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Abstract The advantages of living in a group include

feeding benefits and/or predation avoidance, while the dis-

advantages are typically related to competition. One way to

avoid competition while maintaining the benefits of living in

a group is to form interspecific associations with species

with relatively little dietary overlap. Here we report a

stable association between a male golden-headed lion

tamarin (GHLT), Leontopithecus chrysomelas, and a group

of Wied’s black-tufted-ear marmosets (WBTMs), Callithrix

kuhlii. We collected ecological and behavioral data on a duo

of GHLTs from May to August 2008, totaling 62 h of

observations. On 19 August 2008, the radio-collared GHLT

dispersed alone and was located on 28 August in association

with WBTMs. To examine possible changes in GHLT

ecology and behavior, we monitored the mixed-species

group between September and December 2008, totaling

122 h of observations. We found that the GHLT’s home

range and daily path length decreased by about ten and three

times, respectively, after joining the WBTM group, sug-

gesting adaptations to the WBTMs’ use of space. All non-

agonistic behaviors recorded in the mixed group were

directed from GHLT to the WBMTs, whereas all agonistic

interactions were directed from the WBMTs to the GHLT,

indicating a subordinate position of GHLT in the mixed

group. In golden lion tamarins, reproductive success of

subordinate adult males that remain in the group is higher

than that of those that disperse and ‘‘prospect’’ for a breeding

opportunity. If dispersing individuals are unable to find a

mate and defend a territory, they will likely die within a

year. The dispersing GHLT in this study assumed a subor-

dinate role in a mixed-species group outside a GHLT terri-

tory. Apparently, the benefits of waiting for a dispersing

female in a relatively safe situation may exceed the costs of

prospecting elsewhere or being a subordinate.

Keywords Callithrichidae � Dispersal � Mixed group �
Primate hierarchy � Platyrrhini � Sociality

Introduction

Primates form social groups of various sizes and compo-

sitions, which provide advantages in predator detection,

territory defense and foraging efficiency (van Schaik 1983;

van Schaik and van Hooff 1983; Treves and Chapman

1996; Olupot and Waser 2001). Despite the benefits of

group living, some disadvantages may arise as group size

increases. Larger groups may experience increased com-

petition for food resources (Terborgh and Janson 1986) and

travel longer distances to find enough resources for the

entire group (Wrangham et al. 1993; Chapman et al. 1995;

Janson and Goldsmith 1995; Chapman and Chapman

& Leonardo de Carvalho Oliveira

leonardoco@gmail.com

1 Departamento de Ciências, Faculdade de Formação de

Professores, Universidade do Estado do Rio de Janeiro

(UERJ), Rua Dr. Francisco Portela, 1470-Patronato,

CEP 24435-005 São Gonçalo, RJ, Brazil
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2000), which ultimately may increase exposure to preda-

tors (McNamara and Houston 1987; Lucas et al. 1994).

One way of retaining the advantages of being in a larger

group without the high costs of intraspecific competition is

to form interspecific associations (Heymann and Bucha-

nan-Smith 2000; Ferrari 2009). Competition is expected to

be lower among individuals of different species (Terborgh

1990) when associating species have little extensive dietary

overlap.

Reports of interspecific associations between primate

species are relatively common (Terborgh 1990; Buchanan-

Smith 1999; Heymann and Buchanan-Smith 2000; Stens-

land et al. 2003), including cases of single individuals

associating with a group of another species (Struhsaker

1988; Fleury and Gautier-Hion 1997). Associations can

vary in frequency and duration, ranging from brief

encounters to stable mixed groups (Terborgh 1983; Hey-

mann 1990; Peres 1992; Buchanan-Smith 1999; Chapman

and Chapman 2000). One possible explanation of why

primate species associate is increased foraging efficiency

(Whitesides 1989; Peres 1992, 1996; Wachter et al. 1997),

such as when species forage at different levels of the ver-

tical strata (Heymann and Buchanan-Smith 2000). Another

possible explanation is related to antipredator benefits

(Terborgh 1986, 1990), since associations result in larger

groups where more individuals can detect potential

predators (van Schaik et al. 1983; Peres 1993; Hardie and

Buchanan-Smith 1997). Also, larger groups decrease each

individual’s probability of being captured (Hamilton 1971)

and can have a ‘‘confusion effect’’ on the predator (Curio

1976).

