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As with Amazonian primates, mixed associations between species in the Atlantic Forest are also 
influenced by ecological factors. However, Atlantic Forest primates may face additional challenges, 
such as isolation pressures and fragmentation of forest habitats, which may increase the frequency of 
these arrangements. The main of this work is to report a sympatry with possible interaction between 
individuals of two species of primates of the Pitheciidae and Callitrichidae families: Callicebus 
nigrifrons (Spix 1823) and Callithrix aurita (É. Geoffroy Saint-Hilaire 1812) in an urban park in 
the south of the state of Minas Gerais. Individuals were observed interacting during foraging and 
displacement. The association of individuals of the two species can be explained by the low quality 
of the forest fragment, as it can increases the chances of obtaining food resources and configures a 
dilution strategy against predator attacks.
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Assim como ocorre com os primatas amazônicos, as associações mistas entre espécies na Mata 
Atlântica também são influenciadas por fatores ecológicos. No entanto, os primatas da Mata 
Atlântica podem enfrentar desafios adicionais, como pressões de isolamento e fragmentação de 
habitats florestais, que podem aumentar a frequência desses arranjos. O objetivo deste trabalho 
é apresentar um relato de simpatia com possível interação entre indivíduos de duas espécies de 
primatas das famílias Pitheciidae e Callitrichidae: Callicebus nigrifrons (Spix 1823) e Callithrix 
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aurita (É. Geoffroy Saint-Hilaire 1812) em um parque urbano no sul do estado de Minas Gerais. 
Foram observados indivíduos interagindo durante o forrageio e deslocamento. A associação de 
indivíduos das duas espécies pode ser explicada devido à baixa qualidade do fragmento florestal, 
pois pode aumentar as chances de obter recursos alimentares e configura uma estratégia de diluição 
de contra-ataques de predadores.
Palavras-chave: Primatas neotropicais; Tropas de espécies mistas; Mata Atlântica; Callitrichidae. 
Pitheciidae.

Introduction

Considered a global biodiversity hotspot, the 
Brazilian Atlantic Forest has only 28% of its origi-
nal coverage, in a highly fragmented landscape, 
due to the impacts from agriculture expansion and 
urbanization.(1-2) Specialists and forest-dependent 
primates(3) are among the species most affected by 
the forest fragmentation and habitat transformation 
in the biome,(4) representing one of the most threat-
ened groups in the Atlantic Forest.(5)

The primates’ species occurring in the Atlan-
tic Forest remnants are isolated and their popula-
tions exhibit behaviors related to this pressure.(6-7) 
Territorial patterns can change when primate spe-
cies are confined to small forest fragments, and the 
dynamic to dispute and share resources is strongly 
impacted.(8) In this context, the formation of mixed-
species groups increases the chances of obtaining 
food resources and provides a dilution effect against 
predators’ attack.(9-10) The interspecific associations 
can also increase the susceptibility to infection and 
disease transmission.(11)

Interspecific interactions have already been 
reported among Amazonian primates,(12-14) with 
study approaches linked to ecological processes 
and the cost-benefit of these arrangements.(13,15-17,36)

Mixed primate’s associations have been less or un-
common reported in the Atlantic Forest, and few 
studies discussed biogeographic aspects of this 
type of interaction.(18)

Two Brazilian primate endemic species, the 
black-fronted titi monkey Callicebus nigrifrons 
(Spix 1823) and the buffy-tufted-ear marmoset Cal-
lithrix aurita (É. Geoffroy Saint-Hilaire 1812) are 
recognized as part of mammalian regional commu-
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nity, being C. aurita endemic of the Atlantic For-
est.(19) The buffy-tufted-ear marmoset is classified
as endangered locally and globally(20-21) and black-
fronted titi monkey diverge its classification locally 
at least concern and globally as near threatened;
both have decreasing populations in Brazil.(20,22)

The two species occur in sympatry at the 
most different conservation conditions from parks 
and protected areas to secondary forest fragments 
and nearby urbanized areas.(23-24) Here, we report a 
sympatry and possible interspecific association be-
tween individuals of C. nigrifrons and C. aurita in 
Parque das Águas de São Lourenço, Minas Gerais 
State, Brazil.

