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RESUMO 

 
LIMA, C. F. M. Interações eco-epidemiológicas entre cães domésticos e a fauna silvestre 

em agroecossistemas 124 p. Tese (Doutorado em Ciências) – Faculdade de Medicina 
Veterinária e Zootecnia, Universidade de São Paulo, São Paulo, 2020. 
 

 

Cães e seres humanos compartilham os mesmos caminhos por pelo menos 14-100 mil 

anos e, atualmente, o cão doméstico (Canis lupus familiaris) é a espécie de carnívoro mais 

abundante e difundida do planeta, está presente em todos os continentes, exceto Antártida. 

Como conseqüência, cães representam um desafio global tanto para conservação da 

biodiversidade como para saúde pública, e esta problemática é ainda mais grave entre cães 

mantidos soltos e cães ferais em áreas rurais. No entanto, apesar da abrangência e da gravidade 

do problema, tanto a intensidade dos impactos causados por cães domésticos, como a eficácia 

de estratégias de manejo, ainda são incertas. Isso ocorre, pois estudos raramente quantificam 

aspectos básicos da ecologia dos cães. Aspectos que são cruciais tanto para compreensão dos 

processos de invasão biológica, como para elaboração de modelos epidemiológicos de 

dispersão de doenças. É nesta lacuna de conhecimento que buscamos nos aprofundar na 

presente tese de doutorado. Utilizando como modelo a população de cães de um 

agroecossistema de Cerrado no Brasil Central, realizamos um estudo longitudinal buscando 

elucidar como é a estrutura e a dinâmica populacional dos cães; de que forma eles utilizam o 

espaço e que fatores determinam seus caminhos; e como a população e o movimento dos cães 

podem ser modulados pelas pessoas. Com os estudos aqui apresentados, trouxemos avanços 

metodológicos, e reflexões de manejo, que contribuirão de forma substancial para aprofundar 

nossa compreensão de uma problemática comum a todas as partes do planeta. Vimos que, 

mesmo em uma população de tamanho estável, a estrutura populacional pode ser extremamente 

dinâmica, e este fluxo de indivíduos é regido essencialmente pelas pessoas. Observamos 

também que os cães têm um uso considerável da paisagem, ainda que eles permaneçam a maior 

parte do tempo ao redor de suas casas. Além disso, constatamos que os padrões de uso do espaço 

variam substancialmente a depender das características do indivíduo, do manejo e do papel 

social do cão na comunidade. Por fim, propomos estratégias de manejo que possam 

simultaneamente mitigar os impactos causados por cães e aprimorar o desempenho de suas 

funções na comunidade. 

 

Palavras chave: Demografia. Espécie invasora. Coleira GPS. Área de vida. Seleção de habitat. 

  



 

 

ABSTRACT 

 
LIMA, C. F. M. Eco-epidemiological interactions between domestic dogs and wildlife in 

agroecosystems 124 p. Tese (Doutorado em Ciências) – Faculdade de Medicina Veterinária e 
Zootecnia, Universidade de São Paulo, São Paulo, 2020. 
 

 

Dogs and humans share the same paths for 14-100 thousand years, and currently, the 

domestic dogs (Canis lupus familiaris) are the most abundant and widespread carnivore on 

earth, being present in all the continents, except Antarctica. Accordingly, dogs represent a 

global threat for wildlife conservation and public health, and it is a growing issue, especially 

among free-ranging and feral dogs in rural areas. However, despite being a worldwide concern, 

the intensity of dogs’ impacts and the efficiency of management strategies are both poorly 

known. Studies rarely quantify the dogs’ ecological aspects, which are crucial for understanding 

the invasive processes, and for developing epidemiological models on disease spreading. These 

knowledge gaps were the focus of the present Ph.D. thesis. We did a long-term study with the 

rural dog population of an agroecosystem of the Brazilian Cerrado. We aimed to understand: 

the dogs’ population structure and dynamics, how is the dogs’ space use and which factors 

determine their paths, and how the people can modulate both the dogs’ population and 

movements. Our results brought methodological improvements and management insights 

which will contribute substantially to deepen our understanding of an issue that is common to 

all parts of the planet. We have shown that even in a stable size population, the population 

structure can be extremely dynamic, and the individual’s inputs and outputs are essentially 

driven by the people. We also observed that dogs considerably use the landscape, even though 

they spend most of their time around their homes. Furthermore, we found that space use patterns 

vary substantially depending on the individual´s characteristics, the human management, and 

the dogs´ social role in the community. Finally, we propose management strategies that could, 

at the same time, reduce the dog impacts on wildlife and improve the fulfillment of their social 

functions in the community. 

 

Key words: Demography. Invasive species. GPS collars. Home range. Habitat selection.  
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1. INTRODUÇÃO  

 

Nós, Homo sapiens, já colonizamos quase toda a superfície terrestre, e nossas ações interferem 

direta ou indiretamente em todos os ecossistemas do planeta (SANDERSON et al., 2002; VITOUSEK 

et al., 1997). Mas não vamos sozinhos, a cada fronteira que abrimos, levamos conosco uma 

comunidade de seres que compõe a base do nosso sistema social. Desde recursos elementares como 

alimento e abrigo, até nossas vestimentas, meios de locomoção, e ferramentas, dependem de uma 

extensa gama de espécies vegetais e animais. Dentre estas espécies, o cão (Canis lupus familiaris) se 

destaca pela diversidade de funções que desempenha na sociedade humana.  

Cães auxiliam na obtenção de alimentos, através da caça de animais silvestres e do pastoreio 

de animais de produção; eles garantem a proteção dos abrigos e rebanhos; representam um importante 

meio de transporte em ambientes inacessíveis dos pólos; e na sociedade moderna chegam a prestar 

serviços específicos como cães policiais, cães de resgate, e cães guias (GOMPPER, 2014). Mas a 

característica mais peculiar do cão, é que seu vínculo com o homem independe do desempenho de 

qualquer destas funções, e pode sustentar-se simplesmente pela interação social e suporte emocional 

(DIAS, 2019). Isto é fruto de uma complexa associação interespecífica construída ao longo de 14-

100 mil anos (DIAS, 2019; PANG et al., 2009; SAVOLAINEN, 2002).  

Assim, em uma intrincada relação com os seres humanos, o cão doméstico está presente em 

todos os continentes, exceto a Antártida, e é a espécie de carnívoro mais abundante do planeta  

(GOMPPER, 2014; HUGHES; MACDONALD, 2013). Com uma população global estimada entre 

700-987 milhões de indivíduos, cães representam um desafio tanto para conservação da 

biodiversidade como para saúde pública (GOMPPER, 2014). É sabido que cães domésticos 

comprovadamente contribuíram para extinção de 11 vertebrados e são ameaça real, ou potencial, de 

188 espécies ameaçadas no mundo (DOHERTY et al., 2017). Predação é o impacto mais 

frequentemente reportado, seguido de perseguição, transmissão de doenças, competição e 

hibridização (ALEXANDER; MCNUTT, 2010; HUGHES; MACDONALD, 2013; SEPÚLVEDA et 

al., 2014; VANAK; GOMPPER, 2009; YOUNG et al., 2011). Além do potencial de transmissão de 

doenças para fauna silvestre, cães atuam como reservatórios de zoonoses importantes para saúde 

humana (ex: raiva e leishmaniose); e têm um papel central na propagação de doenças entre o meio 

silvestre e os humanos (ex: febre maculosa brasileira).  

Trata-se de uma problemática comum em todo o mundo, que é ainda mais grave entre cães 

mantidos soltos e cães ferais em áreas rurais (VANAK; GOMPPER, 2009; YOUNG et al., 2011). No 

entanto, apesar da abrangência e da gravidade do problema, tanto a intensidade dos impactos causados 

por cães domésticos, como a eficácia de estratégias de manejo, ainda são incertas. Isso ocorre, pois 

estudos raramente quantificam aspectos básicos da ecologia dos cães, que são cruciais tanto para 
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compreensão dos processos de invasão biológica, como para elaboração de modelos epidemiológicos 

de dispersão de doenças. É nesta lacuna de conhecimento que buscamos nos aprofundar na presente 

tese de doutorado. 

Utilizando como modelo a população de cães de um agroecossistema de Cerrado no Brasil 

Central, realizamos um estudo longitudinal buscando elucidar como é a estrutura e a dinâmica 

populacional dos cães; de que forma eles utilizam o espaço e que fatores determinam seus caminhos; 

e como a população e o movimento dos cães podem ser modulados pelas pessoas. Entre estudos 

populacionais, raros são os que monitoram uma mesma população de cães ao longo dos anos; 

portanto, são escassas informações sobre flutuações populacionais e seus fatores determinantes 

(MORTERS et al., 2014). Com relação à ecologia do movimento, os estudos de telemetria com cães 

focaram em análises de área de vida (BOMBARA et al., 2017; DÜRR et al., 2017; DÜRR; WARD, 

2014; HUDSON et al., 2017; MEEK, 1999; PÉREZ et al., 2018); no entanto, permanece inexplorado 

o detalhamento dos padrões de movimentação dos cães quando eles deixam suas casas, exatamente 

quando apresentam o maior potencial de impacto no ambiente (SEPÚLVEDA et al., 2015).  

A compreensão destes aspectos ecológicos possibilitará um maior detalhamento do potencial 

de ameaça de cães domésticos para biodiversidade e saúde pública. No entanto, enquanto nosso foco 

estiver apenas nos impactos, nossas perspectivas de solução permanecerão limitadas. Cães cumprem 

importantes papeis socioculturais que devem ser incorporados tanto em nossas análises como no 

planejamento de estratégias de manejo. É sob esta ótica que abordamos os estudos aqui apresentados; 

primeiramente compreendendo o papel social do cão na região estudada, e posteriormente avaliando 

como os aspectos populacionais e de movimento podem ser modulados pelas pessoas. Por fim, 

propomos estratégias de manejo que possam simultaneamente mitigar os impactos causados por cães 

e aprimorar o desempenho de suas funções na comunidade. Assim, visamos fortalecer as bases de um 

pensamento que promova a coexistência entre o homem, seus cães e a fauna silvestre. Não se trata de 

algo novo, as relações de coexistência e interdependência entre estas espécies já existem; mas 

precisamos compreendê-las, para moldarmos novas relações que beneficiem um maior número de 

seres.  
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2. HISTÓRICO 

O conteúdo apresentado nesta tese de doutorado é fruto do Programa de Medicina da 

Conservação desenvolvido pela Fundação Parque Zoológico de São Paulo (FPZSP) em parceria com 

o Programa de Conservação Mamíferos do Cerrado (PCMC). O PCMC é um grupo de pesquisa, 

sediado na Universidade Federal de Catalão, que visa levantar informações ecológicas, 

epidemiológicas e de conservação sobre os carnívoros do Cerrado, e avaliar como estas espécies 

respondem à atividade antrópica. Em 2013 a FPZSP firmou uma parceria com o PCMC para o 

desenvolvimento de pesquisas envolvendo as interações entre canídeos silvestres e domésticos na 

região do Limoeiro, município de Cumari, Goiás. 

Assim, foi realizado nesta área de estudo um monitoramento longitudinal (2013 – 2019) da 

população de cães domésticos, e da comunidade de canídeos silvestres constituída pela raposa-do-

campo (Lycalopex vetulus), cachorro-do-mato (Cerdocyon thous), e Lobo-guará (Chrysocyon 

brachyurus). Portanto, é importante contextualizar que o material aqui apresentado constitui parte de 

um programa amplo e multidisciplinar, envolvendo diversas instituições e linhas de pesquisa, que 

trabalham de forma integrada a fim de promover ações de conservação de fauna (Quadro 1). Nesta 

tese, serão apresentados os resultados de duas linhas de pesquisa específicas: Dinâmica populacional 

de cães domésticos e suas relações na comunidade; e Ecologia do movimento de cães domésticos. 

Por fim, vale ressaltar que realizei um período de seis meses de intercâmbio como bolsista do 

Programa de Doutorado Sanduíche (PDSE CAPES/Print) na Universidade de Minnesota (EUA), 

onde realizei as análises de ecologia do movimento sob orientação do Prof. Dr. James Forester. 
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Quadro 1 - Linhas de pesquisa desenvolvidas pelo Programa de Conservação Mamíferos no 

Cerrado na região do Limoeiro, município de Cumari, Goiás. 

LINHA DE PESQUISA INSTITUIÇÃO 

Dinâmica populacional de cães domésticos e suas 

relações na comunidade 

Fundação Parque Zoológico de São Paulo 
Universidade de São Paulo 

Ecologia do movimento de cães domésticos 

Interações eco-epidemiológicas entre canídeos 
silvestres e domésticos.  
Pesquisa de cinomose, parvovirose, leptospirose e 
brucelose. 

Anestesiologia de canídeos silvestres 

Microbiologia e biotecnologia 

Ecologia espacial da Raposa-do-campo e Interações 
interpescíficas com outros canídeos do Cerrado Universidade Federal de Catalão 

Universidade Federal de Uberlândia Ecologia alimentar de canídeos silvestres 

Ecologia reprodutiva de canídeos silvestres 

Densidade populacional da Raposa-do-campo Universidade Federal de Catalão 

Ameaças humanas para três espécies de canídeos do 
Cerrado (Dosagem hormonal e estresse) 

Smithsonian Institution  
George Mason University 

Endocrinologia reprodutiva e comportamental.  
Monitoramento hormonal não invasivo. 

Universidade de São Paulo 

Uso do habitat da Raposa-do-campo Universidade Federal do Mato Grosso do 
Sul  

Genética de populações e parentesco Universidade Federal de São Carlos 

Ciclos de doenças transmitidas por carrapatos Universidade Federal de Uberlândia 

Helmintos 

Instituto Oswaldo Cruz 
 

Leishmania spp. 

Trypanosoma cruzi 

Hepatites 

Hantavírus 

Educação ambiental e ciência cidadã Fundação Parque Zoológico de São Paulo 
Universidade Federal de São Carlos 
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ABSTRACT 

 

The continuous expansion of the agricultural frontier, associated with limited coverage of the 

planet by fully protected parks, raises an important question: how can we preserve the biodiversity in 

environments with strong anthropic influence? The presence of free-ranging dogs stands out as a 

major wildlife threat in these areas due to predation, competition, and transmission of infectious 

diseases. On the other hand, dogs play critical roles in rural communities, and guardian dogs represent 

an important conservation tool to mitigate human-wildlife conflicts. To deepen our understanding of 

this trade-off, we conducted a five-year annual survey in rural areas of Central Brazil, an 

agroecosystem of the endangered Brazilian Cerrado. Long-term dog population diagnoses are rare; 

studies tend to ignore the demographic temporal variation, which is crucial for population and disease 

control. We described a dog population stable in size, but with a highly dynamic structure, due to the 

annual turnover rates (38.25%). These turnovers were driven by immigration (94.9%) and emigration 

(71.4%), rather than by births (5.1%) and deaths (28.6%). These dog population movements were 

related to the annual turnover of families living in the area (24.8%), and the low recruitment rate by 

birth was a consequence of human management focused on controlling the number and reproductive 

status of females and the destination of the offsprings. The primary dog roles were protecting houses 

and livestock; they had no movement restrictions (89%) and tended to attack wildlife (82%). The 

most common chased species were the endangered giant anteater (Myrmecophaga tridactyla) and 

hoary fox (Lycalopex vetulus). Our results question the traditional management approaches that 

focus on the dog population size and neglect the human factors and the underlying demographic 

process. We propose strategies that could, simultaneously, reduce the dog impacts on wildlife and 

improve the fulfillment of their social functions in the community. 

