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Abstract

When a forest is fragmented, this increases the amount of forest edge relative to the interior. Edge effects can lead to loss
of animal and plant species and decreased plant biomass near forest edges. We examined the influence of an anthropogenic
forest edge comprising cattle pasture, coconut plantations, and human settlement on the mantled howler (Alouatta palliata),
white-faced capuchin (Cebus capucinus), Central American spider monkey (Ateles geoffroyi), and plant populations at La
Suerte Biological Research Station (LSBRS), Costa Rica. We predicted that there would be lower monkey encounter rate,
mean tree species richness, and diameter at breast height (DBH) in forest edge versus interior, and that monkeys would
show species-specific responses to edge based on diet, body size, and canopy height preferences. Specifically, we predicted
that howler monkeys would show positive or neutral edge effects due to their flexible folivorous diet, large body size, and
preference for high canopy, capuchins would show positive edge effects due to their diverse diet, small body size, and prefer-
ence for low to middle canopy, and spider monkeys would show negative edge effects due their reliance on ripe fruit, large
body size, and preference for high upper canopy. We conducted population and vegetation surveys along edge and interior
transects at LSBRS. Contrary to predictions, total monkey encounter rate did not vary between the forest edge and forest
interior. Furthermore, all three species showed neutral edge effects with no significant differences in encounter rate between
forest edge and interior. Interior transects had significantly higher mean tree species richness than edge transects, and interior
trees had greater DBH than edge trees, although this difference was not significant. These results suggest that forest edges
negatively impact plant populations at La Suerte but that the monkeys are able to withstand these differences in vegetation.
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Introduction

Forest fragmentation increases the amount of forest edge
relative to interior. Forest edges represent boundaries, where
one habitat type with its own distinct array of vegetation and
inorganic characteristics grades into a habitat with diverse
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inorganic and organic attributes (Lovejoy et al. 1986). Forest
edges occur naturally; for example, rivers naturally separate
portions of otherwise continuous forests (Laurance 1991).
However, human influence has dramatically altered natural
landscapes, resulting in the large-scale creation of abrupt
forest edges in habitats worldwide (Saunders et al. 1991).
Such edges often occur at the margins of protected areas,
where primary forest transitions sharply to farmland, road,
or logged area (Stevens and Husband 1998; Lenz et al.
2014). Forest edges typically show differences from forest
interior in soil type, moisture, sunlight, wind speed, and soil
and air temperature, which lead to changes in both plant
and animal species composition (Lovejoy et al. 1986; Har-
ris 1988; Saunders et al. 1991; Mbora and Meikle 2004;
Arroyo-Rodriguez and Mandujano 2006, 2009; Lehman
et al. 2006a). Some ubiquitous and/or photophilic plant spe-
cies may appear in greater concentration in edge zones (e.g.,
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Pollock et al. 2017); however, overall edge effects can lead
to the loss of animal and plant species, with both typically
showing decreased biomass near forest edges (Estrada et al.
1999; Arroyo-Rodriguez and Mandujano 2006). A recent
examination of global forest cover shows that 20% of the
world’s forests lie within 100 m from an edge (Haddad et al.
2015), highlighting the urgency for research on the effects
of edges on plant and animal communities.

Many studies have focused on quantifying abiotic fac-
tors and plant species composition at forest edges (e.g.,
Lovejoy et al. 1986; Harris 1988; Laurance 1991; Laurance
and Yensen 1991; Saunders et al. 1991), while others have
explored the impact of edge effects on mammals (e.g., small
mammals, Stevens and Husband 1998; Gibson et al. 2013;
large mammals, Brodie et al. 2015; carnivores, Balme et al.
2010), including primates (Malagasy strepsirrhines, Lehman
et al. 2006a, b, c¢; Lehman 2007; McGoogan 2011; Burke
and Lehman 2014; Ramsay et al. 2017; Kenyan catarrhines,
Mbora and Meikle 2004). However, few studies have focused
on the relationship between edge effects and platyrrhine
primate species (but see: Peruvian platyrrhines, Kulp and
Heymann 2015; de Vries 2017; Brazilian platyrrhines, Lenz
et al. 2014). Anthropogenically caused deforestation is one
of the key threats reducing primate populations worldwide
(Estrada et al. 2017). Although some primates demonstrate
resilience and adaptability to anthropogenic threat (McLen-
nan et al. 2017), more than 50% of all primate taxa are cur-
rently at risk of extinction due to human-induced habitat
modification (Mittermeier et al. 2012). South and Central
America harbor the most primate species of the four regions
where primates are found and more than 60% of these pri-
mate populations are in decline (Estrada et al. 2017). Gain-
ing a better understanding of how edges affect platyrrhines
is therefore especially important.

