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- Ata da centésima décima (110) defesa de dissertagio de BRUMA MARTINS
BEZERA concluinte do Mestrado em Biologia Animal da Universidade Federal de Pemambuco,
realizada em 20/11/06.

No dia vinte (20) do més de novembro do ano de dois mil e seis (20/11/06), as 14:30h
(quatorze horas e trinta minutos), na Sala de aula do Mestrado em Biologia Animal/UFPE, reuniu-
se a comissdo designada para o exame de dissertagdo de Bruna Martins Bezera, sob a orientacdo
do Dr. Antonio da Silva Souto (Depto. Zoologia/UFPE) e co-orientagdo da Dra. Maria Adélia
Borstelmann de Oliveira (Depto. Morfologia e Fisiologia Animal/UFRPE), junto ao Mestrado em
Biologia Animal/UFPE, sob o titulo: “Vocalizagdo do sagui comum: influéncias sociais e
ontogénicas em ambiente natural”. A sessdo foi aberta pelo Coordenador do Mestrado em Biologia
Animal/UFPE, o Prof. Paulo Jorge Parreira dos Santos, que explicou que a candidata dispunha de
quarenta (40) minutos para expor seu trabalho. Em seguida, convidou para a Mesa Principal os
titulares da Banca Examinadora, composta por: a) Titulares: 1°) Dr. Valdir Luna da Silva (Depto.
Fisiologia e Farmacologia/UFPE)- membro externo, 2°) Dr. Daniel Marques de Almeida Pessoa
(Depto. Fisiologia/UFRN)- membro externo, 3°) Dr. Diego Astia de Moraes (Depto.
Zoologia/UFPE), e 4°) Dr. Antonio da Silva Souto (Depto. Zoologia/UFPE); b) Suplentes: 1°) Dr.
Severino Mendes de Azevedo Junior (Depto. Zoologia/UFPE); e 2°) Dra. Nicola Schiel (Ensino
Superior Bureau Juridico — Faculdade Mauricio de Nassau (ESBJ)-membro externo. Logo apés,
convidou o Prof. Dr. Antonio da Silva Souto para conduzir os trabalhos, na condi¢&o de Presidente
da Banca Examinadora. Desta feita, o Prof. Antonio Souto convidou a candidata para expor seu
rabalho. Apés a exposigdo, seguiu-se a argiii¢do em forma de didlogo, respeitando-se o limite
maximo de quarenta e cinco (45) minutos para cada examinador. Apés a argiii¢do, o Prof. Antonio
Souto solicitou & platéia que se retirasse do recinto para deliberagdo final da Banca Examinadora.
Logo ap6s, a mesma Banca Examinadora, deliberando em recinto fechado, resolveu atribuir a
candidata a meng#o aprovada por unanimidade, tendo a concluinte o prazo de sessenta (60) dias
para entregar o seu trabalho reformado e assinado pelos membros titulares da Banca Examinadora,
em conformidade com o Regimento Interno do Curso. Nada mais havendo a tratar, eu, Ana
Elisabete Gomes Carneiro Fraga, secretaria do Mestrado em Biologia Animal da Universidade
Federal de Pernambuco, lavrei a presente ATA, que assino juntamente com a candidata, a Banca
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Resumo

Os saguis comungallithrix jacchus(Callithrichidae, Primates), vivem em grupos
de trés a quinze individuos, havendo um sistemdod@nancia e a possibilidade de viver
em monogamia, poliginia, poliandria ou poliginaadrEles sdo primatas neotropicais
arbéreos, endémicos da regido Nordeste do Brasiy que nos ultimos anos foram
amplamente introduzidos em outras regifes do paipresente estudo foi conduzido em
um fragmento de Floresta Atlantica no Nordeste dasBe investigou um total de 30
sagulis comuns. Os objetivos do presente estudanfo(@ apresentar uma descricéo
quantitativa do repertério vocal de saglis comumsambiente natural, baseando-se na
categorizacdo das vocalizacdes e nas caractesifisazas destas; (ii) investigar se existem
diferencas no repertério vocal entre animais dereliftes idades; (i) comparar o
repertorio vocal de saglis comuns selvagens coepertorio previamente descrito para
essa espécie em cativeiro; (iv) investigar o cdnteemportamental associado com certas
vocalizacdes; (v) investigar se a frequéncia dedasovocalizacbes é afetada pela idade,
sexo e posicdo hierarquica dos animais no grupd; €y por fim, investigar se as
caracteristicas fisicas dos sinais acusticos estacionadas com a idade dos animais,
através do estudo do efeito da idade sobre astedsdicas fisicas da vocalizacdo de
contato “trill”. O repertdrio vocal dos sagiis camuem liberdade foi separado em 13
sinais acusticos e alguns destes se mostraramsexidupara certas idades (e.g. “loud
squeal’ para infantes e vocalizacbes de alarme garadultos). Algumas vocalizacbes
estdo mais aptas a serem emitidas associadas ctya centextos comportamentais ou
como resposta a outras vocalizagdes. Algumas vacéies que antes foram descritas para

animais em condic¢des de cativeiro ndo foram obdas/am ambiente natural e vice-versa.
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Durante maior parte do dia, os adultos vocalizaraais que juvenis e infantes. Entretanto,
ndo houve diferenca quanto a frequiéncia de usvatadizacbes de acordo com a posi¢ao
hierarquica ou género dos animais. A vocalizacély’ “emitida por animais mais jovens
se mostrou com caracteristicas fisicas (frequéndéss sons) mais altas que aquelas
emitidas por animais adultos. De uma maneira ge@dsos resultados sugerem que a
comunicacdo auditiva dos saglis comuns esta mlaisiaeada com a idade dos animais,
pelo menos em termos de repertério, frequiénciasdedas vocalizagdes e caracteristicas
fisicas da vocalizacao “trill”. Considerando o cdexp sistema social e o habito arboricola
da espécie, ja previamos a existéncia um intricastema de comunicacdo através das
vocalizagdes. Nossos resultados, juntamente catadiss obtidos em animais de cativeiro,
confirmaram tal predicao.

Palavras chaveCallithrix jacchus comunicacdo vocal, repertorio vocal, ontogenia,

influéncia social.
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Abstract

Common marmoset$;allithrix jacchus(Callithrichidae, Primates), live in groups
comprising three to 15 individuals. There is a d&iehical structure and the possibility of
living in monogamy, polygyny, polyandry or polygyrtay. They are arboreal Neotropical
primates, endemic from the Northeast Brazil, betythlready were introduced in several
other regions of the country. The present study easded out in a fragment of Atlantic
rain Forest in the Northeast, Brazil and invesgdaa total of 30 wild common marmosets.
The aims of the study were (i) to provide a dethilguantitative description of the vocal
repertoire of common marmosets in the wild basedaiagorising their vocalisations and
then reporting the physical characteristics of éhescalisations; (ii) to investigate if there
are differences in vocal repertoire between animéldifferent age; (iii) to compare the
vocal repertoire of wild common marmosets with tbBpertoire described for this species
living in captive conditions; (iv) to ascertain thehavioral contexts associated with certain
vocalisations; (v) to investigate whether the @fteocalisations of common marmosets is
affected by age, gender and hierarchic position); #md to investigated whether call
characteristics were related to the age of theec#éy studying the affect of age on the
physical characteristics of a contact vocalisattbe,trill call. The vocal repertoire of wild
common marmosets was separated into 13 differdlst @dath some of these calls being
exclusive to certain age groups (e.g. loud squemifants and alarm calls to adults). Some
call types are most likely to be associated witttate behavioral contexts or as a response
to other particular calls. Some call types that evg@reviously described in captive
conditions were not observed in wild conditions amke-versa. During most of the day,

adults vocalised more than both juveniles and isfadowever, no differences were found

14



between either gender or hierarchic position watbpect to rate of vocalisations. The trill
calls emitted by young common marmosets were ofjaem pitch than those emitted by
adults. Our results suggest that the auditory comeations of wild common marmosets
are related to the age of the animals, at leas¢rims of call types present in the vocal
repertoire, the rate of vocalisations and the pajscharacteristics of the trill call.
ConsideringThe complex social organization of #pecies and the arboreal status already
predicted an intricate communication system throughalisations. Our study together
with the data previously coming from captive stgdienfirmed such prediction.

Key words: Callithrix jacchus vocal comunication, vocal repertoire, ontogenycia

influence.
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CAPITULO |

Revisado Bibliografica

Aspectos pertinentes sobre a espécie em estudo

O Callithrix jacchus € um primata neotropical popularmente chamado adgiis
comum, sagili-do-Nordeste ou sagui-de-tufo branco. p&rtencente a familia
Callithrichidae, onde dentre as suas principaiscataristicas encontramos o tamanho
corporal reduzido. Este aspecto, juntamente comesepca de unhas em forma de garras
bem resistentes e desenvolvidas, Ihes permite ;iaragm posi¢céao vertical nos galhos e
troncos, facilitando a locomocdo e o consumo deagohais caracteristicas representam
um importante ponto para o sucesso ecolégico emoterde distribuicdo e adaptacéo
destes animais (Garber, 1992; Ferrari, 1993). &le$a apresentam tufos de pélos brancos
circum-auriculares por trds e acima; coloracdo a@a acinzentado claro com reflexos
castanhos e pretos; uma cauda apresentando feaxawvdrsais; e dimorfismo sexual n&o
acentuado (Hershkovitz, 1977; Sussman & Kinzey,4198uricchio, 1995). Os saguis
comuns apresentam uma denticdo especializada, soncisivos grandes e afiados, o que
de certa forma os auxilia na habilidade de roendns de arvores em busca de goma
(Hershkovitz, 1977).

Os sagliis comuns sao animais sociais que formapogme trés a 15 individuos,
apresentando, geralmente, uma area de uso espe(®fievenson & Rylands, 1988;
Mendes Pontes & Monteiro da Cruz, 1995; Monteiro Glaiz, 1998). O periodo de

gestacdo desses animais varia em torno de 140 aiad8sendo os filhotes, em geral,
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gémeos e tendo a capacidade de se agarrarem aalgéldie segundos apdés o parto
(Hershkovitz, 1977; Hearn, 1983; Yamamoto, 199&aBle, 1999). Apesar da presenca de
uma fémea e de um macho dominante no grupo, etsu@m uma organizacdo social em
gue todos os membros cooperam nos cuidados coolea(pigram, 1977; Rothe & Darms,
1993). Contudo, é importante salientar que estadosampo e em cativeiro ja revelaram a
existéncia de monogamia, poliginia, poliandria edai poliginandria em grupos de.
jacchus(Dixson, 1993; Roda & Mendes Pontes, 1998; Arreidal., 2005; Bezerra et ah,
press.

O sagli comum € endémico do nordeste brasileimrrecdo ao norte do rio S&o
Francisco, ao leste do Rio Parnaiba (Auricchio51%9tendo o Rio Sdo Francisco como
limite sul (Rylands et al., 1993). Entretanto, esspécie ja foi amplamente introduzida em
varias matas do Brasil, principalmente no Sudesto Serra da Carioca e Tijuca no Rio
de Janeiro, Serra da Cantareira e em varios padpesdade de Sdo Paulo (Auricchio,
1995). No Rio de Janeiro inclusive, o sagli comuon ¥em se tornando um problema nos
esforcos de conservacdo do mico ledo dourddontopithecus rosaljapor conta da
competicdo de uma maneira geral entre esses psrf@ata Ruiz-Miranda et al., 2006). O
sagii comum tem um habitat bastante diversificaddendo ser encontrado em areas de
Caatinga, Cerrado, Mata Atlantica, mangue e pléetm¢Hershkovitz, 1977; Stevenson &
Rylands, 1988; Mendes Pontes, 1989; Rylands & die,F093, Auricchio, 1995).

E valido salientar que os sagiis comuns foram isglados como uma espécie de
grande interesse cientifico, sendo inclusive a@sp&imero um na Europa em pesquisas
envolvendo neurotoxinologia neurofamacologia eokggia reprodutiva (Newman, 1995).

Dentre as razb0es para essa preferéncia pela espéoimtramos a facil adaptacdo a
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ambiente de cativeiro, o baixo custo de manutedeamlbnias da espécie e o fato de gerar
gémeos idénticos numa frequéncia relativamente altque permite a manutencdo de

colénias auto-suficientes por um determinado per{edy. Hearn, 1983).

