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, Hilary Brumberg** and Andrew Whitworth>?

ABSTRACT. As biodiversity declines and climate change causes shifts in species distribution, the knowledge of species’ ecological
needs is vital to conserve biodiversity. On Costa Rica’s Osa Peninsula and its adjacent forests, a rich mosaic of ecosystems hosting
numerous threatened and endemic species, conservationists lack clarity on the basic habitat requirements of the endemic Black-cheeked
Ant-Tanager (Habia atrimaxillaris). Numerous attempts have been made to understand its habitat requirements, resulting in
contradictory conclusions. This study integrates new field data, thousands of community science observations, and comments in
historical literature ranging over 50 years to complement the more localized studies. We explore the species’ habitat requirements, diet,
and distribution in protected areas and biological corridors to better understand the species’ conservation needs and, in doing so,
suggest a strategy to protect the Black-cheeked Ant-Tanager in a changing climate. We illustrate that Black-cheeked Ant-Tanagers
occur in secondary forests, which they also use for foraging and nesting, suggesting that the conservation and restoration of secondary
forests may help protect this range-restricted forest bird, especially through a targeted conservation strategy within biological corridors
to build connectivity with higher elevations.

RESUMEN. A medida que la biodiversidad disminuye y el cambio del clima causa cambios en las distribuciones de las especies, el
conocimiento de las necesidades ecoldgicas de las especies es vital para la conservacion de la biodiversidad. En la peninsula de Osa en
Costa Rica y sus bosques adyacentes, un mosaico diverso de ecosistemas en el cual habitan un alto nimero de especies amenazadas y
endémicas, los conservacionistas no tienen claridad de los requerimientos basicos de habitat de la especie endémica Estrategias de
conservacion resilientes al clima para un ave de bosque endémica, Habia atrimaxillaris. Ha habido muchos intentos para entender sus
requerimientos de habitat, con resultados contradictorios. Este estudio integra nueva informacién de campo, miles de observaciones
de ciencia comunitaria y comentarios en la literatura historica con un rango de mas de 50 afios para complementar los estudios mas
localizados. Exploramos los requerimientos de habitat de la especie, su dieta y la distribucidn en areas protegidas y corredores bioldgicos
con el fin de comprender mejor las necesidades de conservacion de la especie y sugerir una estrategia para proteger a Habia atrimaxillaris
en un clima cambiante. Mostramos que Habia atrimaxillaris ocurre en bosques secundarios, los cuales también usan para forrajear y
anidar, sugiriendo que la conservacion y la restauracion de bosques secundarios puede ayudar a proteger esta especie de ave de bosque
con un rango restringido, especialmente a través de estrategias de conservacion focalizadas dentro de corredores biologicos para
construir conectividad con elevaciones mayores.
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INTRODUCTION areas, and forested corridors have been shown to facilitate

The Black-cheeked Ant-Tanager (Habia atrimaxillaris) is a
species endemic to the Osa Peninsula and adjacent forests of
southwestern Costa Rica, an area that retains wet forest, large
expanses of mangroves, and numerous threatened and endemic
species (Rocha et al. 2006, Lobo et al. 2008, Cornejo et al. 2012).
The region has experienced deforestation, especially conversion
to pastureland, over the past century. In recent decades, however,
forest cover has increased in the Osa, mostly because of forest
regeneration on abandoned pasture lands (Sanchez-Azofeifa et

al. 2002; Furey et al., https://doi.org/10.6084/m9.figshare.19337912.
vl).

In a changing climate, many birds’ ranges are shifting along
elevational gradients (Freeman and Class Freeman 2014,
Freeman et al. 2018). These shifts require bird dispersal to new

dispersal in forest specialist birds (Gillies and St. Clair 2008). In
the context of a sixth mass extinction, biodiversity conservation
efforts are highly important (Ceballos et al. 2020). Conservation
corridors have received increasing focus on the Osa Peninsula,
but in order to devise a strategic, successful corridor system,
conservationists must understand the habitat needs of range-
restricted species. Therefore, better understanding Black-cheeked
Ant-Tanager ecology could improve efforts to conserve this
endemic species, especially since range-restricted forest birds, like
the Black-cheeked Ant-Tanager, tend to be most vulnerable to
climate change (Harris and Pimm 2008). Such an effort may help
protect a host of other species that use the same habitat.

