Clutch Size in the Black Beaded Lizard (Heloderma alvarezi)  
and Guatemalan Beaded Lizard (Heloderma charlesbogerti), 
with Summaries of other Species of Helodermatids

Beaded lizards (Helodermatidae) comprise five species (sensu 
Reiserer et al. 2013; Table 1) that occur in deserts and sub-humid 
habitats from the southwestern United States to Guatemala. They 
are popularly known lizards, especially in zoological collections, 
owing to their distinctive appearances and characteristic venom, 
yet the basic parameters of their reproductive biology are not 
well documented for all species. Owing to the reclusive nature 
of wild individuals, what is known about their reproduction is 
mostly derived from captive specimens, and even those data are 
mostly lacking in the literature for H. alvarezi and H. charlesbogerti 
(Eidenmüller and Reisinger 2011). Here we present captive 
reproductive information for the Black Beaded Lizard (Heloderma 
alvarezi), native primarily to Chiapas, Mexico, but also with a 
few records from Oaxaca, Mexico, and Guatemala, as well as 
captive reproductive data for the Guatemalan Beaded Lizard 
(H. charlesbogerti) which is endemic to Guatemala (Campbell et 
al. 2004; Anzueto and Campbell 2010; Grajales et al. 2020). Data 
for H. alvarezi were derived from breeding colonies at Zoológico 
Miguel Álvarez del Toro (ZooMAT; Chiapas, Mexico), and for H. 
charlesbogerti at Zoo Atlanta (Georgia, USA) as well as the San 
Diego Zoo (SDZ; Owens 2006). For comparison, we present a 
summary of the relevant information published, in various forms, 
for all other Heloderma spp. 

For helodermatids in general, eggs are deposited 
approximately six to eight weeks after copulation, which occurs 
generally from May to August for H. suspectum (Shaw 1968; 

Applegate 1991; Strimple 1995; Goldberg and Lowe 1997; Seward 
1998). Considered together, in H. alvarezi, H. charlesbogerti, H. 
exasperatum, and H. horridum, eggs are deposited about eight 
weeks after copulation, usually between October and December 
(Álvarez del Toro 1982; Anstandig 1984; Conner 1987; Ramírez-
Bautista 1994; North 1996; Gienger et al. 2005; RLH, pers. obs.). 
Incubation times for Heloderma spp. are poorly understood, 
and potentially conflated as hatchlings may remain in the nest 
for some time after hatching (reviewed by Beck 2005); this latter 
speculation was confirmed, at least in H. suspectum, by DeNardo 
et al. (2018). Incubation times in captivity are of interest in 
terms of husbandry but may be a poor proxy for nature given 
that captive clutches are maintained in putatively optimal and 
controlled conditions. Incubation times in H. charlesbogerti 
at the SDZ ranged from 143–164 days (Owens 2006); data from 
additional clutches at Zoo Atlanta extends the range of incubation 
times to 145–203 days (Table 1). In the wild, helodermatids tend 
to reproduce every 2–4 years, but in captivity, some individuals 
reproduce annually (Seward 2002; Johnson and Ivanyi 2004; 
Beck 2005; Sekscienski 2017; RLH, pers. obs.). 