Comunicacéo dos animais

A comunicacdo dos animais se da por diversos mmtitadls como reproducao,
agressao, predacdo ou alimentacao (Marler, 196&ftI8&North,1998). Ela pode ser
definida como um processo em que um animal infligelec comportamento do outro
através da transmissao de sinais (Krebs & Davi#d;1Pearce, 1997; Shettleworth, 1998).
Estes sinais podem ser transmitidos de forma wdfatiisual, tatil ou auditiva (Krebs &
Davies, 1996; Dyer & Brockman 1996), e irdo depenuéncipalmente das restricbes
impostas pelos habitos e habitat das espéciesgk&dbavies, 1996; Brumm et al., 2003).
Em particular os sinais acusticos tem a proprieddeleampla transmissdo, ou seja, é
geralmente possivel saber de onde vem um som, seessariamente estar olhando para
elou proximo da fonte, ao contrario do que acont&ra 0s sinais visuais/gestuais e 0s
olfatérios (Altman, 1974). Entretanto, ndo podemiesconsiderar que a percepcao do sinal
acustico também vai depender do receptor. Para elilmomentendimento da comunicacao
auditiva, a consideracdo das vocalizacbes, tantoasjpecto comportamental como
estrutural € fundamental (McLanahan & Green, 1977).

A comunicacdo vocal envolve um comunicador, um |sieaum receptor
(McLanahan & Green, 1977). Os sons presentes roegsanicacao fazem parte de uma
classe especial de som que é caracterizada pelpleoddade acustica, pela importancia

bioldgica e pelo fato de que também é produzidaregbida pela mesma espécie (Wang,
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2000). O estudo da comunicacdo vocal nos animadke pevelar diversos aspectos
ecolégicos e comportamentais de uma espécie. Pemma, a producdo de um
determinado som podera indicar sucesso em atraaroeiro ou em repelir um adversario
(Gerhardt, 1998). Este caso acontece freqUentersatre varios primatas como resposta a
vocalizacao longdong call (Gautier & Gautier, 197&pud Snowdon 1993).

E crescente o nimero de trabalhos envolvendo izacdb de diversos animais
(e.g. Griffin & Galambs, 1941; von Frisch & Lindau&956; Griffin et al., 1960; Roeder.
& Treat 1961; Wilson & Bossert, 1963; Rosemary, Z;9%nowdon, 1993; Roush &
Snowdon, 1994; Crocroft & Ryan, 1995; Catchpole &t&, 1995, Herzing, 1996;
Dudzinnski, 1998; Miller & Tyack, 1998; Riede, 1998udzinnski, 1999; McCowan &
Hooper, 2001; Nagarajan et al., 2002; Corewyn, 2008ndes & Ades 2004). Tendo o
processo de comunicagao vocal dos primatas, encydart recebido bastante atencao por
parte dos pesquisadores (Tomasello & Call, 1997).

Os primatas de um modo geral podem se comunicavégtrde uma ampla
variedade de sinais olfativos, tateis, auditivogseais/gestuais (Altman, 1967; Napier &
Napier, 1996; Corewyn, 2003). O conhecimento sabregocalizacdo desses animais
contribui inclusive para os estudos da taxonomis mhesmos (Marler & Mitani, 1988;
Snowdon, 1993; Mendes et al., 2006; Konrad & Ge#sm 2006). De acordo com
Ghanzafar & Hauser (2001) as diferengas na estragins sinais auditivos em primatas néo
somente codificam diferentes categorias de vodd@iza mas também codificam
caracteristicas individuais, sexuais, de identfficagrupal e do estado de motivacdo do
animal. O reconhecimento grupal e individual terpomantes implicacdes para a evolucao

do comportamento social (e.g. Rendal et al., 1996).
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Os sinais auditivos sao de extrema importancia patamunicacao dos primatas
arboricolas visto que a folhagem interfere bastdritejlueando o campo visual (Altmann
1967; Epple, 1968; Yamamoto, 1991; Geiss & Schratie®96; Napier & Napier, 1996).
Informagdes quanto a idade e sexo do animal, assimo uma intima consideracdo do
contexto da vocalizacdo e do ambiente em que alizac@o ocorre sao pré-requisitos
importantes para o entendimento da funcdo do gowdl (McLanahan & Green, 1977). O
repertério vocal dos primatas em geral € bem vareadomumente apresenta-se associado
a um determinado comportamento. Um exemplo € o \daslizacbes de alarme
apresentadas pel@ercopithecus aethiopsque causam uma resposta diferente nos
individuos do grupo para cada tipo de predadouliSaker, 1967; Seyfarth et al., 1980 a e
b). Ainda para dCercopithecus aethiopexistem diferengas nas respostas a vocalizagdes
de acordo com o género e a posi¢ao hierarquicadividuo emissor do sinal acustico no
grupo (Cheney & Seyfarth, 1990). Um outro exempeldaso comportamento agonistico de
apresentacdo da genitalia pelos calitriquideos ueeralmente acompanhado por
vocalizagdes peculiares (Auricchio, 1995). Eleslaiapresentam uma vocalizacédo longa
(long call), que parece ser usada em varios contextos tais defiesa do grupo contra
invasores da mesma espécie, defesa do territader €ontato com individuos dispersos do
grupo e, possivelmente, atracao sexual (Snowd®@8; Roush & Snowdon, 1999; Mendes
et al., 2006). CG5aguinus oedipuapresenta uma vocalizagéo do tipo curta e alteDJ@
and D chirp$ durante forrageio e alimentagéo, que esta pasitdnte correlacionada a
preferéncia alimentar individual (Roush & Snowdd®99). Os infantes d€ebuella
pygmaea apresentam vocalizacbes rapiddsabpling call3 que consistem de uma

reproducdo imatura dos sinais acusticos produzigdss adultos e estdo relacionadas a
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interacdes sociais. Os infantes que mais utilizasa® vocalizagdes tendem a ser mais
carregados pelos outros individuos do grupo (Snawgia01).

Contudo, é valido salientar que nem sempre se paressim quanto as funcdes e
importancia das vocaliza¢des dos primatas ndo hosn&ta década de setenta e inicio dos
anos oitenta, acreditava-se que as vocalizagbespraeatas ndao humanos eram
relativamente involuntarias, ocorrendo somente dtmagdes de elevada emocdo, e
estavam sobre um controle limitado do cortex catelXkssim, ao contrario dos seres
humanos, 0s sinais vocais nos outros primatas e@®@sentavam nada além do estado
emocional do individuo ou do comportamento sendz@ado naquele momento (Cheney
and Seyfarth, 1990). Hoje se sabe que o cortexbdreem significativa importancia no
processamento das vocalizacdes espécie-espepifisa,por exemplo, lesdes nessa area
(i.e. &rea de Wernicke) do cérebro causam défeitliscriminacdo das vocalizacbes em

primatas ndo-humanos e na compreensao da falamemios (e.g. Wang, 2000).

Vocalizag&o do sagli comum

O sagli comum tem sido extensivamente estudadoretagdo a sua ecologia e
forrageio (e.g. Rylands & de Faria, 1993; Mendesat&» & Monteiro da Cruz, 1995;
Monteiro da Cruz, 1998; Souto et al., 2007), tenelmentemente recebido uma especial
atencdo quanto a sua capacidade cognitiva (e.qiyBud: Huber, 1997; Voelkl & Huber,
2000; Halsey et al., 2006; Schiel & Huber, 200&pmbém quanto a sua comunicacao
vocal (e.g. Schrader & Todt, 1993; Jones et al931Norcross & Newman, 1993;

Norcross et al., 1994; Geiss & Schrader, 1996; HOogtingan & Rogers, 1998; Norcross
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et al., 1999; Snowdon, 2001; Nagarajan et al., 280@mm et al., 2003; Cross & Rogers,
2006).

Os sinais acusticos produzidos pelo sagui comundedgrande importancia para
coordenar as atividades sociais do grupo (Hooki@ymt & Rogers, 1998). Epple (1968),
Pook (1977), Winter (1977) e Winter & Rothe (19#2¢ram uma descricao detalhada das
vocalizagdes produzidas pelb jacchusem grupos vivendo em ambiente de cativeds
infantes apresentam vocalizacfes especificas cpmee”, “tsik-tsik” e 0 “nga”, que sao
em geral usadas no intuito de retomar contato catmo® animais do grupo. Os adultos e
juvenis apresentam um repertdrio de vocalizacdos ndiversificado constituido
basicamente de 11 grupos de vocalizagdee twitter, chatter, tsee,tsik, vocalizacdes
ultrasonicasegg,ock, whistle,squeae scream

Algumas espécies de calitriquideos nédo vocalizaintonsob condi¢Bes de cativeiro
(Epple, 1968). Contudo, eles apresentam um ampéoiado repertorio vocal, o qual difere
de varias maneiras de acordo com a espécie, podsindser um reflexo das variacdes na
organizacao social e ecolégica em ambiente nafBmk, 1977). Tendo em vista que os
estudos voltados especificamente para a vocalizzg&aglii comum foram realizados, em
sua quase totalidade, em ambiente de cativeirdaa®m-se muito a investigar sobre o0s
aspectos da comunicacao vocal da espécie. Os sgndambiente natural sédo essenciais e
de significativa importancia para um entendimentaaism profundo acerca do
comportamento comunicativo das espécies. Por erxempb esquilo terrestre,
Spermophilus beldingiforam encontradas diferencas nas respostas as cartalizacoes
guando comparados animais de cativeiro e de wda (Mateo & Holmes, 1999). Dessa

forma, uma comparacao dos dados de estudo de aanpos de cativeiro permitirdo uma
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compreensao mais ampla e precisa acerca do commamtia do sagii comum (Yamamoto,

1991).
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Abstract

The vocal repertoire and the behavior of animamfthree groups of wild common
marmosets,Callithrix jacchus were recorded throughd libitum and focal sampling
techniques in a fragment of Atlantic Rain ForestP@mambuco, Northeast Brazil. The
aims of the present study were to: (i) provide &aited, quantitative description of the
vocal repertoire of common marmosets in the wilddoaon a categorisation of their
vocalisations and an analysis of the physical dtarstics of those vocalisations; (ii)
investigate if there are differences in vocal régex between animals of different age; (iii)
compare the vocal repertoire of wild common marrneseith that described for this
species in captive conditions; (iv) ascertain tebdvioral contexts associated with specific
vocalisations of wild common marmosets. The voepertoire of wild common marmosets
was separated into 13 different calls. Some of Wwhwere exclusive to certain age groups
(e.g. loud squeal to infants and alarm calls toltafluOthers are most likely to be
associated with certain behavioral contexts or essponse to other particular calls. Some
of the call types previously described for animalgaptive conditions were not observed
in wild conditions and vice-versa. The behaviortloé caller as well as the behavior of

conspecifics and/or unknown individuals was assediavith the vocalisations.

Key Words: Wild common marmosets, Callithrichida@allithrix jacchus calls, vocal

repertoire.
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Introduction

Primates are known to communicate through olfagtergual and/or auditory
signals (Napier & Napier, 1996; Corewyn, 2003). ®logignals are a particularly important
tool for communication in arboreal, social primatdge to the poor visibility within their
habitats (Altmann, 1967; Yamamoto, 1991; Geiss &ar&der, 1996; Napier & Napier,
1996; Prescott, 2006). Understanding the vocatisatpf primates is an important step to
better understanding their behavior, sociality @&wblogy. According to Ghanzafar &
Hauser (2001), differences in the structure of \ieadons may occur not only inter-
specifically but also intra-specifically, betweeenders, groups and same sex individuals
within a group. Information about the age and gemde vocalising animal, as well as a
close consideration of the behavioral and envirartalecontext of the vocalisation, are
prerequisites for ascertaining the function oftbealisation (McLanahan & Green, 1977).

The vocal repertoires of primates are usually aateat with the behavioral context.
For example Cercopithecus aethiopgroduces different predator alarm calls depending
upon the type of predator that has been seen, whstlit in predator specific responses by
the group (Cheney & Seyfarth, 1990). Cotton-topaam Saguinus Oedipusresent short,
high pitched calls during foraging, which seem ¢orblated to individual food preferences
(Roush & Snowdon, 1999). Infants Gébuella pygmaepresent babbling calls that consist
of an immature version of the vocal signals preseibly the adults, and seem to be related
to social interactions. The infants that use tlusalisation more frequently are also those
that are more often carried by older group mem{&mswdon, 2001).

Marmoset species, in general, have a large anddsadcal repertoire (Cleveland &
Snowdon, 1982), and the use of vocalisations diffeom species to species, in part

reflecting the variations in their social organiaatand ecology (Pook, 1977). It is not
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surprising that common marmoset€allithrix jacchus have a wide repertoire of
vocalisations since they possess a complex sogsé&m (e.g. Schiel & Huber, 2006) and
live in an arboreal habitat (Stevenson & Ryland338). Epple (1968), Winter (1977),
Pook (1977) and Winter & Rothe (1979) have produgederal descriptions of the vocal
repertoire of common marmosets living captive conditions. Captivity is particularly
different from the natural environment for prima{@oere, 2001) with the opportunities
for wide ranging behaviors clearly more prevalentie wild. A comparison between field
and captive data allows a much better understanafirige behavior o€Callithrix species
(Yamamoto, 1991). However, as far as we are awhere are no studies showing the
vocal repertoire of common marmosets in the wild.