 

Key words: population dynamics, invasive species, human dimensions, agroecosystem, 

dog-wildlife interactions, wildlife conservation. 
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3.1.    INTRODUCTION 

Amid the Anthropocene’s progressive consolidation, the references of idealized and 

dichotomous concepts such as nature versus society and pristine environment versus anthropized 

environment become more and more liquefied. Considering the continuous expansion of the 

agricultural frontier, associated with limited coverage of the planet by fully protected parks, it is 

essential to understand how to preserve the biodiversity, especially in environments experiencing 

strong anthropic influence (BRAVERMAN, 2014). Therefore, there is an increasing importance of 

environments characterized as agroecosystems, where humans, domestic animals, and wildlife 

cohabit. 

In Brazil, this scenario is evident in the Cerrado biome, a neotropical savannah characterized 

as one of the 25 biologically richest and most endangered hot spots in the world. Despite that, less 

than 20% of its primary vegetation remains (MYERS et al., 2000). Endemic species are especially 

sensitive to this reality, such as the hoary fox (Lycalopex vetulus), the only endemic canid in Brazil. 

Adapted to Cerrados' open areas, it is currently observed foraging among cattle, close to human 

households, where agonistic encounters with domestic dogs occur (LEMOS et al., 2011). 

The establishment of such ecological relationships can lead to several impacts on native 

biodiversity. Free-ranging dogs in rural areas represent a growing problem in developing countries 

(VANAK; GOMPPER, 2009; YOUNG et al., 2011). Domestic dogs are known to have contributed 

to the extinction of 11 vertebrates and are a real or potential threat to a least 188 endangered species 

worldwide (DOHERTY et al., 2017). Predation is the most frequently reported impact, followed by 

competition and disease transmission (ALEXANDER; MCNUTT, 2010; SEPÚLVEDA et al., 2014; 

VANAK; GOMPPER, 2009; YOUNG et al., 2011). 

At the same time, dogs play a critical role as working members of households (e.g., herding, 

guarding, and hunting) in rural communities, being part of their way of life and livelihoods (RIGG; 

AVENUE, 2001; SEPÚLVEDA et al., 2014). Furthermore, SEPÚLVEDA et al., 2014 described that 

interactions between dogs and wild animals were associated with their management and role on the 

farm and proposed that by understanding these interactions drivers, interventions could be targeted 

to optimize beneficial behaviors for the farmer while minimizing harmful wildlife interactions. 

Nevertheless, despite the global and extensive nature of human-dog-wildlife interactions, there has 

been little research in this field that takes human dimensions into account (MILLER; RITCHIE; 

WESTON, 2015). 

The development of management strategies that consider the critical tradeoff between dogs as 

farm-protectors and dogs as a wildlife threat is challenging and requires a good understanding of the 
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dog’s population structure and dynamics. Nevertheless, long-term dog population diagnosis in 

agroecosystems are scarce, and interventions are frequently based on the population size, ignoring 

the underlying dynamics that sustain it through time (MORTERS et al., 2014). 

Therefore, we aimed to investigate the dogs’ population dynamics and management in 

agroecosystems and elucidate the farmer-reported dog-wildlife interactions. By promoting systematic 

surveys in rural communities in Brazil for four consecutive years, we described the population 

fluctuation and its drivers, providing essential insights that elucidate the effectiveness of commonly 

used interventions and raising proposals for the improvement of conservation and health programs. 

 

3.2.    METHODS 

3.2.1.  Study area 

This study was carried out in the Limoeiro region, a farming area within the municipality of 

Cumari, Goias State, in Central Brazil (18°33’–18°43’S / 48°07’– 48°20W; Figure 1) that comprises 

9.300 ha of contiguous private cattle ranches and small-scale agriculture operations (e.g., rubber trees, 

corn, and sugarcane). The landscape is dominated by exotic pasture (Urochloa spp.; 73%), with the 

remaining area being a mosaic of natural gallery and seasonal forests (21%) and open Cerrado sensu 

stricto (4%) (Figure 2) (LEMOS, 2016). The climate is tropical with two well-defined seasons, 

cold/dry (May–September) and hot/wet (October–April)(ALVARES et al., 2013), with mean 

temperatures of 19 and 30°C, respectively, and mean annual precipitation of 1,551 mm 

(CPTEC/INPE, 2018). 

Despite being a typical extensive cattle ranch landscape, it still shelters 57% of the 51 species 

of medium and large sized wild mammals known to occur in the native Cerrado, with one-third of 

them threatened (LEMOS, 2016). Free-ranging dogs are common in the study area, and there are 

previous reports of predation and interference competition with wildlife (BICKLEY et al., 2019; 

LEMOS et al., 2011). 

Three small urban areas surround the Limoeiro region: Cumari (2,975 inhabitants), 

Anhanguera (1,126 inhabitants), and Goiandira (5,605 inhabitants); and the primary reference urban 

centers are: Catalão (108,823 inhabitants), Araguari (116,691 inhabitants), and Uberlândia (584,102 

inhabitants) (Figure 1). 
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Figure 1 - Map of the study area and the surrounding urban centers 
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Figure 2 – Map of the study area with the households and the land cover description 

 

3.2.2. Ethics Statement 

The survey’s general purpose was explained in Brazilian Portuguese, by native speakers, to 

each research participant. The selected respondent at each household was at least 18 years old. We 

assured confidentiality, and they signed a consent form authorizing the interview. The Ethics 

Committee of the School of Veterinary Medicine and Animal Science of the University of São Paulo 

(8396120216) approved this survey. 
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3.2.3. Survey Implementation 

Between 2014 and 2018, we performed four surveys of 30 days each, in the following months: 

Census 1 - July 2014; Census 2 - December 2015; Census 3 - October 2016; and Census 4 - May 

2018. Due to logistical issues, it was impossible to keep constant intervals between samplings; the 

average interval between them was 16 months. Therefore, the measurements of rates between 

censuses, such as population turnovers, were normalized in annual rates dividing the rate between 

censuses by the specific interval in years: Intercensus period 1 (2014 - 2015) 1.42 years; Intercensus 

period 2 (2015 – 2016) 0.82 years; Intercensus period 3 (2016 – 2018) 1.60 years. 

There were 43 households in the study area throughout the study period, and we attempted to 

interview one adult per household in each census. We conducted up to five additional visit attempts 

in instances where we did not find anyone at home during a scheduled visit. 

We used a structured questionnaire comprising 38 multiple-choice questions (Supplementary 

1). We recorded additional comments made by interviewees, even though they were not included in 

the data analysis, they were important to guarantee the data integrity. We did not expect that 

interviewers would avoid questions related to dog-wildlife interactions since previous work in the 

Limoeiro region found that residents openly reported wildlife interactions, including killing 

threatened species (BICKLEY et al., 2019). 

The collected information included the number of dogs per household, dog demographics (i.e., 

age, sex, reproduction, mortality, and source of dogs), reasons for acquiring the dog and its role in 

the household (i.e., company, herding, house protection, livestock protection), dog management 

practices including the type of food provided and whether there was any restraint or control of dog 

movement (i.e., completely free-roaming or restricted to some degree), perceived dog movement (i.e., 

range of landscape used alone and accompanied by the owner), health history (i.e., diseases, vaccines, 

treatments against parasites), observed dog attacks/harassment of wildlife and measures for farm 

animal protection, including dogs. 

3.2.4. Data Analysis 

We identified each dog, family, and house with an ID number, and we constructed a square 

matrix of relations regarding the origin and destination of dogs between the censuses. We calculated 

the replacement rates of dog and human population dividing the number of new IDs by the population 

of each census and then normalized in annual replacement rates dividing it by the intercensus period 

in years. The inputs and outputs in the dog population were classified in: birth, death, immigration, 

and emigration. Secondly, we subcategorized the immigration rates in: i. Immigration with family, 



 

 

27 

dogs brought by new families; ii. Adoption, dogs adopted from external populations by families living 

in the area; and iii. Appeared, dogs that arrived alone around the farms and were allowed to stay; this 

could be the case of dogs that spontaneously migrate from outside populations or dogs abandoned 

inside the study area. The emigration rates were subcategorized in: i. Emigration with family, dogs 

that left the population together with their owners; ii. Donation, dogs donated to external populations; 

and iii. Disappeared, when the owners were unaware of the dog destination. We also quantified dogs 

that moved between households within the study area as Internal Migration. We constructed chord 

diagrams using the package Circlize in the software R (R Development Core Team, 2019) for a visual 

representation of the population dynamics. The questionnaire regarding dogs’ history and social 

interactions were analyzed, quantifying the frequency of answers at the different censuses. 

3.3. RESULTS 

There were 31 ranches in the area, the median of size was 280.7 ha (0.04 - 1306.8 ha), and the 

main economic activity was cattle production (91%). We registered 43 households in the area, but 

not all were inhabited through the study period. Only one family actively refused to participate in the 

research. The average attendance rate per year was 85.3% of the inhabited households, and all the 

respondents had at least one dog (Table 1). 

Farmworkers and their families inhabited most households (81%), and the landowners usually 

live in urban areas. The average human population in the area was 88 people, living in families of 

2.63 people per household. The average dog population was 111.75, with an average rate of 1.28 dogs 

per person. The dog population density was 1.2 dogs per km2, with 3.35 dogs per household (Table 

1). The average annual replacement rate of dogs and families were respectively 38.25% and 24.8% 

(Table 2). Comparing the final dog population (Census 4) with the initial (Census 1), we observed a 

retention of 28% of the individuals in 3.9 years (Table 3). 

 

 

Table 1 – Human and dog population structure 

 

 

 

 

 

 Census 1 Census 2 Census 3 Census 4  Mean 
Attendance Rate 94.9% 87.2% 90.0% 69.2% 85.3% 
Human Population  99 95 90 67 88 
Dog population 122 116 114 95 111.75 
Dogs per household 3.30 3.41 3.17 3.52 3.35 
Dogs per person 1.23 1.22 1.27 1.42 1.28 
Dog Population density 1.31 1.25 1.23 1.02 1.20 
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Table 2 – Human and dog population replacement 

REPLACEMENT Interval 1 Interval 2 Interval 3 

Interval period (years) 1.42 0.82 1.61 
Families replacement / census 44.1% 25.0% 21.4% 
Families replacement / year 31.0% 30.4% 13.3% 
Dogs replacement/census 58.6% 36.0% 47.9% 
Dogs replacement / year 41.1% 43.8% 29.8% 

 
Table 3 – Retention rate at the final population (Census 4) 

                                                             

Retention Rate 

Total  95 
Dogs since Census 1 28% (27) 
Dogs since Census 2 11% (10) 
Dogs since Census 3 28% (27) 
New 33% (31) 

 

 

The turnover of the dog population was mainly driven by immigration (94.9%) and emigration 

(71.4%), rather than by births (5.1%) and deaths (28.6%) (Table 4).  Among the subcategories, 

adoption was the most frequent cause of immigration (75.9%), while emigration with family was the 

most frequent cause of emigration (59.7%).  Detailed inputs and outputs of the dog population are 

presented in Table 4 and Figures 3-5. 
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Table 4 – Dog population inputs and outputs 

DOGS POPULATION INPUT 

 Interval 1 Interval 2 Interval 3 

Total  63 36 40 
Birth  7.9% (5) 0% (0) 7.5% (3) 
Immigration  92.1% (58) 100 % (36) 92.5% (37) 

 
Immigration Subcategories 

Immigration with family  8.6% (5) 13.9% (5) 32.4% (12) 
Adoption  75.9% (44) 75.0% (27) 64.9% (24) 
Appeared 15.5% (9) 11.1% (4) 2.7% (1) 

DOGS POPULATION OUTPUT 

 Interval 1 Interval 2 Interval 3 

Total  66 40 43 
Death 13.6% (9) 35% (14) 37.2% (16) 
Emigration 86.4% (57) 65% (26) 62.8% (27) 

 

Emigration Subcategories 

Emigration with family  77.2% (44) 50% (13) 51.9% (14) 
Donation  8.8% (5) 15.4% (4) 22.2% (6) 
Disappeared   14.0% (8) 34.6% (9) 25.9% (7) 
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Figure 3 – Chord Diagram of the dog population dynamics at the Interval 1 
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Figure 4 – Chord Diagram of the dog population dynamics at the Interval 2 
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Figure 5 – Chord Diagram of the dog population dynamics at the Interval 3  
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The most reported causes of death were snake bite (21.1%), infectious diseases (15.8%), 

advanced age (13.2%), and roadkill (13.2%) (Figure 6). These causes are based on the owners’ 

perception and not on professional diagnosis. We also asked about the offsprings in the previous 12 

months in each household and quantified the pups’ destination. On average, 38 pups were born per 

year (6.25 litters/year), 0.83 pups per female, of which 59% were donated, 22% died, and 19% were 

kept by the family (Figure 6). 

 
Figure 6 – Death causes in dog population and destination of puppies born in the study area 

 
 

Dog population was constituted by rural free-ranging dogs (VANAK; GOMPPER, 2009 

classification), adults (3 years ± 3 SD), skewed towards males (59%), and frequently originated from 

urban areas (44%) (Figure 7). They were predominantly acquired as puppies (77%) with the primary 

purposes of the company and protection of houses and livestock (Figure 7). No feral dogs were 

detected or reported in the area; stray dogs that entered the area either settled in one household or left 

after a short period. 

In general, dogs were kept without movement restriction (89%) and fed with a mixture of 

leftovers and dog food (Figure 7). Although most males have no reproductive control (86%), 42% of 

the females receive contraceptives, and 4% are closed during the heat. Most of the owners (84%) had 

no interest in neutering their dogs (Figure 7). According to the owners, at least 61% of dogs walked 

freely in the landscape, far from the houses (Figure 7). Evaluating the health history of 12 months 

before each census, we observe vaccination coverage of 46% for rabies and 10% for the multipurpose 

vaccine, and prophylactic treatments of 44% for ectoparasites and 30% for endoparasites (Figure 7). 
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The dogs were considered the most common measure to avoid chicken and other livestock 

predation by wildlife (Figure 7). Regarding the dog-wildlife interactions, 82% of the respondents 

described the attack as the first dog reaction when in contact with wildlife, as 45% of them would 

have killed wild animals if they had the opportunity, and 27% are known to go far from their houses 

to chase wildlife. Only 42% of the respondents reproved this behavior (Figure 7). The most common 

chased species were giant anteater (Myrmecophaga tridactyla) and the endemic hoary fox (Lycalopex 

vetulus), whereas the most common predated species were lesser anteater (Tamandua tetradactyla) 

and opossum (Didelphis spp.) (Figure 8). The report of dogs feeding upon wildlife (8%) was rare, 

and the incomplete predation was the most common killing behavior. 
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Figure 7 – Description of the questionnaire responses regarding the dog population description, 
management, health history, social function and dog-wildlife interactions. The gray bars 
represent the average answer through the years, and the red lines represents the standard 
deviation between the census 
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Figure 8 – Frequency of wild species reported as chased and predated by dogs 

 
 

3.4. DISCUSSION 

Here we presented a long-term diagnosis of a rural dog population in an important region for 

both livestock production and wildlife conservation in Brazil. The successive censuses allowed not 

only to understand the dog population structure, but also the population dynamics in this 

agroecosystem. The dog population size was stable and highly managed by humans, being sustained 

mainly by importing dogs rather than breeding (Figures 3-5). Nevertheless, the population structure 

was not constant; elevated turnover rates led to the replacement of almost ¾ of the population in less 

than four years (Table 3). Understanding the drivers of these dynamics is the key to any health or 

population management. 

