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Funcdo das marcas odoriferas em Microtus cabrerae

(Thomas, 1906)

REsSuUMO

A marcacdo odorifera € uma forma de comunicacdo quimica levada a cabo por diversas
espécies de animais terrestres, que implica a deposicdo de fezes, urina e/ou secregdes
anogenitais sobre o substrato. O objetivo principal desta tese é reconhecer a existéncia
de marcacdo odorifera pelo rato de Cabrera e identificar as suas principais fungdes.
Nesta espécie foram identificadas duas func¢des principais: (1) aumentar a probabilidade
de encontrar um parceiro para acasalar, mostrando a sua disponibilidade e/ou
proximidade a conspecificos do sexo oposto; (2) alertar conspecificos para 0 aumento
de risco de predagdo num determinado local. Em ambas, as marcas de urina sdo as
Unicas envolvidas, ndo ocorrendo diferencas na marcacdo entre géneros. Ambos 0s
sexos parecem estabelecer vinculo de casal, sendo que nestas condi¢des, suprimem a
marcacdo associada ao aumento da probabilidade de acasalamento, 0 que sugere uma

elevada plasticidade intraespecifica do comportamento de marcacédo odorifera.
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Function of scent-marks in Microtus cabrerae (Thomas,

1906)

ABSTRACT

Scent-marking is a form of chemical communication used by several terrestrial species
that typically involve the deposition of faeces, urine and/or anogenital secretions on the
substrate. The main goal of this thesis is to describe the use of scent-marking in Cabrera
voles (Microtus cabrerae) and indentify its main purposes. Two main scent-marking
functions were identified: (1) increase mate-finding likelihood, by advertising its
availability to mate and/or its presence in a nearby area; (2) alerting conspecifics of the
increased predatory risk over a specific area. Only urine scent-marks were involved in
both functions, and no differences were detected between genders. Both sex individuals
seem to suppress mate-finding scent-marking when pair bonded with an opposite-sex
conspecific, which suggests a relative high intraspecific plasticity of scent-marking

behaviour.
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Funcdo das marcas odoriferas em Microtus cabrerae

(Thomas, 1906)

RESUMO ALARGADO

O rato de Cabrera (Microtus cabrerae Thomas, 1906) é um microtideo raro, endémico
da Peninsula Ibérica, que se encontra ameacado pela perda sistematica de habitat. A sua
distribuicdo € bastante fragmentada, ocorrendo comumente em manchas desconexas e
isoladas onde as densidades populacionais sdo extremamente baixas. Nestas condicdes,
em que a probabilidade de encontro entre conspecificos € relativamente reduzida, a
comunicacdo mediante a marcacao odorifera, que ndo implica a presenca em simultaneo
no mesmo espaco fisico do emissor e do recetor, pode apresentar-se bastante vantajosa.
Sendo o rato de Cabrera uma espécie sobre a qual ainda existe um grande
desconhecimento, ignoram-se estudos sobre o seu comportamento de marcagdo
odorifera. Este desconhecimento generalizado acerca da marcacdo odorifera nesta
espécie justifica o conjunto de estudos que constituem a presente tese. Para além disto,
suspeita-se que neste caso as funcdes subjacentes a marcacdo odorifera possam estar
diretamente associadas a sua peculiar estrutura populacional, particularmente ao facto
dos individuos estarem organizados em unidades populacionais discretas, com
densidades extremamente baixas e relativamente isoladas entre si. Neste contexto, onde
0s encontros entre conspecificos sdo bastante raros, algumas fungdes comumente
atribuidas as marcas odoriferas noutras espécies de roedores (e.g. defesa do territério e

anuncio de presenca a todos os conspecificos) podem n&o ter tanta utilidade e, portanto,
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ndo se verificar. Os objetivos desta tese sdo: (1) descrever a utilizacdo da marcacgao
odorifera no rato de Cabrera e determinar quais as suas caracteristicas; (2) identificar
quais sdo as suas principais funcdes; (3) investigar o efeito do vinculo de casal na
marcacdo odorifera; (4) verificar a existéncia de feromonas de alarme nas marcas
odoriferas do rato de Cabrera; (5) averiguar o seu efeito na atividade dos conspecificos

em habitat natural.

No primeiro artigo, estudou-se a marcagdo odorifera do rato de Cabrera sobre substrato
limpo de forma a descrever a sua utilizagdo por ambos os sexos. Analisou-se ainda a
marcacdo odorifera sobre substratos previamente marcados por animais de cada sexo, de
forma a inferir quais as suas principais funces. Com estes resultados foi possivel testar
a nossa hipétese de que a sua principal funcdo é a de aumentar a probabilidade de
encontrar um parceiro sexual. Considerou-se esta hipotese em funcdo da estrutura pouco
densa e altamente fragmentada das populacdes desta espécie, onde um dos fatores
relevantes para a sua persisténcia pode ser a facilidade com que animais encontram um
parceiro para acasalar. Apenas se verificou a marcacdo odorifera com fezes e urina, ndo
sendo detetada a utilizacdo de secre¢des anogenitais. Relativamente a quantidade e ao
tipo de marcas colocadas no substrato, ndo foram detetadas diferencas de género.
Ambos 0s sexos marcaram maior area com urina sobre substrato previamente marcado
por animais do sexo oposto do que em substrato previamente marcados por animais do
mesmo sexo ou substratos limpos, o0 que sustenta a nossa hipotese de que a sua principal
funcdo é aumentar a probabilidade de acasalamento. A urina parece ser o Unico tipo de

marcas envolvida nesta fungéo.

Luis Gomes (2013) Fung¢do das marcas odoriferas em Microtus cabrerae (Thomas, 1906) v



No segundo artigo, estudou-se o efeito do vinculo de casal na marcagdo odorifera e nas
funcbes que lhes estdo associadas. Um conjunto de evidéncias aponta para que nesta
espécie os individuos de sexo oposto formem pares monogdmicos estabelecendo
vinculo de casal entre si. O suposto estabelecimento desta afinidade afetard
potencialmente a funcdo associada a marcacdo odorifera, podendo ocorrer a supressao
da marcagdo com a funcdo de aumentar a probabilidade de acasalar. Para perceber os
efeitos da coabitacdo em pares macho/fémea na marcacdo odorifera comparou-se a
marcagdo de substratos limpos por animais ndo emparelhados com a marcacdo dos
mesmos individuos emparelhados com um conspecifico do sexo oposto. Analisou-se
também a marcacdo odorifera de animais emparelhados sobre substratos previamente
marcados por conspecificos, de forma a perceber qual a funcdo subjacente ao uso das
marcas odoriferas nestas condi¢des. O vinculo de casal ndo alterou a marcacgdo odorifera
de substratos limpos em ambos os sexos. No entanto o vinculo de casal parece ter
suprimido a marcacao odorifera cuja fungdo parece ser a de aumentar a probabilidade de

acasalamento.

No terceiro artigo, avaliou-se a presenca de feromonas de alarme nas marcas odoriferas
do rato de Cabrera, e 0s seus efeitos na atividade de conspecificos. Sabe-se que varias
espécies animais, quando sujeitas a situacfes de stress, libertam feromonas de alarme
para 0 meio circundante, que ao serem detetadas por conspecificos avisam para
presenca de um perigo iminente. Observacdes efetuadas durante sessdes de captura de
rato de Cabrera sugeriram a possibilidade da existéncia destas substancias de alarme nas
suas marcas odoriferas. Realizaram-se trés testes para comprovar a libertacdo destas
substancias, nas marcas odoriferas, durante um evento de predacéo, a fim de perceber os

seus efeitos na atividade dos conspecificos. Inicialmente comparou-se a tipologia e
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quantidade das marcas colocadas no substrato durante a simulagédo de um evento de
predacdo, com as marcas colocadas numa situagao de auséncia de stress. Noutro ensaio,
testou-se a preferéncia de animais de ambos 0s sexos por substratos com marcas
produzidas durante a simulagéo de predacgéo vs. substratos com marcas produzidas numa
situacdo de auséncia de stress. Por fim, analisaram-se os efeitos das marcas produzidas
nestas duas condicGes na atividade de conspecificos em meio natural, mediante o uso de
radiotelemetria. Os resultados sugerem que a urina do rato de Cabrera produzida
durante uma tentativa de predacdo contém informacdo de aviso capaz de ser detetada
por conspecificos alterando o seu comportamento, o que configura a existéncia de uma
feromona de alarme. Em habitat natural, esta substancia reduz a atividade desses
mesmos conspecificos na proximidade das respetivas marcas. A libertacdo de tais
substancias em situacGes de predacéo é de elevada importancia, principalmente porque
permite avaliar o risco de predacdo num determinado local, levando a reducdo da
atividade em locais cujo risco € mais elevado, o que reduzird inerentemente a

probabilidade de ser capturado.

Os resultados do conjunto dos estudos realizados permitem tracar diversas conclusoes
acerca da importancia das marcas odoriferas para o rato de Cabrera: i) no rato de
Cabrera, ao contrario de outro microtideos as marcas de urina sdo as Unicas que
parecem estar envolvidas nas funcbes detetadas; ii) as marcas odoriferas tém um papel
preponderante na regulacédo da atividade entre conspecificos, mesmo em meio natural,
onde os individuos estdo sujeitos a uma multiplicidade de estimulos de diferentes
origens; iii) as funcdes associadas as marcas odoriferas estudadas ndo estdo dependentes
do sexo do animal que produz a marca; iv) as marcas odoriferas parecem ter uma

contribuicdo significativa para o fitness reprodutivo, pois tanto a marcacdo para
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aumentar a probabilidade de encontrar um parceiro para acasalar como a marcagéo de
alarme permitem ao rato de Cabrera assegurar descendéncia, incrementando a0 mesmo
tempo a sobrevivéncia da mesma; v) ao contrario de muitas espécies de roedores,
inclusive de algumas congéneres suas, o rato de Cabrera ndo usa a marcacgao odorifera
como estratégia de defesa do territério ou como forma de avisar da sua passagem aos
restantes conspecificos. vi) as diferencgas interespecificas relativamente as funcdes das
marcas odoriferas estdo fortemente associadas a relagdo custo/beneficio que propiciam,
sendo a estrutura populacional uma condicionante relevante; vi) parece existir uma
elevada plasticidade intraespecifica do comportamento de marcacdo odorifera nesta
espécie, sendo que os animais modulam o seu comportamento de marcacdo de forma a

reduzir os custos inerentes.
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TERMINOLOGIA

Por uma questdo de clareza e consisténcia, inclui-se uma pequena sec¢do dedicada ao

esclarecimento de alguns termos especificos que podem originar ambiguidades. Em

funcdo de muitos termos derivarem de terminologia em lingua inglesa, a forma desta

seccdo assemelha-se a de um glossario bilingue, onde se pode encontrar o termo em

lingua portuguesa, e em lingua inglesa, seguidos de uma definicdo genérica dos

mesmaos. Para alguns termos achou-se conveniente fornecer informacéo adicional, sendo

esta colocada apos a definicao do termo.

»

»

»

»

Alelomonas  Allelomones  Substéncias que transmitem informacdo entre organismos de
diferentes espécies. Estas podem ser classificadas em trés categorias conforme quem beneficiam:
alomonas, cujos Unicos beneficiados sdo os emissores do sinal (e.g. secrecfes toxicas usadas
para defesa); kairomonas, que sdo apenas vantajosas para 0s recetores do sinal; sinomonas, em

que ambos os intervenientes na comunicacdo sdo beneficiados (Sbarbati and Osculati 2006).

Contramarcagdo Counter-marking Colocacdo de marcas odoriferas proximas, sobrepostas
ou ndo, a marcas previamente colocadas por um segundo individuo (Thomas and Kaczmarek

2002; Thomas and Wolff 2002; Wolff et al. 2002; Johnston 2003).

Feromonas Pheromones Semioquimicos utilizados na comunicagéo entre conspecificos.

Lipocalinas Lipocalins E uma familia de proteinas globulares que se ligam a outras

moléculas de tamanhos e estruturas distintos, tal como feromonas volateis, &cidos gordos,

lipidos, esteroides, retinol e bilinas, funcionando como suas transportadoras.
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» Marcacdo odorifera Scent-marking Termo genérico para designar a colocagdo de

semioquimicos sobre o substrato, ou estrutura nele existentes, com o intuido da comunicacao .

»  Proteinas urinarias principais  Major urinary proteins (MUP)  Subfamilia de lipocalinas,

encontradas em abundancia na urina e em diversas secre¢@es animais.

»  Semioquimicos  Semiochemicals  Termo genérico para designar uma substancia ou uma
mistura de substancias que é excretada, por um organismo, para 0 meio circundante evocando

uma resposta comportamental ou fisiol6gica noutro organismo.

» Sistema vomeronasal ~ Vomeronasal system  Sistema sensorial responsavel pela detecéo e
reconhecimento de alguns semioquimicos, principalmente feromonas (Baxi et al. 2006; He et al.
2008; Rodriguez and Boehm 2009; Wysocki and Lepri 1991; Keverne 1999; Johnston 2003).
Uma grande parte das feromonas conhecidas em vertebrados terrestres sdo detetadas por este
sistema, levando alguns investigadores a considerar, erroneamente, que o sistema vomeronasal é
especializado na detecdo de feromonas, e 0 Unico capaz de o fazer (Baxi et al. 2006). O seu
6rgdo principal € o 6rgdo vomeronasal, sendo este uma estrutura alongada que se encontra ligada
a cavidade nasal ou oral (consoante as espécies), por um canal, de forma a receber os estimulos

quimicos (Liman 1996).

» Sobremarcagdo Over-marking Designa apenas a sobreposicéo parcial ou total das marcas

odoriferas de um animal pelas marcas de um outro (Ferkin and Pierce 2007; Johnston 2003).

»  Vinculo de casal Pair bonding Vinculo ou forte afinidade que se estabelece entre os

conspecificos de sexo oposto que constituem um casal. Este tipo de ligacdo apenas parece

estabelecer-se em espécies monogamicas (Aragona and Wang 2004; Reichard and Boesch 2003).
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CAPITULO 1

INTRODUCAO GERAL
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CAPITULO 1. INTRODUCAO GERAL

1.1. MARCAGCAO ODORIFERA

A comunicacdo entre animais, nas suas diversas formas, é de extrema importancia pois
permite mediar as suas intera¢fes. Todos os animais precisam de informacéo acerca uns
dos outros, como por exemplo o sexo, condicdo reprodutiva, a relacdo de parentesco, o
estatuto social, identidade, e quais as suas “intencbes”, de forma a reagir em
conformidade para seu beneficio. Toda a comunicacdo implica a passagem de
informacdo de um emissor para um recetor por via de um sinal, podendo esta ser
estabelecida através de pelo menos um dos diversos canais sensoriais. Os principais
canais sensoriais usados para comunicacao sdo 0 quimico, o acustico, o visual e o tactil
(Alcock 1989; Landete-Castillejos 1997; Espmark et al. 2000), sendo que a utilizagédo
de alguns destes canais em detrimento de outros estd associado principalmente ao
habitat da espécie e ao tipo de informacdo a ser enviada (Feldhamer 2007; Landete-

Castillejos 1997).

Na comunicacdo quimica entre animais, a veiculacdo desta informacéo faz-se por via de
substancias quimicas, 0s semioquimicos, que comumente sdo excretados para 0 meio
circundante veiculando um sinal que ao ser detetado evoca uma resposta
comportamental ou fisiologica especifica (Mason et al. 2005). Os semioquimicos
recebem diferentes designacdes consoante sdo usados na comunicacao intraespecifica

ou interespecifica. Estes designam-se feromonas quando usados para a comunicagdo
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entre conspecificos, e alelomonas quando usados na comunicacao entre heterospecificos
(Sbarbati and Osculati 2006; Brennan and Zufall 2006; Burger 2005; Dehnhard 2011;

Tirindelli et al. 2009).

As feromonas sdo de longe os semioguimicos mais estudados e parecem ser 0S mais
abundantes na natureza. A grande maioria destas substancias existe nos fluidos
corporais como urina e suor, nas fezes, e na secrecdo de diferentes glandulas exdcrinas
(Wyatt 2003; Tirindelli et al. 2009). A sua detecdo e reconhecimento estd normalmente
a cargo dos sistemas olfativos. Nos mamiferos, o sistema olfativo principal e o sistema
vomeronasal sao ambos responsaveis pela detecdo de tais substancias (Tirindelli et al.
2009; Baxi et al. 2006). Ambos se encontram localizados na cavidade nasal, e enquanto
o0 sistema olfativo principal parece apenas ser capaz de detetar substancias volateis, o
sistema vomeronasal é capaz de detetar igualmente substancias volateis e ndo volateis
(Liman 1996; Meredith 1998; Tirindelli et al. 2009; Baxi et al. 2006; Sam et al. 2001).
Em funcdo da natureza ndo volatil de determinados semiogquimicos, a sua detecdo pelo
sistema vomeronasal estd dependente da existéncia de algum de contacto fisico com o
estimulo quimico para que este possa aceder ao epitélio sensorial, como por exemplo,
mediante o auxilio da lingua (Liman 1996; Tirindelli et al. 2009; Verberne 1976;
Meredith 1998). Ainda no sistema vomeronasal a detecdo de semioquimicos volateis
parece depender da existéncia de uma ligacdo entres estas pequenas moléculas e
determinadas proteinas (e.g. afrodisina, proteina urinaria principal) que atuam como

transportadoras através do 6rgdo vomeronasal até ao epitélio (Stopkova et al. 2009).

