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Abstract of Thesis 

 

 

Atelid Intra-Family Polyspecific Associations 

 

 A majority of the world’s primate species are threatened with extinction, and 

many primate communities within tropical forests are being compressed into increasingly 

fragmented habitats. Although primates are broadly sensitive to anthropogenic habitat 

change, tolerance varies markedly within the order. Atelidae is a widely distributed 

family of large-bodied frugivores and frugivore-folivores. Within the clade, genera differ 

in dietary flexibility and their ability to tolerate habitat fragmentation. The fragmentation 

of continuous forests into smaller patches can reduce connectivity between conspecific 

groups, potentially increasing the likelihood that dispersers form polyspecific 

associations with heterospecifics. Here, I review the literature on intra-family 

polyspecific associations in atelids. Literature on polyspecific associations is relevant to 

hybridization research in wild populations because some species in hybrid zones live in 

mixed-species groups. The reviewed evidence indicates that stable polyspecific 

associations are uncommon among atelids and that the most stable associations occur 

within hybrid zones. Atelid species may not readily associate with each other because 

they are less vulnerable to predation compared to smaller-bodied platyrrhines and cannot 

benefit from the increased predator avoidance that associations can provide. It is crucial 

that the varied impacts anthropogenic habitat alterations have on atelids be researched, as 

these species are vital seed dispersers in forest ecosystems. 
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Introduction 

 

Over 65% of the world’s primate species are threatened with extinction, the vast 

majority of which reside in the tropics (Estrada et al., 2017; Estrada & Garber, 2022). 

Throughout much of the tropics, the amount of continuous, undegraded forest habitat 

available to wild-living species is rapidly decreasing (Vancutsem et al., 2021). While 

non-human primate species are generally highly vulnerable to the adverse effects of 

anthropogenic habitat change, owing to their arboreality and forest dependence, clade-

level tolerance varies significantly within the order (Almeida-Rocha et al., 2017). Within 

Atelidae, the most latitudinally widespread family of platyrrhine primates in the 

Americas (Rylands et al., 2006; Jardim et al., 2019; Shanee et al., 2023), the four member 

genera show great variation in their capacity to cope with habitat loss, degradation, and 

fragmentation. Howler monkeys (genus Alouatta) are generally described as being 

relatively tolerant of habitat disturbance, primarily due to their highly flexible frugivore-

folivore diets and ability to use small home ranges (reviewed by Arroyo-Rodríguez and 

Dias 2010). Although, as Bicca-Marques et al. (2020) cautioned, the resilience of 

individual monkeys should not be conflated with the long-term survival prospects of 

isolated populations. The ability of Alouatta species to persist in human-impacted 

habitats is often contrasted with that of spider monkeys (genus Ateles). Spider monkeys 

are generally considered relatively intolerant of habitat disturbance due to their 

specialized frugivory and dependence on large home ranges (Estrada & Coates-Estrada, 

1996; Link et al., 2010; Galán-Acedo et al., 2021). Similarly, frugivorous woolly 

monkeys (genus Lagothrix) struggle to survive in resource-depleted forest fragments 

(Zárate & Stevenson, 2014). Extant muriqui (genus Brachyteles) populations primarily 
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live in small forest fragments, and research suggests that their dietary and behavioral 

flexibility contributes to their ability to maintain high population densities within 

fragments (Mendes et al., 2005; Boubli et al., 2012; Strier, 2021). Examples of muriqui 

behavioral flexibility include the ability to shift from cohesive social units to fission-

fusion grouping and facultative terrestriality (Dias & Strier 2003; Mourthé et al. 2007). 

Forest loss and fragmentation can lead to primate communities living in widely 

dispersed patches separated by difficult-to-traverse terrain. This can hinder an 

individual’s ability to find groups to join after dispersing (Mendes et al., 2005; Ram et 

al., 2015). When individuals disperse and struggle to find conspecific groups, they may 

be more likely to form polyspecific associations (defined below) with members of other 

species (Detwiler et al., 2005; Ahmed et al., 2025). Among platyrrhine primates, 

polyspecific associations have been observed among species from four of the five extant 

families. Callitrichid intra-family polyspecific associations are relatively well-studied 

(Buchanan-Smith 1999; Heymann & Buchanan-Smith 2000; Tisovec et al. 2014). The 

cebid species Sapajus apella and Saimiri sciureus associate in multiple locations where 

they are sympatric (Levi et al. 2013; Daoudi-Simison et al. 2023). In pitheciids, 

polyspecific associations are rarer, but have been documented (Shaffer et al. 2016; 

