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Abstract.—Scinax alcatraz is endemic to a small island (“Ilha dos Alcatrazes”), and is threatened by restricted 
distribution and habitat loss. Here, we present present the establishment of a captive breeding program for 
S. alcatraz at São Paulo Zoo, and introduce ex situ conservation as a strategy for amphibians in Brazil.  We 
recorded 125 breeding events with about 10,200 eggs laid. We also observed that S. alcatraz does not have a 
marked breeding season, laying eggs throughout the year, and that breeding events are positively correlated 
with relative humidity and negatively correlated with temperature. This program has shown great success in 
the maintenance and reproduction of S. alcatraz in captivity, and has great potential for conducting research 
relevant to amphibian conservation and for the development of educational materials to share information 
about the global amphibian crisis, using S. alcatraz as a flagship species.
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Introduction

During the last few decades, populations and species 
of amphibians have been facing extinction and 
declines worldwide (Chanson et al. 2008; Halliday 
2008; Mendelson 2011) due to many causes such as 
habitat destruction, overexploitation, and infectious 
diseases (Berger et al. 2004; Cushman 2006; La Marca 
et al. 2005; Wake and Vredenburg 2006). In 2005, 
these troubling circumstances led herpetologists and 
conservationists around the world to implement a global 
strategy to minimize or stabilize declines and extinctions, 
which resulted in the first version of the Amphibian 
Conservation Action Plan (ACAP) (Gascon et al. 2007), 
updated in 2015 (Wren et al. 2015). This plan incorporated 
actions to understand, reduce, and reverse declines 
and generated 11 thematic guidelines necessary for the 
conservation of amphibians (Gascon et al. 2007). Two 
of these (captive programs and reintroduction) deal with 
ex situ conservation, which has been considered essential 
for some threatened amphibian species, especially 
those suffering from threats that cannot be controlled or 

reversed in situ (McFadden et al. 2013; Pavajeau et al. 
2008; Zippel et al. 2011).

Brazil is considered to be the most diverse country for 
amphibian species, being home to 1,136 species (Segalla 
et al. 2019). Similar to other countries, amphibian declines 
in Brazil began at the end of the 1980s in the Atlantic 
Forest, and initially, the suggested cause was climate 
change (Heyer et al. 1988; Weygoldt 1989). Recently, 
such declines (e.g., Cycloramphus, Crossodactylus, 
Hylodes, and Phrynomedusa species) and the extinction 
of Thoropa petropolitana and T. lutzi were associated 
with the infectious disease chytridiomycosis caused by 
the fungus Batrachochytrium dendrobatidis (Carvalho et 
al. 2017). Currently, the Brazilian Red List of Threatened 
Amphibian Species contains one extinct and 41 threatened 
species (ICMBio 2018).

Based on the national scenario, the Brazilian 
Amphibian Conservation Action Plan (BACAP) was 
created in 2012, and following the ACAP guidelines it 
is aimed at developing specific conservation strategies 
for Brazilian amphibians, including ex situ strategies 
(Verdade et al. 2012). Previously, a list of priority 
species to be included in ex situ conservation actions was 
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Extinção (National Conservation Plan for the Endangered 
Island’s Herpetofauna, Bataus and Reis 2011), a national 
strategy managed by the governmental agency Instituto 
Chico Mendes de Conservação da Biodiversidade 
(ICMBio). The captive breeding program for S. alcatraz 
was implemented in 2009 at the Fundação Parque 
Zoológico de São Paulo (São Paulo Zoo) and fortunately 
in 2013 the artillery practice at the island ended due 
to an agreement between the Navy, government, and 
environmental protectionists (ICMBio 2013).

