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ABSTRACT
Introduction: Medium and large-sized mammals are threatened globally due to habitat loss and fragmentation.
In Costa Rica, forest fragments that remain outside protected areas may serve as a refuge or corridor for these
animals. Mammal presence in fragmented landscapes may be influenced by resource availability, which varies
greatly in seasonal regions.
Objective: To determine the species richness of medium and large-sized mammals in a forest fragment, and to
examine if species diversity and detectability varied between the wet and dry season.
Methods: We established 26 camera trap stations throughout the Municipal Forest of Atenas (Alajuela, Costa
Rica), a 26.4 ha forest fragment that provides water to about 1 800 people. From August 2021 to April 2022, one
camera trap was active at each station for 12-21 days throughout each season (dry and wet), for a total of 810
camera trap days. We applied rarefaction and extrapolation curves to characterize mammal’s species diversity
and compare it between seasons.
Results: We detected 19 species of mammals. The most frequently detected species were the White-nosed Coati
(Nasua narica; 0.254 detections/camera trap day), and the Central American Agouti (Dasyprocta punctata;
0.163 detections/camera trap day). We also registered four species considered as endangered in Costa Rica, three
felines: Puma concolor, Herpailurus yagouaroundi, Leopardus pardalis, and the Neotropical River Otter, Lontra
longicaudis. Seasonality did not affect species diversity, but it influenced dominant species and detectability,
which was greater during the wet season.
Conclusions: Our study demonstrates how protecting small forest fragments, can help conserve endangered
medium and large-sized mammals in human-dominated landscapes.

Key words: Alajuela; Municipal Forest of Atenas; camera trapping; checklist; fragmentation; seasonality; water
protection.

RESUMEN
Mamiferos medianos y grandes en un fragmento de bosque himedo premontano, Atenas, Costa Rica

Introduccion: Los mamiferos medianos y grandes estan amenazados globalmente debido a la pérdida y frag-
mentacion de su habitat. En Costa Rica, los fragmentos de bosque fuera de areas protegidas pueden servir como
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refugio o sitio de paso para estos animales. La presencia de mamiferos en ambientes fragmentados puede estar
influenciada por la disponibilidad de recursos, la cual puede variar ampliamente en sitios con una estacionalidad
marcada.

Objetivo: Determinar la riqueza de especies de mamiferos medianos y grandes en un fragmento de bosque, y
examinar si la diversidad y detectabilidad de estas especies variaron entre la época seca y lluviosa.

Métodos: Establecimos 26 estaciones de camaras trampa en el Bosque Municipal de Atenas (Alajuela, Costa
Rica), un fragmento de bosque de 26.4 ha, que brinda agua potable a cerca de 1 800 personas. Desde agosto de
2021 hasta abril de 2022, una camara trampa estuvo activa en cada estacion durante 12-21 dias en cada época
(seca y lluviosa), para un total de 810 dias camara trampa. Aplicamos curvas de rarefaccion y extrapolacion para
caracterizar la diversidad de especies y compararla entre la época seca y lluviosa.

Resultados: Registramos 19 especies de mamiferos medianos y grandes, siendo las mas detectadas el pizote
(Nasua narica; 0.254 detecciones/dia camara trampa) y la guatusa (Dasyprocta punctata; 0.163 detecciones/
dia camara trampa). También, registramos cuatro especies consideradas en peligro de extincion en Costa Rica,
tres felinos: Puma concolor, Herpailurus yagouaroundi, Leopardus pardalis y la nutria, Lontra longicaudis. No
observamos un efecto de la estacionalidad en la diversidad, pero si en la detectabilidad, la cual fue mayor durante
la época lluviosa.

Conclusiones: Nuestro estudio demuestra como la proteccion de parches de bosque pequefios puede contribuir
a la conservacion de mamiferos en paisajes fragmentados.

Palabras clave: Alajuela; Bosque Municipal de Atenas; foto trampeo; lista de especies; fragmentacion; estacio-

nalidad; proteccion del agua.

INTRODUCTION

Medium (1-15 kg) and large-sized (> 15
kg) mammals are essential for the long-term
functioning of terrestrial ecosystems, serving
as seed dispersers and top predators, regulating
plant populations, and fostering bioturbation
(Lacher et al., 2019; McConkey et al., 2012).
These animals are particularly diverse in the
Neotropics (Burgin et al., 2018; Pillay et al.,
2022), where land use intensification (e.g.
agriculture and urban expansion) has led to
forest fragmentation, isolation, and habitat loss
(Tabarelli et al., 2004). These factors, along
with illegal hunting, roadkill, and poor farming
practices, pose significant challenges to the
survival of Neotropical mammals (Alroy, 2017;
Bogoni et al., 2020; Crooks et al., 2017; Ripple
et al., 2016; Vetter et al., 2011).

Costa Rica occupies 0.03 % of the world’s
continental area (51 100 km?), but is home
to 256 species of mammals, accounting for
approximately four percent of the world’s mam-
malian biodiversity (Ramirez-Fernandez et al.,
2023). This country serves as a corridor for
North and South American species, there-
fore, maintaining habitat connectivity in this
region is essential for the long-term survival

of Neotropical mammals. Costa Rica is well-
known for its conservation efforts, with more
than a quarter of its land area under some form
of protection (Sistema Nacional de Areas de
Conservacion, 2022). Nonetheless, protected
areas have become increasingly isolated, with
forest patches embedded in agricultural and
urban matrices dominating the surrounding
landscape (Morera & Sandoval, 2019; Stan &
Sanchez-Azofeifa, 2019).

Regional efforts have been implemented
to maintain and promote connectivity between
protected areas. For instance, the country has
been part of the Mesoamerican Biological
Corridor since 1997 (Holland, 2012) and of
the National Program of Biological Corridors
since 2006 (Sistema Nacional de Areas de
Conservacion, 2018). However, human activi-
ties continue to expand in critical areas such as
the Central Valley, where the capital is located,
and where forest connectivity is either poor or
non-existent.

