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Abstract Sympatry and natural hybridization between
howler monkey taxa (Alouatta spp.) has only recently
being confirmed in the wild. Surveys in areas of potential
contact between the distribution of two taxa have shown
that sympatry is rare, although more common than previ-
ously known. Here we report the results of a survey
conducted in a contact zone between the only two sexually
dichromatic howler monkey taxa, Alouatta caraya and
A. guariba clamitans, in Sao Francisco de Assis, State of
Rio Grande do Sul, Brazil. Our survey, covering an area of
about 400 ha at the Cerro dos Negros (29°33'50"-
29°35'10"S, 54°58'40"-54°59'50"W; ~100-279 m a.s.l.),
was successful in locating seven black-and-gold and one
brown howler monkey social groups living syntopically.
Black-and-gold group size ranged from 5 to 15 individuals,
whereas the brown group was composed of 7 individuals.
The pelage color of three adult males belonging to different
black-and-gold groups and another adult male belonging to
the brown howler group presented a mosaic of red or ruf-
ous and black. These adult males and an adult female living
in another black-and-gold group are putative hybrids.
Therefore, it appears that pre-zygotic reproductive isolation
has not evolved, at least not completely, between these
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howler monkey species, corroborating previous reports for
these and other Alouatta taxa. Future genetic studies need
to confirm the occurrence of hybridization in this contact
zone, and to determine the viability and fertility of hybrids
and their possible offspring. In addition, there is no evi-
dence supporting the existence of significant segregation in
habitat and resource utilization by black-and-gold and
brown howler monkeys.

Keywords Reproductive isolation - Habitat segregation -
Competition - Color patterns - Sexual dichromatism -
Phenotypic mosaicism

Introduction

We report the preliminary results of a survey conducted as
part of a broader study to investigate isolating mechanisms
between Alouatta caraya (Humboldt, 1812) (the black-and-
gold howler monkey) and A. guariba clamitans Cabrera,
1940 (the brown howler monkey) in a contact zone in the
State of Rio Grande do Sul, Brazil. Following reports by
Brazilian colleagues of sympatry between the two target
species, and the likely presence of hybrids in a study site
(Tlha Grande on the upper Parana river in the State of Pa-
rand, Brazil) about 700 km to the north of our study site
(Aguiar et al. 2007, 2008; see also Gregorin 2006), our
survey was also undertaken with the primary objective to
obtain evidence for the absence or breakdown of repro-
ductive isolating mechanisms between these taxa. In this
initial phase of our long-term research program—the
Howler Landscape Sociogenetics (HOWLS) project—we
estimated the distribution and local abundance of popula-
tions, analyzed possible interspecific differences in habitat
utilization and behavior that could lead to segregation, and
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identified threats to the conservation of the local

biodiversity.

Methods
Study site

We selected a study site in the municipality of Sdo Fran-
cisco de Assis, State of Rio Grande do Sul, Brazil (Fig. 1),
where both species were reported to be found in sympatry
(D. Gressler, personal communication). This information
was confirmed during a short visit to the site in February
2007. The study region presents an undulating terrain
dominated by rocky hills partially covered with forests in
different stages of development, presenting a mosaic of
habitats characterized by grasslands and gallery forests.
The study site is located in the northern border of the
domain of the temperate grasslands, or Pampas biome, very
close to the Atlantic Forest sensu lato. The forest habitats
contain elements of the Atlantic Forest that have been
altered by human activities (e.g., logging and firewood
extraction). An area of about 400 ha in the Cerro dos Ne-
gros  (29°33'50”-29°35'10"S,  54°58'40"-54°59'50"W;
~100-279 m a.s.l.) was surveyed.

Animals

Alouatta (howler or howling monkey) is the primate genus
most widely distributed in the Neotropics (Neville et al.
1988), being found from northern Argentina to southern
Mexico (Groves 2001). Groves (2001) has recently divided
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Fig. 1 Species distribution map of Alouatta caraya (the black-and-
gold howler monkey, triangles) and Alouatta guariba (the brown
howler monkey, circles) according to the literature; the larger red
circle shows the location of the study region

howlers into ten species. Alouatta caraya and A. guariba
are valid species distinguishable on the basis of both
morphological (Hill 1962; Groves 2001; Gregorin 2006)
and genetic (Oliveira et al. 2002; Cortés-Ortiz et al. 2003;
Oklander et al. 2007) data. Phylogenetic analyses indicate
that they are not sister taxa (Meireles et al. 1999; Oliveira
et al. 2002; Cortés-Ortiz et al. 2003; Villalobos et al. 2004;
Sallenave 2005). According to Cortés-Ortiz et al. (2003),
their clades separated at 5.1 Ma.