Since Scinax alcatraz had never been kept in 
captivity previously, from 2009 to 2011 we conducted 
a pilot study using S. perpusillus as a surrogate (Lisboa 
and Vaz 2012). Scinax perpusillus is categorized as 
Least Concern by the IUCN, is the closest species 
phylogenetically to S. alcatraz, and has the same 
breeding behavior (Peixoto 1987). Both species belong 
to the perpusillus group and depend on certain types 
of vegetation, specifically bromeliads, to complete their 
life cycle (Peixoto 1987). After two years of learning and 
developing management and reproductive techniques 
with this surrogate species (see Lisboa and Vaz 2012), 
we were able to apply the knowledge acquired to the 
Critically Endangered S. alcatraz. Here, we present the 
establishment of the ex situ population of S. alcatraz at 

created during a Conservation Needs Assessment (CNA) 
workshop in 2009 (Amphibian Ark 2009).We know 
Scinax alcatraz was the first and only species where 
the ex situ recommendation from the CNA has been 
implemented until 2019, when a similar ex situ action 
was included for Nyctimantis pomba (Zoológico de São 
Paulo 2019).

Scinax alcatraz is listed as Critically Endangered both 
in the National (Ministério do Meio Ambiente 2014) and 
IUCN Red List (Rodrigues and Cruz 2004). This is due 
to the fact the species is endemic to a single small island 
(1.35 km2, Ilha dos Alcatrazes) (Brasileiro 2008) and its 
area of occupancy is less than 10 km2, with a continuing 
decrease of extent and quality of habitat. Until recently, 
the Brazilian Navy used the island as a target for heavy 
artillery practice, threatening the habitat of S. alcatraz. In 
2004, as a result of this training activity, a fire destroyed 
a significant part of the island’s vegetation (Bataus and 
Reis 2011), and because of this fire, the development of 
a captive breeding program for S. alcatraz was deemed 
urgent and necessary as the population was facing an 
imminent risk of extinction (Bataus and Reis 2011; 
Zippel and Mendelson 2008). This action was included 
as one of the goals of the Plano de Ação Nacional para 
a Conservação da Herpetofauna Insular Ameaçada de 

Fig. 1. Adult male of Scinax alcatraz. Photo by Cybele Lisboa.
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São Paulo Zoo. We also present data obtained regarding 
the reproductive biology and the longevity of Scinax 
alcatraz in captivity.

Materials and Methods

Founder acquisition. Ilha dos Alcatrazes (24°05’25”S, 
45°41’00”W) is the main island of the Alcatrazes 
archipelago located about 35 km from the coast of the 
State of São Paulo in southeastern Brazil and included 
in the Atlantic Forest domain (Bataus and Reis 2011). 
We visited the island twice to acquire founders of Scinax 
alcatraz for the captive colony (N = 22; Fig. 1). Our first 
visit took place October 2011 and we collected three 
females and eight males (referred to as “2011 founders”). 
Our second visit was in October 2013 and we collected 
two females, six males, and three juveniles (“2013 
founders”).

Captive management. Between October 2011 and 
December 2017, we maintained the founders and their 
progeny in 11 glass terrariums in an isolated laboratory 
at São Paulo Zoo. We followed biosecurity standards 
according to Pessier and Mendelson (2010) to avoid 
the introduction of potential diseases to the ex situ 
population. Staff sanitized their arms and hands with 
chlorhexidine and 70% alcohol, and used dedicated 
clothing in the laboratory. Powder-free latex gloves were 
used when handling animals, enclosures, or equipment. 
We disinfected all equipment that entered the laboratory 
with sodium hypochlorite.

Two different sizes of terrariums were used (30 x 30 
x 45 cm and 45 x 45 x 60 cm) with no substrate (Fig. 
2a) since this species is not associated with floor litter 
in nature. Water was provided ad libitum in flat pots and 

plastic cups with submerged plants for refuge (Fig. 2b). 
For adults, tadpoles, and eggs we used tap water filtered 
with activated carbon to reduce chlorine. The water 
quality presented pH levels of ~7.2, 80 ppm alkalinity, 
0 mg/L of ammonia, and 0 mg/L of nitrite. The water 
temperature was not measured.

The population density of the founders in each 
terrarium varied during the study period from 2 to 10 
frogs. We fed the animals with pinhead-sized crickets 
(Gryllus sp.) dusted with Repashy Superfoods Calcium 
Plus ICB® vitamins twice per week directly on the 
terrarium floor. Artificial heat or cooling sources were 
not provided to the laboratory since São Paulo Zoo 
facilities are located within an Atlantic Forest fragment, 
the same morphoclimatic domain of S. alcatraz. Average 
air temperature was 21.3 ± 2.6 °C (10.2–30.4 °C), and 
relative air humidity was 71.4 ± 4.8% (25–97%). As 
the exposure to radiation in nature is unknown for this 
species, we decided to be conservative, and provided 
animals with only six hours per week of UVB lighting 
with an Exo Terra® Repti Glo 2.0 compact fluorescent 
bulb (20 watts), since this sort of radiation has proven 
to be important in the synthesis of vitamin D3 for 
amphibians (Michaels et al. 2014a). The natural light 
that came through the window dictated the laboratory’s 
photoperiod.

