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ABSTRACT. Human activities result in the formation of a mosaic of forest patches within a non-habitat
matrix. The response of the local biodiversity to changes in land-use may occur at different scales. It is
important to evaluate the effects of the attributes of both the patches and the surrounding landscape on
the occupancy of forest patches by animal populations. Here, we assessed the predictive potential of local
(basal area, tree density), patch (size, shape) and landscape scale (total area of forest, number of patches,
matrix permeability, patch proximity) variables on the occupancy of forest patches by the syntopic
primates Alouatta caraya, Sapajus libidinosus and Callithrix penicillata in the city of Goiédnia in the Cerrado
region of central Brazil. We used playback to survey primate populations in 22 focal patches and assessed
the landscape within a 1000 m buffer zone around each site. In A. caraya, occupancy was influenced by the
shape of the focal patches, the amount of forest and fragmentation level of the landscape. Focal patch size
and the permeability of the matrix were the principal determinants of the occupancy of S. libidinosus.
None of the predictors influenced patch occupancy in C. penicillata, and the structure of the vegetation
did not influence occupancy in any of the species. The preservation of as many forest patches as possible,
both large and small, as well as gallery forests, and the enhancement of matrix permeability will be
essential for the long-term conservation of the syntopic primates of the Cerrado of central Brazil.
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Introduction

Human activities and increasing rates of urbanization have led to the progressive degradation of the
environment and the loss of natural vegetation, which converts continuous forest cover into a fragmented
landscape dominated by small and isolated patches of forest (Soulsbury & White, 2015; Goudie, 2018). This
process provokes ecological disturbance at different habitat scales (Lyra-Jorge, Ribeiro, Ciocheti, Tambosi,
& Pivello, 2010). At a local scale, patches may be impoverished, for example, through edge effects, the
simplification of the fauna, the loss or local extinction of plant species (Tabarelli, Silva, & Gascon, 2004) or
also the homogenization of the composition of the vegetation (Lobo, Leao, Melo, Santos, & Tabarelli, 2011).
At the patch scale, habitat patches may become progressively smaller and more isolated, while at a
landscape scale, they may disappear altogether (Fahrig, 2003). The occupation of these forest patches by
animal populations will depend on the dynamics of the exploitation of the resources available in the patches
themselves and the surrounding matrix (Santos, Chiarello, Ribeiro, Ribeiro, & Paglia, 2016), which will
influence the resilience of the populations or their susceptibility to extinction (Arroyo-Rodriguez et al.,
2017; Borges-Matos, Aragon, Silva, Fortin, & Magnusson, 2016; Brady, McAlpine, Possingham, Miller, &
Baxter, 2011). Ultimately, the socioecology of the species may also influence patch occupation patterns.
Depending on the social system and dispersal dynamics of the species, individuals may either disperse
systematically from their natal group or disperse secondarily between groups (Izar et al., 2012; Jack &
Fedigan, 2004).
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Most primate populations are either already undergoing the synergistic effects of the process of
landscape fragmentation or will do so in the not-too-distant future (Estrada et al., 2017). These impacts can
modify the distribution of the primate populations within the landscape, and are influenced by both the
composition of the landscape matrix and the vertical structure of the vegetation in the patches (Arroyo-
Rodriguez & Dias, 2010; Boyle & Smith, 2010; Mbora & Meikle, 2004). A number of studies have highlighted
the importance of features of the vegetation structure, such as basal area, and canopy cover and height for
the distribution and abundance of primate populations (Arroyo-Rodriguez & Mandujano, 2006). The drivers
of primate occupancy in any landscape may depend on key elements of the local habitat, such as the amount
of canopy, which is especially important to forest-dwelling species, as observed by Sales, Hayward, and
Passamani (2016) in Callicebus nigrifrons. Anzures-Dadda and Manson (2007) also found a positive
correlation between the presence of Alouatta palliata and the abundance and size of patches, canopy height,
and abundance of corridors. However, occupancy is not determined solely by the attributes of the patches
themselves, but also by the characteristics of the surrounding matrix (Anderson, Rowcliffe, & Cowlishaw,
2007; Hasui et al., 2017), so the presence of primate populations appears to depend on the overall
configuration of the landscape (Arroyo-Rodriguez & Fahrig, 2014). For example, Sales et al. (2015) assessed
the effects of forest patch size and connectivity on changes in occupancy, extinction and colonization rates
following environmental change over time in two native Brazilian primates. These authors found that the
black-tufted marmoset (Callithrix penicillata) presented a rapid response to habitat change, given that its
occupation of the landscape is best explained by its current attributes, especially connectivity, resulting in
an equilibrium with the present-day landscape. On the other hand, the response of the black-fronted titi
monkey (Callicebus nigrifrons), which is dependent on the forest canopy, suffered a time-lag effect, because
current occupation patterns are related to the past attributes of the landscape (especially fragment size).

The structure and composition of the landscape matrix can also influence the dynamics of primate
populations both within and among forest patches (Benchimol & Peres, 2013). Habitat loss limits the
availability of resources in patches (Estrada & Coates-Estrada, 1996), and may stimulate the exploration of
the matrix (Mandujano, Escobedo-Morales, & Palacios-Silva, 2004) by animals searching for resources and
moving to new patches (Asensio, Arroyo-Rodriguez, Dunn, & Cristébal-Azkarate, 2009). Thus, the
exploitation of resources from the matrix may mitigate the effects of habitat loss and relativize the
structural connectivity of the landscape, making it more functional (Pardini, Souza, Braga-Neto, & Metzger,
2005; Ricketts, 2001). The success of primate populations in a fragmented landscape may thus depend on
the complex interaction of a range of factors at different spatial scales, including patch size, quality, and
structure, the composition of the matrix, and the ability of the animals to exploit the patches (Arroyo-
Rodriguez, Cuesta-del-Moral, Mandujano, Chapman, Reyna-Hurtado, & Fahrig, 2013a; Carretero-Pinzon,
Defler, McAlpine, & Rhodes, 2017; Silva, Ribeiro, Hasui, Costa, & Cunha, 2015).

