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INTRODUCAO PELA EDITORIA CONVIDADA DESSA EDICAO ESPECIAL XIX CONGRESSO
BRASILEIRO DE PRIMATOLOGIA (CBPR) SINOP DA NEOTROPICAL PRIMATES

Gustavo R. Canale', Laurence Culot? e Joao Pedro Souza-Alves®

!Universidade Federal de Mato Grosso (UFMG), Sinop, Mato Grosso, Brasil
2Laboratério de Primatologia, Departamento de Biodiversidade, Universidade Estadual Paulista, Rio Claro, Sdo Paulo, Brasil
3Centro de Estudos Superiores Z¢é Doca, Universidade Estadual do Maranhio, Zé Doca, Maranhio, Brasil

Ao longo deste volume especial da Neotropical Primates, publicamos um compilado de artigos cientificos provenientes
dos trabalhos apresentados no XIX Congresso Brasileiro de Primatologia, realizado em Sinop — MS, entre os dias 27 e
31 de agosto de 2022. Este congresso teve como tema central “Encontro de Diversidades” Esse tema foi proposto visando
promover um encontro, ou um reencontro, de amigos e amigas apds um longo tempo de isolamento social devido a uma
pandemia da Covid-19. Nosso congresso aconteceu em uma regido de rica sociobiodiversidade, onde se encontram o
Cerrado e a Amazonia, e onde povos originarios mantém estreita coexisténcia com os primatas nao-humanos, no maior
ecotono tropical do mundo, em Sinop, Mato Grosso. Os participantes puderam se encontrar com representantes de dois
povos originarios desta regido, os Ikpeng e os Kawaiweté, que fizeram palestras, posters e apresentaram sua cosmovisao
sobre a etnoprimatologia e ancestralidade da floresta.

Pela primeira vez, um congresso da Sociedade Brasileira de Primatologia foi realizado no Arco do Desmatamento da
Amazo0nia, e os participantes puderam observar macacos-aranha, zogues-zogues, micos, cuxius, e macacos-pregos, com
passeios e atividades promovidas durante todo o congresso. Entretanto, também sentiram o intenso incdbmodo da fumaca
dos incéndios florestais daquele ano. Em um movimento espontaneo, os participantes se mobilizaram, e protestaram em
frente ao Parque Natural Municipal de Sinop pela manutenc¢ao de Mato Grosso na protecao da Amazdnia Legal, e pela
melhor prevengio e combate aos incéndios florestais por parte das autoridades. E assim, o congresso deixou sua marca.
Fotos das atividades do congresso e pds-congresso podem ser encontradas ao final desta introducéo.

Ao longo de cinco dias foram realizadas cinco palestras magnas, seis mesas-redondas, 15 simpdsios, sete minicursos,
55 apresentagdes orais e 40 painéis. Os anais do congresso estdo disponiveis como material suplementar on-line. Além
disso, tivemos a participagdo de personalidades ligadas a organiza¢des governamentais e ndo governamentais, povos
originarios e terras indigenas, setor publico e privado, e toda a comunidade académica. Esse foi o primeiro evento
presencial apds a pandemia do Covid-19 e contou com a presenca de 180 pessoas de 24 estados do Brasil e outros paises
da América do Sul (Chile, Argentina, Peru, Colombia), América Central (El Salvador), América do Norte (México,
Estados Unidos) e Europa (Alemanha, Inglaterra).

Esse é o segundo volume da Neotropical Primates associado as apresentacdes dos Congressos Brasileiros de Primatologia.
Conta com a ilustre colaboragdo de 34 pesquisadoras e pesquisadores distribuidos em 9 artigos inéditos. Os artigos que
estdo publicados neste volume abordam temas ligados a ecologia, comportamento, biologia, distribuigdo geografica,
saude e divulgacéo cientifica.

Gostariamos de agradecer a todas e todos que colaboraram e atuaram como autores e revisores dos manuscritos
submetidos a essa edi¢do especial. Sem a atuagdo de cada uma e um de vocés, ndo seria possivel alcangar a exceléncia
de qualidade dos artigos aqui publicados. Portanto, somos imensamente gratos aos revisores (em ordem alfabética):
Anamélia de Souza Jesus, Anne-Sophie de Almeida e Silva, Anténio Robério Freire-Filho, Carla Soraia Soares de Castro,
Danilo S. Teixeira, Felipe S. Ennes, Fernanda de la Fuente, Irene Delval, Jessica W. Lynch, Julio Souza Jr., Leonardo C.
Oliveira, Marcela Oliveira, Renata G. Ferreira, Rodrigo C. Aratjo, Romari Martinez e Waldney P. Martins.

Adicionalmente, também somos gratos a Stephen Nash peloslindos desenhos dos primatas amazonicos que embelezaram
as salas do congresso, o site, as camisetas, e a capa da edi¢do especial. Agradecemos também a Anthony B. Rylands,
Russell A. Mittermeier e Ella Outlaw pelo financiamento de niimero especial pelas institui¢des Re:wild’s Primate Action
Fund e Margot Marsh Biodiversity Foundation. Por tltimo, mas nao menos importante, gostariamos de agradecer a
Jéssica Lynch, Editora-Chefe da Neotropical Primates, Paula Katharina Rylands, Editora de Layout e Fotografia, e Tiago
Falético, Assistente Editorial, pela dedicagdo e imensa paciéncia em editar, conferir e organizar essa edi¢do tao especial.
Sem vocés, nada teria sido possivel!
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INTRODUCTION BY THE GUEST EDITORS OF THIS XIX BRAZILIAN PRIMATOLOGY
CONGRESS (CBPR) SINOP: SPECIAL ISSUE OF NEOTROPICAL PRIMATES

In this special volume of Neotropical Primates, we have published a compilation of scientific articles stemming from the
work presented at the XIX Brazilian Congress of Primatology, held in Sinop, Mato Grosso, Brazil, between August 27
and 31, 2022. “Encounter of Diversities” was the central theme of this congress. This theme was proposed to promote a
meeting, and a reunion, of friends and collaborators after a long period of social isolation due to the Covid-19 pandemic.

Our congress took place in a region of rich social and biological diversity, where the Cerrado and the Amazon meet,
and where indigenous peoples maintain close coexistence with non-human primates, in the largest tropical ecotone
in the world, in Sinop, Mato Grosso. Participants were able to meet with representatives of two indigenous peoples
from this region, the Ikpeng and the Kawaiweté, who gave lectures, presented posters, and shared their worldview on
ethnoprimatology and the ancestry of the forest.

For the first time, a congress of the Brazilian Primatological Society was held in the Arc of Deforestation in Amazonia,
and participants were able to observe spider monkeys, howler monkeys, Amazonian marmosets, bearded sakis and
robust capuchin monkeys, with tours and activities promoted throughout the congress. However, they also experienced
the intense discomfort of the smoke from the surrounding forest fires. As a spontaneous political movement, the
participants mobilized and protested in front of the Sinop Municipal Nature Park to demand Mato Grosso’s continued
commitment to protecting the Legal Amazon and better prevention and control of forest fires by the authorities. And
thus, the congress left its mark. Photos of the congress and post-congress activities can be found at the end of this
introduction.

Five keynote lectures, six roundtables, 15 symposia, seven mini-courses, 55 oral presentations, and 40 poster
presentations were held over the course of five days. The proceedings from the congress are available as supplementary
material on-line. In addition, we were honored with the participation of individuals from governmental and non-
governmental organizations, indigenous peoples and territories, the public and private sectors, and the entire academic
community. This was the first in-person event to be held after the Covid-19 pandemic, and it was attended by 180 people
from 24 states of Brazil and other countries in South America (Chile, Argentina, Peru, Colombia), Central America (EI
Salvador), North America (Mexico, United States), and Europe (Germany, England).

This is the second volume of Neotropical Primates associated with the presentations of Brazilian Primatology Congresses.
It features the distinguished collaboration of 34 researchers and scholars distributed across 9 original articles. The articles
published in this volume address topics related to ecology, behavior, biology, geographical distribution, health, captive
care, and science communication.

We would like to thank everyone who collaborated and acted as authors and reviewers for the manuscripts submitted
to this special edition. Without the contribution of each and every one of you, it would not have been possible to
achieve the excellent quality of the articles published here. Therefore, we are immensely grateful to the reviewers (in
alphabetical order): Anamélia de Souza Jesus, Anne-Sophie de Almeida e Silva, Antonio Robério Freire-Filho, Carla
Soraia Soares de Castro, Danilo S. Teixeira, Felipe S. Ennes, Fernanda de la Fuente, Irene Delval, Jessica W. Lynch,
Julio Souza Jr., Leonardo C. Oliveira, Marcela Oliveira, Renata G. Ferreira, Rodrigo C. Aratjo, Romari Martinez, and
Waldney P. Martins.

We are also grateful to Stephen Nash for the beautiful drawings of Amazonian primates that adorned the congress
rooms, the website, the t-shirts, and the special issue’s cover. We also thank Anthony B. Rylands, Russell A. Mittermeier,
and Ella Outlaw for funding this special issue through Re:wild’s Primate Action Fund and the Margot Marsh Biodiversity
Foundation. Last but not least, we would like to thank Jessica Lynch, Editor-in-Chief of Neotropical Primates, Paula
Katharina Rylands, Layout and Photography Editor, and Tiago Falético, Editorial Assistant, for their dedication and
tremendous patience in editing, reviewing, and organizing this very special issue. Without you, none of this would have
been possible!
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Diretoria organizadora do CBPr 2022 (esq. a dir.): Christine
Steiner Sao Bernardo, Gustavo Canale, Gabriela Rezende,
Laurence Culot, Zelinda Maria Braga Hirano, Victor Yunes
Guimaraes.
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Representantes das comunidades Ikpeng e Kawaiweté na abertura
do congresso. Quatro primeiros assentos (esq a dir.): primeira
fila, Maiua Txicdo e Gustavo Canale; segunda fila, Yakuna
Korotowi Taffarel Ikpeng e Kuyatapu Ikpeng.

Catarina Ferraz de Camargo Cibim, ganhadora do Prémio
Liza Veiga de Conservagdo de Primatas Neotropicais—Melhor
apresentagdo oral na categoria Graduagdo, junto com Russell
Mittermeier e Anthony Rylands.
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XIX Congresso Brasilgiro de Primatologia

Auditério Dante de Oliveira, sede do Congresso em UFMG, Sinop, MG.

Palestras ao ar livre no PNMF Sinop.
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Participantes do congresso de primatologia durante um passeio
de primate watching organizado durante o congresso no Parque
Natural Municipal Florestal de Sinop.

Ateles marginatus, macaco-aranha-da-cara-branca, coata ou
toprugo6 (Carib-Ikpeng), fotografado durante passeios organizados
pela SBPr no Parque Natural Municipal Florestal de Sinop. Foto
de Jessica Lynch.

Plecturocebus grovesi, na base comunitdria na Gleba Mercedes -
perto de Sinop. Foto de Jessica Lynch. Mico schneideri. Foto de Russell A. Mittermeier.
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Participantes do congresso em passeio organizado pela SBPr no Parque Natural Municipal Florestal de Sinop.
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Joao Pedro Souza—Alves com alunos do seu mini-curso com as alunas Catarina Cibim, Beatriz Robbi, Julia Diniz, e o aluno Felipe
Pacheco durante o minicurso "Botanica para Primatélogos".
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Malu Messias, palestrante do simposio de Cebidae Amazonicos.
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Gustavo Canale, Alcides Pissinatti, Talita Pissinatti, e Zelinda Hirano.

Homenagem a Alcides Pissinatti. Desenhos de Pithecia pissinatti, feito por Stephen Nash.
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Os impactos sobre a biodiversidade da regido de Sinop, como
de grandes usinas hidrelétricas, puderam ser observados pelos
congressistas.

A

Jornalista Duda Menegassi durante passeio pos-congresso

conversando com Armando Schlindwein. Este projeto de turismo

de base comunitdria para avistamento de Zogue-zogue-de-Mato )

Grosso foi mencionado em reportagem premiada pela AAAS Os passeios pos-congresso foram um estimulo ao turismo de

Kavli Science Journalism Awards - Science Reporting - Small base comunitdria na Gleba Mercedes em Sinop, na foto (esq.
Outlet. a dir.): Jessica Lynch, Tays Izidoro, Elaine Concei¢do, Zelinda

Hirano, Aline Naissa, Dilmar Santos, Gustavo Canale, Anthony
Rylands e Russ Mittermeier.
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O congresso foi realizado na Universidade Federal de Mato Grosso no campus de Sinop e foi enfeitado com belas faixas e banners com
desenhos de Stephen Nash. Uma briga de macaco-pregélogos para ganhar o banner de Sapajus (Waldney Martins, Tiago Faldtico,
Beatriz Felicio, Renata Ferreira e outros primatélogos).

Lo o ! o i cinbury s S AR R
Muitos membros do Primate Specialist Group SSC/IUCN estiveram presentes no congresso (esq. a dir.): Jessica Lynch, Sam Shanee,

Leonardo Oliveira, Anthony B. Rylands, Martin Kowalewski, Melissa Rodriguez, Fabiano de Melo, Fanny Cornejo, Russ Mittermeier,
Leandro Jerusalinsky, Cecilia Kielrulff, Gabriela Rezende e Andres Link.
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Participantes do congresso vivenciaram na teoria e na pratica em Sinop pesquisa, conservagdo e ativismo. Em frente ao Parque
Natural Municipal de Sinop, onde parte das atividades do congresso aconteceram, participantes protestaram contra incéndios
florestais criminosos e contra a retirada de Mato Grosso da Amazonia Legal.
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ARTICLES

DOI: https://doi.org/10.62015/np.2024.v30.589

LONG-TERM DATA ON REPRODUCTION, SEASONALITY AND LONGEVITY OF A CAPTIVE
POPULATION OF BLACK LION TAMARINS (LEONTOPITHECUS CHRYSOPYGUS) FOR EX SITU
CONSERVATION

Caué Monticelli'?, Amanda Alves de Moraes®, Mara Cristina Marques®

'"Wildlife Coordination, Secretariat for the Environment, Infrastructure and Logistics (CFS/Semil). Av. Prof. Frederico
Hermann Jr. 345, Sao Paulo, Sdo Paulo state, Brazil

?Post-Graduate Program in Wildlife Conservation, Federal University of Sdo Carlos, Rodovia Lauri Simées de Barros, km
12, Buri, Sdo Paulo, Sdo Paulo state, Brazil

3Sdo Paulo Zoo, Avenida Miguel Estéfano, 4241, Agua Funda, CEP 04301-002, Sdo Paulo, Sdo Paulo state, Brazil

Abstract

This study compiles historical population data on the black lion tamarin population kept in captivity at the Sdo Paulo
Zoological Park Foundation (FPZSP), Brazil, from the first entry record in 1986 until December 2020. It presents data
on sexual maturity, gestation, fecundity, births, sex ratio and life span for 141 animals kept during this time period. The
first registered birth occurred in 1987 and since then another 98 live births have occurred, making this institution an
international reference for black lion tamarin species management. Management techniques have continued to improve,
focusing on life expectancy of the captive population, demographic growth, maintenance of genetic variability, and the
ex situ conservation of this endangered species. Historical analyses show a unimodal pattern of birth seasonality in this
captive population, with an average of two offspring per pregnancy and a survival rate of 1.4 offspring per pregnancy.
Although the overall average was one pregnancy per year, 31% of breeding females had more than one annually. Mean
age at sexual maturity for females was 39 months with a minimum of 25 months, while males matured at a mean of
68 months with a minimum of 38 months. The oldest reproducing female was 13.5 years old, and the oldest male was
13.1. The longest-living individuals were a 21.8-year-old female and a 19.5-year-old male. Of the 133 animals born,
69.9% survived their first month of life. Among these, the sex ratio was 0.633 males to 0.367 females. This compilation
of information on the reproductive biology of captive black lion tamarins contributes toward integrated conservation
actions for this endangered primate.

Keywords: birth seasonality, Callitrichidae, gestation, maturity, Platyrrhini
Resumo

Este estudo compila dados populacionais historicos da popula¢iao de mico-ledo-preto mantida sob cuidados humanos
na Fundagdo Parque Zooldgico de Sao Paulo (FPZSP), Brasil, desde o primeiro registro de entrada em 1986 até dezem-
bro de 2020. Apresenta dados sobre maturidade sexual, gestagdo, fecundidade, nascimento, razdo sexual e longevidade
para os 141 animais mantidos durante esse periodo. O primeiro nascimento registrado ocorreu em 1987 e, desde en-
tao, foram 98 animais nascidos vivos, tornando a instituigdo referéncia internacional no manejo da espécie. Ao longo
do tempo, as técnicas de manejo foram aprimoradas visando o crescimento demografico, manutenc¢io da diversidade
genética e conservagdo ex situ desta espécie ameacada de extingdo. A analise historica demonstrou sazonalidade nos
nascimentos com padrdo unimodal e média de dois filhotes por gestacao, com uma taxa de sobrevivéncia de 1,4 filhotes
por gestagdo. Apesar da média global de uma gestacao por ano, 31% das fémeas reprodutoras registraram mais de uma
gestagdo por ano. A maturidade sexual média foi de 39 meses para as fémeas, com um minimo de 25 meses, enquanto
os machos atingiram a maturidade em média aos 68 meses, com um minimo de 38 meses. A fémea reprodutora mais
velha tinha 13,5 anos de idade e 0 macho mais velho 13,1. Os individuos mais lonjevos foram uma fémea de 21,8 anos
e um macho de 19,5 anos. Dos 133 animais nascidos, 69,9% sobreviveram ao primeiro més de vida e a propor¢ao foi de
0,633 machos para 0,367 fémeas. Este compilado de informagdes sobre a biologia reprodutiva de micos-ledes-pretos sob
cuidados humanos visa contribuir com as a¢des de conservagio integrada desta espécie ameagada de extingio.

Palavras-chave: Callitrichidae, gestacdo, maturidade, Platyrrhini, sazonalidade de nascimento
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Introduction

The black lion tamarin (Leontopithecus chrysopygus) is
a platyrrhine primate endemic to the Atlantic Forest of
the interior of the state of Sdo Paulo, Brazil, and is cur-
rently categorized as Endangered by the International
Union for Conservation of Nature (IUCN) (Rezende et
al., 2020). The species is threatened mainly due to habitat
loss and fragmentation (Passos et al., 2018). The popula-
tion in the wild is estimated to be around 1,600 individu-
als distributed among 15 localities, with only one of these
populations predicted to be viable for the medium to
long-term (Rezende et al., 2020).

This species was considered to be extinct in the wild for
65 years and was only rediscovered in 1970 (Coimbra-
Filho, 1976). After its rediscovery, seven individuals were
captured in 1973 at the Morro do Diabo State Park in Sdo
Paulo and taken to begin the first breeding colony main-
tained at the Banco Bioldgico of Tijuca, an institution
currently known as the Rio de Janeiro Primatology Cen-
ter (CPRJ). At CPRJ, the captive population grew slowly,
from the seven animals captured in 1973 to a population
of 26 in 1984 (Wormell, 2020). In 1985, eight groups of
the species were captured in the Morro do Diabo region
due to the imminent flooding of 3,000 ha for the con-
struction of a hydroelectric power plant. These animals
were sent to different sites, including the Sdo Paulo Zoo-
logical Park Foundation (FPZSP) that received, in 1986,
their first individuals of the species: six males and eight
females.

With a captive population increase through successful
breeding, individuals of the species were distributed to
zoos around the world according to studbook keeper
recommendations, reaching the maximum population
size in 1999, when there were 112 captive animals in 11
institutions on record. However, as years went by, repro-
ductive success declined, mainly due to the low number
of founders in the captive population and due to the use
of contraceptive implants in some of the institutions
(Wormell and Price, 2001). Since then, the global popu-
lation has declined considerably, with the most recent
official census (April 2023) reporting only 84 captive
animals in eight institutions (Wormell, 2023).

Studies conducted with the species in the wild generated
information on ecology (e.g. Keuroghlian and Passos,
2001; Rylands, et al., 2002; Garbino et al., 2020; Kaisin
et al., 2023), genetics (e.g. Perez-Sweeney et al., 2005;
Caldano, 2014), taxonomy (e.g. Garbino et al., 2016),
conservation (e.g. Culot et al., 2015; Rezende et al., 2020)
and population management (e.g. Rezende, 2014). Cap-
tive populations, on the other hand, have led to studies in
the areas of ethology (e.g. Feistner and Price, 2000; Mon-
ticelli and Morais, 2015; Oliveira, 2016; Santana, 2020),
physiology (Bertoli et al., 2019), microbiology (e.g. Fa-
toretto et al., 2022), and genetics (e.g. Ayala-Burbano et

al., 2017, 2020). Ex situ breeding programs have been
identified as critical components for lion tamarin (Leon-
topithecus spp.) conservation actions (Seal et al., 1991)
and several studies have addressed important aspects of
reproductive biology of tamarins in captivity (French et
al., 1996; Wormell and Price, 2001; McCoy et al., 2019).
These studies have compiled information from two of the
three largest species populations throughout their ex situ
maintenance history, with data from 19 years of manage-
ment at CPR]J (French et al., 1996) and 10 years at the
Jersey Zoo (Wormell & Price, 2001).

The data presented here compiles information on the
35-year history of the black lion tamarin population at
FPZSP, with a focus on their reproductive biology. These
are important records of the current largest ex situ popu-
lation of the species and will contribute to guiding inte-
grated management and conservation of this endangered
primate.

Methods

We compiled and analyzed the information contained
in the biological data sheets of each individual kept in
captivity at the FPZSP. We analyzed the following infor-
mation: reproductive performance (pregnancy per year),
age at first and last reproduction, origin of the animals,
number of pregnancies, size and sex ratio of litters, in-
terval between pregnancies, percentage of premature/
stillborn infants, rejection of infants by mother, life span,
and other related information. Sexual maturity was only
considered for animals with known birth age and pair-
ing, as it was evaluated by the reproductive outcome. A
Mann-Whitney non-parametric test was used to evaluate
birth seasonality.

Results

Population and sexual maturity

Through December 2020, the FPZSP had kept 141 black
lion tamarins, of which 86 were males and 55 females.
With the inclusion of the 35 premature/stillborn speci-
mens, this number reached 176 individuals that have
been integrated into the data analysis. The species first
reproduced at this institution in 1987; the parents were
wild individuals that were incorporated into the captive
population in 1986. Of the 141 animals, 98 were born
at the Foundation, 21 entered with the aim of genetic
management based on the studbook’s recommendations,
and 22 were saved by environmental agencies due to an-
thropic impacts such as hunting and capture for illegal
captivity.

The animals left the institution through various means:
80 individuals died, 28 left through genetic manage-
ment practices between institutions with the aim of
forming new unrelated pairs, and 33 were still alive in
December 2020. Of the 35 premature/dead offspring
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of undetermined sex, 14 were stillborn and 21 were
premature.

Only 19 of the 55 females kept in captivity produced off-
spring. Among the seven reproductive females of known
age, the youngest to reproduce gave birth at 25 months
(mean 39 months; n = 7). The male that reproduced
the earliest became a father at 38 months old (mean 68
months; n =9).

Gestation, litter size and life span

Of the 141 animals, only 20 males and 19 females repro-
duced, representing 27.6% (n =39) of the population,
considering only individuals that survived beyond one
month of age. Throughout this period, the 19 breeding
females were responsible for 66 pregnancies that included
live, premature and stillborn offspring. These pregnan-
cies resulted in the birth of 133 offspring. Overall, once
live offspring survived one month of life, the parenting
success rate was 100% (n = 93) (Table 1).

Of the 19 females that reproduced, most had one preg-
nancy per year, but six of these females (31%) completed
two pregnancies within a year on at least one occasion
during their reproductive life. Of these six females, four
showed biannual (i.e. two pregnancies per year) gestation
on only one occasion and two displayed repeated bian-
nual gestation in three different years. In addition, one
of these females stood out with three pregnancies in the
same year (March 2018: three well-formed fetuses abort-
ed, August 2018: two healthy newborns, and December
2018: one healthy newborn).

For females with more than one pregnancy per year,
the interval between parturitions ranged from four to
10 months. The most prolific female had eight pregnan-
cies over 44 months (an average of one gestation every
5.5 months) that culminated in the births of 18 total
offspring. Another female had eight pregnancies over a
period of 52 months (an average of one gestation every
6.5 months) which culminated in the birth of 17 total off-
spring. The oldest individuals to produce live and healthy
offspring were a female aged 13 years and 5 months and a
male aged 13 years and 11 months.

The most common litter size was two infants, followed
by pregnancies of one and three infants (Table 2).

Of the animals that were born and died at the FPZSP
during the reported period, the longest-living female was
21 years and 8 months, and the longest-living male was
19 years and 5 months.

Birth seasonality and sex ratio

Births occurred in all months and seasons of the year,
except July, a period characterized by lower temperature
and humidity. However, September and October were
the peak months for parturitions under captive condi-
tions (Figure 1). Seasonality was significant (U = 3.5; p
= 0.02; N = 66) with births more common during the
spring/summer period (September-February). Among
the 98 sexed animals born, the ratio was 0.633 males to
0.367 females.

Table 1. Premature and stillbirths, rejections, and infant survival at FPZSP, Sdo Paulo, Brazil, as compared to data from Jersey Zoo
(Wormell and Price, 2021). *These two rejected offspring were from the same mother during two different litters of three infants.

PGl NP of premature/stillbirths

Ne of live-born

Ne of non-rejected

infants dying at <1 Ne of infants

Born (M. E ?) infants rejected month surviving to >1 month
Wormell and 57 (18.19.20) 18 (31.6%) 0 (0%) 6 (15.4 %) 32 (56.1%)
Price, 2001
This study 133 (62.36.35) 35 (26.3%) *2 (1.5%) 3 (2.2%) 93 (69.9%)

Table 2. Comparison of black lion tamarins’ litter sizes over 35 years of maintenance at FPZSP, Sao Paulo, Brazil to other studies of
black lion tamarins by the Jersey Zoo (Wormell and and Price, 2001) and WAZA (McCoy, 2019).

Frequency of each litter size

Mean litter size

Nelof breeding Total litters 1 2 B) At birth S
females >1 month
Wormell and 3 31 6 (19.4%) 24 (77 .4%) 1(3.2%) 1.84 1.03
Price, 2001
McCoy, 2019 - 275 94 (34.2%) 158 (57.45%) 23 (8.35%) - -
This study 19 66 19 (28.7%) 39 (59%) 8 (12.1%) 2 1.4
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Figure 1. Seasonal distribution of black lion tamarin births kept at FPZSP over 35 years of maintenance at FPZSP, Sao Paulo, Brazil,
compared to birth seasonality at CPR]J in Rio de Janeiro, Brazil, and Jersey Zoo in the British Isles.

Discussion

Historical data shows that this captive black lion tamarin
population exhibits a unimodal birth seasonality, with
an average of two offspring per pregnancy and a survival
rate of 1.4 offspring per pregnancy. While the average
is one pregnancy per year, 31% of females had multiple
pregnancies annually. On average females reached sexual
maturity at 39 months, and males at 68 months. The old-
est reproducing female was 13.5 years, and the oldest
male was 13.1 years. The longest-lived individuals were
21.8 years (female) and 19.5 years (male). Of 133 births,
69.9% survived the first month, with a sex ratio of 0.633
males to 0.367 females.

The female that reproduced earliest in FPZSP was 25
months old and the male was 38 months old. This age
is higher than that reported in other studies on Leon-
topithecus regarding the onset of reproduction in both
captivity and the wild.. In order to interpret these data,
it is important to note that in captivity, the minimum age
for reproduction may be directly related to management
decisions and not necessarily to biological aspects. The
onset of reproduction among Callitrichidae species is
variable and highly controlled by their social environ-
ment (Dettling and Pryce, 1999). In captivity, Callithrix
jacchus can breed as young as 13 months of age (Jaquish
et al., 1991), whereas for lion tamarin species reports
are as early as 18 months (Sussman and Kinzey, 1984;
Baker et al., 2002). In the wild, the onset of sexual activ-
ity for black lion tamarins has also been reported from
18 months of age (Valladares-Padua, 1993). In addition,
studies indicate that the sexual maturity of females of
the genus Leontopithecus usually occurs within a fam-
ily group (Dettling and Pryce, 1999; De Vleeschouwer
et al., 2001). However, a study of L. rosalia in the wild
reported a greater occurrence of reproductive activity in

young and subordinate females residing in groups with
at least one unrelated male compared to females resid-
ing in groups with only related individuals. Reproductive
activity was also found in young and subordinate females
of groups where there was a change in the social status
of the dominant female (French et al., 2003). These stud-
ies suggest that the social structure of the group and the
presence of unrelated individuals affect the reproduction
of subordinate females. However, considering the re-
stricted environment of captivity and the aggressiveness
typically exhibited toward new unrelated individuals by
cohesive family groups, maintaining such an individual
safely would be difficult. Given the complexity of this so-
cial and reproductive context, Callitrichidae populations
kept in captivity under conservation breeding programs
must be rigorously studied in order to obtain the best
management strategies.

Of the 141 studied animals, only 27.6% (n =39) repro-
duced, ranging from one to three pregnancies per year. In
the wild, Leontopithecus species typically exhibit one ges-
tation per year (French et al., 2002). Despite the modal
pattern of one pregnancy per year per female, French et
al. (1996) reported that 19.7% of Leontopithecus females
kept in captivity had more than one pregnancy per year
on at least one occasion throughout their reproductive
life. For wild golden lion tamarins, only 14.9% of breed-
ing females had more than one reproduction per year
(Kleiman et al., 1982; Dietz et al., 1994) whereas there is
only one reported occurrence of biannual gestation for
wild black lion tamarins (Caldano, 2014). The fact that
31% of breeding females kept at the FPZSP have more
than one gestation per year may be related to the constant
supply of higher energy food. Indeed, food availability is
an important determinant of annual reproductive cycles
as shown in other Callitrichidae species (Goldizen et al.,
1988). Tardif et al. (2002) observed the higher levels of
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reproduction of Callithrix jacchus in captivity were re-
lated to excessive energy reserves due to an adapted diet,
which affected the mothers’ ovulation dynamics. In ex
situ conservation programs for endangered species, di-
etary variation throughout the year can be a valuable tool
for stimulating reproduction, as demographic growth is
essential for establishing an insurance population.

In wild populations of the genus Leontopithecus, average
fecundity of two offspring per litter has been reported
(Moro-Rios et al., 2009). However, litters of three can ex-
ist even if they tend to be uncommon in the wild (Digby
et al.,, 2011). The litter sizes found in this study indicate
a higher proportion of litters with three offspring at
the FPZSP when compared to the Jersey Zoo and wild
populations. This could be associated with a potentially
higher energy intake from the diet offered at the FPZSP
(Goldizen et al., 1988; Tardif et al., 2002). In this context,
we would expect the FPZSP population to have a lower
proportion of litters with only one offspring for the same
reasons related to the idea of excess energy. However, the
difference in the recorded values could also possibly be
related to other factors, such as the origin of the breed-
ing animals for each litter. McCoy et al. (2019) reported
that offspring of different Callitrichidae species, when
originating from single litters, produced more offspring
in captive populations than offspring originating from
litters with multiples.

Maximum life expectancy of the black lion tamarin in
the natural environment is still unknown (Passos et al.,
2018). However, with the limited captive information we
have, the maximum life expectancy at the Rio de Janeiro
Primatology Center is 17.11 years, compared to 31.7
years for a golden lion tamarin kept at the Houston Zoo,
and 21 years for a golden-headed lion tamarin kept at the
Palmyre Zoo (Weigl, 2005). The 21.8-year-old female at
FPZSP represents the oldest captive individual of the spe-
cies recorded to date, compatible with the observed max-
imum age for the congener golden-headed lion tamarin.

Life expectancy of animals in the wild and in captivity
may be affected by different factors. In natural environ-
ments, age-related vulnerability may increase the chance
of predation or limit access to resources. Under human
care, these factors are better regulated, with consistent
food resources, yet animals are not free from infectious
diseases or stresses potentially generated by captivity
(Ricklefs and Scheuerlein, 2001). Studies on the causes
of death in the Leontopithecus genus can provide valuable
insights into how to maintain healthy, sustainable popu-
lations in ex situ environments, as well as to understand
the connection between reproductive history and life
expectancy. Ricklefs and Cadena (2007) examined the
link between life expectancy and reproductive invest-
ment in several callitrichid species in captivity, including
L. rosalia. Their findings revealed no negative correlation

between fecundity and age at death, a relationship often
assumed for natural populations with limited resources.

In the FPZSP, births occurred in all months except July.
Births showed a unimodal distribution across the year
with a peak in September to October. The peak of births
in the FPZSP corresponds to the beginning of a period
of increased rainfall and temperatures in Sao Paulo state,
which is also observed in other Atlantic Forest regions
of southeastern Brazil, matching the timing of the repro-
ductive peak of other Leontopithecus species in the wild
(Dietz et al., 1994).

A marked reproductive seasonality has been reported
for captive Leontopithecus chrysopygus, with births dis-
tributed bimodally, with a primary peak in October and
a secondary peak in January to February (French et al.,
1996). When under the same management conditions, L.
chrysomelas and L. rosalia showed a unimodal pattern,
with peak births in September and October, respectively
(French et al., 1996). This similarity in the reproductive
timing of captive and wild populations of Leontopithecus
has been related to environmental factors, such as pho-
toperiod, temperature, and rainfall (Dietz et al., 1994,
French et al. 1996). This argument may be linked to
the changes in birth timing observed in Wormell and
Price’s (2001) study, as well as differences noted between
L. rosalia populations in the northern and southern
hemispheres (Kleiman et al., 1982). Since the black lion
tamarin population at FPZSP is housed outdoors in vary-
ing climatic conditions, it is believed that environmental
factors significantly influence the observed seasonality.

At FPZSP, the sex ratio for black lion tamarins exhibited
the highest birth bias found to date for Callitrichidae spe-
cies, with more males being born, corroborating the find-
ings of French et al. (1996) during the initial population
analyses of black lion tamarins born in captivity. Dispar-
ity in the birth sex ratio is not a new finding for mammals
(Faust and Thompson, 2000; Thogerson et al., 2013) and
has already been reported for other Callitrichidae spe-
cies: Oedipomidas oedipus (Snowdon et al., 1985; Baker
and Woods, 1992; Price and McGrew, 1990; Johnson et
al., 1991; Boulton and Fletcher, 2015); Tamarinus impera-
tor (Baker and Woods, 1992); Callithrix jacchus (Poole
and Evans, 1982; Box and Hubrecht, 1987; Rothe et al.,
1992); Leontopithecus rosalia (Rapaport et al., 2013) and
Cebuella pygmaea (Ziegler et al., 1990). This male-biased
birth ratio observed at FPZSP may reflect an evolution-
ary tendency in this species toward a non-equal sex ratio,
differing from other small platyrrhines which have ratios
of up to 0.5, as is the case for some species in the genus
Callithrix (McCoy et al., 2019).

The disparity in the sex ratio of the ex situ population
of black lion tamarins hypothetically may be related
to the presence of inbreeding. In an analysis of the
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international studbook (Wormell, 2020) it is possible to
notice that despite a slight trend toward male births since
the beginning of the captive population, the disparity in
the sex ratio at birth increased from 2010 to the present.
Simultaneously, there has been a gradual increase in the
average inbreeding coefficient and a decrease in genetic
diversity. Consequently, the unequal male-biased sex
ratio may be a consequence, or an aggravation, of the
rise in the inbreeding coefficient and loss of genetic di-
versity. However, in the evaluation of two prolific couples
kept at the FPZSP, we found two distinct situations. A
pair that included a female born in the wild (WB) and a
male born in captivity (CB, son of WB) was responsible
for nine pregnancies and 19 offspring with a sex ratio of
0.474 males to 0.526 females, close to an equal distribu-
tion of 0.5. The second pair included a WB male with a
CB female (of WB lineage) with no history of inbred re-
production; for this pair eight pregnancies occurred that
gave rise to 17 offspring at a ratio of 0.765 males to 0.235
females. This WB male came from the Morro do Diabo
State Park, where we infer that individuals have greater
genetic diversity due to a population size estimated at
1,200 individuals (Paranhos, 2006). This is the largest
known species population and is considered to be the
only viable long-term population due to demographic
and genetic factors (Holst et al., 2006).

Another approach worth discussing is that of Silk and
Brown (2008), who argued that social and environmen-
tal dynamics can influence the reproductive decisions
of primates. They suggested that the sex ratio may serve
as an adaptive response to these conditions. In contexts
where resources are abundant, it may be more advanta-
geous to have males, as they can compete for females and
contribute to reproduction. Conversely, in environments
where competition for resources is intense, it may be
more beneficial for females to have daughters, who can
gain from maternal support and social networks. Given
that ex situ resources are plentiful and do not require
competition, the observed sex allocation, which is biased
towards males, is consistent with this hypothesis.

Regardless, in captive populations, the disparity in sex
ratio can hinder ex situ conservation actions by reducing
the possibilities of forming new pairs and, consequently,
slowing demographic increase and the maintenance of
genetic variability in the population. Generally, breed-
ing pairs are kept together as long as there is success in
generating new individuals. Sometimes, this is the only
viable strategy. However, it can lead to a greater genetic
representativeness of only a small portion of the avail-
able animals due to the smaller effective population size.
This factor associated with the existence of animals that
do not initiate reproductive activities, something also
observed in the black lion tamarin population of Jersey
Zoo (Wormell and Price, 2001), leads to the stagnation
or even decrease in population over years. In the case of
the FPZSP, the effective size of the historical population

was 28.3% and by December 2020, it was only 12.1%. A
strategy to obtain greater reproductive success is related
to the development of assisted reproduction techniques
from the collection of semen of non-breeding males, es-
pecially potential founders. Actions of this type are still
scarce and are based on previous studies with the golden-
headed lion tamarin (Leontopithecus chrysomelas) (Ara-
raki, 2017, 2019).

The endangered black lion tamarin has few animals and
institutions included in ex situ conservation programs,
and since there are few actively reproducing pairs, the
constant updating of population information is of para-
mount importance for the optimization of ex situ mainte-
nance protocols with a focus on integrated conservation
of the species.

Conclusions

Our long-term data on birth seasonality, as well as on age
at sexual maturity, can help institutions in the elabora-
tion of ex situ management strategies for Leontopithecus
chrysopygus, especially regarding the best timing to sepa-
rate individuals born in a given family group and how
to approach new pairings with a focus on reproduction.
Similarly, the evidence found in this study for viable
reproduction in older individuals can assist in decision
making for pairing recommendations with a focus on
reproduction and increasing ex situ populations.

We observed a significant sex skew towards males in
the proportion of Leontopithecus chrysopygus births. We
believe that, similar to other Callitrichidae species, this
male-biased sex ratio at birth may be related to sex al-
location strategies rather than being a consequence of an
increased inbreeding coefficient or a loss of genetic di-
versity in the ex situ population. This could be a potential
focus for future studies aimed at understanding the sex
allocation dynamics of the species.

Acknowledgements

The authors would like to thank the Sdo Paulo Zoological
Park Foundation (FPZSP) and all the collaborators that
have directly or indirectly worked to maintain the black
lion tamarins at the FPZSP over these 35 years of species
management.

