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Abstract

The three titi monkeys Cheracebus lugens, Cheracebus torquatus lucifer and Plecturocebus ornatus prefer edge habitat when
occurring in extensive forests. We present preliminary data showing that these three species exhibit their highest densities
at the edges of forest types. In gallery forests of Vichada department, Cheracebus lugens has densities of 8 groups / km?*. We
found that the same species had crude densities of 0.68 groups/km? in Vaupés department, while their densities increase in
edge habitats to 17.5 groups/km?®.  Cheracebus torquatus lucifer in Amazonas department exhibits 0.47 groups/ km?* crude
densities, while their highest densities are in edge habitats along the Cotuhé River at 17.5 groups/km’. In a large 1,080 ha
forest fragment in Meta department, Plecturocebus ornatus exhibit higher densities (around 15 - 17 individuals /km?) in edge
habitats facing savanna, as opposed to their overall crude densities throughout this large forest fragment (1.07 ind/ km?).
In the case of these P ornatus, the edge habitat is floristically more diverse than the forest 600-700 m away from the forest
edge. But, in Vaupés, the edge habitats used by C. /ugens are less diverse than forest in hilly areas found towards the interior
of the forest, where Cheracebus densities are lower. There are no comparative floristic diversity data for the forest inhabited
by the C. rorquatus lucifer in this study. Edge habitat preference is an ecological advantage for species like 2 ornatus when
its habitat experiences high rates of loss and fragmentation.

Keywords: Forest choice, primate microhabitats, titi monkeys.
Resumen

Cheracebus lugens, Cheracebus torquatus lucifer y Plecturocebus ornatus prefieren hébitat de borde de bosque cuando estos
primates se encuentran en bosques extensos. Presentamos datos preliminares que muestran que estas tres especies presen-
tan densidades mds altas en los bordes de bosques de varios tipos. En bosques de galeria del departamento del Vichada,
Colombia, Cheracebus lugens presenta densidades de 8 grupos / km?. La misma especie tiene densidades brutas de 6.1
grupos/km? en el departamento del Vaupés, mientras que sus densidades aumentan en habitats de borde de bosque a 17.5
grupos/km?. Cheracebus torquatus lucifer en el departamento de Amazonas tiene una densidad bruta de 8.1 grupos / km?,
mientras que sus densidades mds altas se encuentran en hdbitats de borde a lo largo del rio Cotuhé (17.5 grupos / km?). En
un gran fragmento de 1,080 ha en el departamento del Meta, observamos las densidades mds altas de Plecturocebus ornatus
(alrededor de 50-60 individuos / km?), en hdbitats marginales frente a una sabana, en comparacién con densidades brutas
totales de 1.07 ind/ km? en este fragmento grande de bosque. En el caso de estos P ornatus, el hbitat de borde de bosque es
floristicamente mds diverso que el bosque a 600-700 m del borde del bosque. Sin embargo, en Vaupés, los hébitats del borde
utilizados por C. lugens son menos diversos que los bosques en las zonas de colinas encontradas hacia el interior del bosque,
donde las densidades de titis son mds bajas. No hay datos comparativos de diversidad floristica para el bosque habitado por
C. rorquatus lucifer en este estudio. La preferencia del hdbitat de bordes de bosque es una ventaja ecoldgica para especies
como P ornatus cuando el hdbitat experimenta altas tasas de pérdida y fragmentacién.

Palabras clave: Seleccion de bosque, microhdbitats para primates, micos titi.

Introduction personatus have high densities in areas of secondary veg-

etation as opposed to lower densities in adjacent montane

Interesting and variable densities have been observed in
various titi species, which often vary according to forest
types. For example, several species of titi monkeys are
known to have patchy distributions with low densities in
extensive, closed-canopy forests and high densities in other
types of forest habitat. Plecturocebus moloch of the Xingu-
Tocantins interfluvium in the southern Brazilian Amazon
shows sparse and interrupted distributions (Ferrari et al.,
2007) suggesting habitat preferences. Callicebus personatus

