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Passive acoustic monitoring protocol reveals new occurrence
data for Eleutherodactylus bartonsmithi Schwartz, 1960 in
eastern Cuba

Mariam Curbelo Cruz'**, Sergio L. del Castillo Dominguez®, Leandro Galano Machado?, and
Roberto Alonso Bosch!

Populations of amphibians are vanishing worldwide,
and with approximately 40.7% of species classified
as Threatened, Endangered, or Critically Endangered
they are the most threatened vertebrate group (Re:
wild, Synchronicity Earth, IUCN SSC Amphibian
Specialist Group, 2023). Causes of population declines
include habitat loss and fragmentation, climate change,
introduced species, illegal trade, and emergent diseases,
including some or all in synergism (Blaustein et al.,
2011; Ford et al., 2020; Pabijan et al., 2020; Luedtke
et al., 2023). Many specific ecological requirements of
amphibians make them increasingly vulnerable to these
causes. On neotropical islands, high endemism and
a limited range make species particularly vulnerable
compared to continental areas (Lodge, 1993; Pitta et al.,
2013; Hedges et al., 2018).

Cuba is an island with at least 71 species of frogs and
toads, 94% of which are endemic (Alonso Bosch and
Garcia Padron, 2017; Diaz et al., 2023) and nearly 70%
ofthem are threatened (IUCN SSC Amphibian Specialist
Group, 2023). Consequently, the need for non-invasive
methodologies for studying these populations arises
and, in the case of frogs, their calling activity is useful
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for population detection and monitoring (Benfer, 2017;
Teixeira et al., 2019; Desjonqueéres et al., 2020). Passive
acoustic monitoring (PAM) enables the simultaneous
study of diverse species across temporal and spatial
scales, including hard-to-access habitats. It also provides
insights into ecological processes and sound-related
disturbances, making it a versatile tool for studying
ecosystems (Ross et al., 2023). Additionally, it is more
effective than observer-based surveys in detecting vocal
and cryptic species (Hoefer et al., 2023).

In this study, we focus on the Critically Endangered
Barton’s Robber Frog, Eleutherodactylus bartonsmithi
Schwartz, 1960, which has an extremely restricted range
around the canyon of the Rio Yumuri in the Guantanamo
Province, southeastern Cuba (Rodriguez, 2012; Rivalta
et al., 2014). Individuals of this species have been
collected only at its type locality, where advertisement
calls of males were also recorded (Alonso Bosch et al.,
2007; Diaz and Cadiz, 2007, 2008). Although the species
occurs in protected areas, habitat modification appears
to be the principal threat to its survival. In October 2016,
the area was severely affected by Hurricane Matthew
(Stewart, 2017), and following this natural disturbance,
human rebuilding caused considerable land movement,
and a 4.5-km paved road was constructed modifying the
forest.

Eleutherodactylus bartonsmithi was reassessed by
the International Union for Conservation of Nature
(IUCN) in 2020 (IUCN SSC Amphibian Specialist
Group, 2023), and the updated Extent of Occurrence
(EOO) of the species included a new locality at 7.5
km from the type locality, in the vicinity of Pozo Azul
(A. Rodriguez, pers. comm.). The EOO currently is 21
km?, but there is no evidence that the species occurs
throughout the entire EOO area. According to the
IUCN SSC Amphibian Specialist Group (2023) and
using a conservative approach, the species is listed as
Critically Endangered under criterion Blab(iii). Herein,



1022

we provide new records for the species based on a PAM
protocol, allowing us to confirm that the population
inhabits not only the vicinity of Pozo Azul but other
localities outside of its presumed EOO.

Materials and Methods

Study Area. The study area comprises part of two
protected areas, the Protected Landscape ‘Maisi-
Yumuri’ and the Outstanding Natural Element ‘Cafion
de Yumuri’, between Maisi and Baracoa Municipalities,
Guantanamo Province, southeastern Cuba (Fig. 1). The
landscape is composed of plains and plateaus between
moderately and weakly modified limestone rocks. At
least 15 species of frogs have been recorded in this
region (Rivalta et al., 2014), and 12 of them have been
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listed as threatened on the [IUCN Red List.

Calls of E. bartonsmithi. Alonso Bosch et al. (2007)
provided the first data about the acoustic behaviour of
E. bartonsmithi, which consisted of calls emitted by an
adult male from Boca de Yumuri, Guantanamo Province
(Fig. 2A, B). Males of E. bartonsmithi vocalise at dusk
and dawn from perches on tree trunks, branches, and
leaves, at heights of 0.5-3.0 m in the understory; calls
are audible to humans from a distance > 20 m (Alonso
Bosch et al., 2007). Diaz and Cadiz (2007, 2008) offered
the first acoustic characterisation of calls of this species
based on calls produced by six individuals from the
same locality.

