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INTRODUCTION
Successful conservation requires collaboration and specialised knowledge. This project has
brought together international institutions and experts to help conserve the Variable
Harlequin Toad, Atelopus varius. Importantly, this project provides a welcomed opportunity
for collaboration between the University of Manchester, The University of Panama and The
Panama Wildlife Conservation Charity (PWCC) to facilitate joint international conservation
work. The project aims to support the conservation of the species whilst fully involving and
supporting the local community living within the Santa Fe National Park. To this end, the
project, which involves establishing an ex-situ back up population in Manchester, has also
developed important in-situ related programmes: delivering amphibian conservation focused
environmental education workshops in local community schools in Santa Fe; developing an
annual local Harlequin Toad Festival (funded by PWCC); and fully involving members of the
local community in conservation research, monitoring the wild A varius where they occur.

!
Amphibian populations are suffering worldwide with 41% threatened with extinction (IUCN,
2020a), and since the early 1970’s some 200 anuran species are thought to have become
extinct (Alroy, 2015). The decline of Atelopus species has been widely reported, and their

restricted ranges and habitat make them highly vulnerable to Batrachochytrium
dendrobatidis (Bd), which causes lethal chytridiomycosis (chytrid) in their amphibian hosts.
As a direct result of Bd infection, Harlequin toads (Atelopus) are believed to have declined
by more than 80% across their former range of Costa Rica, Panama, and Colombia, and this
species is currently recognised by the IUCN as Critically Endangered.

Atelopus varius started to disappear from Panama in 1988. In less that 20 years many
known populations completely disappeared. Some have recently been rediscovered, with
the largest Panamanian population still found to be highly susceptible to chytridiomycosis
(Lewis et al., 2019). Another small, apparently distinct population, has also been found
situated in the Santa Fe National Park of Panama. However, with the construction of a new
highway through the park and the unknown impact this may have on the toad population it
appears that the future for this population, as with others, maybe hanging in the balance. As
we need to understand how threats may soon undermine these populations and develop
measures to help protect them, this dedicated monitoring programme to obtain relevant
baseline data is of critical importance.
CONSERVATION RESEARCH: The monitoring programme
Without information obtained from the monitoring programme, observed changes or impacts
cannot be accurately understood or measured. Previous studies on this species in Santa Fe
before the rapid declines from chytridiomycosis report densities of about 4-6 A. varius per
30-40m (Cocroft, 1990) but few observations have been made on the wild populations there
since (Hertz et al., 2012; Perez et al., 2014; Elizondo, 2017).
The overall aim of the monitoring programme for A. varius in the Sante Fe National Park is
to inform a consistent future conservation management strategy for the species at this
specific location. The strategy employed will be informed by population monitoring and a
combination of data arising from environmental (biotic and abiotic factors), and behavioural
(e.g. movements, interactions, reproductive activity) observations. This will facilitate an
proper understanding of population dynamics and viability, identify key habitat requirements,
and how environmental changes may effect behaviour. Atelopus individuals are thought to
be either sedentary, exhibiting site fidelity, or transient, moving unknown distances away
from their initial capture site. Male-male aggression intensifies during the mating season,
which is roughly from August to December, and male and female A. varius are also known to
both defend a certain level of territory along streams under some conditions (Crump, 1986;
1988). However, much further work is required to understand how movement and
territoriality in Atelopus may be influenced by seasonal environmental changes. Consistent
and detailed monitoring of the A varius population in Santa Fe will allow for an accurate
estimation of the population size in that area but will also facilitate an important investigation
into how far individuals move and whether environmental variables have any influence on
such movement. However, it will take time to obtain an appropriate level of baseline data in
order to account for seasonal or other fluctuations. GIS constitutes an essential component
in the study, allowing for the presentation and spatial analysis of the collected data.

The monitoring being conducted fully involves members of the local community in the survey
work, and training them in scientific techniques is key to involving them as co-researchers
and harnessing their interest in helping conserve the species. Although the monitoring
programme has only just been initiated (January - March 2020) it is already making it
possible to answer some key questions. Other questions relating to behavioural interactions,
reproductive success, and dispersal activity, will be able to be answered with further data
collection. All will have a bearing on the feasibility and efficacy of conservation measures
required for supporting this population and the continued collection of baseline data will be
critical in answering questions relating to :
•

Estimation of population size, within the given section study area

•

Movement patterns of adult toads (immigration/emigration)

•

Habitat preferences in relation to environmental conditions

•

Levels of recruitment/ age of individuals within the population

•

If levels of recruitment are (i) appropriate (ii) sustainable

•

Survival rates and longevity of individuals

•

How future population numbers in specific area will compare in the future

•

Understanding growth rates, link to ecological and behavioural data to assess
current status at the site.

