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A B S T R A C T

It is becoming increasingly evident that many species can tolerate different degrees of habitat perturbation and
that we often underestimate the capacity of some human-modified landscapes to support populations of de-
clining species. We provide new insights into the distribution of the endangered Central American squirrel
monkey and habitat changed over the last 20 years. The species has shown an approximate 60% decrease be-
tween the historic and the present extent of occurrence, with an area of occupancy of also about 60% of the
present extent of occurrence. Despite the large habitat alteration, our results show surprisingly that this en-
dangered monkey can persist in highly perturbed landscapes. This offers opportunities to improve its long-term
chances of survival through conservation actions to protect and restore its habitat on the one hand, and to reduce
the monkey's direct mortality on the other. Surprisingly we found several troops in 16 localities in a large area
along the Rio Coto Brus where the Central American squirrel monkey was previously unrecorded. Some of our
observations were made in cloud forests at a record high altitude for this species. We speculate the monkeys are
using these highland areas as a corridor between suitable lowland habitats in the Coto Brus and the Rio Sierpe-
Osa Peninsula regions. In response, we suggest strategies to help in the monkey's long-term conservation, that
can be used as an example for other endangered species.

1. Introduction

Earth is currently experiencing a major loss of biodiversity, one
unparalleled in the history of humanity. The sixth mass extinction has
already seen the disappearance of thousands of species and billions of
populations, and the current high rate of extinction seems doomed to
increase (Ceballos et al., 2015, 2017; IUCN, 2019). At least 35 species of
mammals have become extinct since 1600, and around 30% of all
mammal species are at risk of extinction in one conservative estimate
(Ceballos et al., 2015; IUCN, 2019). Primates are particularly vulner-
able to human impacts, most are tightly tied to forest habitats that are
being fragmented or are disappearing entirely. The rapid loss of tropical
forests has already caused the extirpation of many of their populations
throughout the world (Oates et al., 2000; Estrada et al., 2017). Many
primate species, such as the recently discovered Tapanuli orangutan
(Pongo tapanuliensis) in lowlands forests of northwestern Sumatra
(Nater et al., 2017), the kipunji or highland mangabey (Rungwecebus
kipunji), a new genus and species from the tropical forest of the Mount

Rungwe mountains in Tanzania (Davenport et al., 2008), and the
Myanmar snub-nosed monkey (Rhinopithecus strykeri) of rainforest in
Myanmar and China (Geissmann et al., 2011; Long et al., 2012), have
populations of< 1000 individuals. Primates are favorite targets for
those hunting for bush-meat, zoo exhibits, pharmaceutical testing, or
pets. Many also have low reproductive rates. As result of the impacts of
those factors, approximately 60% of the> 500 recognized species are
in danger of extinction (Jernvall and Wright, 1998; Cowlishaw, 1999;
Wong et al., 2008). Nevertheless, the clear logistic inability to gain the
necessary level of understanding for the conservation of the vast ma-
jority of billions of endangered species and populations dictates we
must try to deal with two fundamental questions. First, how can we deal
with the global drivers of biodiversity loss: human overpopulation,
overconsumption (especially by the rich)? And second, how through
standard and novel approaches, greatly increase efforts to protect re-
fuges for biodiversity, expand them, and modify our impacts on human-
dominated landscapes to make them more hospitable to our indis-
pensable fellow creatures?
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Conservation of the endangered mammals, primates in particular,
and other vertebrates in general, is increasingly requiring the use of
both, traditional and novel methods in response to the diverse and
dynamic causes of decline. Setting aside protected areas and biological
corridors, encouraging local land owners to maintain habitat through
conservation incentives, reintroduction of target species in suitable
habitats, and developing economic activities such as ecotourism to in-
centivize local people to do protect forests, should be methods to pro-
mote their long-term conservation (see also Caughley and Gunn, 1996;
Goehring et al., 2007). More unusual, sometimes bolder approaches,
such as translocations to previously unoccupied suitable habitat, should
be more widely tested now.