Tropical forest fragments play a crucial
role connecting protected areas, facilitating
gene flow, and providing ecosystem services
in agricultural and urbanized landscapes (Beca
et al., 2017; Coulon et al., 2004; Edwards et
al., 2014; Williams et al., 2022). The presence
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and persistence of mammals in these areas are
influenced by the size of the forest patches,
their structural characteristics (e. g. floristic
composition, successional stage), and resource
availability, which varies greatly in seasonal
regions (Stoner & Timm, 2011). Therefore,
seasonality can be linked to behavioral changes
causing mammals to move and actively seek for
resources (Stoner & Timm, 2011). This could
be crucial in small fragments (< 30 ha) where
opportunities to find food, water, and suitable
shelters are limited, especially for large-sized
mammals (Crooks 2002; Crooks et al., 2017;
Morera et al.,, 2021). For instance, Ocelots
(Leopardus pardalis), Greater Grison (Galictis
vittata) and Collared Peccaries (Pecari taja-
cu) expand their home ranges during the dry
season (Dillon & Kelly, 2008; Haro-Carrién
et al., 2021).

Monitoring mammal presence in frag-
ments within a human-dominated landscape
and understanding seasonal variations is essen-
tial for ensuring connectivity and conservation
of endangered species. Thus, the objectives of
this study were to determine the species rich-
ness of medium and large-sized mammals in
a forest fragment, and to examine if species
diversity and detectability varied according to
seasonality. Considering that rainfall patterns
and tree phenology vary drastically in the stud-
ied location, we hypothesized that seasonality
affected these animals’ diversity and detect-
ability. Since there are more resources available
during the wet season (e. g., fruits, insects, and
water) (Basset et al., 2015; da Silva et al., 2011;
Darosci et al., 2021; Valenzuela & Ceballos
2000), we expected a higher diversity and num-
ber of detections of medium and large-sized
mammals during this season. However, we
expected to find a higher species richness dur-
ing the dry season, when predators and other
large mammals may be detected when traveling
long distances in search of resources.

MATERIALS AND METHODS

Study site: We carried out this study in the
Municipal Forest of Atenas (MFA) Anselmo

Murillo Jiménez, a 26.4 ha premontane moist
forest fragment, located in the province of
Alajuela, in the Central Valley of Costa Rica
(950-1060 m.a.s.l.; Fig. 1). This area was
previously used for cattle ranching, coffee,
and sugar cane plantations, until the 1930s,
when the Municipality of Atenas purchased the
property to protect it as a source of drinking
water for neighboring communities. Currently,
this forest is part of the Montes del Aguacate
Biological Corridor, and it is co-managed by
the Municipality of Atenas, the community
development association of Alto del Monte and
the Administrative Association for Aqueducts
and Sewers of Plancillo, providing drinking
water to about 1800 people as well as serving
as a recreational area.

The forest is surrounded mainly by shade
coffee plantations, Highway 3 and riparian
forest (Avalos et al., 2006), and the nearest
large, forested areas (> 2000 ha) are about 25
km away. The MFA maintains approximately
119 tree species, the most abundant being the
densely flowered Inga or “guabo salado” (Inga
densiflora), the invasive species Syzygium jam-
bos (known as Rose Apple), and secondary
successional species such as the “espavel”
(Anacardium excelsum), the kapok tree (Ceiba
pentandra), and Luehea seemannii (Avalos et
al., 2006; Brassil et al., 2000). Atenas has a
strong seasonality, with the rainy season last-
ing from May to November, and receiving an
averaging annual precipitation of 3000 mm.
During the dry season (December to April),
seasonal streams in the MFA dry out for 2-3
months. Permanent springs are used as sources
of drinking water.

Data collection: We established 26 camera
trap stations throughout the MFA (Fig. 1). From
August 2021 to April 2022, one camera trap
(Blazevideo SL112) was active at each station
for 12-21 days throughout each season (dry and
wet). We placed 18 cameras near human-made
trails, four cameras off trails (> 20 m away)
and four near streams, aiming to detect species
that avoid trails or that move along streams.
Each site was separated at least 50 m from
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Fig. 1. Distribution of camera trap stations to survey medium (1-15 kg) and large-sized mammals (> 15 kg) at the Municipal
Forest of Atenas (Alajuela, Costa Rica), between August 2021 and April 2022. Sources: Google Satellite 2022, Centro

Nacional de Alta Tecnologia, 2022.

the nearest site. Cameras were set to record
ten second videos, with a five second interval
before resetting the trigger, and were active
24 hours a day. We strapped each camera to a
tree at approximately 0.5 m above the ground
and recorded its location with a GPS (Garmin
etrex 10). We also accounted for direct obser-
vations in the field and the use of three camera
traps placed in the canopy for a one month of
exploratory and aleatory sampling. These cam-
eras were placed approximately 12 m above
the ground and were active between March and
April 2022, for a total of 89 camera trap days.

Data analysis: We used digiKam (ver-
sion 7.3.0) (digiKam Developers Team, 2020)
to tag each video with the observed species.
We used ExifTool (version 12.3.2.0) (Harvey,
2022) and the package camtrapr (Niedballa et
al., 2016) in R (version 4.2.0) (R Development
Core Team, 2022) to extract the metadata. Delta
time was set to 120 minutes so that detec-
tions of the same species within a 120-minute

timespan would be considered as one detection.
Considering the small study area (26.4 ha) and
the home range of the medium and large-sized
mammals (from ~ 2 ha for Cuniculus paca to
2600 ha for Leopardus pardalis), a detection
was not necessarily an independent detection
(Beck-King et al., 1999; Dillon & Kelly, 2008).
Frequency of detection for each species was
calculated as the number of detections per
camera trap day.