Associations between golden-headed lion tamarins

(GHLTs), Leontopithecus chrysomelas, and Wied’s black-

tufted-ear marmosets (WBTMs), Callithrix kuhlii, are

reported in various habitat types, and the occurrence of

these encounters is non-random in space and duration

(Rylands 1989; Raboy 2002; Oliveira and Dietz 2011).

These associations appear to be related to foraging benefits

in native forests (Raboy 2002) and to antipredator benefits

in shaded cacao plantations, locally known as cabrucas

(Oliveira and Dietz 2011). The associations reported in

these previous studies were not stable and were highly

variable in duration (Rylands 1989; Raboy 2002; Oliveira

and Dietz 2011). Here, we report what we believe to be a

stable association between an adult male GHLT and a

breeding group of WBTM. We defined this association as

stable since the GHLT spent almost 100 % of its time with

the WBTMs. To understand the social dynamics in this

mixed-species group, we described the social behaviors

observed between the GHLT and the WBTMs, and inves-

tigated changes in the GHLT’s use of space and feeding

behavior after it joined the group.

Methods

Study species

GHLTs (Fig. 1) are endemic to the Atlantic Forest of

southern Bahia state and the extreme north-east of Minas

Gerais state, Brazil (Kierulff et al. 2008). The species is

classified as ‘‘endangered’’ due to population reduction

caused by habitat loss, especially in the western part of its

distribution (MMA 2014; IUCN 2016). It is a cooperative-

breeding species in which groups are usually composed of

one reproductive female (parous), one to three adult males,

and their offspring (Dietz et al. 1994). The average group

size is seven, ranging from two to 15 individuals (Oliveira

et al. 2011). Home range size varies from 22 to 200 ha

(Oliveira et al. 2011) and daily path lengths average

1753 ± 211 m (± SD) (Raboy and Dietz 2004). GHLT

body mass averages 620 g (Oliveira et al. 2011), and the

diet consists of ripe fruits, flowers, nectar, insects, small

vertebrates, and occasionally gum (Rylands 1989; Raboy

and Dietz 2004; Oliveira et al. 2010). GHLTs usually sleep

in tree holes and vine tangles, and occasionally palm leaves

(Raboy and Dietz 2004; Oliveira et al. 2010).

Fig. 1 Golden-headed lion tamarin (GHLT), Leontopithecus

chrysomelas (photograph, Renato Grimm)
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WBTMs (Fig. 2) are also endemic to the Atlantic Forest

of southern Bahia and the northwest corner of Minas

Gerais state (Rylands and Kierulff 2008). It is classified as

‘‘near threatened’’ due to habitat loss (IUCN 2016). It is a

cooperative-breeding species with groups averaging four

individuals (ranging from four to seven), including one

breeding female and one or two adult males (Raboy et al.

2008). Home range size varies from 10 ha (Rylands 1989)

to 39 ha (Raboy et al. 2008), with daily path lengths

averaging 1498 ± 374.5 m (Raboy et al. 2008). The

average adult weight is 375 g (Rylands 1989) and the diet

is more frugivorous than that of congeners (Raboy et al.

2008). WBTMs usually sleep in bromeliads and vine tan-

gles (Raboy et al. 2008). GHLTs and WBTMs typically use

different strata in primary forests, with GHLTs commonly

found in the upper canopy and WBTMs in the lower

canopy (Rylands 1989).