Primates are particularly important to conserve as they are charis-
matic, conspicuous, and informative because of their evolutionary re-
lationship to us. Many species, including large ones such as howler
monkeys (Alloutta spp.), are able to persist in human-dominated land-
scapes under certain circumstances. Additionally, because many
mammal species have relatively extensive geographic ranges, they can
serve as “umbrella species,” protecting populations of many other less-
charismatic organisms. Careful determining of geographic ranges using
two broad measurements (sensu Gaston, 2003): the extent of occurrence,
which is the area defined by the outer limits of the range, and the area
of occupancy, which is the area used by the species within the extent of

occurrence, is important. Understanding an endangered taxon's geo-
graphic range is critical to the development and application of effective
adaptive management strategies (Holling, 2005; Blair et al., 2013a).
The extent of occurrence of a population or species may differ sig-
nificantly from the area of occupancy because organisms rarely occupy
all the habitats or regions within their range (Gaston, 1994; Brown and
Lomolino, 1998; Hurlbert and White, 2005; Goehring et al., 2007).
Underestimating the area of occupancy of an endangered species may
lead to oversight when developing protection strategies for it, thus re-
ducing the chances for long-term conservation of populations or in-
creasing implementation costs (Thomas and Abery, 1995; Caughley and
Gunn, 1996). Conversely, assuming that the entire extent of occurrence
is fully occupied by a taxon can lead to underestimates of extinction
vulnerability, as has previously been observed in many terrestrial
mammals (Ceballos and Ehrlich, 2002).

There is abundant evidence of the capacity of mammals and other
vertebrates to persist in human – dominated landscapes. For example,
in the same area where we studied the squirrel monkeys, our research
program on the capacity of agricultural landscapes to support biodi-
versity has showed that a tropical mixed forest-patch and agriculture
landscape can support a substantial sample of the biodiversity of re-
gional undisturbed forest. We found, for example, that within a
23,600 ha study area, the small ribbons of forest weaving through

Fig. 1. Observation localities of the Central American squirrel monkey (Saimiri oerstedii) reported in this research along the regional altitudinal gradient on the
southern end of the Pacific slope, Costa Rica.
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farmland collectively increased the effective size of a 326-ha local forest
reserve up to 16-fold for vertebrates and invertebrates (Daily et al.,
2003; Pacheco et al., 2006; Mendenhall et al., 2014). Many species of
primates as diverse as orangutans, chimpanzees, gibbons, howler
monkeys, lorises, and squirrel monkeys are able to persist in human-
dominated landscapes too (Estrada et al., 2017).

Several species of squirrel monkeys are relatively widespread in
tropical regions of South America (Rylands et al., 2013; Lynch Alfaro
et al., 2015). The Central American squirrel monkey (Saimiri oerstedii)
has, however, a small historic geographic range disjunct from other
species of squirrel monkeys, and restricted to the Pacific lowlands of
southern Costa Rica and northern Panama (Reid, 2009; Rylands et al.,
2013). It is categorized as an endangered species due to habitat loss,
population fragmentation, and hunting (Boinski and Siwt, 1997;
Boinski et al., 1998; Sierra et al., 2003; Reid, 2009). It has been almost
completely eradicated from Panama (Rylands et al., 2006), and habitat
destruction has divided its historic geographic range in Costa Rica into
two separate areas (Boinski et al., 1998). It survives in human domi-
nated habitats and because of that can serve as a conservation model.

We discovered a relatively large population of squirrel monkeys in
the region of Coto Brus in southern Costa Rica. That prompted us carry
out an analysis of the current geographic range of the species. The new
information on the distribution of S. oerstedii can help improve efforts to
restore the habitat and protect this charismatic primate, as well as
provide insights for the conservation of other primate species. In this
paper, we address the following issues: i) analyze the current extent of
occurrence and area of occupancy of the squirrel monkey; ii) document
habitat change over the last 20 years; and iii) identify land conservation
strategies for preservation of the species.