Thus, the aims of the present study are to: (i)vide a detailed quantitative
description of the vocalisations and vocal repest@f common marmosets in the wild
based on categorising their vocalisations and teporting the physical characteristics of
those vocalisations; (ii) investigate if there alifferences in vocal repertoire between
animals of different age; (iii) compare the voagertoire of wild common marmosets with
the repertoire described for this species livingcaptive conditions; (iv) ascertain the
behavioral contexts associated with certain voaatias in wild living common

marmosets.

Methods

Study site

The study was carried out in a fragment of AtlaRi@in Forest. The 32 ha study
site is located in Camaragibe, State of Pernambdbmtheast Brazil (7°56'97"S,

35°1°'23”"W) and also in its surroundings where aafintondominium mostly occupied

36



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

during the summer months is present. The condominbwnsists of 70 houses with
gardens connecting each house to the surroundiagtfd he gardens usually include trees.
Trees are also commonly found alongside the unpawvedrow roadways of the
condominium. For a detailed descripton of the sty see Souto et al. (2007).
Observations were taken both in the forest andhen gardens since the gardens also
provided sources of food for the marmosets duééopresence of fruit and gommivory

trees.

Subjects

We studied 30 animals across three social groupir8 observations were taken,
the animals were classified into three broad agegecasies following Stevenson and
Rylands (1988): adults (>15 months; 17 individualg)veniles (6-10 months; 6
individuals) and infants (0-5 months; 7 individyalall study animals were wild.

The subjects were identified without capture, bgitmatural features (size and
color of the ear-tufts, scars, natural mutilatiogsg fur coloration). In two twin infants, a
small portion of the tail fur was cut with a pairstissors once every 40 days to further
facilitate identification (for a detailed descriptof this marking procedure see Souto et al.,
2007). Data for the present study was collectedh fidecember 2004 to April 2005 and

from July to September 2005, during daily obseorsi

Recording vocal repertoires
We used focal animal aradl libitumsampling techniques (Altman, 1974) to obtain
recordings of the vocal repertoire of wild commoarmosets. All recordings were made

between 05:00 and 17:30, which were daylight hows.recorded vocalisations using an

37



10

11

12

13

14

15

16

17

18

19

20

21

22

23

AKG C1000S Il hypercardioid microphone (linear foegcy response within the range 50
Hz to 20 kHz), which is well suited for camcordé&hopmann, 1999). We connected the
microphone to a digital camcorder, Panasonic PV@8BSHnear frequency response within
the range 50 Hz to 20 kHz (at a 16-bit quantizatdod 48 KHz sampling rate) (Biebel,
2004). A sampling frequency of 48 kHz can resultireliable frequency response of up to
22 kHz. Camcorders have been used in a numbeudiest for recording audio in studies
on marine mammals (e.g. Herzing, 1996; Dudzinns¥@8; Dudzinnski, 1999) but less so
in studies on terrestrial mammals (see, howeversthdy by Taglialatela et al., 2003 on
Pan paniscus The advantage of using an appropriate video cansehaving both audio
and video records for subsequent behavioral arsa(ysiglialatela et al., 2003). We used a
Hosa® cable to connect the microphone with the camcoashel earphones (Intersound,
linear frequency response within the range 20 H2Ot&Hz) in order to monitor the sound
while recording. This system is sufficient bothcepture the behaviors of the study animals
and the full bandwidth (of the fundamental frequeskof their vocalisations.

The recordings were conducted at a distance of52m-from the subjects. Once
acquired, the vocalisations were digitally transfdr via firewire cable, from the video
camera to a PC, through MediaStudio Pro 6.5 (Ulggstem, Inc.) software, settled to
capture DV 1 at 16-bits and at 48 kHz sampling.rBeeh vocalisation was saved in WAV
format (without compression) and then analysed ujino SYRINX-PC sound-analysis
software (J. Burt, Seattle, Washington — availalgen request), with which sonograms
were produced. A sonogram is a graphical representaf a vocal signal as frequency
against time (e.g. Regas, 1983; Owren & Linker,5)9%e recorded more than 1000

vocalisations in total. However, after the remowdl certain vocalisations due to the
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presence of interfering background noise, 754 reedhifor analysis. The physical
characteristics used to describe these vocalisatiere: the number of syllables, syllable
duration, duration of inter-syllable interval, theghest frequency of the vocalisation, the
lowest frequency, the range of frequencies, the atal end frequencies, the duration from
the start of the vocalisation to the highest fremuye the duration from the time of the
highest frequency to the end of the vocalisatidre thumber of harmonics in the
vocalisation (up to 22 kHz) and the interval betwdwmrmonics. These measures were
extracted from the sonograms (based on the metbggaf Jones et al1993, Newton-

Fisher et al 1993 and Norcross et al., 1999).

Recording the frequency of behaviors

Bezerra used the focal sampling technique (Altmah®74) to register the
frequency of behaviors of the study animals. Als@lvations were made between 05:00
and 17:30. The maximum distance that the animal® wbserved was 5 m, since from
greater distances it was not possible to hearlglsame vocalisations. Information about
the observations were recorded by dictation ortmpa recorder (Sony-M-529V) during 5
min sessions (date, time, location, descriptiothefbehaviors and/or vocalisations (initial
and responses) of the focal animal, and registéreofndividuals within the vicinity of the
focal animal (within 5 m)). The dictations did nappear to disturb the animals. A
vocalisation was considered as initial when itdakd at least 10 s of vocal silence and as
a response when it was performed within 4 s ofratial vocalisation. A behavior was
considered as a response when it was performednwiths of an initial vocalisation
(adapted from Soltis et al., 2002). In the prestatly we selected common behaviors in

order to ascertain the behavioral contexts asstiaith certain vocalisations. Concerning
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the initial vocalisations, we selected three longtathce contact calls that were most
frequently heard in the wild: (1) the twitter célitpple, 1968; Winter 1977; Winter and
Rothe 1979), (2) the phee call (Epple, 1968; Wid&#7) (we used a combination of long
phee call plus brief phee call 1) and (3) the laug. See the Results section for
descriptions of these different calls.

According to Maurus et al. (1988), the recognitiditall types by listening depends
on the physical ability of the observer to distirsuthe acoustical structures of a call and
on their propensities for categorizing sounds.hia present study, before the start of data
collection (November 2004), Bezerra was submitted battery of medical tests in two
different hospitals to ascertain her auditory céygaclhe results from both hospitals
attested that Bezerra is able to hear the full vaftti of fundamental frequencies of the
vocalisations emitted by common marmosets (i.enf@50Hz to 20 kHz (Winter, 1977)).
Also, since Bezerra has been conducting behavidos¢rvations of common marmosets in
the area since 2001, she is well practised inrgjetshing by ear the vocalisations of
common marmosets.

Due to background noise present in the recordirgg. (wind, bird and insect
sounds), we were not able to generate sonogramdlfof the types of calls of juveniles
and infants. However, these calls were includethendescription of the vocal repertoires

of juveniles and infants.

Statistical analyses
We used the software packages SPSS for WindowO\S®PSS Inc. Chicago, IL,
USA) and Excel (Microsoft Corporation, Redmond, WASA) for the statistical analyses.

The physical characteristics of the vocalisatiohabfe I) are presented as meanSEM.
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We used Friedman two-way of analyses of varianceahks to look for differences in the
frequency of more than two paired samples (i.eratage comparisons of the use of
different call types during selected behavioraltegts; and intra-age comparisons of the
vocal and behavioral responses to the selecteddmtance calls/initial vocalisations). The
percentages of each call type and/or behaviorsshosvn for each specific behavioral
context and/or initial vocalisation. All tests weweo-tailed and significance was set at p

0.05.

Results

Description of vocal repertoire

Both by ear and based on the physical charactisif the vocalisations, 13
different call types could be distinguished in wddmmon marmosets: (1) trill call; (2)
twitter call; (3) tsik call; (4) tsé call; (5) eggall; (6) chatter call; (7) squeal calls
(consisting of the loud squeal and of the subméssqueal); (8) moaning call; (9) food call;
(10) bird alarm; (11) dog alarm; (12) scream cdlB) phee calls (consisting of long phee
call, brief phee call 1; brief phee call 2; bridfge call 3).

The sonograms of the different call types (Figu)e tdgether with the physical
characteristics (Table 1) and the brief descriptmineach call type provide a detailed
description of the vocal repertoire of wild commuarmosets.

1) Trill call (Whirrs — Pook, 1968; Phee call — Eppl®88, Winter, 1977 and Winter

& Rothe, 1979; trill call - Norcross & Newman, 1994\ relatively quiet call

uttered with the mouth almost closed. Uttered @laison or in combination with

squeal and/or tsik calls.
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2)

3)

4)

5)

6)

Twitter call (Epple, 1968 and Winter, 1977; ZwitsciLaute - Winter & Rothe,
1979; Gorgeio decrescivo - Camarotti & MonteiroG@aiz, 1997): Relatively loud
sound, characterized by a series of short syllastiestervals of less than 0.1 s. It
sounds like a warble.

Tsik call (Epple, 1968; Winter, 1977 and Winter &tRe, 1979): Uttered singly or
in series. In the wild, the tsik call, when utteradseries, is used as a mobbing call
against unknown conspecifics, unknown humans artdngial predators moving
along the ground or in the trees (e.g. Cddéisua nasuand TayraEira barbara —
Bezerra et aln prep) In the case of predators, all the individual$hef group apart
from infants continue to emit the tsik call andldat the potential predator until it
retreats. Finally, the tsik call, uttered in seriesn be associated with a distressed
animal due to unusual noises (e.g. the fallingaodé branches in the forest).

Tsé call: Sound similar to, but distinguishableritahe tsik call. This call is uttered
singly of in combination with the egg call and/siktcall.

Egg call (Egg call — Epple, 1968, Winter, 1977 &ihter & Rothe, 1979): This is
a very short call with a few harmonics. In the witldan be uttered singly, in series
(up to 3 syllables) or in combination with tsé siktcalls (usually one tsé or one
tsik call is followed by up to three egg calls).ré@lly, the egg call is associated
with vigilance behavior, for example when a strahgenan approaches the group
or when the calling marmoset must go to the granreh area of sparse vegetation
(See Souto et al., 2007, for a definition of deasd sparse vegetation in the study
site).

Chatter call (Chatter call: Epple, 1968 and Wini&77; kecker-Laute - Winter &

Rothe, 1979; erh-erh — Stevenson & Pool, 1976;queeque - Alonso & Langguth,
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7)

8)

9)

1989): Given in series with very short intervaldvween the syllables. Associated
with intra and inter group aggression (Table IlI).

Squeal call (Squeal call — Epple, 1968 and Wirtéi77; Quarr-Laute - Winter &
Rothe, 1979; nhe-nhe - Alonso & Langguth, 1989):efEh are two easily
distinguishable squeal calls, the submissive sqama the loud squeal. Both
variations of squeal call are uttered in combirmatiwith tsik and trill calls. The
combination of submissive squeal plus tsik andlitrihere termed a submissive cry.
The combination of loud squeal plus tsik call pluiscall was termed a loud cry.
Moaning call: A faint call with some similarity the squeal call, that can be uttered
singly or in series (usually up to 3 syllables).iMg young animals utter this call
during play behavior between individuals, when pkgpears to become too
intense.

Food call: A short, high-pitched call uttered saries and with the mouth wide
opened. This call is relatively rare and tendsa@mmitted when the marmosets have
found a relatively large amount of food (e.g. armpackfruit or a mango on the

ground). Animals that hear this call tend to apphotne animal that was vocalising.

10) Bird alarm (Warning call — Epple, 1968; Alarm calPook, 1977): A short, sharp

whistle. Usually after hearing this alarm call, gpomembers move to denser

vegetation.

11) Dog alarm (Warning call — Epple, 1968; Alarm caltook, 1977; Lautgruppen 02

- Winter & Rothe, 1979): A short, sharp whistle &#ad while the animal make is
making a soft ‘haa’ like exhalation of breath. Afteearing the dog alarm, group
members tend to remain motionless for several skcantil the potential predator

(domestic dogs) disappears.
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12) Scream call: (Scream call — Epple, 1968 and Wjrit®77; Schrei-Laute - Winter
& Rothe, 1979): Uttered singly or in series. Thadl as relatively rarely observed
and is usually uttered by animals either tryingsteal food or being seriously
injured by a conspecifc.