Arasaki et al. 2023). Among Aotidae, of which owl monkeys (genus Aotus) are the only 

extant genus, polyspecific associations are not known to form. All owl monkey species 

are nocturnal, with the exception of the cathemeral Azara’s owl monkey (A. azarae 

azarae) (Fernandez-Duque & de la Iglesia 2023). Polyspecific associations have not been 

observed among Aotus species, nor any other nocturnal primates, possibly because 

nocturnality precludes polyspecific groups from realizing enhanced predator detection 
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(Fichtel, 2016). Additionally, Aotus are the only nocturnal primates in the Americas, and 

species distributions show little range overlap (Shanee et al., 2023). This limits the 

number of primate association partners available to Aotus (but see Aquino & Encarnación 

1986; Puertas et al. 1995, and Montilla et al. 2024 for examples of Aotus sharing sleeping 

sites with non-primate mammals).  

Here, I review the literature on atelid intra-family polyspecific associations. I 

focus on atelid-atelid associations in order to situate these studies within the broader body 

of research on vertebrate hybridization. Human activity has led to increasing levels of 

introgressive hybridization within taxa such as primates, canids, and many bird species 

(Leonard et al., 2013; Grabenstein & Taylor, 2018; Malukiewicz, 2019; Grabenstein et 

al., 2023). Further habitat alterations or human-mediated introductions of non-native 

species may create new hybrid zones or affect existing ones (Malukiewicz, 2019). Also, 

in-group copulations occur more frequently than extra-group copulations in atelids 

(Kowalewski & Garber, 2010; Strier et al., 2011). Thus, the formation of polyspecific 

associations between closely related taxa (without prezygotic barriers) can foster 

hybridization, making it relevant to understand the reasons why associations form. I focus 

on atelid-atelid associations because primate polyspecific associations typically form 

between closely related species (Rehg, 2017), and because atelid genera have relatively 

similar niches as large-bodied frugivores and folivores (Stevenson et al. 2000; Martins 

2009). The factors that encourage or discourage the formation of associations with 

closely related genera may be similar to those that foster associations among congeners. 
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Definition of Polyspecific Associations 

 

Early literature on primate polyspecific associations used a spatial criterion to 

determine whether heterospecifics were in association (Klein & Klein, 1973; Waser, 

1982). Waser (1982) proposed that adaptive interpretations of associations are tenuous 

without evidence for nonrandomness. If heterospecifics merely exploit common 

resources simultaneously or randomly cross paths while traveling, it cannot be said that 

groups from different species are drawn to one another. An ideal gas model (Waser's gas 

model) was applied to compare the expected and observed encounter rates of traveling 

groups. Later, Waser (1984) proposed that encounter duration should also be a criterion 

for determining whether associations are nonrandom. Most subsequent work has used the 

term polyspecific association, or a synonymous term, to refer to those groupings for 

which there is evidence of mutual or asymmetrical attraction between heterospecifics 

(e.g., Buzzard 2010; de Carvalho Oliveira et al. 2017; Leemans et al. 2022). However, 

some studies still rely on spatial proximity alone to define associations (e.g., Goebel et al. 

2023).  

Polyspecific associations among vertebrate species have been variously called 

heterospecific associations, interspecific associations, and mixed-species groups. It is 

important that concepts and phenomena have clear names and definitions so that 

researchers can compare findings and communicate effectively (Herrando-Pérez et al. 

2014). In an effort to clearly define polyspecific associations and determine which 

synonym should be preferred, Crane (2023) reviewed the available literature on 

vertebrate polyspecific associations. Primates and birds were identified as the most 

frequently studied taxa in association studies. Polyspecific association, while the most 
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commonly used term in primate studies, is seldom used outside primatology. In 

ornithological studies, the term mixed-species flock is standard. The two fields also 

differed methodologically. Primate polyspecific association research often used long 

study durations and relied on established methods, such as Waser’s gas model (1982), to 

determine whether associations occurred by chance. Primatological studies also placed 

greater emphasis on documenting non-agonistic behaviors such as coordinating group 

travel and allogrooming heterospecifics. This contrasted with mixed-species flock 

studies, as they were found to frequently use short study durations and inconsistently 

applied methods. Ornithological studies also emphasized describing “nuclear species”, a 

species that is vital to the formation and maintenance of the association. Discussions of 

nuclear species are largely absent from primate polyspecific association studies (but see 