References

Arakaki, P. R. 2017. Evaluation of two extenders for cr-
yopreservation of semen from golden-headed lion
tamarin (Leontopithecus chrysomelas). Doctoral the-
sis, Faculdade de Medicina Veterinaria e Zootecnia,
Universidade de Sdo Paulo, Sdo Paulo. https://doi.or-
g/10.11606/T.10.2018.tde-16042018-111007

Arakaki, P. R, Salgado, P. A. B., Losano, J. D. A,, Blank,
M. H.,, Nichi, M. and Pereira, R. J. G. 2019. Assessment



https://doi.org/10.11606/T.10.2018.tde-16042018-111007
https://doi.org/10.11606/T.10.2018.tde-16042018-111007

18

Neotropical Primates 30(1), July 2024

of different sperm functional tests in golden headed
lion tamarins (Leontopithecus chrysomelas). Am. J. Pri-
matol. 81(8): 1-9. https://doi.org/10.1002/ajp.23034

Ayala-Burbano, P. A., Caldano, L., Junior, P. M. G., Pis-
sinatti, A., Marques, M. C., Wormell, D. and Freitas, P.
D. 2017. Genetic assessment for the endangered black
lion tamarin Leontopithecus chrysopygus (Mikan,
1823), Callitrichidae, Primates. Am. J. Primatol. 79
(12): 1-13. https://doi.org/10.1002/ajp.22719

Ayala-Burbano. P. A., Galetti Junior, P. M., Wormell, D.,
Pissinatti, A., Marques, M. C. and Freitas, P. D. 2020.
Studbook and molecular analyses for the endangered
black-lion-tamarin; an integrative approach for as-
sessing genetic diverstity and driving management in
captivity. Sci. Rep. 10: 67-81. https://doi.org/10.1038/
$41598-020-63542-2

Baker, A.J. and Woods, E 1992. Reproduction of the em-
peror tamarin (Saguinus imperator) in captivity, with
comparisons to cotton-top and golden lion tamarins.
Am. ]. Primatol. 26: 1-10. https://doi.org/10.1002/
ajp.1350260104

Baker, A. ], Bales, K. and Dietz, J. M. 2002. Mating sys-
tem and group dynamics in lion tamarins. In: Lion Ta-
marins: Biology and Conservation, D. G. Kleiman and
A. Rylands (eds.) pp.188-212. Smithsonian Institution
Press.

Bertoli, P, Culot, L., Palme, R. and Mendonca-Furtado,
0. 2019. Measuring fecal glucocorticoid metabolites of
an endangered Neotropical primate: technical details of
a physiological validation. Bol. Soc. Bras. Mastozool. 80:
1-6.

Boulton, R. A. and Fletcher, A. W. 2015. Do mothers pre-
fer helpers or smaller litters? Birth sex ratio and litter
size adjustment in cotton-top tamarins (Saguinus oedi-
pus). Ecol. Evol. 5(3): 598-606. https://doi.org/10.1002/
ece3.1396

Box, H. O. and Hubrecht, R. C. 1987. Long-term data
on the reproduction and maintenance of a colony
of common marmosets (Callithrix jacchus jacchus)
1972-1983. Lab. Anim. 21: 249-260. https://doi.
org/10.1258/002367787781268747

Caldano, L. T. P. 2014. Censo populacional e avaliagdo
da variabilidade genética das populacdes de mico-
-ledo-preto (Leontopithecus chrysopygus Mikan, 1823)
na Floresta Nacional de Capio Bonito - SP. Masters
dissertation, Universidade Federal de Sao Carlos, Sao
Carlos, Séo Paulo.

Coimbra-Filho, A. E 1976. Os saguis do género Leon-
topithecus Lesson, 1840 — (Calithrichidae, Primates).
Masters dissertation, Universidade Federal do Rio de
Janeiro, Rio de Janeiro.

Crockford, S. 2003. Social relationships and reproductive
success in female primates. In: Social Relationships and
Reproductive Success in Primates, P. M. Kappeler and M.
E. Pereira (eds.), pp.73-88. Cambridge University Press.
https://doi.org/10.1017/CB0O9780511753317.006

Culot, L., Griese, J., Knogge, C., Tonini, M., dos Santos,
M. M., Estevam, C. G., Lopes, B. P., Cunha, B. M. da,

Silva, A. B., Prado, B. H. S. do, Garcia, E. de O., Fonse-
ca, R. C. B. and Port-Carvalho, M. 2015. New records,
reconfirmed sites and proposals for the conservation of
black lion tamarin (Leontopithecus chrysopygus) in the
middle and upper Paranapanema. Neotrop. Primates
22(1): 32-39. https://doi.org/10.62015/np.2015.v22.150

Dettling, A. and Pryce, C. R. 1999. Hormonal monitoring
of age at sexual maturation in female Goeldi’s Monkeys
(Callimico goeldii) in their family groups. Am. J. Prima-
tol. 48: 77-83.

Dietz, J. M., Baker, A. J. and Miglioretti, D. 1994. Sea-
sonal variation in reproduction, juvenile growth, and
adult body mass in golden lion tamarins (Leontopi-
thecus rosalia). Am. J. Primatol. 34: 115-132. https://
doi:10.1002/ajp.1350340204.

Digby, L. J., Ferrari, S. F. and Saltzman, W. 2011. The role
of competition in cooperatively breeding species. In:
Primates in Perspective, C. ]. Campbell, A. Fuentes, K.
C. MacKinnon, S. Bearder and R. Stumpf (eds.), pp.85-
106). New York: Oxford University Press. https://doi.
org/10.1093/acprof:0s0/9780199739322.001.0001

Fatoretto, B. T., Gonzalez, I. H. L., Lima, C. E D. M,,
Monticelli, C. and Ramos, P. L. 2022. A comparison of
rectal and oral cultivable microbiota in wild and cap-
tive black lion tamarins (Leontopithecus chrysopygus,
Mikan 1823). Am ] Primatol. 84: 4-5: €23370. https://
doi.org/10.1002/ajp.23370

Faust, L. J. and Thompson, S. D. 2000. Birth sex ratio in
captive mammals: Patterns, biases, and the implica-
tions for management and conservation. Zoo Biology
19(1): 11- 5.

Feistner, A. T. C. and Price, E. C. 2000. Food sharing in
black lion tamarins (Leontopithecus chrysopygus). Am.
J. Primatol. 52: 47-54.

French, J. A., Pissinati, A. and Coimbra-Filho, A. E. 1996.
Reproduction in captive Lion tamarins (Leontopithe-
cus): Seasonality, infant survival and sex ratios. Am. J.
Primatol. 39: 17-33.

French, J. A., de Vleeschouwer, K., Bales, K. and Heis-
termann, M. 2002. Lion tamarin reproductive biolo-
gy. In: Lion Tamarins: Biology and Conservation, D. G.
Kleiman and A. B. Rylands (eds.), pp.475. Smithsonian
Institution Press.

French, J. A., Bales, K. L., Baker, A. J. and Dietz, J. M.
2003. Endocrine monitoring of wild dominant and
subordinate female Leontopithecus rosalia. Int. ]. Pri-
matol. 24(6): 1281-1300. https://doi.org/10.1023/B:1-
JOP.0000005993.44897 .ae

Garbino, G. S. T., Da Silva, L. H., Amaral, R. G., Rezende,
G. C,, Pereira, V. J. A. and Culot, L. 2020. Predation of
treefrogs (Anura: Hylidae) with toxic skin secretions
by the black lion tamarin (Leontopithecus chrysopy-
gus, Callitrichinae). Primates 61: 567-572. https://doi.
org/10.1007/s10329-020-00818-1

Garbino, G. S. T., Rezende, G. C. and Valladares-Padua,
C. 2016. Pelage Variation and Distribution of the Black
Lion Tamarin, Leontopithecus chrysopygus. Fol. Prima-
tol. 87(4): 244-261. https://doi.org/10.1159/000450998



https://doi.org/10.1002/ajp.23034
https://doi.org/10.1002/ajp.22719
https://doi.org/10.1038/s41598-020-63542-2
https://doi.org/10.1038/s41598-020-63542-2
https://doi.org/10.1002/ajp.1350260104
https://doi.org/10.1002/ajp.1350260104
https://doi.org/10.1002/ece3.1396
https://doi.org/10.1002/ece3.1396
https://doi.org/10.1258/002367787781268747
https://doi.org/10.1258/002367787781268747
https://doi.org/10.1017/CBO9780511753317.006
https://doi.org/10.62015/np.2015.v22.150
https://doi.org/10.1093/acprof:oso/9780199739322.001.0001
https://doi.org/10.1093/acprof:oso/9780199739322.001.0001
https://doi.org/10.1002/ajp.23370
https://doi.org/10.1002/ajp.23370
https://doi.org/10.1023/B:IJOP.0000005993.44897.ae
https://doi.org/10.1023/B:IJOP.0000005993.44897.ae
https://doi.org/10.1007/s10329-020-00818-1
https://doi.org/10.1007/s10329-020-00818-1
https://doi.org/10.1159/000450998

Neotropical Primates 30(1), July 2024

19

Goldizen, A. W,, Terborgh, J., Cornejo, F. Porras, D. T.
and Evans, R. 1988. Seasonal food shortage, weight
loss, and the timing of births in saddle-back tamarins
(Saguinus fuscicollis). ]. Anim. Ecol. 57: 893-901. https://
doi.org/10.2307/5099

Hamilton, W. D. 1967. Extraordinary sex ratios.
Science  156:  477-488.  https://doi.org/10.1126/
science.156.3774.477

Holst, B., Médici, E. P, Marino-Filho, O. J., Kleiman, D.,
Leus, K., Pissinatti, A., Vivekananda, G., Ballou, J. D.,
Traylor-Holzer, K., Raboy, B., Passos, E, Vleeschouwer,
K. and Montenegro, M. M. 2006. Lion Tamarin Popu-
lation and Habitat Viability Assessment Workshop, final
report. IUCN/SSX Conservation Breeding Specialist
Group.

Jaquish, C. E., Gage, T. B. and Tardif, S. D. 1991. Repro-
ductive factors affecting survivorship in captive Calli-
trichidae. Am. J. Phys. Anthropol. 84: 291-305. https://
doi.org/10.1002/ajpa.1330840306.

Johnson, L. D., Petto, A. J. and Sehgal, P. K. 1991. Factors
in the rejection and survival of captive cotton top ta-
marins (Saguinus oedipus). Am. J. Primatol. 25: 91-102.
https://doi.org/10.1002/ajp.1350250203

Kaisin, O., Bufalo, E, Amaral, R., Palme, R., Poncin, P,
Brotcorne, E and Culot, L. 2023. Linking glucocorti-
coid variations to monthly and daily behavior in a wild
endangered neotropical primate. Am. J. Primatol. 85.
€23503. https://doi.org/10.1002/ajp.23503

Keuroghlian, A. and Passos, E. C. 2001. Prey foraging
behavior, seasonality and time-budgets in black Lion
tamarins, Leontopithecus chrysopygus (Mikan 1823)
(Mammalia, Callitrichidae). Braz. J. Biol. 61 (3): 455-
59. https://doi.org/10.1590/S1519-69842001000300015

Kleiman, D. G., Ballou, J. D. and Evans, R. E 1982. An
analysis of recent reproductive trends in captive golden
lion tamarins Leontopithecusr. rosaliawith comments on
their future demographic management. Int. Zoo Yearb.
22: 94-101. https://doi.org/10.1111/].1748-1090.1982.
tb02014.x

McCoy, D. E,, Frye, B. M., Kotler, J., Burkart, J. M., Burns,
M., Embury, A, Eyre, S., Galbusera, P.,, Hooper, J., Idoe,
A., Goya, A. L., Mickelberg, J., Quesada, M. P, Steven-
son, M., Sullivan, S., Warneke, M., Wojciechowski, S.,
Wormell, D., Haig, D. and Tardif, S. D. 2019. A compa-
rative study of litter size and sex composition in a large
dataset of callitrichine monkeys. Am. J. Primatol. 81(9):
1-15. https://doi.org/10.1002/ajp.23038

Monticelli, C. and Morais, L. H. 2015. Monitoramento de
parto de mico-ledo-preto (Leontopithecus chrysopygus)
em cativeiro. Congresso da Sociedade de Zooldgicos do
Brasil. Foz do Iguagu.

Moro-Rios, R. F, Nascimento, A. T. A., Silva-Pereira, J.
E., Ludwig, G., Velastin, G. O. and Passos, F. C. 2009.
Plano de conserva¢io para mico-ledo-da-cara-preta
(Leontopithecus caissara). In: Planos de Conservagio
para as Espécies de Mamiferos Ameagados, G. P. Vido-
lin, M. G. P. Tossulino and M. M. Brito (eds.), p. 316.
IAP/Projeto Parand Biodiversidade.

Oliveira, M. O. 2016. Etograma de mico-ledo-preto
(Leontopithecus chrysopygus) em cativeiro, com énfase
no comportamento reprodutivo. Master’s thesis, Uni-
versidade Federal de Sao Carlos, Sdo Carlos, Sdo Paulo.

Paranhos, K. M. 2006. Estimativas populacionais para
espécies raras: o mico-ledo-preto Leontopithecus chry-
sopygus (Mikan, 1823) como modelo. Master’s thesis,
Universidade Federal do Parana, Curitiba, Parana.

Passos, F. C., Ludwig, G., Knogge, C. and Oliveira, L. C.
2018. Leontopithecus chrysopygus. In: Livro Vermelho
da Fauna Brasileira Ameagada de Extingdo. Volume II:
Mamiferos, ICMBio/MMA (eds.) Instituto Chico Men-
des para Conservagdo da Biodiversidade, Ministério
Meio Ambiente, Brasilia.

Perez-Sweeney, B., Valladares-Padua, C., Burrell, A,
Di Fiore, A., Satkoski, J., Groot, P. J. V. C., Boag, P. T
and Melnick, D. J. 2005. Dinucleotide microsatelli-
te primers designed for a critically endangered pri-
mate, the black lion tamarin (Leontopithecus chry-
sopygus). Mol. Ecol. Notes 5: 198-201. https://doi.
org/10.1111/j.1471-8286.2005.00858.x

Poole, T. B. and Evans, R. G. 1982. Reproduction, in-
fant survival and productivity of a colony of common
marmosets (Callithrix jacchus jacchus). Lab. Anim. 16:
88-97. https://doi.org/10.1258/002367782780908760

Price, E. C. and McGrew, W. C. 1990. Cotton-top ta-
marins (Saguinus o. oedipus) in a semi-naturalistic
captive colony. Am. J. Primatol. 20: 1-12. https://doi.
org/10.1002/ajp.1350200102

Rapaport, L. G., Kloc, B., Warneke, M., Mickelberg, J. L.
and Ballou, J. D. 2013. Do mothers prefer helpers? Bir-
th sex-ratio adjustment in captive callitrichines. Anim.
Behav. 85(6): 1295-1302. https://doi.org/10.1016/].
anbehav.2013.03.018.

Rezende, G. C. 2014. Mico-ledo-preto: A Historia de Su-
cesso na Conservacdo de uma Espécie Ameacada. Edi-
tora Matrix, Sao Paulo, SP.

Rezende, G., Knogge, C., Passos, E, Ludwig, G., Oli-
veira, L. C., Jerusalinsky, L. and Mittermeier, R.
A. 2020. Leontopithecus chrysopygus. The IUCN Red
List of Threatened Species 2020:e.T11505A17935400.
https://dx.doi.org/10.2305/TUCN.UK.2020-2.RLTS.
T11505A17935400.en. Downloaded on 05 October
2020.

Rezende, G., Sobral, T. S. and Culot, L. 2020. Integra-
ting climate and landscape models to prioritize areas
and conservation strategies for an endangered arboreal
primate. Am. ]. Primatol. 82pp. €23202. https://doi.
org/10.1002/ajp.23202

Ricklefs, R. E. and Scheuerlein, A. 2001. Comparison of
aging-related mortality among birds and mammals.
Exp. Gerontol. 36: 845-857. https://doi.org/10.1016/
S0531-5565(00)00245-X

Ricklefs, R. E. and Cadena, C. D. 2007. Lifespan is unre-
lated to investment in reproduction in populations of
mammals and birds in captivity. Ecol. 10: 867-875. ht-
tps://doi.org/10.1111/j.1461-0248.2007.01085.x



https://doi.org/10.2307/5099
https://doi.org/10.2307/5099
https://doi.org/10.1126/science.156.3774.477
https://doi.org/10.1126/science.156.3774.477
https://doi.org/10.1002/ajpa.1330840306
https://doi.org/10.1002/ajpa.1330840306
https://doi.org/10.1002/ajp.1350250203
https://doi.org/10.1002/ajp.23503
https://doi.org/10.1590/S1519-69842001000300015
https://doi.org/10.1111/j.1748-1090.1982.tb02014.x
https://doi.org/10.1111/j.1748-1090.1982.tb02014.x
https://doi.org/10.1002/ajp.23038
https://doi.org/10.1111/j.1471-8286.2005.00858.x
https://doi.org/10.1111/j.1471-8286.2005.00858.x
https://doi.org/10.1258/002367782780908760
https://doi.org/10.1002/ajp.1350200102
https://doi.org/10.1002/ajp.1350200102
https://doi.org/10.1016/j.anbehav.2013.03.018
https://doi.org/10.1016/j.anbehav.2013.03.018
https://dx.doi.org/10.2305/IUCN.UK.2020-2.RLTS.T11505A17935400.en
https://dx.doi.org/10.2305/IUCN.UK.2020-2.RLTS.T11505A17935400.en
https://doi.org/10.1002/ajp.23202
https://doi.org/10.1002/ajp.23202
https://doi.org/10.1016/S0531-5565(00)00245-X
https://doi.org/10.1016/S0531-5565(00)00245-X
https://doi.org/10.1111/j.1461-0248.2007.01085.x
https://doi.org/10.1111/j.1461-0248.2007.01085.x

20

Neotropical Primates 30(1), July 2024

Rothe, H., Darms, K. and Koenig, A. 1992. Sex ratio and
mortality in a laboratory colony of the common mar-
moset (Callithrix jacchus). Lab. Anim. 26(2): 88-99. ht-
tps://doi.org/10.1258/002367792780745922.

Rylands, A. B., Kierulff, M. C. and Pinto, L. P. 2002. Dis-
tribution and status of lion tamarins. In: Lion Tama-
rins: Biology and Conservation, D. G. Kleiman and A.
B. Rylands (eds.), pp.42-70. Smithsonian Institution
Scholarly Press.

Santana, B. C. 2020. Avaliagiao do enriquecimento ali-
mentar com itens naturais como ferramenta para con-
servagao do mico-ledo-preto (Leontopithecus chrysopy-
gus (Mikan, 1823). Master’s dissertation, Universidade
Federal de Sao Carlos, Sdo Carlos, Sao Paulo.

Seal, U. S., Ballou, J. D. and Padua, C.V. 1991. Leontopithe-
cus population viability analysis workshop report. IUCN
Captive Breeding Specialist Group. Minneapolis, EUA.

Silk, J. B. 1984. Local resource competition and the evolu-
tion of male biased sex ratios. J. Theor. Biol. 108(2): 203—
213. https://doi.org/10.1016/50022-5193(84)80066-1

Silk, J. B. and Brown, G. R. 2008. Local resource compe-
tition and local resource enhancement shape primate
birth sex ratios. Proc. Royal Soc. B. 275(1644): 1761-
1765. https://doi.org/10.1098/rspb.2008.0340.

Snowdon, C. T., Savage, A., and McConnell, P. B. 1985. A
breeding colony of cotton-top tamarins (Saguinus oedi-
pus). Lab. Anim. Sci. 35: 477-480.

Sussman, R. W. and Kinzey, W. G. 1984. The ecolo-
gical role of the Callitrichidae: a review. Am. J. Phys.
Anthropol. 64(4): 419-449. https://doi.org/10.1002/
ajpa.1330640407

Tardif, S. D., Layne, D. G. and Smucny, D. A. 2002. Can
marmoset mothers count to three? Effect of litter size
on mother-infant interactions. Ethology 108(9): 825-
836. https://doi.org/10.1046/j.1439-0310.2002.00815.x.

Tardif, S. D., Smucny, D. A., Abbott, D. H., Mansfield, K.,
Schultz Darken, N. and Yamamoto, M. E. 2003. Repro-
duction in captive common marmosets (Callithrix jac-
chus). Comp. Med. 53(4): 364-368.

Tardif, S. D. and Bales, K. L. 2004. Relations among bir-
th condition, maternal condition, and postnatal grow-
th in captive common marmoset monkeys (Callithrix
jacchus). Am. ]. Primatol. 62(2): 83-94. https://doi.
org/10.1002/ajp.20009

Thogerson, C. M., Brady, C. M., Howard, R. D., Mason,
G. J., Pajor, E. A,, Vicino, G. A. and Garner, J. P. 2013.
Winning the genetic lottery: Biasing birth sex ratio re-
sults in more grandchildren. PLoS One 8(7): e67867.
https://doi.org/10.1371/journal.pone.0067867

Valladares-Padua, C. B. 1993. The Ecology, Behavior and
Conservation of the Black Lion Tamarin. Doctoral dis-
sertation, University of Florida. Gainesville, Florida.

De Vleeschouwer, K., Elsacker, L. V. and Leus, K. 2001.
Multiple breeding females in captive groups of gol-
den-headed lion tamarins (Leontopithecus chrysome-
las): Causes and Consequences. Folia Primatol. 72:
1-10. https://doi.org/10.1159/000049913

Weigl, R. 2005. Longevity of Mammals in Captivity: From
the Living Collections of the World. Schweizerbart’sche,
Stuttgart, Germany.

Wormell, D. 2023. International Studbook for the Black
Lion Tamarin, Leontopithecus chrysopygus. Durre-
11 Wildlife Conservation Trust, World Association of
Zoos and Aquariums, Barcelona, Spain.

Wormell, D. and Price, E. 2001. Reproduction and mana-
gement of black lion tamarins Leontopithecus chrysopy-
gus at Jersey Zoo. Dodo 37: 34-40.



https://doi.org/10.1258/002367792780745922
https://doi.org/10.1258/002367792780745922
https://doi.org/10.1016/S0022-5193(84)80066-1
https://doi.org/10.1098/rspb.2008.0340
https://doi.org/10.1002/ajpa.1330640407
https://doi.org/10.1002/ajpa.1330640407
https://doi.org/10.1046/j.1439-0310.2002.00815.x
https://doi.org/10.1002/ajp.20009
https://doi.org/10.1002/ajp.20009
https://doi.org/10.1371/journal.pone.0067867
https://doi.org/10.1159/000049913

Neotropical Primates 30(1), July 2024 21

DOI: https://doi.org/10.62015/np.2024.v30.833

CEBUS UNICOLOR (SPIX, 1823) (CEBIDAE, PRIMATES), A VULNERABLE SPECIES IN AN
ANTHROPIZED IGAPO FOREST, ACUTUBA, CENTRAL AMAZONIA, BRAZIL

Alessandro Rocha'?, Adrian A. Barnett", Wilson R. Spironello’*

! Grupo de Pesquisa de Mamiferos Amazénicos, Instituto Nacional de Pesquisas da Amazénia (INPA), Manaus, Amazonas state,
Brazil. Email: <alessandrorocha.eco@gmail.com>

2 Universidade Estadual de Santa Cruz (UESC), Laboratério de Ecologia Aplicada e Conservagio (LEAC), Ilhéus, Babia state,
Brazil

3 School of Life Health Sciences, Roehampton University, London, UK

* Instituto Nacional da Mata Atlintica (INMA), Santa Teresa, Espirito Santo, Brazil

Abstract

Cebus unicolor (Spix’s white-fronted capuchin, popularly called Cairara in Brazil) has a Central Amazonian distribution,
and is classified as Vulnerable by the IUCN. Here we present a study of C. unicolor in flooded forest (igapé) in Agutuba,
municipality of Iranduba, Amazonas, Brazil. The species persists in anthropized igapé (coexisting with hunting and
timber extraction), present during both flooded and low-water periods. Over 16 months, we conducted a primate census
by river transect (136 km) by canoe during flooding and by land transect (68 km) during the low-water period. We
recorded eight groups of C. unicolor (5.8 + 2.3 ind), with an average sighting rate of 9.6 ind/km?. The main global threat
to the species is hunting. In this study, interviews confirmed that primates are hunted by the local community, but that
C. unicolor was not among those species hunted. Habitat loss, fragmentation, and fire are the greatest regional threats,
driven by logging and unplanned/uncontrolled human occupation. To mitigate these effects, educational measures are
needed on the importance of primates and the conservation of flooded forests, as well as generation of employment and
income through observation and contemplation tourism.

Keywords: Cebidae, conservation, ecology, ecotourism, flooded forest
Resumo

Cebus unicolor (Cairara) é um primata com distribuigdo na Amazdnica Central, e classificado como Vulneravel pela
IUCN e desconhecido. Apresentamos um estudo pontual de C. unicolor em floresta inundada (igapd), em Agutuba,
municipio de Iranduba, Amazonas, Brasil. A espécie ainda persiste em uma darea de igap6 antropizado (com ¢aca e
extra¢do de madeira), ocupando-o nos periodos de cheia e vazante dos rios. Durante 16 meses, realizamos o censo
de primatas, por transecto fluvial (136 km) de canoa no periodo de cheia e por transecto terrestre (68 km) durante
a vazante. Registramos oito grupos de C. unicolor (5,8 + 2,3 ind), com taxa média de avistamento de 9,6 ind/km?. A
principal ameaga global a espécie é a caca. Neste estudo, as entrevistas confirmaram que primatas sdo cagados pela
comunidade local, entretanto, C. unicolor ndo estava entre as espécies cacadas. A perda de habitat, a fragmentagio e o
fogo sdo as maiores ameagas regionais, impulsionadas pela exploragio madeireira e ocupag¢do humana desordenada.
Para mitigar tais efeitos, sdo necessarias medidas educativas sobre a importancia dos primatas e da conservagdo das
florestas alagadas, além de geragdo de renda através do turismo de observagédo e contemplagio.

Palavras-chave: Cebidae, conservagio, ecologia, ecoturismo, florestas alagadas

Introduction

The genus Cebus (Erxleben, 1777), of the family Cebidae,
includes species that occur in Central America, the Andes
and the Amazon. Across Amazonia, seven species are
found: Cebus albifrons (Humboldt, 1812), C. castaneus (I
Geoflroy, 1851), C. cuscinus (Thomas, 1901), C. kaapori
(Queiroz, 1992), C. olivaceus (I Geoffroy, 1851), C.
unicolor (Spix, 1823), and C. yuracus (Hershkovitz, 1949)
with distributions described in Spironello and colleagues
(2023). Some publications (e.g., Barnett et al., 2002, 2011,

2023; Ginani et al., 2021) consider the white-fronted
capuchin monkey that inhabits the Negro-Solimdes
interfluve to be Cebus albifrons (Humboldt, 1812; Defler
and Hernandez-Camacho, 2002). However, based on
genetic analyses Boubli et al. (2012) propose that Cebus
unicolor (Spix, 1823) should be used for the Cebus
populations present in this region. We follow Boubli et
al. (2012, 2021) in the current study.

Cebus unicolor weighs up to about 3.1 kg and has a head-
body length of 37 cm and a tail length of 45 cm (dos
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Reis et al., 2015). It is native to the Amazon Basin and
is found in Brazil, Colombia, and Venezuela (Spironello
etal., 2023). The species is classified as Vulnerable by the
IUCN, with population decline principally due to hunting
(Boubli et al., 2021); habitat loss and forest fragmentation
are also threats. Like other species of the genus Cebus,
it occupies a wide variety of habitat types throughout
its extensive range, including dry forest, flooded forest
(igap6 and vdrzea), and savanna (Defler, 1985). There are
no population data for the species, but considering other
species of the same genus, they are quite variable, with
reported group sizes ranging from 5 to 35 individuals,
home ranges from 120 to 534 ha, and densities from 2.8
to 35.0 ind/km* (Defler, 1979, 1982; Terborgh, 1983;
Iwanaga, 2004; Matthews, 2009; Jack and Campos, 2012).
The genus Cebus is omnivorous, with a wide variety of
diet items reported: fruits, arthropods (including larvae)
and vertebrates (frogs, lizards and small mammals),
leaves, seeds and eggs (insects, birds and turtles) (Defler,
1979; Terborgh, 1983; Defler and Hernandez-Camacho,
2002; Gentil et al., 2021; Barnett et al., 2023); it is also
considered an important seed disperser (Whencke and
Dominguez, 2007).

As there are few studies of Cebus unicolor, the present
study aims to provide information, albeit limited, on the
natural history and ecology of this species, including its
use of igapd, group size, population density, fruits used
for consumption, use of the ground for foraging, and
persistence in an anthropized area of an igapé forest in
the central region of the Brazilian Amazon.

Materials and Methods

Study Area

The study was conducted at Agutuba (3°05'S, 60°18'W), an
1840 ha area of igap¢ forest within Iranduba municipality,
Amazonas state, in central Amazonian Brazil. Acutuba is
an area of human-impacted igapd, lying 25 km west of
the state capital Manaus, on the right (southern) bank of
the Rio Negro (Fig. 1).

Since the 1980s, the landscape surrounding Agutuba igapé
has experienced drastic forest cover reduction. Natural
vegetation decreased from 77.3% to 21.4% between 1980
and 2021, with only 13,209 ha of forest remaining south
of Iranduba (FVA, 2014). The remaining forest is found
as isolated fragments, of which only three are larger than
1000 ha, including the 2286 ha study area of which 1840
ha (80.5%) is igapé (FVA, 2014).

Field Study

A census of Cebus unicolor was conducted as part of a
larger study on primates of the Agutuba area (Rocha et
al,, 2024). Primate censuses were carried out using six
trails, line transects (Peres and Cunha, 2011) in igapé, for
the 16 months from January 2015 to April 2016 (Rocha
et al., 2024). Survey trails ranged from 1.1 to 3.5 km in

length and totaled 14 km (Fig. 1). Distances from the
mainland varied from 0 to 1000 m. As the habitat floods
seasonally, methodology varied with the flood-pulse,
with censuses conducted on foot during the low-water
season, and by canoe during flooded periods, following
Barnett (2010). Each transect was sampled twice per trail
month in the flooded season, and once per month in the
unflooded season, for 1-2 trails per day, for a total of
240 km traversed in a single year. At Aqutuba, the igapé
includes: 1) Low Igapd, characterized by herbaceous-
shrubby species, normally present at forest edges, in
natural clearings and in impacted areas; 2) Medium
Igapd, with tree species up to 20m in height, and 3) High
Igapd, with trees > 20 m in height and DAP > 5 m (Rocha,
2017). Whenever there was visual or auditory contact, we
recorded behavioral activity ad libitum (Altmann, 1974),
including any food resources being consumed and the
height of the igapo and the strata occupied within the
forest for each primate sighting record (Kasecker, 2006).

To acquire information on human-primate interactions
in the local area, we interviewed knowledgeable
community members, following methods used by other
ethnoprimatological studies (Fuentes, 2010), including the
“snowball” method when selecting informants (Davis and
Wagner, 2003; dos Santos et al., 2020; Rocha et al., 2024).
In the current study, informants were igapd residents,
people who fish, hunt and gather and use, and have contact
with the flooded forest daily. As described in Rocha et al.
(2024), we carried out semi-structured interviews with
these informants, using a combination of questions and
images of primates to enable species recognition and
confirmation and, at the same time, test the informants’
knowledge of Amazonian primates. Of the 63 interviews
obtained, 60 were used, with three interviewees excluded
because they provided unrealistic information (citing the
occurrence of primates from other biomes), so showing
lack of local primate knowledge.

We also used six camera traps during the dry season,
which lasts four months in the region, with the aim of
recording primates searching for fallen fruit foraging on
the ground.

Results and Discussion

In the Agutuba igapd, over the 16-month period we
recorded eight groups of Cebus unicolor (Fig. 1). Six
additional primate species were also observed: Alouatta
juara (Elliot, 1910), Aotus vociferans (Spix, 1823), Cacajao
ouakary (Spix, 1823), Pithecia chrysocephala (1. Geoffroy,
1850), Saimiri cassiquiarensis (Lesson, 1840) and Sapajus
macrocephalus (Spix, 1823) (see Rocha et al., 2024 for
more details). Compared to studies of Cebus in lightly
impacted igapé the average size of C. unicolor groups
in anthropized igapé (5.8 + 2.3 ind.) was similar to the
data found by Iwanaga (2004) in the igapé of nearby Jau
National Park (5.3 ind.), but differed from that reported
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by Kasecker (2006) from the Piagagu-Purus Sustainable
Development Reserve, in central Amazonas, Brazil (14.3

ind.) (Table 1).

The Cebus unicolor groups we recorded were composed
mainly of adults, with only one infant (in May) and one
juvenile (in July). The average C. unicolor sighting rate
in the Agutuba igapd was 9.6 individuals/km?® This was
significantly lower than the 30 individuals/km? recorded for
Cebus albifrons in the humid forests of Colombia and Peru
(Fig. 1; Defler, 1979, 1982; Terborgh, 1983, respectively).

At Agutuba, C. unicolor used low to medium strata at
heights of 10 to 15 m, similar to those found for C. unicolor

by Kasecker (2006) in the igapé of the Piagagu-Purus
Sustainable Development Reserve.

Throughout the igapé from the igapé/terra firme interface
to islands up to 4 km away (Fig. 2), the species occupied
low to medium igapé (Rocha, 2017), moving at heights of
between 10 and 15 m, in logged mature and secondary
forest. The species was more abundant in igapé than
the robust capuchin, Sapajus macrocephalus, which was
sighted only twice, each time at the igapé-terra firme
interface, with a sighting rate of 1.5 ind/km?.

Ethnoprimatological interviews showed that primates
are hunted (n= 24 of 60 interviews, 40%), especially
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Figure 1. Study area in the igapo forest at Agutuba, Iranduba municipality, Amazonas State, Brazil, showing the distribution of survey

trails and the location of observations of Cebus unicolor.
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Table 1. Comparison of group size, distribution area, and sighting rates from studies of Cebus monkeys.

. Mean group Home Range  Sighting rate . .
Species size (ind) (ha) (ind/lm?) Country Locality Habitat Source
Jack and
C. aequatorialis 13.9 534 2.8 Ecuador West of Andes Rainforest Campos,
2012
. . El Tuparro National ~ Semideciduous ~ Defler,
C. albifrons 30-35 LAY e Colombia Park, Vichada forest, Llanos 1979, 1982
Colombia
. 9.4 2.6 (south): Ayo,  Baixo Rio Caquetd Terra firme Palacios and
C. albifrons B Pintadillo, and Apaporis forest Peres, 2005
Capart
C. unicolor 5.3 - - Brazil Jat National Park Igapé forest Izvgil)r;aga,
) . . Terra firme Kasecker,
C. unicolor 14.3 - 10.2 Brazil RDS Piagacu Purus forest 2006
, . . , Kasecker,
C. unicolor 10.3 = 5.5 Brazil RDS Piagacu Purus  gapd forest 2006
C. unicolor 5.8 - 9.6 Brazil Iranduba, AM Igapé forest This study
C. versicolor 3.2 - 62.2 Colombia Magdalena Valley Rainforest i\f[arzsgleg
. . Terborgh,
C. yuracus 8.5 150 35.0 Peru Manu National Park  Rainforest 1983
C. yuracus 6.5 240 - Ecuador Tip et Biodiversity Rainforest Macthews,
Station 2009
C. yuracus 5.0 - 5.2 Peru Pacaya-Samiria Rainforest Soini, 1986

National Reserve

Alouatta juara (100% of positive replies), but none of
the interviewees mentioned Cebus unicolor as a species
targeted for hunting.

We only obtained one camera trap record for Cebus
unicolor (Fig. 2). We recorded consumption of fruit from
three plant species by C. unicolor: Garcinia madruno (Kunth)
Hammel (Clusiaceae), Mollia speciosa Mart. (Malvaceae) and
Spondias mombin L. (Anacardiaceae). Individuals collected
Spondias from the igapé forest-floor during the low-water
period (Fig. 2), and Garcinia and Mollia from canopies in
the middle of the igapd during the rainy season.

In the Agutuba igapd, Cebus unicolor appears resilient to
environmental impacts (habitat loss, fragmentation and
fire), paralleling C. albifrons and C. olivaceus species known
to tolerate high habitat disturbance (Hernandez-Camacho
and Cooper, 1976; Norconk et al., 2025). Cebus seems more
able to adapt to the anthropogenic changes compared to
species such as Cacajao ouakary, sighted twice in igapé in
this 16-month study (a solitary individual and a group of
four individuals), yet abundant in Jat National Park some
220 km to the west in the same interfluve (Barnett, 2010;
Rocha, 2017; Rocha et al., 2024).

Cebus unicolor is a permanent inhabitant of the
anthropized Agutuba igapd, distributed throughout the
flooded forest during the flood and ebb periods, and is

a potential seed disperser (Whencke and Dominguez,
2007). The average group size of C. unicolor in Agutuba
is comparable to that of the protected areas of the Jau
National Park, but the sighting rate is lower than in other
areas where species of the genus Cebus have been studied,
which may mean there are a smaller number of groups
in the Acutuba population, possibly a reflection of the
anthropogenic impact.

The current study provides preliminary data on the
ecology of a species which is threatened but little studied,
with almost no prior information from igap¢ forest areas,
with most studies focusing on terra firme and considering
distribution (Gusmao et al., 2017), biogeography (Lima
et al., 2017) or phylogenetics (Ruiz-Garcia et al., 2010).
More studies are needed on Cebus unicolor population
dynamics, interspecific interactions, key resources
and relationship with igapé. Long-term studies would
increase understanding for effective conservation of the
species and associated ecosystem.

In the Agutuba region, conservation actions are needed
to promote the preservation of the species, combined
with environmental education and the development of
ecotourism to enhance local perception of the benefits
of biodiversity conservation (Vidal et al., 2024). The
involvement of local riverine community members in
igapo-based primate watching (Lebrao et al., 2021) and
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Figure 2. Camera trap image of Cebus unicolor foraging terrestrially in igapo forest. Right inset: fruits consumed by Cebus unicolor in
Agutuba during this study: A) Spondias mombin, B) Mollia speciosa and C) Garcinia madruno.

birdwatching (De Sa Freitas et al.,, 2022) could furnish
an economic and sustainable alternative to logging and
hunting.

Acknowledgments

We thank the Coordenagido de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES) for AR’s Master’s Degree
scholarship; Conservation International and Margot Marsh
Foundation for research funding; and the Instituto Nacional
de Pesquisas da Amazonia (INPA) for scientific support. AR
thanks field work helpers Antonio Jerimum, José Ribeiro,
Joninhas and Aroldo for their dedication. We also thank the
owners of Sitio Santa Maria, G. Vieira, L. H. R. Py Daniel
and R. de C. G. Mesquita, for their accommodation and
logistical support. This is publication n°64 from the
GPMA/INPA.

References

Barnett, A. A. 2010. Diet, habitat use and conservation
ecology of the golden-backed uacari, Cacajao melano-
cephalus ouakary, in Jai National Park, Amazonian Bra-
zil. Doctoral thesis, Roehampton University, London,
UK.

