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Abstract

The recently-discovered titi, Callicebus coimbrai, is endemic to the coastal Brazilian Atlantic Forest south of the São 
Francisco River, a region with a long tradition of deforestation. While a number of C. coimbrai populations have now 
been identified, little is known about basic population parameters. Considering the importance of this information for 
conservation planning, the population of a site in southern Sergipe (with a total area of forest of approximately 500 ha) 
was surveyed between April and October 2008. Standard line transect procedures were used in the four largest fragments, 
and additional monitoring included the use of playback broadcasts for the observation of titi groups. The presence of 
titis was confirmed in all the forest fragments at the site, including one of only five hectares. Two other primates – 
Callithrix jacchus and Cebus xanthosternos – were also recorded at the site, but were less abundant than titis. A total 
transect walk of 476 km provided 164 sightings of primates, the majority of which (104) were of Callicebus coimbrai. 
Titi groups ranged in size between two and five individuals. The most reliable estimate of overall population density, 
derived from the combined data set, was 12.6 individuals per km², although density was much higher in smaller (more 
disturbed) fragments. The total population of Callicebus coimbrai at the site was estimated to be at least 50 individuals, 
which may represent a considerable proportion of the population of the species remaining in the wild. In addition to 
its apparent tolerance of habitat fragmentation, densities of C. coimbrai recorded at the site compare favourably with 
those of other Atlantic Forest titi species.
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Parâmetros populacionais do guigó ameaçado, Callicebus coimbrai Kobayashi and 
Langguth, 1999, na paisagem fragmentada do sul de Sergipe, Brasil

Resumo

O guigó-de-Coimbra-Filho recém descoberto, Callicebus coimbrai, é endêmico da Mata Atlântica do litoral brasileiro ao 
sul do rio São Francisco, uma região marcada pelo desmatamento. Enquanto um número de populações de C. coimbrai 
já foram identificadas, pouco se sabe sobre os parâmetros populacionais básicos. Considerando a importância dessas 
informações para o planejamento da conservação, foi feito um levantamento da população de um local no sul de Sergipe 
(com uma área total de floresta de cerca de 500 ha) entre abril e outubro de 2008. Procedimentos de transecção linear 
foram utilizados nos quatro maiores fragmentos e monitoramento adicional incluiu o uso da técnica de playback para 
a observação de grupos de guigós. A presença de guigós foi confirmada em todos os fragmentos de floresta no local, 
incluindo um de apenas cinco hectares. Outros dois primatas – Callithrix jacchus e Cebus xanthosternos – também 
foram registrados no local, mas foram menos abundantes do que o guigó-de-Coimbra-Filho. Um total de 476 km 
percorridos proveram 164 avistamentos de primatas, a maioria (104) de Callicebus coimbrai. O tamanho dos grupos 
desta espécie variou entre dois e cinco indivíduos. A estimativa mais confiável da densidade populacional geral, 
derivada do conjunto de dados combinados, foi de 12,6 indivíduos por km², embora a densidade tenha sido muito 
maior nos fragmentos menores (mais perturbados). A população total de Callicebus coimbrai no local foi estimada 
em pelo menos 50 indivíduos, que pode representar uma parte considerável da população remanescente da espécie na 
natureza. Além da sua aparente tolerância à fragmentação de habitat, a densidade de C. coimbrai registrada no local 
é comparada favoravelmente com a de outras espécies de guigós da Mata Atlântica.

Palavras-chave: Callicebus coimbrai, Mata Atlântica, fragmentação de habitat, densidade populacional, conservação.
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1. Introduction

Habitat fragmentation has a series of effects on primate 
populations, and may ultimately lead to local extinction 
(Bowers and Matter, 1997; Chiarello, 1999, 2000; Peres, 
2001; Pardini et al., 2005). While the populations of 
most species may be affected negatively, some primates 
are relatively tolerant, and may even increase in density 
following fragmentation, for example, howlers, Alouatta spp. 
(Arroyo-Rodríguez and Dias, 2010). Either way, the 
reliable evaluation of population parameters is essential 
for the development of effective management strategies 
(Onderdonk and Chapman, 2000).