13) Phee calls (Phee calls — Epple, 1968 and Win®@7/1Shirilling call — Pook,
1977; Phii-Laute - Winter & Rothe, 1979; Long calBnowdon, 1989; Silvo longo
- Camarotti & Monteiro da Cruz, 1997): Easily dwgfilished into four main types:
long phee call (more than 1 s duration, loud amered with the mouth wide open),
brief phee call 1 (less than 1 s duration, loud attdred with the mouth wide
open); brief phee call 2 (often more than one duration, less loud than the long
phee call and uttered with the mouth less opemgf phee call 3 (usually less than
0.7 s duration, faint and uttered with the moutislepen). This call type was used
generally to (i) make contact with conspecifics whe the presence of another
group of common marmosets or an unknown individ(iglbegin to bring group
members together prior to nightfall, (iii) when thecalising animal has been alone,
relatively far from the rest of the group for aatélely long period of time, (in this
case, marmosets usually utter a long phee caladref phee call 1); (iv) when the
vocalising marmoset is in close visual contact wéthconspecifc (under such

circumstances, the brief phee call 2 and 3 arellysuttered).

Vocal repertoire of adults, juveniles and infants

The vocal repertoire of adults consisted of 12scalitter call; phee call (divided

in: long phee call, brief phee call 1, brief phedl 2; brief phee call 3); trill call; tsik call;

44



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

egg call; scream call; chatter call; bird alarml;cdbg alarm call; tsé call; food call,
submissive squeal call.

The vocal repertoire of juveniles consisted of Hllsc twitter call; phee call
(consisting of long phee call, brief phee call debphee call 2; brief phee call 3); trill call;
tsik call; egg call; scream call; chatter call; ts8l; food call; submissive squeal; moaning
call. Due to background noise, unfortunately wendidet any proper sonograms of the
following vocal signs to juveniles: phee calls,doxall, and submissive squeal call.

The vocal repertoire of infants consisted of 9scglhee call (infants were observed
only emitting brief phee call 1, 2 and 3); trilllgasik call (emitted singly and in series); tsé
call; egg call; scream call; chatter call; loud esgluand submissive squeal; and moaning
call. Due to background noise, we were unforturyatelable to obtain proper sonograms of
the following infant vocal signs: phee call, tsé,egg call, chatter call and moaning call.

Table | details information on the physical chaesistics of the vocalisations

emitted by adult, juvenile and infant common maretesn the wild.

Context of vocalisations

We found significant differences in the frequendyuse of different call types
according to behavioral context (see Table Il fateacription of recorded behaviors) and
as a response to the selected initial vocalisations

In terms of foraging behavior, adults, juvenilesl amfants showed variations in the
use of call types. The call type most often uttededng foraging behavior was the ftrill
call. During vigilance behavior, a combination @fot call types was more likely to be
uttered, the tsé call plus the egg call. Duringiquky of solitary rest, only adults and

juveniles vocalised. Vocalisations that were makely to be uttered during solitary rest
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were the twitter, trill and phee calls. During sdcest, only the adults vocalised and again,
twitter, trill and phee calls were more likely te hittered. While capturing prey or eating,
the common marmosets did not vocalise. When watclionspecifics and unknown
individuals in the wild, a couple of different céjpes tend to be uttered (Table IlI).
Concerning the responses of marmosets to certaia vgpes: twitter calls are more
likely to be responded with another twitter caltl&r with the animal stopping its behavior
for a little while. Loud cries tend to be respondeth the animal approaching and
interacting with the infant caller. The combinatiohlong phee calls plus brief phee call 1
tended to be responded with twitter call and/orhwithee calls, and with the animal

locomoting in the direction of the initial callerdgble V).

Discussion

Adults, juveniles and infants show different qutaed of call types in their vocal
repertoire (12, 11 and 9 call types, respectivégreover, some calls were exclusive to
marmosets of certain age (e.g. loud squeals bytsfand alarm calls by adults). There are
reports of age-related variations in the call typessent in the vocal repertoire of captive
common marmosets (e.g. Epple, 1968), in the vosaénoire of other primates species
such as Japanese monkelygcaca fuscatgltani, 1963); vervet monkey&ecopithecus
aethiops (Struhsaker, 1967); squirrel monkeySaimiri sciureus(Ploog, 1967); pygmy
marmosetCebuella pygmae&Snowdon, 1988); and also in the vocal repertofr@on-
primate species such as the red féulpes vulpegNewton-Fisher et al., 1993). This age-
related variation can be due both to physical dgrekent (Snowdon 1988; Corewyn, 2003)
and behavioral changes with age, which may at Ipastally explain the age-related

variation in the vocal repertoires of wild commoammosets.
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The vocal repertoire of common marmosets in the wilsomewhat different from
the vocal repertoire previously described by Egp#68), Winter (1977), Pook (1977) and
Winter and Rothe (1979) for captive individualsr kostance, the tsee call, as described in
the sonogram of Epple (1968), was not recorded fommsubjects. Furthermore, Winter
(1977), Pook (1977) and Winter and Rothe (1979) it record the tsee call in their
captive animals. Epple (1968) described this ts#keas sounding similar to the tsik call.
Indeed we also observed a vocalisation that sousgheihr to the tsik call. However, the
sonograms obtained from this vocalisation are bjedifferent from the one showed by
Epple (1968) for the call that sounded similartie tsik call. Hence we named this new
call ‘tsé’.

Concerning the warning call described by Epple 896larm calls by Pook, 1977;
Lautgruppen by Winter & Rothe, 1979) for animalsaptive conditions, we recorded two
different kinds of warning calls in the wild: thédb alarm and the dog alarm. These calls
are easily distinguished when viewed as sound sanogyand also by ear. The sonogram
of the dog alarm is very similar to the sonogramssented by Epple (1968) and Pook
(1977) for alarm calls in captive animals. The sgmam of the bird alarm looked very
similar to one of the sonograms presented by Wi&t&othe (1979) in a group of calls
termed in German as “Lautgruppen 02" (or ‘call grdd®2’). We considered bird and dog
alarms as warning calls since both were connecdatid¢ sudden appearance of potential
predators, as seen in captive conditions.

According to Cheney & Wrangham (1987) the anti-pted behavior of small
primates (< 1 kg body mass) consists mainly of ealoent, vigilance and flight rather
than attack, even though many species are reptargeesent mobbing behavior. The same

researchers suggest that diurnal callithrichid iggseseem to be adapted to avoid rather than
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to challenge predators. Common marmosets are sudialinal primates and the anti-
predator behaviors of wild individuals support soofg¢hese predictions for anti-predator
behavior. The common marmosets investigated irptheent study uttered the bird alarm
when aerial raptors (potential predators) and sanadiggressive birds (e.glurdus
rufiventris and Pitangus sulphuratyssuddenly appeared in the surrounding area. It is
common to seelurdus rufiventrisand Pitangus sulphuratusmobbing and attacking
common marmoset in the study site (Bezerra etrapyess. After hearing a bird alarm,
common marmosets flee to more dense vegetatiosymadly making it more difficult for
the birds to attack them. The dog alarm was utterdg when domestic dogs appeared
suddenly very close to the edge of the forest. Siltlaess of the marmosets in response to
hearing the dog alarm is quite probably an atteimfitnit the chances of being spotted by
a dog. In another fragment of Atlantic Rain Foréisg Dois Irméos forest (08°04'00”S,
34°52'00"W) 20 km far from the study site, therevéaabeen reports of predation on
common marmoset by domestic dogs (Mendes PontesaieS, 2005). Similar to wild
animals, Pook (1977) reported that captive commanmmosets respond to alarm calls by
instantaneous alertness and by fleeing to a ma@eeosition, like the nest box or under
branches and platforms.

Another call type connected to the appearancepaftential predator in the wild is
the tsik call given in series as a mobbing callisTimobbing call was also observed for
captive animals (e.g. Epple, 1968). In our studdagamarmosets were repeatedly observed
emitting the mobbing vocalisation in the presenteaati and tayra. In one occasion one
juvenile marmoset was captured by a tayra (Bezgrah,in prep).

Alarm calls have been reported for almost all ptenspecies and they appear to

have different alarm calls for different types otgators (Cheney & Wrangham, 1987).
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For common marmosets living in wild conditions, managed to distinguish by ear and by
sonograms, two different alarm calls and one malphluall, each associated with the
appearance of a different kind of predator.

Some of the ‘phee calls’ presented by Epple (1988pter (1977) and Winter and
Rothe (1979) as a phee call for infant common mastsohad a sine like ascending and
descending frequency. We also observed the santedfivocalisation in wild animals,
however, not only for infants. Adults and juvenil@so presented this vocalisation. Pook
(1977) also recorded this vocalisation being uttdrg adult captive animals and he named
the vocalisation as “whirrs call’. However, as Nwoss et al. (1994), we term this
vocalisation a ‘trill call’. This vocalisation faaommon marmosets looks like the trill call
described in the sonograms for other primate spextieh a<allithrix argentata(Epple,
1968; Regas, 1983 ebuella pygmaede.g. Snowdon, 1988),eontopithecus rosalia
(Epple, 1968; McLanahan & Green, 197Cgbus capucinugBoinsk & Campbell, 1995;
Gros-Louis, 2000) anMlicrocebus ssp(Zimmermann & Hafen, 2001).

Most call types present in the vocal repertoirevidd common marmosets tended to
occur in a variety of behavioral contexts. Howeg®me of the call types were more likely
to be uttered within some specific behavioral criste(e.g. alarm calls previously
discussed). During foraging behavior, the call typere likely to be uttered is trill call
singly. This call is relatively quiet and is knowmbe uttered for close visual contact with
conspecifics in captive conditions (Pook, 1977)e Thll call seems to be suitable to
foraging behavior since it makes more difficultttee prey detect the predator common
marmoset, at least because of the noise. Captanorgy or eating is not accompanied with
vocalisations, which is reasonable since such t&tus apparently may not require

vocalisations. During vigilant behavior, the condiion of tsé call plus egg call was more
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likely to be uttered. These call types are reldgivegh pitched and very short and, thus,
may be useful to warn the conspecifics about tke tfaat vigilance might be required in
the moment the call had been uttered. In solitad/ social rest, the vocalisations that were
more likely to be uttered were twitter, trill antge calls. And when watching conspecifics
and strange individuals in the wild, a couple dfedent call types tended to be uttered. The
pattern of use of contact calls in wild common masets seemed to be affected by the
behavior of the caller and to some extent by theab®rs and/or the vocalisations in which
a strange individual and/or a conspecific were gadaas also reported by Pook (1977) for
captive animals.

The vocal repertoire of wild common marmosets shibwee be fairly large and
varied, having vocal signals with complex physiclaaracteristics never showed before in
fully details for this species, neither in capyvitor in wild conditions. The age of the
animals showed to influence in the call types presethe vocal repertoire. In addition, the
behavior of the caller as well as the behavior @ispecifics and/or strange individuals
seemed to affect the vocalisations of wild commoarmosets. The complex social
organization of this species and the arboreal stailready predicted an intricate
communication system through vocalisations. Oudystiogether with the data previously

coming from captive studies also confirmed sucldjoteon.

Aknowledgments

We would like to thank Dr. Lewis Halsey for his comants and suggested revisions
to the English in earlier versions of the manudciifne Brazilian Council for Technologic
and Scientific Development (CNPq) provided a scisblp to Bezerra BM (Grant n°

130770/2005). This study complies with BraziliamLa

50



10

11

12

13

14

15

16

17

18

19

20

21

22

23

References
Alonso C, Langguth A. 1989. Ecologia e comportaraaid Callithrix jacchus(Primates
Callitrichidae) numa ilha de floresta Atlantica.vR¥ordestina Biol 6(2):105-137.

Altmann, S. A. (1967). The structure of primateiabcommunication. In: Altman S. A.
(ed). Social communication among primates. Chicalyoversity of Chicago Press. p.
325-336.

Altmann, J. (1974). Observational study of behawsampling methodBehavior49:277-
267.

Bezerra, B. M., Souto, A. S. and Schiel, M.fress. Infanticide and cannibalism in a free-
ranging plurally breeding group of common marmog@&allithrix jacchug. Am. J.
Primatol.

Biebel, M. (2004). Das Ei des Kolumbt4deo Aktiv Digital5:18-20.

Boere, V. (2001). Environmental enrichment for mepical primates in captivityCiénc.
Rural31:543-551.

Boinsk, S. and Campbell, A. F. (1995). Use of tuticalisations to coordinate troop
movement among white-faced capuchins: a second tesit.Behavior132(11-12):875-
901.