It is critical to investigate the relationship between
anthropogenic edge effects and primate populations in
tropical environments, where the ecological effects of
habitat fragmentation have been understudied compared to
temperate regions (Martin et al. 2012). In the Neotropics,
sympatric platyrrhine species with different dietary and
ecological niches co-exist in an increasingly fragmented
tropical forest landscape. In Costa Rica, for example,
deforestation has increased over the past few decades,
largely for conversion to banana and pineapple plantations
(Garber et al. 2010). As a result of agricultural develop-
ment, forests have become divided into disconnected
patches separated by matrix (e.g., cultivated areas). Some
primate species found outside of Costa Rica, including
black howler (Alouatta pigra) and golden-bellied capu-
chin monkeys (Sapajus xanthosternus), are known to be
adaptable to human-altered landscapes and may persist
in modified environments including agroforestry planta-
tions (Canale et al. 2013; Zarate et al. 2014). However,
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adequate food resources are not always available to pri-
mates in deforested matrix environments. In most cases,
habitat fragmentation negatively impacts wildlife, con-
stituting a major cause of declining primate populations
(Arroyo-Rodriguez and Dias 2010).

Although platyrrhines are usually negatively affected by
habitat fragmentation (Estrada and Coates-Estrada 1996;
Estrada et al. 1999; Arroyo-Rodriguez and Dias 2010), we
would expect anthropogenic forest edge environments to
impact some Neotropical primate species more markedly
than others based on differences in body size and dietary
preferences (Lidicker 1999). The relationship between
distance to the forest edge and level of preference for
edge (tested as species density in forest edge vs. interior)
has been investigated in primate taxa ranging from strep-
sirhines to platyrrhines to catarrhines, with varying results
(e.g., Mbora and Meikle 2004; Lehman et al. 2006c; Lenz
et al. 2014). Primates may respond to edge effects in ways
that are (1) positive (i.e., increased density in forest edge
compared to interior), (2) negative (i.e., decreased density
in forest edge compared to interior), or (3) neutral (i.e., no
difference in density between forest edge and interior) (Reis
et al. 2004). Of the primate species that have been stud-
ied to date, positive edge effects have been found in species
with diverse diets, possibly because of the greater number of
potential food sources found at habitat intersections (Mala-
gasy strepsirhines: rufous mouse lemur [Microcebus rufus],
Milne-Edwards’ sifaka [Propithecus edwardsii], Lehman
et al. 2006b, c; golden-brown mouse lemur [Microcebus
ravelobensis]; Burke and Lehman 2014; platyrrhines: black-
bearded sakis [Chiropotes chiropotes], golden-handed tama-
rins [Saguinus midas], Guianan brown capuchins [Cebus
apella], Lenz et al. 2014). Negative edge effects have been
found in large-bodied and/or highly frugivorous species,
likely due to the absence in edges of the large, mature fruit-
ing trees on which they rely (Lehman et al. 2006b; strep-
sirhines: gray mouse lemur [Microcebus murinus], Burke
and Lehman 2014; greater dwarf lemur [Cheirogaleus
major], Lehman et al. 2006¢; rufous brown lemur [Eule-
mur rufus], Lehman 2007; Coquerel’s sifaka [Propithecus
coquereli], McGoogan 2011; platyrrhines: Guianan spider
monkey [Afeles paniscus], Lenz et al. 2014). Finally, posi-
tive or neutral edge effects have been found in folivores and
folivore/frugivores, possibly due to their food trees con-
taining more abundant young leaves and/or leaves having
higher protein concentrations at forest edges (Chen et al.
1992; Ganzhorn 1995; strepsirhines: eastern woolly lemur
[Avahi laniger], red-bellied lemur [Eulemur rubriventer],
small-toothed sportive lemur [Lepilemur microdon], grey
bamboo lemur [Hapalemur griseus], Lehman et al. 2006b,
¢, Lehman 2007; platyrrhines: red titi monkey [Callicebus
cupreus], Kulp and Heymann 2015; Guianan red howler
monkey [Alouatta macconelli], Lenz et al. 2014; catarrhines:
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Tana River red colobus [Procolobus rufomitratus], Mbora
and Meikle 2004).

