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Abstract Natural hybridisation between species has been

reported in several primate taxa. In the Neotropics, there is

increasing evidence of this phenomenon in howler mon-

keys (genus Alouatta) in contact zones between species.

We describe the first known case of formation of a mixed-

species group, and two cases of putative infant hybrids

between the brown howler (Alouatta guariba clamitans)

and the black howler (A. caraya) in Misiones, Argentina.

For 2 years, we followed a group consisting of one adult

male and two adult female brown howlers and one adult

female black howler. The adult female black howler was

observed to copulate twice with brown howler males, and

never with black howler males. In December 2006, this

female was carrying an infant with a hybrid morphotype.

This infant died at approximately 1.5 months of age. In

November 2007, the same female had another putative

hybrid newborn. This infant male died together with all

members of his group during a yellow fever outbreak in

early 2008. The lower frequency of mixed-species groups

and hybrids at our site compared with other contact zones

reported in the literature, suggests that the incidence of

natural hybridisation between howler species differs

depending on local factors such as population demography

and landscape fragmentation.

Keywords Black howlers � Brown howlers �
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Introduction

Natural hybridisation—the successful interbreeding

between individuals from two genetically differentiated

wild populations—has been traditionally regarded as

counter-adaptive and ephemeral. However, recent molec-

ular evidence of frequent hybridisation and introgression

has led zoologists to consider natural hybridisation as a

creative force playing a role in the evolution of many

animal taxa (Arnold and Meyer 2006).

Hybrid zones have been reported for many primate taxa,

and hybridisation is relatively common among Old World

primates (Detwiler et al. 2005; Arnold and Meyer 2006).

Among New World primates, there are only a few reports

of hybrid zones between subspecies and species of Samiri,

Callithrix, Saguinus and Alouatta (Silva et al. 1992; Peres

et al. 1996; Mendes 1997; Cortés-Ortiz et al. 2007).

Howler monkeys (genus Alouatta) have the broadest

geographical distribution among Neotropical primates

(Crockett 1998). Although the taxonomy of the genus

Alouatta is still debated (Gregorin 2006), as many as ten

species are currently recognised (Groves 2001). Howler

species are characterised by a parapatric distribution, with

a few narrow contact zones between species usually

reported along rivers that represent the edge of their
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respective distributions. Contact zones have been re-

corded for Alouatta palliata and A. pigra (Cortés-Ortiz

et al. 2007), A. palliata and A. seniculus (Defler 2004),

A. seniculus and A. caraya (Wallace et al. 1998; Iwanaga

and Ferrari 2002), A. seniculus and A. belzebul (Pinto and

Setz 2000), A. belzebul and A. caraya (Chames and Olmos

1997), and A. caraya and A. guariba clamitans (Di Bitetti

et al. 1994; Gregorin 2006; Aguiar et al. 2007, 2008). In

some of these contact zones, reports of mixed-species

groups and hybrids have recently increased. Genetic data

have provided evidence of hybridisation in mixed-species

groups of A. palliata and A. pigra (Cortés-Ortiz et al.

2007), and observational data suggest the existence of

mixed-species groups and putative hybrids between

A. g. clamitans and A. caraya in southeastern Brazil

(Aguiar et al. 2007, 2008).

We carried out a long-term study on brown howlers

(A. g. clamitans) and black howlers (A. caraya) living in

sympatry in El Piñalito Provincial Park, Misiones, north-

eastern Argentina. In this paper, we report the first recorded

case of immigration by an adult female black howler into a

brown howler group, and two observations of putative

infant hybrids born in this mixed-species group.

Materials and methods

This study was carried out in El Piñalito Provincial Park

(26�300S, 53�500W), a strictly protected area of 3,796 ha.

The climate is subtropical and humid (annual rainfall

1,800–2,000 mm; Crespo 1982). El Piñalito suffered a

recent history of selective forest logging (before the crea-

tion of the park in 1990), which, together with the

establishment of plantations of exotic trees (Pinus eliotti

and Eucalyptus sp.) and native araucaria (Araucaria an-

gustifolia), has changed the original forest structure in

some portions of the study area.

The study began in January 2005. In the surveyed area

(ca. 800 ha), we recorded the presence of three groups of

black howlers and six groups of brown howlers. Both

black and brown howlers show sexual dichromatism

(Gregorin 2006). Infants, less than 12 months old, are

clearly distinguishable between species by the presence

of a bright grey-yellow natal coat in black howlers and a

dark reddish-brown coat in brown howlers. We selected

two groups of brown howlers and two groups of black

howlers with contiguous or overlapping home ranges for

a long-term study on their ecology and behaviour. We

followed each group from dawn to dusk for periods of

2–5 days per month between October 2005 and Novem-

ber 2007. We collected data on diet, activity and ranging

at 10-min intervals using the scan sampling method. Data

on social interactions occurring among individuals out

of a scan period were recorded ad libitum (Altmann

1974).

The putative hybrids reported here were observed in one

of our study groups, ‘‘Gitanos’’. This was a mixed-species

group, containing one adult male and two adult female

brown howlers and one adult female black howler. Given

the lack of genetic data for these individuals, we classified

A. g. clamitans-like individuals as brown howlers, and A.

caraya-like individuals as black howlers on the basis of

their pelage colour. From November 2005 to 2007, we

spent 540 h following the Gitanos group. Between

November 2005 and 2006 (Period 1), we followed the

group every month except for January, June and November

2006. Between December 2006 and November 2007

(Period 2), we followed the group every month.

Results

During Period 1, the adult female black howler appeared to

be in the process of becoming a stable member of Gitanos,

because her presence in the group was intermittent (six out

of ten monthly followings). During Period 2, we always

found this female in the group.