Howler monkeys are arboreal folivore—frugivores, pre-
ferring new leaves, fruit, and flowers (Crockett and
Eisenberg 1987; Neville et al. 1988). These monkeys are
adapted to environmental heterogeneity (Jones 1995; Silver
and Marsh 2003), including climatic seasonality (Jones
1997), a variable spatial and temporal food distribution
(Jones 1996), variable peaks in gestation and parturition
(see review in Jones 2006, pp 265-267), and a range of
habitats (Jones 1995, 2005; Bicca-Marques 2003).

Although howlers are generally tolerant of a broad range
of habitats, species differences have been documented
(e.g., Jones 2005). Alouatta caraya appears to be relatively
more specialized ecologically than either A. seniculus (the
red howler monkey) or A. palliata (the mantled howler
monkey) (Jones 2005; but see Bicca-Marques 2003).
Alouatta guariba clamitans shows a general behavioral and
ecological profile very much like that of the other howlers
(Bicca-Marques 2003; also see Strier 1992; Strier et al.
2001), although this taxon is poorly known relative to
black-and-gold, red, or mantled howlers. According to the
IUCN Red List, A. caraya is not an endangered or threa-
tened species, while A. guariba clamitans is on the verge of
endangerment (Hilton-Taylor et al. 2004; Rylands and
Chiarello 2003). Both taxa, however, are vulnerable in the
State of Rio Grande do Sul (Marques 2003), and A. caraya
has recently been reported to be endangered because of low
genetic diversity, probably resulting from one or more
bottlenecks (Ruiz-Garcia et al. 2007).

Both target taxa are the only two howler species to
present sexual dichromatism. Adult male A. caraya are
black, females are gold (Groves 2001), and the sexes are
easily distinguishable (Jones 1983; Bicca-Marques and
Calegaro-Marques 1998), whereas adult male A. g. clami-
tans vary from reddish to hazelnut-colored and females are
fully dark chestnut-colored to reddish chestnut-colored
(Hill 1962; Gregorin 2006). Groves (2001) points out that,
while male A. g. clamitans are generally lighter than
females, “the variations seem complex” (p 185; see also
Fortes and Bicca-Marques 2008). According to Bicca-
Marques and Calegaro-Marques (1998), it is not yet known
whether dichromatism in A. caraya evolved via male-male
competition or female choice. These authors also develop a
scenario in which individual sex determination at “far
range” may have favored the evolution of this trait in both
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southernmost howler taxa (Bicca-Marques and Calegaro-
Marques 1998; see also Bicca-Marques and Azevedo
2004). Future studies will need to evaluate the likelihood
that evolution has favored sexual dichromatism as a result
of intrasexual competition or mate selectivity, consistent
with Clutton-Brock’s (2007) views that these processes
have been underestimated by evolutionary biologists and
that they are likely to be significant mechanisms of sexual
selection (see also Gerald 2003; Caro 2005; Bradley and
Mundy 2008). Sexual dichromatism is rare among mam-
mals in general, and the most conspicuous examples are
found in primates (Andersson 1994; Caro 2005). Among
primates, bi-phasic, all-body pelage color differences are
found in seven prosimians, four New World monkeys (both
Alouatta species reported here and two Pithecia species),
two Old World monkeys, and four lesser apes (Gerald
2003). The striking dichromatism found in A. caraya is
matched by a few taxa, such as the lemurs Eulemur macaco
macaco and E. m. flavifrons, and the gibbons Hylobates
pilleatus, Nomascus concolor, and N. leucogenys.