pluvial forest (Déda-Chagas and Ferrari, 2010; Pinto et
al., 1993; Garcia-Chiarello, 1994). Wagner et al., (2009)
found high densities of Plecturocebus ornatus in many frag-
ments in the Llanos Orientales but there was no correlation
of densities to fragment size and densities of this species are
higher in fragments and secondary and disturbed forest,
than in primary forests (Wagner et al., 2009; Mason, 1968;
Polanco and Cadena, 1993; Herndndez-Camacho and
Cooper, 1976).
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In Peru, van Kuijk (2013) found that Plecturocebus oenanthe
preferred the boundary between primary and secondary
forest over the primary and secondary forest interiors. In
Ecuador Plecturocebus discolor was detected most often in
liana forest (28%), in forest clearings (24%) and in high
forest (24%) located in valleys (28%), slopes (24%), and
terraces (24%) (Pozo, 2004).

Several species of titi monkeys live in forest fragments and
many are endangered. Plecturocebus barbarabrownae are
found in very reduced populations distributed in dry forest
fragments in Bahia, Brazil. The species is Critically Endan-
gered and there is not enough of the original forest to be
able to define the species” habitat preferences (Printes et al.,
2011). Plecturocebus modestus (En — Endangered, Veiga et al.
2008a)) and P olallae (En — Endangered, Veiga et al. 2008b)
(the two species in the Rio Beni, Bolivia) exist in remnants of
forest vegetation surrounded by grazed woodland on cattle
ranches, just as Plecturocebus ornatus and Plecturocebus ca-
quetensis (Defler, 2010; Garcfa and Defler 2013). The first
two species are over-hunted and currently three are listed an
endangered (EN) (Felton et al., 2006; Veiga et al., 2008a,
2008b) while Plecturocebus caquetensis is listed as Critically
Endangered (CR) (Defler and Garcia 2012).

Here we discuss the patterns of density in three titi taxa
(Cheracebus lugens, Cheracebus t. lucifer and Plecturocebus or-
natus; Cheracebus torquatus lucifer is a taxon with the same
karyomorph as Cheracebus torguatus (Bueno and Defler
2010; Benirschke and Bogart 1976), so we consider that
Cheracebus lucifer is not a good species but is rather a subspe-
cies of Cheracebus torquatus). We consider some hypotheses
that could explain these variable densities. We also recog-
nize that habitat preferences of many titi species include a
positive edge effect and this is positive for their survival in
forest fragments. There is no confirmation that Cheracebus
lugens in Colombia is actually that species rather than C. z
lucifer. Despite distinguishing characters defined by Hersh-
kovitz (1990) between these two species, the phenotypes are
not distinguishable and can only be distinguished by karyo-
type and molecular differences (Defler, unpublished data).
Herndndez-Camacho realized that phenotypically the two
were not distinguishable so he named all black Cheracebus
in Colombia C. lugens (Hernandez-Camacho and Cooper,
1976). Using karyotype, we have confirmed that southern
populations of Cheracebus in Colombia are, indeed, C. tor-
quatus lucifer (not C. lucifer) (Bueno and Defler, 2010). But
whether the northernmost populations of Cheracebus are C.
lugens must be confirmed, although that species has been
identified on the right bank of the Rio Negro and naturally
could extend into Colombia (Casado et al. 20006).

Methods
Density estimations

Densities of Cheracebus lugens in Vichada, Colombia, gal-
lery forests, were calculated using a series of experimental

transect censuses during 1979 in El Tuparro National Park,
Colombia. The censuses began near the western gateway to
the Park, Tapén (5°06°46"N, 69°08°55”W). Because the
primate densities were already known from direct counts
and knowledge of the groups present, the idea was to evalu-
ate the efficacy of transect censuses on the three diurnal pri-
mates that were present. Since the program DISTANCE
was unknown at the time, averages were calculated from
repeat censuses and a detection width was used to calculate
actual densities (Defler and Pinto 1985) (Fig. 1).
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Figure 1. A censused gallery forest at Tapén (El Tuparro National
Park) in Vichada, Colombia, showing the 5km census route and
some measurements of the width of the forest.