Camarotti, F. L. M. and Monteiro da Cruz, M. A. @.997). Fatores ecoldgicos e
comportamentais implicados na selecdo e uso dasslate pernoite de grupos de
Callithrix jacchusem ambiente natural. In: Souza, M. B. C. and MesgA. L. L. (eds).
A Primatologia no Brasil 6:27-42.

Cheney, D. L. and Seyfarth, R. M. (1990). How donkeys see the world: inside of the

mind of another species. Chicago: The Universit€bicago press.

51



10

11

12

13

14

15

16

17

18

19

20

21

22

Cheney, D. L. and Wrangham, R. W. (1987). PredationSmuts, B. B., Cheney, D. L.,
Seyfarth, R. M., Wrangham, R. W., Struhsaker, T(€Os). Primate societies. Chicago:
The University of Chicago Press.

Cleveland, J. and Snowdon, C. T. (1982). The corpdeal repertoire of the adult cotton-
top tamarin $aguinus oedipus oedipguZeitschrift fir Tierpsychologig8:231-270.

Corewyn, L. (2003). Ontogeny of vocal communicatiomonhuman primates: A review.
Lab. Prim. Newslette42(1):3-7.

Dudzinnski, K. (1998). Contact behaviour and sigeathange in atlantic spotted dolphins
(Stenella frontalis Aq. Mamm24(3):129-142.

Dudzinnski, K. (1999). Intraspecific contact belwavand signal exchange among free-
ranging dolphins — The view from underwai@&i. Reports9:93-107.

Epple, G. (1968). Comparative studies on vocalbiraiin marmosets monkeys (Hapalidae).
Folia Primatol 8:1-40.

Geiss, S. and Schrader, L. (1996). Temporal andactsiral features of infant calls in
relation to care giving behaviour in common marn®s€allithrix j. jacchus Behav.
Proc.38:183-191.

Ghanzafar, A. A. and Hauser, M. D. (2001). The taugdi behaviour of primates: a

neuroethological perspectiv@urr. Opin. Neurobial11:712-720.

Gros-Louis, J. (2002). Contexts and behavioraletates of trill vocalizations in wild

white-faced capuchin monkeySd&bus capucingsAm. J. Primatal54(4):189 — 202.

Halsey, L. G., Bezerra, B. M. and Souto, A. S. @0@an wild common marmosets

(Callithrix jacchug solve the parallel strings task®im. Cogn9:229-233.

52



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Herzing, D. L. (1996). Vocalizations and associatederwater behaviour of free-raging
Atlantic spotted dolphinsStenella frontalisand bottlenose dolphingursiops truncatus
Ag. Mamm22(2):61-79.

Itani, J. (1963). Vocal communication of wild Japaa monkeyPrimates4(2):11-66.
Jones, B. S., Harris, D. H. R. and Catchpole, C(1093). The stability of the vocal
signature in phee calls of the common marmadSet|ithrix jacchus Am. J. Primatol.

31:67-75.

Maier, W., Alonso, C. and Langguth, A. (1982). Hiabservation oCallithrix jacchus
Mamm. Biol 47:334-346.

McLanahan, E. B. and Green, K. M. (1977). The vaoepkrtoire and analysis of contexts
of vocalizations inLeonthopithecus rosalidn: Kleiman, D. G. (ed.). The Biology and
conservation of the Callitrichidae. Washington, Btnithsonian Institution Press.

Maurus, M., Streit, K. M., Barclay, B., Wiesner, &d Kihlmorgen B. (1988). A new
approach to finding components essential for ipeagic communication. In: Todt D.,
Doedeking, P. and Symmes, D. (ed). Primate vocainwonication. Springer-Verlag
Berlin.

Mendes Pontes, A. R. and Monteiro da Cruz, M. A(I®95). Home range, intergroup
tranfers, and reproductive status of common martsdSallithrix jacchusin a forest
fragment in North-eastern Brazitrimates36(3):335-347.

Mendes Pontes, A. R. and Soares M. L. (2005). 8igepites of common marmosets
(Callithrix jacchug in defaunated urban Forest fragments: a strategypaximize food
intake.J. Zool. Lond266:55-63.

Napier, J. R. and Napier, P. H. (1996). The nathisiory of the primates. Cambridge,

Massachusetts: The MIT Press.

53



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Newton-Fisher, N., Harris, S., White, P. and Jo@e§1993). Structure and function of red
fox Vulpes vulpesocalisationsBioacoustic$:1-31.

Norcross, J. L. and Newman, J. D. (1993). Context gender-specific differences in the
acoustic structure of common marmog@al(thrix jacchug phee callsAm. J. Primatol.
30:37-54.

Norcross, J. L., Newman, J. D. and ConfrancescoML.(1999). Context and sex
differences exist in the acoustic structure of pluadls by newly-paired common
marmosetsCallithrix jacchug. Am. J. Primatol49:165-181.

Norcross, J. L., Newman, J. D. and Fitch, W. (19®Bsponses to natural and synthetic
phee calls by common marmoség(lithrix jacchug. Am. J. Primatol33:15-29.

Owren, M. and Linker, C. (1995). Some analysis mé¢hthat may be useful to acoustic
primatologists. In: Zimmermann, E., Newman, J. d aluergens, U. (eds.). Current
topics in Primate vocal communication. New Yorlke®im Press.

Pook, A. G. (1977). A comparative study of the aseontact calls irSaguinus fuscicolis
and Callithrix jacchus In: Kleiman, D. (ed.). The biology and conseiwat of
Callithrichidae. Washington, DC: Smithsonian Ingiin Press. pp 271-280.

Ploog, D. W. (1967). The behavior of squirrel moykéSaimiri sciureuy as revealed by
sociometry, bioacoustics and brain stimulation. Witman, S. T. (ed.). Social
communication among primates. Chicago: The UniterdiChicago Press.

Prescott, M. (2006). Primate sensory capabilitres @mmunication signals: implications
for care and use in the laboratory. NC3Rs Primamses and communication 4:1-23.

Regas, A. O. (1983). Estudio de la cominicaciériagatel titi plateadoAnthropos26: 81-

83.

54



10

11

12

13

14

15

16

17

18

19

20

21

22

Roda, R. A. and Mendes Pontes, R. A. (1998). Paolyggnd infanticide in common
marmosets in a fragment of Atlantic Forest of Birdzwlia Primatol.69:372-376.

Roush, R. S. and Snowdon, C. T. (1999). The efiédocial status on food-associated
calling behaviour in captive cotton-top tamariAsim. Behav58:1299-1305.

Schiel, N. (2000). Das estratégias de captura Gallithrix jacchus (Primates,
Callithichidae) a capacidade de fuga da presa. eMasthesis. Available from

Universidade Federal de Pernambuco, Pernambucnil.Bra

Schiel, N. and Huber L. (2006). Development of ablgarning in free-living marmosets

(Callithrix jacchug. Am. J. Primatol68:1-11.

Shopmann, V. J. (1999). Auf Schritt und Tritt: Riclikros sollen dem Schall immer dicht
auf den fersen bleibeNideo Aktiv Digital4:24-28.

Snowdon, C. T. (1989). The structure and usagergj talls in marmosets and tamarins.
In: Seth, P. K. and Seth, S. (eds.). Perspectivgsimate biology. New Dheli, Today &
Tomorrow’s printers & publishers.

Snowdon, C. T. (1988). Communications as soci@radtion: Its importance in ontogeny
and adults behavior. In: Todt, D., Goedeking, RI & mmes, D. (eds.). Primate vocal
communication. Berlin: Springer-Verlag.

Snowdon, C. T. (2001). Social process in commuimnaénd cognition in callitrichid
monkeys: a reviewAnim. Cogn4:247-257.

Soltis, J., Bernhards, D., Donkin, H. and NewmanD.J(2002). Squirrel monkey chuck
call: vocal responses to playback chucks based comséic structure and affiliative

relationship with the calleAm. J. Primatol57:119-130.

55



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Souto, A. S., Bezerra, B. M., Schiel, N. and Hulhei(2007). The saltatory search in free-
living common marmosets: environmental and ageuamtesint. J. Primatol.28(4)in
press

Stevenson, M. F., Poole, T. B. (1976). An ethogainthe common marmoseGallithrix
jacchus general behavioral repertoirénim. Behav24:428-451.

Stevenson, M. F. and Rylands, A. B. (1988). The maaets, genu<allithrix. In:
Mittermeier, A. R., Rylands, B. A., Coimbra-Filhd, and Fonseca, B. A. G. (eds.).
Ecology and behaviour of Neotropical primates. \2olMWashington, DC: World Wildlife
Fund

Struhsaker, T. T. (1967). Auditory communicationoag vervet monkeysCercopithecus
aethiops. In: Altman, S. A. (ed.). Social communication @arg primates. Chicago:
University of Chicago Press.

Taglialatela, J. P., Savage-Rumabaugh, S. and Bhaké. (2003). Vocal production by
language-competeR®an paniscusnt. J. Primatol.24(1):1-17.

Winter, M. (1977). Some aspects of the ontogenyoahlizations of hand-reared common
marmoset. In: Rothe, H., Wolters, H. J., HearnR J(eds.). Biology and behaviour of
marmosets. Proceedings of the marmoset workshoginGen, Germany.

Winter, M. and Rothe, H. (1979). Darstellung destigpertoires handaufgezogener Weil3-
bischelaffchen Gallithrix jacchug unter besondere Berlcksichtigung der flieRenden
Ubergange zwischen den einzelnen LautgrupPemates20(2):259-276.

Yamamoto, M. E. (1991). Comportamento social doeg&Callithrix em cativeiro.A
Primatologia no BrasiB:63-81.

Zimmermann, E. and Hafen, T. G. (2001). Colony #jméty in social call of mouse

lemurs Microcebus ssp.Am. J. Primatol54:129-141.

56



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Legends

Figure 1. Sonograms of the different vocalisations collectedm wild common
marmosets. (a) Trill call; (b) Twitter call; (c)isik call; (d) Tsé call; (e) Egg call; (f)
Chatter call; (g) Submissive squeal; (h) Loud sgu@aMoaning; (j) Food call; (k) Bird
alarm; (I) Dog alarm; (m) Scream call; (n) Long pleall + Brief free call 1; (o) Brief phee
call 2; (p) Brief phee call 3.

Table I. Features of the vocal signals emitted by wild own marmosets. Age: A= adults;
J=juveniles; I= infants. N: Number of vocal sighahalysed through sonograms. Call dur:
Call duration; Num Syl: Number of syllable; Syl duburation of syllable; ISI;
Intersyllable interval;} Freq: higher frequency; Freq: Lower frequencyd Freq: Range
frequency;—Freq: start frequency;> Freq: end frequency; Dur start-peak: duration from
the start to the higher or peak frequency of theal/signal; Dur peak-end: Duration from
the higher or peak frequency to the end of the sigamal; Num H: number of harmonics;
IBH: Interval between harmonics; n/a = non applieab

Table Il. Description of behaviours.

Table 1ll. Behavioural contexts and the vocalisations thaewrore likely to be uttered
(n1: number of animals;nnumber of times the behaviour was performednamber of
vocalisations performed; *g 0.05; ** p < 0.01; *** p < 0.0001; Age: A - adult, J -
juvenile, I - Infant).