Primate and tree survey

Two trails 3-km long each (Fig. 2) were opened in March
2007. Two survey campaigns were conducted in May and
June—July 2007 by two, two-researcher teams composed of
a primatologist and a botanist. Each day a survey team
normally walked a trail back-and-forth at ~ 1,250 m/h.
Morning censuses began around 0700-0800 hours,
depending on sunrise time, whereas afternoon censuses
began after 1300 hours. The occurrence of rain or fog in

Fig. 2 Map of the location of the two 3-km-long trails (data points
plotted using the GPS TrackMaker software) and the field base (Sede
do Cerro) showing relief of the terrain
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the hills impeded walking the trails because of low visi-
bility, and for safety reasons because of the highly steep
terrain. Consequently, there were days with no survey and
others with a single walk. The botanist of each party
walked ~ 15 m behind the primatologist and opportunis-
tically recorded the tree species during the primate surveys.
Another qualitative plant survey (Elzinga et al. 1998) was
also conducted during the opening of the trails.

Line-transect censuses were conducted following stan-
dard methods devised for the survey of primate populations
(National Research Council 1981; Ross and Reeve 2003).
We defined a demographic group as any bisexual unit of
two or more (adult) individuals of opposite sex residing on
a home range. When an individual howler or howler group
was sighted, observers recorded pertinent information [e.g.,
location, pelage color and variation(s), distinguishing
marks, age/sex classification, time, weather conditions,
behavior, and tree height at which animal(s) were
encountered] in a data sheet (available upon request).
Observers remained in the vicinity of the animals for up to
1 h for counting and recording relevant behaviors. The
GPS location of sightings was plotted in a Google Earth
satellite image of the study site for estimating the number
of groups.

Results

Trails were walked on 53 (left trail) and 52 (right trail)
occasions, totaling 315 km of census. On 20 and 33 of
these walks, respectively, no monkey was sighted. A total
of 33 sightings of A. caraya groups (14 of which contained
putative hybrids) and 1 of a solitary adult male A. g.
clamitans were obtained in the left trail. In the right trail, 9
sightings of A. caraya (5 of which containing a putative
hybrid, Fig. 3) and 11 of A. g. clamitans groups were
obtained. An analysis of group composition and temporal
distribution of sightings allow us to suggest the existence
of at least five A. caraya groups living in the forest covered
by the left trail, and two A. caraya and one A. g. clamitans
groups in the area of the right trail (Fig. 4, Table 1). A
quick survey conducted in February 2007 in the forests of
the Fazenda Santo Antonio do Buricaci, a few kilometers
to the east of the study site, indicated the presence of
several groups of A. g. clamitans. Four putative hybrids
were adult males, three belonging to an A. caraya group
and one belonging to an A. g. clamitans group. A fifth
putative hybrid was an adult female belonging to an A.
caraya group (Table 1).

A total of 98 plant species belonging to 41 families were
identified in the forests of the Cerro dos Negros (list
available upon request). Black-and-gold howler monkeys
were seen eating leaves of Parapiptadenia rigida, Ficus
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Fig. 3 Howler monkeys of the
Cerro dos Negros (Sao
Francisco de Assis, RS, Brazil;
a—d). The adult males shown in
b and ¢, the animal on the right
in a and the upper one in d are
putative hybrids. Note, for
example, the pelage color of the
individual pictured in ¢ showing
a mix of red or rufous,
characteristic of adult male
brown howler monkeys (A.
guariba clamitans), and black,
characteristic of adult male
black-and-gold howler monkeys
(A. caraya)
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Fig. 4 Location of estimated home ranges of presumed howler
monkey groups (#/-6, C A. caraya; #7 A. guariba clamitans). C
indicates a seventh black-and-gold howler monkey group sighted
outside the census

luschnathiana, and Cabralea canjerana, and from an
unidentified leguminous tree. Brown howlers, on the other
hand, were seen eating leaves of Trichilia clausenii and
Casearia silvestris. A preliminary analysis of the literature
on the plant species known to be used as food sources by
each howler monkey species indicates considerable
overlap.

Table 1 Composition of howler monkey groups (Alouatta spp.)
located in the Cerro dos Negros (Sao Francisco de Assis, State of Rio
Grande do Sul, Brazil)

Species/group Group size ADM ADF IMM IMF Inf
A. caraya

1? 9 2 2¢ 2 2 1
2* 5 1 1 1 1
3* 8 1° 3 2 1 1
4% 8 2°¢ 1 2 2 1
5% 10 2 3002 2 1
6° 5 1€ 11 1 1
C 15 3 6 2 1 3
A. guariba clamitans

7° 7 1¢ 21 1 2

ADM Adult male, ADF adult female, /MM immature (juvenile/sub-
adult) male, /IMF immature (juvenile/subadult) female, Inf infant

# Left trail
® Right trail
¢ One putative hybrid

Discussion

Our survey was successful in locating both species living in
syntopy at the Cerro dos Negros, and in detecting putative
hybrids based on mixed pelage color patterns, as also
reported by Aguiar et al. (2007, 2008) in the State of
Parand, Brazil. However, unlike Aguiar et al. (2008), most
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putative hybrids at Cerro dos Negros were adult males, an
observation that fails to support the idea that male hybrids
are less viable (but see Cortés-Ortiz et al. 2007 for data on
hybridization between A. palliata and A. pigra).