It is imperative to understand how different primate species respond to changes in the landscapes they
occupy because the species—landscape relationship depends strongly on landscape variables and the
regional context (Galdn-Acedo, Arroyo-Rodriguez, Estrada, & Ramos-Fernandez, 2018). The populations of
coexisting primate species, in particular, constitute a challenge for the determination of the environmental
predictors of their potential success or failure in a fragmented landscape (Arroyo-Rodriguez & Dias, 2010;
Peres & Janson, 1999). It is also important to identify the specific factors and the most appropriate spatial
scale of analysis applicable to each case (Arroyo-Rodriguez et al., 2013a; Arroyo-Rodriguez, Gonzalez-
Perez, Garmendia, Sola, & Estrada, 2013b; Arroyo-Rodriguez & Fahrig, 2014). The rural-urban landscape
gradient is an opportune scenario, given that the intensity of the matrix has negative effects on the richness
and abundance of mammals (Brady, McAlpine, Miller, Possingham, & Baxter, 2009; Brady et al., 2011;
Estrada, Raboy, & Oliveira, 2012). The understanding of the factors that determine the patch occupancy
permits the comprehension of the environmental demands of the primates found in fragmented landscapes
and the more systematic identification of the local, patch and landscape scale attributes that are of the
highest priority for the development of conservation strategies (Carretero-Pinzén et al., 2017; Pozo-
Montuy, Serio-Silva, & Bonilla-Sanchez, 2011). This approach should provide more reliable guidelines for
the development of effective conservation measures that include both the species themselves and specific
features of the environment, to ensure the survival of populations over the medium to long term (Chapman
& Peres, 2001; Marsh et al., 2003).
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The syntopic primates of the Brazilian central Cerrado coexist in forest patches within a fragmented
landscape, providing an appropriate context for the assessment of the issues on patch occupancy outlined
above. Although little is known about the relationships established between these primates and the
landscape and patch characteristics, we can propose a number of predictions on the characteristics of the
behavioral ecology of these species. As a generalist species, the marmosets would be less sensitive to the
landscape and local degradation and would not be affected by the anthropogenic matrix (Sales et al., 2015;
Secco, Grilo, & Bager, 2018). As the capuchin monkeys live in large groups, they would need larger patches
with a well-preserved structure (Fragaszy, Visalberghi, & Fedigan, 2004). Howler monkeys appear to
tolerate small patches (Bicca-Marques, 2003), but because they are folivorous-frugivorous, they would also
need well-structured patches. All three species would likely benefit from the greater proximity between the
patches in the landscape, and greater permeability, which usually favors movements within the landscape
(Martensen, Pimentel, & Metzger, 2008). Our general hypothesis is that habitat loss and fragmentation will
affect differentially the occupation of patches by the different primate species. In the present study, we
investigated the effects of local, patch, and landscape scale attributes on the occupancy of forests by the
black-and-gold howler monkey (Alouatta caraya), the brown capuchin (Sapajus libidinosus), and the black-
tufted marmoset (Callithrix penicillata) within a rural-urban gradient. We analyzed variables including
vegetation structure (basal area, tree density), patch size and shape, and landscape
composition/configuration (total area of forest, number of patches, matrix permeability, and patch
proximity). We aimed to identify the habitat attributes and the spatial scale most relevant to the
conservation of these primate populations.

Material and methods

Study area

We surveyed 22 forest patches in the city of Goidnia (16°40’ S, 49°16’ W), which is located in the Cerrado
biome of central Brazil. We randomly selected forest patches with an area of at least 5 ha, divided
approximately equally among four size classes, i.e., 5-20, 20—-40, 40-100, and 100-110 ha (Figure 1). We
consider this division of classes to have the most homogeneous possible distribution of patches within the
whole city. We avoided patches smaller than 5 ha because they were areas with highly degraded vegetation
and the most potential risk for the field team. We confirmed the spatial independence of the study areas using
the Average Nearest Neighbor test (ratio = 1.12), which measures the distance between each patch centroid and
the centroid of its nearest neighbor. This ratio is calculated as the observed average distance divided by the
expected average distance (based on a hypothetical random distribution of the patches within the area). If the
value of the ratio is less than 1, the fragments are clustered, but if it is greater than 1, the fragments are well
dispersed (Mitchell, 2005). In addition, as the buffer zones established around the focal patches did not overlap
(see landscape classification section, below), they were considered to be independent sample units.

Primate surveys

We surveyed the primate populations of the focal patches between November 2010 and July 2011 using
vocal playbacks. To provide a representative sample of each patch, we adjusted sampling effort to patch
size, with the smallest patches (5-20 ha) being visited twice, the next largest patches (20-40 ha) three
times, and the next largest (40-100 ha), four times, while the largest patches (100-110 ha) were surveyed
five times. We used the recordings of long-calls and alarm vocalizations from the Emmons project
(Emmons, Whitney, & Ross Jr., 1998) and those recorded in Brazil in other study sites, kindly provided by
our colleagues. We used the Audacity ® software v. 1.3.9 to clear background noise and cut the tracks.
During each visit, we played recordings along transects at three different times of day (7:00-9:00h, 11:30-
13:30h, and 16:00-18:00h). In order to survey the maximum possible area within each patch, we established
longitudinal transects at regular intervals throughout each forest and chose three equidistant points (as far
as possible) along the transect to broadcast the playbacks (Figure 2). During each playback session, we
broadcast a 15-min. call twice for each species, separated by a 5-min. interval of silence.

We conducted playbacks until we obtained a response from the target species or, when there was no
response, until the end of the planned survey schedule. Once a species was detected, either by playback,
visual observation or vestiges (feces on the ground, in the case of A. caraya), we removed its vocalization
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from the playback sequence. We considered a patch to be occupied by a species if we detected the presence
of at least one individual. The playbacks were emitted using a portable loudspeaker (24.5 cm x 21 cm x 35
cm) containing two Pioneer speakers (6 x 9 TS-A6983S), coupled to an LG CD player (LSC500UN), and a H-
Buster amplifier (600 W HBM-T200 TRANSPOWER), powered by a car battery (12V, 45A).
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Figure 1. Location of the 22 focal forest patches in the city of Goidnia, Goids state, Brazil.
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Figure 2. Diagram of vegetation structure sampling and the playback sessions conducted in the focal forest patches in the city of
Goiania, Goids state, Brazil.

We validated the playback survey by preliminary pilot tests in patches not included in the study, in which
presence of species was known. This allowed us to confirm the high degree of responsiveness of the species
to the playbacks. We also investigated the presence of primates in each focal patch through interviews with
local residents and/or other persons found in the vicinity of the patch, who were at least 18 years old. We
conducted 185 interviews, 3—11 per patch (informed consent form certified by the Ethics Committee of the
Universidade Federal de Goids, approval n° 377/2010). During the interviews, we questioned the subject on
the presence of primates in the focal forest, and used color photographs of different primate species,
including species that are not present in the study region, to test the veracity of the information provided.

We tested the reliability of the survey methods by comparing the results of the playback surveys and
interviews using a Pearson Chi-square test. The presence of A. caraya (X* = 46.2, df = 1, p < 0.001) and S.
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libidinosus (X* = 59.3, df = 1, p < 0.001) was reported significantly more frequently in interviews at sites where the
species were also detected in the playback surveys. This relationship was not significant in C. penicillata (X* = 3.1,
df = 1, p = 0.07), however, possibly because of the high occupancy rate recorded for this species.

Local attributes

We sampled the vegetation structure of the patches using the Point-Centered Quarter Method, or PCOM
(see Cottam & Curtis, 1956). We selected sampling points randomly at 50-m intervals along the transects
used for the playback surveys. In general, the number of transects corresponded to the number of visits to
each patch. The total length of the transects was not fixed, although we standardized the sampling effort as
far as possible by distributing the transects evenly across the area of each fragment. The number of points
sampled per patch varied according to its size class, with 15 points being sampled in the smallest patches
(5-20 ha), 20 points in the next largest patches (20-40 ha), 25 points in the next largest (40-100 ha), and 30
points in the largest patches, of 100-110 ha (Figure 2).

In the PCQM, each point is defined as a sampling unit, and the area surrounding the point is divided into
four 90° quarters (quadrants). We defined the quadrants at each point by throwing a cross randomly onto
the ground, and then, within each quadrant, we identified the tree nearest to the center of the cross with a
circumference at breast height (CBH) of at least 15 cm. For each tree identified in this way, we measured the
distance to the center point (point—plant distance) and the CBH. We selected randomly 60 of total trees
sampled in the PCOM's per patch to standardize the vegetation samples. We squared the mean point—plant
distance to obtain the quadrant area and estimate the density of trees per hectare. We calculated the mean
basal area from the CBH values.