A colony of H. alvarezi has been studied by ARV at 
ZooMAT since 2003. Zoo Atlanta has maintained a colony of 
H. charlesbogerti since 2000 that was founded with legal wild-
collected adults donated from the Amphibian and Reptile 
Diversity Research Center at the University of Texas at Arlington. 
Development of successful breeding protocols was led by Brad 
Lock at Zoo Atlanta, and Owens (2006) reviewed husbandry 
techniques at SDZ that lead to successful reproductive events. 
Modifications to Owens’ (2006) general husbandry protocols at 
Zoo Atlanta included maintaining adults in outdoor enclosures 
with artificial burrow systems during warmer months, with gravid 
females brought inside as cooler weather approached. Fall and 
winter weather conditions in Atlanta, Georgia, are unsuitable 
for the well-being of beaded lizards during the parturition 
period for this species (typically October–December), so nesting 
behaviors in outdoor semi-natural conditions could not be 
observed. Similar to the description by Owens (2006), females at 
Zoo Atlanta also tended to scatter eggs around the enclosure—
sometimes over a period of days—despite deep substrates and 
cover objects being available to them. We have no explanation for 
this behavior. Development of a bi-level indoor enclosure design 
with openings allowing access to a dark, secluded lower level 
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helped to alleviate but did not completely solve this problem. 
Additionally, a T-shaped box was provided that was partially 
filled with soil for excavating and nesting; it was sufficiently 
large to accommodate an adult female. The design was based 
on data provided about wild shelter sites (Ariano-Sanchez and 
Salazar 2015). Despite these various efforts, females still showed 
tendencies to scatter clutches, not lay full clutches at one time, 
and/or cannibalize their own eggs (Hill et al. 2014). 

Methods

Prior to the taxonomic efforts by Reiserer et al. (2013), 
published accounts of helodermatids inconsistently referred to 
the various subspecies of H. horridum or H. suspectum, or simply 
to either of those two species. Consequently, it can be difficult or 
impossible to allocate previously reported data for “H. horridum” 
to a particular species. We endeavored to ascertain which of the 
currently recognized species was being represented in previous 
publications. Where this was not possible, we referred the unclear 
data that must represent H. alvarezi, H. exasperatum, and/or H. 
horridum to the aggregate category of “Mexican Heloderma spp.” 
We are unaware of any possibility that any of this literature could 
have included H. charlesbogerti, as the species was unknown 
until the late 1980s (Campbell and Vannini 1988) and no reports 
refer to any animals from Guatemala. All reports referring to 
any subspecies of H. suspectum were allocated simply to that 
species. We reviewed 27 successful reproductive events in H. 
charlesbogerti in captivity at Zoo Atlanta, and 7 successful events 
in H. alvarezi at ZooMAT, as well as a summary of data reported 
in the peer-reviewed and other literature or websites for the 
other helodermatid species. 

Results and discussion

Clutch sizes among the species of Heloderma all fall within 
the same order of magnitude, with no strong variances other 
than a suggested tendency for clutches in H. alvarezi and H. 
charlesbogerti to perhaps be slightly smaller than the other species 
(Table 1). A maximum number of 22 eggs, of which 13 hatched, 
was reported by Johnson and Ivanyi (2004), based on one of the 
Mexican Heloderma spp. Gonzalez-Ruiz et al. (1996) reported 
11 eggs (mass 38.3–44.0 g) from one of the Mexican Heloderma 
spp., of which 9 successfully hatched, with an incubation time of 
149–165 days, and hatchling mass of 27.7–43.1g.

Incubation time also differed somewhat within and among 
species, with H. horridum having the least amount of variation. 
Heloderma exasperatum had the longest incubation times out 
of all species, while H. suspectum had the shortest. The longest 
incubation time, not including times of known or suspected 
overwintering behaviors (see review by DeNardo et al. 2018), 
was 226 days for one of the Mexican Heloderma spp. (Applegate 
1991). While one might be tempted to formulate hypotheses 
about evolution of shorter incubation times in temperate 
versus sub-tropical and tropical species, we add the caveat that 
incubation times are largely dependent upon specific conditions 
experienced by the individual egg; incubation times may be 
much shorter in captivity (Goldberg and Lowe 1997; Beck 2005). 
Controlled experiments in climate chambers would be required 
to properly compare incubation times among the species.

Sperm storage has not been reported in Heloderma (Sever 
and Hamlet 2002; Beck 2005). We have seen no evidence of the 
phenomenon (e.g., females producing fertile clutches in years 
not paired with a male) in H. charlesbogerti or H. alvarezi. 