First described a decade ago, Coimbra-Filho’s titi monkey 
(Callicebus coimbrai Kobayashi and Langguth, 1999) is 
found in the Atlantic Forest of Sergipe and northern Bahia 
(Jerusalinsky et al., 2006; Printes et al., in press), a region 
devastated by deforestation. While previous estimates of the 
remaining forest cover in Sergipe referred to values of less 
than 1% of the original area (Siqueira and Ribeiro, 2001), 
a recent study (Santos, 2009) has indicated a proportion 
closer to 10%, which is similar to the overall average for 
the biome (Ribeiro et al., 2009). However, this surviving 
habitat is highly fragmented, and relatively few (25%) 
of the remaining tracts of forest are larger than 100 ha 
(Jerusalinsky et al., 2006). This scenario exacerbates the 
already limited geographic range of the species and has 
contributed to its current classification by the IUCN as 
endangered (Veiga et al., 2008).

Except for more general surveys such as those of 
Jerusalinsky et al. (2006), Printes (2007) and Sousa et al. 
(2008), very little is known of the ecological characteristics 
of C. coimbrai. While some ecological data are available 
for the other Atlantic Forest titis (Müller, 1996; Neri, 1997; 
Price and Piedade, 2001; Heiduck, 2002; Oliveira et al., 
2003; Trevelin et al., 2007), it may be premature to assume 
that C. coimbrai will be similar to these species, especially 
considering that it is restricted to the northernmost extreme 
of the genus’ distribution in the Atlantic Forest, where 
the biome is reduced to a relatively narrow coastal strip. 
However, in the first ecological study of C. coimbrai, 
Souza-Alves (2010) recorded ecological patterns similar 
to those of other Atlantic Forest titis.

In the present study, the first detailed data on the 
population density and other demographic parameters of 
C. coimbrai were obtained from a site in southern Sergipe. 
While such data provide only preliminary insights into 
the ecological characteristics of a species, they can be 
fundamentally important to evaluate the status of endangered 
taxa, especially when impacted by habitat fragmentation 
(Laurance, 1990). The results also provided the first data 
on local populations of the critically endangered Cebus 
xanthosternos Wied-Neuwied, 1826.

2. Material and Methods

2.1. Study area

The Fazenda Trapsa (11° 12’ S, 37° 14’ W) is a privately-
owned rural property in the municipality of Itaporanga 
d’Ajuda, located in the southern part of the Brazilian state 

of Sergipe (Figure 1). The forest reserve encompasses 
eight fragments of Atlantic Forest of various sizes, up to 
120 ha, with a total area of approximately 500 ha. Due to 
its proximity to the coast, the vegetation is best classified 
as arboreal restinga, which is similar in composition to 
the inland Atlantic Forest in terms of species composition 
(Scarano, 2002), but is characterised by vegetation of 
relatively low stature (canopy of approximately 15 m) 
located on extremely sandy soils. The quality of the habitat 
varies considerably among fragments, and the smaller 
patches tend to have more disturbed forest (Chagas, 2009).

The fragments are set within a matrix of abandoned 
pastures and artificial lakes, including a central reservoir, 
and also vary with regard to connectivity – in some cases 
(e.g. fragments 4 and 6), the areas are separated only by 
a service road (Figure 1). Fragment size was calculated 
from high resolution (1:10,000) aerial photographs using 
ArcGis 9.2. While all of the fragments have experienced 
some degree of disturbance in the past, there has been no 
logging or hunting over the past fifteen years (prohibited by 
the owner and enforced by the foreman), although a large 
proportion of fragment 2 was affected by a fire in 1997.

Two of the fragments were not included in the present 
study due to logistic difficulties during the study period 
(although they are known to contain titi groups due to 
vocalisations). Of the remaining six fragments, the two 
smallest (Table 1) were only surveyed qualitatively. A 
system of straight-line trails was established in each 
fragment (Figure 1), varying in configuration and length, 
according to its size and shape (Table 1). The trails were 
cut with minimum impact, swept clear of debris, and 
marked at 50-m intervals with forester’s tape. These trails 
were the main, but not the only focus of data collection 
at the study site.

2.2. Data collection

The fragments were surveyed in two main ways. In 
the smaller fragments (5 and 6), the presence of titis was 
investigated using playbacks of the typical territorial duet 
vocalisation of the genus (Callicebus nigrifrons (Spix, 1823)), 
played through an MP3-megaphone system developed 
by Santos Junior (2007). The recording was broadcast at 
50-m intervals along the trail system in an attempt to elicit 
a response from the resident titis. Following a response, 
the position on the trail system, as well as direction and 
estimated distance of the vocalisations in relation to the 
observer were recorded. Further attempts were made to 
contact the animals and, whenever they came into view, 
notes were taken on group composition. Playback surveys 
were conducted once a week only in April, September, 
and October, 2008.