The likely presence of hybrid individuals between A.
caraya and A. g. clamitans, coupled with their divergence
from different sister taxa (estimated at about 4.0 Ma;
Cortés-Ortiz et al. 2003), is incompatible with a role for
sexual dichromatism as the mechanism of reproductive
isolation between these taxa. Therefore, female choice
(e.g., “reinforcement”: Servedio 2004) appears to be a
weak hypothesis with which to explain the evolution of this
trait. On the other hand, the other hypothesis proposed by
Bicca-Marques and Calegaro-Marques (1998), i.e., intra-
specific, intrasexual (male-male) competition, remains
viable as a selective pressure favoring the evolution of
sexual dichromatism in these howler monkeys.

The confirmed occurrence of hybridization between A.
palliata and A. pigra in Central America (Cortés-Ortiz
et al. 2007), and possibly between A. caraya and A. g.
clamitans in Brazil (Aguiar et al. 2007, 2008; this study;
see also Arnold and Meyer 2006 for examples of natural
hybridization in all major primate lineages), support the
contention that reproductive isolating mechanisms did not
evolve fully among howler monkey species despite their
variability and contrasts in body size, pelage color, other
aspects of phenotypic mosaicism, and the acoustic char-
acteristics of long-distance calls (Whitehead 1995; Rowe
1996). Compatible with this contention, similar sexual
behavior patterns are described for A. caraya and A. g.
clamitans (Neville et al. 1988). Taking data from birds,
whose generation times tend to be shorter than those of
primates, reproductive isolation of closely related taxa
expressed as a lack of hybrid viability may, conservatively,
require several tens of millions years of independent evo-
lution (Price and Bouvier 2002).

Habitat and resource utilization also do not appear to
qualify appropriately as mechanisms of segregation.
Although some authors consider A. caraya to be more
tolerant to habitat fragmentation (see Aguiar et al. 2007),
these taxa have been found to be similarly able to live in
both undisturbed and disturbed habitats (for data on A. g.
clamitans living in small fragments, see Ribeiro and Bicca-
Marques 2005; Silva and Bicca-Marques 2005; Fortes and
Bicca-Marques 2008), and no difference was observed in
the characteristics of forests inhabited by each species in
the Cerro dos Negros. Regarding trophic niche dimensions,
it seems reasonable to contend that the species composition
of the diet of these howler monkeys is highly variable in-
traspecifically, and is affected by study site floristic
composition rather than by differences in food preferences,
nutritional requirements, or some other species-specific
traits (see Bicca-Marques 2003). Therefore, there is no
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evidence allowing us to expect trophic niche partitioning
between black-and-gold and brown howler monkeys living
in syntopy in the Cerro dos Negros.

Selective logging was identified as a possible threat to
the long-term survival of howler monkeys in the study
region, but it is unlikely that anthropogenic forest frag-
mentation promoted by farming and cattle ranching has
historically induced species contact. It is more likely that
habitat destruction, instead of promoting their syntopy,
would reduce the contact zone between parapatric arboreal
forest-dwelling primate species, as also suggested for gib-
bons (Geissmann 1991), macaques (Bynum et al. 1997;
Evans et al. 2001; Bynum 2002) and lemurs (Wyner et al.
2002). The contact zone reported here is likely natural as
well as being recent relative to the species’ evolutionary
histories. According to Behling et al. (2005), the study
region was covered by grassland for most of the last
22,000 years. Gallery forests containing mixed elements of
the flora of the habitat of A. g. clamitans (Atlantic forest)
and the habitat of A. caraya (Parana river valley and
Chaco) began to develop only around 5,000 years ago, and
their expansion took place about 1,500 years ago, showing
a peak about 1,100 years ago (Behling et al. 2005), prob-
ably bringing these howler monkey taxa into contact. The
study region is also known as a contact zone for other
mammal species, such as small felids (E. Eizirik, personal
communication).