Numerous habitat assessments have yet to lead to consensus on
the requirements of the Black-cheeked Ant-Tanager. One study
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reported that Black-cheeked Ant-Tanagers were restricted to old-
growth forest (including primary forest, mature forest, and old
secondary forest), adding that Black-cheeked Ant-Tanagers avoid
forest edges and do not use young secondary growth or gallery
forest, even when adjacent to closed forest (Cornils et al. 2015).
Other studies have reported that Black-cheeked Ant-Tanagers
prefer mature forest, but also use secondary forest: a report
suggested that Black-cheeked Ant-Tanagers are more abundant
in early successional than late successional forest, but at their
greatest density in primary forest (Leavelle 2013). Another report
suggested that Black-cheeked Ant-Tanagers preferred forest with
closed canopy and forest edge, but speculated that steep terrain
and presence of streams or rivers could be important habitat
characteristics (Jones et al. 2009). One study reported that they
occur in fragmented forest (defined as having < 80% forest cover),
though less densely than in forests with greater cover (Wilson et
al. 2011). Another paper reported that Black-cheeked Ant-
Tanagers had not recolonized one particular site after six years
of reforestation and is a “true forest specialist,” although the
authors find that the species does occur in other secondary forest
sites in the area (Schulze et al. 2019). In fact, Black-cheeked Ant-
Tanager habitat classifications sweep the entire spectrum of forest
types, with one paper including the Black-cheeked Ant-Tanager
on a list of “specialists on early successional vegetation”
(Sandoval et al. 2019). We suggest that combining diverse data
sources from across the geographic range may help resolve some
of the contradictions of these site-restricted surveys.

Because the multiple quantitative assessments of Black-cheeked
Ant-Tanagers have offered few concrete conclusions, we aim to
advance the understanding of Black-cheeked Ant-Tanager
ecology and conservation biology by complementing the existing
surveys and population estimates with observational evidence
from two field seasons, thousands of community science
observations, and reference to historical and anecdotal literature.
This multi-datum and range-wide analysis may allow for a more
complete snapshot of the species’ habitat tolerances. We evaluate
the Black-cheeked Ant-Tanagers habitat requirements and
climate resiliency across a partially protected landscape and suite
of biological corridors in order to advise ongoing conservation
actions (Guillermo 2017, Sistema Nacional de Areas de
Conservacion 2018; Fig. 1, Appendix 3).

METHODS

Black-cheeked Ant-Tanagers were observed anecdotally during
two fields seasons of two weeks each, in June 2017 and June—July
2018. The observer (PBN) documented food sources whenever
possible, along with GPS coordinates, forest type, proximity to
the nearest river, and other data.

Habitat

Lead author PBN noted the forest type of every encounter of a
Black-cheeked Ant-Tanager individual at the Osa Conservation
Campus (formerly known as Piro Biological Station; 8.40388 N,
83.336618 W), managed by the nonprofit organization Osa
Conservation (see Whitworth et al. 2021 for a detailed description
of the site), while walking the entire trail system, on the trails,
with Zeiss Terra ED 8x42 binoculars and listening for
vocalizations. Forest was classified as secondary or mature based
on examination of the surrounding vegetation and confirmed
with Osa Conservation’s forest map (Villalobos and Ramirez, date
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unknown); when the observer was not certain, generally because
the sighting was on or close to the border, the forest type was
classified as “border.” Separately, using the coordinates in Google
Earth, we measured the distance to the nearest river and classified
whether each was within 200 m of a river or in forest edge (whether
of primary or secondary forest). Identifications were made with
visual confirmation, allowing for certainty. We also included
verifiable observations from experienced birders during June and
July 2018. No effort was made to survey habitats proportionally;
rather, we simply gathered as many sightings as possible with the
goal of showing which habitats the Black-cheeked Ant-Tanagers
occurred in.