Table IV. Initial vocalisations and their vocal and/or beloaval responses {nnumber of
animals; B number of times the initial vocalisation was pemfied; i: number of times
that vocal responses were performed;number of times the behavioural responses were

performed. * p< 0.01; ** p< 0.001; ***p <0.0001; Age: A - adult, J - juvenile, | - Infant)

57



17

16
F15
ri4
€13

Lt e ) =
—t o —h
(== T = R — R R ]

[T T - B L R L R —

B W DN

22
21
20
19
18
17
16
F15&
r14
€13

] =
— ot —h
[ == %= I — B o]

[— R B = I SE R - Sy B~ I

5
6
7

wh W e

| .2

Figure 1a

—

b g

Time [sec)

1.1

1.2

A .2 <3

Figure 1b

g

B
Time [sec]

1.2

1.3

1.4

58

1.5



22
21
20
19
18
17
16

F15

r14

€13

s
— o —
= = pa

N
w

[ B - RN S Lo [ r B I -

B W N

Figure 1c

20 -
19
18
17
16
F15
r14 4

Ix= o

— ot o—_ —h

== W
1

]
[T T - B U S Ly I — I S = X =]
L

Time [sec]

5
6 Figure 1d

.b

i
Time [sec]

.B

1.1

1.2

59

1.3



21
20 ~
19
18
17
16
F15 4
r14

Ix oo

—t b et —)

= = B XX
1

N
=]
1

(TR - B FE I X [ — r R I ==}
I

1
2 Figure 1le
3
22
21
20
19
18
17
16
F15 -
riq
€13 1 ] ;
912 - R
11 |
H‘“:I 1 } e i
z 89

==
1

1
AT
=

&

DR - B PL I W L I R |
I

4
Time [sec]

|:ﬁ B

s NIy

1 2 .3 A4 b .b i B

4
5 Figure 1f

R 1.
Time [sec]

1.1

1.3

1.4

1.5

1.6

1.7

60

1.8



20 -
19 +
18
17
16 -
F15 -
r14 +

MO o = R ]
— -

(== 7= — R T o © I 8|

A ey O |

b

o

0 = ML b N
1

.2 3 4 5 6 .7 8 9 1.111.2131.415161.71.81.9 2. 212.2232425262.72829
Time [sec]

Figure 19

g b WM

21 A
20 4
19 4
18 A
17 A
16 ~
F15 -
14 ~ - 2
€13 -

Ix o
vt m—h —
= =
1
:

™
O =M Wa U WD
1
i
1
J

A 2 3 A4 .5 .5 g B A 1. 11 1.2 1.3 14 15 16 1.7
Time [sec]

6
7 Figure 1h

61



20
19
18
17
16
F15
riq

Im o
ot ot m— —h
I CR

']
0 = M2 Ll o MO ™~ 00w

B W N

5
6

Figure 1i

21
20 -
19
18 -
17
16 -
F15
14
€13

Iow a3

—t ot

=R X
1

3

Time [sec]

T

]
L= - T R S Ay e L = = =
1

Figure 1j

4

Time [sec]

5

62



B W DN

5
6

20 -
19 -
18 -
17
16 -
F15 -
ri4 -
813_

N L= -]
— ot —h
[==NR TR — T
| I I N N

[ R B = R T T S B e R
1

Figure 1k

20 -
19 -
18 -
17 -
16 -
F15
r14 -
613_

ITm O

ot ok -

= =
1

]
[— U R WS R X - Y - -
1

Time [sec]

Figure 1l

2

Time [sec]

63



B3 vl 00y il

T T

Yrraha BN e

b 5 4w e

B W N

21
20
19
18
17
16
F15
riq
13

I= o
—t ot —h
= = M

M
[— T - B EL R S X - R - - I T -]

Time [sec]
Figure 1m
: Iw.ni!
1 .2 S 6 F 8 9 1. 1112 13 1415 16 1.7 1.8 1.9 2. 21 22 23
Time [sec]
Figure 1n

64



17
16 -
F15
ri4 4

= &

ot ek ok )

R
1

i

= ._.;l"".-.—-

g g

'l
= - R R RN - N [ B I = = R T =
1

g 2 3 4 & 6 7 8 9 1. 111213141516 1.7 18 19 2. 21
Time [sec]
Figure 10

B W N

19 A
18 -
17 A
16 A
F15 -
ri4 -

L= o

e T

I O
1

]
= = PO L SN - Q0 WD
i

.2 3 4 5 6 .7 8 9 1.111.2131.415161.71.81.9 2. 212223
5 Time [sec]
6 Figure 1p

65



Table I.

Call Num Syl 1 l A
Vocal sign Age N Dur SE Syl SE Dur SE ISI SE Freq SE Freq SE Freq SE
Trill A 106 0,37 + 0,02 1,00 0,37 + 0,02 nla 813 + 0,10 6,37 * 0,10 1,77 #* 0,05
J 66 037 + 0,05 1,00 0,37 + 005 nla 9,03 + 0,20 695 #+ 0,14 2,08 £ 0,10
| 13 0,37 + 0,07 1,00 0,37 + 0,07 nla 9,78 + 0,65 729 + 0,18 2,49 + 048
Twitter A 39 112 + 010 9,63 + 0,76 006 + 0000,09 + 002 1308 + 022 549 =+ 012 760 =+ 0,18
J 10 096 =+ 017 829 <+ 0,14 0,05 + 001 0,08 #+ 0,00 12,75 + 0,31 582 + 0,09 694 * 0,30
Tsik A 84 nla n/a 0,05 + 0,00 n/a 14,63 + 0,63 2,72 + 0,39 11,91 * 057
J 30 nla n/a 0,04 + 000 n/a 14,96 + 0,78 3,58 + 0,73 11,38 + 0,83
| 68 nla n/a 0,04 + 001 n/a 14,09 + 091 364 + 0,40 1045 * 051
Tse A 22 nla n/a 0,04 + 001 n/a 16,91 + 0,76 11,82 * 0,65 510 * 031
J 9 nla n/a 0,04 + 000 n/a 16,47 + 0,56 1365 + 0,68 2,83 + 0724
Egg A 14 nla n/a 0,04 + 000 n/a 16,69 + 1,67 12,73 + 0,06 396 * 1,62
J 19 nla n/a 0,04 + 001 n/a 16,69 + 1,45 12,73 + 0,06 396 =+ 141
Chatter A 47 nla n/a 0,06 + 001006 =+ 002219 #+ 057 025 # 0,00 21,71 * 057
Submissive squeal A 25 nla n/a 0,49 + 004 nla 2055 + 0,32 149 + 0,10 19,06 + 0,33
Loud squeal I 39 nla n/a 093 + 026 nla 2169 + 064 112 =+ 0,60 2058 =+ 0,04
Moaning J 10 nla n/a 0,27 + 0,00 n/a 15,57 + 0,60 0,81 + 0,02 14,76 + 058
Food call A 6 nla n/a 0,11 #+ 001 n/a 17,39 + 0,24 1468 + 0,29 272 * 017
Bird alarm A 8 nla n/a 0,12 + 001 n/a 10,85 + 0,10 866 + 0,14 2,19 * 0,07
Dog alarm A 4 nla n/a 0,10 + 0,02 n/a 16,86 + 0,49 1025 + 0,25 661 + 0,74
Scream Il 2 nla n/a 0,63 + 005 nla 20,00 + 0,75 190 #+ 0,10 18,10 * 0,65
Long phee call A 68 nla n/a 1,38 + 0,04 nla 880 + 008 7,07 + 0,08 1,73 #* 0,0
Brief phee call 1 A 38 nla n/a 0,80 * 0,03 n/a 891 + 008 724 + 0,0 1,67 +* 0,09
Brief phee call 2 A 4 nla n/a 1,04 * 0,05 n/a 10,06 + 0,36 7,65 + 0,31 241 +* 055
Brief phee call 3 A 16 nla n/a 054 + 010 n/a 861 + 024 747 + 015 114 + 015
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Table I. (Cont.).

Dur Dur
— — start- SE peak-

Vocal sign Age N Freq SE Freq SE peak end SE NH SE
Trill A 106 703 + 013 723 + 00 021 <+ 0,02 0,6 £ 0,02 uptol

J 66 818 + 033 78 + 021 020 <+ 005 0,17 £ 0,038 uptol

| 13 88 =+ 032 771 =+ 013 0,16 + 008 021 <+ 0,01 uptol
Twitter A 39 843 + 018 804 + 039 010 <+ 0,09 103 <+ 0,12 uptol

J 10 861 + 031 874 + 067 013 <+ 000 083 =+ 0,00 uptol
Tsik A 84 1205 + 09 280 + 045 002 <+ 0,00 0,03 £ 0,00 Oto2

J 30 13,27 +£ 091 359 + 0,73 002 <+ 000 0,02 £ 0,00 Oto2

| 68 11,76 + 095 436 =+ 0,12 003 + 001 004 <+ 0,00 Oto2
Tse A 22 1204 + 059 1544 + 090 003 <+ 0,01 0,01 £ 0,00 0,00

J 9 1365 + 068 1490 + 039 003 <+ 000 001 £ 0,00 0,00
Egg A 14 n/a n/a n/a n/a 1229 + 0,86

J 19 n/a n/a n/a n/a 1133 + 1,557
Chatter A 47 nla n/a n/a n/a n/a
Submissive squeal A 25 nla n/a n/a n/a 3168 + 1,28
Loud squeal I 39 nla n/a n/a n/a 39,02 =+ 087
Moaning J 10 nla n/a n/a n/a 39,02 + 171
Food call A 6 1468 + 029 1751 + 035 009 <+ 0,02 002 =+ 0,01 uptol
Bird alarm A 8 876 +£ 012 831 <+ 018 007 <+ 001 005 + 0,01 0,00
Dog alarm A 4 1025 + 025 1638 + 0,03 009 <+ 0,02 0,00 £ 0,00 n/a
Scream I 2 na = nla =+ nla + nfa = n/a
Long phee call A 68 721 + 012 787 + 014 115 + 006 023 + 005 wupto2
Brief phee call 1 A 38 724 + 010 835 + 015 069 + 004 010 =+ 003 upto2
Brief phee call 2 A 4 799 + 041 979 + 049 098 + 0,05 006 =+ 001 wuptol
Brief phee call 3 A 16 748 + 016 841 + 021 048 + 009 006 + 002 wuptol
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Table I. (Cont.).

Vocal sign Age N IBH SE Obs.
Trill A 106 n/a
J 66 n/a
I 13 n/a
Twitter A 39 n/a
J 10 n/a
Tsik A 84 n/a
J 30 n/a
| 68 n/a
Tse A 22 n/a
J 9 n/a
Egg A 14 061 + 0,07 The higher frequence is the frequence of the lashbnic
J 19 068 =+ 0,04 The higher frequence is the frequence of the lashbnic
Chatter A 47 n/a
Submissive squeal A 25 043 + 0,09 The higher frequence is the frequence of the lashbnic
Loud squeal I 39 0,26 =+ 0,00 The higher frequence is the frequence of the lashbnic
Moaning J 10 o026 =+ 0,07 The higher frequence is the frequence of the lashbnic
Food call A 6 n/a
Bird alarm A 8 n/a
Dog alarm A 4 0,00
Scream | 2 n/a Maximum intensity between 6 and 10,75kHz
Long phee call A 68 n/a
Brief phee call 1 A 38 n/a
Brief phee call 2 A 4
Brief phee call 3 A 16
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Table II.

Behaviour category

Behaviors

Foraging behaviour

Vigilance

Rest

Play

Eat

Capture

Aggression

Saltatory search: Searchingriomal prey in a 'stop and go' pattern (Souto.e2@07).
Careful search: Carefully watching and, simultarsyy manipulating a leaf, branch or tree hole.
Looking around quickly into the surroundivegetation while stationary (Halsey et al., 2006
Solitary rest: Resting or self-grooming wisiationary with no other marmoset within at least.2
Social rest: Stationary with another marmosetodily contact, the former either resting, groomihg conspecific or
being groomed.
Solitary play: Playing alone by undertakingi-hops' and/or locomoting over short distanges (n).
Social play: Playing while interaction with conspies. Play consists of pretend fighting, eithertbhe ground or in
the trees; chasing each other around tree trun@sesrbranches.
Consumption of either animal prey (e.g. cicaglasshopper, ant, small frogs, small lizards)ewetable matter (e.g.
fruit, flowers, seeds).
The act of capturing a prey item (Maiaalgtl 982; Schiel, 2000).

Intra-group aggression (Stevenson &ddd76).

67



Social watch

Locomote to caller
Locomote away from caller

Approach

Look at call direction
Pause
Flee

Frozen

Inter-group aggression: (Stevenson & Poole, 1976).

Watching a known conspecific: Stadignwatching a group member that is undertakirpbmers (Schiel & Huber,
2006).
Watching an unknown conspecific: Stationary, wetglan individual of another social group undemakbehaviors.

Locomoting in the direction dafaller.

Locomote away from aerall
Approach only: Locomoting to get closer to anothéividual &1 m distance) without physical contact.
Approach with interaction: Approaching another maset and then interacting with it by groomingciyrying it
(when itis an infant) or through aggressive betiavi

Looking in the direction frowhich a call has eminated (either being ableetothe caller or otherwise)

Stopping the current behavior and remastatgonary for several seconds.

Moving away rapidly from a negative stimulus.

Staying in a stationary position and notimgpany body parts, including the head.

Table Il (Cont.)
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Table 1.

Behavioral n; Age Friedman's n, n3 % of vocalisations related to the behavioral conte

context test

Foraging 14 A 50.969*** 738 525 94,3% trill; 3.6% brief phee call 3; 2.5% twitt&:;3% brief phee call 2; 0.38% tsik a
behavior brief phee call 1; 0.19% tsé + egg
6 J 24.842** 284 114 83.3% trill; 7.9% brief phee call 3; 2.6% twittdr;75% tsik; 0.88% egg, tsik, tsik + egg, tsé
+ egg, submissive squeal and brief phee call 2
5 I 8.727* 176 29 86,2 % trill; 6.9% brief phee call 3; 3.45% &s®& submissive squeal.
Vigilance 10 A 18.088** 71 15889.2% tsé + egg; 3.8% twiter and very brief whistl®% brief phee call 2; 0.6 brief phee
call 1 and tsik.
5 J 3.868 26 46 80,4% tsé + egg; 10.9% very lrdmas$tle; 6.52% tsik; 2.17% tsik + egg.
Solitaryrest 13 A 10.892 10551 60.8% twitter; 11.8% trill; 7.8% Long phee calbrief phee call 3; 5.9% brief phee call 1,
3.9% long phee call + brief phee call 1; 1.96%ebypihee call 2.
5 J 3.000 49 21  85.7% twitter; 9.5% brief pheé &ad.76% trill.