As feromonas, tal como os restantes semioquimicos, podem ser libertadas diretamente

para o ar ou depositadas sobre o substrato e/ou sobre outras estruturas existentes no
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meio circundante (Johnson 1973). Esta ultima forma de comunicacéo quimica designa-
se genericamente de “Marcacdo Odorifera”, sendo a forma de comunicacdo quimica
mais ubiqua entre os mamiferos. A marcacdo odorifera envolve em grande parte dos
casos a deposicdo de produtos de excregdo, como urina e fezes (Ferkin and Johnston
1995; Eisenberg and Kleiman 1972; Arakawa et al. 2008; Brown and McDonald 1985).
Os produtos de excrecdo contém informacdo acerca do estado fisioldgico de um
individuo (Johnston et al. 1993), e numa perspetiva evolutiva, 0s animais recetores
poderéo ter desenvolvido a sua capacidade de detetar e interpretar a informacéo contida
nesses sinais em seu beneficio (Brown 1995). Consequentemente os emissores terdo
otimizado a estratégia de disseminacdo desses sinais de forma a fazé-los chegar a
determinados conspecificos com o menor custo energético possivel. Pressupdem-se
entdo, que estes sinais quimicos poderdo ter evoluido como sinais honestos acerca do
estado de salude e condicdo fisiolégica do emissor do sinal, influenciando o
comportamento e fisiologia dos seus conspecificos (Gosling and Roberts 2001a; Penn
and Potts 1998; Penn et al. 1998). Como exemplo, sabe-se que as substancias odoriferas
da urina de machos de diversas espécies de roedores (Mus musculus, Microtus
pensilvanicus, Microtus orchoagaster) informam conspecificos acerca do seu estado de
salde e relativamente ao seu quadro infecioso, sendo que as fémeas se mostram menos
atraidas pelas marcas odoriferas de urina de machos infetados vs. machos nédo infetados
(Penn and Potts 1998; Penn et al. 1998; Zala et al. 2004; Kavaliers and Colwell 1995b,
a; Klein et al. 1999; Ehman and Scott 2001). Alguns aspetos na constituicdo e na
colocacdo de certos produtos de excrecdo poderdo ter evoluido para a comunicacao,
contudo a sua deposicdo numa qualquer circunstancia nao significa que esteja

inerentemente a ser usado com essa funcdo. Consequentemente, a expressao “marcacéo
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odorifera” designa apenas as marcas usadas na comunicagao entre individuos ou como

suporte a orientagdo do proprio animal que as coloca.

A marcacdo odorifera pode ainda concretizar-se mediante a colocacdo de secrecdes
provenientes de uma ou mais glandulas exdcrinas (e.g. secre¢cdes anogenitais, secre¢des
de diversas glandulas da pele) (Balakrishnan and Alexander 1976; Ferkin and Johnston
1995; Green 1987; Wolff et al. 2002; Thomas and Wolff 2002; Johnston 2003), que em
alguns casos parecem ter evoluido especificamente para a producdo de um determinado
semioquimico (Johnston 2003; Johnston 1979; French and Snowdon 1981; Thiessen
and Rice 1976; Eisenberg and Kleiman 1972). O uso de marcas odoriferas com
diferentes proveniéncias pela mesma espécie € comum entre os mamiferos terrestres
(Ferkin 2001; Johnston 2003). Os semioquimicos provenientes de origens distintas
podem veicular diferentes informagdes, que sejam igualmente importantes na
comunica¢do com o0s seus conspecificos (Roberts 2007). Por exemplo, os hdmsteres
(Mesocricetus auratus) usam para a comunicacdo semioquimicos provenientes de seis
diferentes origens, alguns dos quais veiculam diferentes tipos de informagéo (Johnston
2003). Da mesma forma, foi sugerido para os microtideos (Microtus spp.) que o0 nimero
de diferentes origens de semioquimicos usados na comunicacdo com conspecificos do
sexo oposto esta relacionado com a quantidade e complexidade das informacdes a serem

transmitidas (Ferkin 2001).

A marcacdo odorifera apresenta uma importante diferenca relativamente a outras
modalidades de comunicacdo quimica, de facto, ela permite que se estabeleca a
comunicacdo mesmo sem a presenca em simultineo de ambos os intervenientes no

mesmo espaco fisico, ou seja sem que estes se encontrem (Gosling 1982). Isto so é
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possivel devido a elevada resiliéncia das marcas odoriferas (Johnston and Lee 1976;
Fornasieri and Roeder 1992; Gosling and Roberts 2001a). As marcas odoriferas
parecem manter-se ativas 7 dias numa espécie de antilope, Oreotragus oreotragus
(Roberts 1998), 10 dias num mangusto, Helogale undulata rufula (Rasa 1973), 25 dias
em Microtus pensilvanicus (Ferkin et al. 1995), pelo menos 30 dias numa hiena, Hyena
brunnea (Gorman 1990), e 100 dias num hamster, Mesocricetus auratus (Johnston and
Schmidt 1979). Sabendo-se ainda que a urina de machos dominantes de Mus musculus
mantém o seu efeito sobre machos subordinados até 2 dias ap6s a sua deposicao (Jones
and Nowell 1977), e que uma feromona presente na urina de fémeas de Mus domesticus

mantém sua atividade durante 30 dias (Sipos et al. 1993; Sipos et al. 1995).

A natureza quimica das substancias existentes nas marcas odoriferas devera ser a
principal responsével pela sua enorme resiliéncia. A maioria das glandulas exocrinas
existentes na pele dos mamiferos, e que participam na marcacdo odorifera, tém uma
porcdo sebacea (Albone and Shirley 1984) que contribui para a secregdo,
principalmente, com moléculas lipidicas de grande massa molecular (Gorman et al.
1974). Outras secrecOes glandulares e produtos de excrecdo contém moléculas
proteicas, também de grande massa molecular, designadas genericamente como
lipocalinas (e.g. afrodisina, proteina urinaria principal) (Hurst et al. 1998; Stopkova et
al. 2009; Henzel et al. 1988; Singer and Macrides 1990; Beynon and Hurst 2004). A
inclusdo generalizada de moléculas de maior massa molecular nas marcas odoriferas,
relativamente a outras formas de comunicacdo quimica, resulta numa redugdo da
volatilidade e no inerente aumento da persisténcia das marcas (Gosling and Roberts
2001b; Bossert and Wilson 1963; Alberts 1992). Sabe-se ainda que algumas proteinas,

como as lipocalinas, ligam-se aos componentes volateis existentes nas marcas, podendo
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atuar como regulador da sua emissdo (Stopkova et al. 2009; Hurst et al. 1998; Brennan

and Keverne 2004).

1.2. MARCACAO ODORIFERA EM ROEDORES

Em muitas das espécies de roedores o sentido do olfato € a fonte de informacdo mais
relevante acerca do ambiente social e ndo social (Wyatt 2003), sendo a marcacao
odorifera abundantemente usada por roedores para comunicar, sobretudo com 0s seus
conspecificos (Johnston 2003; Roberts 2007). Nestes, tal como em outros mamiferos, a
informacdo veiculada na marcacdo odorifera estad intrinsecamente ligada a atividades
imprescindiveis a sobrevivéncia da espécie, tal como a competi¢ao por recursos, atracao
e escolha do parceiro sexual (Roberts 2007). Nas marcas odoriferas existe informacéao
variada acerca dos individuos que as depositaram, tal como género, sexo, identidade
individual, estado reprodutivo, estado de saude, estatuto, que 0s seus conspecificos
usam para regular o seu comportamento e interac@es futuras em proveito préprio ou de
ambos (Bowers and Alexander 1967; Brown and McDonald 1985; Zala et al. 2004;

Roberts 2007; Arakawa et al. 2008).

Conhecem-se inimeras fontes de semiogquimicos em roedores (Brown and McDonald
1985; Roberts 2007), no entanto, nem todas se sabe estarem envolvidas na marcacao
odorifera. A urina e as secre¢des anogenitais sdo as marcas mais comuns neste grupo
taxonémico, sendo que algumas espécies usam também fezes e secre¢des de diversas
glandulas exocrinas. Em Mus musculus spp., apesar da existéncia de diversas glandulas

na face, a urina é a principal fonte de marcas odoriferas (Hurst 2005). Ja em Rattus
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norvegicus ambas marcas de urina e fezes parecem desempenhar um papel na
comunicagdo entre conspecificos (Landete-Castillejos 1997). Em Acomys russatus, as
secrecOes orais sdo usadas para marcar os alimentos (Rozenfeld et al. 1994). Em dois
dos microtideos cujo comportamento de marcagdo odorifera foi mais exaustivamente
estudado (Microtus pensilvanicus, Microtus orchoagaster), alguns autores identificaram
0 uso de fezes, urina e secrecGes anogenitais (Ferkin et al. 2001), outros apenas
verificaram a marcagdo exclusiva com marcas de secre¢des anogenitais (Thomas and
Wolff 2002; Wolff et al. 2002). A natureza quimica das substancias usadas na marcagao
odorifera esta estreitamente relacionada com a funcdo a que se destina. Por exemplo,
sabe-se que as feromonas usadas na atracdo sexual sdo as mais volateis, de forma a
atrairem um animal do sexo oposto durante o periodo em que O emissor esta
sexualmente ativo (Alberts 1992). Pelo contrario, as marcas para defesa do territorio sao
as menos volateis de forma a permanecerem no ambiente durante um maior periodo de

tempo maximizando a probabilidade de serem detetadas (Alberts 1992).

A deposicdo das marcas odoriferas envolve uma grande variedade de estratégias e
comportamentos. Nos roedores, urinar, defecar e friccionar a zona anogenital sobre o
substrato parecem ser 0s comportamentos mais comuns de aplicacdo das marcas
odoriferas (Roberts 2007; Eisenberg and Kleiman 1972; Ferkin and Johnston 1995). Em
termos espaciais, a sua colocagdo ndo é feita ao acaso. Por exemplo, é comum algumas
especies deixarem o maior numero de marcas odoriferas junto dos limites do seu
territorio como forma de defesa do mesmo (Gorman 1990; Gosling and Roberts 2001c¢),
enquanto outras deixam as suas marcas ao longo dos trilhos como forma de orientagédo
espacial, especialmente na procura de alimento (Jamon 1994; Galef and Buckley 1996;

Lavenex and Schenk 1998). De facto, o tipo de marcas odoriferas, os locais onde sdo
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depositadas e os padrdes de marcacdo usados estdo associados a fungdo das marcas em
causa, de forma a maximizar a eficdcia das mesmas e a reduzir os custos inerentes ao
comportamento de marcacdo (Gosling and Roberts 2001a; Gorman 1990; Gosling and

Roberts 2001c; Alberts 1992).

1.2.1. FUNCOES SOCIAIS ASSOCIADAS AO COMPORTAMENTO DE

MARCAGCAO ODORIFERA

Inimeras fungdes tém sido atribuidas & marcacdo odorifera de roedores (Gosling 1982,
1990; Johnston 2003; Gosling and Roberts 2001c). De entre os exemplos encontra-se a
hip6tese destas marcas servirem para a orientacdao do préprio individuo no seu territério
(Jamon 1994; Galef and Buckley 1996; Lavenex and Schenk 1998), ou para a
monitorizacdo da utilizacdo dos recursos alimentares disponiveis (Rozenfeld et al.
1994). Outras funcdes estdo associadas a comunicacdo com heterospecificos (Dobly et
al. 2001; Rozenfeld et al. 1994). No entanto, a maioria dos estudos tem-se focado nas
funcdes da marcacgdo odorifera na comunicacédo entre conspecificos, sendo nestas que 0s
conhecimentos estdo mais consolidados. Grande parte da informagéo veiculada entre
roedores da mesma espécie, através das marcas odoriferas, estd diretamente ou
indiretamente relacionada com a mediacdo das relagOes individuais e, de uma forma
mais global, com a manutencéo dos seus sistemas sociais (Brennan and Kendrick 2006).
De entre as diversas hipoteses avancadas para as funcgdes sociais das marcas odoriferas,

destacam-se duas hipoteses classicas, sendo estas as mais comumente aceites entre as
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inimeras espécies de roedores estudadas: i) defesa do territorio, ii) aumento da
probabilidade de consumar o acasalamento. De notar que estas funcGes ndo sdo
mutuamente exclusivas, podendo estar associadas em simultaneo & marcacéo odorifera

da mesma espécie (Ferkin et al. 2004b; Ferkin et al. 2001).

Nos roedores, de uma forma geral, a atividade esta confinada a uma area especifica,
onde os animais podem encontrar grande parte dos recursos de que necessitam, e a qual
defendem contra intrusos (Ostfeld 1990; Ostfeld 1985; Ims 1987). Este comportamento
territorial visa principalmente proteger 0s recursos e/ou as suas crias, com as quais
coabitam (Ostfeld 1990; Ostfeld 1985; Ims 1987; Wolff and Peterson 1998; Wolff
1993). A marcacédo odorifera envolvida na defesa territorial informa acerca da ocupacéo
do territorio por um animal residente, e simultaneamente, demonstra a dominancia deste
sobre essa area (Ferkin 1999; Hurst and Beynon 2004; Gosling and Roberts 2001b). Os
animais marcam abundantemente o seu territério (Brown and McDonald 1985; Hurst
1990, 1987; Desjardins et al. 1973), ou pelo menos a sua periferia (Gorman 1990;
Gosling and Roberts 2001c; Rich and Hurst 1999), informando os intrusos acerca da sua
ocupacdo e da “propriedade” do mesmo (Humphries et al. 1999; Hurst 1990). De certa
forma esta marcag&o intensiva do territorio € uma forma de demonstrar a sua capacidade
competitiva, visto que apenas 0s animais em boas condicGes fisiologicas conseguem
garantir que as suas marcas odoriferas predominem relativamente a outras marcas em
todo o seu territdrio (Hurst and Beynon 2004). Este estatuto de dominancia sobre um
territorio esta dependente da capacidade de contramarcagdo ou sobremarcacdo imediata
das marcas odoriferas dos intrusos, de forma a garantir que a suas marcas sao também
as mais recentes (Hurst 1993; Humphries et al. 1999; Rich and Hurst 1999). Assim, o

uso da marcagdo odorifera para a defesa do territério implica que o animal residente
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esteja constantemente a patrulha-lo a procura de marcas frescas provenientes de intrusos
(Wilcox and Johnston 1995; Hurst and Rich 1999; Rich and Hurst 1999), o que envolve
elevados custos energéticos. Adicionalmente, a inerente marcagdo continua de areas
extensas (Brown and McDonald 1985; Hurst 1990; Humphries et al. 1999; Thomas and
Wolff 2002; Johnston et al. 1994) envolve custos adicionais, tanto energéticos como 0s
relacionados com aumento do risco de predagéo (Gosling et al. 2000; Mason et al. 2005;
Koivula and Korpimaki 2001). No entanto, a marcagdo odorifera para a defesa territorial
permite aos animais protegerem 0s seus recursos de forma menos onerosa quando
comparada com uso do confronto fisico. Tendo em conta que 0s animais que
demonstram elevada capacidade competitiva s&o menos desafiados por parte dos
intrusos (Smith and Parker 1976), a marcacdo odorifera permite evitar encontros
agonisticos (Hurst and Beynon 2004; Lai and Johnston 2002; Jones and Nowell 1989;
Hurst et al. 1994; Gosling 1982, 1990), os quais implicariam custos potencialmente
elevados para 0s animais em causa, tais como lesGes graves que comprometessem a

prépria sobrevivéncia.

Nos animais, uma grande parte da energia e do tempo € investida em estratégias para
encontrar um parceiro sexual para acasalar. A marcacdo odorifera desempenha um papel
de grande importdncia nestas estratégias ao veicular informacdo relevante entre
conspecificos de sexo oposto. Comumente, 0s animais direcionam o seu comportamento
de marcacdo odorifera para os conspecificos do sexo oposto, como forma a fazer chegar
até estes informacdo acerca de si proprios, nomeadamente acerca do Sseu interesse e
recetividade sexual (Ferkin et al. 2004a; Ferkin et al. 2004b; Ferkin et al. 2001; Ferkin
and Pierce 2007), com o objetivo Gltimo da sua atracdo e consumacédo da cépula. Em

diversas espécies, tanto machos como fémeas, contramarcam ou sobremarcam as
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marcas de conspecificos do sexo oposto como forma de anunciar a sua presenca e
recetividade sexual (Ferkin et al. 2004a), maximizando assim as suas hipéteses de
acasalamento. Adicionalmente, os machos ao colocarem marcas odoriferas junto das
marcas das fémeas aumentam a probabilidade de induzir o cio nas mesmas (Carter et al.
1987; Williams et al. 1992), garantindo a sua recetividade sexual enquanto estdo nas
imediacdes. No caso especifico da sobremarcacdo, esta pode ainda estar envolvida na
ocultacdo das marcas odoriferas dos potenciais parceiros sexuais, evitando que outros
individuos potencialmente interessados em acasalar tomem conhecimento da sua
ocorréncia no local e tentem o acasalamento (Ferkin et al. 2004b; Woodward et al.

2000).

Diversos autores sustentam que algumas espécies de roedores usam a marcagao
odorifera para informar indiferenciadamente todos os seus conspecificos da sua
presenca/passagem pelas zonas visitadas (Thomas and Kaczmarek 2002; Thomas and
Wolff 2002; Wolff et al. 2002). A marcacdo odorifera com esta funcdo implica a
marcacdo sequencial de todas as areas visitadas, sem que seja propositadamente
direcionada apenas para alguns conspecificos. O processo que confere beneficios
significativos aos animais que usam esta forma de marcacdo odorifera ndo esta
cabalmente esclarecido (Roberts 2007), contudo parece estar associado a conservagao
da informacdo individual contida nas marcas depositadas. De facto, os animais que
usam a marcacgédo odorifera para anunciar a sua presenca evitam marcar sobre as marcas
odoriferas previamente colocadas por conspecificos, maximizando o reconhecimento da
informacdo individual existente nas marcas deixadas (Thomas and Kaczmarek 2002;

Thomas and Wolff 2002). A marcagédo extensiva inerente ao anincio da sua presenca,
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acarreta enormes custos, nomeadamente custos energeticos na producdo dos

semioquimicos envolvidos.