In the present study, we examine the relationship between
anthropogenic edge effects and the density of wild mantled
howler monkeys (Alouatta palliata), Central American spi-
der monkeys (Ateles geoffroyi), and white-faced capuchin
monkeys (Cebus capucinus) living in a fragmented tropical
rainforest environment at the La Suerte Biological Research
Station (LSBRS), Costa Rica. LSBRS is located in one of
the top 25 global biodiversity hotspots (Myers et al. 2000),
but in a region of Costa Rica that is increasingly deforested
(Garber et al. 2010), making edge effects important to study.
The way that all three of these sympatric monkey species
interact with their forest habitat and respond to forest edges
has important implications for conservation planning.

H1 Vegetation and primates show negative edge effects.

In this study, we predicted that there would be lower tree
density, smaller mean tree diameter at breast height (DBH),
less canopy cover, lower tree species richness, and lower
monkey encounter rate overall in forest edge versus interior.
These predictions are in line with past research suggesting
that lower plant and animal biomass will be found at forest
edges (Estrada et al. 1999; Arroyo-Rodriguez and Mandu-
jano 2006).

H2 Primate species differ in response to edge effects.

We also expected to see species-level differences in
monkey encounter rate at forest edge vs. interior at LSBRS,
based on differences in body size, canopy height preferences,
and dietary preferences between the three sympatric mon-
key species (Lidicker 1999). At LSBRS, protected rainforest
sharply transitions to cattle pasture and coconut plantations
(Molina 2015), meaning that minimal food is likely to be
available to primates in the surrounding matrix. The mantled
howler monkey, as a large-bodied folivore (Milton 1979),
is expected to show neutral or positive edge effects, with
higher encounter rate at forest edge and lower encounter rate
in forest interior or equal encounter rates in both edge and
interior. Due to their flexible diet, mantled howler monkeys
have been able to persist in a wide variety of habitat types,
ranging from undisturbed forest to habitats highly modified
by humans (Estrada 2015; Garber and Kowalewski 2015).
The greater availability of young, protein-rich leaves in edge
habitat areas (Chen et al. 1992; Ganzhorn 1995) would pro-
mote howler monkey presence at habitat edge, but the lack of
preferred large, mature trees, the lack of preferred high-can-
opy environments, and potential lack of preferred food spe-
cies may minimize this advantage (Fleagle and Mittermeier
1980; Estrada 1984; Munoz et al. 2006). Previous research
on other howler monkey species has shown positive edge

effects (Lenz et al. 2014), suggesting that mantled howler
monkeys may show the same trend.

The Central American spider monkey, a highly frugiv-
orous and large-bodied primate (Ford and Davis 1992;
Chapman et al. 1995), is expected to show negative edge
effects, and should therefore have a lower encounter rate at
forest edge and higher encounter rate in forest interior. Due
to their large home and day range sizes (Klein and Klein
1977; Shimooka 2004, 2005), large body size (Glanz 1990),
preference for the high upper canopy (Fleagle and Mitter-
meier 1980), and reliance on fruit from large, mature forest
trees (van Roosmalen 1985), spider monkeys are one of the
primates most vulnerable to habitat fragmentation (Peres
and Dolman 2000; Defler et al. 2003; Stevenson et al. 2005;
Boyle et al. 2009). Where edge effects have been tested in
spider monkey species, they have been negative (Lenz et al.
2014), suggesting that Central American spider monkeys
may show similar effects.

