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Abstract Identifying the factors that determine local
extinction of populations is crucial to ensure species con-
servation. Forest-dwelling primates are especially vulner-
able to habitat fragmentation, although few studies have
provided systematic evidence of local extinctions. Over an
11-year period, approximately 100 remnant populations of
the endangered Coimbra Filho’s titi monkey (Callicebus
coimbrai) have been found within the geographic range of
the species in Bahia and Sergipe, Northeast Brazil. During
the present study, extinction of 13 of these populations was
recorded through intensive surveys. These extinctions were
detected from evidence of intensive logging and clear-
cutting, interviews with local residents and systematic
searches of the sites where occurrence of the species had
been confirmed in previous surveys. These local extinc-
tions represent approximately 10 % of the known popula-
tions of C. coimbrai and up to 28.3 % of the area occupied
by the species. Comparison of the vegetation structure in
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fragments where extinction was recorded and where the
species still occurs indicated that sparser understorey may
be a correlate of extinction, combined with the fact that
extinctions occurred within fragments characterised by
relatively high levels of anthropogenic disturbance. These
findings reinforce the Endangered status of the species and
the urgent need for intensification of conservation mea-
sures within the most impacted areas of the geographic
distribution of C. coimbrai.
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Introduction

Worldwide, many species face considerable threats, and
current extinction rates are comparable to those of the past
five mass extinction events (Barnosky et al. 2011). Habitat
reduction and fragmentation, habitat degradation, intro-
duction of exotic species, overexploitation of species and
global warming are among the main threats to biodiversity
currently (Primack and Rodrigues 2001; Barnosky et al.
2011). A species is considered extinct when exhaustive
surveys within its original range fail to locate any indi-
viduals. It can also be considered extinct in Nature when
there are no free-ranging individuals left, even though
some do survive in captivity JUCN 2012). Local extinc-
tion is a less drastic scenario, where populations of a spe-
cies are lost within some areas, but remain at other
localities (Primack and Rodrigues 2001).

The principal threats to survival of primate populations
are deforestation, habitat degradation and fragmentation,
and hunting (Mittermeier et al. 2012). Deforestation is the
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primary driving force affecting primate survival, since it
causes both loss of habitat and a reduction in the quality
and continuity of remaining habitat. One of the conse-
quences of this process is reduction in the size of popula-
tions (Arroyo-Rodriguez and Mandujano 2009), which
leaves them increasingly vulnerable to stochastic pro-
cesses, including loss of genetic variability, and increasing
endogamy and/or vulnerability to catastrophic events
(Shaffer 1981), thereby greatly increasing the probability
of extinction of affected populations.

In fragmented landscapes, where primates may have
occurred originally throughout most of the environment,
studies can assess extinction through occupancy surveys. In
such environments, a number of studies have found evi-
dence of a systematic relationship between occurrence of
primate populations and specific attributes of the fragments
(Onderdonk and Chapman 2000; Arroyo-Rodriguez et al.
2007; Raboy et al. 2010), the surrounding matrix (Hoffman
and O’Riain 2012) or the species itself (Onderdonk and
Chapman 2000). Fragment size is the most important
correlate of local extinction, although there is not always a
straightforward relationship between fragment size and the
probability of occurrence of a given species (e.g. Onder-
donk and Chapman 2000; Mbora and Meikle 2004;
Arroyo-Rodriguez and Mandujano 2006; Boyle and Smith
2010).

Forest structure may also be important; For example,
human activities, such as logging and collection of fire-
wood, affect the structure of the forest (Ganzhorn 1995)
and can promote exclusion of some species [e.g. Plectur-
ocebus moloch: Michalski and Peres 2005—formerly
Callicebus moloch, see Byrne et al. (2016); Colobus
angolensis palliatus: Anderson et al. 2007] or benefit oth-
ers (e.g. three species of lemurs: Ganzhorn 1995). The
main effect of forest structure on primate occurrence and
density is the change in the relative availability of different
resources (Ganzhorn 1995; Rode et al. 2006). Forest
structure may also be related to the abundance of some
plant groups, such as lianas (Parthasarathy et al. 2004),
palms (Farris-Lopez et al. 2004) and bamboo (Palminteri
and Peres 2012), which can affect primate presence and
density (Palminteri and Peres 2012; Hilario 2013).