The skewed sex ratio towards males observed in our study is consistent with other domestic 

dogs’ studies in developing countries (FLORES-IBARRA; ESTRELLA-VALENZUELA, 2004; 

SEPÚLVEDA et al., 2014; SILVA-RODRÍGUEZ; SIEVING, 2011). In addition to females being in 

a smaller number, their reproduction is frequently controlled by contraceptive methods, limiting the 

breeding females to 22% of the total population, on average. It justifies the low breading rate, but the 

population recruitment rate is even lower, given that most of the born pups are donated (Figure 6). 

Therefore, human management mainly focused on controlling the number and reproductive status of 

females, and the destination of the offspring, explains the meager recruitment rate by birth. Instead, 

the inputs through the adoption of dogs originated mainly from the surrounding cities sustained the 

elevate replacement rates in the population (Figure 7, Table 4). 
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The human population structure was not constant either; its dynamic is subjected to employee 

replacement since workers mainly inhabit the households. Although it leads to changes in the 

population composition, it is stable in size. This fluctuation of families directly impacts the dog 

population dynamics, since families leaving the area with their dogs represent the main dog output 

driver (Table 4). On the other hand, arriving families generate new inputs to the dog population, some 

by bringing their dogs, but most of them by adopting new ones after they have settled in the household 

(Table 4). This relation between human and dog dynamics can be visualized at the Figures 3-5, where 

we can notice that dogs’ inputs and outputs are more expressive in households with family changes 

in the same period. 

Although death rates were lower than emigration, it still could lead to a population reduction 

over time. Here we can notice another aspect of human management over the dog population. If, on 

the one hand, they prevent the population from growing, on the other hand, they avoid it to decrease, 

maintaining the average of three dogs per household. Moreover, even when we notice death increases, 

the replacement is promoted through additional adoptions from external populations, rather than 

increasing the reproduction or the retention of pups. 

This description brings essential insights into population management strategies in 

agroecosystems. Usually, dog population management focuses on controlling the population size, 

based on the assumption that the population is growing or has the potential to grow (MORTERS et 

al., 2014). In a survey that addressed researchers and conservationists’ perceptions about dog-wildlife 

interactions, most of the respondents felt the need to control dog population growth (HOME; 

BHATNAGAR; VANAK, 2018), although there was no population diagnosis involved. Given that 

the population size in our study area is stable and already controlled by humans, external control 

would be required only to reduce the actual population size. Even so, neutering programs would have 

little effects, not only because of the lack of community interest noticed here (Figure 7), but mostly 

because breeding does not sustain the population (Figures 3-5).  

Furthermore, public health strategies focused on culling should consider that the individuals 

removed would promptly be replaced by new pups originated from the surrounding cities. It would 

increase the dog population turnover, leading to a younger population that might be more susceptible 

to various infectious diseases (NUNES et al., 2008). Therefore, if interventions in dogs’ density are 

required in a population like this, it should focus on changing the human perception about the optimal 

number of dogs per household; otherwise, the population would probably recompose in a short period. 

Although population growth proved not to be a concern in our area, the population turnover, 

on the other hand, emerged as an essential issue. It is challenging to achieve effective health 

preventive programs in a population with high turnovers, as we observed in the rabies vaccine 
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coverage. The mean vaccine coverage was 46%, even though all the households received free rabies 

vaccine annually for their dogs, as part of a government health program. The unvaccinated dogs were 

mainly those that arrived in the population after the previous vaccination campaign. We can also 

notice a fluctuation in the rabies vaccine coverage that follows the turnover rates, achieving the lowest 

coverage (26%) after the highest population turnover (first intercensus period), and the highest 

coverage (62%) after the lowest population turnover (third intercensus period). Therefore, 

vaccination programs in rural areas with similar population profiles must take turnover rates into 

account to achieve cost-effective outcomes. Depending on the required vaccine coverage of the 

population, increasing the frequency of campaigns should be necessary. 

Furthermore, the constant introduction of new individuals in the population increases the 

likelihood of transmissible diseases to spread in the area, and we should consider it in disease risk 

analyses. The owners recognized that at least 15% of the dogs died from infectious diseases (Figure 

6). Although proper veterinary diagnosis was not made, this number represents the dogs that 

presented clinical signs such as nasal and eye discharge, lethargy, anorexia, neurological signs, 

diarrhea, and hyperkeratosis. For example, there was a case report of one dog that presented clinical 

signs after being some days out of home, and this event was followed by contagion among the other 

dogs in the house. Nevertheless, the deaths caused by infectious diseases can be higher; since 18% of 

deaths had undefined causes, and part of the dogs classified as disappeared could have died far from 

the houses. Despite owners’ recognizing the occurrence of infectious diseases in the area, the use of 

multipurpose vaccines is not a common practice, with an average coverage of 10% of the population 

(Figure 7). Besides being uncommon, there is a cultural perception that this is a vaccine specific for 

puppies, being unusual the revaccination overtime. The constant introduction of external 

unvaccinated dogs in the population enhances the risk of releasing diseases such as canine distemper 

and parvovirus in the area, representing a threat for wildlife, especially wild carnivores (VIANA et 

al., 2015). 

Besides transmitting diseases, free-roaming dogs can impact wildlife through predation, 

competition, disturbance, and hybridization (HUGHES; MACDONALD, 2013; YOUNG et al., 

2011), and the risks of these potential impacts are higher when dogs have no movement restraint 

(BELSARE; GOMPPER, 2015). The contact between domestic dogs and wildlife has been previously 

reported in the study area (BICKLEY et al., 2019; LEMOS et al., 2011), and our research approached 

these interactions trough the perceptions of the owners, who recognized the chasing behavior of 82% 

of their dogs (Figure 7). This behavior alone, regardless of predation itself, can induce non-

consumptive effects on wild species, creating a landscape of fear that can affect the wild population 

fitness (CREEL; WINNIE; CHRISTIANSON, 2009; SHERIFF; KREBS; BOONSTRA, 2011). 
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Predation was also frequently reported; however, the dogs rarely fed on the predated animals (Figure 

7). This killing behavior with no consumption of the prey carcasses have been previously reported 

for domestic dogs, and it is termed ‘surplus killing’ (RITCHIE et al., 2014). The two main reasons 

for surplus killing by dogs are ineffective anti-predator responses from preys that have not coevolved 

with dogs;  and the ability of dogs to defend multiple kills due to their tendency to hunt and live in 

groups, which allows hunting to continue despite sufficient food often being available. Dogs do not 

always exhibit surplus killing, but where it does occur, the impacts of dogs on wildlife can be strong 

(RITCHIE et al., 2014). Therefore, the wildlife predation by dogs reported in this study is more 

related to innate behavior than to feeding resources, leading to a potential critical scenario since 

neither this behavior nor the dog population size would be reduced once the wildlife populations 

decrease. Between the most persecuted species, there are endangered species such as the giant 

anteater (Myrmecophaga tridactyla) and the hoary fox (Lycalopex vetulus), the two species more 

frequently reported to be chased by the dogs (Figure 8). 

Despite recognizing these behaviors, most of the interviewees either approved or were 

indifferent to it. The families tend to consider that by keeping the wildlife away from the houses, 

especially wild carnivores, the dogs fulfill their role of protecting the houses and other domestic 

animals (Figure 7). Nevertheless, they tend to disapprove when dogs leave the house surroundings to 

chase wildlife, since, in addition to abandoning the guard of the house, they can get hurt. These 

interactions with wildlife can generate more than simple injuries to the dogs; deaths caused by snakes 

and giant anteaters together represent 29% of the dogs’ mortality (Figure 6). The relationship between 

dog-wildlife interactions and the roles played by dogs in the community was raised before by 

SEPÚLVEDA et al., 2014, and our results corroborate that it is crucial to understand dogs’ behavior 

in agroecosystems. 

Therefore, although dogs play an essential role in rural communities (GEHRING; 

VERCAUTEREN; LANDRY, 2010; RIGG; AVENUE, 2001; SEPÚLVEDA et al., 2014), they also 

represent a direct impact on wildlife (HOME; BHATNAGAR; VANAK, 2018; HUGHES; 

MACDONALD, 2013). Between these two findings, there is the opportunity of developing strategies 

that, at the same time, reduce the impacts on wildlife and improve the fulfillment of the dogs’ social 

functions. Studying human-wildlife conflicts in our study area, BICKLEY et al., 2019 diagnosed that 

keeping outdoor dogs was considered by the owners to be the most cost-benefit method to avoid 

chicken predation, and it was also the most used anti-predation method in the area. Nevertheless, 

predation still occurs, and respondents’ attitudes in the Limoeiro region towards wildlife were linked 

with economic loss (BICKLEY et al., 2019). Hence, they proposed that improving the dogs’ 

effectiveness as guardian dogs could reduce chicken predation risk and improve human attitude. 
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Thus, dogs that stay only at the house surroundings would reduce dog-wildlife interactions and, at 

the same time, improve the achievement of their roles in protecting the houses and the livestock, 

which in turn could improve the human tolerance towards wild animals. 

Limit dogs’ movement in rural areas, however, is a challenging task. Although the use of leash 

or enclosures around the houses would allow the dogs to perform their primary guarding duty 

effectively, socio-cultural obstacles to implementing this management could be challenging to 

overcome (SEPÚLVEDA et al., 2015). Likewise, professional dog training could be efficient but 

barely applicable. An alternative could be to improve the dogs’ profile in the population and teach 

basic dog training instructions to the communities. Selection of the appropriate breed and individual 

pups, and removal of undesirable individuals can help to reduce problems with livestock protection 

dogs and increase the effectiveness of the guarding behavior (GEHRING; VERCAUTEREN; 

LANDRY, 2010). In a population highly managed by humans, besides the number of dogs, they can 

also modulate the population profile. High turnover rates and the selection of external dogs can lead 

to faster changes in population characteristics. For example, we can observe the increase in the 

number of larger dogs during the study period; the proportion of large dogs increased by 75%, 

reaching 35% of the population in 2018. It could represent a response to the increase of violence in 

the area, leading to the selection of larger dogs to improve house protection. During the study period, 

we had reports of cattle and house robbery in the region. Regardless of the causes for this change, it 

shows that by importing dogs, the community can manage the dog population characteristics faster 

than would happen in populations sustained essentially by breeding. Therefore, interventions could 

focus on improving the health and behavior of the imported animals (SEPÚLVEDA et al., 2014), 

using the high input of external pups as an opportunity for improving management. Thereby, 

understanding the population dynamics allows us to take advantage of the current pattern, instead of 

keep fighting against it with no results. 

Hence, whether to manage the dogs’ population dynamics, their behavior and health profiles, 

or the dog-wildlife interactions, any intervention strategy should pass through understanding and 

working with human perception. Nevertheless, there is another challenge. Changing human behavior 

usually requires long-term approaches, which may be hard to achieve in communities with constant 

changes in resident families’ composition. An alternative to achieve cost-benefit results is to focus 

on educational activities in the schools and surrounding cities. Rural communities are connected with 

the schools through their children and to the surrounding cities through relatives, shopping, cultural, 

and administrative activities. Focusing on communication campaigns and events in cities and schools 

allows the message to spread through a vast rural region with less effort and resources. Moreover, 

although rural workers are not fixed on the same farm, they usually move to other farms in the same 
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region. Thus, expanding the education diffusion, we increase the likelihood that families arriving in 

an area have already been in touch with the proposed messages before. 

Long-term dog population diagnoses in rural areas are rare worldwide, and, to the best of our 

knowledge, here we presented the first one to be made in Latin America. MORTERS et al., 2014  was 

the first to describe the temporal variation of demographic processes in domestic dogs’ population 

with a longitudinal study in South Africa and Indonesia. They also found a population highly 

managed by humans, with at least one-third of the population sourced from outside the study area 

and less than one-third of the dogs born in the household. Our results converge with this pattern, but 

our dog population is even more tightly controlled by humans, with almost all dogs imported from 

outside (95%). Although our findings may not be universally applicable, the consistency of our results 

in different developing countries, with different cultural backgrounds, evidence that dogs’ 

populations highly managed by humans are closer to the rule than the exception. Therefore, we should 

rethink traditional disease and population control strategies that frequently focus on the dog 

population size and neglect the human factors and the underlying demographic process. 

In summary, regarding our study area and other similar agroecosystems, we recommend: i. 

When dog population density management is required, focus in changing the human demand for dogs, 

neutering campaigns would not be effective; ii. Vaccination campaigns should consider the high 

population turnover rates, determining the best cost-effective frequency to achieve the target 

population coverage; iii. Promoting community education regarding the benefits of improving the 

imported dogs’ health and behavior profiles; iv. Focus the education and communication campaigns 

in schools and surrounding cities; iv. Include human factors in disease and population models. 

We encourage further long-term studies of dog population dynamics to verify these results’ 

consistency in other ecosystems. We also encourage detailed studies quantifying dogs’ space use, 

dog-wildlife interactions, and infectious diseases, since here we had the limitation of the human 

perceptions about these factors. Nevertheless, regardless of our specific results, there are general 

insights from this study that we should consider before promoting dog population management in 

agroecosystems: i. Diagnose dog population size and dynamics; ii. Identify the specifics causes of 

input and output of individuals in the population; iii. Diagnose the human population dynamics; iv. 

Identify human perceptions and the socio-cultural role of dogs in the area; v. Develop strategies 

focused on promoting the coexistence between humans, dogs, and wildlife. Accordingly, it is evident 

that several dynamic variables regulate the dogs’ population and behavior. Considering all of them 

before making decisions is a real challenge. However, knowing that all this movement and 

interconnections exist, it would be an even greater challenge to achieve results with strategies that 

disregard their existence. 
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SUPLEMENTARY 1

 

DOG	CENSUS	AND	MANAGEMENT	QUESTIONNARIE

RURAL	PROPERTY	INFORMATION
Farm name: Farm number: Date:
Coordinates (UTM):                                             / Phone: (       )
Farm Owner:
Interviewee name:
Have you answered this questionnaire before? [    ] Yes  [    ]No  Year: Are you living in the same house as last year? [    ] Yes    [    ] No
Interviewee function: Farm size:
Main economic activity of the farm:
How many people live in the household?        Men:               Women:               Children:                   Teenagers:

DOG	CENSUS
N◦ adult males: N◦ adult females: N◦ male puppies:                N◦ female puppies:                

How many dogs did you have last year?