Egg mass, as well as hatchling mass and size rarely are reported 
in the literature, so our review on these reproductive parameters 
is sparse. Egg mass was relatively similar in H. charlesbogerti and 
H. suspectum, even though the former species attains a much 
larger adult size (Beck 2005), which may have implications related 
to relative clutch mass. Hatchling mass varied notably among 
species, with those of H. charlesbogerti being larger than hatchlings 
of either H. exasperatum or H. suspectum. The greatest mass for a 
hatchling reported in any Heloderma was 47 g, representing one of 
the Mexican Heloderma spp. (Applegate 1991). 

Reproductive parameters in captivity may differ somewhat 
from wild individuals and populations. Additionally, conditions 
may vary between captive breeding facilities. But, for many 
species—especially reclusive species—data from captive 
individuals may be a necessary proxy for important life-history 
information needed for basic research in ecology, life-history, 
or evolution, as well as to inform conservation programs 
(Conde et al. 2019). Conde et al. (2019) reviewed life-history and 
demographic parameters for > 32,000 species of tetrapods and 
found that for at least 65% of the threatened species they had 
not even crude estimates available of basic information such as 
clutch size. Relatedly, open-access databases such as EltonTraits 
(Wilman et al. 2014) provide important data for myriad types of 
comparative studies; yet no such database exists for non-avian 
reptiles. 

table 1. Comparison of reproduction data for the five species comprising Helodermatidae. Sample sizes of hatched young from this study 
(Heloderma alvarezi, H. charlesbogerti) are shown; sample sizes for data drawn from the literature are not known. This table excludes pub-
lished data that are not clearly attributable to one of the species recognized here; the uncertainty generally encompasses H. exasperatum and 
H. horridum (see text).
 
 H. alvarezi 1 H. charlesbogerti 1* H. exasperatum 3,4,5,6 H. horridum 4–7 H. suspectum 5,7–12

 N = 7 clutches, 88 eggs, N = 29 clutches; 129 eggs, NA NA NA  
 31 hatchlings 41 hatchlings  

 

Clutch size 1–13 1–11 7–19 3–15 1–15

Incubation time (days) 137–149 145–203 145–210 154–167 112–152

Egg mass (g) — 17.3–52.1 — — 30.6–49.6

Hatchling mass (g) 23–35 33.7–45.8 17–39.4 30.5–38 13.7–43.0

Hatchling total length (cm) 120–202 — 18.1–23.5 — 15.0–18.6

1This study; 2North 1996; 3Radovanovic 2014; 4Anstandig 1984; 5Eidenmüller and Reisinger 2011; 6Reisinger 2006; 7Arnett 1976; 7Shaw 1968; 8Peterson 1982; 
9Applegate 1991; 10Ditmars 1936; 11Beck 2005; 12Smith 1995.
*See also: Owens 2006.
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The information we present here was largely unavailable 
for the threatened species H. charlesbogerti, and the scattered 
information regarding the other Mexican Heloderma spp. was 
difficult to assess owing to taxonomic uncertainties. It is in this 
spirit of Wilman et al. (2014) and Conde et al. (2019) that we here 
present our summaries.

Acknowledgments.—We thank the Herpetology Department at 
Zoo Atlanta who carefully recorded the data reported here for H. 
charlesbogerti over the course of many years. Robert Mendyk and 
Emily Weigel offered generous assistance with obscure literature and 
translations.
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CROCODYLIA — CROCODILIANS

CROCODYLUS INTERMEDIUS (Orinoco Crocodile). 
HATCHING SYNCHRONY. The Orinoco Crocodile is critically 
endangered throughout its range (https://www.iucnredlist.org/
species/5661/3044743. Accessed 20 July 2020). In Colombia, 
Palmarito Foundation bred this species from 2012 to 2020. Eggs 
were collected at Wisirare Biopark (4.910397°N, 71.433817°W, 
WGS 84; 139 m elev.), Orocué, Casanare, Colombia, as a part of a 
captive-breeding and release conservation program. 