Little is known regarding the factors that influence the
occurrence of titis (Callicebinae) in forest fragments.
Michalski and Peres (2005) found that the occurrence of
P. moloch populations in a fragmented landscape in the
southern Amazon Basin was inversely related to selective
logging, but not to factors such as fragment size, connec-
tivity, isolation time, habitat quality or hunting pressure. In
a second study, Ferrari et al. (2003) concluded that the
occurrence and density of P. moloch in different fragments
were affected primarily (and negatively) by the presence
and density of the silvery marmoset, Mico argentatus.
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Clearly, then, even populations of the same species may
respond to threats in different ways, emphasising the need
to avoid generalisations (Marsh et al. 2003; Isaac and
Cowlishaw 2004).

Coimbra Filho’s titi (Callicebus coimbrai) was descri-
bed in 1999 (Kobayashi and Langguth 1999), and was
almost immediately classified as Critically Endangered by
the International Union for Conservation of Nature
(IUCN). However, the increasing number of populations
identified during subsequent surveys (Jerusalinsky et al.
2006; Sousa et al. 2008; Marques et al. 2013) led to
reclassification of the species’ conservation status as
Endangered (Veiga et al. 2008). This does not mean,
however, that there is much less cause for concern, given
that the vast majority of C. coimbrai populations are con-
fined to small, isolated fragments of less than 100 ha,
where they are extremely vulnerable to extinction
(Jerusalinsky 2013). During recent surveys for identifica-
tion of new C. coimbrai populations, evidence of local
extinction was found at a number of sites located
throughout the species’ range. In addition to providing
evidence on these extinctions, the present study discusses
its possible determinants as well as the implications of
these findings for the conservation status of the species.

We predict that local extinction will be more likely in
smaller fragments (Onderdonk and Chapman 2000; Mbora
and Meikle 2004; Arroyo-Rodriguez and Mandujano 2006;
Boyle and Smith 2010) and in forests with lower biomass.
Lower biomass, which is an aspect of forest structure,
should reflect lower resource availability (Peres 2008),
leading to lower primate density and an increase in the
probability of extinction (Oates et al. 1990; Rode et al.
2006; Anderson et al. 2007). As forest disturbance has
already been implicated in local extinctions of P. moloch
(Michalski and Peres 2005), and given that fruit production
is correlated with humidity (van Schaik et al. 1993), we
also predict that local extinctions of C. coimbrai may be
related negatively to indicators of humidity and conserva-
tion (bromeliads and palms—Gentry and Dodson 1987;
DeWalt et al. 2003) and positively to indicators of distur-
bance, i.e. bamboo (Tabarelli and Mantovani 2000).

Methods
Study area

The present study focussed on the known geographic dis-
tribution of Coimbra Filho’s titi (Callicebus coimbrai),
which coincides primarily with the Brazilian Atlantic
Forest domain of the States of Sergipe and northern Bahia,
as far south as the Paraguacu River (Fig. 1). The forest
cover of this region has been extensively devastated, with
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Fig. 1 Sites in Northeast Brazil (Bahia and Sergipe) at which
populations of Callicebus coimbrai are present or were known to exist
in the past. The extinction “polygon” is highlighted in the south-
eastern portion of the map. The smaller polygon encompasses a group
of nearby fragments in which recent extinction of C. coimbrai was
confirmed in interviews. Red fragments: extinction of C. coimbrai
confirmed by playback surveys (category ii); brown fragments:
surveyed non-systematically with playback; purple fragments: extinc-
tion reported to have occurred more than 10 years prior to the
interview (not included in analysis); pink fragments: recent extinc-
tions reported in interviews (category i); blue fragments: extinction
inferred from either complete suppression or intense degradation of
forest (category iii); black fragments: with C. coimbrai in which
vegetation was sampled for comparison with fragments in which
extinction was confirmed through playback surveys; green fragments:
occurrence of C. coimbrai reported in previous studies. Fragment
numbers: / Mata da Cova; 2 Concei¢do; 3 Fazenda Itamarati; 4
Canabrava 3; 5 Usina Alianga/Sdo Bento Inhatd; 6 Faz. Juerana; 7
Subaumirim; 8 Lontra; 9 Cachoeira II; /0 Faz. Gameleira; 1/ Pov.
Pereira; /2 Pov. Jangada; /3 Gameleira III; /4 Faz. Boa Nova (Map:
Daniela P. B. Ruiz-Esparza) (color figure online)