•

Understand population dynamics, including population range and movements, and
requirements for successful reproductive activity.

From January 2020, the long-term capture/photograph/recapture study is providing an
increasing level of important data: All harlequin toads encountered along the designated
stream transect (~350m long) on a monthly basis are being photographed, (dorsally and
ventrally), and assigned an identification number (see Appendix for all toad ID’s). The
photographic ID provides a visual record of each frog for subsequent identification.
Additional 'update' photographs are taken at the next encounter to provide a record of the
relationship between individuals and the collected data also includes the GPS waypoint of
each encountered frog. Through standardised placement of 6 data loggers (Blue maestro) along
the transect, air temperature, humidity information is obtained; These data provides cumulative
information on individual toads (e.g. range, movement patterns), and will increase our
understanding of behavioural activity and ecological requirements. The data is collected by a
team of 3 researchers, led on a monthly basis by Dr Eric Flores, herpetologist and in-situ project
manager, and two members of the community, who act as valuable co-researchers. The work is
supported with funds raised by Manchester Museum. Data is sent back to Manchester Museum
on a monthly basis for analysis by project student Anna Davison, whose work constitutes the
findings in this report. However, the restrictions in place to control COVID-19 have made
fieldwork unfeasible and therefore limit the dataset to only the first three months at this time.

EARLY RESULTS

At this preliminary stage of the survey there is a pronounced sex bias with 14 out of the 15
toads collected being male. There was a steady decrease in the number of toads caught per
survey with 8 specimens found during the survey in January (1), 6 during the survey in
February (2) and 5 during the survey in March (3). Of the toads caught, 4 were recaptured
during the study, all of which were initially caught in survey 1. With regards the movement of
these, the furthest was by toad no 5 (which moved upstream ~90m north-east) followed by
toad no 2 (~30m north-east), toad no 4 (~25m north) and toad no 6 (~10m south-west).

Current total A. varius found in surveys until March 2020. Numbers represent toad IDs
(blue spot top left represents 2 specimens found at same location during February’s survey).

Other data analysis suggest interesting trends, such as the clustering of individuals towards
the north-east of the stream transect which corresponds with slightly wetter and cooler
conditions (see figs at end of report). Considering that this project has only a fraction of the
data it is aiming to collect, the observation of such a clear relationship between the toad
distribution and cooler, wetter conditions is promising for future research. However, the
differences in the environmental variables across the transect are very small and more data
from the rest of the year will have to be consulted in order to determine whether this is the
reason for the clustering.

Further observations in the field will also be invaluable in determining the reason for this
clustering of individuals to the north-east. Recording the vegetation cover and the presence
of small waterfalls or areas of more turbulent water could contribute to explaining the higher
humidity in this region. However, these features could also prove to be in themselves
explanatory for the distribution of A. varius and the change in climate only a secondary
feature of the changes in habitat.
The continued discovery of new individuals is also promising as it suggests the population is
larger than what has already been discovered. However, the lack of females found, and the
low number of recaptures so far testifies to the difficulty in detecting these toads. Further
research will be required to both better estimate the population number of A. varius along
this stream and to determine whether the distribution and movements of females are
different to those of males. So far the movements of the recaptured frogs appear to
contradict those seen in Crump (1986) as all individuals moved more than 1.5m, with one
individual moving over 90m, or they were not re-found. There is no evidence of the site
fidelity Crump (1986) describes in her paper so far but this could be due to A. varius going
undetected rather than migrating outside the transect area.
Although restricted by the COVID-19 pandemic around the time of the monitoring launch,
this project is already yielding interesting and contrasting results to previous work on the
species. The A. varius in this project appear to be moving further than those studied in other
projects and have a significant association with cooler and wetter conditions. Further data is
required to strengthen these results but it is clear that there is much to be gained from
pursuing this research. Further information, combined with adaptive management, is key to
forming the basis of the strategic conservation action plan for Santa Fe’s harlequin toads so
we understand it is imperative this initial work resumes as soon as possible and are highly
motivated by that prospect.
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Appendix 1 – Table containing dorsal and ventral images of each toad alongside its
ID, sex and the surveys during which it was found.
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