We characterized mammal’s species diver-
sity by applying rarefaction and extrapolation
curves using Hill numbers for sample-based
incidence (Chao et al, 2014; Hsieh et al,
2016). We used species detectability (number
of detections per species per camera trap day)
as the relative incidence when performing
the rarefaction/extrapolation curves. Hill num-
bers represent the effective number of species
within a community (Jost, 2006). The first Hill
number (q,) is equivalent to species richness.
The second one (q,) corresponds to the effec-
tive number of equally common species. The
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third one (q,) includes detectability as well, but
it prioritizes the species with the higher fre-
quency of detections (Chao et al., 2014; Hsieh
et al., 2016).

We applied the same analysis to compare
dry and wet season mammal diversity, consid-
ering the confidence interval (95 %) around
the rarefaction and extrapolation curves. We
compared the curves to test the hypothesis that
seasonality affected diversity. We also com-
pared the average number of detection/camera
trap day between seasons using a Wilcoxon
test. Analyses were performed using R, and the
package iNEXT (Hsieh et al., 2016). Data from
direct observations and the canopy camera
traps were not included in these analyses.

RESULTS

Medium and large-sized mammals of the
MPFA: We registered 19 species of medium and
large-sized mammals distributed in 12 families
and five orders (Table 1, Fig. 2.) (Hereafter
we refer to species detected by their common

names). Fifteen species were recorded using
the camera traps in the understory, whereas we
recorded four species by direct observations
and by using camera traps in the canopy (Table
1). Understory camera traps were active for
810 camera days. We registered 557 detections.
The general frequency of detections was 0.688
detections/camera trap day (mean = 0.046 +
0.073 detections/camera trap day). The average
number of species detected per station was 3.14
+ 1.21. Dominant species in the medium and
large-sized mammals assemblage included the
White-nosed Coati (0.254 detections/camera
trap day), the Central American Agouti (0.163
detections/camera trap day), the Lowland Paca
(0.139 detections/camera trap day), the Com-
mon Opossum (0.069 detections/camera trap
day), and the Northern Raccoon (0.059 detec-
tions/camera trap day) (Fig. 3).

In the rarefaction/extrapolation curve, the
effective number of common (q, = 6) and
dominant species (q, = 4) reached an asymptote
(Fig. 4A). However, because some uncommon
species have not yet been detected, the species

e «'i’* N
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Fig. 2. Medium (1-15 kg) and large-sized (> 15 kg) mammal species classified as “endangered” in Costa Rica (Ministerio de
Ambiente y Energia, 2017), detected at the Municipal Forest of Atenas (Alajuela, Costa Rica). A. Puma (Puma concolor). B.
Ocelot (Leopardus pardalis). C. Jaguarundi (Herpailurus yagouaroundi). D. Neotropical River Otter (Lontra longicaudis).
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Table 1

Medium (1-15 kg) and large mammals (> 15 kg) recorded at the Municipal Forest of Atenas (Alajuela, Costa Rica) between
August 2021 and April 2022

Family Species Common name Guild IUCN MINAE

Mustelidae Eira barbara Tayra (6] Least concern  Least concern
(Linnaeus 1758)
Galictis vittata Greater Grison C Least concern Vulnerable
(Schreber 1776)*
Lontra longicaudis Neotropical River Otter C Near threatened ~ Endangered
(Olfers 1818)

Felidae Leopardus pardalis Ocelot C Least concern Endangered
(Linnaeus 1758)
Puma concolor Puma C Least concern Endangered
(Linnaeus 1771)
Hjerpailurus yagouaroundi  Jaguarundi C Least concern Endangered
(E. Geoffroy
Saint-Hilaire 1803)

Procyonidae Nasua narica White-nosed Coati (6] Least concern Least concern
(Linnaeus 1766)
Procyon lotor Northern Raccoon (6] Least concern ~ Least concern
(Linnaeus 1758)
Potos flavus Kinkajou (6] Least concern  Least concern
(Schreber 1774)**

Canidae Canis latrans Coyote (6] Least concern  Least concern
(Say 1823)
Urocyon cinereoargenteus ~ Gray Fox (6] Least concern Least concern
(Schreber 1775)

Mephitidae Conepatus semistriatus Striped Hog-nosed C Least concern  Least concern
(Boddaert 1785) Skunk

Cuniculidae Cuniculus paca Lowland Paca H Least concern Vulnerable
(Linnaeus 1766)

Dasyproctidae Dasyprocta punctata Central American Agouti H Least concern ~ Least concern
(Gray 1842)

Erethizonthidae Coendou mexicanus Mexican Hairy Dwarf H Least concern  Least concern
(Kerr 1792)** Porcupine

Dasypodidae Dasypus novemcinctus Nine-banded Armadillo 1 Least concern  Least concern
(Linnaeus 1758)

Cebidae Cebus imitator Panamanian White-faced O Vulnerable Least concern
(Thomas 1903)** Capuchin

Myrmecophagidae  Tamandua mexicana Northern Tamandua 1 Least concern ~ Least concern
(Saussure 1860)

Didelphidae Didelphis marsupialis Common Opossum (0] Least concern  Least concern

(Linnaeus 1758)

Guild: O = Omnivore, Carnivore, H = Herbivore, I = Insectivore. IUCN = International Union for Conservation of Nature’s
Red List of Threatened Species (https://www.iucnredlist.org/). MINAE = National Ministry of Environment and Energy,
Costa Rica (Ministerio de Ambiente y Energia, 2017). *Species detected by observation. **Species detected by camera traps
placed in the canopy (12 m above the ground).



—(D
Revista de Biologia Tropical, ISSN: 2215-2075, Vol. 71: e53245, enero-diciembre 2023 (Publicado Jun. 28, 2023) 7

Urocyon cinereoargenteus
Eira barbara

Dasypus novemcinctus
Herpailurus yagouaroundi
Puma concolor
Tamandua mexicana
Lontra longicaudis

Canis latrans

Conepatus semistriatus
Leopardus pardalis
Cuniculus paca

Procyon lotor

Didelphis marsupialis
Dasyprocta punctata
Nasua narica

E Dry season
B Rainy season

I T T T T T T 1
0.00 005 010 0.15 020 025 030 035

Detections/camera day

Fig. 3. Frequency of detections of medium (1-15 kg) and large-sized mammals (> 15 kg) at the Municipal Forest of Atenas

(Alajuela, Costa Rica) during the wet (August-November 2021) and dry season (December 2021 - April 2022).

richness (q, = 15) could increase slightly with
additional sampling effort (Fig. 4A). We have
already recorded the following rare species:
Jaguarundi (0.001 detections/camera trap day),
Puma (0.003 detections/camera trap day), Neo-
tropical River Otter (0.004 detections/camera
trap day) and Gray Fox (0.003 detections/cam-
era trap day). Except for the Gray Fox, all of
them are listed as endangered species in Costa
Rica (Table 1).

