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Abstract. Populational parameters of primates in the remaining southeastern Brazilian Atlantic

Forest have been estimated, but investigations are biased to coastal evergreen sites. In this study

density of three primate species was assessed through line-transect surveys in four semi-deciduous

forest fragments (240 to 1450 ha) in Fazenda Barreiro Rico, eastern range of central Plateau of São

Paulo state, Brazil. A total of 274 km was surveyed from January to October 2000. I estimated

densities via DISTANCE software. Two of the largest fragments contained five primate species

while two of the smallest ones harboured, respectively, four and two species. Densities of Cebus

apella (15.34–47.92 ind./km2), Alouatta guariba (8.32–34.61), and Brachyteles arachnoides (19.92–

35.11) were considerable. Differently from C. apella and A. guariba, B. arachnoides presented a

density higher than previously estimated for the largest patch. The hypothetical minimum total

population of B. arachnoides (601) may be the largest in semi-deciduous sites. This reinforces the

value of the area in terms of its relative contribution for conservation of this endangered species.

The narrow spatial scale distribution of forest fragments at Barreiro Rico and its proximity to

academic institutions make the site suitable for programs of forest connectivity, studies on

conservation biology, and wildlife management endeavours.

Introduction

The fragmentation of the Brazilian Atlantic Forest is rooted in a continuous
500-years-old process of anthropogenic disturbance (Dean 1995). Since the
beginning of the colonization, both coastal evergreen and inland mesophytic
vegetational types, which constitute the Atlantic Forest were drastically re-
duced from their original extention. The semi-deciduous forest of the Plateau
range in São Paulo state, southeastern Brazil, stretched over flat terrains, thus
facilitating access to colonizers. Unlike the humid forest in the eastern
mountains, this hinterland forest was more intensively decimated on account of
the logistical problems restricting the establisment of fieldcrops or pasturelands
on the steep slopes. Therefore, the remaining semi-deciduous forests, en-
croached in an intensively occupied area, are, on average, small-sized. This
forest formation has been underrepresented within formally protected areas
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when compared to the evergreen type (Dean 1995). Nevertheless, some
semi-deciduous remnants still retain a rich non-volant mammal fauna which
includes endemic and endangered primate species (Milton and de Lucca 1984;
Cullen et al. 2000, 2001).

Despite the recent increasing number of determinations of density, biomass,
and population size of primates in the Brazilian southeastern Atlantic Forest
(Mittermeier et al. 1987; Pinto et al. 1993; Chiarello 2000; Chiarello and
Melo 2001; Cullen et al. 2000, 2001; González-Solı́s et al. 2001, 2002, Price
et al. 2002), investigations are biased to the broadleaf evergreen sites (Chiarello
2000). In one of the few assessments in semi-deciduous patches, Cullen et al.
(2000) demonstrated that hunting altered the density of medium- and
large-sized mammals with primates dominating at hunted sites. This finding
results from the fact that Plateau forests’ poachers prefer medium and large
terrestrial mammals over arboreal primates. Whereas almost nothing is known
from the population status of primates in small mesophytic forest remnants,
few effective decisions can be taken towards the conservation of species and
their habitat.

The purpose of this assessment was to contribute to the baseline data on the
density and minimum population size of primates in semi-deciduous Atlantic
Forest patches. I also expected to identify factors that may influence future
conservation efforts at the studied site.

Study site

The Fazenda Barreiro Rico is a privately-owned cattle ranch located near
the confluence of the Piracicaba and Tietê rivers (22�41¢S, 48�06¢W), in the
eastern range of the central Plateau (altitude 450–586 m) of São Paulo state,
Brazil. Total forest cover was 3259 ha in the 1980s (Mittermeier et al. 1987),
but is currently 2325 ha. Surrounded by pasture and sugar cane plantations
(Figure 1) and separated by a 50-m wide unpaved road, three fragments
comprise one of the largest privately-owned areas of native forest in the
region (Magalhães 1999). Time since isolation varies from 30 years to more
than 100 years. A neighbouring privately-owned fragment of 240 ha (AS)
was also surveyed. The longest distance between all fragments is less than
3 km.