Barnett A. A., Borges S., de Castilho C. V., Neri F. and
Shapley R. L. 2002. Primates of Jat National Park, Ama-
zonas, Brazil. Neotrop. Primates. 10: 65-70. https://doi.
org/10.62015/np.2002.v10.505

Barnett, A. A., Schiel, V., Deveny, A., Valsko, J., Spirone-
llo, W. and Ross, C. 2011. Predation on Cacajao ouakary
and Cebus albifrons (Primates: Platyrrhini) by harpy

eagles. Mammalia 75: 169-172. https://doi.org/10.1515/
mamm.2011.004

Barnett, A. A, Stone, A. I, Shaw, P, Ronchi-Teles, B., dos
Santos-Barnett, T. C., Penhorwood, G., Urmeed, R,
Bezerra, B. M., Bitencourt, A., Spironello, W. R., Ross, C.,
Boyle, S. and Wenzel, J. W. 2023. When food fights back:
Cebid primate strategies of larval paper wasp predation
and the high-energy yield of high-risk foraging. Austral
Ecol. 48: 719-742. https://doi.org/10.1111/aec.13287

Boubli, J. P, Lynch Alfaro, ]. W,, Heymann, E. W,, Va-
lenca-Montenegro, M. M., Mollinedo, J. M. and Calouro,
A. M. 2021. Cebus unicolor (amended version of 2020
assessment). The ITUCN Red List of Threatened Spe-
cies 2021: e.T70333194A191708016. Accessed 19 March
2025.

Boubli, J. P, Rylands, A. B,, Farias, I. P,, Alfaro, M. E. and
Alfaro, J. L. 2012. Cebus phylogenetic relationships: a
preliminary reassessment of the diversity of the untufted
capuchin monkeys. Am. J. Primatol. 74: 381-393.

Davis, A. and Wagner, J. R. 2003. Who knows? On the im-
portance of identifying “experts” when researching local
ecological knowledge. Human Ecol. 31: 463-489. https://
doi.org/10.1023/A:1025075923297

De Sa Freitas, E N., Aleixo, D. and dos Santos Moraes-
-Ornellas, V. 2022. Birdwatching tourism: potential of
sustainable economy in the Paraense Amazon. Rev. Bras.
Ecoturismo 15(3): 593-608. https://doi.org/10.34024/
rbecotur.2022.v15.13606

Defler, T. R. 1979. On the ecology and behavior of Cebus
albifrons in eastern Colombia. 1. Ecol. Primates 20: 475-
490. https://doi.org/10.1007/BF02373430



https://doi.org/10.62015/np.2002.v10.505
https://doi.org/10.62015/np.2002.v10.505
https://doi.org/10.1515/mamm.2011.004
https://doi.org/10.1515/mamm.2011.004
https://doi.org/10.1111/aec.13287
https://doi.org/10.1023/A:1025075923297
https://doi.org/10.1023/A:1025075923297
https://doi.org/10.34024/rbecotur.2022.v15.13606
https://doi.org/10.34024/rbecotur.2022.v15.13606
https://doi.org/10.1007/BF02373430

26

Neotropical Primates 30(1), July 2024

Defler, T. R. 1982. A comparison of intergroup behavior
in Cebus albifrons and C. apella. Primates 23: 385-392.
https://doi.org/10.1007/BF02381321

Defler, T. R. 1985. Contiguous distribution of two species
of Cebus monkeys in El Tuparro National Park, Colom-
bia. Am. J. Primatol. 8: 10-112. https://doi.org/10.1002/
ajp.1350080203

Defler, T. and Herndndez-Camacho, J. 2002. True iden-
tity and characteristics of Simia albifrons Humboldt,
1812: description of neotype. Neotrop. Primates 10:
1-16. https://doi.org/10.62015/np.2002.v10.504

Dos Reis, N. R., Peracchi, A. L., Batista, C. B. and Rosa, G.
L. M. 2015. Primatas do Brasil: Guia de Campo. Techni-
cal Books Editora, Rio de Janeiro.

Dos Santos, J. S., dos Santos Teixeira, J. V., Guanaes, D.
H. A., da Rocha, W. D. and Schiavetti, A. 2020. Con-
flicts between humans and wild animals in and su-
rrounding protected area (Bahia, Brazil): an ethnozoo-
logical approach. Ethnob. and Conserv. 9. https://doi.
org/10.15451/10.15451/ec2020-02-9.05-1-22

Fuentes, A. 2010. Natural/cultural encounters in Bali:
monkeys, temples, tourists, and ethnoprimatolo-
gy. Cultural Anthropol. 25: 600-624. https://doi.
org/10.1111/j.1548-1360.2010.01071.x

FVA, 2014.Iranduba: caracteristicas socioambientais de
um municipio em transformagdo, M. S. Rodrigues, C. T.
Pedrollo, S. H. Borges, Y. R. Camargo, M. P. Moreira, G.
S. Amaral, D. O. Brandéo and S. Iwanaga (eds.). Manaus
Série Documentos Técnicos Fund. Vitéria Amazdnica,
Manaus.

Gentil, E., Bezerra, B., Medeiros, L. A. D. and Barnett, A.
A.2021. Predation by white-fronted capuchin monkeys,
Cebus albifrons on eggs of three species of freshwater
turtles in Brazilian Amazonia: solitary nests are also de-
predated. J. Nat. History 55: 1983-1997. https://doi.org/1
0.1080/00222933.2021.1977863

Gusmao, A. C., Tuyama, C. A., Tuyama, M. C., Gusmao,
M. C. C. and Ferrari, S. E 2017. Extension of the geogra-
phic distribution of Cebus unicolor Spix, 1823, in Mato
Grosso, Brazil. Neotrop. Primates 23: 46-47.

Hernéndez-Camacho, J. and R. W. Cooper, 1976. The non-
human primates of Colombia. In: Neotropical Primates:
Field Studies and Conservation, R. W. Thorington and P.
G. Heltne (eds.), pp.35-98. National Academy of Scien-
ces, Washington D. C.

Humboldt, A. von and Bonpland, A. 1812. Recueil dob-
servations de zoologie et danatomie comparée, faites dans
Tocean atlantique dans Uinterieur du nouveau continent et
dans la mer du sud pendant le années 1799, 1800, 1801,
1802 et 1803. viii, pt. 2, vol. 1, Paris.

Iwanaga, S. 2004. Levantamento de mamiferos diurnos de
médio e grande porte no ParNa do Jau. In: Janelas para
a Biodiversidade no Parque Nacional do Jaii: uma estra-
tégia para o estudo da biodiversidade na Amazénia, S. H.
Borges, S. Iwanaga, C. C. Durigan and M. R. Pinheiro
(eds.), pp.195-207. Fund. Vitéria Amazonica, Manaus.

Jack, K. M. and Campos, E A. 2012. Distribution, abun-
dance, and spatial ecology of the critically endangered

Ecuadorian capuchin (Cebus albifrons aequatoria-
lis). Trop. Conserv. Science 5: 173-191. https://doi.
org/10.1177/194008291200500207

Kasecker, T. 2006. Efeito da estrutura do habitat sobre a
riqueza e composi¢do de comunidades de primatas da
RDS Piagagu-Purus, Amazonia Central, Brasil. MSc
thesis in Ecology, Inst. Nacional Pesquisas da Amazonia,
Manaus, Brazil.

Lebrio, C., Rosa, L. M. V,, Paim, E P, Nassar, P. M., El Bi-
zri, H. R. and Silva, E E. 2021. Community-based eco-
tourism and primate watching as a conservation tool in
the Amazon rainforest. Int. J. Primatol. 42(4): 523-527.
https://doi.org/10.1007/s10764-021-00226-2

Lima, M. G., Buckner, J. C,, Silva-Junior, J. D. S. E., Aleixo,
A., Martins, A. B., Boubli, J. P, Link, A. and Lynch Alfa-
ro, J. W. 2017. Capuchin monkey biogeography: unders-
tanding Sapajus Pleistocene range expansion and the
current sympatry between Cebus and Sapajus. J. Biogeo-
gr. 44: 810-820.

Marsh, C,, Link, A., King-Bailey, G. and Donati, G. 2016.
Effects of fragment and vegetation structure on the po-
pulation abundance of Ateles hybridus, Alouatta seniculus
and Cebus albifrons, Magdalena Valley, Colombia. Folia
Primatol. 87: 17-30. https://doi.org/10.1159/000443929

Matthews, L. 2009. Activity patterns, home range size, and
intergroup encounters in Cebus albifrons support exis-
ting models of capuchin socioecology. Int. ]. Primatol.
30:709-728. https://doi.org/10.1007/s10764-009-9370-1

Norconk, M., Thompson, C. L., Vreedzaam, A., Atsalis,
S., Ledogar, J. A., Landburg, C. and Wright, B. W. 2025.
Ecological resilience in a primate community aftected by
gold mining in Suriname. Biotropica 57(2). https://doi.
org/10.1111/btp.70007

Palacios, E. and Peres, C. 2005. Primate population den-
sities in three nutrient-poor Amazonian ferra firme fo-
rests, south-eastern Colombia. Folia Primatol. 76: 135-
145. https://doi.org/10.1159/000084376

Peres, C. A. and Cunha, A.A. 2011. Manual para censo e
monitoramento de vertebrados de médio e grande porte
por transecgdo linear em florestas tropicais. Wildlife Con-
servation Society, New York, NY.

Rocha, A., Barnett, A. A. and Spironello, W. R. 2024. The
Last Surviving Population of Cacajao ouakary (Spix,
1823) (Pitheciidae, Primates) in an Igapé Forest in the
Manaus Metropolitan Region, Central Amazonia, Bra-
zil. Neotrop. Primates 30(1) [this issue].

Rocha, A. 2017. Disponibilidade de recursos e antropiza-
¢do estruturando a assembleia de primatas na floresta de
igapé. MSc Thesis in Ecology, Instituto Nacional de Pes-
quisas da Amazonia (INPA), Manaus, Brazil.

Ruiz-Garcia, M., Castillo, M. I, Vasquez, C., Rodriguez,
K., Pinedo-Castro, M., Shostell, J. and Leguizamon, N.
2010. Molecular phylogenetics and phylogeography of
the white-fronted capuchin (Cebus albifrons; Cebidae,
Primates) by means of mtCOII gene sequences. Molecu-
lar Phylogenetics and Evolution 57(3): 1049-1061.



https://doi.org/10.1007/BF02381321
https://doi.org/10.1002/ajp.1350080203
https://doi.org/10.1002/ajp.1350080203
https://doi.org/10.62015/np.2002.v10.504
https://doi.org/10.15451/10.15451/ec2020-02-9.05-1-22
https://doi.org/10.15451/10.15451/ec2020-02-9.05-1-22
https://doi.org/10.1111/j.1548-1360.2010.01071.x
https://doi.org/10.1111/j.1548-1360.2010.01071.x
https://doi.org/10.1080/00222933.2021.1977863
https://doi.org/10.1080/00222933.2021.1977863
https://doi.org/10.1177/194008291200500207
https://doi.org/10.1177/194008291200500207
https://doi.org/10.1007/s10764-021-00226-2
https://doi.org/10.1159/000443929
https://doi.org/10.1007/s10764-009-9370-1
https://doi.org/10.1111/btp.70007
https://doi.org/10.1111/btp.70007
https://doi.org/10.1159/000084376

Neotropical Primates 30(1), July 2024

27

Soini, P. 1986. A synecological study of a primate commu-
nity in the Pacaya-Samiria National Reserve, Peru. Pri-
mate Conserv. 7: 63-71.

Spironello, W. R., Barnett, A. A, Jucd, T., Sobroza, T. V.,
Rylands, A. B., Mittermeier, R. A., Azevedo, R. B. Buss,
G. Jerusalinsky, L., Silva-Jr,, J. S. and Lynch, J. W. 2023.
Primates of Brazilian Amazonia: Knowledge, Research
Gaps, and Conservation Priorities. In: Amazonian Mam-
mals: Current Knowledge and Conservation Priorities, W.
R. Spironello, A. A. Barnett, ]. W. Lynch, P. E. Bobrowiec
and S. A. Boyle (eds.), pp.73-109. Springer, Cham. ht-
tps://doi.org/10.1007/978-3-031-43071-8_4

Spix, J. B. von, 1823. Simiarum et vespertilionum Brasilien-
sium species novae, ou Histoire naturelle des espéces nou-
velles de singes et de chauves-souris, observées et recueillies
pendant le voyage dans l'intérieur du Brésil. Typis Fran-
cisci Seraphici Hitbschmanni, Monaco.

Terborgh, J. 1983. Five New World Primates: A Study
in Comparative Ecology. Princeton University Press,
Princeton.

Vidal, M. D., Santos, P. M. D. C., Simonetti, S. R. and Si-
ciliano, S. 2024. Wildlife ecotourism in Protected Areas
of the lower Negro River, Brazilian Amazon: characteri-
zation, challenges, and potentials. Turismo: Visdo e A¢do
26. https://doi.org/10.14210/tva.v26.19646

Wehncke, E. and Dominguez, C. 2007. Seed dispersal eco-
logy of non-restricted frugivores, capuchin monkeys in
three neotropical forests. J. Trop. Ecol. 23: 519-528. ht-
tps://doi.org/10.1017/50266467407004257



https://doi.org/10.1007/978-3-031-43071-8_4
https://doi.org/10.1007/978-3-031-43071-8_4
https://doi.org/10.14210/tva.v26.19646
https://doi.org/10.1017/S0266467407004257
https://doi.org/10.1017/S0266467407004257

28 Neotropical Primates 30(1), July 2024

DOI: https://doi.org/10.62015/np.2024.v30.832

THE LAST SURVIVING POPULATION OF CACAJAO OUAKARY (SPIX, 1823) (PITHECIIDAE,
PRIMATES) IN AN IGAPO FOREST IN THE MANAUS METROPOLITAN REGION, CENTRAL
AMAZONIA, BRAZIL

Alessandro Rocha'?, Adrian A. Barnett'?, Wilson R. Spironello™*

! Instituto Nacional de Pesquisas da Amazonia (INPA), Grupo de Pesquisa de Mamiferos Amazénicos (GPMA), Manaus,
Amazonas state, Brazil. E-mail: <alessandrorocha.eco@gmail.com>

2 Universidade Estadual de Santa Cruz (UESC), Laboratdrio de Ecologia Aplicada e Conservagio (LEAC), Ilhéus, Bahia state,
Brazil

3 Department of Life Sciences, University of Roehampton, London, UK

* Instituto Nacional da Mata Atlantica (INMA), Santa Teresa, Espirito Santo, Brazil

Abstract

The golden-backed uacari (Cacajao ouakary) has a broad geographic range across Colombia, Venezuela, and Brazil, but
its distribution is patchy due to its reliance on specific igapé floodplain habitats adjacent to terra firme forest. Despite
this wide range, the species occurs only in fragmented pockets of suitable habitat and has previously been studied only
in minimally disturbed areas. In this study, we investigated the presence and conservation status of the golden-backed
uacari in anthropogenically impacted igapé near Manaus, Amazonas, Brazil. Over a period of 16 months, we used
semi-structured interviews and linear transect surveys to assess threats and population status. The species is not hunted,
and only 5% of respondents (n = 3 out of 60) confirmed its presence in the region. During extensive fieldwork, only two
sightings were recorded, both in the 1,840 ha fragment of igapé forest that lacks substantial adjacent terra firme, limiting
seasonal movements. These individuals appear to represent an isolated remnant population, likely the last of their kind
in the area. Given the ongoing loss and fragmentation of habitat, this population faces a high risk of local extinction
unless urgent conservation measures are implemented.

Keywords: conservation, fragmentation, landscape ecology, Pitheciidae, uacaris
Resumo

O uacari-de-costas-douradas (Cacajao ouakary) possui uma ampla distribuigdo geografica, sendo encontrado na Co-
lombia, Venezuela e Brasil. No entanto, sua ocorréncia é restrita a bolsdes de habitat de igapd adequados, adjacentes
a terra firme, o que resulta em uma distribuicdo nao uniforme ao longo de sua area de ocorréncia. Até o momento, a
espécie havia sido estudada apenas em dreas pouco impactadas. Neste estudo, investigamos a presenca do uacari-de-
-costas-douradas em igapds impactados por atividades humanas, nas proximidades da cidade de Manaus, Amazonas,
Brasil. Durante 16 meses, utilizamos entrevistas semiestruturadas e transectos lineares para estabelecer um perfil de
ameacas a conservac¢do da espécie. O uacari nio foi considerado alvo de caca, e apenas 5% dos entrevistados (n = 3 de
60 entrevistas validas) relataram sua presenca regional. Ao longo da pesquisa de campo, obtivemos apenas dois registros
visuais da espécie. As observagdes ocorreram em um fragmento de igap6 de 1.840 ha com pouca terra firme adjacente
para migracdo sazonal. Esses individuos encontram-se isolados em escala da paisagem, sendo provavelmente os tltimos
sobreviventes locais da espécie. Diante da continua perda e fragmentacio do habitat, essa populagio corre sério risco de
extingdo local em um futuro préximo, caso nio seja implementado nenhum plano de conservagao da espécie.

Palavras chave: conservagio, ecologia da paisagem, fragmentagao, Pitheciidae, uacaris

Introduction

2001). For primate conservation, knowledge of the eco-
Landscape Ecology has two central dimensions: an eco- logical and geographical themes of landscape ecology is
logical one, emphasizing the spatial context of ecological invaluable. These elements can be especially important
processes and their importance for biological conserva- when species have broad geographical ranges but are not
tion, and a geographical one, which studies the impact evenly distributed within them, being instead restricted

of human activities on regional landscapes (Metzger, to pockets of suitable habitat (Pita et al., 2013).
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The golden-backed uacari (Cacajao ouakary) has a wide
geographic distribution, being found in Colombia, Vene-
zuela, and Brazil. However, its occurrence is restricted to
seasonally flooded riparian forests (igapd) with adjacent
areas of terra firme (never-flooded forest) and therefore
does not occur uniformly throughout its range. Accessi-
bility to these habitats also plays a critical role in its pres-
ence. For instance, the golden-backed uacari appears to
be absent from all river islands in Anavilhanas National
Park, despite the presence of extensive igapé formations
(Ferreira Neto et al., 2021). These islands are separated
from the continental riverbanks by large areas of open
water.

The lack of homogeneity in the distribution of a species
hinders conservation strategies and increases the risk of
local extinctions (Michalski and Peres, 2005). Further-
more, although the human impacts of selective logging
and habitat fragmentation have been well documented
for primates in non-flooded Amazonian forests (Marsh,
2013), these aspects have been little studied in igapé for-
ests, where uacaris are found (Myster, 2018).

For the present study, we focused specifically on igapd, a
habitat of fundamental importance for the golden-backed
uacari (Barnett et al., 2015). Igapd is a forest seasonally
flooded by rivers with waters poor in inorganic nutrients
but rich in tannins and organic acids (Junk et al., 2015),
with marked seasonal pulses in fruit availability (Parolin
etal., 2002). In igapd forests, many tree species are water-
dispersed (Correa et al., 2015a), and these seeds tend to
accumulate in large floating mats (Antunes et al., 2019).
They are subject to intense predation both while float-
ing (Correa et al., 2015b) and later, when they germinate
and sprout during the dry season (Antunes et al., 2019).
Although it is primarily a seed predator, Cacajao ouakary
also plays an important role as a seed disperser for spe-
cies such as Escheweilera tenuifolia (Lecythidaceae), Du-
roia velutina (Rubiaceae), Inga rhynchocalyx (Fabaceae)
and Macrolobium acaccifolium (Fabaceae) (Barnett et
al., 2012), which are dominant in regional igap¢ forests,
along with species of the genera Micropholis and Pouteria
(Sapotaceae) (Barnett et al., 2015).

The specialized diet of Cacajao ouakary, consisting of
hard-shelled fruits (Barnett et al., 2013), together with
its seasonal movements between habitats in search of
resources (Barnett, 2010), make the species particularly
vulnerable to anthropogenic impacts, hinder conserva-
tion strategies and increase the risk of local extinctions
(Michalski and Peres, 2005).

In Brazil, the area inhabited by Cacajao ouakary is bound-
ed to the south by the Solimées and Japura rivers. The
western extension of its range is bounded by the Apapo-
ris River and the La Macarena Mountains in Colombia,
while the northern limits occur near the Guaviare River
in Colombia, the Negro River, the Cassiquiare Canal, and

the Orinoco River in Brazil and Venezuela (Boubli et al.,
2008; Bertuol, 2015) (see Fig. 1). The taxonomic nomen-
clature has varied over time, but recent biogeographic,
morphological, and molecular evidence supports the use
of C. ouakary for populations south of the Negro River
(Ferrari et al. 2014; Dias da Silva et al., 2020; Tomanek
et al., 2020).

Cacajao ouakary is strongly associated with flooded for-
ests (igapé and vdrzea—its equivalent in white waters:
Junk et al., 2015) and has never been recorded in dry
forests more than 5 km away from flooded forests (De-
fler, 2001). However, terra firme forest is a fundamental
resource for the species, as it is phenologically distinct
from igapd, thus providing complementary food resourc-
es at times of the year when these are scarcer in igapd
(Barnett, 2010; Barnett and Jucd, 2018). Due to its wide
distribution, the species is listed by the IUCN, as well as
in Brazil (MMA/ICMBio, 2018), as Least Concern (Bou-
bli et al., 2021), but highly vulnerable to anthropogenic
action. Until now, this species has only been studied in
areas with little impact. Identifying the factors that drive
regional extinctions in areas most affected by anthropo-
genic change is essential. For this reason, we studied C.
ouakary in anthropogenically impacted igapé.

To assess the impacts of human disturbance on a popula-
tion of uacaris, in this study: (i) we estimated the extent
of recent habitat fragmentation at the landscape scale
(over the last 40 years); (ii) we interviewed local infor-
mants about the presence and hunting of uacaris; (iii)
we surveyed the igapd habitat to assess uacari densities;
and (iv) we assessed the presence of threats and habitat
modifications that compromise the species’ long-term
survival. This allowed us to estimate the degree of current
human influence and the effects of management on the
regional landscape, as well as the extent of uacari popula-
tion isolation at the local and regional spatial levels.

Materials and Methods

Study area

The study was conducted in the locality of Agutuba
(3°05'S, 60°18'W), an area of approximately 1,840 ha of
igapé forest in the municipality of Iranduba, 25 km west
of Manaus, in the state of Amazonas, Brazil. The area is
situated on the right (south) bank of the Rio Negro (Fig.
1), in the easternmost portion of the Negro/Solimoes
interfluve. Agutuba is an igapd area impacted by humans,
located in the Manaus Metropolitan Region (RMM) and
lying at the easternmost point of the known distribution
of Cacaajo ouakari (Fig. 1). In general, as in Agutuba, the
igapé has three main forms: 1) Low igapd, characterized
by herbaceous and shrubby species, usually present at the
edges of the forest, in natural clearings, and in impacted
areas; 2) Medium igapd, with tree species up to 20 m in
height; and 3) High igapd, with trees > 20 m in height and
DBH > 5 m (Rocha, 2017).
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The study area is one of only three remaining forest frag-
ments larger than 1,000 ha in the southern half of the
municipality of Iranduba and is part of the Environmen-
tal Protection Area of the Right Bank of the Rio Negro
(APAMDRN), a region covering 461,740.67 ha that was
created in 1995 (Braga, 2016). An Environmental Protec-
tion Area (APA) allows for human occupation, but only
in a sustainable manner (MMA, 2000), which has not
been the case in the Agutuba igapd, an area that has been
intensively exploited for decades, a situation that wors-
ened after the construction of the Rio Negro Bridge at
the end of 2011 (Ramos, 2015). Deforestation has been
increasing due to real estate speculation and tourism,
both of which are unplanned and disregard the impacts
on the landscape, biota, and ecosystem services (FVA,
2014; Ramos et al., 2018), including the igapé (Kanai and
Schindler, 2019).

The municipality of Iranduba is a ceramics-producing
region (Pinheiro, 2015), where human occupation dates
back to at least the 7th and 8th centuries (Torres and
Pereira, 2007), representing 14 centuries of natural re-
source exploitation by humans, as illustrated by the fifteen
archaeological sites at Lago Limdo (Moraes, 2006). This
includes potential evidence of non-human primate hunt-
ing by indigenous inhabitants (Roosevelt et al., 2002), as
well as deforestation to provide charcoal for kilns.

In the last two decades, government-supported devel-
opment projects in the area have included the Urucu-
Coari-Manaus gas pipeline (Menezes, 2011) and the Rio
Negro Bridge (Ramos, 2015), with powerful impacts on
the socioeconomic and environmental dynamics of the
municipality (Ribeiro et al., 2012; FVA, 2014; Kanai and
Schindler, 2019). Economic development has brought
with it environmental degradation, including an increase
in deforestation (FVA, 2014). By March 2014, 605,000 ha
of forests had been lost in the MMR, equal to 6% of the
total area. While 81% of Iranduba municipality is offi-
cially listed as protected land (the highest percentage in
the MMR), some 21% of its area was deforested by 2013
(FVA, 2014). This means that at least 2% of deforestation
occurred within protected areas.

Census

Primate censuses were conducted using linear transects
(Peres and Cunha, 2011), consisting of six trails ranging
from 1.1 to 3.5 km in length, with a total coverage of 14
km (Fig. 2). To include as many microhabitats and flood
durations as possible, and thus maximize representative-
ness, these were distributed at distances from the main-
land ranging from 0 to 1000 m. To minimize the effects
of sampling dependency, the transects were at least 1 km
apart or separated by a river (a likely geographical bar-
rier; Mourthé et al., 2022). The transects were surveyed
in the morning (7 a.m. to 12 noon) and afternoon (12
noon to 5 p.m.) for 16 months between January 2015
and April 2016. The effort per transect was varied to

standardize coverage per km, and the order was varied to
avoid temporal bias. Research activities were interrupted
during rainfall. No night censuses were conducted. As
the habitat is seasonally flooded, the methodology var-
ied according to the flood pulse; during the low water
season, censuses were conducted on foot, but by canoe
during flooded periods, following Barnett (2010). The
transects were conducted with two samples per month of
trails during the flood season and one sample per month
of trails during the non-flood season, and 1-2 trails per
day, for a total of 240 km during the study. Whenever
there was visual or auditory contact with primates, we
recorded the type of detection, species, abundance, date
and time, meteorological data, perpendicular distance
from the center of the group or subgroup (using a Bush-
nell 6x24 rangefinder), behavioral activity (ad libitum),
and food resource.

Ethnoprimatology

Following previous ethnoprimatology studies (Fuentes,
2010, 2012), we used the snowball method to select in-
formants by reference groups, a method widely used to
document local ecological knowledge (dos Santos et al.,
2020) that uses recommendations from one informant to
select the next interviewee. The net result is a series of
well-connected informants in the community and com-
munity leaders with strong communication skills and
local knowledge about their territory (Davis and Wagner,
2003). In this study, the informants were residents of
the igapd, people who fish, hunters, and gatherers who
use and have daily contact with the flooded forest. We
conducted semi-structured interviews with informants
from the riverside community, using a combination of
questions and images of primates to confirm species
recognition and, at the same time, test the informant’s
knowledge of Amazonian primates. Of the 63 interviews,
60 were considered valid. Three were excluded because
the interviewees provided unrealistic information (con-
firmation of the occurrence of primate groups from an-
other biome), demonstrating a lack of knowledge about
local primates.

Land-use changes

Data on land use changes were obtained from a study
conducted by the Vitéria Amazonica Foundation on de-
forestation in the municipality of Iranduba (FVA, 2014),
located in the eastern part of the Negro-Solimées inter-
flux and including the study site (Fig. 3).

Historical landscape data analysis revealed a drastic
reduction in the forest over the past four decades; with
natural vegetation decreasing from 77.3% to only 21.4%
between 1980 to 2021 (Fig. 3), so that only 13,209 ha of
forest remains in the south of Iranduba municipality (Fig.
4). This mostly occurs in isolated fragments, of which
only three were larger than 1000 ha, including our study
area (2286 ha, 1840 ha of which was igapd). All habitat
on the southern bank of the Rio Negro was igapé (Fig. 4).
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Figure 1. Geographical distribution map for Cacajao ouakary, showing this study’s record in the context of other historical records in

the Brazil, Colombia and Venezuela.

Results

The current study involved 960 census hours of fieldwork
over a period of 16 months. During this period, we had
204 encounters with primate groups of seven species:
Alouatta juara, Aotus vociferans, Cacajao ouakary, Cebus
unicolor, Sapajus macrocephalus, Saimiri cassiquiarensis,
and Pithecia chrysocephala. Of these, only two of the
groups observed were of uacaris (0.98% of all primate
encounters). In both cases individuals were seen within
the lower canopy of an igapd tree, approximately 150 m
from the interface between the igapé with terra firme
forest (Fig. 1). The first record (3°06'18"S, 60°17'36"W)
was of a single individual resting in a 5m-tall Eschweilera
tenuifolia tree, and the second (3°05'54"S, 60°16'32"W)
was of a group of four individuals foraging in an 8m-tall
Swartzia laevicarpa (Fabaceae) tree, on pods containing
immature seeds (Table 1).

Of a total of 60 interviews, 5% (n = 3) reported the pres-
ence of uacaris in the region. However, while 43% (n =
26 records) of respondents reported hunting, or having
hunted primates (mainly Alouatta juara), uacaris were
not cited as a food or hunting resource. In relation to the
forest tree species most used and felled in the igapé for
wood, interviewees cited: Calophyllum brasiliense (Ca-
lophyllaceae), Couratari guianensis (Lecythidaceae) and
Ocotea cymbarum (Lauraceae) (Table 1).

Discussion and Conclusions

Considering all known records of Cacajao ouakary to
date, our observations are among the easternmost docu-
mented and also among the closest to the city of Manaus.
Notably, these are the only records from a fragmented
and anthropogenically disturbed area. The proximity to
Manaus makes this study the first to report the presence
of uacaris in a heavily impacted igap¢ forest, in contrast
to previous studies (e.g., Barnett, 2010), which were con-
ducted in relatively undisturbed habitats. A specimen
was collected in the municipality of Manacapuru in 1932
(Hershkovitz, 1987), but by the late 1980s, the species
was considered extinct in the Lower Rio Negro region
(Barnett and da Cunha, 1989). Our findings, however, in-
dicate that while the species is rare in the region, it is not
extinct. According to field evidence and ethnobotanical
interviews, deforestation in the study region is a daily
activity, with selective cutting of large species of high eco-
nomic value (Table 1). As a result, the uacari population
at Agutuba appears to have become extremely reduced,
compared to reports of transect-based surveys elsewhere
in the interfluve; for example, while the current study
made two sightings of this primate in a 16-month period
(960 hours), studies at Jad National Park, a site with low
human impact, recorded five groups in 25.5 hours and
nine groups in 168 hours (Barnett et al., 2005). Moreover,
at Jau groups commonly varied between 7-40 individuals,
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Figure 2. Study area at Igapé of Agutuba, Iranduba Municipality, Amazonas state, Brazil, showing the system of six trails used during
field surveys. Circles indicate locations where golden-backed uacaris (Cacajao ouakary) were visually recorded.

Table 1. Botanical species used by humans (for wood) and uacaris (for food).

Family Botanical Species Local name Wood use Food resource used by uacaris
(1r?terv1ews, My Barrfett (?0%0) [mcludes. cher
this study) species within these families]
Calophyllaceae  Calophyllum brasiliense  Jacaretiba X X
Fabaceae Swartzia laevicarpa Saboarana X X X
Louro-Ina-
Lauraceae Ocotea cymbarum muf X Endlicheria chalisa
Couratari cf. stellata
Lecythidaceae  Cowuratari guianensis Tauarf X
Couratari cf. tenuicarpa
Eschweilera tenuifolia ~ Macacarecuia X X
Sapotaceae Manilkara spp. Magaranduba  x Manilkara bidentata

with over 100 animals being recorded together on occa-
sions (Barnett et al., 2005), while in this study no more
than four animals were seen together. Additionally, in
Jat, uacaris are one of the most common primates, often
constituting some 50% of group sightings (Barnett et al.,
2002), whereas in the current study, they represented
less than 1% of total primate encounters. At Jau National

Park, a site some 220 km upriver from Agutuba, uacaris
had a density of 10 ind/km?* (Barnett et al., 2002; Barnett,
2010), values similar to populations on the Rio Apapo-
ris in Colombia (Defler, 2001; Barnett et al., 2013). The
lower encounter rates and smaller group sizes recorded
in Agutuba indicate a sharply declining population. This
may be due to hunting pressure in the past, as well as
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Figure 3. Forest remnants of the municipality of Iranduba (divided into North and South sectors)
between 1980 and 2021 (FVA, 2014). The study area is in the South Sector (study site circled in
black), the municipal portion that borders Manaus, therefore the most anthropized area.
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Figure 4. Forest remnants of the municipality of Iranduba sector South (FVA, 2014), showing the size of the study area
(2286 ha) and the other largest forest remnants in the region.
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current deforestation of the igapé and fragmentation of
the adjacent terra firme forest. Therefore, protecting not
only the flooded forest but also its interconnectivity with
the terra firme forest appears to be critical for the survival
of this primate.

Indeed, habitat loss may have an especially acute impact
on uacaris as groups are known to migrate between terra
firme and igapé forests seasonally, tracking fruit avail-
ability (Barnett et al., 2018; Barnett and Jucd, 2018). An
inability to do this, combined with the removal of fa-
voured fruit species (e.g. Magaranduba, Manilkara spp.,
Sapotaceae) via selective logging, may greatly restrict the
capacity of remaining igapé to support this primate in
viable populations (Barnett, 2010). Additionally, habi-
tat fragmentation of igapé impacts both emigration of
survivors and immigration of new individuals. The oc-
currence of circumscribed areas of igapé and no access
to terra firme to offset seasonal dearth in fruit availabil-
ity in igapd, may account for the absence of uacaris on
the seasonally-flooded river islands that comprise the
Anavilhanas Archipelago upstream of Manaus on the Rio
Negro (Ferreira Neto et al., 2021). This form of complex
dependency underscores the vulnerability of migratory
species, even when the movements occur at a local level
(McLeman and Hunter, 2010). Recently criminal forest
fires in the region have also impacted and aggravated this
scenario (personal observation).

The presence of these multiple drivers leading to the
decline of the regional uacari (Cacajao ouakary) popu-
lation, means that the individuals at Agutuba are likely
the last survivors of the species locally. Accordingly, we
recommend that the study area should be reassessed and
recategorized as a conservation unit of a more restricted
category, forming a zone of ecological corridors connect-
ed to the Jau National Park to guarantee the conservation
of uacaris and other species seasonally or permanently
dependent on the regional igapé forest ecosystem. This
reassessment and recategorization would include the re-
maining forests in the APAMDRN protected area which
form part of the Central Amazon Corridor and are also
a core area of the Central Amazon Biosphere Reserve
(Queiroz, 2005) and the core area of the Biosphere Re-
serve (Almeida, 2014). We must intensify faunal and flo-
ristic surveys and impact assessments of existing protect-
ed areas, as well as currently unprotected flooded forest
remnants in the lower Rio Negro. In addition, these areas
are a vital source of fisheries protection (Araujo-Lima
et al., 1998), reinforcing the importance these areas for
wildlife conservation and the self-sufficiency of regional
riverine communities.
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Abjstract

The geographical distribution of Sapajus nigritus cucullatus includes the Brazilian states of Sdo Paulo, Parana, Santa
Catarina, and the northern half of Rio Grande do Sul (RS), and extends into the Misiones province of Argentina. The
Camagqua River basin in RS, situated along the 31 parallel, is regarded as the southernmost extent of platyrrhine dis-
tribution, including S. n. cucullatus. However, a comprehensive mapping of this taxon occurrence in RS has yet to be
conducted. The subspecies inhabits the Atlantic Forest biome. Nevertheless, historical records from points further south
in RS, in the Pampa biome, introduce uncertainty regarding the subspecies’ distribution. The objective of this study was
to delineate the geographic range of S. n. cucullatus in RS. To this end, we evaluated data from scientific surveys, insti-
tutional databases, field observations, and information from citizen science platforms. A total of 146 occurrence records
for the subspecies were identified in 82 municipalities, with 37 of these occurrences located within legally protected
areas. In addition, we noted that the subspecies co-occurs with Alouatta guariba. This result supports the hypothesis
that the subspecies is closely associated with the Atlantic Forest in the RS, yet also occurs in ecotones with Pampas. The
absence of this subspecies to the south of the Ijui and Jacui rivers and Lake Guaiba was confirmed, corroborating the
southern limit suggested in previous studies. The provenance of the isolated population that inhabits the Porto Alegre/
Viamio region remains uncertain. This study expands the existing knowledge about the distribution of S. n. cucullatus
in RS, confirming subspecies presence or absence in some areas due to environmental factors, and removing incorrect
or inaccurate records. Additionally, it identifies the limits imposed on its dispersal by geographical barriers (rivers).
Despite the presence of the subspecies in protected areas, it continues to face habitat loss in multiple regions of the state,
particularly in the northwest of RS, due to the expansion of agribusiness. It is imperative to safeguard the populations
of S. n. cucullatus in legally protected areas and to ensure habitat preservation and restoration in order to maintain the
subspecies in RS.

Keywords: Atlantic Forest, black-horned capuchin monkey, extent of occurrence, geographic barrier, Platyrrhini
Resumo

A distribuigdo geografica do Sapajus nigritus cucullatus inclui os estados brasileiros de Sdo Paulo, Paran4, Santa Catari-
na e a metade norte do Rio Grande do Sul (RS), e se estende até a provincia de Misiones, na Argentina. A bacia do rio
Camaqua no RS, situada ao longo do paralelo 31, é considerada a extensdo mais ao sul da distribui¢do de platirrinos,
que inclui S. n. cucullatus. No entanto, ainda nao foi realizado um mapeamento abrangente das ocorréncias deste tixon
no RS. A subespécie é conhecida por habitar o bioma Mata Atlantica. No entanto, registros histdricos de pontos mais ao
sul do RS, ja no bioma Pampa, introduzem incertezas quanto a distribui¢do da subespécie. O objetivo deste estudo foi
delinear a distribuicio geografica de S. n. cucullatus no RS. Para isso, avaliamos dados de pesquisas cientificas, bancos de
dados institucionais, observacdes de campo e informagdes de plataformas de ciéncia cidada. Um total de 146 registros
de ocorréncia da subespécie foi identificado em 82 municipios, com 37 dessas ocorréncias localizadas em areas prote-
gidas. Além disso, identificamos que a subespécie co-ocorre com Alouatta guariba. Este resultado corrobora a hipotese
de que a subespécie estd intimamente associada ao bioma Mata Atlantica no RS, mas também ocorre em ecdtonos com
o bioma Pampa. A auséncia dessa subespécie ao sul dos rios Jjui e Jacui e do Lago Guaiba foi confirmada, corroborando
o limite sul sugerido em estudos anteriores. A populagdo isolada de S. n. cucullatus localizada na regido de Porto Ale-
gre/Viamao permanece com origem incerta. Este estudo amplia o conhecimento existente sobre a distribuigdo de S. n.
cucullatus no RS, confirmando a presenca ou auséncia da subespécie em algumas areas devido a fatores ambientais e
removendo registros incorretos ou imprecisos. Além disso, identifica os limites impostos & sua dispersdo por barreiras
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geograficas (rios). Apesar da presenca da subespécie em areas protegidas, ela continua enfrentando perda de habitat em
vérias regioes do estado, especialmente no noroeste do RS, devido a expansio do agronegécio. E imperativo salvaguar-
dar as populagdes de S. n. cucullatus em areas protegidas e garantir a preservagao e a restauragao do habitat para manter

a subespécie no RS.