Did any dog stop living here in the last year?                                                                          How many?
Describe what happened to each of them:

1 2 3 4 5

Name:

ID number:

Microchip No:
Sex:

Breed:
Size:

Age:

________________________

________________________

________________________
[ ] F     [ ] M

________________________
[  ] S [ ] M [ ]  L

________________________

________________________

________________________

________________________
[ ] F     [ ] M

________________________
[  ] S [ ] M [ ]  L

________________________

________________________

________________________

________________________
[ ] F     [ ] M

________________________
[  ] S [ ] M [ ]  L

________________________

________________________

________________________

________________________
[ ] F     [ ] M

________________________
[  ] S [ ] M [ ] L

________________________

________________________

________________________

________________________
[ ] F     [ ] M

________________________
[  ] S [ ] M [ ]  L

________________________
Age of dog 
acquisition: 

How did you get 
the dog?

Origin: 

[  ] Do not know 
[  ] Puppy [ ] Adult 

[  ] Adopted 
[  ] Bought 
[  ] Gift 
[  ] Born at the house
[  ] Appeared  
[   ] DNK

[  ] Urban area
City: 
[  ] Rural area <10km
[  ] Rural area >10km
[  ] Born at the house
[  ] DNK

[  ] Do not know 
[  ] Puppy [ ] Adult 

[  ] Adopted 
[  ] Bought 
[  ] Gift 
[  ] Born at the house
[  ] Appeared  
[   ] DNK

[  ] Urban area
City: 
[  ] Rural area <10km
[  ] Rural area >10km
[  ] Born at the house
[  ] DNK

[  ] Do not know 
[  ] Puppy [ ] Adult 

[  ] Adopted 
[  ] Bought 
[  ] Gift 
[  ] Born at the house
[  ] Appeared  
[   ] DNK

[  ] Urban area
City: 
[  ] Rural area <10km
[  ] Rural area >10km
[  ] Born at the house
[  ] DNK

[  ] Do not know 
[  ] Puppy [ ] Adult 

[  ] Adopted 
[  ] Bought 
[  ] Gift 
[  ] Born at the house
[  ] Appeared  
[   ] DNK

[  ] Urban area
City: 
[  ] Rural area <10km
[  ] Rural area >10km
[  ] Born at the house
[  ] DNK

[  ] Do not know 
[  ] Puppy [ ] Adult 

[  ] Adopted 
[  ] Bought 
[  ] Gift 
[  ] Born at the house
[  ] Appeared  
[   ] DNK

[  ] Urban area
City: 
[  ] Rural area <10km
[  ] Rural area >10km
[  ] Born at the house
[  ] DNK

Dog role in the 
household?  

[  ] Company  
[  ] House defense 
[  ] Livestock defense 
[  ] Livestock herding
[  ] Other:

[  ] Company  
[  ] House defense 
[  ] Livestock defense 
[  ] Livestock herding
[  ] Other:

[  ] Company  
[  ] House defense 
[  ] Livestock defense 
[  ] Livestock herding
[  ] Other:

[  ] Company  
[  ] House defense 
[  ] Livestock defense 
[  ] Livestock herding
[  ] Other:

[  ] Company  
[  ] House defense 
[  ] Livestock defense 
[  ] Livestock herding
[  ] Other:

MANAGEMENT

Dog 
management:

[ ] No restraint  
[ ] Full time restraint
[ ] Restrained during 
the night 
[ ] Restrained during 
the day 

[ ] No restraint  
[ ] Full time restraint
[ ] Restrained during 
the night 
[ ] Restrained during 
the day 

[ ] No restraint  
[ ] Full time restraint
[ ] Restrained during 
the night 
[ ] Restrained during 
the day 

[ ] No restraint  
[ ] Full time restraint
[ ] Restrained during 
the night 
[ ] Restrained during 
the day 

[ ] No restraint  
[ ] Full time restraint
[ ] Restrained during 
the night 
[ ] Restrained during 
the day 

Dog behavior:

[ ] Stays close the 
house
[ ] Walk far only 
accompanied by the 
owner
[ ] Walk far alone

[ ] No restraint  
[ ] Full time restraint
[ ] Restrained during 
the night 
[ ] Restrained during 
the day 

[ ] No restraint  
[ ] Full time restraint
[ ] Restrained during 
the night 
[ ] Restrained during 
the day 

[ ] No restraint  
[ ] Full time restraint
[ ] Restrained during 
the night 
[ ] Restrained during 
the day 

[ ] No restraint  
[ ] Full time restraint
[ ] Restrained during 
the night 
[ ] Restrained during 
the day 

Feeding:  [ ] Dog food 
[ ] Leftover 
[ ] None

[ ] Dog food 
[ ] Leftover 
[ ] None

[ ] Dog food 
[ ] Leftover 
[ ] None

[ ] Dog food 
[ ] Leftover 
[ ] None

[ ] Dog food 
[ ] Leftover 
[ ] None

What was the 
last feeding? 
When?

Reproductive [ ] Neutered [ ] Neutered [ ] Neutered [ ] Neutered [ ] Neutered
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control 

Interest in 
neutering?

[ ] Contraceptives
[ ] Space restraint
[ ] None

[ ] Y   [ ] N   [ ] DNK

[ ] Contraceptives
[ ] Space restraint
[ ] None

[ ] Y   [ ] N   [ ] DNK

[ ] Contraceptives
[ ] Space restraint
[ ] None

[ ] Y   [ ] N   [ ] DNK

[ ] Contraceptives
[ ] Space restraint
[ ] None

[ ] Y   [ ] N   [ ] DNK

[ ] Contraceptives
[ ] Space restraint
[ ] None

[ ] Y   [ ] N   [ ] DNK

Offspring?
(1 year - females) 

No born puppies:

No surviving 
puppies: 

Puppies’ destiny?

[ ] Y   [ ] N   [ ] DNK

____________________

____________________

[  ] Died
[  ] Donation      
[  ] Kept

[ ] Y   [ ] N   [ ] DNK

____________________

____________________

[  ] Died
[  ] Donation      
[  ] Kept

[ ] Y   [ ] N   [ ] DNK

____________________

____________________

[  ] Died
[  ] Donation      
[  ] Kept

[ ] Y   [ ] N   [ ] DNK

____________________

____________________

[  ] Died
[  ] Donation      
[  ] Kept

[ ] Y   [ ] N   [ ] DNK

____________________

____________________

[  ] Died
[  ] Donation      
[  ] Kept

Rabies vaccine 
(1 year): 

Multipurpose 
vaccine (1 year): 

Vermifuge
(1 year):

Ectoparasiticide:

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

[  ] Y  [  ] N    [  ] DNK

Do you consider 
the animal sick?

Describe:

[  ] Y  [  ] N    [  ] DNK [  ] Y  [  ] N    [  ] DNK [  ] Y  [  ] N    [  ] DNK [  ] Y  [  ] N    [  ] DNK [  ] Y  [  ] N    [  ] DNK

DOG – HUMAN – WILDLIFE
What is the dog attitude in relation to wildlife?  [  ] Escape  [  ] Attack  [  ] Indifferent  [  ] Other
Harassment frequency ? [  ] Always   [  ] Eventually [  ] Always [  ] Do not know
Regarding the dog behavior: 
[  ] The dogs chase wildlife only when they approach the house. 
[  ] The dogs chase wildlife far from the house.
[  ] The dogs chase wildlife, but do not kill them.
[  ] The dogs chase and kill the wildlife, but do not eat them.
[  ] The dogs chase, kill and eat the wildlife.
What wild species did your dog chase in the last year?

 
What wild species did you dog kill in the last year?

What do you think about your dogs chasing wildlife?
[ ] Reprove        [ ] Indifferent       [ ] Approve
What measures do you use to prevent predation of your domestic animals by wildlife?
[ ] Nothing   [ ] Dogs   [ ] Guns   [ ] Poison   [ ] Enclosures    [ ] Noise   [ ] Other:
Have you seen feral dogs in the region?  [  ] Yes   [  ] No [  ] DNK.        How many?
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ABSTRACT 

 

Although dogs play essential roles in rural communities, their impacts on wildlife and public 

health are widely recognized worldwide. Despite being a global and growing problem, it is still poorly 

known how free-ranging dogs use the environment, especially during their excursions away from 

their homes (forays). Understanding dogs' movements is essential to developing ecological and 

epidemiological models. To deepen our understanding of dogs' foray behavior, its drivers, and 

potential impacts, we monitored rural dogs (n = 29) for 15 months in an agroecosystem of the 

endangered Cerrado biome, in Central Brazil. Dogs were fitted with GPS collars, and we collected 

data on dog behavior and management. Dogs tended to stay near the households, exhibiting foraying 

behavior on 11% (1.4% - 33.6%) of the monitored time. Dogs made an average of 2 forays per day 

(0.3 – 6), traveling an average of 1,200 meters and 85 minutes per foray. The Foray Range (FR) 

approach proved to be a better method than the traditional Home Range (HR) estimation to study 

dogs' space use. The FR generated areas 36 times larger than the HR, on average. By estimating the 

amount of time spent in forays, and the areas covered during these roaming, we found that 58% of 

the area is frequently used by dogs. Hence, although the foray behavior is infrequent at an individual 

dog level, it impacts the landscape level. Dogs selected roads and open areas over forests. Larger 

dogs performed primarily nocturnal forays, and dogs of herding breed realized mainly forays during 

the day and accompanied by their owners. Although the community relies on dogs to perform critical 

social functions, there is a mismatch between their expectations and the actual dog behavior. 

Improving the dog population profile and management can reduce the dog-wildlife contact, 

simultaneously improving their roles in the community.  

 

Key words: GPS collar, home range, Wildlife conservation, habitat selection, Canis lupus 
familiaris, invasive species.  
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4.1.    INTRODUCTION 

Humans and dogs share the same paths for 15-100 thousand years (Savolainen 2002, Pang 

2009), and currently, the domestic dogs (Canis lupus familiaris) are the most abundant and 

widespread carnivore on earth (GOMPPER, 2014; VANAK; GOMPPER, 2009). However, we still 

know very little about how they use the environment, and paradoxically, we understand the movement 

behavior of elusive wild carnivores better than dogs. As part of human communities, dogs play 

essential social roles, such as house guard dogs, livestock guard dogs, herding dogs, hunting dogs, 

and detection dogs. On the other hand, subsidized by us, dogs also share our trail towards biodiversity 

loss, characteristic of the Anthropocene. Domestic dogs have contributed to the extinction of 11 

vertebrates and are a real or potential threat to a least 188 endangered species worldwide (DOHERTY 

et al., 2017). Predation is the most frequently reported impact, followed by competition, disease 

transmission, disturbance, and hybridization (ALEXANDER; MCNUTT, 2010; SEPÚLVEDA et al., 

2014; VANAK; GOMPPER, 2009; YOUNG et al., 2011). Besides, free-ranging dogs represent a 

critical public health concern, being responsible for spreading zoonotic diseases, such as rabies. 

Understanding dogs' movements is the key to explore any of these aspects, either their 

working performance, or their impacts on wildlife and public health. For example, livestock guard 

dogs are expected to stay close to the stock to protect it from predators (VAN BOMMEL; JOHNSON, 

2014), while dogs responsible for protecting the households and poultry are expected to be at the 

house surroundings (BICKLEY et al., 2019; SEPÚLVEDA et al., 2015, and see Chapter 1). 

Therefore, exploratory movements in the landscape would disrupt their work function. However, 

these exploratory forays do occur, and free-ranging dogs in rural areas represent a growing 

conservation problem in developing countries (VANAK; GOMPPER, 2009; YOUNG et al., 2011).  

During these forays, they frequently go into protected areas, being one of the invasive species 

of greatest concern in the world (RIBEIRO et al., 2018; SEPÚLVEDA et al., 2015). Moreover, 

because dogs are domestic subsidized predators, they can achieve densities above what would be 

normally expected if human-derived resources were unavailable (GOMPPER, 2014). As an example 

of its potential consequences, dogs are already considered the most abundant carnivore in several 

areas of the Atlantic forest hotspot (PASCHOAL et al., 2016; RIBEIRO et al., 2018). Furthermore, 

disease spread is based on contact rates between hosts, which are directly modulated by how these 

hosts move and interact in the landscape. Hence, controlling dogs roaming behavior can be more 

effective in controlling disease spread than reducing dogs' population density or promoting dogs' 

vaccination (BELSARE; GOMPPER, 2015). Therefore, studying movement ecology of free-ranging 

dogs is central, first to promote better assessment regarding the dogs' impacts on wildlife and public 

health; and then to propose more efficient and realistic management strategies. 
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Despite the importance of understanding how free-ranging dogs use the space and what drives 

their paths, there is still a critical literature gap regarding these topics (SEPÚLVEDA et al., 2015). 

Moreover, telemetry studies with dogs have concentrated their efforts on home range analysis, 

consistently showing that dogs spend most of their time close to their house of origin (BOMBARA 

et al., 2017; DÜRR et al., 2017; DÜRR; WARD, 2014; HUDSON et al., 2017; MEEK, 1999; PÉREZ 

et al., 2018). However, it is was also found that during the time spent outside, they can achieve 

distances over 10 km from home; although sporadic events at an individual dog level, it is still 

unknown the potential impacts of these forays in the landscape (PÉREZ et al., 2018; SEPÚLVEDA 

et al., 2015). Therefore, the dogs' movement behavior during their forays is especially unknown, 

precisely when they represent a major threat to wildlife and public health (SEPÚLVEDA et al., 2015). 

SEPÚLVEDA et al., 2015 raised this issue and emphasized the importance of refining dogs' 

movement patterns and preferences during forays. 

Aiming to deepen our understanding of dogs’ foray behavior, we collected movement 

information on free-ranging dogs living in an agroecosystem of Central Brazil, using GPS radio 

collars. Our specific objectives were: 1. To estimate dog home ranges and foray ranges; 2. To estimate 

the influence of day-night cycle and human accompaniment in the dog foray ranges; 3. To calculate 

foray trajectory metrics: distance traveled per foray, foray duration, and distance from home; 4. To 

calculate the total time spent at home, in forays, and visiting other houses; 5. To analyze the influence 

of dog characteristics (sex, size, breed, and working function) on the foray metrics; 6. To assess the 

habitat selection during foray trajectories; 7. To estimate one unified utilization distribution (UD) of 

dogs to the study area and create a map representing dog use intensity. 

4.2.   METHODS 

4.2.1.   Study area 

This study was carried out in the Limoeiro region, a farming area within the municipality of 

Cumari, Goiás state, in central Brazil (18°33’–18°43’S / 48°07’– 48°20W; Figure 01). Limoeiro 

comprised 9.300 ha contiguous private cattle ranches and small-scale agriculture operations (e.g., 

rubber trees, corn, and sugarcane) (Figure 1). The landscape was dominated by exotic pasture 

(Urochloa spp.; 73%), with the remaining area being a mosaic of natural gallery and seasonal forests 

(21%) and open Cerrado sensu stricto (4%) (LEMOS, 2016). Most of the roads within the study were 

secondary rural roads, unpaved and with low traffic. The climate is tropical with two well-defined 

seasons, cold/dry (May–September) and hot/wet (October–April) (ALVARES et al., 2013), with 

mean temperatures of 19 and 30°C, respectively, and a mean annual precipitation of 1,551 mm 

(CPTEC/INPE, 2018). 
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Figure 01 – Map of the study area, illustrating the habitat covariates composition  

 

Despite being a typical extensive cattle ranch landscape, it still sheltered 57% of the 51 species 

of medium and large-sized mammals known to occur in the native Cerrado, with one-third of them 

currently threatened (LEMOS, 2016). Free-ranging dogs were common in the study area, and there 

were previous reports of predation and interference competition with wildlife (BICKLEY et al., 2019; 

LEMOS et al., 2011).   