Study area

This study is part of a larger project on GHLT population

monitoring, carried out in the cacao-growing region of

southern Bahia state, Brazil, in the municipalities of Ilhéus,

Jussari, Camacan, Arataca and Una (Fig. 3). Our study site

is located in the area of two privately owned cocoa farms—

São José (15�2103100S and 39�3301900W) and Sempre Viva

(15�2301100S and 39�3101700W) in the municipality of

Camacan. The vegetation of the São José farm is a mix of

primary forest, secondary forest (predominant habitat) and

cabruca, while the Sempre Viva farm is dominated by

cabruca. We defined primary forest as forest with little or

no sign of past human disturbance, a closed canopy, trees

with an average height of 20 m and a large diameter

([30 cm), bromeliads in a wide range of sizes and an

extensive layer of vines. Secondary forest was defined as

forest with visible signs of previous human disturbance,

either clear-cutting or selective logging. Finally, cabruca is

an agroforest system where the understory has been

replaced by cocoa trees and a few tall, native trees (around

10 % of trees prior to thinning) are kept to provide shade to

cocoa trees (Johns 1999).

Data collection

Study animals were monitored using radiotelemetry. We

captured GHLT groups in the study areas using Tomahawk

live traps (trap measures, 48.3 9 15.2 9 15.2 cm) baited

with banana and placed on platforms 1.5 m above the

Fig. 2 Wied’s marmoset (Callithrix kuhlii) (photograph, Renato

Grimm) Fig. 3 Geographic distribution of GHLT and the location of the

study sites in southern Bahia state, Brazil. Map based on a

reclassification of land cover at 30-m resolution, published in Landau

et al. (2003), from 1996–1997 Landsat data
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ground (Dietz et al. 1996). We affixed a radio collar to one

individual of each group to facilitate location and moni-

toring. In May 2008, we captured a duo of adult GHLTs.

We assume that these individuals were dispersing from

their natal group, a behavior that is common in lion

tamarins (Baker et al. 1993). We followed these GHLTs

during complete days (from when they left the sleeping site

in the morning until they entered a sleeping site in the

evening) or partial days (either from the time they left the

sleeping site until noon, or from noon until they entered a

sleeping site). Information about behavior, habitat use,

location of feeding trees and sleeping sites was collected

ad libitum (Altmann 1974). This observational method was

chosen because some behaviors are rare and probably

would not be detected with other methods such as scan

sampling. At 20-min intervals we recorded subjects’ geo-

graphic location and whether or not GHLTs were in

association with WBTMs. We defined an association as

when GHLTs and WBTMs were\50 m apart, following

Raboy (2002) and Oliveira and Dietz (2011).

We collected data on the dispersing duo for 3 consec-

utive months in a mosaic forest area (a mix of secondary

forest in different stages of regeneration and cabruca

managed in various ways). On 19 August 2008, one GHLT

disappeared and the other, with the radio collar, moved

away from the area. On 28 August 2008, we found the

radio-collared individual associating with a group of nine

WBTMs in a cabruca area ca. 4 km from where it was

captured. We continued monitoring this individual until

December 2008, when the radio failed and we lost contact.

We used the geographic locations to estimate the

GHLT’s home range and to calculate its daily path length.

We compared data collected on the GHLT duo and the

mixed-species group to investigate possible changes in the

GHLT’s use of space and feeding behavior. Additionally,

we collected data on social interactions in the mixed group

to understand the GHLT’s position in the social hierarchy.

When possible, we also collected information on food

items consumed by the GHLT.

Statistical analysis

All comparisons related to rates of association, home

range size and daily path length before and after the

dispersal event were done using v2-tests (a-level of 0.05)
using the software R 3.3.1 (R Core Team 2016). We

calculated rates of interspecific association as the pro-

portion of 20-min scans where the GHLT associated with

WBTMs. We estimated home range sizes through the

minimum convex polygon method (Mohr 1947) using the

extension Hawth’s tools (Beyer 2004) in the software

ArcGIS 9.3.1 (ESRI 2009). To calculate daily path

lengths, we summed the straight-line distances traveled

between 20-min scans on complete days of monitoring

using the software ArcGIS 9.3.1. We also compared the

daily and the average travel speed (meters per minute)

before and after the GHLTs dispersal using a Mann–

Whitney–Wilcoxon test in R 3.3.1.

Results

Rates of association

Wemonitored the GHLT duo for seven complete and partial

days totaling 62 h of observations. The twoGHLTs spent ca.