Landscape attributes

We conducted a supervised classification by visual inspection (ESRI ArcGIS 9.3) using a fine resolution
orthophotograph (0.6m) to determine the land cover within a 1000-m radius of the center of each focal
patch. We considered this size of radius so that the landscape established around the focal patches were
represented adequately for all the species and the buffer zones did not overlap with each other. We also
considered the dispersal capacity in the matrix of congener species to those monitored in the present study
(Glander, 1992; Mandujano et al., 2004). The land cover of a given area was assigned to one of six categories:
forest, pasture, cropland, human settlement, non-forest vegetation, and water. We calculated the size of
each focal patch, and its shape and the proximity index using 800 m as the specified distance from the focal
patch (McGarigal, Cushman, & Ene, 2012). The proximity index increases as the neighborhood is occupied
increasingly by patches of the same type, and as these become close to each other and more contiguous (or
less fragmented) in their distribution. We also calculated the area and number (fragmentation level) of all
the forest patches observed within the landscape (Fragstats v. 4.2), as well as the permeability matrix index
(PI), based on Arroyo-Rodriguez et al., (2013b). The PI is calculated by multiplying the percentage of each
land cover category within the landscape by its relative permeability. The permeability of a given type of
land cover was defined by the similarity of its vegetation structure with that of the forest, weighted as
follows: 1 (water, lowest permeability), 2 (human settlement), 3 (cattle pasture), 4 (cropland), 5 (non-forest
vegetation) and 6 (forest, highest permeability). The PI values recorded in the present study ranged from
16.6 (100% of the matrix composed by water) to 100 (100% of the matrix composed by forest).

Data analysis

We used logistic regressions to test which patch and landscape characteristics best predicted patch
occupancy by the different primate species sampled by playback survey. We selected the link-function
binomial and the logit model, given that our response variable has the discrete probability distribution of
the number of occurrences and non-occurrences of the species, and the logit function, which linearizes a
logistic curve, is the most adequate for the general linear model fitting (Chatterjee & Hadi, 2006). To test for
collinearity, we determined the Pearson correlation coefficient between all predictor variables (Table 1), and
calculated the Variance Inflation Factor (VIF) for each predictor (Zuur, Ieno, Walker, Saveliev, & Smith,
2009). Correlations of over 0.8 were considered to be collinear (Tabachnick & Fidell, 2013), but no values
this high were recorded in the present study. Values of VIF of over 4 indicate possible collinearity, and
values above 10 indicate strong collinearity (Quinn & Keough, 2002).
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Table 1. Pearson correlation coefficients among local, patch and landscape attributes used as occupancy predictors by Alouatta caraya,
Sapajus libidinosus and Callithrix penicillata in the focal forest patches in the city of Goidnia, Goids state, Brazil. * p < 0.05.

Number of Matrix

Density Size Shape Forest area patches permeability Proximity
Basal area -0.48* -0.31 0.18 0.23 -0.04 0.07 -0.07
Density -0.13 0.20 -0.25 -0.03 -0.25 -0.35
Size 0.15 -0.15 0.03 0.60* 0.77*
Shape -0.11 0.28 0.39 0.05
Forest area 0.30 0.29 0.23
Number of patches 0.18 0.22
Matrix permeability 0.59*

We tested three models based on (i) m1: local attributes (basal area and density), (ii) m2: patch metrics
(size and shape), and (iii) m3: landscape metrics (forest area, number of forest patches, matrix permeability,
and proximity). We tested the full models, but we do not present the results here because all the models
presented a series of fundamental problems, including high levels of multicollinearity and low model fit. We
adopted the Akaike Information Criterion for Second-Order Bias Correction (AICc) to select the most
parsimonious model that contained the variables with the highest power of discrimination to determine the
probability of patch occupancy by each primate species. This criterion is appropriate for samples of reduced
size, and defines the best models as those with delta (Ai) values of between 0 and 2. Models with a Ai value
of 4-7 are considered to be poorly supported, while Ai values higher than 10 essentially have no support
(Burnham & Anderson, 2004).

We also used the corrected Akaike weight (WAICc) to assess uncertainty in the model selection. We
used hierarchical partitioning to measure the specific importance of each variable in the best models.
This approach quantifies independent correlation (R2) of each predictor variable with the response
variable (Chevan & Sutherland, 1991). The variables that independently accounted for a greater
proportion of the variance than expected by chance were identified by randomization. For each
randomization, the values in each independent variable are randomized independently, resulting in a
matrix of values, on which a hierarchical partitioning is run. In relation to the randomized matrix, the
function provides a summary table listing the observed values and its 95th and 99th percentile values.
We ran this analysis in R v. 3.4.1 (R Core Team, 2017) using the packages bbmle (Bolker, 2017),
hier.part (Walsh & Nally, 2013), car (Fox et al., 2019), MASS (Ripley et al., 2019), and AICcmodavg
(Mazerolle & Linden, 2019). Statistical significance was set at the p = 0.05 probability level, although p
values marginally higher than 0.05 were also discussed. We consider the best models to be those that
presented an association between significant (or marginally significant) p values and Ai AIC values of
up to approximately 4 (Burnham & Anderson, 2004). We used R2 as a complementary approach (Chevan
& Sutherland, 1991) to support the understanding of the relationship between the different metrics and
species occurrence.

Results and discussion

We recorded the presence of all three primate species within the study landscape. The most common
species was C. penicillata, which was recorded in 91% (n = 20) of the focal patches, followed by S. libidinosus
and A. caraya, which were both found in 45% of the patches (n = 10) patches (Table 2). The analyses
indicated that the patch (m2) and landscape (m3) models provided the most parsimonious explanation for
the occupation of patches by A. caraya and S. libidinosus (Table 3; Table 4). In the case of occupancy by S.
libidinosus, patch size and the permeability of the landscape matrix were the most important metrics, both
having a positive effect. The occupancy of A. caraya was positively related to the number of forest patches in
the landscape and to the focal patch shape, and negatively related to the amount of forest in the
landscape. The focal patch shape and the amount of forest in the landscape had a marginally
relationship (p value approximately 0.05). By contrast, none of the predictors had any clear influence
on patch occupation by C. penicillata, which was presumably due to the widespread distribution of this
species within the landscape.
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Table 2. Area, Brazilian Cerrado phytophysiognomies, and primate occurrence records of the focal forest patches in the city of Goiénia,
Goias state, Brazil.

Primate occurrence

Site  Area (ha) Phytophysiognomy Alouatta caraya  Callithrix penicillata ~ Sapajus libidinosus
17 6.1 Riparian and Dry forest 1 1 0
29 7.1 Riparian and Dry forest 1 1 0
9 7.5 Cerrado sensu stricto, Riparian and Dry forest 0 1 0
20 7.7 Cerrado sensu stricto, Riparian and Dry forest 0 1 0

1 8.8 Cerrado sensu stricto, Riparian and Dry forest 0 1 0
26 9.7 Riparian and Dry forest 1 1 0
13 13.0 Dry forest 0 1 1
18 13.5 Riparian and Dry forest 1 1 0

5 14.6 Riparian and Dry forest 0 0 1
10 21.1 Riparian and Dry forest 0 1 1
14 22.8 Dry forest 0 1 0
2 23.9 Riparian and Dry forest 0 1 0
24 25.3 Dry forest 0 1 0
21 33.2 Cerradao, Riparian and Dry forest 1 1 0

7 35.7 Riparian forest 1 1 1
19 44.5 Dry forest 0 1 1

3 46.5 Dry forest 1 0 1
23 64.2 Riparian and Dry forest 0 1 1
28 73.3 Riparian and Dry forest 1 1 1
12 76.9 Riparian and Dry forest 1 1 0
25 95.0 Riparian and Dry forest 1 1 1
4 107.0 Riparian and Dry forest 0 1 1

Table 3. Models used to evaluate the predictability of forest patch occupancy by Alouatta caraya, Sapajus libidinosus and Callithrix
penicillata in the landscape of Goidnia, Brazil, based on local, patch and landscape attributes. The best models are highlighted in bold
types, and R? is only presented for the best models.