Palavras-chave: barreira geografica, extensdo de ocorréncia, macaco-prego, Mata Atlantica, Platyrrhini

Introduction

The black-horned capuchin monkey (Sapajus nigritus,
Goldfuss, 1809) is a platyrrhine primate species that
exhibits remarkable behavioral and ecological flexibility,
allowing it to occupy a diverse range of habitats in Brazil
and Argentina. These include lowland ombrophilous
forest, submontane and montane ombrophilous forest,
deciduous/semideciduous seasonal forest, and riparian
forests (Freese and Oppenheimer, 1981; Fragaszy et al.,
2004; Vilanova et al., 2005; Aguiar et al., 2011). Further-
more, populations have been documented in secondary
forests, in forestry and forest fragments situated in close
proximity to crops and orchards (Ludwig et al., 2005;
Fortes et al., 2013; Mikich and Liebsch, 2014; Hendges
et al., 2017). Additionally, the species has been observed
in natural areas adjacent to urban centers, indicating a
tolerance for disturbed environments (Pinto et al., 2009;
Slomp et al., 2014; Hendges et al., 2017). Ecological flex-
ibility has enabled black-horned capuchin monkeys to
occupy such a vast territorial area (Fragaszy et al., 2004;
Rylands et al., 2005).

Two subspecies of Sapajus nigritus (Goldfuss, 1809) are
currently recognized based on morphology: S. nigritus
nigritus and S. nigritus cucullatus (Groves, 2001; Lynch
Alfaro et al.,, 2012; Rylands et al., 2013). The distribu-
tion of S. n. nigritus encompasses the states of Minas
Gerais, Espirito Santo, Rio de Janeiro and Sdo Paulo.
The northern limit is defined by the Santo Antonio and
Doce rivers, which trace the border between the states of
Minas Gerais and Espirito Santo. The southern limit is
situated north of the Tieté River (Groves, 2001; Rylands
et al., 2013; Martins et al., 2017). The form S. n. cucul-
latus exhibits the southernmost distribution, occurring
from the south of the Tieté River to the northern half of
the state of Rio Grande do Sul (RS) in Brazil. The Parana
River represents a geographical barrier to the western
expansion of the taxon, which extends to Misiones in
Argentina (Groves, 2001; Rylands et al., 2013; Di Bitetti
et al., 2020). Recent genetic analyses have identified two
clades in Sapajus nigritus, designated as «northern» and
«southern,» with the boundary between their distribu-
tions situated at the Paraiba do Sul River (Szynwelski et
al., 2024), which is distinct from the current limit of the
subspecies based on morphology.

In 1888, the naturalist Hermann von Ihering postulated
that the distribution of Cebus (the former genus name for

all capuchin monkeys, here equivalent to the genus Sapa-
jus) in Rio Grande do Sul would be situated to the north
of the 30°S parallel, occupying forested regions within
the Atlantic Forest. Furthermore, he suggested that the
southern limit of the genus would follow a line that did
not precisely coincide with the 30°S parallel, but rather
with the banks of the Ijui (Yjuhy) and Jacui (Jacuhy) riv-
ers. This line continues southwards with the slope of the
Serra Geral promontories against the grasslands of Porto
Alegre, crossing the Dos Sinos River basin until it reaches
the coast (Figure 1). Currently S. n. cucullatus popula-
tions in RS are predominantly located within the Atlantic
Forest biome. Although there are historical records that
extend further south, within the Pampa biome, these are
situated within the Atlantic Forest domain and within
the region designated by UNESCO as Atlantic Forest
Biosphere Reserve (Vilanova et al., 2005; RBMA, 2008;
Culot et al., 2019).

The 31st parallel is regarded as the southernmost dis-
tribution limit for platyrrhine primates (Printes et al.,
2001). The Camaqua River basin, situated along the 31
parallel, represents the southernmost limit of the distri-
bution of Alouatta guariba (Cabrera, 1940), which has
been observed as far south as Canta Galo, 31°10'S, in Sdo
Lourencgo do Sul, Brazil (Printes et al., 2001). The south-
ernmost populations of Alouatta caraya (Humboldt,
1812) have been documented at slightly more northerly
coordinates, specifically 30°43'S. Additionally, some in-
dividuals of this species have been observed in northern
Uruguay, still within the limits of that parallel (Villalba
et al,, 1995; Jardim et al., 2020). The southernmost range
of Sapajus nigritus cucullatus is considered to be Rio
Grande do Sul (Rylands et al., 2005; Vilanova et al., 2005;
Szynwelski et al., 2024). In the absence of a comprehen-
sive mapping of the distribution of this subspecies within
the state, it is presumed that its populations adhere to the
same southern limits as those of the other two primate
species. It was assumed that the distribution of Sapajus
populations would be subject to the same factors that
have determined the distribution limits of other primates
in southern South America, including a reduction in tree
species diversity, the gradual predominance of deciduous
trees and low winter temperatures (Printes et al., 2001).

The same threats identified for Sapajus nigritus at the
species level are valid for the subspecies in RS: habitat
loss and degradation, hybridization, rural settlements,
increasing road and agricultural matrix, hunting and
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Figure 1. Distribution map of fauna genera, emphasizing the "Cebus" line (green line), adapted from Hermann von Ihering (1888).
This line refers to Thering’s hypothesized southern distributional limit to the genus currently recognized as Sapajus.

collecting (Martins et al., 2015; Di Bitetti et al., 2020;
Ludwig et al., 2022). The Atlantic Forest is characterized
by a matrix of pastures, plantations and urban centers, in-
terspersed with remnant forest fragments smaller than 50
ha (Pinto et al., 2009; Ribeiro et al., 2009; Hendges et al.,
2017; Butti et al., 2022). Habitat fragmentation can affect
populations in a number of ways, including reduction of
home range size, changes in food resource availability,
isolation of populations and increased vulnerability to
stochastic events such as yellow fever epizootics (Ludwig
et al., 2006; Bicca-Marques and Freitas, 2010; Silva et
al,, 2015; Hendges et al., 2017; Martinez de Zorzi et al.,
2024). This can ultimately lead to local extinctions. The
proximity of fragmented environments to human settle-
ments facilitates frequent interactions between primates
and human populations, thereby increasing the potential
for conflict, with illegal trade being the most concern-
ing in the case of robust capuchin monkeys (Estrada
and Coates-Estrada, 1996; Levacov et al., 2011; Di Bitetti
et al., 2020; Slomp et al., 2020; Martinez de Zorzi et al.,
2024).

The biogeographical data available indicate a lack of clar-
ity regarding the southern limit of the taxon's range. The
aim of the present study is to define the range of Sapajus
nigritus cucullatus in the state of Rio Grande do Sul and
identify its current southern distribution limit. The hy-
pothesis is that, as previously described by Hermann von
Thering (1888) and subsequently observed by Rylands et
al. (2005) and Szynwelski et al. (2024), large rivers can act
as geographical barriers in the distribution of the subspe-
cies, and thus represent an important factor in defining
the current distribution limits of the taxon in RS.

Methods

This study focused on Rio Grande do Sul (RS) state, the
southernmost state in Brazil, which encompasses an area
of 281,707 km?, divided into 497 municipalities (IBGE,
2020). It is comprised of two biomes: the Atlantic Forest,
which encompasses the forest formations of the eastern,
northern and northeastern regions, as well as the asso-
ciated high-altitude grasslands; and the Pampa, which
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extends across the grasslands of the southern half and the
Missoes region (Rambo, 1956; IBGE, 2012).

For this study, information on the occurrence of Sapajus
nigritus cucullatus in RS was compiled and organized
from a variety of sources, including published scientific
research, institutional databases, field observations and
opportunistic information. Additionally, occurrence
records were obtained from digital citizen science plat-
forms, including but not limited to: https://www.gbif.
org/; https://www.inaturalist.org/; https://www.taxeus.
com.br/; and https://app.olhaomacaco.com.br/. Records
were also obtained from the System for Reassessing the
List of Fauna Species Threatened with Extinction in RS
(LIVE, 2014) and the Biodiversity Extinction Risk As-
sessment System (https://salve.icmbio.gov.br/; ICMBio,
2023). The data were classified into three categories based
on the level of geographic accuracy: precise, approximate
and interview/historical. Data analyses were carried out
in ARCMap 10.3 software.

The accuracy of the coordinates of the records was deter-
mined based on the information provided in the source
of the records. The majority of municipalities in RS have
experienced political changes to their original boundar-
ies (Rio Grande do Sul, 2018). To validate the location of
the records, we took into account the date of the record
and the Brazilian Institute of Geography and Statistics
(IBGE) database (2020) to determine the current mu-
nicipality in which the record was taken. The records
were evaluated according to a series of accuracy factors,
including: (a) accuracy of taxonomic identification; (b)
accuracy of geographic coordinates; (c) divergence be-
tween the locality described and the geographical coor-
dinates provided; and (d) changes in municipal boundar-
ies, as described in the Genealogy of the Municipalities of
Rio Grande do Sul (Rio Grande do Sul, 2018).

In instances where records were identified as interview or
historical (those exceeding 30 years), and their locations
were not within the boundaries of precise or approximate
records, the researchers conducted fieldwork in those ar-
eas to actively search for the presence of the black-horned
capuchin monkey and to conduct interviews with local
residents. In addition, we contacted managers of the
Protected Areas (PAs) and Municipal Environmental Of-
ficers in areas of interest.

Distribution area for a species, according to the Conven-
tion on International Trade in Endangered Species of
Wild Fauna and Flora (CITES), is the smallest area that is
needed for a species to survive, including areas for nest-
ing and feeding. It is defined by the shortest imaginary
boundary that can include all known, inferred, or pro-
jected sites of a species. In contrast Area of Occupancy
(AOO) is a scaled metric that represents the area of
suitable habitat currently occupied by the taxon (CITES,
2024), calculated adding the forested areas in which the

taxon occurs. Distribution area and AOO were calcu-
lated based on the valid occurrence records. The updated
map of the distribution area has been compiled using
data from extant populations only.

The distribution area was calculated using the QGIS
3.38.5 program. The AOO was calculated using the MAP-
Biomas 9.0 collection on the Google Engine platform,
where the forest formation class was extracted within the
distribution area in RS. The polygons whose extension
overlapped the valid records of the species were consid-
ered AOOQ, and these areas were calculated and summed.

Our analysis quantified the proportion of records occur-
ring in protected versus unprotected lands and in rural
versus urban localities. The potential occurrence of Sapa-
jus nigritus cucullatus in additional protected areas was
predicted based on the information provided in these
area’s management plans, which indicated the potential
occurrence of the subspecies in these areas. At sites where
capuchins have been confirmed, the study quantified the
degree of geographic overlap with other native primates.

Results

Initially, a total of 158 records of occurrence of Sapajus
nigritus cucullatus were identified, encompassing 91
municipalities within the state of RS. The records were
grouped according to the pre-established system as 89
precise records, 36 approximate records, and 33 inter-
view or historical records (Supplemental Material, avail-
able on-line). Following a comprehensive evaluation of
all available records, a total of 146 were confirmed and
12 were refuted.

A review of occurrence records in the “interview” or “his-
torical” category revealed that seven were unsubstanti-
ated due to discrepancies between the location described
in the record and the municipality/locality identified.
This discrepancy may be attributed to three potential
causes: imprecise geographical coordinates, an erroneous
description of the locality of origin, or a modification in
the municipal political geography. Four records classi-
fied as interviews were excluded from the analysis due
to uncertainty regarding the taxonomic identification
of the specimens in question, resulting from fieldwork
conducted at the locations where the records were made.
Ultimately, one historical record was rejected on conclu-
sive evidence indicating that the subspecies in question
had become extinct at the local level within the protected
area, Passo Fundo National Forest.

Using the remaining 146 valid records for RS, the geospa-
tial distribution area was estimated at 96,045 km” and for
the suitability of the AOO, 12,563 Km?. Ninety-five vali-
dated records were from rural regions and 51 from urban
or peri-urban areas. In RS state, the subspecies is primar-
ily distributed within the Atlantic Forest biome (91% of
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Figure 2. Distribution of records relating to the occurrence of Sapajus nigritus cucullatus in the state of Rio Grande do Sul (RS), Brazil,
as confirmed or refuted in the present study.
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valid records), although it has also been documented in
the Pampa biome (9% of valid records) (Figure 2).

The presence of Sapajus nigritus cucullatus was identified
in 37 Protected Areas defined by the Brazilian National
System of Conservation Units, that include environmen-
tal conservation units and indigenous lands, as well as
other protected area categories with some degree of le-
gal protection. It also suggests the potential occurrence
of the taxon in an additional ten protected areas, based
on the existence of populations inhabiting nearby areas
identified in the management plans of the protected ar-
eas (Table 1). The subspecies was observed to co-occur
with Alouatta guariba in at least 25 locations (Table 1;

Supplemental Material, available on-line). Conversely,
no areas of co-occurrence with A. caraya have been
identified.

Discussion

The subspecies Sapajus nigritus cucullatus is closely as-
sociated with the Atlantic Forest biome in Rio Grande do
Sul, Brazil, yet it also occurs in some ecotones with the
Pampa biome. The Ijui and Jacui rivers and Guaiba Lake
act as barriers to the distribution of this subspecies, al-
though the riparian forests serve as corridors, facilitating
the extension of local population distributions along their
banks. The black-horned capuchin monkey populations

Table 1. Protected Areas in Rio Grande do Sul with records of confirmed or potential occurrence of Sapajus nigritus cucullatus.

Protected Area

Occurrence of Sapajus nigritus cucullatus

Confirmed

Potential

Indigenous Territory/Terra Indigena
(T1)

Biological Reserve/Reserva Biologica
(REBIO)

Ecological Station/Estagao Ecologica
(ESEC)

National Park/Parque Nacional
(PARNA)/State Park/Parque Esta-
dual (PE)/Municipal Nature Park/
Parque Natural Municipal (PNM)

TI do Nonoai; TI do Rio da Vérzea; TI da
Guarita; TT Inhacora; TT Kaingang de Irai

REBIO Mata Paludosa; REBIO da Serra
Geral; REBIO Moreno Fortes

ESEC de Aratinga

PARNA da Serra Geral; PARNA de Apara-
dos da Serra; PE do Turvo; PE do Papagaio
Charao; PE da Quarta Coldnia; PE do
Espigdo Alto; PE de Itapeva; PNM Mata
do Rio Uruguai Teixeira Soares; PNM de
Sagrisa; PNM de Sertao; PNM da Ronda;
PNM Dois Lajeados; PNM Arcangelo
Busatto; PNM da Gruta

TI Campo Bonito; TT Mato Castelhano; TI
Guarani Barra do Ouro; TI Varzinha

National Forest/Floresta Nacional
(FLONA)

FLONA de Sao Francisco de Paula

Environmental Protection Area/Area
de Protecio Ambiental (APA)

APA Rota do Sol; APA do Banhado
Grande; APA Morro de Osério

APA de Riozinho; APA do Carai; APA dos
Arroios 12 e 19; APA do Rio Suzana

Relevant Ecological Interest Area/
Area de Relevante Interesse Ecoldgico
(ARIE)

ARIE do Morro Ferrabraz

Private Natural Heritage Reserve/
Reserva Particular do Patrimonio
Natural (RPPN)

RPPN Pré-Mata; RPPN da UNISC

RPPN O Bosque

Other Protected Area Category

Cinturdo Verde de Santa Cruz do Sul;
Zona Especial de Protecdo Ambiental
Morro Gatcho; Zona de Interesse Turistico
Morro Botucarai; Refugio de Vida Silvestre

Balnedrio Municipal Santa Rita

da UFRGS; Parque da Cascata de Nova de Farroupilha
Hartz; Parque Particular Vale da Ferradura;
Reserva Ecoldgica Particular da Olaria
Total 37 10
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are primarily distributed in rural areas within the mu-
nicipalities, as well as in protected areas. This distribu-
tion pattern is favorable for the long-term conservation
of this taxon, as it reduces the likelihood of conflicts with
humans.

The role of rivers as geographical barriers to the disper-
sal of taxa has been demonstrated in numerous primate
species (Wallace, 1854; Boubli et al., 2015; Buckner et al.,
2015; Lynch Alfaro et al,, 2015; Printes et al., 2018). The
difficulty for Sapajus to cross large rivers provides a par-
tial explanation for the geographical limits of the genus
(Rylands et al., 2005; Silva et al., 2013; Boubli et al., 2015)
and the species boundaries within the genus (Aguiar et
al., 2007, 2011). The occurrence records of Sapajus nigri-
tus cucullatus in RS are consistent with our distribution
hypothesis, which suggests that large water bodies are
associated with the southern limit of the subspecies, as
previously suggested by Ihering (1888). The absence of
the black-horned capuchin monkey to the south of these
water bodies was confirmed despite the existence of suit-
able habitats. For example, in the Serra do Sudeste region,
which is distinguished by dense formations of semide-
ciduous seasonal forest (Overbeck et al., 2009; Hasenack
et al., 2023) that provide habitat for several populations
of Alouatta guariba (Printes et al., 2001; Codenotti and
Silva, 2004; Slomp et al., 2014), no capuchin monkeys
were observed during the fieldwork. Consequently, all re-
cords of the subspecies, which were based on interviews,
were refuted following field investigations due to the high
probability of misidentification of the subspecies or the
capuchins’ potential local extinction over time.

Some regions of RS appear to lack a discernible geo-
graphical barrier to the distribution of the subspecies,
suggesting that additional factors may be responsible
for constraining their expansion. The absence of black-
horned capuchin monkeys in a given environment may
be related to unfavorable conditions, including environ-
mental factors such as low forest quality and low tem-
peratures (Printes et al., 2001; Souza, 2013) or anthropo-
genic factors such as highly fragmented landscapes and
reduced matrix permeability (Pinto et al., 2009; Silva et
al., 2015; Hendges et al., 2017). To illustrate, the north-
western portion of the state is situated within the Pampa
biome, which is known for its reduced diversity of tree
species (an environmental factor). Furthermore, this
region also exhibits a high level of agribusiness activity,
resulting in the lowest rates of forest cover in Rio Grande
do Sul (approximately 5%) (SEB, 2018). This has led to an
extremely fragmented matrix (an anthropogenic factor).
However, the current data set is insufficient to determine
whether any of these unfavorable conditions may have
contributed to the absence of the subspecies to the south
of the undefined area delineated in this study.

Sapajus nigritus cucullatus predominantly inhabits forest
habitats within the rural regions of RS. This pattern has

been observed in other Sapajus species, that also con-
sistently appear to occur in rural landscapes at a greater
frequency than in urban environments (Estrada et al.,
2012; Agostini et al., 2015; Grande et al., 2020). Conflict
between local farmers and capuchin monkeys has been
documented in RS, as well as in other Brazilian states and
Argentina, resulting in a range of adversarial interactions
including human aggression toward monkeys through
poisoning and hunting (Rocha, 2000; Codenotti et al.,
2005; Gongalves, 2006; Rocha and Fortes, 2015; Martinez
de Zorzi et al, 2024). Conversely, the populations of
black-horned capuchin monkeys inhabiting urban and
peri-urban areas of the RS are the most susceptible to
anthropogenic conflicts (Gongalves, 2006; Maders, 2016;
Ribeiro et al., 2019; Slomp et al., 2020; Ehlers et al., 2022).
Consequently, populations near urban centers are more
at risk than those in rural areas, particularly from urban
expansion into their natural habitats.

The present study identified the presence of the taxon
in 37 protected areas (Table 1), indicating an increase in
the observed occurrence of Sapajus nigritus cucullatus
in this type of area when compared to previous studies
(Prates et al., 1993; Marques, 2003; Codenotti and Silva,
2004; Slomp et al., 2014). The new records of the black-
horned capuchin monkey within protected areas can be
attributed to two main factors: the implementation of
management plans in these areas and an increase in sci-
entific research conducted therein. It is also believed that
the subspecies may potentially occur in an additional
ten protected areas, collectively representing more than
372,000 ha. The taxon was identified in 19 municipal
or private protected areas. These discoveries are worth
special attention, as these areas, although smaller in size
than federal and state protected areas, represent a signifi-
cant area of occupation for capuchin monkeys, as their
ecological flexibility allows them to inhabit areas as small
as 10 ha (Freitas et al.,, 2005; Gongalves, 2006; Bicca-
Marques et al., 2011; Hendges et al., 2017).

The population of Sapajus nigritus cucullatus in the mu-
nicipality of Osério (29°51'S / 50°15'W) represents the
southernmost documented occurrence of the subspecies
in natural areas with some degree of connectivity. How-
ever, an isolated population is known to exist further
south (30°S) (Gomes, 2006; Penter et al., 2008; Slomp
et al., 2014), although the controversy surrounding its
origin makes it difficult to determine its precise status.
Current records indicate that groups of individuals oc-
cupy a corridor of forest fragments surrounded by the
densely urbanized areas of the municipalities of Porto
Alegre, Viamao and Alvorada. These animals move very
close to the residential areas and often interact with the
human population, entering homes and receiving food
supplements. Reports have emerged of instances in
which the species has been introduced by local people
and, on occasion, captured for domestication as pets (M.
M. A. Jardim, pers. comm., 2024).
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In the same region, extensive primate surveys have
been carried out in recent decades in contiguous forest
remnants where the vegetation has Atlantic rainforest
characteristics, providing forests suitable for Sapajus
(Brack et al., 1998; Vilanova et al., 2005; Souza, 2013).
However, the only primate species recorded was Alouatta
guariba (Printes et al., 2010; Buss, 2012; Pires and Ca-
dermartori, 2012; Camaratta et al., 2017). The presence
of Sapajus was not mentioned by residents in the inter-
views, not even when they referred to more distant times
in the past (Pires and Cadermartori, 2012). On the other
hand, it is possible that the subspecies underwent local
extinction events in these municipalities or that these
populations are relict, considering that archaeofaunal
remains of Sapajus have been found in the region (Rosa,
2010). Furthermore, a phylogeographic study revealed a
genetic signature of the population in this region to be
highly similar to that in the geographical distribution of
neighboring regions in Rio Grande do Sul (Szynwelski
et al., 2024). It would be of particular interest for future
research to determine whether the population originates
from introduced individuals, a recent expansion of popu-
lations from the northernmost region, or relict groups
from the southern limit of their range.

Our analysis showed that although the subspecies is
present in many areas in RS with some degree of legal
protection, over two-thirds of the records correspond to
unprotected areas where habitat loss is occurring at an
accelerated rate (SFB, 2018). Our findings also indicate
that the area of occupation for the subspecies was 12,563
Km?, considering only the territory of Rio Grande do Sul.
This information may be utilized in a future assessment
of the conservation status of the black-horned capuchin
monkey in the state. Some actions that are essential for
the conservation of the subspecies include: (a) monitor-
ing the presence of black-horned capuchin monkeys
in currently existing protected areas; (b) protecting the
remnants of the Atlantic Forest in RS; (c) maintaining
permanent protected areas; and (d) preserving and pro-
moting ecological corridors to ensure genetic connectiv-
ity between populations.
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Abstract

This study presents the hematological parameters of captive capuchin monkeys (Sapajus libidinosus and S. apella) kept
in homes in the state of Ceard, in Northeast Brazil. Morphometry measurements and blood samples were taken from 35
individuals illegally kept as pets in 34 houses across 12 municipalities. The sample consists of 20 females and 15 males,
classified in juvenile (n = 15), adult (n = 17) and senior (n = 3) age groups. The majority of animals were chained (74.2%)
and dehydrated (62.8%), and almost half of them had injuries (48.57%). Except for three obese individuals, the animals
weighed less than that described in other studies (2.08 kg + 0.65, n=24), with greater differences in adult males (1.97 kg
+ 0.55, n=3). Evidence for anemia included lower median red blood cell count (4.95 x 10%/pl + 0.8) and higher mean
corpuscular volume (76.6 fl + 7.12) in the sample relative to other studies. Very low values of neutrophils (3.82 x 103/pl
+ 1.8) suggest a bone marrow condition or a severe active infection. In general, animals illegally kept as pets were in worse
condition (with low body weight, dehydration, anemia and worse immunological conditions) when compared to reported
data from wild animal populations, indicating a need to rescue these animals and rehabilitate them in rescue centers before
releasing them back to their natural habitat.

Keywords: Hematology, capuchin monkey, captivity, one health, zoonoses
Resumo

Este estudo apresenta os parAimetros hematolégicos de macacos-prego (Sapajus libidinosus e S. apella) mantidos em cativeiros
domésticos no estado do Ceard, no Nordeste do Brasil. Foram coletadas medidas morfométricas e amostras de sangue de 35
individuos mantidos ilegalmente como animais de estimagio em 34 residéncias de 12 municipios. A amostra é composta
por 20 fémeas e 15 machos, classificados nas faixas etdrias juvenil (n = 15), adulta (n = 17) e sénior (n = 3). A maioria dos
animais estavam acorrentados (74,2%) e desidratados (62,8%), e quase a metade com feridos (48.57%). Com excegdo de
trés individuos obesos, os animais pesavam menos do que o descrito em outros estudos (2,08 kg + 0,65; n=24), com maio-
res diferencas nos machos adultos (1,97 kg + 0,55; n=3). Evidéncias de anemia incluiram menor mediana da contagem de
glébulos vermelhos (4,95 x 10%/pl + 0,8) e maior volume corpuscular médio (76,6 fl +7,12) na amostra em relacao a outros
estudos. Valores muito baixos de neutréfilos (3,82 x 103/pl + 1,8) sugerem uma condicio da medula dssea ou uma infecio
ativa grave. Em geral, os animais mantidos ilegalmente como animais de estimagio estavam em piores condigoes (com
baixo peso corporal, desidratacio, anemia e piores condi¢des imunoldgicas) quando comparados com dados relatados de
populagées de animais selvagens, indicando a necessidade de resgatar esses animais e reabilité-los em centros de resgate antes
de libertd-los de volta ao seu habitat natural.

Palavras-chave: Hematologia, macaco-prego, cativeiro, uma sé satde, zoonoses

Introduction primates, 133 species, with around 38% at elevated risk
of extinction (IUCN, 2024). Non-human primates, and
There are currently 525 species of non-human primates wildlife in general, suffer from the advancement of in-

listed on the IUCN Red List of Threatened Species world- dustrial agricultural production, logging, dam and high-
wide. Brazil is the country with the greatest diversity of way construction causing loss of their habitats (Estrada et
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al., 2018). In addition, many animals are taken from the
wild and kept in captivity in homes or to meet the new
demands of “biopiracy;” the illegal acquisition of animals
for use in biomedical research (RENCTAS, 2001).

According to data by the International Criminal Police
Organization (INTERPOL), environmental crime is the
third most lucrative illegal activity in the world, moving
US$ 110-281 billion per year, just after counterfeiting and
drug trafficking (Nellemann et al., 2018). According to the
National Report on Wildlife Trafficking, in Brazil illegal
trade of wild animals generates approximately 2.5 billion
Brazilian Reais (currently around 440 million USD) and
removes around 38 million specimens from nature per year.
Only 10% of animals reach their final destination alive.
It is estimated that 30,000 primates are removed annually
from the Amazon region alone; taking into account the
losses, these are almost half a million in a decade (RENC-

TAS, 2001).

Gomes Destro and colleagues (2012) describe that of the
18,000 mammals registered by the Brazilian Wild Animal
Triage Centers (CETAS), between 2002 and 2009, around
28% could not be re-introduced into the wild and another
27% died while in the rescue center. Robust capuchin
monkeys (Sapajus) constitute the second most commonly
received genus of primates in rescue centers of the Brazil-
ian Institute of Environment and Renewable Natural
Resources (IBAMA) (Levacov et al., 2011). According to
Damasceno (2022), two capuchin monkeys are received
per month in each CETAS in Northeast Brazil, with return
to nature being the priority destination for healthy animals
from a clinical and behavioral point of view.

Robust capuchin monkeys are medium-sized primates
weighing between 2.5 to 3.5 kg with an adult height of
around 50 cm. They form groups of around 20 animals
(there may be groups with more than 60) and are organized
into tolerant matrilines in a ratio of one male for every 2-3
females. They are omnivorous and are native to almost all
biomes in South America (Fragaszy et al., 2004). Robust
capuchin monkeys are highly insectivorous, especially in
dry biomes, for example, with a diet of 20 to 48% inver-
tebrates (Gomes-Posada, 2012; Sacramento et al., 2017).
Thus, capuchins promote insect population control and
disperse seeds, contributing to the regeneration of forests
(Fragaszy et al., 2004).

Robust capuchin monkeys are frequently kept as pets in
houses, a practice that has been encouraged by posts on so-
cial media (Nunes et al., 2021, 2023). The removal of these
animals from their natural habitat changes their dispersal
patterns and can cause ecosystem simplification. In addi-
tion to these losses, the zoonotic risk of sharing parasites
between primates and humans is an increasing problem for

public health (Zago, 2018).

Trafficked animals are generally of unknown origin, and
it is not possible to determine which pathogens were al-
ready present prior to their arrival at domestic homes.
Close relationships with humans intensify the chances
of transmitting zoonoses such as rabies and tuberculosis
(Barbosa et al., 2014; Duarte et al., 2021; ICMBio, 2023).
Furthermore, the stress related to the capture and transport
process, added to management failures such as inadequate
feeding and exposure to extreme climates, can cause im-
munosuppression, which exacerbates the multiplication of
pathogens (Barbosa et al., 2014; Duarte et al., 2021).

Due to the zoonotic nature of numerous diseases, and the
fact that these animals present themselves as possible reser-
voirs of infectious agents that affect humans and other spe-
cies, studies with primates have unquestionable relevance
(Cardoso et al., 2021). Clinical hematology — especially
in the case of primates - is essential to define the animals’
health status. Captive animals can be resistant to pain and
are often asymptomatic. Therefore, assessing their health
status with hematological and physiological reference val-
ues of populations in different conditions is a priority to
develop conservation plans and understand the factors that
influence wildlife health (Garcia-Feria et al., 2017).

There are few published hematological examinations in
platyrrhine primates, especially for those that are kept il-
legally as pets. To fill this gap, this study describes the he-
matological aspects of robust capuchin monkeys (Sapajus
sp.) in conditions of illegal home captivity in the state of
Ceard, Brazil. We discuss differences found across sex, age,
environmental and physical conditions and the possible
influence of these factors on animal health.

Material and methods

Data collection

The study was carried out in the state of Ceard, in North-
east Brazil. Ceard has a population of approximately nine
million human inhabitants and an area of 149,000 km?,
distributed across 184 municipalities (IBGE, 2022).

The study was conducted with the support of the munici-
pal secretariats of the state, through the collaboration of
endemic disease control agents (DCA) and community
health agents (CHA) who performed a survey and registry
of residences/families that raised monkeys in captivity in
their homes. Home visits were carried out with the support
of DCAs to collect biological material. During the visits,
the team introduced themselves, explained the objective of
the research and provided guidance to families on environ-
mental legislation, the risk of transmission of zoonoses and
animal welfare. We collected data from July 2019 to March
2020.

The non-human primates involved in the study were il-
legally raised in family homes as domestic pets and lived
chained or were kept trapped in cages in the backyards
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(Figure 1 and 2) or inside the homes, both in rural and
urban areas. To collect biological material, profession-
als physically restrained the animals using shaved leather
gloves and nets, and chemical containment was carried out,
using the anesthetic protocol of the intramuscular admin-
istration of sodium hydrochloride ketamine (10-15mg/kg)
and xylazine hydrochloride (1.0-1.5 mg/kg) (Miranda et
al., 2011). The activities were authorized by the Brazilian
Authorization Unit for Research in Federal Conserva-
tion Units SISBIO/ICMBIO, number: 71504-1, CEP
13466719.6.0000.5054 and 13466719.6.3001.5051).

After anesthesia, each animal was tagged with a microchip
for individual identification, followed by biometric mea-
surements including weight, total body length, arm, leg
and tail length, teeth condition, scars and signs of wounds
and presence of fleas. We used a manual caliper and tape
measure for morphometry and a digital manual weight

(LCD max 50kg).

Blood was collected from 35 capuchin monkeys (one
household kept two animals), including 20 females (17
Sapajus libidinosus and three S. apella) and 15 males (14
S. libidinosus and one S. apella) (Figure 3). Individual spe-

cies identification was defined morphologically using fur

Figure 1. Robust capuchin monkey (Sapajus libidinosus), kept in
a cage in a backyard along with an illegally kept blue-and-yellow

macaw.

Figure 2. Robust capuchin monkey (Sapajus apella), kept in a cage
in a backyard for 50 years.

Figure 3. Blood collection from a robust capuchin monkey
(Sapajus libidinosus), through the femoral vein.

color patterns. However, as these animals were illegally kept
and may have been obtained by trafficking, it is not pos-
sible to discard the possibility of the presence of hybrids
in the sample (Silva Junior, 2001). In total, 17 (48.6%)
were adults, 15 (42.9%) were juveniles and 3 (8.9%) were
seniors. Age was defined based on body size and presence
of the third canine in adults (Fragaszy et al., 2004). Seniors
were defined by teeth wear, wrinkles in the faces and re-
ports of the owners regarding how long they had kept the
individual as pet.

Blood collection was performed by puncture of the femo-
ral vein with an approximate total of 2 ml to maximum 3
ml per animal (Diehl, 2001). The parameter for the dose
quantity was the animal’s weight. After collection, the
blood was deposited in vials with anticoagulant (EDTA).
The collected material was duly identified with a label, with
a barcode identical to the microchip and each animal’s re-
cord. The sample was then refrigerated and taken to the
local laboratory for hematological examination within six
hours after collection. Cell counting was done using auto-
mated analyzers (Mindray™ BC-2800Vet, Shenzhen Min-
dray Bio-Medical Electronics Co., Ltd. or Alere™ Bio 2900
VET™, Diagno Co., Ltd.). Leucocyte differential counting
analyses were conducted using an optical microscopy. Plas-
matic protein was counted in a veterinary refractometer

(Highmed).
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At the end of the collection procedures, the researcher
waited until the animal returned to the pre-anesthesia state
to ensure the animal was in good condition. After our data
collection at the homes, the animals remained in their orig-
inal location. The official environmental agency rescued
some of these animals at a later moment. All procedures
such as physical and chemical containment and collection
of biological material were carried out by a qualified vet-
erinarian who used ethical and animal welfare principles.

Variables and data analyses

Municipality locations where biological data were collected
were mapped using QGIS® version 3.34.5-Prizren (Open-
Source Geospatial Foundation, 2016).

Hematological analysis included erythrocyte count, hemo-
globin, hematocrit, mean corpuscular volumae (MCV),
mean corpuscular hemoglobin (HCM), mean corpuscular
hemoglobin concentration (MCHC), total and differential
leukocyte counts with their absolute and relative numbers
(segmented neutrophils, rod neutrophils, lymphocytes,
monocytes, cosinophils and basophils), platelet count,
mean platelet volume (MPV), and total proteins. However,
as not all laboratories offered all these analyses, in some
samples data were not available for all measures. The data
were analyzed using GraphPad Prism 9.2.0 (Dotmatcs)
for descriptive statistical analysis. Values were expressed as

mean, standard deviation, median, maximum and mini-
mum values, and confidence intervals.

Inferential statistics were applied to determine significant
differences in hematological parameters between sex, age,
captive condition and hydration status, and between refer-
ence values present in the literature. As hematological data
did not present a normal distribution, the non-parametric
Mann Whitney test was applied to test differences by sex
and age class of the animals. To analyze statistical signifi-
cance of differences between the medians of the present
study and data presented in the literature, the one sample
Wilcoxon was used to test for blood variables; weight was
analyzed via one sample T test due to the normal distribu-
tion of the variable. Two-tailed a < 0.05 was established as
the significance limit. Data with a < 0.1 were considered
as complementary to the discussion due to the tendency
toward type 2 error when there is a low sample size.

Results

Of the 184 municipalities in the state of Ceard, we record-
ed animals kept in domestic captivity in 13 (7.06%). Our
team visited 34 residences that housed robust capuchin
monkeys in captivity. The municipality of Boa Viagem had
the highest number of residences with monkeys, with nine
(25.71%) animals, followed by Iguatu with six (17.14%),
Jaguaribara, Pereiro and Carits with three (8.57%) each,

| Muncipalities of Ceard

Number of collections by municipalities
Iy 1

-2

B z-6
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Figure 4. Spatial distribution of municipalities with collection of biological material from robust capuchin monkeys (Sapajus spp.), Ceard,

Brazil. Map built on QGIS® version 3.34.5-Prizren.
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and Limoeiro do Norte, Erere and Quixeré with two each

(5.71%) (Figure 4).

Of the 35 animals, 25 lived chained in the backyards of
homes (74.2%), 22 (62.8%) were dehydrated and 17
(48.57%) had injuries (such as laceration or deformity due
to collars, missing toes, docked tails and broken teeth),
alopecia, tartar on teeth and ectoparasites (fleas, mites).
The adult males (n=6) had a bimodal weight distribution
with three individuals weighing less than 3 kg and three
males weighing between 6 kg and 8 kg. These were consid-
ered obese individuals since they were twice to three times
heavier than the sample mean and the mean genus weight
(Fragaszy et al., 2004). To avoid bias, these obese animals
were excluded from the general sample and were subjected
to a different analysis presented in Appendices 1, 2 and
3. We used all individuals in analyses without differentiat-
ing by putative species type since classification was done
visually without genetic testing. Appendix 4 presents the
mean weight and length of individuals divided by species

as classified by the authors. Subadults were included in
the adult age group. Table 1 compares the weights of the
animals, excluding obese ones, with the weights of animals
from previous studies.

The overall average weight of the 27 animals whose weight
was recorded was 2.71 kg (Figure 5), with no statistical
differences between the weight of adults and juveniles in
our sample (U=8; p = 0.63). Excluding the obese animals,
the capuchin monkeys illegally kept in home captivity had
a median of 1.9 kg and a mean of 2.08 kg, significantly
lighter than the free-ranging group studied by Sousa and
others (2020), confirming the thinness detected in the
physical examination. Adult males were lighter than wild
adult males studied by Ribeiro et al. (2015) in the Cerrado
biome and significantly lighter than males in rescue centers
studied by Hernandes Cruz et al. (2022). On the other
hand, the females were significantly heavier than the wild
females described by Ribeiro et al. (2015). It is noteworthy
to mention the very low weight of the adult sample in the
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Figure 5. Mean weight values and standard deviations of captive robust capuchin monkeys (Sapajus spp.). A) with obese animals (n

=27); B) without obese animals (n = 24). A = adult; Y = young; S

= senior.

Table 1. Mean values with standard deviations of the weight of capuchin monkeys (Sapajus libidinosus and
S. apella) kept illegally in homes in the state of Ceard, compared to other studies of S. fbidinosus (Mean +

Standard deviation).

Sz This 'study a Herndndez-Cruz Sousa et. al. n Ribeiro et. al. n
i etal 2022 # 2020 w 2015 w
General (kg) 2.08 (0.65) 24 2.23 (0.75) 26 2.4 (-)* 17 -
Adult males (kg) 1.97 (0.55) 3 3.12 (0.56)* 8 - 2.8 (0.47) 5
Adult females (kg) 2.16 (0.62) 7 2.02 (0.36) 11 - 1.58 (0.27)* 10
Young males (kg) 2.04 (0.94) 6 1.62 (0.27) 4 - -
Young females (kg) 1.84 (0.38) 5 1.44 (0.32) 3 - -
Senior males (kg) 3.53 (-) 1 = = =

Senior females (kg) 2(0.28) 2 -

n = population; *
w = free-living, and standard deviation = (x).