The larger fragments (1-4) were surveyed using standard 
line transect procedures (Buckland et al., 2001), in which 
the trails were walked carefully at a speed of 1.0-1.5 km/
hour in an attempt to locate primates and other nonvolant 
mammals. Once a mammal was sighted, a standard set of 
data were collected, including time and location on the trail, 
the species and number of individuals, the perpendicular 
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distance between the animal and the trail. The surveys 
were conducted on four consecutive days each week 
between April and October, 2008, with trails being walked 
between 06:00 AM and 05:00 PM, although data collection 
was interrupted whenever atmospheric conditions (wind, 
rain) reduced visibility significantly. The fragments were 
surveyed on a randomised rotating schedule to ensure even 
sampling throughout different times of the day.

The survey records for Callicebus coimbrai were 
analysed using DISTANCE, version 5.0 (Thomas et al., 
2006), based on effective strip width. Estimates of group 
density were based on the detection probability function 
with the lowest AIC (Akaike’s Information Criterion) value, 
as recommended by Buckland et al. (2001). These values 
were multiplied by mean group size to provide estimates 
of population density (number of individuals per km²).

Figure 1. The eight fragments of the forest reserve of the Fazenda Trapsa. The fragments surveyed in the present study are 
shaded and numbered (see Table 1).

Table 1. Fragment size, trail system (see Figure 1), survey effort and composition of the resident C. coimbrai groups at 
Fazenda Trapsa in the Brazilian state of Sergipe.

Fragment 
name/number 

(Figure 1)

Size  
(km²)

Trail  
system (m)

Total  
transect 

walked (km)

Number 
of 

groups

Group sizes 
(number of 
individuals)

Mean 
group size 

(individuals)
Alagado/1 1.18 2460 182.0 3 3, 4, 5 4.0

Viveiro/2 0.62 875 73.4 2 5, 5 5.0

Encosta/3 0.61 1280 135.2 3 3, 4, 4 3.7

Bóia/4 1.07 775 85.5 4 2, 2, 3, 4 2.8

Camboinha/5 0.16 250 - 2 3, 4 3.5

Coroa/6 0.05 100 - 1 3 3.0

Total 3.69 5740 476.1 15 2-5¹ 3.6
¹Range of values.
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As group size tends to be underestimated in surveys 
of this type, due to the reduced visibility of animals in 
this type of procedure, a more reliable value was derived 
from the group counts accumulated during the study period 
from playback surveying, non-systematic observations and 
ecological monitoring activities conducted during the study 
period (Chagas, 2009; Souza-Alves, 2010). Together with 
the survey data, sightings were cross-referenced in order 
to establish the distribution and composition of groups 
within the fragments. These observations were also used 
to provide more reliable estimates of Callicebus population 
density, given the apparent inaccuracies of the transect data 
(Ferrari et al., 2010). The different estimates were used for 
comparisons with other studies of personatus group titis.

3.  Results

3.1. Playback surveys

In fragment 6, responses to the playback resulted in 
the confirmation of a single group of Callicebus coimbrai, 
with three members, a breeding pair and a juvenile. Based 
on responses to playbacks, the slightly larger fragment 
5 appears to contain two titi groups, although it was 
possible to confirm the composition of only one of these. 
Souza-Alves (2010) and I.P. Fontes (pers. comm.) have 
nevertheless confirmed the presence of two groups, with 
three and four members.

3.2. Group composition

Observations of titis in the four main fragments revealed 
group sizes of between two and five individuals (Table 1). 
It seems likely that most, if not all groups, consisted of an 

adult pair and up to three immature individuals. The two 
remaining groups, in fragment 4, were adult pairs. The 
smaller fragments had fewer resident groups, on average, 
but there seemed to be no clear pattern with regards to 
group size, except for the presence of slightly smaller 
groups, on average, in the larger fragments.