De forma geral o tipo de resposta que 0s animais de cada sexo desenvolvem perante as
marcas de conspecificos permite inferir quais as fungdes associadas a marcagdo
odorifera (e.g. Johnston et al. 1993; Ferkin et al. 2001; Becker et al. 2012; Ferkin et al.
2004b). Por exemplo, quando um animal contramarca ou sobremarca as marcas
odoriferas de um conspecifico do sexo oposto, muito provavelmente estard a usar a
marcacdo odorifera para atracdo de um parceiro sexual (Ferkin et al. 2004b; Ferkin et al.
2001; Woodward et al. 2000). Em oposicéo, a colocacao das suas marcas sobre ou perto
das marcas de um conspecifico do mesmo sexo, estara usar a marcacdo odorifera para

defesa territorial (Ferkin et al. 2004b; Ferkin et al. 2001).

1.2.2. MARCACAO ODORIFERA E FEROMONAS DE ALARME

Em muitas espécies os individuos emitem sinais de alarme em resposta a uma situacao
stressante, especialmente a presenca de predadores (Caro 2005; Wyatt 2003; Hollén and
Radford 2009). Alguns destes sinais parecem ser dirigidos para os proprios predadores,
atuando diretamente como repelente ou atraindo outros predadores que ao interagirem
com o primeiro proporcionam uma oportunidade de fuga (Chivers et al. 1996; Mathis et
al. 1995; Smith 1992; Mathis and Smith 1993). Outros sinais de alarme parecem ser
direcionados para conspecificos com o objetivo de os avisar da existéncia de um perigo
eminente, induzindo respostas anti predatorias que reduzem a probabilidade de serem

capturados (Wyatt 2003; Caro 2005; Sherman 1985).
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Os semioquimicos usados como sinal de alarme dirigidos a conspecificos sao
designados de feromonas de alarme (Kikusui et al. 2001; Abel 1991; Abel and Bilitzke
1990; Cocke et al. 1993; Zalaquett and Thiessen 1991), e parecem estar relativamente
difundidos no reino animal (Rottman and Snowdon 1972; Wilson 1975; Chen et al.
2006; Ackerl et al. 2002; Mathis and Smith 1993; Lawrence and Smith 1989; Brown et
al. 2004; Moser et al. 1968; Blum 1969; Hews 1988; Hrbacek 1950; Halpern 1992). Em
mamiferos, as feromonas de alarme foram encontradas em diversas espécies, como por
exemplo, porcos domeésticos (Vieuille-Thomas and Signoret 1992), gado bovino (Boissy
et al. 1998), ratazanas (Abel 1991; Abel 1993; Abel and Bilitzke 1990; Hauser et al.
2008; Valenta and Rigby 1968; Kikusui et al. 2001; Mackaysim and Laing 1981) e ratos
(Zalaquett and Thiessen 1991). Em algumas destas espécies, as feromonas de alarme,
sdo libertadas sob a forma de marcas odoriferas, mais particularmente na urina
(Vieuille-Thomas and Signoret 1992; Boissy et al. 1998; Mackaysim and Laing 1981;

Gutierrez-Garcia et al. 2007; Kiyokawa et al. 2004).

As feromonas de alarme sdo libertadas na area onde ocorreu um evento stressante para o
animal, e ao serem detetadas por conspecificos induzem, geralmente, diversas respostas
comportamentais que visam por exemplo a reducgéo do risco de predacdo. Em roedores,
as feromonas de alarme levam os conspecificos a evitar as reas marcadas (Mackay-Sim
and Laing 1980; Rottman and Snowdon 1972; Carr et al. 1970; Zalaquett and Thiessen
1991), induzem a imobilidade (Kikusui et al. 2001; Hauser et al. 2005), e promovem a
dissimulacdo e comportamentos de avaliacdo de risco predatorio (Kiyokawa et al.

2006).
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Na utilizacdo de feromonas de alarme, os beneficios para os emissores do sinal ndo séo
de todo evidentes. De facto estes podem manifestar-se de diversas formas, por exemplo,
sob a forma de fitness reprodutivo associado a aumento da probabilidade de
sobrevivéncia da descendéncia (Frankham et al. 2010), ou de fitness inclusivo associado
a sobrevivéncia de outros individuos aparentados (Mathis et al. 1995; Sherman 1977;
Wu et al. 2010). Adicionalmente, ao salvar a vida de conspecificos que ocorrem nas
imediacdes, um animal pode estar a salvar a vida de um potencial parceiro sexual
(Witkin and Fitkin 1979), de individuos que retribuirdo no futuro (Ashton et al. 1998;
Trivers 1971), ou de membros do seu grupo social em situacdes onde a vida em grupo é

benéfica (Smith 1986).

A emissdo de sinais de alarme é frequentemente associada & predagdo (Caro 2005),
contudo os estudos realizados até a data em feromonas de alarme de mamiferos néo
permitem atestar tal associa¢do. Existem duas limitagcGes principais na utilizacdo dos
resultados destes estudos para inferir a utilizacdo destas substancias em mamiferos
silvestres como resposta a eventos de predacdo. O primeiro é o facto da maioria destes
estudos terem sido desenvolvidos em espécies domesticadas ou desenvolvidas para o
trabalho laboratorial, tal como ratos Wistar (Kiyokawa et al. 2004; Kiyokawa et al.
2006; Gutierrez-Garcia et al. 2007; Hauser et al. 2008; Kikusui et al. 2001), ratos
Sprague-Dawley (Abel 1993), ratos BALB/cJ (Zalaquett and Thiessen 1991), gado
Aubrac (Boissy et al. 1998) e porcos domesticos (Vieuille-Thomas and Signoret 1992).
Todos os processos artificias de selecdo, nos quais se inclui a domesticacao, implicam
alteracdes fisiologicas e comportamentais relativamente as espécies originais, sendo
portanto pouco seguro inferir caracteristicas comportamentais de espécies silvestres

com base em informac&o obtida a partir destas espéecies (Price 1999; Smith et al. 1994).
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Segundo, os estimulos usados na maioria dos estudos para induzir o stress prossecutor
da libertacdo das feromonas de alarme, sdo estimulos artificiais que ndo coincidem com
estimulos associados a eventos predatdrios que ocorrem na natureza (Gutierrez-Garcia
et al. 2007; Mackay-Sim and Laing 1980; Kikusui et al. 2001; Abel 1993; Hauser et al.
2008). Esta situacdo leva a que se questione a capacidade dos eventos predatorios para
induzir a libertagdo de feromonas de alarme, bem como a forma como tais substancias

influenciam os conspecificos.

1.3. CUSTOS DA MARCAGCAO ODORIFERA

De forma geral, a marcacdo odorifera € uma atividade bastante dispendiosa para 0s
animais que colocam as marcas. Os custos mais Obvios da marcacdo odorifera sdo os
custos energéticos envolvidos na producdo dos semioquimicos que constituem as
marcas. A producdo das secrecdes glandulares ou outras substancias que compdem as
marcas odoriferas pode acarretar um grande investimento energético (Roberts 2007).
Por exemplo, as proteinas urinarias principais, comumente libertadas na urina de alguns
roedores e cuja Unica funcdo aparente é a comunicacdo (Nevison et al. 2003), sdo
sintetizadas em grandes quantidades no figado, com custos energéticos
substancialmente elevados (Beynon et al. 2001). Obviamente, o custo energético da
producéo de semioquimicos € tanto maior quanto maior for a taxa de marcacao levada a
cabo por um animal. Além dos custos com a sintetizacdo dos semioguimicos também o
comportamento de colocacdo das marcas envolve custos energéticos, podendo ser mais

ou menos significativos em funcdo do comportamento de marcacdo. Por exemplo, nos
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casos em que as marcas sdo colocadas numa grande extensdo, e séo recorrentemente
“refrescadas”, os gastos energéticos associados ao comportamento de marcagdo
odorifera deverdo ser particularmente relevantes (Gosling et al. 2000). O dispéndio
energeético associado & marcagdo odorifera tem implicacBes para a condicdo fisioldgica
dos animais, sabendo-se por exemplo que em Mus musculus uma taxa de marcagéo
odorifera mais elevada reduz a taxa de crescimento e a massa corporal (Gosling et al.
2000). Também o tempo despendido para a colocagdo das marcas pode implicar custos
adicionais (Gosling 1986), isto porque inerentemente reduz o tempo disponivel para

outras atividades vitais como a aquisigéo de alimento e a reproducéo.

Adicionalmente aos custos energéticos envolvidos na marcacao, existem outros custos,
igualmente elevados, que torna a marcacdo odorifera uma atividade bastante onerosa.
Por exemplo, a intercecdo do sinal contido nas marcas odoriferas, por individuos que
ndo os recetores a que se destinam, envolve muitas vezes custos significativos para os
emissores do sinal (Roberts 2007). As fémeas de Mus domesticus parecem usar a
informacdo existente nas marcas odoriferas dos machos residentes para evitar o
contacto, e provavelmente acasalamento, com machos de qualidade inferior (Rich and
Hurst 1999). Também os machos intrusos usam esta informacéo para aceder a qualidade
dos residentes, de forma a desafiar preferencialmente machos residentes de qualidade
inferior (Rich and Hurst 1999). Para além dos conspecificos, também o0s
heterospecificos podem intercetar a informagdo contida nas marcas odoriferas. As
marcas odoriferas de roedores (e.g. Microtus, Clethrionomys e Mus) séo detetadas por
alguns dos seus predadores (Viitala et al. 1995; Koivula and Viitala 1999; Probst et al.
2002; Hughes et al. 2010; Ylonen et al. 2003), levando-os a focar o esforco de caca nas

imediacbes das mesmas (Hughes et al. 2010; Koivula and Korpimaki 2001), o que
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inerentemente aumenta significativamente o risco de predagdo para o emissor das

marcas.

Os custos envolvidos na marcacdo odorifera estdo claramente associados aos padrfes de
marcagéo e aos comportamentos envolvidos numa determinada fungéo. Por exemplo, a
utilizacdo das marcas odorifera em funcBes, como a defesa territorial ou o anuncio
indiferenciado da presenca, que envolvem a marcacdo continuada de areas extensas,
muitas vezes de forma intensiva, incorre custos muito superiores (energéticos e risco
predatorio) aos de uma funcdo que apenas envolva a marcacdo seletiva de areas

especificas como a levada a cabo para aumentar a probabilidade de acasalar.

1.4. PLASTICIDADE INTRAESPECIFICA DO COMPORTAMENTO DE

MARCAGCAO ODORIFERA

A marcacdo odorifera, com uma qualquer funcdo, apenas ocorre enquanto confere aos
emissores do sinal beneficios mais elevados que os custos globais envolvidos (Roberts
and Gosling 2001; Gosling and Roberts 2001b; Roberts et al. 2001; Roberts 2012). Caso
contrario a selecdo atua contra a utilizacdo das marcas odoriferas com essa funcdo. No
entanto, em situacdes especificas a selecdo natural pode beneficiar a plasticidade do
comportamento de marcacdo, levando a modulagdo da marcacdo odorifera entre
diferentes condic¢des dentro da mesma espécie (De Jong 2005; Padilla and Adolph 1996;
Tienderen 1997; Moran 1992; Van Buskirk and Relyea 1998). A modulacdo do

comportamento de marcagdo entre diferentes contextos permite reduzir 0os custos
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quando a marcacdo odorifera ndo confere beneficios tdo elevados (Whitman and

Ananthakrishnan 2009; Ghalambor et al. 2007).

Nos mamiferos, existem diversos estudos que sugerem a plasticidade intraespecifica do
comportamento de marcacdo odorifera. Por exemplo, as hienas (Crocuta crocuta)
marcam a fronteira do territério quando vivem em grupos que defendem territorios
pequenos e ricos em alimento, pelo contrario quando vivem em grupos que defendem
grandes territorios relativamente pobres em alimento, marcam apenas as areas do
territorio onde este existe em maior concentracdo (Gorman 1990). Outro exemplo de
plasticidade do comportamento de marcacdo odorifera em mamiferos é o facto de
machos dominantes de Mus musculus reduzirem significativamente a sua marcagao

territorial face ao aumento do risco de predacgéo (Roberts et al. 2001).

Apenas um numero bastante reduzido de estudos se focou na plasticidade
intraespecifica do comportamento de marcacdo odorifera, relativamente a sua funcéo,
em diferentes contextos sociais (Becker et al. 2012; Le Roux et al. 2008). Por exemplo,
numa espécie de mangusto africano (Cynictis penicillata) a densidade populacional
influencia a intensidade de marcacéo territorial levada a cabo por machos subordinados,
sendo esta bastante intensa em populacdes com densidades relativamente elevadas, e
quase ausente em populagdes com baixas densidades (Le Roux et al. 2008). Outro
estudo, mostrou que numa espécie estritamente monogamica de roedor (Peromyscus
californicus), que o estabelecimento de um vinculo entre os membros do casal
influencia a marcacao odorifera do macho, que reduz a marcacdo odorifera direcionada
a fémeas desconhecidas, sugerindo a supressdo da marcacdo odorifera para fins de

obtencdo de um parceiro sexual (Becker et al. 2012).
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1.5. O RATO DE CABRERA COMO ESPECIE FOCAL

1.5.1. SINTESE DA BIO-ECOLOGIA

O rato de Cabrera é um microtideo raro e endémico da Peninsula Ibérica (Mira et al.
2008). E considerado especialista em termos de habitat, ocorrendo associado a zonas
hamidas, com cobertura herbacea perene e alta (Fernandez-Salvador 1998; Landete-
Castillejos et al. 2000; Pita et al. 2007; Pita et al. 2006; Santos et al. 2005; Santos et al.
2006), habitat relativamente raro e marginal que ocorre frequentemente em pequenas
parcelas isoladas e extremamente dispersas (Pita et al. 2006). As suas populagdes sdo
espacialmente estruturadas (i.e. metapopulagdes), caracterizando-se pelas densidades
extremamente baixas, e por se apresentarem bastante fragmentadas (Mira et al. 2008;
Pita et al. 2007; Pita et al. 2006; Palomo and Gisbert 2002). Na literatura, as densidades
para as populacdes do rato de Cabrera variam entre 115 ind/ha (Fernandez-Salvador et
al. 2005) e 250 ind/ha (Landete-Castillejos et al. 2000), no entanto estes valores estaréo
sobrestimados visto que a metodologia usada para as estimativas ndo teve em conta a
distribuicdo fragmentada desta espécie. Usando modelos espacialmente explicitos de
captura-recaptura adequados a estimacdo de densidades em populacBes espacialmente
fragmentadas, as estimativas preliminares para a densidade das populagdes do rato de

Cabrera no Sul de Portugal sdo de cerca 8 ind/ha (Ricardo Pita dados néo publicados).

Esta espécie € considerada uma espécie com estratégia reprodutiva tipo K (Fernandez-
Salvador et al. 2001; Ventura et al. 1998; Fernandez-Salvador 1998), na qual os

individuos se apresentam organizados em casais monogamicos, com um periodo
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relativamente alto de coresidéncia (aprox. 10 meses), durante o qual os machos
partilham o ninho com as fémeas e crias, colaborando nos cuidados parentais
(Fernandez-Salvador et al. 2001; Fernandez-Salvador 1998; Fernandez-Salvador et al.
2005). Esta evidéncia, associada ao reduzido dimorfismo sexual nas dimensoes
corporais (Ventura et al. 1998), as relativamente pequenas dimensdes dos testiculos nos
machos adultos (Ventura et al. 1998), a reduzida variacao intersexual da dimensdo das
areas de atividade (Pita et al. 2010), e a sua enorme sobreposicdo entre animais de
ambos os sexos (Pita et al. 2010), sugere que o rato de Cabrera estabelece o vinculo de

casal entre individuos de ambos 0s sexos.

1.5.2. MARCACAO ODORIFERA EM RATO DE CABRERA

A caracteristica mais peculiar das populaces do rato de Cabrera é, como se referiu
atrés, o facto de serem extremamente fragmentadas e, aparentemente, com densidades
populacionais bastante reduzidas (Mira et al. 2008; Pita et al. 2007; Pita et al. 2006,
2010; Pita et al. 2011). Nestas condicGes, onde a probabilidade de encontro entre
conspecificos é relativamente baixa, a marcacdo odorifera poderd ter um valor
acrescentado na veiculacdo da informacdo entre conspecificos. De facto, a elevada
resiliéncia das marcas odoriferas permite aos animais difundirem informagdo numa
determinada &area por um longo periodo de tempo, proporcionando uma maior
probabilidade de rececdo da mensagem pelos conspecificos, relativamente a outras
formas de comunicacdo. Adicionalmente, sendo o rato de Cabrera uma espécie com

constrangimentos distintos das espécies generalistas, nas quais a marcacao odorifera foi
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mais extensivamente estudada, é de supor que marcacao odorifera possa servir funcbes
igualmente distintas. Todavia, ndo existem estudos acerca da marcagao odorifera no rato
de Cabrera, desconhecendo-se igualmente estudos acerca da marcagdo odorifera em
espécies de roedores que partilhem caracteristicas populacionais similares. Pode entdo
considerar-se que a informacdo acerca da marcacdo odorifera de espécies de roedores
em condigdes de extrema fragmentagdo, associada a densidades populacionais baixas é

virtualmente inexistente.

Em espécies generalistas, onde a competigdo intrasexual é mais intensa como resultado
dos individuos ocuparem territorios contiguos e/ou possuirem areas de atividade
relativamente grandes, o uso da marcacdo odorifera com fungGes como a defesa do
territorio e o anuncio indiferenciado de presenca, parece conferir beneficios evidentes
(Ferkin et al. 2004b; Thomas and Wolff 2002; Wolff et al. 2002; Hurst and Beynon
2004; Getz et al. 2005; Madison and Mcshea 1987; Getz and Carter 1996). Nestas
condicBes, a probabilidade dos conspecificos se encontrarem € relativamente alta
proporcionando um meio social mais complexo, onde a marcacdo odorifera podera
desempenhar um papel fundamental como mediador social (Hurst and Beynon 2004;
Gosling 1982, 1990). No entanto, como ja se referiu anteriormente, 0s custos associados
aos padrdes de marcacdo odorifera inerentes a estas duas func¢des, sdo bastante elevados.
Em espécies cujas populacBes se apresentem extremamente fragmentadas e com baixas
densidades, onde a frequéncia de encontro entre conspecificos e a competicdo
intrasexual sdo relativamente reduzidas, os beneficios proporcionados por estas funcoes
poderdo ser insuficientes para justificar os custos. Por outro lado, um dos maiores
constrangimentos enfrentados pelos individuos neste tipo de populagtes é a dificuldade

em encontrar parceiro sexual (Courchamp et al. 2009; Courchamp et al. 1999; Stephens
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and Sutherland 1999). A marcacgdo odorifera para aumentar a probabilidade de acasalar
poderd conferir beneficios significativos nesta situacdo. Em funcdo do exposto, €
possivel que o rato de Cabrera use a marcagdo odorifera para anunciar a sua presenca ao

sexo oposto e assim aumentar a probabilidade de acasalamento.