The vegetation is submontane semi-deciduous forest according to Oliveira-
Filho and Fontes’ (2000) classification of the southern Atlantic Forest for-
mations. The predominant climate is mesothermic with a dry season from
April to September (Köppen’s Cwa). Sixty-year mean annual precipitation is
1284.3 ± 285.5 mm (data from the climatological station in the farm). All the
fragments have been selectively logged for many decades. Regenerating old
logged areas with moderately open understorey supporting commercially
valuable timber species are interspersed with impoverished areas comprising
canopy gaps and a dense understorey of lianas.
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The forest fragments at Barreiro Rico have been the site of studies of both
fauna and flora (Martins 2003a). Barreiro Rico is of particular interest to
primatologists because it is the only locality on the central plateau of São Paulo
where a total of five species can be found: the small-bodied buffy-tufted ear
marmoset (Callithrix aurita), the medium-sized masked titi (Callicebus per-
sonates nigrifrons) and brown capuchin (Cebus apella), and the large-sized
brown howler (Alouatta guariba) and southern muriqui (Brachyteles arachno-
ides). Long-term primatological investigations have been carried out, but no
intensive survey had been done yet. Torres de Assumpção (1983) and Milton
and de Lucca (1984) provided, respectively, density and minimum population
size to some species. The occurrence of 13 non-volant mammal species
including agouti, deer, collared-peccary, and puma was confirmed by sightings
or encounter of vestigies such as fresh scats or footprints (Martins 2003b).

Methods

Set-up of trails and surveys

Surveys were conducted along straight-line 1-m wide trails, the layout of which
varied depending primarily on the dimensions of the fragment. Single trails
were between 400 and 950 m long, and total transect length varied from 950 m
at Água Sumida, the smallest fragment, to 5l87 m at Viraeiro/Tabatingüera, the
largest (Table 1). Newly cut trails were surveyed one month after implantation

Figure 1. Barreiro Rico’s forest fragments (see Table 1 for names) in the confluence of Piracicaba

and Tietê rivers, and the surrounding matrix.
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and they were not normally used by workers or loggers. Transects did not
follow water courses or forest edges. Surveys were not conducted on rainy days.

One- and two-way line-transect surveys were carried out from January to
October 2000 early in the morning (6:00–12:00 h) and in the late afternoon
(14:00–18:00 h) at a walking speed of ca. 0.75 km/h. Each trail was walked
either by me or a trained field assistant within a two-days interval. All trails
were walked at least twice a month throughout the study period which com-
prised dry and wet months. During two-way transects, return walks were ini-
tiated at least 15 min after reaching the end point. If groups with similar
composition were sighted on same location on the way in and also on the way
back, the last record was discarded. Upon sighting an individual or group of
primate, I recorded the time, species, perpendicular distance to the first animal
seen, and number of individuals. These data were collected within a 10-min
interval. Most of the transects were walked 23 times, resulting in a total
transect length of 274 km (Table 1).

Density and total minimum population estimation

On account of very few records for Callithrix aurita and Callicebus personatus,
densities could only be estimated for three primate species. For these species
(Cebus apella, Alouatta guariba, and Brachyteles arachnoides) I estimated
density throughout a pooled analysis because sample size for each fragment
was small. Combined perpendicular distances were not statistically different
(one-way ANOVA between-species: F = 2.07, p = 0.13; between-fragments:
F = 0.18, p = 0.9). I obtained a single effective strip width (ESW) using
DISTANCE 3.5 software (Buckland et al. 1993). Based on AIC criteria, the
most suitable estimator proved to be the uniform model with the cosine as the
mathematical adjustment. The EWS value was used in the group density for-
mula:

D ¼ total number of sightings/2(ESW) � L

whereD = density (groups/km2), ESW (km), andL = total distance walked in
a fragment (km). Ranges of ESW, provided by the software at 95% CI, were
used for the calculation of density ranges. Group density values were multiplied

Table 1. Characteristics of the forest fragments at Barreiro Rico and primate surveys.