Each farm´s core area was composed of 1 to 3 households, warehouses, livestock corrals, and 

other specific buildings depending on the farm. We considered each of these conglomerates of human 

constructions as a Rural Cluster (RC) being considered as a sample unit. Thereby we classified 22 

RC in our study area, 17 with one household, four with two households, and one with three 

households, considering only inhabited houses. 

The households were inhabited mainly by farmworkers (81%), since the landowners usually 

live in urban areas. At the 2018 census, 88 people lived in the area, with a total population of 95 dogs, 

an average of 3.5 dogs per household, and a dog population density of 1.2 dogs per km2 (see Chapter 

1). Eighty-nine percent of the dogs are kept with no movement restraint, and they are used primarily 

for guarding the houses and poultry in the house surroundings, and in smaller numbers (10%) for 

herding the cattle with the cowboys (see Chapter 1). These dogs were classified as ‘rural free-ranging 
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dogs’ following VANAK; GOMPPER, 2009. These dogs were owned or peripherally associated with 

human habitations but were not confined to a proscribed outdoor area. These include owned farm and 

pastoral companion dogs whose daily activity pattern involved ranging, which could bring them into 

contact with wildlife. In this area, dogs represented an important conservation threat by harassment 

and predation of endangered species such as the endemic hoary fox (Lycalopex vetulus) and the giant 

anteater (Myrmecophaga tridactyla) (see Chapter 1). 

4.2.2.   Dogs sampling and data collection 

We collected information on dog movement using GPS radio collars (Tigrinus, 

https://www.tigrinus.com.br/). The accuracy of the GPS units was assessed previously in a pilot study 

in the study area in December 2017, that revealed mean location errors of < 20m from a stationary 

location. The data collection was divided into two periods. In the first sample period (SP1), we 

covered a broad space scale with behavior details. In the second sample period (SP2), we made a 

long-term monitoring of specific RCs.  

Between March and June 2018 (SP1), we collected movement data of at least one dog per RC. 

Due to the limited number of GPS collars (12), we divided this sampling in two sub-periods. Between 

March and April 2018 (SP1-A), we sampled 12 dogs of 10 different RCs; and between May and June 

2018 (SP1-B), we sampled 10 dogs of 10 different RCs. We assured that each RC was sampled for 

at least three full weeks (21 days) (Figure 2). 

Inside each RC, we selected the sampled dogs first by excluding dogs kept with movement 

restraint, and then we made a random selection between the remaining dogs within the RC. Two RCs 

were excluded from sampling because all their dogs were kept confined in kennels. There was no 

refusal to participate in the research by any family. Only 11% of the dog population had some degree 

of movement restraint (see Chapter 1).  

During the SP1, we also collected behavior information through owner surveys. They received 

a simple sheet (Supplementary 1) where they filled daily in which periods the dog was accompanying 

them in the field. We visited each RC every three days to check the correct filling of this sheet and 

we also registered observations of sporadic events such as dog-wildlife interactions.  

After the end of SP1, we randomly selected 11 RC for long term monitoring from July 2018 

to May 2019, the Sample Period 2 (SP2). The dog selection within the RCs followed the same criteria 

of the SP1. In January 2019, we collected the GPS collars, recharged the batteries, and reinstalled 
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them in the same RCs in February 2019. If possible, the same dogs were re-collared; however, when 

the dog was absent (died, moved out, whereabouts unknown), it was replaced by another dog 

following the same inclusion criteria within the same RC. During the SP2, we sampled 14 dogs from 

the 11 selected RCs. The total sampling periods of each RC is present in Figure 02.  

Figure 02 – Sample periods of each rural cluster (RC) 

 
 

The recording interval of GPS locations was set to 15 min in the SP1 and 30 min in the SP2. 

This schedule was chosen as the best trade-off between the collection of detailed movement data and 

the collars' estimated battery life. After retrieval of the collars, we downloaded the data and recharged 

the batteries.  

The general purpose of the research survey was explained to the dog owners in Brazilian 

Portuguese, by native speakers. One responsible adult per household signed a consent form 

authorizing the dog monitoring. The Ethics Committee of the School of Veterinary Medicine and 

Animal Science of the University of São Paulo (8396120216) approved this research. 

4.2.3.   Spatial Analysis 

4.2.3.1.   Home range, foray range and utilization distribution estimations 

Using QGIS (QGIS Development Team, 2019), we built polygons with the contour around 

each RC, including the houses, warehouses, livestock corrals, orchard, and other human structures 

surrounding the houses. We added a 50m buffer around these polygons to consider possible drawing 
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uncertainties and GPS errors from the collars.  We generated an identification for each RC (RC_ID) 

and each dog (dog_ID) living within it. We classified all the dog GPS locations in three categories: 

i. residence – locations inside the dog´s residence RC polygon; ii. visit – locations inside any other 

RC polygon; iii. foray –locations in the landscape, outside any RC (Figure 03). 

We calculated the home range (HR) size of the study dogs using fixed kernel density 

distributions. Kernel estimators are based on probability kernels, which are regions around each point 

location containing the specified likelihood of animal presence (WORTON, 1989). We used an ad 

hoc smoothing parameter designed to prevent under- or over-smoothing, which involved choosing 

the smallest increment of the reference bandwidth (Href) that resulted in a 95% home range polygon 

that was as contiguous as possible (VAN BOMMEL; JOHNSON, 2014). The core and extended HRs 

were derived from the utilization distribution (UD) by calculating the area within the 50% (HR50) 

and 95% (HR95) isopleth levels, respectively (Figure 03).  We used ‘adehabitatLT’ package 

(CALENGE, 2006) in the software R (R Development Core Team, 2019) for the analysis. 

For each dog, we also determined the ‘foray range’. Foray range (FR) was defined considering 

only the foray locations. Since domestic dogs mostly stay close to their house of origin (DÜRR; 

WARD, 2014; PÉREZ et al., 2018; RUIZ-IZAGUIRRE et al., 2015), SEPÚLVEDA et al., 2015 

proposed that using the FR we could understand better how dogs move on the landscape during 

forays. We applied the fixed kernel method to the foray locations, repeating the same process used to 

estimate the HR. The core and extended FRs were derived from the utilization distribution (UD) by 

calculating the area within the 50% (FR50) and 95% (FR95) isopleth levels, respectively (Figure 03). 
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Figure 03 – Image of the GPS locations, the extended home range (HR95) and extended foray range (FR95) of one 
monitored dog (CD274). Here we can visualize the classification of GPS locations and the differences 
between the home range, which considers all the GPS locations, and the foray range, which considers 
only foray locations  

 
 

Looking for a more refined understanding of the foray patterns, we split the foray range 

analysis in two subsets: day-night periods; and accompaniment behavior. First, we classified all the 

foray locations between day and night. For this analysis, we considered night as an extended period 

between one hour before the sunset and one hour after the sunrise. Regarding the behavior 

information, we classified the foray locations between accompanied and not accompanied by the 

owner. For this behavior analysis, we used only the data from the SP1, because this information is 

not available for the SP2. Finally, we repeated the process of calculating fixed kernel density 

distributions for each subset of foray locations and estimated the extended FR (95% isopleth levels). 

We calculated the foray range for all dogs having >30 foray locations in the respective foray subset 

(ERRAN SEAMAN; POWELL, 1996). 
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4.2.3.2.   Foray trajectories 

To determine fine-scale dog movement and foray behavior, we isolated and identified each 

foray trajectory (FT). We considered as a complete FT the trajectory traveled from the moment the 

dog leaves one RC until the moment it enters again in one RC, regardless of whether it is the residence 

RC or a visit RC (Figure 04). We used the ‘adehabitatLT’ package (CALENGE, 2006) in the software 

R (R Development Core Team, 2019) to calculate the length (meters) and duration (minutes) of each 

FT, and the proportions of time spent in foray, residence, and visit.  

Figure 04 – Foray trajectory (FT) identification. Each complete FT was considered as the trajectory traveled 
from the moment the dog leaves one RC until the moment it enters again in one RC, regardless of 
whether it is the residence RC or a visit RC 

 

4.2.4.   Statistical analysis 

We used multiple linear regression models to identify which combination of explanatory 

variables contributed to the foray characteristics. We used six outcome variables: 1) foray range size 

(FR95); 2) proportion of time in foray; 3) proportion of nocturnal forays; 4) proportion of 

accompanied forays; 5) foray length; and 6) foray duration. We accessed four predictor variables for 

these outcome variables: a) sex (male or female); b) size (small, medium, large); c) working function 

(whether or not the dog was used for cattle work with the cowboys); d) herding breed (whether or not 
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the dog was from a herding breed). The analyses were performed in R software using the packages 

‘stats’ and ‘nlme’. We used a generalized linear model function (glm) to analyze the outcome 

variables 1-4, with Gamma family distribution in variables 1-3 and Gaussian family distribution in 

variable 4. To analyze the variables 5 and 6, we used a linear mixed-effect model function (lme), 

because there were repeated measures of individual dogs, one for each foray. The variable ‘dog_ID’, 

representing the identification code for each dog, was included as a random effect to account for the 

multiple observations per dog. We investigated the assumptions of all fitted models by checking for 

normal distribution of the residuals using histograms and normal Q-Q plots, and homoscedasticity by 

visualizing the fitted model values vs. standardized residuals. 

4.2.5.   Habitat selection  

Habitat-selection analyses typically compare environmental covariates at locations used by an 

animal (encoded as y = 1) to environmental covariates at a set of locations assumed available to the 

animal (encoded as y = 0) (MANLY et al., 2002). In our study, we considered as “used” the locations 

within the foray trajectories (FT), except for the residence locations. In other words, we considered 

all the foray locations, and only the visit locations that were at the beginning or the end of an FT.  

We made the habitat-selection analysis in two scales: i. potential use scale, considering as 

available an individual area of potential use; and ii. foray range scale, considering as available the 

area within the FR of each individual. To generate the potential use area, we first calculated the 

maximum distance from the home reached for each dog, and then we used this distance to create a 

circular buffer around the respective residence house. Considering it as the displacement ability of 

each dog, we assumed that they could potentially use any place within this buffer. This scale focused 

on how the dogs select their foray range within this potential area of use, while the foray range scale 

focused on how the dogs select their trajectories within the FR. In both scales, the habitat data was 

generated by random sampling of locations within each animal´s available areas. We sampled one 

location per hectare in the potential use scale and three locations per hectare in the foray range scale.  

We used landcover covariates as fixed-effects in resource-selection function (RSF) models. 

Landcover type was described from an existing landcover map for the study area (LEMOS, 2016) 

collapsed to five landcover types included as dummy variables: forest (the reference category, 

combined native and exotic forest), open areas (combined pasture, open cerrado, and open 

agriculture), visit houses (areas within the RCs added a 50 m buffer), roads (combined paved and dirt 

roads), and water bodies (Figure 01).       
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We used the RSF framework proposed by (MUFF; SIGNER; FIEBERG, 2020) to formulate 

and fit the statistical models. We fit the RSFs with generalized linear mixed-effects models 

(GLMMs), using the Template Model Builder via the glmmTMB R package. We fit the weighted 

logistic regression model (using W = 1,000) with individual-specific random intercepts and 

individual-specific random coefficients (random slopes). We fixed the intercept variance at 106, and 

used the Poisson family function. These are the procedures recommended by MUFF; SIGNER; 

FIEBERG, 2020 to incorporate individual-specific variation, to avoid pseudoreplication and to 

prevent bias.  

In the case of heterogeneous selection responses to some landcover covariate, we realized a 

second statistical analysis to explore the patterns behind this individual variation. We used a 

generalized linear model function (glm) considering as outcome variable the individual random 

coefficients of the landcover type with heterogeneity, and as predictor variables, we used the 

previously described dog characteristics (sex, size, working function and herding breed). 

4.2.6.   Unified Utilization Distribution 

To understand the dogs’ impacts at the landscape beyond the individual dog scale, we 

developed a unified analysis of the foray densities, generating one unique utilization distribution (UD) 

of dogs to the study area. First, we used the Biased Random Bridge (BRB) to generate one individual 

UD of foray locations for each dog. Briefly, the BRB method uses a probability density function over 

discrete-step movements from one GPS fix to the next; therefore, it integrates the consecutiveness of 

GPS locations into the analysis, unlike the location-based kernel density method (BENHAMOU, 

2011). The model parameters used were: Tmax = 120 min, Lmin = 20 m and hmin = 20 m. We used 

the ‘adehabitatLT’ package in the software R (http://cran. r-project.org) for the analysis (CALENGE, 

2006). 

Afterward, we normalized each individual´s UD by dividing the UD raster of each dog_ID by 

the sum of the values within it. Then we weighted each raster by the proportion of time in foray since 

we are using the UD generated only with foray locations. Next, given that our sample unit was the 

RC, we generated one UD raster for each RC by averaging the UD rasters of the dogs sampled within 

each RC. Lastly, we did the sum of the RC rasters, generating one unified dog UD for the whole study 

area. We used this dog UD to build a map representing the estimated intensity of dogs use in the study 

area, and we calculated the areas within the 50% and 95% isopleths levels. 
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4.3.   RESULTS 

We sampled 29 dogs from 20 RCs and collected 91,318 locations. The total pooled number 

of monitoring days from all dogs was 2178 days, with an average of 75 (14-264) sampling days per 

dog and 109 (14-264) sampling days per RC. Information about dog´s characteristics, sampling 

period, and the number of locations by collared dog is provided in Table 01. The sample periods by 

RC is represented in Figure 02. 