Material and Methods

The Parque das Águas (22° 06' 61" S and 
45° 03' 03" W) is located in the urban area of the 
municipality of São Lourenço (Figure 1) in the Rio 
Verde River basin. It is a tourist site made up of ap-
proximately nine mineral water springs that were 
formerly used for commercialization. Currently, 
this park has 43 hectares of land open to the public 
for visitation and leisure, with the remaining veg-
etation occupying 18 hectares and is characterized 
as an Atlantic Forest biome with secondary growth 
of dense Ombrophylous Forest.

The mixed-troop consisted of three indi-
viduals of C. nigrifrons and two individuals of C. 
aurita (Figure 2). The group cannot be registered 
in photo all together, due to their rapid movement. 
The record of the interaction was made in Septem-
ber 15 2015, between 13:00h and 14:00h. We used 
the ad libitum method(25) to describe the behaviors 
and interactions.
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139
Semina: Ciências Biológicas e da Saúde, Londrina, v. 44, n. 2, p. 137-144, jul./dez. 2023

Interspecific association between two primate species in an urban park

Results and discussion

We observed a stratification mechanism dur-
ing foraging. Callicebus nigrifrons was observed 
foraging from medium stratum to the ground, 
while Callithrix aurita was foraging from medi-
um stratum to the canopy. Although they moved 
together, these species may use different types of 
locomotion patterns, substrates and heights, sug-
gesting a form of spatial segregation.(26) The group 

made up of individuals of these two species for-
aged together for a period of one hour, in the edge 
of the forest. A mechanism of shared defense was 
also registered, in which the individual of C. au-
rita emitted an alarm call to park visitors that was 
arriving. There was no record of agonistic inter-
actions between individuals of the two species 
during the follow-up, and the shortest distance 
between species was recorded during the joint
movements.

Figure 1 - Localization of municipality of São Lourenço, Minas Gerais State, Brazil, with the range
                  distribution of Callithrix aurita and Callicebus nigrifrons.

Source: the authors.

Photo record of specimens in posture, face profile, and full body from buffy-tufted-ear 
marmoset (left) and black-fronted titi monkey (right).

Figure 2 -
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In addition to this vertical stratification in 
the form of foraging, these species exhibit slight-
ly different feeding strategies,(27-29) which makes 
overlapping home ranges possible. In this way, a 
low competitiveness for resources between spe-
cies can be observed, which fits with the absence 
of agonistic interactions between the species re-
corded here. On the other hand, both species are 
“confined” in a reduced space, which could restrict 
resources and promote competition, especially in 
an environment with strong levels of anthropiza-
tion. Although, the socialization in primates is 
an efficient way to overcome the pressure of the
environment.(30)

Mixed associations can be considered ad-
aptations to achieve an optimal balance between 
protection from predators and better feeding effi-
ciency.(31) For callitrichids, the proportion between 
the body mass of species in association explains 
the establishment of mixed groups.(32) Similar body 

weights dictate a similar feeding ecology, with a lot 
of competition to allow stable associations.(13)

Both species occur naturally in higher den-
sities, which explains the association.(33-34) How-
ever, mixed associations in primates require a 
high energy cost, as a large group depletes food 
resources faster, requiring more travelling.(10) This 
is supported by the increased rate of spatial move-
ment between partner species in a mixed primate
association.(35)

The associations between primates are ex-
plained by the cost-benefit of living in groups and 
dilution effect. These associations seem to occur in 
ecosystems with a wide variety of habitats, rarely 
being found in primary forests.(37) In addition, the 
attributes of the landscape such as the habitat con-
nectivity and isolation can determine the strate-
gies of the local assemblies. It is notable that the 
isolation condition of the Parque das Águas is the 
main pressure between these species to increase

Continuation

Source: the authors (photos by Marcelo Okamura Arasaki).
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long-term persistence. This is the mechanism pos-
sibly linked to the formation of the primates mixed 
associations.