Sampling methodology. The known EOO of 21 km’
was subdivided into 200 x 200 m parcels, resulting in 105
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Figure 1. Sites where Eleutherodactylus bartonmithi was heard in southeastern Cuba. Several new sites were identified using

passive acoustic monitoring. Red markers indicate sites where the species was not heard. The inset at upper left shows the position

of the satellite map in eastern Cuba. The bottom right is a male E. bartonsmithi vocalising from a tree branch. Photo by Sergio L.

del Castillo Dominguez.
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parcels. We used a stratified random sampling approach
to select 20 parcels within nine zones characterised
by abrasive-accumulative marine terraces to conduct
passive acoustic monitoring. One AudioMoth remote
recording device (Hill et al., 2019) was deployed in each
parcel. In August 2024, the devices were set to record
continuously for 24 h following a schedule of 58 min
on and 2 min off at medium gain and a sampling rate
of 48 kHz. In October 2024, the same configuration
was used with a modified recording schedule of 10
min on and 5 min off to extend battery life. We placed
two additional devices in an area outside the EOO to
confirm the species’ presence in areas where calls were
heard in August. Finally, elevation data for specific
geographic coordinates were obtained using the Shuttle
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Figure 2. Advertisement calls of Eleutherodactylus

bartonsmithi from southeastern Cuba. (A) Oscillogram and
(B) spectrogram from a sequence of calls of the species from
original recordings of Alonso Bosch et al (2007), provided as
a reference. (C) Spectrogram of a passive acoustic monitoring
recording from Site 5 (Table 1) made at 05:00 h on 9 October
2024. This recording includes overlapping calls of more than
one individual of E. bartonsmithi (framed in the black-dashed
rectangle) but individual calls are clearly visible.
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Radar Topography Mission (SRTM) dataset, which
were processed in QGIS. The Point Sampling Tool was
utilised to extract elevation values. At the 20 sites within
the EOO, we placed an Elitech RC-51H meteorological
sensor to record relative humidity and ambient
temperature every 10 min for the entire duration of the
sampling period.

Recording analyses. We inspected all recordings
made from 04:00-06:00 h after considering the peak
calling activity of the species (Curbelo et al., 2025). If
no activity was detected during this period, we inspected
recordings made from 19:00-20:00 h. Recordings were
labelled and examined using Audacity v3.1.3 (Fig. 2C).

Table 1. Sites (Pt) in Guantanamo Province, southeastern
Cuba, where AudioMoth devices were placed to conduct
Passive  Acoustic Monitoring for  Eleutherodactylus
bartonsmithi in August and October 2024. Coordinates (LAT
(°N) -Latitude; LON (°W)- Longitude), elevation ( Elv (m) ),
mean temperature (Temp (°C)), and mean humidity (RH (%))
at the time of detection (05:00-06:00 h) are provided. The
species was not detected at Sites 6 and 7. Bullets () indicate
missing values. The numbering of localities is the same as in

Figure 1.

Pt LAT(°N) LON(°W) Elv(m) Temp(°C) RH (%)
1 20.3090 74.2688 132 269+1.2 80.7+7.7
2 20.3108 74.2580 115 26.8+2.0 873+63
3 20.3106 74.2546 119 27.1+19 81.1+63
4 20.3055 74.2849 127 26.7+19 89.1+£6.3
5 20.2988 74.2415 122 26.8+2.1 864+7.1
6 20.3058 74.2433 113 26.8+2.1 864+74
7 20.3108 74.2432 95 269+2.1 86.7+5.7
8 20.3087 74.2364 96 27.0+2.1 85.1+£6.6
9 20.3060 74.2274 51 26.1+13 91.6+79
10 20.3083 74.2238 28 265+14 89.1+8.5
11 20.30902 74.2227 15 26.1+1.6 89.5+6.6
12 203138 74.2272 13 26.0+1.2 92.7+£59
13 203036 74.2686 174 248+12 954+5.0
14 20.3034 74.2597 167 249+12 944+45
15 20.29804 74.2485 173 248+ 1.1 94.7+£3.6
16 20.2944 74.2471 174 248+12 95.0+4.6
17 20.2930 74.2962 218 24.6+09 944+20
18  20.2806 74.2892 93 25.0+0.8 974+2.1
19 20.2803 74.2867 179 2514+1.0 96.5£2.6
20 20.3037 74.2732 172 249+12 944+48
21 20.2696 74.2997 45 . .

22 20.2946 74.3040 84 . .
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Results and Discussion

In August 2024 we obtained 775 h of audio
recordings, an average of 38.7 h per device, while in
October 2024 we recorded 1161 h with an average of
57.9 h per device. Eleutherodactylus bartonsmithi was
detected in 20 new sites (Fig. 1; Table 1), confirming
its presence near Pozo Azul (Site 12) and including two
areas that extend the species’ EOO (Sites 21 and 22).
Given that the advertisement call of £. bartonsmithi was
comprehensively described by Diaz and Cadiz (2008),
we were confident that our automatic recorders could
effectively capture them and that we could recognise
them. AudioMoth devices have previously been used
successfully to monitor arboreal Eleutherodactylus
species in Puerto Rico (Lopez-Hernandez and Puente-
Rolén, 2021). This prior knowledge assured us that the
data collected would be sufficient to establish a reliable
monitoring program, as recommended by Hoefer et al.
(2023).

Using PAM proved to be highly effective for
detecting the presence of E. bartonsmithi males and
reducing sampling effort. However, it is important
to note that the methodology has certain limitations,
particularly its inability to detect females, as they are
currently understood to be non-vocal (Ross et al.,
2023). Additionally, battery life constrains recording
for extended periods (Ross et al., 2023; Teixeira et al.,
2024). However, by modifying our recording schedule
and switching from alkaline to lithium batteries during
October 2024, we extended our recording period to 3
days, enabling a more robust assessment of the species.

The new distributional records have important
conservation implications because E. bartonsmithi can
now be included in the management plan for the Maisi-
Yumuri Protected Landscape, where its presence had
not been reported before. Two findings stand out in this
study: (1) The new records of E. bartonsmithi allow for
developing ecological niche models to identify other
suitable areas where the species might thrive but is
currently unknown to occur; and (2) PAM methodology
offers a scalable solution for monitoring other critically
endangered species that vocalise, including birds and
mammals.
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