The dogs spent an average of 83% of the total monitored time within the contours of their 

residence RC. They tended to stay at the house surroundings, with an average distance from home of 

240 meters. They exhibited foraying behavior on 11% (1.4% - 33.6%) of the monitored time, and 

during the forays they achieved over 6 km from home; the mean maximum distance from home was 

2,765 meters. During 6% of the monitored time, dogs were visiting other RCs. The dogs made an 

average of 2 forays per day (0.3 – 6), and in each foray they covered an average of 1,198 meters for 

85 minutes. Detailed information about foray trajectories by individual are presented in Table 02 and 

Figures 05-06. The proportions of time spent between forays made during the day and night, and 

between forays made alone or accompanied by their owners are presented in Figure 07.  
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Table 01 – Dog sampling description. RC = Rural Cluster 

Dog ID 
Rural cluster  

ID 
Sex Size Work Herding 

Breed 
Nº of dogs in 

the RC 
Sampling 

period (days) 
Nº of 

locations 

CD02 RC 1 Male Medium No No 2 110 5023 

CD04 RC 1 Male Small No No 2 134 5550 

CD07 RC 2 Male Small No No 4 30 1362 

CD08 RC 2 Male Medium Yes No 4 173 6884 

CD09 RC 3 Male Medium Yes No 3 41 1785 

CD222 RC 3 Male Medium Yes No 3 21 929 

CD274 RC 3 Male Medium No No 3 145 6532 

CD244 RC 4 Male Medium Yes Yes 3 164 6557 

CD193 RC 5 Male Medium Yes No 8 23 1096 

CD276 RC 5 Male Medium No No 8 32 1149 

CD216 RC 6 Male Medium No No 2 214 9496 

CD168 RC 7 Male Small No No 2 192 8116 

CD210 RC 7 Female Medium Yes Yes 2 23 939 

CD150 RC 8 Male Medium Yes Yes 2 23 984 

CD257 RC 14 Male Medium No No 2 24 1087 

CD252 RC 15 Male Medium No No 6 25 1188 

CD263 RC 16 Female Medium Yes No 5 24 985 

CD152 RC 19 Male Large No No 5 22 687 

CD74 RC 21 Female Medium No No 6 24 1087 

CD80 RC 22 Male Medium Yes Yes 4 24 1093 

CD84 RC 25 Male Large No No 3 23 1053 

CD85 RC 25 Male Large No No 3 127 5702 

CD194 RC 26 Female Large No No 7 26 1215 

CD88 RC 26 Female Small No No 7 142 6304 

CD161 RC 27 Female Medium No No 3 264 9883 

CD266 RC 28 Male Large Yes No 4 25 1131 

CD176 RC 30 Female Medium Yes No 3 14 664 

CD03 RC 32 Male Large Yes No 4 69 1878 

CD06 RC 32 Female Medium Yes Yes 4 22 959 
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Table 02 – Sum
m

ary of foray activity by dog 
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Figure 05 – Distribution of foray length by monitored dog 
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Figure 06 – Distribution of foray duration by monitored dog 
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Figure 07 – Proportion of time that the monitored dogs spent between forays made during the day and night, and 
between forays made alone or accompanied by their owners 

 
 

The average of the extended (HR95) and core (HR50) home range sizes were 59 ha (1.1 

– 363.8) and 6 ha (0.07 – 47.27), respectively. The average of the extended (FR95) and core 

(FR50) foray range sizes were 643 ha (62 – 2805.8) and 102 ha (11.2 – 548.21), respectively. 

The detailed information about HR and FR by individuals, and the foray range subsets by period 

of the day and by accompaniment behavior are presented in Table 03. The representation of 

GPS locations classification (residence, visit, and foray), and the differences between the home 

range, which considers all the GPS locations, and the foray range, which considers only foray 
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locations, is presented in Figure 03. Visual examples of the foray range subsets are presented 

in Figures 08 and 09.  

Table 03 – Home range and foray range areas in hectares.  * Area was not calculated because the dog had less than 
30 locations in this subset.  ** Data of accompaniment not available 

 
 
 
 
 
 
 
 
 
 
 

 

 
HOME RANGE FORAY RANGE  

Dog ID Extended Core Extended  Core Nigth Day  Accompained Alone  
CD02 27.67 3.03 388.76 97.38 374.52 512.91 0 435.51 
CD04 26.59 3.92 652.91 110.81 383.45 812.92 ** ** 
CD07 4.07 0.41 484.78 62.23 * * ** ** 
CD08 10.34 0.24 701.67 75.83 253.55 932.45 * 630.63 
CD09 9.88 1.01 152.11 33.13 134.61 175.82 * 150.12 
CD222 5.56 0.60 130.80 20.72 105.31 140.99 111.47 125.96 
CD274 40.62 1.34 676.19 69.68 419.09 802.64 ** ** 
CD244 4.58 0.49 191.03 22.69 127.97 238.20 201.32 358.47 
CD193 109.99 9.34 846.55 178.78 948.48 491.37 1150.35 442.22 
CD276 363.84 47.27 1304.11 310.08 1467.24 1383.98 ** ** 
CD216 51.03 4.00 1276.03 163.98 652.01 2110.61 * 476.31 
CD168 157.59 2.76 2113.73 110.41 1702.61 2076.93 ** ** 
CD210 20.17 1.64 403.47 85.71 * 446.69 494.11 * 
CD150 4.31 0.65 312.67 79.60 * 339.86 333.15 * 
CD257 12.69 0.61 130.33 36.15 134.15 138.55 0 133.21 
CD252 87.16 3.36 406.24 30.90 264.43 526.51 298.37 436.51 
CD263 14.68 1.33 214.31 47.04 * 201.95 149.09 * 
CD152 120.85 6.81 685.98 48.22 705.37 193.25 28.66 767.38 
CD74 210.77 38.15 811.30 152.86 832.66 1005.54 0 848.42 
CD80 171.53 19.68 2805.83 548.21 3052.90 2731.06 2532.76 2980.63 
CD84 2.42 0.27 115.98 23.46 117.31 * 0 120.01 
CD85 36.80 1.15 818.49 75.52 898.47 193.48 ** ** 
CD194 3.28 0.30 249.33 43.25 * * * * 
CD88 1.10 0.08 61.96 11.20 73.70 * ** ** 
CD161 2.15 0.07 471.90 87.89 1046.83 205.35 0 * 
CD266 13.34 0.86 294.84 67.68 114.14 405.89 * 303.56 
CD176 47.61 2.41 479.52 79.42 547.48 191.70 0 483.19 
CD03 147.52 18.73 959.99 146.78 696.41 1246.21 * 382.24 
CD06 9.05 1.28 516.19 124.22 * 548.28 * * 
MEAN 59.21 5.92 643.35 101.51 654.47 722.12 353.28 567.15 
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Figure 08 – Comparison of foray range (FR 95) during day and night for three 
individuals. With these individuals we are exemplifying three 
different patterns. Dogs that cover a larger are during the day; dogs 
that cover a larger area during the night; and dogs that cover similar 
areas during day and night 

 
 
 

Figure 09 – Comparison of foray range (FR 95) accompanied and alone for three 
individuals. With these individuals we are exemplifying three different 
patterns. Dogs that cover a larger area accompanying their owners; dogs 
that cover a larger area when they are alone, and dogs that cover similar 
areas regardless being accompanied or not 
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The probability of performing nocturnal forays was significantly influenced by the size 

and the breed of the individual dogs. Larger dogs were more likely to perform more nocturnal 

forays (P = 0.03), while dogs of herding breeds were more likely to perform more diurnal forays 

(P = 0.04). Regarding the foraying behavior, working dogs (P = 0.02) and dogs of herding breed 

(P=0.04) present higher probabilities of performing accompanied forays. The models’ 

predictions were presented in Figure 10 and the model coefficients in Table 04. The multiple 

regression models did not reveal (P>0.05) any association of explanatory variables that could 

explain the following outcome variables: foray range size (FR95); proportion of time in foray; 

foray length; and foray duration.  

Figure 10 – Predictions and confidence intervals estimated by the generalized linear models for the following 
outcome variables: probability of nocturnal foray (left graphic), and probability of accompanied 
foray (right graphic). Here we are presenting the prediction only for the explanatory variables that 
presented statistical significance for each outcome variable. Sizes of dogs = small, medium, large. 
MB = mixed breed. HB = herding breed. WD = working dog 
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Table 04 – Output coefficients of the multiple linear regression models of two outcome 
variables: Probabilities of nocturnal forays and accompanied forays. * 
Explanatory variables with significant effects (P<0.05) 

 

 

Dogs significantly (P<0.05) selected roads and open areas over forests (reference 

variable) in both RSFs: potential use scale and foray range scale. Besides, in both scales, dogs 

strongly selected roads over all the other variables, including open areas. The selection pattern 

of all habitat covariates was similar between the two scales; however, the selection strength for 

open areas was lower on the foray range scale. Dogs were indifferent to water bodies, neither 

selecting nor avoiding them. There was a population heterogeneity regarding the selection of 

visited houses, some individuals strongly selected them, while others avoided them. The 

multiple regression models did not reveal (P>0.05) any association of predictor variables (sex, 

size, working function, and herding breed) that could explain the individual variation in the 

selection of visit houses. The RSF coefficients are presented in Figure 11 and Table 05. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Estimate Std. Error T value P value 

Nocturnal Foray Probability 
    

Intercept 0.06 0.03 17.9 5.02e-15 
Sex (male) -0.05 0.03 -1.67 0.109 
Size (medium) 0.07 0.03 2.34 0.028* 
Size (small) 0.08 0.04 2.03 0.053 
Working function 0.04 0.03 1.44 0.163 
Herding breed 0.09 0.04 2.22 0.036* 
Accompanied Foray Probability 

    

Intercept 1.04 0.12 8.57 1.41e-07 
Sex (male) -0.04 0.09 -0.40 0.695 
Size (medium) 0.08 0.11 0.76 0.460 
Working function 0.25 0.10 2.56 0.020* 
Herding breed 0.27 0.12 2.27 0.036* 
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Figure 11 – Individual coefficients estimated by the Resource Selection Function (RSF) models in two scales: 
potential use scale and foray range scale. This prediction represents the selection strength of these 
four landcover types compared to forest, type used as reference category in the GLMM. * Habitat 
covariates with significant selection effect (p<0.05) 

 
 

 
 
 
Table 05 – Outcome coefficients estimated by the Resource Selection 

Function (RSF) models in two scales: potential use scale and 
foray range scale. The reference landcover used as intercept 
in the GLMM was forest. * Habitat covariates with 
significant selection effect (p<0.05) 

 

 

 

 

 

 
Estimate Std. Error Z value P value 

Potential Use Scale 
    

Visit houses 0.94 0.71 1.33 0.1834 
Roads 2.99 0.33 9.14 <2e-16* 
Open areas 0.86 0.23 3.76 0.0001* 
Water bodies -0.53 0.52 -1.00 0.3147 
Foray Range Scale 

    

Visit houses 0.21 0.63 0.34 0.7370 
Roads 2.50 0.24 10.36 <2e-16* 
Open areas 0.50 0.16 3.11 0.0019* 
Water bodies -0.10 0.55 -0.18 0.8566 
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The map with the intensity landscape use by dogs in the study area, generated from the 

unified dog UD is presented in Figure 12. The 95% isopleth covers 58% of the study area, and 

the 50% isopleth covers 7.5% of the study area. 

Figure 12 – Map representing the intensity of landscape dog use, considering the unified dog UD 

 

 

4.4.   DISCUSSION 

Given that the potential impacts of free-ranging dogs to wildlife conservation and public 

health are widely recognized worldwide (DOHERTY et al., 2017; HOME; BHATNAGAR; 

VANAK, 2018; RIBEIRO et al., 2018), it is surprising that there was still a significant lack of 

information about their movement patterns. It has been especially unexplored how domestic 

dogs move on the landscape during forays, and which are the drivers of such paths. These were 

crucial gaps since their impacts on the environment occur precisely during the forays. To the 

best of our knowledge, the study conducted by SEPÚLVEDA et al., 2015 was the only one to 

promote fine-scale movement analysis of dogs’ foray behavior, bringing critical insights about 

the importance of this approach. Nevertheless, due to the low number of dogs and forays 

observed, the small amount of total monitoring time (5 days per dog), and the lack of 

information about human accompaniment, SEPÚLVEDA et al., 2015 could not refine the 

movement patterns and preferences of dogs and emphasized the need of further studies. At the 

present study, aggregating an extended monitoring period, detailed behavioral information and 
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refined analysis methods, we were able to deepen our understanding of dogs' foray behavior, 

its drivers and potential impacts. 

Our results corroborate that dogs mostly stay close to human houses, as previously 

described in other studies (DÜRR; WARD, 2014; PÉREZ et al., 2018; RUIZ-IZAGUIRRE et 

al., 2015; SEPÚLVEDA et al., 2015). Although it seems to be a general and expected pattern 

for domestic dogs, in our study, dogs spent twice as long in forays (11.2% of monitored time) 

compared to SEPÚLVEDA et al., 2015 (5.3% of monitored time). Therefore, the proportion of 

time in foray can widely vary between regions and individuals, and thus it is a critical metric to 

quantify the potential impacts of dogs in the environment. However, it is not just about how 

much time dogs spend using the landscape, but also about understanding how they use it and 

what motivates them. Accordingly, studying foray behavior requires crucial methodological 

adaptations compared to classical approaches used in wildlife movement ecology, because here 

we are interested in detailing the movement patterns of a specific fraction of the animals' lives: 

the forays. 

Most of the studies carried out to date estimated the range of use of domestic dogs by 

calculating the home range area generated from the UD of the totality of locations (BOMBARA 

et al., 2017; DÜRR et al., 2017; DÜRR; WARD, 2014; HUDSON et al., 2017; MEEK, 1999; 

PÉREZ et al., 2018), the same approach used to calculate wildlife home ranges. Our results 

showed that this approach has meaningful limitations to study the influence of domestic dogs 

in the landscape, because it disregards most of the areas used during forays. The concentration 

of locations around the houses was expected. Hence, the areas used during forays accumulate 

proportionally little UD and tend to be excluded from the estimated range, even in the broadest 

isopleths (95%). Therefore, this traditional approach generates ranges focused around the 

houses, either the residence or the visiting houses, creating a limited perspective of the dogs´ 

potential influence in the landscape (Figure 03). Using the foray range approach (SEPÚLVEDA 

et al., 2015), we reduce the influence of the locations in the house surroundings, achieving a 

better estimative of the area covered by dogs when they leave their home. The FR95 areas were, 

on average, 36 times larger than the HR95 areas, reaching up to 219 times larger (individual 

CD 161). By estimating both the amount of time spent in forays, and the areas covered during 

these roaming, we have a more refined quantification of the dogs´ presence in the environment.  
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These metrics are decisive for building both ecological models focused on invasion 

processes (RIBEIRO et al., 2018) and epidemiological models of disease spread (BELSARE; 

GOMPPER, 2015; DÜRR; WARD, 2014). Furthermore, the development of more realistic 

models also depends on understanding the heterogeneity of individual roaming patterns; since 

this can lead to heterogeneous contact structure within the dog population and between dogs 

and wildlife (HUDSON et al., 2017). Previous research has found that dog roaming is 

influenced by many factors, including the sex of the dog, the reproductive status, and human 

interaction (DÜRR et al., 2017; HUDSON et al., 2017). Although, in our results, the FR95 of 

males (mean = 735.7ha +-682 SD) were larger than the FR95 of the females (mean= 401 +- 

228.54 SD), this difference was not significant, probably because of the high dispersion of data, 

especially for males. DÜRR et al., 2017 described that males had larger home ranges, but this 

effect significantly depended on whether the dogs were neutered or intact. They found that 

intact males were found to have larger HR. Unfortunately, due to our limited number of 

individuals, we were not able to categorize them by reproductive status, which is probably why 

our model did not detect the sex effect. 

In addition to the coverage areas and time in foray, we also investigated the foray 

characteristics of each animal, precisely where we found the most significant differences 

between them. Larger dogs performed more nocturnal forays; dogs used for cattle work realized 

more accompanied forays; and dogs of herding breed realized mainly forays during the day and 

accompanied. It brings a valuable insight into the population heterogeneity, as it shows that 

dogs spending similar time in forays and covering similar areas can still have very different 

uses of the space. Some of them are roaming mainly during the night, without human 

supervision and showing hunting behavior (corroborated by the description of the owners and 

through our inspection of dogs’ injuries caused by wild animals; e.g., CD 02, CD84, CD85). 