Em espécies monogamicas, 0 uso da marcagdo odorifera para aumentar a probabilidade
de acasalamento é vantajoso apenas para 0s animais que estejam a procura de parceiro
sexual. Contudo, em algumas destas espécies, entre as quais parece estar o rato de
Cabrera, 0s animais de sexo oposto formam um par estavel, estabelecendo entre si um
vinculo de casal, onde raramente ocorre 0 acasalamento fora do par (Aragona and Wang
2004). Nestas condicGes especificas, dado os custos elevados da marcacdo odorifera
(energéticos e risco de predacdo; (Gosling et al. 2000; Mason et al. 2005; Koivula and
Korpimaki 2001) é possivel que os animais que estabelecam o vinculo de casal

suprimam esta forma de marcacao odorifera para reduzir os custos envolvidos.

No rato de Cabrera, espécie que aparentemente ocorre em pequenos grupos familiares,
compostos provavelmente por um casal de progenitores e suas crias, que ocupam
pequenas parcelas de habitat extremamente dispersas sobre uma matriz indspita, a
pressdo predatdria prevé-se bastante elevada (Pita et al. 2007; Pita et al. 2006). Nestas
condicOes, a libertacdo de feromonas de alarme, direcionadas aos conspecificos, durante
um evento predatdrio conferiria beneficios bastante significativos. De facto, existem
zonas onde as caracteristicas do habitat, como a densidade e altura da cobertura vegetal,
a proximidade a areas de atividade de predadores, favorecem o sucesso de caga dos
predadores, propiciando um elevado risco de predacdo (Andersson et al. 2009; Carlson

1985; Malan and Crowe 1997; Widén 1994). A colocacdo de marcas odoriferas com
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feromonas de alarme numa zona onde ocorrera um evento predatério, logo com risco
predatério potencialmente elevado, levaria os seus conspecificos a evitar estas areas ou
nelas desenvolverem respostas anti-predatorias que reduziriam a probabilidade de
captura. Algumas observacdes realizadas durante inimeras sessdes de armadilhagem do
rato de Cabrera, como por exemplo, o evitar das armadilhas onde outro animal havia
sido capturado anteriormente, sugeriram a possibilidade da existéncia de feromonas de

alarme nas marcas odoriferas desta espécie.

1.6. OBJETIVOS E ORGANIZACAO DA TESE

Esta tese centra-se no estudo do comportamento de marcacdo odorifera do rato de
Cabrera e das suas funcbes. De facto, o desconhecimento generalizado acerca da
existéncia de marcacdo odorifera nesta espécie, das suas caracteristicas e das suas
fungdes foi 0 que inicialmente incentivou a realizagdo desta tese. Adicionalmente, as
peculiaridades inerentes a ecologia do rato de Cabrera, nomeadamente a sua distribuicédo
altamente fragmentada e as baixas densidades populacionais, potenciam as suspeitas da
existéncia de diferencas no comportamento de marcacdo odorifera relativamente a
especies evolutivamente proximas. Sendo a marcacao odorifera uma atividade bastante
dispendiosa, alguns dos padrées de marcacdo odorifera associados a generalidade das
especies de roedores poderdo, nesta espécie e nestas condigdes, ndo assegurar beneficios

suficientes para justificar a sua selegdo pelas dinamicas evolutivas. Por outro lado, a
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marcacdo odorifera associada a outras fungdes, ainda pouco exploradas em animais

silvestres, podem conferir enormes vantagens.

Esta tese pretende responder as seguintes questdes especificas:

1)

2)

3)

4)

5)

6)

Hé& evidéncias de marcacao odorifera com funcdes sociais no rato de

Cabrera?

Quais as caracteristicas da marcacdo odorifera do rato de Cabrera?
Existe dimorfismo sexual relativamente ao seu comportamento de

marcacgao?

Quais as principais funcdes sociais da marcacdo odorifera do rato de

Cabrera?

Quais os efeitos do vinculo de casal na marcacdo odorifera do rato de

Cabrera?

O rato de Cabrera liberta feromonas de alarme nas suas marcas

odoriferas quando sujeito a estimulos predatérios?

Quais os efeitos destas substancias de alarme na atividade de

conspecificos no seu habitat natural?
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Para além da introducdo, onde é feita uma revisdo acerca dos assuntos principais e
objetivos subjacentes a esta pesquisa, a presente dissertagdo compreende 3 capitulos de
resultados, sendo que cada um consiste num artigo cientifico aceite ou submetido para
publicagdo numa revista internacional com revisdo por pares. No primeiro, o capitulo 2,
estudou-se a ocorréncia de marcacgdo odorifera no rato de Cabrera e testaram-se quais as
suas fungdes sociais, dando resposta as questfes 1, 2 e 3. No capitulo 3 abordou-se a
plasticidade intraespecifica do comportamento de marcagdo odorifera associada ao
vinculo de casal (questdo 4). No capitulo 4, avaliou-se a possivel libertacdo de
feromonas de alarme na marcacao odorifera desta espécie quando sujeita a tentativas de
predacdo, e os seus efeitos em conspecificos (questdes 5 e 6). Por fim, no capitulo 5

apresenta-se um resumo dos principais resultados e conclusdes desta pesquisa.
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Abstract

Rodent scent-marking is often used for territorial defence and self-advertisement, and
both functions often entail the continuous scent-marking of a large area with high costs.
In species with highly-fragmented populations and low density where the likelihood of
social encounters is low, the costs of continuous scent-marking might overcome the

associated fitness benefits; therefore, less intensive scent-marking only to signal
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presence to the opposite sex may be used. This hypothesis was tested in captivity with
the Cabrera vole, a species with highly-fragmented and low density populations. Firstly,
to assess the unknown scent-marking behaviour of the Cabrera voles, we conducted an
assay wherein voles could scent-mark a clean substrate. Both sexes marked with urine
and faeces, but never with anogenital secretions, and the amount of scent-marks was not
different between sexes. In the subsequent assay, voles of each sex were given the
choice of scent-mark on clean substrates or on substrates previously scent-marked by
males or females. Both sexes marked with urine a larger area on substrates pre-marked
by the opposite sex than on substrates pre-marked by the same-sex and clean substrates;
however, no differences were found in the frequency of faecal boli deposited on the
three types of substrate, and no anogenital secretions were found. The clear preference
of receivers to scent-mark with urine the substrate pre-marked by the opposite sex
strongly suggests that Cabrera voles use urine scent-marking for inter-sexual
communication, probably to increase mate-finding likelihood rather than for territorial

defence and/or self-advertisement.

Keywords: Fragmented populations; Mate-finding; Microtus cabrerae; Patchy

distribution; Scent-marking; Voles.

Introduction

Scent-marking is used by a variety of animals to convey olfactory information to
conspecifics even when the scent-donors are away. Such behaviour has been studied

extensively in mammals, particularly rodents (e.g. (Johnston et al. 1993; Rich and Hurst
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1999; Thomas and Wolff 2002; Wolff et al. 2002) that typically scent-mark by
deposition of faeces, urine and/or dragging the anogenital region on the substrate
(Ferkin 2001; Ferkin and Johnston 1995; Eisenberg and Kleiman 1972). Scent-marking
behaviour seems to serve multiple and overlapping functions (Becker et al. 2012; Ferkin
et al. 2004; Ferkin et al. 2001). For instance, both the prairie vole (Microtus
ochrogaster) and meadow vole (Microtus pennsylvanicus) use scent-marking for
territorial defence and for mate-advertisement (Ferkin et al. 2001; Ferkin et al. 2004).
Other findings have indicated that scent-marking behaviour in those same species is
used also for advertise self-presence and, possibly, individual identity to conspecifics
(self-advertisement) (Thomas and Kaczmarek 2002; Thomas and Wolff 2002; Wolff et

al. 2002).

The use of scent-marking for self-advertisement and territorial defence implies that
individuals spread continuously their marks across relative large areas (Brown and
McDonald 1985; Hurst 1990; Humphries et al. 1999; Thomas and Wolff 2002; Johnston
et al. 1994) with high energetic costs and predation risk (Gosling et al. 2000; Mason et
al. 2005; Koivula and Korpimaki 2001). Both functions appear to be important in
species that usually face relative high levels of intra-sexual competition due to
individuals inhabiting contiguous or overlapping territories and/or having large home
ranges, as often occurs in generalist and widespread rodents (Ferkin et al. 2004; Thomas
and Wolff 2002; Wolff et al. 2002; Hurst and Beynon 2004; Getz et al. 2005; Madison
and Mcshea 1987; Getz and Carter 1996). In such conditions the probability of physical
encounters is relatively high and the scent-marks are the first stage of social mediation
among conspecifics (Hurst and Beynon 2004) being important, for instance, in reducing
agonistic encounters between intra-sexual competitors (Gosling 1982, 1990). However,

in species with extremely-fragmented and low density populations where individuals
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occupy isolated habitat patches the probability of finding conspecifics is extremely low
being mate-location the major constraint to ensure the reproductive success (Courchamp
et al. 2009; Courchamp et al. 1999; Stephens and Sutherland 1999). Also, in low density
populations, intra-sexual competition is low and the costs associated with scent-marking
behaviour for territorial defence and/or self-advertisement may overcome its benefits.
Although communication through scent-marking diverge between rodent species
depending on their mating system (Becker et al. 2012; Ferkin et al. 2004), to our
knowledge, no studies have been conducted to investigate whether the functions of
scent-marking are more restrict in rodent species that typically inhabit patchy and
fragmented habitats at low population densities. Nevertheless, population density has
been shown to affect scent-marking communication in yellow mongooses, Cynictis

penicillata (Le Roux et al. 2008).

The current study investigated the scent-marking behaviour and function(s) in the
Cabrera vole (Microtus cabrerae Thomas, 1906), a rare microtine species, endemic
from the lberian Peninsula and occurring as low-density and extremely-fragmented
populations (Mira et al. 2008; Pita et al. 2007; Pita et al. 2006). It is considered a habitat
specialist that lives in areas associated with humid, tall herb communities (Fernandez-
Salvador 1998; Landete-Castillejos et al. 2000; Pita et al. 2007; Pita et al. 2006; Santos
et al. 2005; Santos et al. 2006), which are relatively rare and marginal habitats that
occur as isolated and extremely disperse patches (Pita et al. 2006). Cabrera voles seem
to have a monogamous mating system and a K-type reproduction strategy (Fernandez-
Salvador et al. 2001; Ventura et al. 1998; Fernandez-Salvador 1998) with breeding pairs
for relatively long periods (over 10 months) during which males share the nest with
females and pups, also providing parental care (Fernandez-Salvador et al. 2001,

Fernandez-Salvador 1998; Fernandez-Salvador et al. 2005b). The monogamous mating
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system of the Cabrera vole share many features with that described for the congener
prairie vole (Getz and Carter 1996; Carter and Getz 1993). However, in contrast to the
Cabrera voles, prairie voles typically live in non-fragmented habitats forming relatively
large colonies or communal groups (Getz and Carter 1996) wherein frequent encounters
between conspecifics occur (Getz and Carter 1996; McGuire et al. 1990). In these
environmental conditions, the scent-marking communication in prairie voles seems to
have multiple functions (mate-advertisement, territorial defence and self-advertisement)
inferred from laboratory studies that have investigated the scent-marking behaviour of
donors and receivers (Ferkin et al. 2004; Ferkin et al. 2001; Thomas and Wolff 2002;
Wolff et al. 2002). For the Cabrera vole, the highly-fragmented and low density
populations limit the encounters among conspecifics, and intra-sexual competition is
likely low. Accordingly, we hypothesize that the main function of scent-marking
communication in Cabrera voles is mate-advertisement to increase the likelihood of
finding a partner rather than self-advertisement or territorial defence, both of which
typically have higher energetic costs and predation risk without any apparent benefit in

the reproduction of Cabrera voles.

Typically rodents respond to conspecific scent-marks by counter-marking or over-
marking them (Thomas and Wolff 2002; Johnston et al. 1994; Johnston et al. 1995;
Ferkin 1999; Johnston 2003), and the function(s) of scent-marking communication can
be inferred from the way receivers of each sex respond to scent-marks from conspecific
donors (e.g.(Johnston et al. 1993; Ferkin et al. 2001; Becker et al. 2012; Ferkin et al.
2004). The current study was carried out in captivity to describe the scent-marking
behaviour of Cabrera voles of both sexes, and to infer its function(s) by assessing the

scent-marking behaviour in response to scent-marks from donors of each sex.
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Methods

Study animals

All voles used were wild-caught adults (body weight >28 g, (Fernandez-Salvador et al.
2005b; Fernandez-Salvador et al. 2005a) in southern Portugal. VVoles were caught using
Sherman live traps (7 x 23 x 9 cm) baited with apple and supplied with hay and
hydrophobic cotton for bedding (Pita et al. 2010). Traps were placed at sites of likely
capture, which were assessed by checking eaten apple trails left in the area over the
previous 2—4 days. Once set, the traps were checked every 8h. Pregnant females were
identified by abdominal palpation, and returned to their habitat. In captivity, the voles
were housed individually in glass cages (70 x 40 x 40 cm) prepared with soil and
vegetation to mimic their original habitat, and kept in a room at 18 - 21°C under a long
photoperiod (14:10 h, L:D). Food (diverse grass species collected daily supplemented
with apples) and water were provided ad libitum (Fernandez-Salvador et al. 2001). All
the procedures were done with the permission of Portuguese governmental authorities
(i.e. Institute for Nature and Biodiversity Conservation) and conformed to the guidelines
approved by the American Society of Mammalogists for the use of wild mammals in
research (Gannon et al. 2007), and to the guidelines for the treatment of animals in
behavioural research (ASAB 2006). Moreover, at the end of the experiments, all

animals were released at the same location where they had been caught.
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Experiment 1

The first experiment was carried out to describe the source and extension of possible
scent-marks of each sex in response to a clean substrate. In each replicate one female or
one male (hereafter called scent-donors) was placed in a small glass arena (63 x 29.7 x
40 cm) with the bottom covered with a clean paper sheet (substrate); scent-mark
behaviour was allowed for 30 min. Then, the specimen was removed from the arena and
returned to the respective home cage, and the substrate dried for 10 min. The dried
substrate was then observed in a dark-room and scent-marks (i.e. urine, faeces and
anogenital marks) were identified under UV-light (Desjardins et al. 1973). Each mark
was traced lightly with a pencil and then photographed with a 5 Mpx Digital Camera for
assessment of scent-marked areas using Quantum-GIS software (QGis 2011).
According to studies in other vole species, different kinds of marking are distinguished
by the different characteristics they show under UV-light: urine appears as bluish spots;
faeces appears as darkish brown streaks or boli; and anogenital secretion marks
typically appear as silver-white slivers between 0.5 and 3 cm long, and from 0.1 to 0.3
cm wide (Wolff et al. 2002). As scent-donors, 15 adult non-paired (i.e. 7 days without
contact with conspecifics) males and 15 adult non-paired females were used. To prevent
contamination with human scents disposable latex gloves were used to manipulate all
substrates. Scent-marked substrates were stored for a maximum of two weeks in clean

plastic pockets at -20 °C until use in the second experiment.

Experiment 2

The second experiment was carried out to assess the function of scent-marking in

Cabrera voles by investigating the scent-marking behaviour of each sex when exposed
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simultaneously to clean substrates, substrates previously scent-marked by males and

substrates previously scent-marked by females.

The pre-marked substrates from each sex obtained in experiment 1 (thawed for 30 min
at room temperature) and an equal-size unmarked substrate (i.e. clean paper sheet) were
placed side-by-side at the bottom of a glass arena (89.1 x 63 x 40 cm; Fig. 1). To
control for possible side-choice bias in the arena, the side of the marked substrates from
each sex donor was switched between replicates. In each replicate, one male or one
female was placed in the centre of the arena inside a bottomless mesh cage for two
minutes. Then, the cage was removed using a remote device to avoid visual contact with
the observer allowing the specimen to scent-mark for 30 min. New marks in each test
substrate (clean, female donor and male donor) were identified and analyzed following
the procedure described above in experiment 1. Overlapping areas between initial and
secondary marks were identified and measured (Wolff et al. 2002; Johnston 1999;
Ferkin and Pierce 2007); initial and secondary marks were distinguishable by the colour
difference under UV-light. The experiment was replicated with 15 non-paired adults of

each sex.
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Fig. 1 Drawing illustrating the scent-marking arenas used in experiments 1
and 2. Scent-marked substrates from each sex (experiment 1) were placed
side-by-side with an unmarked substrate of the same size in a larger arena

where individual males or females were allowed to scent-mark for 30 min

(experiment 2).

Data analysis

Scent-mark analysis was carried out with frequency data (Wolff et al. 2002; Thomas
and Wolff 2002; Thomas and Kaczmarek 2002) except for urine marks for which the
area was used instead, since the shape and size of urine marks were highly variable.
Non-parametric statistics was used in all analyses. Mann-Whitney U tests were used to

compare scent-marking frequency (faecal boli) and area (total area marked with urine)
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between sexes in clean substrate (experiment 1). Secondary scent-marking data from
each sex in experiment 2, i.e. faecal boli frequency and total urine area, were compared
among the three types of substrate (i.e., male pre-marked; female pre-marked; non pre-
marked) using the Friedman's rank test and Dunn-Bonferroni tests for post hoc
comparisons (Dunn 1964). In all multiple comparisons tests, the p values were adjusted
with Bonferroni correction. Additionally, we tested for association between initial

scent-marks and secondary scent-marks using Spearman'’s rank correlations.