= significant difference between this and the present study; i = illegal captivity; # = captivity;
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Ribeiro et al. (2015) study. There was no significant differ-
ence in the weight of young capuchins for either sex across
illegal and legal captive living conditions.

When compared with other hematological studies of
populations of Sapajus libidinosus reported in the lit-
erature (Table 2), the animals in home captivity showed
lower quantities of red blood cells per microliter of blood
and higher MCV. Table 3 details the hematological pa-
rameters of the study sample, and Table 4 presents signif-
icant differences (p < 0.05) or trends toward significance
(p <0.10) among the main categories analyzed.

The median value of monocytes was significantly higher
in adult females than in adult males; the total leukocyte
values were higher among young animals than among
adults; the MCV value was higher among hydrated ani-
mals than dehydrated ones, and MPV values were lower
in dehydrated and caged animals than in hydrated and
chained animals (Table 4).

Males tended to have higher amounts of eosinophils than
females; the MCV of young females tended to be lower
than that of adult females; segmented neutrophils tended
to be more abundant in young males than in adults; and
the MCHC tended to be higher in hydrated animals than
in dehydrated ones (Table 4).

Besides the much heavier weight, the obese animals dif-
fered from the main sample regarding a considerably

higher red blood count. Appendix 1 shows the individual
parameters of these three animals. Appendices 2 and 3
present the values of blood parameters and statistical
results with the inclusion of these animals in the sample.

Discussion

To the best of our knowledge, this is the first hemato-
logical study carried out on robust capuchin monkeys
(Sapajus libidinosus and S. apella) kept in conditions of
illegal home captivity. Capuchin monkeys as pets were
identified in 12 municipalities and 34 houses, the ma-
jority located close to an interstate highway, a possible
wildlife trafficking route as indicated by Santos et al.
(2021). Of the 35 animals, three were obese, two-thirds
lived chained in the backyard of their homes, and more
than half were dehydrated and had injuries. Appendix
5 provides photos taken at the time of the study of the
capuchins in their captive environments.

With the exception of three obese individuals, the capu-
chin monkeys in our study population were about 10%
lighter than those described in rescue centers (Hernan-
dez-Cruz et al., 2022) and 20% lighter than animals in the
wild (Sousa et al., 2020). This difference was more pro-
nounced for adult males (Nufiez et al., 2008; Hernandez-
Cruz et al.,, 2022). In contrast, no statistical difference
in weight was found for immatures in illegal captivity
versus other conditions. Although we cannot discard the
possibility of hybrids in our sample, the adult weight

Table 2. Medians of hematological parameters of robust capuchin monkeys (Sapajus) in home captivity in the state of

Ceard compared to those reported in the literature.

Present study

Herndndes-Cruz et

Ferreira et al., 2018 Sousa et al., 2020

(n=32)1 al., 2022 (n = 26) # (n=50)# (n=17)w

Hematological parameters Median Median Median Median
Red blood cells (x106/ul) 4.95 5.44* 5.75%* 5.59**
Hemoglobin (g/dl) 11.95 11.15%* 12.1 13.5%
Hematocrit (%) 39.65 40 39 41*
MCV (fl) 76.6 72.05** 68.10** 73
MCHC (%) 31.65 25.65** 31.4 33**
Leukocytes (x103/pl) 7.05 13.2** 8.67 8.5
Neutrophils (x103/pl) 3.83 6.95* 4.04 2.73%
Rods (x10%/pl) 0 0 0 0
Lymphocytes (x103/pl) 3.28 3.8 3.46 4.03
Monocytes (x103/ul) 0.34 0.69** 0.27* 0.47
Eosinophils (x103/pl) 0.07 0.47** 0.09 0.47**
Basophils (x103/ul) 0 0 0 0
Platelets (x103/pl) 255 321** 268.6 252
Total Proteins (g/dl) 7.2 - - 7.4

n = sample size; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular
hemoglobin concentration; RDW = red cell distribution width; MPV = mean platelet volume. Asterisks indicate significant
differences from present study (* = P < 0.05, **= P < 0.01). i = illegal captivity; # = captivity; w = free-living.
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Table 3. Mean values, standard deviations, 95% confidence interval of means, medians and ranges of hematological
parameters of robust capuchin monkeys (Sapajus) in illegal home captivity in the state of Ceara.

Hematological parameters n Mean SD 95% CI Median Min — Max
Red blood cells (x106/ul) 32 4.98 0.8 4.69 —5.27 4.95 1.82 - 6.37
Hemoglobin (g/dl) 32 11.93 2.04 11.2 - 12.67 11.95 4.3-16.5
Hematocrit (%) 32 38.75 5.64 36.72 — 40.79 39.65 18.2 - 48
MCV (fl) 32 78.72 7.12 76.15 - 81.29 76.6 67.8 — 100
MCH (pg) 32 23.88 1.52 23.34 — 24.43 23.8 21.7 -30.4
MCHC (%) 32 30.64 2.68 29.53 — 31.60 31.65 23.63 — 34.4
RDW (%) 11 14.68 1.14 13.92 - 15.41 14.4 13.3-16.7
Leukocytes (x103/pl) 32 8.26 3.1 7.13-9.38 7.05 3-15.4
Neutrophils (x103/ul) 4.01 3.36 —4.65

32 1.8 3.82 0.84 —8.78
(%) 48.7
Rods (x103/ul) 0-0.11

32 0 0.02 0 0-0.12
(%)
Lymphocytes (x103/ul) 3.6 3.04 - 4.18

ympRoayie TR 32 1.59 3.28 174 - 8.4

(%) 43.8
Monocytes (x103/ul) 0.47 0.33-0.61

32 0.38 0.34 0-1.39
(%) 5.7
Eosinophils (x103/pl) 0.15 0.03 - 0.27

32 0.32 0.07 0-1.8
(%) 1.8
Basophils (x103/ul) 0 0-0

32 0 0 0
(%) 0
Platelets (x103/pl) 32 234.1 79.2 205 -263 255.5 76— 349
MPV (fl) 10 11.08 0.7 10.58 — 11.56 10.95 9.9 -12.6
Protein Totals (g/dl) 21 7.54 0.74 7.2-7.82 7.2 6.8-9.95

values were significantly lower than the reference values
for S. libidinosus, S. apella and for the genus overall. This
indicates that animals kept in these captive conditions
tend to be more cachectic the longer they spend in il-
legal captivity, with a greater impact on male individuals.
The females were heavier than the wild females studied
by Ribeiro et al. (2015), possibly due to the absence of
the energetic costs of gestation. The lack of difference in
weight between age groups may indicate a lack of devel-
opment of muscle mass in adulthood. A weight of 2 kg
with low variation (except for the three obese animals)
may be due to limited space for development and incor-
rect, calorie-poor feeding.

Erythrocyte count is commonly used as an indicator
for anemia. Our study sample had a lower erythrocyte
count per microliter of blood than in other populations
previously studied. However the MCV was higher than
that seen in other groups of Sapajus (Ferreira A., et al.,
2018; Sousa et al., 2020; Hernandez-Cruz et al., 2022).
The main pathophysiological cause for this increase is the
greater quantity of reticulocytes.

The variation we found in relative hemoglobin values
compared to other studies may be due to the fact that
the amount of hemoglobin, when measured from dehy-
drated animals, tends to be overestimated (Thrall, 2015).
When compared to wild animals or animals in rescue
centers (Naves et al., 2006; Flaiban et al., 2007; Ribeiro
et al., 2015; Ferreira A. et al., 2018; Hernandez-Cruz et
al., 2022), the animals of this study showed low leukocyte
values, indicating greater vulnerability to diseases. Very
low values of leukocytes, especially neutrophils, may sug-
gest a bone marrow disorder, especially when this reduc-
tion is not associated with a left shift (Weiser, 2015).

The number of platelets was similar to some studies car-
ried out in healthy animals of the same genus (Ferreira
A, et al, 2018; Sousa et al., 2020), suggesting protection
for the animals from more severe hemorrhages. How-
ever, the platelet counts were lower than that observed
in some other capuchin populations (Nanez, 2007; Wirz
et al.,, 2008; Herndandez-Cruz et al., 2022). This difference
may be due to the energetic expense arising from the in-
juries found.
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Table 4. Parameters with significant and/or strongly suggestive differences among the different categories

of Sapajus spp. studied.

Group Parameters Median Median U P
Sex Females (n=20) Males (n=12)
Eosinophils (x10%/ pl) 0.04 0.16 72,5  0.06
Adult Females (n=10) Adult Males (n=5)
Monocytes (x10%/pl) 0.51 0.14 5 0.04
Young Females (n=8) Young Males (n=7)
Age Juveniles (n=15) Adults (n=14)
Leukocytes (x103/pl) 7.9 6.45 59 0.04
Young Females (n=8) ~ Adult Females (n=10)
MCV (fl) 72.75 78.4 20 0.08
Young Males (n=7) Adult Males (n=4)
Neutrophil (x103/pl) 4.05 2.29 4 0.07
State Dehydrated (n=21) Hydrated (n=11)
MCV (fl) 79.3 74.2 60.5  0.03
MCHC (%) 31.3 32 68 0.06
MPV ()# 10.91 12.6 45 <0.01
Caged (n=8) Chained (n=24)
MPV (f)## 10.7 11.2 1 0.03

n = sample size; SD = standard deviation; MCV = mean corpuscular volume; MCH = mean corpuscular
hemoglobin; MCHC = mean corpuscular hemoglobin concentration; RDW = red cell distribution
width; MPV = mean platelet volume; p-value = probability of significance; U-value = Mann-Whitney
test; Due to limitations in laboratory analyses we do not have the readings of all hematological indices for
all animals, # indicates a sample size n= 9 & 1 and ## sample size n= 3 & 7 for MPV readings

The analysis of plasma proteins was similar to that found
by Sousa et al. (2020); however, in dehydrated animals
this value may be overestimated. Decreases in this index
can be seen in animals with nutritional deficiencies (Al-
lison, 2015).

Regarding age and sex differences, in literature on larger
samples in legal captive conditions (rescue centers and
research labs), hematological indices of capuchin mon-
keys (genus Sapajus) tended to be higher in males than in
females (Riviello and Wirz, 2001; Nufiez et al., 2008; Witz
et al., 2008; Ferreira A., et al., 2018). This is explained by
the inhibitory effect of estrogen on erythropoiesis (Stock-
ham and Scott, 2011). In addition, higher values have
been reported for young individuals (Nuiez et al., 2008;
Ferreira A., et al., 2018). likely due to a higher proportion
of red marrow in these animals (da Silva G., et al., 2023).
Our study did not show sex or age class differences; the
very poor environmental quality to which the animals
in this study were subjected can predispose pathological
conditions such as anemia in both sexes and at all ages
(Stockham and Scott, 2011).

In our sample, females tended to have lower numbers
of eosinophils than males, and adult females had higher
numbers of circulating monocytes than adult males.
Increased levels of the steroid hormone cortisol are the

most discussed cause of eosinophilia and monocytosis
(Weiser, 2015), with females being more affected by
chronic stress (Garber, 2020). However, we did not assess
cortisol levels or the presence of active infections that
may modify neutrophil levels.

When stratified by age, there was a relative leukopenia
in the adult group of our study population, as compared
to young animals, similar to what was found by Ferreira
A, and colleagues (2018). In the male group, there was
a tendency towards neutropenia in adult males when
compared to young males. Inflammations are the main
cause of leucopenia and neutropenia, however, when not
accompanied by left shift, it can suggest bone marrow
injury (Weiser, 2015). Adult females had a larger MCV
than young females, indicating larger cells, probably re-
ticulocytes (Thrall, 2015).

The dehydrated animals showed increased MVC values
and a strong decrease in MCHGC, indicating regenerative
anemia (Thrall, 2015). These findings indicate erythro-
cyte regeneration in our sample (Thrall, 2015). Dehydrat-
ed animals may be suffering from an illness that requires
increased production of erythrocytes. The fact that this
group did not demonstrate other reduced hematological
parameters does not rule out the possibility of anemia,




56

Neotropical Primates 30(1), July 2024

since dehydration may lead to overestimation of these
figures.

In our opinion, blood parameters of obese animals should
be analyzed separately since these animals are not in the
wild and including their weight parameters could cause
bias in defining reference limits for the genus. When in-
cluding these animals there are two main differences in
results: animals are no longer lighter or anemic relative
to other groups, and the differences in monocytes and
eosinophils between males and females disappear. Thus,
the presented analysis (excluding obese individuals) is a
better picture of the reality of the animals: mostly cachec-
tic, dehydrated, with wounds. Of the 35 animals studied,
26 (75%) were later voluntarily delivered by owners to
environmental agents and sent to qualified institutions.
The remaining animals were not rescued, either due to
lack of willingness from the keeper, or due to logistical
and infrastructure issues of the responsible agencies.

Conclusions

This is the first description of hematological parameters
for robust capuchin monkeys while they are actively il-
legally kept in captivity in homes, before rescue to reha-
bilitation centers. Animals kept in home captivity were
in worse clinical conditions than animals kept in rescue
centers or in wild populations. In general, individuals
were cachectic and hematological parameters indicated
anemia, leukopenia, infection and parasitism. Home cap-
tivity and proximity to humans are highly harmful to the
quality of life of capuchin monkeys and a risk to human
health due to the greater chance of zoonosis transmis-
sion. This reinforces the need for more detailed studies
on health conditions, in addition to the need for edu-
cational campaigns focusing on wild animal trafficking,
environmental legislation and the risk of transmission
of zoonotic diseases. The better condition of animals in
rescue centers indicates that these places play a funda-
mental role in caring for animals with specific nutrition,
examination and rehabilitation work preparing them for
reintroduction to suitable wild environments in the spe-
cies range, such areas legally registered for the release of
rescued animals.
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Resumo

Apresentamos uma analise qualitativa e quantitativa do engajamento do @operacaosapajus ao longo dos trés primeiros
anos desde a criagdo da pagina no Instagram. Analisamos 488 postagens classificadas em 12 categorias. Foi utilizada a
ferramenta Insights para se obter indices do engajamento da pagina. Utilizamos modelos lineares para detectar diferen-
cas significativas no engajamento entre os tipos de publicacio, e andlise de cluster para agrupar tipos de publicagdes
pela similaridade nos valores medianos do engajamento geral. A pagina atingiu um teto de onze mil seguidores, com-
posto majoritariamente por mulheres, entre 24 e 35 anos, brasileiras. Trés agrupamentos foram obtidos com diferen-
cas estatisticas entre eles. As publicagées com abordagem critica tiveram significativamente mais likes, mas ndo mais
compartilhamentos, indicando uma forma de ativismo brando. Publica¢des sobre temas cientificos e dentincias foram
significativamente mais salvos, indicando que a fungao de divulgacéo cientifica esta sendo alcangada. Posts da categoria
Em cativeiro e em liberdade engajaram significativamente menos, indicando que essa estratégia talvez ndo seja a mais
eficiente para a promog¢ao de uma mudanga estética do “amar como pet” para o “amar a vida silvestre em liberdade”

Palavras chaves: Instagram, macaco-prego, primatas, redes sociais
Abstract

We present a qualitative and quantitative analysis of public engagement with @operacaosapajus over the first three years
since the creation of the Instagram page. We analyzed 488 posts classified into 12 categories. The Insights tool was used
to obtain page engagement indices. We used linear models to detect significant differences in engagement between post
types, and cluster analysis to group post types by similarity in median overall engagement values. The profile reached a
ceiling of eleven thousand followers, made up mostly of Brazilian women, between 24 and 35 years old. Three clusters
were significantly different from each other. Publications with a critical approach had significantly more likes, but not
more shares, indicating a form of soft activism. Publications on scientific topics and denouncements were significantly
more saved, indicating that the function of scientific dissemination is being achieved. Posts of animals in captivity and
“free/wild” categories engaged substantially less, suggesting that this strategy may not be the most efficient to promote
an aesthetic change from “loving as pets” to “loving free wildlife”.

Keywords: Instagram, robust capuchin monkey, primates, social media

sabem sobre animais é baseado no que ¢ apresentado na

Introdugao

As relagdes pessoais dos seres humanos com a natureza
sdo preditoras de comportamentos pré-meio ambiente
(Nisbet et al., 2008). Pesquisas mostram que individuos
que residem em dreas rurais tendem a desenvolver uma
maior afinidade pela conserva¢io ambiental devido a
proximidade com ecossistemas naturais (Chawla, 2007).
Porém, com a crescente urbanizacio, cada vez menos
pessoas tém oportunidades de interagir diretamente
com ambientes silvestres. Estudos indicam que a falta de
contato com ambientes naturais pode levar a uma des-
conexdo emocional com o meio ambiente, reduzindo a
percepc¢do da importancia de sua preservagdo (Mayer e
Frantz, 2004). Em decorréncia, muito do que as pessoas

midia (Clarke et al., 2019).

O retrato da vida animal é um tema frequentemente
explorado em documentarios e produgdes midiaticas.
Grandes empresas, como a British Broadcasting Corpo-
ration (BBC), produzem séries que destacam o compor-
tamento animal e a vida selvagem (Nelson e Fijn, 2013).
Além disso, imagens de animais sdo amplamente utili-
zadas em programas de televisdo, comerciais e filmes
infantis, consolidando sua presen¢a na midia popular
(Aldrich et al., 2023). Essa exposi¢ao molda significati-
vamente a percep¢do do publico, influenciando atitudes
e até mesmo comportamentos relacionados a aquisi¢do
de animais (Clarke et al., 2019). Por exemplo, o registro
de cachorros da raga dalmata cresceu apds a exibi¢ao do
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filme 101 Ddlmatas, assim como a aquisi¢do de iguanas
apos o filme Jurassic Park, compra de corujas durante a
exibi¢do da série Harry Potter e compra de peixes-palha-
¢o apos a exibicdo do filme Procurando Nemo (Clarke et
al., 2019). Primatas, em particular, tém sido recorrentes
na inddstria audiovisual desde o século passado até os
tempos atuais (Aldrich et al., 2023), um exemplo proxi-
mo foi a utilizagdo de um chimpanzé (Pan troglodytes)
na novela brasileira Caras e Bocas (2009). Primatas de
pequeno porte, como o caiarara (Sapajus e Cebus), sdo
um alvo constante da industria do cinema e da televiséo.
Famosa em Hollywood, a macaca Crystal, uma fémea da
espécie Sapajus apella, ja atuou em mais de 30 produgdes
(IMDB, 2025).

A midia de forma mais ampla, incluindo canais como
redes sociais, féruns online e blogs, desempenha um
papel fundamental na formagdo da opinido publica e
na legislagdo sobre o comércio de pets exéticos (Bielby
et al., 2025). O aumento do acesso a internet e a popu-
larizagdo do e-commerce tém impulsionado a transfor-
magao do comércio de animais selvagens, com as midias
sociais se tornando um fator crucial na expansio e po-
pularizagdo do comércio de animais exdticos como pets
(Njjman et al., 2023). Evidéncias demonstram o impacto
significativo das midias sociais na formacao de atitudes
do consumidor e no aumento da demanda por animais
selvagens como animais de estimagao. Por exemplo, posts
de galagos ou bushbabies (familia Galagidae) no TikTok
e Instagram mostraram que 95% dos comentarios mani-
festavam desejo de possuir um, e o aumento nas visuali-
zagOes desses posts correlacionou-se com o crescimento
nas buscas por “galago pet” no Google e nas exportagdes
de galagos vivos (Nijman et al., 2023). A linguagem e o
conteudo apresentados nessas midias, especialmente nas
populares, podem inadvertidamente impulsionar o inte-
resse e a demanda por esses animais (Clarke et al., 2019;
Nijman et al., 2023; Bielby et al., 2025).

A teoria do enquadramento (framing theory) é um tipo
de viés cognitivo estudado por diferentes areas, como a
psicologia e a sociologia. Ela sugere que a forma como
uma informacao ¢ passada muda a maneira como ela ¢
interpretada pelo destinatario (Riddle e MacKay, 2020).
Portanto, a maneira como a midia representa os animais
influencia diretamente a percepgdo do publico sobre eles
(Nunes et al., 2023). Dessa forma, pode ocorrer uma es-
pécie de distor¢do comunicativa, na qual o ptblico inter-
preta erroneamente determinados aspectos e comporta-
mentos dos animais, o que pode se tornar perigoso, pois
percepcdes equivocadas podem levar & desvalorizagdo
dessas espécies (Ross et al., 2011; Van der Meer et al.,
2019). Com a ascenséo da midia digital, os espagos onli-
ne passaram a ser utilizados para registrar e compartilhar
os relacionamentos humanos, incluindo suas relagdes
com animais ndo humanos. Esses registros, amplamen-
te divulgados nas plataformas digitais, permitem que as
interagdes entre humanos e animais sejam observadas e

exploradas no ambiente online, especialmente nas redes
sociais.

A era das redes sociais transformou significativamente a
maneira como as pessoas acessam e processam informa-
¢oes (Aldrich et al., 2023). As midias sociais ndo apenas
veiculam noticias e conhecimento, mas também influen-
ciam identidades, posturas e ideologias, especialmente
entre as geragdes mais jovens (Hottecke e Allchin, 2020).
No entanto, posts relacionados a ciéncia sao substancial-
mente menos compartilhados do que posts sobre outros
assuntos, e 21% dos usuarios de midias sociais norte-a-
mericanos reportaram nao seguir nenhum canal relacio-
nado a ciéncia nas suas escolhas de midia social (Clarke
et al., 2019; Hottecke e Allchin, 2020).

Com cerca de 5,17 bilhdes de usuarios em 2024 e pro-
jegoes de crescimento para 6 bilhoes até 2028 (Statista,
2024), as midias sociais desempenham um papel sig-
nificativo na formacio de percepc¢des. No entanto, elas
também facilitam a dissemina¢do de imagens de animais
silvestres fora de seus habitats naturais e em contextos
antropomorfizados, o que pode estimular o comércio
legal e ilegal de pets exdticos (Moloney et al., 2020). Pes-
quisas sobre como as imagens influenciam as atitudes das
pessoas em relagdo a chimpanzés (Ross et al., 2011) e leo-
pardos (Van der Meer et al., 2019) mostram que a visua-
lizagao de fotografias destes animais ao lado de humanos
diminui a percep¢io destas espécies como ameacadas de
extingdo. Além disso, as pessoas ficam mais favoraveis a
verem estas espécies como possiveis animais de estima-
¢do (Ross et al., 2011; Riddle e MacKay, 2020).

Por outro lado, a midia social pode ser usada para esti-
mular o pensamento conservacionista (Wu et al., 2017).
A campanha Cécegas ¢é tortura (Tickling is Torture), lan-
¢ada em 2015, foi bem-sucedida em mudar a percepgido
sobre o bem-estar dos loris lentos (Nycticebus): apos
agoOes nas redes sociais, um video viral foi removido e os
comentarios desejando o animal como pet cairam de 25%
para 10% (Nekaris et al., 2013; Clarke et al., 2019). Outras
campanhas como a realizada por uma Organizagdo Néao
Governamental (ONG) pelo Facebook, contra o trafico
ilegal de primatas de Gibraltar no Marrocos, aumenta-
ram em 25% o numero de dentncias de animais manti-
dos em cativeiro ilegal (Waters e El-Harrad, 2013). Essas
campanhas exemplificam como as midias sociais ndo s6
contribuem para a conscientizagio sobre problemas am-
bientais e de bem-estar animal, mas também ajudam a
comunicar diretamente com publicos fora da academia.

Nosso grupo de pesquisa, o COLAB (Laboratério de Es-
tudos em Coexisténcia — Programa de Pds-Graduagdo
em Psicobiologia da Universidade Federal do Rio Gran-
de do Norte), desenvolve pesquisa sobre comportamen-
to e reabilitagdo para soltura de macacos-prego (Sapajus
libidinosus) mantidos em centros de resgate de fauna
silvestre do IBAMA (Ferreira et al., 2016, 2018, 2020;
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Hernandez-Cruz et al., 2022, 2024; Donnini, 2024). Nes-
te contexto, em marco de 2019 foi criado o @operacaosa-
pajus, um perfil no Instagram (instagram.com/operaca-
osapajus) dedicado a divulgagdo de informacdes sobre o
trafico de animais silvestres e a conscientizagdo sobre os
impactos da manuten¢éo de primatas como pets. A uti-
lizacdo de redes sociais para esse objetivo oferece uma
oportunidade para a comunicag¢io direta com o publico
em geral, superando as limitagdes da comunicagio aca-
démica tradicional.

O publico-alvo dos posts sdo os usuarios da plataforma
Instagram por ser uma das midias sociais mais utilizadas.
O presente trabalho apresenta uma analise qualitativa e
quantitativa verificando qual tipo de post teve maior en-
gajamento em trés anos do perfil @operacaosapajus.

Metodologia

O perfil @operacaosapajus foi criado em marco de 2019
com trés objetivos principais: 1) esclarecer a problemati-
ca da manuten¢do de macacos-prego (Sapajus) e outros
primatas como pets, 2) discutir as consequéncias da ex-
posicao desses animais nas midias sociais e 3) promover
o respeito a fauna em liberdade. A primeira publicagdo
ocorreu em 06 de marco de 2019 e, em 25 do mesmo més,
foi langada a hashtag #todosporeles, que ainda ¢ utilizada
por membros e colaboradores do projeto. Em setembro
de 2019, a hashtag atingiu 4000 usos na plataforma. Em
02 de maio de 2019, foi lan¢ada a campanha “Ame em
liberdade”, incentivando os seguidores a compartilharem
fotos de macacos-prego em liberdade, como forma de
combater imagens de primatas em cativeiro. A campa-
nha também utilizou a estratégia de premiar a foto mais
curtida com uma camiseta do laboratdrio, promovendo
engajamento. Até dezembro de 2019, a pagina alcangou

5.000 seguidores, e em mar¢o de 2021, o perfil chegou
a 10.000 seguidores. Atualmente (19/03/2024), o perfil
conta com aproximadamente 11.400 seguidores.

O Instagram oferece a ferramenta Insights para usuarios
de contas comerciais obterem dados sobre o engajamen-
to. Essa ferramenta apresenta nove indices de engajamen-
to de cada publicagdo: numero de curtidas, comentarios,
compartilhamentos, salvamentos, contas alcancadas, in-
tera¢ao no post, impressoes, visitas e comegaram a seguir
(ver defini¢des dos indices no Anexo 1). Utilizamos essa
ferramenta para obter dados dos posts selecionados para
analise.

Utilizamos o periodo de mar¢o de 2019 a junho de 2022
nas andlises, por ser aquele em que o perfil do Instagram
esteve mais consistentemente ativo quanto a frequéncia
de postagens. Durante esse intervalo, a pagina alcangou
11.235 seguidores e publicou 610 posts, com uma média
de 1,5 posts por semana. Os posts foram agrupados em
12 categorias: 1. Divulgagao cientifica; 2. Frases de efeito;
3. Em liberdade; 4. Histérias individuais; 5. Criticas; 6.
Denuncia; 7. Meme consciente; 8. Em cativeiro; 9. Saiu
na midia; 10. Campanha; 11. Ilustragdes; 12. Ciclo de en-
trevistas. Essas categorias foram definidas a posteriori e
o critério utilizado para isso foi o contetido presente na
publica¢io. Das 610, 488 publica¢des puderam ser clara-
mente classificadas, onde cada uma delas ocupa somente
uma categoria, evitando assim repeti¢des e duplicidade.
As categorias, a quantidade de posts e suas descrigoes
estdo apresentadas na Tabela 1, e no Anexo 2 é possivel
visualizar um exemplo de cada uma delas.

Realizamos dois tipos de analise. Primeiro, utilizamos
modelos lineares gerais para testar se havia diferenca sig-
nificativa nos indices de engajamento entre as diferentes

Tabela 1. Descrigao e quantidade de posts para cada categoria dentro de @operacaosapajus.

Categoria Quantidade Descrigao
Divulgacio cientifica 141 Compartilhamento de contetdo cientifico de maneira interessante e
compreensivel para o pablico da pdgina.
Frases de efeito 47 Frase impactante que chama atengio do publico e traz reflexdo.
Em liberdade 147 Fotos de animais em contexto de liberdade.
Histérias individuais 13 Breve histéria sobre algum dos macacos do projeto.
Criticas 13 Publicagio critica sobre algum acontecimento na midia.
Formas de dentincia 7 Maneiras de denunciar situagées de maus tratos.
Meme consciente 13 Publicagdo que utiliza algum meme que estd em alta de maneira consciente,
trazendo um cunho cientifico.
Em cativeiro 56 Fotos de animais em situagdo de cativeiro.
Saiu na midia 16 Compartilhamento de alguma noticia atual envolvendo macacos.
Campanhas e sorteios 6 Campanha ou sorteio promovidos pela pdgina com a intengao de aumentar o
engajamento.
Iustragoes 25 Ilustragées com o tema primatologia.
Ciclo de entrevistas 4 Postagem onde especialistas debatem algum tema no formato de “entrevista”.
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categorias de posts. Como os dados de engajamento néo
apresentaram distribui¢do normal, a significancia foi de-
finida via bootstrap, e as diferengas entre as médias esti-
madas foram consideradas significativas se os limites de
significancia nao contivessem o valor zero. Em seguida,
realizamos uma analise de cluster hierarquico para veri-
ficar similaridade/dissimilaridade entre as categorias de
posts de forma geral, usando todos os indices. Os valores
medianos foram padronizados para evitar sobrepeso de
indices com valores intrinsecamente maiores (ex., likes
vs. seguir). Utilizamos o método de ligacdo entre centroi-
des calculada pela distancia euclidiana da mediana dos
indices de engajamento das categorias. Todos os procedi-
mentos estatisticos foram executados no software R (ver-
sd0 4.3.1) através dos pacotes proxy e tidyverse.

Resultados

Em junho de 2022, a pagina contava com um total de 610
publicacdes, 194.772 likes e mais de 31 mil compartilha-
mentos. Uma andlise realizada por meio das ferramentas
disponibilizadas pela propria plataforma permitiu um
entendimento mais aprofundado sobre o perfil do nosso
publico, especialmente em relagdo ao género e a localiza-
¢do. Os dados revelaram que a maioria dos seguidores
no periodo analisado era composta por mulheres entre
25 e 34 anos, representando 64% do total. Observou-se
também que 94,7% dos seguidores eram brasileiros, ma-
joritariamente residentes em grandes capitais como Sao
Paulo, Rio de Janeiro e Belo Horizonte. Além do Brasil,
nosso publico estava distribuido em outros quatro paises:
Estados Unidos, Argentina, Colémbia e Portugal.

A andlise dos pardmetros de engajamento mostra que
o valor mediano geral de likes foi 232 com maximo de
4512; comentéarios tem uma mediana de 7, com valor
maximo de 1078; o valor mediano de compartilhamen-
tos foi 4, com valor maximo de 1987; o valor mediano de
salvamentos é 6 com valor maximo de 605; alcance tem
mediana de valor 1038 e o valor maximo 18735; quanto
as interagdes a mediana é 265 e o valor maximo 7221;
no parametro de impressdes os valores observados sdo
1138 de mediana e 22009 de valor maximo. Os valores
medianos detalhados das principais métricas (Likes, Co-
mentdrios, Compartilhamentos, Salvamentos, Alcance e
Comegaram a Seguir) para cada uma das categorias de
publica¢des podem ser encontrados nos graficos de barra
presentes na Figura 1.

Os resultados dos modelos lineares mostram que posts
de critica, memes conscientes e ilustragdes tiveram sig-
nificativamente mais engajamento (Likes, Alcance, Com-
partilhamento, Interacdo, Impressdo, Salvamento) que
posts de animais em liberdade e em cativeiro. Apenas, o
numero de comentérios foi maior em campanhas, devido
a prépria proposta deste tipo de post. Posts de denuncia
e divulgacdo cientifica foram os mais salvos. A Tabela 2

resume as diferencas significativas, o Anexo 3 apresenta
resultados estatisticos dos modelos lineares.

A andlise do dendrograma presente na Figura 2 corro-
bora esses resultados. E possivel verificar a formagédo de
trés agrupamentos. Posts com criticas e memes conscien-
tes formam um agrupamento semelhante entre si e mais
dissimilar aos demais, compondo o grupo dos posts com
maior engajamento. Posts em liberdade, histdrias indivi-
duais, ciclo de entrevistas e animais em cativeiro formam
o agrupamento dos que surtiram menor engajamen-
to. Posts de divulgacao cientifica, saiu na midia, frases
de efeito, ilustracdes, campanhas e denuncia formam o
cluster com engajamento mediano (ver matriz de dissi-
milaridade no Anexo 4). O dendrograma foi construido
a partir dos valores medianos padronizados de oito in-
dices de engajamento: Likes, Comentarios, Compartilha-
mentos, Salvamentos, Alcance, Interacdes, Impressoes e
Comecaram a seguir. A padroniza¢édo dos valores evitou
a variagdo de métricas com escalas numéricas de enga-
jamento diferentes. Foi utilizada a distancia euclidiana
entre centroides das categorias, com o método de ligacdo
entre grupos.

Discussao

O perfil do Instagram @operacaosapajus teve um grande
crescimento logo no inicio, em apenas nove meses atingiu
5 mil seguidores, depois foram necessarios mais 15 meses
para atingir 10 mil, e estd estacionado em 11 mil desde
fevereiro de 2022 até marco de 2024. Este é um niimero
baixissimo se comparado aos de seguidores de Instagram
que descrevem a vida de macacos pet, como por exemplo
o perfil @heresyourmonkeycontent que conta com 447 mil
seguidores. O perfil do publico segue o padrio geral do
Instagram que tende a ser composto por pessoas jovens
com predominéncia do sexo feminino (Thomas et al.,
2020). Além disso, por se tratar de um perfil brasileiro,
com publicagdes voltadas para o publico do proprio pais,
a maioria dos seguidores também ¢ brasileiro.

As analises mostraram que posts de animais em liberdade
e em cativeiro nao diferem entre si, mas despertam sig-
nificativamente menos engajamento que posts de criticas
e memes conscientes. Os trabalhos que usam a teoria da
moldura (framing theory) realizam experimentos online
em que imagens semelhantes em contextos diferentes (ex.
chimpanzés na floresta, mesmo chimpanzé numa sala)
sdo apresentadas e os respondentes sdo participantes (vo-
luntarios) de uma pesquisa (Ross et al., 2011). Nestes ex-
perimentos ¢ verificado que o contexto em que o animal
¢ apresentado muda a percepgio sobre a adequabilidade
ou ndo de um animal silvestre como pet. Diferentemente,
nossa analise ndo resulta de um experimento controlado
e faz uso de engajamentos espontineos em posts apresen-
tando animais em contextos reais, seja em liberdade, seja
em cativeiro. Estas imagens ndo sao confrontadas frente
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Figura 1. Valores medianos dos indices de engajamento para cada categoria de conteudo.

a frente, e uma escolha clara néo ¢ solicitada. Ambos os
tipos de posts tiveram baixo engajamento, nao diferindo
entre si, mas diferindo de quase todas as outras catego-
rias de posts. Isto ndo quer dizer que o efeito moldura
ndo exista, mas que nao conseguimos detectar com nossa
analise. Mas isto gera duvidas quanto a eficiéncia dessa
estratégia para atingir o objetivo de uma mudanca estéti-
ca de valorizagdo da vida em liberdade. Talvez para isso
seja necessaria a observacido do animal em seu ambiente
natural de fato, e atividades de primate watching talvez
sejam mais eficazes na mudanca de valorizagdo ética e

estética (Mittermeier e Ang, 2023). Ciclos de entrevistas
e histérias individuais formaram um agrupamento com
posts em liberdade e cativeiro como as categorias com
menos engajamento.

Por outro lado, posts que criticam e fazem memes sobre
a manutengdo de primatas como pets e sua exposi¢do em
midias sociais foram os que resultaram em maior enga-
jamento, formando um agrupamento claro, diferente dos
demais tipos de posts. De acordo com Lima-Neto (2020),
os memes viralizam intensamente por serem concebidos
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Tabela 2. Matriz com diferencas significativas entre os tipos de posts. Resultados estatisticos no Anexo 3.

CR MC 1IL EL EC DC FE HI DE SM CS CE
CR X L L CALi L C i C C c C
MC X LALi LALi C
IL X C oA i LCcoAlLi C,c C S
EL X CeoSALis S C
EC X LS ALiLs Al A S C
DC X S C
FE X N C
HI X S C
G,
DE X S
N
SM X C
CS X C
CE X

L: Likes; C: Comentdrios; c: Compartilhar; S: Salvamentos; s: Seguiram; A: Alcance; I: Interacio; i: Impressoes;
CR: Criticas; MC: Meme consciente; IL: Ilustragoes; EL: Em liberdade; EC: Em cativeiro; DC: Divulgacio
cientifica; FE: Frases de efeito; HI: Histérias individuais; DE: Dentincias; SM: Saiu na midia; CS: Campanhas

e sorteios; CE: Ciclo de entrevista.

Dendrograma - Agrupamento de Engajamento
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Figura 2. Dendrograma com agrupamento de posts com engajamentos mais similares.

como unidades de transmissao cultural que se replicam
rapidamente por imitacio, essa rapida absorcio e disse-
minagdo ¢ impulsionada por elementos como o humor.
Esses fatores podem ajudar a explicar o alto engajamen-
to desses tipos de publicacdes. E importante considerar
que, diferente do agrupamento anterior, as pessoas po-
dem ver esses tipos de post como uma informagédo util
e construtiva. Em outras palavras, uma foto bonita de
um macaco-prego pode ser agradavel de se admirar, mas
nem sempre inspira o desejo de compartilha-la. Este alto

engajamento reflete a forma de ativismo do publico de
midias sociais, em que as frustragdes e criticas sociais
no mundo concreto sio externalizadas no mundo online
(Oskuie e Oskouie, 2024). Com exce¢ao de algumas pu-
blicagdes mais “virais”, os posts obtiveram uma mediana
de 1.000 visualizagdes e alcangaram um nimero seme-
lhante de pessoas. No entanto, o nimero de comentarios,
compartilhamentos e salvamentos foi significativamente
menor, com medianas abaixo de 100. Existem varias for-
mas de classificar o ativismo digital, geralmente variando




Neotropical Primates 30(1), July 2024

65

de ac¢des mais passivas, como o click-ativismo e os co-
mentdrios, até acdes mais ativas, como o recrutamento
e a constru¢do de movimentos (por exemplo, peticdes
digitais), ou até os chamados “gladiadores” digitais (por
exemplo, os hackers) (Oskuie e Oskouie, 2024).