The confirmation of hybridization, and to better under-
stand its direction and history, the occurrence of
backcrosses, the mating patterns, the viability and fertility
of hybrids and their offspring, as well as other aspects of
this likely reproductive interspecific interaction will require
the collection of DNA material, preferably using non-
invasive fecal samples. Future studies will also determine
the extent of this contact zone between A. caraya and A. g.
clamitans, the genetic bases and effects of hybridization on
species’ status, the behavioral ecology of monospecific
groups of each species and groups containing hybrids or a
mixed composition, and the impact of habitat fragmenta-
tion on species contact and coexistence.

Acknowledgments We thank Conservation International, Margot
Marsh Biodiversity Fund, for the financial support allowing us to
cover the costs of field personnel. Pontificia Universidade Catélica do
Rio Grande do Sul generously provided financial and logistical sup-
port. Most expenses, except those of field personnel salary, were
covered by personal funds provided by C.B.J. We also thank biologist
D. Gressler, Mrs. L. Gressler, and the Buss family for allowing us to
conduct our research at their farms. We are indebted to R. Lahm and
D.N. dos Santos Junior from the Laboratério de Tratamento de
Imagem e Geoprocessamento (LTIG/PUCRS) for working on maps
and satellite images of the study site, V.M. Silva from the Univer-
sidade de Cruz Alta for drawing Fig. 1, R.S. Bergamin, D.S.
Lindenmaier and G. Schiissler for on-site plant identification and
helping in data collection, C.A. Mondin for helping with exsicata
identification, and field assistant A.P. Rodrigues for helping in data



Primates (2008) 49:246-252

251

collection. We also thank three anonymous reviewers for helpful
comments on an earlier version of the manuscript.

References

Aguiar LM, Mellek DM, Abreu KC, Boscarato TG, Bernardi IP,
Miranda JMD, Passos FC (2007) Sympatry between Alouatta
caraya and Alouatta clamitans and the rediscovery of free-
ranging potential hybrids in Southern Brazil. Primates 48:245-
248

Aguiar LM, Pie MR, Passos FC (2008) Wild mixed groups of howler
species (Alouatta caraya and Alouatta clamitans) and new
evidence for their hybridization. Primates 49:149-152

Andersson M (1994) Sexual selection. Princeton University Press,
Princeton

Arnold ML, Meyer A (2006) Natural hybridization in primates: one
evolutionary mechanism. Zoology 109:261-276

Behling H, Pillar VD, Bauermann SG (2005) Late Quaternary
grassland (Campos), gallery forest, fire and climate dynamics,
studied by pollen, charcoal and multivariate analysis of the Sdo
Francisco de Assis core in western Rio Grande do Sul (southern
Brazil). Rev Palaeobot Palyno 133:235-248

Bicca-Marques JC (2003) How do howler monkeys cope with habitat
fragmentation? In: Marsh LK (ed) Primates in fragments:
ecology and conservation. Kluwer, New York, pp 283-303

Bicca-Marques JC, Azevedo RB (2004) The “thermoregulation
hypothesis” does not explain the evolution of sexual dichroma-
tism in the brown howler monkey (Alouatta guariba clamitans).
Folia Primatol 75:236

Bicca-Marques JC, Calegaro-Marques C (1998) Behavioral thermo-
regulation in a sexually and developmentally dichromatic
neotropical primate, the black-and-gold howling monkey (Alou-
atta caraya). Am J Phys Anthropol 106:533-546

Bradley BJ, Mundy NI (2008) The primate palette: the evolution of
primate coloration. Evol Anthropol 17:97-111

Bynum N (2002) Morphological variation within a macaque hybrid
zone. Am J Phys Anthropol 118:45-49

Bynum EL, Bynum DZ, Supriatna J (1997) Confirmation and location
of the hybrid zone between wild populations of Macaca
tonkeana and Macaca hecki in Central Sulawesi, Indonesia.
Am J Primatol 43:181-209

Caro T (2005) The adaptive significance of coloration in mammals.
Bioscience 55:125-136

Clutton-Brock TH (2007) Sexual selection in males and females.
Science 318:1882-1885