Buzzard 2010). Crane (2023) ultimately identified polyspecific association as the term 

that should be preferred, as studies that use it are the most methodologically consistent. A 

final definition of polyspecific associations, one that would be applicable across 

disciplines, was written as follows: 

“Polyspecific associations occur when two or more species are within close 

proximity to each other for a duration that is longer than expected in chance 

encounters. Whilst associating, the species engage in at least one non-antagonistic 

interaction or co-ordinated activity together. The association can develop to 

contain nuclear species or to form a unified group that performs multiple 

coordinated activities and social interactions together akin to their single species 

counterparts.” (Crane, 2023) 

All the atelid-atelid polyspecific associations discussed here were identified according to 

this definition. Putative associations are considered to represent true polyspecific 

associations if they appear to be nonrandom and if the associating species coordinate 

their activities or interact non-agonistically. The number of representatives from each 

associating species (i.e., one or multiple from each) is not considered a criterion, as 
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conspecific immigrants into atelid groups join both as individuals and alongside others 

(Printes & Strier, 1999; Maldonado & Botero, 2009; Ramos-Fernández et al., 2009; Van 

Belle et al., 2012). An example of an interspecific aggregation among atelids that cannot 

be considered a true polyspecific association is the observation by Goebel et al. (2023) of 

howler, spider, and woolly monkeys foraging within the same trees, as neither the 

encounter durations nor any interactions between species were reported. This co-feeding 

may represent mere tolerance of heterospecifics within forest fragments. Another 

example is that of the simultaneous mineral lick visitations observed by Link et al. 

(2011). The frequency of joint mineral lick visitations by sympatric Alouatta seniculus 

and Ateles belzebuth groups differed significantly from chance expectations, but no 

interspecific interaction or coordination was reported. Thus, while the function of these 

aggregations may be to lower predation risk during hazardous trips to the forest floor 

(Matsuda & Izawa 2008), they do not constitute true polyspecific associations. 

 Increased predator defense and enhanced feeding efficiency are hypothesized to 

be the two main benefits of polyspecific associations (Stensland et al. 2003; Rehg, 2017). 

The dilution effect proposes that an individual’s chance of being attacked by a predator 

decreases as group size increases (Foster & Treherne, 1981). By associating with 

heterospecifics and increasing overall group size, the members of polyspecific 

associations may be able to lower their odds of being predated upon (Terborgh, 1990). A 

similar concept is that of the selfish herd effect, which proposes that individuals can 

reduce their predation risk by positioning themselves at safer locations within a group 

(Hamilton, 1971). Individual primates within large multi-species groups have access to 

more individuals who can serve as buffers between themselves and predators. Species 
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with low predation risks, such as those with large body sizes that predators can less easily 

capture, may further reduce their predation risk by associating with species that predators 

prefer. Podolsky (1990) suggests that larger-bodied capuchins may further reduce their 

predation risk by associating with more diminutive squirrel monkeys, which some 

predators may preferentially target. Increasing group size also increases the number of 

individuals able to detect predators, and the observation that primates in many 

polyspecific associations respond to heterospecific alarm calls supports this idea 

(Heymann & Buchanan-Smith, 2000; Pinheiro et al., 2011). Furthermore, within larger 

groups, the attentive demands of vigilance against predators decrease. This may allow 

individuals to focus more intently on feeding and foraging (Podolsky, 1990). Members of 

polyspecific associations can also benefit from being led to food resources whose 

locations heterospecifics know better (Podolsky, 1990). 
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Polyspecific Associations within Hybrid Zones 

 

Howler monkeys (Alouatta), woolly monkeys (Lagothrix), spider monkeys 

(Ateles), and muriquis (Brachyteles) are the four genera that comprise the Atelidae 

family. Howler monkeys are the most geographically widespread platyrrhine genus and 

can be found in every continental South American nation except Chile, which houses no 

extant nonhuman primate populations (de Souza Fialho et al. 2016; Doyle et al., 2021; 

Shanee et al., 2023). The northernmost living platyrrhine is the Mexican spider monkey 

(Rylands et al., 2006), while the southernmost is the black howler monkey of 

northwestern Uruguay and northeastern Argentina (Jardim et al., 2019). Atelids are also 

the largest-bodied non-human primates in the Americas and, dietarily, can be classified as 

frugivores (Lagothrix and Ateles) and frugivore-folivores (Alouatta and Brachyteles) 

(Rosenberger et al., 2011). Phylogenetically, the most basal atelids belong to the 

subfamily Alouattinae, of which Alouatta is the only extant genus, having emerged as a 

genus at 13 Ma (Doyle et al., 2021). Alouattinae is a sister subfamily to Atelinae, which 

contains Ateles, Brachyteles, and Lagothrix. Morphological analyses support a sister taxa 

relationship between Ateles and Brachyteles as both lineages have greatly reduced 

thumbs and move throughout the canopy via similar suspensory locomotion (Hartwig 

2005). Molecular studies generally support a sister relationship between Brachyteles and 

Lagothrix with Ateles as the outgroup, suggesting that locomotor similarities between 

Ateles and Brachyteles evolved convergently (Hartwig 2005, Doyle et al. 2021). 