No periodo analisado neste trabalho, o perfil @operacao-
sapajus teve um ativismo brando, enquadrando-se mais
no click-ativismo, apenas a partir de 2023, apds o periodo
analisado neste trabalho, a pagina comecou a se engajar
em movimentos mais ativos, unindo-se a outros grupos
e paginas de Instagram em campanhas de recrutamento
de combate a caga e regulamenta¢io da midia. Até que
ponto esse ativismo (brando) digital se traduz em mu-
dancas comportamentais em nivel populacional, ou até
que ponto “agdes conectadas se transformam em ag¢des
coletivas” em dire¢ao a um objetivo especifico ainda é
alvo de diversos estudos. Riddle e Mackay (2020) discu-
tem que o engajamento em midias sociais ndo reflete de
forma precisa o que as pessoas pensam sobre os primatas,
havendo uma disparidade entre, por exemplo, curtidas
no Instagram (como gostar de uma postagem critican-
do a manutengido de primatas como pets) e comentarios
em textos fora do Instagram (como afirmar que pessoas
cuidadosas poderiam ter primatas como pets). Por outro
lado, exemplos com uso de midias sociais para mudanca
de habitos de satide, processos de ensino e aprendizagem,
participacdo em campanhas de vacinagdo indicam que o
engajamento online esta correlacionado com comporta-
mentos do dia a dia (Evans et al., 2022; Zivojinovi¢ et al.,
2023).

Um terceiro agrupamento composto por posts das cate-
gorias divulgacdo cientifica, saiu na midia, frases de efei-
to, ilustragdes, campanhas e denuncias representa os que
tiveram indices de engajamento mediano. Neste trabalho
foi realizada uma andlise com um publico baseado nos
seguidores do perfil, composto em parte por pesquisa-
dores da area de primatologia e/ou biologia. Entretanto,
atualmente, a diversidade de midias sociais no ambiente
digital contribui para a formagao de diferentes nichos de
conteudo e de publico. Uma andlise detalhada mostra
que divulgacdo cientifica e dentncias foram os tipos de
posts mais salvos, sugerindo que o Instagram estd no ca-
minho para cumprir o objetivo de populariza¢ao do co-
nhecimento sobre primatas.

Neste trabalho usamos as métricas oferecidas pelo Ins-
tagram para analise de engajamento espontaneo (no
sentido de ndo ser feito em condi¢des experimentais e
controladas). Porém, esses dados devem ser analisados
com precaucio. Primeiro pelo fato do espaco amostral
ter variado ao longo do tempo, ou seja, o numero de se-
guidores dos primeiros posts era menor que os dos ulti-
mos posts. Como o crescimento dos seguidores atingiu
seu platd ja no segundo ano, espera-se que esse efeito
seja diminuido. Segundo, o que faz um post engajar no
Instagram sao muitas varidveis. Por exemplo, se o post

ocorre dentro de uma semana em que outros posts ja
ocorreram, o horario da publicagdo, ou se o Instagram
estd mais ativo por causa de outras noticias (ex., elei¢cdes
politicas ou uma campanha em andamento) e as pessoas
estdo ficando mais tempo online, o post alcanga mais pes-
soas porque o perfil ja estava numa “curva de engajamen-
to’—em comparagdo a uma postagem numa semana em
que “nada ta acontecendo” Com o surgimento do TikTok,
entre 2021 e 2022, a plataforma deixou de priorizar fotos
e passou a valorizar publica¢bes em formato de videos.
Todos esses fatores influenciam o engajamento. A pagina
atingiu um platé de 11 mil apds 35 meses de criagdo, e
ndo houve crescimento, mesmo com a manutenc¢io das
publicagdes. Ao que parece, atingimos o tamanho da bo-
lha (ou da rede de homofilia digital ou echo chamber digi-
tal), em que as opinides circulam entre as mesmas pesso-
as, nao conseguindo atingir propor¢des maiores (Oskuie
e Oskouie, 2024).

Cada plataforma apresenta particularidades que in-
fluenciam diretamente na forma como a informacio é
produzida, distribuida e consumida. O WhatsApp, por
exemplo, prioriza a circulagdo de mensagens de texto e
conteudos mais diretos, o YouTube, por sua vez, é voltado
a veiculagdo de videos mais longos, enquanto o TikTok
se destaca pelo formato dindmico e curto de seus vide-
os. Compreender as especificidades de cada rede social e
o modo como o engajamento do publico se d4 em cada
uma delas é uma estratégia fundamental para ampliar
o alcance de iniciativas de comunicagao online como a
nossa, especialmente como forma de romper a “bolha”
observada no Instagram e atingir novos publicos.

Em todo o mundo a importincia da internet como fonte
de informagdo cresce exponencialmente devido, princi-
palmente, aos avangos no meio técnico-cientifico-infor-
macional. As midias sociais alteraram a forma com que a
sociedade acessa, consome e partilha conhecimento, no-
ticias e opinides. E através dessas plataformas que as pes-
soas atualmente criam e estabelecem vinculos e identida-
des sociais e se sentem livres para canalizar suas paixdes
e interesses (Hottecke e Allchin, 2020). Neste cenario, as
buscas por paginas e videos de macacos sendo mantidos
como animais de companhia crescem exponencialmente
(Nunes et al., 2021). Para combater a crescente comercia-
lizagao de pets online, a profissionalizagdo e remuneracgéo
das pessoas que mantém essas plataformas sdo funda-
mentais para a longevidade desta estratégia de educacédo
ambiental e conservacio.

Conclusao

Os seguidores do perfil @operacaosapajus sdo majorita-
riamente do sexo feminino, jovens e brasileiros. As publi-
cagdes com abordagem critica tiveram significativamente
mais likes e compartilhamentos, indicando uma forma de
ativismo brando. Por outro lado, posts sobre temas cien-
tificos e dentncias foram significativamente mais salvos,
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indicando que a funcdo de divulgacdo cientifica esta
sendo alcancada. Posts da categoria “em cativeiro” e “em
liberdade” engajaram significativamente menos, indican-
do que essa estratégia talvez ndo seja a mais eficiente para
a promog¢ao de uma mudanga estética do “amar como
pet” para o “amar a vida silvestre em liberdade”
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Resumo

O condicionamento operante com refor¢o positivo tem sido empregado como ferramenta para o manejo de animais
silvestres, por possibilitar a execu¢do de procedimentos de rotina com maior cooperagio voluntdria. O objetivo deste es-
tudo foi descrever o processo de treinamento de bugios-ruivos (Alouatta guariba) mantidos no Projeto Bugio/ CEPESBI
(Indaial, SC), para a pesagem corporal sem contengio fisica ou contato direto com o pesquisador. Participaram 23
individuos (13 machos e 10 fémeas), submetidos a um protocolo de treinamento em quatro etapas. Na primeira etapa,
avaliou-se a preferéncia entre dois alimentos ja presentes na dieta didria: banana com farinha lactea ou ragdo extrusada.
A maioria (n = 17; 73,91%) preferiu a banana como refor¢ador. Na segunda etapa, o pesquisador treinou o comando
“vem’, associado & aproximagio e toque voluntario no target, todos bugios executaram o comportamento esperado. Na
terceira etapa, o pesquisador treinou o comando “fica” exigindo a permanéncia do individuo no local indicado pelo
target. Vinte e um sujeitos (91,3%) atingiram o critério de sucesso (respostas corretas em trés repeticdes consecutivas),
sendo os demais (n=2) excluidos da etapa seguinte. Na quarta etapa, o individuo deveria permanecer sobre a balanga,
indicada pelo target. Quatorze bugios completaram todas as fases do treinamento. Foram registradas a laténcia da res-
posta, a frequéncia de respostas reforcadas e nao reforcadas. Houve reducdo progressiva da laténcia nas etapas iniciais,
refletindo o aprendizado. Conclui-se que a metodologia proposta foi eficaz para treinar a pesagem voluntaria de bugios-
-ruivos, respeitando os principios de bem-estar animal. Ressalta-se ainda a importancia de abordagens individualizadas,
que considerem diferencas comportamentais e sensoriais para maximizar o sucesso do condicionamento em primatas
mantidos sob cuidados profissionais.

Palavras-chave: Bem-estar animal, comportamento animal, modelagem animal, primatas ndo-humanos, psicologia
experimental

Abstract

Operant conditioning with positive reinforcement has been employed as a tool for the management of wild animals, as
it enables the performance of routine procedures with voluntary cooperation. The aim of this study was to describe the
training process of brown howler monkeys (Alouatta guariba) at the Projeto Bugio/CEPESBI (Indaial, Santa Catarina
state, Brazil), in order to weigh them on a scale without physical restraint or direct contact with the researcher. A total of
23 individuals (13 males and 10 females) participated in the training, which included a four-stage training protocol. In
the first stage, food preference was assessed between two items already present in the daily diet: banana with powdered
milk or processed kibble. Most subjects (n = 17; 73.91%) preferred the banana, which was adopted as the reinforcer. In
the second step, the researcher trained the command “come,” associated with voluntary approach and contact with the
target; all howler monkeys performed the expected behavior. In the third step, the researcher trained the command “stay;’
requiring the individual to remain in the location indicated by the target. Twenty-one subjects (91.3%) met the success
criterion (correct responses in three consecutive repetitions), while the others (n = 2) were excluded from the following
stage. In the fourth step, the individual was required to remain on the scale, indicated by the target. Fourteen monkeys
successfully completed all training phases. Response latency and the frequency of reinforced and non-reinforced re-
sponses were recorded. A progressive reduction in latency was observed during the initial stages, reflecting learning. It
is concluded that the proposed methodology was effective for training voluntary weighing in brown howler monkeys,
in accordance with animal welfare principles. The importance of individualized approaches, considering behavioral and
sensory differences, is further highlighted to maximize conditioning success in primates under professional care.

Keywords: Animal behavior, animal training, animal welfare, experimental psychology, nonhuman primates
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Introdugao

O condicionamento operante é um processo de aprendi-
zagem no qual a probabilidade de uma resposta aumen-
tar ou diminuir depende das consequéncias que ela pro-
duz (Skinner, 1938). Skinner desenvolveu esse conceito
com base nos principios da Lei do Efeito, proposta ante-
riormente por Edward Thorndike (1911), segundo a qual
comportamentos seguidos de consequéncias satisfatorias
tendem a se repetir (Skinner, 1938).

Esse tipo de aprendizagem baseia-se nos principios do
condicionamento operante, uma forma de aprendizado
em que a probabilidade de uma resposta futura é influen-
ciada pelas consequéncias que ela produz. Quando uma
resposta é seguida por uma consequéncia refor¢adora, ou
seja, que aumenta a probabilidade de ocorréncia futura
dessa resposta, se estabelece uma relagdo entre o compor-
tamento e seu efeito no ambiente (Prescott e Buchanan-
-Smith, 2003). Tal aprendizagem é amplamente utilizada
no treinamento de animais em ambientes controlados,
como zoolodgicos, centros de reabilitacio ou laboratérios,
justamente por permitir a modificagéo e o fortalecimento
de comportamentos desejados de maneira ética e previsi-
vel (Suriya-Arunroj et al., 2024).

Quando esse estimulo é agradavel e apresentado apds
emissdo de um comportamento desejado, ele é chamado
de refor¢o positivo (Piazza et al., 2011). Os estimulos uti-
lizados como reforgadores podem ser classificados como
primarios ou secundérios. Refor¢adores primarios sdo
estimulos naturalmente recompensadores, como alimen-
tos palataveis (ex.: frutas), que nao exigem aprendizado
prévio para que tenham valor refor¢ador. Ja os reforca-
dores secundarios, como sons especificos (por exemplo,
o som do clicker), adquirem funcéo refor¢adora por meio
da associac¢io repetida com reforcadores primarios. Com
o tempo, o refor¢cador secundario torna-se capaz de eli-
ciar uma resposta reforcada de maneira autobnoma, fun-
cionando como um marcador preciso do comportamen-
to correto (Mellen e MacPhee, 2010).

A agdo realizada, que ¢ seguida por um reforco, é deno-
minada resposta. O fortalecimento dessa resposta pode
seguir diferentes esquemas de apresentacao do refor-
¢o. Quando o reforco é apresentado a cada ocorréncia
correta da resposta, trata-se de um esquema de reforgo
continuo (Continuous Reinforcement Schedule — CRF);
quando ocorre apenas em algumas respostas corretas,
configura-se um reforco intermitente, mais resistente a
extingdo (Catania, 1998).

O processo de ensino da resposta desejada é conhecido
como modelagem ou treinamento (shaping), que consiste
no refor¢o sucessivo de aproximagdes graduais ao com-
portamento-alvo até que ele seja realizado com precisdo
(Catania, 1998). Essa técnica permite que animais apren-
dam a cooperar voluntariamente com procedimentos de

manejo, como subir em balancas, apresentar partes do
corpo para inspecdo, receber medicagdo ou entrar em
caixas de transporte, promovendo o bem-estar e a segu-
ranca de todos os envolvidos (Westlund, 2015; Oppler et
al., 2024; Suriya-Arunroj et al., 2024).

Tais técnicas sdo aplicadas com sucesso em diversas es-
pécies, como macaco-da-noite (Aotus spp.) e macaco-es-
quilo (Saimiri spp.) (Rogge et al., 2013), ongas-pintadas
(Panthera onca) (Garcia et al.,, 2021), chimpanzés (Pan
troglodytes)(Lambeth et al., 2006), lémures (Lemur catta,
Varecia rubra, Varecia variegata, Nycticebus pygmaeus,
Daubentonia madagascariensis) (Fernandez-Lazaro et
al., 2021) e macacos rhesus (Macaca mulatta) em labo-
ratdrios (Clay et al., 2009), contribuindo para a redugéo
do estresse e 0 aumento do bem-estar. Embora o género
Alouatta seja amplamente estudado sob aspectos ecolo-
gicos e vocais, ha escassez de investigagdes experimen-
tais envolvendo técnicas de condicionamento operante
aplicadas ao manejo desta espécie ex situ. A conservagio
ex situ busca no cuidado e manutenc¢do de individuos
quando a reintrodugio a natureza nio é viavel, como em
casos de trafico, mutilacdes, acidentes com sequelas ou
habituagdo a humanos (IUCN/SSC, 2014).

Ainda que ambientes cativos oferecam condigdes contro-
ladas, os animais podem estar sujeitos a estressores cro-
nicos, como a imprevisibilidade, a limitagdo de estimulos
naturais e a manipulagdo fisica durante procedimentos
rotineiros—o que pode elevar niveis de cortisol e afetar
o comportamento (Clay et al., 2009). Por isso, o uso do
condicionamento operante com refor¢o positivo é consi-
derado uma pratica eficaz para aumentar o controle do
animal sobre o ambiente, minimizar o estresse e melho-
rar a eficiéncia do manejo (Laule et al., 2003, Oppler et
al., 2024).

Neste contexto, o presente estudo propds o uso do condi-
cionamento operante para treinar o comportamento de
bugios-ruivos (Alouatta guariba) mantidos no Projeto
Bugio/ CEPESBI. O objetivo foi treinar os individuos a
subirem e permanecerem sobre uma balanga durante o
procedimento de pesagem corporal, sem necessidade de
contencdo fisica ou contato direto, respeitando os prin-
cipios de bem-estar animal. Ressalta-se que esse tipo de
treinamento ndo deve ser aplicado a animais com previ-
sao de reintroducédo a natureza, pois promove familiari-
zagdo com humanos e ambientes artificiais, o que pode
comprometer a sobrevivéncia em vida livre (Laule et al.,
2003).

O Projeto Bugio é um projeto de ensino, pesquisa e ex-
tensdo vinculado a Fundagao Universidade Regional de
Blumenau (FURB) e atua desde 1991 no manejo e na rea-
bilitagdo de bugios vitimas de acidentes, atropelamentos,
choques elétricos, ataques de outros animais e animais
provenientes de apreensio como animais de estimagao.
O Centro de Pesquisas Bioldgicas de Indaial (CEPESBI),
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vinculado a Prefeitura de Indaial/SC acolhe esses animais
oferecendo cuidados médico-veterinarios, nutricionais e
comportamentais baseados em boas praticas de conser-
vagdo ex situ. As instituigdes sdo parceiras por meio de
um convénio.

Metodologia

Comité de ética em pesquisa animal

A pesquisa segue os preceitos legais e padroes éticos para
pesquisas cientificas, garantindo o respeito ao bem-estar
animal e a conformidade com as regulamentagées do co-
mité de ética e leis vigentes. Desse modo, a utilizacdo dos
animais deste experimento foi aprovada pela Comissdo
de Etica no Uso de Animais da Fundagio Universida-
de Regional de Blumenau, com o nimero de protocolo
100/21.

Local

Os bugios sao mantidos no criadouro cientifico do Cen-
tro de Pesquisas Bioldgicas de Indaial (CEPESBI) (Lei
Municipal n° 2099, de 20 de marco de 1992) (registro
IBAMA n° 1/42/98/000708-90) (coordenadas geogra-
ficas: -26.897515, -49.226601) (Figura S1 — material su-
plementar). Encontram-se alojados em recintos com
dimensdes de 3m x 5m x 2,6m (largura x comprimen-
to x altura). Os recintos possuem darea protegida e sdo
enriquecidos com troncos, mangueiras, cordas e caixas
com aquecimento.

O Projeto atua na reabilitagdo, recebendo acompanha-
mento médico-veterinario continuo, e quando possivel,
na reintroducdo de bugios na natureza, em casos que a
recuperag¢do do individuo é rapida e suas condi¢des sdo
apropriadas para a sobrevivéncia em vida livre. Ja foram
atendidos em torno de 480 bugios desde 1991. Além dis-
$0, 0 projeto busca mitigar os impactos do manejo ex situ,
promovendo o enriquecimento ambiental e social para
evitar comportamentos anormais, como a estereotipia,
visando o bem-estar dos animais e servindo como um
centro de pesquisa e capacitagdo em primatologia (Dada
et al,, 2023; FURB, 2025).

Animais

O presente estudo contou com vinte e trés espécimes de
bugio-ruivo (Alouatta guariba) mantidos sob cuidados
profissionais permanentes no Projeto Bugio/ CEPESBI,
sendo 13 machos (56,52%) e 10 fémeas (43,48%). Os bu-
gios sdo manejados seguindo o protocolo descrito em
ICMBio (2023) e Dada et al. (2023). Esses individuos
estavam distribuidos em diferentes recintos, variando
quanto ao numero de coabitantes: 10 recintos continham
um unico individuo (n = 10; 62,5%), 5 recintos tinham
duas coabitagdes (n = 5; 31,25%) e 1 recinto abrigava
trés individuos (n = 1; 6,25%). Durante as repeticdes de
treinamento, os individuos permaneceram nos mesmos

recintos em que estavam alojados. Nos recintos com
mais de um animal, os treinamentos foram realizados
com todos os coabitantes soltos, mas os comandos eram
individualizados pelo nome do animal-alvo. Para fins de
identificacdo e controle dos dados coletados durante o
treinamento, cada animal recebeu um nuimero individual
(de 1 a23), independentemente do recinto em que estava
alocado.

Dispositivos para condicionamento

Para a execu¢do do estudo, foi utilizada uma balanga,
instalada nos recintos para a pesagem dos individuos,
Balmak® da linha BK Carbono e modelo BK-50 com
dimensao de plataforma de 50x50cm, com capacidade de
até 150kg. Um crondmetro digital Anytime modelo XL-
010 foi utilizado para mensurar o tempo de resposta dos
animais durante as repeticdes de treinamento.

Os reforcadores alimentares empregados incluiram ragdo
extrusada para roedores de laboratério (Nuvilab CR-1°,
Quimtia S/A), banana caturra e/ou branca cortada em
pequenos pedacos e farinha lactea (All Nutri®, All Brands
ou Mucilon®, Nestlé®), misturada ocasionalmente a bana-
na para aumentar a palatabilidade. Esses alimentos ja sdo
inclusos na rotina de manejo dos bugios-ruivos do plan-
tel. Os alimentos foram utilizados tanto para identificar
a preferéncia individual de cada sujeito quanto como re-
forgadores primarios durante as etapas de treinamento.

Como estimulo visual discriminativo, utilizou-se um
target, construido a partir de um bastdo cilindrico de
madeira com 80 cm de comprimento e uma das pontas
sinalizada com esparadrapo branco. Esse instrumento
indicava ao animal a localiza¢do esperada da resposta e
teve papel central na fase inicial do treinamento, pois o
deslocamento e o toque no target representavam os pri-
meiros comportamentos a serem reforcados, viabilizan-
do a construgio gradual da resposta final. Essa estratégia
é reconhecida como ponto de partida fundamental nos
programas de treinamento comportamental voltados ao
manejo de primatas sob cuidados de profissionais (Laule
et al., 2003).

Além disso, utilizou-se um clicker da marca Chalesco®,
dispositivo sonoro operado manualmente, previamente
associado ao reforcador primario, e utilizado para
marcar com precisdo o momento da emissdo da resposta
desejada, como parte do protocolo de refor¢o secundario
(Laule et al., 2003).

Procedimento experimental

O estudo foi estruturado em quatro etapas. Todas as eta-
pas foram realizadas nos recintos habituais dos individu-
0s, no periodo da manhd, no intervalo entre as refei¢cdes
habituais dos bugios, e sempre em dias sem chuva, a fim
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de minimizar a influéncia de fatores ambientais sobre o
comportamento. O estudo foi conduzido durante a esta-
¢do do outono.

Etapa 1 - Identificar o reforcador primdrio de cada individuo
A etapa 1, teve como objetivo identificar o refor¢ador
primdrio preferido de cada individuo, um procedimen-
to conduzido com interagdo fisica minima para a oferta
de alimentos. Para fins exclusivamente experimentais, o
pesquisador apresentava simultaneamente um pedago de
banana com farinha lactea (refor¢ador primario n° 1) em
uma das maos e ra¢do extrusada para roedores de labora-
tdrio na outra (reforcador primdrio n° 2), mantendo am-
bos os alimentos ao alcance e dentro do campo de visdo
dos individuos. Essa forma de oferta foi utilizada apenas
durante o procedimento de pesquisa, uma vez que, roti-
neiramente, os bugios recebem os alimentos em potes ou
locais especificos de alimentag¢io, sem contato direto com
as maos dos tratadores.

A apresentagdo foi repetida diariamente durante seis
dias, correspondendo a seis momentos de exposi¢do e
cinco oportunidades efetivas de escolha por individuo. O
alimento que o individuo mais escolheu—ou seja, aquele
que foi mais vezes pego e ingerido—foi considerado seu
reforcador primério preferido e, portanto, adotado nas
etapas seguintes do treinamento. Em casos nos quais o
namero de escolhas entre os dois alimentos foi igual (em-
pate), adotou-se como critério de desempate a resposta
observada na quinta e tltima apresentagio. Essa escolha
se baseou na premissa de que, diante de estimulos fami-
liares, a tendéncia de preferéncia manifesta-se de forma
mais consistente nas respostas finais, quando os efeitos
de novidade ou hesita¢do inicial ja foram reduzidos.

A apresentagdo foi efetuada em cinco oportunidades de
escolha por individuo. Um unico animal precisou de
uma sexta oportunidade de apresentacdo, pois ndo houve
resposta em uma oportunidade. A escolha de cinco apre-
sentagoes foi baseada no fato de que os alimentos utiliza-
dos ja faziam parte da dieta de rotina dos individuos, eli-
minando a necessidade de fase de habitua¢io ou controle
de neofobia. Nesse contexto, o teste foi estruturado como
uma triagem simples de palatabilidade relativa, adequa-
da para selecionar um refor¢ador eficaz em curto prazo,
evitando a saturagdo alimentar e o estresse por repeti¢io.
Embora estudos de preferéncia alimentar com multiplos
itens e foco nutricional utilizem maior nimero de repe-
ticoes (Souza, 2019), o objetivo especifico desta etapa foi
a identificagdo funcional de um estimulo reforcador en-
tre itens familiares, visando a sua aplica¢do imediata no
treinamento.

Os dados registrados durante esta etapa consistiram na
frequéncia de escolhas de cada alimento ao longo das
cinco oportunidades de escolha, permitindo identifi-
car qual item foi selecionado com maior constancia por
cada individuo. Além disso, foram anotadas as respostas

ausentes, ou seja, ocasides em que o individuo nio se
aproximou ou ndo ingeriu nenhum dos itens oferecidos,
mesmo estando ao alcance.

Etapa 2 - Aproximacio voluntdria ao target mediante
comando verbal

A etapa 2 teve como objetivo treinar a aproximagio vo-
luntaria ao target mediante comando verbal, em associa-
¢do com refor¢o positivo. A sessdo se iniciava com a co-
locagdo prévia da bandeja da balanc¢a no recinto em que
o individuo seria testado, enquanto ele ainda permanecia
em outro compartimento. Em seguida, o individuo era
solto no ambiente, possibilitando a habitua¢do natural a
presenga do equipamento.

O pesquisador posicionava-se do lado de fora do recinto,
segurando o target, o qual era introduzido parcialmente
no ambiente através da tela. O target era posicionado so-
bre o chio ou sobre a tampa da balanca, desde que fosse
acessivel ao animal sem contato com o pesquisador. Si-
multaneamente, o pesquisador emitia o comando verbal
“vem” seguido do nome do individuo, de forma clara e
consistente.

O comportamento-alvo nesta etapa consistia em tocar o
target com qualquer parte do corpo. Inicialmente, apro-
ximagdes parciais ao farget também foram reforcadas,
especialmente nas primeiras repeti¢des, para facilitar o
processo de aprendizagem por aproximacgdes sucessi-
vas. A cada resposta correta, era emitido imediatamente
o som do clicker (reforcador secundario) e oferecido o
reforcador primario previamente selecionado (banana
com farinha lactea ou ra¢io extrusada). Caso o individuo
ndo emitisse a resposta, nenhum reforco era oferecido,
e aguardava-se passivamente por uma nova tentativa
espontanea.

O treinamento foi conduzido sob um esquema de refor-
camento continuo (CRF), em que toda resposta correta
era seguida de reforco. Cada sessdo consistia em até trés
tentativas consecutivas, respeitando o limite maximo de
15 minutos por individuo, de modo a evitar a fadiga e
manter o engajamento comportamental—procedimento
semelhante ao adotado por LaFlamme et al. (2022), que
delimitaram repeti¢des por tempo e numero de respostas
em experimentos com macacos. Caso nao houvesse res-
posta dentro desse intervalo, a repeti¢ao era encerrada,
e o treino prosseguia com outro individuo. Para que o
individuo avancasse a etapa seguinte, era necessario que
emitisse a resposta correta em trés repeticdes consecu-
tivas, conforme o critério estabelecido por Coleman e
Maier (2010).

Quando havia mais de um animal no recinto, todos per-
maneciam soltos, mas os comandos verbais eram sem-
pre acompanhados do nome do individuo-alvo (“vem
+ nome”), permitindo a discriminac¢éo individual. Caso
um animal diferente daquele chamado se aproximasse
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do target, nenhum reforco era fornecido, e aguardava-se
nova tentativa apenas com o individuo-alvo.

Quanto aos registros comportamentais, foram moni-
toradas trés varidveis principais para cada individuo: a
frequéncia de respostas reforcadas, ou seja, o nimero de
vezes em que o animal tocou o target corretamente apo6s
a emissdo do comando verbal; a frequéncia de respostas
néo refor¢adas, que compreendia as tentativas incomple-
tas (como aproximag¢des sem contato com o farget) ou a
auséncia de resposta dentro do tempo estipulado; e a la-
téncia da resposta, definida como o tempo, em segundos,
entre o momento da emissao do comando “vem + nome”
e o contato efetivo com o target.

Etapa 3 - Permanéncia voluntdria do individuo no local
indicado pelo target

A etapa 3 teve como objetivo treinar a permanéncia vo-
luntéria do individuo no local indicado pelo target, logo
apos o deslocamento gerado pelo comando “vem”. Essa
nova exigéncia foi introduzida por meio da adi¢do do
comando verbal “fica’; o qual passou a ser emitido ime-
diatamente ap6s o animal tocar o target, sem alteragdo na
posicdo do estimulo visual.

O procedimento seguiu as mesmas condigdes estruturais
da etapa anterior: a bandeja da balanga era previamen-
te posicionada no recinto, o individuo era liberado em
seguida, e o pesquisador permanecia do lado de fora,
conduzindo o treino com o auxilio do target. A diferen-
¢a fundamental nesta fase foi a inclusdo do tempo como
componente do comportamento-alvo, exigindo que o
individuo mantivesse sua posi¢do no local do toque por
alguns segundos.

As respostas corretas eram seguidas da ativagdo do clicker
e da entrega do refor¢ador primario previamente selecio-
nado. Caso o individuo se afastasse antes da emissdo do
clicker, nenhuma recompensa era fornecida, e uma nova
tentativa era iniciada. O critério de reforcamento per-
maneceu em esquema continuo (CRF), com até trés ten-
tativas por repeticdes e duracdo maxima de 15 minutos
por individuo. O avango para a proxima etapa exigia trés
repeticoes consecutivas com desempenho correto, con-
forme Coleman e Maier (2010).

Para garantir o bem-estar dos animais e a eficiéncia do
protocolo, foi estabelecido um nimero maximo de 15
repeticoes para a conclusdo desta etapa por individuo.
Individuos que néo alcangaram o critério de sucesso den-
tro desse periodo, até 15 repeti¢des, foram considerados
nao condicionados e tiveram seu treinamento interrom-
pido para esta etapa, evitando frustracdo prolongada ou
estresse desnecessario. As condi¢des de treino também
foram mantidas: nos recintos com mais de um animal,
apenas o individuo chamado (“vem + nome”) era recom-
pensado, e eventuais aproximagdes de outros coabitantes
nao eram reforgadas.

Durante essa etapa, foram registrados a frequéncia de
respostas refor¢adas (quando o sujeito permaneceu ap6s
o comando), a frequéncia de respostas ndo reforcadas
(afastamento imediato ou incompleto), e a laténcia da
resposta composta, compreendida como o intervalo en-
tre o comando verbal inicial e 0 momento da emissdo do
reforco.

Etapa 4 - Consolidar o comportamento de subir e permanecer
voluntariamente sobre a balanca

A etapa 4 teve como objetivo consolidar o comportamen-
to de subir e permanecer voluntariamente sobre a pla-
taforma da balanga por tempo suficiente para permitir
a pesagem corporal sem necessidade de contencgio fisica
ou manipulacdo direta. Nesta fase, o target era posiciona-
do exclusivamente sobre a bandeja da balanga, indicando
de forma precisa o local esperado para a resposta.

O treino iniciava-se com a emissdo do comando “vem
+ nome do individuo”, seguido do comando “fica” assim
que o sujeito subia na balanca. O comportamento-alvo
era a permanéncia total do corpo sobre a plataforma,
sem apoio da cauda ou membros nas grades do recinto,
por um periodo minimo de 10 segundos—tempo ne-
cessario para a estabilizacdo do peso no visor digital do
equipamento.

Aproximagdes graduais foram refor¢adas nas primeiras
repeti¢cdes, com exigéncia progressiva quanto a duragdo
e a postura corporal adequada. As respostas corretas, ou
seja, permanéncia estavel por 10 segundos (tempo ne-
cessario para a estabilizacdo do peso no visor digital do
equipamento), eram imediatamente seguidas pelo som
do clicker e pela oferta do reforcador primario. Respostas
incompletas, como afastamentos antes do tempo estipu-
lado ou apoios externos, ndo eram reforcadas.

O treinamento manteve-se sob o esquema de reforca-
mento continuo (CRF), com repeticdes de até trés tenta-
tivas por individuo e duragdo maxima de 15 minutos. O
critério para conclusio da etapa, para cada individuo, foi
a realizagdo bem-sucedida do comportamento em trés
repeticdes consecutivas, conforme os parametros adota-
dos nas etapas anteriores (Coleman e Maier, 2010).

Durante esta etapa, foram registradas as frequéncias de
respostas refor¢cadas (quando o sujeito permaneceu cor-
retamente na balanc¢a pelo tempo minimo), as frequéncias
de respostas néo refor¢adas (quando néo atingiu o tempo
ou a posi¢ao corporal exigida), e a laténcia da resposta
composta, calculada como o intervalo entre o comando
inicial e a conclusido dos 10 segundos de permanéncia.

Anadlise dos dados

As quatro etapas do estudo resultaram em diferentes ti-
pos de dados comportamentais, registrados individual-
mente e organizados em planilhas eletrénicas (Microsoft
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Excel®, versdo 16). Na primeira etapa, referente a identifi-
cagdo do reforgador primaério preferido, foram anotadas
a frequéncia de escolhas alimentares — numero de ve-
zes em que cada item foi selecionado ao longo das cinco
apresentagdes — e as respostas ausentes, ou seja, ocasioes
em que o individuo néo escolheu ou ingeriu nenhum dos
alimentos oferecidos. Esses dados foram utilizados exclu-
sivamente para identificar o reforcador de maior palata-
bilidade por sujeito.

Nas etapas 2, 3 e 4, foram registradas trés variaveis princi-
pais: a frequéncia de respostas reforcadas, definida como
o numero de vezes em que o individuo executou corre-
tamente o comportamento-alvo da etapa; a frequéncia
de respostas nio reforcadas, compreendendo tentativas
incompletas, recusas ou auséncia de resposta dentro do
tempo estipulado; e a laténcia da resposta composta, me-
dida em segundos, entre a emissdo do comando verbal
(“vem + nome”) e a realizacio completa do comporta-
mento que gerava o reforco.

Essas variaveis foram analisadas de forma descritiva, com
o calculo de média, mediana e desvio padrdo por indi-
viduo e por repeti¢cdo, permitindo caracterizar o desem-
penho ao longo do processo de treinamento comporta-
mental. Também foi registrado o nimero de repeti¢cdes
necessdrias para que cada participante atingisse o critério
de sucesso em cada etapa (trés repeticdes consecutivas
com execugdo correta), como forma de avaliar o ritmo
individual de aprendizagem.

A andlise foi conduzida para a interpretacdo dos com-
portamentos observados, considerando também fato-
res contextuais que influenciaram os resultados, como
relaces de dominancia social, presenca de coabitantes,
dificuldades sensoriais ou comportamentos naturais de
evitagdo do solo.

Apos a realizagdo do teste de normalidade de Shapiro-
-Wilk, e com auséncia de normalidade, utilizou-se o teste
de Mann-Whitney para compara¢éo entre amostras in-
dependentes. Os grupos testados foram: sexo (macho -
fémea), faixa etaria (jovem — adulto) e presenca de mais
um individuo no recinto (sozinho - pareado), conside-
rando a laténcia e numero de tentativas de treinamen-
to por etapa. As andlises foram realizadas no programa
SPSS Statistics®, versdo 22.

Resultados

Etapa 1 - Identificar o reforcador primdrio de cada individuo
Na etapa 1 do experimento, o objetivo foi identificar o
reforcador primario preferido entre dois alimentos ja
presentes na dieta rotineira dos 23 bugios-ruivos par-
ticipantes. A maioria dos individuos (n = 17; 73,91%)
demonstrou preferéncia pela banana com farinha lactea,
enquanto uma parcela menor (n = 6; 26,09%) optou pela
ragéo utilizada. Como critério de preferéncia, foi adotado
o alimento escolhido com maior frequéncia durante cin-
co oportunidades de escolha. Em casos de empate (ocor-
réncia igual entre os dois itens), foi considerada a escolha
feita na quinta apresentagao, conforme descrito nos pro-
cedimentos metodologicos. Esse procedimento permitiu
uma selegdo dos refor¢adores para as etapas subsequen-
tes. A Tabela S1 (material suplementar) detalha a escolha
de cada individuo ao longo das repeti¢des de teste.

Etapa 2 - Aproximacio voluntdria ao target mediante
comando verbal

Na etapa 2, todos os 23 bugios-ruivos (100%) foram con-
dicionados a responder ao comando verbal “vem’, as-
sociado a aproximacéo e toque no target. As repeticdes
foram realizadas uma vez ao dia com cada individuo, de-
monstrando a capacidade de aprendizagem do grupo. A
maioria dos bugios (n = 20) alcangou o critério de suces-
s0 — emissdo da resposta correta em trés repeticoes con-
secutivas (Coleman e Maier, 2010) — entre a primeira e a
terceira repeticdes. Os individuos 4, 8 e 11, contudo, ndo
emitiram a resposta esperada na primeira repeticdo, o
que exigiu uma quarta repeticdo para que completassem
o critério de progressdo, conforme na Tabela 1.

Durante as repeti¢des de treinamento, registrou-se latén-
cia da resposta—definida como o tempo decorrido entre
a emissdo do comando verbal “vem + nome” e o contato
efetivo com o target—reduziu progressivamente ao longo
das repeticdes, indicando a consolidagdo do aprendizado
em todos os individuos (Figura 1A - Etapa 2). Na primei-
ra repeticao, a laténcia média foi de 67,8 + 90,3 segundos
(mediana: 31 s, n=20). Essa alta variabilidade inicial re-
flete as diferengas individuais no ritmo de aquisi¢do do
comportamento.

Nas repeti¢des seguintes, observou-se uma redugio acen-
tuada na laténcia e na sua dispersio: a segunda repeticdo

Tabela 1. Numero de individuos que emitiram a resposta correta e que atingiram o critério de
aprendizagem do comando “vem” com toque no farget ao longo das repeti¢des (Etapa 2).

. Ne de individuos que Ne de individuos que nio ~ N° de individuos que
Repeticoes . o . oy
emitiram resposta esperada  emitiram resposta esperada atingiram critério
1 20 3 -
2 23 - -
3 23 - 20
4 3 - 3
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Figura 1. Tempo médio (em segundos) de laténcia das respostas corretas emi-
tidas pelos bugios-ruivos ao longo das repeti¢des de treinamento nas etapas
do protocolo de condicionamento operante. A quantidade de bugios partici-
pantes (n) em cada repeticdo é apresentada entre parénteses.

apresentou média de 41,5+44,1 segundos (mediana: 30s,
n=23), e a terceira repeti¢éo registrou média de 28,3+24,5
segundos (mediana: 24 s, n=23). Embora os individuos 4,
8 e 11 tenham tido um inicio mais lento, eles foram in-
cluidos nas médias de laténcia a partir de sua primeira
resposta correta (Repeti¢do 2). Ao realizarem a quarta re-
peticdo, esses trés individuos apresentaram uma laténcia
média de 24,3+14,5 segundos (mediana: 21 s), demons-
trando que também adquiriram a resposta condicionada
de forma eficiente e comparavel ao restante do grupo nas
etapas finais de aquisi¢ao.

Etapa 3 - Permanéncia voluntdria do individuo no local
indicado pelo target

Na etapa 3, o condicionamento ocorreu ao longo de 15
repeticdes de treinamento, nas quais os 23 bugios-ruivos

que haviam sido condicionados na etapa anterior parti-
ciparam. Desses, 21 individuos (91,3%) foram condicio-
nados com sucesso aos comandos combinados “vem” e
“fica’, demonstrando sua capacidade de aprender com-
portamentos mais complexos. Para que os individuos
avangassem, era necessario que obtivessem sucesso em
trés repeticoes consecutivas. Contudo, dois individuos
(sujeitos 8 e 17) ndo alcangaram esse critério de condi-
cionamento e, consequentemente, ndo progrediram para
a etapa 4 (Tabela 2).

A laténcia da resposta—definida como o tempo decorri-
do entre a emissdo do comando verbal e 0 momento da
emissdo do reforco—foi registrada apenas para os 21 in-
dividuos que executaram ambos os comandos com éxito
na Etapa 3. Para esses sujeitos, os dados de laténcia foram
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Tabela 2. Numero de individuos que atingiram o critério de aprendizagem dos comandos combi-

nados “vem” + “fica” ao longo das repeti¢des (Etapa 3).