We searched online for literature on the Black-cheeked Ant-
Tanager for qualitative mention of habitat in studies, books, or
other literature (including historical literature, with a focus on
specific diet or nesting information) in order to develop a
collection of relevant literature. Nesting observations were
included to determine the use of various types of forest by more
than just transient individuals. For this collection of literature
(also referred to in the following diet section), which we used to
more comprehensively understand Black-cheeked Ant-Tanager
habitat needs, we included the following sources: Slud 1964, Willis
1972, Stiles and Skutch 1989, Huber et al. 2008, and Sandoval
and Gallo 2009.

Diet

We compiled information on Black-cheeked Ant-Tanager diet
from a variety of observational sources. PBN collected field
observations of Black-cheeked Ant-Tanagers consuming food at
the Osa Conservation property during the same time range as
described above, by observing the Black-cheeked Ant-Tanagers
for as long as possible (typically, 1-15 minutes per group, but
staying near the trail while following them at a distance of,
generally, about 20 ft) and noting any time that an individual
engaged in an obvious foraging behavior (e.g., sallying for insects,
holding an arthropod in its bill) or eating fruit. This analysis is
not meant to be complete; we recognize that observations of insect
consumption, in particular, may not always have been apparent,
and we do not seek to compare relative consumption. We
incorporated community science data through photos submitted
to the Cornell Lab of Ornithology’s Macaulay Library, in which
PBN viewed each Black-cheeked Ant-Tanager photo submitted
to the library as of 24 January 2021 and noted any time a Black-
cheeked Ant-Tanager was photographed foraging. We also
searched literature on the Black-cheeked Ant-Tanager for
mention of diet in a similar way as described in the previous
section on habitat, and used the same sources collected in the
habitat section.

Spatial analysis

Complementing field observations, 3344 community science
observations of Black-cheeked Ant-Tanagers were drawn from
the eBird database in early 2021, with no date range filter. All
eBird checklists were used, including ones with short observation
periods and from repeated locations, in order to include all data
available. At each of the points (i.e., the location of a checklist
recording a sighting of one or multiple birds) of the 3344
observations where Black-cheeked Ant-Tanagers were recorded
in eBird, land use was extracted in QGIS by using a regional land
use map created in collaboration with NASA DEVELOP
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Fig. 1. (A) Location of the study region, Osa Conservation Area (ACOSA), in Costa Rica. (B) eBird Black-cheeked Ant-Tanager
observations in relation to key protected areas, corridors, and rivers. (C) eBird observations and land use classifications.

(Shrestha et al. 2018; Furey et al., https://doi.org/10.6084/m9.
figshare.19337912.v1). Each of the points was also classified by
whether it fell within a Costa Rican protected area (national park,
forest reserve, or wildlife refuge) or biological corridor, in order
to inform basic analysis on protected area status and connectivity
of Black-cheeked Ant-Tanager occurrence, by using the Digital
Atlas of Costa Rica and SINAC (National System of
Conservation Areas) maps. The observations are likely biased in
frequency by the locations where birders tend to submit checklists
from (as well as a multitude of other sampling effort factors), but
still represent occurrence, if not relative occurrence, in those
habitats.

RESULTS

Habitat

Our field observations consisted of 41 encounters with Black-
cheeked Ant-Tanager individuals. Of these, 27 individuals
occurred in secondary forest (65.9%), seven in primary forest
(17.1%), and seven on the border (17.1%). Of all Black-cheeked
Ant-Tanager observations, 17 individuals occurred in forest edge
(41.5%) and 38 were within 200 m of a river (92.7%).
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The 3344 community science observations of Black-cheeked Ant-
Tanagers drawn from the eBird database represent birds from
across the range, many years, and a wide array of habitats (Fig.
1, Appendix 1). A total of 68.87% (2303) of eBird checklists that
included Black-cheeked Ant-Tanagers were in secondary forest.
Of these, 214 were stationary checklists. In addition, 10.05% (336)
of checklists with Black-cheeked Ant-Tanagers were based in
mature rainforest, 9.54% (319) in grassland, and 8.43% (282) in
exposed/urban areas. Few Black-cheeked Ant-Tanager checklists
occurred in monocultures, such as teak/melina (.27%, or nine)
and oil palm (.39%, or 13).