To stimulate the 2011 founders to breed, and given 
that there is no information on the natural breeding 
trigger regime for S. alcatraz, we used the same strategy 
applied to the surrogate species S. perpusillus. The 
technique consisted of utilizing an ultra-sonic fogger 
on the terrariums to increase the night-time humidity 
(see Lisboa and Vaz 2012) every other night for 33 
days between December 2011 and January 2012. This 
procedure was not applied to the 2013 founders since 

Fig. 2. Laboratory colony of Scinax alcatraz at Sao Paulo Zoo. a) Aquariums for maintanance of juveniles and adults. b) 
Plastic cups with filtered water and submerged plants for refuge. Photos by Cybele Lisboa.
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they started reproducing spontaneously without artificial 
stimulus. Breeding information was collected from the 
captive-born group which started reproducing without 
artificial stimulus. The term “breeding events” was 
used for clutches found on the same day, in the same 
terrarium, due to the fact that some terrariums had more 
than one female and it was not possible to identify which 
one laid the eggs. We only kept 12 clutches from all the 
breeding events, which were enough to generate frogs 
to constitute a controlled ex situ population and for 
research and educational purposes.

When females deposited eggs in the water of the 
plastic cups we transferred the cups to an empty 
terrarium and monitored these eggs until they hatched. 
Subsequently, we transferred the tadpoles to plastic 
round containers (1.3 L; maximum of 30 tadpoles per 
container) with no substrate and containing 3–4 cm of 
filtered water (Fig. 3).

Tadpole feeding began the day after hatching and 
they were fed daily with Alcon® Spirulina Flakes. After 
metamorphosis, froglets were maintained in groups of 
four to seven individuals in plastic round containers (1.3 
L), with a small pot of filtered water and no substrate, 
for 30 days. Subsequently, we transferred the groups of 
froglets to terrariums similar to those used for the adults 
(with 6 to 14 individuals per aquarium). Measurements 
of 10 eggs (diameter), nine tadpoles (body and tail 
length), and 97 froglets (snout-vent length) were taken 
using a digital caliper (0.01 mm).

Data analyses. The data were expressed as mean ± 
SD. Multiple Linear Regression based on Pearson’s 
Correlation Coefficient (r) was performed to assess 
whether breeding events were correlated with 
environmental conditions (air temperature and relative 
humidity), based on data obtained from August 2013 
(when the captive-born group began to reproduce) until 
December 2017 (53 months). The total of breeding events 
for the three groups (2011 founders, 2013 founders, and 
captive-born) occurring each month was considered 
and tested for correlations with monthly average air 
temperature and relative humidity. We also verified 
which ranges of relative humidity and temperature 
were optimal, comparing the number of breeding events 
that occurred between 60 and 69% relative humidity 
with those between 70 and 80%, and up to 22 °C with 
those above this temperature. Analyses were performed 
using the software Past 2.17 (Hammer et al. 2001) with 
significance set at the 0.05 confidence level.

Results

Captive breeding. The first breeding event of the 2011 
founders occurred in January 2012, after three months in 
captivity and 33 days of the fogger stimulus. The second 
breeding event for this group occurred in July 2013. After 
that, the 2011 founders began to breed frequently (Fig. 4), 

without the fogger stimulus. The first breeding event of the 
2013 founders occurred in July 2014, after nine months in 
captivity without fogger stimulus. In total, we recorded 88 
breeding events with 7,743 eggs from the 2011 founders, 
and 37 events with 2,494 eggs from the 2013 founders 
(Table 1). From the 2011 and 2013 founders, we kept 
only the clutches from 12 breeding events (1.6% of total) 
through complete development. From these clutches, we 
obtained a total of 1,012 eggs, from which 327 (33%) 
tadpoles hatched and 184 (56%) metamorphosed. From 
the 327 tadpoles, 93 died at different stages immediately 
after water exchange on two different occasions.