Species/ Model Predictor Parameter z p VIF AiAICc wAICc R2
Spatial scale
Alouatta caraya
Local ml Basal area -0.0001 -0.032 097 1.1 6.0 0.04
Density -0.0005 -0.331 0.74 1.1
Patch m2 Size 0.002 0.181 0.85 1.0 0.0 0.87 9.2
Shape 1.358 1.691 0.09 1.0 90.8
Forest area -0.138 -1.775 0.07 1.7 4.7 0.08 52.2
Landscape m3 Number of patches 0.653 1.922 0.05 1.8 45.5
Matrix permeability 0.021 0.329 0.74 1.3 0.9
Proximity -0.006 -0.367 0.71 1.5 1.3
Sapajus libidinosus
Local mi Basal area -0.006 -1428 0.15 1.4 6.6 0.02
Density -0.001 -1.004 031 1.4
Patch m2 Size 0.059 2.173  0.02 1.2 0.0 0.69 85.7
Shape -0.783 -1.128  0.25 1.2 14.3
Forest area 0.016 0.293 0.76 1.1 1.8 0.28 3.2
Landscape m3 Number of patches -0.811 -1.629 0.10 24 18.6
Matrix permeability 0.245 2.182 0.02 2.2 68.3
Proximity 0.003 0.188 0.85 1.4 9.8
Callithrix penicillata
Local mi Basal area -0.003 -0.688 0.49 1.2 0.0 0.66
Density -0.003 -1.307 0.19 1.2
Patch m2 Size 0.002 0.087 093 1.0 1.7 0.27
Shape 0.366 0.400 0.68 1.0
Forest area -0.096 -1.100  0.27 2.2 4.9 0.05
Landscape m3 Number of patches 0.255 0.512 0.60 1.2
Matrix permeability -0.124 -0.945 0.34 1.0
Proximity 0.084 1.077 0.28 2.0

The three primate species presented distinct levels of occupancy within the study landscape in the
Brazilian Cerrado. Howlers and capuchins were both encountered in less than half of the focal patches,
whereas the marmosets were found in almost all of them. Within the rural-urban landscape gradient, the
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howlers and capuchin monkeys may have a more restricted occupation of the landscape in comparison with
the marmosets, whose ample distribution and ecological plasticity has been documented in other urban
centers (Duarte & Young, 2011; Goulart, Teixeira, & Young, 2010) and in remnants of the original forest
(Hilario & Ferrari, 2015). This may indicate a significant difference in the landscape requirements of
howlers and capuchins in the anthropogenic matrix of the Brazilian Cerrado, in comparison with the
marmosets (Hoffman & O’Riain, 2012).

Table 4. Mean, standard deviation (SD), minimum (Min), and maximum (Max) values of local, patch and landscape attributes among
the focal forest patches in the city of Goiania, Goids state, Brazil.

Scale Metric Mean = SD Min-Max
Patch Size 34 £30 6 - 107
Shape 2%1 1-8
Landscape Forest area 15+13 0-54
Number of patches 4+ 1-8
Matrix permeability 54+9 35-170
Proximity 25+44 0-170

Specific patch metrics and landscape attributes influenced patch occupancy by howlers and capuchins.
Patch size and matrix permeability were important predictors of capuchin occupancy. Under natural
conditions, capuchins live in large groups (12 to 27 individuals), with relatively large home ranges, of 161
ha, on average (Fragaszy et al., 2004). Where habitats have been fragmented and impoverished, larger
patches may increase the potential for the occurrence and persistence of capuchin populations (Carretero-
Pinzo6n et al., 2017; Mota, Leite, & Martins, 2018). Given the ability of capuchins to cross open areas in the
landscape matrix (T. O. Grande, personal observation), in addition, a more permeable matrix would also
facilitate access to adjacent forest patches, amplifying the range of resources available to a resident
capuchin group (Hendges, Melo, Goncalves, Cerezer, & Cdaceres, 2017; Silva et al., 2015). In this scenario,
dynamic capuchin groups would be able to exploit more effectively resources distributed heterogeneously or
seasonally within the fragmented landscape.

Capuchins are likely to be prevalent and persist over the long term in more rural landscapes in
comparison with less hospitable urban landscapes, given the greater potential for dispersal among patches
and groups (Estrada et al., 2012), as well as their considerable behavioral and ecological flexibility. In an
analysis of the similarity of mammal communities among isolated forest patches in the fragmented
landscape of the southwestern Cerrado, medium- and large-sized mammals (including S. libidinosus) were
able to move between patches regardless of the size, degree of isolation or vegetation structure of these
forest remnants (Caceres, Napoli, Casella, & Hannibal., 2010). In this case, movement would be facilitated
by the permeability of the pasture matrix. A number of other studies (Michalski & Peres, 2005; Sorensen &
Fedigan, 2000) have also recorded other species of capuchins moving over large distances in fragmented
landscapes, often along unconnected corridors in both grassland and degraded forest habitats.

For the howlers, patch shape and the number and area of forest patches appear to be the principal
predictors of occupancy. The more irregular its shape, the greater the probability of the occurrence of
howlers in the patch. In the study region, fragments of gallery forest tend to be the most irregularly shaped.
Howlers may be associated with gallery forests due to both the resources they offer and their connectivity,
given that the anthropogenic matrix tends to be less permeable (Arroyo-Rodriguez et al., 2013b). Howlers
were prevalent in areas with a high level of fragmentation, but a smaller total area of forest. This may reflect
the tolerance of these monkeys to habitat loss and fragmentation, which typically results in a reduction of
the area of forest and an increase in the number of patches (Fahrig, 2003). While habitat fragmentation may
limit the dispersal capacity of A. caraya (Oklander, Kowalewski, & Corach, 2010; Oklander & Corach, 2013),
a larger number of more closely-spaced patches may facilitate movements by providing stepping-stones of
habitat (Clarke, Collins, & Zucker, 2002; Pozo-Montuy et al., 2011), especially considering the ability of the
howlers to move over the ground (Serio-Silva, Ramirez-Julian, Eppley, & Chapman, 2019). It is important to
note, however, that this apparent tolerance of habitat loss and fragmentation may actually represent the
delayed or time-lagged extinction of populations (Michalski & Peres, 2005; Sales et al., 2015). While howler
populations may persist in the short term, then, even in disturbed patches, both occupancy and overall
density may decline over the medium to long term (Zunino, Kowalewski, Oklander, & Gonzalez, 2007).
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In contrast with the other two species, no significant influence of any predictor was found on patch
occupancy by C. penicillata. In patches of native vegetation of the Brazilian Atlantic forest and Cerrado,
Sales et al. (2016) also observed a high occupancy level for marmosets, which did not exhibit a clear
relationship with any predictors at either a local or landscape scale. This might be accounted for by the
considerable ecological flexibility of the marmosets of this genus (Abreu, De la Fuente, Schiel, & Souto,
2016; Amora, Mendes, & Ferrari, 2013), which allows them to colonize successfully both open and disturbed
forests. Black-tufted marmosets are highly opportunistic, and may maintain a high reproductive output,
even in extremely degraded habits, which contributes to their adaptability to urban development (Vilela &
Del-Claro, 2011). The ability of these marmosets to survive in urban habitats may be determined, in part, by
their capacity to exploit readily-available resources, such as cultivated fruit trees and garbage (Goulart et
al., 2010; Miranda & Faria, 2001; Secco et al.,, 2018; Vilela & Faria, 2002). This species also has a
considerable dispersal capacity, being able to move short distance across the ground between forest patches
or even individual trees, which may act as stepping-stones within the urban matrix.

