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Resumo 

 

Invasões biológicas são consideradas uma das maiores ameaças atuais à biodiversidade 

global. O cão doméstico é hoje o carnívoro mais abundante no mundo, e tem invadido áreas 

de vegetação nativa, podendo causar impactos negativos à fauna silvestre através da 

predação, competição e transmissão de doenças. A partir de dois extensos bancos de dados 

obtidos através de armadilhas fotográficas, esta dissertação pretende contribuir com o 

entendimento das causas e consequências da invasão por cães domésticos de 

remanescentes florestais e agroflorestas na Mata Atlântica. A dissertação está organizada 

em dois capítulos. No primeiro, usamos dados obtidos em duas paisagens rurais do Planalto 

Atlântico de São Paulo com diferentes proporções de florestas remanescentes, e (1) 

descrevemos o tipo de manejo e as características dos cães que visitam fragmentos 

florestais, (2) comparamos, entre estas paisagens, a frequência e horário de visitas e o 

tamanho de grupos de cães invasores assim como os fatores determinantes da 

intensidade de invasão, e (3) investigamos o impacto da intensidade de invasão sobre a 

distribuição de mamíferos silvestres de maior porte. No segundo capítulo, usamos dados 

obtidos em um mosaico agroflorestal do Sul da Bahia, e (4) verificamos se a conversão 

de florestas nativas em agroflorestas e a intensificação das agroflorestas favorecem a 

invasão por cães domésticos, e (5) se a invasão por estes animais está mais associada à 

presença humana nas agroflorestas do que nas florestas. Em conjunto, os resultados 

dessa dissertação sugerem que: (1) a intensidade da invasão por cães em paisagens 

antropizadas de Mata Atlântica é altíssima, tanto em termos do número de indivíduos e 

de visitas como em termos do número de sítios ocupados; (2) a invasão é favorecida 

pelo tipo de manejo dos animais, que são em grande parte criados soltos, e parece estar 

fortemente associada à presença do homem; (3) a intensidade de invasão afeta 

negativamente a distribuição de um maior número de espécies de mamíferos de maior 

porte do que a perda de 40% de floresta na paisagem; (4) características dos 

remanescentes florestais associadas à perda de habitat (quantidade e qualidade dos 

remanescentes) são mais importantes que a pressão de propágulo para determinar a 

intensidade da invasão; (5) a intensificação do manejo de agroflorestas acentua a 

invasão. Visto que a intensificação de agroflorestas e de outros sistemas agrícolas vem 

se acentuando globalmente e que, apesar da diminuição das taxas de desmatamento das 

florestas tropicais nos últimos anos, a maior parte das áreas remanescentes é constituída de 
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vegetação degradada ou secundária, a quantidade de áreas susceptíveis à invasão e os 

danos causados por cães domésticos devem aumentar no futuro.   
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Abstract 

 

Biological invasions are considered one of the most important threats to global 

biodiversity. Domestic dogs, the most abundant carnivore in the world, are known to 

invade areas of native vegetation and impact wildlife through competition, predation 

and disease transmission. Drawing on two extensive dataset obtained through camera-

trapping, this dissertation intends to contribute to the understanding of the causes and 

consequences of the invasion by domestic dogs of forests fragments and agroforests in 

the Atlantic Forest. The dissertation is organized into two chapters. In the first chapter, 

we use data from two rural landscapes of São Paulo Atlantic Plateau with different 

proportions of remaining forests, and (1) describe the management and the 

characteristics of dogs that visit forest fragments, (2) compare, between these 

landscapes, the frequency and time of visits, the size of groups of invading dogs, and 

the drivers of invasion intensity, and (3) investigate the impacts of invasion intensity on 

the distribution of native large mammals. In the second chapter, using data from an 

agroforestry mosaic in southern Bahia, we investigate (4) if the conversion of native 

forests into agroforests and agroforestry intensification favor the invasion by dogs, and 

(5) if invasion by these animals is more associated with human presence in agroforests 

than in forests. Our findings highlight that: (1) the intensity of the invasion by dogs in 

human-modified landscapes in the Atlantic Forest is extremely high, both in terms of 

the number of individuals and of visits and in terms of the number of occupied sites; (2) 

invasion is favored by the type of management, with dogs kept free, and seems to be 

strongly associated with the presence of humans; (3) invasion intensity negatively 

affects the distribution of a larger number of large mammals than the loss of 40% of 

forest in the landscape; (4) characteristics of forest fragments associated with habitat 

loss (quantity and quality of remnants) are more important than propagule pressure to 

determine the intensity of invasion; (5) management intensification in agroforests 

intensifies invasion. As intensification of agroforestry and other agricultural systems has 

increased globally and, despite the decrease in the rates of deforestation in recent years,  

most tropical forest remnants consist of degraded or secondary vegetation, the amount 

of areas susceptible to invasion and the damages caused by domestic dogs should 

increase in the future. 
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Introdução geral 

 

Espécies nativas de uma região são aquelas que ali ocorrem naturalmente, ou seja, 

cuja dispersão e estabelecimento ocorreram independentemente de atividades humanas. 

No geral, espécies que ocorrem em uma região desde o Período Neolítico podem ser 

consideradas nativas (IUCN, 1987). Da mesma forma, espécies que expandiram 

recentemente sua área de distribuição sem nenhum auxílio (intencional ou não) do 

homem também são consideradas nativas (Conover, 2002), sendo o processo de 

expansão conhecido como invasões espontâneas (Manchester & Bullock, 2000). Por 

outro lado, espécies exóticas são aquelas que não ocorrem naturalmente em uma área e 

cuja dispersão foi resultado de uma atividade humana (IUCN, 1987; Temple 1992; 

Holmes & Simons, 1996). No geral, espécies que colonizaram uma nova área, com 

exceção das invasões espontâneas, após o Período Neolítico, aproximadamente 6000 

anos A.C., são consideradas exóticas (Webb, 1985). Por fim, espécies exóticas 

invasoras são aquelas que se estabelecem em uma nova área de ocorrência onde 

proliferam e se distribuem (Mack et al., 2000), podendo causar prejuízos econômicos, 

ambientais ou ao bem estar humano (MMA, 2011).  

 Desde que o homem viaja através e entre continentes, as espécies tem sido 

transportadas, intencionalmente ou não, para novas áreas de distribuição (Manchester & 

Bullock, 2000). Desta forma, temos introduzido, por centenas de anos, plantas, animais 

e outros organismos ao redor do mundo, em um processo relativamente lento de 

globalização da biota da Terra (DiCastri, 1989). Porém, mais recentemente, tanto o 

desenvolvimento de novas tecnologias que melhoraram o transporte, quanto o processo 

de globalização, facilitaram o comércio internacional, a criação de novas rotas, 

mercados e produtos, e o movimento de seres humanos, aumentando grandemente a 

dispersão e invasão de espécies ao redor do globo (Levine & D’Antonio, 2003; Ruiz & 

Carlton, 2003; Meyerson & Mooney, 2007; Hulme, 2009; Hulme et al., 2009).   

 Segundo Lockwood (1999) três grupos de espécies são mais beneficiados com 

esta grande mobilidade humana e mercantil. O primeiro grupo inclui as plantas e 

animais que são deliberadamente levados pelo homem quando ocupamos uma nova 

área. Desta forma, plantas frutíferas, vegetais e animais domésticos são transportados 

através do mundo. Tais organismos geralmente são mantidos próximos aos locais de 

estabelecimento das populações humanas e recebem cuidados. Os animais são 



 

5 

 

 

transportados para recreação, alimentação, educação e pesquisas, porém alguns são 

soltos deliberadamente na natureza ou conseguem fugir de seus cativeiros e recintos. O 

segundo grupo de espécies são aquelas importadas de outras regiões com a intenção de 

serem liberadas na natureza para estabelecerem uma população livre, por razões 

estéticas, ou para o fornecimento de comida, fibras, ou de oportunidades de caça. O 

terceiro e último grupo de espécies proposto por Lockwood (1999) compreende os 

organismos transportados pelo homem sem que estes tenham ciência. Este grupo inclui 

parasitas e vetores de doenças, os quais infectam pessoas, animais e plantas que viajam 

ao redor do mundo, e animais pequenos como ratos, cobras e insetos, que são 

transportados junto com mercadorias e outros bens. Desta forma, a introdução de uma 

nova espécie pode ser acidental ou intencional (Manchester & Bullock, 2000).  

 Apesar da grande quantidade de espécies e organismos transportados para novas 

áreas por ações antrópicas, poucas se tornam espécies invasoras. No geral, cerca de 

0,1% das espécies importadas para uma nova região se tornam invasoras (Williamson, 

1992, 1993). Porém, em vários casos a proporção pode ser bem mais alta (Williamson 

& Fitter, 1996; Williamson 1996). Características morfológicas, fisiológicas e da 

história de vida parecem determinar quais espécies são invasoras eficientes (Manchester 

& Bullock, 2000). Por exemplo, árvores invasoras do gênero Pinus possuem maior 

massa de sementes, crescimento mais rápido e maior frequência de liberação de 

sementes do que as não invasoras (Rejmánek & Richardson, 1996). Segundo Ehrlich 

(1986), diversas espécies de vertebrados invasores possuem hábitos alimentares 

generalistas, curto tempo de geração, alta habilidade de locomoção, grande variação 

genética populacional e alta plasticidade ecológica.  

Outro fator que pode influenciar no sucesso de uma invasão é a vulnerabilidade da 

área alvo (Conover, 2002). Apesar de que todas as comunidades ecológicas podem, em 

certa medida, sofrer invasões biológicas (Crawley, 1987; Usher et al. 1988), 

características do habitat e fatores ambientais podem ser mais importantes do que 

características das espécies para determinar o sucesso de uma invasão (Newsome e 

Noble, 1986). É amplamente aceito que ambientes alterados pelo homem são mais 

facilmente invadidos (Newsome e Noble, 1986; Smallwood, 1994) e que distúrbios, 

tanto em escala ampla como local, são importantes na facilitação de invasões (Sher & 

Hyatt, 1999; Mooney & Hobbs, 2000; D’Antonio & Meyerson, 2002). Por outro lado, 

locais com pouca perturbação humana e com uma grande riqueza de espécies nativas 

tendem a conter poucas espécies invasoras (Conover, 2002). A maior probabilidade de 
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que áreas perturbadas apresentem recursos não utilizados, dado o efeito de distúrbios 

sobre espécies nativas, e que não abriguem agentes controladores, como predadores e 

competidores, podem ser as razões para a maior vulnerabilidade à invasão (Cox, 1999; 

Conover, 2002).  No entanto, a probabilidade de invasão também depende da pressão de 

propágulos da espécie invasora (Groves & Burdon, 1986; Leung et al., 2004) e de 

fatores geográficos como o isolamento e o tamanho da área invadida (Crawley 1987). 

 Mesmo que apenas uma pequena porcentagem de todas as espécies transportadas 

se torne invasora, as invasões biológicas representam uma ameaça significativa à 

biodiversidade terrestre (McGeoch et al., 2010) e a magnitude desta ameaça está 

aumentando globalmente (Hulme, 2009). Para alguns autores, a introdução de espécies 

exóticas invasoras é a segunda maior ameaça à biodiversidade global, estando atrás 

apenas da perda e destruição dos habitats (Elton, 1958; Vitousek et al., 1997, Baillie et 

al., 2004). Espécies invasoras alteram processos dos ecossistemas (Raizada et al., 2008), 

mudam a estrutura das comunidades (Hejda et al., 2009), alteram a diversidade genética 

de populações (Ellstrand & Schierenbeck, 2000), diminuem a abundância e riqueza de 

espécies nativas através da competição, predação, herbivoria, hibridização, transmissão 

de doenças e parasitas e através de outros efeitos indiretos (Wattaola et al., 1996; 

Oldroyd, 1999; Blackburn et al., 2004; Gaertner et al., 2009), ou ainda, alteram o 

comportamento de indivíduos, como por exemplo, mudanças no período de atividade e 

nos níveis de vigilância (Altendorf et al., 2001; Pyare & Berger, 2003; Creel & 

Christianson, 2008). Um número relativamente pequeno de espécies invasoras está 

gradualmente substituindo as espécies nativas que estão desaparecendo como 

consequência das atividades humanas (Rodríguez, 2001), levando a uma gradual 

homogeneização da biota (McKinney & Lockwood 1999; Rahel, 2000). Um estudo 

feito em 57 países levantou 542 espécies invasoras, sendo 316 plantas vasculares, 101 

marinhas, 44 peixes de água doce, 43 mamíferos, 23 aves e 15 anfíbios (McGeoch et al., 

2010). Porém, apenas no Brasil já foram registradas aproximadamente 647 espécies 

invasoras (MMA, 2011).   

Entre as espécies invasoras mais comuns está o cão doméstico (Canis lupus 

familiaris), introduzido onde quer que o homem tenha se fixado (Wandeler et al. 1993; 

Pimentel et al., 2000) e trazido para a América do Sul por colonizadores europeus 

(Clutton-Brock, 1996). O sucesso da expansão das populações humanas pelo globo está 

em parte ligado à domesticação deste animal (Miklósi, 2007; Clutton-Brock, 2008; 

Morey, 2010), que atualmente é o carnívoro mais comum do mundo (Vanak & 
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Gompper, 2010). Originou-se na Ásia a partir de lobos (Canis lupus) (Savolainen et al., 

2002), e o processo de domesticação resultou em mudanças no tamanho corporal e na 

configuração crânio-dentária (Clutton-Brock, 2008; Coppinger & Schneider, 1995) que 

possibilitaram o consumo de uma grande variedade de tipos de alimentos, desde lixo até 

presas silvestres (Vanak & Gompper, 2009a). Hoje recebem do homem alimentação, 

proteção contra predadores e cuidados veterinários (Butler & du Toit 2002; Vanak & 

Gompper, 2009a), o que permite que atinjam alta densidade populacional (Vanak & 

Gompper, 2010). Além de receber esses subsídios, os cães apresentam eficiência na 

dispersão (Pal et al., 1998), e rápido aumento populacional em condições favoráveis 

(Lodge, 1993; Pullin, 2002), características que podem favorecer o estabelecimento e 

invasão em novas áreas. 