Anecdotal observations dating back over 50 years provide
another perspective on Black-cheeked Ant-Tanager habitat use,
including for nesting habitat. A description of the Black-cheeked
Ant-Tanager’s nest noted that one was found “at the edge of
secondary forest,” a second “in young secondary forest” 1.5 m
from a river, and a third “at the top of a creek bank inside a
riverside secondary forest” (Sandoval and Gallo 2009). The
authors wrote that, based on the habitat of these nest
observations, “disturbed habitats (e.g., forest edges, secondary
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forest)” are “apparent habitat preferences” (Sandoval and Gallo
2009). Another nest description paper described a nest in a
“primary gorge forest” (Huber et al. 2008). Historical literature
also included mention of Black-cheeked Ant-Tanager habitat.
Willis described the species as tending to inhabit “broken forests
and tall second growth” more than “unbroken™ forest (Willis
1972). In his book about the birds of Costa Rica, Slud described
it as occurring in primary forest, advanced second growth, and
“a little in broken, selectively logged forest” (Slud 1964). Another
book states that Black-cheeked Ant-Tanagers depend on large or
interconnected intact forest (Stiles and Skutch 1989).

Diet

Several observations were made of foraging Black-cheeked Ant-
Tanagers. A Black-cheeked Ant-Tanager was photographed
foraging on the fruit of Carludovica palmata, a member of the
Cyclanthaceae family with pulpy, orange berries common in
degraded and secondary habitat. It had been foraging with a
mixed species flock and calling in sync with other members of the
flock, but became silent and remained perched on a stalk, foraging
on the fruit for an extended period of time while the flock
continued on. The plant was situated in secondary forest, just
three feet from the research station’s clearing. Black-cheeked Ant-
Tanagers were observed on the same species of plant repeatedly,
sometimes foraging in dry leaves at the end of the Carludovica
palmata stalk and often working their way along stalks of similar
plants. Black-cheeked Ant-Tanagers were also observed gleaning
insects from a wide variety of plants, including Piper
guanacastense, sallying for insects and consuming arthropods that
looked like ants. Separately, Black-cheeked Ant-Tanagers were
observed visiting army ant swarms.

The search on the Macaulay Library (Appendix 2), which found
foraging photos from 2007 to 2020, yielded two other photos of
Black-cheeked Ant-Tanagers consuming food from a stalked,
fruiting plant while perched on its stalk; in these photos they were
exposed to sunlight, suggesting a degree of habitat openness. Two
more photos showed the Black-cheeked Ant-Tanager perched
next to another decorative fruit; two additional images showed
the Black-cheeked Ant-Tanager consuming other organisms,
including an arthropod. The search also yielded photos from 19
observers over 17 dates, ranging from 2007 to 2020 and
concentrated from December to June, of Black-cheeked Ant-
Tanagers at a feeding station with human-provided fruits,
appearing to be bananas or plantains (Appendix 2). This suggests
a high degree of reliability in their consumption of fruit, at least
during part of the year.

Slud described Black-cheeked Ant-Tanagers as squeezing juice
from small fruits as well as being “probably animalivorous” (Slud
1964). Stiles and Skutch went on to describe that the species feeds
on melastomes and solanaceous fruits (Stiles and Skutch 1989).
Others noted that their diet includes a wide range of animals,
including lizards, caterpillars, crickets, grasshoppers, cicadas, and
butterflies (Huber et al. 2008). Willis notes that, while visiting
army ant swarms, Black-cheeked Ant-Tanagers consumed
“spiders, roaches, and long-horned grasshoppers” (Willis 1972).