Considering the grooming sessions recorded from scan

samples and ad libitum observations together, the frequency

of grooming directed from other individuals to the adult

female black howler was significantly lower during Period 1

(two records over 103 h of observation), compared to

Period 2 (65 records over 342 h of observation, v2 = 15.37,

df = 1, P \ 0.001), while the general frequencies of

grooming in the group did not differ significantly between

the two periods (Period 1: 180 records over 103 h, Period 2:

549 records over 342 h, v2 = 0.95, df = 1, P = 0.33;

expected frequencies were calculated on the basis of the

number of hours of observation).

On 5 December 2006, we observed the adult female

black howler of Gitanos carrying an infant (ca. 1.5 months

old), whose pelage colour pattern was a mosaic between

the typical pattern of infant black howlers and that of infant

brown howlers; its head, back and arms were reddish-pink,

with its legs and tail gradually changing to light yellow.

We could not determine the sex of the infant. During this

survey, the mother was quite peripheral, rarely coming

close to other group members. In the following survey (14–

17 January 2007), the adult female black howler was not in

the group for the first 2 days; she joined the group, without

the infant, on the 3rd day. At this time, no other infant was

present in the group.

The adult female black howler was observed copulating

twice: the first time (January 2007) with an adult male of

another brown howler group; the second time (February

2007) with the adult male of the Gitanos group. Given the
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howlers’ typical gestation length (6 months; Glander

1980), neither of these copulations can account for the

following hybrid reported.

On 11 November 2007, we found the adult female black

howler carrying a new infant (a male, ca. 1 month old,

Fig. 1). This infant had a colour pattern very similar to the

infant described above. At this time, the other two adult

females in the group already had one infant each. The

putative hybrid infant died almost simultaneously with all

his group members during a yellow fever outbreak that

occurred in early 2008.

Discussion

A contact zone between A. g. clamitans and A. caraya has

been reported for the Paraná River, in the surroundings of

the Ilha Grande National Park, southern Brazil. In a small

forest fragment, established mixed-species groups con-

taining individuals of one or both species and adult hybrid

morphotypes have been observed (Aguiar et al. 2007,

2008).

In this paper, we report the formation of a mixed-species

group at its initial stage, and two records of putative hybrid

infants in northeastern Argentina. The hypothesis of recent

migration of the adult female black howler into the brown

howler group is supported by the observed gradual changes

in her within-group stability and grooming relationships

with the other group members along the two study periods.

The two putative hybrid infants born from this female

presented one of the morphotypes described by Aguiar

et al. (2008). However, our study case differs in many

aspects from that reported by Aguiar and colleagues.

First, in the Brazilian fragment, mixed groups were the

great majority (7 of 11), and 8 of 57 individuals were

potential adult hybrids (Aguiar et al. 2008). In our study

site we only found one mixed group out of nine, and just

two infant hybrid morphotypes, both belonging to the same

female, out of 62 individuals censused. The smaller pro-

portion of mixed groups and putative hybrids at our study

site compared to the Brazilian site suggests that hybrid-

isation in this portion of the shared range of A. g. clamitans

and A. caraya is a rare phenomenon.

Second, the study area of Aguiar et al. (2008) is an

ecotone between two biomes: the Cerrado, the typical

habitat of black howlers in Brazil (Hirsch et al. 1991), and

the Atlantic Forest, where brown howlers are endemic

(Rylands et al. 1996). The presence of contact zones

between howler species at other sites is associated with

ecotones (Chames and Olmos 1997; Cortés-Ortiz et al.

2007). In our study area, the contact zone is not located at

an ecotone but lies within the Atlantic Forest ecoregion (Di

Bitetti 2003). This habitat type is not typical for black

howlers (Brown and Zunino 1994). If black howlers are

adapted to the naturally secondary and fragmented forests

of Chaco and Cerrado, they may be well-suited to facing

the increasing fragmentation of the Atlantic Forest and, as

a consequence, may have recently expanded over the range

of brown howlers, generating a contact zone in this area

(Di Bitetti et al. 1994).

Third, the Brazilian site is a very small forest fragment

(150 ha) (Aguiar et al. 2008). In the adjacent continuous

riparian forest only monospecific groups of each species

were reported (Aguiar et al. 2007). It is likely that, in small

fragments, howlers reach higher densities compared to the

continuous forest (Kowalewski and Zunino 1999). When

both howler species are confined to a small space at high

densities, the costs of entering a new conspecific group for

a dispersing individual, and then the chance of formation of

mixed-species groups and hybridisation, should be higher

than in less dense populations. Accordingly, at El Piñalito,

a medium-size protected area at least partially connected to

other large forest patches in Misiones, with low population

densities of both howler species, we observed a lower

incidence of mixed-species groups and hybridisation

compared to the Brazilian site. Here, the particular case of

the adult female black howler migrating into a brown

howler group and copulating with brown howler males,

could be the result of her difficulty to find and enter an

established conspecific group in an area of low population

density.

In the light of the between-site comparisons reported

above, one could predict that the frequency of hybridisation

in areas of sympatry will depend on the relative costs of

entering a new group for dispersing individuals, which in

turn depend on demographic aspects of the populations,

Fig. 1 The adult female black howler (or Alouatta caraya-like) with

the putative hybrid infant on her back and the adult male brown

howler (or Alouatta guariba clamitans-like) of the Gitanos mixed

group (El Piñalito Provincial Park, Misiones, northeastern Argentina)
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predation risk and habitat fragmentation. Genetic studies

are critically important to help evaluate the incidence of

this phenomenon and the possibility of gene introgression

in populations of sympatric congeneric species. These are

important issues affecting the management and conserva-

tion of primates in their natural habitats.
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