Cães domésticos têm atuado como espécie exótica invasora, perturbando e 

modificando ecossistemas nativos de diferentes maneiras (Clout 1995). Na maior parte 

do globo, os cães domésticos apresentam alguma forma de comportamento de vida livre 

(Wandeler et al., 1993; Vanak & Gompper, 2009a; Torres & Prado, 2010). Esta 

tendência se acentua em regiões rurais, onde os cães além de serem mantidos livres 

(Brooks, 1990; Kitala et al., 2001; Campos et al., 2007; Ortega-Pacheco et al., 2007; 

Torres, 2008) não recebem supervisão e cuidados veterinários (Butler & Bingham, 

2000; Kitala et al., 2001; Torres 2008). Assim, hoje se sabe que cães domésticos 

interagem com animais selvagens seja como predadores (Butler et al., 2004; Galetti e 

Sazima 2006; Campos et al., 2007), presas (Mukherjee & Sharma, 2001; Edgaonkar & 

Chellam, 2002; Singh et al., 2007; Goldenberg, 2008), competidores por exploração 

(Sillero-Zubiri & Macdonald, 1997; Butler & du Toit, 2002; Aiyadurai & Jhala, 2006), 

competidores por interferência (Boitani et al., 1995; Vanak & Gompper, 2009b), 

reservatórios e/ou transmissores de doenças e parasitas (Cleaveland et al., 2000; Funk et 

al., 2001; Van de Bildt et al., 2002; Fiorello et al., 2006; Whiteman et al., 2007). Em 

alguns casos, tais interações são a causa de reduções drásticas de populações de diversos 

mamíferos silvestres (Barret, 1999), como por exemplo, o cão-selvagem-africano 

(Lycaon pictus) (Van de Bildt et al. 2002), os leões (Panthera leo) do Parque Nacional 

do Serengueti na Tanzânia (Roelke-Parker et al. 1996; Packer et al. 1999; Cleaveland et 

al. 2000), o lobo-etíope (Canis simensi) (Sillero-Zubiri et al.,1996; Whitby et al., 1997; 

Randall et al., 2006), o lobo-europeu (Canis lupus) na Itália (Boitani & Ciucci, 1995), a 

foca-do-cáspio (Phoca caspica) (Kennedy et al., 2000) e a gazela-da-montanha (Gazella 

gazella) em Israel (Manor & Saltz, 2004). 
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Apesar dos problemas que cães domésticos causam às espécies silvestres, os 

estudos sobre a invasão de cães domésticos no Brasil são bastante recentes. 

Considerando que ambientes alterados são mais facilmente invadidos (Newsome e 

Noble, 1986; Smallwood, 1994) e que distúrbios facilitam a invasão de espécies (Sher 

& Hyatt, 1999; Mooney & Hobbs, 2000; D’Antonio & Meyerson, 2002), a Mata 

Atlântica Brasileira, que atualmente foi reduzida a menos de 16% de sua cobertura 

original (Ribeiro et al., 2009) distribuída em fragmentos pequenos, isolados e muitas 

vezes perturbados (Câmara, 2005; Moore, 2005), e que abriga boa parte da população 

brasileira, é um bioma vulneral à invasão e aos danos causados por cães domésticos. No 

entanto, a maioria dos estudos realizados no Brasil foi conduzida em áreas protegidas 

ou em ambiente periurbano (Horowitz, 1992; Monteiro-Fillho, 1995; Marinho-Filho et 

al.,1998; Lacerda, 2002; Rodrigues, 2002; Gaspar, 2005; Negrão & Valladares-Pádua, 

2006; Campos et al., 2007; Whiteman et al., 2007; Oliveira et al., 2008; Srbek-Araujo & 

Chiarello, 2005 e 2008; Lacerda et al., 2009), sendo que poucos foram realizados em 

áreas rurais não protegidas da Mata Atlântica (Galetti & Sazima, 2006; Torres, 2008; 

Torres & Prado, 2010), locais relativamente mais expostos a invasão por cães 

domésticos.  

Os estudos realizados até o momento no Brasil indicam que cães domésticos são 

potenciais transmissores de doenças, como a cinomose e a raiva, para carnívoros nativos 

(Courtnay et al., 2001; Whiteman et al., 2007), estão presentes (Monteiro-Fillho, 1995; 

Lacerda, 2002; Alves & Andriolo, 2005; Srbek-Araujo & Chiarello, 2005; Negrão & 

Valladares-Pádua, 2006; Torres, 2008), e podem estar entre as espécies de mamíferos 

mais frequentes (Gaspar, 2005; Srbek-Araujo & Chiarello, 2008; Lacerda et al. 2009; 

Torres & Prado, 2010) em áreas de vegetação nativa, e ainda, podem predar a fauna 

silvestre nativa (Horowitz, 1992; Marinho-Filho et al.,1998; Rodrigues, 2002; Galetti & 

Sazima, 2006; Campos et al., 2007; Oliveira et al., 2008). Alguns trabalhos demonstram 

que a ocorrência ou frequência de visitas de cães são mais frequentes nas bordas das 

áreas de vegetação nativa (Lacerda, 2002; Srbek-Araujo & Chiarello, 2008; Lacerda et 

al., 2009; Torres & Prado, 2010). Nos poucos casos em que se investigou a relação entre 

registros de cães e de mamíferos silvestres, observou-se que a presença ou frequência 

dos cães está negativamente relacionada à frequência de espécies de mamíferos 

silvestres (Lacerda, 2009; Cassano et al., in press). 

Todos estes estudos, no entanto, têm um escopo espacial relativamente pequeno 

e/ou não identificaram indivíduos, apenas registraram a espécie, e consequentemente 
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não trazem informações sobre a abundância de cães dentro e fora de áreas de vegetação 

nativa, padrões espaciais e temporais de deslocamento dos indivíduos em áreas nativas, 

ou as características dos indivíduos que frequentemente visitam essas áreas, todas 

importantes para se compreender os impactos e os fatores que condicionam a invasão 

por cães domésticos. Este trabalho se baseia em dois extensos bancos de dados obtidos 

através de amostragem padronizada com armadilhas fotográficas em duas regiões da 

Mata Atlântica e visa contribuir com o entendimento das causas e consequências da 

invasão por cães domésticos. Abordamos a relação da invasão de cães com a perda de 

habitat e a intensificação da agricultura e trazemos informações que podem auxiliar a 

minimizar os impactos causados por cães domésticos à fauna silvestre de florestas 

tropicais. 

A dissertação está dividida em dois capítulos, um centrado na invasão de 

remanescentes florestais em duas paisagens com diferentes proporções de floresta 

remanescente no Planalto Atlântico Paulista, e outro na invasão de florestas e 

agroflorestas em um mosaico agroflorestal no Sul da Bahia. No primeiro capítulo, os 

objetivos foram descrever a forma de manejo e as características físicas dos cães que 

visitam os fragmentos florestais; comparar as características da invasão, em termos da 

frequência e horário de visitas e tamanho de grupos, entre paisagens com diferentes 

proporções de florestas remanescentes; investigar a importância relativa de fatores em 

escala local, como a quantidade e qualidade da floresta e o número de cães criados no 

entorno, e suas interações com a quantidade de floresta na escala da paisagem, para a 

determinação da intensidade da invasão por cães domésticos; e por fim, avaliar o 

impacto da intensidade de invasão, em termos do número de cães invasores, e sua 

interação com a quantidade de floresta na escala da paisagem sobre a distribuição de 

mamíferos silvestres de maior porte. Já no segundo capítulo, investigamos se a 

conversão de florestas nativas em agroflorestas e a intensificação do manejo de 

agroflorestas favorecem a invasão por cães domésticos e se a invasão por estes animais 

exóticos está mais associada à presença humana nas agroflorestas do que nas florestas. 

Os dois capítulos foram redigidos em formato de artigo científico em inglês. 
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Abstract 

Although the role of biological invasions in the biodiversity crises has been recognized, 

most studies on this subject address relatively small spatial scales, focus on few factors 

simultaneously or target conservation units. Drawing on an extensive dataset obtained 

in two rural landscapes of one of the main biodiversity hotspots, we focus on the causes 

and consequences of the invasion by domestic dogs, one of the most common exotic 

species worldwide. Through a standardized camera trap protocol across 48 forest 

fragments, the identification of individual dogs, and information obtained by 

interviewing their owners, we: (1) describe the management and the characteristics of 

dogs that visit forest fragments, (2) compare, between landscapes with different 

proportions of remaining forest (10% and 50%), the frequency and time of visits, the 

size of groups of invading dogs, and the environmental drivers of the invasion, and (3) 

investigate the impacts of invasion on the distribution of native mammals. Our findings 

highlight that the invasion of domestic dogs is among the main threats to native 

mammals in human-modified, tropical landscapes: (1) access to forest was facilitated 

both by the predominant type of management (dogs kept free) and deforestation, (2) the 

number of dogs that visit fragments was very high, and one third of those was not 

vaccinated, and (3) the invasion by dogs negatively affected the distribution of a larger 

number of native mammals than the loss of 40% of forest in the landscape. Finally, 

landscape characteristics were more important than propagule pressure to explain the 

intensity of invasion, and should thus not be overlook when planning actions to mitigate 

the impacts of dogs. 

Key-words: abundance models, alien species, Canis familiaris, habitat fragmentation, 

habitat quality, invasive species  
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Resumo 

Embora o papel de invasões biológicas na crise da biodiversidade tenha sido 

reconhecido, a grande maioria dos estudos aborda escalas espaciais relativamente 

pequenas, enfoca poucos fatores simultaneamente e foram realizados em unidades de 

conservação. A partir de um extenso banco de dados obtido em duas paisagens rurais de 

um dos principais hotspots de biodiversidade, pretendemos contribuir com o 

entendimento das causas e consequências da invasão por cães domésticos, uma das 

espécies exóticas mais comuns no mundo. Através da amostragem padronizada com 

câmeras fotográficas em 48 fragmentos florestais, da identificação individual dos cães e 

de informações obtidas por entrevistas com seus proprietários, nós: (1) descrevemos o 

tipo de manejo e as características dos cães que visitam fragmentos florestais, (2) 

comparamos, entre paisagens com diferentes proporções de floresta remanescente (10 e 

50%), a frequência e horário de visitas e o tamanho de grupos de cães invasores assim 

como os fatores determinantes da intensidade de invasão, e (3) investigamos o impacto 

da intensidade de invasão sobre a distribuição de mamíferos silvestres de maior porte. 

Este trabalho indica, por mais de uma fonte de informação, que a invasão de cachorros 

domésticos pode estar entre as principais ameaças à fauna em paisagens tropicais 

modificadas pelo homem: (1) o acesso dos cães a áreas de vegetação é facilitado tanto 

pelo tipo de manejo dos cães (que são mantidos soltos) quanto pelo desmatamento, (2) o 

número de cães que visitam fragmentos foi muito alto, e um terço deles não foi 

vacinado e (3) a invasão por cães afeta negativamente a distribuição de um maior 

número de espécies de mamíferos nativos do que a perda de 40% de floresta na 

paisagem. Por fim, características da paisagem foram mais importantes do que a pressão 

de propágulos para explicar a intensidade da invasão, e deveriam ser consideradas no 

planejamento de ações que visem mitigar o impacto dos cães. 

Palavras-chave: modelos de abundância, espécies invasoras, Canis familiaris, 

fragmentação de habitat, qualidade do habitat, espécies exóticas  

 

Introduction 

Biological invasions have been increasing worldwide (Hulme, 2009; McGeoch 

et al., 2010) and are presently considered the second most important threat to 

biodiversity (Vitousek et al., 1997, Baillie et al., 2004). Through competition, predation, 

herbivory, hybridization, and pathogen transmission, invading species can change the 

behavior of individuals, such as the period of activity or vigilance levels (Altendorf et 
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al., 2001; Pyare and Berger, 2003; Creel and Christianson, 2008), decrease species 

abundance and richness (Wattaola et al., 1996; Oldroyd,1999; Blackburn et al., 2004; 

Gaertner., 2009), altering the structure of native communities (Hejda et al., 2009), 

modify the genetic diversity of their populations (Ellstrand and Schierenbeck, 2000), or 

affect ecosystem processes, such as nutrient cycling (Ehrenfeld, 2003; Raizada et 

al.,2008).  

Among the potentially invading exotic species, the most common and widely 

distributed is perhaps the domestic dog that was introduced wherever man has settled 

(Wandeler et al., 1993; Pimentel et al., 2000) for property protection, livestock 

management, company and hunting (Hart, 2008; Khan, 2009). It is today the most 

abundant carnivore in the world (Vanak and Gompper, 2010), with a population 

estimated at 700 million individuals (Hughes and Macdonald, 2013). Although the 

success of human population expansion around the globe is partly linked to dog 

domestication (Miklósi, 2007; Clutton-Brock, 2008; Morey, 2010), we presently know 

that these animals disturb and modify native ecosystems (Clout, 1995), affecting 

wildlife populations through ecological interactions such as competition and predation 

and as pathogen reservoirs (Young et al., 2011; Vanak and Gompper, 2009b). Although 

the underlying mechanism is often unknown, negative relationships between domestic 

dog populations and those of wildlife species have been observed (Lenth et al., 2008; 

Lacerda et al., 2009). In some cases, however, the mechanisms were identified, and 

domestic dogs have been implicated in drastic population reductions, either through 

pathogen transmission to carnivores (Kennedy et al., 2000; Cleaveland et al., 2000; Van 

de Bildt et al., 2002; Randall et al., 2006) or through predation to ungulate (Manor and 

Saltz, 2004). 