Range-wide protected area status and connectivity
Black-cheeked Ant-Tanagers showed widespread use of protected
areas, with 2544 (76.08%) observations occurring in those areas.
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Further, about 40% of Black-cheeked Ant-Tanager observations
occurred in biological corridors (18.93%, or 633, in Osa Biological
Corridor and 22.43%, or 750, in AmistOsa Biological Corridor).

DISCUSSION

Habitat

Our range-wide, multi-datum source assessment suggests that the
Black-cheeked Ant-Tanager occurs in secondary forest, riverside
forest, and forest edge in addition to old-growth forest. Since nests
were found in both forest types as well as in forest edges, it appears
even more likely that secondary forest can provide suitable habitat
even if closed canopy rainforest of some form may be required
(Huber et al. 2008, Jones et al. 2009, Sandoval and Gallo 2009).
The presence of nests and foraging observations suggests that
secondary forest is used not merely by transient individuals but
for substantial portions of the lifecycle.

Importantly, eBird and GIS data analysis support the use of
secondary habitat on a range-wide scale because the large
majority of observations were based in secondary rainforest.
These percentages are likely biased by sampling effort and perhaps
proximity to other habitats but nonetheless indicate a clear
presence of Black-cheeked Ant-Tanagers in degraded-recovering
habitats, particularly because many were stationary observations.
The small number of checklistsin teak, melina, and oil palm could
represent transient individuals or imprecise checklists and
suggests that these often pesticide-rich monoculture habitats are
likely unsuitable habitat for Black-cheeked Ant-Tanagers.

Consequently, even if other factors still influence distribution of
the species (i.e., presence of water, food source availability,
interspecific competitive interactions, or land gradient), extensive
swaths of secondary forest outside of protected areas may provide
habitat for Black-cheeked Ant-Tanagers. These observations
highlight the value of forest restoration and regeneration to
provide habitat for an endemic species as well as the importance
of protection of both mature and secondary forest.

Diet

Foraging observations from the array of sources we analyzed
indicate that Black-cheeked Ant-Tanagers are generalists that
draw from many food sources, including three families of fruits,
numerous invertebrates, and one vertebrate. As such, they should
be considered foraging opportunists without a clear
specialization. Fruit could comprise an important role in the diet
of the species, and the categorization of the Black-cheeked Ant-
Tanager as an insectivore is incomplete.

Relationship between habitat and diet

These fruiting plants are characteristic of degraded habitat, so it
is possible that Black-cheeked Ant-Tanager habitat use may be
tied to the availability of fruiting plants. This possibility could
explain the variation in results found by other studies, as fruit
availability could depend on any number of other variables,
including time of year, temperature, rainfall, and complex
synergies of those. It is important to note that these observations
included observations from secondary forest.

The documentation of Black-cheeked Ant-Tanagers foraging on
decorative plants and feeders suggests that ecolodges,
conservation organizations, and landowners could consider
planting fleshy fruits that have long stalks, such as Carludovica
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palmata, to provide a food source that is also visually appealing.
This intervention tends to be positively impactful on a population
level when food limits reproduction or survival (Williams et al.
2013).

The range of dietary choices for the Black-cheeked Ant-Tanager
may suggest a degree of resilience to climate change. In other
contexts, dietary specialization has been shown to contribute to
climate change vulnerability (Leclerc et al. 2020), and plasticity
in foraging behavior may enable the Black-cheeked Ant-Tanager
to better persist in its current distribution (Davey et al. 2012,
Evans and Moustakas 2018). Theory predicts that generalists will
be better able to colonize new locations, even though its
explanatory power for conservation and management may be
limited (Angert et al. 2011).

Additionally, because the species consumes some insects, it may
be at risk from insecticide use, common in Costa Rican agriculture
(Galt 2008, Brown et al. 2020). This threat is of particular concern
because Black-cheeked Ant-Tanagers were at times reported to
eBird in proximity to monocultures, and herbicide and pesticide
use can lead to bioaccumulation and food resource loss (Sanchez-
Bayo 2011). Future studies could assess the extent of this threat
in the Black-cheeked Ant-Tanager range.