The local scale attributes did not influence the probability of occupancy of any of the primate species. All
three species used features of the anthropogenic matrix, such as gardens, orchards, and plantations, to
obtain resources or move between patches (T. O. Grande, personal observation; Arroyo-Rodriguez et al.,
2013b; Pozo-Montuy et al., 2011), which may contribute to their persistence in patches of varying structure
and conditions (Caceres et al., 2010; Michalski & Peres, 2005). The plant diversity or the variation in the
availability of food sources in the rural-urban landscape (Arroyo-Rodriguez & Dias, 2010) may also
contribute to patch occupancy in these primates (Boyle & Smith, 2010; Cristébal-Azkarate, Vea, Asensio, &
Rodriguez-Luna, 2005; Zunino, Gonzalez, Kowalewski, & Bravo, 2001). In this case, a more systematic
analysis of the availability of resources in both the forest patches and the surrounding matrix would be
essential for a more definitive understanding of the determinants of habitat use by primates in this
landscape.

Restoring landscapes to compensate for habitat loss and fragmentation is a major challenge for
conservation planning. A priori, conservation measures should focus on the current conditions that most
favor the target species or group of organisms. While all the species analyzed in the present study are
considered to be tolerant to habitat disturbance (Lessa, Alves, Geise, & Barreto, 2012), we demonstrated
that certain specific features of the landscape may be potentially more important for the conservation of
this group in the context of the rural-urban habitat gradient of the central Brazilian Cerrado. The results of
the present study indicate clearly that the preservation of remaining patches, both large and small, and in
particular the gallery forests, as well as ensuring matrix permeability, are priority measures for the
conservation of all three primate species. If habitat loss and fragmentation continue at present rates,
however, the persistence of populations in local patches will certainly be challenged (Arroyo-Rodriguez &
Dias, 2010; Hendges et al., 2017).

The preservation of large forest patches would better safeguard wildlife habitat, and could eventually
support reintroduction projects (Arroyo-Rodriguez & Mandujano, 2009; Chiarello, 2000), whereas smaller
ones can play an important role as stepping stones, increasing landscape connectivity (Pardini et al., 2005;
Tulloch, Barnes, Ringma, Fuller, & Watson, 2016). It will also be important to maintain legally-sanctioned
areas, including obligatory areas of permanent preservation, such as gallery forests, which will be
fundamental to the persistence of mammals associated with riparian forest, such as A. caraya, as shown in
the present study (Galetti et al., 2010; Johnson, Saraiva & Coelho, 1999). Maintaining or even increasing the
permeability of the matrix, which could be achieved by the planting of hedgerows or even isolated trees
(Estrada et al., 2006), would contribute to the movement capacity and foraging potential of the species
within the landscape (Arroyo-Rodriguez et al., 2013b; Arroyo-Rodriguez et al., 2017; Kennedy, Zipkin &
Marra, 2017). Our findings contribute to the development of landscape-specific management strategies that
will guarantee the conservation of primate populations facing high levels of habitat fragmentation.

Conclusion

This study assessed the effects of local, patch, and landscape scale attributes on the occupancy of forests
patches by the Alouatta caraya, Sapajus libidinosus, and Callithrix penicillata, in a fragmented landscape
within the Cerrado, Brazil. The main results were that the occupancy of the A. caraya was influenced by the
shape of the focal patches, the amount of forest and fragmentation level of the landscape. In S. libidinosus,
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focal patch size and the permeability of the matrix were the principal determinants of the occupation, while
for the C. penicillata the occupancy was not determined by none of the predictors evaluated.

Acknowledgements

This research was supported by the Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq).
We thank the Graduate Program in Ecology and Evolution of the Universidade Federal de Goids, Brazil. R.M.
Alencar, P.P. Ribeiro, U.Q. Costa, K.C. Neves, S.G.F. Neto, V.H.I. Ascoli and 1.X. Barbosa provided essential
assistance for data collection in the field. The Goiania Municipal Environment Agency (AMMA) and the
Secretariat of the Environment and Water Resources (SEMARH) of the state of Goids authorized data
collection in the public forest patches. We are also grateful for the cooperation of the residents of Goidnia
who agreed to participate in the interviews.

References

Abreu, F., De la Fuente, M. F. C., Schiel, N., & Souto, A. (2016). Feeding ecology and behavioral adjustments:
flexibility of a small neotropical primate (Callithrix jacchus) to survive in a semiarid environment.
Mammal Research, 61(3), 221-229. doi: 10.1007/s13364-016-0262-4

Amora, T. D., Mendes, R. B., & Ferrari, S. F. (2013). Use of alternative plant resources by common
marmosets (Callithrix jacchus) in the semi-arid caatinga scrub forests of northeastern Brazil. American
Journal of Primatology, 75(4), 333-341. doi: 10.1002/ajp.22110

Anderson, J., Rowcliffe, J. M., & Cowlishaw, G. (2007). Does the matrix matter? A forest primate in a
complex agricultural landscape. Biological Conservation, 135(2), 212-222. doi:
10.1016/j.biocon.2006.10.022

Anzures-Dadda, A., & Manson, R. H. (2007). Patch-and landscape-scale effects on howler monkey
distribution and abundance in rainforest fragments. Animal Conservation, 10(1), 69-76. doi:
10.1111/j.1469-1795.2006.00074.x

Arroyo-Rodriguez, V., & Dias, P. A. D. (2010). Effects of habitat fragmentation and disturbance on howler
monkeys: a review. American Journal of Primatology - Official Journal of the American Society of
Primatologists, 72(1), 1-16. doi: 10.1002/ajp.20753

Arroyo-Rodriguez, V., & Fahrig, L. (2014). Why is a landscape perspective important in studies of primates?
American Journal of Primatology - Official Journal of the American Society of Primatologists, 76(10), 901-909.
doi: 10.1002/ajp.22282

Arroyo-Rodriguez, V., & Mandujano, S. (2006). Forest fragmentation modifies habitat quality for Alouatta
palliata. International Journal of Primatology - Official Journal of the American Society of Primatologists,
27(4), 1079-1096. doi: 10.1007/s10764-006-9061-0

Arroyo-Rodriguez, V., & Mandujano, S. (2009). Conceptualization and measurement of habitat
fragmentation from the primates’ perspective. International Journal of Primatology - Official Journal of the
American Society of Primatologists, 30(3), 497-514. doi: 10.1007/s10764-009-9355-0

Arroyo-Rodriguez, V., Cuesta-del-Moral, E., Mandujano, S., Chapman, C. A., Reyna-Hurtado, R., & Fahrig,
L. (2013a). Assessing habitat fragmentation effects on primates: the importance of evaluating questions
at the correct scale. In L. K. Marsh & C. A. Chapman (Eds.), Primates in Fragments: complexity and
resilience (p. 13-28) New York: Springer Verlag. doi: 10.1007/978-1-4614-8839-2 2

Arroyo-Rodriguez, V., Gonzalez-Perez, I. M., Garmendia, A., Sola, M., & Estrada, A. (2013b). The relative
impact of forest patch and landscape attributes on black howler monkey populations in the fragmented
Lacandona rainforest, Mexico. Landscape Ecology, 28(9), 1717-1727. doi: 10.1007/s10980-013-9929-2