 
Acknowledgements

This study was financed in part by the Co-
ordenação de Aperfeiçoamento de Pessoal de Ní-
vel Superior - Brasil (CAPES) - Finance Code 001. 
This study was financed in part by Belmont Forum 
and BiodivERsA, under the BiodivScen ERA-Net 
COFUND programme, French National Research 
Agency (ANR), Fundação de Amparo à Pesquisa 
do Estado de São Paulo (FAPESP), National Sci-
ence Foundation (NSF), the Research Council of 
Norway and the German Federal Ministry of Edu-
cation and Research (BMBF).

country and region. Folia Primatol. 1997;68(3-
5):134-60. doi: 10.1159/000157243.

6. Costa MD, Fernandes FAB, Hilário RR, Gon-
çalves AV, Souza JM. Densidade, tamanho po-
pulacional e conservação de primatas em frag-
mento de Mata Atlântica no sul do Estado de 
Minas Gerais, Brasil. Iheringia Ser Zool. 2012; 
102(1):5-10. doi: 10.1590/S0073-4721201200 
0100001.

7. Carvalho WD, Xavier BS, Esbérard CEL. Pri-
matas do Parque Estadual da Serra do Papa-
gaio e RPPNs adjacentes, estado de Minas Ge-
rais. Neotrop Primates. 2015;22(1):25-31. doi: 
10.1896/emdby130.

8. Silva LGM, Ribeiro C, Hasui E, Costa CA, 
Cunha RGT. Patch size, functional isolation, 
visibility and matrix permeability influences 
neotropical primate occurrence within highly 
fragmented landscapes. PLoS ONE. 2015;10(2): 
e0114025. doi: 10.1371/journal.pone.0114025.

9. Majolo B, Bortoli Vizioli A, Schino G. Costs 
and benefits of group living in primates: group 
size effects on behaviour and demography. An-
im Behav. 2008;76(4):1235-47. doi: 10.1016/j.
anbehav.2008.06.008.

10. Cords M, Würsig B. A mix of species: asso-
ciations of heterospecifics among primates and 
dolphins. In: Yamagiwa J, Karczmarski L, edi-
tors. Primates and cetaceans. Tokyo: Springer; 
2014. p. 409-31.

11. Sacchetto L, Silva NIO, Rezende IM, Arruda 
MS, Costa TA, Mello ÉM, Oliveira GFG, et al. 
Neighbor danger: yellow fever virus epizoot-
ics in urban and urban-rural transition areas of 
Minas Gerais state, during 2017-2018 yellow 
fever outbreaks in Brazil. PLoS Negl Trop Dis. 
2020;14(10):e0008658. doi: 10.1371/journal.
pntd.0008658.

12. Buchanan-Smith HM, Hardie SM. Tamarin 
mixed-species groups: an evaluation of a com-
bined captive and field approach. Folia Prima-
tol. 1997;14;68(3-5):272-86. doi: 10.1159/000 
157253.

13. Heymann EW, Buchanan-Smith HM. The be-
havioural ecology of mixed-species troops of 

References

1. Myers N, Mittermeier RA, Mittermeier CG, 
Fonseca GAB, Kent J. Biodiversity hotspots for 
conservation priorities. Nature. 2000;403(6772): 
853-8. doi: 10.1038/35002501.

2. Rezende CL, Scarano FR, Assad ED, Joly CA, 
Metzger JP, Strassburg BBN, Tabarelli M, et 
al. From hotspot to hopespot: an opportunity 
for the Brazilian Atlantic Forest. Perspect Ecol 
Conserv. 2018;16(4):208-14. doi: 10.1016/j.
pecon.2018.10.002.

3. Arroyo-Rodríguez V, Mandujano S. Concep-
tualization and measurement of habitat frag-
mentation from the primates’ perspective. Int 
J Primatol. 2009;30(3):497-514. doi: 10.1007/
s10764-009-9355-0.

4. Flesher KM. The distribution, habitat use, and 
conservation status of three atlantic forest mon-
keys (Sapajus xanthosternos, Callicebus melan-
ochir, Callithrix sp.) in an Agroforestry/Forest 
Mosaic in southern Bahia, Brazil. Int J Primatol. 
2015;36(6):1172-97. doi: 10.1007/s10764-015-
9884-7.

