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Abstract.

Many factors are attributed to homing behaviour in anurans, including the extension of its home range and the
~65°15'58.320" ~65°1521.960" ~65°14'45.600" search for new shelter and/or food. To date, homing behaviour remains poorly understood, especially within
the family Hylidae. A rescue, marking, and translocation project of the endangered frog, Hyloscirtus armatus was
carried out in December 2019, in Sehuencas, Carrasco National Park, Cochabamba, Bolivia. In February 2020,
a marked individual of H. armatus was recaptured, which registered a displacement of more than 1900 meters
between its translocation point to its recapture point. In this study, the homing ability of H. armatus is documented

Figure 1. for the first time, and suggests that homing behaviour in this species is based on authentic navigation.
Study area. (A) rescue zone green dot, (B) translocation
zone red star and (C) recapture zone blue square. 1910 KEYWORDS: BEHAVIOUR, CARRASCO NATIONAL PARK, HYLIDAE, NAVIGATION, YUNGAS.

m of displacement between points B and C.

Introduction amphibians, however, these may be considered either

as a last response, given the potential energy costs,

Amphibians are one of the groups of vertebrates with ~ and/or directly related to the acquisition of new

a sedentary type of behaviour, which results in very =~ resources and the expansion of their range. These

short movements within their daily activities (Wells  types of movements are challenging for individuals,

2007; PaSukonis et al. 2013). Movements of greater  as they must present some ways that allow them to
displacement and duration can also be observed in  return to their original location (Wells 2007).
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According to Duellman & Trueb (1986), homing
behaviour may be due to several factors, such as
home range extension or the search for new shelter,
and/or food. In anurans, studies on homing ability
have been observed in Dendrobatidae (Pasukonis
etal. 2013; Arcila-Perez et al. 2020). However, these
types of studies are scarce for hylid species (see, Acris
crepitans, Pyburn 1958 and Bellis 1959; Dryophytes
arenicolor, Dole 1974; D. andersonii, Freda & Gonzalez
1986 and Pseudacris cadaverina, Kay 1989).

The Armed Treefrog, Hyloscirtus armatus (Boulenger
1902), is an endemic species to the humid cloud forest
(Yungas) in Bolivia and is categorized as Vulnerable
(Ministerio de Medio Ambiente y Aguas 2009).
Hyloscirtus armatus is a robust-bodied species
reaching up to 74.5 mm (snout-vent length). It has
both aquatic and arboreal habits (Reichle & Aguayo
2006), and its distribution includes the Central
Andes in Peru and Bolivia (Reichle & Aguayo 2006;
Catenazzi et al. 2013). In Bolivia, this species has been
recorded in the humid montane forests throughout
the departments of Cochabamba, La Paz, and Santa
Cruz, within an altitudinal range of 1000-2400 meters
(Reichle & Aguayo 2006). Information on the natural
history of H. armatus is quite limited, and nothing is
known about its homing behaviour.

A herpetofauna rescue project was carried out in
the Carrasco National Park, Cochabamba, Bolivia
from September 2019 to November 2021. The
project was executed under the current regulations
for the management of wildlife established by
the Plurinational State of Bolivia (Administrative
Resolution of Ministry of Environment and Water
VMABCCGDF/N2 10). The aim of the rescue project
was to mitigate the negative impact on amphibians
and reptiles present in the study area, due to the
decrease of vegetation cover and alteration of habitats
resulting from the construction of a Hydroelectric
Project. Our study was conducted at the locality of
Sehuencas, Carrasco National Park (Fig. 1), which
belongs to the ecological zone of Bolivian-Peruvian
Yungas (Ibisch & Mérida 2003).

Twenty-eight individuals of the threatened species,
H. armatus (Hylidae) were captured, marked, and
released in a similar area 1910 m from the original
locality (Fig. 1). Surveys were performed during
the day and night in aquatic and terrestrial habitats
(Crump & Scott 1994). All rescue, marking, and
translocation protocols were supervised by officials
of the Carrasco National Park and the Ministry
of Environment and Water (Ministerio de Medio
Ambiente y Agua).

The Visible Implant Elastomer Tags ® commercial
kit (Northwest Marine Technology, Inc. Ben Nevis

Loop Rd Shaw Island, WA, USA) were used for
marking individual frogs.

Elastomer’s preparation (VIE) was performed as
specified by the manufacturer, and inoculation of
the elastomers was carried out on the forelimbs and
hindlimbs of each individual, using a unique colour-
coding through the provided software (Northwest
Marine Technology; http://www.nmt.us/support/
software/viecodes/viecodes.htm) (Fig. 2B and C,
white circle).

The marked individuals were examined by a
veterinarian prior to the translocation process to
avoid any injury or mobility issues. Each individual
was monitored for 24 hours and their photographic
record (dorsally and ventrally), SVL, and weight were
taken.