Arroyo-Rodriguez, V., Perez-Elissetche, G. K., Ordonez-Gomez, J. D., Gonzélez-Zamora, A., Chaves, O. M.,
Sanchez-Lépez, S., ... & Ramos-Fernandez, G. (2017). Spider monkeys in human-modified landscapes:
the importance of the matrix. Tropical Conservation Science, 10, 1-13. doi: 10.1177/1940082917719788

Asensio, N., Arroyo-Rodriguez, V., Dunn, J. C., & Cristébal-Azkarate, J. (2009). Conservation value of
landscape supplementation for howler monkeys living in forest patches. Biotropica, 41(6), 768-773. doi:
10.1111/j.1744-7429.2009.00533.x

Acta Scientiarum. Biological Sciences, v. 42, e48339, 2020



Determinants of monkey occupation in Brazil Page 11 of 15

Benchimol, M., & Peres, C. A. (2013). Anthropogenic modulators of species — area relationships in
Neotropical primates: a continental-scale analysis of fragmented forest landscapes. Diversity and
Distributions, 19(11), 1339-1352. doi: 10.1111/ddi.12111

Bicca-Marques, J. C. (2003). How do howler monkeys cope with habitat fragmentation? In L. K. Marsh (Ed.),
Primates in Fragments (p. 283-303) Boston: Springer. doi: 10.1007/978-1-4757-3770-7_18Bolker, B.
(2017). bbmle: Tools for general maximum likelihood estimation. Retrieved from http://https://cran.r-
project.org/web/packages/bbmle. R package version 1.0.20

Borges-Matos, C., Aragon, S., Silva, M. N. F., Fortin, M.-]., & Magnusson, W. E. (2016). Importance of the
matrix in determining small-mammal assemblages in an Amazonian forest-savanna mosaic. Biological
Conservation, 204(Part B), 417-425. doi: 10.1016/j.biocon.2016.10.037

Boyle, S. A., & Smith, A. T. (2010). Can landscape and species characteristics predict primate presence in
forest fragments in the Brazilian Amazon? Biological Conservation, 143(5), 1134-1143. doi:
10.1016/j.biocon.2010.02.008

Brady, M. J., McAlpine, C. A., Miller, C. ]., Possingham, H. P., & Baxter, G. S. (2009). Habitat attributes of
landscape mosaics along a gradient of matrix development intensity: matrix management matters.
Landscape Ecology, 24(7), 879. doi: 10.1007/s10980-009-9372-6

Brady, M. J., McAlpine, C. A., Possingham, H. P., Miller, C. J., & Baxter, G. S. (2011). Matrix is important for
mammals in landscapes with small amounts of native forest habitat. Landscape Ecology, 26(5), 617-628.
doi: 10.1007/510980-011-9602-6

Burnham, K. P., & Anderson, D. R. (2004). Multimodel inference: understanding AIC and BIC in model
selection. Sociological Methods & Research, 33(2), 261-304. doi: 10.1177/0049124104268644

Caceres, N. C., Napoli, R. P., Casella, J., & Hannibal, W. (2010). Mammals in a fragmented savannah
landscape in south-western Brazil. Journal of Natural History, 44(7-8), 491-512. doi:
10.1080/00222930903477768

Carretero-Pinzon, X., Defler, T. R., McAlpine, C. A., & Rhodes, J. R. (2017). The influence of landscape
relative to site and patch variables on primate distributions in the Colombian Llanos. Landscape Ecology,
32(4), 883-896. doi: 10.1007/s10980-017-0493-z

Chapman, C. A., & Peres, C. A. (2001). Primate conservation in the new millennium: the role of scientists.
Evolutionary Anthropology - Issues, News, and Reviews, 10(1), 16-33. doi: 10.1002/1520-
6505(2001)10:1<16::AID-EVAN1010>3.0.C0O;2-0

Chatterjee, S., & Hadi, A. S. (2006). Regression analysis by example. Hoboken, NJ: John Wiley & Sons. doi:
10.1002/0470055464

Chevan, A., & Sutherland, M. (1991). Hierarchical partitioning. The American Statistician, 45(2), 90-96. doi:
10.2307/2684366

Chiarello, A. G. (2000). Conservation value of a native forest fragment in a region of extensive agriculture.
Revista Brasileira de Biologia, 60(2), 237-247. doi: 10.1590/S0034-71082000000200007

Clarke, M. R., Collins, D. A., & Zucker, E. L. (2002). Responses to deforestation in a group of mantled
howlers (Alouatta palliata) in Costa Rica. International Journal of Primatology, 23(2), 365-381. doi:
10.1023/A:1013839713223

Cottam, G., & Curtis, J. T. (1956). The use of distance measures in phytosociological sampling. Ecology —
Ecological Society of America, 37(3), 451-460. doi: 10.2307/1930167

Cristobal-Azkarate, J., Vea, J. J., Asensio, N., & Rodriguez-Luna, E. (2005). Biogeographical and floristic
predictors of the presence and abundance of mantled howlers (Alouatta palliata mexicana) in rainforest
fragments at Los Tuxtlas, Mexico. American Journal of Primatology: Official Journal of the American Society
of Primatologists, 67(2), 209-222. doi: 10.1002/ajp.20178

Duarte, M. H. L., & Young, R. J. (2011). Sleeping site selection by urban marmosets (Callithrix penicillata)
under conditions of exceptionally high predator density. International Journal of Primatology, 32(2), 329-
334. doi: 10.1007/s10764-010-9468-5

Emmons, L. H., Whitney, B. M., & Ross Jr., D. L. (1998). Sounds of neotropical rainforest mammals: an audio
field guide. [CD]. [Ithaca, NY]: Cornell Laboratory of Ornithology.

Acta Scientiarum. Biological Sciences, v. 42, e48339, 2020



Page 12 of 15 Grande et al.

Estrada, A., & Coates-Estrada, R. (1996). Tropical rain forest fragmentation and wild populations of
primates at Los Tuxtlas, Mexico. International Journal of Primatology, 17(5), 759. doi:
10.1007/BF02735263

Estrada, A., Garber, P. A., Rylands, A. B., Roos, C., Fernandez-Duque, E., Di Fiore, A., ... & Li, B. (2017).
Impending extinction crisis of the world’s primates: why primates matter. Science Advances, 3(1),
€1600946. doi: 10.1126/sciadv.1600946

Estrada, A., Raboy, B. E., & Oliveira, L. C. (2012). Agroecosystems and primate conservation in the tropics: a
review. American Journal of Primatology, 74(8), 696-711. doi: 10.1002/ajp.22033

Estrada, A., Saenz, J., Harvey, C., Naranjo, E., Mufioz, D., & Rosales-Meda, M. (2006). Primates in
agroecosystems: conservation value of some agricultural practices in Mesoamerican landscapes. In A.
Estrada, P. A. Garber, M. M. Pavelka & L. Luecke (Eds.), New perspectives in the study of Mesoamerican
primates: distribution, ecology, behaviour and conservation (p. 437-470). New York, NY: Springer. doi:
10.1007/0-387-25872-8 22

Fahrig, L. (2003). Effects of habitat fragmentation on biodiversity. Annual Review of Ecology, Evolution, and
Systematics, 34, 487-515. doi: 10.1146/annurev.ecolsys.34.011802.132419

Fox, J., Weisberg, S., Price. B., Adler, D., Bates, D., Baud-Bovy, G., ... & R-Core (2019). Car: Companion to
Applied Regression. R package version 3.0-4. Retrieved from https://cran.r-project.org/web/packages/car

Fragaszy, D. M., Visalberghi, E., & Fedigan, L. M. (2004). Behavioral ecology: how do capuchins make a
living? In D. M. Fragaszy, E. Visalberghi & L. M. Fedigan (Eds.), The complete capuchin: the biology of the
genus Cebus (p. 36-54.). Cambridge, UK: Cambridge University Press.