2. Methods

2.1. Study area

Our study was carried out in the Pacific lowlands of central and
southern Costa Rica from the Carara National Park to the Panama
border (Fig. 1). We covered all the known geographic range of the
species and nearby areas. We conducted most of our fieldwork between
February and May 1999, with additional survey periods in March 2001,
2002, 2014 and 2015. We surveyed in an area of approximately
140,000 ha in the Rio Coto Brus region, located just north of the Golfo
Dulce in southern Costa Rica. We selected our survey area based on
interviews with local people who observed squirrel monkeys in the
region. We interviewed informally peasants, ranchers, and hunters who
had good knowledge of the local fauna. One of them was hired as our
main guide. In the interviews, we showed them pictures of spider,
howler, and squirrel monkeys to let them identify the species present.
Additionally, we carried out seven, one-day line transects to determine
the presence of squirrel monkey troops in different localities in the
districts of San Vito, Aguabuena, Limoncito, Pittier, Changuena, Potrero
Grande, and Corredor (Table 1). With the exception of the steep, iso-
lated forests adjacent to the study site, we surveyed most of the ac-
cessible areas. However, it is likely that some groups of squirrel mon-
keys were not recorded. Each time squirrel monkeys were observed,
their GPS location, altitude, and vegetation type were recorded. During
our 2014 and 2015 return visits to previously surveyed localities, we
reaffirmed the presence of S. oerstedii troops in the Rio Coto Brus re-
gion. We also observed S. oerstedii in localities around the Marino
Ballena National Park during our surveys in the Costa Rican central-
south Pacific region.

2.2. Historical range of S. oerstedii

We determined the historic and present distribution of squirrel
monkeys in Costa Rica from reviews of published information, pri-
marily Boinski et al. (1998), Morera-Avila (2000, 2002), Sierra et al.

(2003), Solano-Rojas (2007), Blair et al. (2013b), and from our own
data. We used the IUCN range data (Wong et al., 2008) to determine the
historical extent of occurrence of S. oerstedii. All the records used are
from forested localities at elevations below 500 masl in an area along
the Pacific coast, between the Tulín River in the north to the southern
border of Costa Rica in the Burica Peninsula. To calculate the forest
area within the historical extent of occurrence, we assumed an 85%
forest cover for the year 1900 (Keogh, 1984). The present extent of
occurrence was defined as the sum of all forest patches larger than 3 ha
within a polygon delimited by the localities where S. oerstedii presence
has been reported since 1998 until the present day. The forest area was
computed from the maps of the National Forest Inventory (SINAC,
2013). Each locality consisted of a 5 km radius around the reported
observation points (Boinski et al., 1998; Morera-Avila, 2000, 2002;
Sierra et al., 2003; Solano-Rojas, 2007; Blair et al., 2013b, and our own
data). The 5 km radius was defined by the daily movement of troops of
S. oerstedii reported by Baldwin and Baldwin (1972). We excluded those
regions where the species have been lost according to Boinski et al.
(1998).

We considered two scenarios to calculate the area of occupancy
(Gaston, 2003). The conservative scenario considered the area of occu-
pancy as the sum of all forest fragments larger than 15 ha within a 5 km
radius from each observation point, and the less conservative scenario
included all forest fragments larger than 5 ha within 5 km radius from
each observation point. We used the National Forest Inventory map
(SINAC, 2013) to compute the forest area for both scenarios; the se-
lection of both fragment values was based on the minimum area con-
sidered as forest (5 ha) by the Costa Rican legislation, and the minimum
fragment size (15 ha) required by the species for long term survival
(Sáenz and Sáenz, 2008).

2.3. Remote sensing of the change to S. oerstedii habitat

We used the Costa Rica Land Use map of 1992 (MAG, 2008) and the
2012 National Forest Inventory map to identify changes in the location
and extent of forest cover of the S. oerstedii distribution range. We
analyzed the data with ArcGIS 10 (ESRI, 2011) and the Patch Analyst
extension (Rempel et al., 2012). The Costa Rican land use map of 1992
was generated from Landsat 5 images and others not specified in the
metadata map; the resolution is 30×30m. The 2012 National forest
inventory map was generated with RapidEye images, which has finer
resolution. We then edited and re-classified both maps to make them
comparable for the landscape analysis and defined a patch of habitat as
any mature or secondary forest, or mangrove segment larger than 3 ha.

We determined the habitat change that occurred within the present-
day extent of occurrence by computing four landscape metrics: area,
number of patches, mean patch size, and mean shape index for 1992
and 2012 and for each habitat type (i.e. forest, secondary forest, and
mangrove). By area we are referring to the Class Area metric, which
indicates the sum of areas of all patches within a coverage class. In this
case, the class corresponds to forest area (in the landscape). All data
layers were analyzed under the Projected Coordinate System for Costa
Rica (CRTM05/WGS84). Using these data and the formula employed by
Puyravaud (2003), we estimated the annual rate of change in habitat,
number of patches, and mean patch size using the following formula:
= ×

−
lnt t

A
A

1
2 1

2
1 , where A1 and A2 are the forest cover at t1 and t2,

respectively; the unit could be per year or percentage per year.