Seasonality and mammal diversity in
the MFA: The sampling effort during the dry
season consisted of 465 camera days and 295
detections, which accounted for 86.6 % of the
reported mammals in the MFA. The sampling
effort during the wet season was 345 camera
days and 262 mammal detections, with 73.3
% of the mammals detected in this study (Fig.
3). Detection frequencies were higher during
the wet season (Dry season = 0.042 + 0.080
detections/camera trap day; Wet season = 0.051
+ 0.082 detections/camera trap day; W = 417,
P =0.04).

Seasonality influenced the dominating
species (q,) but did not affect species richness

(qy) or the number of effective common spe-
cies (q,) (Fig. 4). However, if sampling effort is
increased, the overall species richness may also
increase (Fig. 4A). Between the dry and wet
seasons, the identity and prevalence of domi-
nant species varied little (Fig. 3). The most
frequent species recorded during the dry season
was the White-nosed Coati (0.314 detections/
camera trap day), while the most frequent
mammal during the wet season was the Central
American Agouti (0.273 detections/camera trap
day) (Fig. 3). During the dry season, there were
more detections of the Lowland Paca (Fig. 3).
The presence of rare species was the main
difference between wet and dry seasons. The
Striped Hog-nosed Skunk, the Puma, the Neo-
tropical River Otter, and the Jaguarundi were
only observed during the dry season. The Tayra
and the Gray Fox were exclusively detected
during the wet season. Except for the Striped
Hog-nosed Skunk (0.013 detections/camera
trap day), all of them had frequencies lower
than 0.007 detections each camera day (Fig. 3).
Despite these variations, because they are rare
species, they could have been detected in both
seasons with an increased sampling effort.
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Fig. 4. Rarefaction and extrapolation curves for the medium (1-15 kg) and large-sized (> 15 kg) mammals detected at the
Municipal Forest of Atenas (Alajuela, Costa Rica). A. Effective number of species using the whole sampling period and
the three first orders of the Hill numbers. B. Effective number of species, C. Effective number of common species and D.
Effective number of dominant species, all of them comparing wet and dry seasons.

DISCUSSION

Medium and large-sized mammals of
the MFA: We detected 19 species of medium
and large-sized mammals at the MFA. Com-
pared to similar studies (Botelho et al., 2012;
Michalski & Peres, 2007), we found a relatively
high richness given that this forest fragment
is only 26.4 ha and is primarily surrounded
by agricultural fields and forest fragments.
It is known that there is a tolerance gradient
to forest-cover change, ranging from species
that are highly sensitive to fragmentation to
species that are tolerant or that even benefit
from it (Garmendia et al., 2013). For instance,

Jaguars (Panthera onca) or White-lipped Pec-
caries (Zayassu pecari) are highly sensitive
to habitat loss and prefer continuous forest,
whereas species such as the White-nosed Coati,
the Common Opossum and the Northern Rac-
coon are known to be species that adapt easily
to fragmented environments (Daily et al., 2003;
Garmendia et al., 2013).

Central American Agoutis and Lowland
Pacas are common rodents in fragmented land-
scapes. These animals are considered important
seed predators and dispersers. Agoutis are
primarily diurnal and are commonly found
in human altered landscapes, including agro-
forestry systems such as coffee plantations



—(D
Revista de Biologia Tropical, ISSN: 2215-2075, Vol. 71: e53245, enero-diciembre 2023 (Publicado Jun. 28, 2023) 9

(Sanchez-Brenes & Monge, 2021), which is
a common land use at the studied site. Pacas
are nocturnal animals which are considered
vulnerable in Costa Rica, due to heavy hunting
pressure, which although illegal, is a common
practice in the study site. The high number of
detections of these species, while not necessari-
ly related to their abundance, is a good indicator
of prey availability for predators such as coy-
otes, ocelots and pumas (Emsens et al., 2014).

Although small fragments (< 30 ha) are
unlikely to support a viable population of large
predators such as pumas, there is evidence that
they may be crucial to facilitate their mobility,
providing the connectivity that is critical to
sustain viable populations, since these patches
are used as “stepping stones” between larger
protected areas (Dalecky et al., 2002; Garmen-
dia et al., 2013; Sampaio et al., 2010). Popula-
tion viability also depends on habitat matrix
surrounding forest fragments (Garmendia et
al.,, 2013). Agroforestry systems are known
to increase connectivity across altered land-
scapes, providing habitat for generalist species
and facilitating animal movements, especially
those of forest-dependent species (Perfecto &
Vandermeer, 2008).

The study area is surrounded by a com-
plex matrix that includes residential areas,
secondary forest patches, and agricultural sites
dominated by shade coffee plantations and pas-
turelands. Shade trees in these coffee planta-
tions are capable of natural regeneration (Héger
et al., 2014), which may facilitate connectivity
among forest patches. Previous studies have
shown that larger patches surrounded by sec-
ondary forests and tree crops maintain a higher
number of species of medium and large-sized
terrestrial mammals (Garmendia et al., 2013).
These landscape characteristics may explain
the relatively high mammal richness observed
at the MFA, which can be considered as a
refuge for threatened species and an important
transit area for large mammals.

