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ABSTRACT
Habitat loss and fragmentation are two of the main threats to primate species
worldwide. Studies of species of Callicebus in forest fragments have highlighted the
species´ ecological plasticity and adaptability of this genus. The aim of this chapter is to
evaluate ecological and demographic aspects of dusky titi monkeys in fragmented areas
and to elucidate possible features that make them tolerant to habitat loss and
fragmentation. Using census data collected from two databases: 1) from a large fragment
(1080 ha, from 2008-2013) and 2) from 46 fragments (range: 4.87-1080 ha, from 20132014), we found that Callicebus ornatus use of forest edge is significantly different from
random (p < 0.05) for the largest fragment. All the other observations of C. ornatus
groups made in this study were in forest fragment edges. These data support our
hypothesis that this species prefers forest fragment edges to the interior of a forest.
Vegetation analysis showed that forest near the edge of a large fragment was 1.4 times
more diverse (D = 0.953) than forest 300-400 m from the forest edge (D = 0.92). We also
found that group sizes and density indices are not significantly affected by fragment size
(p > 0.05), although average group size and the average density indices for fragments of
1-50 ha present higher values compared to the other fragment size categories. Therefore,
we did not find support for our hypothesis of fragment size as a determinant of group size
and density for C. ornatus. A more detailed exploration of landscape, forest structure and
resource availability variables is needed to understand how habitat loss and fragmentation
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is affecting this species. The findings in this chapter supports the ecological adaptability
and plasticity of Callicebus ornatus through its ability to use the edge of forest fragments.

Keywords: Callicebus ornatus, habitat loss, fragmentation, use of edges, birth season

INTRODUCTION
Habitat loss and fragmentation are two of the main threats to primate species worldwide
(Rylands et al., 2008; Marsh et al., 2013). These two processes occur at the landscape scale,
affecting the amount of habitat available and how separate the fragments are in the landscape
(Forman and Godron, 1986; Fahrig, 2003) and producing changes in species demography,
behaviour and ecology (Boyle et al., 2009; Chapman et al., 2010; Gonzalez-Zamora et al.,
2011; Boyle et al., 2012; Carretero-Pinzon, 2013a). Primate studies in fragments have been
done mainly at the patch scale, evaluating the effect of fragment size and isolation on the
primate species presence or absence and their densities (Harcourt and Doherty 2005; ArroyoRodriguez et al., 2013; Arroyo-Rodriguez and Fahrig 2014; Benchimol and Peres 2013).
Primate responses to habitat loss and fragmentation have been found to be consistent across
species, with increases of density, feeding behavior and parasitic prevalence and diversity,
while genetic diversity and individual species´ presence decrease (Carretero-Pinzón et al.,
2015). In Colombia, the main drivers of deforestation are population growth and migration,
infrastructure projects, palm oil plantations, agriculture and cattle ranching (Etter et al., 2006;
Fedepalma, 2014; Ecopetrol, 2015). These drivers are also some of the main factors affecting
the loss of habitat for the dusky titi monkey (Carretero-Pinzon, 2013b).
Studies with species of Callicebus in forest fragments have highlighted the ecological
plasticity and adaptability of the species of this genus (Pyritz et al., 2010). Occupancy data for
species such as C. moloch have not found evidence of fragment size effects (Michalski and
Peres 2005). However, for species living in caatinga forest (C. coimbrai and C.
barbarabrownae) fragment size and groundwater seem to be important for their presence
(Ferrari et al., 2013). Densities reported for C. ornatus in fragments are higher than those
reported for the species in continuous areas (Polanco-Ochoa and Cadena 1993; Wagner et al.,
2009; Carretero-Pinzon, 2013a). However, these two cited studies have small sample sizes for
fragments and a larger sample is needed to understand if fragment size is affecting density
and if so, in what way it is affecting it.
The dusky titi monkey (Callicebus ornatus) is a small Neotropical primate that lives only
in Colombia. Studies of this species have been limited to undergraduate theses of short
duration (6 months or less) focused on the ecology of this species in a continuous area
(Polanco-Ochoa and Cadena, 1993) and ecology, behavior and densities in fragments of
different sizes (Sanchez, 1998; Ospina, 2006; Wagner et al., 2009). Although dusky titi
monkeys inhabit secondary forests and seem to adapt well to this habitat (Defler, 2010), we
still don’t know how much habitat loss and fragmentation are affecting their demography,
ecology and behavior. Additionally, it seems this species prefers areas near fragment edges
which can give them some advantages in fragmented landscapes where small and degraded
fragments are available in which edge effects predominate. Studies of the effects of edge
variables on forest dynamics in Amazonia have found that edge variables can affect forest
dynamics up to 300 m from the edge (Laurence et al., 1998). Such forest dynamics affect
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forest-dependant animal populations such as primates. Primate studies have found that some
species can be tolerant to edge effects and this tolerance can provide advantages for survival
in forest fragments (Lehman et al., 2006; Quemere et al., 2010).
The aim of this chapter is to evaluate ecological and demographic aspects of dusky titi
monkeys in fragmented areas, in order to elucidate possible features that make them tolerant
to habitat loss and fragmentation. We hypothesized that the dusky titi monkeys is a species
that prefers forest fragment edges to forest interior and this is one of the main features that
allows them to survive in fragmented areas. Additionally, we hypothesized that forest edges
might have a superior offering of foods compared to the interior in a large forest fragment.
We also hypothesized that group size and density of this species is determined by fragment
size. In order to test these hypotheses we ask the following questions: 1) Are dusky titi
monkeys more common in fragment forest edges compared with fragment forest interior in a
large fragment where edge and interior can be defined (1080 ha)? 2) Is the offering of foods
somehow superior near the edge of large fragments? 3) Is there an effect of fragment size on
dusky titi monkey group size and density? In addition, in this chapter we present data defining
a birth season for Callicebus ornatus in fragmented areas and a list of plant species consumed
by this species in the area.