Given that domestic dogs are important to human populations, but represent a 

threat to native fauna, information on management and population size, ecological and 

behavioral traits such as exploratory behavior, habitat use and movements, factors that 

determine the frequency of visits to native vegetation, and impacts on wildlife, are 

essential to guide the adequate management of this species. However, most available 

information presently comes from occasional and sporadic observations (Young et al., 

2011), concerning relatively small spatial scales, targeting mainly conservation units 

and their surroundings (Hughes and Macdonald, 2013), overlooking the rural 

landscapes that today encompass most forest remnants in the tropics. 
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Accumulated evidence indicates that in rural regions domestic dogs are not kept 

confined (Butler et al., 2004; Campos et al., 2007; Ortega-Pacheco et al., 2007), reach 

high population growth rates (Kitala et al., 2001) and do not receive supervision or 

veterinarian care (Butler and Bingham, 2000; Torres, 2008). Although dogs can move 

up to 30 km in just 25 hours and present home ranges of up to 2451 ha (Meek, 1999), 

dog movement varies according to the type of environment, animal size and type of 

management (Rubin and Beck, 1982). Visits to native environments are usually made 

by isolated individuals or small groups (Beck, 2002; Paschoal et al., 2012). Nearby 

villages and households are the main source of dogs that penetrate into native vegetation 

(Fiorello et al., 2006 Whiteman et al., 2007), where frequency of visits is higher at the 

edges (Srbek-Araujo and Chiarello, 2008; Lacerda et al., 2009). As for other invasive 

species for which the propagule pressure is one of the main drivers of invasion intensity 

(Lockwood et al., 2005, Gurevitch et al., 2011), some studies indicate that the number 

of dogs raised in the surroundings influences the occurrence of these animals in native 

habitat, and that the frequency of visits is higher in more fragmented areas or in areas 

with greater human population density (Odell and Knight, 2001; Lacerda, 2009). 

However, studies usually focus on a few potential drivers simultaneously. 

In the neotropics the Atlantic Forest is probably one of the most suitable areas 

for studying domestic dog invasion. Presently, most of the Brazilian population lives in 

areas that were originally covered by this forest, reduced to less than 16% of its original 

cover (Ribeiro et al., 2009). Most remnants (99.5%) are smaller than 1000 ha (Ribeiro 

et al., 2009) and harbor impoverished and simplified mammal communities (Chiarello, 

1999, et al., Cassano et al. 2012). Thus, intense habitat fragmentation and disturbance, 

high density of both humans as well as domesticated animals and the impoverishment of 

native fauna make the Atlantic Forest remnants vulnerable to invasion by domestic 

dogs. 

Drawing on an extensive dataset obtained in two rural landscapes with different 

proportions of remaining Atlantic Forest, our aim is to contribute to the understanding 

of the causes and consequences of domestic dog invasion in one of the main 

biodiversity hotspots. We first describe the type of management and the characteristics 

of dogs that visit forest fragments. We then compare the characteristics of the invasion 

in terms of the frequency and time of the visits and the size of groups between 

landscapes with different proportions of remaining forest. We also investigate the 

relative importance of local–scale drivers, such as the quantity and quality of forests and 



 

24 

 

 

the number of dogs raised in the surroundings, and their interactions with the quantity of 

forest at the landscape scale, to determine invasion intensity. Finally, we evaluate the 

impacts of invasion intensity, and its interaction with the quantity of forest at the 

landscape scale, on the distribution of native mammals.  

 

Methods 

Study areas  

The study areas consist of two rural landscapes of 10000 ha both situated on the 

Atlantic Plateau of São Paulo, in the municipalities of Ribeirão Grande and Capão 

Bonito, and of Tapiraí and Piedade. The entire region was originally covered by 

Atlantic Forest, classified as “Lower Montane Atlantic Forest” (Oliveira-Filho and 

Fontes, 2000), which is currently reduced to forest fragments in mid-stage of 

regeneration. Altitude varies from 800 to 1100 m above sea level, annual rainfall from 

1362 mm to 1807 mm, and mean annual temperature is 19° C (with mean maximum 27° 

C and mean minimum 9°C) (CPTEC, 2005; CEPAGRI, 2009). 

Despite the similarity regarding climate, topography, vegetation type and human 

use (Pardini et al., 2010), the proportion of remaining forest differs between the two 

landscapes. The Ribeirão Grande/ Capão Bonito landscape is composed, mostly, of 

open, anthropogenic areas, mainly pastures (44%) and annual crops (31%), with only 

11% of remaining forest. The Tapiraí/ Piedade landscape, on the other hand, comprises 

51% of open anthropogenic areas, also dominated by pastures (24%) and annual crops 

(13%), with 49% of remaining forest (Figure S1). 

Mammal communities in forest remnants of both landscapes are simplified, 

dominated by medium-sized species, mainly opossums (Didelphis albiventris and 

Didelphis aurita), armadillos, (Dasypus novemcinctus, Euphractus sexcinctus and 

Cabassous sp.) and medium-sized carnivores (Eira barbara, Procyon cancrivorus, 

Nasua nasua, Cerdocyon thous, Leopardus spp.). Some larger species, such as the 

capybara (Hydrochoerus hydrochaeris), the deer (Mazama spp.) and the puma (Puma 

concolor) are rare, and others were not recorded in any of the landscapes (Panthera 

onca, Tapirus terrestris, Tayassu pecari and Pecari tajacu) (Oliveira, 2011; Espartosa 

et al. 2011). 

Sampling design 

In each of the landscapes, we sampled 24 forest fragments, chosen to maximize 

the variation in the quantity of forest in the surroundings. In the most deforested 
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landscape, due to the low quantity of remaining forest, the 24 largest fragments were 

selected (varying from 5% to 36% of forest in the surroundings, Figure S1b). In the 

more forested landscape, the selected fragments varied from 18% to 77 % of forest in 

the surroundings (Figure S1c). In both landscapes, minimum distance between sampling 

sites was 900 m.  

Data collection 

Recording domestic dogs and native mammals in forest fragments 

In each of the 48 forest fragments we installed three camera traps, 100 m apart 

from each other (largest possible distance, given the size of the smallest fragment) and 

placed at 20 cm above forest ground. The lateral sets of cameras were baited with 

banana, corn and salt and the central camera with sardines or scent lures - Pipi Dog 

(www.coveli.com.br) and liquid Catnip Brasileiro (www.catnipbrasileiro.com.br). In 

each landscape, we carried out three 1-month sampling sessions. In each of them, the 

cameras in all 24 fragments were active for 10 or 15 days, with 12 fragments sampled 

simultaneously. In the more deforested landscape, the three sampling sessions occurred 

from February to October 2009 and in the more forested landscape from October to July 

2007. Due to problems with camera traps, sampling effort varied from 103 to 135 

camera-days across fragments in the more deforested landscape, and from 90 to 135 

camera-days across fragments in the more forested landscape, totaling, respectively, 

3095 and 2670 camera-days in each landscape. 

Type of management and characteristics of dogs that visit forest fragments 

The dogs recorded in the photographs were identified from characteristics such 

as fur color, sex, size, breed, and scars. At the beginning of 2012, two years after 

recording the dogs with camera traps, we visited the households located within a radius 

of 800 m around the sampling sites of the more deforested landscape (Figure S1b), 

aiming to identify where the dogs in the photographs were raised. The photographs 

were used in interviews with land owners to identify if any of the dogs was raised there. 

Interviews also included a questionnaire with open and closed questions (multiple 

choice) to obtain information on the age and sex of the dog, the type of management 

(confinement, feeding, vaccination and sterilization), the frequency of visits by dogs to 

forest fragments, and the animals hunted by dogs (Appendix S1). 

In the more forested landscape, because of the long time elapsed after data 

collection with camera traps (approximately five years), most recorded dogs had already 

http://www.coveli.com.br/
http://www.catnipbrasileiro.com.br/
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died or the places where they were raised were not identified. We thus did not use this 

data. 

Drivers of invasion by domestic dogs 

Number of dogs raised in the surroundings – In both landscapes during data 

collection with camera traps the number of domestic dogs in the surroundings of all 48 

sampled fragments was obtained through interviews with all residents (heads of 

households) located within a 800-m radius circumference around sampling sites. 

Quantity and quality of forests in the surroundings – These data were obtained 

from land use maps of 1962, 1980, and 2005 (Lira et al., 2012). Through the 

superposition of these maps, native forest remnants were categorized into classes of 

regeneration age: (1) forests older than 43 years (already present in 1962), forests 

between 25 and 43 years (absent in 1962 but present in 1980) and (3) forests younger 

than 25 years (present only in 2005) (Figure S1). Using Arc Map (ESRI® ArcMap™ 

9.2.) we calculated the total quantity of forest (forest quantity) and the proportion of 

older forests (older than 43, forest quality) within a 800-m radius circumference around 

sampling sites. 

Quantity of forest at the landscape scale – This is a categorical variable 

considering the percentage of remaining forest at the landscape: more (~10%) and less 

deforested (~50%) landscapes. 

Data analysis 

Type of management and characteristics of dogs that visit forest fragments 

With the information collected through the questionnaire (Appendix S1), we 

calculated the percentage of dogs that were vaccinated, sterilized and kept under 

different types of management among those that were recorded in fragments of the more 

deforested landscape. We also identified the native mammals more frequently preyed on 

by these dogs, according to the owners’ opinion. 

Using Arc Map 9.2 (ESRI® ArcMap™ 9.2.), we calculated the linear distance 

between where dogs were raised and forest sites where they were photographed, a 

measurement that was used as an estimate of dog movements. To verify if length of 

movement is influenced by the age or sex of individuals, we constructed and compared 

through model selection a set of candidate models, which includes a constant model, 

where length of movement followed a Gaussian distribution with both parameters, mean 

(µ) and standard deviation (δ), constant, and two models in which the parameter mean 
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(µ) varied as a linear function of age or sex and standard deviation (δ) was kept 

constant. 

Also through model selection we verified if the frequency of visits of individuals 

to the fragments, number of visits per individual excluding sequential records (i.e. 

pictures taken from the same individual in the same camera within intervals shorter than 

1 hour which are likely to occur because dogs stay in front of the camera eating the 

bait), is influenced by the distance between where dogs were raised and visited 

fragments. The set of candidate models included a constant model, where the number of 

visits followed a Poisson distribution with the parameter (λ) constant, and another 

model in which this parameter varied as a log function of the distance between where 

dogs were raised and visited fragments.  

Frequency and time of visits to forest, and group size in landscapes with different 

proportion of remaining forest 

Having identified dogs recorded in the fragments, we calculated for each of them 

the number of visited fragments and the frequency and time of visits, as well as the size 

of the groups of dogs recorded together. 

We used the Kolgomorov-Smirnov test to compare the proportion of individuals 

in classes of numbers of visits (i.e. number of records excluding sequential records) 

between landscapes. We also used the Watson test of homogeneity between two 

samples (Jammalamadaka and Sen Gupta, 2001) to compare the time of visits between 

landscapes, and the Rayleigh test (Wilkie, 1983) to test, for each landscape, if visits 

were uniformly distributed during the day (if not, we estimated the time of greater 

activity with the Von Mises estimate, Jammalamadaka and Sen Gupta, 2001). For the 

analyses of time of visits, we considered just one value per individual, excluding the 

sequential records, and calculating the median of the time of all visits for each 

individual. Finally, we tested if the frequency of group formation (more than one 

individual registered together) varied between landscapes using a contingency table and 

a chi-squared test. 

Drivers of invasion by domestic dogs 

We used abundance models (Royle, 2004), modified from occupancy models 

(Mackenzie et al., 2002), to investigate the relative importance of local-scale drivers 

(quantity and quality of forest and number of dogs raised in the surroundings), and their 

interactions with the quantity of forest at the landscape scale, to determine the intensity 

of the invasion, i.e. the number of domestic dogs that visit forest fragments. These 
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models contain two parameters: abundance (λ) and probability of detection (r, the 

probability that an individual is detected), estimated from the history of captures of 

individuals throughout sampling sessions (which in this case were three) (Royle, 2004). 

Given the small size of the sampling units (3 cameras in a 200-m long transect) relative 

to the home range area of dogs, we interpreted the abundance (λ) as the number of 

individuals that used forest fragments (McCarthy et al., 2013). The association among 

the independent variables was tested through Pearson correlations for continuous 

variables and ANOVAs for continuous variables and the categorical quantity of forest at 

the landscape scale. 

The set of candidate models included a constant model (both parameters r and λ 

constant), a model where detectability (r) was modeled as a function of sampling effort 

(λ constant), and 34 models in which abundance (λ) was modeled as a function of the 

independent variables (r constant). These included four simple models, each of them 

containing one of the four independent variables, 11 additive models, containing all 

possible combinations among the four independent variables, and 19 interaction models 

that represent combinations that included the independent variable quantity of forests at 

the landscape scale and its interactions with the other independent variables. 

Impact of invasion and its interaction with the quantity of forests at the landscape scale 

on mammal distribution 

We used occupancy models (Mackenzie et al., 2002; Mackenzie et al., 2006) to 

investigate the effects of the number of invading dogs (estimated through the best 

abundance model described above), the quantity of forest at the landscape scale and the 

interaction between these factors on the distribution of mammals. These models contain 

two parameters: probability of occupancy (Ψ) and probability of detection or 

detectability (p, probability that a species is detected), both estimated from the history 

of detection of species throughout sampling sessions (in this case, three). Again, given 

the small size of sampling units relative to the home range area of most mammals, we 

interpreted the probability of occupancy (Ψ) as the proportion of fragments used by the 

species (Mackenzie et al., 2006). Detectability (p) was interpreted as a proxy for 

intensity of use of fragments (Royle and Nichols, 2003). Probability of occupancy (Ψ) 

was modeled for mammal species that occurred in a minimum of six and a maximum of 

35 fragments, and detectability (p) for mammal species that occurred in a minimum of 

15 fragments, so that for two species only probability of occupancy (Ψ) was modeled, 

for two only detectability (p) and for three both parameters (Table S1). We tested the 
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association between the number of estimated invading dogs and the quantity of forest at 

the landscape scale through an ANOVA. 

For the species for which both parameters were modeled, the selection of models 

was divided into three steps (Bailey et al., 2004). Firstly, we maintained the probability 

of occupancy constant, Ψ(.), and modeled detectability, p(var), as a function of the two 

independent variables (two simple models, one additive, and one interaction model). 

Secondly, we maintained detectability constant, p(.), and modeled probability of 

occupancy, Ψ(var), in the same way. In both steps we also used a constant model, Ψ(.) 

p(.), and, in the first one also a model with detectability as a function of sampling effort, 

p(effort). Thirdly, the selected models Ψ(.) p(var) and Ψ(var) p(.) were combined into 

models Ψ(var) p(var) to explore whether the inclusion of co-variables in both 

parameters improved model performance. For the species for which just one parameter 

was modeled, only the first or the second step was run. 