Alouatta palliata and A. pigra are sister species that comprise the Mesoamerican 

clade within the genus (Cortés-Ortiz et al., 2003). They diverged ~3 Ma and differ 

markedly in aspects of their behavior and morphology (Cortés-Ortiz et al., 2003). A. 
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palliata ranges from southern Mexico to Ecuador, while A. pigra has a more restricted 

range in southern Mexico, Guatemala, and Belize (Rylands et al. 2006). While the two 

species are allopatric throughout most of their ranges, they co-occur in a narrow hybrid 

zone in the state of Tabasco, Mexico. This area of sympatry was first identified by Smith 

(1970) based on museum specimens of both parental species. During a survey of the area 

in the early 1990s, researchers from the Universidad Veracruzana in Mexico identified 

groups consisting solely of parental species and mixed-species troops. Some of these 

groups contained individuals with vocalizations that sounded intermediate between those 

of the parental species. During subsequent trips to the field, individuals with seemingly 

admixed facial features and pelage colorations were identified (Cortés-Ortiz et al. 2015). 

A. palliata have thin, coarse black pelage with a yellowish “mantle” running down the 

sides of the body, while A. pigra pelage is denser, softer, and completely black (Smith 

1970). Howlers from the then putative hybrid zone were first genotyped by Cortés-Ortiz 

et al. (2007). Genotyping of individuals from within the hybrid zone revealed that the two 

parental species could be found in approximately equal abundance and that multiple 

individuals had either nuclear or mtDNA alleles from multiple species.  

 Polyspecific associations within this hybrid zone impact the reproductive success 

of associating individuals both positively and negatively. Grouping with heterospecifics 

allows howlers to find mates when conspecifics may be difficult to locate. Both A. 

palliata and A. pigra face threats from factors such as forest loss and climate change 

(Pozo‐Montuy et al., 2024). In southern Mexico, forest habitats are heavily fragmented, 

and howlers within the hybrid zone appear to hybridize more often in more fragmented 

regions (Dias et al., 2013). Howlers, like most platyrrhine primates, are highly arboreal 
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and struggle to disperse across unforested matrices (Arroyo-Rodríguez and Dias 2010). 

By forming associations with congeners, howlers in this hybrid zone can increase their 

access to potential mates. However, the hybrid offspring produced between heterospecific 

mates can be less fertile than non-admixed offspring. It has been hypothesized that male 

hybrid howler monkeys have reduced fertility compared to their non-hybrid counterparts, 

with first-generation hybrid males potentially being non-viable or sterile (Cortes-Ortiz et 

al., 2019). This would be in accordance with Haldane’s rule, which suggests that the 

heterogametic sex (male primates) is more likely to be sterile or inviable in first-

generation hybrids (Haldane, 1922). In an analysis of the genomes of the hybrid Mexican 

howler monkeys, Baiz et al. (2020) demonstrated that the genomes of hybrids contained a 

“desert” of admixed genes in areas of the X chromosome that have been linked to 

reproduction. These deserts represent parts of the chromosome with an excess of A. 

palliata-derived alleles, in contrast to the autosomes, which were more admixed and 

contain a mosaic of alleles from both parental species. This admixed gene desert on the X 

chromosome was found to be homologous to a region of the human X chromosome that 

is depleted of Neanderthal and Denisovan alleles (Sankararaman et al., 2016). This 

supports the idea that admixed offspring in this hybrid zone have reduced reproductive 

fitness due to incompatibilities between the parental species' genomes. No other 

maladaptive phenotypes have been identified in hybrids. The phenotypes of most hybrids 

most closely resemble those of the parental species they are most closely related to 

(Kelaita & Cortés-Ortiz, 2013). 