Finally, the white-faced capuchin monkey, as a small-
bodied frugivore with a diverse diet (Ford and Davis 1992;
Rose 1994), is expected to show positive edge effects, and
should therefore have a higher encounter rate at forest edge
and lower encounter rate in forest interior. Due to their
extreme dietary adaptability, capuchins have been known to
increase in number in some forest fragments, even as other
primate species decrease in number and species richness
(Cunha et al. 2006). Capuchins also show preference for
the middle to lower forest canopy (Fleagle and Mittermeier
1980), suggesting that the potentially lower tree heights in
forest edge zones would not negatively impact their forag-
ing behavior. Because other capuchin species have shown
positive edge effects (Lenz et al. 2014), we predict that the
white-faced capuchin will demonstrate the same preference.

Methods
Study species

Mantled howler monkeys are large-bodied primates with
adult weight ranging from 3.1 to 9.8 kg (Ford and Davis
1992). They live in groups of 1-40 individuals (di Fiore
et al. 2011), and usually live in groups of greater than ten
(Ryan et al. 2008). Howler monkeys including the man-
tled howler are traditionally known as the only folivorous
New World monkeys, subsisting largely on leaves, but they
include substantial amounts of fruit and flowers in their diets
depending on resource availability (Glander 1982; Asen-
sio et al. 2007; di Fiore et al. 2011). Howler monkeys are
known to prefer young leaves, which are more protein-rich
and lower in undesirable secondary compounds such as tan-
nins (Milton 1979; Glander 1982; Estrada 1984).

@ Springer



304

Primates (2018) 59:301-311

Central American spider monkeys are similarly large-
bodied primates with adult weight ranging from 6 to 9.4 kg
(Ford and Davis 1992). They live in fission—fusion groups
over large ranges (Klein and Klein 1977; Shimooka 2005).
As preferential frugivores, their diet may comprise entirely
fruit, or be supplemented with flowers and/or leaves (Chap-
man et al. 1995).

White-faced capuchins are small-bodied primates with
adult weight ranging from 2.6 to 3.9 kg (Ford and Davis
1992). They live in groups of 9-20 individuals (Perry 1997;
Rose 1997). Capuchins are mostly frugivorous, but have
a wide-ranging and varied diet supplemented by insects,
young leaves, flowers, eggs, and small vertebrates (Freese
1983; Rose 1994, 1997; Cunha et al. 2006).

Study site and monkey population

We conducted this study at the La Suerte Biological Research
Station (LSBRS) in northeastern Costa Rica (10°26'N,
83°46'W). LSBRS is a tropical lowland rainforest totaling
approximately 3 km? of primary forest, secondary forest,
and regenerating pastures (Pruetz and Leasor 2002; Gar-
ber et al. 2010). The main forested area where we conduct
research comprises two connected forest patches (“Large
Forest” = 0.935 km? and “Small Forest” = 0.35 km?) as well
as a partially cleared area for “camp” (0.071 km?) (Molina
2015). A reforestation project began in 2005 to build a cor-
ridor to connect the two fragments (Garber et al. 2010).
LSBRS represents one of increasingly few forested areas
in a region of Costa Rica that has been largely deforested
since the 1970s, primarily due to cattle ranching and large-
scale banana and pineapple production by major corpora-
tions (Garber et al. 2010; Molina 2015). Although primates
are not hunted or otherwise directly threatened by humans
at LSBRS or surrounding area to our knowledge, abrupt
forest edges exist between many areas of LSBRS and the
neighboring properties, with barbed wire fences marking
the sharp transitions between protected rainforest, cattle pas-
ture, and coconut plantations (Molina 2015). Coconut trees
are not a food source for these monkey populations to our
knowledge, with no feeding observed since our research in
this forest began in 2009 (Schreier, unpublished data). The
distinct forest edges at LSBRS, with minimal primate food
resources outside forest boundaries, make LSBRS an ideal
site at which to investigate the relationship between anthro-
pogenic edge effects and the density of the three monkey
species present.