To determine occurrence of over-marking, i.e. whether secondary scent-marks overlap
the initial scent-mark area more than expected for a random distribution of secondary
scent-marks, the observed overlapping areas were compared with those expected
randomly, for each combination (animal test sex: sex of initial marks donor) using
Wilcoxon signed-rank tests. Expected overlapping areas were accounted by multiplying
the proportion of substrate area occupied by the initial marks with the area of all the
secondary marks placed over the same substrate (adapted from (Thomas and Wolff

2002; Humphries et al. 1999).

All statistical procedures were performed using the statistical package PASW version

18 (SPSS for Windows 2009).

Results

Experiment 1

When exposed to the clean substrate, Cabrera voles only used urine and faeces marks.
No anogenital marks were detected. Males marked an area of 53.41 + 8.09 cm? (mean +

SE) with urine and placed 4.67 + 2.56 faecal boli, while the area marked by females was
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46.71 + 7.90 cm? and the number of faecal boli was 2.68 + 1.21 (Fig. 2). Sexes did not
differ in the area covered by urine (Mann-Whitney U = 128.00, n = 30, P = 0.539) nor

in the number of faecal boli (Mann-Whitney U = 120.50, n = 30, P = 0.744).

Faeces

>

Frequency of faecal boli

Males Females

(o)

Urine

Total scent-mark area (ecm?)

Males Females

Fig 2 Mean (xSE) number of faecal boli (A; white bars) and total urine
marked area (B; black bars) produced over 30-minute trials by 15 females

versus 15 males over clean substrate.
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Experiment 2

Males had a significant preference to scent-mark with urine on the substrate pre-marked
by females than on the male pre-marked substrates and non pre-marked substrate
(Friedman test: y*> = 18.42, d.f. = 2, n = 15, P < 0.01; Fig. 3 A). No significant
differences were observed in the number of faecal boli located across the three
substrates conditions (Friedman test: > = 3.57,d.f. =2, n =15, P =0.168): 4.13 £ 1.21
(mean = SE) faecal boli on the substrate pre-marked by females; 3.27 + 0.97 faecal boli
on the substrate pre-marked by males; and 2.13 + 0.72 faecal boli on the non-pre-
marked substrate. Similarly to the male trials, females had a significant preference to
scent-mark with urine on the substrate pre-marked by the opposite-sex (Friedman test:
> =18.35,d.f. =2, n =15, P <0.01; Fig. 3 B). Also, no differences were detected in the
number of faecal boli placed by females as secondary marks on each of the three types
of substrate (Friedman test: > = 0.45, d.f. =2, n= 15, P =0.798): 1.93 + 0.75 faecal
boli on the substrate pre-marked by males; 1.40 + 0.67 faecal boli on the substrate pre-

marked by females; and 0.87 + 0.45 faecal boli on the non pre-marked substrate.

For both sexes, no significant association was found between initial scent-mark area and
secondary scent-mark area (males: Spearman's p =0.17, n =30, P = 0.373; females: p =

0.21,n =230, P =0.253).

Secondary scent-marks overlapped initial marks randomly on the pre-marked substrates

(scent donor vs. test subject: males vs. males, Wilcoxon signed-rank test: z = -0.87, n =

15, P = 0.386; males vs. females, z = 1.17, n = 15, P = 0.241; females vs. males, z

1.38, n = 15, P = 0.169; females vs. females, z = -1.54, n = 15, P = 0.123).
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Fig. 3 Total area (mean + SE) of urine secondary scent-marks located over
female pre-marked substrate (female pms), non-pre-marked substrate (non
pms) and male pre-marked substrate (male pms), for males (A; n = 15) and
females (B; n = 15) in experiment 2. Different letters indicate significant
differences between substrate pairs using Dunn-Bonferroni pairwise post hoc
test: (A) female pms vs. male pms, Z = -3.05, P < 0.01; female pms vs. non
pms, Z = -3.30, P < 0.01; male pms vs. non pms, Z = -1.16, P = 1.00; (B)
female pms vs. male pms, Z = -2.84, P < 0.01; male pms vs. non pms, Z = -

3.12, P <0.01; female pms vs. non pms, Z =-0.80, P = 1.00.
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Discussion

The results showed that Cabrera voles of both sexes use only urine to counter-mark
preferentially on substrates previously marked with urine by donors of the opposite-sex.
The preferential placement of urine scent-marks over and/or in the proximity to
opposite-sex marks suggests that urine scent-marks advertise the proximity of a
potential mate thereby increasing the likelihood of a sexual encounter and subsequent
copula consummation. Similar to what has been suggested for two congener voles
(Ferkin et al. 2001), counter-marking the scent-marks of opposite-sex conspecifics may
advertise the availability of a potential mate to the previous scent donors and likely
inform about receptivity for mating in Cabrera voles. Furthermore, no differences were
observed between urine-marked area on the same-sex pre-marked substrates and the non
pre-marked substrates, and the areas of urine counter-marks in these two types of
substrates were relatively low and clearly smaller than those found on the opposite-sex
pre-marked substrates; also no over-marking was observed on the same-sex pre-marked
substrates. These observations do not support that Cabrera voles use urine scent-
marking communication for territorial defence since the prediction for such function
would be that either males or females would mark more often on same-sex pre-marked
substrates than on clean substrates (Humphries et al. 1999; Hurst 1990) and/or would
over-mark the same-sex initial scent-marks (Ferkin et al. 2004). In addition, both sexes
did not avoid overlapping urine marks with the initial marks of other individuals,
suggesting that there is no scent-blending avoidance strategy in Cabrera voles to
maximize information about the identity of the scent donors (self-advertisement)
(Thomas and Kaczmarek 2002; Thomas and Wolff 2002). Therefore, the results of the

current study suggest that urine scent-marking communication in Cabrera voles is
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directed towards the opposite-sex to increase the likelihood of finding a mate, rather

than for territorial defence or self-advertisement.

In the congener monogamous prairie vole scent-marking communication seems to have
three functions: mating-advertisement, self-advertisement and territorial defence (Ferkin
et al. 2004; Ferkin et al. 2001; Thomas and Kaczmarek 2002; Thomas and Wolff 2002;
Wolff et al. 2002). Also, the monogamous California mouse (Peromyscus californicus)
use scent-marking for both mate-advertisement and territorial defence (Becker et al.
2012). The differences in scent-marking communication between Cabrera voles and
prairie voles or California mice, all with similar mating system, may relate with
differences in their spatial population structure. In contrast to the both aforementioned
rodents, Cabrera voles live as spatially structured populations of low density in patchy
and extremely-fragmented environments (Mira et al. 2008; Palomo and Gisbert 2002;
Pita et al. 2007; Pita et al. 2006) where the frequency of conspecific encounters and
inherent intensity of intra-sexual competition are relatively low. The highest densities
that have been reported for Cabrera vole populations range between 115 ind/ha
(Fernandez-Salvador et al. 2005b) and 250 ind/ha (Landete-Castillejos et al. 2000),
however, these density estimations are likely overestimated since the methodology
employed did not take into account the patchy distribution of Cabrera voles. Using a
spatially explicit capture-recapture method adequate for population density estimation
in the patchy fragmented populations of Cabrera voles, it was estimated a density of 8
ind/ha in Southern Portugal (Mira et al., unpublished). In such environment and social
conditions scent-marking communication for territorial defence and/or self-
advertisement seems not to be of significant adaptive value due to the high inherent
costs of such intensive and extensive scent-marking which is physiologically

demanding (Gosling et al. 2000) and may attract predators (Viitala et al. 1995; Koivula
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and Korpimaki 2001; Probst et al. 2002). Thus, the main function of urine scent-
marking communication in the Cabrera vole seems to be mate-advertisement, and the
apparent absence of territorial defence and self-advertisement roles may be explained by
lack of adaptive value of those two functions in the highly-fragmented and low density

populations of the Cabrera vole.

We hypothesize that both the low density and high fragmentation of Cabrera voles’
populations with inherent low frequency of encounters among conspecifics and low
intra-sexual competition do not confer a significant adaptive value to the costly scent-
marking required for territorial defence and/or self-advertisement functions. The
reasoning implies that the evolution of scent-marking communication functions might
be shaped by patchy and fragmented populations of low density; however, further
comparative studies are needed to support or discard this hypothesis. Also, it should not
be discarded a possible phenotypic plasticity that adjusts scent-marking behaviour to the
population density and intensity of social encounters. A recent study with yellow
mongooses (Le Roux et al. 2008) showed that population density affects the intensity of
territorial scent-marking behaviour, being intensive in subordinate group members of a
high-density population and almost absent in subordinates of a low density population.
In voles and rodents in general, is not known whether scent-marking behaviour can be
adjusted by the population density through phenotypic plasticity, but such hypothesis

deserves further investigation.

The absence of scent-marks from anogenital area in the current study contrasts with
findings in the congener meadow and prairie voles for which both urine and anogenital
secretions are important in their scent-marking communication (Ferkin et al. 1994,

Ferkin and Johnston 1995; Ferkin 2001). It is not yet clear why Cabrera voles did not
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release anogenital secretions and only urine seems to have a role in inter-sexual scent-
marking communication. In terrestrial voles the urine, faeces, anogenital secretions and
scents from different integument areas seem to have different roles in chemical
communication, and it has been suggested that the number of scent sources for
signalling opposite-sex increase with the number of encounters among individuals of
both sexes (Ferkin 2001). Possibly, the absence of anogenital secretions in Cabrera
voles may relate with the low frequency of encounters among conspecifics and urine
only might be enough to convey the information about sex and readiness to mate since it
contains reliable chemical information (e.g. gonadal hormones and its metabolites) that

reflects the sex and physiological condition of the releaser.

In conclusion, the results of the current study showed that urine is the single source of
scent used in scent-marking communication in Cabrera voles, and suggest that urine
scent-marking is used only for mate-advertisement without any apparent role in
territorial defence and/or self-advertisement. The hypothesis that urine scent-marking
communication in Cabrera voles is restricted to mate-advertisement due to its
fragmented populations of low density is not discarded but further studies are needed
for a stronger support. More comparative studies are necessary to determine whether
population density is an important pressure shaping the evolution of scent-marking
communication in voles and, more generally, in rodents. Furthermore, the hypothesis
that phenotypic plasticity allows adjusting the scent-marking behaviour to population

density deserves further attention in rodents.
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Abstract

The Cabrera vole (Microtus cabrerae) is a rare rodent living in patchy grassy areas of
Iberian Peninsula where both sexes use scent-marking exclusively to increase their
mate-finding likelihood. Apparently Cabrera voles establish pair bonds with opposite-
sex conspecifics constituting a breeding pair, which is expected to reduce the efforts in
searching for a new mate. In such circumstances, scent-marking as a strategy to increase
mate-finding likelihood became useless. Accordingly, we hypothesise that pair bonded

Cabrera voles suppress mate-finding scent-marking to reduce energetic costs and
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predation risk. To test this hypothesis we compared scent-marking behaviour towards a
clean substrate, in both paired and non-paired voles. No differences were found in the
scent-mark sources and the amount of marks placed by voles in both conditions. We
also analysed the scent-marking behaviour of both sex pair bonded voles when exposed
simultaneously to a clean substrate, a substrate pre-marked by males and a substrate pre-
marked by females. We found no significant differences in scent-marks (urine-marked
area and number of faecal boli) across the three types of substrate types. In accordance
with our prediction, these results suggest that pair bonded Cabrera voles did not use

scent-marking for mate-finding.

Keywords: Behaviour Plasticity; Microtus cabrerae; Modulation; Pair bonding; Scent-

marking; Voles

Introduction

The placement of semiochemicals on the substrate to communicate with conspecifics,
defined as scent-marking, is a common trait among mammals (Johnson 1973). Scent-
marking typically entails faeces deposition, urine and/or dragging a particular region of
the body with scent producing glands (e.g. the anogenital region) on the substrate
(Ferkin 2001; Ferkin and Johnston 1995; Eisenberg and Kleiman 1972), and seems to
serve multiple and, occasionally, overlapping functions (Becker et al. 2012; Ferkin et al.
2004; Ferkin et al. 2001). Scent-marking is used mainly for territorial-defence, as well
as mate-advertisement and self-advertisement (Johnston 1983; Thomas and Wolff

2002). Given the high costs of scent-marking for both scent-donors and receivers

Luis Gomes (2013) Fung¢do das marcas odoriferas em Microtus cabrerae (Thomas, 1906) 74



(Gosling et al. 2000; Mason et al. 2005; Koivula and Korpimaki 2001; Hughes et al.
2010) it is not surprising that animals may modulate their scent-marking behaviour,
reducing costs when scent-marking is not profitable (Roberts et al. 2001).
Notwithstanding, the plasticity of mammals’ scent-marking behaviour at species level is
poorly studied. Only a few studies have focused on the intra-specific plasticity of scent-
marking behaviour, showing that different social conditions could evoke distinct
responses in terms of scent-marking (Becker et al. 2012; Le Roux et al. 2008). For
instance, in yellow mongooses (Cynictis penicillata) the population density seems to
affect the subordinates’ intensity of territorial scent-marking, being intensive in high-
density populations and almost absent in low density populations (Le Roux et al. 2008).
Another study has shown that pair bonding affects scent-marking behaviour of
California mouse males (Peromyscus californicus), which reduce their scent-marking

towards unfamiliar females when paired-bonded (Becker et al. 2012).

In the current study we have investigated the scent-marking behaviour and function(s)
in pair bonded Cabrera voles (Microtus cabrerae Thomas, 1906). The Cabrera vole is a
rare rodent endemic from the Iberian Peninsula (Mira et al. 2008), which is presumably
monogamous and where individuals seem to establish pair bonds with opposite-sex
conspecifics, as suggested by several ecological evidence: (1) they form breeding pairs,
with relatively high residence of over 10 months, where one male share the nest with
one female and pups, not showing aggressive reactions to them (Fernandez-Salvador et
al. 2001; Fernandez-Salvador 1998; Fernandez-Salvador et al. 2005); (2) they present a
reduced sexual dimorphism in body dimensions and relatively small testis of adult
males (Ventura et al. 1998), and (3) have been recently described a low inter-sexual
variation of home-range sizes coupled with a high inter-sexual overlap (Pita et al. 2010).

Non-paired Cabrera voles from both sexes seem to use scent-marking primarily to
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increase the likelihood of finding a mate (Gomes et al. in press), by advertising their
presence to the opposite-sex. Scent-marking as a mate finding strategy should have
great value to non-paired individuals, but once established the so-called “monogamic
breeding pairs” the value of the opposite-sex selective marking decreases as voles are
no longer in progress of searching for a potential mate. Accordingly, we have
hypothesized that pair bonded Cabrera voles may not use scent-marks for mate-
advertisement. To disclose the influence of pair bonding on scent-marking behaviour,
and assess the scent-marking function(s) in pair bonded Cabrera voles, we conducted
two distinct assays. Firstly, we compared marking behaviour of both non-paired and
pair bonded voles towards a clean substrate. In the subsequent assay, we assess the

scent-marking behaviour in response to scent-marks from donors of each sex.

Methods

Study animals

We used wild-caught voles from southern Portugal (Gomes et al. in press). Once in
captivity, voles were housed individually in glass cages (70 x 40 x 40 cm) without
contact with conspecifics for at least 7 days (non-paired phase). After being tested as
non-paired, each animal was pair-housed with a random selected opposite-sex
individual in new cage (140 x 40 x 40 cm) (pair bonded phase, Becker et al. 2012). The
voles were considered paired after 9 days since pairing procedure. House cages were
prepared with soil and vegetation to mimic their original habitat, and kept in a room at
18 - 21°C under a long photoperiod (14:10 h, L:D). Food (diverse grass species
collected daily supplemented with apples) and water were provided ad libitum

(Fernandez-Salvador et al. 2001). All the procedures were done with the permission of
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Portuguese governmental authorities (i.e. Institute for Nature and Biodiversity
Conservation) and conformed to the guidelines approved by the American Society of
Mammalogists for the use of wild mammals in research (Gannon et al. 2007), and to the
guidelines for the treatment of animals in behavioural research (ASAB 2006).
Moreover, at the end of the experiments, the animals were released at the same location

where they had been caught.

Experiment 1

The first experiment was carried out to test the differences in scent-marking among non-
paired and pair bonded voles in response to a clean substrate. For both conditions, 15
adult males and 15 adult females were used. In each test, one individual was placed in a
small glass arena (63 x 29.7 x 40 cm) with the bottom covered with a clean paper sheet
(substrate); scent-mark behaviour was allowed for 30 min. Then, the individual was
removed from the arena and returned to the respective home cage, and the substrate
dried for 10 min. The dried substrate was then observed in a dark-room and scent-marks
were identified and accounted under UV-light (Desjardins et al. 1973; Ferkin et al.
2001). Each mark was traced lightly with a pencil and then photographed with a 5 Mpx
Digital Camera for assessment of scent-marked areas using Quantum-GIS software
(QGis 2011). To prevent contamination with human scents disposable latex gloves were
used to manipulate all substrates. Scent-marked substrates were stored in clean plastic

pockets at -20 °C until use in the second experiment.
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Experiment 2

The second experiment was carried out to assess the function of scent-marking in pair
bonded Cabrera voles by investigating the scent-marking behaviour of each sex when
exposed simultaneously to clean substrates, substrates previously scent-marked by

males and substrates previously scent-marked by females.