Fragment Area (ha) Transect

length (m)

Kilometre surveyed

(one- and two-way)

Viraeiro/Tabatingüera (VT) 1450 5187 131.4

Sarã (S) 501 2225 68.3

Monal (M) 374 1400 35.1

Água Sumida (AS) 240 950 40.0

Total 2565 9762 274.8
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by the average group size to obtain population density (ind./km2). I calculated
an average group size for each forest patch using its respective sighting records.
Hypothetical total minimum population size was estimated by multiplying the
lowest density value by the area of each patch and summing up all values.

Results

The forest fragments of Barreiro Rico differed in terms of number of primate
species (Table 2). Whereas the largest fragments, VT and S, contained all five
species of primates, the smallest M and AS contained only four and two spe-
cies, respectively. Whenever questioned about the occurence of Callithrix
aurita, Callicebus personatus, and Brachyteles arachnoides in M and AS, ranch
owners as well as former and current farm workers always ascertained that
none of these species were never heard or seen in those patches. Play-backs of
their vocalizations conducted on occasions other than census did not elicit any
responses, consistent with the absence of these species in these fragments.

A total of 109 sighting records was obtained (Table 2). Cebus apella and
Callicebus personatus presented the highest and the lowest number of sightings,
respectively. Very few numbers of encounters with this last species, which was
detected on the fragment S only by vocalisations, prevented the calculation of
the average group size (Table 2).

Wide intraspecific variation in density was found among the surveyed pat-
ches (Table 3), the reasons for that being unknown and beyond the scope of
this study. Estimated densities of all three species were medium to high in all
fragments (Table 3), exception to Brachyteles arachnoides, which do not occur
at AS. The hypothetical total minimum populations of C. apella, A. guariba,
and B. arachnoides were 848, 534, and 601 individuals, respectively.

Table 2. Average group size and standard deviation calculated with sightings of primates in forest

fragments of Barreiro Rico.

Species Total sighting Sightings and average group size ± SD in

fragmentsa

VT S M AS

Callithrix aurita 4 3 1 0 0

3.7 ± 0.6

Callicebus personatus 2 1 Voc 1 0

Cebus apella 40 24 4 8 4

4.5 ± 4.4 4.5 ± 2.9 3.3 ± 5.2 3.8 ± 8.6

Alouatta guariba 39 18 15 2 4

3.4 ± 6.4 2.7 ± 6.3 2.5 1.8 ± 3.5

Brachyteles arachnoides 24 18 4 2 0

4.4 ± 4.8 6.8 ± 2.5 6

109

a For abbreviations, see Table 1.

Voc, occurrence recorded by vocalization.
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Discussion

Differences in primate richness between forest fragments at Barreiro Rico may,
at first glance, be related to area size. Taking into account the large home
ranges of Brachyteles (70 ha for 7 individuals, Milton 1984; 168 ha for 26
individuals, Strier 1987), their absence from the 240 ha-fragment (AS) might be
attributed to local extinction, although this seems to be improbable. Groups of
muriquis are known to occur in areas as small as 60 and 44 ha (Strier and
Fonseca 1996/1997), so why they probably never lived at AS is not clear. The
reasons for the absence of both marmosets (Callithrix aurita) and masked titis
(Callicebus personatus) from AS as well as marmosets from M are also unclear.
The use of disturbed forests by C. aurita (Martins ans Setz 2000) and
C. personatus (Heiduck 2002) reinforces the expectation on their generalized
occurrence. The very distributed forests by Cebus aurita (Martins and Setz
2000) and Callicebus personatus (Heiduck 2002) reinforces the expectation on
their generalized occurrence.