2. During the years 1982-1984 six primates of a pristine
closed-canopy forest in southern Vaupés (Estacién Bioldgi-
ca Capard, since changed to Estacién Biolégica Mosiro Ita-
jura — Caparti - 1°04°58”S, 69°30°49”W) were censused
monthly using a line transect, beginning from the edge of a
lake towards the interior of the forest to 5 km (accumulated
repeat censuses equaled 264 km). The transect towards the
forest interior included 900 m of Plio-Pleistocene terrace
forest and 4 km of hill forest. Also, the edge of the Igapé
forest (blackwater flooded forest) was censused by canoe for
10 km (five on each side of the lake). The repeat censuses
on the lake totaled 212 km. DISTANCE 4.0 was used to
calculate the six primate species” densities. There was an
adjacent band of C. lugens groups parallel to the Igapé edge
(although they only very rarely entered the Igapé), follow-
ing the edge of the Pleistocene river terrace above the lake.
The band parallel to the lake edge was calculated theoreti-
cally based on an adjacent string of four known groups at
the edge of the Pleistocene river terrace, that in all cases
descended to the edge of the local Igapé using a transition
type forest between the Igapé and the Pleistocene terrace
forest. A similar band of C. /ugens groups was found along
a creek one kilometer from lakeside. The animals entered
and used two different forest types on the opposite sides of
the creek (Fig. 2). Habitat types were previously identified
by Carvajal et al. (1976).
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Figure 2. Census area at Estacién Bioldgica Mosiro Itajura -
Caparti from lake-side through forest types of Transition (be-
tween the Igapé and Pleistocene terrace forest), Pleistocene ter-
race forest, Creck bottom forest and, Hill forest (see Defler and
Defler, 1996 for more discussion of forest types).

3. At the study site of another pristine forest site (3°32°09.8”S,
69053’27.2.6°W) in southern Colombia, department of
Amazonas, and parallel to the Amacayacu National Park, a
census series of a five kilometer transect into the interior of
the forest was carried out during the years 2000-2001 for a
total of 264 km of repeat censuses, and was analyzed via the
DISTANCE 4.0 program. Again, a population of Cherace-
bus t. lucifer along the edge of the river Purité, of five known
groups, was used to calculate a theoretical density along the
river that was much higher than that on the interior of the

forest (Defler, 2013) (Fig. 3).
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73°41'56”W) were censused for local primates, and den-
sities calculated based on direct counts of individuals or
troops at each fragment. A large fragment totaling 1,050
ha was censused and data was processed using DISTANCE
6.0 (Fig. 4).
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Figure. 4. Census sites in Meta department, near San Martin,
during 2004-2009. The largest fragment with the red dot is
shown with more detail in figure 5. It is part of the Las Unamas
Reserve, a private natural reserve belonging to RESNATUR (As-
sociation of the Colombian System of Natural Reserves of the
Civil Society).

5. During 2010-2012 the same large fragment that had
been censused by Carretero-Pinzén (2013ab) (Fig. 5;
3°34°27.1"N, 73°27°09.9”W) was analyzed for the edge
population of P ornatus closest to the savanna (Defler, un-
published data). We calculated an ecological density using
a determined home range of one group (about 5 ha), built
up using about 250 hours of observations and extend-
ing these data through the observed band of interlocking
groups (Fig. 5).
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Figure 3. Census site on Purité River, Amazonas department
(Omé Ecological Station) showing differing topography from
floodable forest to dry upland forest.

4. During the years 2004-2009 eight forest fragments north
of the town of San Martin, Meta department (3°41°54” N,

Figure 5. Large 1,000 ha forest (the Unamas Natural Reserve,
3°34'27.1”N, 73°27°09.9”W) in Meta department, Colombia,
with some measurements indicated. The white circle marks the
owner’s house.
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Results

The calculated densities are listed in Table 1.

Table 1. Titi densities in different types of habitat in eastern Colombia.