less than 11.5 % of the original habitat remaining (Fun-
dacdo SOS Mata Atlantica and INPE 2013). Deforestation
is ongoing in many areas.

The majority of the remnants of Atlantic Forest found
within the geographic range of C. coimbrai are relatively
small, isolated fragments, with a predominance of dis-
turbed habitat (Hilario 2013; Jerusalinsky 2013; Marques

et al. 2013). As the region is densely populated, most
fragments are also located in close proximity to human
settlements, ranging from urban centres to rural commu-
nities, which reflects ongoing anthropogenic pressures,
such as hunting and exploitation of lumber, firewood and
other forest resources. Local agriculture is dominated by
cattle ranching and plantations of Eucalyptus, orange and
sugarcane.

Collection of evidence on local extinction

The present study was based on data obtained during
studies aimed at locating new populations of C. coimbrai
through interviews and non-systematic playback surveys
(Jerusalinsky 2013), and identifying correlates of the den-
sity of the species through systematic playback surveys and
vegetation sampling within the known geographic distri-
bution of the species (Hilario 2013). Following preliminary
identification of potential sites based on analysis of satellite
images and aerial photographs, localities throughout the
whole study area were visited to confirm occurrence of titi
populations in situ (Jerusalinsky 2013). We focussed
sampling primarily on those fragments larger than 100 ha,
since these are more likely to support populations of Cal-
licebus coimbrai. Nevertheless, we also included smaller
fragments whenever interviews pointed to occurrence of
the species at these sites.

Between 2004 and 2012, we conducted 593 non-directed
semi-structured interviews (Chizzotti 2006; Richardson
et al. 2008) with local residents and other knowledgeable
individuals, such as government employees. We used
snowball sampling strategies to select specific informants
(Davis and Wagner 2003; Browne 2005). Interviews are a
tool that allows researchers to acquire information on
occurrence of a species much more quickly than by sur-
veying each locality, and are thus ideal for studies that
encompass a wide geographic region. This method has
been applied successfully in a number of previous studies
(Coimbra-Filho et al. 1991; Ferreira et al. 2009) and is
considered reliable, especially for species with conspicuous
vocalisations, such as titis (Jerusalinsky et al. 2006; Mar-
ques et al. 2013). We considered the interviews to be
reliable because we talked with informers known locally as
people with extensive local environmental knowledge, i.e.
“experts” (Davis and Wagner 2003).

Interviews began informally with questions regarding
the largest fragments of forest within the local area. We
subsequently enquired about the animals that occur in these
forest fragments. Due to its conspicuous vocalisation,
C. coimbrai was frequently one of the first species cited
whenever titis occurred in the fragment. When informants
referred to extinction of the species from specific sites,
additional details were requested. These reports were
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considered reliable when the informant provided evidence
of a detailed knowledge of the species, such as its mor-
phological and ecological traits, and in particular, its
characteristic vocalisation, as well as being able to identify
the site of the most recent encounter (sighting or hearing),
and the approximate date of this event. We also used a field
guide with plates of different primates (Mittermeier et al.
2007) to certify the identification of the species present in
the forest remnant indicated by the informant.