Range-wide protected area status, population connectivity, and
distribution

A species’ ability to move on an elevational gradient is an
important consideration in devising climate-resilient conservation
strategies (Forero-Medina et al. 2011, Elsen et al. 2018, Freeman
et al. 2018). In addition to its diet, the Black-cheeked Ant-
Tanager’s use of both mature and secondary forest may facilitate
an added degree of resilience to climate change, because swaths
of secondary forest may serve as corridors along an elevational
gradient. Many Black-cheeked Ant-Tanager sightings already
occurred in biological corridors. Ensuring the corridors’
protection and restoration (where degraded) could be vital to
Black-cheeked Ant-Tanager survival in a changing climate.
Indeed, much of the connectivity sought from Costa Rica’s system
of biological corridors is and will continue to be derived from
secondary forest.

Given Black-cheeked Ant-Tanager use of secondary forest, forest
restoration may also be a powerful tool to create corridors for the
species. Secondary forest regeneration in the Osa has been
especially effective on former grassland (Furey et al., https://doi.
org/10.6084/m9.figshare.19337912.v1). Thus, habitat regeneration
efforts resulting from the implementation of the Amistosa
Biological Corridor could be impactful. The Black-cheeked Ant-
Tanager stands to benefit from forest restoration that creates a
large-scale corridor, connecting and restoring forests across
elevations and thereby ensuring the peninsula’s ecosystems, in
particular its endemic species, are resilient to climate change.

In addition to corridors, protected areas may be important
reservoirs for the species. The prevalence of Black-cheeked Ant-
Tanager community science observations from protected areas is
not necessarily representative of their proportional distribution
because of observer bias, but it suggests that Black-cheeked Ant-
Tanagers occur in those protected areas. As such, their protection
should be continued and enhanced.
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The eBird data yielded other insights into the distribution of the
Black-cheeked Ant-Tanager (Fig. 1). Presence of Black-cheeked
Ant-Tanagers on the north end of the Golfo Dulce (between the
two main strongholds) is a favorable indicator of this connectivity,
although more research is needed on Black-cheeked Ant-Tanager
use of that region. The Golfo Dulce Forest Reserve connects the
two populations, so strengthened conservation measures,
including reforestation, should be prioritized there to ensure the
species’ survival. The presence of Black-cheeked Ant-Tanager
eBird locations far to the south and west of the population near
Golfito, as well as on the northeastern rim of its range, could
indicate strong capabilities for persistence in parts of its historic
range (Fig. 1). Should enough closed-canopy forest exist to
connect the populations, these observations are promising for the
possibility of connectivity with the higher elevation Fila de
Costefia (which reaches 1000-1500 m, as opposed to the
maximum elevation of roughly 745 m on the Osa; Fisher et al.
2004, Cornejo et al. 2012). Increasing secondary forest cover on
this margin of its range, which has been heavily impacted by land
conversion to grassland and oil palm, is therefore a priority. This
paper therefore presents another example of how citizen science
can inform our understanding of species distribution (Yu et al.
2010).

CONCLUSION

As the biodiversity crisis worsens and climate change and
deforestation cause shifts in bird populations, advancing the
understanding of habitat requirements and ecology for endemic
species is paramount. By synthesizing field observations,
community science, and historical observations, we applied a
range-wide, multi-datum approach to study the ecological needs
of the Black-cheeked Ant-Tanager.

Leveraging these data sources, we determined that the Black-
cheeked Ant-Tanager uses secondary forest, on the basis of
occurrence data and supported by nesting and foraging
observations. The use of secondary forest suggests that secondary
forest habitats could enable connectivity between population
strongholds. The Black-cheeked Ant-Tanager occurs in key
habitat corridors on the Osa Peninsula, pointing to the
importance of preserving existing forest and promoting
secondary forest restoration in these corridors to facilitate the
species’ connectivity in a changing climate.