The translocation of the twenty-eight H. armatus
was carried out according to the activity patterns
and habitat preferences of the rescued species.
The individuals were translocated at Chaquisacha
(17.417786° S, 65.244551° W; elevation 1602 m;
Fig. 1, red star), Carrasco National Park. As part of
the translocation process, biosafety protocols were
followed to avoid any transmission of Batracotrichium
dendrobatidis (Bd), since there are records of this
pathogen in the study area (Barrionuevo et al., 2008).

On December 13, 2019, during the nocturnal
herpetofauna rescue work, an adult female H.
armatus (SVL=722 mm; Fig. 2A) was observed
(17.412058°S, 65.264761°W; elevation 1511 m; Fig. 1)
at 23:02 hours in a mountain stream near Sehuencas,
Carrasco National Park, Cochabamba, Bolivia. This
individual was marked and translocated to a stream
in Chaquisacha (Fig. 1, 1118 meters between the
rescue point and the translocation point) with the
same characteristics as the rescue area, with both
streams being in mountain ravines (Fig. 3 A and B).

On February 9, 2020, during herpetofauna monitoring
work carried out in the rescue areas (17.412058°S,
65.264761°W; elevation 1424 m; Fig. 1), an adult female
H. armatus (710 mm SVL; Fig. 2 A, B, C, and D) was
observed perched on a rock in a stream at 19:58
hours near Chaquisacha, Carrasco National Park (Fig.
3C). At this point, the individual was not collected,
only photographed in situ.

Once the individual was captured, data, such
as SVL and body weight were recorded and dorsal
and ventral photographs were taken. Through
this documentation and review of the captured
individual, the presence of elastomer marks (pink
line) in the left hind limb were observed (Fig. 2 C and
D). This information was verified with the marking
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database. The recaptured specimen corresponded
to an individual that was originally collected and
translocated in December 2019 in Chaquisacha.

According to the database generated from the
translocated marked individuals, the recaptured
individual travelled a distance of 1910 m from the
translocation pointin December 2019 in Chaquisacha
(Fig. 1, red star) to the recapture point documented
in February 2020 (Fig. 1). The distance travelled by
the recaptured individual had an altitude range from
1620 meters at the translocation point (highest point)
to 1370 m at the recapture point (lowest point). Both
points (translocation and recapture) are separated
by a dense cover of mature Yungas secondary forest.
The stream in which the individual was translocated
does not have any known connection within the
hydrographic basin.

The recaptured specimen comes from a different
area from which it was collected. We cannot rule
out another type of orientation as the strategy
responsible for the frog’s return to its original location
(mountain stream). Our data seems to support the
existence of authentic navigation (homing ability) in
H. armatus given the absence of a connection between
the streams. We conclude that the movement likely
occurred through the forest in a straight line, which
is a type of displacement also being documented in
the species (De la Riva. L, pers. comm.).

According to Griffin (1952), what was observed in
H. armatus could be a Type III orientation, in which
the individual exhibits authentic navigation, being
able to return directly to its original location after
being released in an unfamiliar area without recourse
to local landmarks and without any remote sensory
perception of the goal to which it is heading.

Wells (2007), proposed that in species with aquatic
habits (specifically species living in streams) homing
behaviour is due to an adaptive process in this type
of habitat whereby the species can be dragged by the
rising current and easily return to their original place
of origin. This was already observed in members of
the genus Colostethus and in individuals of H. armatus
(Quinteros-Mufioz, pers. obs.).

Wells (2007), also mentioned that recapture rates
in animals released in new localities may be higher
than in those animals that were released in areas close
to their original localities. However, studies carried
out in Dendrobatids (e.g., Andinobates bombetes),
suggest that the ability to move over large distances

may decrease or be minimal at greater translocation
distances (Arcila-Perez et al. 2020).

However, body size in anurans is not a factor that
is directly related to homing capacity. According
to Wells (2007), this ability has been recorded in
large species of hylids and other frogs, registering
displacements between 102 and more than 3000
meters (e.g., Bufo bufo, Heusser 1968; Lithobates
capito Franz et al. 1988). The data reported by the
aforementioned authors concurs with what was
recorded in this work for H. armatus, which is a
record of the greatest displacement (1910 m) known
for the genus Hyloscirtus and for South America.

Navarro-Salcedo etal. (2022), studied the importance
of parental care as a driver of homing capacity in
Ikakogi tayrona (Centrolenidae), demonstrating that
this capacity would be linked to a difference between
the sexes, in which I tayrona males have a greater
homing capacity, achieving displacements of more
than 300 m on their return home.

The results presented here underline that homing
behaviour in amphibians is a very complex behaviour.
In Bolivia, and elsewhere, little is known about
this behaviour and additional studies are needed
to understand the causes and factors affecting
movement patterns between males and females and
how these relate to homing behaviour.
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Figure 2.

(A) Rescued specimen of Hyloscirtus armatus (SVL=722

mm), (B) note the mark (white circle) of elastomers, (C

and D) recapture record, adult female (SVL=720 mm),
note the marks (circle white) of elastomers at the time of
recapture; General view of the areas where the specimen
of Hyloscirtus armatus was rescued (E), translocated (F),

and recaptured (G).
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