Repetico N" de individuos que N‘i (lie individuos que nao Ne fie i'ndividl'lo’s que
emitiram resposta esperada emitiram resposta esperada atingiram critério

1 11 12 -

2 14 9 -
3 18 5 10

4 11 2 4

5 7 2 4

6 3 2 2

7-9 1 2 1
10-15 . 2 (nao atingiram o critério )

desta etapa)

calculados combinando os tempos de “vir” e “ficar” para
cada repeticdo.

Os resultados revelaram uma reduc¢io na laténcia da res-
posta ao longo das repeti¢des, refletindo a consolidagéo
do comportamento de permanéncia (Figura 1B — Etapa
3). Inicialmente, as médias de laténcia foram de 47,4 s
na Repeti¢do 1, observando-se um leve aumento nas re-
peti¢des iniciais, atingindo 51,7 s na Repeti¢do 2 e 53,8 s
na Repeticdo 3. Apds esse periodo, as médias exibiram
uma variagdo, mas com uma diminui¢do nas tltimas
repeticoes.

A variabilidade nos tempos de resposta, indicada pelo
desvio padrio, também mostrou um padrio relevante.
As primeiras cinco repeticdes apresentaram desvios pa-
drao mais elevados (variando de 29,00 s a 31,82 s), 0 que
sugere uma maior diversidade no ritmo de aprendizagem
e desempenho entre os individuos nessa fase. Contudo,
nas repeti¢des subsequentes (Repeti¢cdes 6 a 9), a medi-
da que o numero de participantes diminuia, observou-se
uma redugao significativa na variabilidade (com desvios
padrao de 8,74 s, 5,66 s, 2,83 s e 16,97 s, respectivamente),
indicando que os animais que persistiram estavam de-
monstrando um comportamento mais consistente e con-
solidado. As medianas, por sua vez, complementam essa
tendéncia, variando entre 35 s e 58 s ao longo das repeti-
¢Oes, refletindo o valor central das laténcias observadas.

E importante ressaltar que, & medida que os individuos
completavam trés repeticdes consecutivas com sucesso
na Etapa 3, eles progrediam para a proxima etapa do trei-
namento. Consequentemente, o numero de sujeitos con-
siderados nos calculos estatisticos por repeti¢oes dimi-
nuiu progressivamente, refletindo o avango individual de
cada animal no programa. Por fim, os dados estatisticos
dos individuos 8 e 17, embora tenham continuado o trei-
namento até a repeti¢do 15, ndo foram incluidos nestes
célculos, pois ndo atenderam aos critérios de sucesso es-
tabelecidos para avancgar de etapa e, portanto, ndo foram

classificados entre os 21 individuos que concluiram a
Etapa 3 com éxito.

Etapa 4 - Consolidar o comportamento de subir e permanecer
voluntariamente sobre a balanca

A quarta etapa do estudo iniciou com 21 individuos que
foram condicionados na etapa anterior. Desses, 14 bugios
foram considerados condicionados aos comandos “vem”
e “fica” exclusivamente em cima da balanca, ou seja, a
permanecerem sob a balanga para a realizagdo da pesa-
gem (Figura 2). Sete individuos nao foram condicionados
nesta fase, sendo eles os sujeitos 4, 5, 11, 12, 14, 16 e 21.
No total, foram realizadas 15 repeti¢des de treinamen-
to na Etapa 4, seguindo os critérios metodolégicos. Por
fim, os dados estatisticos dos individuos que néo atingi-
ram o critério desta etapa, embora tenham continuado o
treinamento até a repeti¢do 15, ndo foram incluidos nos
célculos, e, portanto, nao foram condicionados a subir e
permanecerem na balanca, conforme Tabela 3.

O tempo de laténcia das respostas dos individuos aos
comandos “vem” e “fica” exclusivamente em cima da ba-
langa foi cronometrado em segundos. As estatisticas de
laténcia (média, mediana e desvio padrio), calculadas de
forma combinada para os tempos de “vir’ e “ficar” em
cada repeti¢do, revelaram um padrio de variagdo consi-
derével ao longo das 8 repeti¢des com éxito. A média de
laténcia iniciou em 66,3 segundos na Repeti¢io 1, apre-
sentando uma queda para 58,1 segundos na Repeti¢io 2,
e subsequente elevagio para 66,5 segundos na Repeticdo
3. A laténcia mais baixa foi registrada na Repeticdo 4,
com uma média de 43,7 segundos. Contudo, as repeti-
¢des seguintes mostraram flutuagdes, com a média va-
riando de 53,0 segundos na Repeti¢do 5 a 70,0 segundos
na Repeticdo 6, e 43,5 segundos na Repeti¢do 7, culmi-
nando em uma média de 98,0 segundos na Repetigdo 8.
Acompanhando essas flutuacdes, os desvios padrio indi-
caram uma alta dispersio dos dados na maioria das repe-
ticoes, refletindo a heterogeneidade no desempenho dos
individuos nesta etapa.
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A andlise da laténcia na Etapa 4 ndo revelou uma tendén-
cia linear clara de redu¢io, como esperado em processos
de consolidagéo, conforme Figura 1C - Etapa 4. Em vez
disso, as médias de laténcia flutuaram ao longo das repe-
ticdes, com picos e vales (por exemplo, médias de 66,3 s
na Repeticao 1, 43,7 s na Repetigdo 4, e um aumento sig-
nificativo para 98,0 s na Repeti¢do 8). As medianas acom-
panham essa variabilidade, enquanto os desvios padrao
indicam uma alta dispersdo dos dados, especialmente
nas repeticdes 1, 5, 6 e 8, sugerindo que o desempenho
dos individuos que persistiram nesta etapa foi bastante
heterogéneo ou influenciado por fatores diversos. Esta
variagdo, em contraste com a esperada redugido progres-
siva, pode ser atribuida as diferencas individuais dos ani-
mais e aos desafios especificos da tarefa na balanga.

Para o sujeito 11, que possui baixa visdo, observou-se que
néo permaneceu em cima da balan¢a em nenhuma das
repeticoes de treinamento. Embora nas demais etapas o
bugio tenha atingido éxito ao seguir comandos verba-
lizados (e ndo visuais), a natureza da tarefa na balanga,
que exige a visualizagdo precisa do target no chio e a
permanéncia em um local especifico, pode ter sido um
obstaculo insuperavel devido a sua limitagdo visual. Esta
situa¢do destaca uma limitagdo metodoldgica do estudo,
pois, sabendo-se da limitagdo do individuo, ajustes nos
métodos de apresentacdo do target ou o uso de reforca-
dores tateis/olfativos poderiam ter sido explorados para
evitar a frustragdo e o estresse do animal, otimizando seu
bem-estar e potencial de aprendizagem.

A participante 21, assim como o sujeito 8 (na Etapa 3),
teve interferéncia do individuo dominante (sujeito 22)
quando os comandos “vem” e “fica” eram na balanca. O
dominante realizava comportamento agonistico de subs-
titui¢do, similar ao observado com a participante 7 na
Etapa 3. Essa interferéncia social prejudicou diretamente
o treinamento do bugio 21, impossibilitando o condicio-
namento na dltima etapa. Isso sublinha a necessidade de
estratégias de manejo que minimizem a interferéncia de

Figura 2. Bugio ruivo (Alouatta guariba) sobre balanga duran-
te a Etapa 4 do condicionamento operante no Projeto Bugio/
CEPESBL

Tabela 3. Numero de individuos que atingiram o critério de permanéncia na balanga com coman-
dos “vem” + “fica” ao longo das repeti¢des (Etapa 4).

RETETN N° de individuos que N‘f c'ie individuos que nao Ne f:ie i.ndividl.m;s que
emitiram resposta esperada emitiram resposta esperada atingiram critério
1 12 9 -
2 15 6 -
3 16 5 11
4 7 3 2
5 1 6 1
6 3 3 0
7 2 4 0
8 1 5 0
915 0 6 (ndo atingiram o critério 0

desta etapa)
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individuos dominantes durante repeti¢des de treinamen-
to individualizado.

Foram analisados os dados referentes ao numero de repe-
ticdes necessarias para que individuos de Alouatta guari-
ba atingissem o critério de aprendizagem em trés etapas
distintas do protocolo de treinamento. Os individuos fo-
ram divididos em dois grupos: aqueles que viviam sozi-
nhos (n = 10) e aqueles que viviam com coabitantes (n =
13), considerando as 3 etapas. Avaliando a comparagido
entre os grupos, sozinho e com coabitante nas seguintes
etapas: - etapa 2, aproximagdo voluntaria ao target me-
diante comando verbal; - na etapa 3, permanéncia volun-
taria do individuo no local indicado pelo target e; - etapa
4, consolidar o comportamento de subir e permanecer
voluntariamente sobre a balanca, por meio do teste de
Mann-Whitney indicou auséncia de diferenca (etapa 2:
U =50,0; U = 0,124; etapa 3: U = 61,5; U = 0,837; etapa
4: U = 52,0; U = 0,410; respectivamente) (ver Tabela S2
- material suplementar). Esses resultados sugerem que a
presenca de coabitantes no recinto néo influenciou sig-
nificativamente o desempenho dos individuos nas eta-
pas de aprendizagem avaliadas. Considerando os dados
referentes ao valor médio da laténcia até a execu¢io do
comportamento esperado e a presenca de um ou mais
habitantes no recinto, também nao influenciou significa-
tivamente no desempenho de aprendizagem mensurada
(etapa 2: U = 54,0; p = 0,515; etapa 3: U =61,5; p = 0,852;
etapa 4: U = 38,0; p = 0,100; respectivamente) (ver Tabela
S3 — material suplementar).

Considerando o nimero de repeticdes que os bugios
executassem até chegar no critério de aprendizagem e o
grupo adulto (n = 16) e juvenis (n = 7), etapas 2, 3, e
4 foram avaliadas por meio do teste de Mann-Whitney
que indicou auséncia de diferenca (etapa 2: U =45,5; p =
0,252; etapa 3: U = 47,0; p = 0,530; etapa 4: U = 39,0; p =
0,242; respectivamente) (ver Tabela S4 - material

suplementar). Esses resultados sugerem que a faixa eta-
ria ndo influenciou significativamente na performance
(numero de repeti¢des) dos individuos nas etapas de
aprendizagem avaliadas. Analisando os dados referentes
ao valor médio da laténcia e a faixa etaria dos individuos,
também ndo influenciou significativamente no desempe-
nho de aprendizagem mensurada nas etapas: etapa 3: U=
55,0; p = 0,973; etapa 4: U = 47,0; p = 0,570; respectiva-
mente) (Tabela 4). Apenas os juvenis demoraram mais
para executar os comportamentos de se aproximar do
target, no inicio do treinamento (Tabela 4; U = 24,0; p =
0,035).

Foram analisados os dados referentes ao numero de
repeticdes que os individuos atingissem o critério de
aprendizagem do protocolo de treinamento. Os sujeitos
foram agrupados conforme por sexo: machos (n = 13)
fémeas (n = 10), considerando as trés etapas do processo.
A anilise estatistica, conduzida por meio do teste ndo pa-
ramétrico de Mann-Whitney, ndo apresentou diferencas
entre os grupos em nenhuma das etapas avaliadas (Etapa
2: U= 57,0; p = 0,426; Etapa 3: U = 56,5; p = 0,583; Etapa
4: U = 58,0; p = 0,669; conforme apresentado na Tabela
S5 - material suplementar). Esses achados indicam que o
sexo ndo exerceu influéncia significativa sobre o compor-
tamento dos individuos nas etapas de aprendizagem ana-
lisadas. Analisando os dados referentes ao valor médio
da laténcia até a execu¢io do comportamento esperado e
o sexo, também ndo houve influéncia significativamente
na atividade (etapa 2: U = 53,5; p = 0,495; etapa 3: U =
49,5; p = 0,352; etapa 4: U = 46,0; p = 0,251; respectiva-
mente) (ver Tabela S6 — material suplementar).

Discussao
O presente artigo apresenta uma metodologia basea-

da em reforcadores alimentares palataveis, a qual pode
ser aplicada em outros empreendimentos de fauna que

Tabela 4. Médias, medianas, desvio padrao e erro padréo representativos para cada etapa do treinamento considerando os individuos
adultos (A; n = 16) e juvenis (J; n = 7) de A. guariba no Projeto Bugio/ CEPESBI e o valor médio de laténcia em cada etapa, resultado
do teste ndo paramétrico de Mann-Whitney e Wilcoxon para amostras independentes (u) e valor de p.

Faixa etdria N Média Laténcia ~ Mediana Desvio-padrio Erro-padrao U de Mann-Whitney ?
J:7 72.8 47.3 58.3 22.0 24.0 0.035
Etapa 2
A: 16 31.4 19.9 35.2 8.80
N Média Mediana Desvio-padrio Erro-padrao U de Mann-Whitney ?
J:7 33.9 34.6 5.14 1.94 55.0 0.973
Etapa 3
A: 16 62.0 34.6 74.6 18.6
N Média Mediana Desvio-padrio Erro-padriao U de Mann-Whitney ?
J:7 55.4 54.6 7.48 2.83 47.0 0.570
Etapa 4

A: 16 53.3 58.8 27.3

6.83
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possuam primatas do género Alouatta. Dada a escassez
de estudos sobre técnicas de condicionamento operante
aplicadas a essa espécie, a pesquisa fornece um protocolo
pratico, adaptavel e eticamente responsavel, além de da-
dos valiosos para futuras iniciativas de bem-estar animal
em contextos de conservagdo ex situ. Ao final do estu-
do foi possivel condicionar 14 individuos aos comandos
“vem” e “fica” sobre a balanga para a realiza¢io voluntaria
da pesagem corporal. Esses resultados demonstram que
o condicionamento operante por refor¢o positivo é uma
ferramenta vidvel e eficaz para o treinamento de primatas
sob cuidados profissionais. Primatas nio humanos sdo
excelentes animais para aplicar técnicas de treinamento
que visem melhorar o cuidado e bem-estar (Whittaker
e Laule, 2012; Suriya-Arunroj et al., 2024), mesmo dian-
te de desafios como variabilidade individual, limitagdes
sensoriais ou interferéncias sociais.

As observagdes comportamentais durante o estudo reve-
laram fatores contextuais importantes para compreender
o desempenho dos individuos que nao obtiveram suces-
so. O Sujeito 17 apresentava problemas oftalmoldgicos.
Embora o protocolo de treinamento nio tivesse sido
adaptado para essa condigdo, a dificuldade visual pode
ter prejudicado sua capacidade de percep¢ao do target e,
consequentemente, a aquisi¢do dos comandos. Essa limi-
tacdo individual destaca a necessidade de protocolos de
condicionamento que considerem particularidades sen-
soriais dos animais para otimizar o bem-estar e a eficacia
do treinamento (Coleman, 2012).

No caso do Sujeito 8, o condicionamento foi comprome-
tido pela interferéncia de sua parceira de recinto, o Sujei-
to 7. Frequentemente, quando o Sujeito 8 se aproximava
do target para executar a tarefa, o Sujeito 7 o deslocava,
impedindo a conclusdo da resposta e o recebimento do
reforco. Esse comportamento agonistico de ‘substitui¢ao’
(Dada et al.,, 2011), sugere uma dindmica de subordina-
¢do do Sujeito 8, que impactou na execuc¢do da tarefa.
Embora nido tenhamos realizado testes formais de do-
minéncia, as interagdes repetidas de impedir o acesso a
recursos por parte do Sujeito 7, pode ser interpretado
como uma rela¢do de dominéncia presente. Dindmicas
hierarquicas como essa sdo reconhecidamente limitantes
em treinamentos realizados em ambientes sociais, espe-
cialmente quando nio h4 estratégias para garantir acesso
equitativo aos reforcadores (Westlund, 2015). Caso op-
tassemos por separar a dupla, o outro animal s6 ficava
interessado em procurar seu colega e néo tinha interesse
em participar do treinamento.

A hierarquia social ¢ um aspecto natural e inerente aos
grupos de primatas (Dalmaso e Codenotti, 2010), e este
caso especifico ilustra como as dindmicas de grupo po-
dem atuar como uma limitagdo significativa na aplicagéo
de protocolos de condicionamento individual em um am-
biente social. Em grupos onde a hierarquia ou interagoes
agonisticas podem impedir o acesso equitativo a recursos

ou oportunidades de aprendizagem, o treinamento indi-
vidualizado em recintos separados (sempre que etica-
mente viavel e sem gerar estresse adicional) pode ser uma
estratégia mais eficaz para garantir que todos os indivi-
duos tenham a mesma chance de sucesso (Westlund,
2015). Para agdes de manejo no futuro, recomenda-se a
observagdo continua dessas interagdes sociais, identifi-
cando e mitigando potenciais interferéncias no sucesso
de programas de condicionamento e pesquisa em gru-
pos sociais. E crucial entender que a variagao individual
na aprendizagem ¢é um aspecto inerente ao treinamento
animal, e fatores como temperamento, experiéncia prévia
e motiva¢do influenciam significativamente o processo
(Coleman, 2012; Westlund, 2015).

Os sujeitos 4 e 5 realizaram todas as etapas anteriores
em recintos separados. No entanto, durante a Etapa 4 de
treinamento, foi realizada a jun¢do de ambos para coabi-
tarem em um sé recinto. Essa mudanga de manejo, que
levou a um periodo de habituagdo e reajuste social dos
participantes ao novo ambiente compartilhado, pode ter
interferido diretamente no foco e na motiva¢do para o
treinamento. Durante esse periodo, nenhum dos sujei-
tos reagiu aos comandos, sugerindo que o estresse ou a
demanda cognitiva da habituagao ao novo arranjo social
pode ter priorizado a adaptagdo comportamental em
detrimento da resposta aos comandos de treinamento
(Oppler et al., 2024). Este cendrio indica mudanca no
ambiente impactou o progresso do condicionamento,
e ndo necessariamente uma inabilidade intrinseca dos
animais.

A participante 12 ndo se dirigiu ao chio para a realiza¢éo
dos comandos. Embora pesquisas sobre bugios-ruivos
em ambiente natural (Dada et al., 2011; Almeida-Silva et
al., 2005) apontem para uma preferéncia por ocupagio
vertical e uma aversio a descer ao chio para evitar pre-
dadores, essa explica¢do ndo se aplica diretamente a ani-
mais sob manejo ex situ, que ndo enfrentam ameagas pre-
datorias. E provével que a dificuldade da participante 12
esteja relacionada a tracos de personalidade individuais,
como timidez ou o medo do novo (Brown et al., 2013)
(neofobia com a balanga), ou a uma falta de confianga em
se aproximar dos humanos ou de elementos incomuns ao
seu cotidiano. O fato de ter descido uma vez e encostado
na balanga em uma repeticdo sugere que o comporta-
mento ndo era impossivel, mas a falta de éxito pode estar
ligada ao tempo amostral limitado. Animais aprendam
em ritmos e de maneiras distintas, um maior nimero de
repeti¢des ou a aplica¢do de técnicas de dessensibilizagdo
sistemdtica poderiam, eventualmente, ter construido a
confianga necessaria para o condicionamento.

No caso dos sujeitos 14 e 16, ndo apresentavam
problemas fisicos, comportamento arboricola extremo
ou subordinagdo, a falta de éxito no condicionamento
pode ser atribuida a ndo habituagdo a balanga dentro do
recinto. Ambos responderam aos comandos "vem" e "fica"
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em qualquer outro local do recinto, mas recusaram-se a
subir ou encostar na balanca em todas as repeticoes de
treinamento. Isso pode indicar uma personalidade neo-
fobica em relagdo ao objeto especifico, o que ressalta a
importancia da habituagdo gradual de novos elementos
no ambiente de animais sob manejo ex situ (Brown et al.,
2013).

Conforme o esperado, ndo houve diferenca significativa
entre os grupos testados. O sexo ndo influenciou a apren-
dizagem e nem a presenca de mais de um coabitante no
recinto. Apenas os juvenis demoraram mais (laténcia)
para executar os comportamentos de se aproximar do
target, no inicio do treinamento, em relagdo aos adultos.
Alguns animais ja haviam participado de um treinamen-
to de condicionamento operante anteriormente. Estes
juvenis estavam entrando em contato a primeira vez com
o target. Essa memoria que os adultos ja tinham, prova-
velmente, fez com que apresentassem laténcia menor em
relacdo aos juvenis. Os juvenis podem ter apresentado
um comportamento neofébico frente ao target (Brown et
al., 2013).

A possibilidade de realizar a pesagem sem contencéo fisi-
ca representa um avanco significativo tanto para a saude
fisica e emocional dos animais quanto para a seguranca
dos animais e dos profissionais que atuam com bugios.
Considerando que bugios-ruivos sob cuidados profissio-
nais tendem a apresentar niveis elevados de inatividade,
com predominio de comportamentos de repouso ao lon-
go do dia, estratégias de enriquecimento ambiental que
incluam estimulos alimentares tém se mostrado mais efi-
cazes para promover a exploragdo e o engajamento com-
portamental (Sippli et al., 2018).

Um dos principais aprendizados desta investigagio foi a
énfase na individualidade comportamental dos animais
como fator determinante para o sucesso do treinamento.
Diferengas no temperamento, na condi¢do sensorial, no
histérico de manejo e nas dindmicas sociais demonstra-
ram impacto direto sobre o ritmo e a eficicia do condi-
cionamento. Casos como os dos sujeitos com baixa viséo,
os que demonstraram tragos neofébicos ou os que sofre-
ram interferéncia de parceiros, evidenciam a necessidade
de abordagens personalizadas, com ajustes metodoldgi-
cos e ambientais voltados as particularidades de cada in-
dividuo. O conhecimento das capacidades sensoriais dos
individuos ou em nivel de espécie, é crucial para otimizar
os resultados e aumentar o bem-estar animal em labora-
torio ou sob cuidados profissionais (Brebner et al., 2024).

Tais observacdes reforcam recomendagdes relevantes
para programas futuros: implementar protocolos mais
flexiveis, considerar repeti¢des mais prolongadas em ca-
sos de resposta lenta, realizar dessensibilizagoes graduais
a elementos novos (como a balanga), adaptar estimulos
para limitagdes sensoriais, e—sobretudo—prevenir in-
terferéncias sociais durante o treinamento, com uso de

recintos individuais quando necessario e eticamente
viavel.

Em suma, este trabalho ndo apenas valida o condiciona-
mento operante como uma estratégia eficiente de mane-
jo, mas ressalta que sua plena eficicia depende da inte-
gracdo entre técnica, sensibilidade e personalizagdo. Ao
reconhecer e respeitar a singularidade comportamental
de cada primata, aprimoramos ndo apenas o sucesso do
treinamento, mas também a qualidade de vida e o bem-
-estar dos animais sob cuidados profissionais.
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TESTE DE APARATO DE SONDAGEM PARA
EXPERIMENTO DE CAMPO COM MACACOS-
PREGO (SAPAJUS SPP.)

Andrews Michel Fernandes Oliveira Nunes
Tiago Faldtico
Resumo

O uso de ferramentas de sondagem ja foi descrito em
diferentes espécies, incluindo aves, grandes primatas e
macacos-prego, ocorrendo tanto em contextos naturais
quanto em estudos experimentais. Entre os macacos-pre-
go (Sapajus spp.), observacdes em vida livre registraram o
uso de varetas para obter alimentos, como invertebrados,
pequenos vertebrados e mel, com variagdes comporta-
mentais entre popula¢des. Experimentos demonstraram
que a experiéncia prévia influencia o desempenho em
tarefas de sondagem, revelando a importancia da apren-
dizagem individual e social. Desenvolvemos e testamos
um aparato para testar a presenca do comportamento de
sondagem em macacos-prego. Para avaliar a resisténcia
do aparato, observamos comportamentos de danificagdo
dirigidos a ele. Para aferir sua eficiéncia, analisamos a ex-
ploragéo e o sucesso no uso de varetas no aparato. Nossos
resultados mostram que o aparato se manteve resistente
e funcional apds mais de trés horas de exploragdo pelos
individuos testados. Considerando que o grupo ja havia
sido exposto a aparatos experimentais anteriormente, e
que alguns individuos utilizam ferramentas de sondagem
naturais, concluimos que essa metodologia pode ser efi-
caz para identificar o uso de ferramentas de sondagem
em populagdes selvagens de macacos-prego.

Palavras-chaves: experimento naturalistico, macaco-
-prego, metodologia, sondagem, uso de ferramenta, uso
de vareta

Abstract

The use of probing tools has been described in different
species, including birds, great apes, and capuchin mon-
keys, occurring both in natural contexts and in experi-
mental studies. For capuchin monkeys (Sapajus spp.),
field observations have recorded the use of sticks to obtain
food such as invertebrates, small vertebrates, and honey,
with behavioral variations across populations. Previous
experiments have demonstrated that prior experience in-
fluences performance in probing tasks, highlighting the
importance of individual and social learning. We built
and tested an apparatus to evaluate the presence of probe
tool use behavior in capuchins. To assess its resistance,
we observed damaging behaviors directed at the appa-
ratus. To evaluate its efficiency, we analyzed exploration

and stick use in the apparatus. Our results show that the
apparatus remained resistant and functional after more
than three hours of exploration by the tested individuals.
Considering that the group had previously been exposed
to experimental apparatuses and that some individuals
naturally use probing tools, we conclude that this meth-
odology may be effective for identifying probing tool use
in wild populations of capuchin monkeys.

Keywords: methodology, naturalistic experiment, prob-
ing, robust capuchin monkey; stick tool use

Introdugao

Ferramentas de sondagem sao utilizadas por algumas
espécies como extensdo do corpo para acessar locais de
dificil alcance, como fendas em rochas, buracos em ér-
vores ou cupinzeiros. Esse comportamento foi registrado
tanto em laboratério (Visalberghi, 1990; Visalberghi et
al., 1995; Westergaard et al., 1998; Steinberg et al., 2022)
quanto em ambiente natural, em poucas espécies, como
corvos-da-Nova-Caledonia  (Corvus  moneduloides)
(Hunt, 1996), chimpanzés (Boesch et al., 2020), oran-
gotangos em Sumatra (Van Schaik e Knott, 2001), e ma-
cacos-prego (Moura e Lee, 2004, Mannu e Ottoni, 2009;
Falotico e Ottoni, 2014). Essas ferramentas auxiliam na
captura de invertebrados (McGrew e Collins, 1985; Sanz
et al., 2004; Falotico e Ottoni, 2014) e vertebrados e mel
(Moura e Lee, 2004; Mannu e Ottoni, 2009; Gruber et al.,
2009, 2011; Falético e Ottoni, 2014), sendo geralmente
confeccionadas pelos proprios individuos, que quebram
e modificam galhos e podem ou néo retirar os ramos la-
terais para formar varetas.

O uso de varetas é bem conhecido e distribuido em
chimpanzés, mas sua distribui¢io ndo é uniforme em
outros taxons, mesmo quando o material esta disponivel
no ambiente (Boesch et al., 2020). Algumas comunida-
des de chimpanzés utilizam varetas para pescar cupins
(McGrew e Collins, 1985; Sanz et al., 2004; Boesch et al.,
2020) ou algas (Boesch et al., 2016), capturar formigas
(Humle e Matsuzawa, 2002) e extrair mel (Gruber et al,,
2009, 2011). Orangotangos de Suaq Balimbing (Sumatra)
também fazem uso de varetas curtas e retas para proces-
sar o fruto de Nessia sp. e obter as sementes (Van Schaik
e Knott, 2001).

Acreditava-se que o uso de ferramentas por macacos-
-prego e caiararas, géneros Sapajus e Cebus, ocorria so-
mente em cativeiro (Ottoni e Izar, 2008), razdo pela qual
os estudos pioneiros se concentravam em laboratérios,
através de testes de resolu¢do de tarefas com o uso de
varetas (Visalberghi, 1990; Visalberghi et al., 1995; Wes-
tergaard et al., 1998; Steinberg et al., 2022). Eram tarefas
simples realizadas com tubos transparentes no qual se
colocava uma recompensa no meio do aparato e os indi-
viduos tinham que empurrar com uma vareta para reti-
rar a recompensa ou tarefas mais complexas como uso de
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varetas conectada em formatos H, no qual os individuos
precisavam retirar as inser¢des que bloqueavam a vareta
antes de inseri-la no aparato para retirar a recompensa
(Visalberghi et al. 1995) ou experimentos utilizando apa-
ratos de acrilico com um furo no qual os individuos tinha
que utilizar varetas para obter a recompensa do dispositi-
vo (Westergaard et al., 1998).

Estudos mais recentes em vida livre demonstraram o
uso habitual de varetas em duas populagdes. No Parque
Nacional Serra da Capivara (PNSC), no sul do Piaui,
macacos-prego (Sapajus libidinosus) usam varetas prin-
cipalmente para alimentacéo, para obter mel e desento-
car presas, como lagartos, escorpides, insetos e roedores
(Moura e Lee, 2004; Mannu e Ottoni, 2009; Faldtico e
Ottoni, 2014), e, mais raramente, para limpeza (Haslam e
Falético, 2015). Mais recentemente foi observado no Par-
que Nacional de Ubajara o uso habitual de varetas por S.
libidinosus para desentocar aranhas do solo e lagartos de
troncos (Valenga et al., 2024). A partir dessas observa-
¢oes, experimentos em campo e semi-cativeiro passaram
a ser aplicados para compreender o uso de ferramentas
de sondagem por macacos-prego.

Experimentos de campo tem a vantagem de testar ani-
mais vivendo em situa¢io natural, com as pressoes ecold-
gicas e sociais relevantes, mas podendo ser testados com
algum controle experimental, criando situagdes experi-
mentais ou aparatos aos quais 0s animais sao expostos
(Falotico, 2022).

Um estudo de experimento de campo comparou duas
populagdes distintas de macacos-prego da Fazenda da
Boa vista (FBV) e do PNSC com repertorios diferentes
no uso de ferramentas, expondo-as a uma tarefa de son-
dagem conhecida apenas por uma delas. Para este estudo
foram utilizadas duas caixas de acrilico com melago den-
tro que necessitava da insercdo de varetas para ser retira-
do. Para alcangar o recurso era necesséria a inser¢ao de
uma vareta com mais de 5 cm. Macacos-prego (Sapajus
libidinosus) habituados ao uso de ferramentas (PNSC) as
utilizaram rapidamente, diferente daqueles nao habitua-
dos (FBV), que ndo usaram nem as varetas pré-inseridas
no aparato (Cardoso e Ottoni, 2016). Outro estudo em
uma outra populacdo de macacos-prego (Sapajus spp.),
no Parque Ecolégico do Tieté (PET), demonstrou que
macacos que ndo tinham o uso de vareta no seu reper-
torio conseguiam aprender a sondar num aparato expe-
rimental, mas isso sé ocorreu quando as varetas estavam
pré-inseridas no aparato, e que depois da “inova¢ao” ini-
cial por um individuo, a aprendizagem foi mais rapida
nos outros individuos (Rufo, 2019). O contato social e a
facilitagdo da extra¢édo de sondas levaram a um aumento
do contato e manipulacdo com os aparatos, e consequen-
te aprendizagem (Rufo, 2019).

Garber e colaboradores (2012) investigaram a capacida-
de de macacos-prego (S. nigritus) de resolver problemas

de forrageamento utilizando ferramentas em duas cai-
xas-problema de acrilico. Eles utilizaram duas platafor-
mas experimentais, com uma distancia de 15 metros uma
da outra, para diminuir a monopolizagdo por individu-
os dominantes e aumentar a oportunidade de acesso de
outros individuos. Os experimentos foram divididos em
trés condigdes, sendo que as condigdes 2 e 3 testavam a
capacidade de sondagem. Na condi¢éo 1, os individuos
eram obrigados a puxar as varetas inseridas na direcdo
do corpo para deslocar a recompensa. As varetas eram
inseridas nos orificios e posicionadas embaixo das bana-
nas e, ao puxar, deslocavam as frutas. Quatro individuos
resolveram espontaneamente o problema puxando as va-
retas. Na condi¢ao 2, os individuos precisavam empur-
rar as varetas para frente ou para tras (sondagem) para
acessar a recompensa e derruba-las. Nessa condigéo, 4
varetas foram inseridas nos orificios, mas ndo entraram
em contato com as bananas. Nessa fase nenhum indivi-
duo tentou empurrar as varetas para frente para resolver
o problema. Mesmo com a falha, os movimentos de pu-
xar as varetas da condi¢éo 1 continuaram. E, por tltimo,
a condic¢do 3 foi idéntica a condi¢do 2, mas foram adi-
cionadas cavilhas de borracha nas varetas para manter
o movimento somente para frente. Este modelo tentou
ajudar os individuos resolverem o problema limitando a
manipulac¢io. Nesta condigdo, as visitas ao aparato dimi-
nuiram. O macho dominante foi o Ginico a manipular as
varetas, tentando puxa-las para fora da caixa ou descar-
tando as que estavam na plataforma. Nenhum individuo
utilizou as varetas para empurrar as recompensas.

Garber e Brown (2020) expuseram um grupo de 13 indi-
viduos de Cebus capucinus a um aparato de acrilico com
seis orificios e com duas bananas colocadas em uma pra-
teleira dentro da caixa. Para resolver o aparato, os indi-
viduos tinham que utilizar uma vareta em qualquer um
dos orificios perfurados na caixa para empurrar a banana
para uma saida inferior. O experimento foi dividido em
sete condi¢des. Na condig¢do 1, as varetas eram coloca-
das soltas na plataforma e, na condigdo 2, as varetas eram
inseridas nos orificios. Nas condig¢des 3 e 4 as varetas fo-
ram espetadas nas bananas para que os individuos asso-
ciassem as varetas ao recurso alimentar. Na condi¢éo 5,
a caixa foi fechada e quatro varetas foram inseridas nos
orificios e colocadas sobre as bananas de forma que os
individuos pudessem puxar o recurso para fora e caissem
no local indicado, mesmo assim, os individuos puxavam
as varetas, mas logo perdiam o interesse, ndo inserindo
novamente. Na condi¢do 6, foram colocadas inseridas
sete varetas na plataforma e a caixa foi fechada e reabas-
tecida novamente. Em nenhuma das fases os individuos
utilizaram as varetas, apesar de balangarem e tentarem
quebrar a caixa. Na condigdo 7 foram colocadas 4 varetas
como na situagdo inicial, com a diferenga de que os ma-
cacos precisariam puxar as varetas. Os macacos também
ndo resolveram a caixa nessa condi¢do. Foi observado
que, mesmo apds 702 visitas e oportunidades para de-
senvolver uma associagdo entre as varetas e o alimento
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e também tentar aprendizado por tentativa e erro, ndo
houve sucesso em retirar as bananas com as varetas. Es-
ses estudos demonstram diferengas comportamentais
dentro de Cebinae, evidenciando os diferentes reperto-
rios no uso de objetos como ferramentas.

Estudos que combinam experimentos e o contexto na-
tural, ajudam a compreender tanto as propriedades fisi-
cas do uso de ferramentas pelos individuos, quanto os
processos de aprendizagem individual e social, além da
difusdo desses comportamentos em grupos de primatas.
O objetivo deste estudo foi testar a resisténcia e a eficién-
cia de um aparato naturalistico com a fungéo de verificar
se populagdes selvagens de macacos-prego apresentam
comportamento de sonda com varetas. Foram avaliadas
a resisténcia (observando comportamentos destrutivos
durante seu uso e os efeitos no aparato) e a eficiéncia do
uso do aparato (observando o sucesso no uso das vare-
tas por individuos que ja tinham esse comportamento
em seu repertério comportamental naturalmente em seu
habitat). Se a caixa resistir por duas horas de contato aos
macacos ela serd considerada aprovada no teste de resis-
téncia, pois este serda o tempo necessario para utilizar em
nosso experimento em populagdes selvagens ainda néo
estudadas. J4 para testar a eficiéncia, foi esperado que se
0s macacos que ja tivessem o comportamento de uso de
vareta em seu repertorio, o resolvessem em poucos mi-
nutos (<5 minutos), fabricando e inserindo uma sonda
no orificio e recolhendo a recompensa. Caso ndo tives-
sem o comportamento, foi esperado que néo conseguis-
sem resolver o aparato nessas duas horas. Se esse padrio
for observado no experimento, o aparato serd considera-
do eficiente para testar a presenca do comportamento de
uso de varetas em novas populagdes de macacos-prego.

Material e Métodos

Area de estudo e grupo estudado

Esse estudo foi realizado em uma area de reflorestamento
e de preservacdo ambiental no Centro de Recuperagio
de Animais Silvestres, situado dentro do PET, no mu-
nicipio de Sdo Paulo, Brasil (Rufo, 2019). A amostra foi
composta por 14 individuos de macacos-prego (Sapajus
spp.), que vivem em situagao semi-livre, sendo 4 fémeas
e 10 machos adultos. O grupo ja é conhecido por uso de
ferramentas de pedras para quebra de frutos (Ottoni e
Mannu, 2001), por participarem de experimentos com
aparatos feitos de acrilico para sondagem ou nio (Co-
rat e Ottoni, 2013; Rufo, 2019; Coelho et al., 2024), e por
alguns individuos ja terem experiéncia no uso de ferra-
mentas de sonda artificial e posteriormente natural apos
experimentos com aparato de sondas artificiais, sendo
que cinco individuos aprenderam o uso de ferramentas
de sonda (A¢ai, Acerola, Acdcio, Caju e Vodca) em expe-
rimento anterior (Rufo, 2019). Porém, estes individuos
nunca haviam usado um aparato naturalistico feito de
madeira. Os aparatos de experimentos anteriores eram
feitos de acrilico transparente e eram mais resistentes,

diferente do novo aparato que por ser de madeira é mais
proximo do que se tem na natureza, e também mais facil
de ser destruido pelos individuos, por isso fizemos esse
teste para saber se o aparato seria eficiente ou ndo para o
uso em novas populagdes.

Elaboragio da ferramenta utilizada no estudo - Aparato
naturalistico

O aparato consiste em um tronco de eucalipto com com-
primento de 54 cm por 10 cm de largura, com dois orifi-
cios de 1,6 cm de didmetro e 7 cm de profundidade. Os
turos foram orientados verticalmente, a 15 cm de distan-
cia do topo do tronco e a 12 cm da base, com 27 cm entre
os furos (Figura 1). Foram adicionados 8 ml de mel ou
melaco em cada orificio. A parte traseira do tronco foi
serrada para melhor apoio nas drvores e foi fixado com
duas fitas de compressdo (Figura 1). um dispositivo foi
instalado entre 1,5 e 2 m de altura (do orificio inferior até
o solo) sendo transportado em locais visitados frequente-
mente pelo grupo, os quais eram modificados conforme
o deslocamento dos individuos pela drea do parque.

Registro comportamental, eficiéncia e resisténcia do aparato
naturalistico

Os registros audiovisuais foram realizados com uma ca-
mera e um tripé para posterior identificacio dos indivi-
duos (sexo e faixa etaria) e para a descri¢do da qualidade e
da quantidade das interagdes. Todos os comportamentos
analisados estdo descritos no etograma (Tabela 1) e servi-
ram para avaliar a resisténcia e a eficiéncia do dispositivo.

Resultados

Durante os cinco dias de exposi¢do do aparato, ele foi
exposto um total de 6h40min. Observamos um total
de 3h40min de intera¢do com o aparato realizado por
14 macacos-prego. Foi possivel avaliar a resisténcia (se
suportou a intera¢do com os individuos) e sua eficién-
cia (se os individuos conseguiam acessar o melaco e se
utilizavam varetas para isso), conforme apresentado nas
Tabelas 2 e 3.