3.3. Line transect surveys

The 476 km of transect provided 164 sightings of 
primates, and a further 15 records of other mammals (six 
species). The three primates were observed in all four 
fragments, although only Callicebus coimbrai (n = 104) 
and Cebus xanthosternos (n = 41) were sighted frequently 
enough to calculate reliable density estimates using sighting 
functions, according to the criterion of Buckland et al. 
(2001). However, as only a single capuchin group was 
present in the study area, only sighting rates are presented 
for this species, as a measure of its exploration of the 
different fragments.

Callithrix jacchus (Linnaeus, 1758) was sighted 
only 19 times, which precludes any reliable estimate of 
population density from the survey data. The species was 
only observed regularly in fragment 4 (Table 2), whereas 
it was sighted only once in fragment 1 – the largest and 
best-preserved of the four fragments – in 182 km of transect.

The capuchins showed preference for fragment 1 and, to 
a lesser extent, fragment 3. There is a potentially interesting 
inverse relationship between the sighting rates of Cebus 
and Callicebus which may reflect interspecific competition, 
although analysis of this question would require a more 
specific study. While the capuchins clearly preferred the 
relatively well-preserved fragment 1, they regular visited 
fragment 3, where they were recorded at least once in all 
six months, and have been observed feeding in the much 
smaller fragment 5 (J.P. Souza-Alves pers. comm.).

The relatively large number of sightings of Callicebus 
allowed for a statistically reliable analysis of the survey data 
using sighting functions (Thomas et al., 2006), although this 
analysis appeared to overestimate group density considerably 
in comparison with known parameters (Ferrari et al., 
2010). The uniform model with cosine adjustment and an 
effective strip width of 13.52 m provided an estimate of 
group density of 9.2 (95% confidence interval: 6.2-13.6) 
per km², more than double the known value (3.4 groups 
per km²) for the four fragments as a whole (Table 3).

Table 2. Relative abundance of the three primates species at 
Fazenda Trapsa in the Brazilian state of Sergipe, according 
to line transect survey records.

Fragment
Sightings (per 10 km walked) of:

Callicebus Cebus Callithrix

1 20 (1.1) 26 (1.4) 1 (0.1)

2 27 (3.7) 3 (0.4) 3 (0.4)

3 33 (2.4) 9 (0.7) 4 (0.3)

4 24 (2.8) 3 (0.4) 11 (1.3)

Total 104 (2.2) 41 (0.9) 19 (0.4)

Table 3. Known densities of titis at the Fazenda Trapsa in the Brazilian state of Sergipe.

Fragment Number of individuals Area (ha) Groups per km² Individuals per km²
1 12 118.2 2.5 10.2

2 10 61.9 3.2 16.2

3 11 61.0 4.9 18.0

4 11 107.3 3.7 10.3

5 7 15.9 12.5 43.8

6 3 5.0 20.0 60.0

Total 54 369.3 4.3 14.6



Braz. J. Biol., 2011, vol. 71, no. 3, p. 569-575

Population density of Callicebus coimbrai

573

4.  Discussion

4.1. Overview

The results of this first systematic survey of a Callicebus 
coimbrai population indicate that most basic characteristics 
of the species are broadly similar to those of other Atlantic 
Forest titis. All observed groups were either adult pairs, or 
what appeared to be pairs with their immature offspring, 
and the maximum size recorded in fifteen groups was 
five individuals, which is consistent with the strictly 
monogamous social structure of the genus (Norconk, 
2007). Group densities in the four main fragments were 
consistent with home ranges of between 20 and 40 ha, 
which are medium values for the personatus group (Bicca-
Marques and Heymann, in press).

As even the smallest of these fragments is much larger 
than the largest home range recorded for a personatus 
group species (48 ha in C. nigrifrons: Neri, 1997), it seems 
reasonable to conclude that factors other than fragment 
size may determine group size here. What seems most 
likely is that the size of a group at a given moment is 
determined by its recent history of formation, reproduction, 
and dispersal. As the distances between fragments vary 
from negligible (i.e. the width of the service road) to no 
more than 200 m, it seems reasonable to assume that titis 
are able to disperse relatively freely between fragments, 
and that isolation does not have a direct influence on the 
characteristics of the different groups.

Callicebus coimbrai was not only relatively abundant 
at the Fazenda Trapsa, but was by far the species most 
frequently sighted during surveys, although titis were 
relatively much less abundant in the largest, and best-
preserved fragment, in which capuchins were most common. 
In addition to possible competitive exclusion, involving 
all three species at different levels of interaction, the role 
of Cebus as a potential predator (Sampaio and Ferrari, 
2005) may also be relevant here.