From 2012 to 2015, eggs were incubated indoors in an 
incubator room, and from 2017 to 2020, they were incubated 
outdoors. In both cases, a hole similar in size and depth to wild 
nests was dug into sand.  Each clutch was buried with 50 cm of 
separation between them. In the incubator room, eggs were 
heated with infrared lamps and temperature was controlled with 
a thermostat programmed at 31°C. Outdoor clutch temperatures 
were not recorded or controlled and the sun was the only heat 
source. 

At Wisirare, Orinoco Crocodiles nest once annually, usually 
from late December to mid-late January (time lapse of between 
2–18 days). In the first four seasons all clutches hatched indoors in 
the same order in which they were laid (time lapse of between 4–16 
days). However, in the reproductive seasons of 2017–2020 when 
eggs were outdoors, clutches hatched almost simultaneously 
(time lapse of between 0–2 days). We found differences (t = 2.535; 
p = 0.02; a = 0.05) in incubation period from indoor (mean = 83.8 
days; N = 14; SD = 2.9) to outdoor (mean = 88.5 days; N = 19; SD 
= 6.3). 

Despite the environmental influence of temperature on 
incubation length, many reptilian embryos may alter their 
development and hatching time (Du. et al. 2011. PLoS ONE 6: 

e29027). Intra-nest hatching synchrony has been reported in 
several reptile species including snakes (Aubret et al. 2016. Sci. 
Rep. 6[23519]:1–5), sea turtles (Santos et. al. 2016. Proc. R. Soc. 
B 283:1–7) and freshwater turtles (McGlashan et al. 2012. Proc. 
R. Soc. B 279:1709–1715). Our data suggests hatching synchrony 
among C. intermedius eggs from independent nests incubated 
outdoors.

Moreover, there is evidence that some embryos are able 
to metabolically compensate and catch up to more advanced 
embryos (McGlashan et al., op. cit.; Aubret et al., op. cit.). In 
our case, despite the lack of synchronicity patterns described 
for crocodilians, the process seems to be a deceleration of the 
metabolic rates of the early embryos, as evidenced by increased 
incubation period (Fig. 1).

There are several reports of intra- and inter-specific communal 
nesting with different hypotheses suggested, but the lack of 
nesting sites with optimal conditions and the benefits of proximity 
among embryos are the most relevant (Radder and Shine. 2007. J. 
Anim. Ecol. 76:881–887). To our knowledge, there are no reports of 
communal nesting of wild Orinoco Crocodiles.

A variety of methods of communicating hatching synchronicity 
within nests have been proposed: the production of sound, the 
vibration of the egg, an increase in heart rate, and odors or carbon 
dioxide levels within the nest, among others (Webster et al. 2015. 
PLoS ONE 10: e0116345). Our findings show that synchronicity 
occurs among eggs not in physical contact with each other. 
Based on our observations, we hypothesize that the sand may be 
transmitting some form of signal among nests that is promoted 
by environmental factors not available in the indoor incubators, 
possibly related to the natural cycle of heating and cooling. 

Intra-nest hatching synchronicity has previously been 
described for reptile species.  However, to our knowledge, this is 
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Fig. 1. Aspect of the umbilical scarring of 15 Crocodylus intermedius hatched in 2018, showing a very similar development stage. All 
hatched between 2–22 April, after 100, 96, 95, 93, and 88 incubation days, respectively. 
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the first report to document inter-nest hatching synchronicity 
where it is driven by nearby conspecific nests and not eggs within 
the same nest.

RAFAEL ANTELO, Fundación Palmarito Casanare, C/ 72 nº 6-30 piso 
13, Bogotá, Colombia (e-mail: rantelo78@gmail.com); PABLO SIROSKI, 
Laboratorio de Ecología Molecular Aplicada, Instituto de Ciencias Veteri-
narias del Litoral (ICiVet Litoral) UNL - CONICET, Santa Fe, Argentina. 