5. Ryland AB, Mittermeier RA, Rodríguez-Luna E. 
Conservation of neotropical primates: threatened 
species and an analysis of primate diversity by 



Arasaki, M. O. et al.

142
Semina: Ciências Biológicas e da Saúde, Londrina, v. 44, n. 2, p. 137-144, jul./dez. 2023

callitrichine primates. Biol Rev Camb Philos 
Soc. 2000;75(2):169-90. doi: 10.1017/S00063 
23199005460.

14. Haugaasen T, Peres CA. Interspecific primate 
associations in Amazonian flooded and un-
flooded forests. Primates. 2009;50(3):239-51. 
doi: 10.1007/s10329-009-0135-4.

15. Podolsky RD. Effects of mixed-species asso-
ciation on resource use by Saimiri sciureus and 
Cebus apella. Am J Primatol. 1990;21(2):147-
58. doi: 10.1002/ajp.1350210207.

16. Heymann EW. Coordination in primate mixed-
species groups. In: Boos M, Kolbe M, Kappeler 
P, Ellwart T, editors. Coordination in human 
and primate groups. Berlin: Springer, 2011. p. 
263-81. doi: 10.1007/978-3-642-15355-6_15.

17. Buchanan-Smith HM, Griciute J, Daoudi S, 
Leonardi R, Whiten A. Interspecific interac-
tions and welfare implications in mixed spe-
cies communities of capuchin (Sapajus apella) 
and squirrel monkeys (Saimiri sciureus) over 
3 years. Appl Anim Behav Sci. 2013;147(3-4): 
324-33. doi: 10.1016/j.applanim.2013.04.004.

18. Lehman SM. Primate community structure in 
Guyana: a biogeographic analysis. Int J Prima-
tol. 2000;21(3):333-51. doi: 10.1023/A:10054 
54317333.

19. Goldani A, Carvalho GS, Bicca-Marques JC. 
Distribution patterns of Neotropical primates 
(Platyrrhini) based on Parsimony Analysis of 
Endemicity. Braz J Biology. 2006;66(1A):61-
74. doi: 10.1590/S1519-69842006000100009.

20. Instituto Chico Mendes de Conservação da 
Biodiversidade. Livro vermelho da fauna bra-
sileira ameaçada de extinção: volume II: ma-
míferos [Internet]. Brasília: ICMBio / MMA; 
2018 [citado 2023 set 28]. Disponível em: 
https://www.gov.br/icmbio/pt-br/centrais-de-
conteudo/publicacoes/publicacoes-diversas/
livro_vermelho_2018_vol2.pdf

21. Melo FR, Port-Carvalho M, Pereira DG, Ruiz-
Miranda CR, Ferraz DS, Bicca-Marques JC, et 
al. Callithrix aurita (amended version of 2020 
assessment). The IUCN Red List of Threatened 
Species [Internet]. 2021 [cited 2023 Sep 28]:e.

T3570A191700629. Available from: https://
dx.doi.org/10.2305/IUCN.UK.2021-1.RLTS.
T3570A191700629.en

22. Jerusalinsky L, Melo FR, Mittermeier RA, 
Quadros S, Rylands AB. 2020. Callicebus ni-
grifrons. The IUCN Red List of Threatened 
Species [Internet]. 2020 [cited 2023 Sep 28]:e.
T39943A17973667. Available from: https://
dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.
T39943A17973667.en

23. Oliveira VB, Linares AM, Castro-Corrêa GL, 
Chiarello AG. Inventory of medium and large-
sized mammals from Serra do Brigadeiro and 
Rio Preto State Parks, Minas Gerais, south-
eastern Brazil. Check List. 2013;9(5):912. doi: 
10.15560/9.5.912.

24. Costa ARC, Passamani M, Cunha RGT. Survey 
of medium-sized and large mammals in sem-
ideciduous Atlantic Forest patches near Alfe-
nas, southern Minas Gerais, Brazil. Check List. 
2019;15(1):209-18. doi: 10.15560/15.1.209.