4 I 21 _ The infants did not vocalise during tinges they were observed.
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Table Ill. (Cont.)

Behavioral context

N Age Friedman’s

N, n; % of vocalisations related to the behavioral conte

test
Social rest 11 10.069* 106 6482.8% trill; 31.2% twitter; 28,1% brief phee c&8ll 4.7% brief phee call 2;
3.1% brief phee call 1
5 _ 8 _ The juveniles did not vocalise duringtilnes they were observed.
5 _ 115 1 The infants did not vocalise during ttmes they were observed. Except for one
single time in which one infant uttered a singii.tr
Solitary play 2 _ 2 o _
6 _ 26 3 From the 26 times that the juvenilerevabserved on solitary play, they were
silent 23 times. On three occasions one juventlred a trill single.
5 _ 108 0 _
Social play 8 _ 24 0
6 8.643 72 1947% moaning; 26.3% tsik; 15.8% trill; 5.3% twitter.
5 111 36 100% moaning.
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Table Ill. (Cont.)

Behavioral context n Age Friedman’s n, nzg % of vocalisations related to the behavioral conte

test
Eat 14 A 137 0
6 J _ 1581  All juveniles kept silent while eating, except fone animal that once uttered a tsé +
egg call.
5 | _ 77 0
Capture 14A 79 0
6 J _ 82 0
5 | _ 10 O
Intra-group aggressiod6 A 6.000** 19 16 93.75% chatter; 6.25% tsé.
2 J 12 7 85.7% chatter; 14.3% egg
3 | 8 8  75% chatter; 25% submissive cry (subméssgueal + trill + tsik)
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Table Ill. (Cont.)

Behavioral context n Age Friedman’'s n, ns; % of vocalisations related to the behavioral conte

test

Inter-group aggressio6 A 11.000*** 32 14 64.3% chatter; 14.3% twitterdatsé + egg; 7.14% scream
Watch a known 11 A 19.95% 39 49 32.6% twitter; 18.37% very briefhistle; 12,24% brief phee call 3; 6.12% tsé and
conspecific submissive cry; 4.08% brief phee call 1; 2.04% ts#gg and brief phee call 2.
5 J 11.478 59 54 35.18% submissive squeal; 20witet; 18,5% tsik; 14.8% trill; 3.7% tsik + eggdabrief
phee call 1; 1.85% tsé and tsé + egg.
5 | 24.986** 178172 61.05% loud cry (Loud squeal + trill + tsik); 18%2submissive cry; 1.74% tsik + egg;

1.16% tsé, tsé + egg and brief phee call 2 and0B®aning.

Watch an unknown 4 A 9.659 36 61 68.8% long phee call; 11.5% twi656% brief phee call 1; 4.92% tsik; 1.64% long@@h
conspecific call + brief phee call 1, brief phee call 3, chattsik + egg and tsik series.
4 ] 7.402 64 66 31.8% twitter; 25.8% brief phedl 8; 22.7% trill; 7.58% brief phee call 1; 6.06%

submissive cry; 3.03% brief phee call 2; 1.5% lphge call.

72



Table IV.

Initial n, Age Vocalresponses n, n3; % Vocalresponses Behavioral responses n; % Behavioral responses
vocalisation Friedman’s test Friedman't test
Twitter call 10 A 10.000* 71 60 93% twitter; 6.7923.131** 88 42% Pause; 9.17%
brief phee call 1 Locomote to caller
5 J _ 29 23 100% twitter 3000 31 823% Pause; %7.6
Locomote to caller;
Loud Cry 10 A _ 27 5 80% very brief4.361 30 60% Approach with
(Combination of whistle; 20% twitter. interaction; 10% Approach
Loud squeal + only; Look at call
tsik + trill) direction; 3.3% others.
4 ] _ 15 0 _ 16 56%  Approach  with
interaction; 18.75%

Approach only; 6.25%

Locomote to caller, 6.25%
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Long Phee call11 A 18.198**
(ALA) + Brief
phee call 1

(ABA)

49 32 59.4% twitter;
18.75% long phee
call + brief phee call
1; 6.25% brief phee
call 1; 6.25% brief

phee call 2.

12.200*

41

Look at call direction;
6.25% others.

51% Locomote to caller;
46.3% Pause; 2.4% Look

at call direction.

Table IV (Cont.).
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Abstract

The vocalisations of 30 wild common marmoséasllithrix jacchus living in a fragment
of Atlantic Rain Forest were recorded to invesggahether the rate their vocalisations is
affected by (i) age, (ii) gender and (iii) hieraiciposition. We also investigated whether
call characteristics were related to the age otcHiler by studying the affect of age on the
physical characteristics of a common, contact wsaabn, the trill call. During most of the
day, adults vocalised more than both juveniles iafehts. However, no differences were
found between either gender or hierarchic posiigh respect to rate of vocalisations. The
trill calls emitted by young common marmosets wef@a higher pitch than those emitted
by adults. Thus we conclude that at least parthef auditory communication of wild
common marmosets is directly related to the agh@tinimals, both in terms of the rate of

vocalisations and the physical characteristicsooglisations.

Key words: age-related variationsCallithrix jacchus common marmoset, vocal

communication, vocalisation.

Introduction

Common marmosets are small, diurnal, social prismieng in groups of up to 15
individuals and usually have a specific home rafigershkovitz, 1977; Stevenson &
Rylands, 1988; Mendes Pontes & Monteiro da Cru8sidonteiro da Cruz, 1998). The
social organisation of this species is complex. (8ahiel & Huber 2006) and a group may
be monogamous, polygynous, polyandrous or polygyared (Ferrari & Lopes Ferrari,

1989; Dixson, 1993; Koenig, 1995; Roda & Mendest€an1998; Nievergelt et al., 2000;
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Bezerra et alsubmittedl but always includes a dominant reproductive ceftevenson &
Rylands, 1988).

Common marmoset§allithrix jacchus can communicate through olfactory signals
(e.g. scent marks), visual signals (e.g. piloeoectgenital presentation) and vocal signals
(calls) (Stevenson & Rylands, 1988; Yamamoto, 1%hjth, 2006). The poor visibility
provided by the arboreal environment in which commaarmosets live (Altmann, 1967,
Epple, 1968; Yamamoto, 1991; Geiss & Schrader, 1 8&tpier & Napier, 1996) makes
vocal signalling extremely important for coordimatithe social activities and behaviors of
the group (Geiss & Schrader, 1996; Hook-CostingaRdgers, 1998). Indeed, previous
studies have shown that common marmosets vocakspidntly in keeping with their
extended social structure and territoriality (Noss and Newman, 1993; Hook-Costingan
& Rogers, 1998; Lazaro-Perea, 2001). The vocalrtepe of common marmosets has been
described for captive groups (Epple, 1968; Winté77; Pook, 1977 and Winter & Rothe,
1979), and more recently for groups living in thé&dwBezerra & Soutosubmitteg.

There is some evidence that the ontogeny of vadais in non-human primates
may result from the social organisation, ecologyl auysical changes of the species
(Corewyn, 2003). The physical structure of the Visaions encodes information about the
caller, including the gender of the caller, the debral context and the social context of
the call (Norcross & Newman, 1993; Schrader & Tdf193; Geiss & Schrader, 1996;
Norcross et al., 1999; Rukstalis et al., 2003). /khe ecology, behavior and sociality of
common marmosets has been studied in some detgil $evenson & Poole, 1976;
Stevenson & Rylands, 1988; Alonso & Langguth, 1986crari & Lopes Ferrari, 1989;

Rothe & Darms, 1993; Monteiro da Cruz, 1998; Nigedtret al., 2000; Souto et al., 2007;
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Bezerra et alin press) the influences of age, gender and hierarchictipason the rate of
vocalisations of common marmosets is unknown.

Thus, the present study investigates whether tteeafivocalisations of common
marmosets in the wild is affected by (i) age, $&x and (iii) hierarchic position. We also
investigate whether information about the age efdaller is included in their vocalisations
by studying the affect of age on the physical otimréstics of a call typically used by
common marmosets to contact conspecifics (thecailt Norcross et al., 1994; previously
termed the whirr call; Pook, 1977). An understagdai how gender, social position and
age influence the vocalisations of individualsngortant if we are to further develop our

knowledge about the behavior and sociality of #piscies in the wild.

Methods
Study site

The study was carried out in a fragment of AtlaRi@in Forest. The 32 ha study
site is located in Camaragibe, State of Pernambdbmtheast Brazil (7°56'97"S,

35°1'23"W) (for a detailed descripton of the stusije see Souto et al., 2007).

Subjects

We studied 30 common marmosets distributed inteetisocial groups. The subjects
were classified into three broad age categoridsvimhg Stevenson and Rylands (1988):
adults (> 15 months; 17 individuals); juvenilesli®months; 6 individuals) and infants (0-
5 months; 7 individuals). Subjects were wild andewueot provisioned for.

The subjects were identified without capturingotigh their natural features (size

and colour of the ear-tufts, scars, natural mudihat, and small variations in fur coloration).
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In two of the infants, a small portion of the thir was cut with a pair of scissors, to
facilitate distinguishing the twins (see Souto ket 2007 for a detailed description of this
marking procedure). The hierarchic structure of gheup was ascertained (as Bezerra et
al., in pressg on the basis of aggressive and submissive irtterec(Saltzman et al., 1996)
and on affiliative behavior e.g. allo-grooming (kpatrick-Tanner, 1998; Albuquerque et

al., 2000; Lazaro-Perea, 2001).

Data collection

The focal sampling technique (Altmann, 1974) wasduso record the rate of
vocalisations performed by the study animals. Alervations were carried out between
05:00 and 17:30, i.e. daylight hours. The maximustatice that the animals were observed
was 5 m, since from greater distances it was nssipte to hear all vocalisations clearly.
The observations were dictated onto a tape rec¢8tery M-529V) during 5 min sessions
and included date, time, location and descriptiérthe vocalisations. A total of 1105
observational sessions were conducted from Decegfer to April 2005.

According to Maurus et al. (1988), the recognitimincall types from listening
depends on the physical ability of the observedigtinguish the acoustic structures of a
call and on their propensities for categorizingrstsi In the present study, before the start
of data collection (November 2004), Bezerra wagrstitbd to a battery of medical tests in
two hospitals to ascertain her auditory capacitye Tesults from both hospitals attested
that Bezerra is able to hear the full bandwidthtlod fundamental frequencies of the
vocalisations emitted by common marmosets. AlsocesiBezerra has been conducting
behavioral observations of common marmosets iratea since 2001, she is well practised

in distinguishing the vocalisations of common masete by ear.
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Callithrix species present a general pattern of activitied@oto 12 hours per day
i.e. the daylight hours (e.g. Yamamoto, 1991; KanghSuzuki, 2006). After nightfall and
before daybreak, marmosets rest and sleep. Itaskrthat the behavioral time budgeting
of common marmosets is influenced by time of dag.(e&te of foraging behavior, Alonso
& Langguth, 1989; visiting different areas of thenfe range, Mendes Pontes & Monteiro
da Cruz, 1995; rates of scent-marking behavior, Udog et al., 2003). The data were
arbitrarily divided into three periods: (i) begingiof the day: 05:00 to 10:00; (ii) middle of
the day: 10:00 to 15:00 and (iii) end of the d&y0D to 17:30, such that variations in vocal

behavior through the day could be investigated.

Recording the trill calls

We used the focal animal amd libitum sampling techniques (Altmann, 1974) to
obtain recordings of the vocal repertoire of witthamon marmosets. All recordings were
made between 05:00 and 17:30. We recorded vodahsatising an AKG C1000S Il
hypercardioid microphone (linear frequency respongbkin the range 50 Hz to 20 kHz),
which is well suited for camcorders (Shopmann, 1998 connected the microphone to a
digital camcorder, Panasonic PV-GS400, linear feegy response within the range 50 Hz
to 20 kHz (at a 16-bit and 48 kHz sampling ratagf®l, 2004). A sampling frequency of
48 kHz can result in a reliable frequency respafagp to 22 kHz. Camcorders have been
used in a number of studies for recording audicstuidies on marine mammals (e.g.
Herzing, 1996; Dudzinnski, 1998; Dudzinnski, 199@i less so in studies on terrestrial
mammals (see, however, Taglialatela et al., 2003Pan paniscus The advantage of
using an appropriate video camera is having bothoaand video records for subsequent

behavioral analysis (Taglialatela et al., 2003). Wsed a Hosa cable to connect the
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microphone with the camcorder and earphones (lted, linear frequency response
within the range 20 Hz to 20 kHz) in order to monithe sound while recording. This
system is sufficient both to capture the behaviofsthe study animals and the full
bandwidth (of the fundamental frequencies) of thetalisations.