Cortés-Ortiz L, Bermingham E, Rico C, Rodriguez-Luna E, Sampaio
I, Ruiz-Garcia M (2003) Molecular systematics and biogeogra-
phy of the Neotropical monkey genus, Alouatta. Mol Phylogenet
Evol 26:64-81

Cortés-Ortiz L, Duda TF Jr, Canales-Espinosa D, Garcia-Orduia F,
Rodriguez-Luna E, Bermingham E (2007) Hybridization in
large-bodied New World primates. Genetics 176:2421-2425

Crockett CM, Eisenberg JF (1987) Howlers: variations in group size
and demography. In: Smuts BB, Cheney DL, Seyfarth RM,
Wrangham RW, Struhsaker TT (eds) Primate societies. The
University of Chicago Press, Chicago, pp 54-68

Elzinga CL, Salzer DW, Willoughby JW (1998) Measuring and
monitoring plant populations. BLM/RS/ST-98/005 + 1730,
Bureau of Land Management, Denver, CO

Evans BJ, Supriatna J, Melnick DJ (2001) Hybridization and
population genetics of two macaque species in Sulawesi,
Indonesia. Evolution 55:1686—1702

Fortes VB, Bicca-Marques JC (2008) Abnormal pelage color in an
isolated brown howler monkey (Alouatta guariba clamitans

Cabrera, 1940) population in south Brazil. Int J Primatol 29:717—
722

Geissmann T (1991) Sympatry between white-handed gibbons
(Hylobates lar) and pileated gibbons (H. pileatus) in southeast-
ern Thailand. Primates 32:357-363

Gerald M (2003) How color may guide the primate world: possible
relationships between sexual selection and sexual dichromatism.
In: Jones CB (ed) Sexual selection and reproductive competition
in primates: new perspectives and directions. Special Topics in
Primatology, vol 3. American Society of Primatologists, Nor-
man, OK, pp 141-171

Gregorin R (2006) Taxonomia e variagdo geografica das espécies do
género Alouatta Lacépede (Primates, Atelidae) no Brasil. Rev
Brasil Zool 23:64-144

Groves C (2001) Primate taxonomy. Smithsonian Institution Press,
Washington, DC

Hill WCO (1962) Primates. Comparative anatomy and taxonomy. V.
Cebidae Part B, Edinburgh University Press, Edinburgh

Hilton-Taylor C, Rylands AB, Aguiar JM (2004) 2003 IUCN Red
List—Neotropical Primates. Neotrop Primates 12:33-35

Jones CB (1983) Social organization of captive black howler
monkeys (Alouatta caraya): “social competition” and the use
of non-damaging behavior. Primates 24:25-39

Jones CB (1995) Howler monkeys appear to be pre-adapted to cope
with habitat fragmentation. Endangered Species Update 16:70—
73

Jones CB (1996) Predictability of plant food resources for mantled
howler monkeys at Hacienda La Pacifica, Costa Rica: Glander’s
dissertation revisited. Neotrop Primates 4:147-149

Jones CB (1997) Life history patterns of howler monkeys in a time-
varying environment. Bol Primatol Latinoamericano 6:1-8

Jones CB (2005) Behavioral flexibility in primates: causes and
consequences. Springer, New York

Jones CB (2006) An exploratory analysis of developmental plasticity
in Costa Rican mantled howler monkeys (Alouatta palliata
palliata). In: Estrada A, Garber PA, Pavelka M, Luecke L (eds)
New perspectives in the study of Mesoamerican primates.
Springer, New York, pp 265-285

Marques AAB (2003) Primatas. In: Fontana CS, Bencke GA, Reis RE
(eds) Livro Vermelho da fauna ameacada de extingdo no Rio
Grande do Sul. EDIPUCRS, Porto Alegre, pp 499-506

Meireles CM, Czelusniak J, Ferrari SF, Schneider MPC, Goodman M
(1999) Phylogenetic relationships among Brazilian howler
monkeys, genus Alouatta (Platyrrhini, Atelidae), based on y'-
globin pseudogene sequences. Gen Mol Biol 22:337-344

National Research Council (1981) Techniques for the study of
primate population ecology. National Academy Press, Washing-
ton, DC

Neville MK, Glander KE, Braza F, Rylands AB (1988) The howling
monkeys, genus Alouatta. In: Mittermeier RA, Rylands AB,
Coimbra-Filho AF, Fonseca GAB (eds) Ecology and behavior of
neotropical primates, vol 2. World Wildlife Fund, Washington,
DC, pp 349-453