No primeiro dia, dez adultos (6 machos e 4 fémeas) in-
teragiram com o aparato. Apenas dois machos manipu-
laram as varetas, mas nenhuma das trés tentativas de
sondagem foi bem-sucedida. Também foram observados
comportamentos como colocar o dedo no orificio, lam-
ber a méao, puxar casca do tronco e lamber a superficie do
aparato. No segundo dia, quatro machos e duas fémeas
interagiram com o aparato. Um dos machos (Acerola)
manipulou a vareta sem sucesso no inicio, mas apos cer-
ca de dez minutos conseguiu retirar o mel. Esse mesmo
individuo realizou 39 tentativas de sondagem, acertan-
do 35 delas. No terceiro dia, o macho Acerola realizou
20 tentativas e acertou 15 vezes e o macho Caju realizou
28 tentativas e acertou 24 vezes. Observamos também
os comportamentos direcionados para o aparato, como
lamber o tronco e puxar as cascas ou morder o aparato.
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Tabela 1. Etograma elaborado através das observagdes de videos para analisar o comportamento destrutivo (resisténcia) e
comportamento de exploragdo (eficiéncia) do aparato naturalistico.

Comportamento Descrigao

Resisténcia

Bater casca Retirar a casca e bater no tronco

Bater pedra

Bater com uma pedra no tronco varias vezes

Puxar casca

Puxar a fibra do tronco com a mio ou com a boca até soltar a casca do aparato

Morder tronco

Morder o aparato e retirar pequenas lascas da casca do tronco

Morder orificio Morder o orificio do tronco

Eficiéncia

Inserir vareta

Inserir a vareta em um dos orificios do aparato

Sondar com vareta

Inserir a vareta no orificio fazendo movimento de um lado para o outro ou para frente e para tras

Lamber mel da vareta

Lamber o mel na ponta da vareta

10cm
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Figura 1. Representacdo esquematica do aparato naturalistico (esquerda). No centro, o dispositivo instalado na arvore e, a direita, a

parte traseira do aparato.

Nos ultimos dois dias, sete machos, uma fémea e dois ju-
venis interagiram com o aparato. Um dos machos (Acero-
la) utilizou uma vareta feita com casca do proprio tronco
para acessar o melago.

Dos cinco individuos que haviam usado vareta em ex-
perimento anterior, A¢af, Acerola, Acdcio, Caju e Vodca
(Rufo, 2019), somente dois, Acerola e Caju, usaram va-
retas no aparato. Nenhum outro individuo foi observa-
do usando varetas para obter alimento do aparato. Neste
periodo, o macho dominante (Davi) ndo participou do
experimento.

Diversos comportamentos destrutivos foram direciona-
dos ao aparato (Tabela 3), que, ainda assim, manteve-se
integro e funcional apds cinco dias de interagdes diretas.

Discussao
No teste de resisténcia, o aparato se mostrou adequado.

Durante mais de 3h de interagdo com o aparato, os ma-
cacos dirigiram diversos comportamentos destrutivos

(puxaram a casca do aparato, morderam o tronco, torce-
ram as cascas soltas e bateram com pedras), mas o apa-
rato manteve-se funcional até o final dos testes, prova-
velmente sendo capaz de resistir a muito mais horas de
contato com os macacos.

A eficiéncia do aparato pode ser constatada através da
observagdo que os dois individuos que usaram varetas
no aparato (Acerola e Caju) ja haviam utilizado varetas
em um estudo anterior (Rufo, 2019) neste mesmo local.
Eles conseguiram solucionar rapidamente o problema
proposto em nosso estudo. Ja outros individuos que néo
possuiam experiéncia no uso de varetas ndo o fizeram
neste aparato. No entanto, trés individuos (Ag¢af, Acdcio
e Vodca), que usaram ferramentas de sonda anterior-
mente, ndo foram vistos usando as varetas. Acai e Vodca
tiveram pouco tempo de interagdo com o aparato, o que
pode explicar o fato de nido terem conseguido resolver
o problema no tempo que tiveram. A menor interagdo
de alguns individuos com o aparato pode ter sido cau-
sada pelo uso de um tnico dispositivo, criando um po-
tencial monopolizagdo do instrumento por individuos
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Tabela 2. Resumo das interagdes dos macacos-prego com o aparato naturalistico.

Individuo Sexo Ql.lantidafie de ' Tem!)o de. Te{ltativ?s de  Frequéncia de
interacgoes intera¢ao (min) inserciao sucesso

Acai* Macho 2 7.05 0 0
Acerola* Macho 21 77.3 64 52
Acicio* Macho 10 19.95 2 0
Ana Fémea 3 8.33 0 0
Amora Fémea 1 2.09 0 0
Cisca Fémea 3 3.33 0 0
Caju* Macho 11 36.05 27 22
Caca Macho 1 5.01 0 0
Feioso Macho 6 12.16 0 0
Frodo Macho 9 27.42 0 0
Janete Fémea 2 5.99 0 0
Quimico Macho 1 241 0 0
Vader Macho 5 10.58 0 0
Vodca* Macho 3 7.16 0 0

*Individuos que haviam sido observados usando varetas em experimentos anteriores (Rufo, 2019).

dominantes. Acdcio teve bastante tempo de interagio e
duas tentativas de inser¢ao de varetas, mas ndo conseguiu
fabricar e usar ferramentas adequadamente, demons-
trando que nem sempre um individuo que supostamente
tem o comportamento no seu repertdrio é capaz de ge-
neralizar rapidamente o comportamento para contextos
ligeiramente diferentes. Uma possivel explicagdo para o
fracasso de Acdcio é que no experimento anterior a que
foi exposto (Rufo, 2019) as varetas eram provisionadas,
o que pode ter levado este individuo a saber usar vare-
tas, mas ndo saber fabricé-las, o que era necessario para
resolver o problema deste experimento. Numa situagdo
com varetas provisionadas, esse individuo talvez resol-
vesse 0 problema.

Os resultados sugerem que uma exposi¢do mais longa do
aparato a varios outros individuos do grupo é necessaria
para evitar falsos negativos causados por individuos que,
por alguma razdo desconhecida, ndo usam varetas, ape-
sar de, no geral, a populagéo ter o comportamento em
seu repertério. O uso de mais de um aparato durante os

experimentos em vida livre também ¢ aconselhavel, para
que ndo seja monopolizado por individuos mais domi-
nantes do grupo.

Conclusao

O uso de aparatos em experimentos de observa¢do com-
portamental possibilita identificar rapidamente com-
portamentos presentes no repertério dos individuos e
potencialmente entender os mecanismos do uso de fer-
ramentas de sondagem por estes individuos. O aparato
naturalistico tem uma vantagem adicional, pois se asse-
melha aos recursos que estes individuos exploram em seu
habitat, facilitando a habitua¢do dos individuos ao novo
objeto.
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A CASE OF MATERNAL INFANTICIDE IN THE
BLACK TUFTED-EAR MARMOSET CALLITHRIX
PENICILLATA (PRIMATES: CALLITRICHIDAE)
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Abstract

This brief report provides a detailed description of ma-
ternal infanticide in an introduced group of black tufted-
ear marmosets (Callithrix penicillata), living in an urban
park of Florianépolis, Santa Catarina, Brazil. In Novem-
ber 2017, the dominant female of the group (mother of
twins) ate facial parts and the whole skull of an infant
that was approximately five days old. This case of in-
fanticide seems to mostly fit the hypothesis of parental
manipulation and nutritional resources, but its ultimate
cause remains unknown.

Keywords: cannibalism, nutritional resource, parental
manipulation, sexual selection, social pathology

Resumo

Esta nota cientifica apresenta a descricio detalhada de
um infanticidio maternal em um grupo introduzido de
sagiii-de-tufos-pretos (Callithrix penicillata). Este grupo
vive em um parque urbano em Florianépolis, Santa Ca-
tarina, Brasil. Em novembro de 2017, a fémea dominante
do grupo (mée de gémeos no momento) comeu partes
da face e o cranio todo de um infante com cerca de cinco
dias de idade. Este caso de infanticidio parece se adequar
a hipdtese de manipulacido parental e de recursos nutri-
cionais, mas sua causa final permanece desconhecida.

Palavras-chave: canibalismo, manipula¢do parental, pa-
tologia social, recurso nutricional, selecdo sexual

Introduction

Infanticide, or killing of intraspecific offspring, has been
documented in several species of mammals including
primates, rodents, cetaceans, bats, and carnivores (Hrdy,
1974; Labov, 1980; Hoogland, 1985; Lunn and Stenhouse,
1985; Patterson et al., 1998; Van Schaik, 2000; Dunn et al.
2002; Lukas and Huchard, 2019). Infanticide can be an
adaptive behavioral strategy, to increase the perpetrator’s
fitness (Wilson, 1975; Hrdy, 1979; Hausfater and Hrdy,
1984). There are five general hypotheses that explain the
infanticide: exploitation, resource competition, parental
manipulation, sexual selection, and social pathology
(Hrdy, 1979). On the one hand, the evolutionary causes
of infanticide by males are relatively straightforward,
typically linked to potential reproductive benefits (Hrdy,
1979; Digby, 2000). In contrast, infanticide by females
is less well understood, and its evolutionary drivers are

more complex (Lukas and Huchard, 2019). Recently, it
has been observed that the primary cause of infanticide
committed by females is resource competition - more
specifically, for reproductive space, access to milk, al-
lomaternal care, and social status (Lukas and Huchard,
2019).

Infanticide has been widely reported in non-human pri-
mates, across all major groups: lemurs, platyrrhines, and
catarrhines (Goodall, 1996; Sussman, 2000; Nievergelt
et al.,, 2002; Ebensperger, 2007; Ramirez-Llorens et al.,
2008; Lukas and Huchard, 2019), and has been recorded
in all families of platyrrhine primates, in at least 15 gen-
era (Herrera et al., 2000, Bezerra et al., 2007, César et al.,
2008, Culot et al., 2011, Lukas and Huchard, 2019). In
Callitrichidae the females are dominant and usually give
birth to twins. There is strong allomaternal care provided
mostly by adult males or subadult group members, often
referred to as helpers (Sussman and Garber, 1987; Dun-
bar, 1995a, b; Garber, 1997). High birth rates and rapid
infant growth, combined with the presence of helpers,
appear to increase the likelihood of infanticide commit-
ted by females (Culot et al., 2011; Lukas and Huchard,
2019). Notably, reports of infanticide committed by the
mother herself are rare among non-human primates
(Hrdy, 1999; Culot et al., 2011). In this paper we pres-
ent a detailed description of maternal infanticide and
cannibalism in an introduced group of black tufted-ear
marmosets (Callithrix penicillata) in an urban park of
Floriandpolis, Santa Catarina state, Brazil.

Methods

Our observations took place in Corrego Grande Eco-
logical Park, a fragment of approximately 21.5 ha of
Atlantic Forest in the second stage of regeneration, lo-
cated in the municipality of Florianépolis (27°35'51.8"S,
48°30'41.7"W), in Santa Catarina state, Brazil. This park
contained at least four groups of marmosets, ranging
from 5 to 16 individuals per group, and totaling between
30 and 40 individuals overall (Zago, 2012; Zago et al.,
2013; Gonzalez-Carvajal, 2019). Data collection was
non-invasive and satisfied the legal requirements of the
Brazilian Environment Institute (IBAMA).

We performed behavioral monitoring on two introduced
groups of Callithrix penicillata that have been non-con-
tinuously studied since 2008 (continuous monthly moni-
toring was in 2008-2011, 2014-2015, and 2017-2018) by
our primatology group (Zago et al., 2013, 2014; da Rosa,
2016; Gonzalez-Carvajal, 2019). These marmosets were
habituated to the presence of researchers and could be
identified by distinctive marks like body size, coloration,
scars, and genital spots.

From November 6™ to 8", 2017, one researcher con-
ducted three day-long follows of a group called “Por-
teira’, at the study site. This group was composed of seven
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individuals: one adult female, two adult males, one sub-
adult (undetermined sex), two juveniles (undetermined
sex), and twin infants, following Yamamoto's (1993) age
composition proposal. The group was observed through-
out its daily activity period (from 6:20 to 19:00 approxi-
mately), using scan sampling methodology (Altmann,
1974), at five minute intervals. Occasional or rare events
were recorded “ad libitum” (Altmann, 1974), thoroughly
describing each behavior, in a traditional field notebook.
Photo records were taken on a Canon Powershot Sx50
Hs camera. The corpse was not collected for postmortem
analysis.

Results

On November 6™, 2017, we observed that a female in this
Callithrix penicillata group had given birth to twins; the
newborns were being carried on the back of the group’s
adult male (helper), who was individually identified by a
spot in its genitals. When he was first observed carrying
the newborns, the group was heading to a tree to search
for refuge to sleep at the end of the day. The next day, this
group started activities after 6:15 a.m. At 6:20 the adult
male (possibly the father) kept carrying the twins on his
back while traveling with the group. During the next 3
hours and 30 minutes, based on scan sampling, the most
common activities in the group were locomotion and
foraging. At 9:50 the entire group took refuge in a tangled
tree, to wait out the rain, which lasted approximately 25
minutes. At 10:22 the group moved toward another tree,
and it was observed that the adult female and the adult
male were each carrying one of the twins. At 11:00, the
adult male tried to take away the twin infant from the
adult female’s back two times, but the female did not al-
low this. At 11:16 the entire group was together on a tree
branch; the dominant female nursed the twin that was on
her back (Fig. 1a), while the adult male carried the other
twin on his back. Once the adult female finished nursing
the twin at 11:21, she continued carrying the twin on her
back, until reaching another tree branch that was at least
3 m away from any other member of the group. After 3
minutes, the infant began to vocalize, and it was observed
that the female held the infant in her arms with its head
in her mouth. After this, the female began biting the in-
fant’s face. At 11:28 the female continued biting the twin
infant’s face. The infant vocalized constantly, and other
group members walked toward the female and infant. At
11:31 it was noted that the adult female’s mouth was full
of blood, and she had eaten part of the twin’s skull (Fig.
1b, 1c, and 1d). The adult female continued feeding on
the soft tissues of the infant’s head for approximately 3
min, during which she dropped the corpse twice on the
ground, but she searched for it again to keep eating the
soft tissues of the head. At 11:34 the adult female dropped
the corpse to the ground for the third time, and this time
she did not pick it up. Instead, the adult male who was
carrying the other twin on his back, approached and ate

the remains of the dead twin’s skull (Fig. le), while the
dominant female watched.

At 11:36, after eating the remains of the dead twin’s skull,
the male adult dropped the corpse on the ground and
moved forward with the dominant female and the rest of
the group. At 11:39 the dead twin’s body remained on the
ground, without most of the face and head, although the
other body parts were intact (Fig. 1f). The surviving twin
continued to be carried by the adult male and remained
alive for at least two more months, when the primate
monitoring ended.

Discussion

Although male-inflicted infanticide is more common
among primates (and mammals in general), in Callitri-
chidae, infanticide committed by females appears to be
more frequent, with no cases of male-inflicted infanticide
reported (Digby and Saltzman, 2009; Culot et al., 2011).
This study may be the first case of maternal infanticide
reported for Callithrix, but not for Callitrichidae (Tira-
do-Herrera et al., 2000; Culot et al., 2011).

In the present study, the mother committed infanticide,
and it was observed that she ate parts of the twin’s face
and head, leaving the rest of the body untouched and
intact. We considered the possibility of cannibalism as a
“nutritional resource” derived from the consumed parts
of deceased offspring (Lazaro-Perea et al.,, 2000; Melo
et al., 2003). However, it remains unclear why in most
reported cases including this one, only the victim’s head
was consumed (e.g., Melo et al., 2003). Hilario and Fer-
rari (2010) suggest that the mother first bites the victim’s
head to subdue it, using the same behavior exhibited
when chasing prey, possibly ingesting parts of the skull
and face instinctively.

The “Parental Manipulation” hypothesis proposes that
infanticide by mothers serves to regulate the sex ratio
within the group by selectively eliminating some or all
offspring (Agrell et al., 1998). This hypothesis does not
necessarily involve the elimination of non-viable off-
spring alone but may also extend to those born during
ecologically unfavorable periods when additional care-
giving could require excessive energy expenditure (Culot
et al,, 2011). According to Voland and Stephan (2000),
maternal infanticide may be considered adaptive under
conditions where offspring have low reproductive poten-
tial, are highly dependent on maternal care beyond nor-
mal levels, or when the act increases the mother’s overall
adaptive value.

We think that the “Nutritional Resource” and “Parental
Manipulation” hypotheses are the most plausible expla-
nations for the observed episode of infanticide, based on
the following considerations. First, the female committed
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Figure 1. Pictures before, during, and after infanticide. a) Mother nursing the infant. b), ¢), and d) Sequence of the mother eating parts
of the head. e) Adult male carrying the other infant eating parts of the skull. f) Face and skull parts eaten, while rest of the body intact.

infanticide and selectively ingested parts of her offspring’s
head and face, possibly to meet heightened nutritional
demands associated with consecutive twin pregnancies
and births. Cannibalism of specific body parts, particu-
larly the brain and facial tissues, may provide a concen-
trated source of nutrients required during these physi-
ologically demanding periods (Lazaro-Perea et al., 2000;
Melo et al., 2003). However, as we did not examine the
infant post-mortem, this hypothesis remains untested.

Acknowledgments

This study was financed in part by the Coordenagéo de
Aperfeicoamento de Pessoal de Nivel Superior — Brasil
(CAPES) - Finance Code 001. We thank the administra-
tion and the technical staft of the Cérrego Grande Eco-
logical Park, for allowing us to develop this research proj-
ect there. We also thank the UNICENTRO University,
the OAS, and the CAPES for promoting spaces that allow
for the expansion of academic, scientific and intellectual
knowledge, through awarding of research scholarships.
We are grateful to Zonia Elizabeth Caro Carvajal who
commented on the manuscript and revised the English
language.

Author Contributions

Juliett M. Gonzalez-Carvajal conducted the survey, wrote
the text, and took the photographs. Joao M. D. Miranda
reviewed and edited the manuscript. Both authors read
and approved the final manuscript.

Juliett M. Gonzalez-Carvajal, Santuario de Flora Plantas
Medicinales Orito Ingi Ande; Laboratory of Mammalian
Biology, Universidade Estadual do Centro-Oeste, Brazil;
E-mail: <juliettgo@gmail.com>. Jodo M. D. Miranda,
Laboratory of Terrestrial Vertebrate Blology, Blology
Department, Universidade Estadual do Centro-Oeste,
Brazil.

References

Agrell, J., Wolff, J. and Ylonen, H. 1998. Counter-strate-
gies to infanticide in mammals: costs and consequen-
ces. Oikos 83(3): 507-517. doi:10.2307/3546678.

Aguiar, L. M., Ludwig, G., Hilst, C. L. S., Malanski, L. S.
and Passos, F. C. 2005. Tentativa de infanticidio por
um macho dominante de Alouatta caraya (Humboldt)
(Primates, Atelidae) em um infant extra-grupo devido



doi:10.2307/3546678

Neotropical Primates 30(1), July 2024

91

a influéncia do observador. Rev. Bras. Zool. 22: 1201-
1203. doi: 10.1590/S0101-81752005000400056.

Altmann, J. 1974. Observational study of behavior: sam-
pling methods. Behavior 49: 267-277.

Bezerra, B. M., Souto, A. S. and Schiel, N. 2007. Infanti-
cide and cannibalism in free-ranging plurally breeding
group of common marmosets (Callithrix jacchus). Am.
J. Primatol. 69: 945-952.

Cisar, C., Franco, E. S., Soares, G. C. N. and Young, R. J.
2008. Observed case of maternal infanticide in a wild
group of black-fronted titi monkeys (Callicebus nigri-
frons). Primates 49: 143-145.

Crockett, C. M. 2003. Re-evaluating the sexual selec-
tion hypothesis for infanticide by Alouatta males. In:
Sexual Selection and Reproductive Competition in Pri-
mates: New Perspectives and Direction, C. B. Jones
(ed.), pp.327-365. American Society of Primatology,
Norman.

Culot, L., Lledo-Ferrer, Y., Hoelscher, O., Lazo, F. . M.,
Huynen, M. C. and Heymann, E. W. 2011. Reproduc-
tive failure, possible maternal infanticide, and canni-
balism in wild moustached tamarins, Saguinus mys-
tax. Primates 52: 179-186.

Da Rosa, D. S. X. 2016. Comportamento de Callithrix
penicillata introduzidos em um fragmento urbano no
Sul do Brasil. MSc thesis. Universidade Federal do Pa-
rana. Repositorio Académico da Universidade Federal
do Parana.

Debyser, I. W. J. 1995. Platyrrhine juvenile mortality in
captivity and in the wild. Int. J. Primatol. 16: 909-933.
Digby, L. 2000. Infanticide by female mammals: implica-
tions for the evolution of social systems. In: Infanticide
by Males and its Implications, C. P. Van Schaik and C. H.
Janson (eds.) pp.423-446. Cambridge University Press,

New York.

Digby, L. and Saltzman, W. 2009. Balancing cooperation
and competition in callitrichid primates: examining
relative risk of infanticide across species. In: The Sma-
llest Anthropoids: the Marmoset/Callimico Radiation, S.
M. Ford, L. M. Porter and L. Davis (eds.), pp.135-153.
Springer, New York.

Dunbar, R. I. M. 1995a. The mating system of callitrichid
primates: I. Conditions for the coevolution of pair bon-
ding and twinning. Anim. Behav. 50: 1057-1070.

Dunbar, R. I. M. 1995b. The mating system of callitrichid
primates: II. The impact of helpers. Anim. Behav. 50:
1071-1089.

Dunn, D. G., Barco, S. G., Pabst, D. A. and Mclellan, W. A.
2002. Evidence for infanticide in bottlenose dolphins of
the western North Atlantic. J. Wildl. Dis. 38: 505-510.

Ebensperger, L. A. 2007. Strategies and counterstrategies
to infanticide in mammals. Biol. Rev. 73: 321-346.

Garber, P. A. 1997. One for all and breeding for one: coo-
peration and competition as a tamarin reproductive
strategy. Evol. Anthropol. 6: 187-199.

Gonzalez-Carvajal, J. M. 2019. Ecologia de Callithrix
penicillata introduzidos na Ilha de Santa Catarina: um

estudo de longo prazo. MSc thesis. Universidade Estad-
ual do Centro-Oeste, Parana.

Goodall, J. 1996. The chimpanzees of Gombe: patterns of
behavior. Harvard University Press, Cambridge.

Hausfater, G. 1984. Infanticide in langurs: strategies,
counter strategies, and parameter values. In: Infanti-
cide: Comparative and Evolutionary Perspectives, G.
Hausfater and S. B. Hrdy (eds.), pp.257-281. Aldine,
New York.

Hausfater, G. and Hrdy, S. B. 1984. Infanticide: Compa-
rative and Evolutionary Perspectives. Aldine, New York.

Herrera, E. R. T., Knogge, C. and Heymann, E. W. 2000.
Infanticide in a group of wild saddle-back tamarins,
Saguinus fuscicollis. Am. J. Primatol. 50: 153-157.

Hilario, R. and Ferrari, S. E 2010. Double infanticide in a
free-ranging group of buffy-headed marmosets, Calli-
thrix flaviceps. ]. Ethol. 28: 195-199.

Hiraiwa-Hasegawa, M. and Hasegawa, T. 1994. Infanti-
cide in non-human primates: sexual selection and lo-
cal resource competition. In: Infanticide and Parental
Care, S. Parmigiani and E Vom Saal (eds.), pp.137-154.
Harwood, Chur.

Hoogland, J. L. 1985. Infanticide in prairie dogs: lactating
females kill offspring of close kin. Science 230(4729):
1037-1040. doi:10.1126/science.230.4729.1037.

Hrdy, S. B. 1974. Male-male competition and infanticide
among the langurs (Presbytis entellus) of Abu, Rajas-
than. Folia Primatol. 22: 19-58.

Hrdy, S. B. 1979. Infanticide among mammals: a review,
classification, and examination of the implications for
the reproductive strategies of females. Ethol. Sociobiol.
1: 13-40.

Labov, J. B. 1980. Factors influencing infanticidal be-
havior in wild male house mice (Mus musculus). Be-
hav. Ecol. Sociobiol. 6: 297-303.

Lazaro-Perea, C., Castro, C. S. S., Harrison, R., Araujo,
A., Arruda, M. E and Snowdon, C. T. 2000. Behavio-
ral and demographic changes following the loss of the
breeding female in cooperatively breeding marmosets.
Behav. Ecol. Sociobiol. 48: 137-146.

Leland, L., Struhsaker, T. T. and Butynski, T. M. 1984. In-
fanticide by adult males in three primate species of the
Kibale Forest, Uganda: a test of hypotheses. In: Infan-
ticide: Comparative and Evolutionary Perspectives, G.
Hausfater and S. B. Hardy (eds.), pp.151-171. Aldine,
New York.

Lukas, D. and Huchard, E. 2019. The evolution of infan-
ticide by females in mammals. Philos. Trans. R. Soc. B.
374:20180075.

Lunn, N. J. and Stenhouse, G. B. 1985. An observation of
possible cannibalism by polar bears (Ursus maritimus).
Can. J. Zool. 63: 1516-1517.

Melo, L., Mendes Pontes, A. R. and Monteiro da Cruz, M.
A. O. 2003. Infanticide and cannibalism in wild com-
mon marmosets. Folia Primatol. 74: 48-50.

Nievergelt, C. M., Mutschler, T., Feistner, A. T. C. and
Woodruff, D. S. 2002. Social system of the Alaotran
gentle lemur (Hapalemur griseus alaotrensis): genetic



https://doi.org/10.1590/S0101-81752005000400056
doi:10.1126/science.230.4729.1037

92

Neotropical Primates 30(1), July 2024

characterization of group composition and mating sys-
tem. Am. J. Primatol. 57: 157-176.

Patterson, I. A. P, Reid, R. ]., Wilson, B., Grellier, K., Ross,
H. M. and Thompson, P. M. 1998. Evidence for infanti-
cide in bottlenose dolphins: an explanation for violent
interactions with harbor porpoises? Proc. R. Soc. Lond.
B. Biol. Sci. 265: 1167-1170.

Ramirez-Llorens, P., Di Bitetti, M. S., Baldovino, M. C.
and Janson, C. H. 2008. Infanticide in black capuchin
monkeys (Cebus apella nigritus) in Iguazii National
Park, Argentina. Am. J. Primatol. 70: 473-484.

Santos, C., Morais, M. M., Oliveira, M. M., Mikich, S. B.,
Ruiz-Miranda, C. R. and Moore, K. P. L. 2007. Ecolo-
gia, comportamento e manejo de primatas invasores e
populagdes problema. In: A Primatologia no Brasil, ]. C.
Bicca-Marques (ed.), pp.101-118. Sociedade Brasileira
de Primatologia, Porto Alegre.

Schneider, M. L., Roughton, E. C., Koehler, A. J. and
Lubach, G. R. 1999. Growth and development following
prenatal stress exposure in primates: an examination of
ontogenetic vulnerability. Child Dev. 70: 263-274.

Sussman, R. W. 2000. Primate Ecology and Social Structu-
re. Pearson Custom Publishing, Boston.

Sussman, R. W. and Garber, P. A. 1987. A new interpreta-
tion of the social organization of the Callitrichidae. Int.
J. Primatol. 8: 73-92.

Tirado-Herrera, E., Knogge, C. and Heymann, E. W.
2000. Infanticide in a group of wild saddle-back tama-
rins, Saguinus fuscicollis. Am. J. Primatol. 50: 153-157.

Van Schaik, C. P. 2000. Infanticide by male primates:
the sexual selection hypothesis revisited. In: Infantici-
de by Males and its Implications, C. P. Schaik and C. H.
Janson (eds.), pp.27-60. Cambridge University Press,
Cambridge.

Voland, E. and Stephan, P. 2000. The hate that love gene-
rated: sexually selected neglect of one’s own offspring in
humans. In: Infanticide by Males and its Implications. C.
P. Schaik and C. H. Janson (eds.), pp.447-465. Cambri-
dge University Press, Cambridge.

Wilson, E. O. 1975. Sociobiology: the New Synthesis. Har-
vard University Press, Cambridge.

Yamamoto, M. E. 1993. From dependence to sexual ma-
turity: the behavioural ontogeny of Callitrichidae. In:
Marmosets and Tamarins: Systematics, Behaviour, and
Ecology, A. B. Rylands (ed.), pp.235-254. Oxford Uni-
versity Press, Oxford.

Zago, L. 2012. Fatores determinantes no uso do espago
por Callithrix penicillata (E. Geoffroy, 1812) introdu-
zidos em fragmento urbano. MSc thesis. Repositdrio
Académico da Universidade Federal do Parana.

Zago, L., Miranda, J. M. D., Daltrini Neto, C., Santos, C. V.
and Passos, F. C. 2013. Dieta de Callithrix penicillata (E.
Geoftroy, 1812) (Primates, Callitrichidae) introduzidos
na Ilha de Santa Catarina. Biotemas 26: 227-235.

Zago, L., Mottim, V., Miranda, J. M. D. and Passos, E
C. 2014. Interagdes entre vertebrados e Callithrix pe-
nicillata (E. Geoffroy, 1812) introduzidos em frag-
mento urbano da Ilha de Santa Catarina, Brasil. In: A

Primatologia no Brasil, E. C. Passos and J. M D. Miranda
(eds.), pp.161-170. Sociedade Brasileira de Primatolo-
gia, Curitiba.




Notes to Contributors

Scope

The journal aims to provide a basis for conservation information relating
to platyrrhine monkeys. We welcome texts on any aspect of primate
conservation, including articles, thesis abstracts, news items, recent events,

recent publications, primatological society information and suchlike.

Contributions

Manuscripts may be in English, Spanish or Portuguese, should be prepared
with MS Word, and must use page and line numbering. The full name and
address for each author should be included. Please avoid abbreviations and
acronyms without the name in full. Authors whose first language is not

the language of the manuscript submission should have their manuscripts
carefully reviewed by a native speaker. To submit a manuscript on-line,
please register at https://primate.socgen.ucla.edu/index.php/multivitaminic/
user/register or you can send your contribution to: Jessica Ward Lynch,
University of California, Los Angeles, email: jwlynx@g.ucla.edu.
Manuscripts that do not conform to the formal requirements (formatting,
style of references, etc.) will be returned to authors without review. They

can be resubmitted, provided all formal requirements are met.

Articles. Each issue of Neotropical Primates will include up to three full
articles, limited to the following topics: Taxonomy, Systematics, Genetics
(when relevant for systematics and conservation), Biogeography, Ecology
and Conservation. Text for full articles should be typewritten, double-
spaced with no less than 12 cpi font (preferably Times New Roman) and
3-cm margins throughout, and should not exceed 25 pages in length
(including references). Please include an abstract in the same language as
the rest of the text (English, Spanish or Portuguese) and (optional) one

in Portuguese or Spanish (if the text is written in English) or English

(if the text is written in Spanish or Portuguese). An abstract in the local
Indigenous language relevant to the study may also be included. Tables
and illustrations should be limited to six, except in cases where they are
fundamental for the text (as in species descriptions, for example). Full
articles will be sent out for peer-review. For articles that include protein or
nucleic acid sequences, authors must deposit data in a publicly available
database such as GenBank/EMBL/DNA Data Bank of Japan, Brookhaven,
or Swiss-Prot, and provide an accession number for inclusion in the

published paper.

Short articles. These manuscripts are usually reviewed by the editors only.
A broader range of topics is encouraged, including such as behavioral
research, in the interests of informing on general research activities that
contribute to our understanding of platyrrhines. We encourage reports on
projects and conservation and research programs (who, what, where, when,
why, etc.) and most particularly information on geographical distributions,
locality records, and protected areas and the primates that occur in them.
Text should be typewritten, double-spaced with no less than 12 cpi
(preferably Times New Roman) font and 3-cm margins throughout, and
should not exceed 12 pages in length (including references).

Figures and maps. Articles may include small color photographs, high-
quality figures, and high-quality maps. (Resolution: 300 dpi. Column
widths: one-column = 8-cm wide; two-columns = 17- cm wide). Please
keep these to a minimum. We stress the importance of providing maps that
are publishable. When reporting geographic coordinates please utilize one
of the following formats consistently throughout the manuscript: DMS
(degrees, minutes, seconds) standard 4°36'19.1"N, 74°3'20.7"W or DD
(Decimal Degrees) 4.605306, -74.055750.

Tables. Tables should be double-spaced, using font size 10, and prepared with
MS Word. Each table should have a brief title.

News items. Please send information on projects, field sites, courses, theses or
dissertations recently defended, recent publications, awards, events, activities of

Primate Societies, etc. to Brenda Solérzano brenda_solorzano@yahoo.com.mx.

References. Examples of house style may be found throughout this journal. In-
text citations should be first ordered chronologically and then in alphabetical
order. For example, “...(Fritz, 1970; Albert, 1980, 2004; Oates, 1981; Roberts,
2000; Smith, 2000; Albert et al., 2001)...”

In the list of references, the title of the article, name of the journal, and
editorial should be written in the same language as they were published. All
conjunctions and prepositions (i.e., “and”, “In”) should be written in the
same language as rest of the manuscript (i.e., “y” or “¢”, “En” or “Em”). This
also applies for other text in references (such as “PhD thesis”, “accessed” — see

below). Please refer to these examples when listing references:

Journal article

Stallings, J. D. and Mittermeier, R. A. 1983. The black-tailed marmoset
(Callithrix argentata melanura) recorded from Paraguay. Am. J. Primatol. 4:
159-163.

Chapter in book

Brockelman, W. Y. and Ali, R. 1987. Methods of surveying and sampling forest
primate populations. In: Primate Conservation in the Tropical Rain Forest, C. W.
Marsh and R. A. Mittermeier (eds.), pp.23—62. Alan R. Liss, New York.

Book

Napier, P. H. 1976. Catalogue of Primates in the British Museum (Natural
History). Part 1: Families Callitrichidae and Cebidae. British Museum (Natural
History), London.

Thesis/Dissertation
Wallace, R. B. 1998. The behavioural ecology of black spider monkeys in

north-eastern Bolivia. Doctoral thesis, University of Liverpool, Liverpool, UK.

Report

Muckenhirn, N. A., Mortensen, B. K., Vessey, S., Fraser, C. E. O. and Singh,
B. 1975. Report on a primate survey in Guyana. Unpublished report, Pan
American Health Organization, Washington, DC.

Website

UNESCO. 2005. UNESCO Man and the Biosphere Programme. United
Nations Educational, Scientific, and Cultural Organisation (UNESCO), Paris.
Website: http://www.unesco.org/mab/index.htm. Accessed 25 April 2005.
(“Acessada em 25 de abril de 2005” and “Consultado el 25 de abril de 2005”
for articles in Portuguese and Spanish respectively).

For references in Portuguese and Spanish:

“and” changes to “¢” and “y” for articles in Portuguese and Spanish respectively.
“In” changes to “Em” and “En” for articles in Portuguese and Spanish

respectively.

“Doctoral thesis” changes to “Tese de Doutoramento” and “Tesis de

Doctorado” for articles in Portuguese and Spanish respectively.

“MSc Thesis” changes to “Dissertagao de Mestrado” and “Tesis de Maestrfa” for

articles in Portuguese and Spanish respectively.

“Unpublished report” changes to “Relatério Técnico” and “Reporte no

publicado” for articles in Portuguese and Spanish respectively.


http://jwlynx@g.ucla.edu
http://www.unesco.org/mab/index.htm

Neotropical Primates
A Journal and Newsletter of the IUCN SSC Primate Specialist Group
Vol. 30(1), July 2024

Contents

Introdugao pela editora convidada dessa edigao especial Congresso Brasileiro de Primatologia (CBPr) SINOP da Neotropical

Primates
Caué Monticelli, Amanda A. de Moraes, Mara C. Margues...................cccccccucuiuiuiuiiiiciciiiiiciicicicieieeeisicee e 1

Articles

Long-term Data on the Reproduction, Seasonality and Longevity of a Captive Population of Black Lion Tamarins
(Leontopithecus chrysopygus) for Ex Situ Conservation
Pierre Giraud, Criss Quispe-Saenz, Raul Bello ..................c.cccccccoccoiiiiiiiiiiiiiiiiiiiiiiiiicicicice s 12

Cebus unicolor (Spix, 1823) (Cebidae, Primates), A Vulnerable Species in an Anthropized Igapé Forest, Acutuba, Central
Amazonia, Brazil
Alessandro Rocha, Adrian A. Barnett, Wilson R. Spironello.....................cccccccoiiiiiiiiiiiiiiiiiiiiiiiiiiccce e 21

The Last Surviving Population of Cacajao ouakary (Spix, 1823) (Pitheciidae, Primates) in an Igapé Forest in the Manaus
Metropolitan Region, Central Amazonia, Brazil
Alessandro Rocha, Adrian A. Barnett, Wilson R. Spironello...................ccccccccoiiiiiiiiiiiiiiiiiiiiiiiiiiiice e 28

Update to the Geographical Distribution of Sapajus nigritus cucullatus (Spix, 1823) in Southern Brazil
Daniel Vilasboas Slomp, Gabriela Ludwig, Gerson Buss, Rodrigo Cambard Printes, Vanessa Barbisan Fortes, Luciana Gosi Pacca, Mdrcia
IMAYIA A8 ASSIS JAVAIIL........o.oeeeeeeeee ettt ettt e e e et et e e s s e as a2t ea e a e a et e e b e R A e At e a e At e a e e e et et e et e easensen s ena et enneneas 37

Hematological Parameters of Captive Capuchin Monkeys (Sapajus libidinosus and S. apella) Illegally Kept in Homes in
Northeast Brazil

Naylé Francelino Holanda Duarte, Gabriele Vitor de Andrade, Katariny Michelle de Araiijo, Pinheiro Tavares, Victoria Forte Viana,
Patricia Pereira Lima Barbosa, Bruna Holanda Duarte, Walber Feijé de Oliveira, Jorg Heukelbach, Renata Gongalves Ferreira................. 48

@OPERACAOSAPAJUS: Anillise do engajamento nas redes sociais

Jilio Cézar Nascimento de Oliveira, Talita Maria Macedo Damasceno, Vitéria Fernandes Nunes, Renata Gongalves Ferreira................... 59

Condicionamento Operante em Bugios-ruives (Alouatta guariba) Sob Cuidados Profissionais no Centro de Pesquisas
Biolégicas de Indaial — SC (Projeto Bugio / CEPESBI)

Ruan Jupiaruma dos Santos Scharf, Aline Nassa Dada, Sheila Regina Schmidt Francisco, Carlos Roberto de Oliveira Nunes,

Zelinda Maria Braga HITANO .................cc.couiiioieieisiiiiiiisiiietetet ettt ettt 68

Short Articles

Teste de Aparato de Sondagem para Experimento de Campo com Macacos-prego (Sapajus spp.)
Andrews Michel Fernandes Oliveira Nunes, Tiago FAIGLCO...............c.cccccueuiiiiiieueiiiiieiiiiieieieieieieieieieeieie e neaeieaenes 81

A Case of Maternal Infanticide in the Black Tufted-ear Marmoset Callithrix penicillata (Primates: Callitrichidae)
Andrews Michel Fernandes Oliveira Nunes, Tiaigo FAIGHIC0...............cccvueueueuiiieiiiiiieiiiieeieieieieieieieieie oot eieieaeaeseieneneseienenes 88