SQUAMATA — LIZARDS

HELODERMA CHARLESBOGERTI (Guatemalan Beaded 
Lizard).  MALE COMBAT.  Heloderma charlesbogerti is a 
critically endangered species currently restricted to the xeric 
Motagua Valley of eastern Guatemala whose ecology, especially 
reproductive ecology, remains relatively poorly known 
(Campbell and Vannini 1988. J. Herpetol. 22:457–468; Ariano-
Sanchez 2015. Mesoamer. Herpetol. 2:64–74). Male-male combat 
behavior is well-documented in the other species of Heloderma 
(Beck 2005. The Biology of Gila Monsters and Beaded Lizards. 
University of California Press, Berkeley, California. 213 pp.), but 
has been reported only anecdotally in H. charlesbogerti (Owens 
2006. Iguana 13:213–216). We here confirm the characteristic 
male-male combat ritual behavior, including the Body Twist 
and Body Arch postures, in H. charlesbogerti (Fig. 1). The 
behaviors observed appear to be very similar to those described 

in H. suspectum (Beck 2005, op. cit., figs. 50, 52), H. exasperatum 
(Beck and Ramírez-Bautista 1991. J. Herpetol. 25:481–484), and 
H. alvarezi (Ramírez-Velázquez and Guichard-Romero 1989. 
Instituto de Historia Natural, Tuxtla Gutierrez, Mexico. 20 pp.). 
We conclude that this repertoire of ritualized combat behaviors 
is homologous among all species of Heloderma.

We thank Brad Lock for leading the Heloderma husbandry 
project at Zoo Atlanta from 2005–2016.

JOSEPH R. MENDELSON III and ROBERT L. HILL. Zoo Atlanta, At-
lanta, Georgia 30315, USA (e-mail: jmendelson@zooatlanta.org, rhill@
zooatlant.org). 

SQUAMATA — SNAKES

BOTHROPS FONSECAI (Fonseca’s Lancehead). REPRODUC-
TION. Bothrops fonsecai is endemic to southeastern Brazil, occur-
ring in northeastern São Paulo, southern Rio de Janeiro, and the 
southern limit of Minas Gerais. This snake is found in montane ar-
eas with mixed broadleaf and Araucaria pine forest (Campbell and 
Lamar 2004. The Venomous Reptiles of the Western Hemisphere. 
Cornell University Press, Ithaca, New York. 870 pp.), with an eleva-
tional range of ca. 400–1730 m, where the climate is characterized 
as high montane humid subtropical (Cwa) (Köppen-Geiger 1936. 
Köppen-Geiger climate classification. http://koeppen-geiger.vu-
wien.ac.at/; 18 Oct 2019). 

Despite knowledge gained in recent years regarding the 
reproductive biology of most Brazilian pitvipers, data on B. 
fonsecai are rare and reproductive information is restricted to a 
report of the number of embryos in a museum specimen (Sazima 
and Manzani 1998. Herpetol. Rev. 29:102–103), three captive 
litters reported by Duarte (2004. Herpetol. Rev. 35:175–176), the 
growth rate of a captive litter (Stuginski et al. 2017. South Am. 

Fig. 1.  Two adult male Guatemalan Beaded Lizards (Heloderma 
charlesbogerti) engaged in typical combat behaviors, including the 
Body Arch (upper) and Body Twist postures. The bout was recorded 
in an outdoor area at Zoo Atlanta in July 2006. The individuals were 
introduced into the arena and no female was present.
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Fig. 1. The female Bothrops fonsecai from Campos do Jordão – SP.
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J. Herpetol. 12:193–200), and data on body size and body mass 
on another captive litter reported by Junqueira et al. (2019. 
Herpetol. Rev. 50:87–88). This note presents information for this 
viviparous species, related to fecundity and sexual dimorphism 
in neonates.