Whether the polyspecific groups of howlers within the hybrid zone derive any 

antipredation benefits is unclear. Domestic dogs have been reported as local predators 
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that attack howlers attempting to move between forest patches (Rangel-Negrín et al., 

2011; Ho et al., 2014). An assessment of the predation-avoidance hypothesis requires 

additional research examining how vigilance and threat-response behaviors differ 

between mixed-ancestry and monospecific groups. Such research would also be relevant 

for assessing whether polyspecific groups derive any foraging efficiency benefits via 

reduced attention to vigilance. Howler monkeys are herbivorous generalists that consume 

nearly all types of plant parts. Leaves, particularly young leaves, make up a plurality of 

their diets, with fruit being the second most consumed food. The amount of leaves and 

fruits consumed by howlers varies by habitat type and season. Howlers occupying drier 

forests consume a high proportion of leaves, and during periods of high fruit availability, 

howlers can adjust their diets to consume fruit almost exclusively (Dias & Rangel-

Negrín, 2015). The diets of A. pigra and A. palliata are highly similar (Dias & Rangel-

Negrín, 2015). This similarity, combined with the fact that the bulk of the diet is 

abundant plant parts, makes it unlikely that either species has specialized knowledge of 

valuable food resources. Thus, if polyspecific associations provide Mexican howler 

monkeys with any foraging-related benefits, the most likely mechanism is an increased 

ability to focus on feeding, resulting from reduced vigilance demands. 

 The range of A. caraya mostly lies within the Cerrado, a large tropical savannah 

in Central Brazil, while A. guariba clamitans can be found in the Atlantic Forest 

(Gregorin, 2006). The Atlantic Forest is the second-largest tropical forest in South 

America, and most of it (93%) is in eastern Brazil. The forest is incredibly biodiverse and 

highly fragmented. The biome was the first part of the continent subjected to Portuguese 

colonization, and the region contains approximately 70% of Brazil’s population (Marques 
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et al., 2021). Here, I review the research on the A. caraya × A. g. clamitans hybrid zone, 

where both species and their hybrids have been found living in polyspecific groups.   

Aguiar et al. (2007) identified an area of sympatry between the two species in the 

forests of the upper Parana River in southern Brazil, as well as potential hybrids. Seven 

presumably single-species groups of howlers were identified within a continuous forest, 

alongside a single group within a forest fragment that appeared to contain A. caraya 

individuals and some putative hybrids with pelage colorations intermediate between the 

two species. Male A. caraya have black pelage, while adult females are yellowish-brown. 

In A. g. clamitans males are red while females are dark brown. This suggested to the 

authors that pelage coloration failed to act as a reproductive barrier between the species. 

This is notable because Alouatta is the only platyrrhine genus in which both sexes are 

routinely trichromatic, and because the pelage coloration of parental species in the A. 

palliata × A. pigra hybrid zone differs less (Smith, 1970; Araújo et al., 2008). They also 

note that the two species are not closely related, having diverged 5.1 Ma (Cortes-Ortiz et 

al., 2003), and belong to different subclades within the South American Alouatta clade. 

In the same fragmented forest that contained the putative hybrids described by Aguiar et 

al. (2007), a survey of howler monkey group composition by Aguiar et al. (2008) 

identified additional groups containing putative hybrids. Of the 11 groups within the 

forest fragment, four appeared to be monospecific, two contained a single parental 

species and hybrids, and five contained both parental species and hybrids. Female 

putative hybrids vastly outnumbered males, suggesting that this hybrid pairing is in 

accordance with Haldane’s rule (Haldane, 1922). Interestingly, males in A. caraya are 

X1X2Y1Y2 (Rahn et al. 1996). The fact that putative hybrids and polyspecific associations 
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were identified only within the forest fragment, not in the continuous forest, led the 

authors to suggest that confinement to a smaller area may have driven the behavior.  

 Bicca-Marques et al. (2008) surveyed a contact zone between A. caraya and A. g. 

clamitans in southern Brazil to investigate whether putative hybrids, like those identified 

by Aguiar et al. (2007), could be found there. The study site was about 700km further 

south. In total, five putative hybrids with mosaic pelage colorations were identified. Four 

were adult males, and one was an adult female. The survival of four putative hybrids into 

adulthood did not support the hypothesis that hybrid males are less viable, although their 

fertility could not be assessed. The authors speculated that this contact zone formed 

naturally and recently, as the field site was previously a grassland that gallery forests only 

recently expanded into (Behling et al., 2005). They state that it is unlikely that 

anthropogenic forest fragmentation has induced species contact, and that forest loss is 

more likely to reduce the overall size of the contact zone. This view differs from that of 

Dias et al. (2015), a study that identified putative hybrids at a nearby (~53km) southern 

Brazilian study site. They argue that anthropogenic habitat fragmentation, in conjunction 

with natural fragmentation in the area, could drive hybridization by making it difficult for 

howlers to find conspecifics. While many studies on atelid polyspecific associations 

assume that anthropogenic habitat fragmentation increases mixed-group formation, this 

assumption needs to be tested across more study sites. Currently, the only study to 

empirically test how fragmentation impacts polyspecific group formation in atelids is 

Dias et al. (2013), which showed that fragmentation is more severe where hybridization 

occurs.  