16 h in association with WBTMs (around 26 % of the

observation time). After the radio-collared GHLT joined the

WBTM group, we monitored the mixed group for 16 com-

plete and partial days, totaling 122 h of observations. The

GHLT associatedwith theWBTMs for about 114 h (or 94 %

of the observation time), which indicates a stable association

and differs significantly from the association rate observed

for the duo (v2-test, v21 ¼ 87:47, P\ 0.0001).

Table 1 Social behaviors observed between a male golden-headed lion tamarin (GHLT), Leontopithecus chrysomelas, and Wied’s marmosets

(WBTMs), Callithrix kuhlii, in a mixed group studied in the municipality of Camacan, state of Bahia, Brazil

Behavior n Description of the behavior

Eating together

(jackfruit)

9 Both species eat the same fruit or are in the same fruit tree

Grooming 2 GHLT initiates grooming WBTM female with two infants

Sharing food 2 GHLT gives jackfruit to a young WBTM

Sleeping togethera 8 Both species sleep in the same tree, vine tangles or bromeliad

Playing 2 GHLT plays with WBTM

Agonistic behavior 2 Two individual WBTMs bite GHLT while they eat jackfruit. Two individual WBTMs bite GHLT when it tries to

take a baby from the female

n Number of sightings for each behavior
a We observed the GHLT and the WBTMs in the same tree and twice saw them sleeping together, once in a vine tangle and once in a bromeliad.

At other times we observed them entering the same tree and leaving the tree together in the morning
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Social behaviors

We noted interspecific social behaviors including groom-

ing, sharing food, playing, using the same sleeping site, and

agonistic interactions. The non-agonistic interactions

reported here were always directed from GHLT to

WBTMs, whereas all agonistic interactions were from

WBTMs to GHLT (Table 1).

Home range size, daily path length, and speed

We observed a decrease in home range size after GHLT

joined the WBTM group (Fig. 4). The estimated home

range size for the GHLT duo was 144 ha, decreasing to

14 ha in the mixed group (v2-test, v21 ¼ 34:68;

P\ 0.0001). Daily path length was also significantly

reduced in the mixed group: 2649 ± SD 533.3 m for the

GHLT duo and 865 ± SD 288.9 m for the mixed group

(v2-test, v21 ¼ 905; P\ 0.0001). Similarly, there was a

decrease in GHLT travel speed in the mixed group:

4.43 ± SD 1.27 m/min in the GHLT duo vs. 1.50 ± SD

1.05 m/min in the mixed group (Wilcoxon rank sum test,

W = 4; P = 0.0003).

Diet

We had very few observations on feeding behavior of

GHLTs before and after dispersal (Table 2). We recorded

six species being consumed nine times by GHLT before

dispersal and only two species being consumed 20 times

after it joined the WBTM group (Table 2).

Discussion

We report a stable association between an adult GHLT and

a breeding group of WBTMs. Although interactions

between these species have been reported elsewhere (Ry-

lands 1989; Raboy 2002; Oliveira and Dietz 2011), to our

knowledge this is the first report of a GHLT behaving as if

it were a member of a WBTM group. Even though GHLTs

are more than twice the weight of WBTMs (Rylands 1989;

Oliveira et al. 2011) and WBTMs often follow GHLTs in

mixed-species groups (Raboy 2002), this dispersing GHLT

assumed a subordinate position in the WBTM group. It is

plausible that the individual assumed a subordinate role to

ensure its permanence in the group (Garber 1997) and

thereby gain benefits such as access to food, sleeping sites

and protection against predators.

Social behaviors

Unidirectional agonistic interactions between males are

indicative of a dominance relationship (Abbott 1984; Baker

et al. 1993). During associations, aggressive behaviors are

typically displayed by GHLTs toward WBTMs (personal

observations), but in this specific mixed group all agonistic

interactions were directed from WBTMs to the GHLT.