Seasonality and mammal diversity in
the MFA: As we hypothesized, detectability
was higher during the wet season, when more

resources are available (Basset et al., 2015; da
Silva et al., 2011; Darosci et al., 2021; Valen-
zuela & Ceballos 2000). We also observed a
seasonal turnover in species, which may be
related to food habits and available resources.
For instance, herbivores such as the Central
American Agouti and the Lowland Paca were
detected up to three times more frequently
during the wet season, while the White-nosed
Coati, the Northern Raccoon and the Ocelot
increased their detectability during the dry
season (Fig. 3). This pattern can be related
to changes across space and time that gener-
ates a greater heterogeneity of micro-habitats
inside a small forest fragment (Basset et al.,
2015; Haro-Carrién et al., 2021; Valenzuela
& Macdonald, 2002).

Seasonality and rainfall pattern fluctua-
tions directly affect plant phenology and there-
fore, fruit availability (Wright et al., 1999). The
densely flowered Inga (I. densiflora) is one of
the most common trees at the MFA (Silva-Fors-
berg, 2008). This species fructifies during the
wet season (Koptur, 1983) and is eaten by the
Central American Agouti (Sanchez-Brenes &
Monge, 2021). Along with 1. densiflora fruits,
other common trees, like the introduced Rose
Apple (S. jambos), and the shrub Allophylus
occidentalis, whose fructification period also
coincides with the rainy season, may be linked
to the high detectability of herbivores at this
time of year (Avalos et al., 2006; Gargiullo et
al., 2008; Patel et al., 2017). On the other hand,
it is well known that ocelot home-range size
is larger during the dry season when food is
thought to be scarcer (Dillon & Kelly, 2008).
Since a small forest fragment cannot support a
viable feline population, detectability of these
carnivores depends on the use of corridors for
movement (Morera et al., 2021; Salom-Pérez
et al., 2022).

Finally, the White-nosed Coati was one of
the most frequently detected species along the
sampling period, but during the dry season it
represented 50 % of the detections, overshad-
owing other common species such as the Cen-
tral American Agouti and the Lowland Paca
that were dominant during the rainy season. As
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this species tends to have a larger home-range
and be more widely dispersed on the area dur-
ing the dry season, this could be associated
to a greater detection in the MFA during this
season, where we were able to record at least
40-50 individuals in the same band (Valenzuela
& Ceballos, 2000; Valenzuela & Macdonald,
2002). This pattern may also be connected to
the coati’s parental care behavior, as females
tend to stay longer in a refuge area caring for
the young, and thus they are less mobile during
the wet season (Valenzuela & Ceballos, 2000).

Implications for water management and
mammal conservation: Although, most of the
mammalian species we registered are classi-
fied as “least concern” by the [UCN red list, in
Costa Rica two of these species are considered
vulnerable (Lowland Paca and Greater Grison)
and four are endangered (Puma, Jaguarundi,
Ocelot and Neotropical River Otter). The pres-
ence of these species in a relatively small
forest fragment (< 30 ha) surrounded by an
agricultural matrix, highlights the importance
of the MFA in the protection and connectivity
of species, contributing to gene flow between
isolated populations. Despite its importance,
the MFA lacks a management plan. Informa-
tion presented in this document contributes to
a better understanding of mammal ecology, the
implementation of proper forest management
strategies, and the strengthening of commu-
nity organization capacities centered around
water preservation.

Like the MFA, in Costa Rica there are
about 1400 local associations that manage for-
est fragments that provide water to about 25.5
% of the population (1.1 million people) (Insti-
tuto Costarricense de Acueductos y Alcantaril-
lados, 2016). Assessment of the water sources
and monitoring of the area around springs are
therefore essential for efficient water manage-
ment. Due to their sensitivity to human interfer-
ence, medium and large-sized mammals serve
as powerful bioindicators and an important tool
to assess the integrity of those forests (Cove
et al., 2013; Salom-Pérez et al., 2021). It is
critical to examine the relationship between

mammal conservation and water protection.
Conservation efforts should be multipurpose
while also showing the tangible benefits of
protecting forested areas in the provision of
critical environmental services. This study gen-
erates baseline information that shows how
protecting forest fragments to secure drinking
water also helps to restore and maintain stable
animal communities.

Ethical statement: the authors declare
that they all agree with this publication and
made significant contributions; that there is
no conflict of interest of any kind; and that we
followed all pertinent ethical and legal proce-
dures and requirements. All financial sources
are fully and clearly stated in the acknowled-
gments section. A signed document has been
filed in the journal archives.

ACKNOWLEDGMENTS

We would like to thank The School for
Field Studies (SFS) for providing key financial
and logistical support to carry out this project.
We thank SFS students for collaborating in data
collection and processing. We are grateful to the
Municipality of Atenas, the Community Devel-
opment Association of Alto del Monte and
the Administrative Association for Aqueducts
and Sewers (ASADA) of Plancillo, for their
logistical support. We also thank Asociacion de
Desarrollo Especifica para la Conservacion del
Ambiente (ADECA) which provided the three
camera traps that were placed in the canopy.

REFERENCES

Alroy, J. (2017). Effects of habitat disturbance on tropical
forest biodiversity. Proceedings of the National Aca-
demy of Sciences, 114(23), 6056—6061. https://doi.
org/10.1073/pnas. 1611855114

Avalos, G., Hoell, K., Gardner, J., Anderson, S., & Lee, C.
(2006). Impact of the invasive plant Syzigium jambos
(Myrtaceae) on patterns of understory seedling abun-
dance in a tropical premontane forest, Costa Rica.
Revista de Biologia Tropical, 54(2), 415-421.