Galan-Acedo, C., Arroyo-Rodriguez, V., Estrada, A., & Ramos-Fernandez, G. (2018). Drivers of the spatial
scale that best predict primate responses to landscape structure. Ecography, 41(12), 2027-2037. doi:
10.1111/ec0g.03632

Galetti, M., Pardini, R., Duarte, J. M. B., Silva, V. M. F., Rossi, A., & Peres, C. A. (2010). Forest legislative
changes and their impacts on mammal ecology and diversity in Brazil. Biota Neotropica, 10(4), 47-52. doi:
10.1590/51676-06032010000400006

Glander, K. E. (1992). Dispersal patterns in Costa Rican mantled howling monkeys. International Journal of
Primatology, 13(4), 415-436. doi: 10.1007/BF02547826

Goudie, A. S. (2018). The human impact on vegetation. In A. S. Goudie (Ed.), The human impact on the
natural environment: past, present and future (p. 27-72). Hoboken, NJ: John Wiley & Sons.

Goulart, V. D. L. R., Teixeira, C. P., & Young, R. J. (2010). Analysis of callouts made in relation to wild urban
marmosets (Callithrix penicillata) and their implications for urban species management. European Journal
of Wildlife Research, 56(4), 641-649. doi: 10.1007/s10344-009-0362-4

Hasui, E., Silva, V. X., Cunha, R. G. T., Ramos, F. N., Ribeiro, M. C., Sacramento, M., ... & Ribeiro, B. R.
(2017). Additions of landscape metrics improve predictions of occurrence of species distribution models.
Journal of Forestry Research, 28(5), 963-974. doi: 10.1007/s11676-017-0388-5

Hendges, C. D., Melo, G. L., Gongalves, A. S., Cerezer, F. O., & Caceres, N. C. (2017). Landscape attributes as
drivers of the geographical variation in density of Sapajus nigritus Kerr, 1792, a primate endemic to the
Atlantic Forest. Acta Oecologica, 84, 57-63. doi: 10.1016/j.actao.2017.08.007

Hilério, R. R., & Ferrari, S. F. (2015). Dense understory and absence of capuchin monkeys (Sapajus
xanthosternos) predict higher density of common marmosets (Callithrix jacchus) in the Brazilian
Northeast. American Journal of Primatology, 77(4), 425-433. doi: 10.1002/ajp.22358

Hoffman, T. S., & O'Riain, M. J. (2012). Landscape requirements of a primate population in a human-
dominated environment. Frontiers in Zoology, 9(1). doi: 10.1186/1742-9994-9-1

Izar, P., Verderane, M. P., Peternelli, L. S., Furtado, O. M., Presotto, A., Tokuda, M., ... & Fragaszy, D. (2012).
Flexible and conservative features of social systems in tufted capuchin monkeys: comparing the
socioecology of Sapajus libidinosus and Sapajus nigritus. American Journal of Primatology, 74(4), 315-331.
doi: 10.1002/ajp.20968

Jack, K. M., & Fedigan, L. (2004). Male dispersal patterns in white-faced capuchins, Cebus capucinus part 2:
patterns and causes of secondary dispersal. Animal Behaviour, 67(4), 771-782. doi:
10.1016/j.anbehav.2003.06.015

Acta Scientiarum. Biological Sciences, v. 42, e48339, 2020



Determinants of monkey occupation in Brazil Page 13 of 15

Johnson, M. A., Saraiva, P. M., & Coelho, D. (1999). The role of gallery forests in the distribution of Cerrado
mammals. Revista Brasileira de Biologia, 59(3), 421-427. doi: 10.1590/S0034-71081999000300006

Kennedy, C. M., Zipkin, E. F., & Marra, P. P. (2017). Differential matrix use by Neotropical birds based on
species traits and landscape condition. Ecological Applications — Ecological Society of America, 27(2), 619-
631. doi: 10.1002/eap.1470

Lessa, L. G., Alves, H., Geise, L., & Barreto, R. M. F. (2012). Mammals of medium and large size in a
fragmented cerrado landscape in northeastern Minas Gerais state, Brazil. Check List, 8(2), 192-196. doi:
10.15560/8.2.192

Lébo, D., Ledo, T., Melo, F. P. L., Santos, A. M. M., & Tabarelli, M. (2011). Forest fragmentation drives
Atlantic forest of northeastern Brazil to biotic homogenization. Diversity and Distributions, 17(2), 287-
296. doi: 10.1111/j.1472-4642.2010.00739.x

Lyra-Jorge, M. C., Ribeiro, M. C., Ciocheti, G., Tambosi, L. R., & Pivello, V. R. (2010). Influence of multi-
scale landscape structure on the occurrence of carnivorous mammals in a human-modified savanna,
Brazil. European Journal of Wildlife Research, 56(3), 359-368. doi: 10.1007/s10344-009-0324-x

Mandujano, S., Escobedo-Morales, L. A., & Palacios-Silva, R. (2004). Movements of Alouatta palliata among
forest fragments in Los Tuxtlas, Mexico. Neotropical Primates, 12(3), 126-132. doi: 10.1896/1413-
4705.12.3.126

Marsh, L. K., Chapman, C. A., Norconk, M. A., Ferrari, S. F., Gilbert, K. A., Bicca-Marques, J. C., & Wallis, J.
(2003). Fragmentation: specter of the future or the spirit of conservation? In L. K. Marsh (Ed.), Primates
in fragments: ecology and conservation (p. 381-398). New York, NY: Springer. doi: 10.1007/978-1-4757-
3770-7 24

Martensen, A. C., Pimentel, R. G., & Metzger, J. P. (2008). Relative effects of fragment size and connectivity
on bird community in the Atlantic Rain Forest: implications for conservation. Biological Conservation,
141(9), 2184-2192. doi: 10.1016/j.biocon.2008.06.008

Mazerolle, M. J., & Linden, D. (2019). AICcmodavg: Model Selection and Multimodel Inference Based on
(Q)AIC(c). R package version 2.2-2. Retrieved from https://cran.r-
project.org/web/packages/AICcmodavg/

Mbora, D. N. M., & Meikle, D. B. (2004). Forest fragmentation and the distribution, abundance and
conservation of the Tana River red colobus (Procolobus rufomitratus). Biological Conservation, 118(1), 67-
77. doi: 10.1016/j.biocon.2003.07.009

McGarigal, K., Cushman, S. A., & Ene, E. (2012). FRAGSTATS v4: Spatial Pattern Analysis Program for
Categorical and Continuous Maps. Retrieved from
http://www.umass.edu/landeco/research/fragstats/fragstats.html

Michalski, F., & Peres, C. A. (2005). Anthropogenic determinants of primate and carnivore local extinctions
in a fragmented forest landscape of southern Amazonia. Biological Conservation, 124(3), 383-396. doi:
10.1016/j.biocon.2005.01.045

Miranda, G. H. B., & Faria, D. S. (2001). Ecological aspects of black-pincelled marmoset (Callithrix
penicillata) in the cerraddo and dense cerrado of the Brazilian central plateau. Brazilian Journal of Biology,
61(3), 397-404. doi: 10.1590/51519-69842001000300008

Mitchell, A. (2005). The ESRI Guide to GIS Analysis, Volume 2: spacial measurements and statistics.
Redlands, CA: ESRI Press.