Medium to high densities of three primate species (C. apella, A. guariba, and
B. arachnoides) at Barriero Rico may have been influenced by factors generally
cited in the literature: taking advantage of increased or less seasonal food
supply (Chiarello and Galetti 1994; Crockett 1998; Chiarello 2003), flexibility
in ecological terms (Freese and Openheimer 1981), and predation pressure
release (González-Solı́s et al. 2001). Whether population of these species
changed in response to antropogenic pressures (e.g. forest fragmentation,
selective logging, and decrease on density of game species other than primates),
it is difficult to know on account of the scarcity of previous data and meth-
odological divergence between studies. For instance, Torres de Assumpção
(1983) estimated densities for C. apella (25–50 ind./km2), A. guariba (14–38),
and B. arachnoides (6–13), although only for groups at the fragment VT, be-
sides using the home range procedure. Thus, caution is regarded when com-
paring the past and current estimates in this forest patch. While current
densities found for howlers (27,13) and capuchins (47,92) conform to the range
provided by Torres de Assumpção (1983), the figure obtained for murquis

Table 3. Density of primates in forest fragments of Barreiro Rico.

Species Density (Ind./km2) of primates in fragmentsa

VT S M AS

Cebus apella 47.92 15.34 43.98 22.0

(41.22–58.99) (13.23–18.94) (37.68–53.85) (19.0–27.13)

Alouatta guariba 27.13 34.61 8.32 10.42

(23.35–33.42) (29.75–42.6) (7.12–10.2) (9.0–12.85)

Brachyteles arachnoides 35.11 23.18 19.92 0.00

(30.22–43.25) (19.99–28.62) (17.1–24.48) 0.00

a For abbreviations, see Table 1.
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(35,11) is far above the estimated by the author. Anyway, my results corrob-
orate Cullen et al’s (2001) report of primates well represented in sites where
they are not preferred by hunters.

Estimatives of minimum population provided here must be considered as
approximates of true parameters, since it is unlikely that the entire forested
area represent suitable habitat for primates. Alouatta guariba and Brachyteles
arachnoides, endangered species (see IUCN 2002), present considerable pop-
ulations at Barreiro Rico’s forests. As emphasized by Milton and de Lucca
(1984), the ranch is a valuable site in terms of potential relative contribution to
the conservation of B. arachnoides. At that time, these authors suggested that
total population of muriquis could exceed 100 individuals there. Currently, the
hypothetical minimum population of this species may be one of the largest
reported for São Paulo state and the largest in semi-decidious sites. For
comparative purposes, in a recent estimate for a coastal 100000-ha forest,
González-Solı́s et al. (2001) pointed out a minimum population of 778 in-
dividuals.

Conservation perspectives

The conservation value of Barreiro Rico lies in special features not found
elsewhere in the Plateau range. First, the occurrence of considerable density of
three primate species. The ranch harbours a valuable subset of the pool of two
endangered Atlantic Forest primate species, one of them B. arachnoides, whose
individuals, differently from their coastal counterparts officially protected in
large humid areas, are adapted to a less diverse and more seasonal environ-
ment.

Although my results point out to a large population of muriquis at Barreiro
Rico, groups have been isolated for decades in forest patches. Indeed, isolation
is a matter of concern, since low chances for dispersion of young females may
induce inbreeding depression, a serious threat to a population whose habitat
has been already reduced. Behavioural mechanisms in the avoidance of
inbreeding in a small forest has been described to Brachyteles (Strier 2000).
However, it remains to be answered whether these behavioural strategies on
their own will suffice the viability in the long run of each muriqui subpopu-
lation at Barreiro Rico.

The second special feature of Barreiro Rico is the distribution of its forested
areas within a narrow spatial scale, which suits the site to holding programs of
forest connectivity and wildlife management. Revegetation of open areas is
worth doing given the seed bank of fast-growing species right at hand. Also,
the fact that fragments are not widely apart must increase the number of
successful dispersion events of the local fauna. Attracting terrestrial and volant
frugivores to food-provisioning bowls or artificial perches strategically fixed at
places to be revegetated will speed up forest connectivity since seeds of the local
flora may be voided or dropped by the fruit-eaters.
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Third, the relative proximity of Barreiro Rico to academic institutions en-
ables it as being quite appropriate for experimental research on conservation
biology. Radio-tagged monitoring of animals (reintroduced, translocated
or not) may have chance of success given the flat terrains the forest patches
are set in.
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Cullen L.Jr., Bodmer E.R. and Valladares Pádua C. 2001. Ecological consequences of hunting in

Atlantic forest patches, São Paulo, Brazil. Oryx 35(2): 131–137.
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