Although relatively little systematic research has been
conducted at the site with respect to primate population
structure (Pruetz and Leasor 2002), past survey estimates
suggest that the Small Forest contains two (Pruetz and Lea-
sor 2002) or three (Garber et al. 2010) groups of mantled
howler monkeys and one group of white-faced capuchin
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monkeys (Garber et al. 2010; Pruetz and Leasor 2002),
while the Large Forest contains 68 (Garber et al. 2010)
or 7-8 (Pruetz and Leasor 2002) groups of mantled howler
monkeys and one (Garber et al. 2010) to three (Pruetz and
Leasor 2002) groups of white-faced capuchin monkeys. One
group of Central American spider monkeys ranges through-
out the Large Forest (Pruetz and Leasor 2002; Garber et al.
2010).

Vegetation survey

We collected the data reported here on vegetation and pop-
ulation structure from May—August 2015 (vegetation and
population surveys), May—July 2016 (population surveys),
and May—June 2017 (vegetation surveys). These time peri-
ods all comprise the wet season at LSBRS, and therefore
seasonal differences are not a confounding factor in our
analyses. The primary vegetation data we recorded (i.e., tree
species richness, DBH, and tree density) are not expected to
vary considerably over a couple of years, and therefore can
effectively be compared to monkey population data collected
during the same months of 2015 and 2016.

We conducted vegetation surveys along the forest edge
(within 100 m of the forest edge) and interior transects (more
than 100 m from forest edge). Each transect was 50 m X 5 m;
we aimed to distribute them evenly throughout the Large
and Small Forests and camp. Overall, we conducted 17
edge and 12 interior transects. We conducted ten edge and
nine interior transects in the Large Forest (one transect per
0.049 kmz), five edge and three interior transects in the small
forest (one transect per 0.044 km?), and two transects around
camp (all of camp is edge; one transect per 0.035 km?;
Fig. 1). Along the entire transect and within 2.5 m of either
side of the transect line, we recorded all trees with circum-
ferences at breast height > 10 cm and identified tree species
when possible. From these tree abundance and circumfer-
ence data, we calculated tree density and mean DBH for
each transect. We also determined tree species richness for
transects located in the Large Forest. Calculating tree spe-
cies richness in the Small Forest was not possible due to
time constraints and the very high number of trees and tree
species there. We also estimated tree cover using a point-
sampling method. At each 1-m interval, we estimated tree
cover by looking straight above and assigning a score of 1-4
(1 = 0-25% coverage, 2 = 26-25% coverage, 3 = 51-75%
coverage, and 4 = 76-100% coverage). Because our data
were not normally distributed (Shapiro—Wilk test of nor-
mality), we analyzed our vegetation data via non-parametric
statistical tests. We compared mean tree species richness,
mean DBH, and mean tree density across edge and interior
vegetation transects using Mann—Whitney U tests. We used
SPSS version 23 for all vegetation analyses and significance
was set at p < 0.05.
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Fig.1 Map of La Suerte Biological Research Station (LSBRS) showing vegetation transects and population survey transects