The evidence of extinction analysed in the present study
falls into three categories: (i) reports of extinction occur-
ring within the preceding 11 years (2002-2012), (ii)
extinction of populations identified during previous surveys
conducted between 2002 and 2012 (Jerusalinsky et al.
2006; Sousa et al. 2008; Marques et al. 2013) and (iii)
extinction of populations identified during previous surveys
resulting from clear-cutting or extreme habitat degradation
(suppressed areas), or inferred by non-systematic surveys
(Tables 1, 2, 3). We also obtained 11 reports of local
extinction occurring prior to the present study period, i.e.
more than 10 years prior to the interviews. However, these
records were not included in the analysis because the dis-
covery of most of the populations of C. coimbrai took
place during the study period. Thus, including events that
occurred before the study period would bias the calculation
of an extinction rate.

As part of a wider study (Hilario 2013), in 2012, the four
fragments in the second category were surveyed by play-
back using a digital recording of a typical titi duet (of the
closely related Callicebus personatus, obtained from
Emmons et al. 1997), which was broadcast through a 20-W
megaphone. Two minutes of long calls were broadcast,
followed by a 10-min interval to record the response of
C. coimbrai, which was recorded whenever this species
was heard or sighted. Standard surveys were conducted
along linear transects, with playback conducted at 200-m
intervals along the transect between 15 and 30 min after
sunrise and 10:00 h. This standard procedure was also
applied at 19 other sites where occurrence of C. coimbrai
had been confirmed, providing data for the calculation of
an index of probability of non-response to the playback,

that is, the probability that members of the species were
present in the fragment but did not respond to the playback.
The number of playback points conducted each day varied
from 8 to 13 (mean 10.8 + 1.3), and the sampling was
replicated over three days in each fragment. The mean
number of responses per transect point did not deviate
significantly from a normal distribution (Shapiro-Wilk
W = 0.9642; p = 0.0898; N = 57), and this number was
used to calculate the probability of obtaining no response
during a day of survey at a site occupied by titis, based on a
normal distribution, with the mean number of responses
and variance equal to that of the data. This analysis was run
in BioEstat 5.0 (Ayres et al. 2007).

Vegetation sampling and fragment size

A standardised survey of vegetation was also conducted at
all sites surveyed by playback (except for one site at which
extinction was confirmed, due to logistic problems) for
identification of potential factors affecting the occurrence
and density of C. coimbrai and other primates. The vege-
tation surveys were based on the point-centred quarter
method (Cottam and Curtis 1956), with five points sampled
at intervals of 50 m along randomly selected transects. The
transects were separated by a distance of at least 300 m
from one another. The number of transects established in
each fragment varied depending on its size, ranging from
four (in fragments <150 ha) to 23 (in fragments

>1000 ha). At each point, the nearest tree with diameter at
breast height (DBH) of at least 5 cm in each quadrant was
identified, and the following data were collected: distance
from the tree to the centre of the sampling point, height of
the lowest branch, and DBH. The DBH was then converted
into a basal area (BA) for each tree using the following
formula: BA = n(DBH/2)*. We also assessed understorey
density using a sighting target [adapted from Barlow et al.
(2002) and MclIntyre (1995)], consisting of a
20 cm x 20 cm red plastic card, which was hung around
the neck of the principal investigator, who moved back-
wards away from the field assistant standing at the sam-
pling point until no part of the card could be visualised.

Table 1 Localities at which recent (less than 10 years) extinction of Callicebus coimbrai was reported in interviews

Site Latitude®  Longitude®  Municipality Timescale of extinction (years)  Fragment size (ha)
Fazenda Itamarati 8,654,969 552,583 Alagoinhas 3 25
Conceigdo 8,680,762 558,073 Inhambupe 5 20
Canabrava 3 8,638,388 548,929 Teodoro Sampaio 5 3
Usina Alianga/Sio Bento Inhatd 8,627,355 530,795 Conceigdo do Jacuipe 6 300
Mata da Cova 8,845,812 744,490 Japoata 10 20