The recordings were conducted at a distance of52m-from the subjects. Once
acquired, the vocalisations were digitally transfdr via firewire cable, from the video
camera to a PC, through MediaStudio Pro 6.5 (Ulggstem, Inc.) software, settled to
capture DV 1, at a 16-bit quantization and 48 kldmgling rate. Each vocalisation was
saved in WAV format (without compression) and themalysed through SYRINX-PC
sound-analysis software (J. Burt, Seattle, Wasbimgt available upon request). This
allowed us to build sonograms of trill calls andbtwiain a number of variables representing
the physical characteristics of those calls (Jated, 1993, Newton-Fisher et.al 993 and

Norcross et al., 1999).

Statistical analyses
The software packages SPSS v. 8.0 (SPSS Inc. @hidhg USA) and Excel

(Microsoft Corporation, Redmond, WA, USA) were useddata analysis. Mann-Whitney
U tests were used for comparisons of two indepensi@mples [i.e. (i) inter and intra-age
comparisons of the rate of vocalisations; when iclamgg hierarch position and gender,
comparisons were made only between adults sincettier age classes did not include
sufficient animals for robust statistical analys@$.inter-age comparisons of the physical
characteristics of the ‘trill call’; we compared gihysical characteristics of the trill calls of
adults and juveniles (the highest, lowest, stadtemd frequencies, the frequency range and

the call duration)]. The physical characteristidsttee trill calls of the infants were not
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included in inter-age analysis because such vatmliss had only been recorded for two
individuals. However, the mean values for the ptgischaracteristics of the trill calls of
these infants are included in Figure 3.

We used Friedman two-way analyses of variance iisréo calculate possible
differences in the frequency of more than two mhgsamples (i.e. intra-age comparisons
between the three periods of the day).

P values< 0.05 (two-tailed) were considered to indicate Sigant effects.

Results
Rate of vocalisations: Inter-age group comparisons

Across the day (between 05:00 to 17:30), adults angeniles performed
significantly more ‘vocalisations’ than did infants=11; n,=5,U = 0,p = 0.002 and 1~
6, ,=5,U = 3,p=0.018, respectively), while there was no sigatficdifference between
adults and juveniles (= 11, n=6,U = 20, ns) (Figure 1).

Between 05:00 and 10:00, adults vocalised sigmfigamore than did juveniles or
infants (n=11; n,=6,U = 11,p = 0.027 and n= 11, n =5, U = 3, p = 0.003,
respectively), whereas no significant differenceneen juveniles and infants was found in
this period of the day (= 6, n=5,U = 13, ns). Adults vocalised significantly more than
juveniles and infants between 10:00 and 15:081@; n,=4,U = 2,p = 0.01 and p= 10,

n; =5 U = 3, p = 0.007, respectively). There was no significarffedence between
juveniles and infants (= 6, o= 5,U = 9, ns). Adults and juveniles vocalised more than

infants between 15:00 and 17:3Q£110; n,=5,U=5,p=0.01 and p= 6, n=5,U = 2,
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p = 0.018, respectively), and vocalised a similar amtdo each other in this period; @

11, n=6,U =30, ns) (Figure 2).

Rate of vocalisations: Intra-age group comparison

The rate of vocalisations in adults and in infatitsnot differ significantly through
the day (adults: N = 10,,E 2.600, df = 2, ns; infants: N = 5, £ 3.600, df = 2, ns;
Friedman two-way analyses of variance by ranks)wéieer, the rate of vocalisations of
juveniles did vary significantly through the day € 10, F, = 8.000,df = 2, p=0.018;
Friedman two-way analyses of variance by ranksjediles vocalised at the highest rate

between 15:00 and 17:30.

Vocalisations: gender and hierarchy

There was no statistical difference in the ratev@dalisations between male and
female adults (= 6, o= 5,U = 10, ns). There was no statistical differencenm ftate of
vocalisations across the day between dominant@margdinate adults ¢= 5, n=6,U =8,

ns).

Influence of age on the physical features of triltalls

A total of 172 trill calls were included in theseadyses. Significant differences
between adults and juveniles were found for aliha measured frequency characteristics
of the trill call (highest frequencysn12; n,=9,U = 11,p = 0.002; lowest frequencyih
12; n,=9,U = 16,p = 0.007; start frequencyaf 12; n,= 9,U = 14,p = 0.004; end
frequency: i= 12; n,=9,U = 25,p = 0.039; frequency rangei®12; n,=9,U =23,p=

0.028; Figure 3). The trill calls of juveniles wese@nificantly higher in frequency than
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those of adults. No difference in call duration i@snd between adults and juvenilesH(n

12; n;=9,U = 54, ns).

Discussion

Across the entire period of daylight, which is wh@armosets are active, infants
vocalised less than juveniles and adults. Whileltadand juveniles vocalised the same
amount across a day, there were differences dwspegific parts of the day. Adults
vocalised significantly more than juveniles, anfhms, between both 05:00 and 10:00 and
between 10:00 and 15:00. It is known that for ptesasome activities such as territorial
defence and organization of social structure amrdinated by the adults of a group (e.g.
Walters, 1987, Lazaro Perea, 2001). Vocalisati@®rsto be an important component of
the behaviors displayed by common marmosets dumitng-group interactions as well as
during intergroup interactions, particularly thaséated to territory defence (Norcross and
Newman, 1993; Hook-Costingan & Rogers, 1998; LaRewmea, 2001). The latter is also
true for other primate species such as moustace@rin monkeysSaguinus mystax
(Garber et al., 2006). Adult common marmosets esersl calls to establish or maintain
contact between individuals (Jones et al., 1993) @nis also known that intergroup
encounters are frequent in wild groups of this mge¢Lazaro-Perea, 2001). During the
present study, 75% of the intergroup encountersiroed before 15:00 (Bezerra et al.,
unpublished data Hence this may help to explain, in part, why legluocalised more than
did younger individuals before 15:00. Further sésdiocusing directly on time budgeting
of intra-group behaviors and inter-group behaviorsommon marmosets over the day are
required to fully uncover the reasons for the ddfeees in vocalisation rate between age

groups during the early and mid parts of the day.
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Between 15:00 and 17:30, juveniles vocalised moaa they did earlier in the day
and, indeed, as frequently as adults. Both adulflsjaeniles were again more vocal than
infants during this period. 15:00 to 17:30 corrasf®to the hours of daylight closest to the
long period of inactivity by common marmosets dgrithe night. This increase in
vocalising during the latter part of the day is @fee to juveniles, since the frequency of
calls by adults and infants were relatively comsistthroughout the day. Camaroti &
Monteiro da Cruz (1997) also found that during th® hours prior to nightfall, adult
common marmosets tended to be quieter than eanlighe day. However, chemical
communication through scent-marking behavior inladommon marmosets tends to
increase from 15:00 to 17:00 (Nogueira et al., 20@3s possible, therefore, that juveniles
do not use scent marking to the same extent asldibsaand instead continue to rely on
vocal communication as nighttime approaches. Coniratian at this time of the day may
tend to focus on finding and organizing conspesifeeady for sleeping.

The hierarchical system present in the social argéion of common marmosets can
lead to differences in the intensity of social ratgions between individuals in the group
(e.g. Yamamoto, 1991) and also lead to sexual amchdnal suppression of subordinate
individuals (e.g. Hershkovitz, 1977; Abbott, 1986lirthermore, the gender and hierarchic
position of an individual influences its reactiotts unknown conspecifics (e.g. Epple,
1970). Nevertheless, despite the fact that genuhararchical position play an important
role in the life of common marmosets, these charestics did not influence the rate of
vocalisations of the animals in the present studycaptive groups, for the specific
vocalisation ‘phee call’, there was also found ® o gender difference in the rate of
production of this call (Norcross & Newman, 1998hese data from field and captive

groups support the proposition that gender doesfiaence vocalisation rates.
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In captive conditions, the vocalisations of infsdmmon marmosets were, on
average, of a higher pitch (Newman, 1995) thandtafsadults. This is supported by the
data in the present study, which show that juveanlenals living in the wild tend to make
the trill call at a higher frequency than do adudtividuals. It can be seen that the physical
characteristics of the trill calls of the two infarare considerably higher in frequency than
those of the juveniles. Therefore it may be reaslenéo suppose that the trill calls of
infants in general are of a higher pitch than thofspiveniles and, indeed, adults. This is
supported by the finding that the trill calls ofant pygmy marmoset§ebuella pygmaea
are also of a higher pitch than those of adult®y®lon 1988). Age related variations in the
physical characteristics of this call may be relate physiological and morphological
changes during maturation in the animal (Snowdd@81€orewyn, 2003; Rukstalis et al.,
2003), and it seems to be the case in certain igatiains of other primate species such as
pygmy marmosets, vervet monkey€efcopithecus aethiopsand rhesus macaques
(Macaca mulattq (Rukstalis et al., 2003). The morphological andysgological
developments, along with the changes in generah\befs of infant common marmosets
over time (Ingran, 1977; Hearn, 1983; Yamamotol.etl896), presumably help to explain
these age-related differences in the physical cheniatics of the trill call.

As is the case for other behavioral activities.(Bagaging behavior, see Souto et al.,
2007), the auditory communication of wild commonrmasets seems to be associated
with age. This is shown both by the physical chiaréstics of the trill call and the rate of
vocalisations in general. Despite playing an imgatrtrole in the social life of common
marmosets, the gender and hierarchical positiandi¥iduals does not appear to have an

influence on the rate of vocalisations. Furtherdgs uncovering the reasons for
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differences in rates of vocalisations, includingatbspecific calls, are required to further

lay bare the complexities of marmoset behaviorsoaiality.
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Legends
Figure 1. Average rate of vocalisations throughout daylightits of adults, juveniles and
infants.Data are presented as mearfSEM. Mann-WhitneyJ test (two-tailed); < 0.05,

**p <0.01, ns: not significant.

Figure 2. Rate of vocalisations in each of the three permfdfe day. Data are presented
as means SEM. Inter-age comparisons - Mann-Whitigyest (two-tailed). < 0.05, **

p <0.01, ns: not significant.

Figure 3. Physical features of the trill call of adults, juvMes and infants. Highest =
highest frequency; Lowest = lowest frequency; Startstart frequency; End = end
frequency; Range = frequency range. Data are piede&s means SEM. Mann-Whitney

U test (two-tailed); * p< 0.05, ** p<0.01.
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CapriTULO IV

Concluséao Geral

Tendo em vista a complexa organizacao social éichdarboreo de saglis comuns
em liberdade, ja previamos um intricado sistemaadeunicacéo através de vocalizagdes
para espécie em questdo. Dessa forma, o presentgoeguntamente com aqueles
previamente publicados para animais de cativeimp \a confirmar tal predicdo. O
repertorio vocal de saglis comuns se mostrou amplariado, com complexos sinais
acusticos. A idade dos animais ndo somente inflaemos tipos de vocalizacfes presentes
no repertério, como também na freqiéncia de usovdealizacbes e nas caracteristicas
fisicas das mesmas. De uma maneira geral, os adapt@sentaram um repertorio vocal
mais amplo, tenderam a vocalizar mais e apresemtanaalizacbes com frequéncias mais
baixas que a dos animais mais jovens. O comportamée individuos estranhos e
individuos do grupo pareceram de certa forma infiisr nas vocalizagbes dos saguis
selvagens. O repertério vocal previamente despdta animais de cativeiro e o repertério
de animais em liberdade investigado mostraram &agurdissimilaridades. Certas
vocalizagdes encontradas em campo, nao foram eadastem cativeiro e vice e versa.
Um outro ponto interessante € que os saglis coraondiberdade apresentaram trés
diferentes tipos de vocaliza¢bes de alarme ligadpeesenca de diferentes predadores ou
potenciais predadores. Futuros trabalhos envolverdpecificamente as respostas
comportamentais dos saguis comuns em liberdadayéatr por exemplo, do uso de
experimentos de playback, ainda se fazem necessg@ma um consolidar o0s

conhecimentos acerca da comunicacéo vocal dosssagiiuns.
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