Population survey that were spaced approximately 150 m apart (Fig. 1). Tran-
sect lengths ranged from 0.26 to 1.29 km. One transect was
Following Pruetz and Leasor (2002), we conducted a sys-  walked ten times and abandoned after 2015 due to safety

tematic primate population survey using 11 line transects  concerns. The other ten transects were walked 19-34 times
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each during the study period, with variation in number of
times walked due to transect accessibility (e.g., some tran-
sects were inaccessible for several days after heavy rains due
to flooding; some individual transect surveys were started,
and then abandoned when heavy rains began). We walked
a total of 156.7 km in transect length. In order to reduce
destruction to the habitat, we used existing trails as the basis
for our transects as much as possible, with minimal off-trail
area included. We independently walked the transects at a
speed of approximately 1.5 km/h (Peres 1999), stopping
every 100 m for 2 min to conduct a detailed search for mon-
key species (Pruetz and Leasor 2002). Upon encountering
any monkey species, we recorded the time and location (trail
marker and GPS point using a Garmin GPSMAP 62 s Hand-
held GPS Navigator). Each of these records represents a sin-
gle monkey group (Pruetz and Leasor 2002). We conducted
line transects throughout daylight hours, but primarily dur-
ing the morning (06:00-10:00) and afternoon (14:00-18:00)
to correspond with periods of peak monkey activity (Peres
1999). We rotated transects to minimize observer bias (Peres
1999) and alternated daily between sampling odd-numbered
and even-numbered transects to avoid re-sampling the same
monkey groups on the same day.

To compare group encounter rates (with group encounter
rate being a proxy for monkey density) between the edge
and interior, we fit four generalized linear mixed models
(GLMM): one for each of the three monkey species and one
combining all monkey sightings together. In each model, we
assumed the number of encounters on each transect walk fol-
lowed a Poisson distribution whose log mean depended on
forest location (edge or interior) as a fixed effect and transect
as a random effect. Each model also used a constant offset
term to account for differing effort on transects of different
length. We fit models with the Ime4 package (Bates et al.
2015) in R version 3.3.2 (R Core Team 2016). We assessed
differences in encounter rate between forest edge and interior
by examining overlap of 95% confidence intervals.

Results
Vegetation survey

As predicted, mean tree species richness was significantly
higher in the interior (mean = 6.1 trees, SD = 2.1) than the
edge (mean = 3.8 trees; SD = 1.8; U = 22.5, p = 0.038).
Mean tree DBH in interior transects (34.1 cm, SD = 29.6)
was higher than mean DBH in the edge (22.4 cm,
SD = 11.6), but this difference was not statistically signifi-
cant (U =75.0, p = 0.245). Mean tree cover was also higher
in the interior than the edge; 92.0% of 1-m intervals in the
interior had between 51 and 100% cover compared with
73.6% of 1-m intervals in the edge. Contrary to predictions,
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there was no difference in mean tree density between the
edge (0.11/mm?, SD = 0.10) and the interior (0.08/m?,
SD =0.07; U=92.5, p =0.679).

Population survey

Contrary to our predictions, total monkey encounter rate
did not vary between the forest edge (1.17 groups/km,
CI: 0.85, 1.62) and forest interior (1.15 groups/km, CI:
0.85, 1.57; p = 0.933; Figs. 2, 3). We did, however, find
species-level differences in monkey encounter rate at for-
est edge vs. interior, but not consistently in the predicted
directions. As predicted, howler monkeys showed neutral
edge effects. Howler encounter rate was slightly higher in
the interior (0.86 groups/km, CI: 0.62, 1.19) than the edge
(0.69 groups/km, CI: 0.47-1.01), but this difference was
not significant (p = 0.35; Fig. 2). Contrary to predictions,
capuchin and spider monkeys also displayed neutral edge
effects, with no significant differences between encounter
rates in the edge vs. interior. Capuchin encounter rate in the
edge was 0.50 groups/km (CI: 0.32, 0.80) and in the inte-
rior was 0.37 groups/km (CI: 0.22, 0.62; p = 0.33). Spider
monkey encounter rate in the edge (0.29, CI: 0.16, 0.51)
was almost identical to that in the interior (0.29, CI: 0.18,
0.50; p = 0.93).