4 UTM zone 24L
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Table 2 Localities at which extinction of Callicebus coimbrai was confirmed by playback surveys

Site Latitude” Longitude® Municipality Original record of Fragment size Number of sampling
occurrence (ha) days

Lontra 8,644,831 611,356 Itanagra Sep 2002 3497 3

Subaumirim 8,660,965 619,309 Eplanada Sep 2003 177

Fazenda Juerana 8,700,022 637,307 Conde Apr 2004 388

(Altamira I)
Cachoeira I1 8,632,054 614,521 Mata de Sio Sep 2003 220 1
Jodo

4 UTM zone 24L

Table 3 Localities at which extinction of Callicebus coimbrai was inferred from the available evidence

Site Latitude® Longitude® Municipality Original record of Fragment Evidence
occurrence size (ha)
Faz. 8,656,690 612,466 Entre Rios Sep 2003 770 Intense habitat degradation, local reports, non-
Gameleira systematic survey
Pov. Pereira 8,645,748 576,167 Aragas Oct 2004 126 Local reports, non-systematic survey
Gameleira 8,665,913 597,952 Entre Rios Sep 2003 550 Forest intensively impacted
1
Pov. 8,664,063 612,494 Cardeal da Sep 2003 60 Forest clear-cut
Jangada Silva

% UTM zone 24L

The distance between the sampling point and the final
position of the target was measured with a surveyor’s tape.

Canopy openness was assessed using a 30 cm x 30 cm
poly(vinyl chloride) (PVC) pipe frame divided into 100
squares of equal size using nylon lines. The frame was held
at arm’s length above the head of the principal investigator
at each sampling point, and the number of squares in which
the sky was visible was estimated. These variables are
related to forest biomass: areas with more trees (shorter
distances to the centre of the sampling point), taller trees
(and canopy), thicker trees, denser understorey and closed
canopy all reflect higher biomass. Nevertheless, these
variables are not necessarily positively correlated with
biomass or with one another. Other data were also col-
lected for each point: canopy height (m) and the abundance
of bromeliads and bamboo (using standardised indices
ranging from zero to three, with zero corresponding to
absence; one, to when these plants were rare around the
point; two, to when these plants were common; and three,
to maximum abundance), lianas (number of stems within a
radius of 3 m), and palms (number of individuals of height
>2 m within a radius of 20 m). All of these variables were
useful to assess forest structure and composition, which is
related to the level of conservation/degradation of the
forest and to resource availability (DeWalt et al. 2003;
Boubli et al. 2010).

The size of each fragment was measured from satellite
images using Global Mapper version 7.01 (Blue Marble
Geographics 2005). In two cases, it was impossible to
obtain adequate satellite images, so fragment size was
obtained from Sousa et al. (2008).

Analysis of correlates of extinction

The Wilcoxon test was used to compare the scores recor-
ded for vegetation variables and fragment size between the
two groups of sites, i.e. those with C. coimbrai populations
(19 fragments) and those without C. coimbrai populations
(three fragments). As the number of sites in the latter group
was small, and thus relatively vulnerable to error, 95 %
confidence intervals were calculated for each of the vari-
ables that returned significant differences in the Wilcoxon
test for comparison. All sites were mapped using Arc-
GIS 10 (ESRI 2011).

Results

Overall, evidence of local extinction or probable extinction
of C. coimbrai populations over the 11 years between 2002
and 2012 was obtained for 13 fragments (Tables 1, 2, 3;
Fig. 1). In addition, 11 reports of local extinction occurring
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prior to the present study period, i.e. more than 10 years
prior to the interviews, were also obtained, although these
records were not included in the analysis.

Four of the five sites at which extinction was reported in
the interviews (category i) are located in the southern
portion of the range of C. coimbrai, while the other is in
the northern extreme (Fig. 1). Deforestation was cited as
the principal cause of extinction of titi populations by all
informants, followed by hunting, although C. coimbrai was
not identified as a preferred game species.