In all model selection analyses, models were compared through the Akaike 

Information Criterion corrected for small-samples (AICc) (Burnham and Anderson, 

2002), considering that models that present a difference less than or equal to 2 in AICc 

value relative to the best model  (ΔAICc) are equally plausible (Burnham and Anderson, 

2002).  

All the analyses were performed in Program R, using packages “bbmle”,”car”, 

“CircStats”, “chron”, “MASS”, and “Unmarked” (R.2.11.0, The  R Foundation for 

Statistical Computing. 2008, Vienna, Austria). 

 

Results 

Type of management and characteristics of dogs that visit forest fragments 

Through the interviews with owners we located 30 of the 51 individuals 

recorded in the fragments of the more deforested landscape, which were raised in 16 

different households (Figure S1b). Nineteen of these were males and 11 females and all 

of them visited only one fragment. Most of these 30 animals were vaccinated less than 

one year ago against rabies (70% or 21 individuals) and against cynomosis and 

parvovirosis (66.6% or 20 individuals), but a minority, just 2 dogs, (6.6%) were 

sterilized. The great majority (96.6% or 29 individuals) is kept free both during the day 

and at night. According to the owners all dogs were fed daily and feeding frequency 

varied from two to three times a day. Also according to owners, 29 dogs (96.6%) hunt 

other animals, the main preys being: porcupines (hunted by 22 individuals or 73% of 
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dogs), opossums (21 individuals or 70 % of dogs), armadillos (15 individuals or 50% of 

dogs) and coatis (7 individuals or 23% of dogs). 

Among these 30 individuals, considering the linear distance between where they 

were raised and visited fragments, length of movement varied from 174 to 1950 m (X= 

689 m, SD= 441 m) and age from 3 to 15 years (X= 6.88, SD= 3.73). Age and sex did 

not influence the length of movement (Figure 1a, 1b, Table S2). Similarly, the linear 

distance between where they were raised and visited fragments did not affect the 

number of visits per individual (Figure 1c, Table S3). 

Frequency and time of visits to forest, and group size in landscapes with different 

proportion of remaining forest 

In the more deforested landscape, 51 dogs were identified, distributed in 23 (of 

the 24) fragments, which were visited on average by 2.1 individuals (SD= 1.4), whereas 

in the more forested landscape 35 dogs were identified, distributed in 17 (of the 24) 

fragments, which were visited on average by 1.5 individuals (SD= 1.6). In contrast, 

however, the number of dogs raised in the surroundings of the sampled fragments was 

much lower in the more deforested landscape (487 compared to 742). Moreover, while 

in the more deforested landscape four individuals were recorded in more than one 

fragment (distances between pairs of fragments visited by the same individual: 1104 m, 

1324 m, 1525 m, 3573 m, 5327 m, 8985 m), in the more forested landscape all 

individuals were recorded in one fragment only. 

Nevertheless, the proportion of individuals in classes of numbers of visits did not 

differ significantly between landscapes (D= 0.38; p= 0.75); in both landscapes most 

dogs made only one visit to fragments (Figure S2). Likewise, although the proportion of 

individuals that go in pairs into the fragments was higher in the more forested 

landscape, there was not a significant association between group formation and the 

quantity of forest at the landscape scale (χ²= 0.38; p= 0.53) (Table S4) and in neither 

landscape a group larger than two individuals was recorded. 

Yet the time dogs visited the fragments differed between landscapes (the Watson 

test of homogeneity: p= 0.04). Whereas in the more deforested landscape time of visits 

was not homogeneously distributed throughout the day (Rayleigh test: p< 0.001), with a 

peak around 12:53 h, in the more forested landscape time of visits was uniformly 

distributed during the day (Rayleigh Test: p= 0.07) (Figure S3). 

Drivers of invasion by domestic dogs 
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The local-scale independent variables were not correlated among themselves, 

but the quantity of forest at the landscape scale was strongly associated with both forest 

quantity and quality in the surroundings, as expected (Table S5). 

Two models were selected as most plausible to describe the number of dogs that 

visit forest fragments (Table S6). Both contain as a co-variable of the abundance 

parameter (λ) the quantity of forests in the surroundings, and indicate that the higher the 

quantity of forests in the surroundings, the lower the number of invading dogs (Figure 

2). Besides this co-variable, the second selected model also contains the quality of 

forests in the surroundings, the quantity of forests at the landscape scale and the 

interaction between these two variables, indicating that the better the quality of forests 

or the greater the quantity of forests at the landscape scale, the lower the number of 

dogs that visit fragments, and that in the more deforested landscape the influence of the 

quality of forest on the number of dogs is stronger. Among the other four simple models 

(including the one with sampling effort), only the one that contains the quantity of forest 

at the landscape scale, which is correlated with the quantity of forest in the 

surroundings, also presented AICc smaller than the constant model. 

Apart from the selected models, another nine models were also more plausible 

than the constant model, all of them containing the co-variable quantity of forests in the 

surroundings (Table S6). Some of these models contain, besides the co-variables present 

in the selected models, the number of dogs raised in the surroundings and the interaction 

between the quantity of forests in the surroundings and the quantity of forests at the 

landscape scale, indicating that the higher the number of dogs raised in the 

surroundings, the higher the number of invading dogs and that in the more deforested 

landscape the influence of the quantity of forest in the surrounding is stronger. 

The number of invading dogs estimated through the best model (simple model 

that contains only the quantity of forest in the surroundings) varied from 6 to 11 

individuals (X= 8.6 and SD= 1.49) across fragments of the more deforested landscape 

and from 2 to 8 (X= 5.2 and SD= 2.00) across fragments of the more forested landscape 

(detectability= 0.109). Thus the estimated number of dogs that use the set of fragments 

in each landscapes is 208 and 126 dogs, respectively. 

Impact of invasion and its interaction with the quantity of forests at the landscape scale 

on mammal distribution 

A total of 16 species of native mammals were recorded, of which only the 

opossum (Didelphis aurita) occurred in all 48 fragments (Table S1). It was possible to 
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build occupancy models for seven of these species: we modeled the probability of 

occupancy for the deer (Mazama spp.) and small spotted cats (Leopardus spp.), 

detectability for the opossum (Didelphis aurita) and the nine-banded armadillo 

(Dasypus novemcinctus), and both parameters for the tayra (Eira barbara), the coati 

(Nasua nasua) and the crab-eating fox (Cerdocyon thous) (Table S1). The estimated 

number of invading dogs, as expected, was strongly associated with the quantity of 

forest at the landscape scale (F= 44.8 and p= 0.0001). 

The constant model was among the selected models for both species for which 

we modeled only occupancy, Leopardus spp. and Mazama spp. (Figure 3 and Table S7). 

For Leopardus spp. the constant model was the only selected, indicating that none of the 

factors is important for the distribution of this species. Yet for Mazama spp. two simple 

models were ranked before the constant: the model that contains the estimated number 

of invading dogs, with a negative effect, is the first-ranked one, followed by the model 

contains the quantity of forest at the landscape scale, with a positive effect. The additive 

model containing both variables is also among the selected models, but after the 

constant model. For this species, the number of invading dogs explains the distribution 

better than the quantity of forest at the landscape scale. 

Among the species for which both parameters were modeled, the models 

selected indicate, such as for Mazama spp., that both Cerdocyon thous and Eira barbara 

are negatively affected by the estimated number of invading dogs and positively 

affected by the quantity of forest at the landscape scale (Figure 3 and Table S7). For E. 

barbara, four models were selected, and three of them, including the two first-ranked, 

contain the estimated number of invading dogs (either as co-variable of occupancy or 

detectability, in simple or additive models), indicating again that this variable explains 

better the distribution of the species. In contrast, for C. thous three models were 

selected, the first-ranked being the one that contains only the quantity of forest at the 

landscape scale as a co-variable of detectability, the second one an additive model with 

detectability as a function of both variables, and the third one also contains both 

variables, the quantity of forests at the landscape scale as co-variable of occupancy and 

the estimated number of invading dogs as a co-variable of detectability. In this case, the 

positive effect of quantity of forest at the landscape scale explain better the distribution 

of the species than the negative effect of the number of invading dogs. For Nasua 

nasua, the only selected model is additive and indicates that detectability is influenced 
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negatively not only by the estimated number of invading dogs, but also by the quantity 

of forest at the landscape scale (Figure 3 and Table S7). 

For both species for which we modeled only detectability, Dasypus 

novemcinctus and Didelphis aurita, the selected models, such as for N. nasua, also 

indicate a negative effect of the quantity of forest at the landscape scale (Figure 3 and 

Table S7). For D. novemcinctus two simple models were selected, the first-ranked being 

the one that contains the number of invading dogs, but in this case with a positive effect. 

For D. aurita, however, two models were selected, the first-ranked is a simple model, 

with a negative effect of the quantity of forest at the landscape scale, and the second-

ranked is an additive model, which also includes the negative effect of the estimated 

number of invading dogs. 

The models that consider the interaction between independent variables were not 

selected for any species. However, additive models were selected for six of the seven 

species (Table S7), indicating that although the number of invading dogs is highly 

correlated with the quantity of forest at the landscape scale, the inclusion of this factor 

considerably increases the explanatory power of these models. 

 

Discussion 

Type of management and characteristics of dogs that visit forest fragments 

All owners manage their dogs in an inappropriate way in at least one aspect with 

respect to the prevention of impacts on the already simplified mammal fauna of Atlantic 

forest remnants. Firstly, it is of particular concern that about one third of the dogs were 

not vaccinated in the past year, suggesting that transmission of diseases can be a 

significant threat to native fauna (Cleaveland et al., 2000; Kitala et al., 2001; Van de 

Bildt et al., 2002; Randall et al., 2006). 

Secondly, the great majority of dogs is not sterilized and is kept free, which 

probably favors mating, makes it difficult to control breeding and contributes to the 

high population density observed in this and in other studies in rural landscapes (Kitala 

et al., 2001; Vanak and Gompper, 2010). Another aspect of management that favors 

high population densities is human subsidies, mainly through feeding (Butler and du 

Toit, 2002; Vanak and Gompper, 2009a). Indeed, all dogs were fed on a daily basis. 

Thirdly, even frequently fed, most dogs were kept free, favoring visits to forest 

fragments, and these visits lead to preying native mammals. Although feeding can 

decrease predation (Butler and du Toit, 2002; Silva-Rodriguez and Sieving, 2011), 
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hunting is an instinctive behavior of dogs (Thorne, 2008; Crooks and Soulé, 1999; 

Savolainen et al., 2002; Koster and Tankersley, 2012), which is often stimulated by 

owners through rewards (Noss and Cuellar, 2001; Fiorello et al.; 2006; Whiteman et al., 

2007). Even though dogs are not considered efficient predators (Anderson, 1986; Van’t 

Woudt, 1990; Oliveira and Cavalcanti, 2002), they can cause negative impacts given the 

high number of individuals that visit fragments (Manor and Saltz, 2004; Young et al., 

2011). Apparently impact through predation occurs mainly on the most common 

species, the most hunted animals being also (excepting the porcupine whose predation is 

much more easily detected) the most common in the landscape. In fact dogs usually 

present a generalist diet (Thorne, 2008; Koster and Tankersley, 2012). 

In contrast to the observed in other studies (Claridge et al. 2009; Robley et al. 

2010), sex and age of the dogs did not influence the length of movements. Moreover, 

the number of visits made per individual to forest fragments was not influenced by the 

distance from where they are raised to visited fragments. Possibly, the high proportion 

of open areas in the study landscape and the constant human presence in the fragments 

allow that dogs reach forest fragments irrespective of sex, age or distance. On the other 

hand, similarly to what was found in other studies (Fiorello et al; 2006; Whiteman et al.; 

2007), most dogs recorded inside the fragments have owners and come from nearby 

villages and households, suggesting that more appropriate management is particularly 

important for the dogs that are raised in the surroundings of forest remnants. 

Frequency and time of visits to forest, and group size in landscapes with different 

proportion of remaining forest 

The high number of dogs observed and estimated in forest fragments indicates 

that the intensity of the invasion by domestic dogs is high in Atlantic Forest remnants, 

which should pose yet another threat to the already simplified fauna of these fragmented 

landscapes. In fact, simplified communities, without top carnivores, are more 

susceptible to biological invasions (Lodge, 1993), and areas where domestic dogs can 

easily act as top predators (Prugh et al. 2009). 

In more deforested landscapes, irrespective of the number of dogs raised around 

remnants (which was indeed lower), we observed a higher number of invading dogs that 

visit a larger number of fragments and make longer movements, all of which should 

increase the impacts of invasion. In these more altered landscapes, the high proportion 

of anthropogenic open habitats, such as pastures and agricultural areas, should facilitate 

dog movements (May and Norton, 1996; Manor and Saltz, 2004), and access to forest 
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fragments. Furthermore, although in both landscapes visits occur mainly during 

daytime, as observed in other studies (Srbeck-Araujo and Chiarello, 2008; Paschoal et 

al., 2012), in the more deforested landscape visits are concentrated in the middle of the 

day, a time that coincides with the period of greater human activity. This result suggests 

a stronger influence of human activities on the visits of dogs to forest fragments in more 

deforested landscapes (Serpell, 2008). This high activity of dogs at daytime represents a 

threat to medium-sized diurnal native mammals, such as the coati (N. nasua) and the 

tayra (E. barbara) (Costa et al., 2009; Jimenéz et al., 2010), which are among the most 

abundant in rural deforested landscapes. 

On the other hand, in both landscapes the majority of dogs was recorded only 

once in forest fragments, as observed in other areas of Atlantic Forest (Srbeck-Araujo 

and Chiarello, 2008). Thus, the high frequency of visits to the fragments is not a result 

of the frequent entrance by the same individuals, but of the entrance of many different 

individuals, which certainly increases the possibility of transmission of dog diseases to 

wild animals. 

Finally, we did not record any group larger than two individuals, as observed in 

other studies (Daniels and Bekoff, 1989; Paschoal 2008; Srbeck-Araujo and Chiarello, 

2008). Small groups may be the consequence of the type of management: in both 

landscapes feeding is provided frequently and is directed only to the animals that live in 

the household. This type of management does not favor the formation of large groups 

(Daniels and Bekoff, 1989; Beck, 2002). It is important to stress, however, that the use 

of camera-traps is not efficient for recording large groups of animals. 