Agostini et al. (2008) spent two years following a mixed-species howler monkey 
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group in northeastern Argentina. The group consisted of three A. g. clamitans, one male 

and two females, and one A. caraya female. During the first period of study, the A. 

caraya female’s presence in the group was intermittent, suggesting that it was a recent 

immigrant still joining the group. This was supported by the fact that the other group 

members groomed the female A. caraya more often during the subsequent period of 

study. During the second year of study, the female A. caraya was seen carrying an infant 

of unknown sex that was an estimated 1.5 months old and whose pelage was intermediate 

between the species. The infant presumably died soon after being identified, as the A. 

caraya was seen without the infant not long after it was first seen. Later, the same female 

was identified with another infant, a one-month-old male with similar coloration to the 

previous infant. The entire group died of a yellow fever outbreak soon after. During the 

study, the A. caraya female had only been seen copulating with A. g. clamitans males, 

one from another group, and the one from the group to which it belonged.  

Mourthe et al. (2019) collected fecal samples to genotype individuals from inside 

and outside the A. caraya and A. g. clamitans contact zone in southern Brazil. Of the 121 

individuals sampled within the hybrid zone, 27% showed evidence of hybrid origin, as 

they had either discordant mtDNA and SRY haplotypes or microsatellite alleles 

diagnostic of both species. Some males appeared to be first-generation hybrids, 

suggesting that first-generation males are viable in the hybrid zone. The fertility of early 

generation males remains unknown. The finding that some males in parental populations 

outside the contact zone (≥ 80km away) had SRY sequences from the other species 

suggested to the authors that the contact zone is many generations old and that natural 

forest expansion and contraction have repeatedly brought the species into secondary 
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contact.  

By joining polyspecific associations, howler monkeys in this hybrid zone 

increased their access to mates. It is unclear whether the fitness of hybrid offspring 

differs from that of parentals. While Aguiar et al. (2008) found that female hybrids 

outnumbered males, suggesting that male hybrids were less viable, subsequent studies 

demonstrated that there is no clear trend of sex-biased survival into adulthood. More 

studies are needed to determine whether hybrid fertility and viability differ from those of 

the parental species.  

 A. caraya is a habitat specialist that ranges within the Cerrado while A. g. 

clamitans, inhabits the Atlantic forest. Both species have very similar diets, but species-

specific preferences do exist (Agostini et al. 2010; Dias & Rangel-Negrín, 2015). Given 

their different habitat specializations, the howler species in this hybrid zone may have 

different levels of knowledge about the location of food resources. Future research should 

investigate the travel paths of howlers within these groups to determine whether members 

of one species can be seen leading another to food resources. 

 Similar to the Mexican howler hybrid zone, more research is needed to determine 

how significantly the antipredator behaviors of the two species differ and whether there is 

any antipredator benefit to be gained from forming polyspecific associations. Agostini et 

al. (2008) reported that interspecific grooming occurred between A. caraya and A. g. 

clamitans, and that the frequency of allogrooming increased as the immigrant A. caraya 

transitioned from an intermittent to permanent group member. This shows that the 

individuals in these groups are not simply tolerating one another's presence, and that they 

engage in affiliative interactions with one another as they would with conspecifics. 
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Whether agonistic interactions are more or less common against heterospecifics is 

unclear and warrants further research.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



17 
 

Polyspecific Associations outside Hybrid Zones 

 

 During a 19-month field study of primates near the town of La Macarena, 

Colombia, Klein and Klein (1973) observed frequent associations between Saimiri 

sciureus and Sapajus apella and between Ateles belzebuth and Alouatta seniculus. 