Discussion

Our hypothesis (H1) that there would be lower tree species
richness, smaller tree DBH and less canopy cover in the for-
est edge vs. interior was partially supported, in that interior
environments showed higher tree species richness and mean
canopy cover. However, there was no difference in monkey
encounter rate between the edge and interior. Thus, there
were some negative edge effects for vegetation but not for
the overall primate community at La Suerte.

With respect to hypothesis (H2), our predictions about
individual species’ responses to the edge were supported
for one species, but not for the others. As predicted, man-
tled howler monkey encounter rate did not vary between
the forest edge and interior, therefore showing neutral edge
effects. This finding contrasts with results from mantled
howler monkeys in Costa Rica’s Osa Peninsula, which were
observed more frequently in the forest edge compared to
the interior (Skrinyer 2016) as well as the Guianan red
howler monkey (Lenz et al. 2014), which was found to pre-
fer edge environments. Our results thus bely the idea that
howler monkeys, due to their flexible diet, are so resilient
to anthropogenic habitat modification that they favor edge
environments (Garber et al. 2006; McKinney et al. 2015;
Marsh et al. 2016). However, it may be that mantled howler
monkeys are able to thrive in some types of edge habitat
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Fig.2 Monkey encounter rate (groups/km with 95% confidence intervals) overall and by species in edge and interior of LSBRS rainforest

while not gaining any particular advantage from others.
In the Osa Peninsula, edge habitats surveyed by Skrinyer
(2016) included natural edge (e.g., two transects—beach
and river) as well as agricultural anthropogenic edge (two
transects), with only one edge transect bordering a habitat
with minimal vegetation (road edge along fences). Similarly,
Lenz et al. (2014) surveyed two lightly logged primary forest
transects as edge habitat, which likely had more transitional
matrix and thus more primate food sources than the for-
est edge at LSBRS. At LSBRS, forest edges show a sharp
transition to road and/or cattle grazing land with minimal
food sources available in the surrounding matrix, possibly
driving the neutral edge response of howler monkeys in this
environment.

Recent research suggests that howler monkeys are
in fact vulnerable to the effects of habitat fragmenta-
tion (Arroyo-Rodriguez and Dias 2010). Their diet is

species-selective and grazing occurs exclusively on trees,
with only 27 species from 15 families fed upon in one
Mexican rainforest setting (Estrada 1984). Mantled howler
monkeys have been reported to preferentially use trees
with larger DBH than the average DBH in forest frag-
ments (Munoz et al. 2006), which may explain why we
found no significant difference in howler monkey encoun-
ter rate in edge vs. interior at LSBRS. Howler monkeys
may be drawn to the forest interior by their preference for
the large, mature forest trees more commonly found there
at LSBRS. Although tree height in forest edge vs. interior
was not assessed in this study, previous research on the
red howler monkey (Alouatta seniculus) has shown that
howler monkeys prefer high canopy environments, which
may also be more likely to be found in forest interior (Flea-
gle and Mittermeier 1980). Preliminary research on feed-
ing behavior at LSBRS showed mantled howler monkeys
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Fig. 3 Monkey sightings by species in edge and interior of LSBRS rainforest

feeding on trees from their most preferred plant family,
Moraceae (Estrada 1984), at both edge and interior loca-
tions (Schlaht, unpublished data). Similarly, past research
on mantled howler monkey diet at LSBRS found that mon-
key groups from both Large and Small forests were able
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to obtain adequate nutrition from all forest areas surveyed
(Occhibove et al. 2015). Preferred howler monkey feed-
ing trees are therefore present throughout the LSBRS site,
which may explain the lack of preference for edge over
interior at LSBRS.
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In contrast to predictions, Central American spider mon-
keys and white-faced capuchin monkeys at LSBRS also dis-
played no difference in encounter rate between forest edge
and interior, and therefore showed neutral edge effects.
These findings contrast with results from the Guianan spi-
der monkey and brown capuchin monkey (Lenz et al. 2014),
which were found to prefer interior and edge environments,
respectively. However, the Central American spider monkey
was observed to use forest edge and interior equally in the
Osa Peninsula, Costa Rica, which was attributed to the abun-
dance of Attalea butryacea palm fruit in the edge (Skrinyer
2016). Our neutral edge results for these monkey species
also correspond with our finding that there is no difference
in tree density between the edge and interior at LSBRS, per-
haps suggesting that tree density is more important than tree
size or canopy height for these two species. Additionally,
Central American spider monkeys may not show preference
for edge or interior at LSBRS due to preferred foods, such
as native lipid-rich fruiting trees like lemon guava (Psidium
guajava) (Skrinyer 2016; Schlaht, unpublished data), being
found throughout edge and interior regions. It is also pos-
sible that our neutral edge results are due to differences in
spider monkey detection accuracy in edge and interior, with
the smaller trees on the forest edge making it more likely
that we would detect typically high-canopy spider monkeys
if present. Further research is needed to investigate the full
range of factors that may be contributing to the neutral edge
response in the Central American spider monkey at LSBRS,
including how fruiting tree species are distributed.