The mean number of playback responses obtained per
point per day of survey in the fragments where C. coimbrai
was known to occur was 1.7 &= 0.7 (range 0.0-2.7). Based
on these values, the probability of not obtaining a response
assuming that titis were present in the four sites surveyed
systematically ranged between 0.000177 and 0.0604,
according to the number of days on which each site was
surveyed, and the number of survey points (Table 4). The
responsiveness of Callicebus species to playbacks and the
probabilities presented in Table 4 make it highly unlikely
that titis would have been present in these fragments and
did not respond. Based on this analysis, the evidence of
local extinction of C. coimbrai from the forest fragments at
Lontra, Altamira I, Subaumirim and Cachoeira (cate-
gory ii) was assumed to be conclusive.

Extinction of C. coimbrai was suspected at two other
fragments—Pereira and Fazenda Gameleira (category iii)—
which were not surveyed systematically during the present
study. At Pereira, the playback was broadcast only twice on
one afternoon, and at Fazenda Gameleira, it was played on a
number of different occasions, at irregular intervals,
between 09:00 and 11:30 h. At both sites, in addition to the
lack of response to the playback, local residents invariably
reported not knowing of the occurrence of the species in the
fragment, which is atypical of sites in which titis occur,
given the potent and characteristic vocalisation of these
monkeys. At Fazenda Gameleira, evidence was also found
of ongoing logging and habitat degradation.

At two sites (12 and 13), extinction of C. coimbrai was
due to deforestation (category iii). At site 12 (Jangada), the
original fragment, identified by Sousa et al. (2008), had
been clear-cut, while at Gameleira III (site 13), intensive
logging had left a sparsely treed landscape dominated by a
grassy matrix.

All sites in categories ii and iii are located within the
same general area in the southern portion of the range of
C. coimbrai (Fig. 1). This region was denominated the
extinction polygon and is characterised by a general lack of
titi populations.

The eight fragments for which extinction of C. coimbrai
was confirmed or inferred (categories ii and iii) varied in
size from 60 to 3497 ha, with total area of 6008 ha
(Tables 2, 3). One of the authors (Sidnei Santos, unpub-
lished data) recorded the presence of C. coimbrai in all of
these fragments between 2002 and 2004, confirming local
extinction of the species within an 11-year timeframe. The
five other sites (category i) had area of 3-300 ha (Table 1),
with total area of 368 ha. This total of 13 fragments rep-
resents 9.9 % of the approximately 131 fragments in which
the species is known or presumed to occur (Jerusalinsky
et al. 2006; Sousa et al. 2008; Jerusalinsky 2013; Marques
et al. 2013).

Statistical analysis of the habitat variables (Table 5)
indicated that extinction of C. coimbrai is associated
(inversely) with two factors: the density of the under-
storey and the occurrence of bamboo. The association
with bamboo is relatively weak, however, and the values
recorded at the sites from which titis were absent are
subsumed in the 95 % confidence interval recorded for
the sites at which the species was present (Table 6). In
the case of understorey density, by contrast, only one of
the extinction sites overlaps minimally with the upper
limit of the confidence interval. This indicates that more
open understorey may contribute to extinction of
C. coimbrai.

Table 4 Statistical probability

Number of playbacks

Probability of obtaining less than one response

of obtaining no response from Site Sample period
resident titis (C. coimbrai) to Lontra Day 1
playback at four sites surveyed
during the present study, based Day 2
on the number of playbacks Day 3
broadcast at each site Total (3 days)
Faz. Juerana Day 1
Day 2
Total (2 days)
Subaumirim  Day 1
Day 2
Total (2 days)
Cachoeira II 1 day

12
12
11
35
12

8
20
10

9
19

9

0.0557
0.0557
0.0569
0.000177
0.0557
0.0628
0.003498
0.0584
0.0604
0.003527
0.0604
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Table 5 Comparison of environmental variables between the 19 sites
with C. coimbrai populations and the three sites at which local
extinction was assumed