The two pre-marked substrates, one from each sex, obtained from non-paired
individuals in experiment 1 and an equal-size unmarked substrate (i.e. clean paper
sheet) were placed side-by-side at the bottom of a glass arena (89.1 x 63 x 40 cm). In
each replicate, one paired male or one paired female was placed in the centre of the
arena inside a bottomless mesh cage for two minutes. Then, the cage was removed
using a remote device to avoid visual contact with the observer allowing the specimen
to scent-mark for 30 min. New marks in each test substrate (clean, female donor and
male donor) were identified and analyzed following the procedure described in
experiment 1. Overlapping areas between initial and secondary marks were identified
and measured (Wolff et al. 2002; Johnston 1999; Ferkin and Pierce 2007); initial and
secondary marks were distinguishable by the colour difference under UV-light. The

experiment was replicated with 15 paired adults of each sex.

Data analysis

Wilcoxon signed-rank tests were used to compare scent-marking frequency (faecal boli)
and area (total area marked with urine) over clean substrate between non-paired and
paired condition (experiment 1). Secondary scent-marking data from each sex in

experiment 2, i.e. faecal boli frequency and total urine area, were compared among the
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three types of substrate (i.e., male pre-marked; female pre-marked; non pre-marked)

using the Friedman's rank test.

To determine the occurrence of over-marking (Ferkin and Pierce 2007), the observed
overlapping areas were compared with those expected randomly, for each combination
(animal test sex: sex of initial marks donor) using Wilcoxon signed-rank tests. Expected
overlapping areas were accounted by multiplying the proportion of substrate area
occupied by the initial marks with the area of all the secondary marks placed over the

same substrate (Gomes et al. in press).

All statistical procedures were performed using the statistical package PASW version

18 (SPSS for Windows 2009).

Results

Experiment 1

When exposed to clean substrate, no significant differences were observed in the
number of faecal boli (Wilcoxon signed-rank test: z = -0.12, n = 15, P = 0.906) and
urine marked area (Wilcoxon signed-rank test: z =-0.28, n = 15, P = 0.776) for males in
both pairing conditions (Fig.1). A similar result was gathered for females (faecal boli:
Wilcoxon signed-rank test: z = -0.44, n = 15, P = 0.659; urine marked area: Wilcoxon
signed-rank test: z = 0.17, n = 15, P = 0.865; Fig. 1). No anogenital marks were

detected.
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Fig. 1 Mean (xSE) number of faecal boli and total urine marked area
produced over 30-minute trials by 15 females and 15 males over clean

substrate, in both testing conditions (non-paired versus paired).

Experiment 2

Pair bonded males and females did not show a significant preference to scent-mark with
urine a specific substrate type (males: Friedman test: > = 0.13, d.f. =2, n =15, P =
0.936; females: Friedman test: ¥ = 2.13, d.f. =2, n =15, P = 0.344; Fig.2). Similarly,
no significant differences were detected in the number of faecal boli placed across the
three substrate type (males: Friedman test: > = 0.26, d.f. = 2, n = 15, P = 0.880;

females: Friedman test: x> =0.038, d.f. =2, n =15, P = 0.981; Fig.3).

No overmarking was detected between pre-existent and secondary scent-marks (scent

donor vs. test subject; males vs. males: Wilcoxon signed-rank test: z =-0.73,n =15, P =
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0.460; males vs. females, z = 0.39, n = 15, P = 0.695; females vs. males, z = -1.59, n =

15, P = 0.112; females vs. females, z =0.72, n = 15, P = 0.470).
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Fig. 2 Total area (mean £ SE) of urine secondary scent-marks located over
male pre-marked substrate, female pre-marked substrate and non-pre-marked
substrate, for paired males (n = 15) and paired females (n = 15) in experiment
2.
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Fig. 3 Number of faecal boli (mean + SE) placed over male pre-marked
substrate, female pre-marked substrate and non-pre-marked substrate, for

paired males (n = 15) and paired females (n = 15) in experiment 2.
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Discussion

The scent-marking behaviour is often associated with a strategy to attract or find mates,
commonly, by counter or/and over-marking the marks of opposite-sex conspecifics
(Ferkin et al. 2004; Ferkin et al. 2001; Ferkin and Pierce 2007; Gomes et al. in press).
Both counter and over-marking the opposite-sex marks may be carried out to advertise
individual presence, availability to mate and/or reveal interest in previous scent-donors,
thus increasing the likelihood of finding a mate (Ferkin et al. 2004; Ferkin et al. 2001,
Woodward et al. 2000; Hurst and Rich 1999). Furthermore, in some rodent species
females increase their likelihood of mating with a “good quality” male by selectively
counter-marking some male marks rather than others (Hurst and Rich 1999; Johnston
1999). The counter-marking of opposite-sex marks was documented in non-paired
Cabrera voles, suggesting that they use scent-marks for mate-finding (Gomes et al. in
press). However, in pair bonded voles the benefits provided by the scent-marking
required for mate-finding function are lower or inexistent, since they have a stable
relationship with an opposite-sex conspecific and usually do not breed outside the pair
(Aragona and Wang 2004). In such situation it is likely that the high costs (e.g.
energetic costs and predation risk) carried by scent-marking (Gosling et al. 2000; Mason
et al. 2005; Koivula and Korpimaki 2001) largely overcome the benefits resulting in a
selection against scent-marking to finding a mate. Thus, pair bonded voles may
suppress their mate-finding scent-marking. Consistent with this idea, pair bonded
Cabrera voles from both sexes marked with urine interchangeably among the different
substrate types, without preferentially counter-marking or over-marking opposite-sex
conspecifics’ marks. A recent study also supports this conjecture for male California
mice, where male marking behaviour towards unfamiliar females was reduced in pair

bonded males relatively to non-paired males (Becker et al. 2012). Furthermore,
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concerning physiology, the association between pair bonding and scent-marking
suggested by our results is not totally surprising, since arginine vasopressin (AVP), a
neuropeptide found in most mammals, is implicated in scent-marking behavior
regulation (Albers and Bamshad 1999; Goodson and Bass 2001; Ferris et al. 1984) and
Is simultaneously a critical mediator of partner-preference formation in pair bonding
(Williams et al. 1994; Winslow et al. 1993; Cho et al. 1999; Cushing et al. 2001; Insel

and Hulihan 1995; Young and Wang 2004; Goodson and Bass 2001).

Pair bonded voles usually show preferential contact with a familiar partner rather than
unfamiliar ones (Williams et al. 1994; Carter et al. 1992; Carter et al. 1986; Williams et
al. 1992). Besides the partner preference, pairing also leads to an increase in aggressive
behaviour toward unfamiliar conspecifics (selective aggression) (Bowler et al. 2002;
Wang et al. 1997; Winslow et al. 1993), that serves to guard mate and territory (Carter
and Getz 1993). Scent-marks provide a physical evidence of dominance and are
commonly used to delineate territorial limits and to intimidate or deter conspecific
intruders (Gosling 1982; Hurst 1993; Brown and McDonald 1985; Roberts and Dunbar
2000). Pair bonded voles may use scent-marking to defend the territory and their
investment in mates and offspring by counter and/or over-marking same-sex scent-
marks (Humphries et al. 1999; Hurst 1990; Wolff 1993; Johnston et al. 1997; Johnston
et al. 1995). However, our results failed to support the territorial defence hypothesis on
pair bonded Cabrera voles, since voles did not preferentially counter or over-marked
with urine the substrate scent-marked by same-sex conspecifics. In fact, our results do
not support any of the classical hypotheses for the use of scent-marking on voles,
because pair bonded voles also did not avoid overlapping urine marks of other
individuals, suggesting no scent-blending avoidance strategy required for the self-

advertising function (Thomas and Kaczmarek 2002; Thomas and Wolff 2002; Gomes et
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al. in press). Likely, the reason why unpaired and pair bonded voles do not use scent-
marking for territorial defence and self-advertising functions is the same. As we
proposed previously for non-paired individuals, the patchy and highly-fragmented
distribution of Cabrera voles, wherein encounters between conspecifics are rare, makes
scent-marking for both territorial defence and self-advertisement functions useless

(Gomes et al. in press).

In conclusion, the current findings provide evidence of intra-specific plasticity of
Cabrera voles’ scent-marking behaviour related with pair-cohabitation. The differences
verified on scent-marking response to the opposite-sex marks between paired and non-
paired voles of both sexes suggest that pair bonding may phase out their investment
towards finding a new mate, particularly in mate-advertisement strategies. Despite these
differences, pair bonding did not affect any other studied aspect of scent-marking
behaviour. Cabrera voles do not appear to use scent-marking for any of the most usually
considered functions, however that does not exclude its use for other communication
purposes. Perhaps, there may be other functions that we are unable to identify with the

present paradigm.
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Abstract

The alarm pheromones often released by animals under stressful situations seems to
elicit behavioural changes in conspecifics, which in the appropriate context can be
viewed as anti-predatory responses. However, the releasing of alarm pheromones
associated with predatory events has not been demonstrated in mammals. In the current
study with wild-caught Cabrera voles, we carried out experiments in the laboratory and

in the field to assess the release of alarm pheromones in scent-marks during simulated
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predatory events and disclose their effects on conspecifics. First we conducted an assay
wherein voles where let to scent-mark a clean substrate in the absence of disturbance
(control) and under the simulation of predatory events. Contrarily to the control, no
faecal boli were released and the area marked with urine was significantly larger during
the predatory simulation. In a subsequent assay, we assessed the voles’ preference
between urine-marks released under predatory simulation and in control conditions.
Voles showed a significant preference by control substrates. Finally, a third assay was
carried out in vole’s habitat wherein the individual activity was monitored by radio-
tracking before and after placement of urine-marks obtained during the conditions
described above. The vole’s activity was only reduced near the urine-marks released
during the simulated predatory events. The results suggest that: (1) during predatory
attempts Cabrera voles release an alarm pheromone in their urine-marks; (2) the
putative alarm pheromone reduces voles’ activity in the surroundings of the marked
area; (3) the putative alarm pheromone persists in the field affecting conspecifics’

activity.

Keywords: Alarm pheromone; Voles; Microtus cabrerae; Scent-marking; Predation;

Anti-predatory.

Introduction

Many animals emit alarm signals in response to a stressful situation, particularly on the
approach of predators or under a predatory attempt (Caro 2005; Wyatt 2003; Hollén and

Radford 2009). These alarm signals may be directed to conspecifics in order to warn
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them of an impending danger and promote anti-predatory responses and/or directed to
predators in order to deter them or attract additional ones thus disrupting the predation
event (Sherman 1985; Mathis and Smith 1992; Wyatt 2003; Caro 2005; Mathis et al.
1995). Often warning alarm signals evolution had been viewed as one of the most
puzzling questions in behavioural ecology since alarm signalling has relative high cost
to the signaller but no obvious direct benefits (Mathis et al. 1995; Taylor et al. 1990;
Williams 1992, 1964). Nevertheless, some of these signals may have delayed benefits
for signallers, such as saving the lives of individuals who will reciprocate in the future
(Ashton et al. 1998; Trivers 1971), of potential mates (Witkin and Fitkin 1979) or other
group members in circumstances where group living is beneficial (Smith 1986).
Moreover, truly altruistic signals may have evolved in situations where the benefits fall

on related individuals (Mathis et al. 1995; Sherman 1977; Wu et al. 2010).

The alarm signals may take many forms, being mostly visual, auditory or chemical.
Some of the prey use chemical alarm signals to convey information to conspecifics
about the location(s) of predation attempts. This information induces conspecifics’
avoidance of those areas reducing the risk of predation, which increases individual and
overall population fitness. Chemical alarm signals are left in areas where stressful
events have occurred and are termed as alarm pheromones (Schreckstoff) (Kikusui et al.
2001; Abel 1991; Abel and Bilitzke 1990; Cocke et al. 1993; Zalaquett and Thiessen
1991). Alarm pheromones are seemingly widespread in the animal kingdom (Rottman
and Snowdon 1972; Wilson 1975; Chen et al. 2006; Ackerl et al. 2002; Mathis and
Smith 1993; Lawrence and Smith 1989; Brown et al. 2004; Moser et al. 1968; Blum
1969; Hews 1988; Hrbacek 1950; Halpern 1992) and, among mammals, they have been
studied in domestic pigs (Vieuille-Thomas and Signoret 1992), cattle (Boissy et al.

1998), rats (Abel 1991; Abel 1993; Abel and Bilitzke 1990; Hauser et al. 2008; Valenta
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and Rigby 1968; Kikusui et al. 2001) and laboratory mice (Zalaquett and Thiessen
1991). In rodents, alarm pheromones induce avoidance of the scent-marked area
(Mackay-Sim and Laing 1980; Rottman and Snowdon 1972; Carr et al. 1970; Zalaquett
and Thiessen 1991), freezing behaviour (Kikusui et al. 2001; Hauser et al. 2005),
decreased resting behaviour (Kikusui et al. 2001; Kiyokawa et al. 2004a), and promote

hiding and risk-assessment behaviours (Kiyokawa et al. 2006).

Most, if not all, studies of alarm pheromones in mammals have been carried out with
domestic/laboratory strains living in laboratory-conditioned environments, such as
Wistar rats (Kiyokawa et al. 2004b; Kiyokawa et al. 2006; Gutierrez-Garcia et al. 2007,
Hauser et al. 2008; Kikusui et al. 2001), male Sprague-Dawley rats (Abel 1993),
BALB/cJ mice (Zalaquett and Thiessen 1991), Aubrac cattle (Boissy et al. 1998) and
domestic pigs (Vieuille-Thomas and Signoret 1992). To our knowledge, no free-ranging
mammals from wild species living in natural environments were evaluated till now.
Domestication and other artificial selection processes commonly entail intentional or
unintentional changes in animal physiology and behaviour repertoire, becoming poorly
secure to infer behavioural traits of wild species of mammals (Price 1999; Smith et al.
1994). Thus, information about the release of putative alarm pheromones and its effects
in naturally occurring species are actually missing. Moreover, in studies using lab-strain
rodents or other domesticated mammals the stressor stimuli most commonly used are
foot-shocks (Gutierrez-Garcia et al. 2007; Mackay-Sim and Laing 1980; Kikusui et al.
2001), force-to-swim (Abel 1993), and other artificial aversive stimulation paradigms
(Hauser et al. 2008) which lack adaptive value, since it is unlikely that such stimuli
occur naturally. Stimuli that induce the release of alarm pheromones in
domestic/laboratory mammals do not match common naturally occurring stress stimuli

like experiencing a predatory attempt. This raises questions about the role of predation
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events in releasing of alarm pheromones and how these substances affect the behaviour

of conspecific receivers.

Casual observations during live-trap sessions of Cabrera voles (Microtus cabrerae,
Thomas, 1906), such as an apparent avoidance of traps where voles had been caught
previously, suggested the release of a putative alarm pheromone. The Cabrera vole is a
rare microtine, endemic from the Iberian Peninsula with a highly fragmented population
(Mira et al. 2008; Palomo and Gisbert 2002). It is an habitat specialist that lives in areas
associated with humid tall herb communities (Fernandez-Salvador 1998; Santos et al.
2005; Santos et al. 2007), which are relatively rare and marginal, and occur as rather
isolated patches (Pita et al. 2006). Like other rodent species, scent-marking with urine
seems to mediate the reproductive behaviour of the Cabrera vole (Gomes et al.,
submitted), however, the release of a putative alarm pheromone has not been
investigated. In Cabrera voles, an alarm pheromone is likely of high value to reduce
predation risk due to the small size (< 0.2 ha) of suitable habitat patches (Pita et al.

2007) that may favour predators.

The objective of the current study was to test the existence of alarm signals released by
Cabrera voles that may warn conspecifics about a predatory risk. This study was
focused in scents that are commonly considered as being the more resilient in the
releasing site, i.e. those placed over the substrate (scent-marks) in contrast with more
volatile substances that are released to the air (Hauser et al. 2008; Kikusui et al. 2001).
Three experiments were carried out to: (1) attest changes in scent-marking induced by a
simulated predatory attempt; (2) verify voles’ preference between scent-marks released

during the simulated predatory attempt and those released in the absence of such
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stressful event; (3) evaluate the effect of alarm scents on conspecific voles in their

natural habitat.

We focused our study only to determine if Cabrera voles release alarm pheromones in
their scent-marks under a predatory attempt, to warn conspecifics. Other hypotheses for
the evolution of alarm pheromones, including predation deterrent function (Mathis and
Smith 1992; Wyatt 2003; Mathis et al. 1995) are not incompatible with the conspecific

alarm function, but are not addressed in our study.

General Methods

The animals used in this study were adults (body weight > 28 g, (Fernandez-Salvador et
al. 2005b; Fernandez-Salvador et al. 2005a) wild-caught Cabrera voles from southern
Portugal. Voles were caught using Sherman live traps (7 x 23 x 9 cm) baited with apple
and supplied with hay and hydrophobic cotton for bedding (Pita et al. 2010). Traps were
placed at likely capture sites which were assessed by checking eaten apple trials left in
the area during the previous 2-4 days, and then the traps were checked every 8h.

Pregnant females were identified by abdominal palpation and released in their habitat.

Prior to the experiments in the laboratory, the captured voles were housed individually
in glass cages (70 x 40 x 40 cm) containing soil and vegetation to mimic their original
habitat. The cages were kept in a room at 18 - 21 °C with a long photoperiod (14:10 h,
L:D). Food (several grass species collected daily supplemented with apples) and water

were provided ad libitum (Fernandez-Salvador et al. 2001).

All the procedures were approved by Portuguese governmental authorities, Institute for

Nature and Biodiversity Conservation and conformed to the guidelines approved by the
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American Society of Mammalogists for the use of wild mammals in research (Gannon
et al. 2007), and to the guidelines for the treatment of animals in behavioural research
(ASAB 2006). At the end of the experiments all animals were returned to the same

location where they were caught.