Species Type of Habitat Densities Citation

C. lugens Gallery forest 8 groups/ km*>  Defler and Pintor, 1985
Interior of Amazonian forest, Estacién Bioldgica Mosiro )

C. lugens Ttajura - Capard, Vaupés, Colombia 0.68 groups/ km*  Defler, 2003, 2013
Parallel to igapé in Amazonian forest, Estacion Biolégica )

C. lugens Mosiro Itajura -Caparti, Vaupés, Colombia 17.5 groups/ km Defler, 2013
Creek bottom in Amazonian forest, Estacién Bioldgica 5

C. lugens Mosiro Itajura -Capart, Vaupés, Colombia 17.5 groups/ km? - Defler, 2013

Ct. bucifor Interior of Amazon{an forest, Estacién Ecolégica Omé, 0.16 groups/ km®  Defler, 2013
Amazonas, Colombia

C 1. bucifer River edge in Amaz?nlan forest, Estacién Ecolégica Omé, 18.1 groups / km®  Defler, 2013
Amazonas, Colombia

P ornatus Forest fragments, Meta, Colombia 7.61 —52.98 groups km?  Carretero-Pinzén, 2013a,b

P ornatus 1,000 ha fofeSt Las Unamas”, Meta, Colombia 1.07 groups/km*  Carretero-Pinzén, 2013a,b
(crude density)

D ormatus Population bordering savanna (ecological density) or large 15-17 groups / km?  Defler, unpublished data

1,000 ha forest “Las Unamas”, Meta, Colombia

In the Vichada gallery forest (Fig. 1) the titi monkeys have a
border (or edge) on two sides of their territory. This should
hypothetically promote a strong “edge effect” and perhaps
be reflected in the fairly high densities of 8 groups/km?
that we calculated, based only on 56 accumulated kilome-
ters of census effort. However, the well-defined borders of
the habitat and visual recognition of each group resulted in
high confidence in the calculation.

Figure 2 depicts the more complex topography and forest
types in Estacién Bioldgica Mosiro Itajura - Caparti and
outlines known groups of Cheracebus lugens. The highest
densities at Mosiro Itajura-Caparti are found in the band
of transitional vegetation that extends from the edge of the
Igapd up to the Pleistocene terrace forest, which is 10-11 m
above the highwater of the Igapé. These high densities are
repeated along the “bajo” or flood plain of the inland creek
that passes near the installation of the research station (1
km via the principle trail from the edge of the Igapéd), and
ecological densities here attained about the same densities
as the lakeside Cheracebus. The Plio-Pleistocene hill forest,
considered the most diverse forest type botanically accord-
ing to Defler and Defler (1996), was later contradicted by
Clavijo et al. (2009) who concluded that the Pleistocene
terrace forest is the most diverse forest type. The Pleisto-
cene terrace forest is not used by the titis except from the
creek flood plain and from the transition forest. The hill
forest is very sparsely inhabited by titis.

Figure 3 illustrates the use of forest along the Purité River,
including high densities of titis along the Purité River
(a partial limit of the Amacayacu National Park). The

majority of the forest use of the titis takes place over sea-
sonally inundated forest, but the use extends partially into
forest on hilly topography that does not flood. After leav-
ing the influence of the utilized edge vegetation after about
800 m, there was only one group of titis along the rest of
the Skm trail.

Figure 4 illustrates the highly fragmented habitat in west-
ern Meta Department, where censuses has taken place. The
largest censused fragment is a 1,000ha forest that is part of
the Natural Reserve Las Unamas and represents perhaps,
the last of the remaining forest of western Meta, except for
a large, closed-canopy forest along the Guayabero River to
the south. The interior of these large forest appears to have
very low densities of titis.

Figure 5 shows a closer view of the large, 1,000 ha forest in
Las Unamas Natural Reserve. Extensive censuses here show
very low densities except for the edges, where high densities
are present.