A female B. fonsecai (Fig. 1) measuring 815 mm snout–vent 
length (SVL), 117 mm tail length, and 610 g mass was collected 
in Campos do Jordão, São Paulo state (22.73944°S, 45.59139°W) 
on 11 February 2016 and brought to Instituto Butantan where it 
was kept in captivity. On 24 February 2016, the female gave birth 
to 15 live offspring and one stillborn, ten males (including the 
stillborn with small malformation in the spine and head; SVL 
= 260 mm; tail length = 50 mm; 18 g), and six females (Fig. 2). 
The mass of the adult female after parturition was 278 g, and the 
relative clutch mass (RCM, see Shine 1980. Oecologia 46:92–100) 
was 0.74.

Live male neonates (N = 9) measured: SVL (253.1 ± 6.5 mm / 
range = 243–265 mm); tail length (46.8 ± 2.1 mm / range = 44–50 
mm); head length (18.9 ± 0.2 mm / range = 18.7–19.3 mm) and 
weighed (12.2 ± 0.4 g / range = 12–13 g). Female neonates (N=6) 
measured: SVL (243.5 ± 5.8 mm / range = 240–255 mm); tail 
length (39 ± 1.2 mm / range = 38–41 mm); head length (18.8 ± 0.5 
mm / range = 18.2–19.3 mm) and weighed (11.7 ± 0.5 g / range 
= 11–12 g). In this litter, male and female neonates did not differ 
significantly in head length (t = 0.5460; P = 0.5943), but sexual 

dimorphism was observed in snout-vent length (t = 2.919; P = 
0.0120), tail length (t = 8.117; P < 0.0001), and mass (t = 2.270; P < 
0.0409), with males larger than females (Table 1). 

This is the largest litter recorded for B. fonsecai, with previous 
records of three litters with 7, 9, and 10 neonates (Duarte, op. cit.), 
a litter of 12 neonates (Junqueira et al., op. cit.), and another with 
13 newborns (Stuginski et al., op. cit.). Other Brazilian members 
of the Bothrops alternatus group (Fenwick et al. 2009. Zool. J. 
Linn. Soc. 156:617–640; Wüster et al. 2002. In Schuett et al. [eds.], 
Biology of the Vipers, pp. 111–129. Eagle Mountain Publishing, 
Eagle Mountain, Utah), are documented to have birthed litters 
of 5–20 (B. alternatus N = 6; Nunes et al. 2010. Herpetol. J. 20:31–
39), and a litter of 3 for B. cotiara (Duarte, op. cit.).  

Sexual dimorphism in adults is well known in many 
snakes, but relatively few studies present sexual dimorphism 
in neonates (King et al. 1999. J. Zool. Lond. 247:19–28; Xavier 
2002. Phyllomedusa 1:11–30; Krause and Burghardt 2007. J. 
Zool. 272:156–164; Cardoso 2011. Doctoral thesis, Unidade da 
USP. doi:10.11606/T.87.2011.tde-30052012-090358). Specifically, 
sexual dimorphism in body size was reported in adult B. fonsecai 
(females being larger; Stuginski et al., op. cit.). Therefore, 
here we suggest ontogenetic variation in SVL and mass, since 
among adults the females are significantly larger and heavier. 
However, for further conclusions regarding sexual dimorphism 
in neonates, additional neonatal data should be analyzed to 
corroborate these findings.
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Fig. 2. The birth of 15 live snakes and one stillborn of Bothrops fonsecai.

table 1. Biometrics of Bothrops fonsecai newborns.
  
 Males (N = 9) Females (N = 6)

SVL (mm) 253.1 ± 6.5 (243–265) 243.5 ± 5.8 (240–255)

Tail length (mm) 46.8 ± 2.1 (44–50) 39 ± 1.2 (38–41)

Head length (mm) 18.9 ± 0.2 (18.7–19.3) 18.8 ± 0.5 (18.2–19.3)

Mass (g) 12.2 ± 0.4 (12–13) 11.7 ± 0.5 (11–12)