Juveniles from the same clutch were kept in groups 
until adulthood when they started to breed. From the 
captive-born frogs, we recorded a total of 609 breeding 
events (37,976 eggs; Table 1), but we did not keep any of 
these clutches until 2018 when we separated siblings and 
paired new groups with animals from different parents. 
Some females laid unfertilized eggs without the presence 
of males in the same enclosure.

Scinax alcatraz laid eggs throughout the year in 
captivity with an average temperature of 20.6 °C ± 2.6 
(13.1–29.5 °C) and relative humidity of 74.4% ± 6.4 
(25–94%). Relative humidity and temperature were not 
correlated (r = 0.08; p = 0.57), but breeding events were 
correlated with both humidity and temperature (r = 0.323; 
p < 0.001). The number of breeding events occurring each 
month were positively related to relative humidity (r = 
0.467; p < 0.001; Fig.5 a), and negatively related to air 
temperature (r = -0.286; p = 0.04; Fig.5 b). More breeding 
events occurred in the range of relative humidity between 
70–80% (N = 611) than between 60–69% (N = 121), and 
at temperatures below 22 °C (N = 517) than above this 
temperature (N = 215; Fig.6).

In terms of life history and sexual maturity, the 
youngest female laying eggs was six months old after 
metamorphosis and the oldest female was 20 months 
old (mean = 12 ± 5 months, N = 5 females). Males were 
observed producing advertisement calls at ages as young 
as three months post-metamorphosis.

Eggs and tadpoles. Eggs were small, black, and 
enveloped in a gelatinous capsule, measuring 1.7 ± 0.06 
mm in diameter (N = 10). The clutch size ranged from 
11–142 eggs (mean = 54.6 ± 35 eggs; N = 18 clutches). 
Females deposited their clutches mainly in water in 
plastic cups with plants (Fig. 3b), but we also discovered 
some eggs scattered throughout the terrarium (walls, 
floor, leaves).

The development of the eggs lasted 6 ± 1 days (4–7 
days; N = 12 clutches) before the tadpoles hatched. The 
body length of tadpoles (stages 25–26; Gosner 1960) was 
2.1 ± 0.2 mm and tail length 4.5 ± 0.1 mm (N = 9). The 
development of tadpoles (Fig. 3c) until metamorphosis 
lasted an average of 84.7 ± 14.1 days (N = 97). The snout-
vent length of post-metamorphic froglets (Fig. 3d) was 
12.5 ± 0.7 mm (N = 107).
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Fig. 3. Breeding of Scinax alcatraz at São Paulo Zoo. a) A pair in amplexus. b) Eggs deposited in the water. c) Maintanance of 
tadpoles in plastic pots with filtered water. d) Post-metamorph individuals (SVL x̄=12.49 mm). Photos by Cybele Lisboa.

Fig. 4. Frequency of the founder Scinax alcatraz breeding events from 2012 to 2017.

a b

c d



 284   Amphib. Reptile Conserv. December 2021 | Volume 15 | Number 2 | e293

Captive breeding program for Scinax alcatraz

Mortality. Of the 2011 founders, one female and two 
males died on the first day after collection. Two other 
males died a few years later (in July 2013 and May 
2017). As of the current date (December 2021), two 
females and four males from the 2011 founders group are 
living. From the 2013 founders, two individuals died in 
June 2014, and one in July 2015.

From the 184 captive-born frogs, 58 died during 
the period of this study (ages ranging from one month 
to five years) and 15 were used for research purposes. 
In December 2017, the captive-born group comprised 
111 adult frogs (19 males, 85 females, and seven sex-
unknown).