Discussion

Although the majority of edge effects on different biota are
negative, some species have been affected in positive ways.
Some species might show positive, negative and neutral re-
sponses according to the edge type (Ries and Sisk, 2004;
Murcia, 1995). There are three categories of effects on any
habitat type, abiotic effects (changes in the environmental
conditions), direct biological effects (changes in abundances
and distribution of the species caused by the physical con-
ditions) and indirect biological effects (species interactions,
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pollination and seed dispersal) (Murcia, 1995). An abrupt
end to a forest that might be facing a savanna or a body
of water is an extreme edge that might generate extremely
different conditions, such as xeric or hydric conditions and
a complete absence of the forest type (abiotic effects). But
other edges can be the interface of two types of forest (such
as at the Estacién Bioldgica Mosiro Itajura - Capart) that
also generate an edge effect because of very different flora
that do not sustain the same fauna or, does so very poorly
(direct and indirect effects).

Faunas can be abruptly different across different floras that
are in contact (direct biological effect), for example, Klein
(1989) and Spector and Ayzama (2004) have illustrated the
abrupt changes in dung and other beetles across changes
in vegetation, both within a forest and the forest/savanna
ecotone. Many edge effects of birds have been illustrat-
ed (Broadbent et al., 2008; Burkey, 1993) and mammals
(Harding and Gomez, 2006; Offerman et al., 1995). Sev-
eral species of primates have also been identified that are
sensitive to edge effects both positively and negatively, such
as positive effects for lemur density (Lehman et al., 2006),
positive effects for Alonatta macconnelli and Saguinus midas,
and negative effects for Ateles paniscus, and neutral effects
for Chiropotes chiropotes, (Lenz et al., 2014).

Titi distributions often show strikingly dissimilar abun-
dances within their distributional areas. Since the previous
genus Callicebus has recently been split into three genera
(Byrne et al., 2016) (Callicebus, Cheracebus and Plecturoce-
bus), it seems a bit more complicated to treat the group as
one, although the group as a whole has many similarities
such as general morphology, monogamy (rare in primates),
territorial defense (but with some home range overlap),
paternal care of infants, frequent use of lower forest strata
(8-15 m), and, frequent terrestrial behaviors including
travel between forest fragments (Bicca-Marques and Hey-
mann, 2013). Some differences have been noted, such as
supernumerary adults observed in some species but not in
others (Cheracebus lugens, C. . lucifer, Plecturocebus cupreus,
P modetus and P personatus; Bicca-Marques and Heymann,
2013; Defler, 1983).

Only a few titi species have been identified that seem to
have greater abundances along water courses, on edges
of forest types or other special but often undefined veg-
etation types, but often the same species abundances fall
(sometimes drastically) in parts of the same forest but away
from the high-density areas. Ferrari et al. (2007) found
no P moloch whatsoever while censusing 812 km of forest
within the known distribution of the species. Kulp and
Heymann (2015) found no effects of forest edges and sec-
ondary forest on red titi (2 cupreus) abundances. Heiduck
(2002) found that P melanochir preferred primary forest
and avoided disturbed forest.

An important difference of our studies from some of these
other studies is that the edges of the forests that we studied

along savannas were undisturbed, natural edges that had
not been disturbed by recent fragmentation. Our data
showed that Cheracebus lugens and C. t. lucifer and P orna-
tus enjoyed high densities in certain types of forest such as
northern gallery forests of Vichada, and vegetation bands
associated with wetlands in Vaupés and in southern Ama-
zonas, Colombia. They were very sparsely distributed in
upland, inland forest. We found high densities of 2 ornatus
in forest fragments and along the edge of a large, 1,000 ha
forest, bordered by savanna.

Cheracebus lugens in the Estacién Bioldgica Mosiro Itajura
— Capard, generally show widely separated groups in the in-
terior of the forest. For example, a five-kilometer census at
this site only detected one group in the last four kilometers
of the trail, despite 250 km of repeat surveys over that trail.
This pattern of very low densities in the interior of the forest
is repeated by Cheracebus t. lucifer on the Purité River, south-
ern Colombian Amazon (Defler, 2013) and by Plecturocebus
ornatus in closed-canopy Colombian forest near the Duda
River, Meta department (Carretero-Pinzén, 2013a,b; Po-
lanco and Cadena 1993; Stevenson pers. com.). The more
homogeneous densities of C. /ugens in the Vichada gallery
forests may be due to the fact that the habitat was all edge
habitat. This may explain the often, high densities of 2 orna-
tus found in fragments in the llanos of western Meta as well
(Carretero and Defler, 2013; Wagner et al., 2009; Carretero-
Pinzén, 2013a,b) in contrast to the very low crude species
densities in a large 1,000 ha fragment in Meta, Colombia.