Others are using these areas during the day, accompanied by their owners, and focused on 

working with the cattle (e.g., CD06, CD 150, CD210).  And still others cover similar areas 

regardless of the period of the day and the human accompaniment, and present both working 

and hunting behaviors (e.g., CD 03, CD252). These different characteristics are illustrated in 

Figures 07 – 10. Dogs with these distinct profiles generate different environmental impacts; 

they interact with different wild species (nocturnal, diurnal, or both) and under different 

circumstances, establishing different contact structures. Therefore, considering this fine-scale 

heterogeneity is crucial for improving our impact diagnostics and management strategies.  
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The habitat selection analysis also highlighted the importance of integrating individual 

heterogeneity to understand our system better. Visits to other houses was found to be one of the 

main foray drivers for some dogs, while others focused on exploratory forays, avoiding contact 

with other houses. This difference in foray behavior also leads to distinct contact interactions. 

Dogs that frequently visit other houses potentially make more contact with other domestic dogs, 

and thus they can act as disease spreaders within the dog population, acting as vectors between 

the rural clusters. Dogs with more exploratory forays, on the other hand, potentially have higher 

contact with wild animals, increasing their conservation impacts, either through disease spread, 

harassment, or predation.  

However, we were not able to detect explanatory characteristics behind this 

heterogeneity. Sex seems to have some influence; on average, males positively select visit 

houses while females either avoid or are indifferent to them (Figure 11). Nevertheless, this 

difference was not considered significant, possibly due to our low statistical power resulted 

from a reduced number of females. The reproductive status may also influence this variable; 

entire males could be more likely to visit other houses, looking for females.  Thereby, we need 

further studies with a larger number of animals, categorized by sex and reproductive status, to 

prove this point.  

Besides, the dogs´ visiting behavior may be strongly influenced by the relationships 

between humans. Dogs visit other houses following their owners, either working or just 

accompanying in community gatherings, and once they learn the ways and create social bonds, 

they could visit these same houses during their unaccompanied forays. Furthermore, for dogs 

to be able to visit other homes, they need to be tolerated there, both by the resident dogs and 

people, and it is more likely to happen if both of them know the visiting dog. Therefore, the 

relationships between the people could modulate the contact structure of dogs and explain part 

of the heterogeneity in the selection of visit houses. Nevertheless, this explanatory component 

is not related to any of the predictor characteristics tested here. Hence, to test this hypothesis, 

these social components should be further explored. Although we could not define its causes, 

it is clear that visiting behavior can widely vary within the dog population, and thus, this 

heterogeneity should be considered in population and epidemiological models. These results 

reiterated the importance of using random-effects models in habitat-selection, including both: 

random intercepts and random slopes. The common practice of using models that merely 
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include a random intercept may lead to too high confidence in potentially biased results (MUFF; 

SIGNER; FIEBERG, 2020).    

Dogs consistently selected roads and open areas over forests, agreeing with previously 

described in Chile´s rural areas, where dogs preferred pastures and roads over forests in the 

foray range scale (SEPÚLVEDA et al., 2015). Moreover, the selection of roads was far stronger 

than any other landcover type (Figure 11), even though roads are a small proportion of habitat 

in our study area (Figure 01). Wild canids, such as wolves (Canis lupus) and coyotes (Canis 

latrans), also presented high road selection in habitat analysis (BENSON; MAHONEY; 

PATTERSON, 2015; WHITTINGTON; ST. CLAIR; MERCER, 2005). They selected roads 

and trails as opportunistic travel routes, increasing speed and ease of travel across their territory. 

Besides, roads are constant and predictable movement and space references over time. 

However, the wild canids face a trade-off in using roads, because it also increases the risks 

associated with human contact, such as trapping, shooting, and vehicular collisions. As an 

adaptive response, they modify their selection of roads between day and night, being able to 

exploit the beneficial attributes of roads while mitigating human-caused mortality risk 

(BENSON; MAHONEY; PATTERSON, 2015). 

On the other hand, domestic dogs do not face humans as a threat, but as a source of 

resources and social interactions. Therefore, domestic dogs have several reasons to select roads 

in agroecosystems. First, through their canid ancestry, they recognize roads and trails as 

features to improve their travel efficiency; secondly, the contact with humans and other dogs 

stimulates them to use the roads; thirdly, they learn to use the roads by following their owners; 

and finally, the roads connect the houses, facilitating their visiting forays. 

Our findings that dogs do not select covered areas corroborate that large continuous 

areas of native forest can be a barrier to dogs’ movement, which tends to be restricted to the 

forest edges (PASCHOAL et al., 2016; RIBEIRO et al., 2018; SRBEK-ARAUJO; 

CHIARELLO, 2008). Nevertheless, the presence of roads and trails, and the forest 

fragmentation, permeated by a matrix of open areas, can facilitate dogs’ movement into covered 

areas (RIBEIRO et al., 2018; SEPÚLVEDA et al., 2015). The cover reduction decreases the 

area of forested barriers, increase the edge lengths and densities, and should increase the 

accessibility of forest to a higher number of dogs raised across the landscapes (RIBEIRO et al., 

2018). It turns out that this fragmented scenario is increasingly common, and accordingly, dogs 
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are already considered the most abundant carnivore in several areas of the Atlantic forest 

hotspot (PASCHOAL et al., 2016; RIBEIRO et al., 2018). Although these studies showed the 

invasive potential of dogs to protected forests, RIBEIRO et al., 2018 emphasized that a better 

understanding of the invasion mechanisms directly depended on studies focusing on movement 

ecology, estimating the distance traveled and trajectory characteristics. Therefore, our results 

on detailed foray behavior will be essential to future studies regarding invasive processes. 

Furthermore, the efforts to diagnose dogs´ presence in Latin America´s protected areas 

have been focusing on forest biomes (PASCHOAL et al., 2016; RIBEIRO et al., 2018; 

SEPÚLVEDA et al., 2014; SRBEK-ARAUJO; CHIARELLO, 2008; ZANIN et al., 2019). 

However, given the dog´s preference to open areas (SEPÚLVEDA et al., 2015, our study), 

biomes characterized by native grasslands, savannas, and shrublands, should be more 

permeable to dogs´ movements; hence, more sensible to their impacts than forests. Grasslands 

form about 25% of the earth´s surface; however, these ecosystems are among the least protected 

areas (SULPHEY; SAFEER, 2017). Therefore, the few protected territories of native grasslands 

should receive more attention regarding dog invasion and its consequences. That is the case of 

the Brazilian Cerrado biome, one of the 25 most biodiverse ecosystems in the world, which has 

been rapidly degraded by the expansion of the agricultural frontier (CAVALCANTI; JOLY, 

2002). Accordingly, the edges of Cerrado´s remaining protected areas are under strong human 

influence, facilitating biological invasion processes. 

Protected areas are refuges for wildlife, and continuous efforts must be made to prevent 

and mitigate the dogs´ invasion. However, much of the impact of dogs on wildlife occurs 

outside the protected areas, in agroecosystems, and this scenario is far neglected by the 

literature. Rural free-ranging dogs are associated with human habitations but have no movement 

restraint (VANAK; GOMPPER, 2009). Therefore, the dog´s population density in rural areas 

tends to be higher than in protected areas, and they have free access to the whole landscape, 

with no management or regulation. In this scenario, as far as the dogs are linked to human 

houses and exploring human-modified landscapes, it is not considered an invasive process; 

hence its impacts are frequently undervalued. Nevertheless, given that the protected areas are 

limited on the planet, these agroecosystems are responsible for sheltering a significant part of 

our biodiversity. Therefore, we need to improve the understanding of the dogs´ ecological 

impacts on this scenario, where the interactions between domestic and wild animals are 

intensified. That is the case of our study area, a cattle ranch landscape inhabited by 57% of the 
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medium and large-sized mammals known to occur in the native Cerrado, with one-third of them 

currently threatened (LEMOS, 2016). 

It was previously described that, although at an individual dog level the foray behavior 

is infrequent, few individuals can cover distances up to 10 km from home; however, it remained 

unexplored what potential effect these individuals could be having on the landscape level 

(PÉREZ et al., 2018; SEPÚLVEDA et al., 2015). Therefore, to bring light to this crucial point, 

we produced a unified dog utilization distribution to the whole study area, integrating the 

intensity of use and the time in foray of each dog (Figure 12). Our results showed that dogs 

frequently used 58% of the study area, and 7.5% were intensively used. It means that the 

wildlife in most of the area is exposed to direct and indirect impacts associated with dogs´ 

presence, including disease transmission, predation, competition and disturbance (HUGHES; 

MACDONALD, 2013; YOUNG et al., 2011).  

The contact between domestic dogs and wildlife has been previously reported in the 

study area, and at least 82% of the dogs exhibited chasing behavior, according to the owners 

(BICKLEY et al., 2019; LEMOS et al., 2011, and see Chapter 1). Due to the dogs´ preferences 

described here, wild species that select open areas should be more exposed to dogs´ influence 

in agroecosystems. It explains why the giant anteater (Myrmecophaga tridactyla) and the hoary 

fox (Lycalopex vetulus) were reported to be the most chased species in the study area (see 

Chapter 1); both are typical species of open landscapes (DESBIEZ; MEDRI, 2010; LEMOS et 

al., 2011). Endemic species are especially sensitive to this reality, such as the hoary fox, the 

only endemic canid in Brazil. Originally adapted to the Cerrado´s open areas, it is currently 

observed foraging among cattle and close to human households, facilitating agonistic 

encounters with domestic dogs (LEMOS et al., 2011). 

It is important to emphasize that the presence of dogs in the environment, regardless of 

the direct contact, can lead to disease transmission (bodily excretions) and non-consumptive 

effects on wild species, creating a landscape of fear that can affect the wild population fitness 

(CREEL; WINNIE; CHRISTIANSON, 2009; SHERIFF; KREBS; BOONSTRA, 2011). These 

indirect impacts are common to all dogs that use the landscape. Nevertheless, our results 

showed that threats which require direct contact could widely vary among the dog individuals. 

It is the case of impacts as agonistic interaction, predation, and transmission of specific 

parasites, such as rabies. The wild species directly affected will depend on the time of the day 
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in which the dog concentrates its forays, leading to more interaction with diurnal species, 

nocturnal, or both. Moreover, the dog-wildlife interactions can be influenced by the dog´s role 

on the farm and by their management (SEPÚLVEDA et al., 2014). Therefore, dogs that exhibit 

mainly working accompanied forays should present a different degree of interaction with 

wildlife than dogs focused on exploring forays.  

However, the consequences of such influence will strongly depend on sociocultural 

factors. In Chile, it was described that dog owners encourage dogs to interact with carnivores, 

to avoid livestock predation, while interactions with prey species were mostly undesirable from 

the farmer´s perspective (SEPÚLVEDA et al., 2014). In our study area, most owners either 

approve or were indifferent to the chasing behavior of dogs, considered as desirable to keep the 

wildlife away from the houses (see Chapter 1). Nevertheless, they tend to disapprove when 

dogs chase wildlife outside the house surroundings because they leave their guard function and 

get hurt (see Chapter 1). Moreover, the cowboys also tend to disapprove the chasing behavior 

during the work with cattle; it is considered a distraction and can disrupt the group work. 

Therefore, in the studied community, dogs in accompanying forays should present less intense 

interactions with wildlife than dogs roaming alone in exploring forays.  

However, this influence could vary depending on cultural factors and the human attitude 

towards wildlife. For example, in a community with a high number of hunting dogs, the 

accompanied forays could be associated with more impacts on wildlife. Although the 

consequences of human accompaniment in dogs´ foray behavior can be controversial, it 

represents an essential opportunity for developing conservation strategies; since changes in 

human attitudes could lead to changes in dog-wildlife interactions (SEPÚLVEDA et al., 2014, 

and see Chapter 1). It is undoubtedly a complex approach and depends on a deep understanding 

of each community´s human dimensions, but it would be more complex to change the dogs´ 

behavior during unaccompanied forays. 

Considering the human dimensions is crucial for any conservation intervention in 

agroecosystems, where approaches regarding the dog´s population management should focus 

on coexistence rather than eradication strategies, as would be the case in strictly protected areas. 

To achieve this coexistence, we should develop strategies that, at the same time, reduce the 

impacts on wildlife and improve the fulfillment of the dogs’ social functions in the community 

(SEPÚLVEDA et al., 2014, and see Chapter 1). Thus, it is crucial first to understand what the 
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dogs’ roles are; and those will vary depending on the region’s socio-cultural and agricultural 

characteristics. In our study area, the main dog functions are the house defense against theft and 

violence, and the poultry protection from being predated by wild animals; both require the dogs´ 

presence in the house surrounding (see Chapter 1). Besides, 10% of the dogs are also used as 

working dogs, herding the cattle with the cowboys; this is the only dog role that requires outside 

activities, but it is restricted to a small number of dogs and generates only accompanied forays 

during the day.  

Hence, reducing the dogs’ forays would reduce dog-wildlife interactions and, at the 

same time, improve the achievement of their functions in protecting the houses and the poultry, 

which in turn could improve the human tolerance towards wild animals (BICKLEY et al., 2019, 

and see Chapter 1). Furthermore, the risk of disease transmission is strongly dependent on the 

dogs’ movements. BELSARE; GOMPPER, 2015 used a model-based approach to investigate 

possible strategies to avoid the spillover of canine distemper virus from domestic dogs to wild 

Indian foxes (Vulpes bengalensis). Their results showed that reducing the number of roamer 

dogs was more effective in reducing the spillover events than traditional approaches such as 

dogs’ vaccination or reducing dogs’ population density (BELSARE; GOMPPER, 2015). 

Limit dogs’ movement in rural areas, however, is a challenging task. Although the use 

of leash or enclosures around the houses would allow the dogs to perform their primary 

guarding duty effectively, socio-cultural obstacles to implementing this management could be 

challenging to overcome (SEPÚLVEDA et al., 2015, and see Chapter 1). The owners' resistance 

to changes can be related to the lack of understanding about their dogs' movements, leading to 

a misperception that tends to overestimate the fulfillment of their functions and underestimate 

their impacts on the environment. The large guard dogs, for example, concentrate 79% (63% - 

94% CI) of their forays during the night; when they are most needed at home to announce any 

disturbance and to protect the poultry from wild carnivores. But the owners believe their dogs 

spend the night at home, based on what they observe during the day. This misunderstanding 

leads to overconfidence in the dog, which is not associated with real effectiveness in their role.   

We noticed this confidence placed in dogs based in previous studies about human 

perception in the study area; dogs were the most used anti-predation method in the area, 

considered by the owners to be the most cost-benefit method to avoid poultry predation 

(BICKLEY et al., 2019, and see Chapter 1). Nevertheless, predation still occurs, and the 
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attitudes of respondents in the Limoeiro region towards wildlife were linked with this economic 

loss (BICKLEY et al., 2019). Moreover, the proportion of large dogs increased by 75% in the 

years before our study, reaching 35% of the population in 2018 (see Chapter 1). It was 

associated with a possible response to an increasing rural violence in the area. Therefore, the 

community relies on dogs to perform important social functions, but our results show an 

important mismatch between the dog behavior perceived by the owners and the reality.  