Drivers of invasion by domestic dogs 

The quantity of forests in the surroundings was the most important driver of the 

number of invading dogs irrespective of the number raised in the surroundings. Once 

again there are indications that the replacement of forests by matrices composed of open 

habitats favors dog movements (May and Norton, 1996; Manor and Saltz, 2004) and 

facilitates access to areas of native vegetation for a higher number of individuals. Our 

results also indicate that the quantity of forest is a better predictor of the intensity of the 

invasion by domestic dogs at a smaller scale (fragment surroundings) than at the 

landscape scale, which suggests that restoration actions next to existing remnants is 

more effective for controlling invasion. 

Forest quality, considered together with the quantity of forests in the 

surroundings and at the landscape scale, also influenced the number of invading dogs, 
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which was higher where forests were younger. Although previous studies showed that 

occurrence of domestic dogs is higher at the edge of remnants (Revilla et al., 2001; 

Srbek-Araujo and Chiarello, 2008; Lacerda, 2009; Torres and Prado, 2010), our results 

suggest that vegetation quality, and not only the distance to the edge, determines 

invasion by dogs. In fact, altered environments are more easily invaded (Newsome and 

Noble, 1986; Smallwood, 1994), and disturbances, by negatively affecting native 

populations, are important to facilitate invasion (Cox, 1999; Sher and Hyatt, 1999; 

Mooney and Hobbs, 2000; Conover, 2002; D’Antonio and Meyerson, 2002). However, 

the negative effect of forest quality on the number of invading dogs seems to depend on 

the quantity of forest at the landscape scale, being more important in more deforested 

landscapes, where the smaller proportion of remaining forest facilitates access to forests 

of different qualities. 

On the other hand, the number of dogs raised in the surroundings, despite having 

a positive effect on the number of invading dogs, had a smaller explanatory power than 

the quantity and quality of surrounding forests. This is an innovative result since 

previous studies consider propagule pressure one of the main determinants of biological 

invasions (Lockwood et al., 2005; Catford et al., 2009; Gurevitch et al., 2011). This is 

the first study to compare the importance of propagule pressure to that of other 

environmental variables and to show that these can be paramount for dog invasion. 

Impact of invasion and its interaction with the quantity of forests at the landscape scale 

on mammal distribution 

The distribution of most native mammals in forest fragments depended, jointly, 

on the quantity of forests at the landscape scale and on the number of invading dogs. 

However, the effects of the invasion by domestic dogs negatively affected a higher 

number of species than the loss of 40% of forests in the landscape. While the decrease 

in the quantity of forests at the landscape scale had negative effects on three species, the 

number of invading dogs influenced negatively five species, all of them potential 

competitors or preys of domestic dogs (Campos et al.,2007; Vanak and Gompper, 

2009a; Young et al., 2011). As the intensity of the invasion is higher in more deforested 

landscapes and in fragments with a smaller quantity of forests in the surroundings, this 

result indicates that part of the negative effects on native mammals directly attributed in 

literature to habitat loss (Chiarello, 1999; Crooks, 2002; Michalski and Peres, 2007; 

Stone et al., 2009) can be indirect, through the invasion by domestic dogs, since most 

studies disregard the impacts of dogs on the wild fauna. 
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Conclusions and implications for conservation  

This study indicates, based on multiple sources of evidence, that invasion of 

domestic dogs is among the main threats to the fauna in tropical, human-modified 

landscapes. Firstly, access to forests in those landscapes is facilitated both by the type of 

human management of dogs, which are raised free, and by deforestation and alteration 

of the native vegetation. On the other hand, access to forests does not depend on the 

distance from where the dogs are raised, individual traits such as sex and age, or the 

number of dogs raised in the surroundings. This suggests that landscape characteristics 

are more important than the source of propagules to determine the intensity of the 

invasion by domestic dogs, and that the invasion is higher in more deforested and 

altered landscapes, irrespective of the size of dog populations around forests. Secondly, 

the number of dogs that visits forests is very high, and a considerable proportion of 

them are not vaccinated and hunt native mammals, suggesting that invading dogs may 

act as important vectors of pathogens and as predators or competitors of native species. 

Finally, the distribution of a larger number of native mammals is negatively associated 

with the number of invading dogs than to the quantity of forest at the landscape scale, 

indeed suggesting that the presence of dogs negatively impacts populations of native 

species.  

Our results highlight that actions to mitigate the impacts of domestic dog 

invasion should concentrate, on the one hand, on changes in the management of dogs 

leading to the restriction of their movements and on the expansion of vaccination, and, 

on the other hand, more on the maintenance and restoration of forests of good quality 

than on the implementation of programs of demographic control. 
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Figure 1: Dog movements, estimated through the linear distance from where they are 

raised to the fragments where they were recorded, as a function of the age (a) and sex 

(b) of individuals. (c) Frequency of visits of individual dogs as a function of the 

distance between the household where they were raised and the fragments where they 

were recorded. The dashed lines represent values estimated by the selected, constant 

model. 
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Figure 2: Number of individuals of domestic dogs that visit each of the 48 forest 

fragments as a function of the quantity of forests in surroundings. Filled dots: values 

estimated by the best abundance model; bars: standard deviations of these estimates; 

empty dots: observed values; solid grey line: values estimated by the constant model 

(without co-variables); grey dashed lines: standard deviation of these estimates. 
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Figure 3: Probability of occupancy (Ψ) and detectability (p) of native mammals in 48 

forest fragments as a function of the estimated number of invading dogs and the quantity 

of forests at the landscape scale. The graphs of all simple, selected models for each 

species are presented. The bars in the charts represent standard errors. Dotted lines divide 

the graphs for the two parameters of the same selected model. (.) indicates that the 

selected model does not include co-variables for that parameter. NA indicates that the 

parameter was not modeled as a function of none of the co-variables for that species. 
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Supplementary Material 

 

Figure S1: (a) Map of South America highlighting the State of São Paulo, Brazil, and 

map of this State showing forest remnants (in grey) and the location of the two study 

landscapes (black squares). (b) Land use map of the landscape in Ribeirão Grande and 

Capão Bonito, with 11% of remaining forest. (c) Land use map of the landscape in 

Tapiraí and Piedade, with 49% of remaining forest.  
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Figure S2: Proportion of individuals of dogs per number of visits (number of records 

excluding sequential records) across 48 forest fragments. White: landscape with 11% 

remaining forest; Grey: landscape with 49% remaining forest. 
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Figure S3: Time of the visit made by dogs to forest fragments: (a) landscape with 49% 

of remaining forest; (b) landscape with 11% of remaining forest. Arrow: time at which 

records concentrate; Triangles: quantity of records in 2-hour intervals. 
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Table S1: Native mammals recorded across the 48 sampled fragments, showing the 

number of fragments, in total and per landscape, where each species was recorded, and 

the parameters modeled as a function of the estimated number of invading dogs and 

the quantity of forest at the landscape scale: Ψ = Probability of occupancy and p= 

detectability. 

    Number of fragments 

Modeled 

parameter      

11%forest 

cover 

landscape 

49%forest 

cover 

landscape 

Total 

Artiodactyla 

 
    

Mazama sp. 

 

2 7 9 Ψ 

Cingulata 

 
    

Cabassous tatouay 

 

4 0 4 - 

Dasypus novemcinctus 

 

24 20 44 p 

Carnivora 

 
    

Cerdocyon thous 

 

4 19 23 Ψ, p 

Eira barbara 

 

5 15 20 Ψ, p 

Galictis sp. 

 

1 0 1 - 

Leopardus pardalis 

 

1 0 1 - 

Leopardus sp. 

 

6 8 14 Ψ 

Nasua nasua 

 

17 11 28 Ψ, p 

Puma concolor 

 

1 0 1 - 

Procyon cancrivorus 

 

4 1 5 - 

Didelphimorphia 

 
    

Didelphis albiventris 

 

3 0 3 - 

Didelphis aurita 

 

24 24 48 p 

Rodentia 

 
    

Dasyprocta azarae 

 

0 2 2 - 

Hydrochoerus hydrochaeris 

 

1 1 2 - 

Pilosa 

 
    

Tamandua tetradactyla 

 

0 1 1 - 
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Table S2: Selection of models of dog movements (linear distance between where they 

were raised and visited fragment) as a function of age and sex. Models are ordered 

from the most plausible (from the lower to the higher AICc value) and the selected 

model is highlighted (light grey). For each model, information is provided about the 

modeled parameter, number of parameters (K), maximum likelihood (log-Lik), Akaike 

Information Criterion for small samples (AICc), difference between the AICc of the 

model and the best model (ΔAICc), weight of evidence (Wi), and coefficients of co-

variables (+ positive; - negative). 

Models 
Modeled 

parameter 
K log-Lik AICc ΔAICc Wi Coefficients 

Constant  - 2 -208.98 422.4 0 0.631  

Sex µ 3 -208.924 424.9 2.5 0.189 + 

Age µ 3 -298.979 425 2.6 0.179 - 

 

Table S3: Selection of models of the number of visits of dogs to fragments as a 

function of the linear distance between the household they were raised and visited 

fragment. Models are ordered from the most plausible (from the lower to the higher 

AICc value) and the selected model is highlighted (light grey). For each model, 

information is provided about the modeled parameter, number of parameters (K), 

maximum likelihood (log-Lik), Akaike Information Criterion for small samples 

(AICc), difference between the AICc of the model and the best model (ΔAICc), 

weight of evidence (Wi), and coefficients of co-variables (+ positive; - negative). 

Models 
Modeled 

parameter  
K log-Lik AICc ΔAICc Wi Coefficients 

Constant  - 1 -48.064 98.3 0 0.726  

Distance between 

household and 

visited fragment 

λ 2 -48.003 100.4 2.1 0.274 - 
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Table S4: Number and proportion of visits made by dogs, alone or in pairs, to forest 

fragments in landscapes with different proportions of remaining forests (11 and 49%). 

 

  

Alone In pairs 

N n (%) n (%) 

49% of remaining forests 36 28 (78) 8 (22) 

11% of remaining forests 66 56 (85) 10 (15) 

Total 102 84 (82) 18 (18) 

 

Table S5: Pearson correlation (r) and ANOVAs (F) among the independent variables 

used to model the number of invading dogs across 48 forest fragments. The values for 

which the tests were significant (p≤ 0.05) are highlighted with an *. 

  

Quantity of 

forests in the 

surroundings 

Quality of 

forests in the 

surroundings 

Quantity of forest 

at the landscape 

scale 

Number of dogs 

in the 

surroundings 

r=-0.140; r=-0.263; F=1.611 

p=0.339 p=0.070 p=0.211 

Quantity of 

forests in the 

surroundings 

  
r=-0.24 F=32.92 

  
p=0.100 p=0.0007* 

Quality of forests 

in the 

surroundings 

    
F=6.414 

    
p=0.014* 
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Table S6: Selection of abundance models for domestic dogs across 48 fragments in two landscapes with different proportions of remaining 

forest (11 and 49%). Models are ordered from the most plausible (from the lower to the higher AICc value), the selected models are in dark 

grey and the models more plausible than the constant model in light grey. For each model, information is provided about the modeled 

parameter (λ= abundance; r = probability of detection of the individual), number of parameters (K), maximum likelihood (log-Lik), Akaike 

Information Criterion for small samples (AICc), difference between the AICc of the model and the best model (ΔAICc), weight of evidence 

(Wi), and coefficients of co-variables (+ positive; - negative). D= Number of dogs raised in the surroundings; F= Quantity of forests in the 

surroundings; Q= Quality of forests in the surroundings; L= Quantity of forests at the landscape scale; E= Sampling effort; * = Interaction 

between two co-variables. λ= abundance; r= detectability; (.)= constant parameter, not modeled as a function of co-variables.  

Models 
Modeled 

parameter 
K log-Lik AICc ΔAICc Wi 

Coefficients 

D F Q L D*L F*L Q*L E 

F λ 4 -166.484 341.89 0 0.334   -             

F + Q + L + Q*L λ 7 -163.250 343.31 1.41 0.134 

 

- - - 

  

- 

 F + Q λ 5 -166.352 344.13 2.23 0.092 

 

- -   

  

  

 D + F λ 5 -166.457 344.34 2.44 0.083 + - 

 

  

  

  

 F + L λ 5 -166.467 344.36 2.46 0.082 
 

- 

 

+ 

  

  

 D + F + Q + L + Q*L λ 8 -162.961 345.61 3.71 0.044 + - - - 

  

- 

 F + Q + L + F*L + Q*L λ 8 -162.976 345.64 3.74 0.043 
 

- - - 

 

+ - 

 F + Q + L  λ 6 -166.349 346.74 4.84 0.025 
 

- - + 

  

  

 D + F + Q λ 6 -166.357 346.76 4.86 0.024 + - -   

  

  

 F + L + F*L λ 6 -166.443 346.93 5.03 0.022 
 

- 

 

- 

 

+   

 D + F + L λ 6 -166.447 346.94 5.04 0.022 + - 

 

+ 

  

  

 D + F + Q + L + D*L + Q*L λ 9 -162.840 348.41 6.51 0.010 + - - - + 

 

- 

 D + F + Q + L + F*L + Q*L λ 9 -162.919 348.57 6.67 0.010 + - - - 

 

+ - 

 L λ 4 -169.893 348.71 6.81 0.009 

   

- 

  

  

 F + Q + L + F*L λ 7 -166.348 349.49 7.59 0.006 

 

- - - 

 

+ 
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D + F + Q + L λ 7 -166.349 349.49 7.59 0.006 - - - + 

  

  

 D + F + L + D*L λ 7 -166.407 349.61 7.71 0.005 + - - - + 

   D + F + L + F*L λ 7 -166.442 349.68 7.78 0.005 + - - 

  

+ 

  Q + L + Q*L λ 6 -168.017 350.08 8.18 0.004 

  

- - 

  

- 

 Constant - 3 -171.851 350.24 8.34 0.004 

   

  

  

  

 D + L λ 5 -169.552 350.53 8.63 0.003 + 

  