Experiment 1

The first essay was carried out to assess changes in scent-marking behaviour induced by
a simulated predatory attempt. Firstly, one female or one male was placed in a small
glass arena (63 x 29 x 40 cm) with a clean paper sheet (substrate) on the bottom, and
scent-marking was allowed for 30 min. Then, the vole was removed to the respective
home cage, the substrate was allowed to dry for 10 min, and then was observed in a
dark-room to identify scent-marks (i.e. urine, faeces and anogenital marks) and trace
them with a pencil under UV-light (Desjardins et al. 1973). The area marked with urine
was assessed by overlaying a transparency film with a grid of 7308 squares (0.25 cm?
each); all the squares that covered at least 50 % of the urine marks were accounted for
estimation of the marked area. The scent-marked substrates were stored in clean plastic
pockets at -20 °C until use in the second experiment (see below). After at least 24 h the
same procedure was carried out with the same individual, but now exposed to a
predatory event stimuli (here after referred as PES) for 30 min: simultaneous exposure
to (1) playback calls of the tawny owl (Strix aluco) alternated with calls of the barn owl
(Tyto alba) at 5 min intervals (Hendrie et al. 1998; Eilam et al. 1999); (2) visual access
to a domestic cat in a cage placed next the arena (Figueiredo et al. 2003); (3) simulation
of capture during one minute at the beginning of the test, which was repeated two more

times at 10 min intervals; during the last capture simulation the observer wearing gloves
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captured the vole and released it immediately after. The substrates were then analysed
for type and extension of scent-marks as described above. The experiment was
replicated with 20 adult voles of each sex. To prevent contamination with human scents

disposable latex gloves were used to manipulate all substrates.

Experiment 2

The second essay was carried out to assess the preference of Cabrera voles between
substrates with urine-marks of conspecifics exposed to PES and substrates with urine-
marks of conspecifics released during the non-stress condition (here after referred as NS
condition); the substrates used in this essay were obtained during experiment 1 (see
above) and the choice test was done with the substrates scent-marked by the same vole
during the NS and PES events. To prevent the effect of different scent-marked areas
between the two type of substrates, five squared sections (one cm? each) of scent-
marked areas (after thawed each substrate for 30 min at room temperature) were cut-off
from each type of scent-marked substrate and glued on top of two clean paper sheets
(each 63 x 29.7 cm), respectively, as shown in figure 1. These scent-marked substrates
were placed on the bottom of a glass arena (89.1 x 63 x 40 cm; Fig. 1) with an equal-
size clean paper sheet between them. In each replicate one vole was placed in the centre
of the arena inside a bottomless mesh cage for two minutes; then the cage was removed
using a remote device to avoid visual contact with the observer allowing the animal to
move freely inside the arena for 30 min. The vole’s behaviour was recorded on video
for subsequent analysis; the behavioural data collected were the voles’ first choices
(which scent-marked substrate was chosen after removing the habituation cage) and

time spent over each of the two substrate types (NS condition vs. PES). The experiment
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was replicated with 20 adult voles of each sex; half of each sex individuals were tested
with the same sex scent-marked substrate and the other half were tested with opposite

sex scent-marked substrate.

Experiment 1

Individual X marks Individual X marks

Predatory Event Stimuli Non-stress
Scent-marks squares

arrengement for
Preference testing

| |
ﬂ Experiment 2
5 x 1cm? = = Cleansubstrate &Y =
marked - - s

squares & = u

31.50cm

iyt
A R
V. |\- -/

Test subject for
Preference testing

Fig 1 Diagram illustrating how Cabrera voles’ scent marks collected during
experiment 1 were placed on the substrates for the preference test in the
experiment 2. Clean paper-sheets substrates were initially marked by both
sexes for 30 minutes (experiment 1). Five 1 cm2 squares of scent-marked
areas were cut-off and placed on clean paper-sheets substrates that, in turn,
were placed in a larger arena wherein experiment 2 was carried out. On the

right, top view of the location of the scent-marks samples on clean substrates.
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Experiment 3

The third experiment was carried out in the field to assess the effects of alarm scents on

conspecific voles in wild conditions.

The normal activity pattern of 10 animals (5 males and 5 females) was accessed by
radio-tracking. Adult voles were caught within suitable habitat patches and were fitted
with radio-transmitter collars (Wildlife Materials, Inc., Murphysboro, IL, USA); the
collar added only up to 5% of the vole’s weight, thus avoiding significant additional
energetic costs to the animals. The voles were lightly sedated with a subcutaneous
injection of Dormitor® (0.2 mg/kg) to reduce handling stress, and after the placement of
the transmitter collars an equivalent dose of Antisedam® was administered to reverse
the anaesthesia effect. Before release, collared animals were kept in a cage and
observed for at least two hours to ensure that they were suffering no ill effects or loss of
mobility (Pita et al. 2010). Radio-tracking started at least four hours after traps removal

and the release of animals at their point of capture (Gray et al. 1998; Pita et al. 2010).

Radio-tracking schedule consisted in six different intervals of four hours covering a
complete 24 h cycle (0000-0345; 0400-0745; 0800-1145; 1200-1545; 1600-1945; 2000-
2345). These intervals were alternatively surveyed for each animal, starting each one at
least eight hours after the previous session. Each session consisted in registering
individual’s location at 15-min intervals, totalling 16 fixes recorded per animal per
session (Pita et al. 2010). Voles were located by homing and multiple triangulations
using a TRX-100S receiver and three-element yagi antenna (Wildlife Materials, Inc.,
Murphysboro, IL, USA) (Pita et al. 2010). Each location was recorded using a GPS
equipment that typically yielded an error of three meters. Active/inactive animal

condition was registered by fluctuation vs. stationary radio-signal (Pita et al. 2010).
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Tracking was carried out during 12 sessions of four hours to obtain two complete 24 h

cycles.

All the information about the location of each vole was included in a GIS database. A
Kernel density function was used to identify higher activity areas (here after referred as
“HiA”), based on 75 % utilization contour. The threshold of 75 % utilization contour
was preferred to the 50 %, typically used in core activity areas identification, since the
core areas expected for Cabrera voles were too small (mean = 55.1 m?, Pita et al. 2010)
to carry out subsequent experimental procedures. Smoothing parameters were
determined by least squares cross-validation (LSCV). To reduce a potential LSCV non-
convergence due to identical or spatially close locations, we used only the active
locations (Hemson et al. 2005; Pita et al. 2010). HiA size ranged between 120.3 and
698.1 m® (mean + SE = 259.57 + 54.34). Inside each vole’s HiA five points where
randomly selected (here after called ‘experimental points’) for the placement of
previously collected scents (see below). In each experimental point we placed randomly
the following stimuli: (1) PES urine-marks of a male; (2) NS urine-marks of the same
male; (3) PES urine-marks of a female; (4) NS urine-marks of the same female; (5) no
urine-marked substrate as control. The placement of stimuli in each experimental point
was carried out using a custom-built structure: an half-section PVC pipe covering a
plasticized metallic mesh envelope on top of which was placed the scent-marked
substrate; this structure was meant to attenuate possible rain/humidity negative
influence on the persistence of the urine scent-marks. PES and NS scent-marks were
obtained as in experiment 1 except that the bottom of the arena was covered with a
clean transparent plastic film. Immediately after removing the vole from the arena, urine
scent-marks placed in ca. 9 cm? of plastic film were removed with a clean cotton

cosmetic pad which was then kept inside clean plastic tubes at -20 °C , until use.
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Radio-tracking of the voles was resumed at least eight hours after placement of the
scent-marks in the field and continued over two complete 24 h cycles. Then all the voles

were re-captured to remove the radio-collars.

Data analysis

The total area scent-marked with urine in experiment 1 was compared between PES and
NS conditions using the Wilcoxon signed-rank test. In addition, the total area covered
with urine scent-marks during PES was compared between sexes using the Mann-
Whitney U test. For the data of experiment 2, the total time spent on each substrate were
analysed with the Wilcoxon signed-rank test, and first choices were examined with Chi-
square tests. Cross-tabulation (Person's Chi-square) was used to analyse whether

substrate first choice was independent of the vole’s sex.

For experiment 3, the effect of the different stimuli on voles’ activity was assessed by
comparing the proportion of voles’ active locations (after arcsine transformation) within
a distance of four metres from the stimuli location point before and after stimuli
placement with repeated-measures ANOVA. The threshold distance was defined taking

into account the typical GPS error and minimum distance to others experimental points.

All statistical procedures were performed with PASW, version 18 (SPSS for Windows

2009).
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Results

Experiment 1

When exposed to the NS condition, Cabrera voles only released urine and faeces marks;
no anogenital marks where detected. Both sexes marked with urine a significant larger
area when exposed to PES than in a NS situation (males, z = 3.88, P < 0.001; females, z
= 3.92, P < 0.001; Fig. 2). No significant differences were observed in urine marked
area between males (610.09 + 66.86 cm?) and females (655.89 £ 79.55 cm?) when
exposed to PES (U =186.00, P = 0.71; Fig. 2): For both sexes, the number of faecal boli
released was higher during the NS condition than during the PES (males, z =-2.94, P <
0.01; females, z = -2.96, P < 0.01; Fig. 2); no faecal boli were left on the substrate

during the PES.

Experiment 2

Both sexes had a significant preference towards NS substrate, spending less time over
PES substrate than over NS substrate (females, z = -2.016, P < 0.05; males, z = -1.979,

P < 0.05; Fig. 3).

In the beginning of experiment 2 the first choice of 27 tested animals (13 males and 14
females) was to move towards the NS substrate, revealing a significant selection for this
substrate condition (y*> = 4.90, df = 1, P < 0.05, n = 40). Individuals first choice was
independent from tested animal sex (Cross-tab Marked substrate first choice (FC) x

Tested animal sex: Pearson’s y2=0.11, df = 1, P = 0.736, n = 40), scent-marks donor
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sex (FC x Scent-mark donor sex: Pearson’s y*> = 1.03, df = 1, P = 0.311, n = 40) and
from the scent-marks provided by same or by opposite sex donors (FC x Tested against

scent-marks form same/opposite sex donors: Pearson’s y*> = 1.03, df =1, P =0.311,n=

40).
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Fig. 2 Mean (x SE) number of faecal boli and urine-marked area placed by
both sex individuals (20 females and 20 males) over clean substrate, in a
small arena over 30 minutes trials, in a non-stress situation (NS) and exposed
to predatory stress stimuli (PES). * Indicates significant differences between

scent-marked areas (P < 0.01, Wilcoxon signed-rank test).
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Fig. 3 Mean (= SE) time spent by Cabrera voles over NS substrates (black
bars) and PES substrates (white bars) in the preference test (experiment 2).
Both sexes spent significantly more time over NS substrates than over PES
substrates. Significant differences between time spent over each substrate type
marked by * for P < 0.05 (Wilcoxon signed-rank test).

Experiment 3

During Cabrera voles radio-tracking, we registered on average 87.90 active points
before the treatment and 81.72 after. No significant differences were observed in the
proportion of active locations near all control experimental points (F; 9= 0.62, P = 0.45,
n = 10; Fig. 4), neither near any NS scent-marks experimental points (male NS, F;q =
0.40, P =0.54, n = 10; female NS, F19=1.47, P = 0.26, n = 10; Fig. 4) before and after

treatment. The proportions of active points before and after the treatment were nearly

Luis Gomes (2013) Fung¢do das marcas odoriferas em Microtus cabrerae (Thomas, 1906) 108



significant for PES condition experimental points (male PES, F19=4.75,P =0.05, n =

10; female PES, F19=3.49, P = 0.09, n = 10; Fig. 4).
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P=0.54

P=0.09

0,16 1
P=0.05

7 I 1 1
gl | I

0,1 1

Porportion of active time
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Fig. 4 Mean (x SE) proportion of active time spent by Cabrera voles near
field experimental points with different scent-marks before (black bars) and
after (white bars) placement of the scent-marked substrates (experiment 3):
cotton without scent-marks as Control; Male NS and Male PES were from the
same male donors; Female NS and female PES were from the same female

donors. P-values from repeated-measures ANOVA.

Discussion

The results of our first experiment suggest that urine is the single source of a putative
alarm pheromone in Cabrera voles, since no other type of scent-marks were left on the
substrate by voles exposed to a simulation of a predatory event. Studies on rats

(Mackaysim and Laing 1981; Kiyokawa et al. 2004a; Gutierrez-Garcia et al. 2007) and
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female pigs (Vieuille-Thomas and Signoret 1992), showed that the urine of individuals
that had been exposed to a stressful situation induced avoidance of the urinated area by
conspecifics. Under anxiety/stress conditions, increased urination is a common
behaviour (Ramos and Mormede 1997) and our results conform with this pattern, since
increased urination was observed in voles exposed to the simulation of a predatory

event.

Faeces seem not to be a source of a putative alarm pheromone in Cabrera voles, which
is in accordance with an earlier study carried out with rats where the alarm substances
were not present in faeces but only in the urine and body odours (Mackaysim and Laing
1981). The results of experiment 1 showed that voles only defecated in the non-stress
condition, despite the reported association between increased defecation and stress
(Taché et al. 2001). Anogenital scent-marks seem not to play any important role in
transmitting aversive information in Cabrera voles, since such type of scent-marks were
not observed. Several studies with Wistar rats have demonstrated the release of alarm
substances from anal glands in the perianal region, however, these substances were not
placed over the substrate but released to the surrounding air (Kikusui et al. 2001;
Kiyokawa et al. 2004b, a, 2005; Kiyokawa et al. 2006). Thus, the results of our
experiment cannot exclude the existence of putative volatile alarm substances in

Cabrera voles, because we analysed only scent-marks left on the substrate.

In the preference tests (experiment 2), both sexes spent significantly less time over PES
than over NS substrates and a significantly higher number of voles preferred to move
towards NS than PES substrates upon release in the test arena. The vole’s preference
towards scent-marks released in a NS situation rather than those released under PES is a

strong evidence that predatory-like stimuli induce the releasing of alarm substances in
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vole’s urine scent-marks to warn conspecifics for an impending danger. Studies with
other rodents, using non-natural stressors have shown also the releasing of alarm
substances that induce avoidance in conspecifics (Mackay-Sim and Laing 1980;
Zalaquett and Thiessen 1991). Rats preferred areas previously occupied by conspecifics
in comparison to clean areas, and such preference decreased with the presence of stress
odours to an extent concordant with levels of stressor applied to the odour donors
(Mackay-Sim and Laing 1980). Also, BALB/mice tend to sidestep areas associated with
odours of stressed conspecifics (Zalaquett and Thiessen 1991). To our knowledge, the
current study is the first that suggests a putative alarm pheromone associated with urine
scent-marks of rodents that is released upon exposure to nature-like stressors mimicking

stimuli associated with predators’ proximity as occurs in nature.

In the field (experiment 3), voles of both sexes tended to reduce their activity in areas
surrounding the PES urine scent-marks placed inside their home range, but did not
avoid areas with no marks or marked with the urine of non-stressed voles. These results
suggest that urine scent-marks released during a predatory event in the laboratory may
influence voles’ behaviour in the field. Despite the results being only nearly-significant
probably due to the low sample sizes, a trend for a reduction of activity was observed,
suggesting that voles which perceive the putative urine-related alarm pheromone may
decrease the likelihood of being detected by a predator which supports the signal to
conspecifics hypothesis. The detection of the putative alarm pheromone with
subsequent reduction of activity in the surroundings of the marked area would enhance
voles’ ability to survive, increasing its fitness. Additionally, Cabrera voles are
commonly found in breeding pairs with a high co-residence period (at least 10 months)
during which the pairs share the nest and surrounding area with pups (Fernandez-

Salvador et al. 2001; Fernandez-Salvador 1998; Fernandez-Salvador et al. 2005b);
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placement of alarm scent-marks in response to a predation attempt by adult voles may
induce avoidance of such areas by any forthcoming familiar group member and,
thereby, increase the survival likelihood of direct kin (Creel 1990). Predation risk
avoidance can also carry significant costs for the prey (Brown et al. 1999; Lima 1998;
Lima and Dill 1990; Lind and Cresswell 2005; Preisser and Bolnick 2008) in terms of
energy acquisition, fecundity and growth which ultimately may affect survival.
However, in areas with a strong predation risk, such as the Cabrera vole’s habitats the

benefits of avoiding alarm scent-marked areas must surpass the potential costs.

In conclusion, the results support that Cabrera voles of both sexes release urine-related
alarm substances upon exposure to simulated predatory-stress events; such putative
alarm pheromone induces avoidance of the scent-marked areas by adults of both sexes.
This feature might be extremely valuable for Cabrera voles allowing them to assess the
predatory risk in a specific area based on the presence of alarm substances that seems to
reduce their activity; this effect can be viewed as an anti-predatory response that
increases the likelihood of survive (Kavaliers and Choleris 2001). However, despite the
effects of alarm substances on conspecifics described above, further field studies are
required to assess effect of alarm substances on the survival of familiar group members

and on the fitness of the scent-mark donors.
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CAPITULO 5. DiscussAo GERAL

O estudo da marcacdo odorifera, dos comportamentos associados e das funcdes
inerentes, ndo é apenas importante na descoberta de estratégias e mecanismos que se
precipitardo em novas teorias relativamente a comunicacdo quimica dos animais, ela é
também de extrema importancia para a perceber a ecologia das espécies (Gorman 1990)
e a sua sociobiologia (Hurst and Beynon 2008). Adicionalmente, nos ultimos anos com
0 advento de uma nova area cientifica - “comportamento e conservagido” (Daniel and
Fernandez-Juricic 2010; Berger-Tal et al. 2011)- tém-se vindo a perceber que o
conhecimento relativamente a comunicacdo quimica, e particularmente a marcacéo
odorifera, pode desempenhar um papel relevante na conservacdo de espécies ameacadas

(Swaisgood 2007; Linklater 2004; Campbell-Palmer and Rosell 2011).

Como primeiro estudo acerca do comportamento de marcacdo odorifera no rato de
Cabrera, os resultados deste trabalho fornecem um conjunto de informacdes relevantes
acerca desta espécie ameacada cuja biologia apenas nos ultimos anos tem vindo a ser
estudada com maior profundidade (e.g. Luque-Larena and Lopez 2007; Mira et al.
2008; Pita et al. 2010; Pita et al. 2011; Rosario et al. 2008; Santos et al. 2007; Pita et al.
2006). Atendendo ao facto de algumas populagtes de rato de Cabrera estarem em
declinio (Fernandes et al. 2008; Pita et al. 2007), espera-se que 0 conhecimento
produzido nesta tese seja mais um contributo para compreensédo da sua biologia, numa
area, a etologia, que tem sido menos explorada, mas que pode fornecer pistas

importantes para incrementar o sucesso de agdes de conservacdo, nomeadamente
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quando envolvem transloca¢Ges ou visam a reprodugdo em cativeiro para futuras

reintroducdes na natureza (Campbell-Palmer and Rosell 2011).