Variable w p*

Fragment size (ha) 29 1.0000
Canopy height (m) 41 0.2649
Canopy openness (%) 20 0.4636
Height of lowest branches (m) 43 0.1909
Visibility in understorey (m) 55 0.0052
Distance of trees to central point (m) 8 0.0532
Tree basal area (m?) 24 0.7182
Abundance of lianas 21 0.5234
Abundance of bromeliads 26 0.8571
Abundance of palms 28 1.0000
Abundance of bamboo 7 0.0403

*Variables for which significant difference (p < 0.05 in the Wilcoxon
test) was found between sites (presence vs. absence) are shown in
bold type

Discussion

The present study confirmed local extinction of C. coim-
brai at six sites and found strong evidence of extinction at
two others (Pereira and Fazenda Gameleira), all concen-
trated within the southern portion of the species’ geo-
graphic distribution. Unconfirmed reports of extinction
were also obtained at a further four sites in the south-
western extreme of the range and another one in the
northern extreme. If stochastic processes were the cause of
the extinctions reported here, we would expect to observe
an even distribution of these cases of extinction throughout
the study area. The concentration of local extinctions
within a relatively small portion of the species’ distribution
is especially worrying, given that it suggests the role of
specific local factors—presumably anthropogenic—rather
than stochastic processes. The fragments that have been
clear-cut are the most obvious example, although even
where the forest has persisted, ongoing habitat degradation
and in particular logging appear to be more intense than at
other sites (pers. obs.). Michalski and Peres (2005) iden-
tified selective logging as a primary determinant of local
extinction of P. moloch in the Amazon Basin.

However, the possible extinction of C. coimbrai at
Lontra is contentious, given the large size of the fragment

(3497 ha) and the relatively low levels of habitat distur-
bance, which is restricted mainly to the edges of the
fragment. While sampling effort at this site was greater
than that at the other sites (Table 4), it was highly dis-
proportionate to the size of the fragment, especially if
population density were very low and/or the local
C. coimbrai population has a discontinuous distribution
within the fragment. Most of the local residents at Lontra
did not have any knowledge of titis whatsoever, although
one informant did confirm that the species is found in
specific portions of the fragment. This suggests a situation
similar to that found at Fazenda Boa Nova (1591 ha),
where a similar number of playbacks (34) evoked only five
responses—corresponding to a response rate 3.9-16 times
smaller than other sites—concentrated within a small por-
tion of the fragment. If such low densities are a charac-
teristic of the extinction polygon, this may have been an
additional factor contributing to the local extinction of so
many populations within this area (Fig. 1). It should be
noted, however, that the likelihood that titis were present at
Lontra but did not respond to the playback appears to be
extremely low (Table 4), reinforcing the conclusion that
the species has become extinct at this site. All the other
fragments were surveyed more comprehensively, and the
evidence on extinction appears to be more conclusive.

Recording the presence of a species is a more straight-
forward process than confirming its absence, given that
only a single record is required. Confirming the absence of
a species is more complex, given that the species may
occur at the site but remain undetected. In this context, our
systematic playback survey and calculation of the statisti-
cal probability of the presence of the species in a fragment
is an approach that could be used by other researchers to
provide more conclusive evidence of the absence of a
species at a given locality.

Our hypothesis that forest characteristics that reflect
lower biomass would predict local extinction was accepted,
given that the fragments where these extinctions occurred
had sparser understorey. The apparent preference of
C. coimbrai for forests with relatively dense understorey
may be related to the fact that most titi species, including
C. coimbrai (Souza-Alves 2010), tend to prefer the middle
and lower strata of the forest (Kinzey 1981; Carrillo-Bilbao
et al. 2005; Bicca-Marques and Heymann, 2013). Hilario
(2013) also found a correlation between the density of the

Table 6 Values recorded for the two variables that differentiate sites with and without C coimbrai populations (see Table 5)

Variable Sites at which titis were absent Sites at which titis were present

Subaumirim Faz. Juerana Lontra Mean = standard deviation 95 % confidence interval
Visibility in understorey (m) 25.43 28.96 28.14 21.75 £ 2.99 15.88-27.62
Abundance of bamboo (index) 0.15 0.93 0.36 1.25 £ 0.59 0.08-2.41
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understorey and the population density of C. coimbrai at
the other (non-extinction) sites surveyed. Coincidentally, a
relatively dense understorey also appeared to favour the
density of common marmosets (Callithrix jacchus) at the
same sites (Hilario and Ferrari 2015). No aspect of the
abundance of any plant group was related to local
extinction.