Oklander LI, Zunino GE, di Fiore A, Corach D (2007) Isolation,
characterization and evaluation of 11 autosomal STRs suitable
for population studies in black and gold howler monkeys
Alouatta caraya. Mol Ecol Notes 7:117-120

Oliveira EHC, Neusser M, Figueiredo WB, Nagamachi C, Pieczarka
JC, Sbalqueiro 1J, Wienberg J, Miiller S (2002) The phylogeny
of howler monkeys (Alouatta, Platyrrhini): reconstruction by
multicolor cross-species chromosome painting. Chrom Res
10:669-683

Price TD, Bouvier MM (2002) The evolution of F; postzygotic
incompatibilities in birds. Evolution 56:2083-2089

Ribeiro S, Bicca-Marques JC (2005) Landscape characteristics and
their influence on the occurrence of brown howling monkeys

@ Springer



252

Primates (2008) 49:246-252

(Alouatta guariba clamitans Cabrera, 1940; Primates, Atelidae)
in forest fragments in the Vale do Taquari, RS-Brazil. Nat
Conservagao 3:168-181

Ross C, Reeve N (2003) Survey and census methods: population
distribution and density. In: Setchell JM, Curtis DJ (eds) Field
and laboratory methods in primatology. Cambridge University
Press, Cambridge, pp 90-109

Rowe N (1996) The pictorial guide to the living primates. Pogonias,
East Hampton

Ruiz-Garcia M, Escobar-Armel P, Alvarez D, Mudry M, Ascunce M,
Gutierrez-Espeleta G, Shostell JM (2007) Genetic variability in
four Alouatta species measured by means of nine DNA
microsatellite markers: genetic structure and recent bottlenecks.
Folia Primatol 78:73-87

Rylands AB, Chiarello AG (2003) Official list of Brazilian fauna
threatened with extinction—2003. Neotrop Primates 11:43-49

Sallenave A (2005) A phylogeny of the South American howler
monkeys based on mitochondrial genes, nuclear genes and
chromosomes. Am J Primatol 66(Suppl 1):104-105

Servedio MR (2004) The what and why of research on reinforcement.
PLoS Biol 2:e420

Silva FE, Bicca-Marques JC (2005) Fatores determinantes da
ocorréncia de bugios-ruivos (Alouatta guariba clamitans) em

@ Springer

fragmentos florestais no municipio de Barra do Ribeiro, RS,
Brasil. In: Bicca-Marques JC (ed) Programa e livro de resumos
do XI Congresso Brasileiro de Primatologia. Sociedade Brasile-
ira de Primatologia, Porto Alegre, p 52

Silver SC, Marsh LK (2003) Dietary flexibility, behavioral plasticity,
and survival in fragments: lessons from translocated howlers. In:
Marsh LK (ed) Primates in fragments: ecology and conservation.
Kluwer, New York, pp 251-266

Strier KB (1992) Ateline adaptations: behavioral strategies and
ecological constraints. Am J Phys Anthropol 88:515-524

Strier KB, Mendes SL, Santos RR (2001) Timing of births in
sympatric brown howler monkeys (Alouatta fusca clamitans)
and northern muriquis (Brachyteles arachnoides hypoxanthus).
Am J Primatol 55:87-100

Villalobos F, Valerio AA, Retana AP (2004) A phylogeny of howler
monkeys (Cebidae: Alouatta) based on mitochondrial, chromo-
somal and morphological data. Rev Biol Trop 52:665-677

Whitehead JM (1995) Vox Alouattinae: a preliminary survey of the
acoustic characteristics of long-distance calls of howling mon-
keys. Int J Primatol 16:121-144

Wyner YM, Johnson SE, Stumpf RM, Desalle R (2002) Genetic
assessment of a white-collared x red-fronted lemur hybrid zone
at Andringitra, Madagascar. Am J Primatol 67:51-66



	Survey of Alouatta caraya, the black-and-gold howler monkey, �and Alouatta guariba clamitans, the brown howler monkey, �in a contact zone, State of Rio Grande do Sul, Brazil: evidence �for hybridization
	Abstract
	Introduction
	Methods
	Study site
	Animals
	Primate and tree survey

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