3. Results

3.1. New details on the distribution of S. oerstedii

We found direct and indirect (i.e. interview) evidence of squirrel
monkeys in 16 localities along the rivers and forest fragments in the
Coto Brus region (Table 1). The majority of localities were below 700
masl, in remnants of tropical lowland and riparian forests surrounded
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by pastures. However, we recorded the presence of S. oerstedii at five
localities above 900 masl in the premontane wet forests of the Java
River near the Las Cruces Reserve, including two above 1000 masl
(Figs. 1 and 2, see Daily et al., 2003 and Pacheco et al., 2006 for a
description of this region and its mammalian fauna). These are the first
reported observations of S. oerstedii at this elevation in Costa Rica and
the first ones in the Las Cruces forests. We photographed a squirrel
monkey troop crossing a pasture to the Wilson Botanical Garden
through a cattle fence in Finca Gamboa in 1999 (Fig. 2; Table 1); the

local owners of the farm adjacent to the Garden told us they had begun
occasionally to observe squirrel monkeys in the region that year. Ad-
ditionally, we recorded squirrel monkeys in six localities around the
Bahía Ballena area (south-central Pacific slope), totaling 22 localities in
this study (Table 1).

Based on our reviews and field work, we estimated the historical
extent of occurrence of S. oerstedii in Costa Rica to be about 550,000 ha
(5500 km2) and the current extent of occurrence about 225,000 ha
(2.250 km2), suggesting a decrease of about 60% between 1900 and

Table 1
Field observations of the Central American squirrel monkeys (Saimiri oerstedii) in Costa Rica. All records are based on observations (O), interviews (I), or photograph
(P). Localities in bold represent new, upper altitudinal records for the species.

District Locality Coordinates (DD) Altitude (masl) Plant association Type of record

Potrero Grande Coto Brus river (Minae Reserve) 8.9319444, −83.0922220 300 Lowland forest O
Potrero Grande Chocoacos lagoon 8.9644444, −83.1747220 430 Lowland forest I
Potrero Grande Las Vueltas 8.9627778, −83.1697220 430 Lowland forest O
Pittier Rio Coto Brus (Bonanza I) 8.9463889, −83.0469444 400 Riparian forest Oa

Changuena Rio Limon y Rio Terraba 8.9833333, −83.2200000 300 Riparian forest I
Limoncito San Luis (Rio Limon) 8.8661111, −83.0838880 580 Riparian forest I
San Vito Quebrada Pavo (San Vito) 8.8297222, −82.9688880 780 Lowland forest Pb

San Vito Finca Gamboa 8.8063889, −82.9750000 930 Premontane wet forest O
Aguabuena Copal 8.7805556, −82.9525000 930 Premontane wet forest O
Corredor Fila de Cal 8.6922222, −82.9408330 800 Lowland forest I
San Vito Finca Gamboa (1.7 km S San Vito) 8.8008333, −82.9750000 1014 Secondary Forest P
San Vito Quebrada Pavo (1 km NE San Vito) 8.8297222, −82.9688889 960 Non-Forest P
Aguabuena Copal 8.7805556, −82.9525000 1145 Secondary Forest O
Limoncito Rio Limon (3 km SE San Luis) 8.8505556, −83.0838889 764 Secondary Forest O
Pittier Rio Coto Brus (Bonanza II) 8.9463889, −83.0469444 315 Forest O
Potrero Grande Rio Coto Brus (3.5 km El Jabillo) 8.9369444, −83.0611111 331 Riparian forest F
Bahía Ballena Playa Hermosa 9.1816100, −83.7659000 0 Secondary forest O
Bahía Ballena Queb Grande - Ballena 9.1367420, −83.7175400 100 Secondary forest O
Bahía Ballena Ballena 9.1233280, −83.7009990 35 Secondary forest O
Bahía Ballena Dominical 9.2519444, −83.8641660 23 Non-Forest O
Bahía Ballena Rancho Reno 9.1915900, −83.7718800 55 Forest O
Bahía Ballena La Cuzinga 9.1367430, −83.7177540 79 Non-Forest O

a Observed by Jorge Pérez.
b Photograph provided by Sr. Enrique Laurent from San Vito.