Despite low overall crude densities of C. /ugens in a pristine
rainforest habitat in Vaupés, edge habitats defined by dif-
ferent forest types support an ecological density that was
much higher than the crude density throughout the forest.
Although these high density ecological belts were not at the
edge of a forest bordering savanna, they were centered over
special types of forest (Transition forest and Creek bottom
forest) while extending in part into Pleistocene river terrace
forest. The transition forest was sandwiched between Igapé
forest (where the animals were never observed) and the
river Terrace forest which were found to be of high diversity
(Defler and Defler, 1996; Clavijo et al., 2009). The Creek
bottom forest was sandwiched between high diversity hilly
Pliocene forest and the high diversity river terrace forest.
In the Colombian Llanos, where Cheracebus lugens exists
in some pristine gallery forests of Vichada, the density of
this primate was elevated and evenly spread throughout the
study forest (Defler and Pintor, 1985).

In southern Colombia, a population of Cheracebus t. lucifer
repeated the pattern of Cheracebus lugens at Capart with a
low, overall crude density throughout the interior of the
forest, but with a very high ecological density along the
Purité River. These data show that Plecturocebus ornatus,
Cheracebus. lugens and C. t. lucifer generally have higher
densities in edge habitats, whether the edge of a forest or
a habitat defined by specific types of vegetation (C. lugens)

such as at Mosiro Itajura - Capart).
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What it is that attracts several species of Callicebus to edge
habitat is not so clear. One assumes that these habitats
have a higher concentration of foods for these monkeys.
In the large 1,000 ha forest at Las Unamas the edge habitat
is botanically more diverse than interior parts of the forest
(Carretero and Defler 2016). This could be part of the
explanation, but in the Estacién Bioldgica Mosiro Itajura
- Capart, the high-density strip around the lake is found
in low-diversity vegetation, while the highest diversity veg-
etation in hilly forest (beginning about 1 km from the lake
and its Igapd) has very low densities of Cheracebus lugens
(Defler and Defler, 1996; Cano and Stevenson, 2009).
Plant diversity at the Omé Ecolégical Station is unknown,
although the high density Cheracebus habitat tends to be in
low-lying parts of forest that floods when the nearby river
floods. The inland, sparsely populated forest is hilly and
well-above floods.

Alouatta seniculus is known to have similar edge habitat
preferences in Colombia, although this species is more apt
to concentrate in edge habitat over seasonally flooded veg-
etation when leaf flush is high. This large primate has been
found in higher densities along the edge of the Amazonian
lake where the species has been studied (Palacios and Ro-
driguez, 2001). From extensive censuses in that locality we
know that A. seniculus densities in the interior of the forest
are so extremely low, that we could not even detect the
species during the 2 %2 years of censuses. But the species
was easily detectable from the edge of the forest and espe-
cially when there was leaf flush. During early high water in
the llanos of Vichada the high densities of A. seniculus are
obvious due to their vocalizations, just as they are in the
Amazonian lake where the Estacién Biolégica Mosiro Ita-
jura - Capart is located. We have posited that the high A.
seniculus densities are due to the early high-water leaf flush
which is extensive (Carretero and Defler, 2017), and typi-
cal of early high water tropical environments. But this does
not seem to be an adequate explanation for high edge den-
sities of the various species of titis discussed in this article.

Edge effects might have ecotone effects that allow the titis
to exploit more than one habitat type, since the ecotone
presents a variation in plant species available. From this
perspective, an edge to a forest might allow an elevated
insect and spider population and some preferred trees that
are attractive to many titis. Ecotones in a closed-canopy
forest might also support a special mix of vegetation that
is especially attractive to titis and that allows the mainte-
nance of the local titis population. In future research a
careful analysis of specific requirements for the titi popula-
tion living in one of these higher density population should
eventually identify special characteristics of this type of
habitat that support such a population.
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