- 

  

  

 Q + L  λ 5 -169.866 351.16 9.26 0.002 

  

- - 

  

  

 D + F + Q + L + D*L + F*L + Q*L λ 10 -162.856 351.65 9.75 0.002 - - - - + + - 

 D + Q + L + Q*L λ 7 -167.442 351.68 9.78 0.002 + 

 

- - 

  

- 

 D + F + Q + L + D*L λ 8 -166.334 352.36 10.46 0.001 + - - - + 

   D + F + Q + L + F*L λ 8 -166.347 352.38 10.48 0.001 + - - - 

 

+ 

  Q λ 4 -171.768 352.46 10.56 0.001 

  

+   

  

  

 E r 4 -171.779 352.48 10.59 0.001 

   

  

  

  - 

D λ 4 -171.781 352.49 10.59 0.001 + 

  

  

  

  

 D + F + L + D*L + F*L λ 8 -166.404 352.50 10.6 0.001 + - 

 

+ - +   

 D + L + D*L λ 6 -169.407 352.86 10.96 0.001 - 

  

- + 

 

  

 D + Q + L λ 6 -169.551 353.15 11.25 0.001 + 

 

- - 

  

  

 D + Q + L + D*L + Q* L λ 8 -166.794 353.28 11.38 0.0009 - 

 

- - + 

 

- 

 D + Q λ 5 -171.638 354.70 12.8 0.0004 +   +           

D + F + Q + L + D*L + F*L λ 9 -166.332 355.40 13.50 0.0003 + - - - + + 

  D + Q + L + D*L λ 7 -169.384 355.56 13.66 0.0003 + 

 

- - + 
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Table S7: Occupancy models selected (ΔAICc ≤ 2) to describe the variation in the use of 48 forest fragments by native mammals. For each 

model, information is provided about the number of parameters (K), maximum likelihood (log-Lik), Akaike Information Criterion for small 

samples (AICc), difference between the AICc of the model and the best model (ΔAICc), weight of evidence (Wi), and coefficients of co-

variables (+ positive; - negative). D= Estimated number of invading dogs; L= Quantity of forest at the landscape scale; E= Sampling effort; 

* = Interaction between two co-variables; Ψ= probability of occupancy; p= detectability; (.)= constant parameter, not modeled as a function 

of co-variables. 

Species Model description K log-Lik AICc ΔAICc Wi 
Coefficients 

D L D*L E 

Leopardus sp. Ψ(.); p(.) 2 -48.117 100.50 0.00 0.833         

Mazama sp. 

Ψ(D); p(.) 3 -36.041 78.62 0.00 0.322 -       

Ψ(L); p(.) 3 -36.187 78.92 0.29 0.255 
 

+   
 

Ψ(.); p(.) 2 -37.979 80.22 1.59 0.142 
  

  
 

Ψ(D+ L); p(.) 4 -35.783 80.49 1.86 0.114 - +     

Eira barbara 

Ψ(L); p(D) 4 -64.100 137.13 0.00 0.320 - +     

Ψ(D); p(.) 3 -65.326 137.19 0.06 0.305 - 
 

  
 

Ψ(L); p(L) 4 -64.934 138.79 1.66 0.142 
 

+   
 

Ψ(D+ L); p(.) 4 -65.075 139.08 1.94 0.118 - +     

Cerdocyon thous 

Ψ(.); p(L) 3 -64.707 135.96 0.00 0.318   +     

Ψ(.); p(D+L) 4 -63.866 136.66 0.70 0.243 - +   
 

Ψ(L); p(D) 4 -64.365 137.66 1.70 0.145 - +     

Nasua nasua Ψ(.); p(D+L) 4 -81.472 171.87 0.00 0.715 - -   
 

Dasypus 

novemcinctus 

Ψ(.); p(D) 3 -82.200 170.94 0.00 0.445 +       

Ψ(.); p(L) 3 -83.197 172.94 1.99 0.175   -     

Didelphis aurita 
Ψ(.); p(L) 3 -25.116 56.77 0.00 0.516 

 
-     

Ψ(.); p(D+L) 4 24.639 58.20 1.43 0.259 - -     
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Appendix S1: Questionnaire used to interview the head of households within an area 

of 800 m radius around sampling sites in 24 fragments in the landscape with 11% of 

remaining forest. 

 

GENERAL INFORMATION ABOUT THE INTERVIEWEE 

- Date 

- Name of the interviewee 

- Household coordinates 

GENERAL INFORMATION ABOUT THE DOG RECORDED IN THE 

FRAGMENT 

- Code of the fragment where the dog was recorded 

- Code of the dog 

- Dog age and sex  

QUESTIONS ABOUT THE WAY THE OWNER MANAGES THE DOG 

- Has your dog _________ (NAME OF THE DOG) been vaccinated against 

rabies in the past year, that is, from day __________ until today? 

- Has your dog __________been vaccinated against Cynomosis and 

Parvovirosis in the past year, that is, from day __________ until today? 

- Do you leave your dog _________ : 0) free during the day and all night, (1) 

tethered only at night,  2) tethered only at daytime, (3) tethered at daytime 

and night-time; (4) Other ways. Which? 

- Why do you leave your dog ________ tethered for at least one part of the 

day? 

- How many times a day do you feed the dog ________? 

- Is your dog sterilized? 

- How long have you had this dog? 

QUESTIONS ABOUT VISITS MADE BY DOGS TO FOREST FRAGMENTS 

- Does your dog ___________ (NAME OF THE DOG) go to the forest 

_______ (EXPLAIN WHICH FOREST THE DOG WAS REGISTERED)? 

- How often does your dog _________ go to the forest ________ ? 

- When your dog ________ goes to the forest, does it go: 0) alone; (1) in 

group; (2) I don’t know. 

- How many dogs go to the forest with your dog ________ ? 
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QUESTIONS ABOUT THE ANIMALS HUNTED BY THE DOGS 

- Does your dog _________ (NAME OF THE DOG) hunt other animals? 

- Which animals has your dog _________ already hunted? 
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Do conversion of native forests into agroforests and 

agroforestry intensification favor the invasion of domestic 

dogs? 
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Abstract 

Although the value of agroforests for biodiversity conservation has been highlighted 

in several studies, which showed that this production system can harbor several native 

species, little is known about their susceptibility to biological invasions. Drawing on a 

camera-trap dataset obtained across 30 agroforests and 9 forests in one of the main 

agroforestry region in Brazil, we investigated two hypotheses: (1) if the conversion of 

native forests into agroforests and agroforestry intensification favor the invasion by 

one of the most common exotic species in the world, the domestic dogs, and (2) if 

invasion by these animals is more associated with human presence in agroforests than 

in forests. While the observed and estimated number of invading dogs was higher in 

agroforests than in forests, the number of visits per individual did not vary between 

these two habitats. In contrast, agroforestry intensification was more associated with a 

higher number of visits than with a higher number of invading dogs. In both habitats, 

not only in agroforests, visits by domestic dogs were concentrated on times of the day 

and days of the week with greater human activity. Our work suggests that despite 

being permeable to native species agroforests may act as sink areas, given their 

susceptibility to invasion, limiting the value of this production system for biodiversity 

conservation. Similarly, agroforestry intensification, which has been occurring 

worldwide, may increase the risks of such invasions. Moreover, there seems to be a 

strong association between the invasion by domestic dogs and human activities 

which, however, do not depend on habitat type. Thus, the value of agroforestry 

mosaics for conservation depends on the management of invading species, and at 

least in the case of one of the most common and best distributed exotic species 
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worldwide, this management should focus on the habits and behavior of humans, both 

workers and residents in rural properties. 

Key-words: cacao agroforest, alien species, Canis familiaris, Atlantic forest, invasive 

species, wildlife-friendly agriculture, land-sharing strategies. 

 

Resumo 

Apesar da importância de sistemas agroflorestais para a conservação da 

biodiversidade ter sido relatada em diversos estudos, que mostraram que esse sistema 

de produção pode abrigar várias espécies nativas, pouco se sabe sobre sua 

susceptibilidade às invasões biológicas. Baseando-se em um conjunto de dados 

obtidos com armadilhas fotográficas em 30 agroflorestas e 9 florestas em uma das 

principais regiões agroflorestais do Brasil, investigamos duas hipóteses: (1) se a 

conversão de florestas nativas em sistemas agroflorestais e a intensificação de 

sistemas agroflorestais favorecem a invasão por uma das espécies exóticas mais 

comum do mundo, os cães domésticos, e (2) se a invasão por esses animais está mais 

associada com a presença humana em sistemas agroflorestais do que em florestas. 

Apesar do número observado e estimado de cães invasores ter sido maior em 

agroflorestas do que em florestas, o número de visitas por indivíduo não variou entre 

esses habitats. Ao contrário, a intensificação das agroflorestas esteve mais relacionada 

com um maior número de visitas do que com um maior número de cães invasores. 

Em ambos os habitats, e não só nas agroflorestas, as visitas dos cães domésticos 

foram concentradas em períodos do dia e dias da semana com maior atividade 

humana. Nosso trabalho sugere que, apesar de serem permeáveis às espécies nativas, 

as agroflorestas podem agir como áreas dreno, dada a sua susceptibilidade à invasão, 

o que limita o valor deste sistema de produção para a conservação da biodiversidade. 

Da mesma forma, a intensificação de sistemas agroflorestais, processo que vem 

ocorrendo em todo o mundo, pode aumentar os riscos das invasões. Além disso, 

parece haver uma forte associação entre a invasão de cães domésticos e as atividades 

humanas, independente do habitat. Assim, o valor de mosaicos agroflorestais para a 

conservação depende do manejo das espécies invasoras, e pelo menos no caso de uma 

das espécies exóticas mais comuns e bem distribuídas do mundo, este manejo deve 

incidir sobre os hábitos e comportamento do ser humano, tanto dos trabalhadores 

quanto dos residentes nas propriedades rurais. 
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Palavras-chave: agroflorestas de cacau, espécies invasoras, Canis familiaris, Mata 

Atlântica, espécies exóticas, agricultura “wildlife-friendly”, estratégia “land-sharing”. 

 

Introduction 

Reconciling biodiversity and ecosystem service conservation with farming 

production is presently one of the great challenges of mankind (Sala et al., 2000; 

Foley et al., 2005). This reconciliation has been discussed from two distinct 

perspectives (Phalan et al., 2011). The land-sparing approach is based on agriculture 

intensification, i.e. the increase in production per unit of area, so that larger areas of 

native vegetation can be preserved (Balmford et al., 2005; Green et al., 2005). In 

contrast, the land-sharing approach is based on extensive management practices 

(wildlife-friendly), which, despite occupying comparatively larger areas to obtain the 

same production, minimize the local damage to wildlife compared to more 

intensively-managed areas (Perfecto & Vandermeer, 2008; Phalan et al., 2011). 

One of the main production systems associated with the land-sharing 

approach is agroforestry, a system of extensive management where agricultural 

products are cultivated in association with native or exotic trees (Somarriba, 1992). 

Nowadays, extensive areas of native forests in the tropics have been converted into 

cacao (Theobroma cacao) and coffee (Coffea  spp.) agroforests (Beer et al., 1998; 

Rice & Greenberg, 2000; Bhagwat et al., 2008), creating agroforestry mosaics. 

Although, several studies have suggested that these mosaics may favor the 

reconciliation of agricultural production and conservation of biodiversity (Tylianakis 

et al., 2006; Schroth & Harvey, 2007; Perfecto & Vandermeer, 2008), the agroforests 

have been experiencing a marked process of intensification (Juhrbandt et al., 2010; 

Tscharntke et al., 2011). In order to increase short term income levels, shaded 

agroforests have been converted into monocultures with little or no shade (Perfecto et 

al., 2005; Franzen & Borgerhoff-Mulder, 2007; Tscharntke et al., 2011), approaching 

this agroforests to the land-sparing approach. 

Agroforests have been shown to harbor a significant component of native 

faunas (Schulze et al., 2004; Cassano et al., 2009, Cassano et al., 2012), especially in 

comparison to more intensively-managed areas. However, given that disturbance 

facilitates invasion (Newsome & Noble, 1986; Smallwood, 1994), agroforests, 

especially those more intensively-managed, should be more susceptible to invasion 
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than forest remnants. This greater susceptibility to invasion may limit the value of 

agroforests for biodiversity conservation.  

Biological invasions have been growing worldwide (Hulme, 2009; McGeoch 

et al., 2010), and are today the second greatest threat to biodiversity (Vitousek et al., 

1997, Baillie et al., 2004), affecting different levels of ecological organization, from 

individual behavior (Creel & Christianson, 2008) to ecosystem processes (Raizada et 

al., 2008). It has already been shown that generalist and open area species tend to 

increase in agroforests in detriment of forest specialists (Pardini et al. 2009; Waltert et 

al. 2011). Although scarce, evidence in the literature mainly on plants and 

invertebrates (Richardson et al., 2004; Bos et al., 2008; but see Faria et al., 2006 and 

Weist et al., 2010) indeed indicates that these systems are more susceptible to 

invasions than native forests. 

Among the potentially invasive species, one which is very common and 

widely distributed is the domestic dog, the most abundant carnivore in the world 

(Vanak & Gompper, 2010), introduced wherever man has settled (Wandeler et al., 

1993; Pimentel et al., 2000) for property protection, livestock management, company 

and hunting (Hart, 2008; Khan, 2009). In rural landscapes, dogs usually follow men 

in their work (Serpell, 2008), moving freely and possibly causing damage to wildlife 

(Randall et al., 2006; Vanak & Gompper, 2009; Young et al., 2011; Hughes & 

Macdonald, 2013). Thus, the presence of domestic dogs in agroforests should be 

facilitated by and associated with human activities in these plantations, which are 

more frequent in more intensively-managed agroforests.  

Although the number of studies on the invasion by domestic dogs in tropical 

forest remnants has been increasing (e.g. Ssbek-Araujo & Chiarello, 2008; Lacerda et 

al., 2009), little is known about the presence of dogs in agroforests. A previous study 

has shown that the number of records of domestic dogs is higher in agroforests than 

in forests (Cassano et al., 2012), and that this variable explains better the distribution 

of native mammals among agroforests than the quantity of forests in the surroundings 

or than the local vegetation simplification (Cassano et al., in press). Despite the 

existing evidence that dogs pose a threat to wildlife in agroforests, we do not know 

whether the high number of records of dogs in agroforests results from frequent visits 

of few individuals or from the presence of several individuals, whether the invasion is 
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strongly associated with human activities and how management intensification in this 

type of system affects the intensity of invasion.  