This study provides an improved basis for a corridor-centered
conservation strategy under climate change and provides a model
for targeted climate adaptation strategies, which could also
provide habitat for many other species.
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Appendix 1.1

Land Use/Cover

Number of Observations

Percent of Total
Observations

Palm 13 0.39%

Mangrove 7 0.21%

Water 59 1.76%

Grassland 319 9.54%

Exposed/urban 282 8.43%

Mature forest 336 10.05%

Secondary forest 2303 68.87%

Wetland/mangrove 4 0.12%

Teak/melina 9 0.27%
Appendix 1.2

Land Use Number of Observations

Palm 13

Traveling 13

Mangrove 7

Historical 2

Incidental 1

Stationary 1

Traveling 3

Water 59

Historical 5

Incidental 15

Stationary 4

Traveling 35

Grassland 319

Area 1

Banding 1

Historical 36

Incidental 27

Stationary 16

Traveling 238

Exposed/urban 282

Area 1

Historical 16



Incidental 16
Stationary 10
Traveling 239
Mature forest 336
Area 4
Banding 3
Historical 25
Incidental 27
Stationary 43
Traveling 234
Secondary forest 2303
Area 15
Banding 1
Historical 187
Incidental 202
Stationary 214
Traveling 1684
Wetland/mangrove 4
Traveling 4
Teak/melina 9
Banding 3
Traveling 6
Appendix 1.3
Protected Area Categorization Number of Percent of Total

Observations

Observations

National Parks

Corcovado National Park
Piedras Blancas National Park
Golfo Dulce Forest Reserve

Wildlife Refuges
Total Observations in Protected Areas

Osa Biological Corridor
AmistOsa Biological Corridor

1199
479
720
1051

294
2544

633
750

35.86%
14.32%
21.53%
31.43%

8.79%
76.08%

18.93%
22.43%




Appendix 2

Date Description of  Link to photo Location
Foraging
Incident
Aug 27, Wild fruit https://macaulaylibrary.org/asset/35093841 El Remanso
2015 Eco Lodge &
Resort
April 18, Wild fruit https://macaulaylibrary.org/asset/96476351 Bosque del
2018 Rio Tigre
Lodge
Aug 15, Wild fruit — https://macaulaylibrary.org/asset/204394351 Unspecified
2011 perched next to “Osa”
location
Oct 13, Wild https://macaulaylibrary.org/asset/166398831  Esquinas
2018 fruit/heliconia Rainforest
— perched next Lodge
to
Jun 8, Nut or insect https://macaulaylibrary.org/asset/164018921  Dos Brazos
2019
Dec 22, Arthropod https://macaulaylibrary.org/asset/141560051 PN
2018 Corcovado —
El Tigre
Ranger
Station
Feb 5, Unclear https://macaulaylibrary.org/asset/143694161  La Gamba
2018
Jan 16, Feeding station  https://macaulaylibrary.org/asset/271583381  Bosque del
2010 w/bananas or Rio Tigre
plantains Lodge
Dec 11, Feeding station  https://macaulaylibrary.org/asset/270095671  Bosque del
2007 w/bananas or Rio Tigre
plantains Lodge
Dec 7, Feeding station  https://macaulaylibrary.org/asset/270095001  Bosque del
2007 w/bananas or Rio Tigre
plantains Lodge
Feb 17, Feeding station https://macaulaylibrary.org/asset/222368431  Bosque del
2020 w/bananas or Rio Tigre
plantains Lodge
Jan 14, Feeding station  https://macaulaylibrary.org/asset/219357591  Bosque del
2017 w/bananas or Rio Tigre
plantains Lodge
Jun 26, Feeding station https://macaulaylibrary.org/asset/216744291  Bosque del
2017 w/bananas or Rio Tigre
plantains Lodge