Discussion

The maintenance and reproduction of Scinax alcatraz in 
captivity have proven to be very successful. Our results 
showed that within only three months in captivity, the 
founders started to breed. The skills acquired during the 
pilot study (Lisboa and Vaz 2012) using S. perpusillus 
as a surrogate species accelerated the results obtained 
for S. alcatraz. The use of a non-threatened surrogate to 
develop amphibian maintenance and breeding protocols 
is recommended in the absence of data on a target species 
(Michaels et al. 2014b). This is especially important 
for those species with specific ecological requirements 
(Crump and Grow 2007), as with S. alcatraz. Wild 

populations of threatened species are usually small 
and have limited geographic ranges (McGowan et al. 
2017), and the surrogate approach is extremely helpful 
to develop adequate skills and experience before the 
acquisition of target founder specimens (Michaels et al. 
2014b), which may prevent the loss of these specimens 
and reduce routine difficulties with captive maintenance.

We consider S. perpusillus as an appropriate 
surrogate species for S. alcatraz. However, other studies 
have shown limitations in using the surrogate species 
approach (Michaels et al. 2015, 2016), since even closely 
related species with similar husbandry have specific 
requirements for survival and reproduction (Michaels 
et al. 2015). Therefore, we highlight the importance of 
making the correct determination of whether the selected 
surrogate species is the most suitable one, considering 
existing knowledge, mainly about native climate and 
microhabitat selection (Michaels et al. 2016), for both 
surrogate and target species.

Captive breeding and reproductive biology. As 
observed with S. perpusillus (Lisboa and Vaz 2012), the 
high humidity produced by a fogger stimulated breeding 
activity in S. alcatraz and after a period in captivity this 
stimulus was no longer necessary. The captive population 
of S. alcatraz does not show a marked breeding season 
and lays eggs throughout the year. In contrast, wild 
reproductive activity of S. alcatraz seems to be more 

 Groups Number of breeding events Total eggs
2011 Founders (N = 8) 88 7,743
2013 Founders (N = 9) 37 2,494
Captive-born (N = 148) 609 37,976
Total 737 48,213

Table 1. Breeding events of Scinax alcatraz from individuals collected in the wild (2011 and 2013 founders) 
and by captive-born individuals, which occurred at Sao Paulo Zoo from 2012 to 2017.  

Fig. 5. Correlation between breeding events of Scinax alcatraz and environmental conditions (a) relative humidity and (b) air tem-
perature from August 2013 to December 2017. Pearson product-moment Correlation Coefficient: r = 0.323; p < 0.001; N = 732.
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within expected standards, but we did not measure any 
other parameters that could also be toxic. Therefore, 
the cause of the high mortality of tadpoles remains 
uncertain. In conclusion, we consider it necessary to 
determine the parameters of water in which tadpoles 
develop in nature, to adjust the water in captivity and 
improve the survivorship rate (Poole and Grow 2012).

Lifespan. Currently, six individuals of the 2011 founders 
group remain alive so they are at least ten years old. 
The mean longevity for anurans is 8.4 years and it is 
positively correlated with body size and negatively 
correlated with mean annual temperature (Stark and 
Meiri 2018). Scinax alcatraz shows that a small species 
(~23–28 mm; Brasileiro 2008) can potentially live more 
than one decade, indicating a relatively long lifespan 
for a small and tropical amphibian species. However, it 
is relevant to highlight that captive amphibians live, in 
general, 17% longer than their wild counterparts (Stark 
and Meiri 2018).

Fifteen of the captive-born individuals reached the age 
of eight years old in 2020. During this study, the mortality 
rate of specimens after metamorphosis was 31.5%, and 
they died individually, not in groups. The cause of death 
for most of them was inconclusive and their age varied 
from froglets to adults at the time of death.

The future of the program. During the development of 
the ex situ conservation program for S. alcatraz, in situ 
actions occurred in parallel by the Brazilian Government. 
Ilha dos Alcatrazes became a protected area in 2016 
(Brasil 2016) and the bombing practice by the Navy 
was discontinued at the beginning of 2013. Nonetheless, 
the limited occurrence area of S. alcatraz on the island 
still demands the maintenance of a safe population in 
captivity (McGowan et al. 2017; Murray et al. 2017).

The wild population of S. alcatraz is abundant and 

concentrated between October and April, during the rainy 
season (Brasileiro 2008). In our findings, the correlation 
between relative humidity, air temperature, and number 
of breeding events suggests that high relative humidity 
(between 70–80%) associated with temperatures below 
22 °C are indicators of suitable conditions for breeding 
in S. alcatraz.