Associations between Ateles and Alouatta were infrequent and often occurred in and 

around fruit trees. The associations were most often short, lasting less than 10% of 

daylight hours, although some lasted up to 6 hours. Social interactions between the 

associating atelids were both positive and agonistic. Spider monkeys solicited grooming 

from howler monkeys on two occasions, with one of them being successful, and juveniles 

of the two species played together on four occasions. Agonistic interactions typically 

involved spider monkeys supplanting howlers from feeding trees. Increased feeding 

competition during associations is a possible explanation for why the species did not 

associate for more extended periods, as the costs to foraging efficiency likely outweigh 

other benefits of associating with heterospecifics. Howlers are known for the distinct 

vocalizations that they make because of their enlarged, pneumatized hyoid bones 

(Kitchen et al. 2015). Despite the distinctness and volume of these calls, Klein and Klein 

(1973) reported that spider monkeys did not respond to loud calls or alarm calls from 

howlers. The reverse was also true, as howlers ignored spider monkey alarm calls. This is 

likely another reason why the species did not associate more often, as being in proximity 

with heterospecifics may increase group size, but without the benefit of extra eyes, ears, 

and alarm callers looking out for threats. 

There are also instances of atelid polyspecific associations that consist of a single 

individual from a different species. Shanee et al. (2007) observed a female Ateles 
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belzebuth whose presence was tolerated within a group of eight Lagothrix flavicauda in 

the Peruvian Amazon. The follow lasted for a single hour and ended when the entire 

group travelled to an adjacent valley that the researchers were unable to follow them into. 

The same individual was seen associating with the group on several subsequent occasions 

(personal observations referenced in Rosero et al. 2019). Di Fiore et al. (2009) report 

observing a solitary subadult male Lagothrix poeppigii associating with an Ateles 

belzebuth group. This individual was seen sharing a sleeping area and ranging with one 

particular adult female spider monkey and her multiple offspring. Rosero et al. (2019) 

observed a single Ateles fusciceps fusciceps individual that was part of a group of five 

Alouatta palliata aequatorialis individuals, one of which joined the group during the 

final week of the study. The study took place in a fragmented forest in northwestern 

Ecuador, and no other Ateles f. fusciceps were found in the area surrounding the forest. 

During the four months of field study, associations occurred during 80% of the total 

observation hours. Of the 82 interspecific interactions observed, 42% were body contact, 

22% were avoidance, 7% were aggression, 17% were play, and 12% fell into other 

categories. These interactions occurred between the spider monkey and all the howler 

monkeys within the group. A plurality (41%) of interspecific interactions were with the 

group’s sole juvenile female, the only reproductively available group member. The spider 

monkey’s diet was unusual, as ripe fruit consumption was low, and high young leaf 

consumption was high. Ripe fruit consumption was higher during the wet season, which 

the authors speculate could have reduced interspecific competition and facilitated the 

individual’s acceptance into the group. The individual’s activity budget was also unusual 

for a spider monkey, as it was similar to that of the group’s howler monkeys, despite the 
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differences in the species’ ecology. The authors note that studies of Ateles in highly 

fragmented environments show that they adjust their behavior, which may explain the 

spider monkey’s uncharacteristically Alouatta-like activity budget and diet. 

 These examples of individual atelids joining groups of heterospecifics best 

highlight the social benefits of joining polyspecific associations. Without these 

heterospecific groups, the individuals would likely be solitary, which comes with costs 

(Rubenstein 1978; Bolt et al. 2021). By joining groups with members of other species, 

they gain access to the benefits of group living. Of course, there are no reproductive 

opportunities for the lone heterospecifics in groups with other genera. Thus, there is no 

apparent fitness benefit to joining polyspecific associations as the sole representative of 

one’s species. 
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Comparison between Atelid and Cebid Intrafamily Associations 

 

 Here, I describe polyspecific associations among the cebids Sapajus and Saimiri 

so that they can be compared with atelid associations. Capuchins (Cebus and Sapajus) 

and squirrel monkeys (Saimiri) comprise the family Cebidae. The divergence of 

capuchins from squirrel monkeys occurred 13.8 Ma (Chiou et al. 2011). Cebus and 

Sapajus are the two genera that comprise the subfamily cebinae. Historically, all 

capuchin species were assigned to the genus Cebus, which was described as having two 

subclades: one with ridges or head tufts on males and another without. Lynch Alfaro et 

al. (2012) argued that the two forms should be considered separate genera as their genetic 

analysis revealed that the two clades are monophyletic and split 6.2 Ma, which is similar 

to the estimated divergence time between humans and chimpanzees. Sapajus is the genus 

for the robust capuchins, which have sagittal crests in males and are better adapted for 

consuming hard foods, while Cebus is the genus for the gracile capuchins. 

