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The Caatinga is a semiarid region of
northeastern Brazil characterized by high solar
radiation, high annual average temperatures, and
scarce to irregular rainfall (Prado 2003). Because
amphibians have permeable skin, they are
sensitive to water loss, and their larvae usually
are dependent on access to bodies of water
(Wygoda 1984). Given these biotic and abiotic
conditions, many anurans are endemic to the
Caatinga (Napoli et al. 2011, Cavalcanti et al.
2014). It follows that most anurans occurring in
the seemingly unfavorable conditions of the
Caatinga have mechanisms to protect themselves
from desiccation in the surface soil (Prado 2003,
Navas et al. 2004). Anurans employ three main
strategies to avoid drying effects of the surface
soil; they can burrow deep in the soil, accumulate
urea in body fluids, and form cocoons
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(Shoemaker et al. 1969, Shoemaker 1988,
Cartledge et al. 2006, Reynolds et al. 2010).
Typically, most Caatinga anurans also have
additional adaptations. For example, in
Proceratophrys cristiceps (Miiller, 1884 “1883”)
and Corythomantis greeningi Boulenger, 1896,
the dermal layer of the skin is calcified (co-
ossified with the deeper bone), a cutaneous
adaptation that reduces evaporative water loss;
similarly, lipid secretion glands prevent
desiccation in  Pithecopus hypochondrialis
(Daudin, 1800) (Navas et al. 2004). Other
species, such as Pleurodema diplolister (Peters,
1870) and Physalaemus spp. that lack both
cutaneous adaptations and a deep dormant state,
are found hiding but attentive. Finally, some
non-aestivating anurans, such as in Rhinella
spp., have behavioral adaptations to cope with
dehydration; in these toads, activity is
opportunistic and the anurans retreat to shelter
when the soil becomes too dry. This behavior is
particularly evident in juvenile toads (Navas et
al. 2004).
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Leptodactylus fuscus (Schneider, 1799) is a
small frog (adults reaching 60 mm SVL)
occurring from Panama, through South America
east of the Andes to Argentina, from seal level
up to 1700 m a.s.l. (Heyer 1978). However,
genetic evidence indicates that there are several
cryptic species within L. fuscus (Camargo et al.
2006). This frog is terrestrial and nocturnal, and
can be found in savannas, pastures, marshes,
degraded forests, and urban environments. It is
common in the Caatinga in various habitats,
even in highly modified environments (Vieira et
al. 2007). Male L. fuscus begin to vocalize at the
beginning of the rainy season and reproduction
occurs in small burrows near temporary or
permanent ponds (Lucas ef al. 2008, Ribeiro et
al. 2013). Herein, we report aestivation with
formation of cocoon in L. fuscus from a semiarid
region of northeastern Brazil, a finding that has
not been previously reported in Leptodactylidae.

During a period of heavy drought in 2015,
faunal rescue activities were conducted by
personnel from the Centro de Conservagdo e
Manejo de Fauna da Caatinga (CEMAFAUNA)
in conjunction with Project to Integrate the Rio
Sdo Francisco (PISF) with the hydrographic
basins of northern northeast Brazil. On 13
November 2015, an aestivated L. fuscus was
collected in the municipality of Sao José de
Piranhas in the state of Paraiba (Boa Vista
Reservoir; 07°05'53.4" S, 38°36'43.6" W). This
area lies in the Sertdo Paraibano mesoregion,
which exhibits a hot semiarid climate (BSh),
according to the Koppen climate classification
system. Average temperatures in the region
range from 26-28°C and the average annual
rainfall is between 500 and 800 mm; the
predominant vegetation is hyperxerophillic,
shrubby-arboreal, characteristic of Caatinga
sensu stricto (Velloso et al. 2002, Prado 2003).

The frog was found after a backhoe loader
had excavated the soil from a site where the
vegetation previously had been removed for
construction of the Boa Vista Reservoir, and
about 700 m from a temporary pond. The soil at
this site had a superficial layer of decomposing

wood, and the frog was found at approximately
100-150 cm depth. On examination of the frog,
we observed that the skin was modified and
resembled a cocoon. The cocoon had an opening
in the rostral region and a viscous liquid inside
(Figure 1). After 5 min, the frog left the resting
state and began to breathe more intensely, at
which point the eyes opened and the frog began
to rub itself and perform leaping movements
tried to get rid of the cocoon. The frog was
placed in a closed receptical, where it resumed
its resting state inside the cocoon. After about
1.5 h, the frog was euthanized and deposited,
still in its cocoon, in the Colecdo Herpetoldgica
of the Museu de Fauna da Caatinga (MFCH
4088) at the CEMAFAUNA in Petrolina, in the
state of Pernambuco.

The formation of cocoons from the stratum
corneum is one of the survival strategies
employed by some frog species subject to
adverse conditions of arid and semiarid
ecosystems (Reynols et al. 2011). The cocooned
Leptodactyolus fuscus was discovered during the
dry season when there had been successive days
without rain. This cocoon seems to act as
physical barrier preventing water loss (Reynolds
et al. 2010). Cocoon formation characterizes
various species that live in arid areas of Africa
(pyxicephalid Pyxicephalus adspersus Tschudi,
1838), North America [hylid Smilisca fodiens
(Boulenger, 1882)] (Loveridge and Withers
1981, Ruibal and Hillman 1981), Australia
[limnodynastid Neobatrachus aquilonius Tyler,
Davies, and Martin, 1981; pelodryadids
Ranoidea australis (Gray, 1842); and Cyclorana
platycephala (Giinther, 1873)] (Cartledge et al.
2006, 2008, Tracy et al. 2007), and South
America [ceratophryids Lepidobatrachus llanensis
Reig and Cei, 1963 and Ceratophrys ornata
(Bell, 1843)] (McClanahan et al. 1976, 1983).
Given the distant relationships of these lineages,
it seems likely that ability to form such cocoon
evolved independently in the various groups and
may be more widespread among aestivating
anurans than currently thought (Ruibal and
Hillman 1981, Faivovich et al. 2014). With
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Figure 1. Leptodactylus fuscus from the Caatinga of
northeastern Brazil exhibiting a modified skin
cocoon during aestivation in the dry season.
Dorsal view of the cocoon (A), ventral view
where fluid accumulation is observed (B), and
view of the anterior opening of the cocoon
(C). Photos by lardley Varjao.

regard to ceratophryids, cocoon production is
probably ancestral and remained even in species
that secondarily adapted to humid areas
(Faivovich et al. 2014), such as Ceratophrys
ornata and C. aurita (Raddi, 1823) (Canziani
and Cannata 1980, Bastos and Abe 1998).
Cocoon production in Leptodactylus fuscus
deserves further investigation. In fact, Abe and
Garcia (1990) observed that L. fuscus becomes
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dormant during the dry season in southeastern
Brazil (Atlantic Forest) without formation of
cocoon, but maintains a favorable osmotic
gradient to prevents loss of water to the soil.
Given the characteristics of the Caatinga Biome,
the osmoregulatory process for aestivating
anurans probably is one of the most extreme
physiological challenges for resident anurans in
contrast to anuran osmoregulation in humid
ecosystems (e.g., Atlantic Forest). Because L.
fuscus is widely distributed in Brazil with
suspected cryptic species (Camargo et al. 2000),
we encourage more integrative and comparative
studies to determine the factors involved on the
evolution of aestivation in this assemblage.
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