Fig. 2. A Central American squirrel monkey (Saimiri oerstedii) crossing a pasture through a fence to reach the Wilson Botanical Garden in the San Vito region in
southern Costa Rica. (Photo: Gerardo Ceballos).
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2012 (Fig. 3). We also estimated the present area of occupancy to be
57–62% of the present extent of occurrence, meaning that the species
occupies an area of about 128,00–138,700 ha (1280–1387 km2) in
Costa Rica, including mature forest, secondary forest, and mangrove.
Mature forest was the dominant forest type in the area of occupancy
(Table 2). In relation to the status of habitat protection, the squirrel
monkeys are surviving in forest patches in and near the Manuel An-
tonio, the Marino Ballena, and the Corcovado National Parks. In

contrast, the troops present in the Coto Brus - Golfito and Puriscal-
Parrita regions are not protected.

3.2. Habitat change along the present extent of occurrence of S. oerstedii

We found important differences in landscape structure across the
years studied (Table 3). The area covered by suitable squirrel monkey
habitat did not show drastic changes over the study period, but the

Fig. 3. Central American squirrel monkey (Saimiri oerstedii) distribution in Costa Rica: (a) historical extent of occurrence; (b) present extent of occurrence; and (c)
present extent of occurrence showing the localities and their buffer areas.

Table 2
Total habitat available in the present area of occupancy of the Central American squirrel monkey (Saimir oerstedii) in conservative and less conservative scenarios.

Scenario Forest (km2) Secondary forest (km2) Mangrove (km2) Total habitat (km2)

Conservative (P≥ 0.15 km2) 800 428 53 1281
Less conservative (P≥ 0.05 km2) 842 490 55 1387
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number of patches was higher and their average size smaller in 2012
than in 1992. The mean shape index over the study period suggests that
the patches were not only smaller but more irregular at its end. This
pattern of spatial change was consistent across the three habitat cate-
gories, but the most significant variation occurred in the mature and
secondary forested areas which showed annual rates of change between
13 and 15% in the number of fragments and their mean size. In con-
trast, the mangrove area showed annual rates of change around 1%,
which denote virtually no change in this habitat category during the
period of study. Although mean fragment size has decreased, it is still
adequate for the survival of S. oerstedii troops (Boinski and Siwt, 1997;
Sáenz and Sáenz, 2008). Suitable habitat outside the protected areas is,
however, more fragmented and isolated from large areas of continuous
forest cover, such as in Coto Brus region, rendering them largely un-
suitable for troops of squirrel monkeys.

3.3. Land conservation strategies

Based on our results, we suggest conservation strategies to con-
solidate the squirrel monkey distribution, that include protected areas,
biological corridors, environmental payments for land owners of critical
unprotected parcels, and introductions into new areas (Fig. 4). It is
fundamentally important to expand and improve the connectivity
among the Manuel Antonio, Marino Ballena, and Corcovado National
Parks. There are biological corridors already established in those re-
gions, such as Paso de las Lapas, Paso de la Danta, Fila Langusiana, and
Osa but it is necessary to enhance their protection and functionality.
Indigenous reserves could have a critical role as connecting patches
among corridors and protected areas, while involving these commu-
nities in conservation of charismatic species, and thus potentially gen-
erating social benefits. In addition where possible, new protected areas
should be created in the Rio Terraba, Rio Coto Brus and the Terraba-
Sierpe regions that have squirrel monkey populations; these areas can
also act as corridors. It is particularly important to set aside protected
areas in the Ciudad Neily valley, where most habitat is gone, and the
few remnant native forests are not in any protection category. The
federal government conservation payment program in private lands
should be expanded to encompass all habitat identified in our study
(Fig. 4). Those habitats include indigenous reserves, private ranches,
and peasant lands. In addition, it is essential to try novel approaches
such as introducing squirrel monkeys into the Carara National Park and
the lowlands of the Paso de la Danta Biological Corridor. Such regions
are adjacent to the squirrel monkeys' historic geographic range and
have very similar habitat to the present areas occupied by the species.