MATERIALS AND METHODS
Study Area
This study was conducted near the town of San Martín de Los Llanos and neighboring
towns (3°45’05.67”N 73°44’23.09”W to 3°25’10.57”N 73°26’20.00”W), Department of
Meta, in the Colombian Llanos. This area has fragments of different sizes (range 4.61-1080
ha, Figure 1) surrounded by pastures, natural savannas, palm oil plantations and small scale
agriculture. The presence of small forest fragments (less than 1 ha), isolated trees and live
fences is common in some parts of the study area (Figure 2). Elevation varies from 300-400
meters. Five Neotropical primates are found in this area: Sapajus apella fatuellus, Alouatta
seniculus, Saimiri cassiquiarensis albigena, Callicebus ornatus, and Aotus brumbacki
(Carretero-Pinzón, 2013a). The weather in this area is characterized by a wet season (AprilNovember, average 1777 mm) and a dry season (December-March, average 357 mm), with an
annual average temperature of 26°C (Carretero-Pinzón, 2008). The vegetation of these
fragments shared species richness with differences in the importance of plant species in each
fragment (Stevenson and Aldana, 2008; Carretero-Pinzón, unpublished data). Fragmentation
is an ongoing process in this region due to livestock practices, palm oil plantations and petrol
exploitation (Wagner et al., 2009; Carretero-Pinzón 2013b; Carretero-Pinzón and Defler, in
press).

Primate Surveys
The data presented in this chapter come from two databases. One database is of the
largest fragment in the area (1080 ha) in which census surveys have been done from 2008 to
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2013, every two to four months. These surveys were done in transects of 400-2600 m, in
which edge effects were considered to penetrate the fragment up to 300 m from the edge
(sensu Laurence et al., 1998, 2011). The other database includes survey data from 46
fragments conducted during 2013-2014. Surveys from both data sets were conducted from
0530 to 1100 and again from 1330 to 1630. Transects were walked at approximately 1.5
km/h. When a primate group was observed, a minimum of 15 minutes was taken to count the
group members and to determine group composition (number of males, females, juveniles and
infants). The coordinates of each group observation were registered using a GPS. Surveys
were not conducted during heavy rain. Ad libitum observations of group composition and
independent infants of the same groups in the largest (1080 ha) forest and three groups of a
small fragment (23 ha) were taken. Plant species consumed during the census and during ad
libitum observations were also recorded (data 2008-2014).

Data Analysis
Data surveys from the largest fragment were pooled and we used χ2 tests (Zar, 1996) to
test whether the frequency of observation of Callicebus ornatus groups in the fragment
interior and fragment edge were significantly different from random. Also, we used a linear
regression (Zar, 1996) to test if fragment size had an effect on group size and density index of
Callicebus ornatus. Density indices were calculated as the total of individuals observed in a
fragment divided by the number of surveys conducted in that fragment. For the statistical
analysis we used R software (www.r-project.org).