Contrary to our hypothesis, and despite the importance
of fragment size for many other primates (e.g. Arroyo-
Rodriguez and Mandujano 2006; Anderson et al. 2007,
Boyle and Smith 2010), this variable did not appear to be a
reliable predictor of extinction risk in C. coimbrai. Most of
the extinctions reported here were recorded in fragments
larger than 100 ha, whereas dozens of populations are
known to occur in fragments of much smaller size
(Jerusalinsky 2013). This is far from encouraging, how-
ever, and the fact that even relatively large fragments
presented extinctions may also have important implications
for other species. The general notion that larger areas host
larger populations that are less vulnerable to local extinc-
tion (Shaffer 1981), supported by studies that found a
relation between fragment size and primate occupancy, can
wrongly lead to the idea that large fragments are a simple
and efficient choice for conservation programs. The
absence of C. coimbrai from Lontra, a protected area and
one of the largest fragments in which the species was
detected in previous surveys, indicates that conservation
efforts should not focus exclusively on the largest frag-
ments. There is a clear need, not only to protect large
fragments, but also to evaluate whether these fragments
meet the needs of the species in terms of forest structure
and resource availability before implementing a conser-
vation program. In a number of previous studies, fragment
size also did not have a significant effect on patch occu-
pancy by primate species, including P. moloch (Michalski
and Peres 2005), Alouatta pigra (Estrada et al. 2002),
Colobus guereza, Procolobus pennantii and Cercopithecus
ascanius (Onderdonk and Chapman 2000), confirming that
this may be a more general pattern.

Jerusalinsky (2013) estimated a total occupied area of
22,500 ha for C. coimbrai in 131 fragments, which would
mean that the species became extinct in at least 12.8 %
(2897 ha) of this area between 2002 and 2012. Assuming
extinction at Lontra, this percentage would rise to 28.3 %
(6376 ha). Optimistically, even if the species does still
occur at Lontra and the total area occupied has been
underestimated, it still seems reasonable to conclude that
approximately 10 % of the total area and the total number
of fragments occupied were lost over the 11 years of the
study period. Either way, the evidence is far from
encouraging with regard to the long-term prospects for the
species. In addition, the concentration of extinctions within
a central portion of the species’ geographic distribution
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may lead to the formation of two isolated nuclei of popu-
lations, accentuating the potential problems for metapop-
ulation management.

The current Endangered status of C. coimbrai is derived
from IUCN criteria B2ab(ii,iii,iv,v), C1, and C2a(i) (Veiga
et al. 2008), which refer to an occupied area of less than
500 km?, severe habitat fragmentation, ongoing reduction
in the area occupied, habitat quality, the number of popu-
lations, and fewer than 2500 mature individuals. The loss
of occupied area and populations recorded in the present
study is consistent with criteria B2ab(iv) and Cl1, respec-
tively, and reinforces the classification of the species as
Endangered, but falls short of the criteria for a Critically
Endangered status. The trends observed here are never-
theless worrying, and reinforce the need for urgent actions
(e.g. protection of fragments, maintenance of riparian for-
ests as wildlife corridors, recovery of areas of illegal
deforestation) to mediate the ongoing processes of habitat
degradation and loss that continue to threaten the remain-
ing populations of C. coimbrai. The findings of the present
study also indicate that populations of other primate spe-
cies may have been lost silently and encourage other
conservationists to routinely revisit locations already sur-
veyed to guarantee the persistence of populations at these
sites.
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