Basset, Y., Cizek, L., Cuénoud, P., Didham, R. K., Novot-
ny, V., Qdegaard, F,, Roslin, T., Tishechkin, A. K.,



—(D
Revista de Biologia Tropical, ISSN: 2215-2075, Vol. 71: e53245, enero-diciembre 2023 (Publicado Jun. 28, 2023) 11

Schmidl, J., Winchester, N. N., Roubik, D. W., Aber-
lenc, H. P, Bail, J., Barrios, H., Bridle, J. R., Cas-
tafio-Meneses, G., Corbara, B., Curletti, G., Duarte
da Rocha, W., ... Leponce, M. (2015). Arthropod
Distribution in a Tropical Rainforest: Tackling a four
dimensional puzzle. PLOS ONE, 10(12), e0144110.
https://doi.org/10.1371/journal.pone.0144110

Beca, G., Vancine, M. H., Carvalho, C. S., Pedrosa, F.,
Alves, R. S. C., Buscariol, D., Peres, C. A., Ribeiro,
M. C., & Galetti, M. (2017). High mammal species
turnover in forest patches immersed in biofuel planta-
tions. Biological Conservation, 210(2017), 352-359.
https://doi.org/10.1016/j.biocon.2017.02.033

Beck-King, H., Helversen, O. von, & Beck-King, R. (1999).
Home range, population density, and food resources
of Agouti paca (Rodentia: Agoutidae) in Costa Rica:
a study using alternative methods. Biotropica, 31(4),
675—685. https://doi.org/10.1111/j.1744-7429.1999.
tb00417.x

Bogoni, J. A., Peres, C. A., & Ferraz, K. M. P. M. B.
(2020). Extent, intensity and drivers of mammal
defaunation: A continental-scale analysis across the
Neotropics. Scientific Reports, 10(1), 14750. https://
doi.org/10.1038/s41598-020-72010-w

Botelho, A. L. M., Calouro, A. M., Borges, L. H. M., &
Chaves, W. A. (2012). Large and medium-sized mam-
mals of the Humaita Forest Reserve, southwestern
Amazonia, state of Acre, Brazil. Check List, 8(6),
1190. https://doi.org/10.15560/8.6.1190

Brassil, E., Burris, B., Godlove, S., Martin, M., Merrow,
0., Rectenwald, H., & Rust, M. (2000). Floristic
composition, species richness, and vertical structural
attributes of El Bosque Municipal de Atenas. School
for Field Studies Center for Sustainable Develop-
ment, Directed Research.

Burgin, C. J., Colella, J. P, Kahn, P. L., & Upham, N. S.
(2018). How many species of mammals are there?
Journal of Mammalogy, 99(1), 1-14. https://doi.
org/10.1093/jmammal/gyx147

Chao, A., Gotelli, N. J., Hsieh, T. C., Sander, E. L., Ma,
K. H., Colwell, R. K., & Ellison, A. M. (2014).
Rarefaction and extrapolation with Hill numbers: A
framework for sampling and estimation in species
diversity studies. Ecological Monographs, 84(1),
45-67. https://doi.org/10.1890/13-0133.1

Coulon, A., Cosson, J. F., Angibault, J. M., Cargnelutti, B.,
Galan, M., Morellet, N., Petit, E., Aulagnier, S., &
Hewison, A. J. M. (2004). Landscape connectivity
influences gene flow in a roe deer population inha-
biting a fragmented landscape: An individual-based
approach. Molecular Ecology, 13(9), 2841-2850.
https://doi.org/10.1111/j.1365-294X.2004.02253 x

Cove, M. V, Spinola, R. M., Jackson, V. L., Saenz, J.
C., & Chassot, O. (2013). Integrating occupan-
cy modeling and camera-trap data to estimate

medium and large mammal detection and richness
in a central american biological corridor. Tropical
Conservation Science, 6(6), 781-795. https://doi.
org/10.1177/194008291300600606

Crooks, K. (2002). Relative sensitivities of mammalian
carnivores to habitat fragmentation. Conservation
Biology, 16(2), 488-502.

Crooks, K. R., Burdett, C. L., Theobald, D. M., King,
S. R. B., Di Marco, M., Rondinini, C., & Boita-
ni, L. (2017). Quantification of habitat fragmenta-
tion reveals extinction risk in terrestrial mammals.
Proceedings of the National Academy of Scien-
ces, 114(29), 7635-7640. https://doi.org/10.1073/
pnas.1705769114

da Silva, N. A. P, Frizzas, M. R., & Oliveira, C. M.
de (2011). Seasonality in insect abundance in the
“Cerrado” of Goias State, Brazil. Revista Brasi-
leira de Entomologia, 55(1), 79-87. https://doi.
org/10.1590/S0085-56262011000100013

Daily, G. C., Ceballos, G., Pacheco, J., Suzén, G., &
Sanchez-Azofeifa, A. (2003). Countryside biogeo-
graphy of neotropical mammals: conservation oppor-
tunities in agricultural landscapes of Costa Rica.
Conservation Biology, 17(6), 1814—1826. https://doi.
org/10.1111/j.1523-1739.2003.00298.x

Dalecky, A., Chauvet, S., Ringuet, S., Claessens, O., Judas,
J., Larue, M., & Cosson, J. F. (2002). Large mammals
on small islands: Short term effects of forest frag-
mentation on the large mammal fauna in french Guia-
na. Revue d’Ecologie, Terre et Vie, Société Nationale
de Protection de La Nature, 8, 145-164.

Darosci, A. A. B., Takahashi, FE. S. C., Proenga, C. E. B.,
Soares-Silva, L. H., & Munhoz, C. B. R. (2021). Does
spatial and seasonal variability in fleshy-fruited trees
affect fruit availability? A case study in gallery forests
of Central Brazil. Acta Botanica Brasilica, 35(3),456—
465. https://doi.org/10.1590/0102-33062020abb0279

digiKam Developers Team. (2021). DigiKam. www.
digikam.org

Dillon, A., & Kelly, M. J. (2008). Ocelot home range, overlap
and density: Comparing radio telemetry with came-
ra trapping. Journal of Zoology, 275(4), 391-398.
https://doi.org/10.1111/j.1469-7998.2008.00452.x

Edwards, D. P, Tobias, J. A., Sheil, D., Meijaard, E., & Lau-
rance, W. F. (2014). Maintaining ecosystem function
and services in logged tropical forests. Trends in
Ecology & Evolution, 29(9), 511-520. https://doi.
org/10.1016/j.tree.2014.07.003

Emsens, W. J., Hirsch, B. T., Kays, R., & Jansen, P. A.
(2014). Prey refuges as predator hotspots: Ocelot
(Leopardus pardalis) attraction to agouti (Dasyprocta
punctata) dens. Acta Theriologica, 59(2), 257-262.
https://doi.org/10.1007/s13364-013-0159-4



—®
12 Revista de Biologia Tropical, ISSN: 2215-2075 Vol. 71: e53245, enero-diciembre 2023 (Publicado Jun. 28, 2023) @ BY

Gargiullo, M. B., Magnuson, B. L., & Kimball, L. D.
(2008). A4 field guide to plants of Costa Rica. Oxford
University Press.