For example, the dog CD 152 is a large guard dog, with historical of wildlife predation, 

that spent 8 hours per day in forays, and had the largest averages of foray length (2.4km/foray), 

and foray duration (7.2 hours/foray). One factor that can modulate these behaviors is the dog 

feeding, including not just the energy intake, but also the diet balance. Dogs can select specific 

feeding items differing in macronutrient composition and strive to obtain an intake with one-

third of energy derived from protein and a low carbohydrate:fat ratio (HEWSON-HUGHES et 

al., 2013). Therefore, regardless of having an optimum body condition score, if the diet received 

at home does not meet these requirements, the dogs tend to seek for them outside, increasing 

predation behavior (RUIZ-IZAGUIRRE et al., 2015). The main diet offered to the studied dogs 

is a mixture of leftover and dog food, which is probably low in protein (see Chapter 1). With a 

higher nutritional demand, the larger dogs could be more sensitive to these effects; hence, it is 

one of the possible drivers for of their tendency to exploratory forays.  

Nevertheless, the dogs´ predatory behavior and its impacts on wildlife are poorly known 

due to the difficulty in quantifying it in the field. According to the owners, dogs frequently 

predate wildlife in the study area, but they rarely fed on the predated animals (see Chapter 1). 

However, this information is limited to the owners´ perception of the dogs´ behavior around 

the houses; there is no information about their predatory and feeding behavior during 

exploratory forays. The killing behavior with no consumption of the prey carcasses has been 

previously reported for domestic dogs, and it is termed ‘surplus killing’. Dogs do not always 

exhibit surplus killing, but where it does occur, the impacts of dogs on wildlife can be strong 

(RITCHIE et al., 2014). Dogs showing this behavior and covering large foray ranges, can 

generate even more impact than dogs that only predate to achieve feeding resources. Consider, 

for example, a well-fed dog that leaves its home only to visit other households and walks mainly 

through the rural roads. At first, we would expect a reduced and indirect impact on wildlife. 

However, if they exhibit surplus killing, they may attack any wild animal encountered along 

the way, regardless of the dog’s hunger or its forays´ motivation. In the study area, the owners 
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reported to found carcasses of wild animals killed by dogs, but not eaten, in pastures and roads 

(see Chapter 1). However, it was not quantified. Therefore, further studies quantifying the dog´s 

predatory potential, and its drivers, will be essential to estimate better the impacts of the foray 

behaviors described here.    

On the other hand, dogs could also be threatened and predated by wild animals, such as 

pumas (Puma concolor) and Jaguars (Panthera onca) (FARRELL; ROMAN; SUNQUIST, 

2000; FOSTER et al., 2010). Pumas are the largest wild carnivore to occur in the study area, 

and the males, which are larger and pose a more significant threat to dogs, are more active at 

night (AZEVEDO et al., 2018). This hazard may be related to the small dogs’ avoidance of 

nocturnal forays, since they are more vulnerable to be attacked than large dogs. However, small 

dogs´ vulnerability can be overcome if they group; dogs in packs alter their range and increase 

their predatory behavior, sharing the costs and the rewards of predation and scavenging 

(MEEK, 1999; RUIZ-IZAGUIRRE et al., 2015). For example, the dog CD168 was frequently 

observed by our team roaming with four other dogs from other houses. CD168 was a small 

companion dog which the owner presumed to stay only in the house surroundings, but yet it 

spent 6 hours per day in forays, was the dog to achieve the largest distance from home (6.4 km), 

and the largest foray length (17.3 km).  

Besides, the grouping provides behavior learning, dogs in a pack learn to hunt by 

accompanying and observing experienced dogs (KOSTER; NOSS, 2014). This ability of a dog 

to behave as other dogs in a pack is described as allelomimetic behavior; and it is important in 

the social life of dogs and wolves as they use it during hunt, and to ensure pack safety (MEEK, 

1999). Therefore, the introduction of individuals with undesirable attitudes could spread this 

behavior in the dog population. Nevertheless, this same learning characteristic is critical in the 

development of anthropogenic functions of dogs; working dogs' training is facilitated by 

integrating a pup with adult dogs with experience in the proposed function (VERCAUTEREN 

et al., 2014). Furthermore, dogs' allelominetic behavior is not limited to conspecifics; they can 

also learn how to move and behave in the environment by following their owners, accepting 

humans as part of their pack (MEEK, 1999).  

However, both work efficiency and the human-canine bonding, can be influenced by 

breed and individual predispositions (GEHRING; VERCAUTEREN; LANDRY, 2010; 

VERCAUTEREN et al., 2014). It is consistent with our results regarding herding breed dogs, 
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they tend to stay close to home when they were not working with their owners, even though 

they had no movement restraint. Additionally, this bonding to the owners and the house was 

higher than that of mixed-breed dogs used in work (Figure 10). Hence, the management alone 

provides limited results; the selection of the appropriate breed and individual pups, and removal 

of undesirable individuals, can help to reduce wildlife impacts and increase the guarding and 

herding behaviors (GEHRING; VERCAUTEREN; LANDRY, 2010; VERCAUTEREN et al., 

2014). 

Although changing the dog population profile is a challenging task, we should take into 

account that the free-ranging dog populations are already highly managed by humans, with a 

high input of external pups and a low number of internal births (MORTERS et al., 2014; and 

see Chapter 1). In the studied population, 95% of the dogs are imported, mainly from the 

surrounding cities, and there is an annual turnover of 38% (see Chapter 1). High replacement 

and import rates were also described in rural areas of Chile, Indonesia, and South Africa 

(MORTERS et al., 2014; SEPÚLVEDA et al., 2014, and see Chapter 1). Therefore, 

interventions should focus on improving the health and behavior of the imported animals, using 

the high input of external pups as an opportunity for improving management (SEPÚLVEDA et 

al., 2014, and see Chapter 1). 

 Nevertheless, to define the ideal dog profile, it is necessary first to understand the 

community's demands, and then, which breeds and individual characteristics would be more 

appropriate. Here, even in a population mainly constituted by mixed-breed dogs, our models 

detected different roaming patterns for herding breed dogs (4 Blue-Heeler and 1 Blue-Heeler 

Belgian Shepherd mix). It brings an essential insight regarding dog management, but still with 

limited extrapolation power to other dog breeds and functions. Hence, we need further studies 

exploring the foray behavior of different dog breeds in different scenarios. 

Therefore, improving the dog population profile can reduce the number of individuals 

with exploratory foray behavior, reducing the dog-wildlife contact rates. However, we should 

not use it as a single approach in conservation and health projects. Although it can produce 

results at a population level, we still need to mitigate the impacts at an individual level; there 

will always be at least some problem dogs. Besides, our results show that even good herding 

dogs can still exhibit some nocturnal forays, mainly for visiting other houses with females in 
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heat.  Therefore, besides improving the population profile, we need complementary measures 

to restrict individual dog movement, mostly during the night.  

Accordingly, dogs’ roaming behavior is influenced by: i. Genetic predispositions (e.g., 

breed, size, and individual); ii. Social interactions and learning behavior, with dogs and humans; 

iii. Habitat (e.g., vegetation, human structures, wildlife); and iv. Human management (e.g., 

feeding, movement restraint). Such a complex system requires integrated management 

approaches addressing all these aspects simultaneously; although challenging, it will be more 

cost-effective than what has been commonly done. Studies with free-ranging dogs have 

consistently shown that the traditional methods focused on castration, and vaccination 

campaigns have little effects, either to control population density, or to mitigate ecological and 

health impacts (BELSARE; GOMPPER, 2015; MORTERS et al., 2014; SEPÚLVEDA et al., 

2014, and see Chapter 1). However, integrated management depends on basic research that 

considers this system complexity in its methods. By focusing a study on general behavior 

patterns for the species, Canis lupus familiaris, one end with a narrow view of this system, and 

miss its characteristic that carries the highest potential for management applications: 

heterogeneity. It is precisely the variations in behavioral responses between different dog 

profiles and different environmental scenarios that enable the construction of coexistence 

strategies between humans, their dogs, and the wildlife.  

The present study considerably deepened the understanding of dogs’ roaming behavior, 

not only for our results, but also for standardizing more robust analysis methods to explore 

dogs’ forays from fine-scale individual level to broad landscape level. Nevertheless, our results 

reinforce that we are just scratching the surface of dogs’ movement behavior, which could vary 

in different regions. Considering that free-ranging dogs represent a global issue for wildlife 

conservation and public health, we strongly encourage further studies replicating the methods 

presented here with different dogs’ populations in distinct landscapes and human cultures. 

Future studies wishing to apply methods that require a large number of steps per foray, such as 

step-selection functions, should reduce the interval of GPS locations; considering that each 

foray’s average duration is 85 minutes. Furthermore, we recommend that future studies using 

ecological and epidemiological modeling incorporate the metrics and the population 

heterogeneity presented in our results. Besides leading to more realistic models, it will enable 

simulations regarding how the contact structures change depending on different management 

scenarios. 
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Based on what we presented here, we can propose important considerations to mitigate 

free-ranging dogs’ impacts. First, regarding protected areas, large continuous areas of forest are 

natural barriers to dogs’ movement; however, the increasing of edge lengths and densities, and 

the presence of roads and trails can facilitate dogs’ invasion (PASCHOAL et al., 2016; 

RIBEIRO et al., 2018; SEPÚLVEDA et al., 2015; SRBEK-ARAUJO; CHIARELLO, 2008, our 

study). Therefore, in forested biomes, efforts should be made to reduce habitat fragmentation 

and limit human access in the edges of protected areas; these are the dogs’ doorway to the 

forest. Furthermore, we should avoid the entrance of people accompanied by their dogs; once 

the dogs learn the forest paths, they tend to revisit it alone and even teach to other dogs. On the 

other hand, protected areas of native grasslands are more permeable to dogs’ movement, 

making them vulnerable to invasion throughout all their contours. Controlling human 

occupation around these protected areas should prevent this invasion since the foray ranges of 

free-ranging dogs are centered in the households and has a limited reach. Besides, it is essential 

to develop continuous work on responsible dog ownership with the communities living around 

protected areas, aiming to reduce the dogs’ roaming. 

On the other hand, in agroecosystems, we need to live with dogs’ presence, where there 

are humans, there will be dogs. Dogs play important social roles; hence their impact mitigation 

needs to go together with fulfilling their functions in the community. However, it should not be 

a conflict problem, since the approaches that improve dogs work tend to be the same that reduce 

their contact with wildlife. The ideal dog population would be constituted only by dogs that 

stay at home and leave it exclusively to work functions, accompanied by its owner. In this 

utopian scenario, all the exploratory and visiting forays would be eliminated, reducing dogs’ 

influence in the landscape and considerably improving their guardian and herding duty. 

Although achieving such a population is not a realist goal, we propose measures that 

can point in that direction: i. Improve the dogs’ health and behavior profile, selecting 

appropriate breed and pups; ii. Promote dog training, integrate pups with experienced dogs, and 

avoid joining pups with problematic dogs; iii. Restraint dogs’ movements around the houses, 

using leashes or enclosures. It should be used at least during the night, and mainly for large 

dogs, which are more likely to exhibit nocturnal forays; iv. Improve dogs’ feeding, ensuring a 

balanced diet that meets their energy and protein demands; v. Prevent dogs from following 

people unless required for work functions; vi. Consider the knowledge about dogs’ foray 
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behavior in strategic planning regarding human occupations and roads; acknowledge that the 

wildlife adapted to open areas will be the most affected by dogs in agroecosystems.  

Integrating all these approaches can progressively decrease the dog roaming, reducing 

the dog-dog and dog-wildlife contacts. However, for owners to take these initiatives, they need 

to recognize the benefits of such an effort. A first step to achieve it is to inform them about the 

mismatches between their expectations and the actual dogs’ behavior, showing that they leave 

the household when they are most expected to be there. Nevertheless, information alone does 

not necessarily lead to changes in human behavior, resulting from a complex system of values 

and beliefs. Therefore, the path for changing the forays of free-ranging dogs will pass through 

understanding the behavior of the pack leader: us humans.   
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SUPLEMENTARY 1 
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5.   CONCLUSÃO GERAL 

 Com os estudos aqui apresentados, trouxemos avanços metodológicos, e reflexões 

de manejo, que contribuirão de forma substancial para aprofundar nossa compreensão de 

uma problemática comum a todas as partes do planeta: o impacto de cães domésticos para 

conservação da biodiversidade e saúde pública. Vimos que, mesmo em uma população 

de tamanho estável, a estrutura populacional pode ser extremamente dinâmica, e este 

fluxo de indivíduos é regido essencialmente pelas pessoas. Observamos também que os 

cães podem ter um uso considerável da paisagem, ainda que eles permaneçam a maior 

parte do tempo ao redor de suas casas. Além disso, constatamos que os padrões de uso do 

espaço podem variar substancialmente a depender das características do indivíduo, do 

manejo e do papel social do cão na comunidade. 

 Como próximo passo em nossa área de estudo, realizaremos uma devolutiva à 

comunidade rural que tanto nos apoiou para realização destas pesquisas. Para isso, 

elaboraremos um material que apresente nossos resultados de forma didática, e aponte 

orientações de manejo que possam aprimorar a saúde e o desempenho dos cães, e mitigar 

seus impactos para a fauna silvestre e a saúde pública. Em relação às próximas pesquisas 

na área, focaremos nos estudos das interações entre canídeos domésticos e silvestres 

(raposa-do-campo, cachorro-do-mato e lobo-guará). Nesta primeira etapa foram 

detalhados os aspectos ecológicos e epidemiológicos das diferentes espécies 

isoladamente. Agora, buscaremos por formas de integrar os resultados dos diferentes 

pesquisadores para explorar questões relacionadas às estruturas de contato intra e inter-

específicas. Assim, além de compreender melhor nosso sistema, poderemos investigar 

como diferentes ações de manejo, e estruturas de habitat, podem influenciar estas 

dinâmicas de contato.  

Por fim, reforçamos a necessidade de replicação destes estudos em outras áreas, 

com diferentes perfis de habitat e realidades sócio-culturais distintas. Sugerimos 

fortemente que futuros estudos considerem: a dinâmica da estrutura populacional; a 

heterogeneidade individual de padrões de movimento; e como estes dois fatores podem 

ser influenciados pelas pessoas. Estes pontos trazem uma compreensão mais realista do 

sistema, e é neles que moram as principais oportunidades de ações de manejo. Sabemos 

que pode ser desafiador incorporar tal complexidade em nossos processos de tomada de 

decisão. No entanto, será ainda mais desafiador atingir resultados efetivos a partir de 

estratégias que ignorem essas características centrais do sistema.  
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Vivemos em mosaicos de paisagens com fragmentos cada dia mais dinâmicos. 

Animais, domésticos e silvestres, possuem estrutura de contatos heterogênea e em 

constante mudança a depender das ações humanas. Buscamos por estratégias de manejo 

que direcionem nossas interferências, buscando uma melhor coexistência com a vida 

silvestre. Sendo assim, se tanto as causas como as soluções para a crise da Saúde 

Ambiental estão sustentadas na fluidez de equilíbrios dinâmicos, nosso avanço será 

limitado enquanto nossos métodos de pesquisa tiverem como base conceitual sistemas 

fixos e homogêneos.  
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