The Fazenda Trapsa is home to a total population 
of at least 54 titis. This is not a large population by any 
standard, especially considering its long-term viability 
(Reed et al., 2003), but it may nevertheless represent up 
to 5% of the total population of the species in the wild 
(Jerusalinsky et al., 2006) and is likely to play an important 
role in the conservation of C. coimbrai. The data also provide 
more systematic parameters to assess other C. coimbrai 
populations, depending on variables such as fragment size 
and the presence of syntopic primates.

4.2. A comparative perspective

A number of studies now provide demographic data for 
the three other Atlantic Forest titis, Callicebus personatus 
(É. Geoffroy, 1812), C. melanochir Wied-Neuwied, 1820, 
and C. nigrifrons (Tables 4 and 5). When compared 
with other line transect data, the results from the present 
study indicate that C. coimbrai is relatively abundant at 
Fazenda Trapsa, compared to the titi populations at sites 
in southeastern Brazil (Table 4). Even when based on the 
most conservative estimate of mean group size (derived 
from sighting data), density at the Fazenda Trapsa is 
considerably higher than that recorded at other studies.

The estimate of population density derived from the 
monitoring of groups nevertheless provides a somewhat 
different picture when compared with similar estimates 
from other studies (Table 5). In this case, the population 
density of C. coimbrai is intermediate between those of 
C. nigrifrons and C. melanochir. An overview of both sets 
of results (Tables 4 and 5) suggests a geographic pattern, 
characterised by higher densities in the northern species, 
C. melanochir and C. coimbrai, compared to those from 
the Brazilian southeast (C. nigrifrons and C. personatus). 
However, as all the data for the northern species are 
derived from relatively small fragments of habitat, it is 
possible that this factor is more relevant than geographic 
or taxon-specific patterns.

Table 4. Comparison of density estimates for Atlantic Forest titis (Callicebus personatus group) based on line transect 
surveys.

Species
Site

(area of forest in km²)¹

Sighting rate 
(per 10 km 

walked)

Mean 
group size 

(individuals)

Population 
density 

(inds./km²)
Source²

C. nigrifrons Viçosa, MG (0.75) 1.8 3.1 14.9 1

Serra da Cantareira, SP (79.2) 1.4 2.7 11.2 2

São José, SP (2.3) 0.6 1.7 3.5 3

C. personatus ReBio Sooretama, ES (242.5) 1.7 3.0 9.5 4

Reserva Florestal Linhares, ES (218.0) 1.2 3.0 7.7 4

Putiri, ES (2.1) 1.0 3.0 6.4 4

ReBio Augusto Ruschi, ES (40.0) 0.5 3.9 5.4 5

M7/317, ES (2.6) 0.2 3.0 1.4 4

C. coimbrai Fazenda Trapsa, SE (3.5)³ 2.2 2.4 22.1 6
¹ Brazilian states: ES = Espírito Santo; MG = Minas Gerais; SE = Sergipe; SP = São Paulo; ² 1 = Oliveira et al. (2003); 2 = Trevelin et al. 
(2007); 3 = São Bernardo and Galetti (2004); 4 = Chiarello and Melo (2001); 5 = Pinto et al. (1993); 6 = present study; ³ Total area of the 
four fragments surveyed by line transect.
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4.3. Conservation

What is clear from the present study is that Callicebus 
coimbrai is a typical Atlantic Forest titi, including a 
tolerance of habitat fragmentation. While the ability of the 
species to survive in small fragments may be essential to 
its survival in the present-day landscape, the potential for 
dispersal among fragments is a crucial factor (Onderdonk 
and Chapman, 2000). As Jerusalinsky et al. (2006) have 
pointed out, the rigid social structure of the titis, in 
particular the obligatory dispersal of mature offspring, may 
represent a major problem here. While dispersal may be 
viable on a local level at the present study site, the much 
greater distances that separate this population from those 
on neighbouring properties constitute a major obstacle for 
metapopulation management. As this situation is typical 
of the region’s fragmented landscape, creating effective 
corridors is likely to be the greatest challenge for the 
conservation of C. coimbrai populations in the long term.
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