Vegetation Analysis
A system of measured trails was developed outlining two hectares of forest. The first
hectare was measured in a grid of four squares 50 m X 50 m (oriented linearly) under the
home ranges of two Callicebus ornatus close to the forest edge (10-20 m). The second hectare
was located in a large square (100 m X 100 m), divided into four parts (50 m X 50 m) by
trails and located 300-400 m from the forest edge. All trees with DBH of 10 cm and above
were marked in each hectare square with flagging tape and each individual tree was assigned
a number. All DBH and tree heights were registered. Species determinations were made with
the collaboration of Francisco Castro, a local botanic who is an expert on the local llanos
vegetation. A Simpson Diversity Index was carried out for each 1 ha plot (Simpson, 1949).

RESULTS
Forest Fragment Edge Versus Interior Use by Groups of Callicebus ornatus
We conducted a total of 641 census hours (634.4 km) in the largest fragment (1080 ha),
in which 92 vocal (66%) and visual (34%) contacts with Callicebus ornatus groups were
registered. The proportion of observations of C. ornatus groups at the forest edge was
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significantly different from observations in the forest interior for both types of observations
(Figure 3, p > 0.05).

Figure 1. Locations of fragments sampled in the San Martin area, Colombia (total area of 1932 km 2).
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Figure 2. Detail of the study area showing living fences and isolated trees (detailed area: 114 km2).
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Figure 3. Proportion of Callicebus ornatus groups observed at the forest fragment edge versus the forest
fragment interior, for auditive and visual types of observations.

Fragment Size Effects on Group Size and Density Index
We observed a total of 351 groups; this includes all groups observed and differentiated
from the largest fragment and all groups observed in the other 46 fragments during 20132014. Although fragment size did not explain the variation in group size of C. ornatus, a
tendency to reduce the group size, especially in fragments over 100 ha was observed (Figure
4; R2 = 0.001435, df = 149, p = 0.6442).

Figure 4. Variation of the average group size of Callicebus ornatus with fragment size.
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Similarly, fragment size did not explain the density index found in the study area (Figure
5, R2 = 0.001435, df = 149, p = 0.6442), however a tendency to reduce the density index in
fragments over 50 ha was observed.

Figure 5. Density index of Callicebus ornatus in fragments of different size.

Diversity of Hectare Plots
The hectare plot near the edge of the forest (Plot 1) had 1.4 times more tree diversity (D =
0.953) as compared to the forest interior (Plot 2) (D = 0.92). Plot 1 had 452 trees of 10 cm
and above, as compared to Plot 2 with 320 trees of 10 cm and above. The trees in Plot 1 were
represented by 32 families and 75 species as compared to Plot 2, which had 24 families and
54 species of trees.

Additional Observations
A birth season has been observed in the study area with dependent infants (infants carried
solely by the males) from December to March (73 observations): smallest infants have been
observed in December and January. Data from repeated observations of the same groups in
small fragments have shown independent movements of infants starting after three months of
age and total independent movement after six months (repeated ad libitum observations of
three groups).
A list of plant species consumed by the C. ornatus groups observed during the census is
shown in Table 1. All the plant species consumed by the groups observed during the censuses
were consumed for their fruits and the main plant families were Burseracea, Annonaceae,
Fabaceae and Melastomataceae.
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Table 1. List of plant species consumed by Callicebus ornatus groups observed during
census (data from 2008-2013)
Type of
Type of
item
item
Species
consumed Species
consumed
Annonaceae
Fabaceae
Rollinia cf edulis
Fr
Inga fastuosa
Fr
Xylopia sp.
Fr
Inga bonplondiana
Fr
Xylopia polyantha
Fr
Inga cf. alba
Fr
Guatteria punctata
Fr
Malpighiaceae
Arecaceae
Byrsonima crispa
Fr
Euterpe precatoria
Fr
Marcgraviaceae
Mauritia flexuosa
Fr
Norantea guianensis
Fr
Burseraceae
Melastomataceae
Protium glabrescens
Fr
Miconia elata
Fr
Trattinickia aspera
Fr
Bellucia grossularoides
Fr
Protium cf. robustus
Fr
Miconia trinervia
Fr
Crepidospermum rhoifolium
Fr
Henriettella cf. goudotiana
Fr
Protium heptaphyllum
Fr
Myristicaceae
Cecropiaceae
Virola sebifera
Fr
Pouroma bicolor
Fr
Virola sp1.
Fr
Clusiaceae
Virola sp2.
Fr
Garcinia madruno
Fr
Irianthera laevis*
Fr
Euphorbiaceae
Myrtaceae
Hyeronima alchorneoides
Fr
Psidium guajaba
Fr