4. Discussion

4.1. New details on the distribution of S. oerstedii

Our observations of S. oerstedii at higher elevations than previously
reported show that the altitudinal range of the species has been ex-
panding upwards for at least the past two decades. In the Coto Brus
region, this range now extends up to ~1200 masl. Although some re-
ports of occurrence identified 800 masl as the upward limit (Morera-
Avila, 2000, 2002; Pacheco et al., 2006), historically, and even in

recent publications (Sierra et al., 2003; Wong et al., 2008; Blair et al.,
2013b), the limit of S. oerstedii distribution was stated as being below
500 masl. Our observations of S. oerstedii at significantly higher ele-
vations suggest we have identified a relatively large addition to its
known extent of occurrence geographic range in a fairly accessible and
biologically well-studied region (Daily et al., 2003; Pacheco et al.,
2006). Additionally, our information indicates that there may be other
localities at high elevations with squirrel monkeys in the vicinity of Las
Alturas in the Cordillera de Talamanca, along the Costa Rica - Panama
border. Although our findings are novel for this Central American
species, squirrel monkeys in South America have frequently established
populations at high altitudes. It is likely, considering the South Amer-
ican center of evolution of the group, that S. orestedii is pre-adapted to
move upward (Lynch Alfaro et al., 2015; Ruiz-García et al., 2015).

The San Vito region has lost most of its natural vegetation due to
extensive deforestation that occurred four decades ago (Hughes et al.,
2002; Daily et al., 2003). Recent observations of squirrel monkeys at
Finca Gamboa and Copal may suggest that as suitable, lower-elevation
habitat is destroyed, S. oerstedii have been forced to seek new habitat
patches at higher elevations. It is, of course, possible that gradual global
warming has facilitated this. Deforestation and changes in land use may
cause negative impacts to the local fauna, including local extinctions,
changes in abundance, and invasion of exotic species (Ceballos and
Ehrlich, 2002; Daily et al., 2003). Shifts in range size can be used as an
index of the impact of these changes in environmental conditions
(Gaston, 1994). At this point, we do not know if S. oerstedii will be able
to use higher elevation forests in the long term. This may depend on
whether climate change actually makes the higher altitude forests more
hospitable (Chen et al., 2011).

It is important for conservation purposes to note that a species
usually will not occupy its entire extent of occurrence. The area of
occupancy of S. oerstedii covers a maximum of 60% of its extent of
occurrence, which is currently less than half of its historical value de-
spite the addition of the Coto Brus region to the area of geographic
distribution. Effective conservation planning requires determining cri-
tical areas for S. oerstedii. While we believe that S. oerstedii occurs at
least throughout its entire available habitat, we need to confirm its
presence in areas where there are sampling gaps. These areas include
the Terraba-Sierpe region, mid-altitude lands near its historic extent of
occupancy (800–1500 masl), and the Corcovado and Piedras Blancas
National Parks.

4.2. Habitat change along the present extent of occurrence of S. oerstedii

Our research has demonstrated a marked change in the extent of
occurrence of S. oerstedii since 1992. While the forest patches have
maintained their canopy cover, they currently have decreased con-
nectivity, because they are smaller and more irregularly shaped. This in
turn has reduced the suitability of the landscape for S. oerstedii (Fahrig,
2003; Cushman et al., 2008; Magle et al., 2009). Remaining forests are
also not increasing in area or connectivity (Pagiola, 2011; Arriagada
et al., 2012; Programa Estado de la Nación, 2014). Despite significant
efforts to support local owners to maintain forest cover through pro-
grams for environmental services, competing land uses, such as growing
crops, cattle ranching, and urban expansion, have had a strong impact

Table 3
Changes in the habitat of the Central American squirrel monkey (S. oerstedii) along its present extent of occurrence in Costa Rica from 1992 to 2012.

Land cover by
habitat

Year 1992 Year 2012 Annual rate of change (%)

Area
(km2)

Number of
patches

Mean patch
size (km2)

Mean shape
index

Area (km2) Number of
patches

Mean patch
size (km2)

Mean shape
index

Habitat area Patch size Mean patch
size

Forest 1100 97 11 1.73 1225.34 1978 0.62 4.38 0.54 15.08 −14.54
Secondary forest 856 164 5 1.69 838.96 2588 0.32 4.72 −0.10 13.79 −13.90
Mangrove 213 217 1 1.76 179.34 227 0.79 2.74 −0.87 0.23 −1.10
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in land used by S. oerstedii. So, in addition to environmental services
incentives, constant vigilance is required to ensure the survival of the
species. Furthermore, tourism, concentrated along the coastal and
lowland areas, places additional pressure on primate populations in the
fragmented habitats there (Wong, 2002; Picón-Cruz and Baltodano-
Zúñiga, 2006; Baltodano, 2007; Calvo-Alvarado et al., 2009).