Jan 25,
2016

March 31,
2017

Jan 28,
2019

Feb 6,
2013

Dec 27,
2018

Feb 16,
2018

Feb 1,
2013

April 9,
2018

Jan 21,
2017

Jan 21,
2017

Jan 20,
2017

Jan 21,
2017

Mar 6,
2015

Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains
Feeding station
w/bananas or
plantains

https://macaulaylibrary.org/asset/204691981

https://macaulaylibrary.org/asset/190827981

https://macaulaylibrary.org/asset/137674371

https://macaulaylibrary.org/asset/137380241

https://macaulaylibrary.org/asset/134685021

https://macaulaylibrary.org/asset/126243741

https://macaulaylibrary.org/asset/121501851

https://macaulaylibrary.org/asset/96057541

https://macaulaylibrary.org/asset/51225651

https://macaulaylibrary.org/asset/48124691

https://macaulaylibrary.org/asset/46399331

https://macaulaylibrary.org/asset/46724141

https://macaulaylibrary.org/asset/45658821

Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge

Dos Brazos

Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge
Bosque del
Rio Tigre
Lodge




Appendix 3

ACMC

NICARAGUA

PACIFICO

MINISTERIO DELAMBIENTE Y ENERGIA
B SISTEMA NACIONAL DE AREAS DE CONSERVACION
MIN3E& DPTO. INFORMACION Y REGULARIZACION TERRITORIAL
MAPA DE CORREDORES BIOLOGICOS
ANO , 2017
( 15997 Km?)

ELABORADO POR : GUILLERMO JIMENEZ B -~ ESCALA : 1:1.700,000

SIMBOLOGIA

| | Corredores biolsgicos

[ Areas sivestres protegicas

'A\',’ Limite de areas de conservacion

LISTA DE CORREDORES BIOLOGICOS

1-ACUIFEROS (ACTo )
2- COLORADO-TORTUGUERO (ACTo )

3- BARRA HONDA-CERROS DEL ROSARIO (ACT )
4-BOLSON-ORTEGA (ACT))

5- HOJANCHA-NANDAYURE (ACT )

6- PENINSULAR (ACT )

7-RIO NOSARA (ACT )

8- POTRERO CAIMITAL (ACT )

9- CERROS DE JESUS (ACT )

10-COSTERO MARINO BAULAS-CONCHAL (ACT )
11-OSA (ACOSA )

12-PASO DE LA DANTA (ACOPAC )

13-AGUIRRE (ACOPAC )

14-PIRRIS (ACC )

15 -SANTOS (ACC )

18- PLAYA HERMOSA (ACC )

17- PAJARO CAMPANA (ACOPAC )

18- OSREO (ACOPAC )

19- FUENTE DE VIDA LAAMISTAD (ACLAP )

20- FILA LANGUSIANA ( ACLAP )

21-RIO CANAS (ACLAP )

22-ALEXANDER SKUTCH (ACLAP )

23-EL QUETZAL-TRES COLINAS (ACLAP )

24- MOIN ~-TORTUGUERO (ACLAC )
25-TALAMANCA-CARIBE (ACLAC )

26- VOLCANICA CENTRAL TALAMANCA (ACLAC )
27- CORDILLERA A CORDILLERA (ACLAC )

28- MOROCOCHAS (ACAT )

29 -RINCON RAIN FOREST (ACAHN )

30- RINCON-CACAO (ACG )

31-COBRI SURAC (ACC )

32- MONTES DELAGUACATE (ACC )

33- PASO DE LAS NUBES (ACC )

34-RIO NARANJO (ACOPAC )

35- LAGO ARENAL TENORIO ( ACAT )

36- PASO DEL MONO AULLADOR { ACAT )

37 MIRAVALLES-RINCON DE LA VIEJA (ACAT )
38- TENORIO-MIRAVALLES (ACAT )
39-FILANAMBIRAL ( ACAT )

40- LAS CAMELIAS (ACAHN )

41-RUTALOS MALEKU MEDIO QUESO (ACAHN )
42- SAN JUAN LA SELVA (ACAHN )

43-PASO DE LAS LAPAS (ACC )

AREAS DE CONSERVACION

GUANACASTE
HUETAR NORTE

AGC - CENTRAL
ACTo -- TORTUGUERO
ACT - TEMPISQUE

LAAMISTAD PACIFICO
- LAAMISTAD CARIBE
PACIFICO CENTRAL

O
ARENAL TEMPISQUE
MARINA COCOS

Map of Costa Rica’s biological corridor conservation strategy (Guillermo 2017).
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