In the wild, Sapajus apella (formerly Cebus) and Saimiri sciureus frequently 

associate, and their multispecies groups have been observed persisting for several hours 

to 12 days (Podolsky 1990; Levi et al. 2013; Daoudi-Simison et al. 2023). The two 

species forage and travel together with Sapajus, typically leading travel bouts that end in 

large fruit trees, while Saimiri often lead the troop to smaller trees (Podolsky 1990). The 

more saltatory locomotion of Saimiri and their preferred use of the forest understory 

when traveling likely explains their proficiency at locating small, patchily distributed 

fruit trees. Sapajus are more quadrupedal and prefer the upper canopy, which likely 

explains their ability to locate large ripe fruit trees that are distributed more 

homogeneously throughout their home range (Fleagle et al. 1981). Podolsky (1990) 
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observed that the activity budgets of both species increased in time spent feeding on plant 

resources while in polyspecific associations. He also observed that feeding rates (the 

amount of fruit consumed during a 1-minute focal sample) were higher for Sapajus when 

in polyspecific associations but decreased for Saimiri. The decrease in feeding rates of 

Saimiri is likely due to competition from Sapajus, as the larger-bodied capuchins were 

often observed displacing Saimiri from trees. The cause for the increase in feeding rates 

for Sapajus was possibly due, at least in part, to the antipredator benefits of polyspecific 

groups, as individuals devoted less time to vigilance.  

Atelids and cebids differ significantly in how frequently they join polyspecific 

associations, what form the groups take, and the nature of the pressures that might 

encourage their formation. In atelids, most known examples of stable polyspecific 

associations involve single individuals joining groups of heterospecifics. In contrast, 

cebid associations are formed between multiple members of both species. In atelid 

groups, the primary reason for forming the groups appears to be an inability to access 

conspecifics, whereas cebids appear to benefit primarily from increased defense against 

predators. While atelids can likely also benefit from the increased predator defense that 

polyspecific associations provide, this pressure is not as intense, as atelids are not 

frequently preyed upon. The large body sizes of atelids are hypothesized to decrease 

predation risk, and their preferred use of the upper canopy for foraging likely provides 

protection against terrestrial predators (Di Fiore 2002). Busia et al. (2018) reported that in 

over 20 years of field research in the Otoch Ma’ax Yetel Kooh reserve, Mexico, only two 

instances of predation on Ateles geoffroyi individuals had been reported. Similarly, Di 

Fiore (2002) reported that informal interviews with local indigenous hunters and other 
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primatologists in eastern Ecuador (where Alouatta, Ateles, and Lagothrix occur 

sympatrically) only yielded a single anecdote of predation on an atelid, a fight between a 

harpy eagle (Harpia harpyja) and an Alouatta seniculus individual that left the howler 

dead and the eagle too exhausted to stop the hunter from stealing its kill. Thus, reduced 

predation risk is unlikely to make polyspecific associations particularly advantageous for 

atelids because they are seldom preyed upon by non-human animals (but see Cormier & 

Urbani 2008 and Urbani & Cormier 2015 for reviews of humans as atelid predators). 
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Conclusion 

 Atelid species do not readily form polyspecific associations. Because atelids are 

seldom preyed upon (Di Fiore 2002), forming polyspecific associations may provide little 

to no benefit to predator avoidance and deterrence. Atelids also have similar niches as 

frugivores and folivores (Stevenson et al. 2000; Martins 2009), which means that 

competition for preferred plant foods may be greatly increased when in close proximity 

to other atelid species (Rimbach et al. 2012). The primary benefits that polyspecific 

associations appear to provide for atelids are increased access to congeneric potential 

mates (Aguiar et al. 2007; Cortés-Ortiz et al. 2007), and access to social partners for 

individuals that failed to find conspecific groups after dispersing (Shanee et al. 2007; Di 

Fiore et al. 2009; Rosero et al. 2019). Relative to platyrrhine families that form 

polyspecific associations more readily (e.g., callitrichids), habitat fragmentation and non-

native species introductions may be less likely to result in the creation of new hybrid 

zones among atelid species. Research on how human activity impacts wild atelid 

populations is vital, as these species play important roles as seed dispersers and are likely 

the only dispersers for some plant species (Stevenson et al. 2002; Martins 2006; Arroyo-

Rodríguez et al. 2015). A better understanding of the threats facing atelid populations 

will significantly improve our ability to protect the forest ecosystems that they, and 

humans (Borma et al. 2022), rely upon.  
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