25. Bateson M, Martin P. Measuring behaviour: an 
introductory guide. 4th ed. Cambridge: Cam-
bridge University Press; 2021.

26. Buchanan-Smith HM, Hardie SM, Caceres 
C, Prescott MJ. Distribuition and forest utili-
zation of Saguinus and other primates of the 
Pando Department, Northern Bolivia. Int J Pri-
matol. 2000;21(3):353-79. doi: 10.1023/A:100 
5483601403.

27. Nagy-Reis MB, Setz EZ. Foraging strategies 
of black-fronted titi monkeys (Callicebus nig-
rifrons) in relation to food availability in a sea-
sonal tropical forest. Primates. 2017;58:149-
58. doi: 10.1007/s10329-016-0556-9.

28. Caselli CB, Setz EZF. Feeding ecology and 
activity pattern of black-fronted titi monkeys 
(Callicebus nigrifrons) in a semideciduous trop-
ical forest of southern Brazil. Primates. 2011; 
52(4):351-9. doi: 10.1007/s10329-011-0266-2.

29. Martins MM, Setz EZ. Diet of buffy tufted-
eared marmosets (Callithrix aurita) in a forest 
fragment in southeastern Brazil. Int J Prima-
tol. 2000;21(3):467-76. doi: 10.1023/A:10054 
91903220.



143
Semina: Ciências Biológicas e da Saúde, Londrina, v. 44, n. 2, p. 137-144, jul./dez. 2023

Interspecific association between two primate species in an urban park

30. Bicca-Marques JC, Garber PA. Experimental 
field study of the relative costs and benefits to 
wild tamarins (Saguinus imperator and S. fus-
cicollis) of exploiting contestable food patch-
es as single- and mixed-species troops. Am J 
Primatol. 2003;60(4):139-53. doi: 10.1002/ajp. 
10101.

31. Fichtel C, Kappeler PM. Anti-predator behav-
ior of group-living Malagasy primates: mixed 
evidence for a referential alarm call system. 
Behav Ecol Sociobiol. 2002;51(3):262-75. doi: 
10.1007/s00265-001-0436-0.

32. Terborgh J. Mixed flocks and polyspecific as-
sociations: costs and benefits of mixed groups 
to birds and monkeys. Am J Primatol. 1990;21 
(2):87-100. doi: 10.1002/ajp.1350210203.

33. Buchanan-Smith H. Polyspecific association 
of two tamarin species, Saguinus labiatus and 
Saguinus fuscicollis, in Bolivia. Am J Prima-
tol. 1990;22(3):205-14. doi: 10.1002/ajp.1350 
220306.

34. Trevelin LC, Port-Carvalho M, Silveira M, 
Morell E. Abundance, habitat use and diet of 
Callicebus nigrifrons Spix (Primates, Pithecii-
dae) in Cantareira State Park, São Paulo, Bra-
zil. Rev Bras Zool. 2007;24(4):1071-7. doi: 
10.1590/S0101-81752007000400026.

35. Norris D, Rocha-Mendes F, Marques R, Al-
meida Nobre R, Galetti M. Density and spa-
tial distribution of buffy-tufted-ear marmosets 
(Callithrix aurita) in a continuous atlantic for-
est. Int J Primatol. 2011;32(4):811-29. doi: 
10.1007/s10764-011-9503-1.

36. Chapman CA, Chapman LJ. Interdemic vari-
ation in mixed-species association patterns: 
common diurnal primates of Kibale National 
Park, Uganda. Behav Ecol Sociobiol. 2000;47 
(3):129-39. doi: 10.1590/S0101-81752007000 
400026.

37. Auricchio P. Primatas do Brasil. São Paulo: 
Terra Brasilis; 1995.

Received on: Aug. 4, 2023
Accepted on: Sept. 29, 2023



144
Semina: Ciências Biológicas e da Saúde, Londrina, v. 44, n. 2, p. 137-144, jul./dez. 2023

Arasaki, M. O. et al.