Mota, F. M. M., Leite, M. R., & Martins, W. P. (2018). Fragmentation dynamics and loss of area of potential
occupancy within the distribution limits of the endangered crested capuchin monkey (Sapajus robustus).
American Journal of Primatology, 80(9), e22906. doi: 10.1002/ajp.22906

Oklander, L. I., Kowalewski, M. M., & Corach, D. (2010). Genetic consequences of habitat fragmentation in
black-and-gold howler (Alouatta caraya) populations from northern Argentina. International Journal of
Primatology, 31(5), 813-832. doi: 10.1007/s10764-010-9430-6

Oklander, L., & Corach, D. (2013). Kinship and dispersal patterns in Alouatta caraya inhabiting continuous
and fragmented habitats of Argentina. In L. K. Marsh & C. A. Chapman (Eds.), Primates in fragments:
complexity and resilience (Developments in primatology: progress and prospects) (p. 399-412). New York,
NY: Springer. doi: 10.1007/978-1-4614-8839-2_26

Acta Scientiarum. Biological Sciences, v. 42, e48339, 2020


https://cran.r-project.org/web/packages/AICcmodavg/
https://cran.r-project.org/web/packages/AICcmodavg/

Page 14 of 15 Grande et al.

Pardini, R., Souza, S. M., Braga-Neto, R., & Metzger, J. P. (2005). The role of forest structure, fragment size
and corridors in maintaining small mammal abundance and diversity in an Atlantic forest landscape.
Biological Conservation, 124(2), 253-266. doi: 10.1016/j.biocon.2005.01.033

Peres, C. A., & Janson, C. H. (1999). Species coexistence, distribution, and environmental determinants of
neotropical primate richness: a community-level zoogeographic analysis. In J. G. Fleagle, C. Janson & K.
Reed (Eds.), Primate Communities (p. 55-69). Cambridge, UK: Cambridge University Press.
doi:10.1017/CB0O9780511542381.004

Pozo-Montuy, G., Serio-Silva, J. C., & Bonilla-Sanchez, Y. M. (2011). Influence of the landscape matrix on
the abundance of arboreal primates in fragmented landscapes. Primates, 52(2), 139-147. doi:
10.1007/510329-010-0231-5

Quinn, G. P., & Keough, M. J. (2002). Experimental design and data analysis for biologists. Cambridge, UK:
Cambridge University Press. doi: 10.1017/CB09780511806384

Ricketts, T. H. (2001). The matrix matters: effective isolation in fragmented landscapes. The American
Naturalist, 158(1), 87-99. doi: 10.1086/320863

Ripley, B., Venables, B., Bates, D. M., Hornik, K., Gebhardt, A., & Firth, D. (2019). MASS: Support Functions
and datasets for venables and ripley's MASS. R package version 7.3-51.4. Retrieved from https://cran.r-
project.org/web/packages/MASS.

Sales, L. P., Hayward, M. W., & Passamani, M. (2016). Local vs landscape drivers of primate occupancy in a
Brazilian fragmented region. Mammal Research, 61, 73-82. doi: 10.1007/s13364-015-0252-y

Sales, L. P., Hayward, M. W., Zambaldi, L., Passamani, M., Melo, F. R., & Loyola, R. (2015). Time-lags in
primate occupancy: a study case using dynamic models. Natureza & Conservacao, 13(2), 139-144. doi:
10.1016/j.ncon.2015.10.003

Santos, P. M., Chiarello, A. G., Ribeiro, M. C., Ribeiro, J. W., & Paglia, A. P. (2016). Local and landscape
influences on the habitat occupancy of the endangered maned sloth Bradypus torquatus within
fragmented landscapes. Mammalian Biology, 81(5), 447-454. doi: 10.1016/j.mambio.2016.06.003

Secco, H., Grilo, C., & Bager, A. (2018). Habitat selection by the black-tufted marmoset Callithrix penicillata
in human-disturbed landscapes. Journal of Tropical Ecology, 34(2), 135-144. doi:
10.1017/5026646741800007X

Serio-Silva, J. C., Ramirez-Julian, R., Eppley, T. M., & Chapman, C. A. (2019). Terrestrial locomotion and
other adaptive behaviors in howler monkeys (Alouatta pigra) living in forest fragments. In R. Reyna-
Hurtado & C. A. Chapman (Eds.), Movement ecology of neotropical forest mammals: focus on social animals
(p. 125-140). Basel: Springer Nature. doi:10.1007/978-3-030-03463-4 9

Silva, L. G., Ribeiro, M. C., Hasui, E., Costa, C. A., & Cunha, R. G. T. (2015). Patch size, functional isolation,
visibility and matrix permeability influences Neotropical primate occurrence within highly fragmented
landscapes. PloS One, 10(2), €0114025. doi: 10.1371/journal.pone.0114025

Sorensen, T. C., & Fedigan, L. M. (2000). Distribution of three monkey species along a gradient of
regenerating tropical dry forest. Biological Conservation, 92(2), 227-240. doi: 10.1016/S0006-
3207(99)00068-3

Soulsbury, C. D., & White, P. C. L. (2015). Human-wildlife interactions in urban areas: a review of conflicts,
benefits and opportunities. Wildlife Research, 42(7), 541-553. doi: 10.1071/WR14229

Tabachnick, B. G., & Fidell, L. S. (2013). Using Multivariate Statistics. New Jersey, US: Pearson Education Inc.

Tabarelli, M., Silva, J. M. C., & Gascon, C. (2004). Forest fragmentation, synergisms and the impoverishment
of neotropical forests. Biodiversity & Conservation, 13(7), 1419-1425. doi:
10.1023/B:BI0C.0000019398.36045.1b

Tulloch, A. I. T., Barnes, M. D., Ringma, J., Fuller, R. A., & Watson, J. E. M. (2016). Understanding the
importance of small patches of habitat for conservation. Journal of applied Ecology — British Ecological
Society, 53(2), 418-429. doi: 10.1111/1365-2664.12547

Vilela, A. A., & Del-Claro, K. (2011). Feeding behavior of the black-tufted-ear marmoset (Callithrix
penicillata) (Primate, Callitrichidae) in a tropical cerrado savanna. Sociobiology, 58(2), 1-6.

Vilela, S. L., & Faria, D. S. (2002). Dieta do Callithrix penicillata (Primates, Callitrichidae) em areas de
cerrado no Distrito Federal, Brasil. Neotropical Primates, 10(1), 17-20.

Acta Scientiarum. Biological Sciences, v. 42, e48339, 2020



Determinants of monkey occupation in Brazil Page 15 of 15

Walsh, C., & Nally, R. M. (2013). Hier.part: Hierarchical Partitioning. R package version 1.0-4. Retrieved from
https://cran.r-project.org/web/packages/hier.part.

Zunino, G. E., Gonzalez, V., Kowalewski, M. M., & Bravo, S. P. (2001). Alouatta caraya: Relations among
habitat, density and social organization. Primate Report, 61, 37-46.

Zunino, G. E., Kowalewski, M. M., Oklander, L. I., & Gonzdlez, V. (2007). Habitat fragmentation and
population size of the black and gold howler monkey (Alouatta caraya) in a semideciduous forest in
northern Argentina. American Journal of Primatology - Official Journal of the American Society of
Primatologists, 69(9), 966-975. doi: 10.1002/ajp.20389

Zuur, A. F., Ieno, E. N., Walker, N. J., Saveliev, A. A., & Smith, G. M. (2009). Mixed effects models and
extensions in ecology with R. New York, US: Springer. doi: 10.1007/978-0-387-87458-6

Acta Scientiarum. Biological Sciences, v. 42, e48339, 2020