The white-faced capuchin monkey similarly did not show
preference for forest edge or interior at LSBRS, and may not
have done so due to the presence of diverse food sources
throughout the site. As frugivores with highly varied diets
(Freese 1983; Rose 1994, 1997; Cunha et al. 2006), capu-
chins may have been able to find a range of appropriate food
sources throughout both edge and interior environments. Ini-
tial results regarding capuchin tree use at LSBRS show that
although they rested in both edge and interior, they fed pre-
dominantly from interior trees (Schlaht, unpublished data).
Their neutral edge response may therefore be attributed
to an abundance of food sources in the interior. When the
capuchins did feed on the edge, they did so from trees with
larger DBH than those they fed from in the interior (Schlaht,
unpublished data). The small body size of capuchins and
their preference for low to middle forest canopy may have
allowed them to move freely through both small and large
trees in all forest zones, allowing them to target feeding trees
throughout the forest. Further research is needed on food
resource abundance and tree use at LSBRS to clarify the
factors that may be influencing this neutral edge response in
the white-faced capuchin monkey.

Overall, our results do not support Lidicker’s (1999) find-
ings that animal species respond to forest fragmentation in

different ways that may relate to their body size and dietary
preferences. Our primate population surveys were conducted
from June—August, a time of year encompassing the start of
the wet season in northeastern Costa Rica. It is possible that
population surveys conducted at other times of the year may
yield different results for the edge and interior responses of
each species. However, Chapman (1988) studied variation in
ranging and foraging patterns in mantled howler monkeys,
Central American spider monkeys, and white-faced capu-
chin monkeys during wet and dry seasons in Santa Rosa
National Park, Costa Rica, and found no significant relation-
ship between seasonality and feeding behavior. All monkey
species were selective of food items and showed variation
in range usage, but did not show seasonal differences (Chap-
man 1988). Seasonal differences, then, would not necessarily
be expected to influence primate ranging patterns or pri-
mate preferences for edge vs. interior in our study. It is also
important to note that our neutral edge preference results for
all primate species may have been impacted by our sampling
methods, with 11 short transects sampled multiple times to
generate encounter rates. If our sampling methods had con-
sisted of a larger number of longer transects sampled fewer
times, our encounter rates may have been different. However,
given the small size of forest fragments at LSBRS and lim-
ited area to walk the transects, this was unavoidable.

Our findings indicate that edge effects do not yet appear
to negatively affect the monkey population at LSBRS. These
neutral edge responses provide hope that primates and other
wildlife populations may be able to withstand severe habi-
tat fragmentation. As forests throughout Costa Rica and
other tropical regions become increasingly fragmented, it is
more and more important to understand the species-specific
responses of primates to deforestation. The La Suerte region
is experiencing additional anthropogenic pressure each year
due to an increase in the number and size of banana and
pineapple plantations, which eventually cannot fail to put
additional stress on the monkey population. Given the ongo-
ing deforestation of the wider region, it is critical to continue
to monitor the monkeys over time to assess their continuing
response to fragmentation.
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