Species
Moraceae
Pseudolmedia laevis
Ficus americana
Salicaceae
Ryania spaciosa

Type of
item
consumed
Fr
Fr
Fr

DISCUSSION
The preference for forest fragment edges of Callicebus ornatus demonstrates that the
species is ecologically adaptable enough to cope with habitat loss and fragmentation. These
features make them more tolerant to habitat loss and fragmentation processes. However, this
needs to be investigated in more detail as habitat loss and fragmentation are landscape
processes. The high frequency of observations (visual and auditory) of C. ornatus in forest
fragment edges can be explained by several aspects of their ecology. First, C. ornatus is a
frugivorous species that complements its diet with arthropods (Fruit: 60%, Arthropods:
25.5%, Sanchez, 1998; Ospina, 2006). In addition, the ability of C. ornatus to exploit pioneer
species such as fruits from Bellucia spp., Miconia spp., that are common in forest fragment
edges (Sanchez, 1993; Ospina, 2006), give them an advantage for its frugivorous diet.
Second, analysis of the vegetation diversity in the largest study fragment showed clearly that
tree diversity was higher close to the edge and that there were considerably more trees
available at a diameter at breast height (DBH) of 10 cm and above. So the fruit offerings were
considerably more numerous in this part of the forest, compared to the forest 300-400 m
towards the forest interior. Additionally, arthropod consumption could be increased due to an
increase of arthropods in forest edges influenced by the amount of light in these areas (Marsh,
2003; Richards and Coley, 2007). Lastly, C. ornatus prefers to use habitats in which the
proportion of vines is high (Polanco-Ochoa and Cadena, 1993), characteristic of forest
fragment edges (Silver and Marsh, 2003).
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Although we did not find significant effects of fragment size on C. ornatus group sizes
and densities, a trend towards higher values in average group size and density indices for
fragment forests under 50 ha was observed. Small fragment sizes are usually found in highly
transformed landscapes (<10% of natural habitat remains, sensu McIntyre and Hobbs, 1999),
where the amount of habitat available is lower, the number of fragments present are more
isolated and the range of sizes is low (Wilcove et al., 1986; Fahrig, 2003). In this type of
forest fragment, previous studies have found higher densities of C. ornatus in small fragments
(Wagner et al., 2009; Carretero-Pinzón, 2013a), however these studies had small sample
sizes. Fragment size has shown a general negative effect for most primate species (Golҫalves
et al., 2003; Wieczkowski, 2004; Wagner et al., 2009; Carretero-Pinzón, 2013a). However,
this pattern can be influenced by resource availability and structural features of the forest
fragments that were not considered in the present study. In addition, landscape variables such
as patch density and percentage of forest cover can also influence the responses observed.
Therefore, a study that includes variables related to resource availability and structural
features, as well as landscape variables (a landscape approach), can give us a better
understanding of the factors influencing the observed densities (Arroyo-Rodriguez and
Fahrig, 2014).
A tendency of larger average groups in fragments under 50 ha suggests possible effects of
the fragmentation and habitat loss processes that produce these small fragments (Wilcove et
al., 1986; Fahrig, 2003). These high average values in group size also might reflect possible
problems for individual dispersion that have been suggested by other authors that could
produce these crowded fragments (Wagner et al., 2009; Defler, 2010; Carretero-Pinzon,
2013a). In addition, low individual dispersion and the increase of individuals in groups could
cause effects on fitness due to higher stress level that make individuals more prone to
parasitic infestation and other health problems (Gillespie and Chapman, 2006; Irwin, 2010;
Jaimez et al., 2012).
In conclusion, C. ornatus preference for forest fragment edges increases their tolerance to
habitat loss and fragmentation effects, however as these are landscape processes, more studies
in which landscape variables are evaluated in relation to the presence and abundance C.
ornatus are necessary. Additionally, although we did not find an effect of fragment size on
group size and density index, the tendency observed of higher values in these two parameters
in fragments under 50 ha indicates possible effects of habitat loss and fragmentation on
demographic aspects of this species that need to be studied in more detail, especially for small
fragments (<50 ha). Conservation strategies for Callicebus ornatus require more detailed
information on the basic ecology of this species in fragmented areas as well as studies
evaluating landscape variables that could be affecting its dispersal patterns.
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