Primate populations can persist in fragmented landscapes if the
remnant patches provide sufficient resources, are allowed to re-
generate, and maintain good connectivity to larger patches (Estrada
et al., 2006; Sáenz and Sáenz, 2008). We have demonstrated that the
squirrel monkey's extent of occurrence is likely expanding. This, to-
gether with the ability of its populations to survive in highly frag-
mented habitat, offers new possibilities for ensuring long-term pre-
servation.

4.3. S. oerstedii as a conservation model

The results of our research illustrate a basic challenge facing con-
servation biology, providing sufficiently detailed information to make
required conservation decisions for endangered and threatened species.
Additionally, our research highlights several important, take-home
conservation messages which may offer guidance for reducing the
threats to other species. First, even very conspicuous organisms such as
the Central American squirrel monkey, which are under tremendous
pressure from habitat destruction, persecution as pests and capture as
pets for trade, may attain relatively stable populations in a highly-

fragmented, human-dominated landscape, if properly protected. Other
primates that are good examples of such flexibility are orangutans,
howler monkeys, and lorises (Estrada et al., 2017). Second, the benefits
of protecting habitat to maintain stable S. oerstedii populations in Coto
Brus will also benefit many other populations of vertebrates and other
organisms (Daily et al., 2003; Pacheco et al., 2006; Mendenhall et al.,
2014). Third, expanding and enhancing protected areas, and promoting
benefits for local owners of unprotected habitat will also help popula-
tions of many other species. Four, as our squirrel monkey study has
shown, critical information for conservation can now be acquired re-
latively simply and inexpensively in light of the powerful satellite
technologies now increasingly available. But, of course, such effort will
likely remain logistically impossible for the vast majority of populations
and species.

It is easy to underestimate the capacity of some human-modified
landscapes to support vulnerable faunal populations. Our research
shows that the population of a threatened primate species and a wide
range of other associated mammal species, can survive in an area sig-
nificantly modified by agriculture, primarily because of the presence of
remnant forest patches of suitable size and connectivity. Patches of
secondary and riparian forests serve as buffers that increase landscape
connectivity are critical for the conservation of many threatened spe-
cies (Marsh, 2013; Newbold et al., 2015). An improved protection
status of this landscape, framed on coherent and ecologically-based
policies, is essential to ensuring that its ecological functionality is not
further compromised (Baltodano, 2007). This concept reinforces the

Fig. 4. Priority areas for conservation of the Central American squirrel monkey (Saimiri oerstedii) in Costa Rica. Although there are no records in the region where the
Carara National Park is located, the habitat is practically the same where the species is found, so it can be introduced to have a larger protected population.
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view that key contributions of conservation biologists are the devel-
opment and application of techniques used to accurately diagnose a
landscape's capacity to maintain wildlife populations (Daily et al.,
2003), and recommending actions that will enhance this capacity.

This study of squirrel money conservation illustrates another ex-
tremely important point about global conservation of biodiversity. A
very large amount of effort by many investigators has been required to
illuminate the situation of S. oerstedii, even though it is a relatively
large, attractive, and easily-observed animal. This tells us that there is
no hope of attaining similar understanding of the many millions of
species and billions of populations of most organisms. That's why
modern conservation biology recognizes that the global level of biodi-
versity, the status of humanity's life-support system, is strongly linked
with a wide range of human disturbances, such as habitat destruction,
climate disruption and toxification (Ceballos et al., 2015). Finding ways
to deal with the rapid increase of the global human population and its
unrelenting efforts to expand consumption by the rich and middle class
are among the greatest conservation challenges in a world addicted to
mindless economic growth. On the positive side, our study shows that
despite these trends, there can be great value in efforts to preserve
protected areas, establish new ones, and enhance the quality of human-
dominated landscapes from the viewpoint of their non-human occu-
pants.
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