In this study we investigate three interrelated hypotheses: (1) the conversion of 

native forests into agroforests and (2) agroforestry intensification favor the invasion 

by domestic dogs, and (3) the invasion by these exotic animals is more associated 

with human activity in agroforests than in forests. Drawing on a dataset from a 

standardized sampling protocol with camera-traps across 30 cacao agroforests and 9 

forests in an agroforestry mosaic of one of the most important agroforestry regions in 

Brazil, we verified if: 

(1) the number of domestic dogs and the number of visits are higher in 

agroforests than in forests, and (2) among agroforests, in those more 

intensively-managed; 

(3) days and times of visits by dogs are more concentrated in the periods of 

greater human activity in agroforests than in forests. 

 

Methods 

Study area 

The study was carried out in a 64000 ha agroforestry mosaic situated in the 

Una and Arataca municipalities, in the cacao growing region of southern Bahia (SEI, 

1999). The climate is Af, that is, hot and humid, with no well-defined dry season 

(Köppen, 1948), average annual precipitation varies between 1200 and 1800 mm and 

average annual temperature is 24.5ºC, maximum temperature 38º and minimum 7º 

(Mori, 1983). The region was originally covered by Atlantic Forest, classified as 

“Southern Bahian Moist Forest” (Thomas, 2003). Nowadays 50% of the landscape is 

covered by native forests and 15% by cacao agroforests (Figure S1). The studied 

agroforests, locally known as cabrucas, are structurally simplified environments, 

where native trees from the original forest are left to shade the plantation, the 

understory is composed predominantly of cacao trees and the herbaceous vegetation 

is absent or periodically removed (Sambuichi, 2002). 

The agroforestry mosaic harbors a simplified large mammal fauna, mainly 

dominated by opossums (Didelphis aurita), armadillos (Dasypus novemcinctus, and 

Euphractus sexcinctus), and other medium-sized species (Agouti paca, Eira barbara, 

Procyon cancrivorus, Nasua nasua, Cerdocyon thous, Leopardus spp.), but is an 
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important area for species of conservation concern, especially primates 

(Leontopithecus chrysomelas and Callithrix kuhlii). Some species, like the lesser 

anteater (Tamandua tetradactyla), the agouti (Dasyprocta agouti) and the deer 

(Mazama spp.) are rare, and others were not recorded (Panthera onca, Puma 

concolor, Tapirus terrestris, Tayassu pecari and Pecari tajacu) (Cassano et al., 

2012). 

Sampling design 

We sampled 39 sites across the agroforestry mosaic, 30 in cabrucas and 9 in 

forest remnants adjacent to 9 of these cabrucas. The minimum distance among the 

sampled cabruca sites was 1500 m, and the distance between the sites of the 9 

cabruca-forest pairs varied from 200 to 450 m (Figure S1). The 30 cabruca sites were 

selected to encompass ample variation in management intensification (but assuring in 

all cases that the plantations were to some degree shaded by native trees) and in the 

size of adjacent forest remnants (Cassano et al., in press). 

Data collection 

Recording domestic dogs  

A camera-trap was installed in each of the 39 sampling sites, placed at 25 cm 

from the ground, baited with bananas and sardine. The traps in all sites were active 

over four sampling sessions of 30 days each, which occurred from July to October 

2007 and 2008 and from January to April 2008 and 2009. Due to problems with trap 

malfunction, the sampling effort varied from 94 to 127 camera-days among the 9 

forest remnants, and from 90 to 126 camera-days among the 30 cabrucas, totaling, 

respectively, 1021 and 3325 camera-days in each habitat and 4346 camera-days in the 

agroforestry mosaic.  

Recorded dogs were identified from characteristics such as fur color, sex, size, 

breed, scars, and natural or artificial marks to obtain the number of individuals per 

sampling site, and the days and times of visits. 

Management intensification of the cabrucas 

In the same period as data were collected with camera-traps, in all 30 sampled 

cabrucas we (1) interviewed the workers to obtain the annual frequency of 

herbaceous vegetation clearance, and (2) quantified 13 variables associated with 

vegetation structure and management intensification in four plots of 10 x 25 m, every 

20 m, in an area of 25 x 100 m (Table S1). In these plots, we computed banana stems, 
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computed and measured the height and diameter of all shade trees in the plantation 

with at least 10 cm diameter at breast height (DBH), classifying them as native or 

exotic trees, and estimated the proportion of canopy of each of them that was 

connected to the canopy of adjacent trees through an index that varied from 0 to 4 

(corresponding to the number of tree crown quadrants connected to adjacent trees). In 

each half parcel (5 x 25 m) we counted and measured the height and diameter of all 

cacao trees and we estimated the proportion of canopy that was connected to the 

adjacent cacao trees. Finally, in each parcel we measured the height of the herbaceous 

vegetation, through the height of the tallest herbaceous plant inside 12 sub-plots of 

0.5 x 0.5 m, arranged at every 5 m along one of the sides and in the center of each 10 

x 25 m plot. The shade trees and the cacao trees were quantified at the end of the 

second sampling sessions with camera-traps, and the herbaceous vegetation height, 

which varies temporally, was quantified three times, at the end of the second, third 

and fourth sampling session.  

Data analysis 

Number of individuals, number of visits per individual, times and days of visits in 

agroforests and adjacent forests 

Considering the 9 cabruca-forest pairs, we used abundance models (Royle, 

2004) modified from occupancy models (Mackenzie et al., 2002), to investigate the 

influence of the type of habitat (cabruca or forest remnant) on the number of invading 

dogs. These models contain two parameters: abundance (λ) and probability of 

detection (r, the probability that an individual of a species is detected), estimated 

from the capture history of individuals among sampling sessions (which in this case 

were four) (Royle, 2004). The set of candidate models included a constant model 

(both parameters r and λ constant), a model with detectability (r) as a function of 

sampling effort (λ constant), a model with abundance (λ) as a function of the type of 

habitat and detectability (r) as a function of sampling effort, and a model with 

abundance (λ) as a function of the nine cabruca-forest pairs and detectability (r) as a 

function of sampling effort. 

We compared the number of visits per individual between the two habitats 

with the Kolmogorov-Smirnov test, using the proportion of individuals in classes of 

number of visits, including all records excepting the sequential records (i.e. pictures 

taken from the same individual in the same camera within intervals shorter than 1 
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hour which are likely to occur because dogs stay in front of the camera eating the 

bait). 

To test if visits by dogs are more concentrated at times of greater human 

activity in cabrucas than in forests, we used the following tests: the Watson test of 

homogeneity between two circular samples (Jammalamadaka & SenGupta, 2001) to 

test if the time of visits differs between the two habitats (cabrucas and forests); the 

Rayleigh test (Wilkie, 1983), to verify if visits in each habitat are uniformly 

distributed along the day and, if not, the Von Mises estimate (Jammalamadaka & 

SenGupta, 2001) to estimate the time when visits are concentrated. Finally, to test if 

the days of visits by dogs are more associated with working days in cabrucas than in 

forests, we used Chi-square tests, considering two classes, working days (Monday to 

Saturday) and rest days (Sunday) and calculating the expected number from the 

proportion of days in each of these two classes. For these analyses on the time and 

days of visits, we excluded the sequential records of the same individual and used the 

median time or day of record for each individual.  

Agroforestry intensification and the number of individuals and visits 

We constructed a PCA to rank the 30 sampled cabrucas according to the 14 

measured vegetation variables, and used the scores of the sites on the first two axes of 

this analysis as variables indicating management intensification (see Results). 

To investigate the influence of management intensification on (1) the number 

of visits and on (2) the number of invading dogs, we used, respectively, generalized 

linear models (GLM) and abundance models modified from occupancy models 

(Royle, 2004). The number of visits was modeled as a Negative Binomial variable 

using log as the link function, and the set of candidate GLM models included a 

constant model with the parameters average (μ) and dispersion index (k) constant, a 

simple model with μ as a function of sampling effort (k constant), three additive 

models, two with μ as a function of sampling effort and the scores of each of the two 

axes of PCA separately (k constant) and one with μ as a function of sampling effort 

and the scores of the two axes of PCA jointly (k constant). Again we considered all 

records excepting the sequential ones. 

Similarly, for the number of invading dogs, the candidate set of abundance 

models included a constant model (with abundance (λ) and detectability (r) constant), 

a model with r as a function of sampling effort (λ constant), two simple models with r 
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as a function of sampling effort and λ as a function of the scores of each one of the 

two axes of PCA separately, and an additive model with r as a function of sampling 

effort and λ as a function of the scores of the two axes of PCA jointly.   

In all abundance models, given the small size of sampling sites in relation to 

the home range of dogs, we interpreted the parameter abundance as the number of 

individuals that use the sampling sites (McCarthy et al., 2013). In all model 

selections, we compared models using the Akaike Information Criterion (AICc) 

corrected for small sample size (Burnham & Anderson, 2002). Following these 

authors, models that present a difference in their AICc values relative to the first-

ranked model (ΔAICc) smaller or equal to 2 are considered equally plausible. All the 

analyses were  performed in Program R, using the packages “bbmle”,”car”, 

“CircStats”, “chron”, “MASS”, and “Unmarked” (R.2.11.0, The  R Foundation for 

Statistical Computing. 2008, Vienna, Austria). 

 

Results 

Number of individuals, number of visits per individuals, times and days of visits in 

agroforests and adjacent forests 

In the nine cabruca-forest pairs, we identified 80 dogs in total, with only three 

of them being recorded in both habitats. Of this total, 65 dogs were recorded in 

agroforests, with all nine sites having dog records, and each of them being visited on 

average by 5.2 individuals (SD= 2.7). In adjacent forests, 18 dogs were recorded in 

six out of nine sites, with an average of 2 individuals (SD= 2.2) per forest site. 

Indeed, only the model with abundance as a function of habitat type and 

detectability as a function of sampling effort was selected (Table S2), indicating that 

the number of invading dogs is higher in agroforests than in forest remnants (Figure 

1, Table S2). The estimated average number of invading dogs per site was 11 in 

agroforests and seven in forests, with detectability of 0.18. The estimated total 

number of dogs was 99 in the set of nine agroforests, and 63 in the set of nine forests. 

However, the proportion of individuals in classes of numbers of visits did not differ 

significantly between the habitats (D= 0.57; p= 0.24); in both of them most dogs 

made only one visit (Figure 2). 

In both habitats visits by dogs were not homogeneously distributed during the 

day (Rayleigh test: for forests p< 0.01; for cabrucas p<0.01), concentrating at 13:14 h 
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in forests and 12:43 in cabrucas (Figure 3), and the time of visits did not differ 

between the two habitats (Watson homogeneity test: p= 0.15). Similarly, in both 

habitats (and not only in the cabrucas, as expected) visits by dogs tend to be 

concentrated on working days (marginally significant result of Chi-square tests in 

both cases; forests χ
2
=0.70; p=0.08; cabrucas χ

2
 = 0.67; p=0.08) (Table S3). 

Agroforestry intensification and number of individuals and visits 

The first axis of the PCA analysis explained 27.3% of the variation in 

vegetation structure among the 30 cabrucas. This axis represents a gradient of 

management intensification, higher values representing cabrucas with more cacao 

shrubs and banana stems, higher connectivity of cacao shrubs and higher annual 

frequency of herbaceous vegetation clearance, and lower height and connectivity of 

shade trees (Figure S2). Thus, this axis represents the decrease in shading and the 

increase in the control of the herbaceous vegetation and in the density of cacao shrubs 

and banana stems. The second axis of the PCA explained 20.9% of the variation in 

vegetation structure and seems less directly related to agroforestry intensification, and 

more associated with the age of agroforests. Higher values of this axis represent 

mainly cabrucas with smaller native trees, but with larger cacao shrubs (Figure S2). 

Two models were selected as plausible to describe the number of visits by 

dogs across agroforests (Table S4). Both contain sampling effort as an independent 

variable and indicate, as expected, that the higher the sampling effort, the higher the 

number of visits. The first-ranked model contains also management intensification 

(PCA1) as an independent variable, indicating that the number of visits by dogs is 

higher in more intensively-managed cabrucas. 

Instead, for the number of invading dogs, only the model with sampling effort 

as a co-variable of the detectability parameter (r) was selected, indicating that the 

higher the sampling effort, the higher the detectability (Table S5). The estimated 

average number of dogs that use each agroforest was 12 individuals, with 360 dogs 

using the set of all 30 agroforests, with detectability varying from 0.06 to 0.27 (X= 

0.12 and SD= 0.03). It is noteworthy, however, that, although not among the selected 

models, the model with management intensification (PCA1) as co-variable of the 

parameter abundance is ranked second, indicating that management intensification 

influences positively the number of invading dogs, but this influence is weaker than 

that observed on the number of visits (Figure 4b and Table S5). 
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Discussion 

The observed and estimated number of domestic dogs suggests that the 

intensity of invasion by this exotic species in agroforestry mosaics is high, what may 

pose a threat to the fauna of these landscapes. More importantly, our results 

corroborate the hypothesis that the conversion of native forests into agroforests, as 

wells as management intensification across agroforests, favor the invasion by 

domestic dogs. On the other hand, despite having found evidence that visits by dogs 

are associated with times and days with higher human activity, this association seems 

to occur independently of the type of habitat and is not stronger in agroforests than in 

forests. 

As expected, the number of invading dogs was higher in agroforests than in 

forests. On the other hand, the number of visits per individual did not vary between 

the two habitat types. As in other studies (Paschoal, 2008; Srbeck-Araujo & 

Chiarello, 2008), most individuals were recorded only once both in forests and in 

agroforests. Thus, the higher number of records of dogs in agroforests than in forests 

in the study region (Cassano et al., 2012) results mainly from the entrance of a large 

number of dogs, rather than from frequent visits of the same individuals, which 

certainly increases the probability of disease transmission to wild animals. It is 

important to note, however, that although not significant the number of visits was 

higher in agroforests, indicating that, besides a consistently higher number of 

individuals, at least part of them enters this habitat more frequently than forests. 