Garmendia, A., Arroyo-Rodriguez, V., Estrada, A., Naranjo,
E. J.,, & Stoner, K. E. (2013). Landscape and patch
attributes impacting medium- and large-sized terres-
trial mammals in a fragmented rain forest. Journal
of Tropical Ecology, 29(4), 331-344. https://doi.
org/10.1017/S0266467413000370

Héger, A., Fernandez Otarola, M., Stuhlmacher, M. F,
Acufia Castillo, R., & Contreras Arias, A. (2015).
Effects of management and landscape composition on
the diversity and structure of tree species assemblages
in coffee agroforests. Agriculture, Ecosystems &
Environment, 199, 43-51. https://doi.org/10.1016/j.
agee.2014.08.022

Haro-Carrién, X., Johnston, J., & Bedoya-Duran, M. J.
(2021). Landscape Structure and Seasonality: Effects
on Wildlife Species Richness and Occupancy in a
Fragmented Dry Forest in Coastal Ecuador. Remo-
te Sensing, 13(18), 3762. https://doi.org/10.3390/
rs13183762

Harvey, P. (2022). ExifTool. https://exiftool.org/

Holland, M. B. (2012). Mesoamerican biological corridor.
In J. A. Hilty, C. C. Chester, & M. S. Cross (Eds.),
Climate and conservation (pp. 56—66). Island Press.
https://doi.org/10.5822/978-1-61091-203-7_5

Hsieh, T. C., Ma, K. H., & Chao, A. (2016). iNEXT:
An R package for rarefaction and extrapolation of
species diversity (Hill numbers). Methods in Eco-
logy and Evolution, 7(12), 1451-1456. https://doi.
org/10.1111/2041-210X.12613

Instituto Costarricense de Acueductos y Alcantarillados.
(2016). Politica Nacional de Agua Potable de Costa
Rica 2017-2030 (Comision Interinstitucional). Insti-
tuto Costarricense de Acueductos y Alcantarillados,
Costa Rica.

Jost,L.(2006). Entropy and diversity. Oikos, 113(2),363-375.
https://doi.org/10.1111/j.2006.0030-1299.14714.x

Koptur, S. (1983). Flowering phenology and floral biology
of Inga (Fabaceae: Mimosoideae). Systematic Botany,
8(4), 354-368.

Lacher, T. E., Davidson, A. D., Fleming, T. H., Gémez-
Ruiz, E. P, McCracken, G. F., Owen-Smith, N., Peres,
C. A., & Vander-Wall, S. B. (2019). The functional
roles of mammals in ecosystems. Journal of Mam-
malogy, 100(3), 942-964. https://doi.org/10.1093/
jmammal/gyy183

McConkey, K. R., Prasad, S., Corlett, R. T., Campos-
Arceiz, A., Brodie, J. F., Rogers, H., & Santamaria,
L. (2012). Seed dispersal in changing landscapes.
Biological Conservation, 146(1), 1-13. https://doi.
org/10.1016/j.biocon.2011.09.018

Michalski, F., & Peres, C. A. (2007). Disturbance-
mediated mammal persistence and abundance-area
relationships in amazonian forest fragments. Con-
servation Biology, 20(6), 1626-1640. https://doi.
org/10.1111/5.1523-1739.2007.00797.x

Ministerio de Ambiente y Energia (2017). Reglamento a la
Ley de Conservacion de Vida Silvestre, no. N 40548-
MINAE, Sistema Nacional de Areas de Conservacion.
Ministerio de Ambiente y Energia, Costa Rica.

Morera, C., & Sandoval, L. (2019). Fragmentacién y
conectividad de la cobertura natural a nivel cantonal
en Costa Rica durante los afios 2000 y 2015. Revista
Geogrdfica de América Central, 4(61E), 37. https://
doi.org/10.15359/rgac.61-4.2

Morera, C., Sandoval, L. F., & Alfaro, L. D. (2021). Ecolo-
gical corridors in Costa Rica: An evaluation applying
landscape structure, fragmentation-connectivity pro-
cess, and climate adaptation. Conservation Science
and Practice, 3(8), e475. https://doi.org/10.1111/
csp2.475

Niedballa, J., Sollmann, R., Courtiol, A., & Wilting,
A. (2016). camtrapR: An R package for efficient
camera trap data management. Methods in Ecolo-
gv and Evolution, 7(12), 1457-1462. https://doi.
org/10.1111/2041-210X.12600

Patel, C. R., Heiplanmi Rymbai, Patel, N. L., Ahlawat, T.
R., Tandel, Y. N., Saravaiya, S. N., Swamy, G. S. K.,
Nataraja, K. H., & Sabarad, A. (2017). Rose apple
(Syzygium jambos (L.) Alston). In S. N. Ghosh, A.
Singh, & A. Thakur (Eds.), Underutilized fruit crops:
Importance and cultivation (pp. 1235-1242). Jaya
Publishing House.