Although S. alcatraz is a bromeligenous species 
(Brasileiro 2008), i.e., eggs and tadpoles develop in 
the water of bromeliads (reproductive mode 6, Haddad 
and Prado 2005), the presence of these plants were not 
essential for breeding in captivity. In fact, the most 
important factor for the reproduction of S. alcatraz is 
the availability of water, and we simply provided it in 
captivity with the supply of water pots, which replaced 
the bromeliads and ensured an ideal environment for the 
development of tadpoles.

The clutch size in captivity (up to 142 eggs) is a 
much larger number than recorded in the field, on 
average four to seven eggs (Brasileiro 2008). The 
difference may be due to the difficulty of making 
accurate counts in bromeliads under wild conditions, 
by the high predation rate of eggs in the wild, and/
or by the size of the water pool available (water pots 
vs. bromeliad axil). Other species of the S. perpusillus 
group distribute eggs of one clutch among multiple 
bromeliad leaf-tanks by depositing a small number of 
eggs in each tank (Alves-Silva and Silva 2009), since 
there are insufficient resources in each leaf-tank to 
support a large number of tadpoles (Lehtinen 2004). 
Thus, S. alcatraz probably exhibits the same behavior, 
indicating that the clutch size recorded in nature may 
refer to only part of the entire clutch deposited among 
possibly many different leaves and bromeliads during 
one reproductive event. In captivity, clutches were 
found both shared among pots and aggregated in one 
portion, and it was common to find eggs scattered 
around the aquarium. As we offered only two or three 
pots per enclosure, less than the number of tanks found 
in a bromeliad, and with more water, this could explain 
the higher aggregation of eggs in each pot compared 
with wild conditions.

The high egg/embryo and tadpole mortality 
rates (67% and 47%, respectively) should be better 
investigated to promote improvements in husbandry 
of S. alcatraz in the future. One possible explanation 
may be the presence of unfertilized eggs, as they 
were included in the total count. However, this 
observation must be analyzed with caution because 
the exact numbers of fertilized and unfertilized 
eggs were not known. Another explanation could be 
the water conditions, since the two massive tadpole 
mortalities reported in 2014 occurred after water 
exchange, suggesting some possible toxicity in 
the water, including the observation of shuddering 
behavior of tadpoles before they died. The simple 
parameters like pH, chlorine, and ammonia were 

Fig. 6. Range of environmental conditions (relative humidity 
and air temperature) most favorable for reproduction of Scinax 
alcatraz in captivity.
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stable (Brasileiro 2008), therefore the release of captive-
bred individuals is not necessary at the present time. 
Due to this, we usually discard most new clutches to 
avoid overpopulation in captivity. As this species breeds 
easily in captivity and generates numerous offspring, 
we are conducting several scientific studies to improve 
our knowledge of the behavior, physiology, and disease 
resistance that can be used to conserve S. alcatraz in 
nature as well as other species, and thus avoid the need 
to collect additional specimens from the wild. The 
maintenance of a captive population allows long-term 
studies to be conducted, which is important because the 
access and logistics for working on Ilha dos Alcatrazes 
depend largely on appropriate sea conditions for 
navigation and landing, which hinders or even prevents 
long term studies in nature.

Another opportunity that has been provided by the 
program is the development of educational actions. The 
São Paulo Zoo receives about 1.5 million visitors per 
year, making it a great place to share information about 
the biology and conservation of amphibians, using S. 
alcatraz as a flagship species. Brazilian zoos and citizens 
are usually unaware of the importance of preserving 
amphibians, so an exclusive educational space has been 
created to exhibit some captive-born individuals of S. 
alcatraz (Rancura and Lisboa 2016) and educate the 
public.

Conclusions

At least to our knowledge, this was the first ex situ 
conservation initiative for an amphibian in Brazil, 
which has now guaranteed an assurance population of 
Scinax alcatraz at the São Paulo Zoo. From a practical 
perspective, numerous offspring can be produced if there 
is a need to reintroduce this species back to the wild. 
This captive population has shown great potential for 
amphibian conservation research since the species is 
very prolific. Finally, the use of a protocol developed 
with a surrogate species was very useful for the results 
achieved in the captive breeding program of S. alcatraz.
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