If contrasted to native forests, agroforests present a simplified vegetation 

structure, which may facilitate the access and displacement of dogs, leading to a 

higher number of dogs, since these animals move preferably through open 

environments (May & Norton, 1996; Manor & Saltz, 2004). Also, man alters native 

fauna, either directly by hunting, or indirectly by thinning the vegetation and 

changing plant species, with several native species becoming less frequent in 

agroforests than in forests (Faria et al., 2006; Weist et al., 2010; Cassano et al., 2012). 

Therefore, the simplification of the native fauna may also be responsible for the 

higher number of dogs in agroforests than in forests (Cox, 1999; Sher & Hyatt, 1999; 

Mooney & Hobbs, 2000; Conover, 2002; D’Antonio & Meyerson, 2002). 

Nevertheless, the number of people entering managed systems such as agroforests 

should be much higher, and the higher number of dogs in this agricultural system may 
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be simply linked to the behavior of dogs to follow their owners at work (Serpell, 

2008). 

On the contrary, across agroforests the positive effect of management 

intensification was stronger on the number of visits than on the number of invading 

dogs. More intensively-managed plantations, associated, among other things, with a 

higher frequency of herbaceous vegetation clearance and a higher number of cacao 

shrubs, require a higher frequency or longer periods of stay of workers, and result in 

more open vegetation close to the ground. Both characteristics may lead to the 

increase in the number of visits by dogs in more intensified agroforests, either 

because they follow their owners who enters more frequently or stay longer in these 

plantations, or because their displacement is facilitated in more open environments 

(May & Norton, 1996; Manor & Saltz, 2004; Serpell, 2008). However, these 

characteristics do not necessarily affect the number of dogs that visit agroforests, 

which should depend also on other factors such as the quantity of dogs raised in the 

surroundings (i.e. propagule pressure; Lockwood et al., 2005; Gurevitch et al., 2011) 

or on the number of workers, probably more associated with plantation size and other 

socioeconomic factors than with management intensification.  

It is possible that the higher number of invading dogs in agroforests compared 

to forests is associated with the larger number of people who enter and stay in these 

managed systems, while the higher number of visits in more intensively-managed 

agroforests is associated with a higher frequency/length of stay of workers. Although 

both conversion of forests into agroforests and management intensification across 

agroforests affect invasion by domestic dogs, they influence distinct aspects, which 

may be associated with differences in the presence of people between these two 

habitats. In fact, in both environments (and not only in agroforests) visits by domestic 

dogs seem to be associated with the period of human activity, concentrating during 

the day, as observed in other studies (e.g. Srbeck- Araujo & Chiarello, 2008; Paschoal 

et al., 2012) and on working days during the week. 

Implications for conservation 

Our results, as well as previous studies (Richardson et al., 2004; Faria et al., 

2006; Bos et al., 2008; and Weis et al., 2010), indicate that, though permeable to 

wildlife (Tschnartke et al., 2005; Cassano et al., 2009), agroforests should act as sink 

areas, given the higher intensity of invasion compared to native forests, which should 
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restrict the value commonly attributed to agroforests for biodiversity conservation 

(Schroth & Harvey, 2007; Perfecto & Vandermeer, 2008). More importantly, our 

study suggests that agroforest intensification, which has been occurring repeatedly 

and becoming more pronounced on a global scale (Juhrbandt et al., 2010; Tscharntke 

et al., 2011), should increase the risks of invasions, limiting the value of this 

agricultural system for reconciling food production and biodiversity conservation in a 

land-sharing strategy. Indeed, domestic dog record rate was one of the most 

important factors negatively associated with the distribution of wild mammals in 

agroforests of the study region (Cassano et al., 2012). 

Furthermore, our study suggests – both by the association of the time and day 

of visits of domestic dogs with the periods of greater human activity, and by the 

observed distinct effects of the conversion of forests into agroforests and agroforest 

intensification on domestic dog invasion (on the number of individuals and visits, 

respectively) - that there is a strong association between the invasion by domestic 

dogs and human activities. Yet, the strength of association does not depend on the 

type of habitat, and apparently occurs also in unmanaged systems, like native forests. 

As a whole, our work suggests that the value of agroforestry mosaics for 

conservation depends on the proper management of invasive species, and at least in 

the case of one of the most common and best distributed exotic species, this 

management should focus on the habits and behavior of workers and residents 

towards their dogs. 
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Figure 1: Number of domestic dogs recorded in nine pairs of agroforests and 

adjacent forests. Values of adjacent sampling sites are interconnected. Dots in grey 

represent estimates obtained by the selected abundance model (Table S2). 
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Figure 2: Proportion of domestic dogs in classes of number of visits in nine pairs of 

agroforests (grey) and adjacent forests (white). Number of visits excludes the 

sequential records of the same individual in the same camera. 
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Figure 3: Time of visits by domestic dogs to nine pairs of (a) agroforests and (b) 

adjacent forests. Arrow: time at which visits concentrate; triangles: number of visits 

per 2-hour intervals. 
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Figure 4: (a) Number of visits and (b) of individuals of domestic dogs as a function 

of management intensification (PCA1, Figure S2) across 30 agroforests. Empty dots: 

observed numbers; solid line or filled dots: estimates from models with management 

intensification as a co-variable (Tables S4 and S5); black bars and black dashed lines: 

standard deviations of these estimates; grey solid line: estimates from models with 

only sampling effort as a co-variable; grey dashed lines: standard deviation of these 

estimates. 

a) b) 
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Supplementary Material 

 

 

 

Figure S1: (a) Map of Brazil outlining the State of Bahia.  (b) Map of Bahia showing 

the location of the study agroforestry mosaic (black square). c) Land use in the study 

agroforestry mosaic, situated in Una and Arataca, with 50% forest cover and 15% 

cacao agroforests. 
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Figure S2: Ordination of the 30 sampled agroforests (black dots) on a biplot of the 

first and second axes of the Principal Component Analysis (PCA) using the 14 

vegetation structure variables (Table S1). 
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Table S1: Identification of the 14 variables of vegetation structure quantified in 30 

agroforests to characterize management intensification 

Variable identification Variable description 

ht_cacao Average height of cacao shrubs (cm) ‡ 

ht_exot Average height of exotic woody trees (cm) † 

ht_nat Average height of native trees (cm) † 

ht_herb Average herbaceous vegetation height (cm) 

cacao.BA Sum of basal area of cacao shrubs (m
2
) ‡ 

exot.BA Sum of basal area of exotic woody trees (m
2
) † 

nat.BA Sum of basal area of native trees (m
2
) † 

n_cacao Number of cacao shrubs ‡ 

n_exot Number of exotic woody trees † 

n_nat Number of native trees † 

n_banana Number of banana stems † 

can.con Sum of canopy connectivity index † 

cacao.con Sum of cacao connectivity index ‡  

slash 

 
Frequency of herbaceous vegetation clearance (times*year

-1
) 

†Variables measured in 0.1 ha; ‡ variables measured in 0.05 ha 

 

 

Table S2: Results from the selection of abundance models for domestic dogs in nine 

pairs of agroforests and adjacent forests. Models are ordered from the most plausible 

(the lowest to the highest AICc value), and the selected model is highlighted (light 

grey). For each model,  information is provided on the modeled parameter, number of 

parameters (K), maximum likelihood estimation (log-Lik), Akaike Information 

Criterion for small samples (AICc), difference in AICc relative to the best model 

(ΔAICc), weight of evidence (Wi), and coefficients of co-variables (+ positive; - 

negative). Eff= Sampling Effort 

Models Par. K log-Lik AICc ΔAIC Wi 
Coefficients 

Var Eff  

Eff + habitat type r, λ 5 -36,25 87,5 0 0,700 - +  

Constant - 3 -41,29 90,3 2,9 0,153    

Eff  + cabruca-forest r, λ 5 -37,85 90,7 3,2 0,121 - +  

Eff r 4 -41,01 93,1 5,6 0,026  +  
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Table S3: Observed and expected number of visits by dogs in forests (a) and 

agroforests (b) on working days (Monday to Saturday) and rest days (Sunday). The 

expected value was calculated through the proportion of week days in each class 

(work and rest). 

a) Forest 

  

 

Observed Expected 

  n (%) n (%) 

Working days 17 (94) 6 (86) 

Rest days 1 (6) 1 (14) 

Total 18 (100) 7 (100) 

   b) Agroforests 

  

 

Observed Expected 

n (%) n (%) 

Working days 61 (94) 6 (86) 

Rest days 4 (6) 1 (14) 

Total 65 (100) 7 (100) 

 

 

Table S4: Results from the selection of generalized linear models of the number of 

visits of domestic dogs across 30 agroforests. Models are ordered from the most 

plausible (the lowest to the highest value of AICc), and the selected models are 

highlighted (light grey). For each model, information is provided on the modeled 

parameter (μ= average), the  number of parameters (K), maximum likelihood 

estimation (log-Lik), Akaike Information Criterion for small samples (AICc), 

difference in AICc relative to the best model (ΔAICc), weight of evidence (Wi), and 

coefficients of co-variables (+ positive; - negative). Eff= Sampling Effort; PCA 1 and 

PCA 2 axes from Principal Component Analysis represent agroforestry 

intensification. 

Models Par. K log-Lik AICc ΔAIC Wi 
Coefficients 

PCA1 PCA2 EFF 

EFF + PCA1 µ 4 -101,70 213,0 0 0,505 + 
 

+ 

EFF µ 3 -103,90 214,7 1,7 0,214 
  

+ 

Constant - 2 -105,34 215,1 2,1 0,176 
   

EFF + PCA1 + PCA2 µ 5 -102,47 217,5 4,5 0,053 + - + 

EFF + PCA2 µ 4 -103,97 217,6 4,6 0,051 
 

- + 
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Table S5: Results from the selection of abundance models for domestic dogs across 

30 agroforests. Models are ordered from the most plausible (the lowest to the highest 

value of AICc), and the selected models are highlighted (light grey). For each model, 

information is provided about the modeled parameter (λ= abundance; r = probability 

of detection of the individual), number of parameters (K), maximum likelihood 

estimation (log-Lik), Akaike Information Criterion for small samples (AICc), 

difference in AICc of relative to the best model (ΔAICc), weight of evidence (Wi), 

and coefficients of co-variables (+ positive; - negative). Eff= Sampling Effort; PCA 1 

and PCA 2 axes from Principal Component Analysis represent agroforestry 

intensification. 

Models Par. K 
log-

Lik 
AICc ΔAIC Wi 

Coefficients 

PCA1 PCA2 EFF 

EFF r 4 -208,02 425,6 0,000 0,636 
  

+ 

EFF + PCA1 r, λ 5 -207,87 428,2 2,593 0,174 + 
 

+ 

EFF + PCA2 r, λ 5 -207,99 428,4 2,849 0,153 
 

- + 

EFF + PCA1 + PCA2 r, λ 6 -207,84 431,3 5,686 0,037 + - + 

Constant - 3 -216,52 439,9 14,321 0,000 
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Considerações finais 

 

 Este trabalho contribuiu para o entendimento das causas e consequências das 

invasões de cães domésticos em paisagens rurais antropizadas da Mata Atlântica, 

abordando a relação das invasões biológicas com a perda de habitat e a intensificação 

da agricultura. A partir dos resultados obtidos o trabalho trouxe informações que 

podem auxiliar a guiar ações que visem minimizar os impactos que cães domésticos 

podem causar à fauna silvestre de florestas tropicais. 

Em primeiro lugar, o trabalho traz informações até então inexistentes sobre a 

intensidade da invasão de cães domésticos em paisagens antropizadas de Mata 

Atlântica. Evidenciamos que a intensidade de invasão, tanto de remanescentes 

florestais quanto de mosaicos agroflorestais, é altíssima, no que se refere ao número 

de indivíduos, número de visitas por indivíduos e número de sítios ocupados. Esta 

grande quantidade de cães deve representar uma séria ameaça às comunidades já 

empobrecidas e simplificadas (Chiarello, 1999; Cassano et al., 2012) de mamíferos de 

maior porte deste bioma. De fato, e de acordo com estudos anteriores (Lacerda, 2009; 

Cassano et al., in press), encontramos uma associação negativa entre a presença de 

cães domésticos e o registro de mamíferos silvestres. Ao incluir outros fatores nessas 

análises, no entanto, este estudo trouxe informações antes inexistentes sobre a 

importância da invasão por cães domésticos em relação à perda de habitat, 

considerada a principal ameaça a biodiversidade. Os resultados sugerem que um 

maior número de espécies de mamíferos de maior porte é negativamente afetado pela 

invasão do que pela perda de 40% de florestas na paisagem. 

Este estudo também contribuiu no entendimento das causas da invasão, 

identificando os fatores associados à intensidade da invasão em paisagens 

antropizadas. Novamente, ao considerar vários fatores simultaneamente, foi possível 

demonstrar que características dos remanescentes associadas à perda e fragmentação 

das florestas são muito mais importantes que a pressão de propágulo para definir a 

intensidade de invasão, e que a intensificação do manejo de áreas produtivas também 

leva ao aumento da invasão. Estas constatações são preocupantes visto que a 

intensificação de agroflorestas e outros sistemas agrícolas vem se acentuando 

globalmente (Juhrbandt et al., 2010; Tscharntke et al., 2011) e que, apesar da 

diminuição das taxas de desmatamento das florestas tropicais nos últimos anos (Wright & 
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Muller-Landau, 2006), a maior parte das áreas remanescentes é constituída de vegetação 

degradada ou secundária (Wright, 2005; Wright, 2010). Sendo assim, espera-se um 

aumento da quantidade de áreas susceptíveis à invasão por cães domésticos, e, 

consequentemente, dos danos causados por estes animais. 

 Por fim, mostramos que a invasão por cães é favorecida pelo tipo de manejo, 

em que os animais são criados soltos, e parece estar fortemente associada à presença 

do homem. Assim, o manejo adequado dos cães, incluindo os cuidados veterinários, é 

fundamental para minimizar os impactos desta espécie exótica. 
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