5.1. RESUMO DOS PRINCIPAIS RESULTADOS

5.1.1.0 PAPEL DA MARCAGCAO ODORIFERA EM POPULAGCOES

EXTREMAMENTE FRAGMENTADAS DE RATO DE CABRERA

Os resultados deste estudo (Capitulo 2) mostraram que o rato de Cabrera, a
semelhanca de congeneres seus (Ferkin et al. 2004; Ferkin et al. 2001) e de outros
roedores (Becker et al. 2012), usa a marcacdo odorifera com a funcdo de aumentar a
probabilidade de encontrar um parceiro para acasalar, direcionando as suas marcas de
urina para zonas previamente marcadas por conspecificos do sexo oposto. No entanto,
ao contrario de outras espécies de roedores com as quais partilha um sistema de
acasalamento monogamico (Becker et al. 2012; Ferkin et al. 2004; Ferkin et al. 2001;
Thomas and Kaczmarek 2002; Thomas and Wolff 2002), este ndo usa a marcagédo
odorifera para defesa territorial ou para anunciar a sua presenga/passagem
indiferenciadamente a todos os conspecificos. Os resultados sugerem ainda que apenas a
urina desempenha um papel na comunicacéo intersexual, ao contrario de outras espécies
congeéneres que presumivelmente usam mais do que um tipo de marca (Ferkin et al.
1994; Ferkin and Johnston 1995; Ferkin 2001; Wolff et al. 2002). As diferencas

evidenciadas por esta espécie relativamente as outras, podem estar relacionadas com a
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especificidade das suas populagfes, particularmente com a diminuta densidade

populacional e elevada fragmentacéo.

5.1.2. 0 EFEITO DO VINCULO DE CASAL NA MARCAGCAO ODORIFERA

DO RATO DE CABRERA.

A marcacdo odorifera acarreta custos bastante elevados (Gosling and Roberts 2001;
Gosling et al. 2000; Roberts 2007; Mason et al. 2005; Koivula and Korpimaki 2001;
Hughes et al. 2010), pelo que é possivel que o rato de Cabrera module o seu
comportamento de marcacdo de modo a reduzir 0s custos nas situagdes em que esta ndo
confere beneficios significativos. Os resultados mostram (Capitulo 3) que o vinculo de
casal parece suprimir a marcacdo odorifera associada a funcdo de aumentar a
probabilidade de acasalamento, o que sugere a existéncia de plasticidade intraespecifica
do comportamento de marcacao associada ao vinculo de casal. Contrariamente ao que a
informacdo existente acerca do comportamento de animais ligados por o vinculo de
casal poderia levar a crer (Bowler et al. 2002; Wang et al. 1997; Winslow et al. 1993;
Carter and Getz 1993), este parece ndo induzir a marcacao para defesa territorial no rato

de Cabrera.
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5.1.3. MARCACAO DE ALARME DURANTE TENTATIVAS DE

PREDACAO NO RATO DE CABRERA

Os ratos de Cabrera de ambos 0s sexos parecem libertar feromonas de alarme nas suas
marcas odoriferas durante tentativas de predacdo (Capitulo 4). Comprovamos em
laboratério que as &reas marcadas por ratos de Cabrera sujeitos a simulacéo de predacao
sdo preteridas, por conspecificos de ambos os sexos, relativamente a areas marcadas
pelos mesmos animais na auséncia deste stress. Em meio natural a presenca destas
feromonas de alarme parece contribuir para a reducdo da atividade dos conspecificos na
envolvéncia da &rea marcada, 0 que sugere que estes semioquimicos poderdo ter um
papel preponderante na sobrevivéncia de conspecificos ao informar acerca de um risco
de predacdo elevado. A existéncia de feromonas de alarme nas marcas odoriferas de
urina ndo é completamente inusitada (Vieuille-Thomas and Signoret 1992; Boissy et al.
1998; Mackaysim and Laing 1981; Gutierrez-Garcia et al. 2007; Kiyokawa et al. 2004),
contudo esta é a primeira vez que se prova que estas tém real valor adaptativo ao serem
detetadas em animais silvestres sujeitos a tentativas de predacéo, e que tém efeito sobre

conspecificos no seu habitat natural.
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5.2. RELEVANCIA DOS RESULTADOS NO PANORAMA ATUAL DA

MARCACAO ODORIFERA

A marcacgdo odorifera é ubiqua entre os roedores, sendo vital para sua sobrevivéncia
e/ou fitness, e simultaneamente bastante onerosa para os animais que as usam (Gosling
et al. 2000; Mason et al. 2005; Koivula and Korpimaki 2001; Hughes et al. 2010).
Devido ao seu elevado custo, as marcas apenas sao usadas quando realmente concedem
beneficios significativos (Roberts and Gosling 2001; Gosling and Roberts 2001;
Roberts et al. 2001; Roberts 2012). Assim, é natural que a marcacao odorifera e 0s
comportamentos a ela associados reflitam as especificidades ecoldgicas (Gorman 1990)
e sociobioldgicas (Hurst and Beynon 2008) de cada espécie. E espectavel que as
diferengas interespecificas relativamente a caracteristicas populacionais, como a
densidade e a fragmentacdo, tenham consequéncias sobre o comportamento de
marcacdo odorifera, no entanto a grande maioria dos estudos em marcacdo odorifera de
espécies silvestres foram realizados com espécies generalistas amplamente difundidas,
que ocupam frequentemente territorios contiguos (Ferkin et al. 2004; Thomas and Wolff
2002; Wolff et al. 2002; Hurst and Beynon 2004; Getz et al. 2005; Madison and Mcshea
1987; Getz and Carter 1996). De facto, este estudo (Capitulo 2) parece ser 0 primeiro
estudo detalhado acerca da marcacdo odorifera numa espécie de roedor cujas
populacbes se apresentam bastante fragmentadas e cujas densidades populacionais sdo
baixas. Os resultados deste estudo sé&o relevantes porque sustentam que a fragmentacao
das populacOes associada as baixas densidades pode condicionar a utilizacdo da

marcacgdo odorifera com funcdes especificas, nomeadamente para defesa do territorio e
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para anuncio indiferenciado da presenca/passagem. Contrariamente a outros Microtus
cujas populacdes sdo relativamente mais densas e se distribuem de forma contigua, o
rato de Cabrera parece ndo usar a marcacao odorifera com estas duas finalidades, o que
se deve provavelmente ao facto de em situagbes de baixa densidade e elevada
fragmentacdo, onde a frequéncia de encontro entre conspecificos e a intensidade
intrasexual € relativamente baixa, 0os custos da marcacdo associada a estas funcdes

ultrapassarem largamente os beneficios proporcionados.

A maioria dos estudos em marcagdo odorifera em roedores foi realizada com animais
criados e mantidos em cativeiro (e.g. (Ferkin et al. 2004; Ferkin et al. 2001; Wolff et al.
2002; Thomas and Kaczmarek 2002; Thomas and Wolff 2002; Becker et al. 2012;
Johnston and Bullock 2001). O ambiente em que 0s animais sdo criados e as suas
experiencias prévias contribuem de forma preponderante para moldar o seu
comportamento (Huntingford 2004; Margulis et al. 2005; Laviola and Terranova 1998;
Caldji et al. 2000; Salvanes et al. 2007). De facto, os animais criados em cativeiro
encontram condicGes distintas dos seus homélogos que vivem na natureza, sendo que
em cativeiro a disponibilidade de recursos e de abrigo é distinta, sdo protegidos contra
predadores, a socializagdo é limitada, e na maioria dos casos os animais ndo selecionam
0S seus parceiros sexuais (Young 2008; Boersma et al. 2008; Epp and Gabor 2008), o
que pode promover, por exemplo, alteracbes na capacidade de reconhecimento de
predadores, procura de alimento e do comportamento reprodutivo (Kelley et al. 2006;
Azevedo and Young 2006; Lee and Berejikian 2008; Orlov et al. 2006). Apesar de
algumas diferencas comportamentais entre 0s animais em cativeiro e 0s que estdo em
liberdade apenas se verificarem ap0s a manutencdo de diversas geragdes em cativeiro

(McPhee 2003a; McPhee 2003b), existem também diferencas comportamentais que
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decorrem apenas das diferentes experiéncias a que 0s animais estiveram sujeitos durante
a sua vida (Margulis et al. 2005; Laviola and Terranova 1998; Caldji et al. 2000;
Salvanes et al. 2007). Este estudo, é um dos poucos estudos em marcacdo odorifera a
ser desenvolvido com animais adultos capturados diretamente do seu habitat natural, de
forma a assegurar que os comportamentos verificados representam o mais fielmente
possivel os comportamentos do rato de Cabrera em liberdade, nas condic¢Bes ecoldgicas
em que se encontra (Capitulo 2 e 3), e ndo sdo fruto de estimulos artificiais que
incidiram sobre os animais durante a fase inicial da sua vida ou de qualquer outra
influéncia provocada pelo cativeiro. De uma forma geral os animais usados nestes testes

estiveram retidos em cativeiro por um periodo maximo de aproximadamente um més.

A utilizacdo de animais de uma espécie silvestre, como o rato de Cabrera, provenientes
diretamente da natureza foi ainda mais relevante no caso especifico do estudo de
feromonas de alarme em marcas odoriferas (Capitulo 4). Isto porque, até agora a
grande maioria dos estudos em que se comprovou a emissdo de feromonas de alarme em
mamiferos foi realizado em animais de laboratério ou em animais domesticados, 0s
quais apresentam provavelmente um repertério comportamental bastante distinto das
espécies de que sdo originarios (ver introducdo geral). De facto, os resultados deste
estudo sdo dos poucos que permitem conjeturar com confianca a emissdo de feromonas
de alarme em espécies de roedores silvestres durante um evento de predacdo, visto
também ser dos poucos estudos, sendo 0s unicos, em que os estimulos promotores da

emisséo destas feromonas séo estimulos realmente associados a um evento de predacéo.

Os resultados do estudo acerca das feromonas de alarme (Capitulo 4) sdo ainda, tanto

quanto nos apercebemos, dos poucos que ate a atualidade demonstram que as feromonas
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de alarme emitidas por mamiferos tém um efeito significativo sobre os conspecificos no
meio natural. A maioria dos estudos conhecidos em marcacdo odorifera tem sido
realizada em laboratério, sendo que sdo extremamente eficazes na investigacdo de
aspetos especificos deste fendmeno (Wolff 2003). No entanto, frequentemente, os
estudos realizados em condi¢cBes naturais tém mostrado resultados contraditorios
relativamente ao que os estudos em ambiente laboratorial haviam sugerido (Mahady and
Wolff 2002; de la Maza et al. 1999; Wolff 2003, 2004), levantando a questdo da eficacia
dos testes laboratoriais para inferir acerca da ocorréncia de um determinado fendmeno
em populagdes naturais. Segundo Wolff (2003) devem-se realizar testes em condigdes
naturais para validar os resultados obtidos no laboratério, porque apenas nestes testes se
pode saber acerca da verdadeira existéncia de um fendmeno na natureza e/ou testar as

consequéncias ecoldgicas e evolutivas do mesmo.

5.3. CONSTRANGIMENTOS E INVESTIGACAO FUTURA

Os resultados desta tese abriram algumas portas para estudos futuros em marcacao
odorifera, particularmente em areas como a relacdo entre marcacdo odorifera e as
caracteristicas populacionais, e a influéncia da marcacdo de alarme no uso do espaco. A
argumentacdo subjacente a interpretacdo e discussdo dos resultados centrou-se no
balango entre os custos comumente associados a marcagdo odorifera e aos beneficios
em termos de fitness proporcionados pela mesma. No entanto, estas dindmicas nédo
foram realmente testadas relativamente a marcacao odorifera do rato de Cabrera, sendo
pertinente que no futuro se faca a validacéo das assuncdes resultantes desta pesquisa. De

facto, desde o inicio da Ultima década que a falta de estudos focados em determinar com
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rigor as consequéncias em termos de custos e beneficios dos variados tipos de marcagao
odorifera € umas das grandes lacunas apontada ao panorama da pesquisa em
comunicacdo quimica de mamiferos (Wolff 2003; Campbell-Palmer and Rosell 2011;
Wolff and Sherman 2007). Apenas com este tipo de estudos se consegue deslindar o
valor adaptativo de um determinado tipo de marcacdo odorifera que evolutivamente

justifique a sua existéncia como forma de comunicacao entre conspecificos.

Na situacdo particular da marcacao para aumentar a probabilidade de acasalar (Capitulo
2), dever-se-a confirmar se a contramarcacdo das marcas do sexo oposto tras beneficios
reais para os animais que a realizam, e determinar quais 0S mecanismos subjacentes a
esses beneficios. Por exemplo, a realizacdo de testes em semicativeiro com animais
associados e animais ndo associados a contramarcacdo sistematica do sexo oposto,
mediante a manipulacéo artificial das suas marcas odoriferas, para determinar os efeitos
desta na atracdo de animais do sexo oposto e/ou no seu sucesso de acasalamento, podera
ajudar a determinar a existéncia de fitness adicional proporcionado por esta marcacao.
Simultaneamente, e em funcdo da escassez de estudos relativos aos custos energéticos
efetivos dos diferentes tipos de marcacdo, poder-se-do analisar 0s custos associados a
esta marcacgao através da andlise comparativa de variaveis como o peso corporal e taxa
de crescimento (Gosling et al. 2000) em animais envolvidos em diferentes frequéncias
de contramarcacdo, induzidas, por exemplo, pela exposicdo a diferentes frequéncias de
marcas do sexo oposto. Apenas ap0s o esclarecimento dos mecanismos responsaveis
pelo aumento da probabilidade de acasalamento associada a esta forma de marcacao, a
pesquisa poderd passar pela identificacio das feromonas envolvidas em tais

mecanismos.
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Dada a plasticidade intraespecifica verificada relativamente ao comportamento de
marcacdo em algumas espécies de roedores (ver introducdo geral), e particularmente no
rato de Cabrera (Capitulo 3), levanta-se a questdo se as diferencas encontradas entre a
marcacdo social desta espécie e da sua congénere americana, o Microtus ochrogaster,
como resultado das diferencas nas condi¢cdes populacionais (Capitulo 4), tém cariz
evolutivo ou serdo resultado da plasticidade intraespecifica deste comportamento. De
facto os nossos resultados ndo fornecem nenhuma pista que possa ajudar a responder a
esta questdo, sendo que esta poderd ser a questdo central de estudos futuros. Por
exemplo, poderdo estudar-se as fungdes sociais da marcacdo odorifera na mesma
espécie fazendo variar as caracteristicas sociais/populacionais, para avaliar a
plasticidade intraespecifica da marcacdo odorifera, e verificar se em termos
populacionais existem limiares que determinam a utilizagcdo da marcagdo odorifera para

as diferentes funcoes.

Relativamente a supressdo da marcacdo odorifera com a funcdo de aumentar a
probabilidade de acasalamento em ratos de Cabrera ligados pelo vinculo de casal
(Capitulo 3), existe a necessidade de validar estes resultados em ambiente natural.
Adicionalmente, testes comparativos em semicativeiro com o intuito de avaliar as
consequéncias (i.e. custos e beneficios) desta forma de marcacdo em animais ligados
pelo vinculo de casal poderiam ajudar a corroborar as vantagens evolutivas da supressao
deste comportamento sugerida nesta tese. Devido ao facto dos resultados obtidos nédo
sustentarem nenhuma das funcdes testadas a luz do paradigma usado, é necessaria a
formulacdo de um novo enquadramento tedrico para a fungdo das marcas odoriferas em
animais ligados por vinculo de casal em espécies extremamente fragmentadas com

baixas densidades populacionais.
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Tendo-se constatado a libertacdo de feromonas de alarme nas marcas odoriferas de ratos
de Cabrera durante uma tentativa de predacdo (Capitulo 4), a pesquisa acerca da
duracdo do seu efeito sobre o comportamento de conspecificos em habitat natural é
pertinente para ajudar a perceber as suas consequéncias efetivas. Em funcdo da elevada
durabilidade da generalidade das marcas odoriferas (ver introducdo geral) € de esperar
que o efeito das marcas de alarme seja igualmente elevado. A acumulacdo diferencial
destas ao longo do habitat podera fornecer uma informacao adicional acerca da presséo
predatoria, que pode também ter um papel na modulacdo do comportamento de
conspecificos. Nd8o menos importante do que o estudo dos mecanismos responsaveis
pelo valor adaptativo das marcas de alarme, é a identificacdo das moléculas envolvidas
nesses mecanismos. Por exemplo, as pesquisas futuras relativamente as marcas
odoriferas do rato de Cabrera deverado incluir a identificacdo quimica das feromonas de
alarme libertadas na urina durante os eventos de predacdo, informagdo que ndo existe
até a atualidade relativamente a qualquer outra espécie de mamifero (Hauser et al.
2005). De facto pouco se sabe acerca dos compostos quimicos que atuam como
feromonas de alarme em mamiferos, sendo que a Unicas feromonas de alarme
identificadas sdo as produzidas por insetos e peixes (Hauser et al. 2005; Verheggen et

al. 2010).

Tendo em conta 0 acima exposto, julgamos que a presente tese, a0 demonstrar a
plasticidade e especificidade da marcagéo odorifera em fungéo dos diferentes contextos
sociais e populacionais, € inovadora e abre portas para todo um novo leque de pesquisas
multidisciplinares onde ecologos e etdlogos se juntem com o objetivo comum de

esclarecer as relacdes entre estas duas areas.
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