Perfecto, 1., & Vandermeer, J. (2008). Biodiversity conser-
vation in tropical agroecosystems. Annals of the New
York Academy of Sciences, 1134(1), 173-200. https://
doi.org/10.1196/annals.1439.011

Pillay, R., Venter, M., Aragon-Osejo, J., Gonzalez-del-
Pliego, P, Hansen, A. J., Watson, J. E., & Venter,
0. (2022). Tropical forests are home to over half of
the world’s vertebrate species. Frontiers in Ecolo-
gy and the Environment, 20(1), 10-15. https://doi.
org/10.1002/fee.2420

R Development Core Team. (2022). R: A Language and
Environment for Statistical Computing. R Foundation
for Statistical Computing. http://www.r-project.org

Ramirez-Fernandez, J., Sanchez, R., May-Collado, L.,
Gonzalez-Maya, J., & Rodriguez-Herrera, B. (2023).
Revised checklist and conservation status of the
mammals of Costa Rica. Therya, 14(2), 1-12.

Ripple, W. J., Abernethy, K., Betts, M. G., Chapron,
G., Dirzo, R., Galetti, M., Levi, T., Lindsey, P. A.,
Macdonald, D. W., Machovina, B., Newsome, T. M.,
Peres, C. A., Wallach, A. D., Wolf, C., & Young, H.
(2016). Bushmeat hunting and extinction risk to the



—(D
Revista de Biologia Tropical, ISSN: 2215-2075, Vol. 71: e53245, enero-diciembre 2023 (Publicado Jun. 28, 2023) 13

world’s mammals. Royal Society Open Science, 3(10),
160498. https://doi.org/10.1098/rsos.160498

Salom-Pérez, R., Corrales-Gutiérrez, D., Araya-Gamboa,
D., Espinoza-Muioz, D., Finegan, B., & Petrac-
ca, L. S. (2021). Forest cover mediates large and
medium-sized mammal occurrence in a critical link
of the Mesoamerican Biological Corridor. PLOS
ONE, 16(3), €0249072. https://doi.org/10.1371/jour-
nal.pone.0249072

Salom-Pérez, R., Wultsch, C., Adams, J. R., Soto-Fournier,
S., Gutiérrez-Espeleta, G. A., & Waits, L. P. (2022).
Genetic diversity and population structure for oce-
lots (Leopardus pardalis) in Costa Rica. Journal of
Mammalogy, 103(1), 68-81. https://doi.org/10.1093/
jmammal/gyab146

Sampaio, R., Lima, A. P, Magnusson, W. E., & Peres,
C. A. (2010). Long-term persistence of midsized to
large-bodied mammals in Amazonian landscapes
under varying contexts of forest cover. Biodiversity
and Conservation, 19(8), 2421-2439. https://doi.
org/10.1007/s10531-010-9848-3

Sanchez-Brenes, R. J., & Monge, J. (2021). Periodos de
actividad y dieta de Dasyprocta punctata (Gray,
1842) (Rodentia; Dasyproctidae) en agroecosistemas
con café, San Ramon, Costa Rica. Acta Zooldgi-
ca Mexicana, 37, 1-15. https://doi.org/10.21829/
azm.2021.3712346

Silva-Forsberg, M. C. (2008). Restauragio ecoldgica e pro-
tegdo da biodiversidade no sistema de micro-bacias
hidrograficas em Atenas, Alajuela, Costa Rica. Revis-
ta Amazonica de Ensino de Ciéncias, 1(1), 98—118.

Sistema Nacional de Areas de Conservacion. (2018).
Plan Estratégico 2018-2025 del Programa Nacional
de Corredores Biologicos de Costa Rica (Informe
Final). Programa Nacional de Corredores Biologi-
cos, Sistema Nacional de Areas de Conservacion,
Costa Rica.

Sistema Nacional de Areas de Conservacion. (2022). Con-
trol de dareas silvestres protegidas por categoria de
manejo, Julio 2002. Sistema Nacional de Areas de
Conservacion, Costa Rica. https://www.sinac.go.cr/
ES/asp/Paginas/default.aspx

Stan, K., & Sanchez-Azofeifa, A. (2019). Deforestation
and secondary growth in Costa Rica along the path of
development. Regional Environmental Change, 19(2),
587-597. https://doi.org/10.1007/s10113-018-1432-5

Stoner, K. E., & Timm, R. M. (2011). Seasonally dry
tropical forest mammals: adaptations and sea-
sonal patterns. In R. Dirzo, H. S. Young, H. A.
Mooney, & G. Ceballos (Eds.), Seasonally Dry Tro-
pical Forests (pp. 85-106). Island Press. https://doi.
org/10.5822/978-1-61091-021-7_6

Tabarelli, M., Cardoso da Silva, J. M., & Gascon, C.
(2004). Forest fragmentation, synergisms and the
impoverishment of neotropical forests. Biodiversity
and Conservation, 13(7), 1419-1425. https://doi.
org/10.1023/B:BIOC.0000019398.36045.1b

Valenzuela, D., & Ceballos, G. (2000). Habitat selection,
home range, and activity of the white-nosed coati
(Nasua narica) in a Mexican tropical dry forest.
Journal of Mammalogy, 81(3), 810-819.

Valenzuela, D., & Macdonald, D. W. (2002). Home-range
use by white-nosed coatis (Nasua narica): Limited
water and a test of the resource dispersion hypothe-
sis. Journal of Zoology, 258(2), 247-256. https://doi.
org/10.1017/50952836902001358

Vetter, D., Hansbauer, M. M., Végvari, Z., & Storch,
I. (2011). Predictors of forest fragmentation sen-
sitivity in Neotropical vertebrates: A quanti-
tative review. Ecography, 34(1), 1-8. https://doi.
org/10.1111/j.1600-0587.2010.06453.x

Williams, D. R., Rondinini, C., & Tilman, D. (2022). Glo-
bal protected areas seem insufficient to safeguard half
of the world’s mammals from human-induced extinc-
tion. Proceedings of the National Academy of Scien-
ces, 119(24), €2200118119. https://doi.org/10.1073/
pnas.2200118119

Wright, S. J., Carrasco, C., Calderon, O., & Paton, S.
(1999). The El Nino Southern Oscillation, variable
fruit production, and famine in a tropical forest.
Ecology, 80(5), 1632. https://doi.org/10.2307/176552