Also, only non-agonistic behaviors were directed from the

GHLT to WBTMs. Although behavioral interactions such

as eating together, scent marking in the same tree and

playing together are not indicative of social rank, obser-

vations of the GHLT grooming WBTMs (and never being

groomed in return) may indicate subordinate status

Fig. 4 Home range estimated by minimum convex polygon of the GHLT duo (before dispersal), and after one of the GHLT individuals joined

the Wied’s marmoset group
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(Seyfarth 1976, 1977; Schino 2001). We also observed the

GHLT offering food to juvenile WBTMs and trying to take

an infant from the mother, which are behaviors indicative

of cooperation between callithrichids (Garber 1997). The

fact that the GHLT always followed the WBTMs and never

led the group, as observed in Raboy (2002), also suggests

that this individual was trying to join the group as a sub-

ordinate rather than a dominant leader.

Home range, daily travel distances and speed

Typically, WBTMs have a smaller home range than GHLTs

(Rylands 1989; Raboy et al. 2008; Oliveira et al. 2011) and

travel less per day than GHLTs (Raboy et al. 2008). Thus the

observed decreases in home range size and path length may

reflect an adaptation by the GHLT to the WBTM group’s

behavior. Forest types used by the GHLT differed before and

after it joined the WBTM group, and this may have affected

the use of space.Cabruca is relatively rich in food resources,

especially jackfruit, Artocarpus heterophyllus, which redu-

ces the need to forage for food. In fact, the smallest home

range reported for GHLTs (22 ha) was in a cabruca in the

municipality of Ilhéus (Oliveira et al. 2011). However,

considering that the GHLT duo also frequently used cabruca

and the similarity between the home range size of the mixed

group and those reported for WBTM’s [10 ha (Rylands

1989); 34–39 ha (Raboy et al. 2008)], it is unlikely that the

reduced range size observed here is explainable only by

differences in habitat type.

The travel speed decrease in the mixed group was

expected, as the GHLT was dispersing before entering the

mixed group. However, Raboy (2002) observed a lower

travel speed in WBTMs compared to GHLTs

(2.30 ± 0.92 and 2.78 ± 1.32 m/min, respectively) so we

conclude that both dispersing and adaptation to the

WBTMs’ habits possibly determined the decrease in

GHLT’s travel speed.

Diet

Despite having few observations on GHLT’s feeding, we

observed a decrease in diversity of fruit consumed by

GHLT after joining the WBTM group. This decrease may

be explained by the fact that the GHLT duo’s home range

included primary and secondary forest in addition to cab-

ruca. Furthermore, cabruca, the only habitat used by the

GHLT after dispersal, is typically dominated by species of

the Moraceae family, including the genera Ficus and Ar-

tocarpus (Sambuichi and Haridasan 2007). These were the

only food items seen to be consumed by GHLTs after

dispersal.

In a long-term study of golden lion tamarins, Leontop-

ithecus rosalia, Baker et al. (1993) reported that repro-

ductive success of subordinate adult males that remained in

the natal group as non-reproducers was greater than that of

subordinate males that dispersed and ‘‘prospected’’ for

breeding opportunities elsewhere. Dispersing lion tamarins

are chased aggressively by adults on established territories

and have a low probability of surviving for more than a

year. In this study, the dispersing GHLT apparently

became a subordinate member of a WBTM group, thereby

having access to food and shelter and possibly a reduced

likelihood of predation. Moreover, the WBTM territory

was not occupied by other GHLTs; conceivably the dis-

persing GHLT’s short-term loss in reproductive success

was outweighed by the benefits of waiting for a dispersing

mate in a relatively safe and resource-rich environment.
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Chico Mendes de Biodiversidade for the permits to capture the study

group. We are grateful to the owners and employees of the São José
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diet of the GHLT duo before and after one of them joined a group of
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Species n (individuals) Frequency

of use

Before dispersal

Miconia mirabilis (Aubl.) L. Wms. 1 1

Lacmellea aculeate (Ducke) Monach 2 2

Theobroma cacao L. 1 1

Artocarpus heterophyllus Lam. 1 1

Myrcia cauliflora (C.Mart.) O.Berg. 1 1

Musa paradisiaca L. 2 3

After dispersal

Artocarpus heterophyllus Lam. 10 17

Ficus sp. 2 3

For abbreviations, see Table 1
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